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PREFACE 

This report was commissioned by the Water Resources Branch 
of the Inland Waters Directorate of Environment Canada i n 
Vancouver, through the Department of Supply and Services, under 
DSS Contract No. KE144-7-4155/01-SS. The S c i e n t i f i c Authority 
for the project was Mr Ian Stewart, Head, Special Projects, Water 
Resources Branch, Vancouver. 

. Sediment station analyses are undertaken for WSC sediment 
stations after termination of the sampling program or at c r i t i c a l 
points in the program. The analysis undertaken here f o r Station 
08MC018, Fraser River near Marguerite, i s one of several 
currently being undertaken by WSC across the country. 

Analysis of the data and preparation o f t h e r e p o r t h a s b e e n 
assisted considerably by the comments o f Bruno T a s s o n e o f t h e 
Water Resources Branch, Vancouver and by preparation o f d a t a 
f i l e s and plots by Joseph Mcllhinney, Sediment Survey Section, 
Water Resources Branch, Ottawa, and this i s duly acknowledged. 
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ABSTRACT 

T h i s r e p o r t p r o v i d e s an a n a l y s i s o f t h e d a t a c o l l e c t e d a t 
t h e WSC s e d i m e n t s a m p l i n g s t a t i o n 08MC018 on t h e F r a s e r R i v e r , 
n e a r M a r g u e r i t e , B r i t i s h C o l u m b i a , a p p r o x i m a t e l y h a l f way between 
P r i n c e George and t h e c o n f l u e n c e w i t h t h e Thompson R i v e r a t 
L y t t o n . 

The t e x t o f t h e r e p o r t and a s s o c i a t e d f i g u r e s and t a b l e s a r e 
p r e s e n t e d i n Volume I ; t h e d a t a f i l e s and r e l a t e d p l o t s a r e 
p r o v i d e d i n Volume I I . 

A summary o f t h e f i n d i n g s o f t h e a n a l y s i s i s p r e s e n t e d a t 
t h e b e g i n n i n g o f Volume I . The p u r p o s e and s c o p e o f t h e r e p o r t 
a r e o u t l i n e d i n t h e f i r s t s e c t i o n o f Volume I, and t h i s i s 
f o l l o w e d by s t a t e m e n t r e g a r d i n g t h e g o a l s o f t h e s e d i m e n t 
program, and a d e s c r i p t i o n o f t h e F r a s e r R i v e r a t M a r g u e r i t e and 
i t s a s s o c i a t e d c a t c h m e n t . 

S e c t i o n 3 d e s c r i b e s t h e t y p e o f d a t a c o l l e c t e d - d i s c h a r g e , 
s u s p e n d e d s e d i m e n t and bed l o a d - and t h e methods and e q u i p m e n t 
u s e d f o r t h o s e p u r p o s e s . 

The a n a l y s i s and i n t e r p r e t a t i o n o f t h e s e d a t a a r e p r e s e n t e d 
i n t h e main body o f t h e r e p o r t , S e c t i o n 4 , and d e a l w i t h t h e 
s a m p l i n g r e l i a b i l i t y o f t h e d a t a , c o m p u t a t i o n s o f a n n u a l 
s u s p e n d e d and bed l o a d s , p a r t i c l e s i z e d i s t r i b u t i o n o f t h e s e 
l o a d s , and p o s s i b l e s e d i m e n t s o u r c e s i n t h e c a t c h m e n t above 
M a r g u e r i t e . 

An e v a l u a t i o n o f t h e s e d i m e n t p r o g r a m i s p r o v i d e d i n 
S e c t i o n 5, t o g e t h e r w i t h s e v e r a l r e c o m m e n d a t i o n s f o r f u r t h e r 
a n a l y s i s o f e x i s t i n g d a t a , t o make them more u s e f u l f o r a g e n c i e s 
c o n c e r n e d w i t h t h e c o n t r i b u t i o n o f t h e u p p e r F r a s e r R i v e r b a s i n 
t o s e d i m e n t a t i o n i n t h e l o w e r r i v e r , d e l t a and e s t u a r y . 
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SEDIMENT TRANSPORT ON THE FRASER RIVER NEAR MARGUERITE: 
A SUMMARY 

1. A n n u a l s u s p e n d e d l o a d s 

S u s p e n d e d s e d i m e n t l o a d s a t 08MC018 have b e e n d e t e r m i n e d f o r 
t h e p e r i o d 1 971-1986. The a n n u a l l o a d s r a n g e d f r o m 5.1 m i l l i o n 
t o n n e s (Mt) i n 1980 t o 20.4 Mt i n 1976 ( T a b l e 5 ) . The mean f o r 
t h e p e r i o d i s 10.1 Mt, w i t h a s t a n d a r d e r r o r o f s l i g h t l y more 
t h a n 10 p e r c e n t ( F i g . 1 0 ) . C o m p a r i s o n o f d i s c h a r g e d a t a f o r t h i s 
p e r i o d w i t h t h a t f r o m t h e f u l l p e r i o d o f h y d r o m e t r i c m o n i t o r i n g 
a t t h i s s i t e (1950-1986) i n d i c a t e s t h a t t h i s e s t i m a t e o f mean 
a n n u a l l o a d s h o u l d be r e p r e s e n t a t i v e o f p o s t - 1 9 5 0 c o n d i t i o n s . 
E x a m i n a t i o n o f t h e l o n g e r d i s c h a r g e r e c o r d f r o m Hope i n d i c a t e s 
t h a t l o a d s may h a v e b e e n s i g n i f i c a n t l y l o w e r i n t h e f i r s t p a r t o f 
t h e c e n t u r y . 

2. S e a s o n a l change i n s u s p e n d e d l o a d 

M o n t h l y s u s p e n d e d l o a d s peak i n May, i n c o n t r a s t t o t h e J u n e 
peak i n w a t e r d i s c h a r g e ( F i g s . 12 and 1 3 ) . S u s p e n d e d l o a d s i n 
May a v e r a g e 115,000 t o n n e s p e r d a y . The f o u r - m o n t h p e r i o d A p r i l 
t o J u l y a c c o u n t s f o r 89 p e r c e n t o f t h e a n n u a l s u s p e n d e d l o a d . 

3. 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 s 

The p r e v i o u s o b s e r v a t i o n s i m p l y t h a t t h e a n n u a l peak i n 
s e d i m e n t c o n c e n t r a t i o n o c c u r s w e l l b e f o r e t h a t o f w a t e r d i s c h a r g e 
( F i g . 1 7 ) . The f o u r day ( c o n t i n u o u s ) p e r i o d w i t h t h e h i g h e s t 
s e d i m e n t c o n c e n t r a t i o n s o c c u r s b e t w e e n m i d - M a r c h and l a t e May 
( A p p e n d i x D 3 ) ; t h i s c o n t r a s t s w i t h t h e s i m i l a r p e r i o d f o r w a t e r 
d i s c h a r g e w h i c h o c c u r s b e t w e e n e a r l y May and t h e f i r s t week o f 
J u l y . Mean c o n c e n t r a t i o n s d u r i n g t h e peak f o u r day p e r i o d r a n g e d 
f r o m 487 mg/L (1984) t o 1670 mg/L ( 1 9 7 6 ) . T h i s p r e m a t u r e p e a k i n g 
o f c o n c e n t r a t i o n i s t h e m a i n c a u s e o f s c a t t e r i n t h e r e l a t i o n s h i p 
b e t w e e n d a i l y c o n c e n t r a t i o n and d a i l y d i s c h a r g e ( F i g . 14) w h i c h , 
o t h e r w i s e , w o u l d be q u i t e s t r o n g . 

4. P a r t i c l e s i z e c h a r a c t e r i s t i c s o f t h e s u s p e n d e d l o a d 

P a r t i c l e s i z e d a t a f o r t h e s u s p e n d e d l o a d a r e i m p o r t a n t t o 
anyone c o n c e r n e d w i t h d o w n s t r e a m i m p a c t s , w h e t h e r t h i s be t h e 
f l u x o f n u t r i e n t s o r c o n t a m i n a n t s i n c o r p o r a t e d i n t h e f i n e ­
g r a i n e d s e d i m e n t , o r d r e d g i n g o f t h e c o a r s e r s a n d t h a t s e t t l e s on 
t o t h e bed o f t h e Lower F r a s e r . Such d a t a e x i s t f o r t h e 
M a r g u e r i t e s i t e ( A p p e n d i x F l , F 2 ) , b u t have n o t b e e n a n a l y z e d by 
WSC t o y i e l d e s t i m a t e s o f t h e a n n u a l l o a d by s i z e c l a s s . The 
o n l y d a t a a n a l y z e d ( F i g . 19) i n d i c a t e t h a t a t l o w f l o w s v i r t u a l l y 
a l l t h e s u s p e n d e d l o a d i s s i l t and c l a y ; by 2000 m 3/s, t h e s i l t -
c l a y component has d e c r e a s e d t o a b o u t 60%; and by 5000 m 3/s, t h e 
s a n d f r a c t i o n i s a t l e a s t e q u a l t o t h e s i l t - c l a y ' - f r a c t i o n . S i l t 
d o m i n a t e s t h e s i l t - c l a y f r a c t i o n . M e d i a n p a r t i c l e s i z e o f t h e 
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suspended sediment i n c r e a s e s from about 0.02 mm a t 2000 m3/s t o 
about 0.08 mm a t 5000 m 3/s. 

5. Annual bed l o a d s 

No c a l c u l a t i o n s of the annual bed l o a d s have been made 
except f o r 1971 (0.8 Mt) and 1953-1971 (1.0 M t ) . However, the s e 
were based on a r e g r e s s i o n between bed l o a d r a t e and water 
d i s c h a r g e a p p l i e d t o the 1971 sample d a t a . Only seven p o i n t s 
were a v a i l a b l e on t h i s p l o t , and one of t h e s e i s s u s p e c t ( F i g . 
1 8 ) . A new r e g r e s s i o n based on d a t a c o l l e c t e d from 1971 t o 1975, 
i n c l u s i v e , y i e l d s h i g h e r t r a n s p o r t r a t e s a t a l l f l o w s g r e a t e r 
than 3500 m 3/s, and h i g h e r annual l o a d s , a v e r a g i n g 1.5 Mt between 
1971 and 1982. U n c e r t a i n t y e x i s t s , however, r e g a r d i n g the 
r e l i a b i l i t y of the b e d l o a d s a m p l i n g p r o c e d u r e a t t h i s s t a t i o n . 

6. Bed l o a d and bed m a t e r i a l p a r t i c l e s i z e d a t a 

P a r t i c l e s i z e d a t a c o l l e c t e d f o r the bed l o a d (Appendix F3) 
i n d i c a t e the sediment to be v i r t u a l l y a l l g r a v e l , w i t h a median 
g r a i n s i z e of 23 mm, and w i t h l i t t l e change apparent from one 
s a m p l i n g p e r i o d t o a n o t h e r , except a t v e r y low f l o w s when sand 
s i z e m a t e r i a l dominates. The range i n g r a i n s i z e i s from 
<0.06 mm t o >64 mm. P a r t i c l e s i z e d a t a have a l s o been o b t a i n e d 
f o r bed m a t e r i a l from bar s i t e s (App. F 4 ) , u s i n g grid-by-number 
s a m p l i n g of s u r f a c e c l a s t s , and b u l k s a m p l i n g of both " s u r f a c e " 
and s u b s u r f a c e samples. The mean v a l u e f o r median g r a i n s i z e of 
s u b s u r f a c e sediment a t f o u r s i t e s i s 25 mm, not a p p r e c i a b l y 
d i f f e r e n t from the sampled bed l o a d . The mean v a l u e f o r median 
g r a v e l (> 8mm) s i z e a t t h e s e s i t e s was 30 mm ( s u b s u r f a c e ) and 32-
33 mm ( s u r f a c e ) . 

7. Sediment s o u r c e s 

The s o u r c e of sediment moved by the F r a s e r p a s t the 
M a r g u e r i t e s i t e has not been d e t e r m i n e d i n any d e t a i l ' , e x cept t o 
note t h a t most of i t appears t o o r i g i n a t e i n the r e a c h downstream 
of Hansard, i n c l u d i n g t r i b u t a r y i n f l o w s . The suspended l o a d a t 
Hansard i s l e s s than 25% o f t h a t a t M a r g u e r i t e , and the annual 
bed l o a d a t Hansard i s o n l y 5% of the 1.0 Mt e s t i m a t e d by IPEC-
(BC Energy Board, 1972) a t M a r g u e r i t e . Though t r i b u t a r i e s may 
c o n t r i b u t e much of the e x t r a suspended l o a d , the i n c r e a s e i n bed 
l o a d i s p r o b a b l y due more t o e r o s i o n a l o n g the main stem. 

8. R e s e r v o i r l i f e 

The sediment d a t a c o l l e c t e d s i n c e 1971 c o n f i r m t h a t 
s e d i m e n t a t i o n would not be a c o n c e r n i n terms of l i m i t i n g the 
l i f e of a r e s e r v o i r b u i l t i n Moran Canyon. The r e s e r v o i r 
c o n s i d e r e d by the F r a s e r R i v e r Board (1958, 1963) f o r t h i s s i t e 
would, under p r e s e n t c o n d i t i o n s o f sediment t r a n s p o r t , s u r v i v e 
about 900 y e a r s b e f o r e a volume e q u a l t o t h a t of i t s dead s t o r a g e 
had been i n f i l l e d , and about 1900 y e a r s b e f o r e t o t a l s t o r a g e was 
l o s t . 
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1. INTRODUCTION 

1.1 Purpose of report 

The purpose of this report i s to review, summarize and 
present an analysis of the flow and sediment data c o l l e c t e d at 
the station "Fraser River near Marguerite" (08MC018), upstream of 
Williams Lake, B r i t i s h Columbia. The station i s one of six long-
term sediment stations on the Fraser River, but one of only two 
upstream of the confluence of the Thompson River ( F i g . l ) . The 
other sediment station on the upper Fraser River i s that at 
Hansard (08KA004), upstream of Prince George. A similar report 
h a s been prepared for the Hansard station (Zrymiak and T a s s o n e , 
1988), and, for ease of comparison, t h e format o f t h e p r e s e n t 
report follows that of the Hansard review. 

The report has two s p e c i f i c goals. The f i r s t , directed 
primarily to the s t a f f of the Water Survey of Canada, i s to 
assess the effectiveness of the sediment program a t 08MC018 i n 
accomplishing i t s o r i g i n a l objectives. The second, a i m e d more 
generally at members of the s c i e n t i f i c and engineering 
communities, i s to provide a summary of the concentrations, t o t a l 
loads and grain size composition of sediment transported p a s t 
this station, not only i n terms of long-term averages, b u t a l s o 
with respect to fluctuations annually, seasonally, monthly and 
da i l y . 

1.2 Scope of report 

The report begins by summarizing the background t o t h e 
sediment monitoring program at Marguerite ( i t s objectives and 
history) and by describing the basin, reach and station settings 
(Section 2) . 

Section 3 describes the types of data collected, methods of 
c o l l e c t i o n (including sampling strategies) and summarizes the 
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quality of the sample data. The section deals with flow data, 
suspended sediment and bed load, with primary emphasis on 
suspended matter. 

The core of the report (Section 4) then presents an analysis 
and interpretation of these data. 

The concluding section provides an evaluation of the 
sediment program, aimed primarily at WSC s t a f f (Section 5 ) . The 
Summary, at the beginning of the report, i s oriented more to the 
external user. 

The standard format plots used in Volume I of the report, 
and which constitute the bulk of the appendices (Vol. I I ) , were 
produced by the Sediment Survey Section of the Water Resources 
Branch of the Inland Waters Directorate i n Ottawa, and are 
available for most of the WSC sediment stations. 
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2. SEDIMENT PROGRAM BACKGROUND 

2.1 O b j e c t i v e s o f program 

The h y d r o m e t r i c s t a t i o n 08MC018 ( F r a s e r R i v e r n e a r 
M a r g u e r i t e ) , one o f t e n a c t i v e h y d r o m e t r i c s t a t i o n s on t h e F r a s e r 
R i v e r , s t a r t e d o p e r a t i o n s i n 1950. I t i s one o f f i v e e s t a b l i s h e d 
on t h e main stem i n t h e e a r l y 1950's, f o l l o w i n g s e v e r e f l o o d i n g 
i n t h e l o w e r F r a s e r b a s i n f r o m snowmelt i n 1948. 

In t h e l a t e 1950's, t h e go v e r n m e n t s o f Canada and B r i t i s h 
C o l u m b i a s e t up a b o a r d t o r e p o r t on t h e e f f e c t s o f r e g u l a t i o n o f 
the F r a s e r w i t h r e s p e c t t o f l o o d c o n t r o l and power g e n e r a t i o n 
( F r a s e r R i v e r B o a r d , 1958; 19 6 3 ) . Among t h e p r o p o s a l s 
c o n s i d e r e d , was one f o r a dam i n t h e Moran Canyon, 50 km u p s t r e a m 
o f L i l l o o e t . The a s s o c i a t e d r e s e r v o i r would have e x t e n d e d p a s t 
M a r g u e r i t e a l m o s t t o Q u e s n e l . 

The s e d i m e n t s t a t i o n n e a r M a r g u e r i t e was e s t a b l i s h e d i n May 
1971 by t h e Water S u r v e y o f Canada a t t h e r e q u e s t o f BC E n e r g y 
B o a r d ( S o u t h w o r t h , 1971) f o r t h e p u r p o s e o f making a p r e l i m i n a r y 
e s t i m a t e o f t h e u s e f u l l i f e o f t h e p r o p o s e d Moran R e s e r v o i r , and 
of downstream i m p a c t s o f t h e dam c l o s u r e on t h e s e d i m e n t r e g i m e 
and m o r p h o l o g y o f t h e F r a s e r R i v e r due t o d e p l e t i o n o f s e d i m e n t 
l o a d s (Dirom, 1 9 7 9 ) . 

The BC E n e r g y B o a r d r e p o r t was c o m p l e t e d i n A p r i l 1972. I t 
i n c l u d e d a p r e l i m i n a r y e s t i m a t e o f t h e l i f e o f t h e r e s e r v o i r , 
b a s e d on t h e 1971 d a t a (B.C. E n e r g y B o a r d , 1972, A p p e n d i x XV-F). 
I t a l s o c o n t a i n e d e s t i m a t e s o f d e g r a d a t i o n downstream from t h e 
dam, and o f e r o s i o n o f t h e F r a s e r D e l t a , b a s e d on d a t a c o l l e c t e d 
on t h e F r a s e r R i v e r a t L i l l o o e t d u r i n g 1950-52 by t h e BC 
Government ( A p p e n d i x X V - D : P a r t B ) . B e c a u s e o f t h e p a u c i t y o f 
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sediment data, the report recommended that the new sediment 
survey be continued. 

Pretious (BC Energy Board, 1972) emphasized the following 
points in considering downstream impacts of a dam in the Moran 
Canyon: 

(a) degradation of the bed would occur immediately 
downstream of the dam, but would be limited by rapid armouring of 
the bed and exposure of rock outcrops; 

(b) t o t a l sediment inputs to the lower Fraser River would 
be reduced by about two-thirds, allowing a similar reduction in 
the magnitude of annual maintenance dredging i n the navigation 
channels of the lower estuary, and improvement of navigation as 
far upstream as Hope; 

(c) the seaward advance of the front of the Fraser River 
delta would be retarded; 

(d) trapping of sand by a dam would have l i t t l e impact on 
beaches i n the Vancouver area which are not, apparently, being 
nourished by sand from the Fraser; 

(e) r i v e r structures (bridge piers, pipeline crossings, 
etc.) between Chilliwack and New Westminster would not be 
adversely affected, because the regulation of flow from Moran Dam 
would lessen scouring of the bed; 

(f) undiked islands of the Delta would receive less 
sediment than at present, and this would have some effect on 
w i l d l i f e habitat. 
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2.2 H i s t o r y 

P r e l i m i n a r y s u s p e n d e d s e d i m e n t d a t a were o b t a i n e d a t t h e 
M a r g u e r i t e s i t e on t h r e e o c c a s i o n s i n 1951 and 11 t i m e s i n 1952 
by t h e BC Government ( K i d d and T r e d c r o f t , 1 953), b u t a m a j o r 
s a m p l i n g p r o g r a m d i d n o t b e g i n u n t i l 1971. I n t h a t y e a r , bed 
l o a d measurements were made on s e v e n o c c a s i o n s , y i e l d i n g a 
r e a s o n a b l y w e l l - d e f i n e d s e d i m e n t r a t i n g r e g r e s s i o n between bed 
l o a d r a t e and w a t e r d i s c h a r g e . Suspended s e d i m e n t s a m p l i n g was 
u n d e r t a k e n f r o m May u n t i l December o f t h a t y e a r i n r e s p o n s e t o 
th e r e q u e s t f r o m t h e BC E n e r g y B o a r d . 

F o l l o w i n g t h e s u b m i s s i o n o f t h e BC E n e r g y r e p o r t , s u s p e n d e d 
s e d i m e n t s a m p l i n g has been u n d e r t a k e n i n e a c h month s i n c e A p r i l , 
1972 (except' f o r some l o w - f l o w months i n some o f t h e w i n t e r s ) ; 
th e m a j o r s a m p l i n g program was d i s c o n t i n u e d on A p r i l 4, 1987, 
th o u g h some s u s p e n d e d s a m p l i n g c o n t i n u e s on a m i s c e l l a n e o u s 
b a s i s . Samples were c o l l e c t e d on 2096 days ( a v e r a g i n g 131 d a y s 
p e r y e a r ) s i n c e A p r i l , 1971, o f w h i c h 339 ( i g n o r i n g d i p samples) 
were s u b j e c t e d t o a n a l y s i s f o r p a r t i c l e s i z e d e t e r m i n a t i o n . A 
bed l o a d s a m p l i n g program was u n d e r t a k e n between May, 1972 and 
June, 1979. 

2.3 B a s i n d e s c r i p t i o n 

The F r a s e r c a t c h m e n t u p s t r e a m o f t h e M a r g u e r i t e s t a t i o n 
c o v e r s an a r e a o f 114,000 s q . km., o f w h i c h 18,000 s q . km o c c u r 
u p s t r e a m o f t h e H a n s a r d s t a t i o n . U p s t r e a m o f H a n s a r d , t h e F r a s e r 
d r a i n s t h e Rocky M o u n t a i n t r e n c h , composed o f l a c u s t r i n e s i l t s 
i n t e r s p e r s e d w i t h outwash s a n d and g r a v e l , and f l a n k e d by s t e e p 
v a l l e y w a l l s c o m p r i s i n g f o l d e d s e d i m e n t r a r y r o c k s ( Z r y m i a k and 
T a s s o n e , 1 9 8 8 ) . 

Downstream o f H a n s a r d , t h e major t r i b u t a r y c a t c h m e n t i s t h e 
Nechako (42,500 s q . km a t I s l e P i e r r e ) , b u t most o f i t s d r a i n a g e 
network i s i n t e r r u p t e d by n a t u r a l and manmade l a k e s (14,000 s q . 
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km. of the area at Isle Pierre occurs upstream of the Kenney 
Dam), so that sediment yields (loads per unit area) w i l l be lower 
than expected on the basis of r e l i e f . The Salmon River, flowing 
across gentle t e r r a i n from the north, i s also l i k e l y to have a 
low sediment y i e l d . Of the other large tributary basins, the 
McGregor draining the Rocky Mtns, the Willow issuing from the 
Cariboo Mtns, and the West Road River, draining the Interior 
Plateau, are probably the major tributary sources augmenting the 
sediment load downstream of Hansard. 

2.4 Reach description 

Between Prince George and Hope, the Fraser River cuts 
through the Interior Plateau and then the Coast Range, along a 
much steeper p r o f i l e than upstream of Prince George. The average 
gradient i n the v i c i n i t y of the Hansard reach i s of the order of 
17 m per 100 km. In contrast, between Prince George and 
Marguerite i t averages about 64 m per 100 km; i t increases again 
to more than 104 m per 100 km between Marguerite and Hope, as the 
r i v e r becomes largely non-alluvial in cutting through the Coast 
Range. (These slopes are based on the longitudinal p r o f i l e of 
the Fraser provided by the Fraser River Board, 1958.) At Hope, 
the gradient i s reported as 60 m per 100 km (0.00060), decreasing 
downstream to 0.00048 at Agassiz and 0.00005 at Mission (McLean 
and Church, 1986) . 

The topography and channel upstream of Marguerite are shown 
at 1:250,000 in Fig. 2; the 1:50,000 topographic coverage of the 
gauging reach i s given i n Fig. 3; and v e r t i c a l a e r i a l photograph 
of the reach in the v i c i n i t y of the station i s provided in Fig. 
4. 

Upstream of the Marguerite ferry crossing, the Fraser has an 
irr e g u l a r plan geometry comprising several d i f f e r e n t patterns: 
narrow, weakly sinuous reaches are separated by a wider, multiple 
island stretch opposite Buck Ridge, and a more tortuous path 
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a r o u n d Diamond I s l a n d o p p o s i t e A l e x a n d r i a . The l a t t e r s e c t i o n s 
a p p e a r t o r e p r e s e n t l o c a l i z e d a c c u m u l a t i o n s o f m o b i l e bed 
m a t e r i a l . Downstream t o w a r d s M a r g u e r i t e , t h e c o u r s e b e g i n s t o 
s t r a i g h t e n , i s l a n d s and b a r s g r a d u a l l y d i s a p p e a r , and t h e c h a n n e l 
becomes n a r r o w e r , p r e s u m a b l y c o r r e s p o n d i n g t o t h e f u r t h e r 
s t e e p e n i n g i n g r a d i e n t downstream o f M a r g u e r i t e , a l r e a d y n o t e d . 

U n l i k e a t H a n s a r d , t h e F r a s e r n e a r M a r g u e r i t e i s p r i m a r i l y a 
g r a v e l - b e d r i v e r , n o t s a n d - b e d d e d : t h i s i s c o n s i s t e n t w i t h t h e 
i n c r e a s e d r i v e r g r a d i e n t j u s t n o t e d . T a s s o n e (1988, p e r s . comm.) 
r e p o r t s t h a t t h e l e f t bank i n t h e v i c i n i t y o f t h e s t a t i o n i s 
composed m o s t l y o f c l a y and i s r e l a t i v e l y s t a b l e . I n c o n t r a s t , 
t h e h i g h e r r i g h t bank c o m p r i s e s g r a v e l , and i s s u b j e c t t o 
e r o s i o n . 

The s t a t i o n i t s e l f i s l o c a t e d a t t h e f e r r y c r o s s i n g ( F i g . 3) 
and i s t h u s i n a s h o r t s t r a i g h t p a r t o f t h e r e a c h , j u s t 
downstream o f a m i l d bend. I t would be e x p e c t e d , f r o m t h i s 
l o c a t i o n , t h a t t h e t h a l w e g w o u l d o c c u r on t h e t r u e l e f t ( e a s t ) 
s i d e , s h a l l o w i n g t o w a r d s t h e west bank. A g r a v e l b a r i s i n f a c t 
v i s i b l e a t low w a t e r u p s t r e a m o f t h e g a u g i n g s i t e . 

The c r o s s - s e c t i o n , a t d i f f e r e n t t i m e s i n 1971, i s shown i n 
F i g . 5, i n d i c a t i n g r e m o v a l o f s e d i m e n t from' t h e b a r a r e a (between 
m i d - c h a n n e l and t h e r i g h t bank) i n t h e h i g h f l o w s o f e a r l y 
summer, f o l l o w e d by a new b u i l d - u p d u r i n g t h e l a t t e r p a r t o f t h e 
y e a r . A l t h o u g h o t h e r c r o s s - s e c t i o n a l s o u n d i n g d a t a do e x i s t a t 
t i m e s o f r e g u l a r c u r r e n t - m e t e r i n g a t t h e s i t e , t h e y have n o t been 
p l o t t e d by WSC. N o n e t h e l e s s , i t i s c l e a r t h a t t h e r e a c h i n t h e 
v i c i n i t y o f t h e measurement s e c t i o n i s f a r f r o m s t a b l e , a l t h o u g h 
p r e s u m a b l y much more s t a b l e t h a n would have been t h e c a s e 
u p s t r e a m o f A l e x a n d r i a . T h i s may be i n f e r r e d f r o m th e s t a g e -
d i s c h a r g e r a t i n g c u r v e s : d u r i n g t h e 38 y e a r s s i n c e t h e 
e s t a b l i s h m e n t o f t h e h y d r o m e t r i c s t a t i o n , 19 d i f f e r e n t r a t i n g 
c u r v e s , l i n k i n g d i s c h a r g e t o w a t e r s t a g e , have been u s e d a t t h e 
s t a t i o n ( T a s s o n e , 1988, p e r s . comm.). 
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2.5 S t a t i o n d e s c r i p t i o n 

S t a t i o n 08MC018 i s l o c a t e d a t l a t i t u d e 5 2 ° 3 1 ' 4 8 " N and 
1 2 2 ° 2 6 ' 3 2 " W. The measurement s e c t i o n i s 220 m wide; t h e r i v e r 
d e p t h r a n g e s from 3.5 m a t low f l o w s t o 10.5 m a t h i g h f l o w s . 

The h y d r o m e t r i c equipment c o m p r i s e s an A-71 w a t e r - l e v e l 
r e c o r d e r ( a c t i v a t e d by a servo-manometer p r e s s u r e s e n s i n g 
s y s t e m ) , h o u s e d i n a s h e l t e r on t h e l e f t bank o f the r i v e r , j u s t 
downstream o f t h e c a b l e c r o s s i n g s . T h e r e a r e a c t u a l l y two c a b l e 
c r o s s i n g s o p e r a t e d by t h e M i n i s t r y o f Highways (BC); t h e u p s t r e a m 
one f o r a powered c a b l e c a r , and a s e c o n d one, t e n m e t r e s 
downstream, u s e d f o r t h e v e h i c l e f e r r y . The c u r r e n t - m e t e r i n g , 
needed f o r t h e s t a g e - d i s c h a r g e r a t i n g c u r v e s , i s done from t h e 
c a b l e c a r . Suspended s e d i m e n t s a m p l i n g was done from t h e f e r r y , 
when i n s e r v i c e between s p r i n g and l a t e autumn. I n t h e 
i n t e r v e n i n g p e r i o d s , " d i p " s a m p l e s (see below) were t a k e n f r o m 
the c a b l e c a r . Bed l o a d samples were t a k e n f r o m t h e f e r r y . 

2.6 H y d r o l o g y o f t h e a r e a 

R u n o f f from t h e b a s i n i s d o m i n a t e d by snowmelt, w i t h d a i l y 
d i s c h a r g e r i s i n g r a p i d l y i n A p r i l and May o f t h e t y p i c a l y e a r t o 
a peak i n June ( F i g . 6 ) ; f l o w d e c l i n e s f a i r l y r a p i d l y d u r i n g 
J u l y , t h e n more s l o w l y d u r i n g t h e r e s t o f y e a r . S m a l l i s o l a t e d 
peaks can o c c u r a t any t i m e o f t h e open w a t e r p e r i o d f r o m 
r a i n s t o r m s . Maximum d a i l y d i s c h a r g e r a n g e d between 3220 m 3/s on 
June 22, 1983 and 6510 m 3/s on June 16, 1972. The l a t t e r f i g u r e 
i s s l i g h t l y more t h a n d o u b l e t h e maximum a t H a n s a r d i n t h e same 
y e a r , o c c u r r i n g on June 14. Mean a n n u a l f l o w i n t h e 1950-1986 
p e r i o d was 1440 m 3/s. 

I t s h o u l d be n o t e d t h a t , s i n c e O c t o b e r 1952, t h e f l o w has 
been a f f e c t e d by s t o r a g e and d i v e r s i o n on u p s t r e a m t r i b u t a r i e s . 
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I n p a r t i c u l a r , the t o t a l d r a i n a g e a r e a of 114,000 sq. km i n c l u d e s 
14,000 sq. km. b e h i n d the Kenney Dam on the Nechako R i v e r . 
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3. DATA 

3.1 Data requirements 

The sediment data needed to assess the l i f e expectancy of a 
possible Moran Reservoir are e s s e n t i a l l y twofold: annual 
suspended loads and annual bed loads. Data on p a r t i c l e size of 
the suspended load are also required, however, partly because 
size affects the s e t t l i n g v e l o c i t y of the suspended grains (and 
thus the percentage of the load actually trapped i n the 
reservoir) and partly because i t affects the bulk density of t h e 
sediment once i t has s e t t l e d to the reservoir f l o o r . 

Assessment of the morphological impacts immediately 
downstream of a reservoir, due to sediment-trapping, requires 
e s s e n t i a l l y the same data, though i n this context, i t i s more 
important to distinguish between the bed material load (moving 
bed material, irrespective of whether moved along the bed or i n 
suspension at high flows) and the wash load (the fine-grained 
part of the suspended load that moves through the reach without 
s e t t l i n g on the bed). 

This d i s t i n c t i o n i s important: downstream of a sediment 
trap, such as a reservoir, the wash load w i l l remain depleted; i n 
contrast, the suspended bed material load w i l l tend to build up 
again to i t s upstream concentrations, by scour of the bed, u n t i l 
the r i v e r ' s capacity i s once again reached. The d i s t i n c t i o n i s 
also important because the morphological c h a r a c t e r i s t i c s of a 
r i v e r reach depend upon the magnitude and grain size of the t o t a l 
bed material load, irrespective of whether that sediment has 
moved primarily as bedload or temporarily i n suspension. 

Thus a simple d i s t i n c t i o n between bed load and suspended 
load (which are the usual measurement goals i n sediment surveys) 
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i s i n a d e q u a t e t o a d d r e s s i m p a c t s o f s e d i m e n t t r a p p i n g i n t h e 
r e a c h e s i m m e d i a t e l y downstream. Some a t t e m p t i s needed t o 
d e t e r m i n e how much o f t h e s u s p e n d e d l o a d i s a c t u a l l y bed 
m a t e r i a l . T h i s i s u s u a l l y u n d e r t a k e n by p a r t i c l e s i z e c o m p a r i s o n 
o f t h e s u s p e n d e d l o a d and t h e bed m a t e r i a l . 

F u r t h e r downstream, i n t h e l o w e r F r a s e r , . w h e r e more o f t h e 
s u s p e n d e d s e d i m e n t s e t t l e s o u t , e s p e c i a l l y i n t h e d e l t a mouths, 
the s p a t i a l p a t t e r n o f s e d i m e n t d e p o s i t i o n i s c o n t r o l l e d i n l a r g e 
p a r t by p a r t i c l e s i z e . I n o r d e r t o p r e d i c t i m p a c t s i n t h i s 
r e g i o n , p a r t i c l e s i z e d a t a f o r t h e t o t a l l o a d a r e c l e a r l y an 
i m p o r t a n t r e q u i r e m e n t . 

A l t h o u g h t h e s u s p e n d e d s e d i m e n t l o a d i s one o f t h e p r i m a r y 
d a t a r e q u i r e m e n t s a t t h i s s t a t i o n , i t c a n n o t be measured 
d i r e c t l y . R a t h e r , v a l u e s o f s e d i m e n t c o n c e n t r a t i o n a r e 
d e t e r m i n e d by s a m p l i n g , and t h e s e d i m e n t l o a d o f a g i v e n day i s 
c a l c u l a t e d as t h e p r o d u c t o f t h e d a i l y mean w a t e r d i s c h a r g e 
( d e t e r m i n e d a t t h e h y d r o m e t r i c s t a t i o n ) and t h e d a i l y mean 
s e d i m e n t c o n c e n t r a t i o n . Much o f t h e d a t a p r e s e n t e d i n t h i s 
r e p o r t w i l l be i n t h e form o f c o n c e n t r a t i o n v a l u e s (mg/L), as 
w e l l as l o a d s ( t o n n e s ) , however, f o r t h e r e a s o n t h a t i t p r o v i d e s 
some i n d i c a t i o n o f whether t h e changes i n l o a d a r e p r i m a r i l y due 
t o changes i n w a t e r d i s c h a r g e o r due t o changes i n c o n c e n t r a t i o n . 
I n a d d i t i o n , i n some c a s e s , v a l u e s o f c o n c e n t r a t i o n may be o f 
p r i m a r y i n t e r e s t t o f i s h e r i e s p e r s o n n e l , g i v e n t h a t h i g h l y t u r b i d 
s t r e a m w a t e r i s known t o have d e l e t e r i o u s e f f e c t s on f i s h ( B e r g , 
1982) . 

3.2 D a t a c o l l e c t e d 

3.2.1 Flow d a t a 

H y d r o m e t r i c d a t a have been c o l l e c t e d a t t h i s s t a t i o n on an 
e s s e n t i a l l y c o n t i n u o u s b a s i s s i n c e May 1950, a l t h o u g h gaps e x i s t 
i n t h e r e c o r d d u r i n g some o f t h e w i n t e r s between 1956 and 1964. 
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Water discharge at the cross-section i s computed from a 
rating curve that relates water flow to r i v e r stage (water 
l e v e l ) . An analogue recording gauge provides a continuous trace 
of r i v e r stage as i t fluctuates over time; and a f i e l d crew 
v i s i t s the s i t e about six times a year to measure discharge (from 
velocity, depth of flow and width), enabling revis i o n of the 
rating curve when necessary. As already noted, 19 versions of 
the rating curve have been used i n the 38-year period, i n d i c a t i v e 
of some degree of i n s t a b i l i t y of the bed. Between 1981 and 1986, 
for example, at gauge height of 6 metres, discharge increased 
from 3600 m3/s to 3880 m3/s, and the curve was revised four times 
in this period. 

Perhaps more serious than s h i f t s in the rating curve during 
the open water season are possible errors i n estimating discharge 
under an ice cover and during breakup, when the rating curve i s 
not applicable. Such conditions are indicated in the hydrograph 
data for each year (Appendix C3) by the l e t t e r "B". Examination 
of those data shows that breakup conditions frequently involve 
suspended loads of the order of 50,000 tonnes per day, sometimes 
amounting to 500,000 tonnes during the break up period. The 
l a t t e r represents 5 % of the mean annual suspended load (Section 
4.1). 

Hydrometric data (daily mean discharges, monthly and annual 
maximum, mean and minimum flows) for the Fraser River near 
Marguerite are included i n the yearbook "Surface Water Data-
B r i t i s h Columbia" published by Environment Canada. A summary of 
the various flow indices i s available in the bi-annual 
publication e n t i t l e d " H i s t o r i c a l Streamflow Summary - B r i t i s h 
Columbia". 
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3.2.2 Sediment data 

Sampling of suspended sediment at this location was f i r s t 
undertaken by the Department of Lands and Forests, B r i t i s h 
Columbia i n 1951-52 (Kidd and Tredcroft, 1953). Suspended 
sediment sampling was conducted from 1971 to 1986 by the Water 
Survey of Canada, using equipment and procedures described below. 
Sampling i s continuing on.a miscellaneous schedule. 

Bed load measurements were made between 1971 and 1979 using 
equipment and procedures described i n the next section. These, 
l i k e the suspended sediment data, include not only transport 
rates, but also analyses of p a r t i c l e s i z e . No p a r t i c l e size data 
are available at this s i t e for bed material i t s e l f , however, only 
for sediment i n motion. 

The suspended sediment data col l e c t e d at this s i t e have been 
included i n the annual publication "Sediment data - Canadian 
Rivers" from 1972 to 1983, and subsequently in the yearbook 
"Sediment data - B r i t i s h Columbia". Bed load data have been 
published for p a r t i c l e size, but not for annual transport 
volumes. 

3.3 Sediment sampling: Equipment and procedures 

. 3.3.1 Suspended load 

Sampling of suspended sediment at a WSC station i s generally 
undertaken by two parties: a v i s i t i n g WSC technician who samples 
along f i v e r e p l i c a t e v e r t i c a l s i n the cross section, the 
v e r t i c a l s having been located to p a r t i t i o n the r i v e r into 
panels of approximately equal water discharge; and by a l o c a l 
observer who samples, more frequently (usually twice a day at 
high flows), but at one v e r t i c a l only, designated as the single 
sampling v e r t i c a l . 
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Such a strategy i s necessary i n order to maintain a 
manageable sampling program i n terms of sampling frequency, while 
ensuring that the single sampling v e r t i c a l i s representative of 
the cross-section as a whole. On average, r e p l i c a t e sampling was 
done by the technician at the Marguerite s i t e about f i v e times a 
year (these are designated R samples), while s i n g l e - v e r t i c a l 
sampling (K samples) by the observer was often done twice d a i l y 
i n the high-flow summer months (decreasing s l i g h t l y during the 
16-year period), and decreasing i n the low flow months. A 
summary of the t o t a l sampling program i s given i n Table 1, and 
Table 2 provides d e t a i l s of the R-sampling program. 

At the time of R-sampling, an additional sample i s taken on 
the single sampling v e r t i c a l , so that the mean concentration for 
the cross-section can be compared with that of the single 
v e r t i c a l . A correction factor (k) i s then determined to adjust 
the concentration at the single v e r t i c a l to the mean for the 
cross-section at that moment i n time. Variation in the k 
co e f f i c i e n t through the year i s indicated i n Table 2, and this 
may, at f i r s t , provide some concern regarding the accuracy of the 
correction process. In general, however, the pattern of change 
in k with time i s f a i r l y systematic (e.g. Fig. 7) and, on days 
with K-sampling only, an appropriate value of the k c o e f f i c i e n t 
can be taken from the k-curve for that year with some confidence. 

Sampling of suspended sediment at the Marguerite s i t e 
involved two procedures: "depth-integrated" samples in the main 
part of the year when flows and concentrations were highest; and 
"dip" samples i n the early and late parts of the year. 

Depth-integrated sampling was undertaken from the cable-
controlled vehicle ferry. F ig. 5 shows the cross section i n 
1971, together with the locations of R-sample v e r t i c a l s and that 
of the single sampling v e r t i c a l . The location of the l a t t e r was 
fixed (160 m from the right bank) through the 1971-1986 period, 
but the positions of the R-sample v e r t i c a l s were changed after 
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1977 because of changes i n the cross-sectional geometry, and 
hence flow d i s t r i b u t i o n . Between 1978 and 1982 the v e r t i c a l s 
were continually relocated to represent the centre l i n e s of f i v e 
approximately equal flow panels. From 1983 on, the v e r t i c a l s 
were fixed at locations only s l i g h t l y d i f f e r e n t from those before 
1978. 

Samples were taken using a P-61 sampler (except for a short 
period between 1982 and 1984 when a P-63 sampler was used) from a 
powered D-reel on the fer r y . The two samplers were described by 
S t i c h l i n g (1969); they are e s s e n t i a l l y i d e n t i c a l . A sampling 
bottle i s contained within a heavy, stream-lined bronze s h e l l . 
An intake nozzle enables entry of water and sediment at a rate 
controlled by the l o c a l v e l o c i t y at the intake, and a i r i s 
expelled through an exhaust passage. The sampler i s raised from 
the stream bed up to the water surface i n a period of time short 
enough to prevent f i l l i n g of the container. This allows 
integration of the suspension over the f u l l depth of a sampling 
v e r t i c a l , according to the l o c a l v e l o c i t y at each depth i n the 
flow. 

It should be recognized that i t i s p h y s i c a l l y impossible to 
sample immediately above the bed: for the P61 instrument this 
unsampled depth i s 0.11 m; for the P63 i t i s 0.15 m. If dunes 
are present, the technicians may raise the sampler an additional 
0.1 m above the bed. The r e s u l t i n g underestimate of 
concentration i n the v e r t i c a l i s believed to be less than 10% for 
grains > 0.5 mm, about 5% for 0.125-0.5 mm, and less for f i n e r 
sizes, based on data from the Mission s i t e (Tassone, 1988, pers. 
comm. ) . 

During the winter season when the vehicle ferry i s not 
operated (approximately early November to early May), depth-
integrated sampling was not possible. Instead, as long as there 
was no ice cover, the observer continued sampling at the same 
v e r t i c a l from a power cable car (on the upstream cable) that i s 
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used for passenger t r a f f i c . However, i n thi s case, only surface 
"dip" samples could be taken, using a DH-59 hand-line sampler. 
Thus, some adjustment i s needed to convert the surface 
concentration to that which would be expected for a depth 
integrated sample at the single sampling v e r t i c a l . In order to 
obtain such a correction factor, dip samples were taken on the 
single sampling v e r t i c a l during the summer on some occasions when 
depth-integrated sampling was also undertaken. This r a t i o 
between depth-integrated concentration and dip concentration was 
used to adjust values for dip concentrations during the winter 
season. The k-c o e f f i c i e n t was then used to adjust the value to a 
mean for the cross section. 

Data pertaining to dip sample corrections are shown in Table 
3. It can be seen that concentrations at the end of the year are 
so low that errors i n the dip correction factor would not be 
important. In contrast, dip concentrations and water discharges 
in the spring are much higher, and some concern must exist 
regarding errors i n the correction factor then. It should be 
borne in mind, for example, that the d i l u t i o n i n sediment 
concentration upwards from the bed to the water surface i s 
strongly influenced by the s e t t l i n g v e l o c i t y of the sediment (and 
hence the temperature of the water); dip correction values 
obtained i n the summer may not be s t r i c t l y applicable in the 
early spring. 

Under ice conditions, when the cable car could not be 
operated, dip samples were taken through the ice at the l e f t bank 
and not at the single sampling v e r t i c a l . Though no clear 
d i s t i n c t i o n seems to have been made between these two locations 
of dip sampling i n the summary data, i t i s assumed that these 
shore samples corresponded to flow conditions i n which 
concentrations were low, and thus errors due to o f f - v e r t i c a l 
sampling were i n s i g n i f i c a n t . More important would be errors i n 
discharge under ice conditions, noted previously. 



3.3.2 Bed l o a d 

Sampling of bed l o a d was u n d e r t a k e n by a WSC t e c h n i c i a n from 
the c a b l e - c o n t r o l l e d v e h i c l e f e r r y ( a f t e r the f e r r y had c l o s e d 
f o r the day) u s i n g two d i f f e r e n t s amplers suspended from a boom 
and h y d r a u l i c r e e l assembly mounted on a f l a t b e d t r u c k . Samples 
were t a k e n a t the same f i v e v e r t i c a l s i n the c r o s s s e c t i o n as 
used f o r r e p l i c a t e suspended sediment s a m p l i n g . A summary of the 
bed l o a d s a m p l i n g program, by d a t e , number of s a m p l i n g s e t c . , i s 
p r o v i d e d i n T a b l e 4 . 

Sampling bed l o a d i n v o l v e s r e s t i n g a c o n t a i n e r on the r i v e r 
bed f o r a s h o r t p e r i o d of time d u r i n g which water passes t h r o u g h 
the c o n t a i n e r , and the a s s o c i a t e d bed m a t e r i a l b e i n g moved i s 
c o l l e c t e d . The t r a n s p o r t r a t e per u n i t w i d t h of f l o w i s t h e n 
d e t e r m i n e d from the e n t r y w i d t h of the sampler, the w e i ght of bed 
m a t e r i a l caught, and the d u r a t i o n of s a m p l i n g . 

Because b e d l o a d t r a n s p o r t v a r i e s a p p r e c i a b l y o v e r s h o r t 
p e r i o d s of t i m e , even under s t e a d y f l o w c o n d i t i o n s , s a m p l i n g a t 
each v e r t i c a l r e q u i r e s many o b s e r v a t i o n s ( H u b b e l l , 1987). A t 
M a r g u e r i t e , a t l e a s t two and o f t e n t h r e e specimens of the bed 
l o a d were t a k e n a t one s a m p l i n g t i m e , but even t h i s i s 
i n a d e q u a t e . Recent d a t a f o r the F r a s e r R i v e r a t A g a s s i z 
( s i m i l a r l y g r a v e l - b e d d e d ) , a t f l o w s o f 8000 m 3/s, based on 
r e p l i c a t e measurements a t a g i v e n v e r t i c a l w i t h a h a l f - s i z e VUV 
b e d l o a d sampler, c o n f i r m t h i s c o n c l u s i o n (McLean and Tassone, 
1987). They found t h a t the s t a n d a r d e r r o r of a mean b e d l o a d r a t e 
a t a v e r t i c a l based on o n l y t h r e e s a m p l i n g s was 85% of the v a l u e 
of the " t r u e " mean based on 20 s a m p l i n g s . U n c e r t a i n t y as t o the 
a c c u r a c y of the c a l c u l a t e d b e d l o a d t r a n s p o r t r a t e s i s the main 
r e a s o n why the d a t a have not been p u b l i s h e d , i n c o n t r a s t t o the 
suspended sediment d a t a . 

C a l c u l a t i o n of the t o t a l b e d l o a d t r a n s p o r t r a t e f o r the 
r i v e r a t the c r o s s - s e c t i o n i n v o l v e s p l o t t i n g the l o c a l t r a n s p o r t 



- 18 -

r a t e ( i n , say, tonnes per day per metre width) on a graph a g a i n s t 
p o s i t i o n i n the c r o s s - s e c t i o n , i n t e r p o l a t i n g between v e r t i c a l s , 
and d i g i t i z i n g the t o t a l a r e a under the curve to i n t e g r a t e the 
t o t a l d a i l y l o a d , a c r o s s the f u l l w i d t h , i n tonnes. 

The two samplers used a t M a r g u e r i t e were a b a s k e t sampler 
and the Arnhem sampler. The b a s k e t sampler has an opening w i d t h 
of 61 cm and an opening h e i g h t of 25.4 cm; t h r e e s c r e e n mesh 
s i z e s were a v a i l a b l e , 6.4 mm, 9.5 mm and 12.7 mm, though the 
l a t t e r was r a r e l y used. I t i s t h e r e f o r e c o n v e n i e n t f o r a s s e s s i n g 
most of the g r a v e l bed l o a d , but not sand. Sampling f i n e r 
sediment i n v o l v e s a f i n e r s c r e e n mesh. In t u r n , t h i s slows down 
the water f l o w and i n d u c e s s e t t l i n g of bed l o a d b e f o r e i t r e a c h e s 
the sampler. To c i r c u m v e n t t h i s problem, the shape of fine-mesh 
samplers i s d e s i g n e d t o c r e a t e a p r e s s u r e d i f f e r e n c e between the 
e n t r a n c e and e x i t of the sampler t o compensate f o r the i n c r e a s e d 
mesh r e s i s t a n c e . The Arnhem sampler i s such a p r e s s u r e -
d i f f e r e n c e sampler (de V r i e s , 1973). The one used at M a r g u e r i t e 
has an opening w i d t h of 9.7 cm and an opening h e i g h t of 5.1 cm, 
w i t h a s c r e e n mesh of 0.3 mm. Together, the two samplers a l l o w 
t r a p p i n g of v i r t u a l l y the f u l l range of p a r t i c l e s i z e s i n the 
F r a s e r R i v e r bed l o a d a t M a r g u e r i t e . Under low f l o w c o n d i t i o n s , 
the Arnhem sampler a l o n e s u f f i c e s . Under h i g h e r f l o w s , the 
b a s k e t sampler i s used i n deeper g r a v e l - c a r r y i n g f l o w s , and the 
Arnhem sampler i n s h a l l o w sand-moving p a r t s of the c r o s s - s e c t i o n . 

N e i t h e r sampler has a s a m p l i n g e f f i c i e n c y of 100 p e r c e n t , 
i . e . , the amount of bed l o a d t r a p p e d i s l e s s than t h a t which 
would have moved p a s t t h a t l o c a t i o n i n the absence of the 
sampler. T e s t s on l a b o r a t o r y f l u m e s , however, have shown t h a t 
f o r normal s a m p l i n g d u r a t i o n s , the s a m p l i n g e f f i c i e n c y of the 
b a s k e t sampler i s e s s e n t i a l l y c o n s t a n t a t about 33 p e r c e n t 
( E n g e l , 1982, Church e t a l . , 1987); thus sampled l o a d s were 
i n c r e a s e d by a f a c t o r of 3.0. T h i s f i g u r e r e f e r s to g r a i n s 
c o a r s e r than the mesh s i z e used. The e f f i c i e n c y of the Arnhem 
sampler ( d e s i g n e d p r i m a r i l y f o r f i n e g r a v e l r a t h e r than sand) i s 
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less certain. I n i t i a l work on the lower Fraser River used a 
correction factor of 3.5 (Water Survey of Canada, 1970), but more 
recent studies using Fraser River sand have suggested that the 
figure should be raised to about 4.4 (Church et a l . , 1987). 

3.4 Sediment load computations: methodology 

3.4.1 Suspended load 

In l i g h t of the sampling program just described, there are 
several stages i n the determination of a value for d a i l y mean 
suspended sediment concentration. These procedures are 
documented i n several publications of the Sediment Survey 
Section, but need to be summarized here in order that the 
external user of these data i s aware of the methods involved and 
the possible sources of errors. The procedure for estimating the 
cross-sectional mean value at any moment i n time has already been 
outlined. The procedure for estimating the d a i l y mean value for 
the cross-section mean now needs to be considered. 

The approach adopted by WSC i s one i n which intensive 
sampling over time, es p e c i a l l y at periods of high load, allows 
accurate determination of d a i l y mean loads. These are summed to 
indicate the annual load. This i s repeated over a s u f f i c i e n t 
number of years that errors i n the estimation of the mean annual 
load are reduced to an acceptable l e v e l (Section 4.1). Further 
sediment sampling.is then not necessary and the sediment program 
can be abandoned. This strategy hinges, of course, on the 
assumption that the sampling years are representative of the long 
term condition, and that the long-term condition i s stable. This 
aspect i s addressed in Section 4.2. 

The WSC approach therefore requires determination of d a i l y 
mean values for sediment concentration, recognizing that samples 
are taken only once or twice a day, and on some days not at a l l . 
The procedure i s as follows. The cross-sectional mean 
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concentration at times of sampling i s plotted on a copy of the 
water l e v e l recorder chart at the time of day of the sampling. A 
"sediment concentration hydrograph" i s then constructed by 
drawing a smooth curve through the concentration points on the 
water l e v e l chart copy (Water Resources Branch, 1983, p. 30) 
following the pattern of changes i n water l e v e l . The da i l y mean 
concentration for each day i s then determined from this restored 
sediment concentration hydrograph, and multiplied by da i l y mean 
discharge to give the suspended sediment load for the day. 

At s i t e s where sampling i s infrequent, interpolation between 
sampling days may result i n appreciable error. But at s i t e s 
where intensive sampling i s undertaken, such as the Fraser River 
near Marguerite, this procedure, though subjective, i s perhaps 
the best method of estimating d a i l y mean suspended sediment 
concentration for the cross-section. 

An alternative procedure commonly adopted (but not by the 
WSC) i s to develop a sediment rating curve i n which a regression 
i s undertaken of "instantaneous" sediment transport rate (the 
product of water discharge and cross-section mean sediment 
concentration) against instantaneous water discharge. In this 
way, then, sediment loads can be predicted d i r e c t l y from the 
hydrograph of water discharge. The sediment rating approach w i l l 
be discussed i n Section 4.3: i t w i l l be seen that there i s 
considerable scatter i n the regression p l o t . 

3.4.2 Bed load 

No computations of monthly or annual bed load have been made 
by WSC, but data do exist to develop a bed load rating curve. 
This could then be applied to the flow-duration data, and bed 
loads predicted for each year. The matter i s pursued i n Section 
4.4. 
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3.5 Sediment sampling: timing 

3.5.1 Suspended load 

On average, suspended sediment sampling was done on s l i g h t l y 
more than 130 days of the year (Table 1), with the most intensive 
sampling i n the heavy load months. In May and June, when loads 
are highest (Appendix D3), sampling was done at least once d a i l y 
i n the early part of the 16-year period, and even towards the 
l a t t e r part, when ove r a l l sampling i n t e n s i t y was less, these 
months were s t i l l being sampled every second day. Thus sampling 
was undertaken i n the periods which mattered most, bearing i n 
mind the procedures used by WSC in the computation of annual load 
described above. Days of re p l i c a t e sampling at the f i v e 
v e r t i c a l s were also concentrated i n May and June (Table 2 ) . 

The years of highest annual load were 1976, 1972, 1974 and 
1982; the 1972 year was the most-intensively sampled of any i n 
the period; while the other three were close to normal i n terms 
of sampling i n t e n s i t y . 

3.5.2 Bed load 

Sampling for bed load was undertaken from 1971 to 1979; the 
dates of sampling, and related data, are provided i n Table 4. 
The primary purpose of sampling was to develop a rating equation 
between instantaneous bed load and water discharge. Thus 
samplings were conducted throughout the f u l l range of bed 
material moving discharges (from 677 m3/s to 5041 m 3/s), though 
with some emphasis on high flows. 
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4. ANALYSIS AND INTERPRETATION 

4.1 Adequacy of length of record 

The main purpose of the sediment program at Marguerite was 
to estimate the mean annual load of the Fraser River i n this 
location under present day conditions. To that end, a period of 
time has been sampled from 1971 to 1986, and i t i s therefore 
important to assess the adequacy of this sample size i n terms of 
i t s a b i l i t y to estimate mean present-day conditions. 

A summary of data r e l a t i n g to water discharge a t this 
station i s provided i n Appendix B: mean monthly and mean a n n u a l 
discharges as reported i n the H i s t o r i c a l Streamflow Summary f o r 
B r i t i s h Columbia (Inland Waters Directorate, 1985); and mean 
dai l y discharge for each day of the calendar year during this 
period (with related dispersion i n d i c e s ) . 

Data for suspended sediment loads during the period a r e 
provided i n Appendix C which contains the following information: 

C l : the h i s t o r i c a l summary of annual values; 
C2: a summary of monthly suspended loads for a l l months 
from May 1971 to December 1986; 
C3: values of mean discharge, mean suspended sediment 
concentration and mean suspended load for each day, for 
each of the sixteen years; 
C4: time charts ("hydrographs") for each year showing 
the fluctuation i n discharge and sediment 
concentration. 

These are the data which have been analyzed to assess the 
adequacy of the length of sampling period. 

The 1971 suspended sediment load of the Fraser River at this 
s i t e was 8.9 m i l l i o n tonnes (Mt) from May through December; and 
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t h i s c o u l d have been used as an e s t i m a t e of the l o n g t e r m l o a d i n 
c a l c u l a t i n g the l i f e of the p o t e n t i a l Moran R e s e r v o i r a t the time 
of the BC Energy Board r e p o r t . There was, of c o u r s e , no r e a s o n 
t o b e l i e v e t h a t t h i s was an a c c u r a t e e s t i m a t e of the mean annual 
suspended l o a d a t the s i t e , which i s why a d d i t i o n a l y e a r s o f 
sa m p l i n g were recommended by the BC Energy Board. I n the 
f o l l o w i n g y e a r s , the annual l o a d ranged from a low of 5.1 Mt 
(1980) t o a h i g h of 20 .4 Mt (1976), w i t h a mean of 10.1 Mt of 
suspended sediment. The e s t i m a t e d a n n u a l l o a d s a re g i v e n i n 
Tab l e 5. 

As each a d d i t i o n a l y e a r ' s l o a d i s i n c l u d e d i n the 
d e t e r m i n a t i o n of the mean annual l o a d , the r e l i a b i l i t y of t h i s 
sample mean as an e s t i m a t e of the t r u e mean improves; i . e . i t s 
i m p r e c i s i o n d e c r e a s e s . T h i s i m p r e c i s i o n i s n o r m a l l y e x p r e s s e d as 
the s t a n d a r d e r r o r of the sample mean {SEM), and i s g i v e n 
m a t h e m a t i c a l l y by 

SEM = o / /n 

where o i s the b e s t e s t i m a t e of the s t a n d a r d d e v i a t i o n of 
i n d i v i d u a l y e a r s . 

The s m a l l e r i s the s t a n d a r d e r r o r of the sample mean, the 
more r e l i a b l e i s the sample mean as an e s t i m a t e of the t r u e mean. 
As would be e x p e c t e d , and as the f o r m u l a i n d i c a t e s , as sample 
s i z e i n c r e a s e s (more y e a r s i n the sample), the s t a n d a r d e r r o r of 
the sample mean d e c r e a s e s . 

Three s e t s of graphs have been p r e p a r e d showing how the 
magnitude of the s t a n d a r d e r r o r (as a pe r c e n t a g e of the mean) has 
de c r e a s e d f o r mean annual d i s c h a r g e , f o r mean annual 
c o n c e n t r a t i o n and f o r mean annual suspended l o a d , as more y e a r s 
of d a t a have been added i n t o the computuations ( F i g s . 8,9,10). 
I t can be seen t h a t , even though the 1971-1986 mean v a l u e f o r 
annual suspended l o a d i s not r a d i c a l l y d i f f e r e n t from t h a t of 
1971 a l o n e , i t s r e l i a b i l i t y i s much g r e a t e r : the s t a n d a r d e r r o r 



- 24 -

has d e c r e a s e d f r o m more t h a n 30% t o j u s t o v e r 10 p e r c e n t ( F i g . ' 
10). (The c u r v e i n t h e t o p p a r t o f t h e s e f i g u r e s i s t h e e x p e c t e d 
smooth d e c r e a s e i n t h e s t a n d a r d e r r o r o f t h e mean, b a s e d on t h e 
s t a n d a r d d e v i a t i o n (s) o f a l l i n d i v i d u a l y e a r l y v a l u e s , and 
a s s u m i n g t h a t s r e m a i n s c o n s t a n t as more y e a r s o f d a t a a r e 
i n c l u d e d . I n a c t u a l f a c t , t h e a d d i t i o n o f e a c h y e a r ' s d a t a 
changes t h e s t a n d a r d d e v i a t i o n o f t h e sample s l i g h t l y , p r o d u c i n g 
t h e more i r r e g u l a r d e c r e a s e i n t h e s t a n d a r d e r r o r o f t h e mean 
o v e r t i m e . 

A d d i t i o n a l y e a r s o f s a m p l i n g would, o f c o u r s e , have i m p r o v e d 
t h e r e l i a b i l i t y o f t h e mean, b u t , as t h e r e l a t e d d i a g r a m shows, 
the d e c r e a s e ( l a b e l l e d " g a i n " ) i n t h e s t a n d a r d e r r o r ( s t i l l 
e x p r e s s e d as a p e r c e n t a g e o f t h e mean) d e c r e a s e s w i t h a d d i t i o n a l 
s a m p l i n g , and f u r t h e r improvements would be v e r y s m a l l . The 
p r e s e n t s t a n d a r d e r r o r i n t h e mean a n n u a l l o a d i s h i g h e r t h a n 
t h a t o f b o t h t h e mean a n n u a l d i s c h a r g e and t h e mean a n n u a l 
c o n c e n t r a t i o n : t h i s i s t o be e x p e c t e d g i v e n t h a t t h e l o a d 
combines d i s c h a r g e and c o n c e n t r a t i o n , and t h u s t h e e r r o r s o f 
b o t h . 

I n summary, t h e l e n g t h o f r e c o r d u s e d f o r s e d i m e n t s a m p l i n g 
a t M a r g u e r i t e i s c l e a r l y a d e q u a t e t o p r o v i d e a r e l i a b l e e s t i m a t e 
o f t h e mean a n n u a l s u s p e n d e d l o a d . The d e c i s i o n t o c u r t a i l 
f u r t h e r s a m p l i n g was t h e r e f o r e w a r r a n t e d . 

4.2 R e p r e s e n t a t i v e n e s s o f s a m p l i n g p e r i o d 

A l t h o u g h t h e s a m p l i n g p e r i o d was l o n g enough, t h e r e r e m a i n s 
t h e s e p a r a t e i s s u e o f how r e p r e s e n t a t i v e i s was o f p r e s e n t day 
c o n d i t i o n s . 

Some i n d i c a t i o n o f t h i s c a n be o b t a i n e d by c o m p a r i n g t h e 
d i s c h a r g e i n t h e p e r i o d 1971-1986 w i t h t h a t i n t h e p e r i o d f o r 
whi c h h y d r o m e t r i c d a t a a r e a v a i l a b l e , b e g i n n i n g 1951. As w i l l be 
s e e n i n S e c t i o n 4.3, w a t e r d i s c h a r g e i s a m a j o r c o n t r o l on 
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sediment load, so that i f the 1971-1986 period i s representative 
in terms of discharge, i t can be surmised that the same 
conclusion probably applies to sediment loads. Unfortunately, 
although discharge data are available from 1951, gaps i n the 
winter period of record from 1956 to 1964, i n c l u s i v e , complicate 
the assessment of annual data during these years. 

A l l s t a t i s t i c a l analysis of discharge and suspended load 
data i s summarized i n Appendix D, which comprises three parts: 

Dl: annual s t a t i s t i c s , v i z . t o t a l discharge (dam3), 
maximum d a i l y discharge (m 3/s), t o t a l suspended load 
(tonnes) and maximum d a i l y suspended load (t/day); 

D2: f u l l duration s t a t i s t i c s , subdivided by month of 
the year, e.g. the percentage of time i n June during 
the period of record that d a i l y discharge exceeded 
2,000 m3/s. These data are provided for discharge, 
sediment concentration and load. 

D3: peak period s t a t i s t i c s , subdivided by year, e.g, 
the dates during 1983 corresponding to the highest 
sediment load i n any 4 day period (1% of the year) and 
the magnitude of that load. This type of data i s 
provided for discharge, concentration and amount of 
suspended load. 

Unfortunately, because of gaps i n certain winter periods, the 
data i n Appendix D do not cover the f u l l period 1950-1986, and, 
in effect, they simply represent a larger sample than the 1971-86 
data. 

The best use of Appendix D i n the present context i s found 
in the peak period s t a t i s t i c s (D3). Data are provided for the 
highest 37 day (continuous) water discharge (10% of the annual 
period). As can be seen from F i g . 11, the top 10% of d a i l y flows 
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i n the year (though not necessarily the highest continuous 37 day 
flow period) accounts for approximately 60% of the annual load i n 
the average year. Referring to Appendix D3, the mean discharge 
in the highest 10% flow period during the 16-year period of 
sampling was 3650 m3/s; this compares with 3722 m3/s i n the 
available 31 years of data between 1950 and 1986. The sampling 
period flow rate i s 1.9% less than that of the longer period, an 
i n s i g n i f i c a n t difference. 

Reference to the raw h i s t o r i c a l flow data of Appendix Bl 
allows comparison with the f u l l 37 year data between 1950 and 
1986. In terms of maximum d a i l y discharge, the mean for the 
sampling period was 4582 m3/s, 2.2% less than the mean for the 
f u l l 37-year period of 4687 m3/s. On the other hand, reference 
to the mean discharge during the four month A p r i l - J u l y period, 
shows that the mean for the sampling years was 2709 m3/s, 4.2% 
higher than the 2600 m3/s for the f u l l 37 year period. As Figs 
12 and 13 indicate, these four months dominate both the discharge 
hydrograph and the annual suspended load. 

Overall, the general impression i s that the sampling period 
i s indeed representative of the longer period for which 
hydrometric data are available at Marguerite. This was also the 
conclusion for the post-1971 sampling period at Hansard in 
comparison with the post-1952 discharge data. 

The other question that remains, however, i s how 
representative the 37-year period of hydrometric data at 
Marguerite i s in r e l a t i o n to a longer d e f i n i t i o n of "present-day" 
conditions. At Marguerite, there i s c l e a r l y no way to assess 
this point. However, flow data have been coll e c t e d on the Fraser 
River at Hope, downstream of the Thompson confluence, since 1912, 
and can be used to make some inference on this point. Church et 
a l . (1987) have examined data for mean annual flow at Hope, and 
noted that, since 1957, i t has been p e r s i s t e n t l y higher than i n 
the period p r i o r to that time. The same observation was made i n 
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r e l a t i o n to annual maximum d a i l y flow, the changeover point i n 
that case being 1948. Similar conclusions have been reached for 
other hydrometric stations i n southern B r i t i s h Columbia (Barrett, 
1979) and attributed to a change i n the atmospheric c i r c u l a t i o n . 

Thus, though the sampling period at Marguerite appears to be 
representative of post-1948 conditions, the water discharge 
during the sampling period (and by inference the sediment load) 
was above average compared to the f u l l post-1912 period. The 
prob a b i l i t y of a decrease i n discharge and loads i n the future, 
i f meteorological patterns revert to those of the f i r s t half of 
the twentieth century, should not be overlooked. 

4.3 Suspended sediment regime 

As already noted, s u f f i c i e n t data have been gathered to 
indicate that the present mean annual suspended load of the 
Fraser River near Marguerite i s close to 10.1 m i l l i o n tonnes. On 
the other hand, there i s no guarantee that discharge conditions 
in the future w i l l remain the same as in the 16-year sampling 
period, and i t would be useful to esta b l i s h whether or not 
suspended loads are capable of prediction from discharge data. 
In this way, because hydrometric data w i l l continue to be 
gathered at this station, estimates of suspended load can 
continue to be made, even though the sediment sampling program 
has been c u r t a i l e d . (It must be recognized that major changes i n 
land use would affect the prediction of sediment loads from 
discharge.) The data for addressing this problem are summarized, 
graphically, i n Appendix E. 

The plots i n Appendix E are ca l l e d sediment rating curves: 
they are graphs of sediment concentration plotted against 
discharge. The f i r s t set of plots refers to annual mean 
concentration and annual mean discharge for the 16 years. The 
second set deals with monthly mean values. And the t h i r d set 
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f o c u s s e s on d a i l y mean v a l u e s , u s i n g o n l y those days f o r which 
sediment was a c t u a l l y sampled. 

R e f e r e n c e t o Appendix E l shows t h a t the r e l a t i o n s h i p between 
annual mean suspended c o n c e n t r a t i o n and a n n u a l mean d i s c h a r g e i s 
not s t r o n g , and would seem t o be u n s a t i s f a c t o r y f o r p r e d i c t i o n 
purposes. The p l o t of annual suspended l o a d a g a i n s t a n n u a l 
d i s c h a r g e f o r the 16 y e a r s seems t o be o n l y s l i g h t l y b e t t e r , but 
the appearance of l a r g e s c a t t e r i s i l l u s o r y , b e i n g i n f l u e n c e d by 
the a n n o t a t i o n by y e a r . I n f a c t the c o e f f i c i e n t of d e t e r m i n a t i o n 
i s 77 p e r c e n t , a r e a s o n a b l y s t r o n g c o r r e s p o n d e n c e . Church et a l . 
(1985) a n a l y z e d the sediment r a t i n g c u r v e s f o r M a r g u e r i t e and 
o t h e r F r a s e r R i v e r s t a t i o n s i n some d e t a i l ( t h e i r Appendix 1), 
and c o n c l u d e d t h a t annual sediment r a t i n g s were c e r t a i n l y good 
enough f o r e s t i m a t e of r e s e r v o i r l i f e or l o n g term r e g i o n a l 
sediment y i e l d s . I n f a c t , a p p l y i n g the annual r a t i n g curve f o r 
M a r g u e r i t e ( t h e i r T able A1.13) t o the d a i l y f l o w d a t a f o r 1974-
1982 p r o v i d e d a mean annual l o a d f o r the p e r i o d v i r t u a l l y 
i d e n t i c a l t o t h a t d e t e r m i n e d by the WSC method. 

On the o t h e r hand, e s t i m a t i o n of l o a d s f o r i n d i v i d u a l y e a r s 
by the annual r a t i n g i s not as s a t i s f a c t o r y , and a t t e n t i o n s h o u l d 
t h e r e f o r e be t u r n e d to the f e a s i b i l i t y of u s i n g - f o r any g i v e n 
year - the sediment r a t i n g c u r v e f o r t h a t y e a r based on d a i l y 
mean, or monthly mean, v a l u e s , a p p l i e d t o the f l o w d u r a t i o n d a t a . 
I n the event t h a t sediment s a m p l i n g i s c o m p l e t e l y abandoned, but 
d i s c h a r g e - m o n i t o r i n g c o n t i n u e d , a p p l i c a t i o n of the l o n g - t e r m 
sediment r a t i n g curve t o the d i s c h a r g e d a t a f o r a g i v e n year 
would p r o v i d e a means of e s t i m a t i n g l o a d s i n f u t u r e y e a r s . 

The composite p l o t f o r a l l d a i l y mean v a l u e s i n the p e r i o d 
( F i g 14) shows c o n s i d e r a b l e s c a t t e r . However, t h e r e i s no r e a l 
s e g r e g a t i o n on the p l o t a c c o r d i n g t o the y e a r of d a t a , s u g g e s t i n g 
t h a t the r e g r e s s i o n l i n e i t s e l f (the sediment r a t i n g ) has 
remained r e l a t i v e l y s t a b l e d u r i n g t h i s time p e r i o d . T h i s i s 
g e n e r a l l y c o n f i r m e d by e x a m i n a t i o n of the i n d i v i d u a l r e g r e s s i o n 
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equations for each year (marked at the base of the figures i n 
Appendix E 3 ) , although (as previously noted by Church et a l . 
(1985), Table A1.16) the regression slopes for 1978 and 1980 are 
s i g n i f i c a n t l y gentler than the rest, while 1971 i s somewhat 
steeper. The ov e r a l l s t a b i l i t y of the sediment rating i s also 
supported by the plot of cumulative annual suspended load versus 
cumulative annual discharge (Fig 15) which, apart from minor 
o s c i l l a t i o n s , shows no r e a l departure from a l i n e a r trend during 
the period. 

The major problem with the d a i l y sediment rating curve i s 
c l e a r l y the fact that, for the same discharge, sediment 
concentrations vary appreciably according to the month of the 
year. This point i s evident on most of the annual time charts of 
discharge and concentration i n Appendix C4. It i s also shown 
consistently on the sediment rating plots for 1971 through to 
1986; and i s nic e l y summarized on the plot of monthly mean 
concentrations against monthly mean discharge (Fig. 16). The 
points for March and A p r i l regularly show the highest posi t i v e 
residuals, followed by points for May and June. Points for days 
in other months tend to f a l l below the regression l i n e . The 
implication i s that sediment i s more available, or more re a d i l y 
entrained, i n the early parts of the year (Fig. 17). Whatever 
the reason, superior predictions of the load i n any year of 
sampling (and any future year without sampling) would be obtained 
by using separate regressions for each month of the year. 

Church et a l . (1985, Appendix 1) tackled this problem in a 
s l i g h t l y d i f f e r e n t manner, using a " s h i f t i n g " r ating curve, i . e . , 
the rel a t i o n s h i p c=aQb i s assumed v a l i d , and b i s a constant 
through the year, but the value of "a" varies from one sampling 
day to another. For days without sampling, the value of "a" i s 
obtained by lin e a r i n t e r p o l a t i o n between the nearest sampling 
days, and the value of c estimated accordingly. The results for 
Marguerite (their Table A1.15) showed good agreement with the WSC 
loads for the years 1971 to 1982, based on only 10 to 20 sampling 
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days, and substantially better than the ordinary rating curve 
(fixed "a") with the same number of samplings. The results o f f e r 
a new, more e f f i c i e n t method of monitoring short term sediment 
loads (monthly, annual) over a long period of time. However, the 
method i s obviously not applicable to future years i f the 
sampling program at a station i s completely abandoned, and 
predictions would have to be based on the long-term sediment 
rating already available, s t r a t i f y i n g the data by month of the 
year to improve accuracy. 

F i n a l l y , i t should be remembered that logarithmic 
regressions provide biased estimates of the untransformed 
dependent variable. In other words, although the logarithmic 
residuals approximately "balance" the least squares l i n e , after 
anti-logging the actual residuals above the curve are much 
greater than those below i t (Ferguson, 1986). Suspended loads 
would thus be underestimated by the conventional rating approach; 
they would need to be increased by an amount dependent upon the 
standard error of estimate of the logarithmic rating equation 
(Smillie and Koch, 1984; Ferguson, 1986). 

International Power and Engineering Consultants Limited used 
the 1971 Marguerite sediment rating data to estimate what the 
mean annual suspended load at the s i t e would have been in the 
years 1953-1971 (BC Energy Board, App. XV-F). Their estimate was 
15.0 Mt. No comparable prediction has been made using the 1971-
1986 regression data, but the IPEC estimate i s 50% higher than 
the 1971-1986 suspended load computed by the WSC procedure 
(Section 3.4.1). Reference to App. E3, and to Church et a l . 
(1985, Fig.A1.2, Table A1.16), shows that, for flows greater than 
about 2500 m3/s, the 1971 regression l i n e i s well above average, 
in fact the highest i n the 1971-1986 period. Thus the 1971 
sediment year, while representative i n terms of i t s annual 
suspended load, was unrepresentative i n terms of i t s sediment 
rating. The continued sampling at this s i t e by WSC can therefore 
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be considered useful i n terms of s u b s t a n t i a l l y r e v i s i n g the 
estimate of mean annual suspended load put forward by IPEC. 

Though the primary purpose of suspended sediment sampling at 
Marguerite was computation of mean annual suspended load, other 
aspects of suspended sediment transport are of i n t e r e s t . 
Pretious (1979), for example, emphasized the problem of sediment 
accumulation i n fishways i n the Fraser River canyons during 
freshets. Similarly, f i s h e r i e s managers may be interested i n 
knowing the amount of time i n a certain month of a year that the 
sediment concentration exceeds a p a r t i c u l a r l e v e l deemed 
deleterious to f i s h stock. Such duration data, whether they be 
for the f u l l duration or only peak periods, are provided i n 
Appendix D for reference purposes. 

4.4 Bed load transport 

A prelimary estimate of bed load transport was made by 
Peterson (1971) based on the f i r s t year's sampling at Marguerite. 
No additional calculations have been made by WSC since that time, 
given the uncertainties already noted. The following analysis 
must also be viewed with caution for the same reasons. 

The 1971 estimate was based on a regression between bedload 
transport rate during the seven sampling periods i n that year and 
the corresponding water discharge. The c o e f f i c i e n t of 
determination was 0.92. The regression was then applied to the 
mean water discharge of each day, thus providing an estimate of 
each day's bed load. The t o t a l amount predicted during the 
period January 1 to November 13 was of the order of 8 0 0 , 0 0 0 

tonnes. Suspended sediment data for the same period are not 
available, but the t o t a l suspended load for the period May 1 to 
December 31, 1971 amounted to 8,920,000 tonnes, i n d i c a t i n g that 
bed load accounted for about 8 % of the t o t a l load i n that year. 
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The 1971 bedload rating l i n e was applied to the discharge 
data for 1953-1971 by IPEC for the BC Energy Board (1972) to 
indicate a probable long-term average annual bed load of 1.02 Mt. 

Bed load transport rates at times of sampling between 1971 
and 1975, together with water discharge, are shown i n Table 4. 
Sample data for the years 1976-1979 have not been integrated by 
WSC to give t o t a l cross-section rates. In any case they would be 
of limited value, being based only on the Arnhem sampler, even 
though flows at the time of sampling would have been transporting 
gravel (Table 4). The data are plotted in F i g . 18 and compared 
with the 1971 data; separate regression l i n e s are provided for 
the two sets of data, as well as for the composite set. Only 
those days for which sampling of gravel (using the basket 
sampler) was undertaken are plotted: on four of these occasions, 
the Arnhem sampler was not used, but these were at high 
discharges. The unpublished values of load for 1972-1975 have 
been multiplied by 3.0, before p l o t t i n g , to adjust for sampling 
e f f i c i e n c y , as done by WSC for 1971. 

The graph (which shows rather more scatter than the 1971 
data) suggests that the 1971 l i n e was strongly influenced by one 
p a r t i c u l a r sampling day: November 9th. As a consequence, i t 
would have overestimated loads at flows less than 3500 m3/s, 
while underestimating them at higher discharges. Examination of 
the raw data for November 9th indicates that, although sampling 
was done at f i v e v e r t i c a l s , sediment was caught at one v e r t i c a l 
only. Moreover, the three samplings at this v e r t i c a l , a l l done 
for 3 minutes, produced bedload catches of 37, 123, and 4357 gm, 
indicating that the t o t a l load for the f u l l channel width was 
probably overestimated because of one abnormally high sampling 
y i e l d . 

It i s d i f f i c u l t to evaluate the ef f e c t of this error, in the 
1971 regression, on the estimates made for the long-term average 
bed load, without applying the new regression to the f u l l 
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d i s c h a r g e d a t a s e t a g a i n : o v e r e s t i m a t e s i n u s i n g the 1971 
e q u a t i o n a t low f l o w s a re t o some e x t e n t c o u n t e r e d by 
u n d e r e s t i m a t e s a t h i g h f l o w s . I t i s t r u e t h a t the 1971 e q u a t i o n 
would have produced c o n s i s t e n t u n d e r e s t i m a t e s because i t was not 
c o r r e c t e d t o e l i m i n a t e the b i a s when c o n v e r t i n g from l o g a r i t h m i c 
r e g r e s s i o n s back t o the n o n - l o g a r i t h m i c v a l u e s Ferguson (1986), 
but the c o r r e c t i o n needed i s v e r y s m a l l because of the l i t t l e 
s c a t t e r i n the 1971 d a t a . The 1971 r e g r e s s i o n ( r 2 = 0 . 9 2 ) , 
c o n v e r t e d d i r e c t l y t o power f u n c t i o n form and c o r r e c t e d f o r b i a s , 
i s : 

L = 2.36 x IO" 7 Q 3 . o o 

f o r b e d l o a d (L) i n tonnes per day and d i s c h a r g e (Q) i n m 3/s. The 
o v e r a l l r e g r e s s i o n f o r the 1971-1975 y e a r s , a f t e r e x c l u d i n g the 
November 9 t h p o i n t , has a c o e f f i c i e n t of d e t e r m i n a t i o n of 0.74 
and y i e l d s , a f t e r c o r r e c t i o n f o r b i a s : 

L = 5.91 X 1 0 - 1 3 Q 4 • 6 1 

The two e q u a t i o n s have been a p p l i e d t o the d a i l y f l o w d a t a f o r 
the y e a r s 1971-1982 (Tassone, 1988, p e r s . comm.) and the r e s u l t s 
summarized i n Ta b l e 8. The r e v i s e d mean l o a d f o r the p e r i o d of 
1.5 Mt per y e a r i s 50% g r e a t e r than t h a t based on the 1971 d a t a 
a l o n e . 

For comparison, the bed l o a d e s t i m a t e d i n t h i s way a t 
Hansard was o n l y 53,000 tonnes, s u b s t a n t i a l l y l e s s than the IPEC 
e s t i m a t e a t M a r g u e r i t e of about 1 Mt, and the new e s t i m a t e of 1.5 
Mt. The r a t i o of bed l o a d a t M a r g u e r i t e and Hansard (28:1) i s 
much h i g h e r than the r a t i o of the suspended l o a d s ( 4 . 4 : 1 ) . 
B e a r i n g i n mind the s t e e p e r r i v e r g r a d i e n t a t M a r g u e r i t e , an 
i n c r e a s e i n bed l o a d i s not unexpected, but the magnitude of the 
i n c r e a s e i s s u r p r i s i n g . Downstream of M a r g u e r i t e , McLean and 
Church (1986) e s t i m a t e d the mean annual bed l o a d a t A g a s s i z ( f o r 
g r a v e l s i z e sediment) t o be 0.174 Mt, which i s almost an o r d e r of 
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magnitude l e s s . The discrepancy i s surprising given the apparent 
s i m i l a r i t y i n the channel at the two s i t e s : slope at Agassiz i s 
given as 0.00048, and median size of bed material i s reported as 
42 mm at the surface and 25 mm beneath. 

A detailed analysis to ascertain the reason for the much 
higher bedload at Marguerite, compared to Agassiz, i s beyond the 
scope of this station analysis. A few points should, however, be 
noted. F i r s t l y , the mean gradient between Prince George and 
Marguerite (0.00064), though comparable with that at Hope, i s 
steeper than that at Agassiz. Some aggradation between Hope and 
Agassiz must therefore be anticipated, though the preliminary 
analysis by McLean and Mannerstrom (1985) indicates this to be 
minimal. Secondly, considerable abrasion of coarse gravel would 
be expected in the gorge downstream of Marguerite, depleting the 
gravel load, and augmenting the f i n e r f r a c t i o n s . Data from New 
Zealand (Adams, 1980) indicate rapid.losses of gravel mass even 
in f u l l y a l l u v i a l gravel r i v e r s . 

Thirdly, there remains the p o s s i b i l i t y that one, or both, of 
the bedload figures i s in error. In the case of Marguerite,, the 
precision of the bedload rating curve (as indicated by the rz 

value of 0.74) i s reasonably good, but systematic errors might 
exist which i n f l a t e the catches. Tassone (1988, pers. comm.), 
for example, believes that sampling from the cableway may have 
led to scooping of extra bed material during sampler r e t r i e v a l . 
Examination of the raw data f i l e s also indicates considerable 
uncertainty i n the interpolation of l o c a l transport rates between 
sampled v e r t i c a l s across the channel: i n many cases, es p e c i a l l y 
at high discharges, peak l o c a l bedload transport was inferred to 
occur between sampling v e r t i c a l s at a rate sub s t a n t i a l l y above 
the rates at the nearest v e r t i c a l s . This would have contributed 
to a systematic overestimation of t o t a l bedload through the cross 
section, and thus biased the bedload rating curve upwards. 



- 35 -

4.5 P a r t i c l e s i z e 

4.5.1. Suspended s e d i m e n t 

The p a r t i c l e s i z e d i s t r i b u t i o n o f t h e s u s p e n d e d s e d i m e n t i s 
r e l e v a n t i n a s s e s s i n g t r a p e f f i c i e n c y o f any p r o p o s e d Moran 
R e s e r v o i r , c o n s o l i d a t i o n o f t h e t r a p p e d s e d i m e n t , and, 
p a r t i c u l a r l y , i n a s s e s s i n g i m p l i c a t i o n s o f t h e d e p l e t i o n i n 
s e d i m e n t s u p p l y t o t h e l o w e r F r a s e r R i v e r . 

P a r t i c l e s i z e d a t a a r e a v a i l a b l e f o r 339 d e p t h - i n t e g r a t e d 
samples a t t h i s s t a t i o n . Of t h e s e , 37 r e f e r t o mean v a l u e s f o r 
t h e c r o s s - s e c t i o n , o b t a i n e d by a v e r a g i n g t h e d i s t r i b u t i o n s 
c o l l e c t e d a t t h e f i v e v e r t i c a l s d u r i n g R - s a m p l i n g p e r i o d s . T h e 
r e s t o f t h e d a t a o r i g i n a t e f r o m t h e s i n g l e s a m p l i n g v e r t i c a l . 

The d a t a c o l l e c t i o n i s summarized, by y e a r , i n T a b l e 6. The 
p u r p o s e o f t h e R-samples i s t o p r o v i d e a c a l i b r a t i o n f o r t h e 
s i n g l e - v e r t i c a l d a t a . U n f o r t u n a t e l y , t h e R-samples o b t a i n e d i n 
t h e e a r l i e r y e a r s were n o t t a k e n a t t i m e s when samples f r o m t h e 
s i n g l e s a m p l i n g v e r t i c a l were a n a l y z e d f o r p a r t i c l e s i z e 
d i s t r i b u t i o n . T h e i r v a l u e i s t h e r e f o r e l i m i t e d . D a t a w h i c h 
r e f e r t o more o r l e s s c o n c u r r e n t R and K - s a m p l i n g ( w i t h i n one o r 
two h o u r s and a t e s s e n t i a l l y t h e same d i s c h a r g e ) a r e summarized 
i n T a b l e 7. 

I t can be s e e n f r o m t h i s t a b l e t h a t t h e r e i s a c o n s i s t e n t 
t e n d e n c y f o r t h e d a i l y K sample t o be c o a r s e r t h a n t h e a v e r a g e 
f o r t h e c r o s s - s e c t i o n . The t a b l e i n d i c a t e s t h a t t h e s e K s a m p l e s 
a l s o have h i g h e r c o n c e n t r a t i o n s t h a n t h e c o r r e s p o n d i n g R s a m p l e s , 
so t h a t t h i s s u b s e t o f d a t a i s c o n s i s t e n t w i t h t h e t o t a l d a t a s e t 
i n w h i c h t h e k - c o e f f i c i e n t ( S e c t i o n 3.3.1) was g e n e r a l l y l e s s 
t h a n u n i t y , e s p e c i a l l y a t h i g h f l o w s . The h i g h e r c o n c e n t r a t i o n s 
a t t h e s i n g l e s a m p l i n g v e r t i c a l seem t o be p r i m a r i l y due t o e x t r a 
s a n d : c o n c e n t r a t i o n s o f s i l t and c l a y a r e n o t s y s t e m a t i c a l l y 
d i f f e r e n t between t h e K and R - s a m p l e s . Thus w h i l e t h e s i n g l e 
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s a m p l i n g v e r t i c a l i s r e p r e s e n t a t i v e of the wash l o a d , i t has 
h i g h e r sand c o n c e n t r a t i o n s , presumably because i t was l o c a t e d on 
the s h a l l o w e r bar area ( F i g . 5 ) : i n the t h a l w e g , i t i s u n l i k e l y 
t h a t t h e r e would be much bed m a t e r i a l f i n e enough t o move i n 
s u s p e n s i o n . 

At f l o w s above 2610 m 3/s, the R-samples i n T a b l e 7 average 
o n l y 0.80 of the p e r c e n t a g e sand i n the K-samples, and average 
o n l y 0.84 of the t o t a l suspended c o n c e n t r a t i o n . T h i s k-
c o e f f i c i e n t i s comparable w i t h those p r e v i o u s l y noted f o r the 
h i g h f l o w season i n T a b l e 2, and s u g g e s t s t h a t the s u b s e t i s 
r e a s o n a b l y r e p r e s e n t a t i v e . I n o t h e r words, the p e r c e n t a g e sand 
f r a c t i o n i n the K-sample d a t a s h o u l d be reduced by m u l t i p l y i n g by 
0.8 to make i t more r e p r e s e n t a t i v e of the c r o s s s e c t i o n as a 
whole. 

The summary d a t a f o r p a r t i c l e s i z e d i s t r i b u t i o n are i n c l u d e d 
i n Appendix F. The s a l i e n t p o i n t s f o r suspended sediment are as 
f o l l o w s : 

a. median p a r t i c l e s i z e f o r the K-samples ranges from 
0.02 mm a t low f l o w s to 0.2 mm at h i g h d i s c h a r g e s ; 

b. p e r c e n t a g e s of s i l t - c l a y i n K-samples range from 
almost 100 % a t low f l o w s t o l e s s than 40 % a t h i g h 
d i s c h a r g e s ; 

c. c l a y s i z e sediment (<4 urn) g e n e r a l l y a c c o u n t s f o r 
about 20 % o n l y of the s i l t - c l a y f r a c t i o n , though no 
a n l a y s i s has been done of the v a r i a t i o n i n t h i s 
p e r c e n t a g e ; 

d. d a t a f o r mean v a l u e s of p e r c e n t a g e c l a y , s i l t , sand 
are of l i m i t e d v a l u e , u n l e s s based on s e p a r a t e 
computations of annual l o a d f o r the t h r e e c l a s s e s , 
which have not been c a l c u l a t e d ; 
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e. mean values for the sand f r a c t i o n during the months 
of May and July, i . e . before and after the hydrograph 
peak, during 1971-1974 (in which s u f f i c i e n t samples 
were taken to allow comparison) are 41% and 38%, 
respectively, compared to mean monthly discharges of 
3422 and 3065 m3/s, in d i c a t i n g l i t t l e change between 
the r i s i n g and f a l l i n g limbs of the main spring flood; 

f. samples analyzed for p a r t i c l e size have been 
colle c t e d i n flows ranging from 1000 m3/s to 7000 m3/s, 
i . e . through the f u l l range of sediment-transporting 
flows; 

4.5.2 Bed load 

P a r t i c l e size data were collected for bed load samples on 35 
days between 1971 and 1979 as indicated i n Table 4. 

The resultant data are shown i n Appendix F, though the WSC 

printout does not include 1971 and 1972, and omits some other 
dates on which samples were taken. Appendix F provides, for a 
given day, separate p a r t i c l e size d i s t r i b u t i o n s for the Arnhem 
and basket samples. Each represents the mean grading curve based 
on samples collected at several v e r t i c a l s (up to f i v e ) ; although 
raw data are available for the p a r t i c l e size d i s t r i b u t i o n of the 
ind i v i d u a l v e r t i c a l s , i n combining them to obtain a mean value, 
the v e r t i c a l s were not weighted according to the l o c a l transport 
rate, i . e . the data are simple means. 

The data of the l a s t four years, when only Arnhem samples 
were collected, are of li m i t e d use. The Arnhem sampler i s 
designed to sample medium and coarse sand and fine gravel. In 
the late seventies, i t was used i n gravel-moving conditions with 
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maximum p a r t i c l e s i z e s i n t h e r a n g e 32 t o 64 mm. T h e s e g r a d i n g 
c u r v e s s h o u l d t h e r e f o r e be i g n o r e d . 

The d a t a f o r t h e b a s k e t samples were r e m a r k a b l y c o n s i s t e n t 
w i t h median p a r t i c l e d i a m e t e r r a n g i n g - w i t h one e x c e p t i o n - f r o m 
19.6 mm t o 27.0 mm, a v e r a g i n g 23 mm. The e x c e p t i o n was a h i g h 
v a l u e o f 37.8 mm (1974 May 15 a t 0430 h r s ) . However, t h i s 
r e p r e s e n t s t h e d a t a f r o m a s i n g l e sample a t a s i n g l e v e r t i c a l , 
and c o n t r a s t s w i t h t h e mean b a s k e t sample 45 m i n u t e s l a t e r b a s e d 
on f i v e s a m p l e s drawn f r o m two v e r t i c a l s . 

The d a t a f o r t h e pre-1976 Arnhem samples i n d i c a t e an a v e r a g e 
median g r a i n s i z e o f 0.33 mm. The a v e r a g e v a l u e o f median 
p a r t i c l e d i a m e t e r f o r t h e s a n d f r a c t i o n o f t h e s u s p e n d e d l o a d has 
n o t been computed, b u t t h e d a t a i n d i c a t e a r a n g e from 0.09 mm t o 
0.45 mm. Much o f t h e sandy bed m a t e r i a l c l e a r l y moves i n 
s u s p e n s i o n , and g i v e n t h a t t h e s a n d f r a c t i o n o f t h e s a m p l e d 
s u s p e n d e d l o a d a v e r a g e s a b o u t 40 % d u r i n g M a y - J u l y , some c o n c e r n 
must be r a i s e d a b o u t t h e m a g n i t u d e o f t h e unsampled s e d i m e n t 
l o a d . T h i s term was i n t r o d u c e d by C o l b y (1957) t o d e n o t e t h a t 
p a r t o f t h e s u s p e n d e d l o a d t h a t c a n n o t be sampled b e c a u s e t h e 
s a m p l e r , i n t r a v e r s i n g a s e d i m e n t v e r t i c a l , c a n n o t a c c e s s t h a t 
p a r t o f t h e f l o w c l o s e s t t o t h e bed. T h e r e i s no s i m p l e means o f 
e s t i m a t i n g t h i s w i t h o u t v e l o c i t y d a t a a t t h e t i m e and p o i n t o f 
s a m p l i n g (see C o l b y , 1957); i t must s i m p l y be r e c o g n i z e d t h a t t h e 
i n d i c a t e d l o a d s a r e minimum e s t i m a t e s , a l t h o u g h , as p r e v i o u s l y 
n o t e d , i t i s b e l i e v e d by WSC t h a t t h e d e g r e e o f u n d e r e s t i m a t i o n 
i s s m a l l . 

I n terms o f t h e p a r t i c l e s i z e o f t h e o v e r a l l bed l o a d , some 
a t t e m p t must be t o a s s e s s t h e r e l a t i v e p r o p o r t i o n s moving as s a n d 
and as g r a v e l . I n d e e d , i n terms o f downstream i m p a c t s , t h i s i s 
j u s t as i m p o r t a n t , i f n o t more so, t h a n t h e p a r t i c l e s i z e 
d i s t r i b u t i o n w i t h i n t h e two c a t e g o r i e s . The e x i s t i n g d a t a have 
n o t been a n a l y z e d by WSC t o d e t e r m i n e t h e s e p r o p o r t i o n s , b u t some 
i n d i c a t i o n i s o b t a i n e d by c o m p a r i n g t h e r e l a t i v e c o n t r i b u t i o n s o f 
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the Arnhem samples and the b a s k e t samples t o the t o t a l bed l o a d . 
Even t h i s i s d i f f i c u l t w i t h o u t f i r s t i n t e g r a t i n g the l o c a l 
b e d l o a d t r a n s p o r t r a t e s ( f o r the two s a m p l e r s s e p a r a t e l y ) over 
the c r o s s - s e c t i o n . On the o t h e r hand, comparison of b a s k e t d a t a 
w i t h Arnhem d a t a i n 1971 i n d i c a t e s t h a t the l o c a l t r a n s p o r t r a t e 
i n the b a s k e t s a m p l i n g s exceeded t h o s e o f the Arnhem sampler by 
one o r two o r d e r s of magnitude. And, e x c e p t f o r the low f l o w 
s a m p l i n g o f 14 September, 1971 (1586 m 3 / s ) , the sand bed l o a d 
would seem t o have a c c o u n t e d f o r l e s s t h a n 1 % o f the t o t a l bed 
l o a d . I n o t h e r words, v i r t u a l l y a l l of the sand moving a t t h i s 
s i t e moves i n s u s p e n s i o n ; and almost a l l of the bed l o a d i s 
g r a v e l . 

4.5.3. Bed m a t e r i a l 

No p a r t i c l e s i z e d a t a f o r bed m a t e r i a l were o r i g i n a l l y 
a v a i l a b l e a t t h i s s i t e (see Addendum), b u t , i n the c o n t e x t of the 
o r i g i n a l purpose o f the program, t h i s i s p r o b a b l y u n i m p o r t a n t . 

I n terms of r e s e r v o i r l i f e , what m a t t e r s i s p a r t i c l e s i z e of 
the moving sediment. I n terms o f downstream i m p a c t s , what 
m a t t e r s i s the bed m a t e r i a l a t s i t e s downstream, b o t h i m m e d i a t e l y 
downstream of a p o s s i b l e dam, and f u r t h e r downstream i n the l o w e r 
F r a s e r and d e l t a a r e a s . Impacts downstream would then depend on 
the annual l o a d s a t M a r g u e r i t e of t h o s e s i z e f r a c t i o n s w h i c h 
c o n s t i t u t e bed m a t e r i a l a t downstream l o c a t i o n s . What i s 
i m p o r t a n t a t M a r g u e r i t e , t h e r e f o r e , i s i n f o r m a t i o n r e g a r d i n g t h e 
p a r t i c l e s i z e d i s t r i b u t i o n of the suspended and bed l o a d . T h i s 
i n f o r m a t i o n i s a v a i l a b l e . 

On the o t h e r hand, i n o t h e r c o n t e x t s (e.g. f i s h e r i e s ) i t 
would be u s e f u l t o have d a t a on p a r t i c l e s i z e of bed m a t e r i a l a t 
M a r g u e r i t e (and i t s v a r i a t i o n t h r o u g h the c r o s s - s e c t i o n ) i n o r d e r 
t o c h a r a c t e r i z e l o c a l h a b i t a t . Such d a t a would a l s o be u s e f u l i n 
any t e s t i n g of bed l o a d f o r m u l a e a t t h i s s i t e . 
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4.6 R e s e r v o i r l i f e 

IPEC ( i n BC Energy Board, 1972) i n d i c a t e d the c a p a c i t y of 
the Moran R e s e r v o i r to be 6900 m i l l i o n c u b i c metres of dead 
s t o r a g e and 7900 m i l l i o n c u b i c metres of l i v e s t o r a g e . They 
assumed t h a t the t r a p e f f i c i e n c y of the r e s e r v o i r would be 100 
p e r c e n t ; t h a t a l l of the t r a p p e d sediment would be d e p o s i t e d 
w i t h i n the c o n f i n e s of the r e s e r v o i r ; t h a t the t o t a l sediment 
l o a d would average 16 Mt per y e a r ; and t h a t the sediment would 
c o n s o l i d a t e to a b u l k d e n s i t y of 1.3 t/m 3 i n the case of the 
suspended l o a d , w h i l e bed l o a d would accumulate at 1.5 t/m 3 . 
T h e i r c a l c u l a t i o n s i n d i c a t e d t h a t dead s t o r a g e would be f i l l e d by 
sediment i n 600 y e a r s ; and t h a t t o t a l s t o r a g e would be d e p l e t e d 
i n 1300 y e a r s . 

Based on the same assumptions, but u s i n g a r e v i s e d t o t a l 
sediment l o a d of 11 Mt per y e a r as e s t i m a t e d f o r 1971-1986, the 
l i f e e x p e ctancy would be i n c r e a s e d as f o l l o w s : a volume 
e q u i v a l e n t t o dead s t o r a g e would be l o s t i n about 900 y e a r s , and 
a volume e q u a l t o t o t a l s t o r a g e would f i l l w i t h sediment i n about 
1900 y e a r s . 

None of the assumptions can be c l a i m e d t o be c o m p l e t e l y 
a c c u r a t e (and c e r t a i n l y t h e r e i s no r e a s o n to b e l i e v e t h a t the 
l o a d w i l l s t a y a t 11 Mt per y e a r i n the next m i l l e n i u m ) , but the 
d a t a c l e a r l y s u p p o r t the view t h a t l o s s of s t o r a g e c a p a c i t y by 
s e d i m e n t a t i o n i s not a s e r i o u s i s s u e h e r e . 

4.7 Sediment s o u r c e s 

I d e n t i f i c a t i o n of sediment s o u r c e s i s d i f f i c u l t g i v e n the 
p a u c i t y of r e l e v a n t d a t a . Comparison w i t h the suspended l o a d f o r 
the F r a s e r R i v e r a t Hansard i n d i c a t e s t h a t d u r i n g the p e r i o d 
1976-1980 (the o n l y y e a r s a t Hansard w i t h f u l l s a m p l i n g t h rough 
the year) the annual suspended l o a d a t Hansard averaged o n l y 2.31 
Mt, compared t o 10.3 Mt per y e a r a t M a r g u e r i t e , d u r i n g the same 
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period. It i s true that the s p e c i f i c y i e l d (annual load per unit 
area) i s not appreciably d i f f e r e n t between the two s i t e s : 128 
t/km2 at Hansard and 103 t/km2 at Marguerite (ignoring the area 
above the Kenney Dam). On the other hand, a large portion of the 
basin above Marguerite i s r e l a t i v e l y gentle plateau, i n contrast 
to the basin at Hansard. 

Examination of topographic conditions upstream of Marguerite 
would suggest that much of the remaining 77% probably originated 
in the steep catchment of the McGregor River. On the other 
hand, as indicated i n Section 4.4, the bed load at Marguerite i s 
also substantially greater than that at Hansard. It i s u n l i k e l y 
that much of this extra bed load originated in the McGregor 
catchment, given that a large part of i t i s gravel, and that the 
gradient of the Fraser River downstream of the McGregor 
confluence continues to be very gentle (Section 2.4). 

By inference i t would seem that much of the sediment load at 
Marguerite originates i n the tributary r i v e r s of the Interior 
Plateau ( p a r t i c u l a r l y the West Road River) and from the channel 
boundary of the Fraser River, i t s e l f , downstream of Prince 
George. Pretious, writing for the BC Energy Board (1972), came 
to a similar conclusion: "from Prince George to Hope, the Fraser 
River cuts ... through deep g l a c i a l deposits of unconsolidated 
gravel, sand, s i l t and clay. In this stretch, the r i v e r probably 
picks up most of i t s sediment load." The substantial input of 
suspended sediment between Hansard and Marguerite, and the 
d i f f i c u l t y of quantifying these sources, should be borne in mind 
in any development of intervening t r i b u t a r i e s , such as the 
Nechako. The only tributary sediment station i n the Fraser basin 
in the Interior Plateau i s the new one on the Chilko River near 
Redstone (08MA001), and i t would be useful to undertake a 
preliminary examination of i t s data i n order to assess i t s load 
and y i e l d . 
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5. PROGRAM EVALUATION 

5.1 E s t i m a t e of mean annual suspended l o a d 

The p r i m a r y purpose of the M a r g u e r i t e sediment program was 
e s t i m a t i o n of p r e s e n t day sediment l o a d s i n the v i c i n i t y of the 
p o s s i b l e Moran R e s e r v o i r . The d a t a c o l l e c t e d f o r suspended 
sediment t o date are q u i t e s u f f i c i e n t f o r t h a t purpose, and 
n e c e s s i t a t e a r e v i s i o n of e s t i m a t e s made by the BC Energy Board 
(1972) . 

The mean annual suspended l o a d between 1971 and 1986 was 
10.1 Mt, w i t h a s t a n d a r d e r r o r of s l i g h t l y g r e a t e r than 10 
p e r c e n t . The 1971-1986 y e a r s appear to be r e p r e s e n t a t i v e of the 
post-1950 c o n d i t i o n s , based on a comparison of d i s c h a r g e d a t a i n 
the 16-year s a m p l i n g p e r i o d w i t h the 37-year p e r i o d of 
h y d r o m e t r i c m o n i t o r i n g a t the s t a t i o n . On the o t h e r hand, 
a n a l y s i s of h y d r o m e t r i c d a t a a t Hope i n d i c a t e s t h a t d i s c h a r g e s i n 
the post-1950 p e r i o d have been s i g n i f i c a n t l y h i g h e r than i n the 
f i r s t h a l f of the c e n t u r y ; hence the WSC e s t i m a t e may be too h i g h 
f o r the l o n g - t e r m r a t e . 

E s t i m a t e s of the l o n g - t e r m suspended l o a d a t the s i t e were 
p r e v i o u s l y made by I n t e r n a t i o n a l Power And E n g i n e e r i n g 
C o n s u l t a n t s L i m i t e d and E.S. P r e t i o u s f o r the BC Energy Board 
(1972). The l a t t e r s u g g e s t e d a f i g u r e between 12 and 17.4 
m i l l i o n tonnes, based on d a t a from L i l l o o e t i n 1951 and 1952, and 
compared w i t h sediment d a t a from Hope f o r 1950-1952 and 1966-
1968. The f i g u r e i s h i g h e r than the 10.1 Mt e s t i m a t e d here f o r 
the F r a s e r R i v e r at M a r g u e r i t e , but t h i s would be exp e c t e d g i v e n 
the i n p u t s from o t h e r s o u r c e s i n the i n t e r v e n i n g r e a c h . 

The e s t i m a t e by IPEC (15.0 Mt/yr) was based on the 1971 
r e g r e s s i o n between d a i l y l o a d and water d i s c h a r g e , a p p l i e d t o the 
1953-1971 d i s c h a r g e r e c o r d a t M a r g u e r i t e . The o v e r e s t i m a t e 



- 43 -

appears to be partly due to the fact that the sediment rating 
equation for 1971 was, by chance, the steepest i n the 1971-1986 
period, overestimating loads at high discharges. 

5.2 Estimate of mean annual bed load 

Only limited data are available for annual bed load. Water 
Survey of Canada estimated the 1971 load to be s l i g h t l y i n excess 
of 0.8 Mt. IPEC (BC Energy Board, 1972) applied the 1971 
regression between bed load transport rate and discharge to the 
1953-1971 flow data and obtained a value of 1.02 Mt, not 
r a d i c a l l y d i f f e r e n t . 

The 1971 regression was based on only seven points (the 
lowest of which i s extremely dubious) and almost c e r t a i n l y 
underestimates the regression slope. The new data set of 22 
points (excluding the suspicious 1971 point) provides a r a d i c a l l y 
d i f f e r e n t regression for which flows greater than 3500 m3/s y i e l d 
higher bed loads. At 5,000 m3/s, the 1971 underestimate i s 5 0 % : 
30,000 tonnes per day, compared to 60,000 t/d. The new 
regression has been applied to the flow data for years between 
1971 and 1982, and indicates annual loads ranging from 0.13 Mt to 
4.0 Mt, averaging 1.5 Mt. This i s almost ten times the annual 
gravel load downstream at Agassiz. However, various facets of 
the bedload sampling program indicate that the Marguerite values 
are almost c e r t a i n l y overestimates, by amounts that are d i f f i c u l t 
to assess, of the re a l bedload y i e l d s . 

5.3 Estimate of reservoir l i f e 

The revised estimate of annual sediment loads implies that 
loss of reservoir storage due to sedimentation would occur even 
more slowly than the rate estimated by the BC Energy Board 
(1972). Using the same assumptions made i n that report, but with 
a revised mean annual load of 11 Mt for combined bed and 
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suspended m a t e r i a l , a volume e q u a l t o dead s t o r a g e would not be 
l o s t t h r ough s e d i m e n t a t i o n f o r 900 y e a r s , and i t would take about 
1900 y e a r s to d e p l e t e the t o t a l s t o r a g e volume. On the o t h e r 
hand, i f a c t u a l annual bed l o a d s are as l a r g e as i n d i c a t e d by the 
r a t i n g a n a l y s i s , major regime changes would take p l a c e upstream 
of any r e s e r v o i r , w i t h r a p i d d e l t a growth and a g g r a d a t i o n 
u p r i v e r . 

5.4 Sources of sediment 

Only 20-25 p e r c e n t of the suspended l o a d a t M a r g u e r i t e , and 
o n l y 5 p e r c e n t of the i n d i c a t e d bed l o a d , o r i g i n a t e s from the 
F r a s e r R i v e r upstream of Hansard. Mo d a t a have been a n a l y z e d to 
q u a n t i f y the s o u r c e s of the sediment added between Hansard and 
M a r g u e r i t e . Some d a t a are a v a i l a b l e , however, f o r suspended 
l o a d s at o t h e r s t a t i o n s i n the upper F r a s e r B a s i n , and these 
s h o u l d be examined f o r t h a t purpose. Most of the bed l o a d i s 
p r o b a b l y d e r i v e d from the steepened p a r t of the main stem of the 
F r a s e r i t s e l f , downstream of P r i n c e George, but no d a t a e x i s t 
which would a l l o w v e r i f i c a t i o n of t h a t c o n j e c t u r e . 

5.5 Assessment of downstream impacts 

A s s e s s i n g downstream i m p a c t s r e q u i r e s d e t a i l e d knowledge of 
sediment and h y d r a u l i c c o n d i t i o n s a t the v a r i o u s downstream s i t e s 
of c o n c e r n ; i t i s beyond the scope of t h i s r e v i e w . N o n e t h e l e s s 
some comment i s n e c e s s a r y r e g a r d i n g the adequacy of the d a t a from 
M a r g u e r i t e f o r t h i s t a s k . 

In a d d i t i o n t o annual sediment l o a d s , the e s s e n t i a l 
i n f o r m a t i o n needed from t h i s s i t e i s the breakdown of the l o a d 
i n t o d i f f e r e n t s i z e f r a c t i o n s . The n a v i g a t i o n c h a n n e l s of the 
Main Arm and the N o r t h Arm of the F r a s e r D e l t a , f o r example, are 
p r i m a r i l y c o a r s e sand, of which about 2.3 Mt were dredged 
a n n u a l l y i n the e a r l y s e v e n t i e s (BC Energy Board, 1972; App. XV-
D, P a r t B ) . Assessment of the impact of p o s s i b l e sediment 
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t r a p p i n g i n a r e s e r v o i r a t Moran would thus r e q u i r e d a t a on 
annual l o a d s o f t h i s s p e c i f i c s i z e f r a c t i o n . 

S u f f i c i e n t p a r t i c l e s i z e d a t a a re a v a i l a b l e a t the 
M a r g u e r i t e s i t e f o r the s e v a r i o u s p u r p o s e s , but they have not 
been a n a l y s e d by WSC t o produce l o a d s by s i z e f r a c t i o n s . C a s u a l 
i n s p e c t i o n o f the d a t a ( F i g . 18) i n d i c a t e s t h a t , a t h i g h l o a d s , 
sand (0.063 mm - 2.0 mm) may account f o r up t o 50% of the 
suspended l o a d ( a f t e r c o r r e c t i n g f o r the b i a s a t the s a m p l i n g 
v e r t i c a l ) , but p r o b a b l y n e a r e r t o 40%, or s l i g h t l y l e s s , o v e r a l l . 
T h i s would amount t o an annual l o a d of the o r d e r of 4 Mt f o r the 
sand f r a c t i o n . 

Sediment t r a n s p o r t and bed m a t e r i a l i n the lower F r a s e r 
R i v e r between Hope and P o r t Mann have been i n v e s t i g a t e d i n d e t a i l 
by Church e t a l . (e.g., 1987). A t the M i s s i o n s i t e t h ey i n d i c a t e 
an a n n u a l suspended sand l o a d between 1966 and 1982 of 6.25 
m i l l i o n t o nnes. The i m p l i c a t i o n i s t h a t a c o n s i d e r a b l e p a r t o f 
the sand l o a d of the lo w e r F r a s e r o r i g i n a t e s upstream of 
M a r g u e r i t e , and i t would be w o r t h w h i l e t o u n d e r t a k e a s e p a r a t e 
c a l c u l a t i o n of the annual l o a d of the c o a r s e sand f r a c t i o n t o 
d e f i n e t h i s c o n t r i b u t i o n more a c c u r a t e l y . 

S i m i l a r p a r t i t i o n of the r e s t of the suspended l o a d a t 
08MC018 i n t o f i n e sand, s i l t and c l a y would be u s e f u l ( i n 
r e l a t i o n t o i m p a c t s f u r t h e r downstream, i n backwater a r e a s , and 
o f f s h o r e ) , but may not be as s i m p l e t o u n d e r t a k e . T h i s w i l l 
depend on how s y s t e m a t i c a l l y the p e r c e n t a g e of the sediment i n 
these s i z e f r a c t i o n s changes w i t h d i s c h a r g e . The f i n e r f r a c t i o n s 
may show much more s c a t t e r i n t h e i r r e l a t i o n s h i p w i t h d i s c h a r g e . 
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5.6 Recommendations 

(a) There are f o u r recommendations made below. The f i r s t 
two s h o u l d be a d d r e s s e d i n the near f u t u r e . 

5.6.1. Sampling of bed m a t e r i a l f o r g r a i n s i z e a n a l y s i s 

A bed m a t e r i a l s a m p l i n g program a t the s i t e would need t o 
precede any f i e l d b e d l o a d program. Even i f a d d i t i o n a l b e d l o a d 
i n v e s t i g a t i o n s are not u n d e r t a k e n , however, a bed m a t e r i a l 
s a m p l i n g program would be u s e f u l i n a s s e s s i n g how much of the bed 
m a t e r i a l a c t u a l l y moves as bed l o a d and i n s u s p e n s i o n . 
Comparison of sediment t r a n s p o r t and c h a n n e l c o n d i t i o n s w i t h 
s i t e s on the lower F r a s e r , e.g. Hope and A g a s s i z , i s hampered a t 
the p r e s e n t time by the absence of such d a t a . (See Addendum) 

I d e a l l y samples would be t a k e n a t the v e r t i c a l s p r e v i o u s l y 
used f o r bed l o a d s a m p l i n g , and a t d i f f e r e n t t i m e s of the y e a r , 
b e a r i n g i n mind the s e a s o n a l p a t t e r n of s c o u r and f i l l shown i n 
F i g . 5. Whether t h i s i s p r a c t i c a l w i l l depend on a v a i l a b i l i t y of 
bed m a t e r i a l s a m p l i n g equipment. 

5.6.2. V e r i f i c a t i o n of bed l o a d t r a n s p o r t d a t a 

G i v e n the h i g h b e d l o a d volumes i n d i c a t e d f o r M a r g u e r i t e by 
the b e d l o a d r a t i n g c u r v e (28 t i m e s g r e a t e r than a t Hansard and 9 
times g r e a t e r than a t A g a s s i z ) , and g i v e n the m o r p h o l o g i c a l 
i m p a c t s t h a t would r e s u l t from t r a p p i n g o f such a l a r g e l o a d by 
any dam near t h i s s i t e , t h e r e i s c l e a r l y a need t o a s s e s s the 
a c c u r a c y of the b e d l o a d d a t a more f u l l y t han has been p o s s i b l e i n 
t h i s r e p o r t . 

I n p a r t i c u l a r , most of the a n a l y s i s u n d e r t a k e n here has been 
based on c a l c u l a t e d r e s u l t s t a k e n from WSC f i l e s ; t h e r e would 
seem t o be some j u s t i f i c a t i o n f o r a c l o s e r a n a l y s i s of the raw 
d a t a i n v o l v e d i n t h e s e c a l c u l a t i o n s , p a y i n g s p e c i a l a t t e n t i o n t o 
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i s s u e s such as e r r o r s a t i n d i v i d u a l s a m p l i n g v e r t i c a l s and 
i n t e r p o l a t i o n between such v e r t i c a l s . Sampling equipment and 
s a m p l i n g p r o c e d u r e s s h o u l d a l s o be r e v i e w e d f o r p o s s i b l e s o u r c e s 
of e r r o r . 

Depending on the r e s u l t s of the above a n a l y s i s , i t might be 
n e c e s s a r y t o c a r r y out a f i e l d t e s t of the b e d l o a d r a t i n g by 
u n d e r t a k i n g a s h o r t , but thorough, b e d l o a d s a m p l i n g program a t 
t h i s s i t e d u r i n g h i g h f l o w . Sampling on two or t h r e e days, w i t h 
f l o w s g r e a t e r than 3,500 m 3/s, would n ot be s u f f i c i e n t t o 
c o n s t r u c t a new b e d l o a d r a t i n g c u r v e , but would p r o v i d e an 
i m p o r t a n t check on the e x i s t i n g r a t i n g . 

By l i m i t i n g s a m p l i n g t o j u s t a few o c c a s i o n s , scope i s 
a l l o w e d f o r d e t a i l e d r e p l i c a t i o n a t a v e r t i c a l (up t o about 12 
t i m e s , r a t h e r than 2 o r 3) and an i n c r e a s e i n the number of 
v e r t i c a l s (up t o about 8, i n e f f e c t , d o u b l i n g the number of 
" a c t i v e " v e r t i c a l s ) . Sampling from a b o a t , r a t h e r than the 
f e r r y , may be n e c e s s a r y t o e l i m i n a t e c o ncerns r e g a r d i n g bed 
m a t e r i a l scoop on r e t r i e v a l of the sample. 

(b) The f o l l o w i n g two recommendations do not r e q u i r e 
immediate c o n s i d e r a t i o n but s h o u l d be a d d r e s s e d p r i o r t o any 
l a r g e s c a l e development i n the b a s i n . 

5.6.3. D e t e r m i n a t i o n of annua l suspended l o a d s f o r 
i n d i v i d u a l g r a i n s i z e c l a s s e s 

I n l i g h t o f the p r e v i o u s comments d e a l i n g w i t h downstream 
impacts ( 5 . 5 ) , i t i s c l e a r t h a t s e p a r a t e e s t i m a t e s of the a n n u a l 
suspended l o a d s of the v a r i o u s s i z e f r a c t i o n s ( c o a r s e sand; 
medium and f i n e sand; s i l t ; and c l a y ) would be v e r y u s e f u l t o 
a g e n c i e s w o r k i n g on the lo w e r F r a s e r . Such i n f o r m a t i o n on a n n u a l 
l o a d s by p a r t i c l e s i z e c l a s s would be i n v a l u a b l e i n a s s e s s i n g 
s e d i m e n t a t i o n r a t e s i n d i f f e r e n t e nvironments downstream and 
o f f s h o r e , and i n e s t i m a t i n g f l u x e s o f b o t h n u t r i e n t s and 
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contaminants (which adsorb p r e f e r e n t i a l l y t o the f i n e f r a c t i o n s ) 
t o the l o w e r F r a s e r r i v e r a r e a . 

S u f f i c i e n t d a t a e x i s t t o u n d e r t a k e such an a n a l y s i s ; and the 
c o s t of such work would be m i n i m a l compared t o the e f f o r t a l r e a d y 
u n d e r t a k e n i n the M a r g u e r i t e s a m p l i n g program. Even i f a dam i s 
not b u i l t i n the Moran Canyon, knowledge of the c o n t r i b u t i o n of 
the upper F r a s e r b a s i n t o the the annual l o a d s of d i f f e r e n t 
c l a s s e s of sediment i n the lower F r a s e r i s b a s i c t o any p r o p e r 
management of the F r a s e r R i v e r catchment. 

5.6 . 4 . R e g i o n a l assessment of suspended l o a d s i n the upper 
F r a s e r R i v e r b a s i n 

The marked i n c r e a s e i n a n n u a l suspended l o a d between Hansard 
(2.3 Mt) and M a r g u e r i t e (10.1 M t ) , i n a r e l a t i v e l y s h o r t l e n g t h 
of the F r a s e r R i v e r , w a r r a n t s f u r t h e r s t u d y t o i d e n t i f y the 
s o u r c e s of t h i s sediment. A d m i t t e d l y the l o a d per u n i t a r e a of 
catchment i s e s s e n t i a l l y the same a t the two s t a t i o n s , y e t t h i s 
i t s e l f i s s u r p r i s i n g , g i v e n the c o n t r a s t i n r e l i e f of the two 
catchments. The l a r g e number of l a k e s i n much of the b a s i n above 
M a r g u e r i t e , and the g e n t l e p l a t e a u t e r r a i n , would seem t o i m p l y 
t h a t much of the l o a d a t M a r g u e r i t e o r i g i n a t e s i n l o c a l i z e d r i v e r 
r e a c h e s . 

G i v e n the l a r g e c o n t r i b u t i o n of the F r a s e r R i v e r a t 
M a r g u e r i t e t o the l o a d of the lower r i v e r , i d e n t i f i c a t i o n of 
t h e s e s o u r c e s would seem t o be i m p o r t a n t p r i o r t o any l a r g e s c a l e 
development, l a n d use change o r i n t e r - b a s i n water d i v e r s i o n i n 
the catchment upstream of M a r g u e r i t e . 

L i m i t e d d a t a a l r e a d y e x i s t i n f a c t f o r s e v e r a l o t h e r 
s t a t i o n s on the main stem of the r i v e r upstream of Hope, and i t 
would be u s e f u l t o u n d e r t a k e a s y n t h e s i s of t h e s e d a t a . The d a t a 
concerned were c o l l e c t e d i n the e a r l y 1950's by the Water R i g h t s 
Branch of the BC Dept. of Lands and F o r e s t s a t Q u e s n e l , B i g Bar 
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Creek and L i l l o o e t (which do not have WSC sediment programs) as 
w e l l as M a r g u e r i t e and Hope ( f o r which WSC sediment d a t a a r e 
a v a i l a b l e ) . Though d a t a a re a v a i l a b l e f o r o n l y 3 y e a r s , t h e i r 
l o n g - t e r m e f f e c t i v e n e s s c o u l d be improved by comparison w i t h the 
d a t a f o r M a r g u e r i t e and Hope, f o r which l o n g - t e r m r e c o r d s e x i s t , 
as a l r e a d y n o t e d . More r e c e n t d a t a (e.g. WSC s i t e s on the C h i l k o 
R i v e r ) s h o u l d be i n c l u d e d where a v a i l a b l e . 

Such a s y n t h e s i s would, c l e a r l y , not compare i n scope o r 
d e t a i l w i t h t h a t of the Lower F r a s e r (Church e t a l . , 1987), but 
would p r o v i d e a u s e f u l i d e n t i f i c a t i o n of sediment s o u r c e s on t h i s 
i m p o r t a n t p a r t of the main stem, and would a s s i s t i n p l a n n i n g any 
f u t u r e s t u d i e s of sediment d e l i v e r y from the upper F r a s e r B a s i n , 
and any new sediment s t a t i o n s t h e r e . 

5.7 C o n c l u s i o n 

The sediment d a t a c o l l e c t i o n 
the o r i g i n a l program o b j e c t i v e s , 
program i n 1986 was j u s t i f i e d . 

program a t M a r g u e r i t e has met 
and the d e c i s i o n t o reduce the 

The importance of the s t a t i o n a t M a r g u e r i t e i s , however, 
p r o b a b l y g r e a t e r than i n d i c a t e d i n the o r i g i n a l terms of 
r e f e r e n c e f o r the s a m p l i n g program begun i n 1971, i . e . i n 
c o n n e c t i o n w i t h a p o s s i b l e dam i n the Moran Canyon. I t s r e a l 
s i g n i f i c a n c e , today, l i e s i n the d a t a t h a t i t p r o v i d e s i n the 
c o n t e x t of s e d i m e n t a t i o n i n the lo w e r F r a s e r R i v e r . How much of 
the sand dredged from the n a v i g a t i o n c h a n n e l o r i g i n a t e s i n the 
upper b a s i n ? How much of the n u t r i e n t and contaminant l o a d s 
o r i g i n a t e t h e r e ? What a r e the s o u r c e s , w i t h i n the upper b a s i n , 
of t h i s sediment l o a d ? 

To some e x t e n t , the d a t a c o l l e c t e d by WSC have not been 
p r o c e s s e d s u f f i c i e n t l y t o answer th e s e q u e s t i o n s , y e t enough d a t a 
are g e n e r a l l y a v a i l a b l e f o r t h a t purpose. T h i s i s the r e a s o n f o r 
the recommendations made above. 
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ADDENDUM: BED MATERIAL GRAIN SIZE DATA 

I n response t o Recommendation 5.6.1 (p. 4 6 ) , a bed m a t e r i a l 
s a m p l i n g program was u n d e r t a k e n by s t a f f of WSC a t s i x s i t e s on 
the F r a s e r R i v e r near M a r g u e r i t e ( F i g . 20) on 5-6 October 1988. 

Sampling was done on exposed p a r t s of the bed i n t h r e e 
a r e a s : an i s l a n d b a r a t the bend e x i t zone j u s t upstream of the 
f e r r y ( S i t e 2 a t bar head; S i t e 1 a t bar t a i l ) ; a t the upstream 
end of a l a t e r a l b a r a t t a c h e d t o the r i g h t bank of the c h a n n e l 
downstream' of the f e r r y ( S i t e 5 near bank; S i t e 6 near t o w a t e r ' s 
edge); and a t the head of an i s l a n d b a r a p p r o x i m a t e l y 9 km 
downstream of the f e r r y ( S i t e 3 near w a t e r ' s edge; S i t e 4 near 
l e f t b a n k ) . 

Photographs t a k e n a t the time of s a m p l i n g ( F i g s . 21, 22) 
show t h a t the b a r - t a i l S i t e 1 was veneered w i t h c o n s i d e r a b l e f i n e 
sediment (< 2 mm) u n l i k e the bar-head S i t e 2. S i t e s 5 and 6 had 
l i t t l e f i n e sediment a t the s u r f a c e . The s u r f a c e g r a v e l a t S i t e s 
3 and 4 a l s o c o n t a i n e d l i t t l e f i n e sediment; o b l i q u e photographs 
of t h i s downstream i s l a n d bar i n d i c a t e , however, a much d a r k e r 
tone on the bar t a i l (unsampled) s u g g e s t i v e o f f i n e s . 

Two main methods of s a m p l i n g were u n d e r t a k e n a t a l l f o u r 
s i t e s on the i s l a n d b a r s : 

(a) s a m p l i n g of s u r f a c e g r a v e l (> 8 mm) u s i n g a g r i d by 
number (GBN) approach (Yuzyk, 1986, p.22); 

(b) b u l k s a m p l i n g of s u b s u r f a c e sediment ( b u l k by 
weight:BBW) as d e s c r i b e d by Yuzyk (1986, p.17). 

The two methods have been shown t h e o r e t i c a l l y t o y i e l d comparable 
r e s u l t s ( K e l l e r h a l s and B ray, 1971). 

The GBN method i n v o l v e d measurement of b - a x i s l e n g t h on 100 
c l a s t s . At S i t e s 1 t o 4, t h i s was done o v e r a d i s t a n c e o f 15 m 
a t 15 cm i n t e r v a l s . At S i t e s 5 and 6, s a m p l i n g was done over a 
d i s t a n c e of 15 m a l s o , but u s i n g two p a r a l l e l t a p e s (1 m a p a r t ) 
w i t h c l a s t s p i c k e d a t 30 cm i n t e r v a l s on the t a p e . 

The BBW method f o r the s u b s u r f a c e sediment i n v o l v e d s c r a p i n g 
o f f the s u r f a c e l a y e r t o a d e pth e q u a l t o the l e n g t h of the 
l a r g e s t c l a s t found on the s u r f a c e . About 100-150 kg d r y mass 
were removed i n t h i s way, and a s i m i l a r amount was t a k e n from the 
s u b s u r f a c e . T h i s was b u l k s i e v e d i n the f i e l d down t o the 8 mm 
s i e v e . The m a t e r i a l p a s s i n g the 8 mm s i e v e was r e t u r n e d t o the 
l a b o r a t o r y f o r s i e v e a n a l y s i s down t o 0.062 mm. 

At S i t e s 1,2 and 4, s i m i l a r s i e v e a n a l y s i s was done on the 
s c r a p e d s u r f a c e sample. These BBW s u r f a c e d a t a are p a r t i c u l a r l y 
i m p o r t a n t because t h e y a l l o w d i r e c t c omparison w i t h t h e 
s u b s u r f a c e d a t a . Comparison of the GBN s u r f a c e p a r t i c l e d a t a 
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w i t h the BBW s u b s u r f a c e d a t a i s d i f f i c u l t because the former 
r e f e r t o c l a s t s s p r e a d over a l e n g t h o f b a r 15 m l o n g , w h i l e the 
s u b s u r f a c e sample was ta k e n from an a r e a l e s s than one metre 
square. Thus comparison of the two s e t s of BBW d a t a a l l o w s some 
i n f e r e n c e r e g a r d i n g the degree of armouring and p a v i n g of the 
g r a v e l bed; the GBN d a t a , w h i l e they cannot be used f o r t h i s 
purpose, p r o b a b l y p r o v i d e a b e t t e r e s t i m a t e of average g r a v e l 
c o n d i t i o n s i n the bar ar e a than does the " p o i n t " BBW sample. 

I t s h o u l d be emphasized t h a t the s c r a p e d s u r f a c e sample was 
not an " a r e a l " sample (Yuzyk, 1986, p.28) and thus s h o u l d not be 
c o r r e c t e d f o r the b i a s a s s o c i a t e d w i t h a r e a l s a m p l i n g . * I t i s 
a l s o not a t r u e s u r f a c e sample because i t c o n t a i n s some c l a s t s 
n o t a c t u a l l y exposed a t the b a r s u r f a c e . 

The r e s u l t a n t d a t a a re summarized g r a p h i c a l l y i n Appendix 
F4. There a r e f o u r p l o t s : 

F4.1: s i z e d i s t r i b u t i o n of the t h r e e s u r f a c e b u l k samples; 
F4.2: s i z e d i s t r i b u t i o n of the f o u r s u b s u r f a c e samples; 
F4.3: s i z e d i s t r i b u t i o n of the s u r f a c e g r a v e l GBN sample; 
F4.4: comparison of s i z e d i s t r i b u t i o n c u r v e s f o r the g r a v e l 
o n l y (>8 mm) as r e p r e s e n t e d by bo t h GBN and BBW s u r f a c e d a t a 
and BBW s u b s u r f a c e d a t a . 

The d a t a f o r the f o u r i s l a n d b a r s i t e s a r e summarized i n the two 
t a b l e s below. 

Median g r a v e l s i z e (mm) 

S u r f a c e S u b s u r f a c e 

GBN BBW BBW 

1 26 27 24 

2 34 38 31 

3 38 33 

4 28 35 33 

Mean .32 33 30 

TABLE A l GRAVEL DATA (>8mm) 
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P e r c e n t l e s s than 1 mm 

S u r f a c e S u b s u r f a c e 

1 14 14 

2 5 14 

3 11 

4 5 14 

TABLE A2 AMOUNT OF FINE SEDIMENT 

The f o l l o w i n g p o i n t s are worth n o t i n g : 

1. The v a l u e s f o r p e r c e n t a g e by w e i ght f i n e r t han 1 mm i n 
the s u b s u r f a c e b u l k samples (Table A2) are q u i t e c o n s i s t e n t and 
i n d i c a t e , f o r S i t e s 2 and 4, a d e f i n i t e a r m ouring of the s u r f a c e 
( i n the sense of Bray and Church, 1980) due t o the winnowing of 
f i n e s . The h i g h e r c o n t e n t of f i n e s i n d i c a t e d a t the s u r f a c e of 
S i t e 1 i s c o n s i s t e n t w i t h the v i s u a l o b s e r v a t i o n s n o t e d above. 

2. The suspended sediment d a t a ( d e s c r i b e d e a r l i e r i n the 
r e p o r t ) show t h a t g r a i n s o c c u r i n s u s p e n s i o n up t o a s i z e o f 1 
mm. The i m p l i c a t i o n i s t h a t , a t h i g h f l o w s , about 14% of the bed 
sediment moves i n s u s p e n s i o n , the r e s t b e i n g t r a n s p o r t e d as bed 
l o a d . 

3. Comparison of the two methods of s a m p l i n g s u r f a c e 
g r a v e l (Table A l ) i n d i c a t e s a tendency f o r the BBW sample t o be 
s l i g h t l y c o a r s e r t h a n the GBN sample, though t h i s i s o n l y r e a l l y 
s i g n i f i c a n t a t S i t e 4 . There are s e v e r a l p o s s i b l e e x p l a n a t i o n s 
f o r such a d i f f e r e n c e , but none can be d i s c u s s e d s e r i o u s l y g i v e n 
the s m a l l number of c o m p arisons, and the f a c t t h a t the two 
methods sampled d i f f e r e n t g e o g r a p h i c p o p u l a t i o n s . 

4. Comparison of the s u r f a c e and s u b s u r f a c e BBW samples 
(Table A l ) i n d i c a t e s , i n a l l c a s e s , t h a t g r a v e l i s c o a r s e r a t the 
s u r f a c e than a t d e p t h , though t h i s i s o n l y pronounced i n the case 
of S i t e 2. (The GBN d a t a f o r S i t e 4 do not conform w i t h t h i s 
p a t t e r n . ) The e v i d e n c e s u g g e s t s t h a t the sampled bed a r e a o f the 
F r a s e r i s s l i g h t l y "paved" ( i n the sense of Bray and Church, 
1980) as w e l l as b e i n g d i s t i n c t l y armoured. T h i s c o n c l u s i o n does 
not n e c e s s a r i l y a p p l y t o deeper p a r t s of the c h a n n e l . 

5. Data f o r c l a s t s i z e of g r a v e l bed l o a d caught by b a s k e t 
samplers a t t h e f e r r y c r o s s i n g were p r e s e n t e d i n S e c t i o n 4.5.2; 
the y i n d i c a t e d a median c l a s t s i z e i n the range 20 mm t o 27 mm i n 
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d i f f e r e n t f l o w c o n d i t i o n s . The sampled bed l o a d was thus 
s l i g h t l y f i n e r than the b u l k g r a v e l c o l l e c t e d d u r i n g the bed 
m a t e r i a l s a m p l i n g program, but i t s h o u l d be borne i n mind t h a t 
the b a s k e t bed l o a d d a t a i n c l u d e d 8 % - l l % f i n e r than 8 mm. 
R e s t r i c t i n g a t t e n t i o n t o the >8 mm s i z e range i n d i c a t e s t h a t bed 
l o a d (at f l o w s g r e a t e r than 3000 m3/s) and bed m a t e r i a l a r e , 
w i t h i n the l i m i t s o f s a m p l i n g , e s s e n t i a l l y s i m i l a r . 

Sampling of s u r f a c e g r a v e l u s i n g the GBN method, but w i t h o u t 
any b u l k s a m p l i n g , was un d e r t a k e n a t S i t e s 5 and 6. The g r a v e l 
i n t h i s l a t e r a l b a r was shown t o be much c o a r s e r than on the two 
i s l a n d b a r s : median b-axes were 60 mm ( S i t e 5) and 69 mm ( S i t e 6) 
compared t o t h e 26mm-38 mm range on t h e i s l a n d b a r s i t e s . I t i s 
p o s s i b l e t h a t some of t h i s c o a r s e r g r a v e l i s d e r i v e d from the 
chan n e l bank. 
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Number of days sampled f o r suspended sediment 

J F M A M J J A S 0 N D T o t a l 

1 9 7 1 3 1 3 0 3 1 3 1 2 5 2 7 2 8 4 2 0 7 
1 9 7 2 3 0 3 1 3 0 3 1 3 1 3 0 3 1 2 2 2 3 6 
1 9 7 3 4 5 3 1 3 0 2 9 3 1 1 9 1 0 9 7 1 7 5 
1 9 7 4 1 1 1 1 3 1 3 0 3 0 1 9 3 6 1 3 2 
1 9 7 5 2 1 2 4 2 7 2 8 2 4 1 1 4 5 4 5 1 1 7 

1 9 7 6 2 1 5 8 2 6 1 6 8 1 7 2 0 1 4 5 4 1 2 6 

1 9 7 7 4 4 5 4 2 0 1 6 7 2 2 2 2 4 5 4 1 1 7 

1 9 7 8 6 1 0 2 1 2 2 2 1 5 4 8 9 

1 9 7 9 1 1 1 9 2 7 1 8 9 1 0 1 9 3 4 -> 1 0 5 

1 9 8 0 1 5 1 3 1 7 1 9 1 3 1 5 1 8 7 5 c 1 1 8 

1 9 8 1 2 5 4 1 7 2 2 2 0 1 8 1 2 1 3 5 7 5 1 3 0 

1 9 8 2 2 1 8 2 0 1 7 1 4 1 2 1 1 5 5 5 1 0 0 
1 9 8 3 4 6 1 2 2 0 2 0 2 1 1 5 1 6 1 3 1 1 3 5 1 4 6 
1 9 8 4 7 5 6 9 1 5 1 3 1 3 1 3 1 0 7 1 3 1 0 2 
1 9 8 5 6 1 1 1 5 1 3 1 3 6 6 6 4 2 8 2 
1 9 8 6 5 5 4 1 0 1 4 1 7 1 8 1 5 1 1 6 5 4 1 1 4 

'otal 3 0 3 0 6 1 1 6 9 3 6 8 3 4 0 2 9 4 2 6 1 2 2 4 1 5 2 1 0 7 6 0 2 0 9 6 

TABLE 1 

Annual summary of suspended sediment sampling program 
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Number o f min max d a t e 
a r R k k o f 

samples v a l u e v a l u e minimum 

1971 7 0.79 1.11 Jun 17 
1972 7 0 .68 1.13 Jun 18 
1973 7 0 .83 1. 33 Jun 15 
1974 6 0 . 82 1 . 06 Jun 14 
1975 6 0 . 83 1. 04 Jun 2 6 
1976 6 0 .74 1 . 02 May 25 
1977 4 0 .88 0 .98 S e p 27 
1978 
1979 4 0 . 93 0 . 96 May 18 
1980 4 0 . 86 1. 07 Jun 2 5 
1981 7 0 . 86 1.08 May 27 
1982 4 0.80 1. 04 J u n 1 
1983 5 0 . 92 1.18 J u n 1 
1984 5 0.79 0 .98 J u n 19 
1985 3 0 .84 0.97 J u n 11 
1986 5 0.86 1.04 Sep 19 

TABLE 2 

A n n u a l summary o f R - s a m p l i n g program 
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E a r l y s e a s o n 
Y e a r Max l o a d l a s t 

t / d a y s a m p l i n g 
( t h o u s ) 

Summer 
D I / D i p 

mm max 

L a t e s e a s o n 
f i r s t 

s a m p l i n g 
Max l o a d 
t / d a y 

( t h o u s ) 

1973 1. 42 1.81 

1975 1. 44 1. 59 

1977 1.14 1.75 

1980 126 May 28 1.15 1. 32 Nov 22 10 . 9 
1981 0.98 1.30 
1982 1.06 1.28 
1983 1.01 1.60 
1984 80 May 24 1.05 2.20 Oct 21 2 . 9 
1985 150 Apr 30 1. 09 1 . 96 Nov 6 1 . 7 
1986 104 Apr 21 0.9 1.56 Nov 10 1 . 4 

TABLE 3 

A n n u a l summary o f d i p s a m p l i n g p r o gram 



Discharge Number of v e r t i c a l s Total Bedload P a r t i c l e 
Date m3/s Arnhem basket Total number of 

samples 
t/day size 

done ? 
71.05.19 3143 1 4 5 8 7108 
71.06.07 3794 2 3 5 12 3517 B 
71.06.17 4559 2 2 4 9 19142 B 
71.06.28 2874 2 3 5 12 7965 A, B 
71.07.22 2671 2 3 5 11 5189 'B 
71.09.14 1586 4 2 5 13 255 A, B. 
71.11.09 677 4 2 5 11 93 B 
72.05.08 2637 1 5 5 13 4759 B 
72.05.25 4956 0 5 5 11 51722 B 
72.06.05 5041 0 5 5 13 22359 
72.06.21 4843 0 5 5 13 42294 
72.08.09 2436 0 5 5 15 110 
72.10.05 1481 5 0 5 11 
73.05.30 3200 2 3 5 12 959 A, B 
73.06.11 4163 2 3 5 11 12873 A, B 
73.0.6.25 3880 2 3 5 11 14304 A, B 
73.07.17 2467 2 3 5 11 735 A, B 
73.08.22 1266 5 0 5 10 
73 .10.11 1025 5 0 5 10 A 
74.04.24 2237 2 3 5 10 4904 A, B 
74.05.15 3398 2 3 5 11 3733 A, B 
74 .06.18 4672 2 3 5 11 110477 A, B 
74.07.04 4078 2 3 5 10 40472 A, B 
74.08.16 1696 5 0 5 10 A 
75.05.08 1940 5 0 5 10 
75.06.12 2537 5 0 5 10 A 
75.06.26 3200 2 3 5 10 5036 A, B 
75.07.17 3115 2 3 5 10 3968 B 
75.08.07 1801 5 0 5 10 
75.10.06 875 5 0 5 11 
76 . 04.28 2217 5 0 5 10 A 
76.05.26 3795 5 0 5 10 7\ rx 

76.06.16 4305 5 0 5 11 A 
76.08.10 3880 5 0 5 10 A 
76.10.05 1473 5 0 5 10 
77.05.05 3280 5 0 5 10 A 
77.06.13 3280 5 0 5 11 A 
77.06.23 4050 5 0 5 10 7\ 

77.08.11 2210 5 0 5 11 A 
77.09.22 1090 1 0 1 3 
78.04.27 1570 5 0 5 15 A 
78.06.08 3280 5 0 5 15 A 
78.06. 29 2100 5 0 ' 5 15 A 
79.04.30 2450 5 0 5 15 TV 

rx 

79.05.17 2810 5 0 5 15 A 
79.06.21 3520 5 0 5 10 A 

A denotes Arnhem sampler; B denotes basket sampler 

TABLE 4 

Annual summary of bedload sampling program 
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Year Annual 
flow 

m i l l i o n dam3 

1951 
1952 
1953 
1954 
1955 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

38.0 
41.8 
37 
47 
43 
50 
50 
55 
55 
43 
41 
45 
55 
44.0 
51.0 
41.3 
65.1 
50.2 
36.8 
40 
37 
41.0 
49.2 
36, 
43. 
41, 
41. 

Annual 
load 
(Mt) 

Annual 
mean 

concentration 
(mg/L) 

5 
3 
4 
5 
6 

14 , 
7 , 
20 , 
9, 
5, 

10.8 
5.1 
8 . 1 

13.9 
5.3 
7 , 

10. 
10, 

154 
123 
199 
129 
115 
125 
95 

118 
165 
101 
121 
148 
122 

TABLE 5 

Annual summary of data, 1951-1986 



Number of days sampled for p a r t i c l e size analysis 

Suspended load Bed load 
Total K R Total basket Arnhem 

1971 31 28 3 6 6 2 
1972 43 39 4 2 2 0 
1973 42 38 4 5 4 5 
1974 38 38 4 5 5 4 
1975 2 0 2 3 1 3 
1976 3 0 3 4 0 4 
1977 1 0 1 4 0 4 
1978 3 2 1 3 0 3 
1979 31 27 4 1 0 1 
1980 4 . 4 0 
1981 26 24 2 
1982 24 22 2 
1983 31 29 2 
1984 10 8 2 
1985 28 16 2 
1986 23 22 1 

TABLE 6 

Annual summary of p a r t i c l e size sampling program 
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Date D i s c h a r g e median g r a i n % s a n d c o n c e n t r a t i o n 
m3/s s i z e (urn) (mg/L) 

K R K R K R 

81.05.01 1710 10 12 10 14 196 194 
81.05. 27 4310 68 53 52 46 9 5 9 821 
82.05.19 4520 65 39 51 38 1460 1080 
33.05.31 2610 37 34 37 35 544 507 
84.06.11 3250 47 41 540 489 
84.06.19 3560 47 32 380 286 
85.05.23 • 4450 50 45 888 850 
85.06.11 3420 41 28 233 198 

TABLE 7 

C o m p a r i s o n o f p a r t i c l e s i z e d a t a f o r K and R samples 
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Year Load (Mt) 

1971 eqn 1971-1975 eqn 

1971 0 . 84 0 . 95 
1972 1.90 3 . 94 
1973 0 . 80 0 . 98 
1974 1. 41 2 .15 
1975 0.60 0 . 57 
1976 2.22 4. 01 
1977 0.94 1.06 
1978 0.31 0.18 
1979 0.95 1.36 
1980 0.39 0.26 
1981 0.55 0.57 
1982 • 1.32 1.92 

Mean 1. 02 1. 50 

TABLE 8 

Predicted annual bed loads, 1971-1982, using bedload 
rating equations 
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FIGURE I 

FRASER RIVER BASIN 



2. The Q u e s n e l - M a r g u e r i t e r e a c h (1:250,000) 



3. The M a r g u e r i t e F e r r y C r o s s i n g r e a c h (1:50,000) 
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FRASER RIVER NEAR MARGUERITE 
S T A T I O N N O . 0 8 M C 0 1 6 

F R O M 1 9 9 0 T O 1 9 6 6 

§1 

M I N . A N D M A X . 

S T D . D E V . 

M E A N 

J A N F E B M A R A P R M A Y J U N J U L A U G S E P OCT N O V D E C 

T I M E 

6. Annual hydrograph of mean, minimum and maximum d a i l y 
discharges 



VALUES OF THE K-FACTOR AT FRASER RIVER NEAR MARGUERITE 
IN RELATION TO HYDROGRAPH, MAY-SEPTEMBER 1984 



75 

8. Improvement of s t a n d a r d e r r o r of mean t o t a l a nnual d i s c h a r g e 
(top) and d e c r e a s e i n p e r c e n t a g e improvement (bottom) w i t h 
i n c r e a s i n g number of y e a r s of r e c o r d . 
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FRASER RIVER NEAR MARGUERITE 
STATION NO. 08MC018 

5 10 15 30 25 

NUMBER OF YEARS OF RECORD 

Improvement o f s t a n d a r d e r r o r o f mean a v e r a g e a n n u a l 
c o n c e n t r a t i o n (top) and d e c r e a s e i n p e r c e n t a g e improvement 
(bottom) w i t h i n c r e a s i n g number o f y e a r s o f r e c o r d . 
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NUMBER OF YEARS OF RECORD 

10. Improvement o f s t a n d a r d e r r o r o f mean t o t a l a n n u a l l o a d 
( top) and d e c r e a s e i n p e r c e n t a g e improvement (bottom) w i t h 
i n c r e a s i n g number o f y e a r s o f r e c o r d . 
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FRASER RIVER NEAR MARGUERITE 
STATION NO. 08MC018 
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•11. Percentage of t o t a l annual suspended load transport 
plotted as a function of time. 
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2 . Seasonal change i n monthly t o t a l water d i s c h a r g 
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13. S e a s o n a l change i n m o n t h l y t o t a l s u s p e n d e d l o a d . 
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FRASER RIVER NEAR MARGUERITE 
STATION NO. 08MC018 
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14. Sediment rating diagram of d a i l y mean concentration against 
d a i l y mean discharge, 1971-1986, with data points c l a s s i f e d 
by year. 



15. Double mass curve of suspended l o a d and water d i s c h a r g e . 
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FRASER RIVER NEAR MARGUERITE 
STATION NO. 08MC018 

FROM 1971 TO 1986 
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S e d i m e n t r a t i n g d i a g r a m o f m o n t h l y mean c o n c e n t r a t i o n 
a g a i n s t m o n t h l y mean d i s c h a r g e , 1971-1986, w i t h d a t a p o i n t s 
c l a s s i f i e d by month. 
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18. Bed l o a d r a t i n g diagram. 
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FRASER RIVER NEAR MARGUERITE 
STATION NO. 08MC018 

LEGEND 
E SAMPLE FROM SINGLE VERTICAL R SAMPLE FROM SEVERAL VERTICALS 

SUSPENDED SEDIMENT IN m g / L 

LEGEND 
B DAILY MEAN Z INSTANTANEOUS 

3 
DISCHARGE IN m /s 

19. Percentage s i l t - c l a y i n suspended load i n r e l a t i o n to 
suspended sediment concentration (top) and water discharge 
(bottom). 





FIG. 22 BED MATERIAL SAMPLING SITE 2 (BAR HEAD) LOOKING UPSTREAM 
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APPENDIX A 

EXTRACTS FROM ANNUAL SEDIMENT DATA PUBLICATION 

OF THE WATER RESOURCES BRANCH 

Pages v i - x and x v - x v i i of 
"Sediment Data, B r i t i s h Columbia, 1985" 

p u b l i s h e d 1987 by 
Water Survey of Canada 
Water Resources Branch 

I n l a n d Waters D i r e c t o r a t e 
Environment Canada 

Ottawa 

(Available upon Request) 
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APPENDIX B 

SUMMARY OF HYDROMETRIC DATA 

B l : Mean d i s c h a r g e s f o r each month and y e a r , 1950 
to 1986. (1 page) 

B2 : Annual extremes of d i s c h a r g e f o r each y e a r i n 
the p e r i o d 1950 t o 1986. (same page) 

B3 : Mean d a i l y d i s c h a r g e f o r each of the 365 days 
i n the p e r i o d 1950-1986, w i t h r e l a t e d 
d i s p e r s i o n i n d i c e s . (6 pages) 

(Available upon Request) 
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APPENDIX C 

SUMMARY OF SUSPENDED SEDIMENT LOAD DATA 

CI : Annual mean and extremes: 1971-1985 (1 page) 

C2 : T o t a l l o a d s f o r each month and y e a r , 1971-
1986. (1 page) 

C3 : D a i l y mean d i s c h a r g e , c o n c e n t r a t i o n and l o a d 
f o r each day, 1971-1986 (62 pages) 

C4 : Annual "hydrographs" of d i s c h a r g e and 
c o n c e n t r a t i o n , 1971-1986 (16 pages) 

(Available upon Request) 
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APPENDIX D 

DURATION DATA FOR DISCHARGE, CONCENTRATION AND LOAD 

D l : Annual s t a t i s t i c s and r e c u r r e n c e i n t e r v a l s 

(a) a n n u a l t o t a l d i s c h a r g e (dam 3) 
(b) annual maximum d i s c h a r g e (m 3/s) 
(c) annual t o t a l suspended l o a d (tonnes) 
(d) annual maximum suspended l o a d (t/day) 

(12 pages) 

D2 : F u l l d u r a t i o n s t a t i s t i c s ( f o r each month of 
the average year) and d u r a t i o n c u r v e f o r the 
f u l l p e r i o d . 

(a) d i s c h a r g e (m 3/s) 
(b) c o n c e n t r a t i o n (mg/L) 
(c) l o a d (tonnes) 
(d) y i e l d (tonnes per s q . km.) 

(12 pages) 

D3 : Peak p e r i o d s t a t i s t i c s ( f o r each y e a r of the 
s t u d y p e r i o d ) and p l o t s of y e a r - t o - y e a r 
changes i n these s t a t i s t i c s . 

(a) t o t a l d i s c h a r g e (dam 3) 
(b) c o n c e n t r a t i o n (mg/L) 
(c) l o a d (tonnes) 

(6 pages) 

(Available upon Request) 
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APPENDIX E 

SEDIMENT RATING DIAGRAMS : SUSPENDED LOAD 

E l : Annual p l o t s 

mean c o n c e n t r a t i o n (mg/L) v e r s u s mean water 
d i s c h a r g e (m 3/s) 

t o t a l l o a d (tonnes) v e r s u s t o t a l d i s c h a r g e (dam 3) 

(2 pages) 

E2 : Monthly p l o t s 

monthly mean c o n c e n t r a t i o n (mg/L) v e r s u s 
monthly mean water d i s c h a r g e (m 3/s) 

monthly t o t a l l o a d (tonnes) v e r s u s monthly 
t o t a l water d i s c h a r g e (dam 3) 

There are two v e r s i o n s o f the f i r s t c h a r t : 
d a t a p o i n t s c l a s s i f i e d a c c o r d i n g t o month 
(one g r a p h ) ; and d a t a p o i n t s c l a s s i f i e d 
a c c o r d i n g t o y e a r (two g r a p h s ) . 

(4 pages) 

E3 : D a i l y p l o t s 

d a i l y mean c o n c e n t r a t i o n (mg/L) v e r s u s d a i l y 
mean water d i s c h a r g e (m 3/s) f o r sampled days 
o n l y ; t h e r e i s one p l o t f o r each y e a r , w i t h 
d a t a p o i n t s c l a s s i f i e d a c c o r d i n g to month. 

(16 pages) 

(Available upon Request) 
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APPENDIX F 

PARTICLE SIZE DATA 

F1 : Depth-integrated suspended sediment 

S t a t i s t i c s f o r p a r t i c l e s i z e d i s t r i b u t i o n of 
each sample analyzed, 1971-1983. (7 pages) 

Composite p l o t of p a r t i c l e s i 2 e d i s t r i b u t i o n 
of these samples (1 page) 

F2 : Instantaneous suspended sediment 

S t a t i s t i c s f o r p a r t i c l e s i z e d i s t r i b u t i o n f o r 
"instantaneous" samples, 1984-1986. (15 
pages) 

F3 : Bed load data 
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