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INTRODUCTION 

This 1975 report contains surface water data, provisional 

suspended sediment data and bed load data for the following sediment 

stations on the Fraser River and its tributaries: 

1) Fraser River at Hansard (08KA004) 

2) Fraser River near Marguerite (08MC018) 

3) Fraser River at Hope (08MF005) 

4) Fraser River near Agassiz (08MF035) 

5) Fraser River at Mission (08MH024) 

6) Fraser River at Port Mann Pumping Station (08MH126) 

7) Chilliwack River at Vedder Crossing (08MH001) 

The surface water data in this report was obtained from 

the British Columbia Surface Water Data publication as prepared by 

personnel of the Applied Hydrology Division under the direction of 

the Director, Water Resources Branch, Department of Fisheries and 

Environment. 

The basic water data was collected and compiled under the 

supervision of the District Engineer of the Water Survey of Canada 

at Vancouver, British Columbia. 

The sediment data for this report was collected and 

analyzed by personnel in the New Westminster sub-office under the 

supervision of the District Engineer of the Water Survey of Canada 

at Vancouver, British Columbia. 
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Computation of the sediment data was shared by the New 
Westminster s u b - o f f i c e and the Sediment Survey Section o f Inland 
Waters D i r e c t o r a t e i n Ottawa. 

The types o f samples c o l l e c t e d at the s i x Fraser River 
and one t r i b u t a r y s t a t i o n i n 1975 included suspended sediment, bed 
load and bed material samples. The suspended sediment samples were 
c o l l e c t e d by conventional samplers (e.g. US P-63, US P-61, US-D49), 
using the p o i n t - i n t e g r a t e d method, depth-integrated method and by 
automatic pumping samplers. Bed load samples were c o l l e c t e d using 
various samplers (e.g. Arnhem, VUV, BASKET) and sampling methods. 
Bed material samples were c o l l e c t e d using the Lane and BM-54 bed 
material samplers. 

The sampling at the Fraser River s t a t i o n s i s conducted 
as s p e c i f i e d i n a document known as the Sampling Guide Program. 
In the development o f t h i s guide program, an attempt i s made at 
s e t t i n g the sampling schedule to f u l f i l l the requirements of the 
long term plans and short term s t u d i e s . G e n e r a l l y , the guide 
programs are set up to cover two flow c o n d i t i o n s . The f i r s t 
c o n d i t i o n covered i s the low flow period which because o f the l a c k 
o f sediment movement, r e q u i r e s very low sampling coverage to 
compute sediment discharge. The other p o r t i o n of the guide 
program covers the high flow (spring r u n o f f ) period o f May to 
August. I t i s t h i s period which r e q u i r e s high d e n s i t y sampling 
coverage to monitor a l l changes i n sediment discharge. 
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Changes to the Sampling Guide programs usually stem from 

implementation of short term studies or deletions of old ones. The 

1975 program was developed by making the following changes to the 

1974 program. 

At the Fraser River at Port Mann Pumping Station, alter

ation to the program during the low flow period includes the 

simultaneous collection of point-integrated and automatic pump 

samples and a reduction in bed load sampling. The changes to the 

program at high flow consisted of replacing 28 individual (daily) 

bed load samples with 6 bed load measurements. 

At Fraser River at Mission, the program during the low 

flow period was modified by decreasing the bed load sampling and 

increasing suspended sediment sampling. The special study sampling 

consisted of daily suspended sediment samples collected at one hour 

intervals over the tidal cycle during the rising limb of the freshet 

for flows of approximately 170,000 cfs and 295,000 cfs. In the 

high flow period at Mission, all individual (daily) bed load sam

pling has been omitted from the guide program. Bed load measure

ments were eliminated for flows below 250,000 cfs on the rising 

limb of the freshet and for flows below 300,000 cfs on the recession 

period of the freshet. In addition to the regular program, bed load 

measurements were taken at one hour intervals over a 12 hour tidal 

cycle. 

According to the British Columbia Snow Survey Bulletins 
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t o June 1, 1975, the snowpack c o n d i t i o n s i n t h e Upper F r a s e r and 
s u r r o u n d i n g b a s i n s were below average t h r o u g h o u t t h e snow s e a s o n . 
In the M i d d l e and Lower F r a s e r V a l l e y , t h e snow c o n d i t i o n s were 
near average t o March 31 and s l i g h t l y below average i n A p r i l and May. 

The weather d u r i n g the s p r i n g o f 1975 f o l l o w e d near n o r 
mal p a t t e r n s . L i g h t p r e c i p i t a t i o n and a s l i g h t t e m p e r a t u r e d e f i c i t 
r e s u l t e d i n a f r e s h e t whose t o t a l d i s c h a r g e and maximum d a i l y d i s 
c h arge were w e l l below a v e r a g e . 

R e s u l t s o b t a i n e d from computation o f the 1975 s u r v e y d a t a 
a r e d i s p l a y e d i n t h e t a b l e below. I n c l u d e d i n t h i s t a b l e a r e f i g u r e s 
f o r annual water, suspended sediment, bed l o a d and t o t a l l o a d d i s 
c harged f o r t h e Lower F r a s e r R i v e r s t a t i o n s . 

TOTAL ANNUAL WATER, SUSPENDED SEDIMENT 
BEDLOAD AND TOTAL LOAD DISCHARGES 

FRASER RIVER 
STATIONS 

AT 

1975 

FRASER RIVER 
STATIONS 

AT D i s c h a r g e 
i n 1000 

a c r e / f e e t 

Suspended 
Sediment 
D i s c h a r g e 

i n 
1000 tons 

Bedload 
D i s c h a r g e 

i n 
1000 t o n s 

T o t a l 
Sediment 
D i s c h a r g e 

i n 
1000 tons 

Suspended 
Sediment 

i>ncentration 
mg/1 

HANSARD 11,200 
MARGUERITE 33,453 8,046 177 

HOPE 67,939 13,280 144 

AGASSIZ 68,064 12,403 120 12,523 134 

MISSION CITY 84,300 13,213 373 13,586 115 

PORT MANN 344 
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To compare the 1975 data to previous y e a r s , the bar ch a r t 
below d i s p l a y s f o r the period o f re c o r d , t o t a l discharge i n acre-
f e e t and suspended sediment discharge i n tons per day f o r the Fraser 
River s t a t i o n at Mis s i o n . 

YEARS 

In 1975 the t o t a l annual water discharge a t the s t a t i o n 
of Fraser River a t Mission was 84,300,000 a c r e - f e e t with a maximum 
d a i l y discharge of 326,000 c f s at 0019 PST on J u l y 12. These f i g 
ures rank as 3rd lowest t o t a l water discharge and lowest maximum 
d a i l y discharge s i n c e 1965 when records were f i r s t kept a t t h i s s t a 
t i o n . 



- 6 -

The suspended sediment discharge of the Fraser River at 

Mission was 13,213,000 tons. The maximum daily suspended sediment 

discharge was 261,000 tons. The suspended sediment discharge fig

ure ranks as the second lowest in the past ten years. 

The tributary station of Chilliwack River at Vedder 

Crossing contributed a total water discharge of 2,090,000 acre-

feet and a total suspended sediment discharge of 590,315 tons. 

Tabulated in Appendix I are water, sediment and bed load 

discharges for the period of record. 

Appendix II of this provisional data report for 1975 

contains the following hydrographs of the Fraser River stations 

and tributary: 

Fi gure Station Hydrograph 

1 Hansard - Discharge 

2 Marguerite - Discharge VS Suspended Sediment Load 

3 Hope - Discharge VS Suspended Sediment Load 

4. Agassiz - Discharge VS Suspended Sediment Load 

5 Agassiz - Discharge VS Bed Load 

6 Mission - Discharge VS Suspended Sediment Load 

7 Mission - Discharge VS Bed Load 

8 Chilliwack River - Discharge VS Suspended Sediment Load 

9 Chilliwack River - Discharge VS Bed Load 
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Figures 10 and 11 of Appendix II d i s p l a y water temper
ature hydrographs o f the s i x lower Fraser River s t a t i o n s f o r 1975. 

Appendix III i l l u s t r a t e s d i f f e r e n c e s i n sediment and 
t o t a l load between s t a t i o n s on the Lower Fraser River. These 
changes are d i s p l a y e d as e i t h e r aggradation (a build-up o f material 
by d e p o s i t i o n ) or degradation (erosion of the channel and banks). 
Since discharge f i g u r e s have not been a v a i l a b l e at Port Mann f o r 
1973, 1974 or 1975 Figures 14 and 15 w i l l not d i s p a l y the d i f f e r 
ences i n load between Mission and Port Mann f o r those years. 

As i n the past year, t h i s p r o v i s i o n a l data r e p o r t does 
not i n c l u d e discharge f i g u r e s f o r the Port Mann Pumping S t a t i o n . 
This data w i l l not be a v a i l a b l e u n t i l a mathematical unsteady flow 
model has been developed, t e s t e d and proven r e l i a b l e . Once a model 
has been developed, a l l discharge data s i n c e 1970 w i l l be computed 
and published. 

Supplementing the r e g u l a r sampling programs on the Lower 
Fraser River and t r i b u t a r i e s i n 1975 are hydrographic study surveys. 
These HYDAC-100 surveys i n c l u d e : 

(1) Dune Movement st u d i e s a t Port Mann and Miss i o n . 
The twofold purpose of t h i s study i s to determine the bed load 
t r a n s p o r t r a t e and to d e f i n e the geometry of the area necessary i n 
the development of the mathematical model. 
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(2) Volumetric study o f the dredging s i t e a t Steveston. 
This was accomplished by conducting surveys before and a f t e r the 
high water period on the Fraser River. 

(3) Volumetric Bed Load study o f the Vedder Canal. This 
i s an annual survey to study the d e p o s i t i o n o f sediment i n the 
ca n a l . 

The above mentioned HYDAC-100 data and the 1974 HYDAC-100 
data has passed the i n i t i a l e d i t stage and has been copied to a 
standard data format. T h i s data i s now ready t o be entered i n t o 
the p o s i t i o n a l p o r t i o n o f the e d i t program. However, a lack o f 
funds and shortage o f man hours has temporarily delayed reduction 
of data. 

The hydrographic surveys using the HYDAC-100 should 
continue as scheduled. T h i s data w i l l be extremely useful i n 
mathematical model computations. However, i t i s necessary to t r a i n 
a s t a f f member from the Vancouver D i s t r i c t O f f i c e i n data reduction 
techniques by a c t u a l l y p a r t i c i p a t i n g i n e d i t i n g o f a survey. The 
purpose would be to f a m i l i a r i z e a s t a f f member with a l l f a c e t s o f 
a survey i n order to b e t t e r understand survey requirements. 



APPENDIX I 

DISCHARGE TABLES 1965 - 19 75 
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v / ** cu IX) co LO oo LO LO LO oo w 

i 
O ~ i 

~ - , •— I—1 

ZZ E 5 CM , 

" "3 !^ LO CO o 1 1 

" 10 co 
o 

«d-
— o 00 CO 

.-• o LO CO 
o — IT, LO 

"— o LO "— o 

- O 

—: * 
cn 
ID 

1 CO ^f- CO 
cn O ^ > cn LO LO 

— • —1 LO o C J • 1 — •—* 

m— ~ 4-J o 
o - o o t -Q 

™ o u co cn cn ro iC = , ^ LO o CO CM +-> 
*-i • — r— * *> #• 
™ ~3 J 4 ' LO CU i n i — r— r— 4-> 
zz ra X i -ro • — c c — cu o o o o LO o o o o , , "3- o LO cn ai 

— -< n cu ^ ' o CM LO cn OO X r»« 00 oo *—' 

CD 
O-o m S-ro -t-> CU ra c ro ro 
S- s_ S- >, S-Q O) CU cu +-> cu L0 

•rH > > > -r- > cu 
•r— 'r— •r- C_> 4-1 oc or or or sz ) 1 rsi c ro 03 
i~ S- •r- s_ o s_ z: +-> to cu CU L0 CU •!- cu CO IA (/) LO LO L0 4-> Xi ro ra ro ro m ro $- •r-i - s- CD i- •<- S- O LL. U- <£ u- zz. LL. a. 

• —1 

O 
-C 
*-* 

•y. 
._J 
c; 

__> 
—• 

I1C
I 

I O 
•."*) 

r. 
>̂  

-o 
•—\ 

^ *_> 
r,, ' — i 
'Si i 
zz o 
•Si 

11 — 

' ; > 
. —J 

S: 
'•3 
TZ y, 
'—> • ~i 
—'. 

••-H 
—1 
•—1 
• H o 4-» 

c 
o 

p •s. •J 
*_/ 5 

—. 'j. 
LO • o o 

o -_i 
c 
o 11 — 

• —t 'Si 
o -

i 
—» o 1—1 — :; 

'—« •••—k s. o 
L-» . —t 

"D 

* * X i 



— 
4-1 

c o 10 
— o 
•H S-l 
o rt i O 

u 
10 

o 
i— 
O 

rt If) o 
D _ J 
CO 

—1 
* rt i - l ^1 

o 
*-> 
rt -3 

rt 
~ t— 
O 

< 
—1 — 

rt *-> 
O 

H 

oo 
LO 
CTl 

LO 
CM 
CM 

4 - . — J 
O — -y) 
1— i l 

c.0 

-3 ' J 
O LI 

-J OJ 
a co 
:> -̂1 
3 rt 

v. o 

o 

= = o o 

o rt 

— o r : 

O — to CJ - - i 

LO 
CTI 

oo ft 
ro 
CM 

LO 
CM 

, CM 
o LO 

* * 
LO CO 
CM CM 

O o 
o o I— i — 

w 
LO CTi 
oo oo 

LO 
LO 

00 CO 
o 

•=1-
CM 

LO LO 

CO 

cn 

LO 
tn 
o 
co 
CM 

CM 
CO 
LO 
CO 
CM 

oo 
CTi 
CO 

CO 

CM 
CM 

o 
o 
o ft 
CO 
o 

o o o 

o 

cu 
-Q 

CU 
-t-> 
ro 

ro O. CU lO 
CU cu to 

LO 
CO 
CM 

oo CM CTi 
CO i — CTi CM CXI 

CTI LO CO 
00 LO i — 

LO i — LO ft r. * 
oo o CTi 
CM CO CM 

LO CTi 
i l 'S. 

O 
CO 
u rt 
73 
IA 

•j 
A 

O 
oo 
LO 
CM 

4~> 
rt 

in 

o 
o 

o 
oo 

cu 

o 

+-> 
rO 

CC 

s-
0J to rO S-

co 
LO 

00 LO CTI ft 
CM 

o 
o 
LO 
LO 
00 

00 
CO 

CTI 
LO 

CO CM 

LO 
CTI 
CO 

CM 

O 
O 

cn 
cn 

$-rO CU 
c 
s_ 
cu 
> 
cc 

s-
0J 
CO 
ro 
s-

LO 
10 
rO 

+-> 

rO 

S-
cu 
> 

s-
<D 

rO 

s-

o 
o o 
CO 
o 

lO 
s_ 
cu 
> 
•r- C 
CC e 

ro s- s: cu CO 4-> rO S-S- O LL. Q_ 

LO 
CU 
S-
rO 
+•> 
3 

-Q 

'_/ 
'A 

—> 

HC
( 

• —* n 
"73 o 
1) 
•y. 

~Z~j 
V •—\ 

~z> *J 
ZZ, i> 

* j 

3 o 
•J) u 
— ' 

II —* 
'J 
'—< 
_> C) • —i -0 

'A 
'J 

7Z> r , 
'—> • -i 

~ZJ 

—H to —H 
•r-l o 

4-> 

i ) 

3 
i ) w 

_ 
O 
--J 

LO o 
IO c z. 

o II — —1 

-> 
. — • —1 

o Ti 
ft *.' 

"3 ^' 
— • O t— •J 

.7; 
•H — 

3 J '-t 
, • •—k / . 
rt "C . —. . —J rt "73 -J rt 

* 
* * r3 



4-> 
c o co 

o 
•H « i -3 i-i o rt 
CO rt o 
-a to 
o 
-3 
i— 5 "3 
CM rt 'J? o 
3 - J 
CO 

ft "rt 

L-I 4-1 
CJ o 
4-J rt -z -3 

r* 
—1 
r— 

3 
rt 
— 

—I "3 
rt O 
4-> 
O 

H 

CO 
CD crv 

* 
UD 
CD 
CTl 

CO 
i — 
CVI 

* CJ rt 

4̂  ' J 

-3 o rt c-o 

=2 

i (Li O C-0 J-t rt ,—^ 
• —i "3 S—' 

•r. ZJ to ~ '~ r. 

1-1 

3 ~ O O 

-Z o rt 
3 ' X v J ' - l CO 

O " 3 10 
'-— 3 

1̂-
CTl 

CTl 
CM 

CD 

CO 
CM 

00 

CO 

CO 
UD 

* 
co 

oo 

co 
co 

CM 
CM 
r-̂  
CM 
CM 

o 
LO •=3-

CM 

CM 

* o o o o o o o o CO CM CTl 
ft ft ft ft LO CO 

«* cn en 

LO 
O 
CM 

Cj 's, 

— 4-1 O 
O - 00 

— o u 
3 ~ rt 
r , r 

3 . — ' J 
•j-. U l 

CO 

«=i-

o o 

CM 
LO 
CTl 

o o 
LO 

4-> 
CO 

cu 
CL 
o +-> 
ro 

s-
cu 
> 
cc 
s_ cu 
CO 
rO 
s-

r0 CD 
c 

S-
> 

M 
$ - T -

ai co 
CO CO 
re rd 
i. en 

U . <C 

S-
cu 
> 
cc 
s_ ai 
L0 
ro 
S_ 

>i 
+J 

c_> 

e o 
n— 
CO 
CO 

LO 
CTl 
LO 

o 
r--
CTi 

CO 
CM 
LO 

CTi 
1 co CO 

f — " 

CO 

00 1 

•j 

!_ 
f * 

_ j 
V, 

-—I 

—1 
—> 
—• 

MC
I 

l - ' l 

IO 
"3 o 

1) r-
V. 

'1 
"3 
3 •—\ " 4-> 

3 
*.j 3 
3 j 

to 1 
3 0) 
10 LJ 

*—' C J 

II 

—< co 

•r-l 5 

LO 

oo 
CM 

o o 
CM 

ft 
•=*-
VO 

4-J 
ro S-QJ > 

•r- C 
CC C 

ro s- s: 
cu 
LO -t-> 
ro J -
S- O 

LL. CL 

CO 
CU 

i. 
ra 
3 

JO 

o 

7 
zz ~zz 
o <> 

rt —> V'. 
to • o o ""."3 
to c 

o 1) — rt tj 
%t 
J-J . • -\ 'St 

O h 
> s V 

"-
— H o ft-

ft— o rt >; 
" J *—• 

—k rt " r t • —* >̂ 

rt rt 

* * 



+-> 
ZZ 
CU I/) 
E cu • r - CO 

TJ s-
CU rO 00 x: 

o 
T J IO 

CD • r -
•a Q 
c cu TJ 
CL rO LO o _ 1 

OO I 
•> ra 

S- + J 
a> o 

+-> r— 
rO 3 T J 

c i— (0 

rd 3 TD 
sr fO cr. O 

_J 
, — T J 
ra CU 
+-> CO 
o 
r-

LO 
CO 

Oi 

TJ 4-> I CU C +-> D OJ C 
c E QJ 
QJ - r - O CLTJ C 
10 QJ O 
3 OO (_) OO 

QJ 
4-> CO C S-

t — QJ rd rO E -C 
4-> •!- O O TJ CO 
r — QJ - r -

00 Q 
TJ QJ rO CO 
O i-—I ro 

sz TJ U CU LO CQ ••— 
a 

T J +-> CU 
QJ C CO 

T J OJ S-C E ra 
QJ -i— JTZ 
O - T J u 
1/7 cu </) 
oo a 

QJ 
CO S-ro -C CJ 
LO 

o c-j 

o 

o 
o 
LO 

o 
cn 
o 

TJ +-> I QJ C +-> TJ "QJ 

CU -r-
QJ O 

CL-TJ ZZ +-> 
LO QJ O ro 
3 OO <_} J_ CO 

4-> CU 
i — C CO ro QJ S-
+-> E ro 
O •<- sz I— TJ O QJ Ul OO •!-

TJ QJ ro CO O S-—I ro 
x; 

T J U CU LO 
CO o 

TJ 4 J OJ QJ ZZ CO TJ OJ i . C E ra QJ T - _CZ Q- TJ O 
LO CD LO 
3 00 -r-

00 Q 

CU 
CO S-
ra 
CJ 
LO 

L O 
L O 

LO 

L O 
L O 

o 
CSJ 
CM 

>> l/> 
S- zz rO O 

+-> -I-
3 +-> -Q ro 

• r - +-> 
S- OO 

E 
ra c: , — 

• r — +-> 
cu LO •r-> </) 3 

• r — O cr CC S_ 
o 

Co
 

CJ S- ai +-> 

rO CU > i-
2 TJ •i— o • r — TJ cc Q-r — CU r — > +-> S_ 

•r- +-» rO JZ +-> CU o ro a. E 

CU 
CO 
s_ ro 

-Er. 
CJ LO 

zz CU L O 
E • 

•<- L O 
TJ CO 

QJ r-̂  
LO X TJ 
QJ -
TJ +•> 
ZZ QJ CU QJ CL 4 -
10 I 
3 QJ 
10 S-•—- CJ ro II 
Q) - r -
5. +-> QJ 

• r - CO 
r — S_ 

\ ro 
LO SZ 
E cj ro ul t- •!-COTJ 

LO 
zz 
o 

cr. 
o 

ro 

cu 
u 

CJ +-> 

QJ +-> 
QJ 4 -
1 m

e 

QJ LO 
• r — 

S_ ZZ TJ CJ O QJ ro 4-> 
10 

L O 
>> - O O TJ co O O QJ zz O O TJ o II "~ * — en

 

s_ -O ZZ zz a. 
ro •1— ' 1— LO 

QJ 3 

>i TJ 
QJ QJ 
CO CO 

10 

r QJ S_ S- QJ ra + J ro ro CO 
• f— ul -C SZ ro +-> 3 O CJ S-J- •"-J LO LO cu 
ra TJ •r- *r- > 
Q. ra TJ TJ ra 

•It * ra X3 u 



ft 4-> 
S3 
<u CO 
E CD •r— CJ> 

•a S-CU rO CO .S3 CJ XJ CO CD '1— 

XJ O 3 aj XI Q. ro CO O 1 CO 
r ft ra s_ •+-> 

CD o 4-> 1— ro XJ 
i — ro rO 3 X> S3 (0 c o _J 
, — XJ rtj CD -l-> CO O I— 

co 

CTi 

i x i +-> 
cu sz XJ cu S3 E CU -t-CLT3 13 -t-> co CU O ro 3 CO C_) S_ CO 

cu o 
CJ 'I— 

ra 

CM 
cn 

cu CD S_ CU ro 
+-> E J3 
O - r - CJ I— XI CO 

cu ••-CO o 

XI CD ra oi 
o s-_ l ro J3 XJ CJ CD CO CO •<-

a XJ +-> cu CD 13 CTi XI CU S-C E rO CD - r - J3 Q.-0 U CO CU CO 3) CO CO O 
CU Ol S-rO -S3 CJ CO 

XI +•» I CD S3 4-> XI cu tz c c E QJ O CU •<- O -r-O-XI S3 +-> co CD O ro 3 CO O S_ 
co CD +J Ol i— S3 S-rO CD ro 
+-> E J3 
O r- o 
r— XJ CO CU -i— CO Q 

CO CM 

CO 

o 00 CO 

00 CM 

XI CD ra Ol 
O £_ _J ra J3 XI CJ CU CO oa •.— 

* 

cu Ol S-
XJ 4-> CD 13 XJ CU S3 E CD •<-O-XJ O CO CU CO 3 CO *i— CO Q 

CU Ol 
tiro J3 
u 
CO 

co 
co 

e 
'•~ 

CD 
Ol i -ro J3 CJ CO •1— 

XJ 
4-> 
S3 CD LT) E • 

•r- Lfl XJ ro CD CO X X) cu -—^ XI S3 QJ CU Ol Q.4-co 1 
3 CD CO S_ 

" CJ ro C CD •r— 
s-
+-> CU 
•r— Ol r— S-rO CO J3 
E CJ ro CO $- •t— OlXl •r— l — co i — c 

•r— o E 4-> 

E 

Ol nj 3 i— *r— 4-> 
cu CO •r-

CO > CO 3 S- S3 •r— O O" ro O or S- O +-> - i - <_> O 
3 -t-> S-J3 ro u s- QJ +J •r- +J ro cu > J-S_ CO 3 XI •i- o 1— • T~ XJ Oi o_ I— cu 

1 • > -t-> $_ 
•|— +-» ro -C •r- CO c_> ro Q- C 

ft S3 
O 

• i— 4-J ro S_ 4-> c cu CJ S3 
o 4-> CJ CU QJ cs- en 

CU E 
s_ CO •i— CJ 13 XI ro to

 
se
 

LT) O >l • O o XJ i — CO O o cu S3 i — o XI O II S3 en
 

S- _Q • 1— 13 Q. fO ̂  •i— CO CU 3 
>! ' CD CU CO XJ Ol Ol i — 0) i - CU rO +•> ro rO Ol •i— co J3 J3 ro 31 O CJ l _ C- -r-J CO CO 0J ro XJ • 1— • i — > O- rO X) XJ ro 

ro -Q O 



TJ +J 1 
CU £Z +-> 

TJ CL) rz rz 
rz E QJ O 
CU •r— CJ •<- -—V 
Q . - 0 CZ 4-> CJ ,— 
Ul OJ O ra CO CM 
ZJ CO CJ S-

CM 
CO 

4-> QJ 
CZ CO 1 — QJ S-

ra E rO 
+-> • r - x: JZl 
o TJ o - — ' 

t— Se
 

Di
s 

TJ 0) 
ro CO 
O s_ 

_J ha
 

XJ 
TJ CJ —— 
QJ to 

CO *r— 
1 — 
r-. 
a i 
1 

de
d 

ie
nt

 
rg

e 
TJ TJ 

CZ E ro -—. QJ • CU 
OJ •r— JZ X2 Z> oo ZJ 
O-TJ o ' rz co c 
co QJ LO • r - • r -
ZJ CO •r— +-> 4-> 

CO Q fZ CZ 
o — o OJ CJ o 

CO Ul Ul 
s_ •1— •r— 
ro Q o Q +-> XT -—- co 

rz O rO o 
OJ ui to «< 
E O) •r— CM 

•r— CD £3 

Se
d 

ch
ar

 

Se
d 

ch
ar

 

ed
 

nt
 

4-> 
TJ CO T J OJ -cz C 
OJ '1— rz E QJ O LO cn 00 

-o Q QJ *r- o •>- - — f—• ,— 
00 

CM 
rz O-TJ C +-> o 

CM 

m TJ Ul OJ O ro ^ • 
CL ro zs CO O S-
Ul o CO 
ZJ .. _i CO 

l QJ 
»* ra + J CO 

s_ 4-> r— rz s_ 
01 O ra QJ ro -—^ 
4-> 1— 4-> E - c XJ 1 i 1 1 
rO o •f— O V ^ 

l< 

pu I— ed
 

to 

i— rO CO o 

ua
 

ua
 

"O TJ OJ 
rz rO ro CO 
rz O O i_ * cC _ l _ l ha

 

1 i 1 1 
r—> TJ TJ cj X3 
ra CU QJ LO N -

+-> CO CO • r— 
o o CD 

r— (Ti (Ti 
r— 

nd
ed

 
m

en
t 

ar
ge

 

CO 
OJ • r~ ' LO LO 
Q-XJ CJ XJ • • 1 
CO Ol LO -—" r— o 
ZJ CO • r - CO co 

CO o 
co 

OJ 
CO 
s-
ra . LO o o 

JZ ro CO cn 
CJ -—• CM CM LO 1 
to #» 

.(— r — 

Q 

+J 
rO 
4-> 
00 

CU 
cu 
s-

o 

cu 
CL cu 
o o_ 

x: o 
s_ re 
cu 
> L. 

OO 
s 
c 

CO 
CZ i. -r-

QJ U) 
> Ul •r- O 

CC S-
CJ 

<_> S-
r0 CU 
3 TJ 

•>- TJ 
•— cu 

V) S- CO 
ro C 
QJ ••-
cz s_ 

CL 
s- oo 
QJ 
> +-> 

• r - O 
CC ZLZ 
fZ c 
o o 
Ul Ul •I— -I— 
s_ s-
S_ S-
ro ra 

s_ 
ra E 
0J ro 
rz i — 

+-> 
S_ T-
0) ZJ 
> cr 

• r - o 
cc o 

• r - o 
a . a . 

QJ 
CO 
i~ 
ro 

X I 
CJ 
ui 

•r- LO 
TJ CO 
QJ O-
Ul 

X 
TJ 
QJ 

TJ +-> 
C QJ 
QJ QJ 
CLM-
Ul I 3 QJ 

II 

CJ 
<a 

QJ •!-
s-4-> 0J 

• i - CO 
i — S_ 
\ ro 
Ul XI 
E CJ 
ro LO 
S_ •<-
COTJ 

• r— 

i — Ul 
r — rz 
•r- O 
E ."«-> 
rz 
o 

ro 
S_ 

+ J 
c 
QJ 
CJ 
rz 
o 
CJ 

QJ +-> 
QJ rz 

<+- QJ 
1 E 

0J to • i — 
s~ rz TJ 
o o Ol 
ro + J Ul 

LO 
>> • O o TJ 

CO O o 01 
rz O o TJ 
o II r— r— rz 

QJ 
s_ XJ CL 
ra 'r— • 1— Ul 
0J 3 >> OJ 01 Ul 

TJ CO CO 
1 Ol V- s- OJ 
ra +-> r0 ra CO 

•r- LO sz XI ro 
4-> ZJ CJ CJ s-
J- ••-> to Ul CjJ 
ro TJ •I— •r— > 
CL CO TJ TJ ro 

* 
* * rO -O CJ 



4-> 
CU E 
•r— 
T3 CU 00 
"O cu 
XJ 
rz cu 
CL 
LO 
3 
OO 

ll-
CU 

rO 
3 
rz 

rO 
4-> 
o 

LO 
LU 
En 
S_ 
ro JZ o 
LO 

XJ r0 O 

ra 
o 

XI 
CZ 
<o 

XJ 

r0 
o XJ 
OJ 

oo 
LO 
CTi 

S
u

sp
en

d
ed

 
S

ed
im

en
t 

C
o

n
ce

n
t

ra
ti

o
n

 

u 
ro ro 

T
o

ta
l 

S
ed

im
en

t 
D

is
ch

a
rg

e 

JTJ 
i 

696 L B
ed

 
Lo

ad
 

D
is

ch
a

rg
e 

JZ) 
I 

S
us

pe
nd

ed
 

S
e

d
im

e
n

t 
D

is
ch

a
rg

e
 

JZ1 

4
.7

6
 

6
9

.8
 

i 

D
is

ch
a

rg
e 

ra 

no 

r o 

1
,6

5
0 

1
1

,5
0

0 

I 

XJ +-> I CU E +J 
x i ai cz cz 
cr E cu o cu -r- CJ T-
D_X> SZ +» 
LO CU O ro 
3 OO O S_ 
oo 

CU 
-t-> cn 
cz s_ 

r — 0J rO ra E JZ 
+->•,-._> 
O X ) LO r- 0J -r-00 Q 

XI 0J 
ro Cn 
O S- * _J ro * -TZ -XI CJ J3 
CU LO CO • i — 

Q 

XJ +J 0J 
QJ rz cn 

T J UJ i . C E ro 
QJ - i - JZ O-TTJ O 
CO QJ CO 3 OO ••-OO Q 

QJ 
cn $-ro JZ 
u 
CO 

co 
cz o 

• r -
4-> 
ro 
-t-> 
OO 

CO 
CNJ 

CO 
O 

CNJ 

oo 

o 
LO o 

o 
r o 

co 
oo 

o o 
LO 

cu cu s_ <_> 
QJ 
CL QJ 
O O-
JZ O s_ zrz cu > $_ 
- s 
O0 CZ 

s-
QJ 
> 

cn 

o 
ro 

O 
i_ t_> 
S_ 
CU 
XJ 
XJ 
cu 

LO 
s- cn 
ro cz 
QJ •>-
cr s_ 

O-s_ oo cu > 4-> 
• i - o 
Q i ZC 
cz rz o o 
CO LO 

s- s_ 
S- S-
HI 

3 
c r o o 

+-> +-) s-o 

• r— 

cu c S-
rc JZ CJ 
CO •1— 

XJ 

+-> 
rz cu LO E • 

•r— LO XJ ro 

cu CO X 
XI 

cu - — . 
XJ 
c QJ 
QJ QJ 
Q.Ci_ co 1 

3 aj CO 5--— CJ 
ra II 
rz 

QJ •i— S~ +-> QJ • i — cn 
r— s-ia LO jr. E CJ 
ra co 
li •t— en XJ 

1 r— 
l CO r rz 
•t— o E +J 

rz o 
ra S-
+J 
c cu 
CJ 
rz o 
CJ +-> 

CU 4-> cu rz cu 1 E CU CO — 
s- rz XI 
CJ o QJ 
ra 4-> CO LO >> • o O XI ro • o o CO rz o o X) 

o II r— r— rz 
CD S- JZ) rz rz CD-

ro •i— • i— CO CU 3 >> QJ cu CO XJ cn cn 
i— cu s_ s_ QJ 

ro +-> rO ra cn 
•i— LO JZ JZ ra +-> 3 CJ CJ s-S_ •r-l CO LO 0J ro XI ' f— •r— > 
O. rO XJ XJ ro 

* 1 rO JZ) U 



APPENDIX II 

DISCHARGE AND TEMPERATURE HYDROGRAPHS 



FIGURE I 
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FIGURE 4 
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APPENDIX III 

AGGRADATION - DEGRADATION GRAPHS 



FIGURE 12 





FIGURE 14 
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FIGURE 15 



FIGURE 16 
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