
X, 

'4' 

2‘ ' 

‘N. 

'r

é

1 

1.. ‘LY. -’ "‘ 

‘.‘ : “ , 

Z¢

3 

=1 
~ 

r 
‘I 

@- . ,.r~. 

._. 
_,' 

E», \ I ':f< ~ 

>1» 
. 

"~
.

~ 

| 1, 

.=;I“ 

=5? ., e1 

.

J
V 4w W5“ 

»=="""'“'”W-.

w 

.,»1\-§~~"i'%\~>'w~‘l- § '1; 
-“" ' '- " , . 

‘, ~-AH;-Y \-*;¥:‘§+'$"1g \,1'<~1»_;‘\i.' 
4» 

. \. » - 
. 

“m:~»»»<~ 
‘ ‘ 

\ . 
' 

_ 
- ;',~>‘ -‘*f>_‘,,--»,;'l 4.3,. 

‘ 

J. n my - 
‘ 

_ 
, 4‘ ; -1 

\.. 
:~

1 

m,
K 

_ _* ‘
4 “**~ .|/.;;"“J.;,\,~ N, 

»~~.*<‘“a<'<.:.~ ' 

~ ;_;#w< ”“ 

u.m$%i +‘ ,§~ ~. M 
_ 

‘ , . Q‘ .,. ,\ . , 

~ .' _~»£’¢.-»~';,'- ",:‘..\"‘v~;~\ ‘ 

... I :1‘ I ~ 
x 

I ~ ' 

» . {>5 ,~:¢-. 
' 

. 

- I 
_ 

' 

,4 

1/ 
w: 

‘. //Mm

. 

V.

1 

~ 
V 

<;, , j __ ._ '4 ..~_; - » ., ‘ ‘ N . t=" . _ 

‘~~ 
K1 I ‘*?‘~n'> _' |'.‘1‘n3,~1~'.T:\< M». , ‘. Y‘ 

§g:.'?‘¢‘§, ’ 
5 

' 
_';e‘"'*'?. 33* f;1 Y‘ 

\ 
F 

J:-.;"‘f:iF',_> 
_ I 

I 
4 ‘.4. V V

_ 

‘ _. .1! _ 

fin. 
'.'»'

~
z 

W‘. ,;_ 

';*@»», ~, 

.:lC,<1‘t*“”f..' ‘ gm 
- »' 

»g.~‘ 
, 
’ 

f ; 
I 

3.1. 
“\fR’§~"@ ‘ ‘" ,:.' >}:'

V ‘W ~‘;,~"@ 
ff’: 

fr 

'1 1_ ,.=. _,:___§4<.' . 

‘ \' -‘ 

;»~.,.:‘ .;\,~, ‘ is k aw" 
§_“~"-¢. ¢.... L-_,+>-- _ .~_ 2;/_,»*f;é=;g.w 4,.-jun.-t.g~, ) _

X ' "" ' 
,. 

~ ‘ "* "1.-;<~:_1s ,,".\ U, — ~_ ~“ '_~ '. '.‘= 
\ 

~ ~ ~~"@-‘~z_~», -~ 
. - »'-., ' 

, av A 
J —‘., »: ~ “A; I _><§,_':* »! :> ¢ --L ‘ ~—, ' ¢ 

' 

.}lL1 1; v~
‘ '~ ~ » 

‘ 

- 

y;~1' §*‘+'“i§; ¢"'=-< 
. J,“ PW 

A?» 73 P = "»1<,~’ 

32. 

*k\ 

MM 

(. L» 
, . '1_._ -

_ 

~ w ~ 3- 1 >, A 
. , ‘ ‘ I 

I 
- 

_ 
a -M "

. 

$4 
=7. 

»»_;g§ .

2 5 T4 
,:i:x‘@

1 

<w~‘;<‘~“i 

.4: 

*1; 

w~ 

.-

» 

w U...» ;< »~ "§§Y.. ,5 
1\‘ V\ » .'::;: my '< w ,- _~1 
‘»\_;_,,_ _a‘,..‘.,% 

.».. 

j i§“!;~4§ . + 
5' 

‘ - -1+; 

R;-2;: ‘- 

-\

Ia 

~51»

L 

_,.. ~_ _¢ ‘ 

_~v _ Kg »‘ 

‘K: 

,--w 
.4 

.“ ‘: 

‘Mi

W 
aw; P”; ~ ?2?‘~;¢»-1 V 

.> 

-I 

‘ 
‘W 

1?
'

i _;~ ~ V 

ft 

' 5» ’ ‘. \;§~£>-\'| ‘ 
.. < »' 

5 ‘ 

"- 
. 

V 
/-‘_',_=,1;;~.w~r;: ‘,‘~,~,. ~ @.,~,-*1-fie '2 » -, 

‘ -*'~»- 1 a‘ , a 
\¢‘~KN"\~»"”%.“"=‘:*¢z~r=“*'"""w‘ M“ " “Z $3 ‘» 

»' :‘;-- -: \ ~ M. H . k ,'1:,,k.,. , W 1' 
< 

L.» ,\§,€\U;‘. _
< 

i_ :*.i S7 , ‘~7~,f§.¢.1.'=‘*l’n\l 
} 

'\';|:\Y§“§‘fi;1;';‘.4k"i \~ ~ 
- V“ ._>~_,i\ M _L_,\ W 

‘ , ,1 ‘f'> K
1 

Vi’; 

‘,~ 
, ~ '_1.. '*' ‘ 

‘ u 7,: L“ 
- *5‘ I 

5 ,~ ._ ‘_ei‘f'- ,“ ‘_-a . -_;>_ ‘ ;;_,,_ __ ,_

E 

kit” 

' 

. l‘:A\ > §;*,- 
-»<»,=' ' 

@v.. -I 1*‘ 

l_ 

$1 
’j ~31 

if 

<r‘;4£$a - 

I Y‘ ~ 5 
A . %'.,_‘<~¢:.~ ~~ 

, 
‘=- 2 Y __,,__,__.-.._-..~»~\~_~_‘ ' 

-~; =, _ 

4: 

“J 

+~. Pwgv 
~¢ 

H“ "V M @- 

§'.~\, ’r;'F 

“Ra 
‘rm 
xi 

T‘ ,, 
1 -kwF 

‘xphg
‘

L 
.,» 

> 
,__;_ _‘_<‘1~»-. W .,

‘ 
‘<13’ 

r
, 

>1 

~,~.»,\ 
11 . ~

» M ma 

A- 
.» 

-1» 

' 

;‘:_‘ ' A »'w-1 3 =*“,"4* *~‘ 1» \. R? at =>=\@ * 
. 

'. 
er

" flu

@ ‘Z 
_ 1, , I

. 

5 
* ,1’. 

.» c, ;§=--' gr 
35; Av» ‘§§>»;gfi i.._3,»;B., 

~~ f ,3, 

-1* 1; ~~ ‘ 
1 "1. " 

.;;'* w _f*1;~3§%%§--@.=1@,,a§=»=**r =4 
< 

' » - “-~=~‘5;<.;i;t;:.£. - < 

~¢ 

if 
, . M; q ‘ 

‘ .:,§;1~'»;»- ~@.: 
‘K "Q33 1. 

.;:;g>"‘€l? 54" 
, 

V 

‘ Y 

"* ' W-#1-:€*~ - -“ii -~ » ,>1 ’e',~.‘ 

xi 
’ ‘ 

1 
~ . -*n§¥1<~f'¢<-‘ -M1» 1. '5; *1‘ ‘:‘,M%;§‘ ‘ ~ is 

1?

< 

mg‘; WW 

ii ";
- 

., 7- ~>‘4 

. 

" ...~q_5,;1 _ 

'""

. 

at‘. 

;;:~'~ 

iv 1‘ *2“? . ‘»;;~*». 

y 
§ 

.- 9 .,» , ,‘ l 

" ‘ 

~ \“~.,w 575"?

~ 
».' 

,1 

->9 

2 
1:,‘ 

W 
:- 

cr:’" 

Ygfiw

1 
‘§~1< 

_*~ 

1». i“ .~.

W 

.1“. 

" fi:,:.A,';<?.w”h;“‘ 

¢>%§‘-$5‘); ~‘ ‘ 

§~.,~"=§.;

2 

x 
Kw :-* 

1: 

.f ‘ 
‘ 

t ‘

4 

* P, 
;§, ‘. .»; 1;‘)! V, 

‘I 13. .@¢_€_‘ ~ 

, 
.' 

~ 
: ‘r ;.» >'*.=§@, . 

I ‘ »(_ K; F. . 

_ 

- 1 .‘ 
> ~' 

,5-S ‘; ,=;,.f 

‘5’,4:'.Qm

W
H 

vi, 

A-~+*§!"

'

‘ 

Mi.‘

~ 
‘me: : ,4Q1 .‘ , 

11;: 
“wfi

3 # PM Q 
Q; .141)‘; 5‘ K .' 

4‘ >1 f~ ,:» ~‘ 
\ “~ 

, 
.‘ - » »r ~ - 

‘ --* ,,;?%*‘»%' ‘li- 

<.~ 1 ‘~ 1. =1 m , 
1 , --4 t ;‘~<_‘: *.~ .~ 

V; 
'5.» 

, 
f§:.’~>$%- 1; ~ - 

1| = 9% ~‘; 
' 

V, Q _ ‘ ‘Eli 
» 

_. L. 

T1 

“Jw 

‘~:1_ .' 7*’ ‘ A13, U» ' ~ 
fi , _r __: » *-_ . __ M =~. , (ii 3 Q, 

. ‘ 
.. Y‘ ., .=‘,;. ,' u;. "‘ 

-1 
. _. __ _:~ _. 

‘ 

.,‘, V, .,__., 

- 1 I,‘ .>“ ~ 
_ :9 _ 

~ 
" ~ » ~ ‘.53. - Q "._ 

. 
~ » ‘ 

f x ‘* 7'2»; ‘ ' ;.‘.':~.* r » ~“* ‘.= - -» ' ‘M’. M». .
I 

‘» ~‘ 
‘ pf ‘Xv J4‘, F» . 

4' -223* ‘< ¢ 
~~ 5' W, * 

$ 
’* A ‘~r.>“ ~, ».:»~k~ ‘W , 

*»‘5R r .» . 4 
,. ':~ J ~ ~ X" X1. = ‘ *5 1- "w; ;,?,~', 

. 1 .. w"*~_,»15 § ‘ 
\~ ‘,1, 4,“ 

, 

1» ; §1,,~ . 4 Miifk =~§<"*,$T,;,1‘» ,.- .: 
‘mf~§*° “ ‘ ~ 

“I "?“%* ~ 
‘ ' * ‘ ‘- 

_ 
” m == "W ‘W 

31;; wk ;-.. > 
’ _' ";;“""J~2“'f:;‘ 

*1. T"l 

§€“"’~1|V1~ Lu; )1~ 
:71 

» 
.: 

rflfjgz

: 

wg

_

' '41’ 

;.w-» ,r~. ' 

J‘?-5”“ 13> ma 

,=»,,A.‘;A 

"~???<‘ei‘ 

_' 

‘IQ 

A 
.3 

[ii

I 

,‘ 

xv 

\ 

flu 
_€, 

~ *~, 

$1? 
F

Y M 1t~; I 

*»»“W ;_,§’:.,-,: 

3. . _ 3- an _ 
. ‘_

J 

‘!’.*"»§ ‘ ‘ q 5 " ‘ V‘ ’ “ <\ ‘* 
\ . N 1 .. 

I ‘ r , 1 ¢ \ r > 4 
Q; , 

~ 
v. ;‘_~~.1 M ii» ~ L 

* 
é,.§- 1 V,‘ $_;j;r- r ‘_‘ ;- __ 

- ;" ~‘ - Y, ,.- yffi ,» ‘ P: a 
- ' 1 1 , _"

_ 

_ K‘ ‘ ' ‘-2 f~i~l'i 
>7 

~ 
"‘ 

_ 

K 

. 
"“~\-\, 1*», *~;{"_ 

' 
“ '1,‘ ~ 

_ 

‘ 
‘__‘__' 

K 
. 

‘ 

' 

§ . 
. _;‘ J-~_"'(; 

V 

\ 5 -‘ ““»<§’:' K H 
- '1" I 

' . 

- \ _ 1 . 
‘ » 

_ 
§ 

_ ; , 
‘ 

, M 
~ , _ 

/ 
7 R ‘ 3 '~1~\~< =: ‘ 

’
» 

,.,,..;@;~ ; 4» 
,~ /2 9, I. , 

v Y 

226 
N87 
No. 87-15 

-Aw 

,, 

1 
<.¢

.

3 if .~'

\ $11 
LP 

~». 

g \rL\; Y%'-1 

V 
" .~‘ 'g=»::”"I"'* 

‘- 

'X 

-» ~.»{_»'~:+.j,,.- . . \\ 1 “ 

» ‘iii?-1. Y‘ ~» __ - 

r»/"‘> ' ' 
. 

~ ' 5:; ~ 
. 

' 
_,~*~€" r ‘

* " ' ’ 
~:» . 

' .~=~‘ - »Q ‘ml Q" 
, 

~ w ‘

\ 

‘ ’ 

~s‘\r\ “ 

. > 

ML-W-A!»-“.“.1".'.~?i§'l.' fl m 

51*?‘ 
‘ L, 1;; ' 

’ ;¢:a>' '

, 

.' 

@
_ 

:“1

. ~.'= A 1:@4- - ‘ Q» 
.7

‘ 

.5»-$".'2s;; ..¢ -, 1,: ‘:~ 
, w ~ ~ 

, , 

i¥*‘L7Zn’-1 “. 
. 

‘ ‘ii; '.~4L ~ 
>1 

' 
. ‘ 

-. - 

h 
‘ 

* 

3; 
.‘ 

._ .*~L;_§', j; 

. 

‘ 
M1 
M gay; ‘ )1 W; ~w 1‘ I?§?“f*;,,§:.-\'§,;\7;‘. ' -'/‘*“#*“: ‘R1;-'-X ‘A;'~*"<>;5w~4, 

~ ~~*~ , ."~.-‘ 1;»: k}“'~,*‘ , 1 

. .'=* '. .s.1'~,T_ ~

, 

‘ 
_ , 

' ' ‘ '- V '_ 

3 ~\~/L » 

', ,-»a<z,\_,....‘._" >_*
_ 6“ J»;__, F§> . 

w _T _ 1



f
\ 

MEASUREMENT OF SEDIMENT LOADS IN 
ST. CLAIR AND DETROIT RIVERS

_ 

by 
Y.L. Lau and 8.6. Krishnappan 

Hydraulics Division 
National Hater Research Institute 
Canada Centre for Inland Haters 

Burlington, Ontario L7R 4A6, Canada 
February I987 

NHRI Contribution #87-15 

RRB-87-30 

2 

I

I

I

1

v 

\

i

I



MANAGEMENT PERSPECTIVE
' 

The total contaminant load in a river consists of dissolved 
contaminants carried by the water as well as contaminants carried by 
the suspended sediments and sediments moving on the river bed. The 
proportion carried by sediments can sometimes be quite significant. 

This report details the measurement of the suspended and bed 
sediment transport in the St. Clair and Detroit Rivers, which, in 
conjunction‘ with another study of contaminant concentrations, will 
provide data on the total contaminant loading. and the proportion 
carried by each component. 
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PERSPECTIVE DE GESTION 

La charge totale des contaminants d'une riviére englobe ies 
contaminants dissous transportés par Ies eaux memes, les contaminants 
charriés par les sédiments en suspension et Ies sediments qui se 
déplacent sur ie lit du cours d'eau. La proportion charriée par les 
sédiments peut parfois ‘étre trés importante. 

Ce rapport donne en détail les mesures du transport des sédiments 
en_ suspension et des sediments de fond dans Ies riviére Ste-Claire et 
Detroit qui, conjointement 8 ceiles d'une autre étude sur les 
concentrations de contaminants, devraient fournir des données. sur la 
charge totale de contaminants et Ia proportion des contaminants 
charriés par chaqueconiposante du systéme 
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ABSTRACT 

A field measurement of sediment loads in the St. Clair and 
Detroit Rivers was carried out as a part of the Upper Great Lakes 
Connecting Channels Study related to the contaminants transport in these 
rivers. Three transects in the St. Clair River and two transects in the 
Detroit River were sampled for bed load, suspended load, average flow 
velocity and flow rate. The measured data indicate that the sediment 
transport in these rivers is controlled by the sediment supply rather 
than the carrying capacity of the flows. The data collected in this 

study are being used to calculate the division of the total contaminant 
load among water, the suspended sediment and bed sediment. 
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nésuné 

Des mesures sur le terrain des charges sédimentaires des riviéres 
Ste-Claire et Détroit ont été effectuées dans Ie cadre de 1'étude sur 
les canaux reliant Ies Grands lacs d'amont portant sur le transport 
des contaminants dans ces cours d'eau. La charge du lit, Ia charge de 
matiéres en suspension, Ia vitesse moyenne de l'écou1ement et le débit 
ont été échantiilonnés dans trois sections de la riviére Ste-Claire et 
deux de Ia riviére Detroit. D'aprés les données mesurées, le 
transport des sediments dans ces riviéres est régi par l'apport en 
sédiments piutfit que par’ Ia capacité de transport des eaux. Les 
données recueiilies dans cette étude sont utilisées pour calculer 1a 
répartition de la charge totale de contaminants dans les eaux, des 
matiéres en suspension et des sédiments du fond.
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1.0 INTRODUCTION 

As part of the Upper Great Lakes Connecting Channels Study, a 

field measurement of sediment transport was conducted in the St. Clair 

and Detroit Rivers during the spring of 1986. The objective of the 

field measurement was to quantify the bed load and suspended load 

sediment transport rates and the associated contaminants loadings so 

that they can be compared with contaminant loadings in the dissolved 
phase. 

The only reported measurement of sediment load in the 

St. Clair River is the one carried out by Duane (1967) which was done in 

1965 by sampling only one cross-section. Duane‘s observations hinted 

that the sediment transport in the St. Clair River could be supply 
limited. However, no attempt was made in that study to verify this 

opinion. In the present study, sediment load measurements were carried 
out at.three different cross-sections in the St. Clair River and two 

different sections in the Detroit River. In addition, equilibrium 
sediment transport rate (capacity transport rate) calculations were 
carried out for these sections for the purpose of testing the hypothesis 
that the sediment load in the St. Clair River could be supply limited. 
The details of the field measurement of sediment load and the 

computation of equilibrium sediment loads are outlined in this report. 

2.0 DESCRIPTION OF SELECTED CROSS-SECTIONS AND FIELD PROCEDURES 

The cross-sections selected for the present study are 
indicated in two location maps shown in Figs. 1 and 2. Fig. 1 is for 
the St. Clair River and Fig. 2 is for the Detroit River. Cross-section 
1 is downstream of the Black River confluence and it is near the tunnel 
for the Grand Trunk western Railroad. This cross—section is referred to 
in this report as the Imperial Oil Transect. Cross-section 2 is 

downstream of Dow Chemical and it is referred to here as the Sun Oil 

Transect. The third cross-section is at Port Lambton and it is called
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the Port Lambton Transact.’ The two cross-sections in the Detroit River 

are called the Rouge River Transect and the Gross Ile Transect. The 

Rouge River Transect is just downstream of the River Rouge confluence 

and it is upstream of Fighting Island. The Gross Ile Transect is a 

divided channel around the Grosse Ile Island. This cross-section, 

therefore, spans two channels, namely, Trenton Channel and the Ballards 

Reef Channel. 
Except for the Port Lambton Transect, all the other four 

transects were sampled from a barge called SEA TRUCK (see photo in 

Fig. 3). The Port Lambton Transect was sampled from the CSS ADVENT (see 

photo in Fig. 4). In the case of SEA TRUCK the position of the boat was 

determined using a sextant. In the ADVENT, a radar device was used to 

measure the distance of the boat from the banks. In each case, the boat 

was positioned at a number of stations in a transect and measurements of 

depth of water, velocity, suspended sediment concentration and the 

bedload transport rates were Inade. The total number of ineasurement 

stations varied from transect to transect, ranging from 8 to 10. 

The depth of water was measured using an echo sounder. The 

depth average flow velocity at a measurement station was determined by 

measuring velocities at two points, located at 0.2 and 0.8 times the 

total flow depth from the water surface and averaging the two 

velocities.The velocity at a point is measured using the Price current 

meter (see photo in Fig. 5). The depth integrated suspended sediment 

concentration was measured using a U.S. P72 suspended sediment sampler 

(see photo in Fig. 6). The sampler was traversed up and down the full 

water depth at a fairly constant rate. The sampling time varied between 

30 to 100 secs. The sample volume collected ranged between 300 cc and 

1000 cc. An Arnhem bedload sampler (Fig. 7) was used to collect the 

bedload sediment samples. An underwater video camera, mounted about 30 

cm above the Arnhem sampler, enabled the operation of the sampler to be 

viewed on a TV monitor onboard. This is the first time that an Arnhem 

sampler has been fitted with such a video system. with this video 

‘system, it was possible to ensure a proper deployment and removal of the 

Arnhem sampler
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as well as a proper orientation of the sampler with the flow during 
sampling. This feature was very useful when operating from a small 

launch on a fast flowing river such as the St. Clair where maintaining 
the launch at a fixed position required both anchoring and engine power 
and was sometimes rather difficult. The sampling time was maintained 
constant at 15 min. The size of the opening of the Arnhem sampler is: 

width = 3 inches (7.62 cm) and height = 2 inches (5.08 cm). 
Samples collected “by the suspended sampler and the bedload 

sampler were analyzed in the laboratory using the standard procedures. 
The suspended sediment concentration was calculated as milligrams per 
litre. The bedload sediment collected in the Arnhem sampler was dried 
and weighed. The calculations of bedload was then carried out’ by 
considering weight of the material collected in the sampler, sampler 
width and the efficiency of the sampler. On some bedload samples, size 
analysis was also performed. 

The locations of the measurement stations’ and their 
coordinates in terms of longitudes and latitudes for all the transects 
are shown in Figs. 8 to 12. 

3.0 RESULTS AND DISCUSSION 

The results of the measurements are summarized in Tables 1 to 
5 for the five transects. In these tables, the flowrate, suspended load 
and bedload computed for panels between measurement stations are given 
together with the total values for the whole transect. For the computa- 
tion of these loads, certain assumptions have to be made. First of all, 
the measurement stations in a particular transect do not all lie in one 
plane (see Figs. 8 to 12). This is because of the drifting of the boat 
when it was anchored. This problem was worse for SEA TRUCK than for 
ADVENT. In performing the computation of loads, the measurement 
stations were shifted in the longitudinal direction so that they all 

lie inea single plane perpendicular to the flow direction. Secondly, 
the depth, velocity, suspended sediment concentration and bedload
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transport rate were assumed to vary linearly between the measurement 

stations. Thirdly, the suspended sediment concentration at the banks 

were assumed to be equal to the values corresponding to the measurement 
stations nearest to the banks. Finally, the bedload transport rate at 

the banks were assumed to be zero. 
From Tables 1 to 3 corresponding to the St. Clair River, it 

can be seen that the suspended load varies only slightly between tran- 

sects. These values range between 2500 to 3000 metric tonnes per day. 

The same cannot be said for the bedload. It shows large variations be- 

'tween transects with the greatest jump between the Imperial Oil Transect 
and the Sun Oil Transect. It also shows an increasing trend in the 

downstream direction. The bedload transport rate at the Imperial Oil 

Transect is 0.67 metric tonnes per day while the same for the Sun 0il 

and Port Lambton transects are 3 and 3.6 metric tonnes per day 
respectively. 

The data for the Detroit River (Tables 4 and 5) show much 
higher suspended load in the Detroit River than in the St. Clair River. 

The Detroit River values are more than double the values of the St. 

Clair River. Bedload transport rate, on the other hand, is much less. 
It also shows a decreasing tendency in the downstream direction. 
Bedload transport rate at gross Ile transect is about 1/30th of the 
value at Port Lambton of the St. Clair River. The grain size distribu- 
tion of bedload material collected by the Arnhem sampler had been 

analyzed for a representative sample in each transect. The resulting 
grain-size distribution curves for all the transects are shown in Figs. 
13 to 18. The median size of this material in the St. Clair River 
varies between 0.31 and 0.34 mm whereas the same in the Detroit River 
varies between 0.40 and 0.145 mm. 

4.0 , CAPACITY TRANSPORT RATES 

The video pictures from the underwater camera attached to the 
Arnhem Sampler showed clearly that a majority of the bottom area of the
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St. Clair and Detroit Rivers was fully armoured with surface layer con- 

sisting of coarse gravel and cobble size particles. Occasional patches 

of sand layer were observed, mainly at the Port Lambton Transect. It 

was also noticed from the video pictures that the armour layer is stable 

and that the material forming the bed does not move. The matrial that 

is being transported as bedload and suspended load can be classified as 

fine sand and they have to come from upstream sources. Duane (1967) 

concluded that the nearshore bottom and the beaches of lower Lake Huron 

formed the primary source of sediment for the St. Clair River. Other 

minor sources of sediment could be from tributary and other inflows. 

Bank erosion does not appear to be a significant source of sediment in 

these rivers. 
y 

The armoured nature of the stream bed suggests that the 

measured sediment load is supply dependent, i.e., the flow has a greater 
capacity to transport than the availability of the sediment for 

transport. Equilibrim transport rate (capacity transport rate) 

calculations were carried out for the St. Clair River to get an idea of 
the maximum sediment transport rate that can be expected in the river. 

For this computation, information on bed shear stress is needed. For 

this, the flow predictions of Advanced Scientific Computing Ltd., 
carried out for the Ontario Ministry of the Environment (Ref. (2)) were 
used. These predictions were carried out using a three-dimensional 
turbulence model for a flowrate of 5500 m3/s in the St. Clair River 

between the Blue Water Bridge and Port Lambton. The characteristics of 
flow as predicted by the model for the three transect locations are 
summarized in Tables 6 to 8.

‘ 

These tables also contain prediction of total sediment load, 
calculated using the equations of Ackers and White (1973, and the ratio 
between the suspended load and total load using the concept of Einstein 
(1950). From these two, the two component loads suspended load and the 
bedload are computed and shown in the last two columns of Tables 6 to 

8. From these calculations, it can be seen that the capacity transport
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rates for both suspended load and the bedload are much higher than the 

measured values. 
From the Imperial Oil Trnsect, the capacity suspended load is 

almost four times as high as the measured load while the capacity 

bedload is close to 150 times as high as the measured value. The 

capacity transport rate shows a decreasing trend along the length of the 

river which is reasonable because the slope of the river goes down on 

the downstream direction. 

5.0 SUMMARY AND CONCLUSIONS 

It is quite obvious from the measured data and the calculated 

capacity transport rates that the sediment transport in the St. Clair 

River is controlled by the supply of sediments from upstream. At 

present, the transport rate is very much below what the river can carry. 
The increase in bedload between the Imperial Oil Transect and 

the Sun Oil Transect is rather mysterious. The data indicate that there 

is some source of sediment somewhere between the two transects. 

However, the likelihood of such a sediment supply from tributaries or 

bank erosion between the two transects is rather remote. 
The data from this report are being used to calculate the 

division of the total contaminant load among the water, the suspended 

sediment and the bed sediment. It is ossible that this ratio can 

change if any upstream developments lead to any significant increase in 

sediment supply. - 

ACKNOHLEDGEMENTS 

A number of agencies and personnel were involved in the field 

study._ The Technical Operations Division of the National Hater Research 

Institute provided the boats and the technical support required for this 
operation. Bob Myslik and Barry Snith of Water Resources Branch, 

Guelph, provided the techncial expertise and the equipment for making 

l 

I 

I

4

l

E



-7- 

flow and sediment transportvmeasurements. The same office provided the 

laboratory and analytical support for processing the sediment samples. 

Mr. Bruno Tassonne from Hater Resources Branch, Pacific and Yukon Region 

at Vancouver, provided guidance in the operation of the Arnhem Sampler 

in collaboration with the personnel in the Sediment Surveys Section in 

Ottawa. Mr. F. Dunnett and Mr. D. Doede of the Hydraulics Divison, 

National Water Research Institute, provided technical -help during the 

study period. ‘



Z 8 C | 

‘ REFERENCES 

Ackers, P. and N.R. White. 1973. Sediment Transport - New Approach and 

Analysis. Journal of Hydraulics Division, Proc. ASCE, Vol. 

99, No. HY11. 
'

- 

Advanced Scientific Computing Ltd., Waterloo, Canada. 1986. Prediction 

of the Three Dimensional Flow in the St. Clair River. 

Contract Report produced for the Ontario Ministry of the 

Environment - Requisition No. 138963. - 

Duane, 'D.B. 1967. Characteristics of the Sediment Load in the 

St. Clair River. Proceedings, Tenth Confrence on Great Lakes 

Research, International Association for Great Lakes Research. 

Einstein, H.A. 1950. The Bed Load Function for Sediment Transportation 
in Open Channel Flows. Technical Bulletin No. 1026, U.S. 

Dept. of Agriculture, Washington, D.C. 

4“

l

> 

F 

l 

| 

| 

s

I

I

I



m\mEHNmm 

"WLQU§_m§u 

FO 

MaLOu 

>EL<

m 
= 
gakk 

o5_fl> 

U9fiL30_u 

H.%%@

W 

@%_@@@N 

Q'QN¢@ 

RQ§@_Q 

=OrpUUm 

us” 

LO‘ 

_U“Oh 

©_M% @.%N ¢_H& @_fi@ @.N@ %_@@ M_¢N N_¢w 
@.@©N Q_%%#Q 

Q@_QN 
N¢_@@H @H_NCN CM_NQH ¢@‘@EN C¢_NM$ @N_$¢%

_ 

¢§_@N% ®N.§@@ §@.Q¢@ 
@@_O@ 

@_Q@ 
@_@flM O_@@@ @_RN@ Q_@@< $_@m@ ©.@%Q fi_©@€ 

@_QH@§ fl‘®@%% 
O.%%€ 

%§¢¢_Q H¢¢O_Q ©@HO_Q N@@"_C @@@@‘Q ¢@N¢_Q €@@C_Q %©N%_Q ¢%RQ_Q
O

@¢Q¢QMM

_

M@@ 

Q¢%_% @G@_H N&Q_H ©@M_% @@M.% @@#_% Q¢¢_H M@&_% M®N_% @¢&_¢ 

€_%€ m_#€ N_N% @_@% o_¢H m_°% §_c% E_°€ m_°% Q_°% 

;§9__ 

5 
m__u__~__ 

§__ot___ 

____ 

__§§

_ 

E__§____3 

E:____

_ 

2_____\__a

E 

ans 

W_UB@m

’ 

RM‘ 

E 
:__ 

LU_QEMm 

EU=:L<7 

§_ 

GO¢“NLp§UU§O° 

W\E 

CFV 

Amflflpfla 

Epy 

AWQLGOE 

CPV 

Ot_m 

“=US@$¥$c 

GP 

M_UCUa 

mCULU$*_Q 

CF 

vUpOU__C° 

pfiflawfiflm 

ufluflwaflflm 

V¢_UO_Q> 

3O_m 

=~U_LUE< 

Efibk 

C__“fi“m 

uMOJ 

Uflufiflawflm 

Cw 

UpML3O_m 

_MFLU“M2 

‘Um 

UOmMLU>< 

spawn 

;O_m 

UmflLU>< 

MO 

gumfln 

UOCMQWPQ 

_MLU“@J

_

_ 

bl 

_;. 

___"_ 

_"____ 

_I|___\ 

‘__’_“"___11__‘__P

_ 

fig 

HM_o 

nama 

mmLPmE 

ON@

n 

ENUv3 

_~P°P 

Q00 

"wL=P~LoQEOP 

gufiux 

@mmH 

E62 

SP“ 

’~P~G 

HUUMCMLF 

_*° 

_M*LUmsH 

LU>P“ 

L?fl_U 

_“m 

0:“ 

:_ 

WpCQSOLSMMU:_pL°aW=MLP 

“§UE?v0m 

fiv@J§<P



m\mE 

HNMQ 

"MLUUBPUEN 

$0 

WQLOU 

>€L< 

_m_= 

E§L¥ 

uU>_QUUL 

U:_U> 

Q¥fiL3OP& 

Q_§®OM 

@%_N¢§@ 

%‘@Qw@ 

@NRH.N 

=°FPUom 

“:9 

L°% 

_”#°F 

MN1NN 
N.%@ GUBH 

Nluaw NImmM 

_ 

BORN >~Imm_ 

“Om”: ~_oofl 

$5
_ 

@@_§%% QC_@¢% @@_@&§ @%_&¢Q 
§@_©@ 

NN_N@@ %@.@@@ 
@¢_@Q 

@_@N ®_@%M M_@O@ 
®_%€M% 

%‘Q@@ ¢_CQN 
%_fiN§% 

M_N@@ §_¢ON 

®@¢Q.¢ R@€N_D Z@¢C_Q

_ 

D%%$_Q €@N§“C §%@M_C ¢N¢%.O @%M¢.@

_ 

®NN€‘O

Q NH@@%Q@

_

@@ 

w@Q'C QQC_% O@D_% @RN_% §RN_% ¢§%_# ¢#Q_% @©@_C 

N&_¢ 
wfl_¢% @Q_Q% @@_Q€ ®@_¢% NH.%€ @@_Q% 

D¢_@ 

Q_Co@ G_QQ@ Q_O%@ O_@@M Q_°M@ Q_@%@ @_N§% 
C_O@ 

CH@Q§@@QMN% 

_hM‘\mqV 

A»@v\WU€§Op 

y_LPOEV 

A=PE\gm 

CF“ 

4AJ\mEg 

RF 

WFO_flL 

Wfiflflfim 

AM‘ 

E 
CPU 

LUFQEQW 

EU:§L< 

C? 

CO?pML“BUUCD° 

yflxs 

Cvv 

AWQLPUE 

CPV 

AWULuUE 

5*“ 

Qu*m 

‘Oz 

QEULOF 

we 

uCULU$$wa_¢$ 

W_U§flm 

%=ULU$**° 

CF 

UU“OUF#Ou 

gflflevuflw 

gflvflflqflflw 

“_UO_Q> 

30_L 

CflU*LUE< 

EOLP 

=O‘pU9m 

§_ 

vflO_ 

Q” 

QMOJ 

vfluiwnfifiw 

CF 

Qpfl&3OPm 

FMFLUHE2 

“Um 

uUmMLU>< 

zpnfla 

3O_u 

Qm@LU>< 

$0 

gyaflo 

UUCMpM_G 

_flSU“fiJ

__Q______.__ 

pUUm=MLF 

Fvo 

Cflm 

LU>’x 

LPMFQ 

_pm 

0:“ 

CF 

WH:UEQL=MMQ= 

uLOaW=fiLP 

“§UEPvUm

_ 

N 
@J$‘P 

B 
_-Q 

--Q 

___! 

=__-B 

g-- 

_-___ 

_--a 

E-_-_ 

_--_ 

_____ 

i___; 

Q--I 

AAEE 

¢m_° 

Hcma 

MQLPOE 

mm”

u 

‘aw’: 

_flu°P 

V 

0°“ 

"UL=vU&uQEUk 

LQHM: 

wmwfl 

E“: 

‘pm 

“UHUD



W\mE 

mqmw 

UWLUUCFUCM 

*9 

WQLOO 

xgh‘ 

.m_: 

EBB“ 

“0>FUUQL 

Q=PN> 

UaML3OFm 

@__N@m 

€@_EN@N 

M.N@@@

_ 

@@N@_N 

A 

BOFiUQm 

Hg“ 

LO‘ 

PGQOP 

E_¢% 
m.@@N °_H¢@ 

w_m@mH w_N@flM

_ 

m_°°% %_§w/ 
§_mR R_% 

D§_N% 
@@_¢MN %@.MHm MT_®¢¢ ®H_@@N Q%.&@N Q¢_¢@¢ QQ_#§@ 

OC_N@ 

Q_§ 
Q.@%N @.$C® 

Q_@@N% 
@_N@@ %_¢Q§ 

§_%©%% ¢_§O€% 

Q_@@ 

@Q®¢_C §¢@¢_C §§QO_Q @¢N%_N M%@%_Q &§@O_Q ¢$MQ.@ §R%¢_Q 

HM¢QQQ¢@

_

N 

@@§_Q @@@_O M@@‘Q @§Q_% ¢m¢_% @QO_H @QQ.% Q@©_Q 

@@_¢ 
fiQ_@_ N@_@H @M‘@H Q@_wH °@_NH m@_¢_ 

@%'© 

A33": 

g£_\g____3 

UIPUEV 

Cr 

M_WLfim 

WFUEUA 

“__9_$_rE 

gflat 

E
E 

32 

_W\

E 
Cvv

w 

LmFaEMm 

5035;‘ 

CF 

=D*PflL"=UU¢Oo 

AW\E 

CPV

7 

AMULHUE 

cwv 

AWUL“UE 

§_V 

Ufipm 

Ma 

%:QLQ$$_Q 

E? 

uU“Oo__OQ 

ufimsvvwm 

flflflfiflnwflm 

hP_UO_U> 

;O_L 

=$O_LQE< 

EOLm 

§O?p@pm 

C? 

“@OF“Um 

uMOJ 

vuucoamam 

\ 

=_ 

wpML:°_m 

_fiwLUpM£ 

‘mm 

‘omMLm>¢ 

gag”: 

3°_m 

mm~LU>< 

*6 

‘Pawn 

UUC$p@*n 

FMLUUMJ 

A=_E\E@ 

=3 

:55 

_____ 

3: 

"5 

$§___ 

gm 

£35 

__3°___ 

$2, 

§__:_§____g 

:0; 

32

E 
‘E 

fig 

fi3__E___ 

CQPAEUJ 

HWLOQ 

L0,?“ 

L_fi_° 

_pw 

0:“ 

=P 

Mp¢QEOL=MMU= 

uLOamGfiLP 

“CUEP‘wm 

'M 

@A§<P



fine 

:8 

;_§_____b__m_ 

“3 

abs 

E‘ 

_m___ 

gt 

3332 

U3: 

U__:__3OE 

COrfiuww 

@;P 

O“ 

_flPOP 

N¢.w@§§ 

#_§€% 

‘ 

_‘ 

‘T 

@_w¢ %_¢R %_¢m @'°¢ @.#@ @_NN 

NN_@@% %€'@@@ 
@O_Nw@% 

M§_§@§ @%_§@m 
@M_$N@H @O_#$@€ 

@@_@N® 

‘} 

¢@_N@Q@ 
¢©_O@ 

@N_h¢@ 
©@_NN@# @N'§@§ @@.@N@ $#.©&§ €¢_N@R MN_O®© 

_ 

qfi 

_ 

at 

\_ 

gém

\ 

g 

¢%@#_Q 

_ 

H@¢Q‘C $¢MZ_O ¢©NQ.¢ ®ONO_Q N¢H¢_O G¢fiO_Q 

@N N% M% ¢# @# QQQ Cfi 

@§¢_Q Q@&_O @N®.@ ¢@h_C ©%N_fl F¢§.¢ @OQ_O NQ@.O 

“ 

i?‘ 

Ar 

A 

T

? 

@@_¢ 
@¢.N# @%_%# &C_%% ¢@_N£ %N_¢% @>_$% @@_§ 

Mfi§ @H© O@€ C@@ @%E @@N @$% G@ 

OHQ
fl

©@ __ *HNfi 
\_ 

gflzg 

;g\$____3 

U 

5 

3 
V

_ 

5 
__:m_§__ 

22: 

hi 
___ 

__: 

__%___3 

___U_____2 

5 

__3:________8__8 

A35 

__: 

AWu______UE 

___:

7 

$952: 

C: 

2:“ 

62 

__E9_$“w_E 

“___2$h_E 

_____ 

£2: 

m__2$:__ 

____ 

©3858 

p__U______v$ 

g_v_§_M__m 

>$8__g 

3°: 

__s____g__ 

E9; 

5:3” 

_ 

5 

__g:_£_ 

gs 

__%___g2_w

> 

___ 

V8__~____5_“_ 

__2__3£_u$ 

_ 

gg__2_< 

53¢

_ 

gm 

%_~___2& 

3 
sag

_ 

8__3m=_ 

_p_33 

___pu___V 

¢;___\___m

G

\ 
Q5 

‘ _

‘ 

j

_ 

EE 

¢$N_Q 

nomfl 

wmL#uE 

@N@

u 

FPflr3 

FnP°P 

Qofi 

_ 

"mL=P“L”flEuP 

“$963 

@&@% 

%~Z 

SP@H 

"m9~D 

_U:~m_~__ 

2 
___;_§3 

2; 

GM 

w__:__€ 

$0 

E95“? 

___U$____W_; 

U

‘ 

:2 

:23: 

2: 

E 

$_§__2__:£ 

?_OmW__:___ 

PCU___:vUW 

¢ 
wflnfik 

‘_

_



W\mE 

mfimm 

;_=_§;_w__m_ 

$0 

W939 

”.%@ 

Q¢.Q@~& 

H©_N€@@ 

@§N¢_ 

_~u°P 

Eé 

_m____ 

gt 

3:32 

gz; 

m_:__3___h_ 

N_¢% N_Q@ M_NN 

m¢_Qw@H Q$_@©@% @@_¢$NN 
©@_%¢m N¢‘@Q% 

&@‘N@@ M¢_@©@ 
¢¢.®N@% @Q.@NCH 

$§_%§_ 

Q? 

M@#_ 

@NOO‘ 

ON 

QQM. 

Q 

N©¢_ 

@QQO_ 

OH 

@@¢_ 

__flm 

CN.©@%& 

w@_%N@H 

QN_Q wN_& M@_@ ©__@ 

@RmH Q@@H Q§Q OQQ

U S 
$95 

Eat 

@@%Q_ 

F~P°Pfi=% 

mu=~PmFU 

_QL”U~J

_ 

©_@ ¢_@ @_Q§ ©_@ M_N %.@ 

%%_N§ 
%@_¢@M 

O%_©mN% 
%Q_¢@& N®‘c¢% 

Q%_QN 

§@_@§ 
QN.@§N Q@.N¢@ NR_%N$ N@_#§% 

QN_O@ 

@@QC_ 

%% 

NNm_ 

@¢QC. 

GM 

N@R_ 

m@QQ_ 

%H 

¢@@_ 

@NQQ_

Q 

§¢@_ 

¢NOO_ 

%§ 

%@@.

_ 

@€_@ @%_@ N@_@ @@_@ N%_§ 

QWM COM @@% @& CM 

E23 

;g\$_____s 

3:25 

7 

__;___\___m 

C:

_ 

___ 

W; 
mg 

£23 

?\
E 
Ev 

__O__a__am 

E25 

E 

__O:M_:____UO__8 

ta 
Ev 

_3__3___ 

EV 

?U_5U___ 

__: 

Oz 

£_U_a¥_'_E 

H__?§_L_E 

E 

£2_g 

m__2OtE 

5 

330:8 

_ 

__EU_______$ 

__2=_U%__m 

p_g_g 

gm 

__3__9____ 

___O_c_

W 

5:3” 

SE5 

___ 

:32 

:3 

__%___O__2_m 

E 

U:___3_“_ 

Gzgg 

V3 

g:___:< 

__§__ 

ZOE 

UmP_U>< 

__O 

sag

_ 

8__£2___ 

_23q_

E 
QC¢N 

FMPQF 

“E 

O@®% 

"_~==~S 

¥mm£ 

mCLd__M@ 

ME 

¢m¢ 

"_~==~§@ 

coficogk 

"wSPUF3 

_~P°P 

mfimfi 

AM: 

SP@% 

Hufidfl 

A__2___gu 

$0“ 

gzzg

+ 

__U___;__U 

__B__m____: 

ram 

ggtsgw 

\_33__:_F 

£3 

:35 

:>:_ 

‘$038 

05 

____ 

t2_w___~_____ 

n___m___:V~m 

m 
uAa<h



C_@@ 

@_H¢N§H 

@_C¢M%é 

xflu\WQ§§QH 

U?LPmE 

=_ 

Nwrow 

°@¢%_: 

@¢é%_OmH 

©N.%MH 

w\W¥ 
N§*aw 

m=°*P~=3v 

oP_S3 

Q 

wgoxui 

@cFwZ 

*¥ 

t~°_Vu§ 

Po 

:°?P_=_¥uU 

m_=?uPm=P@ 

@=FmZ

* 

QQCOJ 
©_OC_J

_ 

>MNQO_ 

@NCO_L @NQO__ 
@NQ@_ 

@N¢@_; 
@NCC_ 

%NOQ_h %N¢O_" %NQO_H 
@NQQ_ QNQ@_ 

NHQ¢__ 

M¢QC¢_ 

N@§¢_Q ¢%@%_¢ §HRN.C @@#M.Q ¢@E@.C ¢QNM_Q Q@MM_Q 

V 

N@%@_Q @QC®_Q $@@N_¢ @¢@N.@ @@EN_Q @¢@N‘Q NCON_Q Q@C%_Q N@H@_¢ 

@E%C‘Q 
@fi%.Q ¢§N_O @¢@_Q N¢M_Q %@M.Q @@E_O 

~N@_Q_ 

MCM_O N@N_O §@N_C ®RN_C %@N.@ NQN_D %O%_Q 
@@%Q_O 

%NR@_O @§$¢_O ©€@@_° RN@@.@ @N@@_O HN@@_O HN@@_Q ¢H@@_Q %%@@_¢ @O¢¢_Q Q%@@_¢ @O@¢.¢ ©©m@_¢ C%@@_Q %@®@_Q @NR@.Q 

@M¢_ @¢O_ @@Q_ ®@Q_ 

_ 

%@Q_ Q@Q_ Q@C9

Z 

%@°_ ~©Q_ §@¢_ @@Q_ @@Q_ §@°_ $@Q_

_ 

@@G

_ 

%¢Q_ 

w§@_@ Q¢@_° §@°_fl @N%.% @H%_€ H%#.% mH%_% @@o_H §w°_H &$°_H @§O_% %©Q_% N¢°.% m@@_o @§w_O °$@.Q 

%%_® %@_& 
N#_%% ¢@_N% @C_NH C@_%H €@_#% @@_O% %¢_@% @N_Q% N¢_Dfl @%_DH 

Q@_@ 
@N_O_ 

NQ_@ NN_M 

§_@N@

_ 

@% 

%_@@¢ 

@% 

@_C@Q 

¢% 

N_@NQ 

m# 

@_§@M 

N§ 

@_%@@ 

%% 

N_@NM 

Gfi 

Q.@@N

G 

Q_Q®N

Q 

@_€NN

§ 

Q_§®%

@ 

O_@@%

V

@ 

fi.@€%

Q 

M_@@

M 

Q_§@

N 

N_R%

% 

m_E\m¥ 

m_E\m¥ 

m@ 

"3 

m_E\@X **Po 

*PO\Ma 

M\E 

cw 

M\E 

WQLQU 

E

U 

»P_u°_m> 

Lmugm 

=* 

%Pru°_m> 

c? 

ZQQUQ 

E°$$ 

0uC~$M*Q 

E

é 

fi*% 

_W_= 

=°_P~“% 

_FUfl°= 

on 

M 

m:*W= 

_OO_LOp@3 

__°“A 

UEFPSQEOU 

U@$?pCQ*Um 

‘UUCfl>u( 

*3 

UUPZQEAU 

LUQHQQ 

;°_k 

"QNME 

comm 

QpflL3O_u 

“E 

N_m¢m 

“spv_3 

PMQOF 

FUUMCNLF 

FTC 

FM+LUmEH 

LU>Fm 

L_fl_U 

_“w‘U:“ 

pfiu 

wflufig 

vLOlWGflLH‘E:FLnp_P=m% 

G 
@J§<P 

-MllI__lIlI_I_lll_llIl__Il__Im



_ 

w_@% 

¢_§MM% 

N_fi%¢§ 

u_LPuE 

=_ 

NU_Ow 

»GU\WUC 

CO“ 

NHQUG 

©QN@.¢@ 

HO&_@$ 

_w\m¥ 

NU_aw 

m:°_Q~:Gu 

¢#_£Z 

Q 
"Loin 

@=_m= 

_€~°_§”B 

$0 

=°P#P=_%wW 

m_=_QPm='@ 

@=?mZ 

@¢CC§,@ @NOOZ_@ ¢@fiOZ_fi 
@@%QCqfi 

@CNC'@ 
MH&QQ.@ QHN@QJ@ @CNOC.@ §®%¢¢_@ M@#QQ_@ C@fiQQ'@ °N#Q¢_@ @&OZQ_Q @@CQ§_O ¢@QQ@.O @QQCQ_Q 

@%§Q_¢ N@@C_@ @%¢fi_¢ %@@__G m€CN_@ @Q@N_Q ®®QN_O @@QN_Q _HmH_O ¢m@%_Q

_ 

@N¢%.Q

_ 

@M%%_¢ fi@@C_¢ ¢M@Q_¢ R§NO_O RHQC_Q 

N€¢Q‘ 
¢@C_ M¢%_ §w%_ RCN_ %%N_ N%N_ H%N. M@fi_ @@%_ ¢¢%_ @%§_ ©@Q ¢@C_ QMQ_ §HQ@' 

M%@@_@ §R®@.¢ N@@@_Q §@Q@_O

_ 

@@®@_Q @@@@_O $@Q@_C %Q$@_Q @¢@@_C %O@@_O §@®@.Q ©@®@_Q §@®@_@ %@@@_Q §%@G_Q 1@R@_O 

NN@Q.@ %@QQ_Q @M@O.C @@@Q_O @@@O_¢ H%@Q_Q N§@O_Q Q%@Q_Q @@@Q_Q M¢@Q_Q €@&Q_¢ %H@Q'¢ @®€@_@ ¢@¢¢_@ dfl¢Q_C M%@@'@ 

M%¢.Q N®R_Q E%@_§ N%@.Q

_ 

@$®_¢ @@@_C @@@_D @@@_@ N@@_O H@@_C NN@_O NQ@.Q @fiQ_Q @©%_O %N©_O

_ 

@¢Q_Q 

&@‘% MN.“ @¢_@ 
H°_OH QN_C% @%_°fi @H_C% H¢’°fi @m_Q% fi¢_ofi 

@Q_@ @N_1 @m_@ °@_@ @H_w @”_¢

F
_ 

H_©§@ 

Q“ 

@_@M@

_ 

Wfi 

N_@@@ 

fifi 

Q_@@@ 

Ma 

©_@%@ 

NH 

@_¢%¢ 

§% 

@_NM¢ 

O€ 

Q_%@@

@ 

@_$¢M

Q 

¢_@QE

E 

§_%©N

@ 

H_§flN

E 

§_H§%

Q 

O_@@%

@ 

©_@§

N 

Q_@N

A 

m.E\@X 

$0 

M_E\m¥
M 

w_E\m¥ 

3 

'¥PQ 

¥Pa\mc 

W\E 

gw 

W\E 

WULQU 

E

Q 

xvwUO_U> 

Ldflgm 

§_ 

hPFO°PU> 

=_ 

guaflc 

EOLF 

QUCDHMFG 

AEV 

_°Z 

UWW 

_%_= 

:°P¥~§m

_ 
QUOS 

GM

Q 

@=?m= 

_°°_LUU~3 

"flFJ 

@=_P=QEOQ 

uF¥FP=QFu@ 

Umu=”>‘< 

xfi 

vmP=QE°u 

Luflflmn 

:Q_& 

"“\ME 

cam“ 

0pML:O_k 

"E 

N_mmm 

ugpwpx 

Fmpoh 

“UUWEQLF 

Fwc 

SSW 

Lm>F¢ 

LPMFU 

_pm 

Ugp 

LO¥ 

Wflgflm 

pLOaM=MLh 

E=_Lp?P?5mm 

B 
UJQGP

ii



©@_ON 

©¢_@H®@ 

¢_§@w@ 

aflu\WUCCOp 

UwLgUE 

C? 

N‘@Ow 

$MN__ 

&%%_¢q 

CH€_¢€ 

m\@¥ 
Nfi_aW 

WCOF“U:¢U 

UHF‘: 

Q 
WLU¥Q< 

WCFMS 

uMO_tQn 

*0 

COvp*C'$Uu 

M_CwUpW¢_m 

m¢*W= 

_ 

O 

Q_ 

@QOQO_ 

@QQQ_ 

NEOQO_ 

Q_¢Q_ 

@®QQC_ 

Q@@Q_ 

%@DQO_ 

N¢N%' 

QQOQC‘ 

%fiM%_ 

HQOOC_ 

N@NH_ 

@%CC0_ 

@%N%_ 

&%@CQ4 

@%NH_ 

@@Q¢@, 

@@%%_ 

@%GQQ__ 

°#%Q_ 

@@C@Q_ 

@N§QJ 

N@O¢@_ 

HQ@Q_ 

@MOOC_ 

M%€¢_ 

@NOOQ_ 

Q@_O_ 

¢QQQO_ 

%@OQ@_ 

QOCO. 
N@¢¢Q' 

%%¢O_ @@®¢_ Q@N§_ CN®%_ Q¢N%. NNN%_ ¢@N#_ #N%H. E%@.Q mMEC_ @@@¢_ %H¢O_ C©%Q_ 
@@OCO_ 

N@M¢_C @%®@_Q ¢N@@_Q ¢@@@_Q @E@@_¢ Nfi1@_O @E@@_G QQ$@_C Q¢$G_C ®N@@_¢ @&@@_Q Q%@@_G N%@@_Q ®G@@_@ N%Q@_O @@@@_Q 

@CNQ_ N%@¢. §M¢O_ @¢¢G_ Q®QQ_ @®¢O_ %§QQ_ 
_MN¢.@ 

§§¢D_ @%€¢_ ®@¢O_ NQ¢¢_ $NQ¢_ @N¢©_ E@MQ_ OQNQW 

@@N.Q @N@.C ¢@%.O M@@_@ @N@_Q NM¢.O @N@_Q @$@_O ®M$_O @Q@_Q H@Q_G @N@_Q m@§.¢ ®€%_¢ wN@_O @¢¢.O 

@N_% M%_§ 
EO_N% Q°_¢H

_ 

¢N_Q_ ¢©_M% N%_QH Q¢.@H Q@_@% O@_N% %%_#H N@.OH N¢_OH 
@@_@ NO'R N@_fl 

§_M@@ 

Qfl 

®.@@@ 

@fi 

@_®fi@

‘ 

¢§ 

@‘%Q¢ 

@% 

@‘@¢Q 

Nfi 

%_m°¢ 

8% 

@_®QM 

Qfl 

N_@M@

Q 

@_%@N

Q

_ 

@_M@N

% 

¢_®%N

@ 

@_@R%

@ 

@_%M§

Q 

@_®@

M 

M_@@

Q 

@_@%

H 

W_E\@3 

m_E\@X 

$0 

ma

fl 
_E\@¥ 

*¥Pa 

*PQ\mO 

W\E 

=* 

H\E 

%P*u°_u> 

LMUEW 

=_ 

%PPu°_u> 

nwhflfle 

=_ 

SPQUQ 

AEV 

_Oz 

Ow?“ 

_w_= 

COmpM“m 

N 
EOL$ 

OuC5uW_c 

_U‘Q= 

on 
M 
mE_M= 

_°G_LUFfl3 

__vPJ 

mcvufiaefio 

UPF_p§UPUm 

“¢u=~>fi< 

>3 

uUP=QEOu 

Lopufia 

:°_m 

“M\mE 

Comm 

Up~L3O_k 

“E 

¢_NHo 

“:uu_3 

_~u°k_

‘

_ 

_ 

___u_ 

_-- 

_“u__ 

-- 

____- 

in-i 

i-- 

__-- 

-- 

--i 

_--5 

E--E 

-- 

E--_ 

E-__= 

_i-- 

_--5 

!-- 

-- 

“OUMKNLF 

=OpaE~A 

“LOQ 

L¢>_¥ 

LPQFQ 

.P% 

02¢ 

L°% 

m0P~£ 

P&°mm=~LP 

E=_L£*__=mm 

Q 
@Au<# 

_‘_*



éi 
22:2: 

1/ PORT HURON / ARNIA

/

I 

\\ 

‘\\\\\\\\\\ 

/ 
co 

0 Stag Island ST. CLAIR RIVER . 

S13 CLAIR 
Pine /,, 

River 

O 1 8 
km Belle 

River

o 

ANCHOR _ __ 

i
@ 

‘ 
° I 

H 

Chanel 
Ecarte 

95% y %'\ ' 
WALPOLE 

I 
ISLAND 

- / p \ 

LAKE ‘ st CLAIR 
,

_ 

Fig.1 Location of sampled transects in St.C|air River



@ 

TRENTON 

ENTO 

//2 

' 

O 

90

’

§ 

s> 

Q 
5 

.- 

0 

~\\§\‘

E 

>

\ 

5%

1

\ 

Q
I 

§4Z3 

5

0 

A-/“r 

s‘-1%.$> 

I
Q 

sf 

O 
cbs

= 

II

0

° 

Q 

5% 

I11 -1 8 

.

. 

q 

5»--z——{"’ 

2< rn I

s 

Q

. 

Li._....__Li_._i-I 

Location of sampled transects in De

/



Fig. 3. The Sea Truck.
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Fig.7. Arnhem Bedload Sampler.
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Fig.14. Grainsize distribution of bed load material collected at 
the Sun Oil Transect in St.Clair River. 
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