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MANAGEMENT PERSPECTIVE

The total contaminant load in a river consists of dissolved
contaminants carried by the water as well as contaminants carried by
the suspendéd 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 1loading and the proportion
carried by each component.




PERSPECTIVE DE GESTION

La charge totale des contaminants d'une riviére englobe les
contaminants dissous transportés par les eaux mémes, les contaminants
charriés par les sédiments en suspension et les sédiments qui se
déplacent sur le 1it du cours d'eau. La proportion charriée par les
sédiments peut parfois &tre trés importante.

Ce rapport donne en détail les mesures du transport des sédiments

~en_suspension et des sédiments de fond dans les rividre Ste-Claire et

Detroit qui, conjointement & celles d'une autre étude sur les
concentrations de contaminants, devraient fournir des données. sur la
charge totale de contaminants et 1la proportion des contaminants
charriés par chagque composante du systéme




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 transpdrt 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.




RESUME

Des mesures sur le terrain des charges sédimentaires des riviéres
Ste-Claire et Détroit ont été effectuées dans le cadre de 1'étude sur
les canaux reliant les Grands lacs d'amont portant sur le transport
des contaminants dans ces cours d'eau. La charge du 1it, 1a charge de
matidres en suspension, la vitesse moyenne de 1'écoulement et le débit
ont Eté &chantillonnés dans trois sections de l1a riviére Ste-Claire et
deux de 1la riviére Detroit. D'aprés les données mesurées, le
transport des sédiments dans ces riviéres est régi par 1'apport en
sédiments plutSt que par' la capacité de transport des eaux. Les
données recueillies dans cette étude sont utilisées pour calculer la
répartition de la charge totale de contaminants dans les eaux, des
matiéres en suspension et des sédiments du fond.




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 Tload
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 1load 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 O0il Transect. Cross-section 2 is
downstream of Dow Chemical and it is referred to here as the Sun 0il
Transect. The third cross-section is at Port Lambton and it is called
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the Port Lambton Transect. 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 made. The total number of measurement
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'oriéntation 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 bed]oqd
sampler were analyzed in the laboratory using the standard procedures.
The suspended sediment concentration was calculated as milligrams per
Titre, 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 1loads, the measurement
stations were shifted in the Tongitudinal direction so that they all
Tie in a 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 0il Transect
and the Sun 0il Transect. It also shows an increasing trend in the
downstream direction. The bedload transport .rate at the Imperial 0il
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.

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, Equilibrium 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
bedioad 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 0i1 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 direétion.

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 0il Transect and
the Sun 0i1 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 possible that this ratio can
change if any upstream developments lead to any significant increase in

- sediment supply.
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Fig.1 Location of sampled transects in St.Clair River



I BN (NN 0 N (N I N e O D BN B DE G B I B B e



Fig. 3. The Sea Truck.

Fig. 4. The Advent.
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Fig.6. Depth- Integrating Suspended Sediment
Sampler.




Fig.7. Arnhem Bedload Sampler.




IMPERIAL OIL TRANSECT
STATION POSITIONS

STATION NUMBER LATITUDE N. LONGITUDE W.
1 42° 57' 33.5" 82° 25' 32.0"
2 42° 57°' 29.5" 82° 25' 29.7"
3 42° 57° 27.0" 82° 25' 26.0"
4 42° 57' 26,5" 82° 25' 24.7"
5 42° 57' 25.0" 82° 25' 24.2"
6 42° 57° 24.0" 82°* 25' 23.0"
7 42* 57' 23.0" 82° 25' 22.5"
8 42° 57°' 23.0" 82° 25' 21.0"
9 42° 57' 23.1" 82* 25° 19.0"
10 42° 57' 23.3" 82° 25' 17.5"
e Y S ot
Do J ! + s e R

<

Water Conrete Co. # |/ Lo
nooamﬂ"'l"-: T 2
[}

I(’@

""'\
, il
L A, F/ 7 37 N\l ST. CLAIR RIVER
/24 A S Scale 1:15,000
. SOUNDINGS IN FEET

FEET
“° N .

STATUTE MILES

I L] £l E]

Figure 8. Sampling stations at the Imperial oil Transect




SUN OIL TRANSECT

MAY 8, 1986

SUN OIL TRANSECT

STATION POSITIONS

STATION NUMBER LATITUDE N,

42° 55°' s5.1"
42° 55' 55.8"
42° 55' 51.2"
42° 33° s1.1*
42° 55' s2,0"
42° 55' 49.8"
42° 55' 47.9"
10 42° 55 S0.3"

O N >N

LONGITUDE W.

82° 27' 19.8"
82° 27' 17.1"
82° 27°' 10.6"
82° 27' 11.2"
82° 27° 08.0"
82° 27' 02.4"
82° 27' 02.8"
82° 26* 57.8"

Figure 9. Sampiling stations at the Sun oil Transect




PORT LAMBTON TRANSECT

MAY 27, 1986
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PORT LAMBTON TRANSECT
STATION POSITIONS
STATION NUMBER LATITUDE N. LONGITUDE W.
1 42° 39' 22" 82° 30' 471"
2 42° 39' 22" 82° 30° a2"
3 42° 39' 23" 82° 30' 39"
- 4 42° 39° 22% 82° 30' 34"
S 42° 39' 23" 82° 30°' 32"
6 42° 39' 23" 82° 30°' 29"
7 42* 39' 23" 82° 30' 26"
8 62° 39' 24 82° 30" 24"

Figure 10. Sampling stations at the Port Lambton Transect.
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ROUGE RIVER TRANSECT

MAY 13, 1986

35
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* /4/ Momwm b) ’/

ROUGE RIVER TRANSECT

STATION POSITIONS

STATION NUMBER LATITUDE N. LORGITUDE W.
1 42° 16' 01.8" 83° 06' 43.2"

2 42° 16°' 02.4" 83° 06' 38.5"

3 42° 16* 02.2" 83°'06' 35.1"

4 42° 16' 03.1" 83° 06’ 32.1"

5 42° 16° 04.2% 83° 06' 29.6"

6 42° 16" 02.2" 83° 06' 26.7"

8 42° 16" 00.7" 83° 06' 20.2"

10 42° 15" s58.1" 83° 06' 16.4"

Figure 11 Sampling stations at the Rouge River Transect



GROSSE ILE TRANSECT
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GROSSE ILE TRANSECT

STATION POSITIONS

STATION NUMBER LATITUDE K. LONGITUDE W.
3 42° 08' 31.2" 83° 10' 29.0"
2 42° 08° 30.5" 83° 10* 26.4"
3 42° 08' 30.2" 83° 10' 22.7"
4 42° 08' 29.1" 83° 10' 18.2"
5 42° 08 29.7" 83° 10' 14.1"
6 42° 08" 33.8" 83° 07' 57.0"
7 42° 08° 32.0" 83° 07' 40.5"
8 42° 08' 28.0" 83° 07' 18.5"
9 42° 08' 27.8" 83° 07' 10.7"

Figure 12 Sampling stations at the Gross lie Transect
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Fig.13. Grainsize distribution of bed load material collected at
the Imperial Oil Transect in St.Clair River.
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Fig.14. Grainsize distribution of bed load material collected at

the Sun Qil Transect in St.Clair River.
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Fig.15. Grainsize distribution of bed load material collected at

the Port Lambton Transect in St. Clair River.
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SIEVE ANALYSIS
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Fig.16. Grainsize distribution of bed load material collected at

the Rouge River Transect in Detroit River.
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Fig.17. Grainsize distribution of bed load material collected at
Trenton channel in Detroit River.
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Fig.18. Grainsize distribution of bed load material collected at
Ballards Reef channel in Detroit River.
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