Manuscript: Modeling of Hydrodynamics and Sediment Transport in St. Clair River
Author(s): X. Liu and G.Parker
_______________________________________________________________
Name of Reviewer: Colin Rennie

1. Are the objectives of the work clearly stated?
2.

12345

Are the methods employed valid, appropriate and sufficient to address
the questions, hypotheses or the problem?

12345

3. Are the observations, conclusions and recommendations supported by the
material presented in the manuscript (e.g., data, model and analyses)?

12345

4. Are the assumptions used valid and are the mathematics presented correct?

12345

5.

Is the manuscript well organized, material precise and to the point, and
clearly written using correct grammar and syntax?

12345

6.

Are all of the figures and tables useful, clear, and necessary?

12345

7.

What is the quality of the overall work?

12345

Recommendation (please circle your response)
A - acceptable
B - acceptable with suggestions for revision
C - acceptable if adequately revised
D - unacceptable
If you have selected C, do you wish to receive the revised manuscript for
further review?

yes no

Rating (Circle the rating you would like to give this manuscript. Unacceptable work
should be given a score of 40 or less.)
100

90

80

70

60

50

40

30

20

10

0

Comments (limit responses to one paragraph for each question; reference pages, charts,
and data. Please distinguish if responses are of major or minor concerns.)
- Please see detailed comments to the authors below.
A. What is the best/most unique part of the analysis?
- Analysis of sediment transport in the reach.
- Verification of the 2D model using a 3D model.
B. What is the most critical aspect of the study/analysis? Why?
- Obtaining a good mesh that represents the river bathymetry is the most critical
component of 2D modelling. This is because 2D models directly estimate losses due to
acceleration and deceleration of the flow. Unfortunately, the report provides no
information on how survey data were converted to a model mesh.
C. Which aspect of the analysis/modeling is weakest? Why? How can it be improved?
- The sand transport across a section appears to be calculated incorrectly (see comment 6c
below).
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Report Summary
This manuscript presents a two-dimensional numerical model study of conveyance in the
St. Clair River using the in-house code HydroSed2D. The model roughness was calibrated
by comparison with water levels, and model sensitivity to mesh density was tested. The
model was used to estimate the change in river conveyance between 1971 and 2008, and to
estimate bed shear stress throughout the model domain of the entire St. Clair River.
Usefully, the model results for bed shear stress were verified by comparison to threedimensional model results for the most important region near the river inlet.

For all flows considered, the change in conveyance was found to be such that 10 cm less
Lake Huron elevation was required in 2008 than 1971 to convey the same discharge. This
is comparable to the measured change in conveyance, in which about 20 cm less head was
required in 2001 than in 1962 to force the same discharge in the St Clair River (Bruxer and
Thompson report Figure 6-5). It appears that the 2D numerical model provides reasonable
results.
The bed shear stress was then used to estimate gravel bed load transport using the Parker
(1990) model, and sand transport using the Engelund-Hansen (1976) model. It was found
that the river generates insufficient bed shear to transport gravel, and even sand transport is
modeled to be limited. This reviewer thinks the finding that gravel transport is nearly zero
is reasonable. The river has limited sediment supply, thus the river bed should be in an
equilibrium clearwater scour condition. As suggested by the authors, the bed surface
should be armoured, and transport of the coarse fraction unlikely.
The report concludes with some general comments about the possible influence of ice
cover and ship passage on sediment transport.
In general, this reviewer found most of the methods and results to be sound.
However, the detailed comments below provide suggested improvements for a few
aspects of the study and the report. Comment 7c is the most serious, in that there
appears to be a procedural error in the sand transport calculations.
Technical Content
1) Section 2.1. The authors acknowledge that the model roughness was not recalibrated
when running the 1971 model. As noted in the review of the Bruxer and Thompson
report, a river will adjust such that it can convey its flow and sediment load. This
adjustment can occur via changes in channel gradient, channel section, and/or channel
roughness. It is important, therefore, to consider simultaneous changes in bathymetry
and roughness. When Bruxer and Thompson evaluated the influence of recalibrating
roughness in their Addendum report. Their Table 6-11 shows a small longitudinal trend
in roughness change between survey years.
2) Section 2.1.1. The roughness calibration considered only three possible sets of
roughness values. Reasonable results were obtained when comparing to observed water
levels. Still, further fine tuning is probably possible. Also, presumably, roughness set #1
was selected (no statement is made in the report).
3) Section 2.2 The mesh sensitivity results are not shown.
4) Section 4.2.1. The method to generate the mesh from the survey data is not described.
Similarly, errors in the mesh bathymetry are not evaluated. The accuracy of the mesh is
the single most important element of 2D or 3D model development. Estimates of mesh
accuracy would be useful.

5) Section 4.2.3. The analysis of the influence of conveyance change on Lake Huron water
level (Table 9) has assumed no change in Lake St. Clair water level. Has there been a
change in Lake St Clair level?
6) There has been no attempt to estimate model errors or the significance of observed
changes. While the results appear to be reasonable, an assessment of confidence intervals
would be helpful.
7a) Section 5. The sediment transport modelling did not appear to utilize the routines
available within HydroSed2D. Instead, sediment transport was calculated at stations
distributed across a few sections, using the model output for bed shear stress. Presumably,
HydroSed2D would have been able to estimate sediment transport at all model grid cells,
which would have provided a full map of sediment transport. This map could be used to
surmise or calculate changes in morphology. Why was this not done?
7b) Section 5.1. The coarse fraction (gravel) transport was estimated to be essentially zero
using the Parker (1990) model. This result is reasonable given the relatively low bed shear
stresses estimated for the reach, and the fact that low transport and a heavily armoured bed
are expected for a channel with limited sediment supply. The shear stress is below critical
shear stress for gravel, so it is unlikely that any bedload model would predict significant
gravel transport. However, bedload computations are highly uncertain, and different
models yield drastically different results. It is common practice to employ multiple models
in order to overcome some of this model uncertainty. It might be useful to check transport
calculations using another model, particularly if bed shear in some locations of the river
exceeds local critical shear stress.
7c) Section 5.2. The criticism of the sand transport is more serious. The sand transport was
estimated for a given section assuming that the entire section had a sand bed, transport was
calculated for each station across the section using the local model estimate for bed shear
stress, and the transport across the section was summed. The actual transport for the
section was then calculated by multiplying the summed transport by the percentage of the
section observed to have a sand bed (Table 14). This last step is faulty because sand is less
likely to occur in locations with high shear stress, and the error is exacerbated by the fact
that transport is non-linear with shear stress (see the Engelund-Hansen equation). If high
bed shear were observed at a gravel bed or bedrock location in the section (a likely
scenario) then very high transport would be estimated for the section, whereas actual
transport could have been minimal because sand was only present in low shear areas of the
channel margins. It is likely, then, that estimated sand transport rates are too high. Why
wasn’t sand transport estimated across the section only for locations that actually had sand
bed? Nevertheless, despite this likely positive bias, total transport rates were estimated to
be low.
8) Section 6.2. The influence of ice cover was considered qualitatively. It could have been
possible to utilize a numerical model that considers ice cover (such as River2D).
Presentation

9) The manuscript could be better presented. There is no abstract, pages are not numbered,
references are not sorted, figures are insufficiently labeled, and the writing could be
improved.
10) Figure 3. Which mesh is this? Presumably, it is mesh C.
11) Figure 6. A colour scale is required.
12) Figure 11. Some lines in this figure are masked, which heads changes between years.
13) Figures 11, 12. The distance axis label is distance from where?

