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2 Introduction 
URS was employed by the Eastern Upper Peninsula Regional Planning & Development 
Commission (EUP) in coordination with local sponsors to evaluate the feasibility and impacts of 
a habitat restoration project in the Little Rapids section of the St. Marys River.  

Originally, four major rapids existed on the St. Marys River; the main rapids, rapids between 
Sugar Island and Neebish Island, rapids west of Neebish Island in the present Neebish Island 
Rock Cut, and the Little Rapids (Figure 1).  Modifications and removal of rapids began as far 
back as 1797 with the construction of the first Canadian lock which was destroyed in the War of 
1812.  The current Canadian lock was constructed in 1998.  The United States built its first lock 
in 1855 with subsequent locks being built in 1914, 1919 and 1943.  The construction of these 
locks drastically decreased the size of the main rapids.  Dredging throughout the entire length of 
the St. Marys River, for navigation channels, has been ongoing almost continuously since the 
1850s.  In the 1880s and 1890s, navigable channels were dredged in the Middle Neebish Channel 
and the Little Rapids Channel.  By the mid-1960s, all of the major navigation channels of the St. 
Marys River were being maintained to current widths and depths. (USACE, 1999)  

For the Little Rapids area, construction of a causeway from the Sugar Island Ferry dock at Island 
No. 1 to Sugar Island and the development of the locks restricted and greatly reduced the flow of 
water needed to maintain the original rapids. Construction of the causeway is believed to have 
been completed around 1865 with the purpose of redirecting and maximizing flows to the 
shipping channel. Bridges were later added to the causeway and then removed in the 1950’s. 
Little information is known about the purpose of the bridges or why they were removed. 

By restoring the natural water flow to the Little Rapids, the diversity and abundance of desirable 
rapids-dependent fish species (e.g., salmon, trout, whitefish, and other river-spawning fish) may 
increase. Increased fisheries foraging, spawning, and nursery habitat at the Little Rapids will 
increase populations of these desired fish species in the St. Marys River Area of Concern (AOC) 
and will lead to the removal of the two fish and wildlife populations and habitat beneficial use 
impairments (BUI). 

 Study Purpose 
The purpose of this report is to summarize the development of a hydraulic model for evaluation 
alternative performance. The results of this evaluation support the Environmental Assessment 
along with the engineering analysis and public input. Together these items will provide the 
information necessary to select a preferred alternative. This report covers the development of the 
model; calibration and sensitivity analysis of the model; and evaluation of the proposed 
alternatives.   

 Study Area and Project Area 
The study area includes the St. Marys River from near Sault Ste. Marie, Michigan (i.e. just below 
the Soo Locks) to below Sugar Island. This area includes the shipping channel East of Sugar 
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Island, Lake St. George Channel, Lake St. George, the connecting channels around Neebish 
Island and the channel North of St. Joseph Island (Figure 1).  The Little Rapids project area is 
located near the northwest tip of Sugar Island within the St. Marys River in Chippewa County, 
Michigan. It is between Island No. 1 and Sugar Island (Figure 2). 

The model is used to assess direct and indirect effects of the proposed project. Direct affects, 
which are primarily within the Little Rapids area upstream and downstream of the causeway 
(i.e., the Little Rapids) ( 

Figure 3 - Figure 5) are related to changes in flow, velocity and water surface elevations.  
Indirect effects are assessed for the larger study area and may include changes to flow, velocity 
and water surface elevation. The study area is 99 square miles and the Little Rapids Area, 
typically associated with direct impacts, is a 732 acres area within the larger study area   
Construction activities associated with the project would occur in close proximity to the 
causeway. Replacement of the causeway with a bridge1 would modify the flow regime in the 
study area.

1 A bridge is defined by the Michigan Department of Transportation as a structure that spans 20 feet or more and 
includes culverts, precast structures and traditional bridge structures. 
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Figure 1:  St. Marys Study Area
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Figure 2: Area Assessed for Direct Impacts in the Little Rapids Study Area  
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Figure 3. North Side of Causeway Looking East. 
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Figure 4. Upper Little Rapids, Looking North from Causeway. 
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Figure 5. Lower Little Rapids, Looking Southeast from Causeway. 

 

 Hydraulic Model 
The hydraulic model utilized for this project is the Adaptive Hydraulic (AdH) modeling system 
developed by the Coastal and Hydraulics Laboratory at the Engineer Research and Development 
Center. AdH is a multi-dimensional modeling system for two- or three-dimensional open channel 
water problems. For this project the two-dimensional open channel module was used to represent 
the study area. The 2D module uses equations that are appropriate for simulation of complex 
open channel flow in rivers, such as the St. Marys, that is characterized by multiple flow splits 
and varying depths.  The 2D shallow water module assumes that pressure is hydrostatic and that 
the bed slopes are mild.  It is appropriate for waterbodies without temperature or salinity 
stratification (e.g. the predicted velocity has an assumed vertical distribution) (USACE, 2011). 
The two-dimensional mesh that represents the study area was developed using known  
information on channel substrate materials, channel bottom elevations, and flow and water 
surface information at the boundaries of the model.. The characteristics of the St. Marys River 
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within our study fit within these limits. Therefore, a more complex representation using the 3D 
module is not needed to accurately reflect discharge, velocity and depth. 
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3 Model Development 
It is important to keep in mind the intended purpose of the Little Rapids hydraulic model when 
evaluating its performance and comparison to observed field measurements. The primary 
purpose of the model is to evaluate the direct and indirect impacts of the project.  Through 
discussions with regulators and fisheries biologists, these concerns are the changes in water 
surface elevations and velocity throughout the system if the project is implemented. Water 
surface elevation changes were most important in areas that served as the international boundary 
between the United States (U.S.) and Canada and velocity changes were of most interest in the 
Little Rapids area (to assess habitat changes). Essentially, the model was used to answer the 
following questions: 

• How will the water level change in the shipping channel and Lake George if the Sugar 
Island Causeway is modified? These two areas were the focus because changes in water 
levels in the shipping channel have the potential to impact commercial shipping and Lake 
George forms the international boundary between the U.S. and Canada. 

• How will velocities change in the shipping channel and within the upper and lower Little 
Rapids? This was important because changing velocities in the shipping channel could 
impact commercial shipping and changes to velocity in the Little Rapids area will impact 
habitat and recreation types available for use. 

• How will habitat types change (functional types and area) above and below the causeway 
if it is modified? This was an important use of the computer model, as it allowed each 
proposed alternative to be evaluated based on a consistent and quantifiable estimate of 
targeted habitat. 

The AdH model was selected to evaluate the system because it is a state-of-the-art hydraulic 
modeling tool that will allow many scenarios to be simulated under various water level and flow 
conditions.  Thus, it will be able to address the questions listed above under a variety of different 
conditions. 

The development of the AdH included assigning material types to areas of the mesh; using 
existing and field collected bathymetry to develop the mesh; developing data inputs for each 
model boundary condition; testing the model via calibration and sensitivity analysis; and using 
the model to evaluate proposed modifications to the causeway. The model used for this project 
was originally developed by the US Army Corps of Engineers (USACE) Detroit District office 
(Creech, 2011). 

 Materials 
The materials assigned to the mesh represent the bed material and associated Manning’s 
roughness coefficient. The selected roughness  coefficients for bed materials were based on the 
water depths and materials present in the study areas.  The channel bottom substrates vary from 
clays and silts in the deeper dredged channels to gravel, cobbles and boulders in the shallower 
channels and shorelines (Gebhardt et al, 2002).  These values were adjusted and validated during 
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the calibration process as described below. Three materials were assigned to the model as 
indicated in Figure 6. Further discussion of the calibration process is discussed in subsequent 
sections. The Manning’s values and material description for the three material areas are: 

• Material 1 represents the shallower areas and its roughness coefficient was set during 
calibration at 0.025,  

• Material 2 represents the shipping channel area and its roughness coefficient was set 
during calibration at 0.020, and;  

• The Lake George Channel and other areas of the model were set to 0.029.   

These values are slightly lower, but generally consistent with the average Manning’s “n” value 
of 0.027 calculated by Acres (1997) for the Shipping Channel as well as typical values for large 
rivers which range from 0.025 to 0.06 according Chow (1959).  The USGS has estimated 
roughness coefficients for the main channels of the Columbia River (Barnes, 1967) and the 
Mississippi River (Huizinga, 2001) at 0.025. 

The three materials roughness coefficients are also consistent in relative terms to each other. The 
Shipping Channel area is a uniform and deep dredged area with substrate comprised if silts and 
clays and thus has the lowest roughness coefficient. The near shore shallow areas are comprised 
primarily of gravel, cobble and boulders. The St. Marys River around the shipping channel varies 
in depth and substrate and was assigned a roughness coefficient between the shipping channel 
and Lake George Channel and Lake. The Lake George Channel and Lake is predominately 
shallow with cobbles and thus has the highest roughness coefficient. 
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Figure 6. Model Materials for the Area near the Little Rapids 
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Figure 7. Material types selected for entire modeling domain. 

 

 Bathymetry 
Elevation data for the USACE developed model originated from a 1986 NOAA bathymetry 
survey and a 2003 USACE survey. As part of the scope of this project, URS contracted 
Northwood’s Land Surveying to pick up more detailed topographic and bathymetric data in the 
upper and lower rapids and along the causeway. To accommodate the addition of survey and 
provide a more detailed analysis of the proposed alternatives, the mesh was refined throughout 
the Little Rapids section. Refining the mesh entails splitting and increasing the density of the 
triangles. Once the mesh was refined to a density appropriate for simulating the channels and 
islands of the Little Rapids area, the combined survey data was interpolated onto the mesh. A 
comparison of the original and refined meshes can be seen in Figure 8. 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.
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Figure 8. Comparison of USACE mesh and URS refined mesh with bathymetry data. 

 Boundary Conditions 
Boundary conditions for the model were set at four locations (Figure 9). The upstream extent of 
the model was defined by a specified flow condition. The location of this boundary is in the 
vicinity of the USGS gage near Sault Ste. Marie. The downstream boundaries are controlled by 
specifying a water surface elevation. The three downstream boundaries are the Rock Cut 
Channel, East Neebish Channel, and the Lake George Channel on the Canadian side. A NOAA 
gage is located on the Rock Cut Channel and the Canadian Hydrographic Service (CHS) operates 
a gage in Thessalon, east of the model limits. The water surface elevation in East Neebish 
channel is assumed to match the Rock Cut Channel. 
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Figure 9. Model Limits and Boundary Conditions 

Each alternative (including existing conditions) was evaluated using a variety of flow and 
tailwater conditions. In order to assess flow, velocity and depth in the study area under a range of 
conditions several flow scenarios were developed. These included historical high and low flows, 
a recently observed flow, the biologically important 4-year return period flow scenario and a 
dynamic simulation of the period when the ADCP data was collected. Flows and stage at each 
location were obtained from the historical record or estimated to drive the model. The flow 
scenarios simulated include:  

• Historical high and low flows. The Acres (1997) report states that flows on the St. Marys 
River range from a high of 127,000 cubic feet per second (CFS) in October of 1985 to a 
low of 42,000 CFS in April of 1926. These reported flows are similar to data acquired 
from USGS and USACE.   

• Recently observed flows. The recently observed scenario was originally modeled in the 
USACE developed model and correlated with the conditions in August 2009.  

• Biologically important (and an intermediate flow scenario) is based on a biologically 
critical return period of every four years (25 percent exceedance) based on monthly 
average flows. This return period was selected based on the premise that young of the 
year successful fish recruitment every 3-5 years will sustain a healthy fish population 
(personal communication Harrington 2012).   

Inflow Boundary Condition 
at USGS gage near Sault 
Ste. Marie, MI  
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Boundary Conditions 
(Rock Cut Gage) 

Lake George Channel - 
Stage Boundary 
Condition (Thessalon 
Gage) 

Rock Cut Gage 
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• A dynamic simulation (i.e. time varying boundary conditions) for the period when the 
ADCP data was collected. This period was used for calibration purposes. 

The data needed to drive these scenarios were compiled from a variety of sources including 
USGS, NOAA, and CHS gages, and USACE historical measurements. The feasibility study 
developed by Acres International Corporation for Edison Sault Electric Company (ESEC) 
(Acres, 1997) was also referenced for historical flow data. Figure 10 illustrates the historical 
monthly average flows as recorded by USACE. Figure 11 illustrates the percent exceedance 
comparison for the historical flows.  
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Figure 10. Historical St. Marys River Monthly Flow values (USACE, 1999) 

 

Figure 11. Percent Exceedance for Historical Monthly Flows (1900 through 2012) 
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The Acres (1997) report states that flows on the St. Marys River range from a high of 127,000 
cubic feet per second (CFS) in October of 1985 to a low of 42,000 CFS in April of 1926. These 
reported flows are similar to data acquired from USGS and USACE.  The highest average 
monthly flow according to USACE records was found to be slightly higher than that reported by 
the Acres (1997) report.  However, to be consistent with previous studies the high flow/high 
stage scenario from the Acres report was used.   

Gage data for the downstream boundary conditions (2001-2012) did not extend to early enough 
dates to cover the high and low scenarios.  To accommodate this, the average monthly stage for 
Lakes Michigan and Huron from the years of these events (1927 and 1985), were then correlated 
to the Rock Cut and Thessalon Gages based on the relationship reported in Figure 12 and Figure 
13. This correlation was used to calculate approximate water levels at the boundary conditions 
for the high and low flow scenarios.   

The biologically critical return period was based on the 25 percent exceedance probability of 
historical monthly average flows. This was calculated to be 82,000 CFS. The average water level 
associated with these observed flows was calculated from the Michigan-Huron data. This 
elevation was then correlated to the Rock Cut and Thessalon Gages. Table 1 provides the 
boundary conditions evaluated in the model for each scenario. 

Table 1: Boundary Conditions 

  Flow Rock Cut Neebish Thessalon 

Scenario (ft3/s) (ft) (ft) (ft) 

High 127,000 581.08 581.08 581.07 
Low 42,000 576.18 576.18 575.95 
Aug. 2009 62,000 579.06 579.06 579.02 
4-yr 82,000 579.34 579.34 579.24 
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Figure 12. Comparison of Monthly Thessalon Gage and Historical Lake Michigan - 
Huron Levels (2001 through 2012) 
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Figure 13. Comparison of Monthly Rock Cut Gage and Historical Lake Michigan-
Huron Levels (2001 through 2012) 

 Calibration and Sensitivity Analysis  
Model calibration is the process of comparing the computer model results to observed data and 
adjusting model parameters to better reflect observed conditions while also keeping input 
parameters within realistic ranges. For this project, calibration consisted of comparing model 
results to field measurements of: 

• Flow splits between the shipping channel and Lake George Channel, and; 

• Flow, velocity and depth measurements at several locations.  

In addition, sensitivity analysis of model parameters was conducted to evaluate how robust the 
model is for these predictions. 

Since the substrate material, bathymetry and boundary conditions were developed from available 
data, the only calibration parameter was the Manning’s roughness coefficient. The calibration 
process consisted of choosing reasonable ranges for Manning’s roughness coefficient, selecting 
appropriate values and testing them in the model. The final “calibrated” roughness coefficients 
were selected based on a qualitative and quantitative assessment of the model results. The goal of 
the calibration process was a computer model suitable for assessing management decisions.  
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In addition, the primary management decisions that the model was expected to address were 
always considered when evaluating the model calibration. To address these topics well the 
computer model needs to predict water levels and velocities with a high degree of certainty. The 
calibration and sensitivity evaluations were used to demonstrate that the model provides a high 
level of confidence in these areas.  

This section of the report is divided into six sections:  

• ADCP Data Discussion for Computer Model Calibration. This section describes the 
ADCP data collected as part of the project. The data was used to aid in calibrating the 
model.  

• Comparison of Flow, Velocity Depth and Cross Section Area. This section compares 
model predicted flow, velocity water surface elevation (or depth), and cross section area 
to data measured by USGS or URS with the ADCP unit.   

• Flow Split Comparisons. This section compares the model results with measured or 
estimated flow splits around Sugar Island. These comparisons were used to assess model 
calibration.  

• Sensitivity Analysis. This section describes the computer model runs used to assess the 
models sensitivity to the roughness coefficient and grid size of model results. 

• Discussion of Calibration and Sensitivity Analysis. This section provides a discussion on 
the model calibration, data used for calibration and an assessment on how “good” the 
model is at answering the primary goals of the project.  

3.4.1 ADCP Data Discussion for Computer Model Calibration 

The field measurements used for computer model calibration were conducted by mounting an 
Acoustic Doppler Current Profiler (ADCP) to the side of a boat to collect depth, velocity, and 
flow data at specified transects within the project area. Figure 14 illustrates the locations of 
transects in the project area.  
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Figure 14.  ADCP Transect Locations 

Each transect location was crossed and measured three times to allow for an averaging of results. 
The average results of these measurements are listed in Table 2 below with the results from each 
run presented in Appendix A. These results were then compared with the USGS gage data as a 
data quality check and to the model results to check flow, velocities, depths, cross section area 
and flow splits for model calibration. 
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Table 2: Average Transect Measurements 

Location 
Flow Max. 

Velocity Area 
Avg. 

Transect 
Velocity 

Time Average 
Gage Flow 

(ft3/s) (ft/s) (ft2) (ft/s) (H:mm) (ft3/s) 

Near St. Marys River Gage (Inflow) 59,647 2.13 67,652 0.89 9:20 to 
12:15 58,400 

Lake George Channel 12,042 1.57 14,574 0.82 12:50 to 
1:14 73,120 

Downstream US Channel 58,093 3.58 28,568 2.03 1:58 to 
2:24 78,400 

West Canal 1,059 1.15 4,047 0.26 2:39 to 
2:46 80,870 

Little Rapids 283 0.92 4,564 0.07 3:11 to 
3:21 74,500 

US Ship Canal 56,151 3.77 22,077 2.56 3:50 to 
4:02 81,380 

Upstream US Channel 57,034 4.10 20,893 2.72 4:20 to 
4:30 81,200 

 

Flows in the St. Marys River are highly regulated by three hydropower plants and the 
compensating works, as well as, releases from the locks when ships pass through. Thus, flows 
can and do vary dramatically. On August 28, 2012 flows varied from below 50,000 CFS during 
the late morning to above 80,000 CFS during the afternoon. The average of the ADCP 
measurements matched the average of the gage flows fairly well, but did not capture the dramatic 
ranges measured by the USGS gage. Comparisons between the ADCP measurements and the 
USGS gage data report: 

• The ADCP measurements near the St. Marys River gage averaged 59,647 cubic feet per 
second while the average of the gaged flows was 58,400 CFS.  

• The combined Lake George Channel flow and Downstream U.S. Channel flows was 
measured using the ADCP to be 70,135 CFS. The average of the gaged flow was 76,511 
CFS.  

• The gaged flows ranged from 50,000 CFS to 80,000 CFS during the period when the 
ADCP measurements were being taken. The 6-minute gage readings show large swings 
in flows that were not captured in the ADCP measurements.    

Due to the high winds on the day of the ADCP measurement were taken and the varying channel 
bed substrate (ranging from sand to large boulders), and large swings in flow measured by the 
USGS gage some error and uncertainty in flows measured using the ADCP unit are expected. 
Taking these items into consideration it appears that the ADCP flow measurements were 
consistent with the USGS gage data gage (04127885, St. Marys River at Sault Ste. Marie, 
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Ontario).  However, it should also be noted that the dramatic variations at the USGS gage were 
not captured by the ADCP measurements. This may limit how useful the ADCP measurements 
are for model calibration because the USGS data is used as a boundary condition in the model 
and all of the variations will be captured by the model (but not by the ADCP measurements), 
thus, over short periods of time the ADCP measurements may vary significantly from the model 
results.  

 

 
Figure 15. Daily average discharge measurements recorded at USGS gage 04127885 

(St. Marys River at Sault Ste. Marie, Ontario.  

3.4.1 Velocity, Flow Depth, and Cross Section Area Comparisons 

Simulated and observed velocities, flows water depths, and cross section area were compared at 
transect locations where ADCP measurements were collected. Average ADCP transect 
velocities, total flow, average depth, and cross section area were compared to the corresponding 
values simulated by the model.  Because observed flows in the St. Marys River varied 
considerably during the time period the ADCP measurements were taken both a steady state and 
dynamic model were used. The dynamic model used flow and stage variations at 6 minute 
intervals as inputs while the steady state model used flows measured by the ADCP unit. Model 
grid size and material types were the same in both the steady and dynamic model.  
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The dynamic model run was compared to the data collected using the ADCP unit at all seven 
transect locations. Because the field measurements of flow using the ADCP unit took several 
minutes to hours to complete temporally averaged model results were used for comparison 
purposes. These values, along with the simulated and measured flow ranges, are reported in 
Table 3, Table 4 reports that the simulated velocity values are generally very good matches with 
the average and range of velocities measured at each transect location. The velocity ranges all 
overlap. The poorest comparisons are at the Little Rapids and West Canal. The differences 
between the model and observed data can be attributed to a number of factors that include: 
shipping traffic present during ADCP measurements and not accounted for in the modeling; no 
simulated culvert at the Little Rapids Causeway (dynamic run only); average velocity 
calculations are influenced by “missing” the near shore areas; and variations in the boundary 
condition input flows; and model error. Even with these issues the computer model did 
remarkably well in matching the observed velocity data.  All of the average velocities 
comparisons were within 0.2 ft/s of each other except for the downstream U.S. Shipping channel 
location, which differed by slightly more than 0.4 ft/s. These are small differences when 
considering the complexity of the system. 

Table 4, and Table 5.  

Table 3 reports that the simulated flow values are generally very good matches with the average 
and range of flows measured at each location. The flow ranges all overlap except at the Little 
Rapids and U.S. Shipping Channel locations. The difference at the Little Rapids location is the 
result of the existing culverts not being included in the dynamic model. Simulated flow at the 
U.S. Shipping channel locations is greater than observed. This difference may be attributed to 
“missing” flow in the ADCP measurements (since the field measurements could not cover the 
near shore areas well due to boat draft); variations in the boundary condition input flows (as 
discussed earlier); and model error. Even with these potential issues the computer model did 
remarkably well in matching the observed flow data.   

   

Table 3. Comparison of simulated and observed flow data (Dynamic Model). 

Location 
Sim. 
Flow 

(ft3/s) 

Obs. 
Flow 

(ft3/s) 

Percent 
Difference 

Simulated Flow 
Range (ft3/s) 

Measured 
Transect Range 

Flow Range 
(ft3/s) 

Measured 
USGS 
Gage 

Range 
(ft3/s) 

Inflow 56,077 59,647 -6% 73,935 - 48,484 62,542 - 57,739 82,400 - 
48,000 

Lake George 
Channel 12,874 12,042 7% 13,113 - 12,689 12,254 - 11,795 NA 

Downstream 
US Channel 61,495 58,093 6% 62,210 - 61,098 59,611 - 57,139 NA 

West Canal 1,075 1,059 1% 1,104 - 1,044 1,165 - 953 NA 
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Little Rapids 47 283 -83% 60 - 22 353 - 212 NA 
US Ship Canal 63,107 56,151 12% 64,135 - 62,277 57,103 - 54,631 NA 
Upstream US 
Channel 65,790 57,034 15% 65,940 - 65,523 57,774 - 56,291 NA 

 

Table 4 reports that the simulated velocity values are generally very good matches with the 
average and range of velocities measured at each transect location. The velocity ranges all 
overlap. The poorest comparisons are at the Little Rapids and West Canal. The differences 
between the model and observed data can be attributed to a number of factors that include: 
shipping traffic present during ADCP measurements and not accounted for in the modeling; no 
simulated culvert at the Little Rapids Causeway (dynamic run only); average velocity 
calculations are influenced by “missing” the near shore areas; and variations in the boundary 
condition input flows; and model error. Even with these issues the computer model did 
remarkably well in matching the observed velocity data.  All of the average velocities 
comparisons were within 0.2 ft/s of each other except for the downstream U.S. Shipping channel 
location, which differed by slightly more than 0.4 ft/s. These are small differences when 
considering the complexity of the system. 

Table 4. Comparison of simulated and observed velocity (Dynamic Model). 

Location 

Sim. 
Avg.  

Velocity 
(ft/s) 

Obs. 
Avg. 

Velocity 
(ft/s) 

Percent 
Difference 

Sim.  
Velocity 

(Max – Avg, ft/s) 

Obs. Velocity 
(Max – Avg, ft/s) 

Inflow 0.82 0.89 -7% 1.91 - 0.82 2.13 - 0.89 
Lake George Channel 0.65 0.82 -21% 1.50 - 0.65 1.57 - 0.82 
Downstream US Channel 2.09 2.03 3% 2.70 - 2.09 3.58 - 2.03 
West Canal 0.37 0.26 40% 0.53 - 0.37 1.15 - 0.26 
Little Rapids 0.00 0.07 -94% 0.29 - 0.00 0.92 - 0.07 
US Ship Canal 2.98 2.56 17% 3.58 - 2.98 3.77 - 2.56 
Upstream US Channel 2.85 2.72 5% 3.67 - 2.85 4.10 - 2.72 
 

Table 5 reports the simulated and observed water depths. This table compares the average and a 
maximum depth from the ADCP transects to the average and maximum depths from the model 
area near where each transect was taken. This comparison shows considerable differences 
between the average and maximum depths, but the comparison of maximum depth is better.  
These differences are likely explained by the coarseness of the bathymetry data used to generate 
the model grid and the grid size ultimately used in the model. It should be noted that the 
comparison of depth is not a true calibration parameter as the differences in depth have more to 
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do with the underlying bathymetry data than the input parameters used within the model. The 
comparison does illustrate some of the simplifications made to the physical representation of the 
channel when developing the model.   
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Table 5. Comparison of simulated and observed depth (Dynamic Model). 

Location 

Sim. 
Avg.  

Depth 
(ft) 

Obs. 
Avg.  

Depth 
(ft) 

Percent 
Difference of 
Avg. Depth  

Max 
Depth 

(ft) 

ADCP 
Depth 

(ft) 

Percent 
Difference of 
Max Depth 

Inflow 15.62 18.49 -16% 31.89 33.27 -4% 

Lake George Channel 10.41 21.88 -52% 26.20 42.16 -38% 

Downstream US Channel 18.34 23.34 -21% 33.22 33.43 -1% 

West Canal 5.60 13.41 -58% 8.66 18.50 -53% 

Little Rapids 9.39 12.53 -25% 23.94 22.15 8% 

US Ship Canal 29.37 31.44 -7% 36.01 37.80 -5% 

Upstream US Channel 31.44 30.18 4% 37.46 34.35 9% 

 

A separate steady state model run was also conducted for calibration purposes. It was used to 
compare velocities and flow split around Sugar Island.  It was developed with the inflow 
boundary condition set at the sum of the ADCP measurements of flow from the downstream 
transect on the U.S. Shipping Channel and the transect from the Lake George Channel and the 
correlating downstream water levels as recorded by the respective gages for August 28, 2012. 
This approach allowed the model to simulate the flow conditions that were occurring when the 
velocity measurements in the Shipping and Lake George Channel were collected. This model run 
was developed to compare model flow and velocities to what was observed in the field at these 
locations while eliminating the uncertainty associated with the wide range of flows measured at 
the USGS gage.  

Steady state model results for flow and velocity at the ADCP transect locations are 
reported in 
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Table 6. As can be seen, the flows and velocities typically are within 10 percent of the field 
measurements. West Canal has a percent difference for velocity greater than 10 percent but an 
absolute difference of only 0.09 ft/s. This model run manipulates the input data to better match 
the average flows measured in the Shipping Channel and Lake George Channel. It was 
conducted to demonstrate that the model provides a reasonable flow split and velocity 
predictions.   
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Table 6: Comparison of simulated and observed flow and velocity (steady state run) 

Location Sim. Flow 
(ft3/s) 

Obs. Flow 
(ft3/s) 

Sim. Avg.  
Velocity 

(ft/s) 

Obs. Avg. 
Velocity 

(ft/s) 

Percent Difference 

Flow         Velocity 
Lake George 
Channel 10,806 12,042 0.74 0.82 -10% -10% 

Downstream US 
Channel 61,060 58,092 2.07 2.03 5% 2% 

West Canal 1,024 1,059 0.35 0.26 -3% 35% 
Little Rapids 0 282 0.00 0.06 NA NA 
US Ship Canal 60,000 56,150 2.83 2.56 7% 11% 
Upstream US 
Channel 61,060 57,033 2.64 2.72 7% -3% 

 

3.4.1 Flow Split Comparison 

Previous studies (Acres, 1997 and Knack, Huang, Shen, 2011) reported typical flow splits 
between the Lake George Channel and U.S. shipping channel as being between 26 and 28 
percent (to Lake George) and 72 and 74 percent (to the U.S. shipping channel). These studies 
were based on flow scenarios greater than 88,000 CFS (Table 3).  Additional ADCP 
measurements were provided by USACE for comparison, and the flow splits to the Lake George 
Channel ranged from 18 to 25 percent.  These measurements were taken in August 2011, 
October 2011, and August 2012.  The USACE flow splits were consistent with URS 
measurements using the ADCP. Based on all of the available information it appears that a range 
of 15 to 28 percent through the Lake George Channel and 72 to 85 percent (Table 7) through the 
U.S. Channel are reasonable estimates for the flow split around Sugar Island.   

The AdH computer model predicts 78 percent to 92 percent of the flow around Sugar Island to 
pass through the shipping channel (Table 8). This range overlaps with the ranges measured by 
URS and the USACE and reported by Acres (1997) and Knack, Huang and Shen (2011). Flow 
splits predicted by the model at 62,000 CFS, 82,000 CFS and 127,000 CFS were less than 10 
percent different than observed flow splits at similar flows. The predicted flow split at 42,000 
CFS was greater than 10 percent different than the observed flow split at similar flows. Thus, for 
three predictions the model matched well (i.e. within 10 percent) and for one simulation the 
comparison was moderate (i.e. 15 percent difference).   Differences between observed and 
simulated flow splits may be the result of a number of factors, such as, wind direction, 
generalizations of bathymetry and measurement errors and simplifications of roughness 
coefficients.  
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Table 7. Measurements or estimates of the flow split around Sugar Island performed 
by others and URS. 

Total Flow Percent Flow to 
Shipping Channel Date Source 

107,000 CFS 72% May 1997 Acres, 1997 

88,000 – 96,000 CFS 73% (assumed flow 
split) May 2010 Knack, Huang and 

Shen, 2011 

81,000 CFS 75% August 2011 USACE 

49,000 CFS 77% October 2011 USACE 

78,000 CFS 79 % August 2012 USACE 

70,000 CFS 83% August 2012 URS 

 

 

Table 8. Simulated flow split around Sugar Island using AdH model four different 
flows. 

 Low 
Flow, Q 
= 42,000 
CFS 

August 
2009, Q 
= 62,000 
CFS 

4-Year 
RP, Q= 
82,000 
CFS 

High 
Flow, 
Q= 
127,000 
CFS 

Steady 
State 
Calibration 
Run 

Q=70,136 
CFS 

Dynamic 
Calibration 
Run 

Q=48,000 – 
90,900 CFS 

Range 

Shipping 
Channel 

92% 81% 81% 78% 84% 81-90% 78 – 
92% 

 

3.4.2 Sensitivity Analysis 

As a part of the calibration, sensitivity analysis was performed on two of the controlling 
variables in the model.  Roughness coefficient (Manning’s ‘n’) and grid size were evaluated to 
determine the sensitivity of the model to variability of these components.  The roughness 
coefficient was varied by ±20 percent from the value used in the calibration runs.  Grid size was 
also refined (decreased grid size, more triangles) on the Lake George channel to evaluate 
changes in flow, and velocity related to this parameter. These sensitivity runs were completed for 
the existing conditions and alternative A (i.e. the preferred alternative). 

Two types of sensitivity runs related to the Manning’s roughness coefficient were conducted. 
These were a global change (i.e. all Manning’s “n” values for each material type were raised or 
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lowered by the same percentage) and location specific material type Manning’s “n” value were 
changed one at a time (i.e. the roughness coefficient for a single material was modified and the 
other remained at the existing value).   

Global increase or decrease in the roughness coefficient had limited impacts on model results.  It 
showed marginal changes in flow and velocities for the majority of the study area (<5%), but 
slightly more significant impacts (>5%) for the Lake George channel and the west US channel 
(Table 9).  This greater increase is primarily due to the smaller flows in those channels. For 
example, the absolute difference in flow is small, but is a larger percentage of the flow in that 
branch of the model.   

Table 9: Impacts on Velocity and Flow from Global Change to Roughness Coefficient 

Location 

Calibration Model Manning’s ‘n’ +20% Manning’s ‘n’ -20% 

Flow 
Avg. 

Transect 
Velocity 

Flow 
Avg. 

Transect 
Velocity 

Flow 
Avg. 

Transect 
Velocity 

(ft3/s) (ft/s) (ft3/s / %) (ft/s / %) (ft3/s / %) (ft/s / %) 

Inflow 70,136  1.03 70,136 / 0% 1.01 / -2% 70,136 / 0% 1.04 / 1% 
Lake George Channel 10,489  0.53 9,853 / -6% 0.48 / -8% 11,124 / 6% 0.57 / 8% 
Downstream US Channel 59,647  2.02 60,283 / 1% 2.03 / 0% 59,011 / -1% 2.01 / 0% 
West Canal 989  0.34 1,024 / 4% 0.34 / 0% 883 / -11% 0.31 / -8% 
Little Rapids 0  0.00 0 / 0% 0.00 / 0% 0 / 0% 0.00 / 0% 
US Ship Canal 58,658  2.77 59,259 / 1% 2.78 / 0% 58,128 / -1% 2.76 / 0% 
Upstream US Channel 59,647  2.58 60,283 / 1% 2.58 / 0% 59,011 / -1% 2.57 / -1% 

 

Since non uniform changes to the Manning’s “n” roughness coefficient could have a 
different impact on model results than a global change to parameters several runs 
were conducted that modified the roughness in Lake George, near shore shallow 

areas and within the shipping channel. Similar to the global roughness coefficient 
changes, there were changes to flow and velocity (

January 2014 3-23 



Table 10), but not to water surface elevation (Table 12).  
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Table 10: Impacts on Velocity and Flow from Location Specific Changes to 
Roughness Coefficient  

Location 

Calibration 
Model 

Lake George 
Manning’s ‘n’ -

20% 

Shallows 
Manning’s ‘n’ -

20% 

U.S. Shipping 
Canal Manning’s 

‘n’ +20% 

Flow 

Avg. 
Transec

t 
Velocity 

Flow 

Avg. 
Transec

t 
Velocity 

Flow 

Avg. 
Transec

t 
Velocity 

Flow 

Avg. 
Transec

t 
Velocity 

ft3/s ft/s CFS / 
% ft/s / % CFS / 

% ft/s / % CFS / 
% ft/s / % 

Inflow 70,13
6  1.03 70,13

6 / 0% 
1.03 / 

0% 
70,13
6 / 0% 

1.03 / 
0% 

70,13
6 / 0% 

1.03 / 
0% 

Lake George Channel 10,48
9  0.53 

12,53
7 / 

20% 

1.44 / 
20% 

11,97
2 / 

14% 

0.60 / 
14% 

11,37
1 / 8% 

0.57 / 
8% 

Downstream US 
Channel 

59,64
7  2.02 

57,59
9 / -
3% 

1.96 / -
3% 

58,16
4 / -
2% 

1.98 / -
2% 

58,79
9 / -
1% 

2.00 / -
1% 

West Canal 989  0.34 918 / 
-7% 

0.32 / -
6% 

1,059 
/ 7% 

0.37 / 
8% 

1,130 
/ 14% 

0.39 / 
15% 

Little Rapids 0  0.00 0 / 0% 0.00 / 
0% 0 / 0% 0.00 / 

0% 
0 / 0% 0.00 / 

0% 

US Ship Canal 58,65
8  2.77 

56,64
5 / -
3% 

2.68 / -
3% 

57,06
9 / -
3% 

2.70 / -
3% 

57,66
9 / -
2% 

2.73 / -
2% 

Upstream US Channel 59,64
7  2.58 

57,59
9 / -
3% 

2.49 / -
3% 

58,16
4 / -
2% 

2.52 / -
2% 

58,79
9 / -
1% 

2.54 / -
1% 

Analysis of the grid sizes was performed by doubling the mesh density along the Lake George 
Channel.  This refinement resulted in twice as many triangles as were previously modeled in that 
stretch.  Grid sizes within the Little Rapids and US Channel had already been increased 
substantially.  The refined grid model was compared with the calibration model with the results 
listed in   
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Table 11.  The refinement produced a six percent increase in flow and a seven percent increase in 
average velocity.  The grid size change resulted in minimal change in the water surface elevation 
(Table 12). 
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Table 11: Grid Size Comparison with Calibration Model 

Location 

Calibration Model Refined Grid 

Flow 
Avg. 

Transect 
Velocity 

Flow Avg. Transect 
Velocity 

(ft3/s) (ft/s) (ft3/s / %) (ft/s / %) 

Inflow 70,136  1.03 70,136 / 0% 1.03 / 0% 
Lake George Channel 10,489  0.53 11,160 / 6% 0.56 / 7% 
Downstream US Channel 59,647  2.02 58,976 / -1% 2.00 / -1% 
West Canal 989  0.34 954 / -4% 0.33 / -3% 
Little Rapids 0  0.00 0 / 0% 0.00 / 0% 
US Ship Canal 58,658  2.77 57,987 / -1% 2.74 / -1% 
Upstream US Channel 59,647  2.58 58,976 / -1% 2.55 / -1% 

 

To better understand how these parameter changes would impact conclusions based on the model 
a 20 percent reduction in roughness coefficient was applied to the existing conditions and 
Alternative A (i.e. the preferred alternative) for the 4-year flow scenario.  This comparison 
indicated that with the changes to roughness coefficient changes resulting from the proposed 
project remained very small. The difference between existing conditions and the proposed 
alternative had a relative differences less than 0.01 feet for all scenarios at all locations (Table 
12).  Therefore, while changing the roughness coefficients will have impacts on flows, velocities 
and water surface elevations within the model; they will not have an impact on the relative 
impacts to the water surface elevation of the proposed project. In other words, globally changing 
the roughness coefficient did not result in significant changes in predicted water surface 
elevations due to the proposed project.  
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Table 12. Simulated water surface elevations of existing and proposed conditions at four representative locations 
(steady state). 

  Existing Conditions (ft) Alternative A (ft) Change (ft) 

Model Run St. Marys 
River above 
Sugar Island 

Lake 
George 
Channel 

North 
Lake 
George 

South 
Lake 
George 

St. Marys 
River 
above 
Sugar 
Island 

Lake 
George 
Channel 

North 
Lake 
George 

South 
Lake 
George 

St. Marys 
River 
above 
Sugar 
Island 

Lake 
George 
Channel 

North 
Lake 
George 

South 
Lake 
George 

Calibration 580.08 579.97 579.52 579.45 580.07 579.96 579.52 579.45 -0.01 0.00 0.00 0.00 

All n +20% 580.30 580.17 579.61 579.50 580.29 580.16 579.61 579.50 -0.01 -0.01 0.00 0.00 

All n -20% 579.91 579.82 579.46 579.42 579.90 579.82 579.46 579.42 -0.01 0.00 0.00 0.00 

Lake 
George n -
20% 

580.02 579.91 579.49 579.44 580.01 579.91 579.49 579.44 -0.01 0.00 0.00 0.00 

Shallows n 
-20% 

579.97 579.87 579.48 579.43 579.96 579.87 579.48 579.43 -0.01 0.00 0.00 0.00 

US Canal n 
+20% 

580.16 580.04 579.55 579.47 580.15 580.03 579.55 579.47 -0.01 -0.01 0.00 0.00 

Lake 
George 
Refined 
Grid 

580.04 
 
 

579.96 579.55 579.46 580.04 579.96 579.55 579.46 0.00 0.00 0.00 0.00 

Max Diff 0.22 0.2 0.9 0.05 0.22 0.2 .09 0.5     
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 Discussion of Model Calibration and Sensitivity Analysis 
The comparison of model results and observed data demonstrated that the model performed well. 
For all comparisons the values predicted by the model matched well with the observed data. This 
comparison is demonstrated by the following:  

• Flow splits were generally within 10 percent of observed and no worse than 15 percent 
different than observed data. 

• Simulated average velocities were within generally within 0.2 ft/s and no greater than 0.5 
ft/s (-3% to 35% difference) of observed velocities. 

• Simulated flows in the main channels were generally within 10 percent of observed 
flows. 

In addition, the sensitivity analysis demonstrated that model results related to water surface 
elevation were not sensitive to changes to model parameters. The maximum difference between 
runs was 0.2 ft.  More importantly, the relative difference of water surface elevations between 
the existing conditions and preferred alternative simulation was less than 0.01 ft. This indicates 
that the predicted change in water surface elevation from the project is not very sensitive to the 
input parameters or grid size.     

Overall, the selected values provided a good fit for most of the metrics and were within the 
ranges used by others modeling the St. Marys River or other large river systems. In addition, the 
model appears to change very little when parameters, such as roughness or grid size are changed. 
These results indicate that the model’s calibration is sufficient for its intended purpose of 
evaluating causeway modifications impact on water surface elevations and velocities. 

 Alternatives 
Eight different model runs were performed for each hydrologic condition; existing conditions, no 
causeway, and alternatives A through F. The alternatives were developed by evaluating the 
results of the no causeway run and providing openings at the locations of the greatest flow and 
velocities. There are two main channels along the causeway as can be seen in Figure 17. The 
alternatives provide various configurations of bridges in the west and east channels with varying 
spans. These various configurations will allow for the development of a cost / benefit analysis 
based on area of restoration for a wide range of project sizes.    
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Table 13 provides a summary of the different alternatives. 
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Table 13: Alternatives Summary 

Alternative West Channel Bridge Span 
(ft.) 

East Channel Bridge Span 
(ft.) 

A 600 feet None 
B 400 feet None 
C 400 feet 400 feet 
D 600 feet 400 feet 
E 400 feet 200 feet 
F 600 feet 200 feet 

 

Much consideration was given to locations for a single or multiple span configurations. The goal 
of the span is to increase velocities throughout the causeway with an emphasis on increasing 
velocities in shallow areas under all flow conditions. Single span bridges were centered on the 
deepest channel (i.e. west channel) because it is the only location that would have flows during 
low water levels. Thus, for there to be a restoration component during periods with low lake 
levels, which may occur in the future due to climate change, it is important to include this 
channel.  Figure 15 illustrates the bathymetry within the Little Rapids area.  The east channel 
span was selected because this is shallow area of the little rapids area and providing flow would 
achieve the goal of providing higher velocities in areas with shallow depth.   
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Figure 16: Bathymetry of Little Rapids 
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Figure 17. Alternative A 
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Figure 18. Alternative B 
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Figure 19. Alternative C 
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Figure 20. Alternative D 
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Figure 21. Alternative E 
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Figure 22. Alternative F
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4 Alternative Analysis 
To develop a set of metrics for evaluating the effectiveness of the alternatives, the spawning 
habits of species of concern were assessed for desirable velocities. Figure 23 illustrates the 
various velocity thresholds of species present in the St. Marys River. Based on this figure and 
engineering and environmental constraints, it was determined that 0.8 feet per second or greater 
would be the target velocity that if achieved would provide improved habitat to the greatest 
number of species. While 0.8 feet per second is the minimum velocity target, it is anticipated that 
species requiring slower or faster currents would be able to find microhabitats within the Little 
Rapids suitable for spawning. In addition to the target velocity, the existing depths and 
associated habitat types that they support were analyzed using the available depth and substrate 
information. A detailed discussion of habitat impacts can be found in Section 4 below. 

 

 

Figure 23. Little Rapids Species Spawning Velocities 

The alternatives were compared with each other and existing conditions using two metrics.  
These were velocity and specified target points and area with velocities greater than 0.8 ft/sec.  
Target points were selected at seven points within the model domain. These locations were 
selected to represent areas of interest within the model domain.  For example, changes to 

Target Velocity: 0.8 fps or greater 
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velocity, depth and discharge were of interest in the shipping channel, Lake George Channel and 
within the Little Rapids area. Thus, these locations were selected as target points where model 
results were compared. There is no special significance to the target points. They are simply 
consistent points of comparison between model runs. The target points can be seen illustrated in  

Figure 24. Target points within the project vicinity 

 and Figure 25.  

As can be seen in the results in Table 14, Table 15 and Table 16, the velocities within the Little 
Rapids are increased by the proposed alternatives, with velocities increasing from zero to as high 
as 2 feet per second under August 2009 conditions, and 3.8 feet per second under high 
conditions. The biologically significant 4-year return period simulations produced increased 
velocities up to 2.4 feet per second.  Velocities in the Shipping Channel, Lake George Channel 
and Lake George are impacted by a maximum change of 0.1 feet per second for the August 2009 
scenario, 0.5 feet per second for the high scenario and 0.1 feet per second for the 4-year scenario. 
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Figure 24. Target points within the project vicinity 

 

Figure 25. Target Points along Lake George Channel 

Ship Channel 
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Upper Rapids East 

Lower Rapids West 

Lower Rapids East 

Lake George Channel 

Lake George 
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Table 14: Simulated Velocities at Target Points for the August 2009 Scenario 

August 2009 Scenario (62,000 CFS) - Simulated Velocities (ft/s) 

Alternative Ship 
Channel 

Lake 
George 
Channel 

Upper 
Rapids 
West 

Upper 
Rapids 

East 

Lower 
Rapids 
West 

Lower 
Rapids 

East 

Lake 
George 

Existing 
Causeway  3.2 0.8 0.2 0.1 0.0 0.0 0.2 

No Causeway 3.1 0.8 0.7 0.6 1.6 2.1 0.3 
A 3.2 0.8 0.5 0.0 1.3 0.1 0.2 
B 3.2 0.8 0.9 0.0 2.0 0.0 0.2 
C 3.2 0.8 0.9 0.9 1.2 0.7 0.2 
D 3.1 0.8 0.9 0.8 1.3 0.6 0.2 
E 3.2 0.8 0.9 1.0 1.3 0.8 0.2 
F 3.1 0.8 0.8 0.7 1.4 0.5 0.2 

 

Table 15: Simulated Velocities at Target Points for the High Scenario 

High Scenario (127,000 CFS) - Simulated Velocities (ft./sec) 

Alternative Ship 
Channel 

Lake 
George 
Channel 

Upper 
Rapids 
West 

Upper 
Rapids 

East 

Lower 
Rapids 
West 

Lower 
Rapids 

East 

Lake 
George 

Causeway (Ex) 6.0 1.3 0.2 0.1 0.0 0.0 0.5 
No Causeway 5.3 1.4 1.3 2.1 2.6 3.1 0.4 

A 5.6 1.5 1.5 0.1 3.8 0.1 0.4 
B 5.8 1.5 1.6 0.1 3.1 0.1 0.4 
C 5.6 1.4 1.3 2.3 2.7 2.2 0.4 
D 5.5 1.4 1.3 2.1 3.2 1.8 0.4 
E 5.6 1.4 1.4 2.5 2.6 2.4 0.4 
F 5.5 1.4 1.3 2.3 3.6 1.2 0.4 
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Table 16: Simulated Velocities at Target Points for 4-year Scenario 

4-year Scenario (82,000 CFS) - Simulated Velocities (ft./sec) 

Alternative Ship 
Channel 

Lake 
George 
Channel 

Upper 
Rapids 
West 

Upper 
Rapids 

East 

Lower 
Rapids 
West 

Lower 
Rapids 

East 

Lake 
George 

Causeway (Ex) 4.1 1.0 0.4 0.0 0.0 0.0 0.3 
No Causeway 4.0 1.0 0.9 0.9 2.3 3.0 0.3 

A 4.0 1.0 1.0 0.0 2.0 0.1 0.3 
B 4.1 1.0 0.8 0.0 1.9 0.0 0.3 
C 4.1 1.0 0.7 1.5 1.7 1.1 0.3 
D 4.0 1.0 0.8 1.4 2.0 1.2 0.3 
E 4.1 1.0 0.7 1.4 1.6 1.0 0.3 
F 4.0 1.0 0.8 1.0 2.4 0.8 0.3 

 

The primary metric used to measure the effectiveness of an alternative was the acreage of 
restored habitat. The velocity mesh was displayed as contours and exported to CAD for area 
measurements. The results for The No Causeway model run provided a reference for the 
maximum possible restoration. Table 17 provides the restoration area with a velocity of 0.8 feet 
per second or greater for each alternative and the percentage of restoration compared to the 
maximum possible restoration. Figure 26 and Figure 27 illustrate the improvements in habitat for 
the biologically significant 4-year return period scenario and high scenario. 
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Table 17: Model Results Summary 

 
Length of 

Spans 
August 2009 

Scenario 
4-year 

Scenario 
High 

Scenario % Restored 

Model Run (feet) Acreage >0.8 
fps 

Acreage 
>0.8 fps 

Acreage 
>0.8 fps (Aug 09 - 4-yr – High) 

Existing 
Conditions N/A 0.17 0.62 4.95 NA 

No Causeway 2,500 9.32 25.97 116.79 100% 
Alt. A 600 7.02 20.38 57.45 75% - 78% - 49% 
Alt. B 400 2.94 9.05 43.13 32% - 35% - 37% 
Alt. C 400 & 400 2.84 11.00 69.92 30% - 42% - 60% 
Alt. D 600 & 400 8.12 25.40 84.67 87% - 98% - 72% 
Alt. E 400 & 200 3.02 12.68 75.36 32% - 49% - 65% 
Alt. F 600 & 200 8.58 24.92 79.01 92% - 96% - 68% 

 

 

Figure 26. Comparison of Velocity Distributions from Existing Conditions and 
Alternative A for 4-year return period Flows and Lake Levels 
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Figure 27. Comparison of Velocity Distributions from Existing Conditions and 
Alternative A for High Flow and Lake Levels 
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5 Habitat Analysis 
According to modeling scenarios, the water depth and substrate would not change significantly 
from their current state when restoration activities are implemented.  Water depths would remain 
at 2 to 16 feet and the substrate would remain rough (boulder/cobble/gravel); however, any 
overlain fines would be removed by the restored current.  According to the Acres report and a 
study by LSSU the existing substrate in the Little Rapids is predominantly cobbles and boulders 
with a thin layer of deposited fines.  (Acres 1997, Back, 2005). It is assumed that increases to 
velocity will remove the fines that have been deposited over time due to the slack water 
conditions created by the causeway. The restored water velocity through the Little Rapids would 
provide suitable foraging, spawning, and nursery habitat for a wide variety of fish species that 
depend on rapids for portions of their lifecycles.  This includes fish species that may have been 
on the decline in the St. Marys River including lake whitefish, menominee (Prosopium 
cylindraceum), lake herring, walleye, brook trout (Salvelinus fontinalis), rainbow trout, brown 
trout (Salmo trutta); and lake sturgeon, as well as aquatic invertebrates and small forage fish on 
which these species depend (Acres 1997).  Figure 28 portrays the different aquatic habitats based 
on water depth and velocities created by the Preferred Alternative.  Additionally, Figure 28 
contains a table indicating the suitability of each habitat type for different fish species.  
Spawning conditions were recorded for only those species with available HSI models.  Water 
depths and velocity ranges for individual fish species are conservative values and based off of 
75% of the optimal spawning conditions.  Optimal spawning depths and velocity ranges for each 
fish species were increase by 25% to acknowledge the fact that fish can successfully spawn in 
non-optimal habitat.  Increasing the depth and velocity ranges by only 25% is seen as 
conservative, since the current state of the Little Rapids is not even remotely near the spawning 
depth and velocity ranges of salmonids, yet salmon were observed spawning around the 
causeway.  Fish often successfully spawn in non-optimal habitat.  Also, each year spawning 
conditions do not have to be optimal.  Young of the year successful fish recruitment every 3-5 
years will sustain a healthy fish population (Harrington 2012). 

Some warmwater fish species may be displaced by restoration of the Little Rapids due to 
increased water current, cooler water temperatures, and the loss of depositional substrate.  
Potentially impacted species include alewife (Alosa pseudoharengus), black crappie (Pomoxis 
nigromaculatus), channel catfish (Ictalurus punctatus), common carp (Cyprinus carpio), gizzard 
shad (Dorosoma cepedianum), northern pike (Esox lucius), smallmouth bass (Micropterus 
dolomieui), and yellow perch (Perca flavescens).  These fish species may not find the restored 
Little Rapids area suitable and would be forced to inhabit other reaches of the St. Marys River. 
Sluggish, backwater habitat suitable for the spawning and foraging activities of these warmwater 
fish species is common throughout the St. Marys River system, unlike rapids habitat. Benthic 
macroinvertabrate would also be impacted by restoration activities.  Rapids restoration would 
cause a shift in the benthic invertebrate community from species preferring soft-bottomed 
substrate to those inhabiting rapids habitat.  The invertebrate community of the restored rapids 
would be comprised of less oligochaetes, bloodworms, and mollusks and feature more mayflies 
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and caddisflies, which are associated with improved water quality.  Invertebrate species finding 
the restored rapids habitat unsuitable would be displaced or perish due to the increased water 
velocity. 
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Figure 28: Alternative A Fish Habitats 
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6 Engineering and Cost Analysis of Alternatives 
In addition to evaluating the alternatives based on hydraulic performance, the engineering and 
cost analysis comprise a major component in the alternative selection process. To facilitate large 
openings in the causeway, three different types of structures were evaluated: box culverts, three 
sided culverts, and bridges. Box culverts were identified as the preferred structure by the 
Chippewa County Road Commission. They are preferred because they have lower annual 
operation and maintenance costs. For example, resurfacing the road over box culverts is the same 
process used for other county roads (thus, the county has experienced staff for this work); bridge 
deck replacement/ maintenance is more costly than resurfacing over box culverts and repairs to 
the span would potentially be simpler and less costly with a box culvert system than with a 
traditional bridge.  Additionally, geotechnical investigations along the causeway have revealed 
very soft clays below the surface substrates.  This soft clay extends to a depth of approximately 
100 feet.  Because of this material, the cost of deep foundations for a bridge could be prohibitive, 
further promoting the use of box culverts. 

Preliminary cost estimates revealed a per lineal foot cost of approximately $10,000 for the 
proposed modifications. These costs were applied to each alternative and evaluated for 
effectiveness. Figure 29 illustrates the cost of each alternative and the range of anticipated 
restoration based on high, low and 4-year flow scenarios. Figure 30 compares the cost of each 
alternative and the range of anticipated restoration relative to the maximum potential restoration, 
when compared to the no-causeway scenario. Figure 31 provides the range of cost effectiveness 
of each alternative. Based on these evaluations, Alternative A will produce the greatest return on 
investment while adhering to the anticipated project funding. Additionally, if funding does 
become available for a second span, alternatives D and F could be constructed in the future. 
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Figure 29. Comparison of Alternative Cost versus Area of Restoration (The three 
symbols for each alternative represent a high, moderate and low flow condition). 

 

Figure 30. Comparison of Alternative Costs versus Percent of Potential Restoration 
(The three symbols for each alternative represent a high, moderate and low flow 

condition). 
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Figure 31. Comparison of Cost Effectiveness of Alternatives (The three symbols for 
each alternative represent a high, moderate and low flow condition). 
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7 Conclusions and Recommendations 
Based on the results of the modeling it appears that modifying the causeway will increase 
velocities in the area immediately downstream of it and that this modification will have very 
small impacts on other areas of the system. The modeling results of the preferred alternative 
indicate that velocities will increase downstream of the causeway. An analysis of the bathymetry 
and substrate indicates that the velocity increases will occur in areas with a variety of depths and 
that overall habitat improvements will occur because of the preferred alternative. Further, the 
modeling indicates that all of the proposed alternatives would have some positive impact on 
habitat. 

Furthermore, the good calibration provides confidence that the predicted changes will occur and 
the sensitivity analysis shows that changing model inputs has almost no impact on water surface 
elevation and only moderate changes in velocity and flow. From these results it can be concluded 
that the projects impacts will be limited to the area immediate downstream of the causeway.  

While the computer model developed matches observed data well and provides reasonable 
simulation of the proposed alternatives there are areas that could be improved. Based on the 
calibration and sensitivity analysis the model could be improved by the following: 

• Improved bathymetry data. The bathymetry data used to develop the model grid is based 
on a number of data sources with different levels of resolution. Developing a bathymetric 
data set that is denser than currently available would reduce uncertainty and increase 
confidence in the results. 

• Collect additional data sets for use calibrating and verifying the computer model. 
Additional data for calibration / verification would reduce uncertainty and increase 
confidence in the model results. 
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Appendix A: Explanation of Observed and Simulated Computations 
Observed Data from Transect Measurements 

Depths and velocities at seven transects were measured using a boat mounted ADCP unit.  The 
data was collected and processed using WinRiver II software.  The software calculated the total 
flows and cross-sectional areas of each transect.  This data was used to calculate the average 
transect velocity by dividing the total flow by the transect area.  Maximum velocities were 
determined by comparing each time step of each transect and selecting the greatest value.  The 
average depth of each transect was determined by dividing the cross-sectional areas by the 
transect length (i.e. approximately the top width of the channel).  Total flows as reported by the 
WinRiver II software were used. Right and left flows represented less than one percent of total 
flow and no consistent or significant left to right bias (which is commonly found in ADCP 
measurements) was identified.  Therefore, where three transects were taken across the channel, 
all three measurements were included in the calculations. 

Transect Outputs:  

• Flow (Q) in cubic meters per second 
• Area (A) in square meters 
• Velocity (v) in meters per second (for each incremental step) 
• Depth (d) in meters (for each incremental step) 
• Length/distance (L) in meters 

Transect Calculations 

• Average velocity = Q/A 
• Average Depth = A/L 

The values listed above are reported as observed values in this report. 

Model Measurements 

Various forms of output are reported by the model for each scenario.  The reported values were 
converted to flow, area, velocity (max and average) and depths (average and max) in order to 
compare them to observed data from the ADCP measurements and other reported gage data. 
Model results were reported at each node and string. The output at each includes: 

Node Output 

• Water surface elevations in meters 
• Velocity in meters per second 
• Depth in meters 

Node String Output 

January 2014 1 



• Flow in cubic meters per second 

Contour Measurements 

• Velocity in meters per second 
• Depth in meters 

The model output was aggregated and interpreted in the following ways to match the observed 
data that is available for model comparisons: 

• Cross-sectional area was determined by calculating the trapezoidal area based on node 
depth and distance between nodes along a node string. 

• Average node string depth was calculated by dividing the cross-sectional area by the 
node string length 

• Average node string velocity was calculated by dividing the flow by the cross-sectional 
area. 

• The contours were imported into CADD to determine areas of habitat restoration based 
on velocities and depths. 
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