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Statement of Conditions 

This Report/Study (the “Work”) has been prepared at the request of, and for the exclusive use of, the 
Owner/Client, and its affiliates (the “Intended User”). No one other than the Intended User has the right 
to use and rely on the Work without first obtaining the written authorization of Cole Engineering Group 
Ltd. and its Owner. Cole Engineering Group Ltd. expressly excludes liability to any party except the 
intended User for any use of, and/or reliance upon, the work.  

Neither possession of the Work, nor a copy of it, carries the right of publication. All copyright in the Work 
is reserved to Cole Engineering Group Ltd. The Work shall not be disclosed, produced or reproduced, 
quoted from, or referred to, in whole or in part, or published in any manner, without the express written 
consent of Cole Engineering Group Ltd. and the Owner. 
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1 Introduction 

Cole Engineering Group Ltd. (Cole Engineering), has been retained by the Toronto and Region 
Conservation Authority (TRCA) to provide engineering services in support of floodplain mapping update 
of Humber River within Peel Region.  The Humber River in Peel Region is generally split into two 
subwatersheds; Upper Humber in the north through Caledon East and the historic village of Bolton; and, 
West Humber throughout the City of Brampton.   

The Humber River is Toronto and Region Conservation Authority’s largest watershed, which covers 
approximately 900 km2 and is home to 850,000 people.  The watershed covers parts of the York Region, 
Peel Region, Simcoe County, and the City of Toronto.  Humber River is a Canadian Heritage River as 
designated by Canadian Heritage Rivers System, noted for its cultural and recreational benefits to the 
Greater Toronto Area.   

1.1 Study Area 

The study area is the Humber River and its tributaries throughout Peel Region. The study area was broken 
down into 2 models, Upper Humber and West Humber. The Upper Humber study area does not include 
Bolton, as TRCA recently completed the Bolton Special Policy Agreement. Refer to Appendix A for the 
study area. 

1.2 Study Objective 

The purpose of this report is to review the existing background information, field investigations, hydraulic 
modelling methodology, warnings and special areas of concern, and results of the model.  The intent of 
the project is to complete comprehensive hydraulic modelling and floodplain mapping for Humber River 
within Peel Region.   

2 Background Information 

There are existing floodplain maps for most reaches of Humber River within Peel Region. These floodplain 
maps have been created and revised at different times, by different organizations, with different source 
information. The existing HEC RAS files are likely inconsistent with each other, and a need has been 
identified for comprehensive modelling of the entire Humber River within Peel Region. The existing 
models are generally separated by the subwatershed catchment areas which contribute to the West 
Humber or Upper Humber. West Humber is located throughout the City of Brampton, and Upper Humber 
is located throughout the Town of Caledon.  The models within the catchment areas are generally revised 
once development occurs near that reach.  There has been considerable development in Peel Region since 
the previous comprehensive study of the watershed.  Developments such as watercourse realignments, 
valley corridor grading, changing landuse, and new watercourse crossings are not reflected in the current 
hydraulic models or floodplain map sheets.   

The newly developed model was based on new LiDAR surveys, confirmation of watercourse crossing 
structures, and updated flows. The LiDAR is based on 2014 survey data. The LiDAR data was used to cut 
all of the cross sections, develop bridge and culvert deck heights, and aided in defining the channel.  Aerial 
photography used for landuse classification, obstructions, and defining of channel was from 2015. Flow 
inputs were taken from the Final Report: Humber River Hydrology Update, April 2018, Civica Infrastructure 
Inc. Refer to the attached USB for the complete report. 
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Existing HEC RAS models were used in association with field investigations, as builts, and topographic 
survey to determine bridge and culvert geometry. The received watercourse shapefile to define the reach 
thalweg was revised to follow the low flow channel of the watercourse. 

3 Methodology 

3.1 Desktop Analysis 

Cole Engineering commenced the project by completing a desktop analysis of the existing information.  
Existing information supplied by TRCA that was reviewed by Cole Engineering staff included; 

 West Humber and Upper Humber existing HEC RAS models and floodplain mapping sheets; 

 1-m LiDAR for study area and associated 2015 aerial photos; 

 2015 Humber River Watershed Hydrology Update, June 2015, Civica Infrastructure Inc.; 

 Albion Hills Dam Decommissioning, September 19, 2016, Greck and Associates Ltd.; 

 Shapefiles such as landuse types, flow nodes, watercourses, building footprint etc.; 

 Peak flows from Final Report: Humber Hydrology Update, April 2018, Civica Infrastructure Inc..; 

 Albion Hills Dam Removal design drawings; and, 

 Design drawings for recently approved watercourse crossings. 

The geographically referenced files such as LiDAR and shapefiles were imported to ArcMap and AutoCAD 
Civil 3D.  The watercourse reaches proposed for modelling were determined by Cole Engineering and 
approved by TRCA to only include hydraulically significant watercourses.  Cole Engineering then used the 
supplied aerial photographs to identify watercourse crossing structures such as bridges and culverts that 
could affect the floodlines.  The crossing structure list was refined to eliminate privately owned crossings 
due to permission required to enter and some small pedestrian/footage bridges which are hydraulically 
insignificant. 

Once all watercourse alignments and structures for modelling were approved by TRCA, Cole Engineering 
contacted the applicable structure owners for as built information.  The received as built or general 
arrangement drawings were verified to ensure applicability for hydraulic modelling.  Many structures did 
not have sufficient as built information for use in the model.  TRCA supplied approved design drawings for 
some structures.  Though the design drawings are not as reliable as the as built drawings, they were 
generally acceptable for use in hydraulic modelling.  See the attached USB for all as builts and design 
drawings used in the completed models.  Drawings which were deemed not acceptable for the model are 
not included on the USB. A database was created to organize watercourse crossing information which 
compared the geometry, inverts, obverts, and deck elevations from the existing HEC RAS models and 
received as builts.  In many cases, the two sources of information were conflicting.  The database was 
imported on a tablet which would be taken into the field to verify the crossing geometry. The crossings 
were investigated in the field to ensure geometry from existing HEC RAS models, topographic survey, as 
built, or design drawing was accurate. See Table 3-1 below for a summary of the sources of information 
and the quantity of source. 
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Table 3-1 Watercourse Crossing Structure Source of Information 
Source of Information No. of Crossing Structures 

Existing HEC RAS Models 75 

Topographic Survey 22 

As Built 17 

Field Investigation 15 

Design Drawing 5 

Total 134 

 

3.2 Field Investigations 

3.2.1 Field Verification  

Cole Engineering staff verified watercourse crossings in the field from May 29, 2017 to June 5, 2017.  Staff 
measured the geometry of the structures using a laser distance measurer.  Other variables such as flow 
velocity, flow depth, siltation, and erosion were estimated.  See the attached USB for the watercourse 
crossing summary sheets. 

Some crossings could not be field verified due to access constraints.  Typically these crossings were on 
private property, railway tracks, pedestrian trails, or under construction.   

The results from the field verification were compared against the as built / design drawings and existing 
HEC RAS models to determine which of the existing information was correct.  If the results from the field 
verification showed that the as built and existing HEC RAS information was incorrect, than the crossing 
was flagged for further analysis.   

Crossings requiring additional analysis were either flagged for topographic survey, or field verification 
results were used.  Generally, structures over 6.0 m used the field verification results, whereas structures 
less than 6.0 m were recommended for topographic survey.  Some structures did not have any available 
existing information, and were recommended for topographic survey. 

3.2.2 Topographic Survey 

A total of 23 crossings were topographically surveyed between July 17, 2017 and July 21, 2017.  The survey 
was completed utilizing GPS and total station equipment.  The objective of the topographic surveys was 
to obtain the following key information; 

 Inverts and obverts; 

 Structure conveyance geometry; and, 

 Highest points along top of road (centreline of road or guiderails). 

The results of the abovementioned information were input to the database.  The topographic survey 
results were very similar to the laser distance measurer, which provided confidence in the accuracy of the 
field verification results.   
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At x-125, Humber Station Road, the GPS did not get a signal.  A staff member who was surveying had a 
cell phone on the same cellular network as the GPS which also did not have a signal.  This crossing was 
measured by hand, and no survey was completed. 

3.3 Data Processing and Hydraulic Model Inputs 

Data collected from existing information and field verifications were verified for use in GeoHEC-RAS.  
GeoHEC-RAS calculates flood elevations using the standard HEC-RAS engine; however, the program 
automates many functions which is useful for the large data set.  The model parameters were coded using 
recommendations as per the HEC-RAS River Analysis System Hydraulic Reference Manual Version 5.0, 
February 2016.   

The first step in creating the model was importing the watercourse reaches shapefile into AutoCAD and 
adjusting them in plan view using contours and aerial photos to ensure the reach was in the center of the 
low flow channels.  Once the low flow channel was determined, the shapefile was imported to 
GeoHECRAS.  It was found that some of the low flow channel alignments required adjustments once using 
the DEM in GeoHECRAS instead of contours. 

Junctions were created at the flow combine locations, which is where two reaches combine into one 
reach.  There were no cases of flow split, which is where one reach splits into two reaches.   

Cross sections were coded into the model generally perpendicular to the contours and flow of the 
watercourse.  Cross section length and spacing varied throughout the reaches in the model as required.  
Generally, cross sections were spaced 150 m apart, and 200 m wide.  Additional cross sections were added 
near crossing structures, abrupt changes in planform, or sudden elevation changes.  As a check to ensure 
spacing was sufficient, Samuel’s equation was used: 

∆� ≤ 0.15 ∙ 	
�

��
 

Where: D = Average bank full depth of the main channel (m) 
 So = Average bed slope (m/m) 

Samuel’s equation was used to determine if the cross section spacing was sufficient, compared to the 
average slope of the creek profile.  If cross sections were spaced too far apart, additional cross sections 
were modelled.   

Cross sections were coded to include; 

 Bank stations; 

 Levees; 

 Roughness coefficient changes; 

 Ineffective flow areas; and, 

 Obstructions. 

The bank stations were located at the edge of the low flow channels using a combination of LiDAR, cross 
section geometry, and aerial photos.  Bank stations were adjusted as necessary to ensure the correct main 
channel roughness coefficient. The low flow channel was determined using a combination of LiDAR, cross 
section geometry, and aerial photos. The low flow channel was adjusted in plan view as required. 

The flow node locations received from TRCA were verified to ensure nodes were placed at flow increasing 
features such as storm outfalls or smaller tributaries not included in the model.  Revised flow values were 



Toronto and Region Conservation Authority 
Humber River Floodplain Mapping Update in Peel Region

Hydraulic Modelling Report
 

2017-0019 (June 14, 2018) 

 

5

 

later received from TRCA on February 26th 2018 and input at the verified flow node locations.  It is noted 
that the revised flow values were confirmed by TRCA to be acceptable for the model. 

Structures’ conveyance geometry (length, width, height, shape of opening) was modelled using a variety 
of data sources.  Generally, the order of most reliable data source to least reliable were; 

1. Topographical survey; 
2. As builts; 
3. Design drawings;  
4. Existing HEC RAS models; and, 
5. LiDAR / aerial. 

The above information was checked against the field verifications to ensure the data was accurate.  In 
cases where structure length was missing or verified incorrect from the existing information, aerial 
photography was used to measure the length.   

The LiDAR has 0.5 m accuracy; however, does not include bathymetry of watercourses, or bodies of water. 
The depth of the watercourse at most reaches was less than 0.3 m, which is relatively negligible when 
considering the entire inundated area during a large storm event. At larger bodies of water such as online 
ponds or dams, the lack of bathymetry was not considered a large issue.  Any water below the invert of 
the outlet structure of the dam would not be considered effective flow area. Therefore, regardless of the 
depth of water within the dam, the resulting flood water elevation difference would be negligible. 

The 0.5 m LiDAR was considered to be of high accuracy sufficient for obtaining and verifying bridge and 
culvert inverts for use in a large scale hydraulic model.  Culvert inverts were adjusted to match the LiDAR 
to ensure consistent invert elevations across multiple sources of data.  It was found that using the as built 
or topographically surveyed inverts caused many of the structures to be falsely buried or raised, conveying 
more or less than what would actually occur.  During field investigations, if it was found that a culvert was 
partially buried or raised, this was reflected in the model in conjunction with the invert adjustments.  All 
culverts were modelled with 0% or greater slope, as HEC RAS does not accurately calculate conveyance 
with negative slopes.   

Ineffective flow areas were added to the cross sections upstream and downstream of the crossing 
structures. The ineffective flow location methodology was determined as per Chapter 5: Modelling 
Bridges, HEC-RAS 5.0 Reference Manual, February 2016. Generally, the ineffective flow area was located 
at the upstream and downstream bounding cross sections outside the structure opening at a 1:1 distance 
from the face of the structure to the bounding upstream or downstream cross section. The ineffective 
flow areas were adjusted to best match where flow was expected to be partially blocked by obstructions 
such as bridge abutments or deck. For example, if the upstream bounding cross section was location 5 m 
from the face of the structure, the ineffective flow area at the upstream cross section would start 5 m 
away from the structure opening.  Ineffective flow areas were also added throughout cross sections where 
an area of ponding, but no conveyance would occur.  These areas were frequently found at SWM or 
aesthetic ponds located adjacent to the watercourse. 

Levees were also used for areas in which flow would not reach until a certain flood elevation. Similar to 
the ineffective flow areas, these were generally found when a cross section crossed a SWM pond, adjacent 
low lying areas, and across local high points. 

Bridge skew was determined by a combination of field investigations and aerial photography. 
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The existing HEC RAS models were used to find levees and obstructions.  The obstructions and levees were 
verified using the field investigations and google earth, and input to the model. An initial run of the model 
was completed to determine which obstructions could obstruct flow.  Obstructions outside of the flood 
area were not included even if the cross section was cut through a building, as this would not change the 
results. 

The Manning’s N roughness coefficients in the cross sections were based on landuse types.  Cole 
Engineering used the received 2015 aerial photography to determine the landuse type, and assigned a 
roughness coefficient to the landuse based on Standard Manning’s Roughness Coefficients for TRCA 
Watershed Hydraulic Modelling.  In some cases, the roughness coefficient changed numerous times as 
the cross section cut through different landuse types.  Refer to Table 3-2 for the standard Manning’s 
values used. 

Table 3-2 Standard Manning's Roughness Coefficients for TRCA 
Landuse Description Manning’s 

“n” Value 

Watercourse Low flow channel between bank stations 0.035 

Urban Uses 
(Impervious) 

Road crossings, existing parking lot or any large impervious surfaces etc. 

Does not include obstructions such as buildings 

0.025 

Urban Uses 
(Pervious) 

Municipal parks, golf courses, play grounds, maintained / landscaped grass 
areas 

0.050 

Natural Areas Rural areas such as farmland, forested areas, and unmaintained properties 0.080 

 

Flow node locations and flows were provided by TRCA based on a study conducted by Civica Infrastructure 
dated February 2018, which were further finalized in May 2018.  The flows were added in the model at 
the appropriate cross section locations. In the case where flows were recorded at the bottom of a given 
subcatchment, the flow was inputted to a cross section at the top of the subcatchment to ensure flows 
were accurately reflected.  The selected peak flows for each storm event are summarized in Table 3-3.  

Table 3-3: Selected Peak Flows 

Storm Event 2-, 5-, 10-, 25-, 50-, 
100-Year  

350-, 500-Year Regional 

Selected Flow data Existing conditions, 6 
hour peak flows 

Future conditions, 6 
hour peak flows 

Future Regional Peak 
Flows 

 

Once nearly all inputs were modelled, the Regional storm event was run initially without obstructions, 
levees, or ineffective flow areas to determine an approximate flood line. From the approximate flood line, 
obstructions, levees, and ineffective flow areas were added as required. The model was run again after 
including obstructions, levees and ineffective flow areas to ensure cross sections were long enough to 
contain the Regional storm.  Obstructions such as buildings or abutments from a decommissioned bridge 
were assigned a height based on judgement from aerial photographs.  In most cases, the flow was well 
below the top of the obstruction.   

Boundary conditions were determined using the existing Claireville Dam, and the existing HEC-RAS models 
at the downstream ends of the study area.  West Humber used the existing rating curve from Claireville 
Dam, which was supplied by TRCA.  Refer to Appendix B for the rating curve of Claireville Dam.  
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Upper Humber has two (2) separate rivers (East reach and Main reach); therefore two (2) boundary 
conditions were required. The boundary conditions were taken from the existing HEC RAS models at the 
downstream locations of Upper Humber. A sensitivity analysis was completed to determine when the 
model stabilizes, and the boundary condition no longer has an effect on the flood elevations. The model 
was run with various known water surface elevations to determine the effect on the upstream cross 
sections. When the water surface elevation was no longer effected by the downstream boundary 
condition, it was considered stabilized. 

At the East reach, the second most downstream cross section, 1199.963, was determined to be the cross 
section in which the model stabilized. At the Main reach, the third most downstream cross section, 
100.401, was determined to be the cross section in which the model stabilized.  See Figure 3-1 and Figure 
3-2 below for the sensitivity analysis for the Regional event.   

  

Figure 3-1 Sensitivity analysis results for East reach of Upper Humber River 

 

Figure 3-2 Sensitivity analysis results for Main reach of Upper Humber River 

3.4 Pressure vs Weir Bridge Calculations 

As per the HEC-RAS 5.0 Reference Manual, HEC-RAS has the capability to model a bridge under low flow, 
pressure flow, pressure and weir flow and highly submerged flow. In order to appropriately model 
crossings and bridges, the appropriate modelling method was selected for each crossing. Figure 3-3 
demonstrates the selection process used for each crossing.   

The model was run with all crossings set to the energy method and each crossing was then reviewed to 
determine the location of the water surface elevation on the low chord of the bridge. In the case where 
the water surface elevation was in contact with the low chord, the selection process described in Figure 
3-3 was used. In the case where the water surface elevation could have varying interpretations, the 
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analysis was completed under both conditions to determine the most accurate method. This process is 
also described in Chapter 6 of the HEC RAS 5.0 User’s Manual.  

 

Figure 3-3: Flow Computation Method Selection Process 
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3.5 Model Notes, Warnings and Errors 

The hydraulic model runs without error on both the Upper Humber and West Humber reaches; however, 
there are many notes and warnings.  Many of the warnings have been reduced through changing variables 
in the model, though many warnings still remain. Reduction of warnings and notes was completed for the 
Regional storm event, as this storm generally defines the Regulatory storm. The remaining warnings have 
been determined as acceptable, and it would not be practical to eliminate all of them.  See below for a 
summary of warnings and notes that remain in the model. 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is 
less than 0.7 or greater than 1.4.  This may indicate the need for additional cross sections. 

This warning is the most common in the model.  The warning is triggered by a large variance in roughness 
coefficients and channel geometry.  To determine conveyance, each cross section is broken down into 
subdivisions which are created at each change in roughness coefficient, see Figure 3-4 below. 

 

Figure 3-4: HEC-RAS Conveyance Subdivisions (from HEC-RAS River Analysis System, Hydraulic 
Reference Manual, February 2016) 

  Conveyance at each subdivision is calculated by the following formula: 

� =
1.486

�
∙ ��� �⁄  

K = conveyance for subdivision 
�  = Manning’s roughness coefficient 
A = cross sectional flow area 
R = hydraulic radius 

The program sums up the incremental conveyances for each subdivision to determine the overall 
conveyance, or K.  The overall K value for each cross section is divided by the adjacent downstream cross 
section to determine the conveyance ratio.  If the ratio is less than 0.7 or greater than 1.4, the warning is 
issued.  It has been determined that due to the highly accurate DEM that produces a very detailed 
geometry and the varying roughness coefficients, this warning will frequently be triggered.  A sensitivity 
analysis was completed by entering numerous cross sections very close to each other, and it was 
determined that this warning would still frequently occur.  Therefore, this warning is deemed acceptable 
to occur in the model. Although the model produces warnings, the results are still acceptable for use for 
floodplain mapping purposes. 

Warning: Divided flow computed for this cross-section 

In some areas the flow was divided in the floodplain.  This warning generally occurred in the lower storm 
events, in which the flow was divided into separate channels.  The divided flow generally occurred in wide 
floodplains, where flow would spill outside of the bank stations and into adjacent undulations.  It was 
determined that it would not be applicable to add ineffective flow areas in the adjacent undulations, as 
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water would still flow in these channels for the larger storm events.  It was determined that this warning 
is acceptable to occur in the model. 

Warning: The energy loss was greater than 1.0 ft (0.3 m) between the current and previous cross 
section.  This may indicate the need for additional cross sections. 

This warning occurs at large changes in energy loss.  Generally this occurs in a relatively steep reach where 
the cross sections are spaced too far apart.  The model requests additional cross sections upstream to 
produce a more accurate flood elevation through the energy drop location.  In many cases, this warning 
was eliminated by adding additional cross sections; however, this warning still occurs throughout the 
model.  Generally the warning still occurs in areas that have a sudden drop, or weir-like structure which 
causes the energy drop.  It was determined that this warning is acceptable for the occurrences that still 
remain. 

Warning: The velocity head has changed by more than 0.5 ft (0.15m). This may indicate the need 
for additional cross sections. 

This warning is triggered when there is a significant change in the velocity between the current cross 
section and the adjacent downstream cross section.  Typically this occurs when there is a significant 
change in slope or cross section geometry.  Generally, in instances where this warning occurred additional 
cross sections were added.  It was determined that this warning is acceptable for the occurrences that still 
remain. 

Warning: The energy equation could not be balanced within the specified number of iterations.  
The program used critical depth for the water surface and continued on with the calculations 

The program could not compute energy losses to provide a flow depth in the subcritical flow regime.  
There are many potential causes such as poor cross section data, cross sections spaced too far apart, 
incorrect flow regime was used, or water surface is located close to top of levee or ineffective flow area.  
When this warning occurred, investigation into the cause was undertaken.  In some cases additional cross 
sections were added in an attempt to remove the warning; however, in most cases the warning could not 
be eliminated. 

Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated water surface came back below critical depth.  This indicates there is 
not a valid subcritical answer.  The program defaulted to critical depth. 

This warning occurs when the solution for the cross section is likely supercritical.  It can be caused by 
having cross sections that are spaced too far apart, or the incorrect flow regime being used.  When this 
error occurred additional cross sections were added; however, in many cases the error was not 
eliminated.   

 Note: Multiple critical depths were found at this location.  The critical depth with the lowest, valid, 
energy was used 

This note occurs when using the secant method determines there is more than one minimum energy 
point.  This may occur in cross sections that have large flat overbank areas.  In these cases, the depth was 
investigated and compared to adjacent cross sections to ensure the result was valid. 

Note: The flow in the culvert is entirely supercritical 

This note occurs when the flow capacity of the culvert entrance is less than the flow capacity of the culvert 
barrel.  This situation is referred to as inlet control.  Flow goes from subcritical, to supercritical just inside 
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the culvert entrance.  This situation occurs generally for undersized culverts which cannot effectively 
convey the entire flow, but flow has not overtopped the cover on the culvert. 

Note: The culvert inlet is submerged and the culvert flows full over part or all of its length.  
Therefore, the culvert inlet equations are not valid and the supercritical result has been discarded.  
The outlet answer will be used. 

This note occurs when flow overtops both the culvert, and the decking on top of the culvert.  In this case, 
flow is limited by downstream conditions.  This is referred to as outlet control.  The outlet control 
equations are then used to calculate the conveyance of the culvert.   

Note: The momentum method has computed a class B profile 

A class B profile assumes that a hydraulic jump will occur and supercritical flow would be obtained.  The 
mixed flow regime should be used in this case.  This warning occurred very few times, therefore it was 
determined to keep the model in subcritical flow regime.   

Errors 

Errors within the model were typical mistakes when creating a large HEC RAS model. Typical errors found 
were: 

 Missing downstream boundary conditions; 

 Missing bank stations; 

 Duplicate station-elevation points in cross sections; 

 More than 500 points in a cross section; and, 

 Missing junction to connect reaches.   

The errors found were easily fixed by including the missing information, reducing points in cross sections, 
and deleting duplicate points. 

3.6 Exceptions and Assumptions  

There were some assumptions made in the model.  The assumptions are described below. 

Emil Kolb Parkway 

The recently constructed bridge crossing at Emil Kolb Parkway is immediately upstream of the existing 
older constructed bridge crossing (x-94).  The older crossing is still in use, and is much smaller and 
hydraulically restricting compared to the newer crossing.  The older crossing is approximately 15 m wide, 
and 4 m tall, whereas the newer crossing is approximately 135 m wide and approximately 6 m tall.  The 
limiting factor in the immediate area would be the smaller crossing.  To simplify the model, the larger 
bridge crossing has not been modelled, as the results would not differ. Refer to Figure 3-5 below. 
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Figure 3-5 Two bridges at Emil Kolb Parkway, x-94 

Bridge and Culvert Guiderails and Railings 

In some locations in the model it appears that the cover on the bridge is incorrect, as the top deck extends 
abruptly over the bridge opening.  The reason for this is that handrail or guiderail that is above the culvert 
is solid, and would restrict flow.  The handrail or guiderail in these cases were modelled at the top chord 
of the deck.  Conventional metal guiderails or handrails with large voids were not modelled, and assumed 
to have minimal effect to the flow. Refer to Figure 3-6 below. 

 

Figure 3-6 Example of bridge with guiderail which blocks flow 

LiDAR and Standing Water 

The LiDAR did not pick up ground elevations below water, such as the low flow channel bottom, or bottom 
of dams. As per field investigations, the water depth was 0.3 m or less near the bridges and culverts. When 
comparing relatively shallow water depth to the entire valley corridor, the water depth was considered 
negligible.    This small amount of error that occurs only within the main channel has been determined to 
be acceptable for hydraulic modelling purposes.  The areas where relatively deep water may be found 
are; Albion Hills Dam; Innis Lake; Palgrave Dam; and Claireville Dam.  Despite the deep water, these areas 
are not expected to effect the hydraulic modelling. Water located below the invert of the dam` control 
structure would not be effectively flowing. Therefore, regardless of depth of water, the model is not 
expected to output large variance in results. 
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The cross section geometry through the Albion Hills Dam will be cut using bathymetric data sent by the 
TRCA, instead of the LiDAR.  The bathymetric data shows the LiDAR had elevation errors of up to 2 m 
within the deeper water in Albion Hills. 

The depth of Innis Lake is not known at the time of this report, although it appears the depth is controlled 
by a weir structure upstream of Innis Lake Road.  There is no available bathymetric data to correct the 
LiDAR, therefore LiDAR will be used to cut cross section geometry.   

Through phone conversations with TRCA, it was determined that Palgrave Dam is relatively shallow and 
generally less than 0.5 m deep.  There is no bathymetric data, therefore LiDAR data will be used. 

The depth of Claireville dam is not known and there is no bathymetric data available, therefore LiDAR will 
be used to cut cross section geometry. 

Flow Regime 

The subcritical flow regime was used instead of mixed flow or supercritical flow.  After running the model, 
it was apparent that the vast majority of the flow was subcritical, with minimal areas of supercritical such 
as culverts and steep sections of reaches.  In the areas of supercritical flow, the program defaults to the 
critical depth, which results in a higher elevation.   

Mixed flow regime could result in a more accurate model, considering the supercritical flow areas.  In 
mixed flow, the program initially calculates the results in subcritical flow first, starting at the downstream 
end of the model working upstream.  The program marks which areas were identified as supercritical flow.  
The program then calculates the supercritical results from the upstream ends working downstream.  The 
program replaces the areas marked as supercritical flow from the initial calculations with the results from 
the second calculation.   

There are some concerns with the mixed flow regime including obtaining upstream boundary conditions.  
Upstream boundary conditions could be calculated for all upstream reaches, thought this would require 
extensive additional modelling.  To properly model the upstream boundary conditions, an additional 4-5 
cross sections would be required for each reach; however, the upstream reaches have typically ended at 
confluences and watercourse crossings.  The additional crossings have no existing information, and were 
not visited in the field investigations.  Inputting the crossings without accurate information would likely 
reduce accuracy of the model, not improve it. 

An alternative to increasing the number of cross sections, would be to assign upstream boundary 
conditions in the existing cross sections and complete a sensitivity analysis to determine where the model 
has stabilized.  The revised study area would be located where the cross sections have stabilized, and any 
cross sections upstream of the stabilized cross sections should be ignored.  This method would reduce the 
study area by reducing the upstream reaches, but would have more accurate results through the 
remainder of the model. 

After considering the above alternatives, it has been determined to use the subcritical flow regime, as this 
would provide acceptable accuracy for the vast majority of the model, and provide conservative flood 
elevations at areas of supercritical flow. Using subcritical flow regime is consistent with most other TRCA 
HEC-RAS models. 

Bridges and Culverts in Close Proximity 

There are some bridges and culverts at a very close proximity on two separate reaches.  An issue arises 
when the upstream and downstream cross sections associated with the structures must be shortened to 
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avoid being overlapped.  In these cases, the upstream and downstream cross sections generally turn on 
to the road to obtain a high point in the cross section.  Although this is not standard practice for modelling 
in HEC RAS, the crossings are in a unique situation.   

The close proximity of crossings can be seen near x-87 which is located at Airport Road in Caledon East.  
This area has two crossings on two separate reaches that outlet to one reach at the same location.  To 
model this, it was assumed that the structures outlet to their respective reaches before the junction. Refer 
to Figure 3-7 below. 

 

Figure 3-7 Cross sections in close proximity at x-87 

Culvert Obverts Located Above the Top of the Road 

There were six culvert locations where the obvert was located above the top of the road when using the 
road DEM data. A note was made in the model at the crossing locations where this discrepancy occurred, 
for example, at crossing x-110. This was attributed to errors in the road DEM. In these cases, the road 
deck elevation was raised to provide an assumed cover of 0.3m. The ground DEM upstream or 
downstream of the crossing was not changed, as this would have resulted in a sudden local drop in the 
creek profile. Thus, raising the road elevation was the more appropriate modelling approach. Refer to 
Figure 3-8 below. 
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Figure 3-8 Before and after road deck adjustment 

3.7 Final Model and Floodline Delineation 

The models were run once remaining notes, warnings, and assumptions were deemed acceptable.  Each 
bridge, culvert, and cross section was checked to ensure consistency and correct modelling practices 
throughout the model. Typical mistakes found were: 

 Cross section direction was flipped; 

 Road deck of bridges and culverts required to be extended to match with ground profile; 

 Repositioning of bank stations or creek centerline; and, 

 Adjusting ineffective flow and levees. 

Following verification of the model, the model was run in the sub critical flow regime with the 2-year 
through 500-year storm events, as well as the Region storm event. The floodlines were cut from the final 
model output results.  

Floodlines were cut using the GeoHEC RAS floodline generation tool. The tool essentially creates two (2) 
surfaces, and finds the intersection of those surfaces. The first surface would be the flood elevation, 
defined by the elevation at each cross section. The second surface is the LiDAR data. The floodlines were 
cut by the tool by finding the intersection of these two surfaces. Using this tool, some abnormalities were 
observed. 

The most obvious error was that the tool did not output any flood lines between cross sections.  It was 
found that this was generally due to the extension of floodline cutting outside of the cross section area. 
For example, if two cross sections were approximately 100 m long, but the floodline between them spans 
150 m. The tool would not accurately generate floodlines between the cross sections. To offset this, the 
floodline generation tool was allowed to cut floodlines up to 200 m outside of the adjacent cross sections. 
Despite increasing the distance that floodlines could be cut, the floodlines would still be cut off at small 
drainage channels. In these cases, the floodlines were manually edited as required. 

Another error was the floodlines around bridges and culverts. The upstream and downstream cross 
sections of a bridge generally have a large difference in elevation. When the tool generated floodlines 
across a road, in some cases the road appeared overtopped, when in the HEC RAS model it was not. This 
was also true in the opposite case, where the road may not appear overtopped; however, the HEC RAS 
model determines it was overtopped.  Floodlines around bridges and culverts were adjusted to match the 
HEC RAS results, and manually edited. To show a bridge was overtopped, the floodlines extend over the 
bridge. To show a bridge was not overtopped, there are no floodlines directly below the bridge structure. 

The floodlines also showed strange results near spill locations. In these areas, the floodline was manually 
edited to show the inundated areas near the watercourse. An arrow and note were added to the 
floodplain mapping sheet to explain this area is an identified spill, and the direction the spill continues. 
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Once final edited floodlines were satisfied by both Cole and TRCA, map sheets were prepared as per MNRF 
and TRCA floodplain mapping standards.  In total there are 20 map sheets in Upper Humber and 46 map 
sheets in West Humber.  

4 Results and Findings 

This study has developed two (2) hydraulic models for Upper Humber and West Humber respectively. The 
hydraulic models have been used to produce floodplain mapping. The floodplain mapping was used to 
update the existing mapping sheets, and create new floodplain mapping sheets. Within this study, reaches 
not previously modelled have been added to the models. Within West Humber, the following is a list of 
extended or newly modelled reaches; 

 Gore Road Trib – Reach1; 

 Gore Road Trib – Reach2; 

 Gore Road TribA – Reach1; 

 Clarkway Trib – Reach2; 

 Clarkway Trib – Reach3; 

 Clarkway Trib A – Reach1; 

 Tributary A – Reach1; 

 Campbells TribB – Reach 1; 

 Campbells TribC – Reach 1; 

 West Humb TribA – Reach2; and, 

 West Humber – Reach5C. 

Within Upper Humber, all reaches in the updated model have been previously mapped in existing 
floodplain mapping sheets. 

Refer to the USB for the detailed output from each model. 

The flood elevations and flood lines generally match the existing floodplain mapping. There are some 
locations where the flood lines differ from the existing floodplain mapping to the updated mapping.  The 
different floodlines are likely a cause of: 

 Updated and more detailed LiDAR used to cut the floodlines; 

 Change in input flows; and, 

 Revised / updated watercourse crossing structure geometry. 

4.1 West Humber Differences between Existing and Updated Models 

There are some differences in the updated model compared to the existing models. Within this section of 
the report, please note that the blue line represents the 2018 updated floodline, and the white line 
represents the existing floodline prior to this study.  

Within West Humber, cross sections from 200.704 – 202.855 have more detailed floodlines than the 
existing model. The existing model did not continue floodlines to the top of the oxbow-like shaped 
floodplain as seen in Figure 4-1 below. The updated model has cross sections extending all the way 
through the floodplain area, and can accurately map the floodlines. 
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Figure 4-1 Extended floodlines near Claireville Conservation Area in updated model 

In the updated model, the floodlines at the confluence of reaches 300, 400, and 900 are extended further 
north than the existing model. The floodlines on the south side of the bank are relatively the same in 
updated and existing models. The extended floodlines to the north are likely due to updated topographic 
information. Refer to Figure 4-2 below. 
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Figure 4-2 Extended floodlines at confluence of 3 reaches 

As seen in Figure 4-3 below, the updated floodline has been reduced and the house has been removed 
from the floodline. It appears this house has been recently constructed. It is likely that fill was placed on 
the property prior to constructing the house, which raised the house out of the floodplain. 

 

Figure 4-3 Reduced floodline near house at cross section 1102.872 

4.2 Upper Humber Differences between Existing and Updated Models 

In Upper Humber near cross section 1100.283 – 1120.584, the existing and updated models show different 
floodlines. As seen in Figure 4-4 below, the existing floodlines extend further upstream, but are less 
extended downstream.  This area is generally flat and consists of dense forest. The dense forest can lead 
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to inaccurate LiDAR data. The LiDAR used for both the existing and the updated floodlines likely has small 
errors, which lead to the larger differences in floodlines in this area. 

 

Figure 4-4 Different floodlines near 505.828 - 507.003 

4.3 Limitations to Model 

There are some situations which HEC RAS may not be the most accurate modelling software to use. As 
the model developed for this study is a 1-D software in steady state flow, spill locations and undersized 
culverts may cause incorrect results. It is recommended that these areas should explore more detailed 
hydraulic analysis if proposed works are to occur in the area. 

X-39 Spill 

Crossing x-39 is a 4.5 m wide 1.2 m tall culvert underneath Airport Road north of Eagle Plains Drive. The 
culvert appears to be undersized for the Regional event. It appears some flow may cross over Airport Road 
and back into the watercourse; however, most flow appears to travel south along Airport Road. It appears 
the flow enters Eagle Plains Drive to the south, and near some of the houses in the subdivision south of 
x-39. Refer to Figure 4-5 below. 
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Figure 4-5 Spill at x-39 

x-46 Floodlines 

Cross x-46 is located on Countryside Drive, east of Mountainash Road. The crossing was reconstructed in 
2016 or 2017; however, the LiDAR used to determine floodlines were from 2015. If the floodlines adjacent 
to x-46 are shown on an aerial photo, the floodlines appear to be shifted. The floodlines shown reflect the 
crossing prior to the 2016 / 2017 reconstruction. Refer to Figure 4-6 below. 

 

Figure 4-6 Reconstructed bridge x-46 

x-104 CPR Railway South of Albion Hills Conservation Area 

The CPR rail lines crosses Upper Humber River north of Old Church Road and west of Highway 50.  This 
location was not field verified due to access constraints. Existing HEC RAS files were used to determine 
the culvert size at this location.  The existing culvert is a twin concrete box culvert, each culvert has a span 
and rise of 2.70 m and 3.44 m respectively.  As per the DEM, the creek invert to the top deck of the railway 
is approximately 23.40 m.  For comparison, there is a bridge 350 m downstream with a span of 43.2 m 
wide, and equivalent rise of 5.67 m from creek invert to low chord. 
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The relatively small opening at the CPR rail line and very tall berm causes the Regional storm to back flood 
approximately 6250 m upstream.  Figure 4-7 shows the profile of the creek in the area.  The large crossing 
at channel distance of 10250 m is the CPR railway.  The two upstream reaches are flooded due to the high 
elevation of the railway until approximate channel distance 16500 m.  It is recommended to field verify 
the geometry of the culvert at the CPR railway as it has a large effect on the upstream flood elevations.  A 
large section of the flooded area is the campground at Albion Hills, which would be submerged in 10 m -
15 m of water during the Regional event. 

 

Figure 4-7 CPR Railway Flood Upstream Without Known Water Elevation Adjustment 

As the abovementioned scenario is unlikely to occur due to the mass volume of water needed to cause 
the flooding, a routing analysis was completed in January 2018 by TRCA and has been included in 
Appendix B. The routing analysis consists of a stage-storage-discharge relationship for the structure using 
the Humber River hydrologic model and LiDAR data.  The analysis determined the hydraulic characteristics 
of the CPR embankment and twin culverts, and determined that during the Regional storm, a maximum 
water elevation of 266.72 m would occur. A known water surface elevation of 266.72 m was used in the 
HEC RAS model immediately upstream of the CPR crossing. The known water surface significantly reduces 
flooding; however, there is still flooding in the Albion Hills campground during the Regional event.  

x-128 Caledon East 2D Modelling 

In the Upper Humber through the Caledon East area, a spill occurs at on Centreville TrbD –Reach1 at 
Walker Road West (x-128).  As HEC RAS is a 1D system, it cannot determine where the flow from the spill 
goes, or how it connects back to the watercourse system; therefore, a Mike Flood model was generated 
by TRCA in April 2018 to more accurately measure the floodlines. It was determined that the flow from 
the spill generally returns to the watercourse downstream of crossing x-128; however, flow also spreads 
east along Walker Road West, and south along Olivers Lane.  The depth of the flow along Walkers Road 
West and Olivers Lane is generally less than 10 cm. Please refer to Appendix B for the Caledon East 2D 
Modelling by TRCA, dated April 12, 2018, technical memorandum. Refer to Figure 4-8 below. 
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Figure 4-8 Spill location at x-128 (from April 12, 2018 TRCA Memo, Caledon East 2D Modelling) 

4.4 Overtopped Crossings 

There are numerous structures which are overtopped by the Regional storm event. The overtopped 
crossings are listed by structure number in Table 4-1 below. Refer to the HEC RAS model for depths of 
flooding. Refer to Appendix A for a map of all overtopped watercourse crossings. 

Table 4-1: Overtopped Crossings 

x-4 x-24 x-53 x-66 x-79 x-92 x-100 x-111 x-127 

x-5 x-32 x-54 x-68 x-80 x-93 x-101 x-115 x-127a 

x-10 x-39 x-55 x-69 x-82 x-94 x-102 x-116 x-128 

x-12 x-42 x-56 x-72 x-83 x-95 x-103 x-117 x-130 

x-13 x-43 x-57 x-73 x-86 x-96 x-105 x-119 x-131 

x-14 x-44 x-58 x-74 x-87a x-97 x-106 x-120 x-132 

x-18 x-46 x-59 x-75 x-88a x-97a x-107 x-121 x-133 

x-20 x-47 x-61 x-76 x-89 x-97b x-108 x-124 x-134 

x-21 x-48 x-62 x-77 x-90 x-98 x-109 x-125 x-142 

x-23 x-52 x-63 x-78 x-91 x-99 x-110 x-126 x-143 

 

5 Conclusions 

Cole Engineering was retained by the TRCA to provide engineering services in support of floodplain 
mapping services for Humber River within Peel Region. Two hydraulic models were developed, one for 
West Humber, and one for Upper Humber. West Humber is generally through Brampton, and Upper 
Humber is generally through Caledon and Bolton. The model was developed using a combination of as 
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built drawings, LiDAR, field investigations, and existing HEC RAS models. The model is appropriate for use 
in regulatory boundaries for the TRCA. The deliverables from this study are; 

 Two (2) HEC RAS files, one for Upper Humber, and one for West Humber; 

 Two (2) GeoHEC RAS files, one for Upper Humber, and one for West Humber; 

 Hydraulic modelling report which details the process, warnings, assumptions, and 
recommendations for the model; and, 

 A total of 66 signed engineered floodplain mapping sheets, 20 for Upper Humber and 46 for West 
Humber. 

6 Recommendations 

There are recommendations for future hydraulic modelling, and careful consideration when using the 
completed hydraulic models. Within West Humber, Sheet 124 is near the intersection of Airport Road and 
Countryside Drive. The bridge at Countryside Drive appears to have been reconstructed after the LiDAR 
was created. This bridge went from a small bridge that was overtopped, to a large bridge much higher 
than the floodplain. The embankment from the original bridge also appears to have been removed. Any 
works occurring in the area which reference the floodplain mapping or hydraulic model should remodel 
the bridge and embankment using the latest as built or topographic survey information.  

Map Sheet 135 is also in West Humber, and is near Countryside Drive at Bellini Avenue. This tributary was 
added to the study area after field investigations had occurred. The bridge across Countryside Drive was 
not modelled.  Any work that references the hydraulic model or floodplain mapping sheets should 
investigate the bridge, and include it within the HEC RAS model. 

Bridges or culverts which have been recently repaired or reconstructed may not be reflected in the model. 
The users of the model should ensure that bridge geometry and HEC RAS modelling preferences reflect 
the most current infrastructure. 

Smaller storm events may result in strange floodlines. The floodlines may appear in parallels, have many 
smaller pools, or be missing for larger stretches of the reach.  This is likely due to how the floodlines were 
cut between each cross section, and the accuracy of the DEM. As previously discussed, the DEM did not 
capture bathymetry of the watercourse. In reality a 2-year storm may be captured in the low flow channel; 
however, the DEM may not have captured the low flow channel. When cutting the floodline, the flood 
elevation and DEM surfaces would not cross; therefore, no floodline would be created.  If using the 
floodlines for smaller storms, it is recommended to complete detailed bathymetric and topographic 
survey of the low flow channel to verify the results. 

As watercourse geometry and plan changes over time, the model should be verified, and revised as 
necessary for works occurring in or near the floodplain. The user of the model should ensure the 
topography, modelling preferences, and crossing structure geometries are consistent with the most 
current detailed existing conditions prior to referencing the model. 

If there is any conflict between the model files and the floodplain mapping sheets, the floodplain mapping 
sheets are to take precedence. 
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Appendix ‘A’ Contents: 

 Figure 1: Study Area 

 Figure 2: Overtopped Crossings – Upper Humber 

 Figure 3: Overtopped Crossings – West Humber 
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MEMORANDUM 
 

TO: Mani Seradj DATE: January 22, 2018 

FROM: Qiao Ying ; Wilfred Ho CFN: 56785 

RE: Humber in Peel FPM - CPR Routing Analysis 

CC: Nick Lorrain, Mark Bassingthwaite 
 
1.0 Introduction 
 
The following presents the Upper Humber Regional Storm routing analysis at a Canadian 
Pacific Railway (CPR) embankment completed in support the Humber River in Peel Floodplain 
Mapping Update study undertaken by Cole Engineering. The subject study area is located on 
the northwest of Old Church Rd. and Highway 50, just downstream Albion Hills Conservation 
Area as shown in Figure 1 (below). 
 

 
Figure 1 - Location of CPR embankment 

1.1 Background 
 
According to the existing HEC-RAS model prepared for the Toronto and Region Conservation 
Authority (TRCA) by Greck & Associates (June, 2002), the Upper Humber River flows under the 
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CPR embankment through a pair of culverts, each 3.44m (H) x 2.7m (W); the unrouted Regional 
water surface elevation on the upstream side of this structure is approximately 276masl, which 
corresponds to a flood depth of 24m behind the embankment. For floodplain mapping purposes, 
Section 4.2 of the Ministry of Natural Resources and Forestry (MNRF) technical guide for 
determining flooding hazard limits allows for representing the backwater effects of certain 
structures while also recommending that the “natural” (i.e. unrouted) floodline be applied 
downstream. 
 
In the existing TRCA HEC-RAS model, the Regional flood level on the upstream side of the 
culvert has been fixed at 266.11masl (cross-section 8.492); this was likely the result of a prior 
routing analysis, but there is no detailed methodological documentation available in the TRCA 
inventory. Furthermore, an update to the supporting hydrologic modelling was completed by 
Civica in 2015, thereby necessitating an update of input peak flow values to the Humber River 
HEC-RAS modelling, as well as the routing analysis of the CPR embankment therein. 
 
2.0 Routing Analysis 
 
The routing analysis consists of developing a stage-storage-discharge relationship for the 
structure using the storage upstream of the CPR embankment and hydraulic characteristics of 
the twin culverts. The stage-storage relationship was developed from the latest LiDAR data; the 
stage-discharge relationship was determined through hydraulic analysis, and; the latest Humber 
River hydrologic model was used to derive the routed peak outflow. 
 
2.1 Stage-Storage Relationship 
 
Using topographic information based on the latest 1m LiDAR data and ArcMap’s 3D Analyst 
suite of tools, the stage-storage relationship was determined for cumulative storage at 0.25m 
intervals, commencing at the upstream culvert invert of 252.36masl up to the embankment crest 
of 276masl. The resulting stage-storage relationship is summarized in 1m intervals in Table 1 
(below). 
 

Table 1 - Stage-storage relationship behind CPR embankment at 1m intervals. 

Elevation 
(m) 

Volume 
(m3) 

276 34204508.90 
275 30141941.58 
274 26339838.19 
273 22803951.58 
272 19570420.38 
271 16659874.99 
270 14089675.56 
269 11844366.06 
268 9880347.68 
267 8169050.92 
266 6673797.67 
265 5354909.11 
264 4222309.46 
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Table 1 (continued) 

263 3255316.38 
262 2431157.10 
261 1749417.78 
260 1198614.50 
259 797327.70 
258 504404.58 
257 291957.25 
256 145304.31 
255 62772.75 
254 19864.84 

253.25 5690.65 
 
2.2 Stage-Discharge Relationship 
 
The stage-discharge relationship was determined using a 1D MIKE-11 model setup, itself 
converted from Cole’s latest Geo HEC-RAS model. Model includes the 3.44m (H) x 2.7m (W) 
twin culverts and the embankment has been coded as a broad crested weir (see Figure 2, 
below).  
 

 
Figure 2 - CPR embankment and twin culverts, as coded into MIKE-11 
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The initial water level behind the CPR embankment was set to the crest level of 276masl, then 
simulated drain freely through the twin culverts until “empty” (i.e. zero discharge). The resulting 
stage-discharge relationship is presented in Table 2 (below). 
 

Table 2 - Stage-discharge relationship of CNR crossing based on Mike-11 model. 

Elevation 
(m) 

Discharge 
(m3/s)  

276 226.278 
275.261 204.348 
274.545 200.67 
273.825 196.907 
273.096 193.018 
272.355 188.975 
271.595 184.742 
270.809 180.26 
269.983 175.428 
269.096 170.088 
268.142 164.147 
267.132 157.624 
266.082 150.557 
265.007 142.923 
263.919 134.75 
262.814 125.924 
261.688 116.287 
260.55 105.566 

259.361 93.792 
258.097 80.738 
256.869 60.698 
255.742 39.863 
254.384 18.879 
252.918 2.825 
252.371 0.006 
252.36 0 

 
2.3 Discharge- Storage Results 
 
The most recent update to the Humber River hydrologic model was completed by Civica in 2015 
on the VisualHymo (VH3) platform; an addendum to the model work to improve the 
representation of future development conditions is forthcoming from Civica. Using the 
information summarized in the previous sections, a Route Reservoir command was coded into 
the most recent hydrologic model, as shown in Figure 3 (below); the location was based on the 
inflow hydrologic node (i.e. ADDHYD command) and the river reaches corresponding in reality 
to the encoded Route Channel commands. 
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Figure 3 - Route Reservoir command coded into Humber River hydrology, using discharge-storage 

relationship. 

An equivalent circular area of 243km2 upstream of the CPR embankment was determined 
following the MNRF technical guide, corresponding to an Areal Reduction Factor of 0.927 
applied to the Hurricane Hazel input hyetograph. 
 
As demonstrated by the inset in Figure 3, VH3 allows 20 coordinates to define the discharge-
storage curve. An iterative approach was taken to approximate the storage used by Hurricane 
Hazel and subsequently optimize the selection of data points; for example, low-volume storage 
was selected at 2m intervals from the stage-storage curve, whereas high-volume storage was 
selected at 0.25m intervals up to the stage just above the maximum storage used during the 
simulation. 
 
For existing development conditions, the maximum storage used in the simulation was 
approximately 763.9ha-m, and the maximum routed discharge was around 154.4m3/s; using 
linear interpolation of the known stage-storage-discharge points, the ponded water surface is 
266.66masl. 
 
For future development conditions, the maximum storage used in the simulation was 
approximately 773.9ha-m, and the maximum routed discharge was around 154.9m3/s; using 
linear interpolation of the known stage-storage-discharge points, the ponded water surface is 
266.72masl. 
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This process was repeated for the 350- and 500-year design storms runs of the existing and 
future development condition scenarios; the rating curve data was refined iteratively in order to 
ensure that the discharge-storage relationship was sufficiently defined for the range of model 
results. Table 3, below, summarizes the interpolated ponded water surfaces. 
 
Table 3 - Routed water surface elevation at the CPR embankment for 350- and 500-year design storms. 

Scenario 
Maximum 
Storage 

Used (ha-m) 

Routed 
Discharge 

(m3/s) 

Interpolated 
Water Surface 

Elevation 
(masl) 

350-year, existing 45.6073 76.814 257.81 
350-year, future 46.1916 77.521 257.86 

500-year, existing 59.4354 83.371 258.33 
500-year, future 61.3229 84.095 258.40 

 
For comparison, a 500-year peak flow value of 85.37m3/s taken from a previous study was 
applied to a steady-state HEC-RAS analysis, resulting in an unrouted water surface elevation of 
258.58masl at the CPR embankment. 
 
3.0 Conclusions and Recommendations 
 
Using a combination of GIS tools, and hydraulic and hydrologic models, routed water surface 
elevations behind the CPR embankment were determined; for existing and future development 
conditions, these were 266.66masl and 266.72masl, respectively. For HEC-RAS modelling in 
support of mapping the flood hazard limits, the routed water surface elevation should be applied 
as a known water surface at the upstream bounding cross-section of the embankment, whereas 
the floodline to be plotted downstream should be that of unrouted flows. In contrast, routed 500-
year design storm water surface elevations were not found to differ significantly from that 
derived from a steady-state HEC-RAS analysis. 
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MEMORANDUM 
 

TO: Owen Sanders DATE: April 12, 2018 

FROM: Qiao Ying CFN: 56785 

RE: Humber in Peel FPM – Caledon East 2D Modelling 

CC: Nick Lorrain, Mark Bassingthwaite 
 
1.0 Introduction 
 
The following presents the Caledon East 2D modelling analysis completed in support of the 
Humber River in Peel Floodplain Mapping Update study undertaken by Cole Engineering. The 
subject study area is located west of Airport Rd. and south of Walker Rd, West in Caledon East 
as shown in Figure 1 (below). 
 

 
Figure 1 – Subject study area in Caledon East 
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1.1 Background 
 
A number of studies have been done for Caledon East including the 2014 Caledon East FPM 
completed by Cole Engineering and the 2013 Caledon East Flood Study completed by Sanchez 
Engineering. The drainage system in the study area is very complex, the area near Walker Rd. 
West and Mountainview Rd. is very flat and widespread, and there are two long, enclosed 
culverts passing through Parsons Ave. and Emma St., respectively. Moreover, analyses of the 
flood levels from both the existing FPM study and the latest FPM study suggest that the Walker 
Rd. West crossing is overtopped, resulting in a spill travelling eastward along Walker Rd. West 
based on the LiDAR data (see Figure 2, below). Considering this unique situation a 1D HEC-
RAS model is not applicable and a 2D modelling approach is more suitable to capture the spill 
and characterize flood conditions within the study area. 
 

 
Figure 2 – Location of spill along Walker Rd. West 

 
2.0 Model Setup 

The study area was modelled using the MIKE Flood interface that features the dynamic coupling 
of the MIKE 11 and MIKE 21 hydrodynamic modules. All crossings were handled using 1D 
MIKE 11 modelling routine, with channels and overland surfaces being modelled using the 2D 
MIKE 21 modelling routine. MIKE Flood integrates these two models into a single dynamically 
coupled model. 

Figure 3 (below) shows the Caledon East 2D model domain, which is up to Geo HEC-RAS 
Station 900.372 on reach “Reach4” of river “Centreville Crk” in Upper Humber.  The model 
boundary was set to cross-section 900.372 located on Reach 4 of Centreville Creek from the 
current Geo HEC-RAS model as developed by Cole Engineering as part of the broader Humber 
River in Peel Region Floodplain Mapping Update. 



 Page 3 of 14 

 

 
Figure 3 - Caledon East 2D Model Domain 

 
2.1 MIKE 11 1D River Model 

The MIKE 11 1D hydrodynamic (HD) module was used to model all crossings in the study area, 
in total eight (8) crossings were coded in the model. Figure 4 (below) shows the example of a 
long culvert which was coded in the 1D MIKE 11 model. The culvert was coded in a way that a 
short reach was inserted representing the flow path, two cross-sections were cut from 1m 
LiDAR and placed immediately upstream and downstream of the crossing location, and then the 
crossing was placed in between these two cross-sections. For exchanging flow between the 1D 
and 2D models, two cross-sections were connected to the 2D model from both the upstream 
and downstream ends of the short reach. Two intermediate flows in the system were applied as 
point sources in the 1D MIKE 11 model (see Figure 5).  
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Figure 4 Crossing coding in MIKE 11 1D model 

 
Figure 5 Intermediate flow location applied in MIKE 11 1D model 

 
2.2 MIKE 21 2D Overland Model 

The channels and overland area were modelled using MIKE 21 Flexible Mesh (FM) HD, which 
is a fully dynamic modelling system for 2D free-surface flows. The MIKE 21 editors were used to 
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construct and store various basic and hydrodynamic data layers. The following are the main 
elements of the MIKE 21 model setup: 

 Mesh Generation 
 Roughness parameters  
 Boundary conditions 
 Model settings 

 

Mesh Generation 

MIKE 21 FM model uses a mesh-based bathymetry for hydrodynamic computations. The details 
and the desired accuracy of the model results depends on how the mesh has been designed. In 
addition, the mesh resolution has a significant impact on the accuracy of the results. A high 
resolution mesh is required to retain higher variability of the ground elevation surface. High 
resolution also required to represent in detail topographic features (such as channels, buildings, 
paved roads, walkways, retaining walls, flood walls, etc.). As such, the mesh was designed as 
follows: 

 A high resolution mesh (i.e. 4m2) was used in areas of greatest concern or interest, i.e. 
channels and existing flood extent. 

 A mesh size of 10m2 was used in the rest of model area. 

The building polygons were excluded from the mesh generation to avoid computational mesh 
triangulation from occurring within these polygons. Based on the above resolution zone map, a 
mesh was created and then 1m LiDAR data was interpolated to each mesh node (see Figure 6, 
below)  

 
Figure 6 – Close view of mesh around Walker Rd. W. 

 

Roughness Parameters 

The MIKE 21 solver uses roughness parameters for each mesh when completing computations.  
The land use map (see Figure 7) prepared using the TRCA’s available land use/land cover 
information was converted into a MIKE 21 roughness map.  In MIKE 21, the roughness was 
defined in terms of the MIKE system’s Manning’s resistance number (M), which is the inverse of 
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the Manning’s n roughness coefficient value (i.e. 1/n). The Manning’s resistance number (M-
value) map was prepared based on the TRCA’s standard roughness values; the corresponding 
Resistance numbers used in MIKE 21 are: 

 Natural areas: 0.08 (M = 12.50) 
 Roads and large parking areas:  0.025 (M = 40) 
 Urban large pervious areas: 0.05 (M = 20) 
 Streams:  0.035 (M = 28.57) 

 
Figure 7 Landuse map in Caledon East 

Boundary Conditions 

Boundary conditions for the MIKE 21 model define how the flow and water levels will be controlled 
at the peripheral edges of the 2D model domain defined by the bathymetry limits. In the Caledon 
1D and 2D coupled model, since channels were handled by MIKE 21 2D model, both the upstream 
inflow boundary and downstream boundary were defined as open boundaries (see Figure 8, 
below). The Regional steady peak flows were ramped for 1hr and then kept constant for 5hrs (see 
Figure 9). The downstream boundary was defined as a rating curve which was derived from the 
HEC-RAS computed water levels for each storm even at Station 900.372 (see Figure 10, below). 
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Figure 8 Boundary conditions defined in the MIKE 21 model  

 
Figure 9 Regional peak flows applied in the 2D MIKE 21 model 

Q-H 
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Figure 10 Rating curve derived from the HEC-RAS model 

Model Settings 

The MIKE 21 FM Flow Model setup contains descriptions of a number of parameters. The key 
parameters are simulation period, start and end time, time step interval, flooding and drying 
depths, output saving duration and saving interval details.   

A 6-hour simulation period was used for the steady peak inflow hydrograph simulation. The 
simulation period was entered using an arbitrary start and end date and time with a specified 
total number of time steps and time step interval. In this case, the total number of time steps 
was 108000 with a time step interval of 0.20 seconds. 

The drying, flooding and wetting depths used were 0.005 m, 0.01 m and 0.02 m, respectively. 

The dynamic output range started from time step 0 to time step 108000 with a saving time 
interval of 3000. 

 The saving output variables were surface elevation, total water depth, U velocity (x-
direction), V velocity (y-direction), and current speed. 

 The dynamic output file type used was “2D (horizontal)” while the output format was 
selected as “Area Series” with only wet areas that ensures the saving of specified 
information at every computational point.    

 
2.3 1D and 2D Coupled Model 

The final steps for the Caledon East 2D model setup was the integration of the 1D MIKE 11 
model with the 2D MIKE 21 model using the MIKE Flood model interface. Standard links were 
used to connect the crossing branches in the 1D MIKE 11 model with the corresponding mesh 
elements of the 2D MIKE 21 model. A standard link enables the coupling of the models at the 
upstream or downstream end of the 1D channel with the 2D area. This integration in MIKE 
Flood allows a seamless flow exchange between the 1D branches and the 2D area, thereby 
enabling the space and time-dependent dynamic simulation of flows as they would physically 
occur in real-world hydraulic systems.   
 
Figure 11 (below) shows the bathymetry of the Caledon East 1D and 2D coupled model, where 
the building areas are represented (blocked white cells) and the link line between the 1D and 2D 
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models is shown as a series of red cells. 
 

 
Figure 11 Standard links used to connect 1D branch to 2D area 

2.4 Model Results 

Base on 2D model results, spill occurs at the crossing on Walker Rd. W. near Olivers Lane (see 
Figure 12, below), the majority of the spill returns back to the channel downstream of the 
crossing, and the remaining spill traveled along two paths (eastward along Walker Rd. W. and 
southward along Oliver Lane). The depth of flood flow along Walker Rd. W. and Olivers Lane is 
quite shallow and on average is less than 10cm. Figure 13 shows the steady Regional 
maximum water depth, Figure 14 shows the steady Regional maximum water surface elevation 
and Figure 15 shows the steady Regional maximum velocity.  
 

 
Figure 12 Spill point and flow direction 
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Figure 13 Steady Regional, maximum water depth  
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Figure 14 Steady Regional, maximum water surface elevation  
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Figure 15 Steady Regional, maximum velocity  

3.0 Flood Risk Mapping 
In terms of flood risk analysis, the criteria provided in the Technical Guide River and Stream 
Systems: Flooding Hazard Limit prepared by the Ontario Ministry of Natural Resources (MNR) in 
2002 along with the frequency of flooding are typically used in defining and assessing flood risk. 
Based on work completed recently in other SPA’s, the TRCA has revised the flood risk categories 
and how they are calculated. The revised flood risk categories are divided into low, moderate and 
high risk and are defined as follows: 

 Low Risk – Vehicular and Pedestrian Access/Egress is Available (depth <0.3m); 

 Moderate Risk – Pedestrian Access/Egress ONLY Available (Product Depth and Velocity 

<0.37m2/s, Depth <0.8m and Velocity <1.7m/s; 

 High Risk – Depth-velocity product > 0.37 m2/s or Depth >0.8m or Velocity >1.7m/s. 
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Figure 16 (below) illustrates the distribution of Low-, Moderate- and High-risk flood areas; it can 
be seen that High-risk areas are generally confined to the channel except at section of Airport 
Rd. between Parsons Ave. and Emma St. that lies in High-risk flood area, while overland flow 
areas (including the spill at Walker Rd. W. and Olivers Lane) are considered Low-risk. 
 

 
Figure 16 Distribution of low- moderate- and high-risk flood areas  

 
4.0 Conclusions and Recommendations 

Both the previous FPM studies and the latest FPM study suggest that the crossing on Walker 
Rd. W. near Oliver Lane is overtopped, but the1D HEC-RAS model is not capable of modelling 
the spill and how it travels through the area. As noted in previous sections of this memo, given 
the complex drainage system in Caledon East, a 2D model is more appropriate to define the 
spill and model shallow overland flow and its flow paths. Therefore, a coupled 1D and 2D MIKE 
Flood model was built that incorporated all crossings, the latest 1m LiDAR data and updated 
flow data, and results from the coupled model clearly showed the extent of the spill and its flow 
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paths on ground surface. For floodplain mapping purposes, flood depth and flood extent from 
the coupled MIKE model should be used for the Caledon East community.  



Sluice Gate Pressure Flow
Fully Submerged Pressure Flow Pressure and Weir Flow

Adapted from ‘Bridge Hydraulic Analysis HEC-RAS’, US Army Corps of Engineers (1996)
HEC-RAS Hydraulic Reference Manual:Chapter 5 - Modeling Bridges (2016) 

Fully submerged pressure
Use pressure equations

Is water overtopping the 
bridge highly submerged 

by tailwater?

Pressure and Weir Type 

Use pressure equations

If bridge > 95% submerged, 
Highly submerged flow
use energy equations

Is flow in Contact with 
the low chord of the 

bridge?

Is bridge deck a small 
obstruction in flow (i.e. 

not acting like an orifice)?
Use Energy Equations

Is water in contact with 
the downstream low 
chord of the bridge?

Sluice Gate Pressure Type 
Use Pressure Equations

Is water overtopping the 
bridge?

Highly Submerged Flow
Use Energy Equations

Yes No

Yes No

Yes No

Yes No

Yes No

High Flow Computation Equation Selection Process



Rating Curve for Claireville Dam
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Rating Curve Table for Claireville Dam 
      Gate Setting/Opening (m)   

Elevation 0.2 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.7 4.3 4.9 5.5 5.8 6.1
(m)      Total Discharge (m3/s)   

158.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
158.8 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
159.1 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
159.5 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1
159.8 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
160.1 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
160.4 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8
160.7 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6
161.0 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9
161.3 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
161.6 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8
161.9 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4
162.2 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1
162.5 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8
162.8 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4
163.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1
163.4 22.0 25.3 25.3 25.3 25.3 25.3 25.3 25.3 25.3 25.3 25.3 25.3 25.3 25.3 25.3 25.3 25.3
163.7 27.2 36.1 45.2 45.2 45.2 45.2 45.2 45.2 45.2 45.2 45.2 45.2 45.2 45.2 45.2 45.2 45.2
164.0 31.4 43.8 63.0 70.9 70.9 70.9 70.9 70.9 70.9 70.9 70.9 70.9 70.9 70.9 70.9 70.9 70.9
164.3 35.1 49.8 75.3 93.8 101.2 101.2 101.2 101.2 101.2 101.2 101.2 101.2 101.2 101.2 101.2 101.2 101.2
164.6 39.0 58.2 89.4 114.0 132.1 138.2 138.2 138.2 138.2 138.2 138.2 138.2 138.2 138.2 138.2 138.2 138.2
164.9 42.6 65.5 104.7 134.1 158.4 176.2 180.9 180.9 180.9 180.9 180.9 180.9 180.9 180.9 180.9 180.9 180.9
165.2 45.6 71.5 117.5 155.2 183.6 206.0 225.2 228.3 228.3 228.3 228.3 228.3 228.3 228.3 228.3 228.3 228.3
165.5 48.4 77.0 128.3 173.1 209.6 236.5 258.1 278.4 279.9 279.9 279.9 279.9 279.9 279.9 279.9 279.9 279.9
165.9 51.0 82.0 138.5 188.5 231.3 268.0 293.6 315.3 335.5 335.3 335.3 335.3 335.3 335.3 335.3 335.3 335.3
166.2 54.0 86.7 147.6 202.8 251.5 295.4 328.2 349.8 376.0 396.2 394.2 394.2 394.2 394.2 394.2 394.2 394.2
166.5 56.7 91.3 156.4 216.1 269.8 316.8 358.1 394.9 414.0 440.2 460.4 456.4 456.4 456.4 456.4 456.4 456.4
166.8 59.0 95.8 164.7 228.4 286.7 337.3 388.4 428.3 462.0 481.4 507.5 521.8 521.8 521.8 521.8 521.8 521.8
167.1 61.1 100.0 172.6 240.2 302.9 360.6 411.2 459.6 498.7 528.9 551.7 582.3 589.9 589.9 589.9 589.9 589.9
167.4 63.3 104.1 180.0 251.5 318.0 379.2 433.8 489.4 534.4 573.1 599.2 634.2 655.4 660.9 660.9 660.9 660.9
167.7 65.2 107.9 187.2 261.9 332.4 397.9 460.9 514.3 568.3 607.7 649.8 682.9 718.0 734.4 734.4 734.4 734.4
168.0 67.2 111.6 194.1 272.5 346.5 416.1 480.3 538.0 597.8 644.1 688.3 733.0 774.5 804.3 810.5 810.5 810.5
168.3 69.1 115.2 200.8 282.3 359.6 433.2 500.2 564.6 624.3 682.1 735.5 776.1 827.7 872.0 888.9 888.9 888.9
168.6 71.0 118.7 207.3 292.3 373.8 448.5 520.9 588.9 649.6 713.3 769.8 815.9 881.2 933.3 963.1 969.5 969.5
168.9 72.7 122.1 213.3 302.3 385.1 465.2 541.0 610.8 679.6 741.2 801.4 853.4 928.4 991.3 1035.5 1046.0 1052.3
169.2 74.5 125.2 219.1 312.2 396.0 480.3 558.4 632.1 704.2 768.0 831.7 889.1 972.3 1050.4 1104.9 1124.2 1134.7
169.5 76.2 128.3 224.7 319.4 409.4 494.9 576.9 654.6 729.1 793.9 860.9 923.1 1013.8 1102.3 1165.3 1190.3 1209.6
169.8 77.9 131.4 230.2 328.9 419.7 509.9 595.1 674.8 755.0 818.8 889.0 955.9 1053.3 1150.6 1221.2 1250.7 1275.7
170.1 79.5 134.4 235.6 337.5 430.6 524.3 612.7 695.0 779.7 843.1 916.2 987.4 1091.2 1196.4 1273.8 1307.3 1336.9
170.4 81.1 137.3 240.8 345.9 441.2 538.5 630.0 714.8 804.0 866.6 942.6 1017.9 1127.7 1240.2 1323.8 1360.8 1394.4
170.7 82.7 140.2 245.9 354.1 451.6 552.3 646.9 734.3 827.8 889.4 968.3 1047.5 1162.9 1282.2 1371.6 1411.9 1449.0
171.0 209.0 267.5 375.5 486.8 586.3 690.5 788.1 877.9 975.9 1036.3 1117.8 1200.7 1321.5 1447.3 1542.1 1585.4 1625.7
171.3 438.0 498.0 608.1 722.5 824.0 931.7 1032.3 1124.4 1226.8 1285.7 1369.9 1456.4 1582.3 1714.2 1814.1 1860.2 1903.5

Note:  Assumed Low Flow Valves Fully Opened 
Project:
DAM SAFETY REVIEW
CLAIREVILLE DAM

RATING CURVE FOR
CLAIREVILLE DAM

Project No.: G-03.1204
Drawing No.:            H8
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Statement of Limiting Conditions and Assumptions 

 
1. This Report/Study (the “Work”) has been prepared at the request of, and for the exclusive use of, the Owner, and its 

affiliates (the “Intended Users”).  No one other than the Intended Users has the right to use and rely on the Work without 
first obtaining the written authorization of Cole Engineering Group Ltd. (Cole Engineering) and its Owner.   

2. Cole Engineering expressly excludes liability to any party except the Intended Users for any use of, and/or reliance upon, 
the Work.   

3. Cole Engineering notes that the following assumptions were made in completing the Work:   

a) the land use description(s) supplied to us are correct; 
b) the surveys and data supplied to Cole Engineering  by the Owner are accurate;  
c) market timing, approval delivery and secondary source information is within the control of Parties other than Cole 

Engineering; and 
d) there are no encroachments, leases, covenants, binding agreements, restrictions, pledges, charges, liens or special 

assessments outstanding, or encumbrances which would significantly affect the use or servicing. 
 
Investigations have not been carried out to verify these assumptions.  Cole Engineering deems the sources of data and 
statistical information contained herein to be reliable, but we extend no guarantee of accuracy in these respects.  
 

4. Cole Engineering accepts no responsibility for legal interpretations, questions of survey, opinion of title, hidden or 
inconspicuous conditions of the property, toxic wastes or contaminated materials, soil or sub-soil conditions, environmental, 
engineering or other factual and technical matters disclosed by the Owner, the Client, or any public agency, which by their 
nature, may change the outcome of the Work.  Such factors, beyond the scope of this Work, could affect the findings, 
conclusions and opinions rendered in the Work.  We have made disclosure of related potential problems that have come to 
our attention.  Responsibility for diligence with respect to all matters of fact reported herein rests with the Intended Users. 

5. Cole Engineering practices engineering in the general areas of infrastructure and transportation.  It is not qualified to and is 
not providing legal or planning advice in this Work.   

6. The legal description of the property and the area of the site were based upon surveys and data supplied to us by the Owner.  
The plans, photographs, and sketches contained in this report are included solely to aide in visualizing the location of the 
property, the configuration and boundaries of the site, and the relative position of the improvements on the said lands. 

7. We have made investigations from secondary sources as documented in the Work, but we have not checked for compliance 
with by-laws, codes, agency and governmental regulations, etc., unless specifically noted in the Work. 

8. Because conditions, including capacity, allocation, economic, social, and political factors change rapidly and, on occasion, 
without notice or warning, the findings of the Work expressed herein, are as of the date of the Work and cannot necessarily 
be relied upon as of any other date without subsequent advice from Cole Engineering. 

9. The value of proposed improvements should be applied only with regard to the purpose and function of the Work, as 
outlined in the body of this Work.  Any cost estimates set out in the Work are based on construction averages and subject to 
change. 

10. Neither possession of the Work, nor a copy of it, carries the right of publication.  All copyright in the Work is reserved to 
Cole Engineering.  The Work shall not be disclosed, produced or reproduced, quoted from, or referred to, in whole or in 
part, or published in any manner, without the express written consent of Cole Engineering and the Owner. 

11. The Work is only valid if it bears the professional engineer’s seal and original signature of the author, and if considered in 
its entirety.  Responsibility for unauthorized alteration to the Work is denied. 

 
 
 
 
 
 
 




