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EXECUTIVE SUMMARY 

 

It is proposed to develop the existing lands located at 8281 Healey Road in Bolton, Ontario.  

The site is located on the south side of Healey Road, west of the intersection of Healey Road 

and Coleraine Drive.  The proposed development currently zoned for industrial use.  This report 

together with the EIS will establish the development limits and will address the requirements 

for storm water drainage to the existing Stormwater Management Pond (SWMP) located on 

AIMCo lands (Amazon Site) to the south.  Preliminary review with AM Candaras confirmed that 

there is capacity available within the existing downstream pond and that adjustment to the 

pond inlet and outlet will be required to accommodate the flows from this development.  This 

report will also evaluate the flood plain and determine impacts as a result of the proposed 

development on the existing water course as required by the TRCA.  Further to the Stormwater 

Management requirements a brief summary of water and sanitary services will be provided to 

aid in review of the stormwater management requirements for the development. 

 

8281 Healey Road GP Limited are proposing to develop the subject lands within the context 
of the permitted uses under the MP-580 and MS-579 zones under the Town of Caledon Zoning 
By-law 2006-50, as amended. However, prior to finalizing the details of development, 
adjustments to the EPA1 Zone Boundary that extends through the subject lands are proposed, 
refer to Figure 3 within the Planning Justification Report, provided within Appendix A of this 
report for reference.  The proposed zone boundary refinement is based upon additional 
environmental analysis of the Clarkway Tributary Corridor. The proposed boundary refinement 
will continue to maintain the ecological integrity of the Clarkway Tributary Corridor, while 
making efficient use of the surrounding lands by creating a more developable footprint. Site 
design matters are to be finalized following the refinement of the zoning boundaries proposed 
by the Zoning By-law Amendment application. 
 

The proposed waste water flow from this site is 15.42 L/sec total including an allowance for 

infiltration, the total sanitary flow will be adjusted based on the accepted development limits 

however the full area has been considered at this time in determining flows and capacity. The 

proposed service pipe for the Site will be a Force Main adequately sized at the detailed design 

stage to convey flows to the proposed 250mm gravity sewer extension from Coleraine Drive 

on Healey Road.  There is a creek and culvert crossing located on Healey Road which limits 

the ability to provide a gravity feed directly to the proposed development.  The location and 

details of the proposed sanitary service within the Town right-of-way will require approval from 

the Town and Region.  The preferred location for the Force Main is within the south shoulder 

of Healey Road to avoid the need for expropriation and or Private Easements.  The Region of 

Peel has indicated that there is an existing 600mm sanitary sewer on Coleraine Drive to 

accommodate the site.  This will be confirmed during the review process with the Region of 

Peel. 

 

The required water demand for Site is 9.9 L/sec peak hour, 6.6 L/sec peak day and 339.6 L/sec 

fire flow demand.  It is expected that adequate flows will be available as the Region recently 

constructed a new water tower located north of the Healey Road, just north of this development 

and recently undertook upsizing of the water main on Coleraine Drive south of Healey Road. 
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Fire flow tests on Coleraine Drive from a recent development to the south provided for an 

available flow of 500L/s (7925 USgpm) at 20 psi. prior to completing the water main 

replacement and upsizing on Coleraine Drive. 

 

Storm water management can be accomplished as follows: 

 

1. Roof top storage and control flow roof drains. Maximum roof ponding of 150 mm. 

Emergency overflow scuppers around the roof perimeter. 

2. Parking area surface storage including piping and oversized manholes (if required). 

3. Downstream storm water management pond providing water quantity and quality as per 

MOE Design Guidelines.  Pond is existing and both quantity and quality will be confirmed 

by AM Candaras at the detailed design stage.  The pond was sized to accept allowable 

flows from an area of 21.87ha. for a 100 year release rate of 180 L/sec/ha. 

4. The pond will provide for Erosion Control detention to a 25mm storm for 48 hours. 

 

The Site is serviceable with water, waste water and storm water quantity and quality controls.  

In addition the site has no deleterious effect on the down-stream and up-stream flood plain. 
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1. BACKGROUND 
 
The property under study is an 13.58 ha (33.54 acres) site.  The developable areas will be 
determined through this report together with the EIS.  The site is located at 8281 Healey Road 
Coleraine Drive in Bolton, Ontario.  The site is located on the south side of Healey Road, west 
of the intersection of Healey Road and Coleraine Drive.  The proposed development is zoned 
Industrial and the extent of development limits will be determined within this report and the EIS.  
There are existing residences located to the northwest of the site, north side of Healey Road.  
The site is primarily an agricultural field (see aerial view). There is an existing drainage feature 
adjacent to the east within the site boundaries and a portion of this is located within the adjacent 
lands to the east. 
 
8281 Healey Road GP Limited are proposing to develop the subject lands within the context 
of the permitted uses under the MP-580 and MS-579 zones under the Town of Caledon Zoning 
By-law 2006-50, as amended. However, prior to finalizing the details of development, 
adjustments to the EPA1 Zone Boundary that extends through the subject lands are proposed, 
refer to Figure 3 within the Planning Justification Report, provided within Appendix A of this 
report for reference.  The proposed zone boundary refinement is based upon additional 
environmental analysis of the Clarkway Tributary Corridor. The proposed boundary refinement 
will continue to maintain the ecological integrity of the Clarkway Tributary Corridor, while 
making efficient use of the surrounding lands by creating a more developable footprint. Site 
design matters are to be finalized following the refinement of the zoning boundaries proposed 
by the Zoning By-law Amendment application. 
 
The property generally slopes from north to south. 

 

Refer to topographic survey completed by Speight Van Nostrand & Gibson OLS within 

Appendix E. 

 

2. SCOPE OF WORK 
 
THE ODAN/DETECH GROUP INC. was retained by 8281 Healey Road GP Limited to review 

the site, collect data, evaluate the site for the proposed industrial use and present the findings 

in a this Functional Servicing Report in support of a Zoning By-Law Amendment (“ZBA”). The 

purpose of this Functional Servicing Report is to present findings related to the conveyance of 

Storm Water from the development to the existing Stormwater Management Pond located on 

the AIMco (Amazon Site) Lands to the south.  In addition this report will determine the 

development limits based on the floodplain analysis and findings within the EIS determining 

the natural heritage features as discussed with the TRCA.  The scope of work in brief involves 

the following: 

 

a)  Collecting existing servicing drawings from the Town of Caledon and Region of Peel in 

order to establish availability and feasibility of site servicing; 

b)  Meetings/conversations with Town Planners & Engineers, Region of Peel and TRCA. 

c)  Evaluation of the data and presentation of the findings in a Functional Servicing Report 

for Stormwater Management and Floodplain Mapping in support of a Site Plan 

Application. 
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d) Collecting information for Floodplain Modelling from the TRCA. 

 

3. SANITARY WASTE WATER DISPOSAL 
 

The proposed development will consist of an Industrial Development. The area of 
Building area will be determined at a later date upon determine the development limits.  
As such the sanitary flows will based on the full development area at this stage and 
adjusted upon determining the exact development limits. 
 
The proposed service pipe for the Site will be a Force Main adequately sized at the 

detailed design stage to convey flows to the proposed 250mm gravity sewer extension 

from Coleraine Drive on Healey Road.  There is a creek and culvert crossing located 

on Healey Road which limits the ability to provide a gravity feed directly to the proposed 

development.  The location and details of the proposed sanitary service within the Town 

right-of-way will require approval from the Town and Region.  The preferred location 

for the Force Main is within the south shoulder of Healey Road to avoid the need for 

expropriation and or Private Easements.  The Region of Peel has indicated that there 

is an existing 600mm sanitary sewer on Coleraine Drive to accommodate the site.  This 

will be confirmed during the review process with the Region of Peel.  The site is zoned 

for he intended use and therefore is considered serviceable. 

 
The Table below shows the summary of the sanitary flow calculations. The 
development will utilize the existing sanitary sewer on Coleraine Drive.  Extension of 
this sewer will be required on Healey Road to service the development.  The proposed 
conceptual sewer and existing sewers are shown on the proposed sanitary figure in 
Appendix B. 

 
There are currently no existing sanitary sewer connections to the Site. 
 
This is the only land use proposed for the Site. 
 
The proposed flows are based on the full site area, not the final development area.  As 
such this is the worst case scenario for the development and flows are expected to 
significantly reduce once the developable limits are established. 
 
Since the tenant(s) for the site are yet to be determined, the actual employee count for 
the site is unknown. Therefore the calculated sanitary flows were based on the Region 
of Peel Sanitary Design Guidelines which estimates 70 persons per hectare for the 
proposed Light Industrial land use. See the following spread sheet below for more 
details of the calculations. 
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SANITARY FLOW CALCULATIONS SCENARIO: 8281 Healey Road

Single Warehouse

This program calculates the sanitary discharge from various land use (Assumed)

As per the Region of Peel Guideline FILL IN COLOURED CELLS AS REQUIRED

INDUSTRIAL SITE AREA (ha) = 13.58

RESIDENTIAL SITE AREA (ha) = 0.00

TOTAL SITE AREA for infiltration 

(ha) =  
13.58

LAND USE . SITE 

AREA,   

(ha)

GROSS 

FLOOR 
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T
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E
, 
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s
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RESIDENTIAL Density 1, using 

86 person/site area 0 0 0.00 4.50 0.00

RESIDENTIAL Density 2, using  

170 persons/site area 0 0 0.00 4.50 0.00

RESIDENTIAL Density 3, using  

270 persons/site area 0 0 0.00 4.50 0.00

RESIDENTIAL Density 3, using 

2.7 persons/unit 0 0 0.00 4.50 0.00

RESIDENTIAL Density 4, using 

400person/site area 0 0 0.00 4.50 0.00

RESIDENTIAL Density 4, using 

2.7 persons/unit 0 0 0.00 4.50 0.00

INDUSTRIAL, Using estimated 

population for Site (Light 

Industrial 70 persons/ha) 13.58 951 287842 3.33 3.81 12.71

COMMERCIAL, Using 1.1 

persons/100 m2
0 0 0.00 4.50 0.00

OFFICES, Using 3.3 

persons/100 m2 0 0 0.00 4.50 0.00

INDUSTRIAL, Using 2 

persons/100 m2
0 0 0.00 4.50 0.00

951

TOTAL V1= 287842 Q1= 0.00

Q2= 12.71

Q = (MqP/86400) + A * I  (L/sec) Qinfil 2.72

Qtot 15.42

Q1= total flow from Residential Land Use (L/sec) where : P is population

Q2= total flow from Industrial Land Use (L/sec) q = 302.8 L/person/day for residential and

Qinfil = total flow from infiltration (L/sec) q = 302.8 L/person/day for INDUSTRIAL

Qtot = total flow (Land use + infiltration) A = gross site area for infiltration

i = 0.20 L/sec/ha (infiltration rate)

V1= Total Volume from Land Use in liters Peaking Factor    M  = 1 + [14 / (4 + (P/1000,1/2))]
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Note, not all of the Site area will contribute to infiltration as a portion of the site is 
located within TRCA regulated area. 

 
Based on the above Table the maximum sanitary flow the proposed development will 
be as follows: 
 
Total = 15.42 L/sec including infiltration.  
 
It is proposed to provide a Force Main to service the development to a new gravity 
sewer on Healey Road.  The Region minimum sewer size is 250mmØ.  The 250mmØ 
sewer will be at a slope of approximately 0.7% to maximize cover and distance for a 
gravity feed to the development.  A pipe with these properties has a full flow capacity 
of 50.0 L/sec (n=0.013). 
This pipe will have sufficient capacity for the proposed development at 8281 Healey 
Road as well as available capacity for any developments east of 8281 Healey fronting 
the south side of Healey Road. 
 
The location of the lateral services including the Force Main required for 8281 Healey 
Road will be determined at the detailed design stage with the Town of Caledon. 
 
Refer to the Site Servicing drawings for the sanitary sewer system to the site and 
through the site.   
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4. WATER DISTRIBUTION 
 

Domestic & Fire Water Requirements: 
 
There is an existing 200mm water main located on Healey Road looped from Coleraine 
Drive to Humber Station Road and 750mm dia. water main on Coleraine Drive.  It is 
proposed to utilize the existing 200mm water main for both domestic and firefighting 
services to the proposed Industrial lands.  As the site is located within an existing 
Industrial Corridor with large Regional Feeder mains it is expected that the availability 
of water supply will be sufficient to service the development.  The Region of Peel 
constructed a water Tower near the intersection of Holland Road and Coleraine Drive 
to the north located north of the existing CTC Warehouse site. 

 

Fire Flow – based on FUS.  All calculations to be verified by Fire Consultant at time of 

sprinkler design. 

 

Refer to the Fire Underwriters’ calculation on the following page for the fire flow 
demand. In calculating the fire flow demand for the industrial building, the following 
assumptions were made as the final size of the building is unknown at this time.  The 
calculation assume maximizing the building footprint within the proposed development 
limits: 
 

 The building is of fire resistive (steel) construction. 

 The building will be sprinklered and the sprinkler system will be fully supervised. 

 The building contents will be of combustible classification. 
 
A hydrant flow test has been conducted on the existing 300mm water main located in 
front of the Site on Coleraine Drive. The flow test will provide the available flows and 
pressures in order to determine if the water supply has sufficient capacity for the 
proposed development.   
According to the MOE criteria, the allowable pressures are as follows: 

 
Condition     Allowable Pressures (kPa) 

       Min.  Max. 
1) Minimum Hour    275  700 
2) Peak Hour    275  700 
3) Peak Day + Fire Flow   140  700 

 
The unit rate and peaking factors of water consumption, minimum pipe size and 
allowable pressure in line were established from the Region Design Manual Standards. 
 
The pressures and volumes must be sufficient for peak hour conditions and under fire 
conditions as established by the Ontario Building Code 2006. The minimal residual 
pressure under fire conditions is 140 kPa (20.3 psi). 
 
The required firefighting flows are calculated below based on the assumption of 
maximizing the development area and building area within the development.  The final 
required fire flows will be determined at the detailed design stage. 
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F = 220 x C x √ A
Where:  

F = required fire flow in liters per minute

C= Coefficient related to the type of construction

A = the total floor area in square meters 

(excluding basements) in the building 

considered

LOCATION: Building:

OBC OCCUPANCY: PROJECT No: 19233

BUILDING FOOT PRINT (m2): 48810 Contents Charge

# OF STOREYS 1 Non-Combustible -25%

Limited 

Combustible
-15%

Combustible 0%

CONSTRUCTION CLASS: Free Burning 15%

` Rapid Buring 25%

AUTOMATED SPRINKLER PROTECTION Credit Total

NFPA 13 sprinkler standard yes 30%

Standard Water Supply yes 10% 1.5 Wood Frame

Fully Supervised System yes 10% 1 Ordinary

50% 0.8 Non combustible

0.6 Fire Resistive

CONTENTS FACTOR: CHARGE: 0%

Separation Charge

EXPOSURE 1 (south) >45 0-3 m 25%

 3.1 -10 m 20%

EXPOSURE 2 (east)  >45 10.1 - 20 m 15%

20.1 - 30 m 10%

EXPOSURE 3 (west) >45 30.1 - 45 5%

 > 45 m 0%

EXPOSURE 4 (north) >45

 

Total: 0%
no more 

than 75%

ARE BUILDINGS CONTIGUOUS: No

FIRE RESISTANT BUILDING Yes

one (1) hr rating?

CALCULATIONS C = 0.8 non combustible

A = 48810 m2 (2 largest floors + 50% of 8 floors above) STOREY AREAS m2

F = 38884 L/min

Round to Nearest 1000 L/min F = 39000 L/min must be > 2000 L/min 48810 1

CORRECTION FACTORS:

OCCUPANCY 0 L/min

FIRE FLOW ADJUSTED FOR OCCUPANCY 39000 L/min

 REDUCTION FOR SPRINKLER -19500 L/min

EXPOSURE CHARGE 0 L/min

REQUIRED FIRE FLOW F = 19500 L/min

Round to Nearest 1000 L/min F = 20000 L/min 5283 usgm

F = 333 L/sec

50%

WATER SUPPLY FOR PUBLIC FIRE PROTECTION , FIRE UNDERWRITERS SURVEY 

GUIDE FOR DETERMINATION OF REQUIRED FIRE FLOWS

8281 Healey Road Industrial Warehouse

Industrial Warehouse

Non combustible

Construction Class

combustible

Distance to Exposure Building (m)
0%

Length - Height

Distance to Exposure Building (m)
0%

Length - Height

Are vertical openings and exterior vertical communications protected with a minimum 

Distance to Exposure Building (m)
0%

Length - Height

Distance to Exposure Building (m)
0%

Length - Height
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Other Design Considerations 
 
The water mains within the proposed site shall be installed in accordance with the 
current Region specifications and requirements.  
 
If there is a crossing of the water main and a sewer, the water main shall cross above 
the sewer with sufficient vertical separation to allow for proper bedding and structural 
support of the water main (0.5m minimum). 
 
In cases where there is a conflict with the elevation of the sewer and the water main 
such that the water main cannot cross above the sewer, the water main has been 
designed to cross below the sewer subject to the following conditions. 
 
a) There shall be a minimum vertical separation of 0.5m between the bottom of the 

sewer pipe and the top of the water main, 
b) The water main shall be lowered below the sewer using vertical thrust blocks and 

restraining joints, 
c) The length of the water main pipe shall be centered at the point of crossing so that 

the joints are equidistant and as far as possible from the sewer, and 
d) The sewer shall be adequately supported to prevent joint deflection and settling. 

 
The unit rate and peaking factors of water consumption, minimum pipe size and 

allowable pressure in line were established from the Region of Peel criteria. 

 

The Water demands were calculated as follows: 

 

Note that the Region water per capita is 300 while the Sanitary is 300 for Industrial. 

 

a)  Average Day domestic demand -   3.3 L/sec 

Refer to the Sanitary calculations     (951 persons)  

b) Peak day demand -   2.0 x daily demand 6.6 L/sec 

c) Peak hour demand -   3.0 daily demand 9.9 L/sec 

d) Fire Flow Demand -   Based on FUS *333 L/sec 

* - based on anticipated building size to be verified upon determining development limits. 

 
Total Development Water Demand   339.6 L/s  (5383 USgpm) 
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5. STORMWATER MANAGEMENT 
 

INTRODUCTION 

 

The site is primarily an agricultural field (see aerial view).  There is an existing drainage 
feature adjacent to the east property bound and a portion of this is located within the 
site boundary.  This drainage feature has a flood plain present.  The Natural Heritage 
Features and related limits will be evaluated under a separate EIS Memorandum.  This 
report will evaluate the proposed site stormwater management and flood plain in 
relation to the proposed development limits. 
 

The SWM for this site will follow the guidelines of the Bolton Community Plan, 
Employment Lands and North Hill Supermarket Site, Comprehensive Environmental 
Impact Study and Management Plan, Phase 3 report, Aquafor Beech Limited, June 21, 
2012 (Technical Memo and Implementation). 
 

It is our understanding that the above mentioned Aquafor Beech Report has been 

adopted by the Town of Caledon and Toronto Region Conservation Authority and is to 

be followed for design requirements. 

 
In addition to the above noted report the SWM Facility located on the AIMCo. Property 
(Amazon Site) to the south will be utilized for conveyance and storage of this 
development.  This pond was designed and approved under separate Site Plan 
Application.  Preliminary evaluation and discussions with AM Candaras, design 
Engineer for the downstream receiving pond, indicated that the pond has available 
capacity to accept flows from this proposed development.  Alterations to the pond outlet 
structure and appurtenances may be required, however, the pond was constructed to 
accept a larger site area initially based on an allowable flow rate of 180 l/sec/ha.  The 
SWM Pond tributary area was reduced during the original design with the construction 
of a separate pond to service a private development to the north east, therefore, 
reducing the tributary area to the AIMCo. Site pond.  The pond was however 
constructed based on the original tributary area and the volume within the pond 
remained unchanged. 
 
The following targets will be evaluated by AM Canadaras for the downstream pond as 
the pond will ultimately control the flows to the Clark Tributary from the proposed 
development. 
 

 CRITERIA (Targets) 

 

1. Level 1 (“enhanced”) water quality control. 

2. Capture and release of 25mm over 48 hours for erosion control. 

3. Flood (quantity control) 

 100 Year Release Rate of 180 L/s/ha (to downstream SWM Pond). 

 Regional Storm 

  



FUTURE INDUSTRIAL DEVELOPMENT, 8281 HEALEY ROAD, BOLTON, ON 
FSR & STORM WATER MANAGEMENT BRIEF    

 

 

PROJECT No. 19233 
File No.19233 8281 Healey Road FSR (July 2020).docx THE ODAN/DETECH GROUP INC. 

DISCUSSION: 

 

 A conceptual Site Plan is will be finalized upon determining the development limits 

based on this report and the EIS. 

 

 The site soil is a Clayey Silt Till and or clay till and is based on Geotechnical 

information available within this and surrounding areas.  The soils are not conducive 

to large scale infiltration, thus Infiltration was ruled out as a major means of Storm 

Water Management for quantity controls. 

 

 Rooftop storage will be utilized to attenuate flow prior to entering into the storm 

water management facility.  The maximum storage depth is to be limited to 150 mm 

as per OBC. The roof areas will have emergency scuppers in case of blockage. 

The detained flow will discharge to the storm sewer on site and be further detained 

within the Storm Water Management Pond downstream of the proposed 

development.  Flow to the downstream pond will be conveyed via a proposed series 

of inline pipes crossing through TRCA lands and under the existing drainage 

feature. 

 

 The Regional Storm event will be used for determine rooftop storage and required 

hoppers and weirs to aid in the reduction of downstream pipe sizing.  Any 

downsizing of storm pipes will be reviewed at the detailed design stage.  This report 

will provide pipe sizing based on the allowable flows to the downstream Stormwater 

Management Pond as provided by AM Candaras. 

 

 The allowable conveyance from this development will be based on the larger of the 

100 Year and Regional Storm Events.  The governing allowable flows for this 

development were established previously by AM Candaras.  The allowable flows to 

the downstream SWM Pond have been determined to be 3.39 m3/s for the Regional 

Storm Event and 3.94 m3/s for the 100 year storm event.  As such the allowable 

flows from the upstream area will be 180 l/s/ha. with a maximum tributary area of 

21.87 ha.  The proposed development is comprised of only 13.58 ha.  The 

conveyance system will be reviewed for the full upstream area and modifications 

will be made during the detailed design stage based on the actual conveyance of 

flows. 
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STORM WATER CONVEYANCE: 

 

As per meetings and discussions with the TRCA the flows from the proposed development will 

be conveyed through TRCA lands, through the floodplain and below the drainage feature.  In 

order to minimize impacts the conveyance system will be sloped and sized to achieve a 

minimum 1.0m separation from the bottom of the channel. 

 

As required by the TRCA a Geomorphologist is required to assess the impact of the sewer 

depth in comparison to the bottom of the channel.  A Geomorphologist is currently assessing 

the proposed system together with Odan Detech.  These findings will be presented in a 

separate memo and in support of this application.  It is expected that the findings will support 

the above noted separation, however, adjustments may be required to achieve the required 

separation from the channel bottom to the top of pipe.  As noted previously the pipe sizing will 

be adjusted based on the actual flow conveyance.  Under this report the full conveyance of 

flow will be considered. 

 

In order to provide a gravity sewer and maintain a separation of 1.0m the conveyance system 

will consist of multiple pipes sized adequately to convey the allowable flows to the downstream 

sewers and SWM pond. 

 

The allowable flows from the proposed development have been established at 180 L/sec/ha.  

As the current development limits have not been established at this time the actual flows from 

development cannot be determined at this time. 

 

As such the conveyance pipes will be determined based on the allowable flows and allowable 

tributary areas as provided by AM Candaras. The following total flow will be conveyed to the 

downstream sewers from the upstream tributary areas. 

 

Total Area = 21.87 ha. 

Allowable Release Rate 100 Year Storm = 180 L/sec/ha. 

 

Total Conveyance Required = 3,937 l/sec 

 

Based on the above is proposed to provide three (3) 975mm storm sewers at a slope of 0.35% 

to convey flows. 

 

Each pipe will provide for a conveyance of 1,326 l/sec for a total conveyance of 3,978 l/sec 

under full flow conditions.  Thus meeting the allowable conveyance. 

 

As previously indicated the flows from the site will be further reduced at the detailed design 

stage through the use of rooftop controls.  Adjustments to pipe sizes will be addressed at that 

time.  In addition the proposed development will utilize rooftop storage to further reduce the 

conveyance pipe size. 
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Adjustments to the downstream pond release rates will be made to meet the allowable flows 

from addition of 8281 Healey Road to this SWM pond.  The addition of the proposed 

development upstream area to the existing storm water management pond will increase the 

allowable flows as per the following table. 

 

 
 

The above flows and adjustments to the downstream facility will be reviewed and completed 

by AM Candaras at the detailed design stage. 

  

8182 Healey Road

This program calculates the total flow from the unit flow equations

AREA = 21.87 ha A - AREA IN ha

1203

498

441

378

300

244

1592 YEAR

Q = 29.912 - 2.316 ln (A)

Q = 17.957 - 1.373 ln (A)

Q = 14.652 - 1.136 ln (A)

7

5 YEAR 11

Q = 9.506 - 0.719 ln (A)

25 YEAR

10 YEAR

STORM EVENT UNIT EQUATION
UNIT FLOW 

(L/sec/ha)

REGIONAL

100 YEAR

50 YEAR

55

17

14

Q = 55 L/sec/ha

Q = 26.566 - 2.082 ln (A)

Q = 22.639 - 1.741 ln (A)

TOTAL FLOW 

(L/sec)

23

20
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QUALITY CONTROL: 
 

Since the developed portion of the Site is > 0.25 ha water quality needs to be addressed. 

Quality control will follow MOE 2003 guidelines Level 1. The SWM pond for this site will be 

located on the AIMCo. (Amazon) Property to the south, the low point of the development. Flow 

will be conveyed via a conveyance storm sewer as identified previously within this report 

through the TRCA regulated lands. 

 

Water Quality will be addressed within the existing SWM Pond.  It is proposed to retrofit the 

pond to address the required water quality for this development. 

 

The following Tables identify the requirements to obtain necessary volumes, velocities and 

flows to achieve the required Water Quality under MOE 2003 Guidelines.  To aid in retrofitting 

the downstream storm water management facility to achieve the required water quality the 

following preliminary assessment has been completed.  AM Candaras will provide an 

additional assessment with regards to the existing SWM Facility and required alteration at the 

detailed design stage. 

 

SUMMARY OF POND DESIGN MOE 2003, TOWN & TRCA 

DESIGN ELEMENT REQUIRED 

DRAINAGE AREA   (ha) 10 ha (preferred) 

PERMENANT STORAGE 1974 m3 

FOREBAY DEPTH 1.0 m 

FOREBAY AREA < 33% OF TOTAL PERMANENT POOL 

PERMANENT POOL DEPTH MAX 3.0 m 

FREE BOARD FROM TOP 
OF POND TO 100 YR HGL 
POND TO REGION HGL 

0.30 m 

N/A 

FOREBAY SETTLING 
LENGTH TBD 

DRAWDOWN TIME 
Minimum 12 hr 

Preferred 24 to 48 hr 

CLEAN OUT FREQUENCY 
(years) TBD 

 
The above adjustment to the downstream pond will be confirmed by AM Candaras at the 
detailed design stage.  As the pond was designed for a larger tributary area it is expected 
that water quality can be addressed without significant alterations to the pond. 
 
Should the treatment of water quality become a concern at the downstream pond the use of 
Oil/Grit separators on site at 8281 Healey Road will be reviewed. 
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It is expected that the site will consist mainly of rooftop with some asphalt parking and 
loading areas.  The use of an Oil/Grit separator would satisfy the requirement for water 
quality on site treating any asphalt areas.  Rooftop which is considered clean water and 
provides for an 80% TSS removal rate.  As it is expected the majority of the site will consist 
of building rooftop the water quality for this area would achieve 80% TSS and bypass the 
Oil/Grit Separators. 
 
Further review on options to address water quality will be reviewed at the detailed design 
stage. 
 
EROSION CONTROL: 

 

The criterion is to capture and release 25mm of rainfall over a 24-48 hour period.  Erosion 

Control will be determined based on the downstream pond. The downstream pond was 

designed to the same requirements and it is expected that the requirement will be achieved 

based on available volume in the downstream pond. 

 

IMPLEMENTATION OF SWM: 

 

 The site is to utilize roof top storage to minimize impacts and flows to the downstream 

receiving sewers and conveyance system.  This will also minimize the total flows to the 

storm water management pond and thus reduce alterations to existing sewers, 

forebays and extended detention requirements. 

 Parking surface storage is not utilized due to design constraints, but will be reviewed 

further at the detailed design stage. 

 All Storms will be conveyed to the downstream SWM facility including the 100 year and 

Regional Storm Events to the established allowable flows and tributary areas. 

 LID (soak away pits) will be provided for water balance of the development, if required, 

and will be determined at the detailed design stage. 

 The downstream SWM Pond will be utilized for water quality/quantity as detailed above.  

A Memo at this stage will be provided from AM Candaras confirming that the 

downstream pond can accept flows from the proposed development and will be 

capable of providing the necessary water quality treatment. 
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6. FLOOD PLAIN ANALYSIS 

 

1. Background & Criteria  

There is a regulated floodplain established by the TRCA which impacts the proposed 

development.  As per discussions with the TRCA and based on the Natural Heritage features 

the watercourse has migrated to the east from it historical records.  This was determined by 

the Ecologist during site visits.  In order to improve the function of the water course this report 

together with the EIS will assess both the floodplain and Natural Heritage features. 

The TRCA has provided a hydraulic analysis of the Clarkway Tributary floodplain using the 

computer modelling software HEC-RAS. The regulated flood limit as given by TRCA’s HEC-

RAS Model extends within the site, and adjacent lands. 

The existing floodplain regulated area as given by TRCA is within the subject site. The existing 

regulated flood line is given by the hydraulic analysis prepared using the computer hydraulic 

modelling software HEC-RAS by Cole Engineering. The following page shows the HEC-RAS 

Flood Plain Mapping Program Sheet No. 172 for the Clarkway HEC-RAS sections located 

within 8281 Healey Road.  These will be used to assess both the predevelopment and post 

development Flood plain conditions. 

The HEC-RAS Model prepared by Cole Engineering was provided to The Odan/Detech Group 

and informs the following cut-fill-balance analysis and post-development flood conveyance 

HEC-RAS analysis herein. 

The proposed development’s grading and layout has been designed to satisfy TRCA’s criteria 

for development within floodplain-regulated areas and cause no greater flood risk than existing 

to the adjacent properties. 

The TRCA’s criteria for floodplain Cut-Fill balance was considered herein – it is shown as 

follows that the proposed development satisfies TRCA’s criteria for Active Floodplain Storage 

within the subject site. 
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A full size copy of the above drawings can be located within Appendix D. 
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The Regional Storm and 100-Year flood elevations that were established at each HEC-RAS 

section within the model. 

 

The following HEC-RAS models will be used to analyze the impacts of the proposed 

development on the flood plain. The output tables are enclosed here and referenced later in 

this report.  

 HEC-RAS Scenario 1: Original HEC-RAS Model provided by the TRCA herein referred 

to as the Predevelopment HEC-RAS Model. 

 HEC-RAS Scenario 2: Updated HEC-RAS Model with modified cross-sections sections 

for modifications to the watercourse and flood plain to improve conveyance to aid with 

improvement to natural heritage features and watercourse features herein referred to 

as the Post Development Model.  

It is proposed to manage the existing flood condition and modifications to such on the subject 

site and to balance both water levels and cut-fill balance on the site located at 8281 Healey 

Road.  This will be completed through providing compensation lands for floodplain loss in order 

to provide both additional flood plain volume as well as improving on natural heritage features 

and wetlands in the area. 

As discussed during meetings with TRCA staff modifications to the floodplain within the site 

will be considered due to the minimal volumes loss of volumes within the proposed 

development area due to the shallow spread of the floodplain into the development. 

The HEC-RAS post development model will therefore show a net zero impact to the change in 

elevations or improvement to the floodplain post development.  The site will be graded such 

that it provides flood volume to the floodplain where loss of floodplain volume occurs.  The site 

will be graded up within the site such that the floodplain limit is off the subject site. Setbacks 

will be established based on the flood line given here. 

The “fill” thus created by the proposed development will thereafter be compensated-for 

by a “cut” within the site. The calculations and analysis for this approach are as follows.  
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2. Subject Proposed Development & Grading 

The setbacks from the critical flood elevations appear on the enclosed Floodplain & Conceptual 

Grading Plans, Appendix C. 

It is proposed to grade the subject site such that the critical Regional Flood elevation and 100 

year storm – established in post-development conditions in Section 6 of this report - are 

comparable to the predevelopment conditions. Refer to the enclosed Concept Grading Plan 

for the proposed grades relative to the floodwater elevation as well as the critical setback. 

The proposed building’s FFE has not been established as the development limits need to be 

determined, it is expected that the FFE will be significantly higher than the Regional Flood 

Elevation based on preliminary conceptual layouts and concept grading plans.  Additionally 

the site grading will be established from the access at Healey Road to the north which will 

establish the FFE at a higher elevation in relation to the flood plain elevations. 

It is proposed to provide a compensating flood volume to compensate for the flood volume lost 

as a result of the proposed site grading. This required volume was determined as follows. 
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3. Flood Volume Cut-Fill Analysis 

There is presently (pre-development) a volume of 28,440.2m3 of flood storage volume (active 

storage) within the site. The following analysis shows that 28,723.2m3 is provided post-

development as active storage, therefore the proposed development does not represent a 

reduction in available volume post-development. 

The TRCA’s Balanced Cut and Fill Procedure provides criteria for analysis of Active Floodplain 

Storage. That document defines active floodplain storage as storage which is located within 

the effective flow area of the floodplain where the storage is formed by the floodplain areas 

which are normally modelled by HEC-RAS to develop flood levels.  

Presently, pre-development, there is only active floodplain storage provided within the site. 

The above TRCA criteria requires that where active storage exists and a Cut-Fill Balance is 

provided, active storage is replaced with active storage post-development (not passive or dead 

storage). Thus, the site has been graded to provide equivalent storage volume post-

development as compared to pre-development by providing additional volume in the area of 

the site’s southeast corner where it has been lost in the site’s middle, within the (revised) active 

flow area. 

The methodology for the cut-fill balance is as follows. 

1. Pre-development volume – a Volume TIN was prepared to determine the pre-

development active storage volume. The Volume TIN was prepared using Autodesk 

AutoCAD Civil3D 2021. The Volume TIN and the volume analysis results are provided 

in Figure 1 on the following page.  The volume TIN was assembled as follows: 

a. Pre-Development flood elevations were given by the Scenario 1 HEC-RAS 

model and existing floodplain mapping. A pre-development flood ‘surface’ or 

TIN was prepared by projecting horizontally the flood elevation over the area 

within the site where flooding would occur in the Regional Storm based on the 

existing topography and pre-development flood elevations from the Scenario 1 

HEC-RAS model. 

i. We note that this methodology results in a slightly different pre-

development flood line than as given in the pre-development flood 

mapping provided by the TRCA – the flood line extends farther into the 

site. This analysis is more conservative because it is based on a 

topographic survey prepared using a total station rather than Lidar (as 

per the existing flood line mapping). The resulting pre-development 

flood volume is larger than it would be were it based on the provided 

flood mapping, which is conservative.  

b. Existing site topography was taken from the original topographic survey by 

Speight, Van Nostrand & Gibson Ltd. of July 2019. 

c. The Volume TIN was prepared by projecting the pre-development flood surface 

to the existing topography to determine the pre-development volume. Refer to 

results in Figure 1. 

2. Post-development volume – similarly to pre-development, a Volume TIN was prepared 

to determine post-development active storage volume. The post-development TIN was 
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also prepared using Autodesk AutoCAD Civil3D 2021. The Volume TIN and the volume 

analysis results are provided in Figure 2 on the following page.  The volume TIN was 

assembled as follows: 

a. For the purpose of identifying that the post-development active flood volume is 

the same or more than pre-development, flood elevation was taken as per HEC-

RAS Scenario 1 – pre-development. That is, if the post-development volume 

were based on the HEC-RAS Scenario 2, this would skew the conclusion as to 

whether more or less active volume is provided given that the flood elevation 

would be different. 

b. The post-development topography TIN was prepared by merging the post-

development proposed grading (where proposed) with the existing topography 

(where proposed to remain; it within the main channel in the east-west run along 

the site’s south side).  

c. The post-development active flood storage volume TIN was prepared by 

projecting the pre-development flood surface to the post-development TIN. 

Refer to results in Figure 2. 
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Figure 1 - Pre-Development Active Storage Flood Volume 
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Figure 2 - Post-Development Active Storage Flood Volume 
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4. HEC-RAS Floodplain Conveyance Model & Floodplain Impacts 

As shown in the above volume compensation analysis, the existing flood channel is proposed 

to be reconfigured to accommodate the proposed development.  

There are five existing HEC-RAS Cross-Sections in the Scenario 1 HEC-RAS analysis within 

the subject site: 1561.551, 1561.404, 1561.256, 1561.120 and 1560.977. This is considered 

a sufficient number of sections to adequately model the pre-development and post-

development flood cut-fill balance and conveyance impacts of the subject site, therefore no 

additional sections were added to the model in either scenario. 

The methodology for the two scenarios HEC-RAS analysis is as follows. 

4.1. Scenario 1: Pre-Development 

The pre-development HEC-RAS model prepared by Cole Engineering 2018 for the TRCA 
was determined to be accurate relative to the existing topography and was thus used to 
represent pre-development conditions. 
 
Refer to the Floodplain Plan (Appendix C) for the location of the HEC-RAS cross-sections 
through the subject site and existing flood line.  
 
It is not necessary to adjust the existing sections or add new ones to accurately model the 
pre-development scenario. As discussed above – existing topography within and adjacent-to 
the subject site was given in an original topographic survey by Speight, Van Nostrand & 
Gibson Ltd. of July 2019. Various elevations were compared between that original survey and 
the existing HEC-RAS model (based on the cross-sections on the Floodplain Cross-Sections 
Plan – Appendix X). It was determined that the topographic elevations coded into the existing 
HEC-RAS sections accurately represents existing topography given by the topographic 
survey, typically within 0.05-0.10m. 
 
Scenario 1 HEC-RAS results tables are provided in Appendix X and Table 1, below, provides 
the pre-development Scenario 1 HEC-RAS results summary. 
 

4.2. Scenario 2: Post-Development 

The methodology for the post-development HEC-RAS model is as follows. The existing 

Scenario 1 model was modified to reflect the proposed grading and conclusions provided on 

that basis. 

The proposed grading appears in section in the Cross-Sections Plan (Appendix C) which 

provide the proposed grading and existing topography (from the topographic survey). The 

proposed grading was modelled in the HEC-RAS model as enclosed with this report.  

Figure 3, below, shows how the proposed grading was merged with the existing topography 

in HEC-RAS Station 1561.404, for example. Refer to the enclosed HEC-RAS model for the 

complete revised geometry through the five sections which are within the site and for which 

the geometry was modified. Refer to Appendix C for the Scenario 2 HEC-RAS results table. 

Table 2, below, summarizes the results. 

Note that an n-value of 0.035 was used in the main-channel where the main channel is 

proposed to be re-graded (refer to the Functional Grading Plan). An n-value of 0.08 was used 

in the overbank areas.  
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Figure 3 - HEC-RAS Station 1561.404 with Post-Development Grading 
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4.3. Results & Discussion 

The HEC-RAS model results in the foregoing Scenarios is described as follows. Refer to the appended detailed output files for additional 

results. Refer to the enclosed Grading Plan for the location of the stations relative to the subject site.  

Table 2 - HEC-RAS Model Results - Flood Elevation (m) – Stations within subject site & immediately upstream/downstream 

Station 

Scenario 1: Pre-development Model Water Surface 

Elevation 

(TRCA Approved Model) 

Scenario 2: Post Development Model Water Surface 

Elevation 

 
2-Year 

Storm 

5-Year 

Storm 

100-Y 

Storm 

Regional 

Storm 
2-Year Storm 5-Year Storm 100-Y Storm Regional Storm 

1561.762 242.36 242.49 242.85 242.85 242.36 242.49 242.86 242.84 

1561.698 241.87 241.94 242.20 242.19 241.87 241.94 242.15 242.16 

1561.551 241.25 241.33 241.61 241.60 241.00 241.12 241.46 241.45 

1561.404 240.75 240.86 241.08 241.07 240.59 240.72 241.04 241.03 

1561.256 239.85 240.01 240.50 240.49 239.42 239.52 239.99 239.98 

1561.120 239.38 239.51 239.96 239.95 239.13 239.24 239.59 239.58 

1560.977 238.92 239.00 239.32 239.31 238.92 239.00 239.31 239.30 

1560.820 238.07 238.17 238.51 238.50 238.07 238.17 238.51 238.50 
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The following discussion is drawn from the above HEC-RAS results summary, detailed results in 

Appendix C, enclosed HEC-RAS model and the enclosed Flood Line Plan (Appendix C). 

1. The post-development flood line is the same elevation or lower post-development 

(scenario 2) as compared to pre-development (scenario 1) in all storm events. It follows 

that the flood risk to adjacent properties will be no greater than pre-development by the 

proposed development. 

2. The channel cross-section area has been reduced within the flood area in Stations 

1561.551, 1561.404 and 1561.256 however, as discussed above, the flood elevation is 

the same or less than pre-development. This is given that the n-value of 0.035 can be 

safely applied over a wider portion of the main channel than pre-development, as the 

channel will be re-graded in a manner that permits this. 

3. Post-development (Scenario 2) flood elevations are plotted on the Flood Line Drawing 

(Appendix C) – note that the flood lines are plotted based on the flood elevations given in 

Table 2 and the original topographic survey prepared for this site. The post-development 

flood line external of the site, to the east, is plotted as extending in some cases farther 

east into the neighbour’s property than the pre-development flood line, whereas the flood 

elevation is actually lower than pre-development. This discrepancy is because the pre-

development flood line as plotted on the drawing is as given in the prior modelling/flood 

line mapping rather than the site’s original topographic survey.  
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5. Conclusions 

The following conclusions are drawn from the foregoing analysis. 

1. The proposed development falls within the regulated TRCA floodplain associated with 

the Don Valley. The floodplain limits were previously established as given in a HEC-

RAS analysis by Cole Engineering in 2018 which was provided to The Odan/Detech 

Group and which forms the basis for the post-development analysis herein. 

2. The proposed development can be graded such that the flood line falls generally 

outside the subject property, or so as to provide a 10m setback from the flood line. 

3. 28,440.2m3 of pre-development active storage flood volume requires compensation in 

the proposed development to maintain the hydraulic function of the floodplain. This 

was determined by a cut-fill analysis using Autodesk AutoCAD Civil3D.  

4. It is proposed to re-grade the site to provide 28,723.2m3 of active flood storage volume 

post-development. This is greater than the pre-development active flood storage 

volume, therefore the TRCA’s criteria for Cut-Fill Balance is satisfied. 

5. The pre-development HEC-RAS model (Scenario 1) was modified to represent the 

proposed grading within the subject site – thereby creating Scenario 2, post-

development HEC-RAS model.  

6. When comparing the HEC-RAS Scenario 2 (post-development) results to Scenario 1 

(pre-development), it is evident that the water elevations are the same or lower than 

existing. It is therefore concluded that there is no additional flood impact to adjacent 

properties by the proposed development. 

7. There floodplain does not impact the path of any emergency vehicles to access the 

site.  
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7. SOILS REPORT 

 

A geotechnical study has been conducted by EXP. The report is titled “Preliminary 

Geotechnical Investigation” “8281 Healey Road” project number MRK-00254710-A0 

dated 2019-08-12. 

 

The underlying soils are Clayey Silt Till and Sandy Silt Till. 

 

8. EROSION AND SEDIMENT CONTROL 
 

Since the new construction will utilize excavation, erosion control must be utilized. Silt 

fence, multiple silt ponds, interception swales and rock check dams will be incorporated 

around the site.  In order to prevent erosion use of erosion blankets, silt sacks, scarification 

of exposed soil and use of a sediment pond will be implemented on site at the time of 

construction.  In addition a mud mat will be utilized at the construction entrance. A plan for 

erosion and sediment control will be prepared in accordance with Town, TRCA and current 

Erosion and Sediment Control Guidelines for Urban Development upon determining the 

exact development limits through the Functional Servicing and Storm Water Management 

stage. 
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9. CONCLUSIONS 
 

From our investigation the Site is serviceable with sanitary, to be extended from Coleraine 

Drive and storm sewers to downstream SWM pond as well as water supply for domestic 

and firefighting purposes.  In addition gas and hydro services are available, capacities are 

to be confirmed, however based on surrounding development there will be sufficient 

capacity available to the development from Colerain Drive.  There is adequate access 

from Coleraine Drive to the site. 

 

The alterations proposed to the flood plain will not alter the current floodplain elevations 

both on the current and adjacent development.  Flood Plain volumes have been 

maintained or improved on. 

 

The site is favourable for the Future Industrial Development. 
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 APPENDIX A 
 
 
 
Aerial Photo of Site   
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 APPENDIX B 
 
 
Concept Sanitary Sewer (Fig. SAN) 
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 APPENDIX C 
 
 
 
Concept Storm Sewer (Fig. STM) 
Pre & Post Development Flood Plain Mapping (Fig. FPM) 
Scenario 1, Pre-Development, HEC-RAS Model output Table 
Scenario 2, Post-Development, HEC-RAS Model output Table 
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Scenario 1 Pre-Development HEC-RAS Output Table 

 
Reach  River  Sta   Profile Q  Total  Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl 
      (m3/s)    (m)  (m)  (m)  (m)  (m/m)  (m/s)  (m2)  (m)   
Reach1 1561.762 43.10-14         2-year  5.03  241.59 242.36 242.19 242.45 0.005013 1.35  4.70  17.81  0.58 
Reach1 1561.762 43.10-14         5-year  8.77  241.59 242.49 242.43 242.63 0.006099 1.72  8.78  40.59  0.66 
Reach1 1561.762 43.10-14         10-year 18.33  241.59 242.71 242.71 242.87 0.006680 2.15  21.21  76.11  0.72 
Reach1 1561.762 43.10-14         25-year 23.05  241.59 242.78 242.78 242.94 0.006570 2.25  27.11  82.82  0.72 
Reach1 1561.762 43.10-14         50-year 26.61  241.59 242.82 242.82 242.99 0.007098 2.39  29.98  85.15  0.76 
Reach1 1561.762 43.10-14         100-year 30.15  241.59 242.85 242.85 243.03 0.007262 2.48  33.31  87.70  0.77 
Reach1 1561.762 43.10-14         350-year 48.79  241.59 243.01 243.01 243.22 0.008254 2.90  47.88  97.96  0.84 
Reach1 1561.762 43.10-14         500-year 58.76  241.59 243.07 243.07 243.30 0.008809 3.10  54.09  100.27 0.88 
Reach1 1561.762 43.10-14         Regional 29.41  241.59 242.85 242.85 243.03 0.007266 2.46  32.55  87.18  0.77 
             
Reach1 1561.698 43.10-13         2-year  5.03  241.38 241.87 241.87 241.95 0.013038 1.75  8.41  53.80  0.88 
Reach1 1561.698 43.10-13         5-year  8.77  241.38 241.94 241.94 242.03 0.015072 2.10  12.34  59.38  0.97 
Reach1 1561.698 43.10-13         10-year 18.33  241.38 242.07 242.07 242.18 0.016630 2.59  22.26  81.35  1.06 
Reach1 1561.698 43.10-13         25-year 23.05  241.38 242.12 242.11 242.23 0.016509 2.72  26.28  83.36  1.07 
Reach1 1561.698 43.10-13         50-year 26.61  241.38 242.16 242.14 242.27 0.015525 2.75  29.72  85.15  1.05 
Reach1 1561.698 43.10-13         100-year 30.15  241.38 242.20 242.15 242.31 0.015419 2.83  32.68  87.76  1.06 
Reach1 1561.698 43.10-13         350-year 48.79  241.38 242.37 242.32 242.49 0.014264 3.14  50.82  117.67 1.05 
Reach1 1561.698 43.10-13         500-year 58.76  241.38 242.44 242.38 242.56 0.013372 3.19  58.97  120.60 1.03 
Reach1 1561.698 43.10-13         Regional 29.41  241.38 242.19 242.16 242.30 0.015409 2.81  32.10  87.31  1.06 
             
Reach1 1561.551 43.10-12         2-year  5.03  240.75 241.25   241.26 0.001754 0.28  23.89  130.70 0.14 
Reach1 1561.551 43.10-12         5-year  8.77  240.75 241.33   241.34 0.001929 0.34  34.96  143.52 0.15 
Reach1 1561.551 43.10-12         10-year 18.33  240.75 241.49   241.49 0.001918 0.40  58.28  157.36 0.16 
Reach1 1561.551 43.10-12         25-year 23.05  240.75 241.54   241.54 0.002102 0.44  66.11  163.05 0.17 
Reach1 1561.551 43.10-12         50-year 26.61  240.75 241.57   241.58 0.002168 0.47  72.00  164.61 0.18 
Reach1 1561.551 43.10-12         100-year 30.15  240.75 241.61   241.62 0.002167 0.48  78.18  166.29 0.18 
Reach1 1561.551 43.10-12         350-year 48.79  240.75 241.76   241.78 0.002350 0.57  104.32 172.81 0.19 
Reach1 1561.551 43.10-12         500-year 58.76  240.75 241.84   241.85 0.002371 0.60  117.38 175.36 0.19 
Reach1 1561.551 43.10-12         Regional 29.41  240.75 241.60   241.61 0.002172 0.48  76.83  165.84 0.18 
             
Reach1 1561.404 43.10-11         2-year 5.03 239.94 240.75 240.75   240.85 0.005707 1.50  7.43  69.82  0.61 
Reach1 1561.404 43.10-11         5-year 8.77 239.94 240.86 240.86   240.94 0.005459 1.63  16.25  91.68  0.61 
Reach1 1561.404 43.10-11         10-year 18.33  239.94 241.00 240.97 241.09 0.006302 1.98  30.76  114.96 0.68 
Reach1 1561.404 43.10-11         25-year 23.05  239.94 241.06 240.99 241.14 0.005884 2.00  38.09  119.86 0.66 
Reach1 1561.404 43.10-11         50-year 26.61  239.94 241.11 241.05 241.18 0.005566 2.01  43.52  122.58 0.65 
Reach1 1561.404 43.10-11         100-year 30.15  239.94 241.15 241.08 241.22 0.005434 2.04  49.13  137.47 0.65 
Reach1 1561.404 43.10-11         350-year 48.79  239.94 241.33 241.19 241.40 0.004460 2.07  78.55  183.75 0.60 
Reach1 1561.404 43.10-11         500-year 58.76  239.94 241.42 241.24 241.48 0.004176 2.10  97.32  228.93 0.59 
Reach1 1561.404 43.10-11         Regional 29.41  239.94 241.14 241.07 241.22 0.005348 2.02  48.49  137.33 0.64 
             
Reach1 1561.256 43.10-10         2-year 5.03 239.10 239.85 239.61   239.87 0.007322 0.68  9.89  40.73  0.30 
Reach1 1561.256 43.10-10         5-year 8.77 239.10 240.01 239.73   240.03 0.005749 0.71  17.36  53.59  0.28 
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Reach1 1561.256 43.10-10         10-year 18.33  239.10 240.27 239.91 240.29 0.004508 0.78  33.64  71.37  0.26 
Reach1 1561.256 43.10-10         25-year 23.05  239.10 240.37 239.97 240.39 0.004244 0.81  41.16  78.96  0.25 
Reach1 1561.256 43.10-10         50-year 26.61  239.10 240.44 240.00 240.46 0.004153 0.84  47.06  87.59  0.25 
Reach1 1561.256 43.10-10         100-year 30.15  239.10 240.50 240.04 240.52 0.004014 0.86  52.83  94.02  0.25 
Reach1 1561.256 43.10-10         350-year 48.79  239.10 240.75 240.18 240.77 0.003812 0.95  78.77  116.03 0.25 
Reach1 1561.256 43.10-10         500-year 58.76  239.10 240.86 240.23 240.88 0.003817 1.00  108.98 216.44 0.26 
Reach1 1561.256 43.10-10         Regional 29.41  239.10 240.49 240.03 240.51 0.004061 0.86  51.60  93.28  0.25 
             
Reach1 1561.120 43.10-09         2-year  5.03  238.71 239.38 239.09 239.39 0.002123 0.40  13.31  36.85  0.17 
Reach1 1561.120 43.10-09         5-year  8.77  238.71 239.51 239.17 239.53 0.002565 0.51  18.45  40.82  0.19 
Reach1 1561.120 43.10-09         10-year 18.33  238.71 239.75 239.31 239.77 0.003192 0.68  29.15  49.65  0.22 
Reach1 1561.120 43.10-09         25-year 23.05  238.71 239.84 239.38 239.87 0.003395 0.75  33.77  52.81  0.23 
Reach1 1561.120 43.10-09         50-year 26.61  238.71 239.91 239.41 239.93 0.003478 0.79  37.21  54.88  0.24 
Reach1 1561.120 43.10-09         100-year 30.15  238.71 239.96 239.45 239.99 0.003652 0.83  40.34  58.70  0.25 
Reach1 1561.120 43.10-09         350-year 48.79  238.71 240.20 239.62 240.22 0.004036 0.99  67.05  159.29 0.27 
Reach1 1561.120 43.10-09         500-year 58.76  238.71 240.29 239.69 240.32 0.004069 1.04  83.75  181.91 0.27 
Reach1 1561.120 43.10-09         Regional 29.41  238.71 239.95 239.45 239.98 0.003649 0.83  39.52  57.42  0.25 
             
Reach1 1560.977 43.10-08         2-year  5.03  238.47 238.92 238.76 238.92 0.005948 0.40  13.08  62.40  0.25 
Reach1 1560.977 43.10-08         5-year  8.77  238.47 239.00 238.82 239.01 0.006028 0.48  18.79  68.10  0.26 
Reach1 1560.977 43.10-08         10-year 18.33  238.47 239.16 238.91 239.18 0.006155 0.63  30.19  74.14  0.28 
Reach1 1560.977 43.10-08         25-year 23.05  238.47 239.23 238.94 239.25 0.006170 0.68  35.04  76.56  0.29 
Reach1 1560.977 43.10-08         50-year 26.61  238.47 239.27 238.97 239.30 0.006201 0.71  38.52  78.82  0.29 
Reach1 1560.977 43.10-08         100-year 30.15  238.47 239.32 238.99 239.35 0.006153 0.75  42.42  84.24  0.29 
Reach1 1560.977 43.10-08         350-year 48.79  238.47 239.51 239.11 239.55 0.006329 0.90  60.14  110.25 0.31 
Reach1 1560.977 43.10-08         500-year 58.76  238.47 239.60 239.15 239.64 0.006389 0.96  71.04  137.36 0.32 
Reach1 1560.977 43.10-08         Regional 29.41  238.47 239.31 238.99 239.33 0.006129 0.74  41.39  81.34  0.29 
             
Reach1 1560.820 43.10-07         2-year  5.03  237.72 238.07   238.08 0.005295 0.43  11.51  54.74  0.24 
Reach1 1560.820 43.10-07         5-year  8.77  237.72 238.17   238.18 0.005112 0.50  18.29  76.21  0.25 
Reach1 1560.820 43.10-07         10-year 18.33  237.72 238.35   238.37 0.004904 0.62  32.52  83.70  0.26 
Reach1 1560.820 43.10-07         25-year 23.05  237.72 238.42   238.44 0.004830 0.67  38.55  88.47  0.26 
Reach1 1560.820 43.10-07         50-year 26.61  237.72 238.47   238.49 0.004768 0.69  42.80  90.58  0.26 
Reach1 1560.820 43.10-07         100-year 30.15  237.72 238.51   238.53 0.004782 0.72  46.78  93.94  0.26 
Reach1 1560.820 43.10-07         350-year 48.79  237.72 238.71   238.74 0.004641 0.83  66.45  105.70 0.27 
Reach1 1560.820 43.10-07         500-year 58.76  237.72 238.80   238.83 0.004611 0.88  75.92  109.20 0.27 
Reach1 1560.820 43.10-07         Regional 29.41  237.72 238.50   238.53 0.004771 0.72  46.00  93.57  0.26 
             
Reach1 1560.680 43.10-06         2-year  5.03  236.40 237.18 237.07 237.20 0.008013 0.69  8.80  36.88  0.31 
Reach1 1560.680 43.10-06         5-year  8.77  236.40 237.28 237.12 237.31 0.007935 0.76  12.69  37.78  0.32 
Reach1 1560.680 43.10-06         10-year 18.33  236.40 237.48   237.52 0.007829 0.85  21.17  46.26  0.32 
Reach1 1560.680 43.10-06         25-year 23.05  236.40 237.56   237.60 0.007774 0.91  24.83  50.56  0.33 
Reach1 1560.680 43.10-06         50-year 26.61  236.40 237.61   237.66 0.007680 0.94  27.64  53.34  0.33 
Reach1 1560.680 43.10-06         100-year 30.15  236.40 237.67   237.72 0.007436 0.97  30.57  55.74  0.33 
Reach1 1560.680 43.10-06         350-year 48.79  236.40 237.90   237.97 0.006937 1.10  44.94  67.95  0.33 
Reach1 1560.680 43.10-06         500-year 58.76  236.40 238.02   238.08 0.006524 1.13  53.07  73.72  0.32 
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Reach1 1560.680 43.10-06         Regional 29.41  236.40 237.65   237.70 0.007532 0.96  29.89  55.19  0.33 
             
Reach1 1560.547 43.10-05         2-year  5.03  235.53 236.02   236.09 0.008492 1.46  7.25  29.02  0.72 
Reach1 1560.547 43.10-05         5-year  8.77  235.53 236.15   236.23 0.007958 1.69  11.27  32.88  0.73 
Reach1 1560.547 43.10-05         10-year 18.33  235.53 236.39   236.49 0.007402 2.08  19.85  38.62  0.75 
Reach1 1560.547 43.10-05         25-year 23.05  235.53 236.49   236.60 0.007011 2.19  23.78  39.98  0.74 
Reach1 1560.547 43.10-05         50-year 26.61  235.53 236.56   236.68 0.006878 2.28  26.67  41.96  0.75 
Reach1 1560.547 43.10-05         100-year 30.15  235.53 236.62   236.75 0.006802 2.37  29.29  43.08  0.75 
Reach1 1560.547 43.10-05         350-year 48.79  235.53 236.91   237.07 0.006491 2.74  42.74  49.65  0.77 
Reach1 1560.547 43.10-05         500-year 58.76  235.53 237.04   237.22 0.006416 2.90  49.42  52.89  0.77 
Reach1 1560.547 43.10-05         Regional 29.41  235.53 236.61   236.74 0.006724 2.34  28.89  42.95  0.75 
             
Reach1 1560.383 43.10-04         2-year  5.03  234.60 235.23   235.24 0.003570 0.50  10.64  32.80  0.22 
Reach1 1560.383 43.10-04         5-year  8.77  234.60 235.37   235.39 0.003666 0.59  15.67  36.42  0.23 
Reach1 1560.383 43.10-04         10-year 18.33  234.60 235.64   235.66 0.003789 0.75  26.18  42.35  0.24 
Reach1 1560.383 43.10-04         25-year 23.05  234.60 235.73   235.76 0.004021 0.82  30.09  43.83  0.25 
Reach1 1560.383 43.10-04         50-year 26.61  234.60 235.79   235.83 0.004111 0.86  33.01  44.82  0.26 
Reach1 1560.383 43.10-04         100-year 30.15  234.60 235.86   235.90 0.004160 0.90  35.92  46.09  0.26 
Reach1 1560.383 43.10-04         350-year 48.79  234.60 236.11   236.17 0.004724 1.09  48.35  50.94  0.29 
Reach1 1560.383 43.10-04         500-year 58.76  234.60 236.24   236.30 0.004838 1.17  54.81  53.31  0.30 
Reach1 1560.383 43.10-04         Regional 29.41  234.60 235.83   235.87 0.004290 0.90  34.89  45.62  0.27 
             
Reach1 1560.237 43.10-03         2-year  5.03  233.85 234.32 234.31 234.40 0.011102 1.44  6.31  37.02  0.80 
Reach1 1560.237 43.10-03         5-year  8.77  233.85 234.40 234.39 234.51 0.012228 1.76  9.52  38.87  0.87 
Reach1 1560.237 43.10-03         10-year 18.33  233.85 234.56 234.53 234.72 0.013710 2.30  15.81  42.23  0.97 
Reach1 1560.237 43.10-03         25-year 23.05  233.85 234.64 234.60 234.81 0.012709 2.41  19.13  43.39  0.95 
Reach1 1560.237 43.10-03         50-year 26.61  233.85 234.69 234.63 234.87 0.012394 2.51  21.50  45.19  0.95 
Reach1 1560.237 43.10-03         100-year 30.15  233.85 234.74 234.69 234.93 0.012169 2.59  23.70  46.31  0.95 
Reach1 1560.237 43.10-03         350-year 48.79  233.85 234.98 234.87 235.20 0.010219 2.87  35.85  52.20  0.92 
Reach1 1560.237 43.10-03         500-year 58.76  233.85 235.09 234.97 235.33 0.009842 3.02  41.60  54.59  0.92 
Reach1 1560.237 43.10-03         Regional 29.41  233.85 234.75 234.68 234.92 0.011039 2.49  24.11  46.54  0.91 
             
Reach1 1560.111 43.10-02         2-year  5.03  232.29 233.12   233.14 0.008922 0.86  9.42  34.45  0.34 
Reach1 1560.111 43.10-02         5-year  8.77  232.29 233.26   233.28 0.007738 0.91  14.34  36.51  0.33 
Reach1 1560.111 43.10-02         10-year 18.33  232.29 233.53   233.56 0.006404 1.00  24.65  39.55  0.31 
Reach1 1560.111 43.10-02         25-year 23.05  232.29 233.63   233.66 0.006537 1.08  28.56  41.13  0.32 
Reach1 1560.111 43.10-02         50-year 26.61  232.29 233.70   233.73 0.006611 1.12  31.40  42.35  0.32 
Reach1 1560.111 43.10-02         100-year 30.15  232.29 233.77   233.81 0.006492 1.16  34.44  43.62  0.32 
Reach1 1560.111 43.10-02         350-year 48.79  232.29 234.01   234.07 0.007510 1.40  45.68  47.85  0.36 
Reach1 1560.111 43.10-02         500-year 58.76  232.29 234.15   234.22 0.007459 1.47  52.45  50.85  0.36 
Reach1 1560.111 43.10-02         Regional 29.41  232.29 233.71   233.75 0.007678 1.22  31.95  42.59  0.35 
             
Reach1 1560.000 43.10-01         2-year  5.03  231.96 232.38   232.41 0.005163 1.14  9.74  31.10  0.56 
Reach1 1560.000 43.10-01         5-year  8.77  231.96 232.50   232.54 0.006091 1.45  13.40  33.15  0.64 
Reach1 1560.000 43.10-01         10-year 18.33  231.96 232.71   232.79 0.007711 2.04  20.98  39.25  0.76 
Reach1 1560.000 43.10-01         25-year 23.05  231.96 232.80   232.89 0.007758 2.22  24.74  41.79  0.78 
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Reach1 1560.000 43.10-01         50-year 26.61  231.96 232.86   232.96 0.007659 2.32  27.50  43.07  0.78 
Reach1 1560.000 43.10-01         100-year 30.15  231.96 232.91   233.02 0.008063 2.46  29.47  43.88  0.81 
Reach1 1560.000 43.10-01         350-year 48.79  231.96 233.37   233.46 0.004367 2.36  52.80  55.86  0.64 
Reach1 1560.000 43.10-01         500-year 58.76  231.96 233.54   233.63 0.003992 2.43  62.46  59.52  0.62 
Reach1 1560.000 43.10-01         Regional 29.41  231.96 233.05   233.12 0.004533 2.02  36.05  48.49  0.62 
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Scenario 2 Post-Development HEC-RAS Output Table 
 
Reach  River  Sta   Profile  Q Total Min Ch El W.S.   Elev  Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl 
        (m3/s)  (m)  (m)  (m)  (m)  (m)  (m/m)  (m/s)  (m2)  (m)   
Reach1 1561.762 43.10-14         2-year  5.03  241.59 242.36 242.19   242.45 0.005019 1.35  4.70  17.80  0.58 
Reach1 1561.762 43.10-14         5-year  8.77  241.59 242.49 242.43   242.63 0.006103 1.72  8.77  40.58  0.66 
Reach1 1561.762 43.10-14         10-year 18.33  241.59 242.71 242.71   242.87 0.006672 2.15  21.23  76.12  0.72 
Reach1 1561.762 43.10-14         25-year 23.05  241.59 242.77 242.77   242.94 0.007086 2.31  26.11  81.86  0.75 
Reach1 1561.762 43.10-14         50-year 26.61  241.59 242.82 242.81   242.99 0.007149 2.39  29.88  85.07  0.76 
Reach1 1561.762 43.10-14         100-year 30.15  241.59 242.86 242.85   243.03 0.007057 2.45  33.74  87.97  0.76 
Reach1 1561.762 43.10-14         350-year 48.79  241.59 243.03 243.00   243.22 0.007471 2.79  49.85  98.79  0.80 
Reach1 1561.762 43.10-14         500-year 58.76  241.59 243.10 243.07   243.30 0.007892 2.97  56.51  101.41 0.83 
Reach1 1561.762 43.10-14         Regional 29.41  241.59 242.84 242.84   243.03 0.007313 2.47  32.46  87.10  0.77 
             
Reach1 1561.698 43.10-13         2-year  5.03  241.38 241.87 241.87   241.95 0.013038 1.75  8.41  53.80  0.88 
Reach1 1561.698 43.10-13         5-year  8.77  241.38 241.94 241.94   242.03 0.015048 2.10  12.35  59.40  0.97 
Reach1 1561.698 43.10-13         10-year 18.33  241.38 242.08 242.08   242.18 0.015871 2.55  22.63  81.47  1.04 
Reach1 1561.698 43.10-13         25-year 23.05  241.38 242.11 242.11   242.23 0.019076 2.88  24.93  82.44  1.15 
Reach1 1561.698 43.10-13         50-year 26.61  241.38 242.14 242.14   242.27 0.019690 3.01  27.34  83.96  1.18 
Reach1 1561.698 43.10-13         100-year 30.15  241.38 242.16 242.15   242.30 0.021394 3.20  28.97  84.65  1.23 
Reach1 1561.698 43.10-13         350-year 48.79  241.38 242.32 242.32   242.48 0.020298 3.58  44.22  110.54 1.24 
Reach1 1561.698 43.10-13         500-year 58.76  241.38 242.39 242.38   242.54 0.018886 3.65  52.43  118.29 1.22 
Reach1 1561.698 43.10-13         Regional 29.41  241.38 242.16 242.16   242.29 0.019419 3.06  29.45  84.90  1.18 
             
Reach1 1561.551 43.10-12         2-year  5.03  240.75 241.00 241.02     0.002500 0.18  9.50  41.54  0.15 
Reach1 1561.551 43.10-12         5-year  8.77  240.75 241.12 241.14     0.002342 0.25  15.70  61.70  0.15 
Reach1 1561.551 43.10-12         10-year 18.33  240.75 241.31 241.33     0.002356 0.36  32.08  107.03 0.17 
Reach1 1561.551 43.10-12         25-year 23.05  240.75 241.37 241.39     0.002493 0.40  38.72  114.21 0.18 
Reach1 1561.551 43.10-12         50-year 26.61  240.75 241.42 241.44     0.002452 0.42  44.32  118.84 0.18 
Reach1 1561.551 43.10-12         100-year 30.15  240.75 241.46 241.48     0.002431 0.44  49.32  122.01 0.18 
Reach1 1561.551 43.10-12         350-year 48.79  240.75 241.64 241.67     0.002422 0.52  72.47  133.95 0.19 
Reach1 1561.551 43.10-12         500-year 58.76  240.75 241.72 241.75     0.002429 0.56  83.43  138.13 0.19 
Reach1 1561.551 43.10-12         Regional 29.41  240.75 241.45 241.48     0.002430 0.44  48.33  121.36 0.18 
             
Reach1 1561.404 43.10-11         2-year  5.03  239.92 240.59 240.44   240.62 0.003551 0.81  6.18  22.29  0.49 
Reach1 1561.404 43.10-11         5-year  8.77  239.92 240.72 240.53   240.75 0.003621 0.83  10.59  58.86  0.62 
Reach1 1561.404 43.10-11         10-year 18.33  239.92 240.90 240.76   240.93 0.003785 0.73  25.24  92.00  0.44 
Reach1 1561.404 43.10-11         25-year 23.05  239.92 240.98 240.80   241.00 0.003425 0.70  32.76  95.78  0.38 
Reach1 1561.404 43.10-11         50-year 26.61  239.92 241.01 240.82   241.04 0.003658 0.74  36.19  99.48  0.39 
Reach1 1561.404 43.10-11         100-year 30.15  239.92 241.04 240.84   241.07 0.003866 0.77  39.26  100.49 0.39 
Reach1 1561.404 43.10-11         350-year 48.79  239.92 241.25 240.93   241.28 0.003436 0.81  60.25  107.54 0.34 
Reach1 1561.404 43.10-11         500-year 58.76  239.92 241.34 240.97   241.37 0.003327 0.85  70.02  109.48 0.33 
Reach1 1561.404 43.10-11         Regional 29.41  239.92 241.03 240.84   241.06 0.003901 0.77  38.31  100.23 0.40 
             
Reach1 1561.256 43.10-10         2-year  5.03  238.83 239.42 239.42   239.53 0.022427 1.54  3.69  17.40  1.05 
Reach1 1561.256 43.10-10         5-year  8.77  238.83 239.52 239.52   239.68 0.020030 1.84  5.48  18.94  1.06 
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Reach1 1561.256 43.10-10         10-year 18.33  238.83 239.77 239.77   239.97 0.012173 2.12  11.64  32.32  0.91 
Reach1 1561.256 43.10-10         25-year 23.05  238.83 239.82 239.82   240.08 0.013308 2.37  13.56  35.66  0.97 
Reach1 1561.256 43.10-10         50-year 26.61  238.83 239.91 239.91   240.16 0.010827 2.34  17.52  49.21  0.89 
Reach1 1561.256 43.10-10         100-year 30.15  238.83 239.99 239.99   240.21 0.009329 2.32  21.25  54.11  0.84 
Reach1 1561.256 43.10-10         350-year 48.79  238.83 240.18 240.18   240.47 0.009453 2.71  32.89  65.67  0.88 
Reach1 1561.256 43.10-10         500-year 58.76  238.83 240.27 240.27   240.57 0.009331 2.86  39.05  70.56  0.89 
Reach1 1561.256 43.10-10         Regional 29.41  238.83 239.98 239.98   240.20 0.009250 2.29  20.85  53.93  0.84 
             
Reach1 1561.120 43.10-09         2-year  5.03  238.49 239.13 238.93   239.14 0.000710 0.50  28.86  117.49 0.22 
Reach1 1561.120 43.10-09         5-year  8.77  238.49 239.24 238.99   239.25 0.000755 0.58  41.89  121.88 0.23 
Reach1 1561.120 43.10-09         10-year 18.33  238.49 239.42 239.11   239.43 0.000904 0.75  64.14  123.10 0.27 
Reach1 1561.120 43.10-09         25-year 23.05  238.49 239.49 239.14   239.50 0.000971 0.82  72.61  123.52 0.28 
Reach1 1561.120 43.10-09         50-year 26.61  238.49 239.54 239.17   239.56 0.000988 0.86  79.16  123.84 0.28 
Reach1 1561.120 43.10-09         100-year 30.15  238.49 239.59 239.18   239.61 0.001001 0.90  85.38  124.14 0.29 
Reach1 1561.120 43.10-09         350-year 48.79  238.49 239.81 239.28   239.83 0.001093 1.07  112.57 125.47 0.31 
Reach1 1561.120 43.10-09         500-year 58.76  238.49 239.91 239.32   239.93 0.001156 1.16  124.31 126.04 0.32 
Reach1 1561.120 43.10-09         Regional 29.41  238.49 239.58 239.18   239.60 0.001002 0.89  83.98  124.08 0.29 
             
Reach1 1560.977 43.10-08         2-year  5.03  238.47 238.92 238.76   238.93 0.006059 0.28  13.69  71.58  0.23 
Reach1 1560.977 43.10-08         5-year  8.77  238.47 239.00 238.82   239.01 0.006036 0.37  19.73  75.24  0.24 
Reach1 1560.977 43.10-08         10-year 18.33  238.47 239.16 238.92   239.17 0.006077 0.51  31.59  79.81  0.26 
Reach1 1560.977 43.10-08         25-year 23.05  238.47 239.22 238.95   239.24 0.006055 0.55  36.70  81.87  0.27 
Reach1 1560.977 43.10-08         50-year 26.61  238.47 239.27 238.98   239.29 0.006057 0.57  40.43  84.05  0.27 
Reach1 1560.977 43.10-08         100-year 30.15  238.47 239.31 239.00   239.34 0.006061 0.59  44.34  88.34  0.27 
Reach1 1560.977 43.10-08         350-year 48.79  238.47 239.51 239.10   239.54 0.006141 0.68  62.77  111.04 0.28 
Reach1 1560.977 43.10-08         500-year 58.76  238.47 239.59 239.15   239.63 0.006232 0.71  73.58  136.19 0.29 
Reach1 1560.977 43.10-08         Regional 29.41  238.47 239.30 239.00   239.32 0.005994 0.58  43.40  85.64  0.27 
             
Reach1 1560.820 43.10-07         2-year  5.03  237.72 238.07 238.08     0.005295 0.43  11.51  54.74  0.24 
Reach1 1560.820 43.10-07         5-year  8.77  237.72 238.17 238.18     0.005111 0.50  18.29  76.21  0.25 
Reach1 1560.820 43.10-07         10-year 18.33  237.72 238.35 238.37     0.004904 0.62  32.52  83.70  0.26 
Reach1 1560.820 43.10-07         25-year 23.05  237.72 238.42 238.44     0.004830 0.67  38.55  88.47  0.26 
Reach1 1560.820 43.10-07         50-year 26.61  237.72 238.47 238.49     0.004768 0.69  42.80  90.58  0.26 
Reach1 1560.820 43.10-07         100-year 30.15  237.72 238.51 238.53     0.004782 0.72  46.78  93.94  0.26 
Reach1 1560.820 43.10-07         350-year 48.79  237.72 238.71 238.74     0.004641 0.83  66.45  105.70 0.27 
Reach1 1560.820 43.10-07         500-year 58.76  237.72 238.80 238.83     0.004611 0.88  75.92  109.20 0.27 
Reach1 1560.820 43.10-07         Regional 29.41  237.72 238.50 238.53     0.004771 0.72  46.00  93.57  0.26 
             
Reach1 1560.680 43.10-06         2-year  5.03  236.40 237.18 237.07   237.20 0.008021 0.70  8.80  36.88  0.31 
Reach1 1560.680 43.10-06         5-year  8.77  236.40 237.28 237.12   237.31 0.007934 0.76  12.69  37.78  0.32 
Reach1 1560.680 43.10-06         10-year 18.33  236.40 237.48 237.52     0.007826 0.85  21.17  46.26  0.32 
Reach1 1560.680 43.10-06         25-year 23.05  236.40 237.56 237.60     0.007770 0.91  24.83  50.56  0.33 
Reach1 1560.680 43.10-06         50-year 26.61  236.40 237.61 237.66     0.007678 0.94  27.64  53.34  0.33 
Reach1 1560.680 43.10-06         100-year 30.15  236.40 237.67 237.72     0.007436 0.97  30.57  55.74  0.33 
Reach1 1560.680 43.10-06         350-year 48.79  236.40 237.90 237.97     0.006936 1.10  44.95  67.95  0.33 
Reach1 1560.680 43.10-06         500-year 58.76  236.40 238.02 238.08     0.006523 1.13  53.08  73.72  0.32 
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Reach1 1560.680 43.10-06         Regional 29.41  236.40 237.65 237.70     0.007528 0.96  29.89  55.19  0.33 
             
Reach1 1560.547 43.10-05         2-year  5.03  235.53 236.02 236.09     0.008492 1.46  7.25  29.02  0.72 
Reach1 1560.547 43.10-05         5-year  8.77  235.53 236.15 236.23     0.007959 1.69  11.27  32.88  0.73 
Reach1 1560.547 43.10-05         10-year 18.33  235.53 236.39 236.49     0.007405 2.08  19.85  38.62  0.75 
Reach1 1560.547 43.10-05         25-year 23.05  235.53 236.49 236.60     0.007013 2.19  23.77  39.98  0.75 
Reach1 1560.547 43.10-05         50-year 26.61  235.53 236.56 236.68     0.006879 2.28  26.66  41.96  0.75 
Reach1 1560.547 43.10-05         100-year 30.15  235.53 236.62 236.75     0.006802 2.37  29.29  43.08  0.75 
Reach1 1560.547 43.10-05         350-year 48.79  235.53 236.91 237.07     0.006492 2.74  42.73  49.65  0.77 
Reach1 1560.547 43.10-05         500-year 58.76  235.53 237.04 237.22     0.006418 2.90  49.42  52.88  0.77 
Reach1 1560.547 43.10-05         Regional 29.41  235.53 236.61 236.74     0.006726 2.34  28.89  42.94  0.75 
             
Reach1 1560.383 43.10-04         2-year  5.03  234.60 235.23 235.24     0.003571 0.50  10.64  32.80  0.22 
Reach1 1560.383 43.10-04         5-year  8.77  234.60 235.37 235.39     0.003666 0.59  15.67  36.42  0.23 
Reach1 1560.383 43.10-04         10-year 18.33  234.60 235.64 235.66     0.003788 0.75  26.18  42.35  0.24 
Reach1 1560.383 43.10-04         25-year 23.05  234.60 235.73 235.76     0.004019 0.82  30.09  43.83  0.25 
Reach1 1560.383 43.10-04         50-year 26.61  234.60 235.79 235.83     0.004110 0.86  33.01  44.82  0.26 
Reach1 1560.383 43.10-04         100-year 30.15  234.60 235.86 235.90     0.004160 0.90  35.92  46.09  0.26 
Reach1 1560.383 43.10-04         350-year 48.79  234.60 236.11 236.17     0.004723 1.09  48.36  50.94  0.29 
Reach1 1560.383 43.10-04         500-year 58.76  234.60 236.24 236.30     0.004836 1.17  54.81  53.31  0.30 
Reach1 1560.383 43.10-04         Regional 29.41  234.60 235.83 235.87     0.004290 0.90  34.90  45.62  0.27 
             
Reach1 1560.237 43.10-03         2-year  5.03  233.85 234.32 234.31   234.40 0.011102 1.44  6.31  37.02  0.80 
Reach1 1560.237 43.10-03         5-year  8.77  233.85 234.40 234.39   234.51 0.012225 1.75  9.52  38.87  0.87 
Reach1 1560.237 43.10-03         10-year 18.33  233.85 234.56 234.53   234.72 0.013713 2.30  15.81  42.23  0.97 
Reach1 1560.237 43.10-03         25-year 23.05  233.85 234.64 234.60   234.81 0.012712 2.41  19.13  43.39  0.95 
Reach1 1560.237 43.10-03         50-year 26.61  233.85 234.69 234.63   234.87 0.012395 2.51  21.50  45.19  0.95 
Reach1 1560.237 43.10-03         100-year 30.15  233.85 234.74 234.69   234.93 0.012136 2.59  23.72  46.32  0.95 
Reach1 1560.237 43.10-03         350-year 48.79  233.85 234.98 234.87   235.20 0.010222 2.87  35.85  52.20  0.92 
Reach1 1560.237 43.10-03         500-year 58.76  233.85 235.09 234.97   235.33 0.009844 3.02  41.59  54.59  0.92 
Reach1 1560.237 43.10-03         Regional 29.41  233.85 234.75 234.68   234.92 0.011042 2.49  24.11  46.54  0.91 
             
Reach1 1560.111 43.10-02         2-year  5.03  232.29 233.12     233.14 0.008921 0.86  9.43  34.45  0.34 
Reach1 1560.111 43.10-02         5-year  8.77  232.29 233.26     233.28 0.007737 0.91  14.34  36.51  0.33 
Reach1 1560.111 43.10-02         10-year 18.33  232.29 233.53     233.56 0.006404 1.00  24.65  39.55  0.31 
Reach1 1560.111 43.10-02         25-year 23.05  232.29 233.63     233.66 0.006536 1.08  28.57  41.13  0.32 
Reach1 1560.111 43.10-02         50-year 26.61  232.29 233.70     233.73 0.006611 1.12  31.40  42.35  0.32 
Reach1 1560.111 43.10-02         100-year 30.15  232.29 233.77     233.81 0.006521 1.16  34.39  43.60  0.32 
Reach1 1560.111 43.10-02         350-year 48.79  232.29 234.01     234.07 0.007509 1.40  45.68  47.85  0.36 
Reach1 1560.111 43.10-02         500-year 58.76  232.29 234.15     234.22 0.007459 1.47  52.45  50.85  0.36 
Reach1 1560.111 43.10-02         Regional 29.41  232.29 233.71     233.75 0.007677 1.22  31.95  42.59  0.35 
             
Reach1 1560.000 43.10-01         2-year  5.03  231.96 232.38     232.41 0.005162 1.14  9.74  31.10  0.56 
Reach1 1560.000 43.10-01         5-year  8.77  231.96 232.50     232.54 0.006090 1.45  13.40  33.15  0.64 
Reach1 1560.000 43.10-01         10-year 18.33  231.96 232.71     232.79 0.007711 2.04  20.98  39.25  0.76 
Reach1 1560.000 43.10-01         25-year 23.05  231.96 232.80     232.89 0.007758 2.22  24.74  41.79  0.78 
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Reach1 1560.000 43.10-01         50-year 26.61  231.96 232.86     232.96 0.007654 2.32  27.50  43.07  0.78 
Reach1 1560.000 43.10-01         100-year 30.15  231.96 232.91     233.02 0.007947 2.44  29.62  43.96  0.80 
Reach1 1560.000 43.10-01         350-year 48.79  231.96 233.37     233.46 0.004367 2.36  52.80  55.86  0.64 
Reach1 1560.000 43.10-01         500-year 58.76  231.96 233.54     233.63 0.003992 2.43  62.46  59.52  0.62 
Reach1 1560.000 43.10-01         Regional 29.41  231.96 233.05     233.12 0.004533 2.02  36.05  48.49  0.62
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 APPENDIX D 
 
 
 
 
 
Cole Engineering HEC-RAS Flood Plain Mapping Program - Sheet No. 172 
HEC-RAS Cross Sections (Fig. XSEC) 
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The Odan/Detech Group Inc.   P: (905) 632-3811 F: (905) 632-3363

5230 SOUTH SERVICE ROAD, BURLINGTON, ONTARIO, L7L 5K2

DISTANCES AND ELEVATIONS ON THIS PLAN ARE TYPICALLY SHOWN IN METRES

AND CAN BE CONVERTED TO FEET BY DIVIDING BY 0.3048.

THE TOWN OF CALEDON BENCHMARK No. 758056.

ELEVATIONS ARE GEODETIC AND ARE DERIVED FROM 

BEARINGS SHOWN HEREON ARE  GRID BEARINGS AND ARE REFERRED TO THE

NORTHEASTERLY LIMIT OF PART 1  AS SHOWN ON PLAN 43R-30545,

HAVING A BEARING OF N45°52'40"W.
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Concept Grading (Fig. SG) 
Topographic Survey 
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