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1 Introduction 

Stantec Consulting Ltd. has been retained by the National Capital Commission (NCC) to prepare a 
Functional Servicing Study for the LeBreton Flats Plan of Subdivision in support of a Draft Plan of 
Subdivision application. The subdivision lands are currently zoned Parks and Open Space (O1), General 
Mixed-Use Zone (GM7), and Residential Fifth Density Zone (R5), and is bordered by Wellington Street 
and the Kichi Zibi Mikan Parkway to the north, the O-Train Trillium Line rail corridor and Trillium Pathway 
to the west, Albert Street to the south, and Booth Street to the east.  The subdivision lands are shown in 
blue in Figure 1.1 below.  Other lands owned by the NCC subject to the LeBreton Flats Master Concept 
Plan are identified in green.  These lands fall outside of the plan of subdivision and development of the 
parcels will be approved in the future through Site Plan Control.  

 

Figure 1.1: LeBreton Flats Subdivision Lands 

The 21.5 ha subdivision development comprises of a total of 19 blocks, with public roadways and private 
lanes. The subdivision will include a block for an NCC park, a block for a municipal park and a block over 
the covered aqueduct to be conveyed to the City of Ottawa. The Confederation Line rail corridor and the 
open aqueduct bisect the subdivision lands. The draft plan of subdivision has been prepared by Stantec 
Geomatics Ltd. dated March 12, 2024, and density tables are included Appendix A.1. 

The intent of this report is to build on the servicing principals outlined in the earlier master servicing 
studies to develop a servicing strategy specific to the subject site. The report will establish criteria for 
future detailed design of the subdivision in accordance with the associated background studies, City of 
Ottawa Design Guidelines, and all other relevant regulations. 
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1.1 Master Plan Context 

In 1962, pursuing the modernist vision set out in the 1950 Gréber Plan, the federal government 
expropriated lands and cleared much of LeBreton Flats. The plan was to use the site as a federal office 
campus, but it was never fully realized. In subsequent years, efforts were undertaken to determine a 
suitable future for this important site.  

In 1989, the NCC, the former Regional Municipality of Ottawa-Carleton (RMOC), and the City of Ottawa 
launched a joint planning process. The issues that were addressed and recommendations that were 
endorsed by all three parties included: 

• the Transitway alignment; 

• the condition of the heritage aqueduct and related bridge crossings; 

• the reinforcement of the street grid;  

• environmental assessment processes; and 

• the sanitary sewer servicing capacity. 

This process led to a land agreement that consolidated land ownership under the NCC and created the 
1997 LeBreton Flats Master Plan. It analyzed and developed policies for density, land uses, urban 
design, servicing, roads, and the environment. The master plan was approved by Official Plan 
amendment in 1997, adopted following the Ontario Municipal Board decision in 1999, and zoning was 
updated by the City of Ottawa in 2000. The 1997 Plan still forms much of the policy basis that applies to 
the site today.  

In 2002, the NCC hired Dessau-Soprin to complete a Master Servicing Study for LeBreton Flats and the 
Master Serving Plan (LeBreton Flats Infrastructure and Remediation Project: Master Servicing Report, 
2004) was submitted and approved under the Municipal Class EA Process. The Site Development Plan 
from the 2004 Master Servicing Report is included in Figure 1.2 below. 

Based on that 2004 Master Servicing Study, in 2005 the NCC and the City entered into a servicing 
agreement to construct a new sanitary pumping station at LeBreton Flats. Pursuant to the agreement, the 
NCC undertook the environmental assessment in accordance with the Canadian Environmental 
Assessment Act and financed the design and construction of the facility, while the City obtained the 
provincial requirements. In 2008, the NCC built the LeBreton Flats Sanitary Pumping Station to 
accommodate the anticipated servicing requirements for the full build-out of LeBreton Flats.  The NCC 
then transferred ownership of the pumping station to the City for operation and maintenance. 
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Figure 1.1.2: Proposed Site Development Plan (Appendix D, LeBreton Flats Infrastructure and 
Remediation Project: Master Servicing Report, Dessau-Soprin, 2004) 

In 2014, motivated to enhance the attractiveness of the Capital and bring civic life back to LeBreton Flats, 
the NCC launched a competitive process seeking a development proposal for the entire site. With the 
cancellation of that process in 2019, the NCC chose to lead a new approach that would establish a 
comprehensive vision for LeBreton Flats, re-establishing the area as a Capital destination and a vibrant 
community. That new vision finds its expression in the 2021 LeBreton Flats Master Concept Plan (MCP), 
which serves as the guiding document for the draft plan of subdivision. 

Supporting development of the LeBreton Flats MCP, the Master Servicing Report: Renewed Master 
Concept Plan & Development Strategy by CIMA+ was completed in 2021.  The report is based on the 
2004 Dessau-Soprin report and incorporates minor updates to reflect updated site conditions and the 
updated vision and plan for LeBreton Flats. While the CIMA+ report was not formally approved by the City 
of Ottawa, City staff reviewed the report and contributed to its development in support of the Master 
Concept planning process. See figure below of the block layout used in the master servicing report 
(CIMA+, 2021).  
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Figure 1.3: Master Servicing Plan Block Layout of LeBreton Flats Master Concept Plan (Master 
Servicing Report: Renewed Master Concept Plan & Development Strategy, CIMA+, 2021) 

As required under the West Downtown Core Secondary Plan, the master servicing study is to be updated 
for the LeBreton Flats MCP area prior to development as outlined by Policy 7 under Section 10.2 from the 
Pimisi and LeBreton Flats District chapter: 

The City shall require an updated master servicing study for the district, prior to 
development of lands within the LeBreton Flats Master Concept Plan area, west of 
Booth Street. 

The intent of this report is to fulfill this policy condition by preparing a Functional Servicing Study for the 
subdivision lands west of Booth Street, maintaining the overall intent of the 2004 Dessau-Soprin report 
while building on the servicing principles outlined in the LeBreton Flats Master Servicing Report (CIMA+, 
2021) to develop a servicing strategy specific to the subject site to support the draft plan of subdivision.   

This report demonstrates that the municipal servicing can support the proposed development, establishes 
the functional design for future detailed design of the subdivision and the design criteria for the detailed 
design of the subdivision development blocks subject to future Site Plan Control approval. 
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The overall development plan for LeBreton Flats has evolved from the 1997 LeBreton Flats Master Plan 
to reflect the current vision and address the impacts of the Confederation Line.  The West Downtown 
Core Secondary Plan was developed based on the current MCP for LeBreton Flats and this update to the 
Master Servicing Study addresses the land uses, road network, and densities established in the master 
plans while meeting current design criteria.   
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3 Water Servicing 

3.1 Background 

The proposed development is located within Pressure Zone 1W of the City of Ottawa’s water distribution 
system. The development will be serviced with proposed connections to existing watermains along the 
boundaries of the development.  These include the 406 mm diameter PVC watermains in Albert Street 
and Booth Street, and the 305 mm diameter PVC watermain in Wellington Street. A 1676 mm concrete 
backbone watermain is located within the open aqueduct and a 1220 mm diameter backbone watermain 
is located within Albert Street. These are critical components of the City of Ottawa water infrastructure 
that are not to be impacted as part of the subdivision development.   

3.2 Functional Water Servicing Design 

3.2.1 WATER DISTRIBUTION LAYOUT 

The functional layout of the municipal water distribution system ensures the servicing of all development 
blocks based on the NCC Master Concept Plan, planned densities and applicable design criteria.  The 
functional layout of the water distribution system in shown on Drawing WTR-1. 

Watermains within the new public roads will be fed through connections to the existing watermains Albert 
Street, Booth Street and Wellington Street. Watermain stubs were installed with the construction of the 
305 mm watermain in Wellington Street and the 406 mm watermain in Albert Street in anticipation of 
future connections for the servicing of the LeBreton Flats Subdivision. It is assumed that these stubs will 
be used as connection points for the municipal servicing where possible and will be confirmed through the 
detailed design phase. 

The water distribution layout ensures that development blocks can be designed with redundant supply 
through secondary connections to the proposed distribution system. Block 6 can be provided with 
redundancy with a service connection to the 406 mm Albert Street watermain. The detailed design of 
each block will form part of future site plan development applications.  The NCC park does not have 
frontage on a public watermain, as such, a private water service will be required to cross the Block 19 
park to service the NCC park.  Size and alignment of the services will be established as part of the future 
detailed design of the parks.   

The watermains have been sized to meet City of Ottawa design criteria for pressure and flow for both 
domestic and fire flow demands. 

3.2.2 DOMESTIC WATER DEMANDS 

Preliminary water demands were estimated based on the assumed development densities and gross 
parcel areas established by the NCC in accordance with the West Downtown Core Secondary Plan. The 
density table is included in Appendix A.1. 
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The City of Ottawa’s Water Distribution Guidelines (July 2010), ISD-2010-02 and ISTB 2021-03 Technical 
Bulletins were used to determine water demands based on projected population densities for residential 
areas and peaking factors. The population was estimated using an occupancy of 1.8 persons per 
apartment unit and 2.7 persons per townhome. 

A daily rate of 280 L/cap/day has been used to estimate average daily (AVDY) potable water demand for 
residential areas, 28000 L/gross floor ha/day for commercial areas, 225 L/bedspace/day for hotels. A 
density of 185.3 persons/ha was assumed for the park blocks with a water demand of 20 L/persons/day 
based on the picnic and flush toilet demands from the City of Ottawa Sewer Design Guidelines.  

Maximum day (MXDY) demands were determined by multiplying the AVDY demands by a factor of 2.5 for 
residential areas and 1.5 for commercial areas, hotels, and parks. Peak hourly (PKHR) demands were 
determined by multiplying the MXDY by a factor of 2.2 for residential areas and 1.8 for commercial areas, 
hotels, and parks. The estimated demands are shown in Table 3.1 below and detailed in Appendix B.1. 

Table 3.1: Water Demands 

Demand 
Type 

Area 
(ha) 

Total 
Units Population AVDY 

(L/s) 
MXDY 
(L/s) 

PKHR 
(L/s) 

Residential - 4448 8276 26.8 67.0 147.5 

Commercial 6.7 - - 2.3 3.5 6.3 

Hotel - 305 - 1.6 2.4 4.3 

Parks 9.3 - - 0.5 0.8 1.4 

Total 16.5 4448 8276 30.3 72.3 156.9 

3.2.3 FIRE FLOW DEMANDS 

At the draft plan level, no details pertaining to the building footprints for each block are available. 
Therefore, a fire flow demand of 200 L/s (12,000 L/min) was assumed based on the Simple Method for a 
typical family dwelling in a subdivision summarized in Table 8 of the 2020 FUS, in which the 200 L/s is the 
worst-case scenario. This conservative estimate, which is applied to all blocks, exceeds the fire flow 
demands of non-combustible and sprinklered buildings that are anticipated for the development. Further 
details of the fire flow demands will be provided once the building construction and floor area details are 
made available at the detailed design stage for each site plan block. 

3.2.4 BOUNDARY CONDITIONS 

The estimated domestic water and fire flow demands were used to define the supply required for the 
proposed development from the existing watermains. Table 3.2 below summarizes the boundary 
conditions received from the City of Ottawa on June 24, 2024. A copy of the boundary condition 
correspondence and the accompanying schematic received from the City of Ottawa is included in 
Appendix B.2. 
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Table 3.2: Boundary Conditions 

Street Wellington Booth Albert 
Connection 1 2 3 4 5 6 7 8 
Min. HGL (m) 107.4 107.4 107.4 107.5 107.6 107.6 107.6 107.6 

Max. HGL (m) 115.2 115.2 115.2 115.2 115.1 115.0 115.0 114.9 

MXDY + FF (200 L/s) (m) 105.0 106.5 107.1 108.4 110.1 109.9 110.0 110.0 

3.3 Hydraulic Assessment 

3.3.1 LEVEL OF SERVICE 

A preliminary watermain network was compiled and modeled on PCSWMM to verify adequacy of 
watermain pressures to service the subdivision, based on the provided boundary conditions from the City. 
Through the City of Ottawa Design Guidelines, the normal demand conditions (average day, maximum 
day and peak hour) should be in the range of 350 kPa to 480 kPa (50 psi to 70 psi) and no less than 275 
kPa (40 psi) at the ground elevation on the streets (i.e., at hydrant level). 

As per the Ontario Building Code (OBC) & Guide for Plumbing, if pressures greater than 550 kPa (80 psi) 
are anticipated, pressure relief measures are required. The maximum pressure at any point in the 
distribution system in unoccupied areas shall not exceed 689 kPa (100 psi). Under emergency fire flow 
conditions, the minimum pressure objective in the distribution system is 138 kPa (20 psi). 

Hazen-Williams coefficients (“C-Factors”) are applied to the simulated watermains in accordance with the 
City of Ottawa’s Water Distribution Design Guidelines and as shown in Table 3.3 below. 

Table 3.3: Proposed Watermain C-Factors 

Pipe Diameter (mm) C-Factor 
150 100 

200 to 250 110 
300 to 600 120 

> 600 130 

Results of the preliminary watermain hydraulic analysis is available in Appendix B.3. 

3.3.2 AVERAGE DAY DEMAND (AVDY) 

The hydraulic modeling results indicate that under the average day demand, the pressure in the proposed 
watermain ranges from 550 kPa to 614 kPa (79.8 psi to 89.1 psi). These pressures exceed the 
serviceable limit of 276 kPa to 550 kPa (40 psi to 80 psi) as specified in the City of Ottawa Design 
Guidelines - Water Distribution, indicating that pressure reducing valves may be required for the 
development. Results are shown in Figure 3.1 below. Requirements for pressure-reducing measures will 



Functional Servicing Study LeBreton Flats Plan of Subdivision 
3 Water Servicing 

 Project Number: 160401780 10 
 

be confirmed by the mechanical or civil engineering consultant at the future detailed design phase for the 
residential and park development blocks. 

   

Figure 3.1: AVDY Pressure Results 

3.3.1 PEAK HOUR DEMAND (PKHR) 

The hydraulic modeling results indicate that under the peak hour demands, the pressure in the proposed 
watermain ranges from 477 kPa to 539 kPa (69.2 psi to 78.2 psi). These pressures are within the 
serviceable limit of 276 kPa to 552 kPa (40 psi to 80 psi) as specified in the City of Ottawa Design 
Guidelines – Water Distribution. Results are shown in Figure 3.2 below. 
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Figure 3.2: PKHR Pressure Results 

3.3.2 MAXIMUM DAY DEMAND + FIRE FLOW (MXDY+FF) 

The hydraulic modeling was also used to assess the maximum day and fire flow demands while 
maintaining a residual pressure of 138 kPa (20 psi), per the City of Ottawa Design Guidelines – Water 
Distribution. The modeling is conducted using a steady-state maximum day demand scenario along with 
the automated fire flow simulation feature of PCSWMM. The fire flow demand is set to 200 L/s as per the 
demands noted in Section 3.2.3. 
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Figure 3.3 illustrates that the proposed networks can deliver flows exceeding 200 L/s while maintaining 
the required residual pressure of 138 kPa (20 psi). 

   

Figure 3.3: Fire Flow Results – Residual Pressure and Available Fire Flows 

3.4 Conclusion 

The proposed watermain alignment and sizing can achieve the required level of service within the 
LeBreton Flats subdivision. Based on the hydraulic analysis, the following conclusions were made: 

• The proposed water distribution system is recommended to include a combination of 200 mm, 
and 300 mm diameter watermains. 

• During peak hour conditions, the proposed system is capable of operating above the minimum 
required pressure of 275 kPa (40 psi). 



Functional Servicing Study LeBreton Flats Plan of Subdivision 
3 Water Servicing 

 Project Number: 160401780 13 
 

• Under fire flow conditions, the proposed networks can provide sufficient fire flows (200 L/s and 
above) while maintaining a residual pressure of 138 kPa (20 psi) in the LeBreton Flats 
development. 

Watermain sizing and hydrant placement will be confirmed as part of the detailed design of subdivision.    
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4 Wastewater Servicing 

4.1 Background 

The LeBreton Flats subdivision lands are located within the central core of the City of Ottawa immediately 
adjacent to the Ottawa River. Public wastewater infrastructure is available to service the subdivision 
lands. The 1050 mm diameter Cave Creek Collector (CCC) sanitary sewer, crosses the southern portion 
of the development land (Block 2, Block 4 and Street 4). Design is underway for the realignment of the 
CCC. The CCC is intended to be relocated to the Albert Street ROW (by others) prior to the development 
of the impacted subdivision blocks. 250 mm diameter and 300 mm diameter sanitary sewers on 
Wellington Street, and a 375 mm diameter sanitary sewer on Booth Street also front the subdivision 
lands. These sewers direct wastewater to the LeBreton Flats Pumping Station (LFPS) via Fleet Street.  
The LFPS was designed to service the full buildout of LeBreton Flats subdivision north of the closed 
aqueduct, including the existing Claridge development and the Canadian War Museum.  A flow allotment 
was also assigned for potential future development of Victoria Island. The design and construction of the 
LFPS was funded by the NCC.  

4.2 Wastewater Generation and Servicing Design 

The following criteria have been used to calculate the estimated wastewater flow rates and to determine 
the size and location of the sanitary sewers.  Design criteria are in accordance with the City of Ottawa 
Sewer Design Guidelines, and the Ministry of Environment Conservation and Parks (MECP) Design 
Guidelines for Sewage Works. Park design criteria are consistent with previous background studies. 

• Minimum velocity = 0.6 m/s (0.8 m/s for upstream sections) 

• Maximum velocity = 3.0 m/s 

• Manning roughness coefficient for all smooth wall pipes = 0.013 

• Minimum size of sanitary sewers inside the greenbelt = 250 mm 

• Minimum grade of sanitary sewer service = 0.34% (0.65% where less than 10 contributing 
residential units) 

• Residential average wastewater generation = 280 L/person/day  

• Commercial average wastewater generation = 28,000 L/gross floor ha/day  

• Hotel average wastewater generation = 225 L/bedspace/day  

• Picnic space and flushing toilets average wastewater generation = 20 L/persons/day 

• Residential Peaking Factor = based on Harmon Equation; maximum of 4.0, minimum of 2.0 
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• Commercial and Hotel Peaking Factor = 1.5 

• Park Contingency Factor = 25 %  

• Harmon correction factor = 0.8  

• Infiltration allowance = 0.33 L/s/ha  

• Minimum cover for sewers = 2.5 m 

• Population density for apartment units = 1.8 persons/unit 

• Population density for townhome units = 2.7 persons/unit 

• Bedspace per hotel unit = 2 bedspaces/hotel unit 

• Population density for park areas = 183.5 persons/ha  

4.3 Functional Sanitary Servicing Design 

4.3.1 FUNCTIONAL LAYOUT 

The functional layout of the municipal sanitary collection system ensures the servicing of all development 
blocks based on the NCC Master Concept Plan, planned densities and applicable design criteria.   

The functional servicing layout and drainage area plan for the LeBreton Flats Plan of Subdivision is 
detailed on Drawing SAN-1. The LeBreton Flats development will be serviced by two separate networks 
of sanitary sewers. Wastewater from the subdivision lands north of the covered aqueduct will outlet to the 
375 mm diameter sanitary sewer in Booth Street, which directs flow to the LFPS via Fleet Street. 
Wastewater from the subdivision lands south of the covered aqueduct will outlet to the Cave Creek 
Collector (CCC).  In Figure 4.1 below, lands serviced by the LFPS are green and those serviced by the 
CCC are shown in pink. 
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Figure 4.1: Sanitary Drainage Outlets 

A network of sanitary sewers will service the subdivision lands with connections to the existing municipal 
sewers within Booth Street and Albert Street consistent with earlier master servicing studies. New 
municipal sewers will be located within the public roadways to provide a wastewater outlet for each of the 
development blocks and park blocks. 

4.3.2 LEBRETON FLATS PUMP STATION CAPACITY ALLOCATION 

Lands within the LeBreton Flats subdivision north of the covered aqueduct fall within the drainage area for 
the LFPS.  As outlined in the Amended Certificate Approval issued by the Ministry of Environment, 
Number 8494-84GSRF (Appendix C.3), the station has a firm capacity of 100 L/s.  In 2004, Dessau 
Soprin prepared the LeBreton Flats Infrastructure and Remediation Project Master Servicing Report and 
assigned conceptual flow rates to the LeBreton Flats area which includes the subdivision land.  Total 
flows assigned to the subdivision area in the MSS were based on densities and gross floor area assumed 
in the 2002 Ainley Group LeBreton Flats Redevelopment Infrastructure Needs Study.  Relevant excerpts 
from both reports are appended for reference (see Appendix A.2). 

A sewer design sheet has been prepared distributing flows from the MSS to the subdivision and external 
lands to reflect the current development configuration.  The design sheet is included in Appendix C.4.  
Total flows assumed for lands within the LFPS drainage area are summarized in the Table 4.1 below.  
One small adjustment has been made to the MSS flow allocation to reflect the completed development of 
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the Canadian War Museum site.  Flow for the museum has been adjusted based on current design 
criteria to more accurately represent estimated actual flows from the site.  

Table 4.1: Flow Allocations per Dessau Soprin MSS 

Subdivision/External Development Land* MSS Flow Allocation 

BLOCK 5 (LMNO) 27.9 

BLOCK 17 (JK) 5.8 

BLOCK 7 (UT) 6.0 

Victoria Island 20.0 
Future Cultural/Institutional (V) 2.2 

Canadian War Museum (XW)** 3.4 

CLARIDGE PHASES 1-5 (PQRS) 20.6 

N of Aqueduct & E of Booth (I)  0.3 

Allocation Total 86.2 

Remaining LFPS Capacity (LFPS Firm Capacity = 100 L/s) 13.8 

* Letter Drainage Area IDs per MSS Dwg C002 based on Ainley Infrastructure Needs Assessment  
** Actual Flow for Canadian War Museum Adjusted using Current Design Criteria 
 

Given that the LFPS has a firm capacity of 100 L/s, there is an additional 13.8 L/s of capacity over and 
above that allocated as part of the MSS.  This flow can be allocated based on density, percentage of 
overall flow allocation, by area, or another distribution.  Based on our review of the options, it is 
recommended that the remaining capacity be allocated based on the percentage of undeveloped area 
within the LFPS drainage area.  This appears to be the most equitable way to allocate the balance of the 
design flows. Table 4.2 below presents the proportionate undeveloped area east and west of Booth 
Street to be serviced by the LFPS and assigns the balance of the remaining capacity accordingly. 

Table 4.2: Recommended Distribution for the Balance of Available LFPS Capacity 

Undeveloped Areas to LFPS Area (Ha) Percentage 
Undeveloped Area Flow Allocation 

LeBreton Flats Subdivision (lands 
west of Booth) 3.0 51% 7.0 
Lands External to Subdivision 
(lands east of Booth) 2.9 49% 6.8 

Combining the flow allocated to the subdivision lands (Block 5 and Block 17) in the MSS with the 
allocation in Table 4.2, the total flow allocation to the subdivision is 40.7 L/s. 

It should be noted that actual wastewater flows are typically significantly lower than design flows.  Should 
there be any question about available capacity as the area develops, monitored flows should be reviewed 
to assess actual capacity. 
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4.3.3 FUNCTIONAL DESIGN FLOW 

Functional design flows were estimated based on the assumed development densities and gross parcel 
areas established by the NCC in accordance with the West Downtown Core Secondary Plan. The density 
table is included in Appendix A.1. Although the density table assumes primarily residential and hotel use 
for Block 2, the proposed municipal sanitary sewers have the capacity to service the block should it 
become a major events centre. 

A sanitary pumping station will be required to service the sanitary sewers receiving flows from the Block 
17 (commercial/office) and park blocks 18 and 19 due to their relative elevation to the municipal gravity 
sewers and the need for the transmission infrastructure to cross the open aqueduct and the rail corridor. 
City of Ottawa Wastewater Operations have advised that the sanitary pump station will require back up 
power, dual forcemains and vehicular access.  Wastewater Operations have also specified that the 
infrastructure crossing the rail line is required to be sleeved.  The functional location and layout of the 
proposed pumping station (Option 1 per section 4.3.2 below) is included on Drawing SAN-1. Peak design 
flow to the station is calculated to be 2.6 L/s as detailed in the sanitary design sheet included in 
Appendix C.1. 

The proposed design peak flows for the subdivision to each outlet are outlined in Table 4.3 below and 
detailed in Appendix C.1. As shown in Table 4.4 below, the peak design peak flows fall within the 
available capacity of both the CCC and the LFPS. 

Table 4.3: Estimated Total Wastewater Peak Flow for Draft Plan of Subdivision (lands west of 
Booth) 

Outlet 

Residential Hotel Park Commercial 
Infiltration 
Flow (L/s) 

Total 
Peak 
Flow 
(L/s) 

Population Peak 
Factor 

Peak 
Flow 
(L/s) 

Peak 
Flow 
(L/s) 

Peak 
Flow 
(L/s) 

Area 
(ha) 

Peak 
Factor 

Peak 
Flow 
(L/s) 

LFPS 4104 2.86 38.0 0.8 - 0.66 1.5 0.2 1.5 40.5 

CCC 4172 2.85 38.6 1.6 0.5 6.04 1.5 2.9 5.5 52.7 

Total Estimated Wastewater Peak Flow (L/s): 93.2 

Table 4.4: Comparison of Design Flow with Capacity Allocation 

Outlet Sanitary Peak Flows for Draft 
Plan of Subdivision (L/s) Capacity Allocation 

LFPS 40.5 40.7 

CCC 52.7 No Limit Restriction Identified by the City 
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4.3.4 SANITARY PUMP STATION 

The existing infrastructure crossing the site and the relative elevations of the land and existing sewer 
outlets constrain the servicing of the lands between the covered aqueduct and the Confederation Line rail 
corridor. A small sanitary pumping station is required as part of the sanitary servicing infrastructure to 
service Block 17, the City park block, and the NCC park block. 

Options for the pump station siting were evaluated based on the station requirements and constraints.  A 
technical memo and schematics examining the options has been included in Appendix C.2.  The memo 
includes the functional layout of both options.  Option 1 is depicted on the Functional Sanitary Sewer 
System layout, Drawing SAN-1 and is the recommended option based on the review of pros and cons 
identified. 

The wet well will receive wastewater flow from the two parks and Block 17 by gravity where sewage will 
be pumped across the rail corridor.  The forcemains will outlet to SAN 10 within Public Road 4 where 
sewage will flow by gravity to the CCC. The detailed design of the pump station will form part of the 
detailed design of the subdivision.   

4.4 Conclusion 

The proposed sanitary sewer alignment and sizing can achieve the required level of service for the 
LeBreton Flats subdivision development.  

The capacity of the receiving wastewater systems can accommodate design flows based on proposed 
densities. 

A small sanitary pump station will be required to service the blocks that do not have a gravity outlet to the 
municipal collection system, Blocks 17, 18 and 19. 

The detailed design of the sanitary collection system and components will be established as part of the 
detailed design of subdivision.    
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5 Stormwater Management and Stormwater Servicing 

5.1 Background 

The objective of this stormwater management plan is to determine the measures necessary to control the 
quantity and quality of stormwater released from the proposed development to the design criteria 
established in earlier Master Servicing Studies and subsequent pre-consultation with City of Ottawa staff. 

5.2 Stormwater Management (SWM) Design Criteria 

The Stormwater Management (SWM) criteria are established by combining current design practices 
outlined by the City of Ottawa Sewer Design Guidelines (SDG) (October 2012), as amended, consultation 
with City of Ottawa staff, and review of the LeBreton Flats MSS (LFMSS) and other background studies. 
The following summarizes the criteria, with the source of each criterion indicated in brackets: 

General 

• Use of the dual drainage principle (City of Ottawa SDG) 

• Wherever feasible and practical, site-level measures should be used to reduce and control the 
volume and rate of runoff (City of Ottawa SDG) 

• Assess impact of 100-year event outlined in the City of Ottawa Sewer Design Guidelines on the 
major and minor drainage systems (City of Ottawa SDG) 

Storm Sewer and Inlet Controls 

• The minor system will be designed to convey the 5-year post event, and quantity control will be 
required for the individual blocks up to and including the 100-year event (LFMSS, CIMA+ 2021) 

• Discharge from the blocks and ROWs should be controlled to the 5-year storm event with C=0.70 
(City of Ottawa pre-consultation). 

• Tc should be not less than 10 minutes (City of Ottawa SDG). 

Surface Storage and Overland Flow 

• Building openings to be a minimum of 0.30 m above the 100-year water level (City of Ottawa 
SDG) 

• Maximum depth of flow under either static or dynamic conditions shall be less than 0.35 m for 
local streets (City of Ottawa SDG) 
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• Provide adequate emergency overflow conveyance off-site with a minimum vertical clearance of 
0.15 m between the spill elevation and the ground elevation at the building envelope in the 
proximity of the flow route or ponding area (City of Ottawa SDG) 

Quality Control 

• An Enhanced level of quality control of 80% removal of Total Suspended Solids (TSS) has been 
requested for all stormwater outlets (City of Ottawa pre-consultation) 

5.3 Functional Stormwater Management Design 

The LeBreton Flats development is to be designed using the “dual drainage” principle, whereby the minor 
(pipe) system is designed to convey the peak rate of runoff from the 5-year design storm and runoff from 
larger events is conveyed by both minor (pipe) and major (overland) channels, such as roadways and 
walkways, safely off site without impacting proposed or existing downstream properties. 

In keeping with the 5-year inlet restriction criterion, inlet control devices (ICDs) or orifice plates will be 
specified during the detailed design stage for the individual blocks and street catchbasins to limit the 
inflow to the minor system. Restricted inlet rates to the sewers are necessary to prevent the hydraulic 
grade line (HGL) from surcharging storm sewers into basements and other underground infrastructure 
during major storms. 

The Modified Rational Method has been employed to assess the rate and volume of runoff anticipated 
during post-development rainfall events. Based on the draft plan and preliminary Grading Plan, drainage 
area boundaries have been defined. Runoff coefficient values were then assigned to each drainage area 
based on a conservative estimate of built-form imperviousness. Runoff coefficients for each area are 
assigned based on City of Ottawa SDG and accepted practices. Full details can be found in Appendix 
D.1, while Drawing STM-1 illustrates the conceptual post-development drainage conditions. 

The major system flows generated from larger events (beyond the 100-year storm) will be safely 
conveyed to the open aqueduct as per existing conditions by engineered (overland) channels such as 
roadways, ditches, and walkways. The overland channels immediately north of Albert Street have also 
been proposed to receive overland flow from approximately 21 ha of land south of Albert Street, which is 
tributary to the open aqueduct under historical conditions (see Major Overland Flow section below). It is of 
note that construction of the Confederation Line has effectively blocked existing overland flow path to the 
open aqueduct, with no option for overland conveyance identified in the stormwater management report 
for the Confederation Line guideway. 

The minor system from the proposed subdivision will be conveyed and modelled up to the point of 
discharge to three storm sewer outlets, comprising of the open aqueduct, the 2100 mm diameter storm 
trunk sewer in Albert Street, and a 525 mm diameter section of storm sewer immediately upstream of the 
trunk sewer within Albert Street. 
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5.3.1 PRE-DEVELOPMENT DRAINAGE CONDITIONS 

The existing drainage conditions for the site have been determined by evaluating available topographic 
mapping to delineate the existing flow patterns and subdrainage areas, with the study area split into 
subcatchments based on existing surface inlets. The runoff coefficients for the existing subdrainage areas 
have been determined based on the relative imperviousness of the respective areas. A network of 
existing culverts and catch basins direct the drainage from most areas to either the open aqueduct, the 
Confederation Line ditch line, and the Ottawa River. Existing areas to be retained as NCC or City of 
Ottawa park land largely drain to existing catch basin and culvert infrastructure to the Ottawa River or 
open aqueduct. The pre-development subdrainage areas are shown on Drawing EX STM-1. 

An external area to the south measuring approximately 21 ha as identified by City of Ottawa personnel 
contributes overland flow to the open aqueduct as identified in previous background studies. This 
emergency overland flow route enters LeBreton Flats Subdivision via a low point at the intersection of 
Albert and Preston Streets, with grading indicating a potential for major system flows to overtop the 
centerline of Albert Street allowing major system runoff to enter the proposed subdivision.  
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Figure 5.1: External Stormwater Drainage Area Crossing Albert Street (LeBreton Flats Master 
Servicing Report Amendment, Parsons, June 2019) 

The target release rate for the site was calculated using the rational method, a time of concentration of 10 
minutes, and the City of Ottawa IDF curves. The rational method equation is as follows: 

• Q = 2.78 CiA 

• Where:  

o Q = peak flow rate, L/s 

o A = drainage area, ha 

o I = rainfall intensity, mm/hr (per Ottawa IDF curves) 

o C = site runoff coefficient 
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The release rates are summarized in Table 5.1. The post-development peak flows for the study area for 
the 5-year and the 100-year event must be restricted to be less than or equal to the 5-year pre-
development with a C of 0.7. 

Table 5.1: Target Release Rate 

Design Storm Target Flow Rate (L/s) 

5-Year  4360 

5.3.2 POST-DEVELOPMENT DRAINAGE CONDITIONS 

The post-development drainage patterns for the site were established based on the draft plan and shown 
on Drawing STM-1, where the subdrainage areas have been delineated based on their drainage outlet, 
storage treatment, and design criteria. The subdrainage areas have been grouped into the following 
categories as shown in Table 5.2. 

Table 5.2: Summary of Post-Development Subdrainage Areas 

Category Applicable 
Blocks 

Subdrainage 
Areas 

Total 
Area (ha) Outlet 

Block Areas – Tributary 
to Fleet Street 

Blocks 7 to 15 C6B, C6C, C5A, 
C5B, C5C, C4D, 
C4AA, C4C, C3AA 

2.90 Fleet Street 2100 
mm diameter storm 
sewer 

ROWs – Tributary to 
Fleet Street 

Public Roads 1 to 
3, 5, and Lanes 1 
to 5 

C6A, C6D, C4B, 
C3B 

1.55 Fleet Street 2100 
mm diameter storm 
sewer 

Block Areas – Tributary 
to Albert Street 

Blocks 1 to 6 C19A, C16A, 
C16B, C12B, 
C12A, C13A 

5.22 Albert Street 525 
mm and 2100 mm 
diameter storm 
sewers 

ROWs – Tributary to 
Albert Street 

Public Roads 4 
and 6, and Lanes 
6 to 7 

C19B, C15A, 
C14A, C14B, C13B 

1.13 Albert Street 525 
mm and 2100 mm 
diameter storm 
sewers 
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Category Applicable 
Blocks 

Subdrainage 
Areas 

Total 
Area (ha) Outlet 

Block Area – Tributary 
to the Open Aqueduct 

Block 17 C17A 0.89 Open Aqueduct 

City Park Block 19 PARK-1, PARK-2 2.48 Open Aqueduct / 
Nepean Bay / 
Ottawa River 

NCC Lands, Closed 
Aqueduct Block  

Blocks 16 and 18 UNC-1, NCC-1 7.33 Ottawa River / 
Open Aqueduct 

The post-development subdrainage areas and runoff coefficients are summarized in Appendix D.1. 

5.3.2.1 Quantity Control 

The LeBreton Flats development will lead to a significant increase in the site’s overall runoff coefficient, 
as the site is presently vacant and predominantly pervious area. In addition, the C coefficient values have 
been increased by 25 % for the post-development 100-year storm event based on MTO Drainage Manual 
recommendations and City of Ottawa Sewer Design Guidelines. Quantity control measures are required 
on this site to meet the restrictive stormwater release criteria. 

To assess the post-development runoff, a runoff coefficient of C=0.85 was assigned to all the 
development blocks, save for the parks (C=0.40) and the covered aqueduct (Block 16, C=0.20), while 
C=0.70 was assigned to the public roads and private lane ROWs.  

Detailed design for each block is expected to progress through individual Site Plan Control (SPC) 
processes. To demonstrate the serviceability of the subdivision, the Block areas and ROWs have been 
treated as a single consolidated area with a combined runoff coefficient, overall storage requirements, 
and a single outflow rate that satisfies the 5-year pre-development release rate. To demonstrate the 
serviceability of each individual Block, the stormwater management design calculations also provide the 
required release rates at the Block level. 

It is anticipated that surface storage with inlet control devices (ICDs) in catch basins be provided in the 
public roadway and private lane ROWs, while onsite storage methods (i.e. controlled rooftop storage, 
cisterns, underground tanks, oversized pipes, or a combination thereof with restricted release) will be 
provided onsite within the blocks to meet the target discharge. Further details of the stormwater storages 
for each block and the surface storages within the ROWs will be provided at the detailed plan of 
subdivision and individual block site plan control stages for the development. 
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The storage requirements for the site were determined using the Modified Rational Method (MRM). The 
detailed MRM analysis have been provided in Appendix D.1. The 100-year storage requirements per 
outlet are summarized in Table 5.3, where: 

• Qactual is the 100-year rainfall runoff rate generated from the Block area as determined by the 
Rational Method Calculation at tc = 10 min  

• Vstored is the volume of storage required. 

Table 5.3: 100-Year Storage Requirements for Block Areas and ROWs 

Outlet Area 
Type 

Area C C Qactual Qcontrol Vstored 
(ha) (5-yr) (100-yr) (L/s) (L/s) (m3) 

Fleet Street 
Blocks 2.90 0.85 1.00 1441 588 511 

ROWs 1.55 0.70 0.88 673 314 215 

Albert Street 
Blocks 5.22 0.85 1.00 2591 1533 920 

ROWs 1.13 0.70 0.88 490 229 157 

Open 
Aqueduct Block 17 0.89 0.85 1.00 442 180 157 

5.3.2.2 Quality Control 

On-site quality control measures are expected for the proposed development per pre-consultation with 
the City of Ottawa. An enhanced level of protection (80% removal of total suspended solids) was 
identified for the site before discharging to the storm sewer outlet. The use of LIDs may be limited for the 
development based on elevated bedrock as well as historic land use for a portion of the development as a 
landfill. As such quality control measures will largely be limited to oil/grit separators, surface filtration 
measures, and filtration manufactured treatment devices (MTDs). The MECP has recently advised that 
OGS units should be sized for quality control based on revised particle size distributions which largely 
limit OGS units to providing 50-55% removal of total suspended solids. Jellyfish membrane systems are 
proposed as an end-of-pipe filtration MTD solution to achieve quality control where treatment train 
processes are not possible given spatial requirements within municipal rights-of-way.  

Jellyfish membrane systems are proposed in the most downstream storm manholes within the subdivision 
before the connections into the existing storm sewers within Albert and Fleet Streets. These end-of-pipe 
systems are to be designed to treat runoff from the 90th percentile annual storm event (approx. 25mm 
storm) to satisfy MECP criteria for design. The drainage area for the Fleet Street outlet is too large to 
permit a single end-of-pipe MTD to treat the entire development, and so individual blocks in this area as 
well as Block 2 (previously an area noted for an arena) will require quality control prior to discharge to the 
municipal system. The quality control unit for the outlet into the open aqueduct will be incorporated into 
the stormwater design by others at the detailed design phase. 

The Hydrogeological Review (Stantec, 2024) recommended using low impact development (LID) systems 
designed to promote sediment filtration, evapotranspiration, and/or capture stormwater from the parks 
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and direct it toward a stormwater sewer that conveys the water away from any proposed buildings. 
Furthermore, the LeBreton Flats Master Servicing Report (CIMA+, 2021) also identified bio-swales and/or 
rain gardens as the preferred LID measures for park blocks. 

See Appendix D.3 for conceptual quality MTD sizing calculations. 

5.4 Functional Storm Servicing 

A functional storm servicing design featuring conceptual sewer alignments, emergency overland flows, 
and storm drainage areas is provided in Drawing STM-1. Preliminary storage requirements and 
supporting calculations are provided in Appendix. The sewers are to be designed in conformance with all 
City of Ottawa and MECP Guidelines, policies, and design parameters. 

The proposed roadways will have urban cross sections complete with curb, gutter, and catch basins to 
inlet to the minor storm system. Design of the storm sewer (including catch basin design and locations) 
are to be determined at the detailed design phase when a dynamic model will be developed to evaluate 
the post-development conditions and sewer hydraulic design. At present, the functional sewer design is 
free of conflicts with other services (SAN and WTR) and has adequate cover for frost protection.  

The buildings in each development block are anticipated to be serviced by storm service laterals, which 
will accommodate the controlled release of rooftop runoff, building foundation drain flow, and release of 
stormwater runoff from building area drains or stormwater storage cistern(s). It is assumed that sump pits 
and pumps will be required to accommodate the foundation drains and the possible stormwater storage 
cistern(s) at the basement (underground) parking levels. 

The mechanical consultant or plumbing contractor will ultimately be responsible to confirm the building 
service lateral sizing; sump pump requirements and designs; and ensure conformance to building code 
requirements. Building service sizing and sump pump requirements will be confirmed at the detailed 
design phase.  

5.5 Major System Flow 

During preconsultation discussions, the City of Ottawa identified that the Confederation Rail Line is 
situated in the overland flow path of runoff from an area of approximately 21 hectares external to the 
subdivision, south of Albert Street.  Infrastructure for conveyance of the external drainage has not been 
accommodated with works undertaken to date including the construction of the Confederation Line. The 
City of Ottawa advised that an emergency overland flow outlet would have to be designed to support the 
plan of subdivision to safely convey the external stormwater drainage across the rail line to the open 
aqueduct.  It was agreed that responsibility for funding and construction as well as timing of the outlet 
would be negotiated between the City of Ottawa and the NCC. 

Using available 2K mapping topography, the catchment area for the external drainage was delineated, 
and an overall runoff coefficient of 0.70 was applied based on prevailing imperviousness of existing 
areas.  
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A PCSWMM model for the major system within the catchment area was developed in consideration of the 
typical 18m ROW cross section for all streets with the exception of Preston and the south side of Albert 
Street which were developed based on existing photogrammetry. Subcatchments within the area are 
generally sloped from southeast to northwest to the intersection of Albert/Preston Street. Given the 
relatively high average longitudinal slope of the roadways, it was conservatively assumed that no 
additional storage would be available within ponded areas beyond that already determined for the given 
road cross sections. Subcatchment slopes were conservatively set at 3% on average, and subcatchment 
widths defined as subcatchment area x 225 per recommendations of the SDG for lumped drainage areas.  

Each street intersection or major incoming driveway was modeled with a storage node in the PCSWMM 
model without surface storage to permit routing of the major system from street to street. At each storage 
node, runoff was removed from the model using catch basin capture curves for inlets on continuous grade 
as noted in the SDG, and for capacity of surface grates within sags from Design Charge 4.19 in the MTO 
Drainage Manual. Catch basin counts for each area were estimated based on direct take-offs from 
available City of Ottawa GIS mapping (GeoOttawa). It is assumed that the minor system in this area does 
not surcharge to surface during major storm events, and that the area is not equipped with inlet control 
devices given the overall existing sewer age.  

The 100yr 3hr Chicago storm and 100yr 3hr +20% climate change storm was then run on the resulting 
model to verify at a high level whether considerable major system flows could be expected to discharge 
over the centerline of Albert Street at the Preston intersection. Results of the model are noted in Table 
5.4 below, and PCSWMM model input and output files are included in Appendix D.4. 

Table 5.4: Major System Spillage at Albert/Preston 

Design Storm Major System Spillage 
(L/s) 

100-Year  372 
100-Year + 20% 983 

It is proposed to permit major system spillage from Albert to progress northwards through the subdivision 
along public ROWs, with eventual capture via a bank of surface catch basins or high-flow trench drain to 
a proposed storm sewer. This sewer is anticipated to be directed northwards under the Confederation 
Line rail corridor to connect directly to the open aqueduct complete with a sluice gate on the outgoing 
manhole to permit maintenance of the system and isolate the sewer from aqueduct normal water 
elevations. Flows to the open aqueduct in this manner are only anticipated for extreme storm events 
(100yr and above). See Drawing PP-STM for conceptual major system capture sewer details. 
Responsibility for funding and construction of the works, as well as timing for the outlet, are to be 
negotiated between the City of Ottawa and the NCC. 
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5.6 Conclusion 

The proposed storm sewer alignment and sizing will provide the required level of service for the LeBreton 
Flats subdivision development and meet quantity and quality control requirements. 

• On site storage within the blocks and ROWs are proposed to limit inflow from the subdivision into 
the existing storm sewers on Albert and Fleet Streets to the 5-year storm event based on City of 
Ottawa IDF curves and to a maximum runoff coefficient of 0.70. 

• Major overland flow is directed to City managed rights-of-way. 

• A major system overland capture point located south of the open aqueduct is proposed to 
manage spillage from Albert Street and approximately 21ha of external contributing area during 
the climate change (100yr +20%) storm event. Captured flows are to be directed to the open 
aqueduct.  City of Ottawa and NCC to establish responsibilities for funding and construction. 

• Quality control is proposed to be provided by end-of-pipe filtration MTDs for urban rights-of-way, 
with additional on-site quality control required for site plan blocks north of the aqueduct, and for 
the hotel/potential arena parcel.  

• Quality control for the proposed park blocks is anticipated to be provided by on-site surface 
filtration through the use of bioswales, enhanced grass swales, or other infiltration measures. 
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6 Site Grading 

The site measures approximately 21.5 ha in area and is mostly vacant, save for the two aqueducts and 
the existing multi-use pathways (MUPs). Per Appendix D of the LFMSS (CIMA+, March 2021) and 
topographic survey data, the existing terrain generally slopes from the edges of the site towards the open 
aqueduct and Broad Street, with portions of the NCC and City Park blocks draining to the Ottawa River. 

A functional grading plan (see Drawing GP-1) is provided to support the stormwater management review 
presented in Section 5. The functional grading scheme verifies stormwater management calculations and 
allows for major system flow routes to progress along public ROWs as per City design criteria, and 
ultimately to the open aqueduct as per existing conditions. It provides preliminary high-point to high-point 
elevations in critical areas to demonstrate the proposed overall drainage patterns. The plan ties-in to 
existing elevations at the rail corridor and adjacent right of ways and no drainage is proposed to be 
directed to the adjacent private properties.  
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7 Utilities 

Overhead (OH) hydro-wires run east-west along Albert Street and north-south along Preston Street, and 
significant hydro underground plant exists along Albert and Booth Street. Limited hydro plant exists along 
the northern boulevard of the Kichi Zibi Mikan and Wellington Street.   

Within the subdivision boundaries, Hydro Ottawa duct runs along the southern limit of Block 2. Overhead 
electrical lines extend across the subdivision lands from the underground duct at Albert Street at Preston 
Street and extend to underground duct north of the covered aqueduct.  A 100mm hydro duct extends 
from the covered aqueduct at the Inlet from the Ottawa River to Booth Street.    

The detailed design of utility services will be further investigated as part of the composite utility planning 
process as part of the detailed design of subdivision.  Existing utilities within the site boundaries may 
require relocation where they are not being incorporated into the detailed design.  

Enbridge gas plant exists within the rights-of-way in the vicinity of the proposed site. Gas servicing is 
anticipated to be via the existing 300 mm diameter medium pressure system that runs along Preston and 
Albert Streets and via the existing 150mm line within Booth Street north of Fleet Street. The site is expected 
to be serviced through connections to these existing services.  

Bell utilities exist near the development along Albert, Booth, and the Parkway. It is anticipated that the future 
development will be serviced by Bell fibre optic cables which will be extended through the subdivision. 

The exact size, location, and routing of utilities is to be finalized during detailed design. Detailed design of 
the required utility services will be completed by the respective utility companies. Any relocation and 
protection of existing utilities in conflict with the proposed development will be coordinated with the 
individual utility providers. 

  



Functional Servicing Study LeBreton Flats Plan of Subdivision 
8 Municipal Rights-of-Way 

 Project Number: 160401780 32 
 

8 Municipal Rights-of-Way 

The widths of the proposed municipal roadways for the plan of subdivision were established to ensure 
that all right-of-way (ROW) infrastructure including municipal servicing, utility servicing, sidewalks, trees, 
streetlights and vehicular travel lanes can be accommodated while maintaining minimum offsets to 
adjacent infrastructure.  The City standard ROW sections developed for greenfield development are not 
suitable for use in the urban core and do not meet the intent of the MCP.   

Functional sections have been included on the Details Sheet, Drawing DS-1 to demonstrate that the 
proposed ROW widths are adequate to support the required infrastructure. Alternative ROW sections will 
be established for the subdivision development as part of the detailed design.   
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9 Approvals 

The City of Ottawa will review and approve the functional design report to support the Draft Plan of 
Subdivision application for the development and issue conditions to be satisfied prior to early servicing 
and/or registration of the subdivision.  

At the detailed design stage, an MECP Environmental Compliance Approval (ECA) will be required for the 
proposed public storm and sanitary sewage and stormwater management works. Approval for the new 
sewage pump station is expected to require approval through direct submission to the MECP, however 
this will be confirmed based on the final detailed design, and potentially via the Consolidated Linear 
Infrastructure (CLI) ECA process.   

At the subdivision construction phase, registration on the Environmental Activity Registry (EASR) or A 
Permit to Take Water (PTTW) may be required depending on the volume of water.  Expected permitting 
requirements can be provided by the geotechnical engineer at the detailed design phase.    
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10 Erosion and Sediment Control During Construction 

To protect downstream water quality and prevent sediment build-up in catch basins and storm sewers, 
erosion and sediment control measures must be implemented during construction. The following 
recommendations will be included in the contract documents and communicated to the Contractor. 

1. Implement best management practices to provide appropriate protection of the existing and 
proposed drainage system and the receiving water course(s). 

2. Limit the extent of the exposed soils at any given time. 

3. Re-vegetate exposed areas as soon as possible. 

4. Minimize the area to be cleared and grubbed. 

5. Protect exposed slopes with geotextiles, geogrid, or synthetic mulches. 

6. Install silt barriers/fencing around the perimeter of the site to prevent the migration of sediment 
offsite.  

7. Install track out control mats (mud mats) at the entrance/egress as shown in Drawing EC-1 to 
prevent migration of sediment into the public ROW. 

8. Provide sediment traps and basins during dewatering works. 

9. Install sediment traps (such as SiltSack® by Terrafix) between catch basins and frames. 

10. Schedule the construction works at times which avoid flooding due to seasonal rains. 

The Contractor will also be required to complete inspections and guarantee the proper performance of 
their erosion and sediment control measures at least after every rainfall. The inspections are to include: 

• Verification that water is not flowing under silt barriers. 

• Cleaning and changing the sediment traps placed on catch basins. 

Refer to Drawing EC-1 in for the proposed location of silt fences, sediment traps, and other erosion 
control measures. 
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11 Geotechnical and Environmental Considerations 

A Geotechnical Desktop Review (Stantec, May 7, 2024), Phase One Environmental Site Assessment 
(Stantec, August 2, 2024 and Hydrogeological Memo (Stantec, August 14, 2024) were prepared for the 
proposed development to support the draft plan of subdivision application. These reports form part of the 
submission package for the Planning Act approval. 

11.1 Geotechnical Investigation 

Subsurface soil conditions within the subject area were determined through field investigations from 
February 1992 through to June 2018. In total the site has been divided into 4 portions (North, South, 
West, and East) based on subsurface conditions. The soil stratigraphy for the North, South, and West 
portions of site are summarized as follows: 

• West Portion of Site: The proposed parklands north of the Confederation Line rail corridor sits on 
the former Nepean Bay landfill and consists of a layer of silty sand and gravel fill, complete with 
various amounts of debris, including wood, brick, and plastic, with a thickness of up to 19 m. 
Bedrock was encountered at 3.7 m to 15.4 m depth. South of the rail corridor, the fill layer is 
generally 1.5 m to 4.9 m thick, and bedrock was encountered at 5.6 m to 11.0 m depth. 

• North Portion of Site: Bedrock was encountered at ground surface at some borehole locations. 
Elsewhere, bedrock was encountered at 2.7 m to 4.8 m depth. At the multi-use pathway where 
Preston Street formerly extended to the Ottawa River Parkway, the bedrock is overlain by a silty 
sand fill and gravel. Silty sand with gravel and cobbles fill material is the cover material for the 
buried aqueduct. 

• South Portion of Site: The fill material comprises of loose to compact silty sand and containing 
gravel, cobbles, boulders, and construction debris, such as brick, wood, slag, and ashes. A silty 
clay and clayey silt deposit was encountered under the fill layer between the former Preston 
Street extension and the former Broad Street right of way. Bedrock was encountered at 3.5 m to 
9.2 m depth. 

Groundwater levels were measured at depths between 1.1 m to 9.8 m, though seasonal variations in the 
water table should be expected and would need to be monitored continuously at key locations where 
underground infrastructures are proposed. It is expected that construction may occur below the existing 
groundwater table and therefore a permit to take water may be required. No grade raise restrictions were 
identified for the site. 

11.2 Environmental Site Assessment 

A Phase One Environmental Site Assessment (ESA) was conducted to determine if Areas of Potential 
Environmental Concern (APECs) exists on the proposed site due to current and/or past Potential 
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Contaminating Areas (PCAs) on the proposed site or nearby properties within 250 m of the perimeter of 
the site boundary. 

The Phase One ESA determined the presence of APECs on the proposed site potentially impacting soil 
and groundwater quality, on account of the past industrial, commercial, and mixed-use residential usage 
of the site before the site was cleared out in the 1960s. Specifically, the proposed parks at the western 
end of the site north of the Confederation Line rail corridor sits in areas identified as PCAs due to it being 
a former landfill, with the potential contaminants the result from importation of fill material of unknown 
quality and the use for waste disposal and management. As such, a Phase Two ESA will be required to 
assess the issues before a Record of Site Condition can be submitted for the site. 

11.3 Hydrogeological Review 

A hydrogeological review was conducted to evaluate the hydrogeologic conditions on the site and 
potential for Low Impact Development (LID) infrastructure/techniques to be implemented at the site and 
the potential dewatering requirements. 

The ability to infiltration stormwater within the development will be limited by space constraints and the 
shallow depth of bedrock.  Capture and infiltration of groundwater is not recommended in the vicinity of 
building foundations due to the risk of short circuiting.  Further, there is risk that infiltration systems may 
transport contaminants from the subsurface. 

LID systems designed to promote sediment filtration, evapotranspiration, and/or capture stormwater and 
direct it toward a stormwater sewer that conveys the water away from buildings are recommended. Bio-
swales, rain gardens, and green roofs were also identified as the preferred LID measures for the site. 
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12 Conclusions and Recommendations 

12.1 Potable Water Servicing 

The proposed watermain network and pipe sizing are capable of achieving the required level of service in 
the proposed development: 

• During peak hour (PKHR) conditions, the proposed watermain network is expected to operate 
above the minimum pressure objective of 276 kPa (40 psi); 

• The proposed system is capable of providing sufficient fire flow while maintaining a residual 
pressure of 138kPa (20 psi) in all areas. 

12.2 Wastewater Servicing 

The LeBreton Flats subdivision will be serviced by a network of gravity sewers which will direct wastewater 
flows to two different outlets.  The area north of the covered aqueduct contributing to the 375 mm diameter 
storm sewer in Fleet Street, and ultimately to the LeBreton Flats Pumping Station. The balance of the 
subdivision will be serviced by the 1200 mm diameter Cave Creek Collector which runs along Albert Street.  

A small pump station will be required to service the two park blocks and Block 17. 

The preferred cover requirement of 2.5 m for the sanitary sewer system has been satisfied in all locations, 
and requirements for slope and velocities have been met within the local internal sewers. The downstream 
sewers have been adequately sized to receive peak sanitary discharge from the proposed subdivision. 

12.3 Stormwater Management 

The proposed stormwater management plan is in compliance with the goals specified in the background 
reports and the 2012 City of Ottawa Sewer Guidelines: 

• On site storage within the blocks and ROWs are proposed to limit inflow from the subdivision into 
the existing storm sewers on Albert and Fleet Streets to the 5-year storm event based on City of 
Ottawa IDF curves and to a maximum runoff coefficient of 0.70; 

• Major overland flow is directed to City managed rights-of-way; 

• A major system overland capture point located south of the open aqueduct is proposed to 
manage spillage from Albert Street and approximately 21ha of external contributing area during 
the climate change (100yr +20%) storm event. Captured flows are to be directed to the open 
aqueduct.  City of Ottawa and NCC to establish responsibilities for funding and construction. 
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• Quality control is proposed to be provided by end-of-pipe filtration MTDs for urban rights-of-way, 
with additional on-site quality control required for site plan blocks north of the aqueduct, and for 
the hotel/potential arena parcel.  

• Quality control for the proposed park blocks is anticipated to be provided by on-site surface 
filtration through the use of bioswales, enhanced grass swales, or other infiltration measures. 

12.4 Utilities 

Utility infrastructure is available on the surrounding municipal roadways and will be extended to service 
the subdivision.  Designs will be prepared by each of the respective utilities at the detailed design stage. 

12.5 Municipal Right’s of Way 

Alternative ROW cross sections will be used for this urban development to meet the intent of the MCP.  
Municipal ROW widths proposed are sufficient to accommodate all infrastructure needs. The alternative 
ROW sections will be established at detailed design.   

12.6 Grading 

The functional grading scheme has been developed to allow for an emergency overland flow outlet to 
downstream rights-of-way as per City standards, and ultimately to the open aqueduct as per existing 
conditions.   

12.7 Approvals/Permits 

At the detailed design stage, an MECP Environmental Compliance Approval (ECA) will be required for the 
proposed public storm sewage and stormwater management works. Approval for the new sewage pump 
station is expected to require approval through direct submission to the MECP, however this will be 
confirmed based on the final detailed design. The ECA for sanitary sewer works is anticipated to be 
required through the CLI ECA process.  

At the subdivision construction phase, registration on the Environmental Activity Registry (EASR) or A 
Permit to Take Water (PTTW) may be required depending on the volume of water.  Expected permitting 
requirements can be provided by the geotechnical engineer at the detailed design phase.    
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Appendix A Background 

A.1 Draft Plan and Densities 
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Apartment Townhouse Res. Units (apt. / towns / total) 4,148             300     4,448    

Residential 59,213             592                    ‐                        1,066                   Res. Pop. (apt. / towns / total) 7,466             810     8,276    

Commercial 1,389               Res. Floor Area (m2)

Office (/ loft) ‐                    Comm. Floor Area (m2)

Hotel ‐                    Office (/ loft) Floor Area (m2)

Total Floor Area 60,602             Hotel Floor Area (m2)

Residential 60,750             608                    ‐                        1,094                   Total Floor Area (m2)

Commercial 2,370               MCP Block Area (m2)
Office (/ loft) ‐                    Subdivision Block Area (m2)

Hotel (201 rooms) 9,450              
Total Floor Area 72,570            

Residential 27,861             267                    10                         508                      Population person/DU

Commercial 838                   Apartment pop. 1.8
Office (/ loft) ‐                    Townhouse pop. 2.7

Hotel ‐                   

Total Floor Area 28,699            

Residential 35,914             348                    10                         653                     

Commercial ‐                   

Office (/ loft) ‐                   

Hotel ‐                   

Total Floor Area 35,914            

Residential 20,250             203                    ‐                        365                     

Commercial 2,035              

Office (/ loft) 13,391            

Hotel ‐                   

Total Floor Area 35,676            

Residential 27,000             270                    ‐                        486                     

Commercial 2,811              

Office (/ loft) 10,922            

Hotel ‐                   

Total Floor Area 40,733            

Residential 16,781             81                      74                         346                     

Commercial ‐                   

Office (/ loft) ‐                   

Hotel ‐                   

Total Floor Area 16,781            

Residential 20,059             135                    56                         394                     

Commercial ‐                   

Office (/ loft) ‐                   

Hotel ‐                   

Total Floor Area 20,059            

Residential 22,422             135                    76                         448                     

Commercial ‐                   

Office (/ loft) ‐                   

Hotel ‐                   

Total Floor Area 22,422            

Residential 18,899             135                    46                         367                     

Commercial ‐                   

Office (/ loft) ‐                   

Hotel ‐                   

Total Floor Area 18,899            

Residential 26,811             268                    ‐                        482                     

Commercial 1,792              

Office (/ loft) ‐                   

Hotel ‐                   

Total Floor Area 28,603            

Residential 22,067             221                    ‐                        398                     

Commercial 884                  

Office (/ loft) ‐                   

Hotel 4,896              

Total Floor Area 27,847            

Residential 23,229             216                    14                         427                     

Commercial 514                  

Office (/ loft) ‐                   

Hotel ‐                   

Total Floor Area 23,743            

Residential 30,476             288                    14                         556                     

Commercial 546                  

Office (/ loft) ‐                   

Hotel ‐                   

Total Floor Area 31,021            

Residential 38,130             381                    ‐                        686                     

Commercial 2,860              

Office (/ loft) ‐                   

Hotel ‐                   

Total Floor Area 40,990            

Residential ‐                    ‐                     ‐                        ‐                      

Commercial ‐                   

Office (/ loft) ‐                   

Hotel ‐                   
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Hello Karen; all is well and I hope the same for you and yours.

Below is what information I have regarding water elevations, in and around the two Fleet
Street aqueducts:

The open aqueduct is largely connected, together with the covered aqueduct, with and at the
forebay of the Fleet Street Pumping Station. With little usual flow through the open aqueduct,
I would guess that its usual water elevation would be fairly level along its length and would
follow the usual operating level of the forebay; currently between 51.82m and 52.03m (per
Record Drawings: ISB05-3013, Sheet 1, Delcan). Peak and surge operating levels, in the
forebay, can be higher and sometimes spill over the forebay's stoplog weir. I don't have a
precise elevation of this weir but, from previous visual observations, I would roughly estimate
its current crest elevation to be ~52.2m.

The hydraulic grade line along the length of the covered aqueduct is much steeper and will,
of course, vary with flow rate. Usual and optimal flow rates through the covered aqueduct
were estimated to be between 25 to 35m3/s (Fleet Street Pumping Station Hydraulic Capacity
Study, October 1998, Delcan).

For the open aqueduct, Water Production has no records of upstream water elevations,
estimated or observed, for or during storm events. It is worth noting that there is a small
diameter (~200mm?) pipe connection, at the upper end of the open aqueduct, which flows
water from the river and from just above the headworks facility, to maintain some flow
through. This small pipe connection, along with any other seepage, piped or overland flows
entering into the open aqueduct, would steepen its operating hydraulic grade line somewhat
but, to what degree, I cannot precisely say.

For the covered aqueduct, data taken from personal survey notes on April 30, 2019, recorded
the peak river water elevation, just upstream of the Headworks flow control gates, at 53.7m. I
then estimated an additional river level increase of ~0.5m would begin to bypass at/around the
Headworks facility and down into the lower Lebreton Flats area. From the same Delcan study
noted above, the usual river water elevation, just above Headworks, was noted as 52.8m (as
controlled by the Chaudiere Ring Dam). Much of the then observed headloss, through the
covered aqueduct, was attributed to the Headworks trash racks and gatehouse structure.

Lastly, I do recall finished grades, adjacent to the open aqueduct and by the Pimisi Station,
being quite close the usual operating level of the forebay. I did not keep copies of those early
station drawings but Erin should know where they can be found.

I hope you find this information helpful!

Paul

mailto:Paul.Montgomery@ottawa.ca
mailto:Erin.OConnell@ottawa.ca
mailto:Karin.Smadella@stantec.com
mailto:Abdul.Mottalib@ottawa.ca
mailto:Dustin.Thiffault@stantec.com
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Hi Karin,
 
Unfortunately, I am fairly certain that the City has very little detailed record information on this former rail bridge. I
recall a concerted effort made by several staff to locate any such details, in advance of the construction of the
temporary Preston Street Extension but, to my knowledge, very little was found. I have attached what I could find
through the City’s Geoinformation site, about this immediate area, for your reference. Much of the structure is on
NCC property so I can only speculate who might now own this structure. From the attached 2014 report’s photos, it
would also appear that the LPTM has been routed under a portion of the southerly end of the former (and now
heritage) 1870 railway bridge (SN015120). This 2014 report mentions an earlier 2006 condition report but I could
not find a copy of it on the Geoinformation site. If the City’s structures folks have more detail, perhaps try reaching
out to Jack Zhao?
 
As you may already know, the original open aqueduct extended through to Nepean Bay and had its own headworks
structure (i.e. separate from the current headworks structure). Historical photos and the attached report appear to
confirm that this open aqueduct was, at one time, entirely routed underneath this former rail bridge. I have checked
and no detailed records, about this abandoned section of open aqueduct or former headworks structure, are here at
Lemieux or on the same geoinformation site. As such, precisely how and how much of this aqueduct section was
filled in, I cannot say, but I would guess that any original rock cut, for this aqueduct section, was simply filled in, from
the then shore and back towards this former rail bridge. The attached MH report suggests likewise and notes that
only a southerly ~10m section of the arch structure still acts as a bridge, with the rest underlain by some manner of
fill material.
 
The dashed line, as highlighted in red below, shows a rather approximate location of the pipe, as I understand it,
but I would suggest that its terminus lies somewhere underneath the old rail bridge and not beyond. Again, like
much of this area, details on this pipe are few. I can confirm that the pipe exists and it is valved off, from time to
time, coincident with the draining of the aqueducts. I would guess that the pipe was installed along and with the
filling in of the upstream section of the old aqueduct. Again, I have no details of the pipe’s depth but there is a valve
box inside our fenced headworks compound, like those used for watermains, which we can operate.
 
The attached drawing, by Stantec, details some circa 2001 rehabilitation work completed on the bridge. This was the
only drawing I found, for this particular structure, so I hope this, and the above information will be helpful.
 
Take care,
 
Paul
 
M. Paul Montgomery, P.Eng.
Plant Manager, Water Production East
Infrastructure and Water Services Department, City of Ottawa
1 Onigam Street, Ottawa, Ontario, K1Y 2C4
tel / tél: (613) 580-2424, ext / poste: 23302
cell: (613) 223-0907
e-mail / courriel: Paul.Montgomery@ottawa.ca
 

From: Smadella, Karin <Karin.Smadella@stantec.com> 

mailto:Paul.Montgomery@ottawa.ca
mailto:Karin.Smadella@stantec.com
mailto:peter.moroz@stantec.com
mailto:Eric.Tousignant@ottawa.ca
mailto:Vincent.Duquette@ottawa.ca
mailto:mohammed.fawzi@ottawa.ca
mailto:Paul.Montgomery@ottawa.ca
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2 Site Information 


  


Structure Name: Canada Central Railway Bridge over Open Aqueduct (SN05120) 


Site Number: SN015120   


Highway Above: Temporary Roadway Below: Aqueduct 


Type of Structure: Stone Arch   


Number of Spans: 1 Span Lengths (m): 8.4 


Overall Structure Width 


(m): 


30 Year Built: 1870 


Direction of Structure: West to East   


Party Members: Joseph Ostrowski 


Hui Liu 


  


Dates of Inspection: November 6,  2014   


Temperature: 6°C Weather: Cloudy 


Year Last Rehabilitated: 2001 
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3   INTRODUCTION 


 


3.1  Background 


 


Morrison Hershfield Limited was retained by the City of Ottawa to carry out the Structural Evaluation 


of the Canada Central Railway Bridge over Open Aqueduct (SN015120). 


 


This report evaluates the capacity of the Canada Central Railway Bridge over Open Aqueduct 


(SN015120) to carry construction vehicles and provides recommendations for necessary remedial 


work. 


 


3.2     General Description of Structure 


 


The Canada Central Railway Bridge over Open Aqueduct (SN015120) is located about 150m west of 


Broad Street.  The structure is a parabolic stone arch bridge with an overall span of 8.4m and overall 


width of 30m. Built in 1870, the structure was last rehabilitated in 2001 when the masonry was 


repointed on the east elevation, to 4m under the arch. Some minor masonry repairs were carried out as 


well.  The northern portion of the arch structure has been loosely filled with unknown material.  


Accordingly, only the southern approximate 10 m currently exists as a bridge.   


 


This report is limited to the southern portion (approximately 10m) of the original arch only.  


 


The bridge is a designated heritage structure.  Underlying this bridge is an open aqueduct which is 


approximately 10m in width at the bridge crossing and a low pressure transmission main that supplies 


water to Fleet Street Pumping Station. The proposed Preston Street extension to the north will cross 


over the open aqueduct, through a new culvert immediately adjacent to the existing CCR Bridge 


(SN015120).  The existing bridge would likely be used as construction access, if possible. 


 


 


4   METHODOLOGY OF INSPECTION/ANALYSIS 


 


The inspection of the structure was carried out in accordance with the 2008 Ontario Structure 


Inspection Manual (OSIM).  In addition, test pitting and geophysical investigations were undertaken 


to determine hidden parameters related to the profile and extent of the arch structure.  


 


The visual inspection was carried out by Hui Liu, P.Eng., on November 6, 2014 under the direction of 


Joseph Ostrowski, P.Eng. Test pitting investigations to determine the fill material and thickness over 


the arch structure were conducted by SPL Consultants on November 3, 2014.  Geophysical 


investigations using Ground Penetrating Radar (GPR) to verify the profile and extent of the arch 


structure were also performed by SPL Consultants on November 24, 2014. 
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The structural evaluation was in accordance with CAN/CSA-S6-06, Canadian Highway Bridge 


Design Code (CHBDC). The analysis was based on dimensions of the structural components of the 


bridge as identified from previous rehabilitation drawings and as measured on site.  Structural 


drawings and documentation were not available. 


 


 


5   SUMMARY OF SIGNIFICANT FINDINGS 


 


The masonry arch bridge is generally in good to fair condition, with some loss of mortar at joints 


between arch stones. This section summarizes the most significant findings of the visual inspection. 


Detailed descriptions are provided in the individual component subsections. Site photographs of the 


structure and components are included in Appendix B.  


 


5.1   Top of the Bridge 


 


At the time of inspection, the top surface of the fill of the arch structure was covered with vegetation; 


the only visible portion above the fill was the headwall cap stones and steel railings. 


 


The cap stones and steel pipe railings/posts embedded in the cap stone were the visible components.  


Some cap stones exhibited a different look in color and nature, and appeared to be from different 


quarries. They were assumed to have been replaced during previous repairs.  


 


Cap stones exhibited light efflorescence, with the presence of light to medium spalls and narrow 


cracks. Unfilled drilled holes were observed.  


 


Light corrosion (see Photo 3), and permanent deformations caused by impact were noted on the steel 


railings. 


 


5.2   East Elevation of the Bridge   


 


The stones in the headwall and voussoir were finished with a bull nose finish at the point where the 


centre of the stone projects out. Some pieces of the bull noses are delaminated. However, this 


delamination was identified as surface delamination which was probably created when the bull nose 


was initially produced. No deeper delaminations were identified.     


 


Styolitic beds were observed in the stone (see Photo 5). Horizontal cleavage along the layers was 


observed in some of the stones.  


 


Loss of mortar in some joints was observed in both the headwall and arch stones/voussoirs, 


particularly along the arch in the first course of arch stone at the southeast corner (Photo 6).  
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5.3   Soffit 


 


Minor loss of mortar in joints, light efflorescence and water staining were observed on the soffit, 


indicating water penetration through the arch (Photos 7 and 8).  The waterproofing membrane over 


the arch may be defective or not present. 


 


5.4   Foundation 


 


The masonry arch is founded on exposed, weathered bedrock.  Some voids due to dislodged stone 


fragments were observed at the northeast corner, but generally it is well seated (Photos 9 and 10).     


 


5.5   Geophysical and Test Pitting Investigation 


 


Test pit investigations reveal that the fill over the arch consists of a thin layer of top soil (100mm to 


350mm) overlying a variable deposit of fill. The fill material includes a mixture of primarily silts and 


sands as well as cobbles and boulders, organic material, stone blocks etc. Underlying the fill material 


is a layer of concrete ranging from 0.9m to 1.6m in depth. The concrete could not be excavated, but is 


relatively weak since it could be chipped easily with a hammer. Its most likely function is to provide 


protection for the waterproofing over the arch. 


 


The GPR survey could not penetrate the concrete layer, hence, the geometry of the structure between 


the concrete layer and soffit of the arch cannot be confirmed without destructive testing and 


investigation. The GPR survey indicated that the concrete layer ends within 15 m of the south face of 


the bridge and that the bridge is between 15 m and 25 m in width.  


 


  


6   STRUCTURAL EVALUATION 


 


The structural evaluation for the CCR Bridge (SN015120) was carried out based on limited 


information and reasonable assumptions regarding material and soil properties. Details of the 


structural evaluation are presented in Appendix C. 


 


6.1   Reference Material 


 


Structural drawings and documentation are not available. 


 


The following references were used for the structural evaluation: 


 


1. Previous rehabilitation drawings (limited scope), Stantec Consulting Engineers, 10 March 2000. 


2. Condition Report CCR Bridge over Open Aqueduct – Water Intake, 4 October 2006. 


3. Canadian Highway Bridge Design Code, CAN/CSA-S6-06 


4. Ontario Highway Bridge Design Code, 3
rd


 Edition, 1991 


5. Structural Manual, MTO  
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6. The Masonry Arch, Jacques Heyman, 1982 


 


6.2    Load Carrying Capacity 


 


6.2.1   Method of Evaluation 


  


In accordance with the provisions of the CHBDC with reference to the 1991 Ontario Highway Bridge 


Design Code, stresses in the masonry arch under SLS were checked. In addition, the factored 


resistance of the arch bridge under ULS was determined by the mechanism method (Heyman, 1982). 


 


For the purpose of this evaluation, a clear span of 8.97m and rise of 1.83m were used. Dead loads 


consist of the self weight of the arch and the spandrel fills. The live load applied is CL-625-ONT 


truck loading as specified in the CHBDC. The structure was modeled and analyzed using SAP2000 


v17 finite element analysis program. 


 


The material strengths were assumed based on the observed conditions and relevant design 


references. The allowable stress at the serviceability limit state was determined using a rational 


method for limestone ashlar masonry with soft mortar joints of 10mm thickness. Based on OHBDC 


3
rd


 Edition, the allowable stresses are 1MPa for compression and 0.04 MPa for shear. 


 


6.2.2  Results of Evaluation 


 


SLS stresses were determined for loading at the centre and at the quarter point, by the dual axle 


loading, for a metre in width of arch. The quarter point loading produces a compressive stress of 1.10 


MPa, which is marginally higher than the serviceability limit of 1 MPa.  No tension is developed. The 


shear stress approaches the allowable limit near the spring line.  


 


The results of the analysis for SLS conditions are presented in Table 1: 


 


Table 1: Summary of SLS Analysis 


Load Cases 


Maximum 


Compressive 


Stress (MPa) 


Minimum 


Compressive 


Stress (MPa) 


Allowable 


Compressive 


Stress (MPa) 


Maximum 


Shear Stress 


(MPa) 


Allowable 


Shear Stress 


(MPa) 


at centre span 0.83 0.28 1  0.02 0.04  


at 1/4 span 1.10 0.04 1  0.04 0.04  


 


The mechanism method (Heyman 1982) was used to determine the ULS collapse load of the arch 


structure. The basis for the analysis is to consider hinges at various trial locations in an otherwise 


infinitely stiff arch; as the arch deflects and distorts, its load carrying capacity is reduced. To account 


for the reduction in capacity, the factored arch capacity is set at 80% of the calculated unfactored 


capacity for arches with relatively thin mortar joints.  The analysis indicates that the arch structure has 


enough capacity to resist the maximum CHBDC design loads.  


The results of the analysis by the mechanism method are presented in Table 2: 











 


 


 


 


 


 


 


APPENDIX A 
 


Bridge Design Drawings 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 











 


 


 


 


 


 


APPENDIX B 
 


Site Photos 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 







 


 
 


Photo 1: East Elevation of Bridge 


 


 


 
 


Photo 2: Top of the bridge 


 







 


 
 


Photo 3: Light corrosion of steel railing 


 


 


 
 


Photo 4: Condition of steel railing 


 







 


 


 
 


Photo 5: Layers of weak bedding in the stone 


 


 


 
 


Photo 6: Loss of mortar in joint along arch 


 







 


 


 
 


Photo 7: Loss of mortar in soffit joints 


 


 


 
 


Photo 8: Water stains on soffit of masonry arch 


 


 







 


 


 
 


Photo 9: Masonry arch on weathered bedrock 


 


 


 
 


Photo 10: Dislodged stone fragments under northeast corner of masonry arch 


 







 


 


 


 


 


APPENDIX C 
 


Structural Analysis Calculations 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 







Bridge Evaluation


Project: 2140670 Site No. : SN15120
Designer: BL Date: Feb 20 / 15


1. Bridge Description
Type of structure
Length of Clear Span 8.970 m
Total Width 15 - 25 m
Voussoir Thickness 609.6 mm
Mortar Joint Thickness 10 mm (assumed)
Fill Depth min 900 mm
The Angle of Skew unknown


2. Design Reference CHBDC Section 14
OHBDC 1991 3rd edition
The Masory Arch by J. Heyman 1982


3. Materials
Stone (assumed Limestone)


Unit Weight = 24 kN/m3
Est = 20000 Mpa


Mortar (assumed Soft Mortar) Compressive strength < 2 Mpa
Shear stress at SLS 0.04 Mpa


Ej = 500 Mpa


Earch= 10623 Mpa OHBDC [11-5.2.4.5]


4. Loads Statement


Live Load


Live Load Distribution
Fill Depth DLA


(m) Transverse(m) [3.8.4.5.2]


at centre span 0.9 3.98 0.22
at 1/4 span 1.35 4.76 0.13


Masonry Arch built in 1870


Location


Load Distribution Length [6.12.6] Distributed Live Load 
Longitudinal (m) (kN/m)


=0.9×1.75+1.2+0.25 =3.025 =2*140/(3.025*3.98)*(1+0.22)=28.4


=1.35*1.75+1.2+0.25 = 3.8125 =2*140/(3.8125*4.76)*(1+0.13)=17.4







Load Combination
SLS Load 
Factors


ULS Load 
Factors


from Stone Arch 1
from Earth Fill 1
from Wheel Load 0.9 1.7


5. Summary of Forces 
5.1. SLS


Thrust Line Eccentricity and Stresses at SLS


Thrust, P Moment, M Eccentricity P/A M/S


Maximum 
Compressive 


Stress


Minimum 
Compressive 


Stress


Allowable 
Compress
ive Stress


(kN) (kN) (mm) (MPa) (MPa) (MPa) (MPa) (MPa)
at centre span 337 17 50 0.553 0.274 0.827 0.278 1


at 1/4 span 347 33 95 0.569 0.533 1.102 0.036 1


Shear Stresses at SLS


Shear


Maximum 
Shear 
Stress


Allowable 
Shear 
Stress


(kN) (MPa) (MPa)
at centre span 9.5 0.02 0.04


at 1/4 span 24 0.04 0.04


5.2. ULS


Pn = 514 kN/m (See detailed calculation below)


Pr = ømm Pn = 411 kN/m (ømm = 0.8) [14.14.1.5]


Allowed Live Load = 650 / 1.7 (1+0.13) = 214 kN/m or 749 kN/ 3.5m Lane


 Load Location


The actual load specified by the code is 2(140) = 280 kN/Lane. Therefore, the masonry arch bridge has enough resistance 
to support CL-625-ON truck loading.


 Load Location







Parameters Value Units Comments
Length, L 8.97 m Span


hc 1.83 m Rise of arch
hq 1.39 m Height from ground level to arch bottom at quarter point
ho 1.83 m Height from ground level to arch bottom at mid point
t 0.55 m Vertical thickness at quarter point


Ƭ 0.30
 The max value of Ƭ from table 4.1 is 0.30. Therefore 0.30 was used for 


interpolation calculations
Ƴ 24.00 kN/m3 Unit weight


1/4 L 2.24 m 1/4 span
α 0.76
ß 1.00


(1/6)ƳLhc 65.62 kN/m
p 8.11 (Obtained by linear interpolation from table 4.1 below)


Section length 0.897 m (Span divided into 10 sections)


P 532 kN/m Empirical value for quarter point loading


Interpolation tables  (Heyman, 1983)


Arch parameters and  Empirical Quarter Point Load Value







J I H H" G F E D C B A O
x -4.49 -3.59 -2.69 -2.24 -1.79 -0.90 0.00 0.90 1.79 2.69 3.59 4.49
y 0.00 0.73 1.24 1.39 1.57 1.77 1.83 1.77 1.57 1.24 0.73 0.00


J I H H" G F E D C B A O
x -4.49 -3.59 -2.69 -2.24 -1.79 -0.90 0.00 0.90 1.79 2.69 3.59 4.49
y 0.72 1.35 1.80 1.94 2.11 2.28 2.34 2.28 2.11 1.80 1.35 0.72


Point J I H H" G F E D C B A O
vt 0.82 0.72 0.66 0.65 0.63 0.62 0.61 0.62 0.63 0.66 0.72 0.82


vt-0.01* 0.72 0.62 0.56 0.55 0.53 0.52 0.51 0.52 0.53 0.56 0.62 0.72


The span of the arch was divided into ten equal sections of 0.897 m
The point H" represents the left quarter point


Table of values used to model the top surface of arch


Vertical thickness of arch  at each section point


* The elastic section of the arch used for the ultimate load capacity calculation is the actual thickness less 100 mm to account 
for mortar or section loss.


Arch Diagram showing Section Points


The values of hq and t are highlighted in red
Notes


Table of values used to model the bottom surface of the arch


The span, rise and the vertical thickness of the centre stone of the arch was used to obtain a model in AutoCAD







Points Sections h1 (m) h2 (m) Area (m2)
Weight 
(KN)


Sum of Moments, M 
(KNm)


A 1 3.66 2.93 2.95 70.87 32
B 2 2.93 2.42 2.40 57.55 121
C 3 2.42 2.08 2.02 48.50 258
D 4 2.08 1.89 1.78 42.80 436
E 5 1.89 1.83 1.67 40.05 651
F 6 1.83 1.89 1.67 40.05 902
G 7 1.89 2.08 1.78 42.80 1190
H" 7.5 2.08 2.25 0.97 23.34 1349
H 8 2.08 2.42 2.02 48.50 1519
I 9 2.42 2.93 2.40 57.55 1896
J 10 2.93 3.66 2.95 70.87 2330


Notes
H - represents the horizontal force at point O
V - represnets the vertical force at point O
P - represents the left quarter point load


Five different hinge patterns were assumed
The hinge pattern which gave the lowest value for the left quarter point load can be seen above


Sum of moments about each hinge point was used to obtain a system of three linear equations


The three unknowns in these equations were P, V and H
Equations are of the form : aV + bH + cP = M 
where a, b and c are constants and M is the sum of moments due to weight of arch and fill  about the point under 
consideration


Diagram showing assumed hinge points


Table showing sum of moments about each section point taken from the right







Point Equation V Coeff H coeff P coeff Moment Forces Value (KN)
E 1 4.49 -1.11 0.00 651 V 353
H" 2 6.73 -1.22 0.00 1349 H 841
J 3 8.97 0.72 -2.24 2330 P 643


Point Equation V Coeff H coeff P coeff Moment Forces Value (KN)
D 1 3.59 -1.05 0.00 436 V 331
H" 2 6.73 -1.22 0.00 1349 H 718
J 3 8.97 0.72 -2.24 2330 P 514


Point Equation V Coeff H coeff P coeff Moment Forces Value (KN)
D 1 3.59 -1.05 0.00 436 V 331
H" 2 6.73 -1.22 0.00 1349 H 718
I 3 8.07 -0.01 -1.35 1896 P 569


Point Equation V Coeff H coeff P coeff Moment Forces Value (KN)
C 1 2.69 -0.85 0.00 258 V 341
H" 2 6.73 -1.22 0.00 1349 H 772
I 3 8.07 -0.01 -1.35 1896 P 628


Point Equation V Coeff H coeff P coeff Moment Forces Value (KN)
C 1 2.69 -0.85 0.00 258 V 341
H" 2 6.73 -1.22 0.00 1349 H 772
J 3 8.97 0.72 -2.24 2330 P 571


Pn = 812 KN


Pr = ømm Pn = 650 kN/m (ømm = 0.8) [14.14.1.5]


Trial 5
Hinges at C,J, H" and O


Hinges at C,I, H" and O
Trial 4


Trial 2


Hinges at D, I, H" and O


Trial 3


Results of Trials


Trial 1


 Hinges at D, J, H" and O


Hinges at E,J, H" and O







-402 -396 -391 -385 -380 -374 -369 -363 -358 -352 -347 -341 -336 -330


15120 Arch.sdb 3/27/2015


SAP2000 17.1.1 Resultant F22 Diagram  (SLS-quarter span load case) KN, m, C







-31.5 -28.0 -24.5 -21.0 -17.5 -14.0 -10.5 -7.0 -3.5 0.0 3.5 7.0 10.5 14.0


15120 Arch.sdb 3/27/2015


SAP2000 17.1.1 Resultant M22 Diagram   (SLS-quarter span load case) KN, m, C







-15.0 -12.0 -9.0 -6.0 -3.0 0.0 3.0 6.0 9.0 12.0 15.0 18.0 21.0 24.0


15120 Arch.sdb 3/27/2015


SAP2000 17.1.1 Resultant V23 Diagram   (SLS-quarter span load case) KN, m, C







-1.05 -0.98 -0.90 -0.83 -0.75 -0.68 -0.60 -0.53 -0.45 -0.38 -0.30 -0.23 -0.15 -0.08 E+3


15120 Arch.sdb 3/27/2015


SAP2000 17.1.1 Stress S22 Diagram - Visible Face   (SLS-quarter span load case) KN, m, C







-25.0 -20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0


15120 Arch.sdb 3/27/2015


SAP2000 17.1.1 Stress S23 Diagram - Visible Face   (SLS-quarter span load case) KN, m, C
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Geophysical and Test Pitting Investigation Reports 
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Project:  10001116 
 
December 23, 2014 
 
Morrison Hershfield Limited 
2440 Don Reid Drive 
Ottawa, ON 
K1H 1E1 
 
Attention: Mr. Joe Ostrowski, P.Eng. 
 
Re:  Geophysical and Test Pitting Investigation – CCR Railway Bridge 
 
Dear Mr. Ostrowski: 


SPL Consultants Limited (SPL) was retained by Morrison Hershfield Limited (MH) complete test pitting as 


well as a geophysical survey at the existing Canada Central Railway Bridge (SN015120).  


This letter summarizes the work carried out, and provides comments related to the investigations 


completed for the project.  
 
1.0 Project and Site Description  


SN015120 is a masonry bridge which is understood to have been constructed in approximately 1870 as a 


railway bridge. A copy of an aerial photograph provided to SPL is shown below.  The bridge is visible 


crossing the aqueduct in the lower left corner of the photograph at the confluence of several railway 


tracks. The aqueduct headworks are visible to the north of the bridge, and the aqueduct itself is visible 


running east-west along the bottom of the photograph.  The bridge spans the existing aqueduct which is 


approximately 10 m in width at the bridge crossing (the bridge crosses the aqueduct at an angle and has 


a span slightly longer than 10 m).   


No as-built or design drawings are available for the bridge, and the width of the structure is not known 


with certainty.  Based on the historical photographs, however, the original span of the bridge appears to 


have been on the order of 30 m or more (comparing the bridge to the existing aqueduct). 


At some point subsequent to construction, the northern portion of the aqueduct was filled in, such that 


only the south face of the bridge is currently exposed.  


It is understood the City is considering either re-opening the bridge for temporary construction traffic, 


or using the backfilled section to the north of the bridge (and thereby by-passing the bridge entirely).
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December, 2014 


2.0 Investigation Procedures 


The investigations completed by SPL as part of this assignment included a site reconnaissance, test 


pitting and a geophysical survey.   


2.1 Site Reconnaissance 
 


A site reconnaissance was completed on November 3rd, 2014.  At the time of the reconnaissance the 


aqueduct had been drained for construction related to the watermain which is currently located in the 


base of the trench. Access to the western end of the aqueduct was possible and the underside of the 


bridge could be observed. Photographs of the site are presented as an attachment.   


 


The masonry structure spans the aqueduct with minimal clearance on either side.  The aqueduct itself is 


clearly excavated into rock at the bridge crossing, with only the upper one to two metres appearing to 


be soil. The bridge abutments appear to be resting on rock (see Photos 3 and 5).  


 


The bridge “deck” has been covered with fill material and is no longer visible.  As mentioned previously, 


the aqueduct to the north of the bridge has been filled in and is now approximately level with the fill 


material overtop of the bridge deck.  The north side of the bridge is no longer visible on site.  From the 


south side of the bridge, the backfill material is visible under the structure where the aqueduct has been 


backfilled to the north. The area was not, however, accessible at the time of the investigation and the 


type of fill cannot be determined, although cobble and boulder sized particles in a soil matrix appear to 


be present.  


 


At the time of the site inspection, as well as subsequent site work, there were several sinkholes evident 


to the north of the bridge.  The approximate locations of these are shown on Drawing No. 2. Sinkholes 


may also be present at other locations. The extent of the sinkholes cannot be determined from the 


ground surface. However, probing with a metal tape suggests that some of the holes are as much as 1 m 


in depth and extend up to 4 m (or more) horizontally. Most of the sinkholes appear to be oriented 


towards the masonry bridge structure (i.e. water was flowing from the ground surface towards the 


structure). 


 


2.2 Test Pitting 


A test pitting program was completed as part of the current investigation.  The program included the 


excavation of three test pits on the “deck” of the bridge at approximately the locations shown in 


Drawing No. 2.  Test pit records are included as an attachment. 


The subsurface conditions at the test pit locations included a thin layer of topsoil (100 mm to 350 mm) 


overlying a variable deposit of fill.  The fill material included a mixture of primarily silts and sands as well 


as cobbles and boulders, organic material, stone blocks, etc. 
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Underlying the fill material a layer of concrete was encountered at all three of the test pit locations. The 


concrete was encountered at a depth of 0.9 m, 1.6 m and 1.1 m in Test Pits TP14-1 through TP14-3, 


respectively. These depths correspond to elevations of approximately 53.0 m to 53.7 m.1 The concrete 


could not be excavated, but could be chipped relatively easily with a hammer, suggesting it is relatively 


weak.  
 


2.3 Geophysical Survey 


A geophysical survey of portions of the bridge was also completed as part of this assignment. The 


geophysical survey included a Ground Penetrating Radar (GPR) survey and was completed by Geophysics 


GPR International Inc. of Mississauga ON. A copy of the geophysical report including typical sections 


across the bridge is included as an attachment.  


The scan was completed over selected portions of the south end of the bridge deck (at the time of the 


initial investigation the south end of the bridge was to be used for construction traffic).  
   


3.0 Discussion 
 
The following discussion is provided related to the “as-found” bridge configuration is provided based on 
the field work completed as part of this assignment.  
 
3.1 Foundation Conditions 


Based on the visual inspection carried out at the site, the bridge abutments appear to be founded on 


bedrock, and may be notched slightly into the rock. The bridge foundations appear to be masonry block 


(i.e. concrete foundations were not visible).  


The rock in the aqueduct excavation appears to have stood vertically for more than 140 years (assuming 


the bridge was constructed in 1870), and does not show signs of instability, extensive weathering, 


adverse jointing, etc. It is likely that similar conditions exist below the bridge foundations, though this 


has not been confirmed through drilling and coring).  


3.2 Bridge Thickness and Geometry 


The GPR survey could not penetrate the concrete “deck” of the bridge, and as a result, the geometry of 


the bridge between the concrete layer and the underside of the bridge cannot be confirmed without 


destructive testing and investigation.  


The ends of the bridge are no longer visible on site (as they are below the fill material). The ends of the 


arch are visible on site (see the photographs attached) as well as the masonry abutments and parapet 


walls (again all visible in the photographs).  


                                                           
1
 A local benchmark of 57.774 m elevation is marked on the south bridge abutment, and is understood to be used 


for the construction work in the general area. The elevations presented are relative to this benchmark.  







4 
 


 
Project: 10001116 
Geophysical and Test Pitting Investigation – CCR Railway Bridge 
December, 2014 


Initial GPR and test pitting efforts were focussed on investigating the southern portion of the bridge 


where the original crossing was to be located. The bridge is at least 15 m wide (TP14-3 is located 


approximately 15 m from the south face of the structure and encountered the same concrete “deck” as 


the other test pits.  The sinkholes are likely (though not definitely) located within the soil backfill north 


of the structure, given that they extend to the southeast towards the open aqueduct. As they extended 


to approximately 25 m from the face of the bridge it is likely that the structure is less than 25 m in width. 


The geophysical survey suggests that at least the concrete “Deck” may end within 15 m of the south face 


of the bridge (See figure 2 in the geophysical survey report). 


From the south side, the soil backfill appears to be on the order of 15 m to 20 m in depth (though the 


area cannot be accessed to accurately measure). 


3.3 Alternative Crossing Northwest of Bridge 


As an alternative to crossing the CCR bridge structure (and the uncertainty that entails regarding the 


bridge capacity and potential damage) it is understood consideration is also being given to constructing 


the temporary road to the north of the bridge. Based on the photographs of the original bridge as well 


as the site reconnaissance it appears that in this area the aqueduct has been backfilled and the crossing 


would be over several metres of fill material.  


The backfill material is likely to be a random mixture of soil (and possibly other materials) placed in an 


uncontrolled manner. The material has, however likely been in place for at least several decades, and 


any settlement which was going to occur has likely happened already.  It is likely that the area can be 


used as a temporary unsurfaced construction road provided that some allowance for periodic 


maintenance and regarding is made.  


If the temporary road is to pass to the north of the bridge then the area should be stripped of topsoil 


and organic material and the exposed surface and proof-rolled using a loaded truck of similar size to the 


proposed construction traffic.  If soft or spongey areas are encountered then they should be sub-


excavated and replaced with compacted granular fill. The subgrade should then be surfaced granular 


base and sub-base. Detailed traffic information has not been provided, however, 450 mm of compacted 


Granular B Type II, and 200 mm of Granular A would be a typical base and sub-base thickness for heavy-


duty asphalt pavement and would likely be adequate for the temporary construction traffic. Proper 


drainage should be provided.  


It is understood the road will likely only be used for a few years. It should be expected, given the 


potential for poor subgrade conditions that even over this short period of time, the road may require 


periodic re-grading, repair, re-surfacing, etc. It should also be noted that no geotechnical drilling has 


been completed as part of the current investigation. If additional certainty is required regarding the 


condition of the fill material and the design of the temporary road then consideration could be given to 


drilling a borehole at the crossing location.  
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4.0 Closure 


We trust that this report provides the information you require at this time.  Should you have any 
questions, or require any further information please feel free to contact the undersigned at your 
convenience.  
 


SPL CONSULTANTS LIMITED 
    


 
Chris Hendry, M.Eng., P.Eng. 
Senior Geotechnical Engineer 
 


Attachments: 


Photographs 


Drawing No. 1 – Site Location Plan 


Drawing No. 2 – Test Pit Location Plan 


Test Pit Records 


Geophysical Survey Report 


Limitations of This Report 
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Photo 1: Historical Air Photo (date unknown) 


 


 
Photo 2: Looking West at Bridge along Existing Fleet Street Aqueduct 
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Photo 3: Looking North at Exposed Face and Underside of Bridge 


 


 
Photo 4: Looking North at Exposed Face of Bridge. The headworks structure is visible in the background (top left of photo) 
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Photo 5: Close-up of East Abutment 


 


 


 
Photo 6: Looking East along the "Deck" of Bridge 
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Test-pit TP14-1                              November 28, 2014 


Depth (m) Material Description Samples 


0.0 – 0.1 Topsoil  


0.1 – 0.35 Silty Sand with cobbles, some 


gravel, brown, moist (FILL) 


Sample 1: Grab Sample  0.1 m – 0.3 m 


0.35 – 0.55 Silty Sand, some gravel, trace 


roots, black, moist (FILL) 


Sample 2: Grab Sample  0.35 m –0.4 m 


0.55 – 0.90 Silty sand and gravel with cobble 


and boulder sized pieces of 


concrete and stone (construction 


debris), brown, most (FILL) 


Sample 3: Grab Sample  0.75m – 0.9 m 


0.90 Concrete Sample 4: Concrete fragments 


Notes: Borehole ended at 0.9 m when concrete was encountered. No accumulation of water in borehole during 


drilling. 
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Test-pit TP14-2                              November 28, 2014 


Depth (m) Material Description Samples 


0.0 – 0.35 Topsoil  


0.35 – 0.6 Silty Sand, some gravel, trace 


roots, black, moist (FILL – 


RESIDUIAL MATERIAL) 


Sample 1: Grab Sample  0.35 m –0.6 m 


0.6 – 0.95 Silty Sand with cobble, brown, 


moist (FILL) 


Sample 2: Grab Sample  0.6 m –0.8 m 


0.95 – 1.6 Silty sand and gravel with cobble 


and boulder sized pieces of 


concrete and stone (construction 


debris), brown, most (FILL) 


Sample 3: Grab Sample  1.4m – 1.6 m 


1.6 Concrete  


Notes: Borehole ended at 1.6 m when concrete was encountered. No accumulation of water in borehole during 


drilling. 
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Test-pit TP14-3                              November 28, 2014 


Depth (m) Material Description Samples 


0.0 – 0.1 Topsoil  


0.1 – 0.45 Silty Sand, some gravel, trace 


roots, black, moist (FILL – 


RESIDUIAL MATERIAL) 


Sample 1: Grab Sample  0.1 m –0.4 m 


0.45 – 1.1 Silty Sand with cobble, brown, 


moist (FILL) 


- 0.6 m: Brown to Black 


with cobble and boulder 


sized pieces of concrete 


and stone (construction 


debris) 


Sample 2: Grab Sample  0.4 m –0.6 m 


1.1 Concrete  


Notes: Borehole ended at 1.1 m when concrete was encountered. No accumulation of water in borehole during 


drilling. 
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GEOPHYSICAL SURVEY REPORT 


  







December 3, 2014          Our File: T14674E


Chris Hendry, M.Eng. P.Eng.


Sr. Geotechnical Engineer


SPL Consultants Ltd.


146 Colonnade Road, Unit 17


Ottawa, Ontario


K2E 7Y1


RE: Mapping the structural features of a small masonry bridge.  


Dear Mr. Hendry:


Geophysics  GPR International  Inc.  was requested by SPL Consultants to perform a ground


penetrating radar scan at the above locations.  The purpose of the investigation was to verify the


structural  composition of the small structure (see Figure 1).   The survey was performed on


November 24th, 2014.


Georadar utilizes radar technology to obtain a near-continuous profile of the subsurface.  The


basic  principle  is  to  emit  an  electromagnetic  impulse  into  the  ground  or  concrete  at  a


predetermined frequency rate (typically 10 to 80 scans/second).  This pulse will travel through


the sub-surface and reflect  off  boundaries  of differing dielectric  constants (contrasts  of EM


impedances).   The reflected  pulse returns  to  the surface  and is  recorded by a receiver  and


displayed in real-time as a cross-sectional image.  Only by moving the antennas along a profile


directly  over  the  targets  can  the  locations  and  depths  be  determined.   Examples  of  radar


reflecting boundaries included air/water  (water  table);  water/earth  (bathymetry);  earth/metal,


PVC, or concrete (pipe locating); and differing earth materials (stratigraphic profiles, including


bedrock profiles).


There were two antenna sizes applied to the survey.  The 400MHz antenna is a small to medium


sized antenna that can generally obtain signal penetration depths in the order of 2 meters.  The


1500MHz can obtain depths in the upper 0.5 meters.  Only the larger 400 MHz produced useful


information.







Figure 1: Scan Area with Example Locations


The masonry bridge is actually quite short (20 meters long roughly) but very wide. The portion 


of interest is the most eastern 20 meter section.   The most important data was collected by the 


400MHz antenna.


Figure 2 is an example radar image collected from the south corner going westward.  The image


possibly shows where the western extent of the tunnel and bridge.  The bridge may end 8 or 


13.5 meters from the edge.


Figure 3 is an example collected 4 meters offset from the bridge edge from south to north.  The 


depth of the concrete base may be 80cm.


I hope everything is to your satisfaction.  If you have any questions please do not hesitate to 


call. 


Sincerely,


________________


Milan Situm, P.Geo.


Manager







Figure 2: Example #1 Radar Image from south corner of bridge edge going west







Figure 3: Example #2, 4 meters offset from the bridge edge, starting one meter south of south corner.
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LIMITATIONS OF REPORT 


This report is intended solely for the Client named.  The material in it reflects our best judgment in light 
of  the  information available  to SPL Consultants Limited at  the  time of preparation.  Unless otherwise 
agreed in writing by SPL Consultants Limited, it shall not be used to express or imply warranty as to the 
fitness of  the property  for a particular purpose.  No portion of  this  report may be used as a separate 
entity, it is written to be read in its entirety. 


The conclusions and recommendations given in this report are based on information determined at the 
test hole locations.  The information contained herein in no way reflects on the environment aspects of 
the project, unless otherwise stated.  Subsurface and groundwater conditions between and beyond the 
test holes may differ  from  those encountered at  the  test hole  locations, and conditions may become 
apparent  during  construction,  which  could  not  be  detected  or  anticipated  at  the  time  of  the  site 
investigation.   The  benchmark  and  elevations  used  in  this  report  are  primarily  to  establish  relative 
elevation differences between the test hole  locations and should not be used for other purposes, such 
as grading, excavating, planning, development, etc. 


The design recommendations given in this report are applicable only to the project described in the text 
and then only if constructed substantially in accordance with the details stated in this report. 


The  comments  made  in  this  report  on  potential  construction  problems  and  possible  methods  are 
intended  only  for  the  guidance  of  the  designer.   The  number  of  test  holes may  not  be  sufficient  to 
determine all the factors that may affect construction methods and costs.  For example, the thickness of 
surficial  topsoil  or  fill  layers may  vary markedly  and  unpredictably.   The  contractors  bidding  on  this 
project or undertaking the construction should, therefore, make their own interpretation of the factual 
information presented and draw their own conclusions as to how the subsurface conditions may affect 
their  work.   This  work  has  been  undertaken  in  accordance  with  normally  accepted  geotechnical 
engineering practices. 


Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, 
are  the  responsibility  of  such  third  parties.   SPL  Consultants  Limited  accepts  no  responsibility  for 
damages, if any, suffered by any third party as a result of decisions made or actions based on this report. 


We accept no responsibility for any decisions made or actions taken as a result of this report unless we 
are  specifically  advised  of  and  participate  in  such  action,  in which  case  our  responsibility will  be  as 
agreed to at that time. 
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Job Description: JOB TITLE: Central Canada Railway Bridge over Aqueduct (SN015120) Date: 23-Dec-14


Contract No.: ISD14-7114 Project Manager:Chad Henry, P.Eng


Contract Section:Infrastructure Services Department, Asset Management Branch   


Item 


No.
Code Item Description Quantity Unit


Ottawa Unit Price 


(May 2014)


Estimated 


Unit Price
Amount


% of 


Total


Short Term Repairs


1 A040.02  Erosion and sediment control  1.00  LS  2,270.44$                $5,000 $5,000 7.1%


2 A110.01  Contract Initiation (max. 2% of Total Tender Price) 1.00  LS  $2,200 $2,200 3.1%


3 D020.01  Earth excavation for structure  150.00  m3 (P)  49.68$                     $50 $7,500 10.7%


4 D020.05  Granular 'B' Type II backfill to structure  130.00  t  65.77$                     $70 $9,100 13.0%


5 D040.21 Concrete in distribution slab 20.00  m3 846.35$                   $1,000 $20,000 28.5%


6 D070.02  Coated reinforcing steel  2.16  t (P)  4,481.41$                $5,000 $10,800 15.4%


7 R040.09  Temporary concrete barrier I - Lock Type  40.00  m (P)  80.49$                     $100 $4,000 5.7%


8 R040.11  Temporary concrete barrier end section per OSPD 911.233 4.00  ea (P)  717.09$                   $800 $3,200 4.6%


9 D999.02 Repoint Stone Masonry 75.00 m $100 $7,500 10.7%


10 D210.09  Concrete patches, formed surface  1.00  m2 752.74$                   $800 $800 1.1%


Total $70,100 100.0%


25% Engineerig $17,525


15% Contingency $10,515


Grand Total $98,140
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Appendix B Water Servicing 

B.1 Domestic Water Demands 

  



LeBreton Flats, Ottawa, ON - Domestic Water Demand Estimates

Project No. 160401780 1.8 ppu

2.7 ppu

280 L/cap/day

225 L/bedspace/d

28000 L/gross ha/day

(L/min) (L/s) (L/min) (L/s) (L/min) (L/s)

Block 1
Apartment 592 1066 207.2 3.45 518.0 8.63 1139.6 18.99

Commercial 1389 0 2.7 0.05 4.1 0.07 7.3 0.12
Block 1 Subtotal 1389 592 1066 209.9 3.50 522.1 8.70 1146.9 19.11

Block 2
Apartment 608 1094 212.8 3.55 532.0 8.87 1170.4 19.51

Hotel³ 201 62.8 1.05 94.2 1.57 169.6 2.83
Commercial 2370 0 4.6 0.08 6.9 0.12 12.4 0.21

Block 2 Subtotal 2370 809 1094 280.2 4.67 633.1 10.55 1352.4 22.54

Block 3
Apartment 267 481 93.5 1.56 233.6 3.89 514.0 8.57
Townhome 10 27 5.3 0.09 13.1 0.22 28.9 0.48
Commercial 838 0 1.6 0.03 2.4 0.04 4.4 0.07

Block 3 Subtotal 838 277 508 100.3 1.67 249.2 4.15 547.2 9.12

Block 4
Apartment 348 626 121.8 2.03 304.5 5.08 669.9 11.17
Townhome 10 27 5.3 0.09 13.1 0.22 28.9 0.48

Block 4 Subtotal 0 358 653 127.1 2.12 317.6 5.29 698.8 11.65

Block 5
Apartment 203 365 71.1 1.18 177.6 2.96 390.8 6.51

Commercial 2035 0 4.0 0.07 5.9 0.10 10.7 0.18
Office 13391 0 26.0 0.43 39.1 0.65 70.3 1.17

Block 5 Subtotal 15426 203 365 75.0 1.25 183.6 3.06 401.5 6.69

Block 6
Apartment 270 486 94.5 1.58 236.3 3.94 519.8 8.66

Commercial 2811 0 5.5 0.09 8.2 0.14 14.8 0.25
Office 10922 0 21.2 0.35 31.9 0.53 57.3 0.96

Block 6 Subtotal 13733 270 486 100.0 1.67 244.4 4.07 534.5 8.91

Block 7
Apartment 81 146 28.4 0.47 70.9 1.18 155.9 2.60
Townhome 74 200 38.9 0.65 97.1 1.62 213.7 3.56

Block 7 Subtotal 0 155 346 67.2 1.12 168.0 2.80 369.6 6.16

Block 8
Apartment 135 243 47.3 0.79 118.1 1.97 259.9 4.33
Townhome 56 151 29.4 0.49 73.5 1.23 161.7 2.70

Block 8 Subtotal 0 191 394 76.7 1.28 191.6 3.19 421.6 7.03

Block 9
Apartment 135 243 47.3 0.79 118.1 1.97 259.9 4.33
Townhome 76 205 39.9 0.67 99.8 1.66 219.5 3.66

Block 9 Subtotal 0 211 448 87.2 1.45 217.9 3.63 479.3 7.99

Block 10
Apartment 135 243 47.3 0.79 118.1 1.97 259.9 4.33
Townhome 46 124 24.2 0.40 60.4 1.01 132.8 2.21

Block 10 Subtotal 0 181 367 71.4 1.19 178.5 2.98 392.7 6.55

Block 11
Apartment 268 482 93.8 1.56 234.5 3.91 515.9 8.60

Commercial 1792 0 3.5 0.06 5.2 0.09 9.4 0.16
Block 11 Subtotal 1792 268 482 97.3 1.62 239.7 4.00 525.3 8.76

Population densities per Table 4.1 City of Ottawa Water Design 
Guidelines:

Demand conversion factors per Table 4.2 of the City of Ottawa 
Water Design Guidelines and Technical Bulletin ISTB-2021-03:

Draft Plan of Subdivision, Stantec Geomatics, April 5, 2024 & associated densities

Avg Day Demand 

Hotel

Apartment

Townhome

Max Day Demand
 ¹ ²

Peak Hour Demand  ¹ ²Block ID
Commercial / 
Institutional 

(m²)

No. of 
Units Population

Residential

Commercial and Institutional

Date:2024-07-23
Stantec Consulting Ltd.

Water Demand
W:\active\160401780\design\1_CIVIL\analysis\WTR\2024-07-15 LeBreton Flats Water Demand_AR.xlsx



Block 12
Apartment 221 398 77.4 1.29 193.4 3.22 425.4 7.09

Hotel³ ⁴ 104 32.5 0.54 48.8 0.81 87.9 1.46
Commercial 884 0 1.7 0.03 2.6 0.04 4.6 0.08

Block 12 Subtotal 884 325 398 111.6 1.86 244.8 4.08 517.9 8.63

Block 13
Apartment 216 389 75.6 1.26 189.0 3.15 415.8 6.93
Townhome 14 38 7.4 0.12 18.4 0.31 40.4 0.67
Commercial 514 0 1.0 0.02 1.5 0.02 2.7 0.04

Block 13 Subtotal 514 230 427 83.9 1.40 208.9 3.48 458.9 7.65

Block 14
Apartment 288 518 100.8 1.68 252.0 4.20 554.4 9.24
Townhome 14 38 7.4 0.12 18.4 0.31 40.4 0.67
Commercial 546 0 1.1 0.02 1.6 0.03 2.9 0.05

Block 14 Subtotal 546 302 556 109.2 1.82 272.0 4.53 597.7 9.96

Block 15
Apartment 381 686 133.4 2.22 333.4 5.56 733.4 12.22

Commercial 2860 0 5.6 0.09 8.3 0.14 15.0 0.25
Block 15 Subtotal 2860 381 686 138.9 2.32 341.7 5.70 748.4 12.47

Block 17

Commercial 3717 0 7.2 0.12 10.8 0.18 19.5 0.33
Office 22950 0 44.6 0.74 66.9 1.12 120.5 2.01

Block 17 Subtotal 26667 0 0 51.9 0.86 77.8 1.30 140.0 2.33

Block 18

Park⁵ 68398 1268 22.0 0.37 33.0 0.55 59.4 0.99
Block 18 Subtotal 68398 0 1268 22.0 0.37 33.0 0.55 59.4 0.99

Block 19

Park⁵ 24756 459 8.0 0.13 11.9 0.20 21.5 0.36
Block 19 Subtotal 24756 0 459 8.0 0.13 11.9 0.20 21.5 0.36

Total Site : 160173 4753 10003 1817.7 30.29 4335.8 72.26 9413.7 156.90

Notes:
1

2

3

4

5

     maximum daily demand rate = 1.5 x average day demand rate

     peak hour demand rate = 1.8 x maximum day demand rate (as per Technical Bulletin ISD-2010-02)

Water demand criteria used to estimate peak demand rates for commercial areas, hotels, and parks are as follows:

The City of Ottawa water demand criteria used to estimate peak demand rates for residential areas are as follows:

     maximum day demand rate = 2.5 x average day demand rate

     peak hour demand rate = 2.2 x maximum day demand rate (as per Technical Bulletin ISD-2010-02)

Hotel bedspace assumed to be 2 bedspace/room per LeBreton Flats MSS (CIMA+ 2021)

Block 12 hotel unit counts estimated based on density of hotel room/gross floor area (201 rooms/9450 m²) established in Block 2 in density table.
Park population based on 185.3 persons/ha density; 20 L/p/d water demand based on park picnic and flush toilet demand from City Sewer Design Guidelines

Date:2024-07-23
Stantec Consulting Ltd.

Water Demand
W:\active\160401780\design\1_CIVIL\analysis\WTR\2024-07-15 LeBreton Flats Water Demand_AR.xlsx
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B.2 Boundary Conditions 

  



Connection
1

Connection
2

Connection
3

Connection
4

Connection
5

Connection
6

Connection
7

Connection
8

Minimum
HGL (m)

107.4 107.4 107.4 107.5 107.6 107.6 107.6 107.6

Maximum
HGL (m)

115.2 115.2 115.2 115.2 115.1 115.0 115.0 114.9

MaxDay +
FireFlow
(200 L/s)

105.0 106.5 107.1 108.4 110.1 109.9 110.0 110.0

From: Fawzi, Mohammed
To: Smadella, Karin
Cc: Duquette, Vincent; Moroz, Peter; Mottalib, Abdul; Thiffault, Dustin; Wu, Michael; binitha.chakraburtty@ncc-ccn.ca
Subject: RE: LeBreton Flats Boundary Conditions Request
Date: Monday, June 24, 2024 12:33:05 PM
Attachments: ~WRD2598.jpg

image004.png
image005.png
image006.png
image007.png
LeBreton Flats June 2024.pdf

Hi Karin,

The following are boundary conditions, HGL, for hydraulic analysis at LeBreton Flats (zone 1W) assumed to be connected to via 8 Connections
to the 305mm watermain on Wellington Avenue, 406mm on Booth Street and 406mm on Albert Street (see attached PDF for location).

Notes:

1. Analysis has been completed by classifying the demands into three groups:
North Block: Blocks 7 to 19

South Block: Blocks 1 to 5

South Individual Block: Block 6

2. Private main looping has been assumed for North Blocks.

3. For Connections 1,2,3,4 and 8: The maximum pressure is estimated to be more than 80 psi.  A pressure check at completion of
construction is recommended to determine if pressure control is required.

These are for current conditions and are based on computer model simulation.

Disclaimer: The boundary condition information is based on current operation of the city water distribution system. The computer model
simulation is based on the best information available at the time. The operation of the water distribution system can change on a regular basis,
resulting in a variation in boundary conditions. The physical properties of watermains deteriorate over time, as such must be assumed in the
absence of actual field test data. The variation in physical watermain properties can therefore alter the results of the computer model
simulation.

Best Regards,

Mohammed Fawzi, P.Eng.

Project Manager, Infrastructure - Gestionnaire de projet, Projets d’infrastructure

Development Review All Wards (DRAW) | Direction de l’examen des projets d’aménagement -  Tous les quartiers (EPATQ)
Planning, Development and Building Services Department (PDBS)| Direction générale des services de la planification, de l’aménagement
110 Laurier Avenue West | 110 Avenue Laurier Ouest
Ottawa, ON K1P 1J1
613.580.2424 ext./poste 20120, Mohammed.Fawzi@ottawa.ca

mailto:mohammed.fawzi@ottawa.ca
mailto:Karin.Smadella@stantec.com
mailto:Vincent.Duquette@ottawa.ca
mailto:peter.moroz@stantec.com
mailto:Abdul.Mottalib@ottawa.ca
mailto:Dustin.Thiffault@stantec.com
mailto:Michael.Wu@stantec.com
mailto:binitha.chakraburtty@ncc-ccn.ca
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B.3 Preliminary Hydraulic Analysis 

 
  



Junction Results - Basic Day

ID Demand (L/s) Elevation (m) Head (m) Pressure (m) Pressure (psi)2 Pressure (kPa)
8 0.00 58.89 115.00 56.11 79.79 550.14
2 0.00 58.55 114.90 56.35 80.13 552.45
1 8.17 57.98 114.90 56.92 80.93 558.02

28 0.00 56.43 115.20 58.77 83.56 576.15
29 0.00 56.42 115.20 58.78 83.58 576.25
5 1.67 56.08 115.00 58.92 83.79 577.68

25 1.45 56.17 115.20 59.03 83.93 578.70
30 1.19 56.11 115.20 59.09 84.03 579.35
18 1.62 56.01 115.19 59.18 84.16 580.23
15 0.00 56.00 115.19 59.19 84.16 580.28
23 0.00 56.00 115.19 59.19 84.17 580.31
16 0.00 55.98 115.19 59.21 84.19 580.50
17 2.98 55.96 115.18 59.23 84.22 580.65
22 2.32 55.95 115.19 59.24 84.23 580.75
6 3.37 55.74 114.99 59.25 84.25 580.89

33 1.82 55.93 115.19 59.26 84.26 580.97
32 2.68 55.87 115.18 59.31 84.34 581.52
11 0.86 55.73 115.19 59.45 84.54 582.89
12 0.50 55.72 115.19 59.47 84.57 583.06
9 1.67 52.36 114.99 62.63 89.06 614.06

Link Results - Basic Day

ID FROM TO Length (m) Diameter (mm) Roughness Flow (L/s) Velocity (m/s)
1001 Albert_8 2 7.98 297.00 120.00 8.17 0.12
1002 5 Albert_7 99.73 297.00 120.00 -3.74 0.05
1003 5 6 143.55 204.00 110.00 2.07 0.06
1004 8 Albert_6 19.71 204.00 110.00 -2.97 0.09
1005 6 8 74.71 204.00 110.00 -2.97 0.09
1006 9 6 84.55 204.00 110.00 -1.67 0.05
1008 12 11 15.52 204.00 110.00 0.86 0.03
1009 16 12 59.34 204.00 110.00 1.36 0.04
1010 15 Wellington_1 63.13 204.00 110.00 -4.60 0.14
1011 16 15 5.45 297.00 120.00 -1.36 0.02
1012 17 15 42.92 204.00 110.00 -3.24 0.10

C3 32 33 68.12 204.00 110.00 -2.42 0.07
1017 23 22 46.88 204.00 110.00 2.32 0.07
1018 25 Wellington_2 13.71 204.00 110.00 -5.42 0.17

C2 17 32 42.82 204.00 110.00 0.26 0.01
1020 28 Booth_4 95.52 204.00 110.00 -1.71 0.05
1022 30 29 21.74 204.00 110.00 2.51 0.08
1023 Wellington_3 30 12.02 204.00 110.00 3.70 0.11

C1 2 1 34.20 297.00 120.00 8.17 0.12
C4 33 18 73.85 204.00 110.00 -0.27 0.01
C6 25 33 60.97 204.00 110.00 3.97 0.12

C11 23 18 8.86 204.00 110.00 -2.32 0.07
C12 29 28 3.77 297.00 120.00 2.51 0.04
C13 28 18 58.08 204.00 110.00 4.21 0.13



Junction Results - Peak Hour

ID Demand (L/s) Elevation (m) Head (m) Pressure (m) Pressure (psi)2 Pressure (kPa)
8 0.00 58.89 107.56 48.68 69.22 477.24
2 0.00 58.55 107.59 49.04 69.73 480.78
1 41.66 57.98 107.54 49.56 70.47 485.84

28 0.00 56.43 107.36 50.93 72.42 499.34
29 0.00 56.42 107.36 50.94 72.44 499.45
17 14.79 55.96 107.08 51.12 72.70 501.23
22 12.47 55.95 107.08 51.13 72.71 501.32
23 0.00 56.00 107.14 51.14 72.72 501.41
18 8.76 56.01 107.15 51.15 72.73 501.43
25 7.99 56.17 107.33 51.16 72.74 501.54
15 0.00 56.00 107.19 51.19 72.78 501.82
16 0.00 55.98 107.19 51.21 72.82 502.05
32 14.67 55.87 107.08 51.21 72.82 502.06
33 9.96 55.93 107.15 51.22 72.83 502.16
30 6.55 56.11 107.38 51.27 72.91 502.68
11 2.33 55.73 107.18 51.44 73.15 504.36
12 1.35 55.72 107.18 51.46 73.18 504.55
5 9.12 56.08 107.56 51.48 73.21 504.75
6 18.34 55.74 107.42 51.67 73.48 506.62
9 8.91 52.36 107.36 55.01 78.22 539.29

Link Results - Peak Hour

ID FROM TO Length (m) Diameter (mm) Roughness Flow (L/s) Velocity (m/s)
1001 Albert_8 2 7.98 297.00 120.00 41.66 0.60
1002 5 Albert_7 99.73 297.00 120.00 -20.30 0.29
1003 5 6 143.55 204.00 110.00 11.18 0.34
1004 8 Albert_6 19.71 204.00 110.00 -16.07 0.49
1005 6 8 74.71 204.00 110.00 -16.07 0.49
1006 9 6 84.55 204.00 110.00 -8.91 0.27
1008 12 11 15.52 204.00 110.00 2.33 0.07
1009 16 12 59.34 204.00 110.00 3.68 0.11
1010 15 Wellington_1 63.13 204.00 110.00 -21.72 0.66
1011 16 15 5.45 297.00 120.00 -3.68 0.05
1012 17 15 42.92 204.00 110.00 -18.04 0.55

C3 32 33 68.12 204.00 110.00 -11.42 0.35
1017 23 22 46.88 204.00 110.00 12.47 0.38
1018 25 Wellington_2 13.71 204.00 110.00 -27.96 0.86

C2 17 32 42.82 204.00 110.00 3.25 0.10
1020 28 Booth_4 95.52 204.00 110.00 -13.64 0.42
1022 30 29 21.74 204.00 110.00 9.01 0.28
1023 Wellington_3 30 12.02 204.00 110.00 15.56 0.48

C1 2 1 34.20 297.00 120.00 41.66 0.60
C4 33 18 73.85 204.00 110.00 -1.42 0.04
C6 25 33 60.97 204.00 110.00 19.97 0.61

C11 23 18 8.86 204.00 110.00 -12.47 0.38
C12 29 28 3.77 297.00 120.00 9.01 0.13
C13 28 18 58.08 204.00 110.00 22.65 0.69



Fire Flow Results - Max Day + 200 L/s

ID
Static Demand 

(L/s)
Static Pressure 

(m)
Static Pressure 

(psi)
Static Pressure 

(kPa)
Static Head 

(m)
Fire Flow 

Demand (L/s)
Residual 

Pressure (m)
Residual 

Pressure (psi)
Available 
Flow (L/s)

Available 
Pressure (psi)

9 4.09 57.52 81.79 563.92 109.88 200.00 31.74 45.13 322.3 20
11 0.43 49.52 70.42 485.50 105.25 200.00 27.59 39.23 528.0 20
12 0.00 49.54 70.44 485.68 105.25 200.00 30.86 43.88 562.1 20
17 6.15 49.47 70.35 485.05 105.43 200.00 41.96 59.66 770.8 20
32 6.78 49.83 70.86 488.58 105.70 200.00 42.36 60.23 817.6 20
22 5.72 50.69 72.08 496.96 106.64 200.00 32.96 46.87 828.9 20
6 8.45 54.15 76.99 530.85 109.89 200.00 46.51 66.13 982.2 20
8 0.00 51.01 72.54 500.14 109.90 200.00 48.17 68.50 1000.7 20

33 4.65 50.40 71.67 494.13 106.33 200.00 46.38 65.96 1099.9 20
25 3.63 50.29 71.51 493.03 106.46 200.00 48.27 68.64 1229.8 20
23 0.00 50.66 72.03 496.64 106.65 200.00 43.13 61.33 1339.5 20
18 4.05 50.65 72.02 496.57 106.66 200.00 45.05 64.07 1418.8 20
16 0.00 49.28 70.07 483.11 105.25 200.00 43.11 61.29 1457.7 20
15 0.00 49.25 70.04 482.88 105.25 200.00 43.24 61.48 1542.9 20
30 2.98 51.00 72.52 500.01 107.11 200.00 49.51 70.40 1554.9 20
29 0.00 50.71 72.10 497.12 107.13 200.00 48.45 68.90 1860.3 20
28 0.00 50.70 72.09 497.02 107.13 200.00 48.44 68.88 1914.8 20
5 4.35 53.91 76.65 528.50 109.98 200.00 51.76 73.60 2138.8 20
1 19.26 52.00 73.95 509.85 109.98 200.00 50.61 71.96 2882.5 20
2 0.00 51.45 73.16 504.39 110.00 200.00 51.18 72.78 7042.4 20
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Appendix C Sanitary Servicing 

C.1 Sanitary Sewer Design Sheet 
  



SUBDIVISION:

4.0 280  l/p/day 0.60  m/s

DATE: 2.0 28,000 l/ha/day 3.00  m/s

REVISION: 2.4 55,000 l/ha/day 0.013

DESIGNED BY: FILE NUMBER: 160401780 1.5 35,000 l/ha/day BEDDING CLASS B
CHECKED BY: 3.4 28,000 l/ha/day MINIMUM COVER 2.50 m

2.7 0.33 l/s/Ha HARMON CORRECTION FACTOR 0.8

1.8 HOTEL 225 l/bedspace/day BEDSPACE/HOTEL UNIT 2.00
C+I+I TOTAL

AREA ID FROM TO AREA POP. PEAK PEAK UNITS BEDSPACE ACCU. BED PEAK AREA POP. ACCU. PEAK AREA ACCU. AREA ACCU. AREA ACCU. AREA ACCU. AREA ACCU. PEAK TOTAL ACCU. INFILT. FLOW LENGTH DIA MATERIAL CLASS SLOPE CAP. CAP. V VEL.
NUMBER M.H. M.H. SINGLE TOWN APT AREA POP. FACT. FLOW FLOW POP. FLOW AREA AREA AREA AREA AREA FLOW AREA AREA FLOW (FULL) PEAK FLOW (FULL)

(ha) (ha) (l/s) (l/s) (ha) (l/s) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (l/s) (ha) (ha) (l/s) (l/s) (m) (mm) (%) (l/s) (%) (m/s)

R5A SAN 5 SAN 4 1.20 0 74 302 743 1.20 743 3.30 8.0 104 208 208 0.8 0.00 0 0 0.00 0.09 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 1.20 1.20 0.4 9.2 29.6 250 PVC SDR 35 0.40 38.3 23.98% 0.77
R4A SAN 4 SAN 3 2.04 0 160 774 1825 3.24 2569 3.00 25.0 0 0 208 0.8 0.00 0 0 0.00 0.11 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.1 2.04 3.24 1.1 26.9 184.2 250 PVC SDR 35 0.40 38.3 70.17% 0.77

R3AA SAN 3A SAN 3 0.21 0 0 381 686 0.21 686 3.32 7.4 0 0 0 0.0 0.00 0 0 0.00 0.29 0.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.2 0.21 0.21 0.1 7.7 38.8 250 PVC SDR 35 0.40 38.3 20.03% 0.77

C3A SAN 3 SAN 2 0.00 0 0 0 0 3.45 3254 2.93 30.9 0 0 208 0.8 0.00 0 0 0.00 0.18 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.2 0.46 3.91 1.3 33.2 59.8 300 PVC SDR 35 0.30 52.6 63.16% 0.75
R2A SAN 2 SAN 1 0.56 0 46 403 850 4.01 4104 2.86 38.0 0 0 208 0.8 0.00 0 0 0.00 0.00 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.2 0.56 4.47 1.5 40.5 88.2 300 PVC SDR 35 0.30 52.6 77.06% 0.75

C15A SAN 15 SAN 14 0.00 0 0 0 0 0.00 0 3.80 0.0 0 0 0 0.0 0.00 0 0 0.00 2.67 2.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.3 1.02 1.02 0.3 1.6 4.6 250 PVC SDR 35 0.70 50.7 3.22% 1.02
SAN 14 SAN 13 0.00 0 0 0 0 0.00 0 3.80 0.0 0 0.0 0.00 0 0 0.00 0.00 2.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.3 0.00 1.02 0.3 1.6 53.4 250 PVC SDR 35 0.50 42.9 3.81% 0.86

G13A SAN 13 SAN 11 0.00 0 0 0 0 0.00 0 3.80 0.0 0 0 0 0.0 2.48 459 459 0.13 0.00 2.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.3 2.48 3.50 1.2 2.6 38.9 250 PVC SDR 35 0.38 37.4 6.91% 0.75

G11AA SAN 11A SAN 11 0.00 0 0 0 0 0.00 0 3.80 0.0 0 0 0 0.0 6.84 1268 1268 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 6.84 6.84 2.3 2.6 63.9 300 PVC SDR 35 0.41 61.5 4.27% 0.87

See Note 2. below SAN 11 SAN 10 0.00 0 0 0 0 0.00 0 3.80 0.0 0 0 0 0.0 0.00 0 1727 0.50 0.00 2.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.3 0.00 10.34 3.4 5.2
R10A, R10B SAN 10 SAN 9 2.22 0 10 571 1055 2.22 1055 3.23 11.0 101 201 201 0.8 0.00 0 0 0.00 0.20 2.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.4 2.22 12.56 4.1 17.4 104.2 250 PVC SDR 35 0.40 38.3 45.27% 0.77

R18A, R18B SAN 18 SAN 17 2.41 0 0 896 1613 2.41 1613 3.13 16.3 101 201 201 0.8 0.00 0 0 0.00 0.26 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.1 2.41 2.41 0.8 18.0 49.1 300 PVC SDR 35 1.00 96.0 18.75% 1.36
SAN 17 SAN 17A 0.00 0 0 0 0 2.41 1613 3.13 16.3 0 0 201 0.8 0 0 0.00 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.1 0.00 2.41 0.8 18.0 15.9 300 PVC SDR 35 1.00 96.0 18.75% 1.36

R8A SAN 9 SAN 7 0.91 0 0 473 851 0.91 851 3.28 9.0 0 0 0 0.0 0.00 0 0 0.00 2.92 2.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.4 0.91 0.91 0.3 10.8 87.7 250 PVC SDR 35 0.30 33.2 32.39% 0.67
R7A SAN 7 SAN 6 0.80 0 10 348 653 1.71 1505 3.14 15.3 0 0 0 0.0 0.00 0 0 0.00 0.00 2.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.4 0.80 1.71 0.6 17.3 64.4 250 PVC SDR 35 0.30 33.2 52.12% 0.67

SAN 6 SAN 6A 0.00 0 0 0 0 1.71 1505 3.14 15.3 0 0 0 0.0 0 0 0.00 0.00 2.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.4 0.00 1.71 0.6 17.3 16.2 250 PVC SDR 35 0.30 33.2 52.12% 0.67
4172 2.85 38.6 6.04 2.9 16.69 5.5 52.7

300 4148 8276 8276 21.16 93.2
1. Sanitary manhole numbers taken from functional sanitary servicing plan Drawing SAN-1 attached as part of submission package.
2. PPS for proposed pumping station to service Blocks 17-19 and located upstream of SAN 11 with forcemain connecting SAN 11 to SAN 10; outflow from PPS assumed to be the same as intake flow
3. Hotel bedspace assumed to be 2 bedspace/room per LeBreton Flats MSS (CIMA+ 2021)
4. Block 12 hotel unit counts estimated based on density of hotel room/gross floor area (201 rooms/9450 m²) established for Block 2 in density table.
5. Park area population estimated based on 185.3 persons/ha density in LeBreton Flats MSS (CIMA+ 2021); 20 L/p/d demand based on park picnic and flush toilet demands

LOCATION RESIDENTIAL AREA AND POPULATION COMMERCIAL INDUSTRIAL (H)
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MW
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PEAKING FACTOR (ICI >20%):

HOTEL PARKS INSTITUTIONAL GREEN / UNUSED

PERSONS / SINGLE

PIPE

PERSONS / TOWNHOME
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INDUSTRIAL (L) INFILTRATION

INFILTRATION
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C.2 Proposed Preliminary Pump Station Design Memo 

  



 

  
 

Memo 

To: Peter Moroz, P.Eng. 
 

From: Gregory Chochlinski, P. Eng. 
Stantec, Ottawa 

Project/File: 160401780 Date: July 23, 2024 

 

Reference: LeBreton Flats Subdivision Sewage PS – Functional Design  

INTRODUCTION 

Further to your request we prepared a Functional Design and location options for the proposed Sewage PS 
at LeBreton Flats. We understand that this Memo will be reviewed by the stakeholders and one of the two 
options will be selected to advance to the preliminary design.  

We understand that the proposed PS would receive a  peak flow of about 3.6 L/s but we propose a pumping 
rate of about 7.0 L/s through 100 mm diameter forcemain to maintain self-cleaning velocity of 0.90 m/s. Twin 
forcemains are proposed for redundancy, as per the City guidelines. After construction and commissioning 
the PS will be taken over and operated by the City of Ottawa. 

Two location options are presented and evaluated in this Memo: 

Option 1: PS location close to LRT corridor (south of the arch bridge) 

Option 2: PS location north of the arch bridge 

In both cases the twin discharge forcemains would need to be installed under the existing LRT tracks using 
trenchless construction method. 

Refer to the Attachment for the proposed plan and profile drawings for two options. 

PS DESIGN COMPONENTS 

The proposed PS will be a wet well type with two submersible pumps, one duty, one standby, with the 
following components: 

• Prefabricated Fiberglass wet well, 2.4 m diameter (minimum size acceptable to the City) 
• Inlet sewer 250 mm dia. with an isolation valve and trash basket 
• Two submersible sewage pumps capable of pumping about 7.0 L/s 
• Twin forcemains, 100 mm dia. each (HDPE/PVC, SS inside the swabbing chamber) 
• Bypass MH (upstream of the wet well) to allow bypassing the wet well during inspections/repairs or 

emergency situations 
• Swabbing/Bypass Chamber d/s of the wet well 
• Precast concrete control building with HVAC, for process, electrical and SCADA equipment 
• Permanent power supply 
• Soft starters for well pumps 
• Standby Power: Generator (diesel or natural gas) 
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• SCADA control and communication 
 

The Swabbing/Bypass Chamber downstream of the wet well will have the following components: 

• Swab launcher at each of the two 100 mm forcemains (FMs) 
• 75 mm Bypass Connections with isolation valves at each of the two FMs 
• Flowmeters at each of the two FMs 
• Isolation valves at entry and exist within the chamber 
• Drain valves and sump pit (gravity drain back to the well could be an option) 

 
The PS facility with be equipped with the following: 

• Security fence, 2.4 m tall with a sliding access gate 4.0 m wide. 
• Asphalt access road and parking (2 spots) with a turning point 
• Granular or asphalt walkways to the control building and generator  
• Protective bollards 
• Yard hydrant and flow metering chamber (if connection to the City water supply system is possible). 

Or water trucks will be used when occasional cleanup of the wet well is required. 

TRENCHLESS CROSSING OF LRT CORRIDOR 

The proposed 100 mm dia. twin FMs will cross the existing LRT corridor using trenchless construction 
method. More detailed geotechnical evaluation is required to determine the most suitable trenchless 
method, installation depth, allowable vibration and settlement limits etc.  

At this point it appears that a 600 mm dia. casing installed by pipe ramming might be a suitable option. The 
pipe material for two 100 mm FMs crossing the LRT inside the casing are anticipated to be HDPE. The 
casing would be grouted or filled with blown-in sand after the installation of FMs.  

REVIEW OF PROPOSED LOCATION OPTIONS 

In both options part of the arch of the existing old bridge would need to be removed to allow installation of 
pipes. The first 10 m of the arch bridge will remain intact as it is considered a heritage structure. The 
remaining portion of the arch bridge (about 20 m) is already abandoned, buried and filled with stone under 
the arch. The proposed open cut will remove a section of the abandoned arch for installation of the 
FMs/sewer/access road. 

In both options the proposed new pipes will cross above the existing 1,650 mm dia. watermain, this will 
greatly reduce the risk of any damage to the watermain.  

The pros and cons of two options are presented below: 

Description Option 1: PS near the LRT Option 2: PS north of arch bridge 

PS Layout Simpler More complicated 

Lot size requirement Approx. 14.0 x 23.0 m Approx. 20.0 x 20.0 m (irreg.) 
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Pipe alignment Simple, straight, FM easier to swab. 
Only one pipe (gravity sewer) 
crossing the arch bridge. Swabbing 
connection might not be needed as 
the short FM could be cleaned with 
water jets from the MH side, if ever 
needed. 

Longer, more bends for FM, more 
difficult to swab. Three pipes crossing 
the arch bridge. 

Access Road Longer access road needed, wider 
cut at arch bridge needed 

Short road, no road over the arch 
bridge 

Water Supply and YH 
for cleaning 

Longer water line needed (water 
truck could be more economical for 
occasional cleaning of wet well) 

Shorter line, from the new development 

Trenchless crossing 
of LRT 

Same Same 

Power Supply Likely from Street 5, to be designed 
as part of the plan of subdivision. 

 Likely from Street 5, to be designed as 
part of the plan of subdivision 

Property/easement 
acquisition issues 

On the NCC property to be conveyed 
to the City of Ottawa for City park. 

On the NCC property to be conveyed to 
the City of Ottawa for City park 

 

Please let us know if you have any comments or questions. We look forward to discussing this Memo with 
all interested parties and stakeholders. 

Regards, 

STANTEC CONSULTING LTD. 

 
Gregory Chochlinski P.Eng., M.Eng. 
Senior Associate 
Mobile: 613-290-2322 
gregory.chochlinski@stantec.com 

 

   stantec.com  
 
  Attachments: 

1. Functional Design  Drawings – Plan and Profile – Option 1 and 2

Type text here

mailto:gregory.chochlinski@stantec.com
https://www.stantec.com/
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Functional Design Drawings 
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NOTE :FUTURE CAVE CREEK
COLLECTOR BY OTHERS.

REFERENCE: CAVE CREEK
COLLECTOR REALIGNMENT.

BY ROBINSON CONSULTANTS.
CONTRACT # CP000511

NOTE :EXISTING CAVE CREEK
COLLECTOR TO BE

REALIGNED BY OTHERS.

PROPOSED SANITARY SEWER
CONCEPTUAL PUMP STATION

EXISTING SANITARY SEWER
EXISTING STORM SEWER
EXISTING WATERMAIN

33.0m-250mmØ SAN @ 0.40%

34.3m-250mmØ SAN @ 0.40%

2.3m-250mmØ SAN @ 0.40%

4.5m-250mmØ SAN @ 0.50%
1200mmØ BYPASS MH

SAN 13
T/G=55.50

SE INV=51.82
SW INV=51.82

SAN 12
T/G=55.00
SE INV=51.86
SW INV=51.86

SAN 11
T/G=54.67
NW INV=51.91
SW INV=51.91
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34.8m-100mmØ DUAL FORCEMAIN
300mm C-C, c/w 600mm  STEEL CASING UNDER THE LRT
BY TRENCHLESS INSTALLATION METHOD

N

SAN 9
T/G=58.65

NE INV=51.91
NW INV=53.03
SW INV=51.91

SAN 10
T/G=56.13
NW INV=53.90 (PRESSURIZED)
SE INV=53.43

Notes
1. APPROXIMATE DEPTH OF BEDROCK RETRIEVED  FROM

GEOTECHNICAL REPORT BY STANTEC  CONSULTING, TITLED
GEOTECHNICAL DESKTOP REVIEW, LEBRETON FLATS PLAN OF
SUBDIVISION, OTTAWA, ONTARIO. PREPARED FOR NATIONAL
CAPITAL COMMISSION, DATED MAY 7, 2024

2. LRT DESIGN LAYOUT RETRIEVED FROM: MMM GROUP,
DRAWING # REM-20-1-0000-DRD-2714, DATED: 2019-07-22

3. TOPOGRAPHIC SURVEY RETRIEVED FROM: STANTEC
GEOMATICS LTD. PROJECT # 160401780-112, DATED AUGUST
31,2023

4. DRAFT PLAN RETRIEVED FROM: STANTEC GEOMATICS LTD.
PROJECT # 160401780-112, DATED MARCH 12,2024

10.00m

30.00m
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C.3 LeBreton Flats Pumping Station Certificate of Approval 
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C.4 Sanitary Flow Allocation – Dessau Soprin MSS  



SUBDIVISION:

4.0 350 l/p/day 0.60  m/s

DATE: 2.0 50,000 l/ha/day 3.00  m/s

REVISION: 2.4 55,000 l/ha/day 0.013

DESIGNED BY: FILE NUMBER: 160401780 1.5 35,000 l/ha/day BEDDING CLASS B
CHECKED BY: 3.0 50,000 l/ha/day MINIMUM COVER 2.50 m

3.0 0.28 l/s/Ha HARMON CORRECTION FACTO 1.0

2.1 225.00 l/bed-space/day

C+I+I TOTAL
AREA ID FROM TO AREA POP. PEAK*** AREA ACCU. AREA ACCU. AREA ACCU. AREA ACCU. AREA ACCU. PEAK TOTAL ACCU. INFILT. FLOW LENGTH DIA MATERIAL CLASS SLOPE CAP. CAP. V VEL.

NUMBER* M.H. M.H. SINGLE TOWN APT AREA POP. FLOW AREA AREA AREA AREA AREA FLOW AREA AREA FLOW (FULL) PEAK FLOW (FULL)

(ha) (ha) (l/s) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (l/s) (ha) (ha) (l/s) (l/s) (m) (mm) (%) (l/s) (%) (m/s)

BLOCK 5 (LMNO) LFPS 3.020 112 642 1684 3.020 1684 23.1 0.22 0.22 0.00 0.00 0.00 0.00 4.30 4.30 0.00 0.00 3.9 3.02 3.02 0.8 27.9
BLOCK 17 (JK) LFPS (now to CCC) 0.930 192 403 0.930 403 5.5 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.93 0.93 0.3 5.8
BLOCK 7 (UT) LFPS 0.940 0.940 0.35 0.35 0.00 0.00 0.00 0.00 6.30 6.30 0.00 0.00 5.8 0.94 0.94 0.3 6.0
Victoria Island LFPS  20.0
Future Cultural/Institutional (V)** LFPS 1.660 1.660 0.00 0.00 0.00 0.00 0.00 0.00 1.96 1.96 0.00 0.00 1.7 1.66 1.66 0.5 2.2
Canadian War Museum (XW)** LFPS 3.660 3.660 0.00 0.00 0.00 0.00 0.00 0.00 4.44 4.44 0.00 0.00 3.9 3.66 3.66 1.0 4.9
CLARIDGE PHASES 1-5 (PQRS) LFPS 1.980 44 595 1382 1.980 1382 19.0 0.23 0.23 0.00 0.00 0.00 0.00 1.05 1.05 0.00 0.00 1.1 1.98 1.98 0.6 20.6
N of Aqueduct & E of Booth (I) CLARLFPS 0.100 10 21 0.100 21 0.3 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.10 0.10 0.0 0.3
LFPS TOTAL 3490 3490 47.9 0.89 0.89 0.00 0.00 18.05 18.05 0.00 16.4 12.29 12.29 3.4 87.8

* Letter Drainage Area IDs per Ainley Infrastructure Needs Assessment Drawing 1-3 and Table 1-2 - Referenced in Dessau Soprin MSS
** Dessau Soprin MSS assigned 64,000m2 to VXW.  In site statistics (Ainley table 1-2), 44,376 assigned to XW.  As such the difference has been assigned to V (Future Cultural/Institutional) to match total in DS report which is more conservative than Ainley values.
*** Peak residential flows from MSS assigned based on proportionate population

1 PEAKING FACTOR (INDUSTRIAL): INDUSTRIAL (HEAVY) MANNINGS n 

SANITARY SEWER DESIGN PARAMETERS

LeBreton Flats DESIGN SHEET
(City of Ottawa) MAX PEAK FACTOR (RES.)= AVG. DAILY FLOW / PERSON MINIMUM VELOCITY

 Sanitary Flow Allocation - Data from Dessau Soprin MSS MIN PEAK FACTOR (RES.)= COMMERCIAL MAXIMUM VELOCITY

PEAKING FACTOR (ICI >20%): INDUSTRIAL (LIGHT)

- PERSONS / SINGLE INSTITUTIONAL

PERSONS / TOWNHOME INFILTRATION

PERSONS / APARTMENT HOTEL

LOCATION RESIDENTIAL AREA AND POPULATION COMMERCIAL INDUSTRIAL (L) INDUSTRIAL (H) INSTITUTIONAL
UNITS CUMULATIVE

HOTEL INFILTRATION PIPE
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Appendix D Stormwater Management 

D.1 Modified Rational Method Calculations 

  



Stormwater Management Calculations

File No: 160401780
Project: LeBreton Flats
Date: 23-May-24 SWM Approach:

Post-development to 5-yr Storm C=0.7, Tc=10min

Post-Development Site Conditions:

Overall Runoff Coefficient for Site and Sub-Catchment Areas

Area Runoff Overall
(ha) Coefficient Runoff 

Catchment Type ID / Description "A" "C" Coefficient 

Controlled - Tributary BLK-17 Hard 0.827 0.9 0.744
Soft 0.064 0.2 0.013

Subtotal 0.89 0.757 0.850

Controlled - Tributary BLK-15 Hard 0.308 0.9 0.277
Soft 0.024 0.2 0.005

Subtotal 0.33 0.282 0.850

Controlled - Tributary BLK-14 Hard 0.278 0.9 0.250
Soft 0.021 0.2 0.004

Subtotal 0.30 0.255 0.850

Controlled - Tributary BLK-13 Hard 0.253 0.9 0.228
Soft 0.019 0.2 0.004

Subtotal 0.27 0.232 0.850

Controlled - Tributary BLK-12 Hard 0.235 0.9 0.212
Soft 0.018 0.2 0.004

Subtotal 0.25 0.215 0.850

Controlled - Tributary BLK-11 Hard 0.263 0.9 0.237
Soft 0.020 0.2 0.004

Subtotal 0.28 0.241 0.850

Controlled - Tributary BLK-10 Hard 0.222 0.9 0.200
Soft 0.017 0.2 0.003

Subtotal 0.24 0.203 0.850

Controlled - Tributary BLK-9 Hard 0.409 0.9 0.368
Soft 0.031 0.2 0.006

Subtotal 0.44 0.374 0.850

Controlled - Tributary BLK-8 Hard 0.317 0.9 0.285
Soft 0.024 0.2 0.005

Subtotal 0.34 0.290 0.850

Controlled - Tributary BLK-7 Hard 0.410 0.9 0.369
Soft 0.032 0.2 0.006

Subtotal 0.44 0.375 0.850

Controlled - Tributary BLK-6 Hard 0.285 0.9 0.257
Soft 0.022 0.2 0.004

Subtotal 0.31 0.261 0.850

Controlled - Tributary BLK-5 Hard 0.368 0.9 0.331
Soft 0.028 0.2 0.006

Subtotal 0.40 0.337 0.850

Controlled - Tributary BLK-4 Hard 0.371 0.9 0.334
Soft 0.029 0.2 0.006

Subtotal 0.40 0.340 0.850

Controlled - Tributary BLK-3 Hard 0.463 0.9 0.416
Soft 0.036 0.2 0.007

Subtotal 0.50 0.424 0.850

Controlled - Tributary BLK-2 Hard 2.521 0.9 2.269
Soft 0.194 0.2 0.039

Subtotal 2.71 2.307 0.850

Controlled - Tributary BLK-1 Hard 0.838 0.9 0.755
Soft 0.064 0.2 0.013

Subtotal 0.90 0.768 0.850

Total 9.01 7.661
Overall Runoff Coefficient= C: 0.85

Total Roof Areas 0.000 ha
Total Tributary Surface Areas (Controlled and Uncontrolled) 9.013 ha
Total Tributary Area to Outlet 9.013 ha

Total Uncontrolled Areas (Non-Tributary) 0.000 ha

Total Site 9.013 ha

Sub-catchment
Area

Runoff Coefficient Table

"A x C"

Date: 2024-07-23, 13:51
Stantec Consulting Ltd.

mrm_2024-07-18_overall-blocks.xlsm, Area Summary
W:\active\160401780\design\1_CIVIL\report\Functional Servicing Report\Appendices\D_Storm\



Stormwater Management Calculations

Project #160401780, LeBreton Flats Project #160401780, LeBreton Flats
Modified Rational Method Calculations for Storage Modified Rational Method Calculations for Storage

5 yr Intensity I = a/(t + b)c
a = 998.071 t (min) I (mm/hr) 100 yr Intensity I = a/(t + b)c

a = 1735.688 t (min) I (mm/hr)
City of Ottawa b = 6.053 10 104.19 City of Ottawa b = 6.014 10 178.56

c = 0.814 20 70.25 c = 0.820 20 119.95
30 53.93 30 91.87
40 44.18 40 75.15
50 37.65 50 63.95
60 32.94 60 55.89
70 29.37 70 49.79
80 26.56 80 44.99
90 24.29 90 41.11

100 22.41 100 37.90
110 20.82 110 35.20
120 19.47 120 32.89

 5 YEAR Modified Rational Method for Entire Site 100 YEAR Modified Rational Method for Entire Site
  

Subdrainage Area: BLK-17 Controlled - Tributary Subdrainage Area: BLK-17 Controlled - Tributary
Area (ha): 0.89 Area (ha): 0.89

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 219.33 180.62 38.71 23.22 10 178.56 442.20 180.62 261.58 156.95
20 70.25 147.88 147.88 0.00 0.00 20 119.95 297.06 180.62 116.43 139.72
30 53.93 113.52 113.52 0.00 0.00 30 91.87 227.51 180.62 46.89 84.40
40 44.18 93.01 93.01 0.00 0.00 40 75.15 186.10 180.62 5.47 13.14
50 37.65 79.26 79.26 0.00 0.00 50 63.95 158.38 158.38 0.00 0.00
60 32.94 69.35 69.35 0.00 0.00 60 55.89 138.42 138.42 0.00 0.00
70 29.37 61.83 61.83 0.00 0.00 70 49.79 123.30 123.30 0.00 0.00
80 26.56 55.91 55.91 0.00 0.00 80 44.99 111.42 111.42 0.00 0.00
90 24.29 51.13 51.13 0.00 0.00 90 41.11 101.81 101.81 0.00 0.00

100 22.41 47.17 47.17 0.00 0.00 100 37.90 93.87 93.87 0.00 0.00
110 20.82 43.83 43.83 0.00 0.00 110 35.20 87.18 87.18 0.00 0.00
120 19.47 40.98 40.98 0.00 0.00 120 32.89 81.46 81.46 0.00 0.00

Storage: Block 17 Onsite Storage: Block 17 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.89 0.70 10.00 104.19 180.62 0.89 0.70 10.00 104.19 180.62

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

23.22 157.00 OK 133.78 156.95 157.00 OK 0.05

Subdrainage Area: BLK-15 Controlled - Tributary Subdrainage Area: BLK-15 Controlled - Tributary
Area (ha): 0.33 Area (ha): 0.33

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 81.66 67.25 14.41 8.65 10 178.56 164.64 67.25 97.39 58.44
20 70.25 55.06 55.06 0.00 0.00 20 119.95 110.60 67.25 43.35 52.02
30 53.93 42.27 42.27 0.00 0.00 30 91.87 84.71 67.25 17.46 31.42
40 44.18 34.63 34.63 0.00 0.00 40 75.15 69.29 67.25 2.04 4.89
50 37.65 29.51 29.51 0.00 0.00 50 63.95 58.97 58.97 0.00 0.00
60 32.94 25.82 25.82 0.00 0.00 60 55.89 51.54 51.54 0.00 0.00
70 29.37 23.02 23.02 0.00 0.00 70 49.79 45.91 45.91 0.00 0.00
80 26.56 20.82 20.82 0.00 0.00 80 44.99 41.48 41.48 0.00 0.00
90 24.29 19.04 19.04 0.00 0.00 90 41.11 37.91 37.91 0.00 0.00

100 22.41 17.56 17.56 0.00 0.00 100 37.90 34.95 34.95 0.00 0.00
110 20.82 16.32 16.32 0.00 0.00 110 35.20 32.46 32.46 0.00 0.00
120 19.47 15.26 15.26 0.00 0.00 120 32.89 30.33 30.33 0.00 0.00

Storage: Block 15 Onsite Storage: Block 15 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.33 0.70 10.00 104.19 67.25 0.33 0.70 10.00 104.19 67.25

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

8.65 59.00 OK 50.35 58.44 59.00 OK 0.56

Subdrainage Area: BLK-14 Controlled - Tributary Subdrainage Area: BLK-14 Controlled - Tributary
Area (ha): 0.30 Area (ha): 0.30

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 73.74 60.72 13.01 7.81 10 178.56 148.67 60.72 87.94 52.76
20 70.25 49.72 49.72 0.00 0.00 20 119.95 99.87 60.72 39.14 46.97
30 53.93 38.16 38.16 0.00 0.00 30 91.87 76.49 60.72 15.76 28.37
40 44.18 31.27 31.27 0.00 0.00 40 75.15 62.56 60.72 1.84 4.42
50 37.65 26.65 26.65 0.00 0.00 50 63.95 53.25 53.25 0.00 0.00
60 32.94 23.31 23.31 0.00 0.00 60 55.89 46.54 46.54 0.00 0.00
70 29.37 20.79 20.79 0.00 0.00 70 49.79 41.45 41.45 0.00 0.00
80 26.56 18.80 18.80 0.00 0.00 80 44.99 37.46 37.46 0.00 0.00
90 24.29 17.19 17.19 0.00 0.00 90 41.11 34.23 34.23 0.00 0.00

100 22.41 15.86 15.86 0.00 0.00 100 37.90 31.56 31.56 0.00 0.00
110 20.82 14.74 14.74 0.00 0.00 110 35.20 29.31 29.31 0.00 0.00
120 19.47 13.78 13.78 0.00 0.00 120 32.89 27.39 27.39 0.00 0.00

Storage: Block 14 Onsite Storage: Block 14 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.30 0.70 10.00 104.19 60.72 0.30 0.70 10.00 104.19 60.72

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

7.81 53.00 OK 45.19 52.76 53.00 OK 0.24

Subdrainage Area: BLK-13 Controlled - Tributary Subdrainage Area: BLK-13 Controlled - Tributary
Area (ha): 0.27 Area (ha): 0.27

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 67.21 55.35 11.86 7.12 10 178.56 135.51 55.35 80.16 48.09
20 70.25 45.32 45.32 0.00 0.00 20 119.95 91.03 55.35 35.68 42.82
30 53.93 34.79 34.79 0.00 0.00 30 91.87 69.72 55.35 14.37 25.86
40 44.18 28.50 28.50 0.00 0.00 40 75.15 57.03 55.35 1.68 4.03
50 37.65 24.29 24.29 0.00 0.00 50 63.95 48.53 48.53 0.00 0.00
60 32.94 21.25 21.25 0.00 0.00 60 55.89 42.42 42.42 0.00 0.00
70 29.37 18.95 18.95 0.00 0.00 70 49.79 37.78 37.78 0.00 0.00
80 26.56 17.13 17.13 0.00 0.00 80 44.99 34.14 34.14 0.00 0.00
90 24.29 15.67 15.67 0.00 0.00 90 41.11 31.20 31.20 0.00 0.00

100 22.41 14.45 14.45 0.00 0.00 100 37.90 28.76 28.76 0.00 0.00
110 20.82 13.43 13.43 0.00 0.00 110 35.20 26.71 26.71 0.00 0.00
120 19.47 12.56 12.56 0.00 0.00 120 32.89 24.96 24.96 0.00 0.00

Storage: Block 13 Onsite Storage: Block 13 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.27 0.70 10.00 104.19 55.35 0.27 0.70 10.00 104.19 55.35

Design Discharge Design Discharge

Onsite Storage Onsite Storage

Design Discharge Design Discharge

Design Discharge Design Discharge

Design Discharge Design Discharge

Onsite Storage Onsite Storage

Onsite Storage Onsite Storage

Onsite Storage Onsite Storage

Date: 2024-07-23
Stantec Consulting Ltd. Page 2 of 6

mrm_2024-07-18_overall-blocks.xlsm, Modified RM
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Stormwater Management Calculations

Project #160401780, LeBreton Flats Project #160401780, LeBreton Flats
Modified Rational Method Calculations for Storage Modified Rational Method Calculations for Storage

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

7.12 49.00 OK 41.88 48.09 49.00 OK 0.91

Subdrainage Area: BLK-12 Controlled - Tributary Subdrainage Area: BLK-12 Controlled - Tributary
Area (ha): 0.25 Area (ha): 0.25

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 62.37 51.37 11.01 6.60 10 178.56 125.76 51.37 74.39 44.63
20 70.25 42.06 42.06 0.00 0.00 20 119.95 84.48 51.37 33.11 39.73
30 53.93 32.28 32.28 0.00 0.00 30 91.87 64.70 51.37 13.33 24.00
40 44.18 26.45 26.45 0.00 0.00 40 75.15 52.92 51.37 1.56 3.74
50 37.65 22.54 22.54 0.00 0.00 50 63.95 45.04 45.04 0.00 0.00
60 32.94 19.72 19.72 0.00 0.00 60 55.89 39.37 39.37 0.00 0.00
70 29.37 17.58 17.58 0.00 0.00 70 49.79 35.07 35.07 0.00 0.00
80 26.56 15.90 15.90 0.00 0.00 80 44.99 31.69 31.69 0.00 0.00
90 24.29 14.54 14.54 0.00 0.00 90 41.11 28.95 28.95 0.00 0.00

100 22.41 13.41 13.41 0.00 0.00 100 37.90 26.69 26.69 0.00 0.00
110 20.82 12.47 12.47 0.00 0.00 110 35.20 24.79 24.79 0.00 0.00
120 19.47 11.65 11.65 0.00 0.00 120 32.89 23.17 23.17 0.00 0.00

Storage: Block 12 Onsite Storage: Block 12 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.25 0.70 10.00 104.19 51.37 0.25 0.70 10.00 104.19 51.37

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

6.60 45.00 OK 38.40 44.63 45.00 OK 0.37

Subdrainage Area: BLK-11 Controlled - Tributary Subdrainage Area: BLK-11 Controlled - Tributary
Area (ha): 0.28 Area (ha): 0.28

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 69.68 57.39 12.30 7.38 10 178.56 140.49 57.39 83.10 49.86
20 70.25 46.98 46.98 0.00 0.00 20 119.95 94.38 57.39 36.99 44.39
30 53.93 36.07 36.07 0.00 0.00 30 91.87 72.28 57.39 14.90 26.81
40 44.18 29.55 29.55 0.00 0.00 40 75.15 59.12 57.39 1.74 4.17
50 37.65 25.18 25.18 0.00 0.00 50 63.95 50.32 50.32 0.00 0.00
60 32.94 22.03 22.03 0.00 0.00 60 55.89 43.98 43.98 0.00 0.00
70 29.37 19.64 19.64 0.00 0.00 70 49.79 39.17 39.17 0.00 0.00
80 26.56 17.76 17.76 0.00 0.00 80 44.99 35.40 35.40 0.00 0.00
90 24.29 16.24 16.24 0.00 0.00 90 41.11 32.35 32.35 0.00 0.00

100 22.41 14.99 14.99 0.00 0.00 100 37.90 29.82 29.82 0.00 0.00
110 20.82 13.93 13.93 0.00 0.00 110 35.20 27.70 27.70 0.00 0.00
120 19.47 13.02 13.02 0.00 0.00 120 32.89 25.88 25.88 0.00 0.00

Storage: Block 11 Onsite Storage: Block 11 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.28 0.70 10.00 104.19 57.39 0.28 0.70 10.00 104.19 57.39

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

7.38 50.00 OK 42.62 49.86 50.00 OK 0.14

Subdrainage Area: BLK-10 Controlled - Tributary Subdrainage Area: BLK-10 Controlled - Tributary
Area (ha): 0.24 Area (ha): 0.24

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 58.85 48.47 10.39 6.23 10 178.56 118.65 48.47 70.19 42.11
20 70.25 39.68 39.68 0.00 0.00 20 119.95 79.71 48.47 31.24 37.49
30 53.93 30.46 30.46 0.00 0.00 30 91.87 61.05 48.47 12.58 22.65
40 44.18 24.96 24.96 0.00 0.00 40 75.15 49.93 48.47 1.47 3.52
50 37.65 21.27 21.27 0.00 0.00 50 63.95 42.50 42.50 0.00 0.00
60 32.94 18.61 18.61 0.00 0.00 60 55.89 37.14 37.14 0.00 0.00
70 29.37 16.59 16.59 0.00 0.00 70 49.79 33.09 33.09 0.00 0.00
80 26.56 15.00 15.00 0.00 0.00 80 44.99 29.90 29.90 0.00 0.00
90 24.29 13.72 13.72 0.00 0.00 90 41.11 27.32 27.32 0.00 0.00

100 22.41 12.66 12.66 0.00 0.00 100 37.90 25.19 25.19 0.00 0.00
110 20.82 11.76 11.76 0.00 0.00 110 35.20 23.39 23.39 0.00 0.00
120 19.47 11.00 11.00 0.00 0.00 120 32.89 21.86 21.86 0.00 0.00

Storage: Block 10 Onsite Storage: Block 10 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.24 0.70 10.00 104.19 48.47 0.24 0.70 10.00 104.19 48.47

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

6.23 43.00 OK 36.77 42.11 43.00 OK 0.89

Subdrainage Area: BLK-9 Controlled - Tributary Subdrainage Area: BLK-9 Controlled - Tributary
Area (ha): 0.44 Area (ha): 0.44

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 108.45 89.31 19.14 11.48 10 178.56 218.66 89.31 129.34 77.61
20 70.25 73.12 73.12 0.00 0.00 20 119.95 146.89 89.31 57.57 69.09
30 53.93 56.13 56.13 0.00 0.00 30 91.87 112.50 89.31 23.18 41.73
40 44.18 45.99 45.99 0.00 0.00 40 75.15 92.02 89.31 2.71 6.50
50 37.65 39.19 39.19 0.00 0.00 50 63.95 78.32 78.32 0.00 0.00
60 32.94 34.29 34.29 0.00 0.00 60 55.89 68.45 68.45 0.00 0.00
70 29.37 30.57 30.57 0.00 0.00 70 49.79 60.97 60.97 0.00 0.00
80 26.56 27.65 27.65 0.00 0.00 80 44.99 55.09 55.09 0.00 0.00
90 24.29 25.28 25.28 0.00 0.00 90 41.11 50.34 50.34 0.00 0.00

100 22.41 23.32 23.32 0.00 0.00 100 37.90 46.41 46.41 0.00 0.00
110 20.82 21.67 21.67 0.00 0.00 110 35.20 43.11 43.11 0.00 0.00
120 19.47 20.26 20.26 0.00 0.00 120 32.89 40.28 40.28 0.00 0.00

Storage: Block 9 Onsite Storage: Block 9 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.44 0.70 10.00 104.19 89.31 0.44 0.70 10.00 104.19 89.31

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

11.48 78.00 OK 66.52 77.61 78.00 OK 0.39

Subdrainage Area: BLK-8 Controlled - Tributary Subdrainage Area: BLK-8 Controlled - Tributary
Area (ha): 0.34 Area (ha): 0.34

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 83.97 69.15 14.82 8.89 10 178.56 169.30 69.15 100.14 60.09
20 70.25 56.62 56.62 0.00 0.00 20 119.95 113.73 69.15 44.58 53.49

Design Discharge Design Discharge

Onsite Storage Onsite Storage

Design Discharge Design Discharge

Onsite Storage Onsite Storage

Design Discharge Design Discharge

Onsite Storage Onsite Storage

Design Discharge Design Discharge

Onsite Storage Onsite Storage
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Stormwater Management Calculations

Project #160401780, LeBreton Flats Project #160401780, LeBreton Flats
Modified Rational Method Calculations for Storage Modified Rational Method Calculations for Storage

30 53.93 43.46 43.46 0.00 0.00 30 91.87 87.10 69.15 17.95 32.31
40 44.18 35.61 35.61 0.00 0.00 40 75.15 71.25 69.15 2.10 5.03
50 37.65 30.34 30.34 0.00 0.00 50 63.95 60.64 60.64 0.00 0.00
60 32.94 26.55 26.55 0.00 0.00 60 55.89 52.99 52.99 0.00 0.00
70 29.37 23.67 23.67 0.00 0.00 70 49.79 47.21 47.21 0.00 0.00
80 26.56 21.41 21.41 0.00 0.00 80 44.99 42.66 42.66 0.00 0.00
90 24.29 19.57 19.57 0.00 0.00 90 41.11 38.98 38.98 0.00 0.00

100 22.41 18.06 18.06 0.00 0.00 100 37.90 35.94 35.94 0.00 0.00
110 20.82 16.78 16.78 0.00 0.00 110 35.20 33.38 33.38 0.00 0.00
120 19.47 15.69 15.69 0.00 0.00 120 32.89 31.19 31.19 0.00 0.00

Storage: Block 8 Onsite Storage: Block 8 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.34 0.70 10.00 104.19 69.15 0.34 0.70 10.00 104.19 69.15

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

8.89 61.00 OK 52.11 60.09 61.00 OK 0.91

Subdrainage Area: BLK-7 Controlled - Tributary Subdrainage Area: BLK-7 Controlled - Tributary
Area (ha): 0.44 Area (ha): 0.44

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 108.62 89.45 19.17 11.50 10 178.56 219.00 89.45 129.55 77.73
20 70.25 73.24 73.24 0.00 0.00 20 119.95 147.12 89.45 57.66 69.20
30 53.93 56.22 56.22 0.00 0.00 30 91.87 112.67 89.45 23.22 41.80
40 44.18 46.06 46.06 0.00 0.00 40 75.15 92.16 89.45 2.71 6.51
50 37.65 39.25 39.25 0.00 0.00 50 63.95 78.44 78.44 0.00 0.00
60 32.94 34.34 34.34 0.00 0.00 60 55.89 68.55 68.55 0.00 0.00
70 29.37 30.62 30.62 0.00 0.00 70 49.79 61.07 61.07 0.00 0.00
80 26.56 27.69 27.69 0.00 0.00 80 44.99 55.18 55.18 0.00 0.00
90 24.29 25.32 25.32 0.00 0.00 90 41.11 50.42 50.42 0.00 0.00

100 22.41 23.36 23.36 0.00 0.00 100 37.90 46.49 46.49 0.00 0.00
110 20.82 21.71 21.71 0.00 0.00 110 35.20 43.18 43.18 0.00 0.00
120 19.47 20.30 20.30 0.00 0.00 120 32.89 40.34 40.34 0.00 0.00

Storage: Block 7 Onsite Storage: Block 7 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.44 0.70 10.00 104.19 89.45 0.44 0.70 10.00 104.19 89.45

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

11.50 78.00 OK 66.50 77.73 78.00 OK 0.27

Subdrainage Area: BLK-6 Controlled - Tributary Subdrainage Area: BLK-6 Controlled - Tributary
Area (ha): 0.31 Area (ha): 0.31

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 75.66 62.31 13.35 8.01 10 178.56 152.55 62.31 90.24 54.14
20 70.25 51.01 51.01 0.00 0.00 20 119.95 102.48 62.31 40.17 48.20
30 53.93 39.16 39.16 0.00 0.00 30 91.87 78.48 62.31 16.17 29.11
40 44.18 32.09 32.09 0.00 0.00 40 75.15 64.20 62.31 1.89 4.53
50 37.65 27.34 27.34 0.00 0.00 50 63.95 54.64 54.64 0.00 0.00
60 32.94 23.92 23.92 0.00 0.00 60 55.89 47.75 47.75 0.00 0.00
70 29.37 21.33 21.33 0.00 0.00 70 49.79 42.54 42.54 0.00 0.00
80 26.56 19.29 19.29 0.00 0.00 80 44.99 38.44 38.44 0.00 0.00
90 24.29 17.64 17.64 0.00 0.00 90 41.11 35.12 35.12 0.00 0.00

100 22.41 16.27 16.27 0.00 0.00 100 37.90 32.38 32.38 0.00 0.00
110 20.82 15.12 15.12 0.00 0.00 110 35.20 30.07 30.07 0.00 0.00
120 19.47 14.14 14.14 0.00 0.00 120 32.89 28.10 28.10 0.00 0.00

Storage: Block 6 Onsite Storage: Block 6 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.31 0.70 10.00 104.19 62.31 0.31 0.70 10.00 104.19 62.31

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

8.01 55.00 OK 46.99 54.14 55.00 OK 0.86

Subdrainage Area: BLK-5 Controlled - Tributary Subdrainage Area: BLK-5 Controlled - Tributary
Area (ha): 0.40 Area (ha): 0.40

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 97.66 80.42 17.23 10.34 10 178.56 196.89 80.42 116.47 69.88
20 70.25 65.85 65.85 0.00 0.00 20 119.95 132.27 80.42 51.84 62.21
30 53.93 50.55 50.55 0.00 0.00 30 91.87 101.30 80.42 20.88 37.58
40 44.18 41.41 41.41 0.00 0.00 40 75.15 82.86 80.42 2.44 5.85
50 37.65 35.29 35.29 0.00 0.00 50 63.95 70.52 70.52 0.00 0.00
60 32.94 30.88 30.88 0.00 0.00 60 55.89 61.63 61.63 0.00 0.00
70 29.37 27.53 27.53 0.00 0.00 70 49.79 54.90 54.90 0.00 0.00
80 26.56 24.90 24.90 0.00 0.00 80 44.99 49.61 49.61 0.00 0.00
90 24.29 22.77 22.77 0.00 0.00 90 41.11 45.33 45.33 0.00 0.00

100 22.41 21.00 21.00 0.00 0.00 100 37.90 41.80 41.80 0.00 0.00
110 20.82 19.52 19.52 0.00 0.00 110 35.20 38.82 38.82 0.00 0.00
120 19.47 18.25 18.25 0.00 0.00 120 32.89 36.27 36.27 0.00 0.00

Storage: Block 5 Onsite Storage: Block 5 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.40 0.70 10.00 104.19 80.42 0.40 0.70 10.00 104.19 80.42

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

10.34 70.00 OK 59.66 69.88 70.00 OK 0.12

Subdrainage Area: BLK-4 Controlled - Tributary Subdrainage Area: BLK-4 Controlled - Tributary
Area (ha): 0.40 Area (ha): 0.40

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 98.37 81.01 17.36 10.42 10 178.56 198.32 81.01 117.31 70.39
20 70.25 66.32 66.32 0.00 0.00 20 119.95 133.22 81.01 52.22 62.66
30 53.93 50.91 50.91 0.00 0.00 30 91.87 102.03 81.01 21.03 37.85
40 44.18 41.71 41.71 0.00 0.00 40 75.15 83.46 81.01 2.45 5.89
50 37.65 35.55 35.55 0.00 0.00 50 63.95 71.03 71.03 0.00 0.00
60 32.94 31.10 31.10 0.00 0.00 60 55.89 62.08 62.08 0.00 0.00
70 29.37 27.73 27.73 0.00 0.00 70 49.79 55.30 55.30 0.00 0.00
80 26.56 25.08 25.08 0.00 0.00 80 44.99 49.97 49.97 0.00 0.00
90 24.29 22.93 22.93 0.00 0.00 90 41.11 45.66 45.66 0.00 0.00

100 22.41 21.15 21.15 0.00 0.00 100 37.90 42.10 42.10 0.00 0.00
110 20.82 19.66 19.66 0.00 0.00 110 35.20 39.10 39.10 0.00 0.00
120 19.47 18.38 18.38 0.00 0.00 120 32.89 36.54 36.54 0.00 0.00

Storage: Block 4 Onsite Storage: Block 4 Onsite

Design Discharge Design Discharge

Onsite Storage Onsite Storage

Design Discharge Design Discharge

Onsite Storage Onsite Storage

Design Discharge Design Discharge

Onsite Storage Onsite Storage

Design Discharge Design Discharge

Onsite Storage Onsite Storage

Design Discharge Design Discharge
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Stormwater Management Calculations

Project #160401780, LeBreton Flats Project #160401780, LeBreton Flats
Modified Rational Method Calculations for Storage Modified Rational Method Calculations for Storage

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.40 0.70 10.00 104.19 81.01 0.40 0.70 10.00 104.19 81.01

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

10.42 71.00 OK 60.58 70.39 71.00 OK 0.61

Subdrainage Area: BLK-3 Controlled - Tributary Subdrainage Area: BLK-3 Controlled - Tributary
Area (ha): 0.50 Area (ha): 0.50

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 122.70 101.05 21.65 12.99 10 178.56 247.38 101.05 146.34 87.80
20 70.25 82.73 82.73 0.00 0.00 20 119.95 166.18 101.05 65.14 78.16
30 53.93 63.51 63.51 0.00 0.00 30 91.87 127.28 101.05 26.23 47.22
40 44.18 52.03 52.03 0.00 0.00 40 75.15 104.11 101.05 3.06 7.35
50 37.65 44.34 44.34 0.00 0.00 50 63.95 88.60 88.60 0.00 0.00
60 32.94 38.80 38.80 0.00 0.00 60 55.89 77.44 77.44 0.00 0.00
70 29.37 34.59 34.59 0.00 0.00 70 49.79 68.98 68.98 0.00 0.00
80 26.56 31.28 31.28 0.00 0.00 80 44.99 62.33 62.33 0.00 0.00
90 24.29 28.60 28.60 0.00 0.00 90 41.11 56.96 56.96 0.00 0.00

100 22.41 26.39 26.39 0.00 0.00 100 37.90 52.51 52.51 0.00 0.00
110 20.82 24.52 24.52 0.00 0.00 110 35.20 48.77 48.77 0.00 0.00
120 19.47 22.93 22.93 0.00 0.00 120 32.89 45.57 45.57 0.00 0.00

Storage: Block 3 Onsite Storage: Block 3 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.50 0.70 10.00 104.19 101.05 0.50 0.70 10.00 104.19 101.05

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

12.99 88.00 OK 75.01 87.80 88.00 OK 0.20

Subdrainage Area: BLK-2 Controlled - Tributary Subdrainage Area: BLK-2 Controlled - Tributary
Area (ha): 2.71 Area (ha): 2.71

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 668.36 550.41 117.95 70.77 10 178.56 1347.51 550.41 797.10 478.26
20 70.25 450.63 450.63 0.00 0.00 20 119.95 905.22 550.41 354.81 425.77
30 53.93 345.92 345.92 0.00 0.00 30 91.87 693.29 550.41 142.88 257.18
40 44.18 283.43 283.43 0.00 0.00 40 75.15 567.09 550.41 16.68 40.03
50 37.65 241.53 241.53 0.00 0.00 50 63.95 482.64 482.64 0.00 0.00
60 32.94 211.32 211.32 0.00 0.00 60 55.89 421.81 421.81 0.00 0.00
70 29.37 188.41 188.41 0.00 0.00 70 49.79 375.74 375.74 0.00 0.00
80 26.56 170.39 170.39 0.00 0.00 80 44.99 339.53 339.53 0.00 0.00
90 24.29 155.80 155.80 0.00 0.00 90 41.11 310.25 310.25 0.00 0.00

100 22.41 143.73 143.73 0.00 0.00 100 37.90 286.04 286.04 0.00 0.00
110 20.82 133.57 133.57 0.00 0.00 110 35.20 265.66 265.66 0.00 0.00
120 19.47 124.88 124.88 0.00 0.00 120 32.89 248.24 248.24 0.00 0.00

Storage: Block 2 Onsite Storage: Block 2 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
2.71 0.70 10.00 104.19 550.41 2.71 0.70 10.00 104.19 550.41

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

70.77 479.00 OK 408.23 478.26 479.00 OK 0.74

Subdrainage Area: BLK-1 Controlled - Tributary Subdrainage Area: BLK-1 Controlled - Tributary
Area (ha): 0.90 Area (ha): 0.90

C: 0.85 C: 1.00

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 222.32 183.09 39.23 23.54 10 178.56 448.23 183.09 265.14 159.09
20 70.25 149.90 149.90 0.00 0.00 20 119.95 301.11 183.09 118.02 141.62
30 53.93 115.07 115.07 0.00 0.00 30 91.87 230.61 183.09 47.53 85.55
40 44.18 94.28 94.28 0.00 0.00 40 75.15 188.63 183.09 5.55 13.32
50 37.65 80.34 80.34 0.00 0.00 50 63.95 160.54 160.54 0.00 0.00
60 32.94 70.29 70.29 0.00 0.00 60 55.89 140.31 140.31 0.00 0.00
70 29.37 62.67 62.67 0.00 0.00 70 49.79 124.98 124.98 0.00 0.00
80 26.56 56.68 56.68 0.00 0.00 80 44.99 112.94 112.94 0.00 0.00
90 24.29 51.82 51.82 0.00 0.00 90 41.11 103.20 103.20 0.00 0.00

100 22.41 47.81 47.81 0.00 0.00 100 37.90 95.15 95.15 0.00 0.00
110 20.82 44.43 44.43 0.00 0.00 110 35.20 88.37 88.37 0.00 0.00
120 19.47 41.54 41.54 0.00 0.00 120 32.89 82.57 82.57 0.00 0.00

Storage: Block 1 Onsite Storage: Block 1 Onsite

Area C tc I (5-yr) Release Area C tc I (5-yr) Release
(ha) (min) (mm/hr) (L/s) (ha) (min) (mm/hr) (L/s)
0.90 0.70 10.00 104.19 183.09 0.90 0.70 10.00 104.19 183.09

5-year Vminimum Volume Vexcess 100-year Vminimum Volume Vexcess
Vreq (m3) (m3) Check (m3) Vreq (m3) (m3) Check (m3)

23.54 160.00 OK 136.46 159.09 160.00 OK 0.91

SUMMARY TO OUTLET SUMMARY TO OUTLET
Vrequired Vavailable* Vrequired Vavailable*

Tributary Area 9.013 ha Tributary Area 9.013 ha
Total 5yr Flow to Sewer 1,827 L/s 235 1,596 m3 Ok Total 100yr Flow to Sewer 1,827 L/s 1,588 1,596 m3 Ok

Non-Tributary Area 0.000 ha Non-Tributary Area 0.000 ha
Total 5yr Flow Uncontrolled 0 L/s Total 100yr Flow Uncontrolled 0 L/s

Total Area 9.013 ha Total Area 9.013 ha
Total 5yr Flow 1,827 L/s Total 100yr Flow 1,827 L/s

Design Discharge Design Discharge

Onsite Storage Onsite Storage

Onsite Storage Onsite Storage

Design Discharge

Onsite Storage

Design Discharge

Onsite Storage

Design Discharge Design Discharge

Onsite Storage Onsite Storage

Date: 2024-07-23
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File No: 160401780 Created By: MW
Project: LeBreton Flats - Block Sites Checked By: DT
Date: 15-May-2024 Revision: 1

100-YEAR SUMMARY OF BLOCK (SITE) STORAGE

100-year IDF I = a/(t + b)c a = 1735.688 t (min) I (mm/hr)
City of Ottawa b = 6.014 10 178.56

c = 0.820 20 119.95
30 91.87
40 75.15
50 63.95
60 55.89
70 49.79
80 44.99
90 41.11
100 37.90
110 35.20
120 32.89

All Mixed-Use Blocks (Site) Post-Development Conditions:

Tributary (ha) Target (L/s)
Fleet 2.90 To Fleet 588
Albert 5.22 To Albert 1059

Aqueduct 0.89 To Aqueduct 181
Total Area: 9.01 Total Target 1828
Overall C: 1.00

tc Runoff Rate
Maximum 
Allowable 
Discharge

Required 
Storage 
Volume

Required 
Storage Rate

(min) (L/s) (L/s) (m3) (m3/ha)
10 4474 1828 1588 176
20 3006 1828 1414 157
30 2302 1828 854 95
40 1883 1828 133 15
50 1602 1828 0 0
60 1401 1828 0 0

BLOCK ID Area C C Runoff Rate
Maximum 
Allowable 
Discharge 

Required 
Storage 
Volume

(ha) (5-yr) (100-yr) (L/s) (L/s) (m3)
BLOCK 1 0.90 0.85 1.00 448 183 159
BLOCK 2 2.71 0.85 1.00 1348 550 478
BLOCK 3 0.50 0.85 1.00 247 101 88
BLOCK 4 0.40 0.85 1.00 198 81 70
BLOCK 5 0.40 0.85 1.00 197 80 70
BLOCK 6 0.31 0.85 1.00 153 62 54
BLOCK 7 0.44 0.85 1.00 219 89 78
BLOCK 8 0.34 0.85 1.00 169 69 60
BLOCK 9 0.44 0.85 1.00 219 89 78

BLOCK 10 0.24 0.85 1.00 119 48 42
BLOCK 11 0.28 0.85 1.00 140 57 50
BLOCK 12 0.25 0.85 1.00 126 51 45
BLOCK 13 0.27 0.85 1.00 136 55 48
BLOCK 14 0.30 0.85 1.00 149 61 53
BLOCK 15 0.33 0.85 1.00 165 67 58
BLOCK 17 0.89 0.85 1.00 442 181 157

SWM Approach: Post-development to 5-
year with C=0.70 and tc = 10 min



Stormwater Management Calculations

File No: 160401780
Project: LeBreton Flats
Date: 18-Jul-24 SWM Approach:

Post-development to Pre-development flows

Post-Development Site Conditions:

Overall Runoff Coefficient for Site and Sub-Catchment Areas

Area Runoff Overall
(ha) Coefficient Runoff 

Catchment Type ID / Description "A" "C" Coefficient 

Uncontrolled - Non-Tributary NCC-1 Hard 1.957 0.9 1.761
Soft 4.893 0.2 0.979

Subtotal 6.85 2.74 0.400

Uncontrolled - Tributary UNC-1 Hard 0.000 0.9 0.000
Soft 0.480 0.2 0.096

Subtotal 0.48 0.096 0.200

Controlled - Tributary Open A PARK-1, PARK-2 Hard 0.709 0.9 0.638
Soft 1.771 0.2 0.354

Subtotal 2.48 0.992 0.400

Controlled - Tributary Open A C7A Hard 0.827 0.9 0.744
Soft 0.064 0.2 0.013

Subtotal 0.89 0.757 0.850

Controlled - Tributary Albert C19B, C15A, C14A, C14B, C13B Hard 0.803 0.9 0.723
Soft 0.321 0.2 0.064

Subtotal 1.12 0.787 0.700

Controlled - Tributary Albert 9A, C16A, C16B, C12B, C12A, C1Hard 4.848 0.9 4.363
Soft 0.373 0.2 0.075

Subtotal 5.22 4.44 0.85

Controlled - Tributary Fleet C6A, C6D, C4B, C3B Hard 1.111 0.9 1.000
Soft 0.444 0.2 0.089

Subtotal 1.55 1.09 0.70

Controlled - Tributary Fleet C, C5A, C5B, C5C, C4D, C4AA, C4  Hard 2.695 0.9 2.425
Soft 0.207 0.2 0.041

Subtotal 2.90 2.47 0.85

Total 21.503 13.365
Overall Runoff Coefficient= C: 0.62

Total Roof Areas 0.000 ha
Total Tributary Surface Areas (Controlled and Uncontrolled) 14.653 ha
Total Tributary Area to Outlet 14.653 ha

Total Uncontrolled Areas (Non-Tributary) 6.850 ha

Total Site 21.503 ha

Sub-catchment
Area

Runoff Coefficient Table

"A x C"

Date: 2024-07-23, 13:22
Stantec Consulting Ltd.
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Stormwater Management Calculations

Project #160401780, LeBreton Flats Project #160401780, LeBreton Flats
Modified Rational Method Calculations for Storage Modified Rational Method Calculations for Storage

5 yr Intensity I = a/(t + b)c
a = 998.071 t (min) I (mm/hr) 100 yr Intensity I = a/(t + b)c

a = 1735.688 t (min) I (mm/hr)
City of Ottawa b = 6.053 10 104.19 City of Ottawa b = 6.014 10 178.56

c = 0.814 20 70.25 c = 0.820 20 119.95
30 53.93 30 91.87
40 44.18 40 75.15
50 37.65 50 63.95
60 32.94 60 55.89
70 29.37 70 49.79
80 26.56 80 44.99
90 24.29 90 41.11

100 22.41 100 37.90
110 20.82 110 35.20
120 19.47 120 32.89

 5 YEAR Predevelopment Target Release from Portion of Site 100 YEAR Predevelopment Target Release from Portion of Site
  

Subdrainage Area: Predevelopment Tributary Area to Outlet
Area (ha): 21.50

C: 0.70

Typical Time of Concentration

tc I (5 yr) Qtarget
(min) (mm/hr) (L/s)

10 104.19 4360

 5 YEAR Modified Rational Method for Entire Site 100 YEAR Modified Rational Method for Entire Site
  

Subdrainage Area: NCC-1 Uncontrolled - Non-Tributary Subdrainage Area: NCC-1 Uncontrolled - Non-Tributary
Area (ha): 6.85 Area (ha): 6.85

C: 0.40 C: 0.50

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 793.7 793.7 10 178.56 1700.1 1700.1
20 70.25 535.1 535.1 20 119.95 1142.1 1142.1
30 53.93 410.8 410.8 30 91.87 874.7 874.7
40 44.18 336.6 336.6 40 75.15 715.5 715.5
50 37.65 286.8 286.8 50 63.95 608.9 608.9
60 32.94 250.9 250.9 60 55.89 532.2 532.2
70 29.37 223.7 223.7 70 49.79 474.1 474.1
80 26.56 202.3 202.3 80 44.99 428.4 428.4
90 24.29 185.0 185.0 90 41.11 391.4 391.4

100 22.41 170.7 170.7 100 37.90 360.9 360.9
110 20.82 158.6 158.6 110 35.20 335.2 335.2
120 19.47 148.3 148.3 120 32.89 313.2 313.2

Subdrainage Area: UNC-1 Uncontrolled - Tributary Subdrainage Area: UNC-1 Uncontrolled - Tributary
Area (ha): 0.48 Area (ha): 0.48

C: 0.20 C: 0.25

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 27.8 27.8 10 178.56 59.6 59.6
20 70.25 18.7 18.7 20 119.95 40.0 40.0
30 53.93 14.4 14.4 30 91.87 30.6 30.6
40 44.18 11.8 11.8 40 75.15 25.1 25.1
50 37.65 10.0 10.0 50 63.95 21.3 21.3
60 32.94 8.8 8.8 60 55.89 18.6 18.6
70 29.37 7.8 7.8 70 49.79 16.6 16.6
80 26.56 7.1 7.1 80 44.99 15.0 15.0
90 24.29 6.5 6.5 90 41.11 13.7 13.7

100 22.41 6.0 6.0 100 37.90 12.6 12.6
110 20.82 5.6 5.6 110 35.20 11.7 11.7
120 19.47 5.2 5.2 120 32.89 11.0 11.0

Subdrainage Area:ARK-1, PARK-2 Controlled - Tributary Open A Subdrainage Area:ARK-1, PARK-2 Controlled - Tributary Open A
Area (ha): 2.48 Area (ha): 2.48

C: 0.40 C: 0.50

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 287.3 287.3 10 178.56 615.5 615.5
20 70.25 193.7 193.7 20 119.95 413.5 413.5
30 53.93 148.7 148.7 30 91.87 316.7 316.7
40 44.18 121.9 121.9 40 75.15 259.0 259.0
50 37.65 103.8 103.8 50 63.95 220.5 220.5
60 32.94 90.9 90.9 60 55.89 192.7 192.7
70 29.37 81.0 81.0 70 49.79 171.6 171.6
80 26.56 73.3 73.3 80 44.99 155.1 155.1
90 24.29 67.0 67.0 90 41.11 141.7 141.7

100 22.41 61.8 61.8 100 37.90 130.7 130.7
110 20.82 57.4 57.4 110 35.20 121.3 121.3
120 19.47 53.7 53.7 120 32.89 113.4 113.4

Subdrainage Area: C7A Controlled - Tributary Open A Subdrainage Area: C7A Controlled - Tributary Open A
Area (ha): 0.89 Area (ha): 0.89

C: 0.85 C: 1.00 Qcontrol 180.63 L/s

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 219.3 180.6 38.7 23.2 10 178.56 442.2 180.6 261.6 156.9
20 70.25 147.9 147.9 0.0 0.0 20 119.95 297.1 180.6 116.4 139.7
30 53.93 113.5 113.5 0.0 0.0 30 91.87 227.5 180.6 46.9 84.4
40 44.18 93.0 93.0 0.0 0.0 40 75.15 186.1 180.6 5.5 13.1
50 37.65 79.3 79.3 0.0 0.0 50 63.95 158.4 158.4 0.0 0.0
60 32.94 69.3 69.3 0.0 0.0 60 55.89 138.4 138.4 0.0 0.0
70 29.37 61.8 61.8 0.0 0.0 70 49.79 123.3 123.3 0.0 0.0
80 26.56 55.9 55.9 0.0 0.0 80 44.99 111.4 111.4 0.0 0.0
90 24.29 51.1 51.1 0.0 0.0 90 41.11 101.8 101.8 0.0 0.0

100 22.41 47.2 47.2 0.0 0.0 100 37.90 93.9 93.9 0.0 0.0
110 20.82 43.8 43.8 0.0 0.0 110 35.20 87.2 87.2 0.0 0.0
120 19.47 41.0 41.0 0.0 0.0 120 32.89 81.5 81.5 0.0 0.0

Subdrainage Area: C19B, C15A, C14A, C14B, C13B Controlled - Tributary Albert Subdrainage Area: C19B, C15A, C14A, C14B, C13B Controlled - Tributary Albert
Area (ha): 1.12 Area (ha): 1.12

C: 0.70 C: 0.88

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 228.0 228.0 10 178.56 488.4 228.0 260.4 156.3
20 70.25 153.7 153.7 20 119.95 328.1 228.0 100.1 120.1
30 53.93 118.0 118.0 30 91.87 251.3 228.0 23.3 41.9
40 44.18 96.7 96.7 40 75.15 205.6 205.6 0.0 0.0
50 37.65 82.4 82.4 50 63.95 174.9 174.9 0.0 0.0
60 32.94 72.1 72.1 60 55.89 152.9 152.9 0.0 0.0
70 29.37 64.3 64.3 70 49.79 136.2 136.2 0.0 0.0
80 26.56 58.1 58.1 80 44.99 123.1 123.1 0.0 0.0
90 24.29 53.2 53.2 90 41.11 112.5 112.5 0.0 0.0

100 22.41 49.0 49.0 100 37.90 103.7 103.7 0.0 0.0
110 20.82 45.6 45.6 110 35.20 96.3 96.3 0.0 0.0
120 19.47 42.6 42.6 120 32.89 90.0 90.0 0.0 0.0

Subdrainage Area: C19A, C16A, C16B, C12B, C12A, C13A Controlled - Tributary Albert Subdrainage Area: C19A, C16A, C16B, C12B, C12A, C13A Controlled - Tributary Albert
Area (ha): 5.22 Area (ha): 5.22

C: 0.85 Qcontrol 1058.50 L/s C: 1.00 Qcontrol 1058.50 L/s

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 1285.3 1058.5 226.8 136.1 10 178.56 2591.4 1058.5 1532.9 919.7
20 70.25 866.6 866.6 0.0 0.0 20 119.95 1740.8 1058.5 682.3 818.8
30 53.93 665.2 665.2 0.0 0.0 30 91.87 1333.3 1058.5 274.8 494.6
40 44.18 545.1 545.1 0.0 0.0 40 75.15 1090.6 1058.5 32.1 77.0
50 37.65 464.5 464.5 0.0 0.0 50 63.95 928.2 928.2 0.0 0.0
60 32.94 406.4 406.4 0.0 0.0 60 55.89 811.2 811.2 0.0 0.0
70 29.37 362.3 362.3 0.0 0.0 70 49.79 722.6 722.6 0.0 0.0
80 26.56 327.7 327.7 0.0 0.0 80 44.99 652.9 652.9 0.0 0.0
90 24.29 299.6 299.6 0.0 0.0 90 41.11 596.6 596.6 0.0 0.0

Date: 2024-07-23
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Stormwater Management Calculations

Project #160401780, LeBreton Flats Project #160401780, LeBreton Flats
Modified Rational Method Calculations for Storage Modified Rational Method Calculations for Storage

100 22.41 276.4 276.4 0.0 0.0 100 37.90 550.1 550.1 0.0 0.0
110 20.82 256.9 256.9 0.0 0.0 110 35.20 510.9 510.9 0.0 0.0
120 19.47 240.2 240.2 0.0 0.0 120 32.89 477.4 477.4 0.0 0.0

Summary of 5-Year Block Storage Summary of 100-Year Block Storage
Block Area C Qactual Qcontrol Qstored Vstored Block Area C Qactual Qcontrol Qstored Vstored

(ha) (5-yr) (L/s) (L/s) (L/s) (m3) (ha) (100-yr) (L/s) (L/s) (L/s) (m3)
1 0.90 0.85 222.3 183.1 39.2 23.5 1 0.90 1.00 448.2 183.1 265.1 159.1
2 2.71 0.85 668.4 550.4 117.9 70.8 2 2.71 1.00 1347.5 550.4 797.1 478.3
3 0.50 0.85 122.7 101.0 21.7 13.0 3 0.50 1.00 247.4 101.0 146.3 87.8
4 0.40 0.85 98.4 81.0 17.4 10.4 4 0.40 1.00 198.3 81.0 117.3 70.4
5 0.40 0.85 97.7 80.4 17.2 10.3 5 0.40 1.00 196.9 80.4 116.5 69.9
6 0.31 0.85 75.7 62.3 13.4 8.0 6 0.31 1.00 152.5 62.3 90.2 54.1

Subdrainage Area: C6A, C6D, C4B, C3B Controlled - Tributary Fleet Subdrainage Area: C6A, C6D, C4B, C3B Controlled - Tributary Fleet
Area (ha): 1.55 Area (ha): 1.55

C: 0.70 C: 0.88

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 315.3 315.3 10 178.56 675.4 315.3 360.1 216.1
20 70.25 212.6 212.6 20 119.95 453.7 315.3 138.4 166.1
30 53.93 163.2 163.2 30 91.87 347.5 315.3 32.2 58.0
40 44.18 133.7 133.7 40 75.15 284.2 284.2 0.0 0.0
50 37.65 113.9 113.9 50 63.95 241.9 241.9 0.0 0.0
60 32.94 99.7 99.7 60 55.89 211.4 211.4 0.0 0.0
70 29.37 88.9 88.9 70 49.79 188.3 188.3 0.0 0.0
80 26.56 80.4 80.4 80 44.99 170.2 170.2 0.0 0.0
90 24.29 73.5 73.5 90 41.11 155.5 155.5 0.0 0.0

100 22.41 67.8 67.8 100 37.90 143.4 143.4 0.0 0.0
110 20.82 63.0 63.0 110 35.20 133.1 133.1 0.0 0.0
120 19.47 58.9 58.9 120 32.89 124.4 124.4 0.0 0.0

Subdrainage Area:   B, C5C, C4D, C4AA, C4C, C3AA Controlled - Tributary Fleet Subdrainage Area:   B, C5C, C4D, C4AA, C4C, C3AA Controlled - Tributary Fleet
Area (ha): 2.90 Area (ha): 2.90

C: 0.85 C: 1.00 Qcontrol 588.38 L/s

tc l (5 yr) Qactual Qrelease Qstored Vstored tc l (100 yr) Qactual Qrelease Qstored Vstored
(min) (mm/hr) (L/s) (L/s) (L/s) (m^3) (min) (mm/hr) (L/s) (L/s) (L/s) (m^3)

10 104.19 714.5 588.4 126.1 75.6 10 178.56 1440.5 588.4 852.1 511.2
20 70.25 481.7 481.7 0.0 0.0 20 119.95 967.7 588.4 379.3 455.1
30 53.93 369.8 369.8 0.0 0.0 30 91.87 741.1 588.4 152.7 274.9
40 44.18 303.0 303.0 0.0 0.0 40 75.15 606.2 588.4 17.8 42.8
50 37.65 258.2 258.2 0.0 0.0 50 63.95 515.9 515.9 0.0 0.0
60 32.94 225.9 225.9 0.0 0.0 60 55.89 450.9 450.9 0.0 0.0
70 29.37 201.4 201.4 0.0 0.0 70 49.79 401.7 401.7 0.0 0.0
80 26.56 182.1 182.1 0.0 0.0 80 44.99 362.9 362.9 0.0 0.0
90 24.29 166.5 166.5 0.0 0.0 90 41.11 331.6 331.6 0.0 0.0

100 22.41 153.6 153.6 0.0 0.0 100 37.90 305.8 305.8 0.0 0.0
110 20.82 142.8 142.8 0.0 0.0 110 35.20 284.0 284.0 0.0 0.0
120 19.47 133.5 133.5 0.0 0.0 120 32.89 265.4 265.4 0.0 0.0

Summary of 5-Year Block Storage Summary of 100-Year Block Storage
Block Area C Qactual Qcontrol Qstored Vstored Block Area C Qactual Qcontrol Qstored Vstored

(ha) (5-yr) (L/s) (L/s) (L/s) (m3) (ha) (100-yr) (L/s) (L/s) (L/s) (m3)
7 0.44 0.85 108.6 89.5 19.2 11.5 7 0.44 1.00 219.0 89.5 129.5 77.7
8 0.34 0.85 84.0 69.2 14.8 8.9 8 0.34 1.00 169.3 69.2 100.1 60.1
9 0.44 0.85 108.5 89.3 19.1 11.5 9 0.44 1.00 218.7 89.3 129.3 77.6
10 0.24 0.85 58.9 48.5 10.4 6.2 10 0.24 1.00 118.7 48.5 70.2 42.1
11 0.28 0.85 69.7 57.4 12.3 7.4 11 0.28 1.00 140.5 57.4 83.1 49.9
12 0.25 0.85 62.4 51.4 11.0 6.6 12 0.25 1.00 125.8 51.4 74.4 44.6
13 0.27 0.85 67.2 55.3 11.9 7.1 13 0.27 1.00 135.5 55.3 80.2 48.1
14 0.30 0.85 73.7 60.7 13.0 7.8 14 0.30 1.00 148.7 60.7 87.9 52.8
15 0.33 0.85 81.7 67.3 14.4 8.6 15 0.33 1.00 164.6 67.3 97.4 58.4

SUMMARY TO OUTLET SUMMARY TO OUTLET
Vrequired Vavailable* Vrequired Vavailable*

Fleet Street Tributary Area 4.457 ha Fleet Street Tributary Area 4.457 ha
Total 5yr Flow to Fleet Street Sewer 904 L/s 0 0 m3 Ok Total 100yr Flow to Fleet Street Sewer 904 L/s 0 0 m3 Ok

Albert Street Tributary Area 6.345 ha Albert Street Tributary Area 6.345 ha
Total 5yr Flow to Albert Street Sewer 1,287 L/s Total 100yr Flow to Albert Street Sewer 1,287 L/s

Open Aquaduct Tributary Area 3.371 ha Open Aquaduct Tributary Area 3.371 ha
Total 5yr Flow to Open Aqueduct 468 L/s Total 100yr Flow to Open Aqueduct 796 L/s

Non-Tributary Area 7.330 ha Non-Tributary Area 7.330 ha
Total 5yr Flow Uncontrolled 821 L/s Total 100yr Flow Uncontrolled 1,760 L/s

Total Area 21.503 ha Total Area 21.503 ha
Total 5yr Flow 3,480 L/s Total 100yr Flow 4,746 L/s

Target 4,360 L/s Target 4,360 L/s

Date: 2024-07-23
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Functional Servicing Study LeBreton Flats Plan of Subdivision 
Stormwater Management 
 

 Project Number: 160401780 Appendix D-11 
 
 

D.2 Storm Sewer Design Sheet 



DATE: 1:2 yr 1:5 yr 1:10 yr 1:100 yr

REVISION: a = 732.951 998.071 1174.184 1735.688 0.013 B
DESIGNED BY:  FILE NUMBER: b = 6.199 6.053 6.014 6.014 2.00  m
CHECKED BY: c = 0.810 0.814 0.816 0.820 10  min

AREA ID FROM TO AREA AREA AREA AREA AREA C C C C A x C ACCUM A x C ACCUM. A x C ACCUM. A x C ACCUM. T of C I2-YEAR I5-YEAR I10-YEAR I100-YEAR QCONTROL ACCUM. QACT LENGTH PIPE WIDTH PIPE PIPE MATERIAL CLASS SLOPE QCAP % FULL VEL. VEL. TIME OF

NUMBER M.H. M.H. (2-YEAR) (5-YEAR) (10-YEAR) (100-YEAR) (ROOF) (2-YEAR) (5-YEAR) (10-YEAR) (100-YEAR) (2-YEAR) AxC (2YR) (5-YEAR) AxC (5YR) (10-YEAR) AxC (10YR) (100-YEAR) AxC (100YR) QCONTROL (CIA/360) OR DIAMETER HEIGHT SHAPE (FULL) (FULL) (ACT) FLOW

(ha) (ha) (ha) (ha) (ha) (-) (-) (-) (-) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (min) (mm/h) (mm/h) (mm/h) (mm/h) (L/s) (L/s) (L/s) (m) (mm) (mm) (-) (-) (-) % (L/s) (-) (m/s) (m/s) (min)

C15A 15 16 0.00 0.44 0.00 0.00 0.00 0.00 0.70 0.00 0.00 0.000 0.000 0.306 0.306 0.000 0.000 0.000 0.000 10.00 76.81 104.19 122.14 178.56 0.0 0.0 88.5 90.2 300 300 CIRCULAR PVC - 2.00 136.0 65.09% 1.93 1.80 0.84
C16A, C16B 16 14 0.00 3.21 0.00 0.00 0.00 0.00 0.85 0.00 0.00 0.000 0.000 2.732 3.038 0.000 0.000 0.000 0.000 10.84 73.73 99.97 117.17 171.25 0.0 0.0 843.5 78.5 975 975 CIRCULAR CONCRETE - 0.20 1045.6 80.68% 1.36 1.34 0.98
C14B, C14A 14 12 0.00 0.43 0.00 0.00 0.00 0.00 0.70 0.00 0.00 0.000 0.000 0.299 3.337 0.000 0.000 0.000 0.000 11.82 70.47 95.49 111.89 163.51 0.0 0.0 885.0 66.6 975 975 CIRCULAR CONCRETE - 0.20 1045.6 84.65% 1.36 1.36 0.82

12.63

C13B, C13A 13 12 0.00 0.48 0.00 0.00 0.00 0.00 0.80 0.00 0.00 0.000 0.000 0.381 0.381 0.000 0.000 0.000 0.000 10.00 76.81 104.19 122.14 178.56 0.0 0.0 110.3 84.8 450 450 CIRCULAR CONCRETE - 0.20 133.0 82.93% 0.81 0.81 1.75
11.75

C12A, C12B 12 11 0.00 0.80 0.00 0.00 0.00 0.00 0.85 0.00 0.00 0.000 0.000 0.677 4.394 0.000 0.000 0.000 0.000 12.63 67.99 92.08 107.88 157.61 0.0 0.0 1124.0 74.7 1050 1050 CIRCULAR CONCRETE - 0.20 1274.0 88.22% 1.43 1.45 0.86
11 11A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000 4.394 0.000 0.000 0.000 0.000 13.49 65.57 88.77 103.98 151.89 0.0 0.0 1083.6 7.8 1050 1050 CIRCULAR CONCRETE - 0.20 1274.0 85.05% 1.43 1.43 0.09

13.58 1050 1050

C19B, C19A 19 18 0.00 0.99 0.00 0.00 0.00 0.00 0.84 0.00 0.00 0.000 0.000 0.830 0.830 0.000 0.000 0.000 0.000 10.00 76.81 104.19 122.14 178.56 0.0 0.0 240.3 64.4 600 600 CIRCULAR CONCRETE - 0.41 409.6 58.66% 1.40 1.25 0.86
10.86 600 600

C7A 7 7A 0.00 0.89 0.00 0.00 0.00 0.00 0.85 0.00 0.00 0.000 0.000 0.757 0.757 0.000 0.000 0.000 0.000 10.00 76.81 104.19 122.14 178.56 0.0 0.0 219.2 15.5 600 600 CIRCULAR CONCRETE - 0.25 320.5 68.38% 1.10 1.04 0.25
10.25 600 600

C6A, C6D, C6C, C6B 6 5 0.00 1.79 0.00 0.00 0.00 0.00 0.76 0.00 0.00 0.000 0.000 1.355 1.355 0.000 0.000 0.000 0.000 10.00 76.81 104.19 122.14 178.56 0.0 0.0 392.0 42.7 600 600 CIRCULAR CONCRETE - 0.70 535.9 73.15% 1.84 1.77 0.40
C5A, C5B, C5C 5 4 0.00 0.91 0.00 0.00 0.00 0.00 0.85 0.00 0.00 0.000 0.000 0.777 2.131 0.000 0.000 0.000 0.000 10.40 75.29 102.11 119.69 174.95 0.0 0.0 604.5 185.2 900 900 CIRCULAR CONCRETE - 0.15 731.4 82.64% 1.11 1.11 2.78

13.18

C4AA 4A 4 0.00 0.33 0.00 0.00 0.00 0.00 0.85 0.00 0.00 0.000 0.000 0.282 0.282 0.000 0.000 0.000 0.000 10.00 76.81 104.19 122.14 178.56 0.0 0.0 81.6 54.2 375 375 CIRCULAR PVC - 0.40 104.3 78.27% 0.99 0.97 0.93
10.93

C4B, C4C, C4D 4 3 0.00 1.07 0.00 0.00 0.00 0.00 0.80 0.00 0.00 0.000 0.000 0.859 3.272 0.000 0.000 0.000 0.000 13.18 66.41 89.92 105.34 153.88 0.0 0.0 817.3 63.6 1050 1050 CIRCULAR CONCRETE - 0.15 1103.3 74.08% 1.23 1.19 0.89
14.08

C3AA 3A 3 0.00 0.24 0.00 0.00 0.00 0.00 0.85 0.00 0.00 0.000 0.000 0.203 0.203 0.000 0.000 0.000 0.000 10.00 76.81 104.19 122.14 178.56 0.0 0.0 58.8 28.9 300 300 CIRCULAR PVC - 0.60 74.5 78.95% 1.06 1.04 0.46
10.46

C3B 3 2 0.00 0.11 0.00 0.00 0.00 0.00 0.70 0.00 0.00 0.000 0.000 0.080 3.555 0.000 0.000 0.000 0.000 14.08 64.03 86.66 101.50 148.25 0.0 0.0 855.8 72.1 1050 1050 CIRCULAR CONCRETE - 0.15 1103.3 77.56% 1.23 1.20 1.00
2 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000 3.555 0.000 0.000 0.000 0.000 15.08 61.59 83.31 97.56 142.46 0.0 0.0 822.7 95.3 1050 1050 CIRCULAR CONCRETE - 0.15 1103.3 74.56% 1.23 1.19 1.34
1 1A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000 3.555 0.000 0.000 0.000 0.000 16.42 58.62 79.25 92.78 135.46 0.0 0.0 782.6 3.1 1050 1050 CIRCULAR CONCRETE - 0.15 1103.3 70.93% 1.23 1.17 0.04

1A 1B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000 3.555 0.000 0.000 0.000 0.000 16.46 58.52 79.12 92.63 135.24 0.0 0.0 781.3 8.0 1050 1050 CIRCULAR CONCRETE - 0.15 1103.3 70.81% 1.23 1.17 0.11
16.57 1050 1050

10 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 10.00 76.81 104.19 122.14 178.56 0.0 0.0 0.0 20.2 1200 1200 CIRCULAR CONCRETE - 0.15 1575.3 0.00% 1.35 0.00 0.00
9 9B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 10.00 76.81 104.19 122.14 178.56 0.0 0.0 0.0 21.4 1200 1200 CIRCULAR CONCRETE - 0.15 1575.3 0.00% 1.35 0.00 0.00

9B 9A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 10.00 76.81 104.19 122.14 178.56 0.0 0.0 0.0 8.9 1200 1200 CIRCULAR CONCRETE - 0.15 1575.3 0.00% 1.35 0.00 0.00
10.00 1200 1200

LOCATION PIPE SELECTIONDRAINAGE AREA

2024-07-23 (City of Ottawa)
1 MANNING'S  n =

LeBreton Flats Draft Plan
STORM SEWER DESIGN PARAMETERS

DESIGN SHEET I = a / (t+b)c (As per City of Ottawa Guidelines, 2012)

TIME OF ENTRY

BEDDING CLASS = 
JP MINIMUM COVER:

DT
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D.3 Quality Control MTD Sizing Calculations  



Quality Manufactured Treatment Device (MTD) Sizing
Lebreton Flats 19-Jul-24

Area C I (25mm) Q (25mm) Q (5yr)
(Per MECP 
SWMPDM 
Equation 

4.9)

(Rational 
Method)

(Per Sewer 
Design 
Sheet)

C3B 0.11 0.70
C4B 0.35 0.70
C6A 0.36 0.70
C6D 0.73 0.70

Total 1.55 0.70 36.0 109 781 1x JF12 (Offline)

C12A 0.40 0.85
C13B 0.17 0.70
C13A 0.31 0.85

Total 0.88 0.82 41.2 83 209 1x JF10 (Online)

C12B 0.40 0.85
C14A 0.12 0.70
C14B 0.31 0.70
C15A 0.44 0.70
C16B 0.50 0.85

Total 1.77 0.78 39.3 150 885 1x JF12 (Offline)

C19A 0.90 0.85
C19B 0.09 0.70

Total 0.99 0.84 41.9 96 240 1 X JF10 (Online)

Jellyfish 
Model #

Max 
Treatment 
Flow Rate

Max Online 
Flow Rate

JF6 32.8 146.1
JF8 55.5 197.1
JF10 106.2 332.7
JF12 148.9 375.4
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D.4 Conceptual Major System PCSWMM Model Input/Output Files 



POST‐DEVELOPMENT MODEL
[TITLE]
;;Project Title/Notes

[OPTIONS]
;;Option             Value
FLOW_UNITS           LPS
INFILTRATION         HORTON
FLOW_ROUTING         DYNWAVE
LINK_OFFSETS         ELEVATION
MIN_SLOPE            0
ALLOW_PONDING        YES
SKIP_STEADY_STATE    NO

START_DATE           07/17/2024
START_TIME           00:00:00
REPORT_START_DATE    07/17/2024
REPORT_START_TIME    00:00:00
END_DATE             07/17/2024
END_TIME             06:00:00
SWEEP_START          01/01
SWEEP_END            12/31
DRY_DAYS             0
REPORT_STEP          00:01:00
WET_STEP             00:01:00
DRY_STEP             00:01:00
ROUTING_STEP         1
RULE_STEP            00:00:00

INERTIAL_DAMPING     PARTIAL
NORMAL_FLOW_LIMITED  BOTH
FORCE_MAIN_EQUATION  H‐W
VARIABLE_STEP        0
LENGTHENING_STEP     0
MIN_SURFAREA         0
MAX_TRIALS           8
HEAD_TOLERANCE       0.0015
SYS_FLOW_TOL         5
LAT_FLOW_TOL         5

POST‐DEVELOPMENT MODEL
MINIMUM_STEP         0.5
THREADS              8

[EVAPORATION]
;;Data Source    Parameters
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
CONSTANT         0.0
DRY_ONLY         NO

[RAINGAGES]
;;Name           Format    Interval SCF      Source    
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐
RG1              INTENSITY 0:10     1.0      TIMESERIES 03H120C         

[SUBCATCHMENTS]
;;Name           Rain Gage        Outlet           Area     %Imperv  Width    %Slope   CurbLen  SnowPack   
    
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
;0.7
33               RG1              SPR‐BOO          0.769436 71.43    173.123  3        0                   
    
;0.7
34               RG1              ELM‐BOO          0.784973 71.43    176.619  3        0                   
    
;0.7
37               RG1              BOO‐LP1          0.699023 71.43    157.28   3        0                   
    
;0.7
38               RG1              ELM‐ROC          0.788085 71.43    177.319  3        0                   
    
;0.7
39               RG1              PRI‐LOR          1.208135 71.43    271.83   3        0                   
    
;0.7
40               RG1              ALB‐PRI          0.227745 71.43    51.243   3        0                   
    
;0.7
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41               RG1              ALB‐LOR          0.196647 71.43    44.246   3        0                   
    
;0.7
42               RG1              PRI              0.677902 71.43    152.528  3        0                   
    
;0.7
43               RG1              PRI‐EMP          0.379017 71.43    85.279   3        0                   
    
;0.7
44               RG1              LOR              0.781348 71.43    175.803  3        0                   
    
;0.7
45               RG1              ALB‐ROC          0.684771 71.43    154.073  3        0                   
    
;0.7
46               RG1              ALB‐BOO          0.436649 71.43    98.246   3        0                   
    
;0.7
47               RG1              ALB‐PRE          0.76698  71.43    172.57   3        0                   
    
;0.7
48               RG1              ROC‐LP1          1.407692 71.43    316.731  3        0                   
    
;0.7
49               RG1              BOO‐LP2          0.62678  71.43    141.026  3        0                   
    
;0.7
50               RG1              PRI‐BOO          0.735359 71.43    165.456  3        0                   
    
;0.7
51               RG1              PRE              0.556116 71.43    125.126  3        0                   
    
;0.7
52               RG1              ELM‐PRI          1.137188 71.43    255.867  3        0                   
    

[SUBAREAS]
;;Subcatchment   N‐Imperv   N‐Perv     S‐Imperv   S‐Perv     PctZero    RouteTo    PctRouted 

POST‐DEVELOPMENT MODEL
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐
33               0.013      0.25       1.57       4.67       0          OUTLET    
34               0.013      0.25       1.57       4.67       0          OUTLET    
37               0.013      0.25       1.57       4.67       0          OUTLET    
38               0.013      0.25       1.57       4.67       0          OUTLET    
39               0.013      0.25       1.57       4.67       0          OUTLET    
40               0.013      0.25       1.57       4.67       0          OUTLET    
41               0.013      0.25       1.57       4.67       0          OUTLET    
42               0.013      0.25       1.57       4.67       0          OUTLET    
43               0.013      0.25       1.57       4.67       0          OUTLET    
44               0.013      0.25       1.57       4.67       0          OUTLET    
45               0.013      0.25       1.57       4.67       0          OUTLET    
46               0.013      0.25       1.57       4.67       0          OUTLET    
47               0.013      0.25       1.57       4.67       0          OUTLET    
48               0.013      0.25       1.57       4.67       0          OUTLET    
49               0.013      0.25       1.57       4.67       0          OUTLET    
50               0.013      0.25       1.57       4.67       0          OUTLET    
51               0.013      0.25       1.57       4.67       0          OUTLET    
52               0.013      0.25       1.57       4.67       0          OUTLET    

[INFILTRATION]
;;Subcatchment   Param1     Param2     Param3     Param4     Param5    
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐
33               76.2       13.2       4.14       7          0         
34               76.2       13.2       4.14       7          0         
37               76.2       13.2       4.14       7          0         
38               76.2       13.2       4.14       7          0         
39               76.2       13.2       4.14       7          0         
40               76.2       13.2       4.14       7          0         
41               76.2       13.2       4.14       7          0         
42               76.2       13.2       4.14       7          0         
43               76.2       13.2       4.14       7          0         
44               76.2       13.2       4.14       7          0         
45               76.2       13.2       4.14       7          0         
46               76.2       13.2       4.14       7          0         
47               76.2       13.2       4.14       7          0         
48               76.2       13.2       4.14       7          0         
49               76.2       13.2       4.14       7          0         
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50               76.2       13.2       4.14       7          0         
51               76.2       13.2       4.14       7          0         
52               76.2       13.2       4.14       7          0         

[OUTFALLS]
;;Name           Elevation  Type       Stage Data       Gated    Route To        
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
ALB‐OF           0          FREE                        NO                       
OF1              0          FREE                        NO                       
OF2              0          FREE                        NO                       
OF3              0          FREE                        NO                       
OF4              0          FREE                        NO                       
OF5              0          FREE                        NO                       
OF6              0          FREE                        NO                       
OF7              0          FREE                        NO                       
SU1              0          FREE                        NO                       
SU10             0          FREE                        NO                       
SU11             0          FREE                        NO                       
SU12             0          FREE                        NO                       
SU13             0          FREE                        NO                       
SU14             0          FREE                        NO                       
SU15             0          FREE                        NO                       
SU16             0          FREE                        NO                       
SU17             0          FREE                        NO                       
SU2              0          FREE                        NO                       
SU3              0          FREE                        NO                       
SU4              0          FREE                        NO                       
SU5              0          FREE                        NO                       
SU6              0          FREE                        NO                       
SU7              0          FREE                        NO                       
SU8              0          FREE                        NO                       
SU9              0          FREE                        NO                       

[STORAGE]
;;Name           Elev.    MaxDepth   InitDepth  Shape       Curve Name/Params            SurDepth Fevap    
Psi      Ksat     IMD     
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ 
‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐

POST‐DEVELOPMENT MODEL
ALB‐BOO          61.78    0.4        0          FUNCTIONAL  0         0         0        0        0       
ALB‐LOR          62.33    0.4        0          FUNCTIONAL  0         0         0        0        0       
ALB‐PRE          58.95    0.4        0          FUNCTIONAL  0         0         0        0        0       
ALB‐PRI          62.47    0.4        0          FUNCTIONAL  0         0         0        0        0       
ALB‐ROC          60.67    0.4        0          FUNCTIONAL  0         0         0        0        0       
BOO‐LP1          62.23    0.4        0          FUNCTIONAL  0         0         0        0        0       
BOO‐LP2          62.25    0.4        0          FUNCTIONAL  0         0         0        0        0       
ELM‐BOO          64.98    0.4        0          FUNCTIONAL  0         0         0        0        0       
ELM‐PRI          62.36    0.4        0          FUNCTIONAL  0         0         0        0        0       
ELM‐ROC          63.04    0.4        0          FUNCTIONAL  0         0         0        0        0       
LOR              76.87    0.4        0          FUNCTIONAL  0         0         0        0        0       
PRE              61.31    0.4        0          FUNCTIONAL  0         0         0        0        0       
PRI              62.87    0.4        0          FUNCTIONAL  0         0         0        0        0       
PRI‐BOO          62.37    0.4        0          FUNCTIONAL  0         0         0        0        0       
PRI‐EMP          80.19    0.4        0          FUNCTIONAL  0         0         0        0        0       
PRI‐LOR          72       0.4        0          FUNCTIONAL  0         0         0        0        0       
ROC‐LP1          61.36    0.4        0          FUNCTIONAL  0         0         0        0        0       
SPR‐BOO          71.56    0.4        0          FUNCTIONAL  0         0         0        0        0       

[CONDUITS]
;;Name           From Node        To Node          Length     Roughness  InOffset   OutOffset  InitFlow   
MaxFlow   
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ 
‐‐‐‐‐‐‐‐‐‐
C1               SPR‐BOO          ELM‐BOO          81.637     0.013      71.56      64.98      0          0
        
C10              PRE              ALB‐PRE          120.656    0.013      61.31      59.03      0          0
        
C11              PRI‐BOO          BOO‐LP1          71.962     0.013      62.37      62.23      0          0
        
C12              BOO‐LP1          BOO‐LP2          41.708     0.013      62.23      62.25      0          0
        
C13              BOO‐LP2          ALB‐BOO          59.074     0.013      62.25      61.88      0          0
        
C14              ELM‐PRI          ROC‐LP1          91.928     0.013      62.36      61.36      0          0
        
C15              ROC‐LP1          ALB‐ROC          65.3       0.013      61.36      60.77      0          0
        



POST‐DEVELOPMENT MODEL
C16              ALB‐BOO          ALB‐ROC          123.296    0.013      61.78      60.67      0          0
        
C17              ALB‐ROC          ALB‐PRE          192.513    0.013      60.67      58.95      0          0
        
C2               ELM‐BOO          PRI‐BOO          79.055     0.013      64.98      62.37      0          0
        
C3               LOR              PRI‐LOR          68.101     0.013      76.87      72         0          0
        
C4               PRI‐LOR          ALB‐LOR          185.838    0.013      72         62.43      0          0
        
C5               PRI‐EMP          PRI‐LOR          96.195     0.013      80.19      72         0          0
        
C6               PRI              ALB‐PRI          91.889     0.013      62.87      62.57      0          0
        
C7               ALB‐PRI          ALB‐LOR          48.944     0.013      62.47      62.33      0          0
        
C8               ALB‐LOR          ALB‐BOO          77.391     0.013      62.33      61.78      0          0
        
C9               ELM‐ROC          ELM‐PRI          80.486     0.013      63.04      62.36      0          0
        

[WEIRS]
;;Name           From Node        To Node          Type         CrestHt    Qcoeff     Gated    EndCon   
EndCoeff   Surcharge  RoadWidth  RoadSurf   Coeff. Curve
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐ 
‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
W1               ALB‐PRE          ALB‐OF           TRANSVERSE   59.18      1.67       NO       0        0  
       YES       

[OUTLETS]
;;Name           From Node        To Node          Offset     Type             QTable/Qcoeff    Qexpon     
Gated   
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ 
‐‐‐‐‐‐‐‐
OL1              ALB‐PRE          SU17             58.95      TABULAR/HEAD     10CB_S0.03                  
NO      
OL10             PRI‐LOR          OF2              72         TABULAR/HEAD     10CB_S0.03                  
NO      

POST‐DEVELOPMENT MODEL
OL11             PRI‐EMP          SU15             80.19      TABULAR/HEAD     1CB_S0.03                   
NO      
OL12             PRI              SU14             62.87      TABULAR/HEAD     8CB_S0.03                   
NO      
OL13             ALB‐PRI          SU13             62.47      TABULAR/HEAD     4CB_S0.03                   
NO      
OL14             ALB‐LOR          SU12             62.33      TABULAR/HEAD     4CB_S0.03                   
NO      
OL15             ALB‐BOO          SU10             61.78      TABULAR/HEAD     4CB_S0.03                   
NO      
OL16             BOO‐LP2          SU9              62.25      TABULAR/HEAD     3CB_SAG                     
NO      
OL17             BOO‐LP1          SU8              62.23      TABULAR/HEAD     3CB_SAG                     
NO      
OL18             PRI‐BOO          OF3              62.37      TABULAR/HEAD     3CB_S0.03                   
NO      
OL19             PRI‐LOR          OF1              72         TABULAR/HEAD     6CB_S0.03                   
NO      
OL2              PRE              SU1              61.31      TABULAR/HEAD     1CB_S0.03                   
NO      
OL20             PRI‐BOO          SU7              62.37      TABULAR/HEAD     10CB_S0.03                  
NO      
OL21             ELM‐BOO          SU5              64.98      TABULAR/HEAD     10CB_S0.03                  
NO      
OL22             ELM‐PRI          SU3              62.36      TABULAR/HEAD     10CB_S0.03                  
NO      
OL23             PRE              OF7              61.31      TABULAR/HEAD     10CB_S0.03                  
NO      
OL24             ROC‐LP1          SU2              61.36      TABULAR/HEAD     2CB_SAG                     
NO      
OL3              ALB‐ROC          SU11             60.67      TABULAR/HEAD     10CB_S0.03                  
NO      
OL4              ROC‐LP1          OF6              61.36      TABULAR/HEAD     10CB_S0.03                  
NO      
OL5              ELM‐PRI          OF5              62.36      TABULAR/HEAD     4CB_S0.03                   
NO      
OL6              ELM‐ROC          SU4              63.04      TABULAR/HEAD     6CB_S0.03                   
NO      



POST‐DEVELOPMENT MODEL
OL7              ELM‐BOO          OF4              64.98      TABULAR/HEAD     3CB_S0.03                   
NO      
OL8              SPR‐BOO          SU6              71.56      TABULAR/HEAD     9CB_S0.03                   
NO      
OL9              LOR              SU16             76.87      TABULAR/HEAD     2CB_S0.03                   
NO      

[XSECTIONS]
;;Link           Shape        Geom1            Geom2      Geom3      Geom4      Barrels    Culvert   
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐
C1               IRREGULAR    18m             
C10              IRREGULAR    20m_Preston     
C11              IRREGULAR    18m             
C12              IRREGULAR    18m             
C13              IRREGULAR    18m             
C14              IRREGULAR    18m             
C15              IRREGULAR    18m             
C16              IRREGULAR    15.5m_Albert_OS 
C17              IRREGULAR    15.5m_Albert_OS 
C2               IRREGULAR    18m             
C3               IRREGULAR    18m             
C4               IRREGULAR    18m             
C5               IRREGULAR    18m             
C6               IRREGULAR    18m             
C7               IRREGULAR    15.5m_Albert_OS 
C8               IRREGULAR    15.5m_Albert_OS 
C9               IRREGULAR    18m             
W1               RECT_OPEN    0.2              10         0          0         

[TRANSECTS]
;;Transect Data in HEC‐2 format
;
NC 0.013    0.013    0.013   
X1 15.5m_Albert_OS   4        0.0      11.5     0.0      0.0      0.0      0.0      0.0     
GR 0.23     0        0        11.5     0.15     11.5     0.23     15      
;
NC 0.2      0.2      0.013   
X1 18m               7        4.25     13.75    0.0      0.0      0.0      0.0      0.0     

POST‐DEVELOPMENT MODEL
GR 0.35     0        0.15     4.25     0        4.25     0.13     9        0        13.75   
GR 0.15     13.75    0.35     18      
;
NC 0.013    0.013    0.013   
X1 20m_Preston       7        2.5      17.5     0.0      0.0      0.0      0.0      0.0     
GR 0.2      0        0.15     2.5      0        2.5      0.15     10       0        17.5    
GR 0.15     17.5     0.2      20      

[LOSSES]
;;Link           Kentry     Kexit      Kavg       Flap Gate  Seepage   
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐

[CURVES]
;;Name           Type       X‐Value    Y‐Value   
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐
10CB_S0.03       Rating     0          0         
10CB_S0.03                  0.01       5         
10CB_S0.03                  0.02       17        
10CB_S0.03                  0.03       57        
10CB_S0.03                  0.04       110       
10CB_S0.03                  0.05       146       
10CB_S0.03                  0.06       179       
10CB_S0.03                  0.07       216       
10CB_S0.03                  0.08       256       
10CB_S0.03                  0.09       298       
10CB_S0.03                  0.1        335       
10CB_S0.03                  0.11       380       
10CB_S0.03                  0.12       390       
10CB_S0.03                  0.4        390       

1CB_S0.03        Rating     0          0         
1CB_S0.03                   0.01       0.5       
1CB_S0.03                   0.02       1.7       
1CB_S0.03                   0.03       5.7       
1CB_S0.03                   0.04       11        
1CB_S0.03                   0.05       14.6      
1CB_S0.03                   0.06       17.9      
1CB_S0.03                   0.07       21.6      



POST‐DEVELOPMENT MODEL
1CB_S0.03                   0.08       25.6      
1CB_S0.03                   0.09       29.8      
1CB_S0.03                   0.1        33.5      
1CB_S0.03                   0.11       38        
1CB_S0.03                   0.12       39        
1CB_S0.03                   0.4        39        

1CB_SAG          Rating     0          0         
1CB_SAG                     0.01       1         
1CB_SAG                     0.02       2         
1CB_SAG                     0.03       4         
1CB_SAG                     0.04       7         
1CB_SAG                     0.05       11        
1CB_SAG                     0.06       16        
1CB_SAG                     0.07       20        
1CB_SAG                     0.08       36        
1CB_SAG                     0.09       48        
1CB_SAG                     0.1        61        
1CB_SAG                     0.11       73        
1CB_SAG                     0.12       86        
1CB_SAG                     0.13       99        
1CB_SAG                     0.14       109       
1CB_SAG                     0.15       120       
1CB_SAG                     0.16       129       
1CB_SAG                     0.17       136       
1CB_SAG                     0.18       145       
1CB_SAG                     0.19       150       
1CB_SAG                     0.2        156       
1CB_SAG                     0.21       161       
1CB_SAG                     0.22       167       
1CB_SAG                     0.23       172       
1CB_SAG                     0.24       176       
1CB_SAG                     0.25       181       
1CB_SAG                     0.26       186       
1CB_SAG                     0.27       189       
1CB_SAG                     0.28       194       
1CB_SAG                     0.29       199       
1CB_SAG                     0.3        202       

POST‐DEVELOPMENT MODEL

2CB_S0.03        Rating     0          0         
2CB_S0.03                   0.01       1         
2CB_S0.03                   0.02       3.4       
2CB_S0.03                   0.03       11.4      
2CB_S0.03                   0.04       22        
2CB_S0.03                   0.05       29.2      
2CB_S0.03                   0.06       35.8      
2CB_S0.03                   0.07       43.2      
2CB_S0.03                   0.08       51.2      
2CB_S0.03                   0.09       59.6      
2CB_S0.03                   0.1        67        
2CB_S0.03                   0.11       76        
2CB_S0.03                   0.12       78        
2CB_S0.03                   0.4        78        

2CB_SAG          Rating     0          0         
2CB_SAG                     0.01       2         
2CB_SAG                     0.02       4         
2CB_SAG                     0.03       8         
2CB_SAG                     0.04       14        
2CB_SAG                     0.05       22        
2CB_SAG                     0.06       32        
2CB_SAG                     0.07       40        
2CB_SAG                     0.08       72        
2CB_SAG                     0.09       96        
2CB_SAG                     0.1        122       
2CB_SAG                     0.11       146       
2CB_SAG                     0.12       172       
2CB_SAG                     0.13       198       
2CB_SAG                     0.14       218       
2CB_SAG                     0.15       240       
2CB_SAG                     0.16       258       
2CB_SAG                     0.17       272       
2CB_SAG                     0.18       290       
2CB_SAG                     0.19       300       
2CB_SAG                     0.2        312       
2CB_SAG                     0.21       322       



POST‐DEVELOPMENT MODEL
2CB_SAG                     0.22       334       
2CB_SAG                     0.23       344       
2CB_SAG                     0.24       352       
2CB_SAG                     0.25       362       
2CB_SAG                     0.26       372       
2CB_SAG                     0.27       378       
2CB_SAG                     0.28       388       
2CB_SAG                     0.29       398       
2CB_SAG                     0.3        404       

3CB_S0.03        Rating     0          0         
3CB_S0.03                   0.01       1.5       
3CB_S0.03                   0.02       5.1       
3CB_S0.03                   0.03       17.1      
3CB_S0.03                   0.04       33        
3CB_S0.03                   0.05       43.8      
3CB_S0.03                   0.06       53.7      
3CB_S0.03                   0.07       64.8      
3CB_S0.03                   0.08       76.8      
3CB_S0.03                   0.09       89.4      
3CB_S0.03                   0.1        100.5     
3CB_S0.03                   0.11       114       
3CB_S0.03                   0.12       117       
3CB_S0.03                   0.4        117       

3CB_SAG          Rating     0          0         
3CB_SAG                     0.01       3         
3CB_SAG                     0.02       6         
3CB_SAG                     0.03       12        
3CB_SAG                     0.04       21        
3CB_SAG                     0.05       33        
3CB_SAG                     0.06       48        
3CB_SAG                     0.07       60        
3CB_SAG                     0.08       108       
3CB_SAG                     0.09       144       
3CB_SAG                     0.1        183       
3CB_SAG                     0.11       219       
3CB_SAG                     0.12       258       

POST‐DEVELOPMENT MODEL
3CB_SAG                     0.13       297       
3CB_SAG                     0.14       327       
3CB_SAG                     0.15       360       
3CB_SAG                     0.16       387       
3CB_SAG                     0.17       408       
3CB_SAG                     0.18       435       
3CB_SAG                     0.19       450       
3CB_SAG                     0.2        468       
3CB_SAG                     0.21       483       
3CB_SAG                     0.22       501       
3CB_SAG                     0.23       516       
3CB_SAG                     0.24       528       
3CB_SAG                     0.25       543       
3CB_SAG                     0.26       558       
3CB_SAG                     0.27       567       
3CB_SAG                     0.28       582       
3CB_SAG                     0.29       597       
3CB_SAG                     0.3        606       

4CB_S0.03        Rating     0          0         
4CB_S0.03                   0.01       2         
4CB_S0.03                   0.02       6.8       
4CB_S0.03                   0.03       22.8      
4CB_S0.03                   0.04       44        
4CB_S0.03                   0.05       58.4      
4CB_S0.03                   0.06       71.6      
4CB_S0.03                   0.07       86.4      
4CB_S0.03                   0.08       102.4     
4CB_S0.03                   0.09       119.2     
4CB_S0.03                   0.1        134       
4CB_S0.03                   0.11       152       
4CB_S0.03                   0.12       156       
4CB_S0.03                   0.4        156       

5CB_S0.03        Rating     0          0         
5CB_S0.03                   0.01       2.5       
5CB_S0.03                   0.02       8.5       
5CB_S0.03                   0.03       28.5      



POST‐DEVELOPMENT MODEL
5CB_S0.03                   0.04       55        
5CB_S0.03                   0.05       73        
5CB_S0.03                   0.06       89.5      
5CB_S0.03                   0.07       108       
5CB_S0.03                   0.08       128       
5CB_S0.03                   0.09       149       
5CB_S0.03                   0.1        167.5     
5CB_S0.03                   0.11       190       
5CB_S0.03                   0.12       195       
5CB_S0.03                   0.4        195       

6CB_S0.03        Rating     0          0         
6CB_S0.03                   0.01       3         
6CB_S0.03                   0.02       10.2      
6CB_S0.03                   0.03       34.2      
6CB_S0.03                   0.04       66        
6CB_S0.03                   0.05       87.6      
6CB_S0.03                   0.06       107.4     
6CB_S0.03                   0.07       129.6     
6CB_S0.03                   0.08       153.6     
6CB_S0.03                   0.09       178.8     
6CB_S0.03                   0.1        201       
6CB_S0.03                   0.11       228       
6CB_S0.03                   0.12       234       
6CB_S0.03                   0.4        234       

7CB_S0.03        Rating     0          0         
7CB_S0.03                   0.01       3.5       
7CB_S0.03                   0.02       11.9      
7CB_S0.03                   0.03       39.9      
7CB_S0.03                   0.04       77        
7CB_S0.03                   0.05       102.2     
7CB_S0.03                   0.06       125.3     
7CB_S0.03                   0.07       151.2     
7CB_S0.03                   0.08       179.2     
7CB_S0.03                   0.09       208.6     
7CB_S0.03                   0.1        234.5     
7CB_S0.03                   0.11       266       

POST‐DEVELOPMENT MODEL
7CB_S0.03                   0.12       273       
7CB_S0.03                   0.4        273       

8CB_S0.03        Rating     0          0         
8CB_S0.03                   0.01       4         
8CB_S0.03                   0.02       13.6      
8CB_S0.03                   0.03       45.6      
8CB_S0.03                   0.04       88        
8CB_S0.03                   0.05       116.8     
8CB_S0.03                   0.06       143.2     
8CB_S0.03                   0.07       172.8     
8CB_S0.03                   0.08       204.8     
8CB_S0.03                   0.09       238.4     
8CB_S0.03                   0.1        268       
8CB_S0.03                   0.11       304       
8CB_S0.03                   0.12       312       
8CB_S0.03                   0.4        312       

9CB_S0.03        Rating     0          0         
9CB_S0.03                   0.01       4.5       
9CB_S0.03                   0.02       15.3      
9CB_S0.03                   0.03       51.3      
9CB_S0.03                   0.04       99        
9CB_S0.03                   0.05       131.4     
9CB_S0.03                   0.06       161.1     
9CB_S0.03                   0.07       194.4     
9CB_S0.03                   0.08       230.4     
9CB_S0.03                   0.09       268.2     
9CB_S0.03                   0.1        301.5     
9CB_S0.03                   0.11       342       
9CB_S0.03                   0.12       351       
9CB_S0.03                   0.4        351       

[TIMESERIES]
;;Name           Date       Time       Value     
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐
03H100C                     0:00       0         
03H100C                     0:10       6.05      
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03H100C                     0:20       7.54      
03H100C                     0:30       10.16     
03H100C                     0:40       15.97     
03H100C                     0:50       40.65     
03H100C                     1:00       178.56    
03H100C                     1:10       54.05     
03H100C                     1:20       27.32     
03H100C                     1:30       18.24     
03H100C                     1:40       13.74     
03H100C                     1:50       11.06     
03H100C                     2:00       9.29      
03H100C                     2:10       8.02      
03H100C                     2:20       7.08      
03H100C                     2:30       6.35      
03H100C                     2:40       5.76      
03H100C                     2:50       5.28      
03H100C                     3:00       4.88      

03H120C                     0:00       0         
03H120C                     0:10       7.26      
03H120C                     0:20       9.048     
03H120C                     0:30       12.192    
03H120C                     0:40       19.164    
03H120C                     0:50       48.78     
03H120C                     1:00       214.272   
03H120C                     1:10       64.86     
03H120C                     1:20       32.784    
03H120C                     1:30       21.888    
03H120C                     1:40       16.488    
03H120C                     1:50       13.272    
03H120C                     2:00       11.148    
03H120C                     2:10       9.624     
03H120C                     2:20       8.496     
03H120C                     2:30       7.62      
03H120C                     2:40       6.912     
03H120C                     2:50       6.336     
03H120C                     3:00       5.856     
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[REPORT]
;;Reporting Options
INPUT      YES
CONTROLS   NO
SUBCATCHMENTS ALL
NODES ALL
LINKS ALL

[TAGS]

[MAP]
DIMENSIONS       366080.2087      5030220.22155    366695.2693      5030739.82745   
UNITS            Meters

[COORDINATES]
;;Node           X‐Coord            Y‐Coord           
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
ALB‐OF           366143.745         5030491.113       
OF1              366561.224         5030486.487       
OF2              366561.962         5030485.749       
OF3              366487.932         5030457.828       
OF4              366521.881         5030385.55        
OF5              366379.435         5030410.818       
OF6              366346.034         5030492.952       
OF7              366197.772         5030338.959       
SU1              366196.986         5030339.745       
SU10             366423.129         5030613.526       
SU11             366317.45          5030549.462       
SU12             366489.932         5030653.498       
SU13             366534.832         5030681.424       
SU14             366570.424         5030600.933       
SU15             366652.01          5030522.084       
SU16             366589.041         5030422.427       
SU17             366152.634         5030447.615       
SU2              366345.376         5030493.61        
SU3              366378.777         5030411.476       
SU4              366408.893         5030335.912       
SU5              366521.143         5030386.288       
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SU6              366554.544         5030311.272       
SU7              366487.194         5030458.566       
SU8              366459.816         5030525.917       
SU9              366443.389         5030564.793       
ALB‐BOO          366429.516         5030630.229       
ALB‐LOR          366495.464         5030670.72        
ALB‐PRE          366161.116         5030463.904       
ALB‐PRI          366537.409         5030695.935       
ALB‐ROC          366323.562         5030567.191       
BOO‐LP1          366468.067         5030537.126       
BOO‐LP2          366451.58          5030575.434       
ELM‐BOO          366528.923         5030398.925       
ELM‐PRI          366386.601         5030423.171       
ELM‐ROC          366418.363         5030349.222       
LOR              366595.842         5030437.476       
PRE              366210.835         5030353.976       
PRI              366575.96          5030612.53        
PRI‐BOO          366497.404         5030471.42        
PRI‐EMP          366657.702         5030537.068       
PRI‐LOR          366568.929         5030500.03        
ROC‐LP1          366349.02          5030507.061       
SPR‐BOO          366561.898         5030324.249       

[VERTICES]
;;Link           X‐Coord            Y‐Coord           
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
OL19             366561.087         5030495.555       
OL20             366486.731         5030467.56        
OL21             366519.9           5030396.484       
OL22             366377.233         5030420.154       
OL23             366209.658         5030342.429       
OL24             366340.592         5030502.152       

[POLYGONS]
;;Subcatchment   X‐Coord            Y‐Coord           
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
33               366619.39          5030289.71        
33               366592.332         5030253.03        
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33               366592.332         5030253.03        
33               366552.97          5030243.84        
33               366552.97          5030243.84        
33               366527.372         5030297.603       
33               366527.372         5030297.603       
33               366544.282         5030311.094       
33               366544.282         5030311.094       
33               366537.925         5030336.48        
33               366537.925         5030336.48        
33               366541.376         5030359.772       
33               366541.376         5030359.772       
33               366581.91          5030377.77        
33               366581.91          5030377.77        
33               366619.39          5030289.71        
34               366467.569         5030415.215       
34               366548.303         5030449.668       
34               366548.303         5030449.668       
34               366548.485         5030449.745       
34               366548.485         5030449.745       
34               366581.91          5030377.77        
34               366581.91          5030377.77        
34               366541.376         5030359.772       
34               366541.376         5030359.772       
34               366537.925         5030336.48        
34               366537.925         5030336.48        
34               366516.325         5030327.358       
34               366516.325         5030327.358       
34               366512.08          5030329.18        
34               366512.08          5030329.18        
34               366508.26          5030333.8         
34               366508.26          5030333.8         
34               366503.303         5030331.783       
34               366503.303         5030331.783       
34               366467.569         5030415.215       
37               366473.55          5030550.784       
37               366503.256         5030564.221       
37               366503.256         5030564.221       
37               366523.663         5030511.484       



POST‐DEVELOPMENT MODEL
37               366523.663         5030511.484       
37               366475.109         5030502.782       
37               366475.109         5030502.782       
37               366418.8           5030478.49        
37               366418.8           5030478.49        
37               366409.03          5030482.37        
37               366409.03          5030482.37        
37               366408.26          5030482.17        
37               366408.26          5030482.17        
37               366401.53          5030479.211       
37               366401.53          5030479.211       
37               366395.54          5030498.39        
37               366395.54          5030498.39        
37               366385.68          5030511.057       
37               366385.68          5030511.057       
37               366378.272         5030523.863       
37               366378.272         5030523.863       
37               366392.307         5030530.098       
37               366392.307         5030530.098       
37               366452.237         5030556.15        
37               366452.237         5030556.15        
37               366473.55          5030550.784       
38               366397.9           5030385.485       
38               366467.569         5030415.215       
38               366467.569         5030415.215       
38               366503.303         5030331.783       
38               366503.303         5030331.783       
38               366494.117         5030328.046       
38               366494.117         5030328.046       
38               366500.756         5030313.631       
38               366500.756         5030313.631       
38               366490.04          5030303.83        
38               366490.04          5030303.83        
38               366454.418         5030288.218       
38               366454.418         5030288.218       
38               366450.874         5030289.664       
38               366450.874         5030289.664       
38               366415.316         5030342.551       
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38               366415.316         5030342.551       
38               366397.9           5030385.485       
39               366548.485         5030449.745       
39               366548.303         5030449.668       
39               366548.303         5030449.668       
39               366531.64          5030490.871       
39               366531.64          5030490.871       
39               366523.663         5030511.484       
39               366523.663         5030511.484       
39               366503.256         5030564.221       
39               366503.256         5030564.221       
39               366481.219         5030621.173       
39               366481.219         5030621.173       
39               366502.985         5030642.015       
39               366502.985         5030642.015       
39               366531.021         5030654.341       
39               366531.021         5030654.341       
39               366539.111         5030632.511       
39               366539.111         5030632.511       
39               366563.37          5030585.01        
39               366563.37          5030585.01        
39               366573.07          5030551.98        
39               366573.07          5030551.98        
39               366589.47          5030530.98        
39               366589.47          5030530.98        
39               366617.51          5030534.77        
39               366617.51          5030534.77        
39               366626.497         5030514.457       
39               366626.497         5030514.457       
39               366583.83          5030495.579       
39               366583.83          5030495.579       
39               366574.4           5030463.87        
39               366574.4           5030463.87        
39               366548.485         5030449.745       
40               366515.191         5030686.248       
40               366562.582         5030716.209       
40               366562.582         5030716.209       
40               366566.792         5030706.813       
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40               366566.792         5030706.813       
40               366576.585         5030690.905       
40               366576.585         5030690.905       
40               366582.947         5030674.588       
40               366582.947         5030674.588       
40               366531.021         5030654.341       
40               366531.021         5030654.341       
40               366522.11          5030675.305       
40               366522.11          5030675.305       
40               366515.191         5030686.248       
41               366466.27          5030655.32        
41               366515.191         5030686.248       
41               366515.191         5030686.248       
41               366522.11          5030675.305       
41               366522.11          5030675.305       
41               366531.021         5030654.341       
41               366531.021         5030654.341       
41               366502.985         5030642.015       
41               366502.985         5030642.015       
41               366481.219         5030621.173       
41               366481.219         5030621.173       
41               366471.07          5030647.4         
41               366471.07          5030647.4         
41               366466.27          5030655.32        
42               366531.021         5030654.341       
42               366582.947         5030674.588       
42               366582.947         5030674.588       
42               366596.751         5030639.188       
42               366596.751         5030639.188       
42               366617.63          5030596.572       
42               366617.63          5030596.572       
42               366619.259         5030561.197       
42               366619.259         5030561.197       
42               366589.47          5030530.98        
42               366589.47          5030530.98        
42               366573.07          5030551.98        
42               366573.07          5030551.98        
42               366563.37          5030585.01        
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42               366563.37          5030585.01        
42               366539.111         5030632.511       
42               366539.111         5030632.511       
42               366531.021         5030654.341       
43               366629.51          5030483.795       
43               366627.384         5030512.453       
43               366627.384         5030512.453       
43               366626.497         5030514.457       
43               366626.497         5030514.457       
43               366617.51          5030534.77        
43               366617.51          5030534.77        
43               366589.47          5030530.98        
43               366589.47          5030530.98        
43               366619.259         5030561.197       
43               366619.259         5030561.197       
43               366617.63          5030596.572       
43               366617.63          5030596.572       
43               366620.419         5030596.721       
43               366620.419         5030596.721       
43               366639.85          5030595.64        
43               366639.85          5030595.64        
43               366652.84          5030596.3         
43               366652.84          5030596.3         
43               366656.016         5030582.215       
43               366656.016         5030582.215       
43               366667.312         5030555.751       
43               366667.312         5030555.751       
43               366661.449         5030546.897       
43               366661.449         5030546.897       
43               366653.74          5030529.165       
43               366653.74          5030529.165       
43               366629.51          5030483.795       
44               366581.91          5030377.77        
44               366548.485         5030449.745       
44               366548.485         5030449.745       
44               366574.4           5030463.87        
44               366574.4           5030463.87        
44               366583.83          5030495.579       
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44               366583.83          5030495.579       
44               366626.497         5030514.457       
44               366626.497         5030514.457       
44               366627.384         5030512.453       
44               366627.384         5030512.453       
44               366629.51          5030483.795       
44               366629.51          5030483.795       
44               366653.97          5030470.53        
44               366653.97          5030470.53        
44               366663.764         5030454.432       
44               366663.764         5030454.432       
44               366615.153         5030433.885       
44               366615.153         5030433.885       
44               366632.08          5030396.264       
44               366632.08          5030396.264       
44               366581.91          5030377.77        
45               366301.091         5030575.904       
45               366350.63          5030599.04        
45               366350.63          5030599.04        
45               366357.918         5030587.259       
45               366357.918         5030587.259       
45               366357.58          5030568.31        
45               366357.58          5030568.31        
45               366360.287         5030562.069       
45               366360.287         5030562.069       
45               366361.77          5030544.67        
45               366361.77          5030544.67        
45               366333.939         5030522.615       
45               366333.939         5030522.615       
45               366268.163         5030488.683       
45               366268.163         5030488.683       
45               366259.789         5030504.914       
45               366259.789         5030504.914       
45               366260.266         5030513.543       
45               366260.266         5030513.543       
45               366244.367         5030541.042       
45               366244.367         5030541.042       
45               366267.964         5030555.544       
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45               366267.964         5030555.544       
45               366291.967         5030570.296       
45               366291.967         5030570.296       
45               366301.091         5030575.904       
46               366357.918         5030587.259       
46               366440.91          5030639.287       
46               366440.91          5030639.287       
46               366466.27          5030655.32        
46               366466.27          5030655.32        
46               366471.07          5030647.4         
46               366471.07          5030647.4         
46               366481.219         5030621.173       
46               366481.219         5030621.173       
46               366472.49          5030616.02        
46               366472.49          5030616.02        
46               366447.398         5030604.888       
46               366447.398         5030604.888       
46               366431.26          5030587.84        
46               366431.26          5030587.84        
46               366413.62          5030580.29        
46               366413.62          5030580.29        
46               366387.985         5030574.085       
46               366387.985         5030574.085       
46               366360.287         5030562.069       
46               366360.287         5030562.069       
46               366357.58          5030568.31        
46               366357.58          5030568.31        
46               366357.918         5030587.259       
47               366150.516         5030439.185       
47               366144.31          5030436.46        
47               366144.31          5030436.46        
47               366125.161         5030426.264       
47               366125.161         5030426.264       
47               366108.166         5030455.608       
47               366108.166         5030455.608       
47               366140.746         5030476.592       
47               366140.746         5030476.592       
47               366166.263         5030493.026       
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47               366166.263         5030493.026       
47               366166.791         5030493.366       
47               366166.791         5030493.366       
47               366213.887         5030522.31        
47               366213.887         5030522.31        
47               366225.944         5030529.72        
47               366225.944         5030529.72        
47               366244.367         5030541.042       
47               366244.367         5030541.042       
47               366260.266         5030513.543       
47               366260.266         5030513.543       
47               366259.789         5030504.914       
47               366259.789         5030504.914       
47               366268.163         5030488.683       
47               366268.163         5030488.683       
47               366212.111         5030459.768       
47               366212.111         5030459.768       
47               366212.097         5030459.803       
47               366212.097         5030459.803       
47               366212.111         5030459.768       
47               366212.111         5030459.768       
47               366182.194         5030444.334       
47               366182.194         5030444.334       
47               366150.516         5030439.185       
48               366285.83          5030399.63        
48               366247.248         5030383.591       
48               366247.248         5030383.591       
48               366234.603         5030403.004       
48               366234.603         5030403.004       
48               366212.111         5030459.768       
48               366212.111         5030459.768       
48               366268.163         5030488.683       
48               366268.163         5030488.683       
48               366333.939         5030522.615       
48               366333.939         5030522.615       
48               366361.77          5030544.67        
48               366361.77          5030544.67        
48               366370.863         5030536.669       

POST‐DEVELOPMENT MODEL
48               366370.863         5030536.669       
48               366378.272         5030523.863       
48               366378.272         5030523.863       
48               366385.68          5030511.057       
48               366385.68          5030511.057       
48               366395.54          5030498.39        
48               366395.54          5030498.39        
48               366401.53          5030479.211       
48               366401.53          5030479.211       
48               366389.087         5030472.996       
48               366389.087         5030472.996       
48               366351.34          5030449.657       
48               366351.34          5030449.657       
48               366307.543         5030424.064       
48               366307.543         5030424.064       
48               366285.83          5030399.63        
49               366503.256         5030564.221       
49               366473.55          5030550.784       
49               366473.55          5030550.784       
49               366452.237         5030556.15        
49               366452.237         5030556.15        
49               366392.307         5030530.098       
49               366392.307         5030530.098       
49               366378.272         5030523.863       
49               366378.272         5030523.863       
49               366370.863         5030536.669       
49               366370.863         5030536.669       
49               366361.77          5030544.67        
49               366361.77          5030544.67        
49               366360.287         5030562.069       
49               366360.287         5030562.069       
49               366387.985         5030574.085       
49               366387.985         5030574.085       
49               366413.62          5030580.29        
49               366413.62          5030580.29        
49               366431.26          5030587.84        
49               366431.26          5030587.84        
49               366447.398         5030604.888       



POST‐DEVELOPMENT MODEL
49               366447.398         5030604.888       
49               366472.49          5030616.02        
49               366472.49          5030616.02        
49               366481.219         5030621.173       
49               366481.219         5030621.173       
49               366503.256         5030564.221       
50               366548.303         5030449.668       
50               366467.569         5030415.215       
50               366467.569         5030415.215       
50               366454.19          5030445.56        
50               366454.19          5030445.56        
50               366432.29          5030449.492       
50               366432.29          5030449.492       
50               366418.8           5030478.49        
50               366418.8           5030478.49        
50               366475.109         5030502.782       
50               366475.109         5030502.782       
50               366523.663         5030511.484       
50               366523.663         5030511.484       
50               366531.64          5030490.871       
50               366531.64          5030490.871       
50               366548.303         5030449.668       
51               366247.248         5030383.591       
51               366246.32          5030366.3         
51               366246.32          5030366.3         
51               366223.36          5030355.55        
51               366223.36          5030355.55        
51               366200.48          5030354.42        
51               366200.48          5030354.42        
51               366182.086         5030395.395       
51               366182.086         5030395.395       
51               366174.41          5030392.2         
51               366174.41          5030392.2         
51               366166.84          5030409.15        
51               366166.84          5030409.15        
51               366150.516         5030439.185       
51               366150.516         5030439.185       
51               366182.194         5030444.334       

POST‐DEVELOPMENT MODEL
51               366182.194         5030444.334       
51               366212.111         5030459.768       
51               366212.111         5030459.768       
51               366234.603         5030403.004       
51               366234.603         5030403.004       
51               366247.248         5030383.591       
52               366467.569         5030415.215       
52               366397.9           5030385.485       
52               366380.24          5030393.48        
52               366339.15          5030374.4         
52               366304.45          5030352.87        
52               366296.88          5030370.78        
52               366285.83          5030399.63        
52               366307.543         5030424.064       
52               366351.34          5030449.657       
52               366389.087         5030472.996       
52               366401.53          5030479.211       
52               366408.26          5030482.17        
52               366409.03          5030482.37        
52               366418.8           5030478.49        
52               366432.29          5030449.492       
52               366454.19          5030445.56        
52               366467.569         5030415.215       

;;Storage Node   X‐Coord            Y‐Coord           
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

[SYMBOLS]
;;Gage           X‐Coord            Y‐Coord           
;;‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐



  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.2 (Build 5.2.4)
  ------------------------------------------------------------

  
  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subcatchments ... 18
  Number of nodes ........... 43
  Number of links ........... 42
  Number of pollutants ...... 0
  Number of land uses ....... 0
  
  
  ****************
  Raingage Summary
  ****************
                                                      Data       Recording
  Name                 Data Source                    Type       Interval 
  ------------------------------------------------------------------------
  RG1                  03H120C                        INTENSITY   10 min.
  
  
  ********************
  Subcatchment Summary
  ********************
  Name                       Area     Width   %Imperv    %Slope Rain Gage          
 Outlet              
  
-----------------------------------------------------------------------------------
------------------------
  33                         0.77    173.12     71.43    3.0000 RG1                
 SPR-BOO             
  34                         0.78    176.62     71.43    3.0000 RG1                
 ELM-BOO             
  37                         0.70    157.28     71.43    3.0000 RG1                
 BOO-LP1             
  38                         0.79    177.32     71.43    3.0000 RG1                
 ELM-ROC             
  39                         1.21    271.83     71.43    3.0000 RG1                
 PRI-LOR             
  40                         0.23     51.24     71.43    3.0000 RG1                
 ALB-PRI             
  41                         0.20     44.25     71.43    3.0000 RG1                
 ALB-LOR             
  42                         0.68    152.53     71.43    3.0000 RG1                
 PRI                 
  43                         0.38     85.28     71.43    3.0000 RG1                



 PRI-EMP             
  44                         0.78    175.80     71.43    3.0000 RG1                
 LOR                 
  45                         0.68    154.07     71.43    3.0000 RG1                
 ALB-ROC             
  46                         0.44     98.25     71.43    3.0000 RG1                
 ALB-BOO             
  47                         0.77    172.57     71.43    3.0000 RG1                
 ALB-PRE             
  48                         1.41    316.73     71.43    3.0000 RG1                
 ROC-LP1             
  49                         0.63    141.03     71.43    3.0000 RG1                
 BOO-LP2             
  50                         0.74    165.46     71.43    3.0000 RG1                
 PRI-BOO             
  51                         0.56    125.13     71.43    3.0000 RG1                
 PRE                 
  52                         1.14    255.87     71.43    3.0000 RG1                
 ELM-PRI             
  
  
  ************
  Node Summary
  ************
                                           Invert      Max.    Ponded    External
  Name                 Type                 Elev.     Depth      Area    Inflow  
  -------------------------------------------------------------------------------
  ALB-OF               OUTFALL               0.00      0.00       0.0
  OF1                  OUTFALL               0.00      0.00       0.0
  OF2                  OUTFALL               0.00      0.00       0.0
  OF3                  OUTFALL               0.00      0.00       0.0
  OF4                  OUTFALL               0.00      0.00       0.0
  OF5                  OUTFALL               0.00      0.00       0.0
  OF6                  OUTFALL               0.00      0.00       0.0
  OF7                  OUTFALL               0.00      0.00       0.0
  SU1                  OUTFALL               0.00      0.00       0.0
  SU10                 OUTFALL               0.00      0.00       0.0
  SU11                 OUTFALL               0.00      0.00       0.0
  SU12                 OUTFALL               0.00      0.00       0.0
  SU13                 OUTFALL               0.00      0.00       0.0
  SU14                 OUTFALL               0.00      0.00       0.0
  SU15                 OUTFALL               0.00      0.00       0.0
  SU16                 OUTFALL               0.00      0.00       0.0
  SU17                 OUTFALL               0.00      0.00       0.0
  SU2                  OUTFALL               0.00      0.00       0.0
  SU3                  OUTFALL               0.00      0.00       0.0
  SU4                  OUTFALL               0.00      0.00       0.0
  SU5                  OUTFALL               0.00      0.00       0.0
  SU6                  OUTFALL               0.00      0.00       0.0
  SU7                  OUTFALL               0.00      0.00       0.0



  SU8                  OUTFALL               0.00      0.00       0.0
  SU9                  OUTFALL               0.00      0.00       0.0
  ALB-BOO              STORAGE              61.78      0.40       0.0
  ALB-LOR              STORAGE              62.33      0.40       0.0
  ALB-PRE              STORAGE              58.95      0.40       0.0
  ALB-PRI              STORAGE              62.47      0.40       0.0
  ALB-ROC              STORAGE              60.67      0.40       0.0
  BOO-LP1              STORAGE              62.23      0.40       0.0
  BOO-LP2              STORAGE              62.25      0.40       0.0
  ELM-BOO              STORAGE              64.98      0.40       0.0
  ELM-PRI              STORAGE              62.36      0.40       0.0
  ELM-ROC              STORAGE              63.04      0.40       0.0
  LOR                  STORAGE              76.87      0.40       0.0
  PRE                  STORAGE              61.31      0.40       0.0
  PRI                  STORAGE              62.87      0.40       0.0
  PRI-BOO              STORAGE              62.37      0.40       0.0
  PRI-EMP              STORAGE              80.19      0.40       0.0
  PRI-LOR              STORAGE              72.00      0.40       0.0
  ROC-LP1              STORAGE              61.36      0.40       0.0
  SPR-BOO              STORAGE              71.56      0.40       0.0
  
  
  ************
  Link Summary
  ************
  Name             From Node        To Node          Type            Length    
%Slope Roughness
  
-----------------------------------------------------------------------------------
----------
  C1               SPR-BOO          ELM-BOO          CONDUIT           81.6    
8.0864    0.0130
  C10              PRE              ALB-PRE          CONDUIT          120.7    
1.8900    0.0130
  C11              PRI-BOO          BOO-LP1          CONDUIT           72.0    
0.1945    0.0130
  C12              BOO-LP1          BOO-LP2          CONDUIT           41.7   
-0.0480    0.0130
  C13              BOO-LP2          ALB-BOO          CONDUIT           59.1    
0.6263    0.0130
  C14              ELM-PRI          ROC-LP1          CONDUIT           91.9    
1.0879    0.0130
  C15              ROC-LP1          ALB-ROC          CONDUIT           65.3    
0.9036    0.0130
  C16              ALB-BOO          ALB-ROC          CONDUIT          123.3    
0.9003    0.0130
  C17              ALB-ROC          ALB-PRE          CONDUIT          192.5    
0.8935    0.0130
  C2               ELM-BOO          PRI-BOO          CONDUIT           79.1    
3.3033    0.0130



  C3               LOR              PRI-LOR          CONDUIT           68.1    
7.1695    0.0130
  C4               PRI-LOR          ALB-LOR          CONDUIT          185.8    
5.1565    0.0130
  C5               PRI-EMP          PRI-LOR          CONDUIT           96.2    
8.5450    0.0130
  C6               PRI              ALB-PRI          CONDUIT           91.9    
0.3265    0.0130
  C7               ALB-PRI          ALB-LOR          CONDUIT           48.9    
0.2860    0.0130
  C8               ALB-LOR          ALB-BOO          CONDUIT           77.4    
0.7107    0.0130
  C9               ELM-ROC          ELM-PRI          CONDUIT           80.5    
0.8449    0.0130
  W1               ALB-PRE          ALB-OF           WEIR        
  OL1              ALB-PRE          SU17             OUTLET      
  OL10             PRI-LOR          OF2              OUTLET      
  OL11             PRI-EMP          SU15             OUTLET      
  OL12             PRI              SU14             OUTLET      
  OL13             ALB-PRI          SU13             OUTLET      
  OL14             ALB-LOR          SU12             OUTLET      
  OL15             ALB-BOO          SU10             OUTLET      
  OL16             BOO-LP2          SU9              OUTLET      
  OL17             BOO-LP1          SU8              OUTLET      
  OL18             PRI-BOO          OF3              OUTLET      
  OL19             PRI-LOR          OF1              OUTLET      
  OL2              PRE              SU1              OUTLET      
  OL20             PRI-BOO          SU7              OUTLET      
  OL21             ELM-BOO          SU5              OUTLET      
  OL22             ELM-PRI          SU3              OUTLET      
  OL23             PRE              OF7              OUTLET      
  OL24             ROC-LP1          SU2              OUTLET      
  OL3              ALB-ROC          SU11             OUTLET      
  OL4              ROC-LP1          OF6              OUTLET      
  OL5              ELM-PRI          OF5              OUTLET      
  OL6              ELM-ROC          SU4              OUTLET      
  OL7              ELM-BOO          OF4              OUTLET      
  OL8              SPR-BOO          SU6              OUTLET      
  OL9              LOR              SU16             OUTLET      
  
  
  *********************
  Cross Section Summary
  *********************
                                        Full     Full     Hyd.     Max.   No. of   
 Full
  Conduit          Shape               Depth     Area     Rad.    Width  Barrels   
 Flow
  
-----------------------------------------------------------------------------------



----
  C1               18m                  0.35     3.56     0.19    18.00        1 
25310.06
  C10              20m_Preston          0.20     2.00     0.10    20.00        1  
4499.28
  C11              18m                  0.35     3.56     0.19    18.00        1  
3925.81
  C12              18m                  0.35     3.56     0.19    18.00        1  
1949.04
  C13              18m                  0.35     3.56     0.19    18.00        1  
7044.06
  C14              18m                  0.35     3.56     0.19    18.00        1  
9283.36
  C15              18m                  0.35     3.56     0.19    18.00        1  
8460.47
  C16              15.5m_Albert_OS      0.23     1.46     0.10    15.00        1  
2240.10
  C17              15.5m_Albert_OS      0.23     1.46     0.10    15.00        1  
2231.59
  C2               18m                  0.35     3.56     0.19    18.00        1 
16176.70
  C3               18m                  0.35     3.56     0.19    18.00        1 
23832.00
  C4               18m                  0.35     3.56     0.19    18.00        1 
20211.25
  C5               18m                  0.35     3.56     0.19    18.00        1 
26017.86
  C6               18m                  0.35     3.56     0.19    18.00        1  
5085.65
  C7               15.5m_Albert_OS      0.23     1.46     0.10    15.00        1  
1262.66
  C8               15.5m_Albert_OS      0.23     1.46     0.10    15.00        1  
1990.28
  C9               18m                  0.35     3.56     0.19    18.00        1  
8181.22
  
  
  ****************
  Transect Summary
  ****************

  Transect 15.5m_Albert_OS
  Area:  
              0.0004     0.0014     0.0033     0.0058     0.0090 
              0.0130     0.0177     0.0231     0.0293     0.0362 
              0.0438     0.0521     0.0611     0.0709     0.0814 
              0.0926     0.1045     0.1172     0.1306     0.1447 
              0.1595     0.1751     0.1913     0.2083     0.2261 
              0.2445     0.2637     0.2836     0.3042     0.3255 
              0.3476     0.3704     0.3939     0.4187     0.4449 



              0.4724     0.5013     0.5315     0.5631     0.5960 
              0.6303     0.6660     0.7030     0.7413     0.7811 
              0.8221     0.8646     0.9084     0.9535     1.0000 
  Hrad:  
              0.0234     0.0467     0.0701     0.0934     0.1168 
              0.1402     0.1635     0.1869     0.2102     0.2336 
              0.2569     0.2803     0.3037     0.3270     0.3504 
              0.3737     0.3971     0.4205     0.4438     0.4672 
              0.4905     0.5139     0.5373     0.5606     0.5840 
              0.6073     0.6307     0.6540     0.6774     0.7008 
              0.7241     0.7475     0.7633     0.7690     0.7764 
              0.7854     0.7958     0.8073     0.8198     0.8332 
              0.8474     0.8623     0.8779     0.8940     0.9107 
              0.9278     0.9453     0.9632     0.9814     1.0000 
  Width: 
              0.0153     0.0307     0.0460     0.0613     0.0767 
              0.0920     0.1073     0.1227     0.1380     0.1533 
              0.1687     0.1840     0.1993     0.2147     0.2300 
              0.2453     0.2607     0.2760     0.2913     0.3067 
              0.3220     0.3373     0.3527     0.3680     0.3833 
              0.3987     0.4140     0.4293     0.4447     0.4600 
              0.4753     0.4907     0.5113     0.5400     0.5688 
              0.5975     0.6263     0.6550     0.6838     0.7125 
              0.7413     0.7700     0.7988     0.8275     0.8563 
              0.8850     0.9138     0.9425     0.9713     1.0000 

  Transect 18m
  Area:  
              0.0005     0.0020     0.0045     0.0081     0.0126 
              0.0181     0.0247     0.0322     0.0408     0.0503 
              0.0609     0.0725     0.0851     0.0986     0.1132 
              0.1288     0.1454     0.1631     0.1816     0.2003 
              0.2190     0.2378     0.2571     0.2770     0.2975 
              0.3186     0.3402     0.3625     0.3853     0.4087 
              0.4327     0.4573     0.4825     0.5082     0.5346 
              0.5615     0.5890     0.6171     0.6458     0.6751 
              0.7049     0.7354     0.7664     0.7980     0.8302 
              0.8630     0.8964     0.9303     0.9649     1.0000 
  Hrad:  
              0.0183     0.0366     0.0549     0.0731     0.0914 
              0.1097     0.1280     0.1463     0.1646     0.1829 
              0.2012     0.2194     0.2377     0.2560     0.2743 
              0.2926     0.3109     0.3292     0.3551     0.3911 
              0.4270     0.4628     0.4975     0.5304     0.5618 
              0.5917     0.6201     0.6471     0.6727     0.6971 
              0.7203     0.7424     0.7633     0.7833     0.8023 
              0.8203     0.8375     0.8539     0.8695     0.8844 
              0.8986     0.9121     0.9249     0.9372     0.9489 
              0.9601     0.9708     0.9810     0.9907     1.0000 
  Width: 



              0.0284     0.0568     0.0853     0.1137     0.1421 
              0.1705     0.1989     0.2274     0.2558     0.2842 
              0.3126     0.3410     0.3694     0.3979     0.4263 
              0.4547     0.4831     0.5115     0.5278     0.5278 
              0.5278     0.5372     0.5537     0.5703     0.5868 
              0.6033     0.6199     0.6364     0.6529     0.6694 
              0.6860     0.7025     0.7190     0.7356     0.7521 
              0.7686     0.7851     0.8017     0.8182     0.8347 
              0.8512     0.8678     0.8843     0.9008     0.9174 
              0.9339     0.9504     0.9669     0.9835     1.0000 

  Transect 20m_Preston
  Area:  
              0.0004     0.0016     0.0036     0.0064     0.0100 
              0.0144     0.0196     0.0256     0.0324     0.0400 
              0.0484     0.0576     0.0676     0.0784     0.0900 
              0.1024     0.1156     0.1296     0.1444     0.1600 
              0.1764     0.1936     0.2116     0.2304     0.2500 
              0.2704     0.2916     0.3136     0.3364     0.3600 
              0.3844     0.4096     0.4356     0.4624     0.4900 
              0.5184     0.5476     0.5776     0.6084     0.6400 
              0.6724     0.7056     0.7396     0.7744     0.8100 
              0.8464     0.8836     0.9216     0.9604     1.0000 
  Hrad:  
              0.0199     0.0398     0.0597     0.0796     0.0995 
              0.1194     0.1393     0.1592     0.1791     0.1990 
              0.2189     0.2388     0.2587     0.2786     0.2985 
              0.3184     0.3383     0.3582     0.3781     0.3980 
              0.4179     0.4378     0.4577     0.4776     0.4975 
              0.5175     0.5374     0.5573     0.5772     0.5971 
              0.6170     0.6369     0.6568     0.6767     0.6966 
              0.7165     0.7364     0.7565     0.7768     0.7971 
              0.8173     0.8376     0.8579     0.8782     0.8985 
              0.9188     0.9391     0.9594     0.9797     1.0000 
  Width: 
              0.0200     0.0400     0.0600     0.0800     0.1000 
              0.1200     0.1400     0.1600     0.1800     0.2000 
              0.2200     0.2400     0.2600     0.2800     0.3000 
              0.3200     0.3400     0.3600     0.3800     0.4000 
              0.4200     0.4400     0.4600     0.4800     0.5000 
              0.5200     0.5400     0.5600     0.5800     0.6000 
              0.6200     0.6400     0.6600     0.6800     0.7000 
              0.7200     0.7400     0.7600     0.7800     0.8000 
              0.8200     0.8400     0.8600     0.8800     0.9000 
              0.9200     0.9400     0.9600     0.9800     1.0000 
  
  
  ****************
  Analysis Options
  ****************



  Flow Units ............... LPS
  Process Models:
    Rainfall/Runoff ........ YES
    RDII ................... NO
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ YES
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Surcharge Method ......... EXTRAN
  Starting Date ............ 07/17/2024 00:00:00
  Ending Date .............. 07/17/2024 06:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:01:00
  Wet Time Step ............ 00:01:00
  Dry Time Step ............ 00:01:00
  Routing Time Step ........ 1.00 sec
  Variable Time Step ....... NO
  Maximum Trials ........... 8
  Number of Threads ........ 8
  Head Tolerance ........... 0.001500 m
  
  
  **************************        Volume         Depth
  Runoff Quantity Continuity     hectare-m            mm
  **************************     ---------       -------
  Total Precipitation ......         1.106        86.000
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.173        13.470
  Surface Runoff ...........         0.920        71.504
  Final Storage ............         0.014         1.126
  Continuity Error (%) .....        -0.116
  
  
  **************************        Volume        Volume
  Flow Routing Continuity        hectare-m      10^6 ltr
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.920         9.198
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.916         9.162
  Flooding Loss ............         0.000         0.000
  Evaporation Loss .........         0.000         0.000
  Exfiltration Loss ........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000



  Continuity Error (%) .....         0.399
  
  
  *************************
  Highest Continuity Errors
  *************************
  Node ALB-PRE (3.51%)
  Node ALB-ROC (-1.21%)
  
  
  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.
  
  
  *********************************
  Most Frequent Nonconverging Nodes
  *********************************
  Convergence obtained at all time steps.
  
  
  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  % of Time in Steady State   :     0.00
  Average Iterations per Step :     2.00
  % of Steps Not Converging   :     0.00
  
  
  ***************************
  Subcatchment Runoff Summary
  ***************************
  
  
-----------------------------------------------------------------------------------
-------------------------------------------
                            Total      Total      Total      Total     Imperv      
Perv      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff     
Runoff     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 mm         mm         mm         mm         mm      
  mm         mm    10^6 ltr      LPS
  
-----------------------------------------------------------------------------------
-------------------------------------------
  33                        86.00       0.00       0.00      13.47      60.38      



11.12      71.50        0.55   429.09   0.831
  34                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.56   437.76   0.831
  37                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.50   389.83   0.831
  38                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.56   439.49   0.831
  39                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.86   673.74   0.831
  40                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.16   127.01   0.831
  41                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.14   109.66   0.831
  42                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.48   378.05   0.831
  43                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.27   211.37   0.831
  44                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.56   435.74   0.831
  45                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.49   381.88   0.831
  46                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.31   243.51   0.831
  47                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.55   427.72   0.831
  48                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        1.01   785.03   0.831
  49                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.45   349.54   0.831
  50                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.53   410.09   0.831
  51                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.40   310.13   0.831
  52                        86.00       0.00       0.00      13.47      60.38      
11.12      71.50        0.81   634.18   0.831
  
  
  ******************
  Node Depth Summary
  ******************
  
  ---------------------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max    Reported
                                   Depth    Depth      HGL   Occurrence   Max Depth
  Node                 Type       Meters   Meters   Meters  days hr:min      Meters
  ---------------------------------------------------------------------------------
  ALB-OF               OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  OF1                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  OF2                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  OF3                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00



  OF4                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  OF5                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  OF6                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  OF7                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU1                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU10                 OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU11                 OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU12                 OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU13                 OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU14                 OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU15                 OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU16                 OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU17                 OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU2                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU3                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU4                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU5                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU6                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU7                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU8                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  SU9                  OUTFALL      0.00     0.00     0.00     0  00:00        0.00
  ALB-BOO              STORAGE      0.02     0.18    61.96     0  01:10        0.18
  ALB-LOR              STORAGE      0.02     0.17    62.50     0  01:10        0.17
  ALB-PRE              STORAGE      0.03     0.38    59.33     0  01:13        0.38
  ALB-PRI              STORAGE      0.01     0.10    62.57     0  01:10        0.10
  ALB-ROC              STORAGE      0.02     0.21    60.88     0  01:10        0.21
  BOO-LP1              STORAGE      0.02     0.16    62.39     0  01:10        0.16
  BOO-LP2              STORAGE      0.02     0.11    62.36     0  01:10        0.11
  ELM-BOO              STORAGE      0.01     0.08    65.06     0  01:10        0.08
  ELM-PRI              STORAGE      0.01     0.10    62.46     0  01:10        0.10
  ELM-ROC              STORAGE      0.01     0.09    63.13     0  01:10        0.09
  LOR                  STORAGE      0.01     0.07    76.94     0  01:10        0.07
  PRE                  STORAGE      0.01     0.05    61.36     0  01:10        0.05
  PRI                  STORAGE      0.01     0.09    62.96     0  01:10        0.09
  PRI-BOO              STORAGE      0.01     0.12    62.49     0  01:10        0.12
  PRI-EMP              STORAGE      0.01     0.05    80.24     0  01:10        0.05
  PRI-LOR              STORAGE      0.01     0.09    72.09     0  01:10        0.09
  ROC-LP1              STORAGE      0.02     0.12    61.48     0  01:10        0.12
  SPR-BOO              STORAGE      0.01     0.06    71.62     0  01:10        0.06
  
  
  *******************
  Node Inflow Summary
  *******************
  
  
-----------------------------------------------------------------------------------
--------------
                                  Maximum  Maximum                  Lateral       
Total        Flow



                                  Lateral    Total  Time of Max      Inflow      
Inflow     Balance
                                   Inflow   Inflow   Occurrence      Volume      
Volume       Error
  Node                 Type           LPS      LPS  days hr:min    10^6 ltr    10^6
ltr     Percent
  
-----------------------------------------------------------------------------------
--------------
  ALB-OF               OUTFALL       0.00   983.37     0  01:13           0       
0.542       0.000
  OF1                  OUTFALL       0.00   189.10     0  01:10           0       
0.343       0.000
  OF2                  OUTFALL       0.00   315.17     0  01:10           0       
0.571       0.000
  OF3                  OUTFALL       0.00   116.23     0  01:10           0       
0.158       0.000
  OF4                  OUTFALL       0.00    76.34     0  01:10           0       
0.121       0.000
  OF5                  OUTFALL       0.00   136.64     0  01:10           0       
0.212       0.000
  OF6                  OUTFALL       0.00   390.00     0  01:08           0       
0.692       0.000
  OF7                  OUTFALL       0.00   157.38     0  01:10           0       
0.241       0.000
  SU1                  OUTFALL       0.00    15.74     0  01:10           0      
0.0241       0.000
  SU10                 OUTFALL       0.00   156.00     0  01:03           0       
0.378       0.000
  SU11                 OUTFALL       0.00   390.00     0  01:04           0       
0.793       0.000
  SU12                 OUTFALL       0.00   156.00     0  01:03           0       
0.343       0.000
  SU13                 OUTFALL       0.00   132.04     0  01:10           0       
0.182       0.000
  SU14                 OUTFALL       0.00   230.16     0  01:10           0       
0.373       0.000
  SU15                 OUTFALL       0.00    15.37     0  01:10           0      
0.0284       0.000
  SU16                 OUTFALL       0.00    43.45     0  01:10           0      
0.0932       0.000
  SU17                 OUTFALL       0.00   390.00     0  01:03           0        
1.06       0.000
  SU2                  OUTFALL       0.00   176.99     0  01:10           0       
0.171       0.000
  SU3                  OUTFALL       0.00   341.61     0  01:10           0       
0.529       0.000
  SU4                  OUTFALL       0.00   178.45     0  01:10           0       
0.326       0.000
  SU5                  OUTFALL       0.00   254.46     0  01:10           0       



0.405       0.000
  SU6                  OUTFALL       0.00   159.88     0  01:10           0       
0.271       0.000
  SU7                  OUTFALL       0.00   387.42     0  01:10           0       
0.526       0.000
  SU8                  OUTFALL       0.00   395.00     0  01:10           0       
0.542       0.000
  SU9                  OUTFALL       0.00   205.36     0  01:10           0       
0.238       0.000
  ALB-BOO              STORAGE     243.51  1383.15     0  01:10       0.312        
1.19      -0.147
  ALB-LOR              STORAGE     109.66   973.51     0  01:10       0.141       
0.892      -0.069
  ALB-PRE              STORAGE     427.72  2117.22     0  01:10       0.548        
1.66       3.643
  ALB-PRI              STORAGE     127.01   267.16     0  01:10       0.163       
0.275      -0.187
  ALB-ROC              STORAGE     381.88  2146.20     0  01:10        0.49        
1.75      -1.198
  BOO-LP1              STORAGE     389.83   641.79     0  01:10         0.5       
0.664       0.105
  BOO-LP2              STORAGE     349.54   567.92     0  01:10       0.448        
0.57      -0.026
  ELM-BOO              STORAGE     437.76   705.78     0  01:10       0.561       
0.841      -0.047
  ELM-PRI              STORAGE     634.18   892.55     0  01:10       0.813        
1.05      -0.005
  ELM-ROC              STORAGE     439.49   439.49     0  01:10       0.564       
0.564      -0.053
  LOR                  STORAGE     435.74   435.74     0  01:10       0.559       
0.559      -0.076
  PRE                  STORAGE     310.13   310.13     0  01:10       0.398       
0.398      -0.511
  PRI                  STORAGE     378.05   378.05     0  01:10       0.485       
0.485      -0.038
  PRI-BOO              STORAGE     410.09   780.30     0  01:10       0.526       
0.841      -0.016
  PRI-EMP              STORAGE     211.37   211.37     0  01:10       0.271       
0.271      -0.128
  PRI-LOR              STORAGE     673.74  1259.92     0  01:10       0.864        
1.57       0.040
  ROC-LP1              STORAGE     785.03  1190.39     0  01:10        1.01        
1.32       0.407
  SPR-BOO              STORAGE     429.09   429.09     0  01:10        0.55        
0.55      -0.029
  
  
  **********************
  Node Surcharge Summary
  **********************



  
  No nodes were surcharged.
  
  
  *********************
  Node Flooding Summary
  *********************
  
  No nodes were flooded.
  
  
  **********************
  Storage Volume Summary
  **********************
  
  
-----------------------------------------------------------------------------------
-------------
                         Average    Avg   Evap  Exfil     Maximum    Max    Time of
Max    Maximum
                          Volume   Pcnt   Pcnt   Pcnt      Volume   Pcnt     
Occurrence    Outflow
  Storage Unit           1000 m³   Full   Loss   Loss     1000 m³   Full    days 
hr:min        LPS
  
-----------------------------------------------------------------------------------
-------------
  ALB-BOO                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00    1336.68
  ALB-LOR                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     956.33
  ALB-PRE                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00    1373.37
  ALB-PRI                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     264.71
  ALB-ROC                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00    2002.33
  BOO-LP1                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     615.49
  BOO-LP2                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     551.81
  ELM-BOO                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     701.17
  ELM-PRI                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     883.83
  ELM-ROC                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     436.88
  LOR                      0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     434.66
  PRE                      0.000    0.0    0.0    0.0       0.000    0.0       0  



00:00     306.18
  PRI                      0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     370.55
  PRI-BOO                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     756.65
  PRI-EMP                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     210.39
  PRI-LOR                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00    1236.88
  ROC-LP1                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00    1168.57
  SPR-BOO                  0.000    0.0    0.0    0.0       0.000    0.0       0  
00:00     427.93
  
  
  ***********************
  Outfall Loading Summary
  ***********************
  
  -----------------------------------------------------------
                         Flow       Avg       Max       Total
                         Freq      Flow      Flow      Volume
  Outfall Node           Pcnt       LPS       LPS    10^6 ltr
  -----------------------------------------------------------
  ALB-OF                 5.69    440.90    983.37       0.542
  OF1                   64.43     24.62    189.10       0.343
  OF2                   68.90     38.37    315.17       0.571
  OF3                   57.48     12.71    116.23       0.158
  OF4                   57.85      9.71     76.34       0.121
  OF5                   61.48     15.93    136.64       0.212
  OF6                   71.42     44.86    390.00       0.692
  OF7                   64.95     17.15    157.38       0.241
  SU1                   52.32      2.13     15.74       0.024
  SU10                  63.86     27.43    156.00       0.378
  SU11                  67.53     54.34    390.00       0.793
  SU12                  58.35     27.21    156.00       0.343
  SU13                  59.06     14.30    132.04       0.182
  SU14                  67.63     25.54    230.16       0.373
  SU15                  64.55      2.03     15.37       0.028
  SU16                  69.19      6.23     43.45       0.093
  SU17                  68.49     71.50    390.00       1.058
  SU2                   63.09     12.54    176.99       0.171
  SU3                   69.12     35.43    341.61       0.529
  SU4                   68.83     21.95    178.45       0.326
  SU5                   66.36     28.24    254.46       0.405
  SU6                   68.52     18.29    159.88       0.271
  SU7                   65.77     37.03    387.42       0.526
  SU8                   67.81     37.03    395.00       0.542
  SU9                   66.99     16.45    205.36       0.238
  -----------------------------------------------------------



  System                62.39   1041.90   5610.57       9.162
  
  
  ********************
  Link Flow Summary
  ********************
  
  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          LPS  days hr:min     m/sec    Flow   Depth
  -----------------------------------------------------------------------------
  C1                   CHANNEL    268.05     0  01:10      1.51    0.01    0.20
  C10                  CHANNEL    133.06     0  01:10      0.82    0.03    0.63
  C11                  CHANNEL    253.01     0  01:10      0.35    0.06    0.40
  C12                  CHANNEL    220.55     0  01:10      0.33    0.11    0.39
  C13                  CHANNEL    346.64     0  01:10      0.84    0.05    0.30
  C14                  CHANNEL    405.58     0  01:10      0.89    0.04    0.32
  C15                  CHANNEL    601.73     0  01:10      1.11    0.07    0.35
  C16                  CHANNEL   1180.68     0  01:10      1.26    0.53    0.85
  C17                  CHANNEL   1612.33     0  01:10      1.25    0.72    0.95
  C2                   CHANNEL    370.37     0  01:10      1.15    0.02    0.28
  C3                   CHANNEL    391.21     0  01:10      1.89    0.02    0.24
  C4                   CHANNEL    732.63     0  01:10      2.24    0.04    0.27
  C5                   CHANNEL    195.02     0  01:10      1.19    0.01    0.21
  C6                   CHANNEL    140.46     0  01:10      0.56    0.03    0.24
  C7                   CHANNEL    132.66     0  01:10      0.30    0.11    0.57
  C8                   CHANNEL    800.33     0  01:10      1.05    0.40    0.76
  C9                   CHANNEL    258.43     0  01:10      0.77    0.03    0.27
  W1                   WEIR       983.37     0  01:13                      0.76
  OL1                  DUMMY      390.00     0  01:03
  OL10                 DUMMY      315.17     0  01:10
  OL11                 DUMMY       15.37     0  01:10
  OL12                 DUMMY      230.16     0  01:10
  OL13                 DUMMY      132.04     0  01:10
  OL14                 DUMMY      156.00     0  01:03
  OL15                 DUMMY      156.00     0  01:03
  OL16                 DUMMY      205.36     0  01:10
  OL17                 DUMMY      395.00     0  01:10
  OL18                 DUMMY      116.23     0  01:10
  OL19                 DUMMY      189.10     0  01:10
  OL2                  DUMMY       15.74     0  01:10
  OL20                 DUMMY      387.42     0  01:10
  OL21                 DUMMY      254.46     0  01:10
  OL22                 DUMMY      341.61     0  01:10
  OL23                 DUMMY      157.38     0  01:10
  OL24                 DUMMY      176.99     0  01:10
  OL3                  DUMMY      390.00     0  01:04
  OL4                  DUMMY      390.00     0  01:08
  OL5                  DUMMY      136.64     0  01:10



  OL6                  DUMMY      178.45     0  01:10
  OL7                  DUMMY       76.34     0  01:10
  OL8                  DUMMY      159.88     0  01:10
  OL9                  DUMMY       43.45     0  01:10
  
  
  ***************************
  Flow Classification Summary
  ***************************
  
  
-----------------------------------------------------------------------------------
--
                      Adjusted    ---------- Fraction of Time in Flow Class 
---------- 
                       /Actual         Up    Down  Sub   Sup   Up    Down  Norm  
Inlet 
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit  Ltd   
Ctrl  
  
-----------------------------------------------------------------------------------
--
  C1                      1.00   0.09  0.03  0.00  0.34  0.54  0.00  0.00  0.47  
0.00
  C10                     1.00   0.12  0.00  0.00  0.09  0.00  0.00  0.79  0.09  
0.00
  C11                     1.00   0.08  0.09  0.00  0.83  0.00  0.00  0.00  0.94  
0.00
  C12                     1.00   0.07  0.02  0.00  0.91  0.00  0.00  0.00  0.68  
0.00
  C13                     1.00   0.09  0.00  0.00  0.00  0.00  0.00  0.91  0.00  
0.00
  C14                     1.00   0.07  0.07  0.00  0.59  0.27  0.00  0.00  0.93  
0.00
  C15                     1.00   0.08  0.00  0.00  0.00  0.01  0.00  0.91  0.01  
0.00
  C16                     1.00   0.08  0.02  0.00  0.36  0.54  0.00  0.00  0.04  
0.00
  C17                     1.00   0.09  0.07  0.00  0.40  0.44  0.00  0.00  0.88  
0.00
  C2                      1.00   0.12  0.04  0.00  0.31  0.53  0.00  0.00  0.46  
0.00
  C3                      1.00   0.06  0.00  0.00  0.33  0.60  0.00  0.00  0.78  
0.00
  C4                      1.00   0.13  0.00  0.00  0.00  0.00  0.00  0.87  0.00  
0.00
  C5                      1.00   0.06  0.00  0.00  0.33  0.61  0.00  0.00  0.48  
0.00
  C6                      1.00   0.09  0.00  0.00  0.00  0.00  0.00  0.91  0.00  
0.00



  C7                      1.00   0.12  0.05  0.00  0.83  0.00  0.00  0.00  0.92  
0.00
  C8                      1.00   0.08  0.10  0.00  0.78  0.04  0.00  0.00  0.87  
0.00
  C9                      1.00   0.07  0.01  0.00  0.36  0.56  0.00  0.00  0.04  
0.00
  
  
  *************************
  Conduit Surcharge Summary
  *************************
  
  ----------------------------------------------------------------------------
                                                           Hours        Hours 
                         --------- Hours Full --------   Above Full   Capacity
  Conduit                Both Ends  Upstream  Dnstream   Normal Flow   Limited
  ----------------------------------------------------------------------------
  C10                         0.01      0.01      0.23      0.01         0.01
  C17                         0.01      0.01      0.34      0.01         0.01
  

  Analysis begun on:  Fri Jul 19 10:00:24 2024
  Analysis ended on:  Fri Jul 19 10:00:25 2024
  Total elapsed time: 00:00:01
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