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1.0  INTRODUCTION 

Richmond Village (South) Limited has retained David Schaeffer Engineering Ltd. 
(DSEL) to prepare a Stormwater Management Report in support of their application for 
draft plan of subdivision.   

This study constitutes a resubmission of previously submitted work and addresses the 
City of Ottawa comments on the Stormwater Management Report submitted by DSEL 
for Mattamy Richmond Lands in March 2010. The City and Agency comments received 
to date are summarized in Appendix A.   

The March 2010 stormwater management report presented facility treatment types, 
locations, and provided a recommended stormwater facility solution for the subject 
lands. This study expands upon the previously recommended solution.  Furthermore, 
this report outlines various storm conveyance alternatives and presents a detailed 
review of the recommended conveyance solution. 

The objective of this report is to provide sufficient detail with respect to the stormwater 
management system including minor and major system conveyance and stormwater 
facilities to support the Richmond Village (South) Limited’s draft plan of subdivision 
application.  Furthermore, this study provides a stormwater solution for the adjacent 
development lands. 

1.1 Site Context  

The Village of Richmond is located within the City of Ottawa planning boundary and is 
approximately 10km south of Stittsville and 12km west of Manotick, as illustrated on 
Figure 1. 
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  Figure 1: Location of the Village of Richmond 

The subject lands lie along the western perimeter of Village of Richmond planning 
boundary.  The subject land extends north of Perth Street and south of Perth Street to 
the Jock River, as illustrated on Figure 2.  The existing property is currently being 
farmed and is relatively flat with slopes ranging from 0.1% to 0.5%.  

The majority of the subject lands are within the Van Gaal sub-watershed which is a 
tributary to the Jock River.  The sub-watershed area is approximately 1,115 ha and is 
mostly undeveloped, consisting of wooded, wetlands, and agricultural lands fallow, and 
row crop areas.   



STORMWATER MANAGEMENT REPORT  
RICHMOND VILLAGE (SOUTH) LIMITED 
APRIL 2012 – REV 1 
 
 

DAVID SCHAEFFER ENGINEERING LTD.                                                                                                            PAGE 3  
© DSEL 

 

Figure 2: Site Context 

1.2 Required Permits / Approvals 

Richmond Village (South) Limited is subject to the following permits and approvals: 

1.2.1 City of Ottawa 

The City of Ottawa is required to approve the engineering design drawings and reports 
for the Richmond Village (South) Limited Subdivision.  The City of Ottawa must review 
and sign off on the design and forward to the Ministry of the Environment (MOE) for 
their transfer of review program. 

1.2.2 Ministry of the Environment 

The MOE is required to review the engineering design and issue Environmental 
Compliance Approvals (ECA) for Sanitary and Storm Sewers and Stormwater 
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Management.  The ECA is a new instrument of Environmental Approval which replaces 
the Certificate of Approval (CofA).   

Richmond Village (South) Limited subdivision will not require an Environmental 
Compliance Approval (ECA) for watermains.  The City will review the watermains on 
behalf of the MOE.   

The MOE will also be required to issue an approval for any proposed temporary 
sedimentation systems such as on-site ditches and / or temporary sediment ponds.  To 
allow dewatering of the subject site, a Permit to take Water (PTTW) is required.  

1.2.3 Rideau Valley Conservation Authority (RVCA) 

Concurrent with the City and MOE approvals, approvals are required from the Rideau 
Valley Conservation Authority as it relates to Ontario Regulation 174/06 "The 
Development, Interference with Wetlands and Alterations to Shorelines and 
Watercourses” for the ditch creation(s), alteration(s) and / or enclosure(s).   

There are two floodplain amendments being proposed to support the proposed 
development area.  Additional information regarding the proposed amendments is 
discussed under Section 3.2. 

1.2.4 Department of Fisheries and Oceans (DFO) 

Approval will be required from the RVCA, acting as an agent for the DFO, regarding the 
infilling and re-alignment of the Van Gaal Drain north of Perth Street and the closure of 
the existing ditch(s) located between Perth Street and Ottawa Street. 

1.3 Public and Agency Consultation 

Numerous public and agency consultations took place between April 2008 and present.  
The Stormwater Management Report submitted by DSEL for Mattamy Richmond Lands 
in March 2010 summarizes the meeting results and times under sub-section 1.3. 
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2.0 GUIDELINES, PREVIOUS STUDIES, AND REPORTS 

2.1 Existing Studies, Guidelines, and Reports 

The following studies were utilized in the preparation of this report. 

���� Ottawa Sewer Design Guidelines, 
City of Ottawa, November 2004. 
(City Standards) 

o Technical Bulletin ISD-2012-1  
City of Ottawa, January 31, 2012. 
(ISD-2012-1) 

���� Stormwater Planning and Design Manual, 
Ministry of the Environment, March 2003. 
(SWMP Design Manual) 

���� Ontario Building Code Compendium  
Ministry of Municipal Affairs and Housing Building Development Branch,  
January 1, 2010 Update 
(OBC) 

���� Hydrology Report – Jock River Flood Risk Mapping 
Rideau Valley Conservation Authority, July 2004. 

���� Hydraulics Report – Jock River Flood Risk Mapping 
Rideau Valley Conservation Authority, November 2004. 

���� Floodplain Mapping Report for the Van Gaal and Arbuckle Municipal Drains 
in the Village of Richmond 
Rideau Valley Conservation Authority, November 2009. 

���� Stormwater Management and Drainage Plan for the Mattamy Richmond 
Lands 
DSEL, JFSA, AECOM, and Kilgour & Associates Ltd., March 2010. 
(March 2010 SWM Report) 

���� Village of Richmond Community Design Plan 
City of Ottawa, July 2010. 
(CDP) 

���� Preliminary Geotechnical Investigation Report 
Jacques Whitford, June 22, 2007. 
(Geotechnical Study) 
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3.0 EXISTING CONDITIONS 

3.1 Geotechnical 

Jacques Whitford carried out a Geotechnical Investigation of the subject property in 
June 2007, included in Appendix B.  The following summarizes the results of their 
investigation. 

North of Perth Street, the soils consist of a thick deposit of clay overlying a till deposit 
overlying inferred bedrock.  Bedrock is anticipated at depths in excess of 6 m below 
ground surface to the north of Perth Street and becoming shallower to the south of 
Perth Street. 

Between Perth and Ottawa Street the soils consist of a thin deposit of clay overlying a 
sandy silt deposit over a till deposit over inferred bedrock. Bedrock is anticipated at 
depths between 3 m to 4 m below ground surface.   

South of Ottawa Street the soils consist of a deposit sandy silt over a till deposit over 
inferred bedrock.  Bedrock is anticipated at depths ranging from greater than 4 m to less 
than 1 m below ground surface. 

A compressible deposit of clay was encountered within the northern section of the site.  
Due to the compressible nature of the clay, grade raises over sections of the site should 
be restricted to minimize total settlements.  The Table 1 summarizes the preliminary 
grade raise restrictions for the site.  Drawing 1 – Constraints Plan depicts the grade 
raise constraint areas. 

Table 1 
Summary of Maximum Grade Raise Constraints 

Site Area Maximum Grade Raise above 
Existing Site Grades 

PIN 0062, 0061; North of Perth Street 1.0m 
PIN 0285, 0286; Parcel to the south of Perth Street 1.5m 
PIN 0287; Parcel north of Ottawa Street 2.0m 
PIN 0714, 0746, 0047, 0075; Parcels north and south of 
Ottawa Street 

4.0m 

 

3.2 Regulatory Floodplain 

The Jock River and Van Gaal Drain are adjacent to the subject lands and have 
established regulatory floodplains that are subject to modifications approved through the 
CDP process.  The following sections describe the regulatory floodplain limits and the 
amendment process.  
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3.2.1 Jock River 

The Rideau Valley Conservation Authority completed floodplain mapping for the Jock 
River in November 2004.   

Figure 3 was extracted from the Jock River Flood Risk Map and illustrates a significant 
portion of the subject lands south of Ottawa Street within the Regulatory Flood Limit. 

 

Figure 3: Regulatory Floodplain Mapping – Jock River 

In December 2005, a letter of permission was issued by the RVCA to the original 
landowner for the construction of a berm to maintain flood risk mapping land levels as 
per (the 1980 Acres Floodplain) Mapping Study (96.0m) south of Ottawa Street.  On 
March 3, 2009, the RVCA issued a letter of permission, included in Appendix B, 
authorizing works to be conducted based on past approvals granted on the property.  
The authorized works involve removal of the existing berm and relocation to the 
approved 2005 location.  The existing flap gate and culvert from the drainage easement 
are to be removed.  The berm will also extend parallel along both sides of the drainage 
easement north up to Ottawa Street.  The permission letter also includes the placement 
of fill between the new berm and Ottawa Street to a maximum level of 96.5.   
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3.2.2  Van Gaal Drain 

The Rideau Valley Conservation Authority completed floodplain mapping for the Van 
Gaal Drain in November 2009.   

Figure 4 was extracted from the Van Gaal and Arbuckle Drain Floodplain Mapping and 
illustrates a significant portion of the subject lands north of Perth Street within the 
Regulatory Flood Limit. 

 

 

Figure 4: Regulatory Floodplain Mapping – Van Gaal Drain 

The “Floodplain Mapping Report for the Van Gaal and Arbuckle Municipal Drain in the 
Village of Richmond (November 2009)” was supported by RVCA staff and was brought 
forward for approval to the January 28, 2010 RVCA Executive Board Meeting.  At this 
meeting, the Board approved the report and mapping as the regulatory floodplain 
mapping.  The Board also approved the RVCA staff recommendation to allow for 
channel modifications to be undertaken north of Perth Street that would allow for an 
amendment to the regulatory floodplain limit.  The approach and process are 
documented in the January 14, 2010 minutes of meeting which are contained in 
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Appendix C.  In summary, additional channel modifications will be completed north of 
Perth Street to increase the channel’s conveyance capacity that meet the 1:100 year 
water surface profile in J.F. Sabourin & Associates Floodplain Mapping Report for the 
Van Gaal and Arbuckle Municipal Drains Report (November 2009).  On approval and 
completion of the channel modifications, RVCA will amend its flood hazard and 
regulation limits mapping based on the completed works.   

DSEL prepared a preliminary design for the proposed Van Gaal Drain modifications 
based on comments received during a pre-consultation meeting that took place on May 
19, 2011.  The submission package is included in Appendix C.  RVCA reviewed the 
preliminary proposal and issued comments via email on August 8, 2011, included in 
Appendix C.  The RVCA comments will be addressed once a development wide 
servicing scheme is revised, as the proposed major / minor system is anticipated to 
have an impact on the flow directed to the re-aligned channel. 

3.3 Geomorphology 

Richmond Village (South) Limited have retained JTB Environmental Systems to review 
and confirm the previously submitted the erosion threshold analysis.  At the time of 
publication JTB Environmental systems had conducted field observations and sampling.   

3.4 Existing Drainage Conditions 

JFSA was retained to develop hydrologic and hydraulic models of the existing areas to 
assess the impact of the proposed urban development.  The calculated flows included 
in Appendices E and I were prepared based upon the same methodology used for the 
2009 Richmond Floodplain Mapping study, taking into consideration the timing of peak 
flows of the Van Gaal drain and Jock River.  The calculated WSELs were determined 
using the 2009 Richmond Floodplain HEC-RAS spring and summer models, which do 
not include features including the berm that has been constructed upstream of Perth 
Street or any modification to Fortune Street culvert.   

Table 2 
Summary of Peak Flows to be conveyed through Subdivision 

Tributary Area 

100-year, 3-hour 
Chicago Storm 

100-year, 12-hour 
SCS Type II Storm 

100-year 10 Day 
Spring Snowmelt 
and Rainfall Event 

(m
3
/s) (m

3
/s) (m

3
/s) 

VG-2 & VG-5 3.26 4.03 2.18 
VG-6 1.42 1.90 1.63 
VG-7 & JR-1 1.60 2.01 1.30 

 
Please refer to JFSA memorandum in Appendix I and Drawing 1, for locations of 
external areas to be conveyed through the proposed development. 
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3.5 Hydrogeology 

Richmond Village (South) Limited have retained Golder and Associates to evaluate the 
proposed drainage plan with respect to the hydrogeological conditions encountered at 
the site.  At the time of publication Golder Associates had conducted and complied field 
observations and sampling.  Appendix F contains a technical memorandum of their one 
year review of groundwater monitoring.  
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4.0 EVALUATION STORM CONVEYANCE SYSTEMS 

Modern storm conveyance systems were considered in light of City Standards, the 
Technical Memorandum Technical Bulletin ISD-2012-1, as well as the proposed 
subdivision plan and streetscaping plan presented in the CDP.  

The City of Ottawa provided feedback on the evaluation matrix utilized to assess the 
preferred stormwater management scheme presented in the March 2010 SWM Report. 
Table 3 summarizes the evaluation criterion employed to select the preferred 
conveyance and servicing system. 

Table 3 
Summary of Decision Matrix Categories 

Parameter Indicators Weighting 

Caring and Healthy Communities   30% 

C3 Impact on level of service 
Maintains or improves level of service 
to the existing and future village 
residents. 

15% 

C9 Consistency with infrastructure 
planning policies 

Compatibility with infrastructure 
servicing corridors and flexibility for 
enhancements to land use. 

15% 

Constructability and Functionality  30% 

CO2 Schedule / Staging Opportunities Ability to phase infrastructure to 
facilitate development phasing 

6% 

CO3 Construction Risk Conforms to geotechnical, 
geomorphology, hydrological, etc. 

9% 

CO5 Disruption during construction Location of new infrastructure in built 
up areas and nuisance effects 

6% 

CO6 Operation and maintenance Proven track record, ease of operating 
and maintenance 

9% 

Cost  40% 

E9 Annual Cost Estimated annual maintenance cost 15% 
E11 Total Capital Cost Estimated capital costs. 25% 

 

Each alternative is ranked based on the criteria presented in Table 4. Under this 
ranking system, each individual criterion was ranked relatively for each alternative.  For 
example, the 1 to 5 ranking for an individual alternative is determined based on the 
relative impact compared to all the other alternatives being evaluated.  In regards to 
cost, the least costly will be automatically assigned a 5, while the most will be 1, with the 
remaining option prorated between 1 and 5 according to their estimated costs. 

Capital cost for each scenario considered cut / fill requirements, trunk routing, and local 
storm services.  While life cycle cost were considered to be the anticipated maintenance 
and operation of the sewer collection system, excluding the stormwater management 
facilities. The estimated costs are based on past data and are presented for comparison 
of alternatives only and are not for budgetary purposes. 
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Table 4 
Decision Matrix Categories Ranking System 

Ranking Description 

5 - Positive or No Impact 
The alternative meets all applicable requirements, provides 
tangible benefits  

4 – Minor Impact 
The alternative has some minor negative impacts or dis-
benefits that may easily be mitigated or compensated for 

3-  Moderate Impact 
The alternative has noticeable negative impacts, however, 
the severity of the impacts may be reduced or compensated 
for 

2 – Noticeable Negative Impact 
The alternative has significant negative impacts which may 
be mitigated, although these may be costly, time consuming 
or result in other negative impacts 

1 - Negative or Significant Impact 
The alternative does not meet applicable requirements, 
results in significant dis-benefits and/or negative impacts 
cannot be mitigated 

4.1 Summary of Alternatives Assessed 

The conveyance systems reviewed contain minor and major conveyance components. 
Minor components were those with a 5-year carrying capacity, while the major system 
designed to convey runoff in excess of the minor capacity.  The following summarizes 
the conveyance systems and storm service arrangements evaluated for use in the 
subject area.   

� Foundation service to street storm sewer – Gravity connection 

� Foundation service to dedicated foundation collector – Gravity connection 

� No Foundation Service – Slab on grade units 

� Foundation service to street storm sewer – Sump pump  

4.2 Description of Alternatives 

4.2.1 Foundation service to street storm sewer  

A foundation service that outlets to a street storm sewer with a gravity connection is 
typically applied throughout the City of Ottawa in greenfield developments.  In this 
servicing arrangement homes are established with underside of footings set 0.30m 
above the modeled 100-year hydraulic grade line in the sewer.  Figure 5 illustrates the 
servicing arrangement.  Figure 5 illustrates the estimated sewer size and associated 
HGL determined for the recommended solution at MH ID 402. 

The majority of the existing Village of Richmond is reliant on sump pumps for foundation 
drainage.  A gravity serviced home in the Village of Richmond would raise the level of 
service in the area as the home owner would not be reliant on maintenance of privately 
owned sump pumps.   
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Construction phasing and staging is contingent upon the completion of the receiving 
stormwater management facility. 

As illustrated this servicing arrangement results in an approximate grade raise of 1.6m 
above existing ground, and therefore will result in areas exceeding grade raise 
restriction.  In order to mitigate the settlement, surcharging is commonly employed.  Any 
surcharging requirements necessary to construct homes would have potential negative 
impact on construction phasing.  Most notably the time spent on waiting for settlement 
objectives to be reached as well as the transportation of surcharge material. 

It was estimated that the site required a total net fill of 1,302,158m3. See Figure 6 for an 
overview of estimated cut / fill. 

The estimated capital cost for the construction of storm sewers and earthworks was 
$38,736,000, while the 25 year life cycle costs were estimated to be $97,000.  See 
Appendix G for detailed cost breakdown. 

4.2.2 Foundation service to dedicated foundation collector  

Foundation services connected to a dedicated foundation collector sewer are not 
typically employed in Greenfield subdivision developments in the City of Ottawa.  
However, these systems are used in site plan developments where the parking lot 
drainage is separated from foundation drainage.  The advantage being that the 
foundation drainage is hydraulically separated the system collecting street and parking 
lot drainage. Figure 7 illustrates the estimated sewer size and associated HGL 
determined for the recommended solution at MH ID 402. 

Several foundation drain routing options were investigated.  Due to the topography of 
the area, a gravity outlet is not available to the site that would be cost effective from 
either a fill or sewer routing perspective. Therefore, it was conceived that this servicing 
arrangement would utilize a lift station to convey foundation drainage collected into the 
Van Gaal Drain.  This would enable the site grading to take place at a much lower 
elevation.  As depicted in Figure 7, the site would be approximately 1.1m lower than 
Option 4.2.1. 

As described in Section 4.2.1, the majority of the Village of Richmond is reliant on 
sump pumps for foundation drainage.  This alternative would increase the level of 
service to the home owner as the home owner would not be reliant on maintenance of 
privately owned sump pumps.  In this scenario, the liability would be on the municipality 
to ensure continuous operation of the pump station during periods where foundation 
drainage was collected. 

Construction phasing and staging is contingent upon the completion of the receiving 
stormwater management facility and foundation drainage lift station.  
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This servicing arrangement respects the grade raise restriction throughout the 
development area.  It was estimated that the site required a total net fill of 351,953m3. 
See Figure 8 for an overview of estimated cut / fill. 

The estimated capital cost for the construction of storm sewers and earthworks was 
$32,113,000, while the 25 year life cycle costs were estimated to be $286,000.  See 
Appendix G for detailed cost breakdown.  

4.2.3 No Foundation Service – Slab on grade units 

Slab on grade units, ie no basements or limited crawl spaces only, do not require 
foundation drainage.  Foundation walls have equal amount of hydrostatic pressure on 
both sides and there would be no living space in the subsurface that would require a 
storm service.  Slab on grade units have never been constructed for an entire 
community within the City of Ottawa.   

As depicted in Figure 9, the street storm sewer would be placed a minimum elevation 
below the finished grade.   

This servicing arrangement respects the grade raise restriction throughout the 
development area.   

It was estimated that the site required a total net fill of 592,580m3. See Figure 10 for an 
overview of estimated cut / fill. 

The estimated capital cost for the construction of storm sewers and earthworks was 
$26,030,000, while the 25 year life cycle costs were estimated to be $97,000.  See 
Appendix G for detailed cost breakdown.  

4.2.4 Foundation service to street storm sewer – Sump pump  

Foundations equipped with sump pumps that outlet to storm sewers are not typically 
employed in Greenfield subdivision developments in the City of Ottawa.  In this 
servicing arrangement homes are situated with underside of footings 0.15m above the 
invert of the receiving sewer.  The sump pump will be equipped with a swan neck that is 
0.30m above the modeled 100-year hydraulic grade line.  Figures 11 and 12, included 
in Figures illustrate the servicing arrangement.  Figure 11 illustrates the estimated 
sewer size and associated HGL determined for the recommended solution at MH ID 
402 

As described in Section 4.2.1, the majority of the Village of Richmond is reliant on 
sump pumps for foundation drainage.  This alternative remains consistent with the 
existing level of service within the Village of Richmond. 

Construction phasing and staging is contingent upon the completion of the receiving 
stormwater management facility.  
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As depicted in Figure 11, the street storm sewer would be placed a minimum elevation 
below the finished grade.  This servicing arrangement respects the grade raise 
restriction throughout the development area.   

It was estimated that the site required a total net fill of 395,941m3. See Figure 13 for an 
overview of estimated cut / fill. 

The estimated capital cost for the construction of storm sewers and earthworks was 
$22,541,000 while the 25 year life cycle costs were estimated to be $97,000.  See 
Appendix G for detailed cost breakdown.  

4.3 Comparison of Alternatives 

Table 5 
Comparison of Alternatives 

Parameter Option 4.2.1.  
Gravity System 

Option 4.2.2. 
Foundation 
Collector 

Option 4.2.3. 
Slab on Grade 
Units 

Option 4.2.4 
Sump Pumps 

Caring and Healthy 
Communities  

    

C3 Impact on level of 
service 

Improves level of 
service when 
compared to Village 
of Richmond at large 

Improved level of 
service to individual 
home owner 

Reduced level of 
service. No 
basements provided. 

Consistent with 
Village of Richmond 
level of service. 

C9 Consistency with  
infrastructure 
planning policies 

Consistent with City 
of Ottawa Greenfield 
development. 
Potential negative 
impact on land use 
due to fill 
requirements. 

A departure from 
typical greenfield 
development. 

Limits land uses by 
not providing 
foundation drainage 
services. 

A departure from 
typical greenfield 
development outside 
of the Village of 
Richmond. However, 
common with Village 
limits. 

Constructability 
and Functionality 

    

CO2 Schedule / 
Staging 
Opportunities 

Phasing potentially 
inhibited by fill 
requirements, 
obtaining fill and 
potential surcharging 
requirements in 
areas exceed grade 
raise parameters. 

Increased capital 
cost on the outset of 
the project for lift 
station.  Third pipe 
will increase 
construction time. 

No impact to 
construction 
phasing. 

No impact to 
construction 
phasing. 

CO3 Construction 
Risk 

Exceed geotechnical 
parameters.   

Meets geotechnical 
parameters. 

Meets geotechnical 
parameters. 

Meets geotechnical 
parameters. 

CO5 Disruption 
during construction 

Significantly more 
imported material to 
site for filling.  
Increased 
construction traffic 

Increased 
construction duration 
for third pipe and lift 
station construction. 

No additional 
construction 
disturbance 
expected. 

No additional 
construction 
disturbance 
expected. 

  



STORMWATER MANAGEMENT REPORT  
RICHMOND VILLAGE (SOUTH) LIMITED 
APRIL 2012 – REV 1 
 
 

PAGE 16  DAVID SCHAEFFER ENGINEERING LTD. 
© DSEL 

CO6 Operation and 
maintenance 

Sewer arrangement 
a proven track 
record, with normal 
operating and 
maintenance 
expected.  Anticipate 
increased road work 
maintain for potential 
settlement issues. 

Increased operation 
and maintenance for 
additional pipe and 
lift station.  A lift 
station failure would 
impact entire 
development. 

Sewer arrangement 
a proven track 
record, with normal 
operating and 
maintenance 
expected. 

Sewer arrangement 
would require normal 
operating and 
maintenance.  Sump 
pump maintenance 
would be required by 
home owner. 

Cost     
E9 Est. Maintenance 
cost 

$97,000 $286,000 $97,000 $97,000 

E11 Est. Capital 
Cost 

$38,736,000 $32,113,000 $26,030,000 $22,541,000 

4.4 Ranking of Alternatives 

Table 6 
Ranking of Alternatives 

Parameter 

W
e

ig
h

ti
n

g
 

Option 4.2.1 Option 4.2.2 Option 4.2.3 Option 4.2.4 

S
c

o
re

 

R
a

n
k
 

S
c

o
re

 

R
a

n
k
 

S
c

o
re

 

R
a

n
k
 

S
c

o
re

 

R
a

n
k
 

Caring and Healthy 
Communities 

         

C3 Impact on level of 
service 

15% 5 0.75 4 0.60 1 0.15 2 0.30 

C9 Consistency with  
infrastructure 
planning policies 

15% 5 0.75 3 0.45 2 0.30 3 0.45 

Constructability 
and Functionality 

                 

CO2 Schedule / 
Staging 
Opportunities 

6% 1 0.06 2 0.12 5 0.30 5 0.30 

CO3 Construction 
Risk 

9% 1 0.09 5 0.45 5 0.45 5 0.45 

CO5 Disruption 
during construction 

6% 1 0.06 2 0.12 5 0.30 5 0.30 

CO6 Operation and 
maintenance 

9% 4 0.36 1 0.09 5 0.45 2 0.18 

Cost                  
E9 Est. Maintenance 
cost 

15% 5 0.75 1 0.15 5 0.75 5 0.75 

E11 Est. Capital Cost 25% 1 0.25 2.0 0.51 3.9 0.98 5 1.25 

Total 100%   3.07   2.49   3.68   3.98 
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4.5 Conveyance System Conclusion 

Each alternative was described in detail under Section 4.2. and was compared side by 
side in tabular format in Section 4.3.  Section 4.4 presented the weighting and ranking 
that was applied to each based on the discussion presented in the previous 
subsections.  Option 4.2.4 emerged with the highest ranking. 

Option 4.2.2, was ranked lowest.  It scored poorly in sections C06, E9 and E11.  
Operating and maintaining a third pipe as well as a lift station set this alternative back. 

Option 4.2.1, was most consist with typical subdivision designs, but due to exceeding 
grade raise recommendations, the significant amount of fill required and associated 
concerns, this option was not selected. 

Option 4.2.3, scored strongly in construction and functionality as well as capital cost.  
However, it scored slight lower in the C3 and C9 categories than the preferred solution. 

Sections 5.0 - Stormwater Conveyance and 6.0 - Stormwater Management 
Facilities, provide master servicing level detailed information designed on the basis of 
Option 4.2.4. – Foundation Service to street storm sewer with homes equipped with 
sump pumps. 
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5.0 STORMWATER CONVEYANCE 

As presented in Section 4.0, the recommended stormwater servicing solution consist of 
a major system, a minor system, and homes with basements will be equipped with 
sump pump to provide foundation drainage.  Figures 11 and 12, included in Figures 
illustrate the servicing arrangement. 

The following sub-sections provide additional analysis of the recommended stormwater 
servicing solution. 

5.1 Grade Control Plan - Major System 

The proposed master grading plan is depicted on Drawing 2. Drawing 2 illustrates 
centerline of road grades, which were established on three criteria: 

� Minimum depth to pipe invert = 2.1m 

� Minimum depth to pipe obvert = 1.5m 

� Minimum slope of saw tooth road pattern = 0.15% from high point to high point. 

Where major system flow is shown to cross Perth Street and Ottawa street, the minor 
system was designed to covey flow under these streets.  Additional information 
regarding conveyance through the minor system is contained in Section 5.2. 

5.2 Minor System 

Drawing 3 illustrates the proposed minor system. Table 4 summarizes the minimum 
parameters utilized to size the stormwater conveyance system.   

Table 7 
Storm Sewer Design Criteria 

Design Parameter Value 

Intensity Duration Frequency Curve (IDF) 5-year 
storm event. 
 A = 998.071  
 B = 6.053 
 C = 0.814 

( )C

c
Bt

A
i

+
=  

Minimum Time of Concentration  10 minutes 
Rational Method  CiAQ =  

Storm sewers are to be sized employing the 
Manning’s Equation 

2
1

3
21

SAR
n

Q =  

Minimum Sewer Size 250mm diameter 
Minimum Manning’s ‘n’ 0.013 
Service Lateral Size 100mm dia PVC SDR 28 with a minimum slope of 

1.0%.  Homes to be equipped with sump pump 
flow. 

Minimum Depth of Cover 2.0m from crown of sewer to grade 
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Minimum Full Flowing Velocity 0.8m/s 
Maximum Full Flowing Velocity 3.0m/s 
Additional Considerations Storm sewer maintenance holes serving sewers 

900mm diameter and less shall be constructed with 
300mm deep sumps.  Maintenance holes for storm 
sewers greater than 900mm must be benched.  

Extracted from Sections 5 and 6 of the City of Ottawa Sewer Design Guidelines, November 2004. 

 

A Rational Method design sheet is contained with Appendix H. The pipe sizes were 
confirmed through hydraulic modeling as described in Section 5.3. 

The subject lands slope generally from west to east.  As described in Section 3.4, there 
are significant areas west of the subject land that currently drains through the 
development property.  As illustrated on Drawing 3 the external areas are summarized 
below: 

� 63.1ha Perth Street road side ditch north;  

� 34.4ha Perth Street road side ditch south; 

� 94.2ha approximately midpoint between Perth and Ottawa Streets; 

� 39.2ha Ottawa Street road side ditch north and; 

� 34.5ha Ottawa Street road side ditch south. 

Due to anticipated urbanization of Perth Street and Ottawa Street as well as the site at 
large, these external areas will be collected and conveyed within storm sewers.  These 
areas will be directed through the stormwater management facilities. 

5.3 Sump Pump Service 

In traditional City servicing arrangements the underside of footings are typically 0.30m 
above the sewer obvert, the proposed configuration is a minor modification to the 
configuration where footings are 0.15m above the storm invert.  Situating the underside 
of footings above the sewer invert will promote the accumulation of groundwater to drain 
away from the house footings toward the sewer system.   

The sump pump will be equipped with a swan neck that is 0.30m above the modeled 
100-year hydraulic grade line.  The elevation of the swan neck provides protection to 
the homes during significant storm events.  Figures 11 and 12 illustrate the servicing 
arrangement.     

5.4 Hydraulic Grade Line 

JFSA was retained to prepare hydrological and hydraulic models to assess the 
performance of the sewer system.  Results of their analysis is included in Appendix I. 
Their analysis concluded that the proposed drainage systems safely capture and 
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convey the all storms up to and including the 100-year event in accordance with City of 
Ottawa modeling practices. 

The hydraulic analysis assumed that the external areas would be captured in the minor 
system. Furthermore, sump pump contribution during the simulated 100-year events 
assumed that 50% of the sump pumps would be on at any given time and that each lot 
would contribute 0.23L/s. 

Profiles of the proposed Trunk sewers are illustrated on Drawings 4, 5, and 6.  The 
profiles illustrate the existing ground, minimum depth of cover to finished grade, and 
hydraulic grade line elevations. 
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6.0 STORMWATER MANAGEMENT FACILITIES 

JFSA was retained to prepare hydrological and hydraulic models to assess the 
performance of the proposed stormwater management facilities.  Their analysis is 
included as Appendix I. 

The following summarizes each stormwater management facility as well as the 
operational parameters of each. 

6.1 Stormwater Management Facility #1  

Pond 1 is located south of Perth Street and is situated between the regulatory flood limit 
(94.11m) and the maximum water level estimated on the Van Gaal drain (between 
93.72m and 94.04m).  The regulatory flood limit was established by way of a backwater 
effect on the Jock River during a 100-year 10-day snowmelt plus rainfall event that was 
based on AES Ottawa CDA snowmelt plus rainfall IDF curves.  The maximum water 
level established on the Van Gaal Drain was established based on the same event with 
some improvements to the Fortune Street culvert.  It is proposed to increase the size of 
the existing 4.2m wide culvert at Fortune Street with a 6.3m span. 

The Van Gaal Drain peaks at 113.3 hour into the 10-day event, while the Jock River 
elevation peaks at 122.0 hour at the Van Gaal Drain.  At the 122 hour mark flow 
contributions from the Van Gaal catchment are significantly lower.  JFSA have 
accounted for the interactions between flow from the development and water levels on 
the Van Gaal drain. Additional modeling details are provided in Appendix I. 

Pond 1 is proposed as a wet pond with an erosion, quality, and quantity release 
components.  Pond 1 outlets to the existing Van Gaal drain.  Low flows are directed to a 
storm sewer and outlet approximately 40m downstream of the Fortune Street culvert.   
Figure 14 illustrates the proposed pond layout and cross-section. The sewer profile of 
the outlet is depicted on Drawing 6.  Runoff generated during events in excess of a 25-
year storm would be released to the Van Gaal drain through the overflow weir in 
addition to the low flow outlet. The outlet structure will consist of two orifices to 
attenuate flow to the Quality and Erosion control targets.  Table 8 summarizes the outlet 
control design parameters. 

Table 8 
Summary of SWMP 1 Outlet Structure Design 

Quality Control Erosion Control Quantity Control 

Vertical Orifice Vertical Orifice Rectangular Weir 

300mm dia 220mm dia 45m Wide 

INV = 92.35 INV = 92.45 INV = 93.68 
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Table 9 summarizes the pond’s operational characteristics. 

Table 9 
Summary of SWMP 1 Storage Characteristics 

 
Pond 

Component 

Pre-
developme
nt Outflow 

(m
3
/s) 

Pond Level 
(m) 

Pond 
Outflow

(2)
 

(m
3
/s) 

Volume 
Used

(2)
 

(m
3
) 

Permanent Pool N/A 92.35 N/A 42,008 

Quality Control N/A 92.45 0.025 3,043 

2yr/24hr SCS 3.518 93.66 0.319 48,640 

5yr/24hr SCS 5.458 93.75 1.720 52,121 

10yr/24hr SCS 6.806 93.78 2.792 53,460 

25hr/24hr SCS 8.524 93.81 4.019 54,805 

50yr/24hr SCS 9.872 93.83 4.903 55,711 

100yr/24hr SCS 11.337 93.85 5.805 56,576 

 

6.2 Stormwater Management Facility #2  

Pond 2 is located north of Ottawa Street and is a wet pond with quality and quantity 
release components. Pond 2 outlets to the Jock River via a 1200mm diameter sewer.  
In the event of a blockage the emergency overflow is directed to the north toward the 
Van Gaal Drain. Figure 15 illustrates the proposed pond layout and cross-section.  The 
sewer profile of the outlet is depicted on Drawing 6.  

The outlet structure will consist of a vertical orifice and rectangular weir to attenuate flow 
to the quality and quantity control targets.  Table 10 summarizes the outlet control 
design parameters. 

Table 10 
Summary of SWMP 2 Outlet Structure Design 

Quality Control Quantity Control 

Vertical Orifice Rectangular Weir 

350mm dia 1.15m Wide 

INV = 93.20 INV = 93.35 
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Table 11 summarizes the pond’s operational characteristics. 

Table 11 
Summary of SWMP 2 Storage Characteristics 

 
Pond 

Component 

Pre-
developme
nt Outflow 

(m
3
/s) 

Pond Level 
(m) 

Pond 
Outflow

(2)
 

(m
3
/s) 

Volume 
Used

(2)
 

(m
3
) 

Permanent Pool N/A 93.20 N/A 17,136 

Quality Control N/A 93.35 0.047 1,983 

2yr/24hr SCS 0.646 93.82 0.784 9,606 

5yr/24hr SCS 1.007 93.99 1.143 12,606 

10yr/24hr SCS 1.257 94.10 1.386 14,582 

25hr/24hr SCS 1.576 94.23 1.696 17,106 

50yr/24hr SCS 1.826 94.34 1.939 19,089 

100yr/24hr SCS 2.096 94.45 2.204 21,253 

 

6.3 Stormwater Management Facility #3  

Pond 3 is a dry pond with an oil / grit separator as an inlet structure.  Pond 3 outlets to 
the Van Gaal Drain upstream of Perth Street.  Figure 16 illustrates the proposed pond 
layout and cross-section. Low flows will pass through the oil / grit separator, while 
higher flows will be attenuated in the dry pond.  

The outlet structure will consist of a vertical orifice and rectangular weir to attenuate flow 
to the quality and quantity control targets.  Table 12 summarizes the outlet control 
design parameters. 

Table 12 
Summary of SWMP 2 Outlet Structure Design 

Quality Control Quantity Control 

Vertical Orifice Rectangular Weir 

400mm dia 0.50m Wide 

INV = 94.10 INV = 94.81 
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Table 13 summarizes the pond’s operational characteristics. 

Table 13 
Summary of SWMP 3 Storage Characteristics 

 
Pond 

Component 

Pre-
developme
nt Outflow 

(m
3
/s) 

Pond Level 
(m) 

Pond 
Outflow

(2)
 

(m
3
/s) 

Volume 
Used

(2)
 

(m
3
) 

2yr/24hr SCS 0.161 94.47 0.142 323 

5yr/24hr SCS 0.244 94.62 0.196 483 

10yr/24hr SCS 0.300 94.72 0.223 593 

25hr/24hr SCS 0.370 94.83 0.256 733 

50yr/24hr SCS 0.425 94.91 0.298 833 

100yr/24hr SCS 0.483 94.99 0.348 937 

 

6.4 Stormwater Management Conclusions 

JFSA reviewed the impact of the proposed subdivision, the associated storm sewer 
collection system, and stormwater management facility designs in accordance with 
standard City of Ottawa modeling techniques.   

Peak flow to the Van Gaal Drain generally decreases between the existing and 
proposed conditions.  The volume attenuated in stormwater management facility 1 is 
primarily responsible for the decrease in flow. 
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7.0 WATER BUDGET 

To investigate the effect of proposed developments on existing infiltration rates the pre 
and post development hydrologic models prepared for this study were converted to 
continuous simulations.  This included the conversion of CALIB NASHYD and CALIB 
STANDHYD commands to CONTINUOUS NASHYD and CONTINUOUS STANDHYD.  
The output files are included in Appendix J.  These new hydrograph commands add 
time dependent parameters used in updating various hydrologic data during continuous 
simulations including initial abstraction recovery time, interval event time, etc.  These 
new hydrographs commands are used with a COMPUTE API (Antecedent Precipitation 
Index) command which also updates various hydrological parameters during continuous 
simulations.  Simulations were completed using AES (Atmospheric Environment 
Services Canada) rain gauge data from 1967 through to 2000. 

To determine the infiltration under existing conditions, we look at the relationship that 
the infiltration is the difference between the total rainfall and the runoff and initial 
abstraction.  A hypothetical CONTINUOUS STANDHYD command was used to 
determine the initial abstraction.  By setting the ratio of total impervious area and 
directly connected impervious area to a very high value, we can calculate the runoff with 
no infiltration in which the difference between the total rainfall and runoff volume from 
this hypothetical impervious area gives us the initial abstraction.   The output from the 
CONTINUOUS NASHYD commands provides us with the actual runoff volume, used to 
determine the infiltration value. 

The water budget exercise concentrated on three areas having slightly different percent 
impervious values under proposed conditions.  The approach taken to calculate the 
infiltration under proposed conditions is similar to that used for existing.  By using a 
hypothetical CONTINUOUS STANDHYD with Horton’s infiltration equation set to very 
low values (essentially eliminating losses due to infiltration), we can determine the initial 
abstraction.  The output from the actual CONTINUOUS STANDHYD command provides 
us with the actual runoff volume, used to determine the infiltration rate. 

For the proposed model, a variation of total impervious area and directly connected 
impervious area was completed to view the range over which infiltration rates may vary.  
The three scenarios are: 

1. XIMP=TIMP:  Means all impervious areas are directly connected to the storm 

sewer.  This scenario would represent roof leaders directed to impervious areas. 

2. XIMP=TIMP-0.15:  Means 15% of the total impervious area is disconnected from 

the storm sewer (for example majority of roof leaders directed to grassed rear 

yards) 

3. XIMP=TIMP-0.20:  Means 20% of the total impervious area is disconnected from 

the storm sewer (for example all roof leaders directed to grassed rear yards) 
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Table 14 summarizes the estimated average annual infiltration volume for the proposed 
development under existing conditions and post-development conditions.  The complete 
results of the Continuous simulation from 1967 to 2000 is located in Appendix J. Table 
15 summarizes the average percent decrease in infiltration as a result of development.  
As demonstrated, directing roof leaders to grassed areas improves post-development 
infiltration substantially.   

Table 14 
Pre-development Infiltration 

Subcatchment 
ID 

Location 

Average 
Infiltration Rate 

Existing 
Conditions 

(mm/yr) 

Estimated Annual Infiltrated Volume 
(m

3
/yr) 

XIMP=TIMP 
XIMP=TIMP-

0.15 
XIMP=TIMP-

0.20 

VG-3 
North of Perth 

Street 
178.60 111.56 158.44 174.01 

VG-8 
Between Perth 

Street and 
Ottawa Street 

175.99 107.56 159.36 176.69 

JR-2 

South of 
Ottawa Street 
North of Jock 

River 

178.60 102.39 154.20 171.52 

 
As demonstrated in Table 15, maximizing opportunity for directing roof leaders to 
grassed areas significantly improves post-development annual infiltration volume.   

 

Table 15 
Post-development Infiltration 

Subcatchment 
ID 

Location 

Average % Decrease in Infiltration 

XIMP=TIMP 
XIMP=TIMP-

0.15 
XIMP=TIMP-

0.20 

VG-3 
North of Perth 

Street 
37.54 11.29 2.57 

VG-8 
Between Perth 

Street and 
Ottawa Street 

39.77 10.77 1.07 

JR-2 

South of 
Ottawa Street 
North of Jock 

River 

42.67 13.66 3.96 
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8.0 CONCLUSION AND RECOMMENDATIONS 

Richmond Village (South) Limited has retained David Schaeffer Engineering Ltd. 
(DSEL) to prepare a Stormwater Management Report in support of their application for 
draft plan of subdivision.   

This report provides sufficient detail with respect to the stormwater management system 
including minor and major system conveyance and stormwater facilities to support the 
Richmond Village (South) Limited’s draft plan of subdivision application.  Furthermore, 
this study provides a stormwater solution for the adjacent development lands. 

DSEL recommends the following: 

 

� Works required to amend floodplain limits will need to be implemented prior to 
the development proceeding; 

� A storm sewer system consisting of a minor and major systems with homes 
serviced through sump pump is recommended; 

� Three stormwater management facilities will service the development lands; 

� A site grading scheme was developed to ensure major system conveyance and 
respect the grade raise restrictions, exceed was limited to small areas north of 
Perth Street; 

� The stormwater management system result in slightly lower water levels on the 
Van Gaal Drain; 

� The proposed stormwater management system meets the design objectives. 

 

Prepared by,   
David Schaeffer Engineering Ltd.   
 
 
 
 
 
 
 
 
 
 
Per: Adam D. Fobert, P.Eng 
 

Reviewed by, 
David Schaeffer Engineering Ltd.  
 
 
 
 
 
 
 
 
 
 
Per: Stephen J. Pichette, P.Eng 
 

© DSEL 
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APPENDIX   A 
 

City of Ottawa and Agency Comments 
 
 

 



COMMENT

Comment Type Response 

Provided by Response

Comments from City of Ottawa - Memo dated April 20, 2010 from Darlene Conway 

A.  Use of Sump Pumps

1 The groundwater modeling assessment (Golder, March 17, 2010), appears to presume

a lowering of the water table with the SWM ponds in place. (i.e., increased time to

flood indicated for this scenario). There has, however, been no discussion of the

potential impacts of such a lowering of the water table. Confirmation should be

provided that base flows to the adjacent watercourses will not be reduced; existing

(shallow) wells will not be affected; existing/future foundations will not be impacted, etc.  

Water Table Golder

Golder are in the process of preparating a technical memo to address.

2 Note that the final permanent pond levels used in the groundwater modeling should be

consistent with the permanent water levels in the ponds (at or above 2 year spring flood

levels).  

Pond DSEL

MOE recommends that the NWL be at or above the 2-year water level in the receiving water course.  

Hyraulic modeling contained in Appendix I demonstrate that the proposed ponds function correctly.

3 There appears to have been no consideration of the impact during the regulatory flood

event. In this case, the flood level will rise to 94.11m on the Van Gaal Drain and much

higher (96.25m, 96.38m) further upstream on the Jock, adjacent the development below

Ottawa St. - below which many, if not all, foundations will be set, according to the

currently proposed grading. This is also a spring event on the Jock - so the hydrograph

will peak and recede relatively slowly, i.e., what will the impact of this slowly rising and

receding flood level be on the water table and hence the amount and duration of the

pumping required? (information re: the Jock River hydrograph in this location should be

reviewed by the proponent and should be available from RVCA). Given that the level of

service is protection from flooding during a 100-year event, this condition must be

assessed.  

Water Table Golder

Golder are in the process of preparating a technical memo to address.

4 Further, given the 100-year hydraulic gradelines documented in Appendix I of the

SWM/drainage report - there are locations noted where the HGL is less than 0.50m

below centerline of road - will there be sufficient head available between the level of the

gooseneck and the HGL for the pumped flows to be discharged?

Sump Pump DSEL

DSEL have revised the HGL, road grade, and underside of footing elevation.  The HGL is in response to all 

contributions including sump pumps.

5 p. 71 - Backwater valves are proposed for the storm connections; however, there has

been no discussion regarding the risk and potential frequency of backwater valves being

closed during high water levels from the Jock while at the same time pumping is

required, which would be expected to occur particularly in the spring.  

Sump Pump DSEL

Backwater valves are no longer proposed. Note that the HGL reported includes contributions from Sump 

pumps.

6 Should the sump pumps fail during a significant event and unequal hydrostatic

pressures develop (inside and outside the basement walls), is there any concern

regarding lifting/cracking of the basement slab?

Sump Pump Golder

No.  If the pump failed and the water level rose above the basement elevation, water would enter the 

basement via the sump.  This is what happens in any home that relies on a sump pump.

B. Storm Sewers (standing water):

7 It is estimated that for Option C (recommended solution), in the order of 3km of storm

sewer will be subject to permanent standing water, ranging from fully submerged at the

pond inlets to about 0.3m of standing water. There appears to have been no

consideration given to the increased operation and maintenance burden this represents

in terms of assessing alternative grading strategies. Further, on p. 72, it is indicated

that the storm sewer system will be designed in accordance with City standards

including a minimum (full flow) velocity of 0.8m/s. This criterion has not be

demonstrated for the minor system design events (5 and 10 year) and, given the amount 

of submergence currently proposed, will likely not be achieved. Accordingly, additional

alternative options need to be considered that will significantly reduce or eliminate the

extent of standing water.  

Pipes DSEL

Revised sewer layout eliminates standing water in proposed storm sewer system.
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8 In this regard, it is also noted from Drawing 12 that the proposed preliminary cut-fill for

option 3C results in an excess cut of almost 240,000 cubic metres (is this correct?)

although this differs from the value of excess cut (81,500 cubic meters) noted in Table

14. A cursory review of the maximum fill depths throughout the site also appears to

indicate that these depths are generally well below the preliminary maximum fill depths

recommended in the Jacques Whitford report, except for lands north of Perth St., where

there are exceedances of up to 0.5m above the recommended maximum fill depth.  

That being said, alternative options should look at intermediate fill depths that would

reduce or eliminate standing water in the sewers and assess other required measures

should it be necessary to exceed the maximum recommended fill depths.  

Pipes DSEL

DSEL have revised the servicing solution to eliminate standing water in the pipes.  The resulting cut and 

fill volumes have been revised accordingly.

9 While the preservation of existing hedgerows is a laudable objective, the costs

associated with maintenance of sewer with excessive depths of standing water is a

significant concern. In terms of balancing various objectives, perhaps consideration

could be given to extra depth lots adjacent to the hedgerows to transition increased fill

depths.  

Pipes DSEL

Dulely noted.  Balancing site keeps grades near existing and reduces cost to home owners.

10 Some 600 metres of large, low gradient box culvert is proposed, much of which is

subject to significant or complete submergence. Notwithstanding the comments

regarding the need to significantly reduce or eliminate the extent of submergence, the

use of box culverts in these conditions (permanent standing water) is generally not

acceptable.  

Pipes DSEL

No standing water.  Require box pipes to reduce fill requirements.

C. Major System Capacity and External Drainage:

*Note: these comments are to be addressed incorporating latest findings of stormwater

subcommittee - Technical Bulletin ISDTB-2012-1

11 p.73 Conveyance of Major System Flows: As previously requested, regardless of how

foundations are drained, a major system analysis must be undertaken to confirm there

is sufficient capacity within the rights-of-way to safely convey major system flows to

outlet(s) and/or identify additional major system storage requirements. Again, it is also

not acceptable to suggest that if the major system flow exceeds the conveyance

capacity of the right-of-way then the storm sewers will be upsized. This type of analysis

is required for all major development application and master planning exercises, and in

this case is of particular importance given the flatness of the site and the relatively flat

road grades proposed throughout the development (0.2%). Such an analysis is required

to confirm whether additional dry storage facilities may be required to ensure major

system flows are contained within the limits of the right-of-way and do not result in

surface flooding of private property or public property beyond the right-of-way.

Grading Major System DSEL

Updated analysis demonstrates the conveyance of external drainage areas through the development.

12 Further description of the modeling approach used to calculate the 100 year HGL is

required in the main report (output in the Appendix appears to indicate that an analysis

was completed with SWMHYMO). A description of the modeling approach and

assumptions used should be provided with a general description of the results. Further,

can this analysis be used to assess the proposed major system? Does it adequately

reflect the minor system capture during a 100 year event, can it assess flooding depths

on the roads, etc.?

Pipes JFSA

JFSA have prepared a technical memorandum that outlines modeling assumptions and approach.

13 p.73 – External Drainage: MAT-A and MAT-B: The recommendations for these areas

differ on p.60 and p.73 – please adjust accordingly. Given that Perth St. is to be

urbanized it is presumed that the p.60 description correct, i.e., these areas will be

picked up by storm sewer and directed to Pond 1.  Please confirm.

Grading Major System DSEL

Revised to indicate that MAT-A and MAT-B will be coveyed through Pond 1.

14 How are flows north of Perth St. to be conveyed across Perth St. to Pond 1? Grading Major System JFSA Flow north of Perth Street will be conveyed via storm sewers to the pond.

15 MAT-E: Is there sufficient capacity along the existing Ottawa St. right-of-way to convey

all major system flows directed there (external and uncontrolled developed)? What is

intended by the “100 YEAR CAPTURE” notes shown south of Ottawa St. on Dwg. No.1?

Grading Major System

DSEL

Sewers along Ottawa Street have been designed to convey external areas.



16 p.60 – It is noted that the Jock River Estates drainage (MAT-E) is proposed to be

conveyed north of Ottawa Street through a new culvert to the redesigned Moore

Tributary channel and then to the Van Gaal/Arbuckle drain. It is not clear how this is to

be achieved with a culvert. Please clarify. It is also important that no additional drainage

be directed to the Van Gaal/Arbuckle Drain that was not accounted for in the recent

floodplain mapping exercise. It is recognized that some drainage will be directed to the

Jock in future (Pond 2 catchment) that may offset this, however, the overall drainage

areas should be closely balanced given the considerable sensitivity regarding flood

levels in the drain. As requested elsewhere in these comments, a drawing indicating

post-development drainage boundaries and where each catchment (internal and

external) will drain in future should be provided.

Grading Major System DSEL

JFSA have prepared a post-development model of the impact on the Van Gaal drain.  The model has 

shown lower peak water levels on the drain.

17 It must be demonstrated how uncontrolled major system flows south of the east-west

portion of the Moore Drain are to be conveyed across the Moore Drain to Pond 1, i.e.,

confirm the capacity of the road crossings and other (pedestrian?) crossing to convey

the total uncontrolled flows directed to those locations – otherwise, uncontrolled flows

will bypass Pond 1.

Grading Major System DSEL

Revised storm service layout and draft plan.  Moore Drian is proposed to be closed.

D.  Geotechnical / Hydrogeological

18 As currently proposed, the bottom of Pond 2 is some 3 to 4 metres below existing grade

and into bedrock. The bottom of Pond 1, some 3 metres below existing grade as

currently proposed, may be at or marginally below bedrock. Some of the sewers (storm

and sanitary) may also intercept the bedrock, in particular below Ottawa St. There has

been no discussion provided as to the potential impacts on adjacent shallow wells and /

or potential impacts on pond operation. Some discussion should be provided regarding

these potential concerns and recommendations to mitigate any potential impacts

should be provided as required.  

Water Table Golder

Golder will review and provide comment on the impact to surrounding areas.

19 p. 11 of the geotechnical report (Jacques Whitford, 2007) indicates that settlement

estimates have been based on no grade changes but notes that these estimate are

highly dependent on grade changes and that the geotechnical resistance values will

need to be reviewed in conjunction with the proposed grading plan. Has this been done

taking into account the proposed grade changes?

Grading Major System Golder

Golder will review proposed site grading plan and provide feedback.

20 As noted in the sump pump strategy comments above, the permanent water levels in

the SWM ponds would appear to presume a considerable lowering of the water table.

Also, could the use of potentially some 2000 sump pumps result in an eventual

permanent water table lowering throughout the site? There has been no discussion of

potential impacts if this occurs. Confirmation should be provided that base flows to the

adjacent watercourses will not be reduced; existing (shallow) wells will not be affected;

existing/future foundations will not be impacted, potential settlement will not impact

linear infrastructure. 

Sump Pump Golder

Golder will review and provide comment.

E.  Proposed Pond in Floodplain

21 The technical feasibility of this proposal has not yet been demonstrated. As per the

MOE SWM Planning and Design Manual (p. 4-5), locating a pond in a floodplain is an

exception subject to a number of criteria, including:

-The cumulative effects resulting from changes in floodplain          storage and balancing 

cut and fill do not adversely impact existing or future development.  

- The outlet invert elevation of the SWMP should be higher than the 2 year floodline and

the overflow elevation must be above the 25 year floodline.  

Specifically,

Pond DSEL

Modeling has been prepared to support the proposed pond in the floodplain.



22 p. 83 - The justification for locating the pond in the floodplain is based upon locating it

above the summer event given that the higher regulatory flood level results from a

backwater effect from the Jock River. However, the 100-year spring event on the drain

(93.83m at 910), though lower than the backwater condition from the Jock, is still higher

than the summer event (93.60 at 910), Fortune St. culvert upgraded). While the timing

of peak flows may apply to the much larger Jock River and the spring even backwater

condition, it is not apparent that this is an appropriate assumption when comparing

spring and summer events on the much smaller drain. Further, the rationale of locating

the pond only above the summer condition floodplain could set a precedent such that

ponds are proposed in future within the regulatory (spring) floodplain where there is no

comparable backwater effect. From a technical perspective, if a pond is to be

considered to be located in the floodplain, it should be located above the 100-year

spring event on the drain (i.e.: described as Scenario 2).

Pond DSEL

Pond will be situated between the event creating the peak water level on the Van Gaal Drain and the 100-

year spring event resulting from the backwater on the Jock River.  The stormwater management modeling 

exercise demonstrates the pond's functions.

23 The pond design, as currently proposed, requires filling in areas of the floodplain below

the 100-year regulatory elevation in order to achieve a minimum top of pond of 93.90.

There should be no filling to achieve the required pond storage.  

Pond DSEL

It is the intention that no filling or berming will take place.  Additional topographical information has been 

gathered to ensure that this is the case.

24 The overflow spillway is set at elevation 93.30, which is less than the required 25 year

level (spring condition) of 93.68m (section 910) documented in the JFSA levels for

frequent events provided in an e-mail dated March 26, 2010, entitled P709(02)

Richmond 2, 5, 10, 25 Year WSEL Results (it is not known what the resultant spring 25

year level would be with the Fortune St culvert upgraded).  

Pond DSEL

Pre and Post modeling has been completed to evaulate water levels on the Van Gaal drain with the pond 

present.

25 The permanent water level / pond outlet is set at elevation 92.65m which is below the 2

year water level (spring condition) of 94.14m (section 705) documented in the JFSA

levels for frequent events (March 26, 2010).  

Pond DSEL

Duley noted.

26 Further, the proposed pond block has apparently not accounted for a required sediment

drying / storage area (this must be located outside the regulatory floodplain, hence non-

floodplain area requirements to serve this purpose should be identified now).  

Pond DSEL

Sediment drying areas have been included in the proposed pond layout.

27 As per the MOE manual, given that the location of the SWM pond in the floodplain is

already an exception, the above requirements regarding the design and operation of the

pond must be demonstrated before further consideration can be given to this option. 

Pond DSEL

Pre and Post modeling has been completed to evaulate water levels on the Van Gaal drain with the pond 

present.

28 p. 88 - Other Examples in the Province of Ontario: The examples given re: other

Conservation Authorities permitting ponds within the floodplain are not consistent with

current guidelines available from those CAs and should be confirmed and/or corrected.  

Specifically:

Pond DSEL

Noted. This section has been removed from this study.  The justification for this pond location is purely 

based on technical feasibilty for this case only.

29 i) CVC will only allow ponds outside the 100 year (but within Regional/Hazel) and

subject to a number of other concerns.

Pond DSEL

As above

30 ii) CLOCA will only allow ponds within the 100 year floodplain if they are for water

quality only; quantity control ponds must be outside the 100-year floodplain.

Pond DSEL

As above

31 Regarding the proposal to increase the Fortune St. culvert capacity - an assessment of

both potential fisheries and maintenance impacts should be provided, i.e., will fish

passage be reduced given reduction in low flow depth? will increased capacity lead to

increased sedimentation of culvert?, etc.  

Fish Kilgour and 

Associates

Kilgour and Associates will review detailed culvert upgrades.



F.  Stormwater Management Criteria and HGL:

32 p. 75 - The reference to p. 3-15 of the MOE SWMP manual regarding the 2-year event

being frequently adopted as the design event to set storage volumes to mitigate erosion

impacts is taken out of context. By itself, this does not represent an acceptable design

criteria as further explained in the MOE manual. Rather, as generally accepted and as

previously requested, a continuous analysis is required to assess the impact of

increased runoff volumes and flow duration in the post-development condition. (The

response to previously comments indicates this has been provided in section 9.5.5 of

the revised report but there is no documentation of this and nothing further in Appendix

I) Further, the erosion analysis should be integrated with the proposed measures to

meet water balance targets (i.e. reducing runoff volumes from frequent events should

assist in meeting erosion targets). As previously requested, this proposed approach to

mitigate erosion impacts should be confirmed with City staff prior to proceeding with the

analysis.  

Erosion JTBES

JTBES has been retained to provide comment on Erosion Control release rates from each stormwater 

pond.

33 Geomorphology: It appears that an assessment, RSAT, erosion threshold, etc, of VG-

R1 (the reach immediately downstream of the development) has not been provided?

The erosion criteria cannot be confirmed without this information - for example, it must

be confirmed whether this reach is more sensitive than the reach immediately upstream

and whether it will govern the release rates and storage required.  

Geomorpholgy JTBES

JTBES has been retained to provide comment on Erosion Control release rates from each stormwater 

pond.  Their study is currently on going.

34 p. 49 - The water budget results seem ambitious. i.e., indicating that all roof leaders

(rear and front) directed to grass will almost equal or even slightly exceed existing

infiltration rates. Some further discussion re: assumptions and justification of these

values should be provided. Further, it is understood that eavestroughing is not a

requirement of the Building Code so how is implementation to be achieved (i.e., will this

be provided by the developer / builder?). Also, what are the implications of the

development with respect to maintaining existing recharge amounts to the Moore and

Arbuckle Drains?

Water Budget JFSA

JFSA are reviewing water balance approach with consideration for proposed rooftop drainage.

35 What is the (dry) storage volume required for Pond 3? Can the hydrodynamic separator

proposed for quality control operate under submerged/partially submerged conditions?

Pond DSEL

Pond 3 will contain a hydrodynamic separator to address quality, while the dry pond will address quantity.

36 Development is shown north of the village boundary. Is this correct? If not, please

remove from drawings. 

Grading Major System DSEL

DSEL have revised plans accordingly.

37 p. 85 - Given that the low flow outlet indicated on Dwg No. 6 crosses under (not into) the

Moore Drain to connect to the Van Gaal, it is not apparent how cool "baseflow" can

continue to be directed to the top of section 2 of the Moore. Further, it is not apparent

the water from a SWM facility can be considered cool, or at least as cool, as

groundwater. Should the Arbuckle Drain petition proceed, is a lowering of the Moore

Drain proposed? (this could preclude location of the outlet beneath the Moore Drain for

which there is only some 0.2m of cover for now)?  

Pond Kilgour and 

Associates

Dulely noted. 

38 Please provide a summary table that compares pre- and post-development peak

flows/water levels/runoff volumes for the various events at cross-sections throughout the

development area and downstream i.e., at more locations than the three locations

provided in Table 19). Also, clearly document the conditions assumed, i.e., Table 19

assumes the Fortune St culvert has been upgraded? Table 19 indicates future peak

flows are decreasing somewhat - is this a result of Pond 1 overcontrolling?  timing?  etc.  

Please provide discussion.  

Pipes JFSA

Complete pre and post water elevation tables have been included with resubmission.

39 It appears that no post-development hydrology files (for the OPA lands) have been

provided. (digital and sample hard copy print-outs). If they have been provided (hard

copy example) in the Appendices, then clearly indicate where. Also, a text file listing of

the various scenarios should be provided for ease of review.  

Pipes JFSA

Digital copies provided in re-submission.



40 p. 71 - Reference is made to the sanitary sewer HGL being completed by Stantec. The

results of this analysis should be plotted on the preliminary plan/profiles to confirm the

adequacy of the proposed grading.

Sanitary JFSA

Stantec completed a sanitary analysis on 2010-08-07 that considered pumping station failure.

41 p. 72 - It is indicated that storm sewer calculation sheets have been provided in

Appendix I but only 100 year HGL calculations are provided - 5 year capacity sheets

should be provided as well.  

Pipes DSEL

Design sheets provided.

42 p. 72 - The report indicates that the governing 100 year HGL has been plotted on the

plan/profiles but it has not been. Further, please provide a better description and

justification of what is intended by the free outfall and "restrictive downstream

conditions" i.e., would not the 100 year water level in the ponds govern? Please clarify

the outlet condition assumptions.  

Pipes JFSA

JFSA have provided additional modeling descriptions.

G. Grading:

43 Given the removal of the spill area below Ottawa St, there may be the creation of a low

area (i.e., the existing Legion property and a portion of Jock River Estates) that will no

longer be able to drain which will have to be accounted for, i.e. picked up by catchbasin.

That external drainage area should be flagged on the plans and others have been. 

Grading Major System DSEL

All external areas have been accounted for in re-design.

44 Assuming the grades on Perth St are proposed, there is considerable amount of fill that

may impact the existing lot at the east limit of Perth St within the development. How is

this to be mitigated for the affected property owner?

Grading Major System DSEL

Existing grades at existing landowner areas are maintained.

H.  Drawings:

45 Drawing 1: For ease of reference, include drainage areas (ha) on drawing for each

(major) catchment.  

Pond DSEL

Revised drawings provided.

46 An overall post-development drainage plan should be provided (i.e., similar to Existing

Conditions provided in Drawing 1) that clearly shows where both internal and external

drainage is to be directed.

Pond DSEL

Revised drawings provided.

47 Please ensure that all (preferred approach) drawings generally provide consistent

information re: permanent water levels, outlet channel configurations, major system

drainage approach, etc. There are a number of inconsistencies on the preliminary

drawings that require correction to ensure clarity and avoid confusion in future.  

Pond DSEL

Revised drawings provided.

RVCA Comments - Memo dated May 11, 2010

Design Objectives:

48 The water quality objective is the enhanced level of treatment for all discharges into Van

Gaal Drain and the Jock River. This is acceptable.

Pond DSEL

Noted.

49 The water quantity control objective is the control of peak flows at the pre-development

level for Pond 3. Please confirm whether it is also the design objective for Pond 1.

Pond DSEL

Release rate requirements for each pond have been added to report.

50 We suggest that the design objectives for each pond be listed clearly. Pond DSEL As above.

51 The uncontrolled discharge from Pond 3 to the Jock River, limited only by the pipe

capacity, is not acceptable (for reasons of unacceptable cumulative impact on flood risk

~ to be discussed later on).

Pond JFSA

JFSA to provide additional information on impact to Jock River.

52 A table showing all pre~ and post development flows from all ponds for all storm events 

with return periods from 2 to 100 years should be provided.

Pond JFSA

Table provided in JFSA analysis.

Cumulative Impacts:

53 RVCA requested an analysis to demonstrate that there will be no adverse cumulative

impact on the flood risk from the lands earmarked for development. A memo by

AECOM in Appendix G was submitted to address this issue.

Offsite JFSA

JFSA to provide additional information on impact to Jock River.



54 This cumulative impact assessment only addressed the summer condition, but not the

spring condition (which was also requested by RVCA). We need the professional

opinion of the consultant, supported by appropriate technical rationale, that the

proposed project will not increase the spring flood risk.  (Intuitively, one would expect

spring impacts to be lesser than the summer impacts; RVCA is prepared to accept this

rationale if that is the conclusion the consultants have drawn from their analysis.)

Offsite JFSA

JFSA to provide additional information on impact to Jock River.

55 The submitted calculations indicate that upstream development will have no impact on

the Jock River flow up to Richmond, but will slightly increase the summer flood further

downstream from Eagleson Road to the Rideau River.

Offsite JFSA

JFSA to provide additional information on impact to Jock River.

56 We need to know, upstream of Eagleson Road, exactly where the impact

becomes detectable. In particular, if any location within the Village will

experience increased flood risk.

Offsite JFSA

JFSA to provide additional information on impact to Jock River.

57 In view of the increased summer flood flow spread over a considerable length of the

Jock River from Eagleson Road to the Rideau River, we like to point out that a number

of downstream stormwater facilities have been designed based on the current flood

propagation characteristics of the river and can potentially be adversely impacted by any

increase in flood level and flood duration.

Offsite JFSA

JFSA to provide additional information on impact to Jock River.

58 So far the consultants have limited their analysis to the projected increase in flood flow,

without discussing how it will translate into flood level and the extent of inundation. Any

affected lands need to be identified and impact assessed.

Offsite JFSA

JFSA to provide additional information on impact to Jock River.

59 Based on the above, we are not convinced that there will not be any adverse impact on

the flood risk along the Jock River. Therefore, we shall not support any stormwater

facility which allows increased flow to the Jock River.

Offsite JFSA

JFSA to provide additional information on impact to Jock River.

60 It is prudent to provide information on any increased flood risk, however small, to the

affected land owners and other stakeholders ~ so that they understand the issue and

can provide feedback.

Offsite JFSA

JFSA to provide additional information on impact to Jock River.

Modified Summer Flood Lines

61 The summer flood lines shown in the constraints plan (Drawing 2), is based on the

assumption of wider culvert at Fortune Street and is therefore different from the summer

lines one could plot based on the existing conditions as depicted in the recent flood

mapping report. Adequate and clear topographic information and drawings are needed

for us to verify the accuracy of the proposed summer flood lines.

Pond DSEL

Received additional topographical survey to this effect flood limit has been revised accordingly.

62 We note that any change in the culvert geometry is likely to change the spring flood

lines too, specially the event dominated by the 100 year flow along the Van Gaal Drain

(as opposed to the backwater condition from Jock River). This should be checked and

documented. 

Pond JFSA

Post-development flood lines reviewed and revised accordingly.

63 Any change in flood lines needs detailed review and permit approval by RVCA. If that is

the intention, appropriate report, model and maps should be submitted to RVCA.

Pond JFSA

Noted.

Locating Pond in the Flood Plain:

64 Pond 1 has been placed within the regulatory floodplain, but outside the (modified)

summer floodplain. No technical justification has been provided on why a pond is

justified within the summer floodplain. There is no reference to summer floodplains in

any guidelines.

Pond DSEL

Pond will be situated between the event creating the peak water level on the Van Gaal Drain and the 100-

year spring event resulting from the backwater on the Jock River.  The stormwater management modeling 

exercise demonstrates the pond's functions.

65 A close scrutiny of the four scenarios considered in the flood mapping exercise reveals

that the “Van Gaal Drain 100 year spring peak” will result in higher flood levels than the

summer scenarios. Therefore, Pond 1 is actually located within the spring floodplain of

the Van Gaal Drain, nullifying the “backwater from Jock River” argument.

Pond JFSA

The Rationale for the location is that it is to be between the peak event on the Van Gaal drain and the 

backwater from the Jock River.   



66 This also raises the issue of how Pond l will function during the “Van Gaal Drain 100

year spring peak,” event, especially with respect to flood flow obstruction, sediment re-

suspension and fish movement. 

Pond DSEL

The stormwater management modeling exercise demonstrates the pond's functions.

67
Placing Pond l within the floodplain implies periodic inundation of the pond 

by floodwater. How this will affect the water quality function of the pond is not clear. It 

needs to be demonstrated that the pond can perform its intended function in spite of 

being flooded from time to time. 

Pond JFSA

The stormwater management modeling exercise demonstrates the pond's functions.

68 According to Section 4.2 of MOE’s 2003 Manual, ponds in floodplains are contemplated 

only as exceptions - and only if they meet certain conditions (e.g., sufficient technical or 

economic justification, floodplain storage, balanced cut and fill, corridor values, fluvial 

process, outlet invert above 2 year flood level, overflow elevation above 25 year flood 

level). It is not clear from the report how these conditions have been satisfied.

Pond DSEL

MOE recommends that the NWL be at or above the 2-year water level in the receiving water course.  

Hyraulic modeling contained in Appendix I demonstrate that the proposed ponds function correctly.

69 Of particular interest to RVCA is the control of flooding, pollution, erosion and the 

conservation of land. The submitted material is not enough for us to adequately evaluate 

Pond 1 in these respects. 

Pond DSEL

Noted.

Stormwater and Fish Mitigation:

70 We need more details on the thermal mitigation analysis for all applicable 

typical scenarios, in particular for the temperature sensitive months of July and 

August. Appropriate combinations of flow, temperature and habitat requirements need 

to be considered. 

Pond Kilgour and 

Associates

Kilgour and Associates will be provided with updated design drawings and report for review and comment.

71 In order understand the implications of potential fish migration in and out of Pond 1, we 

need more details with regard to fish migration under various hydrologic scenarios, i.e., 

summer, Jock spring backwater, and Van Gaal Drain spring flood events. These include 

frequency of inundation, duration of inundation, typical velocities, flow depth, etc. 

Pond Kilgour and 

Associates

Kilgour and Associates will be provided with updated design drawings and report for review and comment.

72 There is an anticipated loss of flow to the Moore Branch. We need to know how it will 

affect fish habitat (e. g., by converting this permanent stream into an intermittent one)? 

A reduction in flow may be considered a harmful alteration of fish habitat and would 

require review by DFO.

Pond Kilgour and 

Associates

Kilgour and Associates will be provided with updated design drawings and report for review and comment.

Comments from City of Ottawa - Email dated May 26, 2010 from Darlene Conway

Revised grading / level of service:

73 Water table levels: Reviewing the water table levels monitored this April, I have serious

concerns with the proposal to base a grading plan on setting basements at these levels.  

Specifically:

Sump Pumps Golder

Golder have collected additional data from 2010, 2011 and 2012 that will be used for the current 

groundwater modeling assessment.  Golder are reviewing the current proposal and will provide a technical 

memorandum accordingly.

74 This was a dry spring, so in all likelihood, these levels are not reflective of the seasonal

high water table - the preparation of a grading plan on this year's level would not appear

to demonstrate the feasibility of using sump pumps.  

Sump Pumps Golder

Golder have collected additional data from 2010, 2011 and 2012 that will be used for the current 

groundwater modeling assessment.

75 As previously commented, when recommending an approach that diverges from the

City's standard, the onus is on the developer to defend the approach by providing

"justifications in terms of implementation feasibility and economics as well as

engineering , environmental, operational, reliability, risk and maintenance issues." This

remains to be done in a manner that adequately justifies divergence from the City's

standard, i.e., a comparison of options that documents cost, risk, reliability, etc.  

Sump Pumps DSEL

A servicing arrangement has been provided and will be reviewed and commented on by Golder.



76 It is not clear what the level of service provided by setting basements at seasonal high

water table would be, however, it would appear to be less than a 100 year level of

protection (recognizing the difficulty in assigning a frequency to a water table level and

the reliability of dependence on non-gravity drainage); for example, the City's level of

service is not just to set basements at the 100 year hydraulic gradeline, but requires a

further buffer of 0.30m above that elevation. Such factors in combination with other

requirements (i.e., basements above the sanitary HGL) require further

examination/confirmation. Ultimately, if the contention is that the site is not developable

while meeting an equivalent level of service/protection from basement flooding required

in other greenfield developments, then this needs to be clearly acknowledged.  

Sump Pumps DSEL

In traditional City servicing arrangements the underside of footings are typically 0.30m above the sewer 

obvert, the proposed configuration is a minor modification to the configuration where footings are 0.15m 

above the storm invert.  Situating the underside of footings above the sewer invert will promote the 

accumulation of groundwater to drain away from the house footings toward the sewer system.  

The sump pump will be equipped with a swan neck that is 0.30m above the modeled 100-year hydraulic 

grade line.  The elevation of the swan neck provides protection to the homes during significant storm 

events. 

77 While the City does not have a guideline for the widespread use of sump pumps in a

Greenfield development of this scale, (that is why the exception criteria has been

triggered), two examples from published guidelines are provided below that suggest

setting basements at the seasonal high water table may not be sufficient: the City of

Barrie requires 0.5m above the seasonal high water table; the MOE SWM Planning and

Design Manual suggest sump pumps should not be used where the seasonal high

water table is within 1m of foundations.  

Sump Pumps Golder

The proposed servicing arrangement has been provided and will be reviewed and commented on by 

Golder.

78 The need to protect basements from flooding with sewage in the event of a catastrophic

failure of the pumping station needs to be accounted for in the grading plan/setting of

basement elevations - a sanitary HGL must be provided for this condition. The 100 year

flood elevation at the pumping station is 93.81m - given the water table levels already

monitored from 94.87 to 93.78m), setting basements above the resulting sanitary HGL

at the site if the pump station fails should be achievable. The revised grading plan

needs to confirm this.  

Pipes JFSA

Duley noted.  This is the case for the entire Village of Richmond.  Backwater valves must be provided for 

sanitary services.  

79 Are there other options? An FDC system was immediately dismissed at the meeting,

however, in combination with some additional fill, modified house design, possible use

of a pumping station (not preferred but should be looked at), this may be feasible - but it

must be considered in light of all factors: basements above high water table + buffer?;

basements protected from sewage flooding; ability to surcharge storm sewer to

road/use of somewhat smaller pipe?, etc. (Note: In terms of size of pumping station,

the City's guideline calls for a flow of 0.45lps/house when no other data is available and

this is considerably higher than the high value indicated by Golder; even so, for 2000

homes this would amount to a maximum peak flow of 0.9cms; this would also only be a

lift station.  

Sump Pumps DSEL

Revised report provides an evaluation of storm servicing options.

2 Pond 1:

80 The preliminary grading plan provided does not allow for the required minimum 0.3m

freeboard above the maximum pond operating levels. This must be provided as

previously commented upon, again without filling in the floodplain and meeting all other

requirements for locating a pond in the floodplain as noted in the MOE manual.   

Sump Pumps DSEL

The stormwater management modeling exercise demonstrates the pond's functions.

81 I believe it was noted at the meeting that the permanent water level was set at the

summer 2 year level, not the spring 2 year level. The revised permanent wet level noted

is 92.35m - this is even lower than the previous level of 92.65m which is lower than the

spring level of 93.14. The pond being located in the floodplain is already an exception

for which the MOE manual provides guidelines which appear not to have been met.

What is the justification for exceptions to exceptions?

Pond DSEL

The stormwater management modeling exercise demonstrates the pond's functions.

82 The invert of the pond outlet has been lowered to 92.0m - where is this in relation to the

drain invert?  

Pond DSEL

The invert of Van Gaal Drain at this location was noted to be 91.28m per X-SEC 521.

83 It was noted that sediment storage might be provided on the communal well site? It is

not evident there will be sufficient space for this so non-floodplain land must be provided 

in the pond block for this purpose.  

Pond DSEL

Sediment drying area has been specified on plans.



Major system capacity:

84 It was noted that 0.2% from high point to high point was a City guideline for major

system capacity. I'm not familiar with this but regardless, a major system analysis that

provides flows and depths) must be completed based on the proposed grading that

confirms adequate conveyance capacity for the 100 year event (worst case) - if there are

situation where the right-of-way capacity is exceeded under a 100 year event, then

allowance must be made for major system storage facilities.  

Grading Major System DSEL

Major system analysis demonstrates right of way capacity.

Comments from City of Ottawa - Memo dated July 6, 2010 from Darlene Conway to 

Roman Diduch

85 The developer should refrain from indicating that the use of sump pumps from this

development is not an exception from the City's Sewer Design Guidelines. As

previously clarified, it is necessary to read the Guideline in its entirety with respect to

foundation drainage given there is direction provided in various sections to address

specific situations (i.e. infill vs. Greenfield development). Specifically, sections 5.1.4

and 5.7.5 clearly indicate that the level of service expected for Greenfield development

is that basement elevations be set at minimum of 0.30m above the 100 year hydraulic

grade line.  

It is because the use of sump pumps in this instance (potentially some 2000 homes in a

relatively dense Greenfield development area) is such a departure that sufficient

technical and policy analysis must be undertaken to objectively assess whether sump

pumps can provide an adequate level of service. Beyond this immediate instance, the

implications of such a decision for the remaining (and future, should the urban boundary

expand) Greenfield development areas  in the City must also be considered.  

Sump Pumps DSEL

Noted.

In terms of the proposed approach, the following adjustments are required:

STEP 1:

86 i) The initial task, before any consideration of alternatives, must be the determination of

the sanitary system hydraulic grade line under conditions of pumping station failure.

This represents the minimum elevation below which basements cannot be set and the

starting point for any comparison of fill depths resulting form the various alternatives to

be considered.  

Sump Pumps DSEL

The entire Village of Richmond is subject to potential sanitary backwater under a catatrophic pump station 

failure during a 1:100 spring event.

87 ii) The alternatives to be compared should include alternative house design (e.g.

reduced basement depth or more basements).  

Sump Pumps DSEL

Slab on grade units have been included in analysis.

88 iii) Prior to assessing Option 4 (foundation drainage via sump pump), there will have to

be agreement regarding the minimum level above which basements will be set, at least

for the options evaluation (i.e.: in the absence of sufficient field data, consideration will

have to be given to a seasonal high water table higher than the April / May 2010 data

and will be required to incorporate some buffer or freeboard (both to be determined)

above that level.  

Sump Pumps DSEL

Golder to review servicing arrangement.

89 iv) A draft of the proposal evaluation methodology should be provided for review prior to

proceeding with comparison of the various options.  

Sump Pumps DSEL

See comments 106 - 110

90 v) The results of Step 1 will be reviewed by the relevant branches within the City and a

decision rendered 

Sump Pumps DSEL

See comments 106 - 110

STEP 2:

91 i) It is premature to comment on this step until the results from Step 1 are available.

However, please note that it is the City's position that a preliminary grading plan cannot

be based upon the April/May 2010 monitored groundwater levels. Further to Step 1,

item iii), it is almost certain that these levels were measured too late in the season to be

representative of the actual seasonal high water table for 2010 (a relatively dry year), let

alone a wetter year. Further, it is anticipated there will be a requirement to provide

some buffer or freeboard above the (yet to be determined) seasonal high water table.  

Sump Pumps Golder

Golder have collected additional data from 2010, 2011 and 2012 that will be used for the current 

groundwater modeling assessment.

STEP 3:

92 i) To be further discussed / confirmed subject to the outcome of Step 1.  



Comments from City of Ottawa - Email dated August 5, 2010 from Darlene Conway

93 Additional items from July 6/10 comments: the sanitary HGL remains to be confirmed 

and the options should include alternative house design. Pipes JFSA As above.

94 Evaluation approach: see Michel’s and Dillon’s comments attached (shown below). Sump Pumps DSEL

95 Draft evaluation criteria: In general, it would be helpful if further definition/description of

the parameters/indicators were provided. Overall, it is suggested that key issues are not

well-captured by the proposed criteria, with some examples provided below: 

Sump Pumps DSEL

Revised criteria matrix to address storm servicing alone.

96 suggest that Natural Environment criteria may be unnecessary/redundant given

considerable filling is required for all options (i.e., existing hedgerows may not be

preserved under any option?), likewise maintenance of base flow would not appear to

differ between options?; 

Sump Pumps DSEL

As above.

97 re: Caring and Healthy Communities: maintaining or improving level of service to

existing village residents would not seem relevant to the foundation drainage issue (say,

compared to wastewater system upgrades); with respect to impact to private wells –

please clarify what is intended by this i.e., are any of the options anticipated to impact

private wells?; level of service cannot be maintained or improved (be definition) for

future residents. Presumably, the intent here is to compare levels of service between

options. This needs to be clarified. Clarify what “compatibility with planning and

infrastructure policies and guidelines” specifically refers to, i.e., is this intended to

capture consistency with the City’s Sewer Design Guideline (if yes, weight given to this

is very low).   

Sump Pumps DSEL

As above.

98 re: Constructability and Functionality: not clear that the “ability to phase infrastructure to

facilitate development phasing” is relevant (i.e., significantly different between options)

and/or may need further clarification?; 

Sump Pumps DSEL

As above.

99 re: Cost: what is intended by ”cost effective” life cycle and capital costs? Sump Pumps DSEL
As above.

100 Overall, the criteria should be tailored to better capture the key issues of risk

(consequences of failure), reliability, and impact on existing community (for example,

related more explicitly to required fill depths for different options).   

Sump Pumps DSEL

As above.

Comments from City of Ottawa - Email dated July 30, 2010 from Michael Kearney

101 I have reviewed the attached Foundation Drainage Evaluation Methodology being

proposed by Mattamy. I have considerable issues with Table 1 (Evaluation Decision

Matrix). Mattamy proposes to use the same type of grid (with some revisions) that was

used for the SMW report and the MSS, but I don’t think that these evaluation

parameters are appropriate to use in this instance. Furthermore, it is clear that sump

pumps present a higher risk to the future residents than the other three options, and this

fact is reflected in the Council Motion. What the developer has to demonstrate is that it

is “absolutely necessary” to have sump pumps, before we will consider them.

Therefore, this places sump pumps is a different category. There should be an

evaluation matrix for the first three options; however, only after it has been demonstrated 

that none of these options are viable can we start looking at the sump pump option. In

other words, Mattamy should present a two-step evaluation as follows:

Sump Pumps DSEL

102 Step 1

Evaluation of all the non-sump pump options, which consist of the first three in the 

attached methodology, plus the alternative house design option.  For these options, I 

recommend that the decision matrix be revised to better reflect Section 1.3 of the City’s 

Sewer Design Guidelines – i.e., the matrix should include “implementation feasibility 

and economics as well as engineering, environmental, operational, reliability, risk and 

maintenance issues”.  The matrix proposed by Mattamy includes some items that are 

not relevant to the evaluation at hand.

Sump Pumps DSEL

Various servicing options have been presented with re-submission.



103 Step 2

Once it has been determined that the first three options are not viable, we will be left 

with two remaining options:

i) Allow the use of sump pumps (only after thorough consideration of risk, and 

engineering implications)

ii) No development (with basements)

Sump Pumps DSEL

as above.

I believe that this two-step approach is consistent with the Council Motion.

Comments from Dillon Consulting - Memo dated August 3, 2010

Basement Elevation Fundamental Design Parameters

104 We recommend that the City of Ottawa seek clarification from Mattamy relative to 

several fundamental design parameters affecting basement elevations.  These include 

the proposed basement elevations (including allowance for freeboard) relative to the 

sanitary system hydraulic gradeline under conditions of pumping station failure, the 

storm sewer 100 year hydraulic gradeline, and the expected seasonal high water table.  

All of these represent parameters affecting the minimum basement elevation.   We 

expect that Mattamy's evaluation has already taken these factors into consideration; 

however, clarification on these matters would assist in any further evaluation of the 

foundation drainage issue.  With respect to the latter factor (seasonal high water table), 

Mattamy should clarify whether it is intended that the minimum basement elevation be 

set above the expected high water table (such that foundation drainage would only be 

required as a failsafe under unusual conditions), or whether the minimum basement 

elevations would potentially intersect the seasonal high water table (such that 

foundation drainage systems would be required to function on a routine basis under 

these conditions).  

Sump Pumps Golder

In traditional City servicing arrangements the underside of footings are typically 0.30m above the sewer 

obvert, the proposed configuration is a minor modification to the configuration where footings are 0.15m 

above the storm invert.  Situating the underside of footings above the sewer invert will promote the 

accumulation of groundwater to drain away from the house footings toward the sewer system.  

The sump pump will be equipped with a swan neck that is 0.30m above the modeled 100-year hydraulic 

grade line.  The elevation of the swan neck provides protection to the homes during significant storm 

events. 

Foundation Drainage in Areas with Clay Soils

105 We note that the native overburden materials within most of the area include clay

sequences. As such, Mattamy should be requested to include in their evaluation an

assessment of the potential for locally elevated groundwater levels adjacent to

foundations resulting from more permeable materials comprising the foundation backfill

materials (relative to the surrounding native clay materials). These conditions have the

potential to result in a "bathtub" effect that can result in significantly higher subsurface

water levels (in the absence of effective foundation drainage systems) than would be

expected if considering only the normal seasonal high water table. 

Sump Pumps Golder

The volume of water in the “bath tub” would be relatively small.  Clay soils are preferable over sandy – 

more permeable soils in high water table situations, due to the smaller volume of water.

Evaluation Methodology

106 With respect to the Evaluation Decision Matrix provided by Mattamy, we question

whether this type of evaluation matrix is appropriate for the issue at hand. The

evaluation should focus on the issue of the level of service related to the risk of

basement flooding as the primary consideration, with consideration of other secondary

factors as required. If maintaining this type of matrix approach, the proposed evaluation

matrix should be re-evaluated as some of the parameters may not be apt to the review

of foundation drainage issues.  Specifically, we note the following:

Sump Pumps DSEL

DSEL has revised this evaulation matrix to consider specifically foundation drainage options only and not 

placement / situation of stormwater management facilities.

107 The natural environment parameters may not be apt to this evaluation since the only 

factor being assessed is the means of conveyance of water from the foundations to 

the storm sewer;

Sump Pumps DSEL

As requested by the City, Natural enviroment parameters have been excluded from the evaulation of 

foundation drainage options.

108 Similarly, parameter C4 is of questionable relevance when assessing the means of 

conveyance of water from the foundations to the storm sewer;

Sump Pumps DSEL As requested by the City compatibility to existing community has been removed from the evaluation 

matrix.

109 Parameter C03 should have significantly higher weighting as this is considered to 

be a key driver for this issue.

Sump Pumps DSEL

Weighting of C3 has been increased in the revised evaluation matrix.

110 We also recommend that clarification be sought regarding the parameters related to

cost (i.e. that potential costs incurred by all stakeholders would be evaluated, including

potential costs under conditions of system failure and an evaluation of the risk of system 

failure so that the costs can be appropriately discounted).  

Sump Pumps DSEL

Capital cost are considered as those incurred by the developer and ultimately the home owner.  

Maintenance cost are considered to be those attributed to City of Ottawa and tax payers.  Additional 

attention to maintenance cost has been considered.  System failure cost are difficult to assess for each 

option. Failure is considered under CO6.



111 Lastly, it is recommended that the evaluation methodology be undertaken such that the

hierarchy of potential foundation drainage options be taken into account. In this way,

the first option to be considered would be that of conventional gravity drainage to the

storm sewer (this could include consideration of development options that may permit

this to occur, such as development of housing with no basements or crawlspaces only).

Other options would only be considered if this option is ruled out. The last option to be

considered would be that of foundation drainage using individual sump pumps (if all

other options are ruled out). This type of hierarchical evaluation would appear to be

consistent with the Council resolution that foundation drainage by sump pumps could

comprise a mutually agreeable solution if 'absolutely necessary'.  

Sump Pumps DSEL

The stormwater management report endeavors to review all practical means to provide storm servicing.  

Comments from City of Ottawa - Email from Darlene Conway dated February 3, 2012

112 Please note that, with respect to C. Major System Capacity and External 

Drainage, these comments should be addressed as per recent 

findings/discussions of the Stormwater Subcommittee.

Grading Major System

JFSA

Revised modeling provided accordingly.

113 The final location of the communal well should be confirmed/clearly shown on 

the revised plans. Also, given the apparent proximity of the well site to Pond 1 

and servicing trenches (both of which may extend into the bedrock), 

 recommendations for detailed design should be provided that will ensure the 

integrity of the well is not compromised (e.g., need for lining, use of pressure 

pipe for sanitary sewers, etc.). 

Pond

DSEL

Design drawings updated accordingly.



 

 
 
 
 
 
 
 
 
 

 
 

APPENDIX   B 
 

Geotechnical Report 
 
 

 



























































































































































































































 

 
 
 
 
 
 
 
 
 

 
 

APPENDIX   C 
 

Regulatory Floodplain Supplementary Information 
 
 

 













 
 
 

120 Iber Road 
Unit 203 

Stittsville, Ontario K2S 1E9 
Tel (613) 836-0856 
Fax (613) 836-7183 

www.DSEL.ca 

 
 
July 7, 2011 
Our File:  10-468 
 
Rideau Valley Conservation Authority 
Box 599, 3889 Rideau Valley Drive 
Manotick, ON 
K4M 1A5 
 
Attention:  Jocelyn Chandler 
  Planner 
   
Dear Jocelyn, 
 
Re:  Richmond Van Gaal Drain Modifications 
  

 
Further to our meeting on May 19, 2011 the following is an outline of our proposal for 
modifications to the Van Gaal Drain: 
 
Submissions which will be required for approval of the widened channel through the Rideau 
Valley Conservation Authority (RVCA) and the City of Ottawa will include the following:  
 

 Hydrologic and hydraulic modeling to demonstrate that the proposed conceptual channel 
revision confines the flood plain limits within the corridor to be completed by JF Sabourin 
and Associates (JFSA).  The first draft is included with this letter.  

 Summary of previous fish habitat work including design recommendations to support the 
project to be completed by Kilgour and Associates (Kilgour).   

 Stream morphology design to ensure the revised channel is stable in both low flow and 
high flow situations to be completed by JTB Environmental Systems Inc (JTBES).   

 Detailed channel design incorporating the above studies to be completed by David 
Schaeffer Engineering Ltd (DSEL). 

 
The JFSA memo Floodplain Improvements for the Caivan Development / Hydraulic Analysis 
of the Van Gaal Drain Proposed Modifications dated June 30, 2011 is enclosed with this letter.  
The attached sketch illustrates proposed channel modifications, in context with the currently 
proposed draft plan. This does not yet incorporate recommendations from Kilgour or JTBES.   
 
At this time we are seeking high level comments before engaging the consultant team to make a 
full submission to the RVCA and City of Ottawa.   
 
If the concept is deemed appropriate by the RVCA, a meeting will be organized with the City of 
Ottawa and including the RVCA.   







 
J.F. Sabourin and Associates Inc. 
52 Springbrook Drive, Ottawa, ON  K2S 1B9 
tel.: 613.836.3884, fax: 613.836.0332, www.jfsa.com 
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June 30, 2011           our file: 92211 
 
David Schaeffer Engineering Limited 
120 Iber Road, Unit 203 
Stittsville, ON  K2S 1E9 
 
Attention: Mr. Steve Pichette 
       
Subject: Floodplain Improvements for the Caivan Development /  

Hydraulic Analysis of the Van Gaal Drain Proposed Modifications   
  
Dear Sir, 
 
As requested by your office, we have evaluated the 100-year design water levels along the Van Gaal Drain 
and within the Caivan proposed development site under proposed conditions and compared the results with 
existing conditions. The proposed conditions include the realignment and partial enlargement of the Van Gaal 
Drain conveyance channel. (see Figure 1) 
 
In undertaking this work, the following information was considered: 

 
1) The HEC-RAS model of the Van Gaal Drain under existing conditions originates from the RVCA 

Floodplain Mapping (FPM) study of the Jock River submitted by J.F. Sabourin and Associates Inc 
(JFSA) in November 2009. Only the spring design flows were used for the current analysis. However, 
note that the summer design flows were found to be critical for the FPM study at the two cross sections 
upstream of the Perth culvert (1340 and 1364) and should be considered in the final analysis. 
 

2) The hydraulic data used in our evaluation was based on channel alterations proposed by DSEL (see 
Figure 1). The existing cross-section geometry was modified to include the proposed realignment in the 
following manner. The channel alignment was modified to a length of 618 m from an original length of 
667 m. As the proposed channel is slightly shorter than under existing conditions, the overall channel 
slope has increased to 0.175% from 0.161%. The channel side slopes were set to 2.5H:1V for the length 
of proposed modifications. The bottom width of the channel was modified (widened) to contain the 100 
year flows at levels that are lower than the existing ground elevations of the subject property. To 
accomplish this, the channel bottom was widened to 5.0 m (from approximately 2.5 m) from cross-
section 2076 to cross-section 1717 inclusively and the channel bottom width was widened 10 m from 
cross-section 1615 to 1416 (inclusive). Further downstream, all the cross-sections were left as per 
existing conditions.  The Perth culvert was optimized to convey the maximum flows by modifying the 
style of entrance (flared wing walls with rounded and bevelled corners) and the entrance loss coefficient 
of 0.2. 

 
Based on the above information, the 100 year water levels for the proposed conditions over the reach of the 
Van Gaal Drain under study were determined with HEC-RAS and are presented in Attachment 1. Details of 
the cross-sections for proposed conditions are presented in Attachment 2.  
   



Client: David Schaeffer Engineering Ltd.  Caivan Proposed Development   
   Hydraulic Analysis of the Van Gaal Drain 
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Table 1 summarizes the 100 surface water elevations along the reach crossing the subject property. As may be 
seen from the results, the 100 year flows from the Van Gaal Drain can be contained within the proposed 
channel banks from cross-sections 2076 to 1615. Despite the water surface elevation being lowered by up to 
0.21 m from existing conditions, the flows will not be fully contained within the proposed channel from 
cross-sections 1615 to the Perth Culvert. As per our analysis, the water surface elevation is controlled by the 
Jock River up to cross-section 1615.  
 
Table 1: 100 Year Surface Water Elevations along Van Gaal Drain from cross-section 2157 to Perth Street 

Under Existing and Proposed Conditions 

Cross Section IDs 
(upstream to downstream) 

Existing 
Water Surface Elevations as per 

JFSA (2009) 

Water Surface Elevations 
with Proposed Channel 
Alterations as per DSEL 

Difference in Water Surface 
Elevation between Proposed 

and Existing Channel 
(new – existing) 

(m) (m) (m) 

2157  95.48  95.39  ‐0.09 

2076  95.27  95.06  ‐0.21 

1974  95.11  94.86  ‐0.25 

1922  94.99  94.79  ‐0.20 

1833  94.85  94.64  ‐0.21 

1796  94.81  94.58  ‐0.23 

1735  94.72  94.47  ‐0.25 

1728  94.69  94.46  ‐0.23 

1717  94.69  94.44  ‐0.25 

1615  94.61  94.40  ‐0.21 

1555  94.55  94.38  ‐0.17 

1488  94.45  94.37  ‐0.08 

1416  94.41  94.36  ‐0.05 

1400  94.36  94.34  ‐0.02 

1364  94.29  94.25  ‐0.04 

1340  94.19  94.15  ‐0.04 

Perth Street Culvert       
Notes:    

 

Please note that to contain the 100 year flows within the Drain, between cross-section 2157 and 2478, the 
channel width would also need to be widened along this reach.  Additional improvements (ie. removing the 
existing secondary building to the residence on the north side of Perth Street and the west side of the Drain 
from the floodplain) could also be achieved between the Perth Street culvert and cross-section 1416 if the 
channel, along this reach, was widened to 10 m.  
 
 
Sincerely yours, 
 
 
J.F. Sabourin and Associates Inc. 

 
 
 
 
 
 

for Jean-François Sabourin, M.Eng., P.Eng. 
Director of Water Resources Projects 
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Table 1:  100 Year Surface Water Elevations along Van Gaal Drain from cross-section 2157 to Perth Street Under Existing and 

Proposed Conditions 
 
Figure 1:   Proposed Channel Realignment Along the Caivan Proposed Development 
 
Appendix 1:  HEC-RAS Model Results for the for the Van Gaal Drain Under Existing and Proposed Conditions 
Appendix 2:  HEC-RAS Model Cross Sections Details Under Existing and Proposed Conditions 
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Attachment 1 
 
 
 
 

HEC RAS Model Results for the Van Gaal Drain 
Under Existing and Proposed Conditions 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



Table 2: HEC‐RAS Model Results for Reach 2 of the Van Gaal Drain under Existing Conditions  (1)

HEC‐RAS 

River Station Flow

Invert 

Channel 

Elevation

Water 

Surface 

Elevation

Maximum 

Channel 

Depth

Energy 

Gradeline 

Elevation

Channel 

Velocity Flow Area

(m3/s) (m) (m) (m) (m) (m/s) (m2)

2554 8.32 94.75 96.28 1.53 96.31 0.82 20.36

2478 8.32 94.75 96.15 1.40 96.21 1.14 12.66

2157 8.32 94.31 95.48 1.17 95.51 1.03 21.89

2076 10.81 93.86 95.27 1.41 95.33 1.19 16.76

1974 10.81 93.68 95.11 1.43 95.14 0.92 26.22

1922 10.81 93.59 94.99 1.40 95.05 1.17 18.34

1833 10.81 93.44 94.85 1.42 94.88 0.85 31.98

1796 10.81 93.37 94.81 1.44 94.83 0.81 35.52

1735 10.81 93.26 94.72 1.46 94.76 0.97 25.42

1728 10.81 93.25 94.69 1.45 94.75 1.08 19.56

1727 Culvert

1717 10.81 93.24 94.69 1.45 94.74 1.09 18.39

1615 10.81 93.05 94.61 1.56 94.62 0.65 48.35

1555 10.81 92.94 94.55 1.61 94.58 0.92 22.64

1488 10.81 92.82 94.45 1.63 94.50 1.03 14.41

1416 10.81 92.71 94.41 1.70 94.42 0.71 46.09

1400 10.81 92.68 94.36 1.68 94.40 0.96 12.27

1364 10.81 92.62 94.29 1.67 94.35 1.06 11.24

1340 11.62 92.61 94.19 1.58 94.31 1.50 7.76

1339 Culvert

1312 12 20 92 47 94 12 1 65 94 23 1 51 8 081312 12.20 92.47 94.12 1.65 94.23 1.51 8.08

1302 12.20 92.57 94.14 1.57 94.18 1.07 26.40

1268 12.20 92.47 94.13 1.67 94.14 0.45 52.44

1212 12.20 92.36 94.11 1.75 94.12 0.56 55.17

1169 12.20 92.30 94.08 1.78 94.09 0.73 43.06

1091 12.20 92.15 94.04 1.89 94.05 0.57 51.99

1002 12.20 92.06 94.02 1.96 94.03 0.41 68.99

961 12.20 91.96 94.02 2.07 94.02 0.24 90.16

910 12.20 91.93 94.02 2.09 94.02 0.20 161.29

840 12.20 91.86 94.02 2.16 94.02 0.18 126.14
(1) Results obtained from Existing Conditions HEC RAS model (originally from P709 Richmond FP Analysis)

         ..\201106 Channel realignment\Design\HEC RAS\Original Run HEC RAS 4.1.0\Richmond_Nov27_2009_SPR.prj



Table 3: HEC‐RAS Model 100 year Flow Results for Reach 2 of the Van Gaal Drain under  Proposed Conditions  (1)

HEC‐RAS 

River Station Flow

Invert 

Channel 

Elevation

Water 

Surface 

Elevation

Maximum 

Channel 

Depth

Energy 

Gradeline 

Elevation

Channel 

Velocity Flow Area

(m3/s) (m) (m) (m) (m) (m/s) (m2)

2554 8.32 94.75 96.30 1.55 96.32 0.78 21.89

2478 8.32 94.75 96.21 1.46 96.24 0.93 19.88

2157 8.32 94.31 95.39 1.08 95.49 1.64 10.66

2076 10.81 93.86 95.06 1.20 95.13 1.12 9.65

1974 10.81 93.68 94.86 1.18 94.93 1.15 9.44

1922 10.81 93.59 94.79 1.20 94.85 1.13 9.56

1833 10.81 93.44 94.64 1.20 94.71 1.12 9.62

1796 10.81 93.37 94.58 1.21 94.64 1.12 9.66

1735 10.81 93.26 94.47 1.21 94.53 1.11 9.72

1728 10.81 93.25 94.46 1.21 94.52 1.11 9.73

1717 10.81 93.24 94.44 1.20 94.51 1.12 9.62

1615 10.81 93.05 94.40 1.35 94.42 0.59 20.21

1555 10.81 92.94 94.38 1.44 94.40 0.55 20.11

1488 10.81 92.82 94.37 1.55 94.38 0.50 23.51

1416 10.81 92.71 94.36 1.65 94.37 0.42 38.57

1400 10.81 92.68 94.34 1.66 94.36 0.72 23.20

1364 10.81 92.62 94.25 1.63 94.32 1.11 10.26

1340 11.62 92.61 94.15 1.54 94.27 1.54 7.54

1339 Culvert

1312 12.20 92.47 94.12 1.65 94.23 1.51 8.08

1302 12.20 92.57 94.14 1.57 94.18 1.07 26.40

1268 12.20 92.47 94.13 1.67 94.14 0.45 52.44

1212 12.20 92.36 94.11 1.75 94.12 0.56 55.17

1169 12.20 92.30 94.08 1.78 94.09 0.73 43.06

1091 12.20 92.15 94.04 1.89 94.05 0.57 51.99

1002 12.20 92.06 94.02 1.96 94.03 0.41 68.99

961 12.20 91.96 94.02 2.07 94.02 0.24 90.16

910 12.20 91.93 94.02 2.09 94.02 0.20 161.29

840 12.20 91.86 94.02 2.16 94.02 0.18 126.14
(1)
 Results obtained from Proposed Conditions HEC RAS model in 

         ..\201106 Channel realignment\Design\HEC RAS\Scenario 7b\Richmond_Nov27_2009_SPR.prj
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Adam Fobert

Subject: FW: RVCA comments regarding  submission by DSEL and JFSA on RE: Richmond - Van 

Gaal Improvements

From: Jocelyn Chandler  

Sent: August 5, 2011 3:32 PM 
To: 'Jennifer Ailey' 

Cc: Jennifer Lamoureux; Stephanie Schreiner; Glen McDonald 
Subject: RVCA comments regarding submission by DSEL and JFSA on RE: Richmond - Van Gaal Improvements 
 

Hello Jennifer, 

RVCA Watershed Science and Engineering staff have reviewed the documents submitted in support of the 

proposal to modify the Van Gaal Drain on the subject lands. The review has identified the following 

information and concerns that should be addressed in order for us to provide conceptual support for the 

proposal and ultimately a complete application to be submitted under O.Reg 174/06 of the Conservation 

Authorities Act. 

 

1. Based on the provided cross sections, the 1:100 year floodplain is not contained throughout the entire 

subdivision lands, only between x-sections 2076 and 1615.  

2. A drawing should be provided that shows the location of the new 1:100 year floodplain boundaries both 

within and beyond (up and downstream) the subject property.  

3. The drawing shows a straightened and channelized watercourse. Discussion of opportunities through the 

detailed design phase for natural channel design with a focus of improving sinuosity and varied fluvial 

geomorphology should be included.  

4. What is the effect of this proposal on erosion and velocities?  

5. What are the projected impacts on the upstream and downstream properties from geomorphologic, 

hydraulic and biological perspective?  

6. Information regarding the ability to tie the proposed modifications into the natural channel and 

floodplain on the upstream and downstream properties needs to be provided in order to address fish 

barriers and stream processes.  

7. A calculation showing the actual reduction in minor flows must be provided.  

8. Drawings showing x-sections along the channel with water level elevations for, at a minimum, the low 

flow, 2, 5, 10 and 1:100 year events must be provided. How will these function in riffle, pool and run 

sections of the channel?  

9. An RMF must be completed regarding the development proposal and the predicted impacts to fish 

habitat will be required, although at this time a general statement from the biologist will suffice the 

achieve some degree of assurance that this will remain a Level II approval under the Federal Fisheries 

Act.  

 

Additional information for future consideration: 

10. This feature is direct fish habitat with several species of fish (known northern pike spawning and 

nursery habitat) in a greenfield development, greatest maximum setbacks from the watercourse, as per 

the OP will apply.  

11. Any pathway required by the City of Ottawa must remain outside the setbacks.  

12. The natural channel design should be prepared with input from the geomorphologist, biologist and 

engineers.  
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13. A Landscape Plan showing the naturalization of the lands within the watercourse setback will be 

required. It should include trees and tall shrub species to provide some shade affect for the watercourse 

to maintain and protect cool thermal conditions that exist.  

 

 
Jocelyn Chandler M.Pl. MCIP, RPP. 

Planner, RVCA 
613.692.3571 x1137 
jocelyn.chandler@rvca.ca 
www.rvca.ca 
mail: Box 599 3889 Rideau Valley Dr., Manotick, ON K4M 1A5 
courier: 3889 Rideau Valley Dr., Nepean, ON K2C 3H1 

This message may contain information that is privileged or confidential and is intended to be for the use of the individual(s) or entity named above. This material may 

contain confidential or personal information which may be subject to the provisions of the Municipal Freedom of Information & Protection of Privacy Act. If you are not 

the intended recipient of this e-mail, any use, review, revision, retransmission, distribution, dissemination, copying, printing or otherwise use of, or taking of any action in 

reliance upon this e-mail, is strictly prohibited. If you have received this e-mail in error, please contact the sender and delete the original and any copy of the e-mail and 

any printout thereof, immediately. Your cooperation is appreciated. 

From: Jennifer Ailey [mailto:jailey@dsel.ca]  

Sent: July 7, 2011 11:48 AM 

To: Jocelyn Chandler 
Cc: spichette@dsel.ca 

Subject: Richmond - Van Gaal Improvements 
 

<<...>>  

Jocelyn, 

 
Please review the attached letter, which includes an outline of our proposal for modifications to the Van Gaal Drain. 

Please let me know if you have any questions. 

 

Jennifer 

Jennifer Ailey, P.Eng. 
Senior Design Engineer  

DSEL 

david schaeffer engineering ltd.david schaeffer engineering ltd.david schaeffer engineering ltd.david schaeffer engineering ltd. 
120 Iber Road, Unit 203 
Stittsville, ON K2S 1E9 
Phone: (613) 836-0856 ext. 226 
Fax:      (613) 836-7183 
Cell:     (613) 222-6476 
Email:   jailey@dsel.ca 
This email, including any attachments, is for the sole use of the intended recipient(s) and may contain private, confidential, and privileged information. Any 
unauthorized review, use, disclosure, or distribution is prohibited. If you are not the intended recipient, or if this information has been inappropriately forwarded to 
you, please contact the sender by reply email and destroy all copies of the original. 



 

 
 
 
 
 
 
 
 
 

 
 

APPENDIX   D 
 

Geomorphology  
 
 



 

 
 
 
 
 
 
 
 
 

 
 

APPENDIX   E 
 

Existing Hydrology / Hydraulics 
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Adam Fobert

From: Bryan Willcott <bwillcott@jfsa.com>

Sent: March-26-10 9:58 AM

To: spichette@dsel.ca; Adam Fobert; Conway, Darlene

Cc: jfsabourin@jfsa.com

Subject: P709(02) Richmond 2,5, 10, 25 Year WSEL Results

Attachments: Spring Storm WSEL Table.pdf; Summer Storm WSEL Table.pdf; Village of Richmond (2, 

5, 10, 25, 100 Yr WSEL).pdf

Good day, 
  
Please find the attached plan showing water surface elevations for the 2, 5, 10, 25 and 100 year Spring and Summer 
events.  WSEL tables are also attached. 
  
The calculated flows shown on the attached tables were prepared based upon the same methodology used for the 2009 
Richmond Floodplain Mapping study, taking into consideration the timing of peak flows of the Van Gaal drain and Jock 
River.  The calculcated WSELs were determined using the 2009 Richmond Floodplain HEC-RAS spring and summer 
models, which do not include features including the berm that has been constructed upstream of Perth Street or any 
modification to Fortune Street culvert.   
  
Best Regards, 
 

Bryan P. Willcott, B.Eng. 
Water Resources EIT 

JFSA
Water Resources and 

Environmental Consultants 

 

J.F. Sabourin and Associates Inc. 

52 Springbrook Drive, Ottawa, ON  K2S 1B9 

tel.: 613.836.3884 ext. 223,  fax: 613.836.0332,  www.jfsa.com 

 

 

 



Q Total W.S. Elev
(m 3 /s) (m)

2 Year Van Gaal Drain Reach 3 3165 2.59 96.65
5 Year Van Gaal Drain Reach 3 3165 3.31 96.70
10 Year Van Gaal Drain Reach 3 3165 3.79 96.72
25 year Van Gaal Drain Reach 3 3165 4.37 96.74
100 year Van Gaal Drain Reach 3 3165 5.24 96.75

2 Year Van Gaal Drain Reach 3 3149 2.59 96.60
5 Year Van Gaal Drain Reach 3 3149 3.31 96.64
10 Year Van Gaal Drain Reach 3 3149 3.79 96.66
25 year Van Gaal Drain Reach 3 3149 4.37 96.68
100 year Van Gaal Drain Reach 3 3149 5.24 96.72

2 Year Van Gaal Drain Reach 3 3086 2.59 96.50
5 Year Van Gaal Drain Reach 3 3086 3.31 96.55
10 Year Van Gaal Drain Reach 3 3086 3.79 96.58
25 year Van Gaal Drain Reach 3 3086 4.37 96.60
100 year Van Gaal Drain Reach 3 3086 5.24 96.64

2 Year Van Gaal Drain Reach 3 3016 2.59 96.46
5 Year Van Gaal Drain Reach 3 3016 3.31 96.52
10 Year Van Gaal Drain Reach 3 3016 3.79 96.54
25 year Van Gaal Drain Reach 3 3016 4.37 96.56
100 year Van Gaal Drain Reach 3 3016 5.24 96.61

2 Year Van Gaal Drain Reach 3 2980 2.59 96.42
5 Year Van Gaal Drain Reach 3 2980 3.31 96.49
10 Year Van Gaal Drain Reach 3 2980 3.79 96.51
25 year Van Gaal Drain Reach 3 2980 4.37 96.54
100 year Van Gaal Drain Reach 3 2980 5.24 96.57

2 Year Van Gaal Drain Reach 3 2851 2.59 96.21
5 Year Van Gaal Drain Reach 3 2851 3.31 96.30
10 Year Van Gaal Drain Reach 3 2851 3.79 96.34
25 year Van Gaal Drain Reach 3 2851 4.37 96.38
100 year Van Gaal Drain Reach 3 2851 5.24 96.42

2 Year Van Gaal Drain Reach 3 2808 2.59 96.18
5 Year Van Gaal Drain Reach 3 2808 3.31 96.27
10 Year Van Gaal Drain Reach 3 2808 3.79 96.31
25 year Van Gaal Drain Reach 3 2808 4.37 96.35
100 year Van Gaal Drain Reach 3 2808 5.24 96.39

2 Year Van Gaal Drain Reach 3 2658 2.59 96.11
5 Year Van Gaal Drain Reach 3 2658 3.31 96.19
10 Year Van Gaal Drain Reach 3 2658 3.79 96.22
25 year Van Gaal Drain Reach 3 2658 4.37 96.25
100 year Van Gaal Drain Reach 3 2658 5.24 96.29

Maximum Spring Scenario Results
Return 
Period

River 
Station

River Reach
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Q Total W.S. Elev
(m 3 /s) (m)

Maximum Spring Scenario Results
Return 
Period

River 
Station

River Reach

2 Year Van Gaal Drain Reach 2 2554 4.13 96.10
5 Year Van Gaal Drain Reach 2 2554 5.24 96.18
10 Year Van Gaal Drain Reach 2 2554 6.01 96.21
25 year Van Gaal Drain Reach 2 2554 6.94 96.24
100 year Van Gaal Drain Reach 2 2554 8.32 96.28

2 Year Van Gaal Drain Reach 2 2478 4.13 96.03
5 Year Van Gaal Drain Reach 2 2478 5.24 96.09
10 Year Van Gaal Drain Reach 2 2478 6.01 96.11
25 year Van Gaal Drain Reach 2 2478 6.94 96.13
100 year Van Gaal Drain Reach 2 2478 8.32 96.16

2 Year Van Gaal Drain Reach 2 2157 4.13 95.19
5 Year Van Gaal Drain Reach 2 2157 5.24 95.32
10 Year Van Gaal Drain Reach 2 2157 6.01 95.38
25 year Van Gaal Drain Reach 2 2157 6.94 95.43
100 year Van Gaal Drain Reach 2 2157 8.32 95.48

2 Year Van Gaal Drain Reach 2 2076 5.00 95.03
5 Year Van Gaal Drain Reach 2 2076 6.32 95.13
10 Year Van Gaal Drain Reach 2 2076 7.24 95.17
25 year Van Gaal Drain Reach 2 2076 8.38 95.21
100 year Van Gaal Drain Reach 2 2076 10.81 95.27

2 Year Van Gaal Drain Reach 2 1974 5.00 94.89
5 Year Van Gaal Drain Reach 2 1974 6.32 94.97
10 Year Van Gaal Drain Reach 2 1974 7.24 95.02
25 year Van Gaal Drain Reach 2 1974 8.38 95.06
100 year Van Gaal Drain Reach 2 1974 10.81 95.11

2 Year Van Gaal Drain Reach 2 1922 5.00 94.82
5 Year Van Gaal Drain Reach 2 1922 6.32 94.89
10 Year Van Gaal Drain Reach 2 1922 7.24 94.92
25 year Van Gaal Drain Reach 2 1922 8.38 94.95
100 year Van Gaal Drain Reach 2 1922 10.81 94.99

2 Year Van Gaal Drain Reach 2 1833 5.00 94.71
5 Year Van Gaal Drain Reach 2 1833 6.32 94.76
10 Year Van Gaal Drain Reach 2 1833 7.24 94.78
25 year Van Gaal Drain Reach 2 1833 8.38 94.80
100 year Van Gaal Drain Reach 2 1833 10.81 94.85

2 Year Van Gaal Drain Reach 2 1796 5.00 94.68
5 Year Van Gaal Drain Reach 2 1796 6.32 94.73
10 Year Van Gaal Drain Reach 2 1796 7.24 94.75
25 year Van Gaal Drain Reach 2 1796 8.38 94.77
100 year Van Gaal Drain Reach 2 1796 10.81 94.81
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Q Total W.S. Elev
(m 3 /s) (m)

Maximum Spring Scenario Results
Return 
Period

River 
Station

River Reach

2 Year Van Gaal Drain Reach 2 1735 5.00 94.64
5 Year Van Gaal Drain Reach 2 1735 6.32 94.68
10 Year Van Gaal Drain Reach 2 1735 7.24 94.69
25 year Van Gaal Drain Reach 2 1735 8.38 94.70
100 year Van Gaal Drain Reach 2 1735 10.81 94.72

2 Year Van Gaal Drain Reach 2 1728 5.00 94.64
5 Year Van Gaal Drain Reach 2 1728 6.32 94.67
10 Year Van Gaal Drain Reach 2 1728 7.24 94.68
25 year Van Gaal Drain Reach 2 1728 8.38 94.68
100 year Van Gaal Drain Reach 2 1728 10.81 94.69

2 Year Van Gaal Drain Reach 2 1717 5.00 94.42
5 Year Van Gaal Drain Reach 2 1717 6.32 94.55
10 Year Van Gaal Drain Reach 2 1717 7.24 94.59
25 year Van Gaal Drain Reach 2 1717 8.38 94.63
100 year Van Gaal Drain Reach 2 1717 10.81 94.69

2 Year Van Gaal Drain Reach 2 1615 5.00 94.29
5 Year Van Gaal Drain Reach 2 1615 6.32 94.40
10 Year Van Gaal Drain Reach 2 1615 7.24 94.46
25 year Van Gaal Drain Reach 2 1615 8.38 94.52
100 year Van Gaal Drain Reach 2 1615 10.81 94.61

2 Year Van Gaal Drain Reach 2 1555 5.00 94.22
5 Year Van Gaal Drain Reach 2 1555 6.32 94.33
10 Year Van Gaal Drain Reach 2 1555 7.24 94.39
25 year Van Gaal Drain Reach 2 1555 8.38 94.45
100 year Van Gaal Drain Reach 2 1555 10.81 94.55

2 Year Van Gaal Drain Reach 2 1488 5.00 94.16
5 Year Van Gaal Drain Reach 2 1488 6.32 94.26
10 Year Van Gaal Drain Reach 2 1488 7.24 94.31
25 year Van Gaal Drain Reach 2 1488 8.38 94.36
100 year Van Gaal Drain Reach 2 1488 10.81 94.45

2 Year Van Gaal Drain Reach 2 1416 5.00 94.02
5 Year Van Gaal Drain Reach 2 1416 6.32 94.10
10 Year Van Gaal Drain Reach 2 1416 7.24 94.17
25 year Van Gaal Drain Reach 2 1416 8.38 94.25
100 year Van Gaal Drain Reach 2 1416 10.81 94.41

2 Year Van Gaal Drain Reach 2 1400 5.00 94.02
5 Year Van Gaal Drain Reach 2 1400 6.32 94.11
10 Year Van Gaal Drain Reach 2 1400 7.24 94.16
25 year Van Gaal Drain Reach 2 1400 8.38 94.23
100 year Van Gaal Drain Reach 2 1400 10.81 94.36
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Q Total W.S. Elev
(m 3 /s) (m)

Maximum Spring Scenario Results
Return 
Period

River 
Station

River Reach

2 Year Van Gaal Drain Reach 2 1364 5.00 93.99
5 Year Van Gaal Drain Reach 2 1364 6.32 94.06
10 Year Van Gaal Drain Reach 2 1364 7.24 94.11
25 year Van Gaal Drain Reach 2 1364 8.38 94.18
100 year Van Gaal Drain Reach 2 1364 10.81 94.31

2 Year Van Gaal Drain Reach 2 1340 5.79 93.96
5 Year Van Gaal Drain Reach 2 1340 7.32 94.01
10 Year Van Gaal Drain Reach 2 1340 8.34 94.05
25 year Van Gaal Drain Reach 2 1340 9.65 94.10
100 year Van Gaal Drain Reach 2 1340 11.62 94.21

2 Year Van Gaal Drain Reach 2 1312 6.08 93.94
5 Year Van Gaal Drain Reach 2 1312 7.69 93.98
10 Year Van Gaal Drain Reach 2 1312 8.76 94.01
25 year Van Gaal Drain Reach 2 1312 10.15 94.04
100 year Van Gaal Drain Reach 2 1312 3.44 94.13

2 Year Van Gaal Drain Reach 2 1302 6.08 93.91
5 Year Van Gaal Drain Reach 2 1302 7.69 93.97
10 Year Van Gaal Drain Reach 2 1302 8.76 94.00
25 year Van Gaal Drain Reach 2 1302 10.15 94.04
100 year Van Gaal Drain Reach 2 1302 12.20 94.15

2 Year Van Gaal Drain Reach 2 1268 6.08 93.87
5 Year Van Gaal Drain Reach 2 1268 7.69 93.93
10 Year Van Gaal Drain Reach 2 1268 8.76 93.96
25 year Van Gaal Drain Reach 2 1268 10.15 94.00
100 year Van Gaal Drain Reach 2 1268 12.20 94.14

2 Year Van Gaal Drain Reach 2 1212 6.08 93.78
5 Year Van Gaal Drain Reach 2 1212 7.69 93.85
10 Year Van Gaal Drain Reach 2 1212 8.76 93.89
25 year Van Gaal Drain Reach 2 1212 10.15 93.94
100 year Van Gaal Drain Reach 2 1212 3.44 94.12

2 Year Van Gaal Drain Reach 2 1169 6.08 93.70
5 Year Van Gaal Drain Reach 2 1169 7.69 93.76
10 Year Van Gaal Drain Reach 2 1169 8.76 93.80
25 year Van Gaal Drain Reach 2 1169 10.15 93.87
100 year Van Gaal Drain Reach 2 1169 3.44 94.12

2 Year Van Gaal Drain Reach 2 1091 6.08 93.57
5 Year Van Gaal Drain Reach 2 1091 7.69 93.64
10 Year Van Gaal Drain Reach 2 1091 8.76 93.69
25 year Van Gaal Drain Reach 2 1091 10.15 93.78
100 year Van Gaal Drain Reach 2 1091 3.44 94.12
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Q Total W.S. Elev
(m 3 /s) (m)

Maximum Spring Scenario Results
Return 
Period

River 
Station

River Reach

2 Year Van Gaal Drain Reach 2 1002 6.08 93.38
5 Year Van Gaal Drain Reach 2 1002 7.69 93.49
10 Year Van Gaal Drain Reach 2 1002 8.76 93.59
25 year Van Gaal Drain Reach 2 1002 10.15 93.71
100 year Van Gaal Drain Reach 2 1002 3.44 94.12

2 Year Van Gaal Drain Reach 2 961 6.08 93.28
5 Year Van Gaal Drain Reach 2 961 7.69 93.41
10 Year Van Gaal Drain Reach 2 961 8.76 93.52
25 year Van Gaal Drain Reach 2 961 10.15 93.69
100 year Van Gaal Drain Reach 2 961 3.44 94.11

2 Year Van Gaal Drain Reach 2 910 6.08 93.22
5 Year Van Gaal Drain Reach 2 910 7.69 93.38
10 Year Van Gaal Drain Reach 2 910 8.76 93.49
25 year Van Gaal Drain Reach 2 910 10.15 93.68
100 year Van Gaal Drain Reach 2 910 3.44 94.11

2 Year Van Gaal Drain Reach 2 840 6.08 93.18
5 Year Van Gaal Drain Reach 2 840 7.69 93.35
10 Year Van Gaal Drain Reach 2 840 8.76 93.48
25 year Van Gaal Drain Reach 2 840 10.15 93.67
100 year Van Gaal Drain Reach 2 840 3.44 94.11

2 Year Van Gaal Drain Reach 1 746 7.86 93.17
5 Year Van Gaal Drain Reach 1 746 9.97 93.35
10 Year Van Gaal Drain Reach 1 746 11.34 93.48
25 year Van Gaal Drain Reach 1 746 13.11 93.67
100 year Van Gaal Drain Reach 1 746 4.06 94.12

2 Year Van Gaal Drain Reach 1 705 7.86 93.14
5 Year Van Gaal Drain Reach 1 705 9.97 93.34
10 Year Van Gaal Drain Reach 1 705 11.34 93.47
25 year Van Gaal Drain Reach 1 705 13.11 93.66
100 year Van Gaal Drain Reach 1 705 4.06 94.11

2 Year Van Gaal Drain Reach 1 668 7.86 93.05
5 Year Van Gaal Drain Reach 1 668 9.97 93.28
10 Year Van Gaal Drain Reach 1 668 11.34 93.42
25 year Van Gaal Drain Reach 1 668 13.11 93.63
100 year Van Gaal Drain Reach 1 668 4.06 94.11

2 Year Van Gaal Drain Reach 1 666 7.86 92.64
5 Year Van Gaal Drain Reach 1 666 9.97 92.83
10 Year Van Gaal Drain Reach 1 666 11.34 93.01
25 year Van Gaal Drain Reach 1 666 3.31 93.43
100 year Van Gaal Drain Reach 1 666 4.06 94.10
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Q Total W.S. Elev
(m 3 /s) (m)

Maximum Spring Scenario Results
Return 
Period

River 
Station

River Reach

2 Year Moore Drain Reach 1 298 1.07 93.79
5 Year Moore Drain Reach 1 298 1.36 93.81
10 Year Moore Drain Reach 1 298 1.55 93.82
25 year Moore Drain Reach 1 298 1.78 93.83
100 year Moore Drain Reach 1 298 0.32 94.11

2 Year Moore Drain Reach 1 130 1.07 93.18
5 Year Moore Drain Reach 1 130 1.36 93.36
10 Year Moore Drain Reach 1 130 1.55 93.48
25 year Moore Drain Reach 1 130 1.78 93.67
100 year Moore Drain Reach 1 130 0.32 94.11

2 Year Joys Road Trib Reach 1 705 1.57 97.24
5 Year Joys Road Trib Reach 1 705 2.00 97.39
10 Year Joys Road Trib Reach 1 705 2.29 97.49
25 year Joys Road Trib Reach 1 705 2.64 97.60
100 year Joys Road Trib Reach 1 705 3.17 97.79

2 Year Joys Road Trib Reach 1 664 1.57 97.26
5 Year Joys Road Trib Reach 1 664 2.00 97.40
10 Year Joys Road Trib Reach 1 664 2.29 97.49
25 year Joys Road Trib Reach 1 664 2.64 97.61
100 year Joys Road Trib Reach 1 664 3.17 97.79

2 Year Joys Road Trib Reach 1 635 1.57 97.19
5 Year Joys Road Trib Reach 1 635 2.00 97.31
10 Year Joys Road Trib Reach 1 635 2.29 97.40
25 year Joys Road Trib Reach 1 635 2.64 97.50
100 year Joys Road Trib Reach 1 635 3.17 97.67

2 Year Joys Road Trib Reach 1 622 1.57 97.08
5 Year Joys Road Trib Reach 1 622 2.00 97.14
10 Year Joys Road Trib Reach 1 622 2.29 97.18
25 year Joys Road Trib Reach 1 622 2.64 97.21
100 year Joys Road Trib Reach 1 622 3.17 97.26

2 Year Joys Road Trib Reach 1 602 1.57 97.07
5 Year Joys Road Trib Reach 1 602 2.00 97.14
10 Year Joys Road Trib Reach 1 602 2.29 97.17
25 year Joys Road Trib Reach 1 602 2.64 97.22
100 year Joys Road Trib Reach 1 602 3.17 97.27

2 Year Joys Road Trib Reach 1 322 1.57 96.54
5 Year Joys Road Trib Reach 1 322 2.00 96.58
10 Year Joys Road Trib Reach 1 322 2.29 96.61
25 year Joys Road Trib Reach 1 322 2.64 96.65
100 year Joys Road Trib Reach 1 322 3.17 96.71
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Q Total W.S. Elev
(m 3 /s) (m)

Maximum Spring Scenario Results
Return 
Period

River 
Station

River Reach

2 Year Joys Road Trib Reach 1 275 1.57 96.31
5 Year Joys Road Trib Reach 1 275 2.00 96.39
10 Year Joys Road Trib Reach 1 275 2.29 96.44
25 year Joys Road Trib Reach 1 275 2.64 96.49
100 year Joys Road Trib Reach 1 275 3.17 96.56

2 Year Joys Road Trib Reach 1 30 1.57 96.12
5 Year Joys Road Trib Reach 1 30 2.00 96.19
10 Year Joys Road Trib Reach 1 30 2.29 96.22
25 year Joys Road Trib Reach 1 30 2.64 96.26
100 year Joys Road Trib Reach 1 30 3.17 96.29
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Q Total W.S. Elev
(m 3 /s) (m)

2 Year Van Gaal Drain Reach 3 3165 1.33 96.50
5 Year Van Gaal Drain Reach 3 3165 2.15 96.61
10 Year Van Gaal Drain Reach 3 3165 2.74 96.67
25 year Van Gaal Drain Reach 3 3165 3.51 96.72
100 year Van Gaal Drain Reach 3 3165 4.81 96.75

2 Year Van Gaal Drain Reach 3 3149 1.33 96.46
5 Year Van Gaal Drain Reach 3 3149 2.15 96.57
10 Year Van Gaal Drain Reach 3 3149 2.74 96.62
25 year Van Gaal Drain Reach 3 3149 3.51 96.66
100 year Van Gaal Drain Reach 3 3149 4.81 96.72

2 Year Van Gaal Drain Reach 3 3086 1.33 96.35
5 Year Van Gaal Drain Reach 3 3086 2.15 96.47
10 Year Van Gaal Drain Reach 3 3086 2.74 96.53
25 year Van Gaal Drain Reach 3 3086 3.51 96.58
100 year Van Gaal Drain Reach 3 3086 4.81 96.65

2 Year Van Gaal Drain Reach 3 3016 1.33 96.26
5 Year Van Gaal Drain Reach 3 3016 2.15 96.41
10 Year Van Gaal Drain Reach 3 3016 2.74 96.48
25 year Van Gaal Drain Reach 3 3016 3.51 96.54
100 year Van Gaal Drain Reach 3 3016 4.81 96.61

2 Year Van Gaal Drain Reach 3 2980 1.33 96.21
5 Year Van Gaal Drain Reach 3 2980 2.15 96.36
10 Year Van Gaal Drain Reach 3 2980 2.74 96.44
25 year Van Gaal Drain Reach 3 2980 3.51 96.51
100 year Van Gaal Drain Reach 3 2980 4.81 96.57

2 Year Van Gaal Drain Reach 3 2851 1.33 95.90
5 Year Van Gaal Drain Reach 3 2851 2.15 96.10
10 Year Van Gaal Drain Reach 3 2851 2.74 96.21
25 year Van Gaal Drain Reach 3 2851 3.51 96.31
100 year Van Gaal Drain Reach 3 2851 4.81 96.41

2 Year Van Gaal Drain Reach 3 2808 1.33 95.86
5 Year Van Gaal Drain Reach 3 2808 2.15 96.07
10 Year Van Gaal Drain Reach 3 2808 2.74 96.18
25 year Van Gaal Drain Reach 3 2808 3.51 96.28
100 year Van Gaal Drain Reach 3 2808 4.81 96.38

2 Year Van Gaal Drain Reach 3 2658 1.33 95.78
5 Year Van Gaal Drain Reach 3 2658 2.15 95.99
10 Year Van Gaal Drain Reach 3 2658 2.74 96.10
25 year Van Gaal Drain Reach 3 2658 3.51 96.19
100 year Van Gaal Drain Reach 3 2658 4.81 96.28

Maximum Summer Scenario Results

Return 
Period

River 
Station

River Reach

1



Q Total W.S. Elev
(m 3 /s) (m)

Maximum Summer Scenario Results

Return 
Period

River 
Station

River Reach

2 Year Van Gaal Drain Reach 2 2554 1.95 95.77
5 Year Van Gaal Drain Reach 2 2554 3.20 95.98
10 Year Van Gaal Drain Reach 2 2554 4.11 96.09
25 year Van Gaal Drain Reach 2 2554 5.28 96.18
100 year Van Gaal Drain Reach 2 2554 7.27 96.27

2 Year Van Gaal Drain Reach 2 2478 1.95 95.72
5 Year Van Gaal Drain Reach 2 2478 3.20 95.92
10 Year Van Gaal Drain Reach 2 2478 4.11 96.02
25 year Van Gaal Drain Reach 2 2478 5.28 96.09
100 year Van Gaal Drain Reach 2 2478 7.27 96.16

2 Year Van Gaal Drain Reach 2 2157 1.95 94.93
5 Year Van Gaal Drain Reach 2 2157 3.20 95.12
10 Year Van Gaal Drain Reach 2 2157 4.11 95.25
25 year Van Gaal Drain Reach 2 2157 5.28 95.37
100 year Van Gaal Drain Reach 2 2157 7.27 65.47

2 Year Van Gaal Drain Reach 2 2076 2.80 94.74
5 Year Van Gaal Drain Reach 2 2076 4.41 94.97
10 Year Van Gaal Drain Reach 2 2076 5.53 95.08
25 year Van Gaal Drain Reach 2 2076 6.96 95.17
100 year Van Gaal Drain Reach 2 2076 9.54 95.26

2 Year Van Gaal Drain Reach 2 1974 2.80 94.61
5 Year Van Gaal Drain Reach 2 1974 4.41 94.84
10 Year Van Gaal Drain Reach 2 1974 5.53 94.93
25 year Van Gaal Drain Reach 2 1974 6.96 95.01
100 year Van Gaal Drain Reach 2 1974 9.54 95.10

2 Year Van Gaal Drain Reach 2 1922 2.80 94.55
5 Year Van Gaal Drain Reach 2 1922 4.41 94.79
10 Year Van Gaal Drain Reach 2 1922 5.53 94.86
25 year Van Gaal Drain Reach 2 1922 6.96 94.92
100 year Van Gaal Drain Reach 2 1922 9.54 94.99

2 Year Van Gaal Drain Reach 2 1833 2.80 94.47
5 Year Van Gaal Drain Reach 2 1833 4.41 94.69
10 Year Van Gaal Drain Reach 2 1833 5.53 94.74
25 year Van Gaal Drain Reach 2 1833 6.96 94.78
100 year Van Gaal Drain Reach 2 1833 9.54 94.85

2 Year Van Gaal Drain Reach 2 1796 2.80 94.44
5 Year Van Gaal Drain Reach 2 1796 4.41 94.66
10 Year Van Gaal Drain Reach 2 1796 5.53 94.71
25 year Van Gaal Drain Reach 2 1796 6.96 94.74
100 year Van Gaal Drain Reach 2 1796 9.54 94.80

2



Q Total W.S. Elev
(m 3 /s) (m)

Maximum Summer Scenario Results

Return 
Period

River 
Station

River Reach

2 Year Van Gaal Drain Reach 2 1735 2.80 94.41
5 Year Van Gaal Drain Reach 2 1735 4.41 94.63
10 Year Van Gaal Drain Reach 2 1735 5.53 94.67
25 year Van Gaal Drain Reach 2 1735 6.96 94.68
100 year Van Gaal Drain Reach 2 1735 9.54 94.71

2 Year Van Gaal Drain Reach 2 1728 2.80 94.41
5 Year Van Gaal Drain Reach 2 1728 4.41 94.62
10 Year Van Gaal Drain Reach 2 1728 5.53 94.66
25 year Van Gaal Drain Reach 2 1728 6.96 94.67
100 year Van Gaal Drain Reach 2 1728 9.54 94.69

2 Year Van Gaal Drain Reach 2 1717 2.80 94.15
5 Year Van Gaal Drain Reach 2 1717 4.41 94.37
10 Year Van Gaal Drain Reach 2 1717 5.53 94.49
25 year Van Gaal Drain Reach 2 1717 6.96 94.59
100 year Van Gaal Drain Reach 2 1717 9.54 94.69

2 Year Van Gaal Drain Reach 2 1615 2.80 94.04
5 Year Van Gaal Drain Reach 2 1615 4.41 94.24
10 Year Van Gaal Drain Reach 2 1615 5.53 94.36
25 year Van Gaal Drain Reach 2 1615 6.96 94.46
100 year Van Gaal Drain Reach 2 1615 9.54 94.60

2 Year Van Gaal Drain Reach 2 1555 2.80 93.99
5 Year Van Gaal Drain Reach 2 1555 4.41 94.19
10 Year Van Gaal Drain Reach 2 1555 5.53 94.29
25 year Van Gaal Drain Reach 2 1555 6.96 94.40
100 year Van Gaal Drain Reach 2 1555 9.54 94.53

2 Year Van Gaal Drain Reach 2 1488 2.80 93.96
5 Year Van Gaal Drain Reach 2 1488 4.41 94.13
10 Year Van Gaal Drain Reach 2 1488 5.53 94.23
25 year Van Gaal Drain Reach 2 1488 6.96 94.33
100 year Van Gaal Drain Reach 2 1488 9.54 94.45

2 Year Van Gaal Drain Reach 2 1416 2.80 93.89
5 Year Van Gaal Drain Reach 2 1416 4.41 94.03
10 Year Van Gaal Drain Reach 2 1416 5.53 94.10
25 year Van Gaal Drain Reach 2 1416 6.96 94.20
100 year Van Gaal Drain Reach 2 1416 9.54 94.39

2 Year Van Gaal Drain Reach 2 1400 2.80 93.89
5 Year Van Gaal Drain Reach 2 1400 4.41 94.03
10 Year Van Gaal Drain Reach 2 1400 5.53 94.11
25 year Van Gaal Drain Reach 2 1400 6.96 94.20
100 year Van Gaal Drain Reach 2 1400 9.54 94.36
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Q Total W.S. Elev
(m 3 /s) (m)

Maximum Summer Scenario Results

Return 
Period

River 
Station

River Reach

2 Year Van Gaal Drain Reach 2 1364 2.80 93.87
5 Year Van Gaal Drain Reach 2 1364 4.41 94.00
10 Year Van Gaal Drain Reach 2 1364 5.53 94.07
25 year Van Gaal Drain Reach 2 1364 6.96 94.16
100 year Van Gaal Drain Reach 2 1364 9.54 94.31

2 Year Van Gaal Drain Reach 2 1340 3.64 93.85
5 Year Van Gaal Drain Reach 2 1340 5.57 93.97
10 Year Van Gaal Drain Reach 2 1340 6.92 94.03
25 year Van Gaal Drain Reach 2 1340 8.58 94.09
100 year Van Gaal Drain Reach 2 1340 11.43 94.21

2 Year Van Gaal Drain Reach 2 1312 3.87 93.84
5 Year Van Gaal Drain Reach 2 1312 5.93 93.95
10 Year Van Gaal Drain Reach 2 1312 7.38 94.00
25 year Van Gaal Drain Reach 2 1312 9.17 94.05
100 year Van Gaal Drain Reach 2 1312 12.20 94.14

2 Year Van Gaal Drain Reach 2 1302 3.87 93.81
5 Year Van Gaal Drain Reach 2 1302 5.93 93.92
10 Year Van Gaal Drain Reach 2 1302 7.38 93.98
25 year Van Gaal Drain Reach 2 1302 9.17 94.04
100 year Van Gaal Drain Reach 2 1302 12.20 94.15

2 Year Van Gaal Drain Reach 2 1268 3.87 93.75
5 Year Van Gaal Drain Reach 2 1268 5.93 93.88
10 Year Van Gaal Drain Reach 2 1268 7.38 93.94
25 year Van Gaal Drain Reach 2 1268 9.17 94.01
100 year Van Gaal Drain Reach 2 1268 12.20 94.14

2 Year Van Gaal Drain Reach 2 1212 3.87 93.61
5 Year Van Gaal Drain Reach 2 1212 5.93 93.78
10 Year Van Gaal Drain Reach 2 1212 7.38 93.85
25 year Van Gaal Drain Reach 2 1212 9.17 93.93
100 year Van Gaal Drain Reach 2 1212 12.20 94.10

2 Year Van Gaal Drain Reach 2 1169 3.87 93.53
5 Year Van Gaal Drain Reach 2 1169 5.93 93.70
10 Year Van Gaal Drain Reach 2 1169 7.38 93.77
25 year Van Gaal Drain Reach 2 1169 9.17 93.85
100 year Van Gaal Drain Reach 2 1169 12.20 94.04

2 Year Van Gaal Drain Reach 2 1091 3.87 93.40
5 Year Van Gaal Drain Reach 2 1091 5.93 93.57
10 Year Van Gaal Drain Reach 2 1091 7.38 93.65
25 year Van Gaal Drain Reach 2 1091 9.17 93.75
100 year Van Gaal Drain Reach 2 1091 12.20 93.97
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Q Total W.S. Elev
(m 3 /s) (m)

Maximum Summer Scenario Results

Return 
Period

River 
Station

River Reach

2 Year Van Gaal Drain Reach 2 1002 3.87 93.21
5 Year Van Gaal Drain Reach 2 1002 5.93 93.39
10 Year Van Gaal Drain Reach 2 1002 7.38 93.50
25 year Van Gaal Drain Reach 2 1002 9.17 93.65
100 year Van Gaal Drain Reach 2 1002 12.20 93.92

2 Year Van Gaal Drain Reach 2 961 3.87 93.14
5 Year Van Gaal Drain Reach 2 961 5.93 93.31
10 Year Van Gaal Drain Reach 2 961 7.38 93.44
25 year Van Gaal Drain Reach 2 961 9.17 93.61
100 year Van Gaal Drain Reach 2 961 12.20 93.92

2 Year Van Gaal Drain Reach 2 910 3.87 93.07
5 Year Van Gaal Drain Reach 2 910 5.93 93.25
10 Year Van Gaal Drain Reach 2 910 7.38 93.40
25 year Van Gaal Drain Reach 2 910 9.17 93.59
100 year Van Gaal Drain Reach 2 910 12.20 93.91

2 Year Van Gaal Drain Reach 2 840 3.87 93.00
5 Year Van Gaal Drain Reach 2 840 5.93 93.22
10 Year Van Gaal Drain Reach 2 840 7.38 93.38
25 year Van Gaal Drain Reach 2 840 9.17 93.58
100 year Van Gaal Drain Reach 2 840 12.20 93.91

2 Year Van Gaal Drain Reach 1 746 5.36 92.96
5 Year Van Gaal Drain Reach 1 746 8.09 93.20
10 Year Van Gaal Drain Reach 1 746 10.02 93.37
25 year Van Gaal Drain Reach 1 746 12.40 93.57
100 year Van Gaal Drain Reach 1 746 16.38 93.90

2 Year Van Gaal Drain Reach 1 705 5.36 92.88
5 Year Van Gaal Drain Reach 1 705 8.09 93.16
10 Year Van Gaal Drain Reach 1 705 10.02 93.34
25 year Van Gaal Drain Reach 1 705 12.40 93.55
100 year Van Gaal Drain Reach 1 705 16.38 93.89

2 Year Van Gaal Drain Reach 1 668 5.36 92.72
5 Year Van Gaal Drain Reach 1 668 8.09 93.04
10 Year Van Gaal Drain Reach 1 668 10.02 93.25
25 year Van Gaal Drain Reach 1 668 12.40 93.48
100 year Van Gaal Drain Reach 1 668 16.38 93.84

2 Year Van Gaal Drain Reach 1 666 5.36 92.48
5 Year Van Gaal Drain Reach 1 666 8.09 92.66
10 Year Van Gaal Drain Reach 1 666 10.02 92.80
25 year Van Gaal Drain Reach 1 666 12.40 93.03
100 year Van Gaal Drain Reach 1 666 16.38 93.32
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Q Total W.S. Elev
(m 3 /s) (m)

Maximum Summer Scenario Results

Return 
Period

River 
Station

River Reach

2 Year Moore Drain Reach 1 298 0.67 93.68
5 Year Moore Drain Reach 1 298 1.06 93.78
10 Year Moore Drain Reach 1 298 1.32 93.81
25 year Moore Drain Reach 1 298 1.64 93.83
100 year Moore Drain Reach 1 298 2.17 93.90

2 Year Moore Drain Reach 1 130 0.67 93.00
5 Year Moore Drain Reach 1 130 1.06 93.22
10 Year Moore Drain Reach 1 130 1.32 93.38
25 year Moore Drain Reach 1 130 1.64 93.58
100 year Moore Drain Reach 1 130 2.17 93.91

2 Year Joys Road Trib Reach 1 705 0.66 97.07
5 Year Joys Road Trib Reach 1 705 1.11 97.14
10 Year Joys Road Trib Reach 1 705 1.44 97.19
25 year Joys Road Trib Reach 1 705 1.87 97.35
100 year Joys Road Trib Reach 1 705 2.62 97.59

2 Year Joys Road Trib Reach 1 664 0.66 96.97
5 Year Joys Road Trib Reach 1 664 1.11 97.12
10 Year Joys Road Trib Reach 1 664 1.44 97.22
25 year Joys Road Trib Reach 1 664 1.87 97.36
100 year Joys Road Trib Reach 1 664 2.62 97.60

2 Year Joys Road Trib Reach 1 635 0.66 96.94
5 Year Joys Road Trib Reach 1 635 1.11 97.07
10 Year Joys Road Trib Reach 1 635 1.44 97.16
25 year Joys Road Trib Reach 1 635 1.87 97.28
100 year Joys Road Trib Reach 1 635 2.62 97.50

2 Year Joys Road Trib Reach 1 622 0.66 96.91
5 Year Joys Road Trib Reach 1 622 1.11 97.00
10 Year Joys Road Trib Reach 1 622 1.44 97.06
25 year Joys Road Trib Reach 1 622 1.87 97.13
100 year Joys Road Trib Reach 1 622 2.62 97.21

2 Year Joys Road Trib Reach 1 602 0.66 96.90
5 Year Joys Road Trib Reach 1 602 1.11 96.99
10 Year Joys Road Trib Reach 1 602 1.44 97.05
25 year Joys Road Trib Reach 1 602 1.87 97.12
100 year Joys Road Trib Reach 1 602 2.62 97.21

2 Year Joys Road Trib Reach 1 322 0.66 96.41
5 Year Joys Road Trib Reach 1 322 1.11 96.49
10 Year Joys Road Trib Reach 1 322 1.44 96.53
25 year Joys Road Trib Reach 1 322 1.87 96.57
100 year Joys Road Trib Reach 1 322 2.62 96.65
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Q Total W.S. Elev
(m 3 /s) (m)

Maximum Summer Scenario Results

Return 
Period

River 
Station

River Reach

2 Year Joys Road Trib Reach 1 275 0.66 96.18
5 Year Joys Road Trib Reach 1 275 1.11 96.23
10 Year Joys Road Trib Reach 1 275 1.44 96.28
25 year Joys Road Trib Reach 1 275 1.87 96.37
100 year Joys Road Trib Reach 1 275 2.62 96.50

2 Year Joys Road Trib Reach 1 30 0.66 95.78
5 Year Joys Road Trib Reach 1 30 1.11 96.00
10 Year Joys Road Trib Reach 1 30 1.44 96.11
25 year Joys Road Trib Reach 1 30 1.87 96.20
100 year Joys Road Trib Reach 1 30 2.62 96.29
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Richmond Village (South) Limited

Option 1

Stage 1 Estimate

Cost Summary

Unit Approx. Qty. Unit Rate Estimated Value

A Site Preparation

A.1 Strip and Stockpile Top Soil m
3

335,554         6.00$                            2,013,000.00$     

A.2 Site Grading - Cut to Fill m
3

180,543         3.00$                            542,000.00$        

A.3 Import Fill m
3

1,302,158      18.00$                          23,439,000.00$   

A.4 Re-use top soil as fill m
3

201,332         6.00$                            1,208,000.00$     

Sub-Total Subsection A 27,202,000.00$   

B Stormwater Conveyance

B.1 Local Storm Sewer m 9,953.5          445.00$                        4,429,000.00$     

B.2 Trunk Storm Sewers m 7,894.5          900.00$                        7,105,000.00$     

Sub-Total Subsection B 11,534,000.00$   

Estimated Capital Cost 38,736,000.00$   

C Estimated Annual Maintenance Cost

C.1 Local Storm Sewer - Flushing m 9,953.5          5.00$                            50,000.00$          

C.2 Trunk Storm Sewer - Flushing m 7,894.5          6.00$                            47,000.00$          

Estimated Life Cycle Cost 97,000.00$          

Notes:

1) Import Fill required is net fill required less re-use top soil as fill.

2) Re-use top soil as fill assumes 60% of stripped and stock piled top soil is available for fill material.
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Richmond Village (South) Limited

Option 2

Stage 1 Estimate

Cost Summary

Unit Approx. Qty. Unit Rate Estimated Value

A Site Preparation

A.1 Strip and Stockpile Top Soil m
3

335,554         6.00$                            2,013,000.00$     

A.2 Site Grading - Cut to Fill m
3

222,732         3.00$                            668,000.00$        

A.3 Import Fill m
3

351,953         18.00$                          6,335,000.00$     

A.4 Re-use top soil as fill m
3

201,332         6.00$                            1,208,000.00$     

Sub-Total Subsection A 10,224,000.00$   

B Stormwater Conveyance

B.1 Local Storm Sewer m 9,953.5          445.00$                        4,429,000.00$     

B.2 Trunk Storm Sewers m 7,894.5          900.00$                        7,105,000.00$     

B.3 Foundation Collector m 17,850.0        300.00$                        5,355,000.00$     

B.4 Lift Station ea 1.0                 5,000,000.00$              5,000,000.00$     

Sub-Total Subsection B 21,889,000.00$   

Estimated Capital Cost 32,113,000.00$   

C Estimated Annual Maintenance Cost

C.1 Local Storm Sewer - Flushing m 9,953.5          5.00$                            50,000.00$          

C.2 Trunk Storm Sewer - Flushing m 7,894.5          6.00$                            47,000.00$          

C.3 Foundation Collector - Flushing m 17,850.0        5.00$                            89,000.00$          

C.4 Lift Station Operation and Maintenance m 1.0                 100,000.00$                 100,000.00$        

Estimated Life Cycle Cost 286,000.00$        

Notes:

1) Import Fill required is net fill required less re-use top soil as fill.

2) Re-use top soil as fill assumes 60% of stripped and stock piled top soil is available for fill material.
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Richmond Village (South) Limited

Option 3

Stage 1 Estimate

Cost Summary

Unit Approx. Qty. Unit Rate Estimated Value

A Site Preparation

A.1 Strip and Stockpile Top Soil m
3

335,554         6.00$                            2,013,000.00$     

A.2 Site Grading - Cut to Fill m
3

203,011         3.00$                            609,000.00$        

A.3 Import Fill m
3

592,580         18.00$                          10,666,000.00$   

A.4 Re-use top soil as fill m
3

201,332         6.00$                            1,208,000.00$     

Sub-Total Subsection A 14,496,000.00$   

B Stormwater Conveyance

B.1 Local Storm Sewer m 9,953.5          445.00$                        4,429,000.00$     

B.2 Trunk Storm Sewers m 7,894.5          900.00$                        7,105,000.00$     

Sub-Total Subsection B 11,534,000.00$   

Estimated Capital Cost 26,030,000.00$   

C Estimated Annual Maintenance Cost

C.1 Local Storm Sewer - Flushing m 9,953.5          5.00$                            50,000.00$          

C.2 Trunk Storm Sewer - Flushing m 7,894.5          6.00$                            47,000.00$          

Estimated Life Cycle Cost 97,000.00$          

Notes:

1) Import Fill required is net fill required less re-use top soil as fill.

2) Re-use top soil as fill assumes 60% of stripped and stock piled top soil is available for fill material.
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Richmond Village (South) Limited

Option 4

Stage 1 Estimate

Cost Summary

Unit Approx. Qty. Unit Rate Estimated Value

A Site Preparation

A.1 Strip and Stockpile Top Soil m
3

335,554         6.00$                            2,013,000.00$     

A.2 Site Grading - Cut to Fill m
3

219,640         3.00$                            659,000.00$        

A.3 Import Fill m
3

395,941         18.00$                          7,127,000.00$     

A.4 Re-use top soil as fill m
3

201,332         6.00$                            1,208,000.00$     

Sub-Total Subsection A 11,007,000.00$   

B Stormwater Conveyance

B.1 Local Storm Sewer m 9,953.5          445.00$                        4,429,000.00$     

B.2 Trunk Storm Sewers m 7,894.5          900.00$                        7,105,000.00$     

Sub-Total Subsection B 11,534,000.00$   

Estimated Capital Cost 22,541,000.00$   

C Estimated Annual Maintenance Cost

C.1 Local Storm Sewer - Flushing m 9,953.5          5.00$                            50,000.00$          

C.2 Trunk Storm Sewer - Flushing m 7,894.5          6.00$                            47,000.00$          

Estimated Life Cycle Cost 97,000.00$          

Notes:

1) Import Fill required is net fill required less re-use top soil as fill.

2) Re-use top soil as fill assumes 60% of stripped and stock piled top soil is available for fill material.
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Rational Method Calculation Sheet 

 

 



STORM SEWER CALCULATION SHEET (RATIONAL METHOD)

Manning 0.013 Return Frequency = 5 years

R= R= R= R= R= R= R= Indiv. Accum. Time of Rainfall Peak Flow DIA. (mm) DIA. (mm) TYPE SLOPE LENGTH CAPACITY VELOCITY TIME OF RATIO

Location From Node To Node 0.25 0.60 0.62 0.70 0.75 0.80 0.90 2.78 AC 2.78 AC Conc. Intensity Q (l/s) (actual) (nominal) (%) (m) (l/s) (m/s) FLOW (min.) Q/Q full

101 102 0.36 0.62 0.62 10.00 104.19 65 450 450 CONC 0.20 57.5 127 0.80 1.20 0.51

102 103 0.26 0.45 1.07 11.20 98.28 105 525 525 CONC 0.16 62.5 172 0.79 1.31 0.61

103 104 0.16 0.28 1.34 12.51 92.59 124 600 600 CONC 0.14 12.5 230 0.81 0.26 0.54

104 105 0.50 0.86 2.21 12.76 91.56 202 750 750 CONC 0.10 79.0 352 0.80 1.65 0.57

105 106 2.37 4.08 6.29 14.41 85.50 538 975 975 CONC 0.15 68.5 868 1.16 0.98 0.62

106 MH TEE 1.84 3.17 9.46 15.40 82.30 779 1200 1200 CONC 0.10 68.0 1232 1.09 1.04 0.63

MH TEE HW 0.00 9.46 16.44 79.19 749 1200 1200 CONC 0.10 18.0 1232 1.09 0.28 0.61

9.46 16.71

201 202 0.28 0.48 0.48 10.00 104.19 50 375 375 CONC 0.25 60.0 88 0.79 1.26 0.57

202 203 0.80 1.38 1.86 11.26 97.98 182 675 675 CONC 0.12 97.0 291 0.81 1.99 0.63

203 204 1.00 1.72 3.59 13.25 89.69 322 900 900 CONC 0.10 66.5 572 0.90 1.23 0.56

204 205 1.54 2.65 6.24 14.48 85.28 532 1050 1050 CONC 0.10 100.5 863 1.00 1.68 0.62

205 206 1.69 2.91 9.15 16.16 79.99 732 1200 1200 CONC 0.10 72.5 1232 1.09 1.11 0.59

206 207 2.60 4.48 13.63 17.27 76.88 1048 1200 1200 CONC 0.10 120.0 1232 1.09 1.83 0.85

207 208 0.78 1.34 14.98 19.10 72.29 1083 1200 1200 CONC 0.10 120.0 1232 1.09 1.83 0.88

208 209 0.19 0.33 15.31 20.94 68.26 1045 1200 1200 CONC 0.10 32.5 1232 1.09 0.50 0.85

External from South 3300

209 MH TEE 0.11 0.19 15.50 21.43 67.26 4342 1200x2400 1200x2400 CONC 0.14 57.0 4491 1.60 0.59 0.97

MH TEE HW 0.00 15.50 22.02 66.10 4324 1200x2400 1200x2400 CONC 0.14 10.0 4491 1.60 0.10 0.96

15.50 22.02

301 302 0.33 0.57 0.57 10.00 104.19 59 450 450 CONC 0.20 67.5 127 0.80 1.40 0.47

302 303 0.23 0.40 0.97 11.40 97.32 94 525 525 CONC 0.16 56.5 172 0.79 1.18 0.55

303 304 0.20 0.34 1.31 12.59 92.26 121 600 600 CONC 0.14 15.5 230 0.81 0.32 0.53

304 305 0.67 1.15 2.46 12.91 90.99 224 750 750 CONC 0.11 101.5 369 0.84 2.02 0.61

305 306 2.45 4.22 6.69 14.93 83.78 560 1050 1050 CONC 0.10 90.0 863 1.00 1.50 0.65

306 307 1.51 2.60 9.29 16.43 79.19 736 1200 1200 CONC 0.10 56.0 1232 1.09 0.86 0.60

307 308 0.00 9.29 17.29 76.82 714 1200 1200 CONC 0.10 90.0 1232 1.09 1.38 0.58

308 309 0.00 9.29 18.67 73.32 681 1200 1200 CONC 0.10 30.0 1232 1.09 0.46 0.55

309 HW 0.00 9.29 19.13 72.23 671 1200 1200 CONC 0.10 38.5 1232 1.09 0.59 0.54

9.29 19.71

401 402 0.31 0.53 0.53 10.00 104.19 56 450 450 CONC 0.20 49.0 127 0.80 1.02 0.44

402 403 0.19 0.33 0.86 11.02 99.10 85 525 525 CONC 0.16 14.0 172 0.79 0.29 0.50

403 404 0.76 1.31 2.17 11.31 97.74 212 750 750 CONC 0.12 120.0 385 0.87 2.29 0.55

404 405 0.26 0.45 2.62 13.60 88.36 231 750 750 CONC 0.12 72.0 385 0.87 1.37 0.60

405 406 1.90 3.27 5.89 14.98 83.63 493 975 975 CONC 0.10 66.0 708 0.95 1.16 0.70

406 407 0.46 0.79 6.69 16.14 80.06 535 1050 1050 CONC 0.10 78.0 863 1.00 1.30 0.62

407 HW 0.87 1.50 8.19 17.44 76.42 626 1200 1200 CONC 0.10 49.5 1232 1.09 0.76 0.51

8.19 18.20

Definitions: Designed: PROJECT:

Q = 2.78 AIR, where Notes: K.M.

Q = Peak Flow in Litres per second (L/s) 1) Ottawa Rainfall-Intensity Curve Checked: LOCATION:

A = Areas in hectares (ha) 2) Min. Velocity = 0.76 m/sec Z.L.

I = Rainfall Intensity (mm/h) Dwg. Reference: File Ref: Date: Sheet No.

R = Runoff Coefficient 11-468 1 of 4

TRUNK 1

To SWMP

TRUNK 3

To SWMP
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STORM SEWER CALCULATION SHEET (RATIONAL METHOD)

Manning 0.013 Return Frequency = 5 years

R= R= R= R= R= R= R= Indiv. Accum. Time of Rainfall Peak Flow DIA. (mm) DIA. (mm) TYPE SLOPE LENGTH CAPACITY VELOCITY TIME OF RATIO

Location From Node To Node 0.25 0.6 0.62 0.70 0.75 0.80 0.9 2.78 AC 2.78 AC Conc. Intensity Q (l/s) (actual) (nominal) (%) (m) (l/s) (m/s) FLOW (min.) Q/Q full

501 502 0.31 0.53 0.53 10.00 104.19 56 450 450 CONC 0.20 49.0 127 0.80 1.02 0.44

502 503 0.19 0.33 0.86 11.02 99.10 85 525 525 CONC 0.16 13.5 172 0.79 0.28 0.50

503 504 0.63 1.09 1.95 11.30 97.79 190 675 675 CONC 0.12 96.0 291 0.81 1.97 0.65

504 505 1.21 2.09 4.03 13.27 89.60 361 900 900 CONC 0.10 96.0 572 0.90 1.78 0.63

505 506 2.21 3.81 7.84 15.05 83.41 654 1050 1050 CONC 0.10 123.5 863 1.00 2.06 0.76

506 507 0.33 0.57 8.41 17.11 77.31 650 1200 1200 CONC 0.10 59.0 1232 1.09 0.90 0.53

507 508 1.13 1.95 10.36 18.01 74.94 776 1200 1200 CONC 0.10 82.0 1232 1.09 1.25 0.63

Contribution From Trunk 6, Pipe 608 - 508 10.81 21.17 19.66

508 HW 0.00 21.17 19.66 71.01 1503 1200x2400 1200x2400 CONC 0.10 28.5 3795 1.36 0.35 0.40

10.36 19.27

601 602 0.31 0.53 0.53 10.00 104.19 56 450 450 CONC 0.20 52.0 127 0.80 1.08 0.44

602 603 0.21 0.36 0.90 11.08 98.81 89 525 525 CONC 0.16 16.5 172 0.79 0.35 0.52

603 604 0.80 1.38 2.28 11.43 97.21 221 750 750 CONC 0.10 120.0 352 0.80 2.51 0.63

604 605 1.57 2.71 4.98 13.94 87.16 434 975 975 CONC 0.10 74.0 708 0.95 1.30 0.61

605 606 1.03 1.78 6.76 15.24 82.80 559 1050 1050 CONC 0.10 68.0 863 1.00 1.14 0.65

606 607 1.11 1.91 8.67 16.37 79.37 688 1200 1200 CONC 0.10 112.5 1232 1.09 1.72 0.56

607 608 0.40 0.69 9.36 18.09 74.74 699 1200 1200 CONC 0.10 65.5 1232 1.09 1.00 0.57

608 508 0.84 1.45 10.81 19.09 72.30 781 1200 1200 CONC 0.10 37.0 1232 1.09 0.57 0.63

10.81 19.66

801 802 0.18 0.31 0.31 10.00 104.19 32 300 300 CONC 0.34 35.0 56 0.80 0.73 0.57

802 803 0.45 0.78 1.09 10.73 100.48 109 525 525 CONC 0.16 71.5 172 0.79 1.50 0.63

803 804 1.01 1.74 2.83 12.23 93.72 265 825 825 CONC 0.10 71.5 454 0.85 1.40 0.58

804 805 1.00 1.72 4.55 13.63 88.25 402 975 975 CONC 0.10 71.5 708 0.95 1.26 0.57

4.67 8.05 12.60

805 806 4.09 7.05 19.65 14.89 83.92 1649 1500 1500 CONC 0.10 88.0 2234 1.26 1.16 0.74

806 711 2.44 4.21 23.85 16.05 80.31 1916 1500x3000 1500x3000 CONC 0.10 15.0 6936 1.57 0.16 0.28

711 712 0.00 23.85 16.21 79.85 1905 1500x3000 1500x3000 CONC 0.10 23.0 6936 1.57 0.24 0.27

23.85 16.45

Definitions: Designed: PROJECT:

Q = 2.78 AIR, where Notes: K.M.

Q = Peak Flow in Litres per second (L/s) 1) Ottawa Rainfall-Intensity Curve Checked: LOCATION:

A = Areas in hectares (ha) 2) Min. Velocity = 0.76 m/sec Z.L.

I = Rainfall Intensity (mm/h) Dwg. Reference: File Ref: Date: Sheet No.

R = Runoff Coefficient 11-468 2 of 4
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STORM SEWER CALCULATION SHEET (RATIONAL METHOD)

Manning 0.013 Return Frequency = 5 years

R= R= R= R= R= R= R= Indiv. Accum. Time of Rainfall Peak Flow DIA. (mm) DIA. (mm) TYPE SLOPE LENGTH CAPACITY VELOCITY TIME OF RATIO

Location From Node To Node 0.25 0.60 0.62 0.70 0.75 0.80 0.9 2.78 AC 2.78 AC Conc. Intensity Q (l/s) (actual) (nominal) (%) (m) (l/s) (m/s) FLOW (min.) Q/Q full

701 702 0.60 1.03 1.03 10.00 104.19 108 525 525 CONC 0.16 90.0 172 0.79 1.89 0.63

702 703 0.58 1.00 2.03 11.89 95.18 194 675 675 CONC 0.13 90.5 303 0.85 1.78 0.64

3700

703 704 0.50 0.86 2.90 13.67 88.12 3955 1500x3000 1500x3000 CONC 0.10 105.5 6936 1.57 1.12 0.57

704 705 0.31 0.53 3.43 14.79 84.24 3989 1500x3000 1500x3000 CONC 0.10 12.0 6936 1.57 0.13 0.58

705 706 1.28 2.21 5.64 14.92 83.83 4172 1500x3000 1500x3000 CONC 0.10 110.5 6936 1.57 1.17 0.60

706 707 0.90 1.55 7.19 16.09 80.19 4276 1500x3000 1500x3000 CONC 0.10 88.5 6936 1.57 0.94 0.62

707 708 1.53 2.64 9.82 17.03 77.52 4462 1500x3000 1500x3000 CONC 0.10 120.0 6936 1.57 1.27 0.64

708 709 0.68 1.17 11.00 18.30 74.21 4516 1500x3000 1500x3000 CONC 0.10 59.5 6936 1.57 0.63 0.65

709 710 0.27 0.47 11.46 18.94 72.67 4533 1500x3000 1500x3000 CONC 0.10 25.0 6936 1.57 0.27 0.65

710 712 0.25 0.43 11.89 19.20 72.05 4557 1500x3000 1500x3000 CONC 0.10 23.5 6936 1.57 0.25 0.66

Contribution From Trunk 8, Pipe 711 - 712 23.85 35.75 16.45

712 MH TEE 0.00 35.75 19.45 71.48 6255 1500x3000 1500x3000 CONC 0.10 70.0 6936 1.57 0.74 0.90

MH TEE 713 0.00 35.75 20.20 69.82 6196 1500x3000 1500x3000 CONC 0.10 69.5 6936 1.57 0.74 0.89

713 HW 0.00 35.75 20.93 68.27 6140 1500x3000 1500x3000 CONC 0.10 31.0 6936 1.57 0.33 0.89

35.75 21.26

901 902 1.14 1.96 1.96 10.00 104.19 205 750 750 CONC 0.10 90.0 352 0.80 1.88 0.58

902 903 0.00 1.96 11.88 95.20 187 750 750 CONC 0.10 70.0 352 0.80 1.46 0.53

903 904 1.53 2.64 4.60 13.35 89.31 411 975 975 CONC 0.10 71.5 708 0.95 1.26 0.58

904 905 4.36 7.51 12.12 14.60 84.87 1028 1200x2400 1200x2400 CONC 0.10 43.0 3795 1.36 0.53 0.27

905 906 1.96 3.38 15.50 15.13 83.14 1288 1200x2400 1200x2400 CONC 0.10 74.5 3795 1.36 0.92 0.34

906 907 2.94 5.07 20.56 16.05 80.32 1652 1200x2400 1200x2400 CONC 0.10 37.5 3795 1.36 0.46 0.44

907 HW 0.00 20.56 16.51 78.98 1624 1200x2400 1200x2400 CONC 0.10 20.5 3795 1.36 0.25 0.43

20.56 16.76

1001 1002 2.35 4.05 4.05 10.00 104.19 422 900 900 CONC 0.15 88.5 701 1.10 1.34 0.60

1002 1003 0.00 4.05 11.34 97.62 395 900 900 CONC 0.13 82.5 652 1.03 1.34 0.61

1003 1004 0.00 4.05 12.68 91.89 372 900 900 CONC 0.10 70.0 572 0.90 1.30 0.65

1004 1005 0.00 4.05 13.97 87.02 352 900 900 CONC 0.10 71.5 572 0.90 1.32 0.62

1005 1006 1.52 2.62 6.67 15.30 82.60 551 1050 1050 CONC 0.10 74.5 863 1.00 1.25 0.64

1006 1007 2.54 4.38 11.05 16.54 78.88 871 1200 1200 CONC 0.10 75.0 1232 1.09 1.15 0.71

1007 1008 1.85 3.19 14.24 17.69 75.76 1079 1200 1200 CONC 0.10 72.0 1232 1.09 1.10 0.88

1008 1009 0.00 14.24 18.79 73.02 1040 1200 1200 CONC 0.10 38.5 1232 1.09 0.59 0.84

3300

1009 HW 0.00 14.24 19.38 71.64 4320 1200x2400 1200x2400 CONC 0.14 36.0 4491 1.60 0.37 0.96

14.24 19.75

1201 1202 1.76 3.03 3.03 10.00 104.19 316 825 825 CONC 0.15 55.0 556 1.04 0.88 0.57

1202 1203 0.00 3.03 10.88 99.76 303 825 825 CONC 0.10 13.5 454 0.85 0.26 0.67

1203 1204 0.00 3.03 11.15 98.50 299 825 825 CONC 0.10 98.0 454 0.85 1.92 0.66

1204 1205 2.29 3.95 6.98 13.07 90.36 631 1200 1200 CONC 0.10 68.5 1232 1.09 1.05 0.51

1205 1206 0.00 6.98 14.12 86.52 604 1200 1200 CONC 0.10 64.5 1232 1.09 0.99 0.49

1206 1207 0.00 6.98 15.10 83.22 581 1200 1200 CONC 0.10 14.0 1232 1.09 0.21 0.47

1207 1116 0.00 6.98 15.32 82.55 576 1200 1200 CONC 0.10 81.0 1232 1.09 1.24 0.47

6.98 16.56

Definitions: Designed: PROJECT:

Q = 2.78 AIR, where Notes: K.M.

Q = Peak Flow in Litres per second (L/s) 1) Ottawa Rainfall-Intensity Curve Checked: LOCATION:

A = Areas in hectares (ha) 2) Min. Velocity = 0.76 m/sec Z.L.

I = Rainfall Intensity (mm/h) Dwg. Reference: File Ref: Date: Sheet No.

R = Runoff Coefficient 11-468 3 of 4
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STORM SEWER CALCULATION SHEET (RATIONAL METHOD)

Manning 0.013 Return Frequency = 5 years

R= R= R= R= R= R= R= Indiv. Accum. Time of Rainfall Peak Flow DIA. (mm) DIA. (mm) TYPE SLOPE LENGTH CAPACITY VELOCITY TIME OF RATIO

Location From Node To Node 0.25 0.60 0.62 0.70 0.75 0.80 0.9 2.78 AC 2.78 AC Conc. Intensity Q (l/s) (actual) (nominal) (%) (m) (l/s) (m/s) FLOW (min.) Q/Q full

1100 1101 1.47 2.53 2.53 10.00 104.19 264 750 750 CONC 0.15 52.0 431 0.98 0.89 0.61

1101 1102 0.00 2.53 10.89 99.73 253 825 825 CONC 0.10 14.0 454 0.85 0.27 0.56

1102 1103 0.00 2.53 11.16 98.43 249 825 825 CONC 0.10 61.5 454 0.85 1.21 0.55

1103 1104 0.88 1.52 4.05 12.37 93.15 377 900 900 CONC 0.10 107.5 572 0.90 1.99 0.66

1104 1105 0.88 1.52 5.57 14.36 85.68 477 975 975 CONC 0.10 64.0 708 0.95 1.12 0.67

1105 1106 0.00 5.57 15.48 82.02 457 975 975 CONC 0.10 13.5 708 0.95 0.24 0.64

1106 1107 0.00 5.57 15.72 81.30 453 975 975 CONC 0.10 33.0 708 0.95 0.58 0.64

1107 1108 0.00 5.57 16.30 79.58 443 975 975 CONC 0.10 7.5 708 0.95 0.13 0.63

1108 1109 0.00 5.57 16.43 79.20 441 975 975 CONC 0.10 24.5 708 0.95 0.43 0.62

1109 1110 0.00 5.57 16.86 77.98 434 975 975 CONC 0.10 13.5 708 0.95 0.24 0.61

1110 1111 0.00 5.57 17.10 77.33 431 975 975 CONC 0.10 34.0 708 0.95 0.60 0.61

1111 1112 2.80 4.83 10.39 17.70 75.75 787 1200 1200 CONC 0.10 68.5 1232 1.09 1.05 0.64

1112 1113 0.58 1.00 11.39 18.74 73.13 833 1200 1200 CONC 0.10 13.5 1232 1.09 0.21 0.68

1113 1114 0.69 1.19 12.58 18.95 72.64 914 1200x2400 1200x2400 CONC 0.10 55.0 3795 1.36 0.68 0.24

1114 1115 0.00 12.58 19.63 71.08 894 1200x2400 1200x2400 CONC 0.10 14.0 3795 1.36 0.17 0.24

1115 1116 0.00 12.58 19.80 70.69 890 1200x2400 1200x2400 CONC 0.10 86.5 3795 1.36 1.06 0.23

Contribution From Trunk 12, Pipe 1207 - 1116 6.98 19.56 16.56

1116 1117 1.35 2.33 21.89 20.86 68.41 1498 1200x2400 1200x2400 CONC 0.10 68.0 3795 1.36 0.84 0.39

1117 1119 0.00 21.89 21.70 66.73 1461 1200x2400 1200x2400 CONC 0.10 71.0 3795 1.36 0.87 0.38

1119 1120 5.43 9.36 31.25 22.57 65.07 2033 1200x2400 1200x2400 CONC 0.10 82.0 3795 1.36 1.01 0.54

1120 1121 0.74 1.28 32.52 23.58 63.26 2058 1200x2400 1200x2400 CONC 0.10 13.5 3795 1.36 0.17 0.54

1121 1122 0.00 32.52 23.75 62.97 2048 1200x2400 1200x2400 CONC 0.10 64.5 3795 1.36 0.79 0.54

1122 1123 3.07 5.29 37.82 24.54 61.64 2331 1200x2400 1200x2400 CONC 0.10 71.5 3795 1.36 0.88 0.61

1123 1124 0.00 37.82 25.42 60.24 2278 1200x2400 1200x2400 CONC 0.10 68.0 3795 1.36 0.84 0.60

1124 HW 0.00 37.82 26.25 58.96 2230 1200x2400 1200x2400 CONC 0.10 32.0 3795 1.36 0.39 0.59

37.82 26.65

1304 1305 3.36 5.79 5.79 10.00 104.19 603 900 900 CONC 0.25 70.0 905 1.42 0.82 0.67

1305 HW 0.00 5.79 10.82 100.05 579 900 900 CONC 0.25 31.0 905 1.42 0.36 0.64

5.79 11.18

Definitions: Designed: PROJECT:

Q = 2.78 AIR, where Notes: K.M.

Q = Peak Flow in Litres per second (L/s) 1) Ottawa Rainfall-Intensity Curve Checked: LOCATION:

A = Areas in hectares (ha) 2) Min. Velocity = 0.76 m/sec Z.L.

I = Rainfall Intensity (mm/h) Dwg. Reference: File Ref: Date: Sheet No.

R = Runoff Coefficient 11-468 4 of 4
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J.F. Sabourin and Associates Inc.
        WATER  RESOURCES  AND  ENVIRONMENTAL 

      CONSULTANTS

52 Springbrook Drive
Ottawa (Stittsville), ON  K2S 1B9
TEL:  (613) 836-3884
FAX: (613) 836-0332
WEB: www.jfsa.com

J.F. Sabourin and Associates Inc. / ref: 709(03)-10 Page -1-

May 3, 2012

David Schaeffer Engineering Ltd. 
120 Iber Road, Unit 203
Ottawa, Ontario K2S 1E9

Attention: Adam Fobert, P.Eng.

Subject: Richmond Village (South) Limited Subdivision / 
Preliminary Stormwater Management Plan our file: 709(03)-10

As requested by your office, we have evaluated, based on the provided information as described below; (i) the
adequacy of the proposed minor system to convey the 5- and 100-year storm flows from within the development
to the stormwater management (SWM) facilities; (ii) the capacity of the proposed major system to safely convey
the excess 100-year flows to the SWM facilities; (iii) the operation of the proposed SWM facilities based on quality,
erosion and quantity control requirements; and (iv) the hydraulic impact of the proposed subdivision and SWM
facilities on the Van Gaal Drain.

The proposed subdivision consists of approximately 118.20 ha serviced by three SWM facilities; 69.46 ha at 48%
imperviousness are serviced by SWM Pond 1 along with major system flows from 1.67 ha at 60% imperviousness;
43.21 ha at 51% imperviousness are serviced by SWM Pond 2 along with minor system flows from 1.67 ha at 60%
imperviousness, and 3.86 ha at 60% imperviousness are serviced by SWM Pond 3. Additionally, 208.2 ha of
undeveloped lands to the southwest of the proposed subdivision will drain to SWM Pond 1, and 71.8 ha of
undeveloped lands to the southwest of the proposed subdivision will drain to SWM Pond 2. Note that 16.5 ha of the
208.2 ha of undeveloped lands draining to SWM Pond 1 will ultimately be developed as a commercial site with
flows controlled on-site. Refer to Figures 1A and 1B of Attachment 1 for the existing and proposed subject site
drainage areas, respectively.

SWM Ponds 1 and 3 discharge to the Van Gaal Drain and require quality, erosion and quantity control, and SWM
Pond 2 discharges to the Jock River and requires quality control only. Quality control will be provided for SWM
Ponds 1 and 2 by permanent pools and 40 m3/ha of active storage volume (released over 24 hours) in accordance
with Ministry of the Environment enhanced protection requirements. Quality control for SWM Pond 3 (a dry pond)
will be provided by an oil-and-grit separator. Erosion control for SWM Ponds 1 and 3 will be provided by
controlling the 2-year release rate from each pond to 330 L/s or less, where 330 L/s is the erosion threshold for the
Van Gaal Drain identifed by Parish Geomorphic in the Natural Environment & Impact Assessment Study for the
Mattamy Richmond Lands (March 2009). Quantity control will be provided for SWM Ponds 1 and 3 to restrict the
2- to 100-year release rates to pre-development levels.

The SWMHYMO  program was used to simulate the major system flows and minor system inflows for the drainage
area to the SWM facilities, to estimate the quantity control target release rates for SWM Ponds 1 and 3 based on
existing conditions, and to simulate proposed conditions flows to the Van Gaal Drain and Jock River. The
XPSWMM program was used to model the conveyance of the minor system flows and the operation of the SWM
facilities. The HEC-RAS program was used to simulate water levels on the Van Gaal Drain and Jock River. Refer
to Attachment 2 for schematics of the XPSWMM models; digital SWMHYMO, XPSWMM and HEC-RAS models
are attached.
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PROPOSED MINOR AND MAJOR SYSTEM DRAINAGE

The proposed minor and major system drainage routes are shown in plan view in Figure 1B of Attachment 1. The
catchments shown in Figure 1B were divided into front yard / non-residential areas and rear yard areas for the
SWMHYMO model, where rear yard areas are equal to approximately 37.5% of residential catchments based on
a typical subdivision layout.

In accordance with City of Ottawa standards, the minor system has been designed to accommodate the 5-year post-
development flows from within the site. For modelling purposes, minor system captures rates on front yard / non-
residential areas were limited to 112% of the 5-year flows simulated in SWMHYMO, in order to account for
additional flows captured by standard inlet control devices and catchbasins during the 100-year storm. In accordance
with the potential design approach suggested in the  January 2012 City of Ottawa Technical Bulletin ISTB-2012-1,
100% of the 100-year flows simulated in the rear yard areas are to be captured to the minor system.

The street segments within the proposed development are to be designed using a ‘saw tooth’ or ‘sagged’ road profile.
The runoff from within front yard / non-residential areas will be conveyed to catchbasins located at low points on
the street. Flows in excess of the minor system capture rate are temporarily stored within approximately 30 m3/ha
of surface storage and released slowly to the storm sewers and then, when that storage is surpassed, conveyed
overland to the next downstream catchment. A 0.5% longitudinal slope, 3% road cross-slope and 3.5% shoulder
cross-slope were assumed for the purposes of modelling the routing of major system flows along the main streets
in the development. Road widths are as provided by DSEL. Refer to Table 1A of Attachment 2 for a summary of
the subdivision drainage areas as modelled in SWMHYMO.

The proposed storm sewers will convey 100% of the 100-year flows generated on 280.0 ha of undeveloped lands
to SWM Ponds 1 and 2. Total drainage areas through the subject site under existing and proposed conditions,
including undeveloped lands and the proposed subdivision drainage areas, are summarized in Tables 1B and 1C of
Attachment 2.

We understand that homes in the proposed subdivision are to be serviced by sump pumps. It is estimated that sump
pumps will contribute approximately 3.19 L/s/ha of flow to the proposed storm sewer based on a average
development density of approximately 27.8 lots/ha and a flow contribution of 0.23 L/s/lot, where 50% of sump
pumps are on at any given time. Sump pump flows have been accounted for in evaluating the operations of the
proposed minor system. 

In addition to the typical summer design storms, the performances of the SWM facilities were also assessed for the
100-year 10-day spring snowmelt plus rainfall event. This is in keeping with the previous floodplain mapping
studies for the Van Gaal Drain and the Jock River, where the spring snowmelt plus rainfall events resulted in the
highest flows and water levels on the watercourses, both at the SWM facility outlets and downstream.

Several modifications were made to the drainage area characteristics in the spring SWMHYMO models in order to
best represent spring conditions. A curve number (CN) value of 95 was selected for undeveloped lands to model
the limited infiltration capacity of the frozen soils. Similarly, the Horton’s minimum and maximum infiltration
parameters for the sudivision drainage areas were set to 2.4 mm/hour; the lowest infiltration rate in the SWMHYMO
User’s Manual (May 2000, JFSA). Furthermore, it was assumed, according to generally accepted practice, that half
of the volume in the snowmelt plus rainfall event may be attributed to snowmelt, and half to rainfall. As it is
expected that most of the snow on impervious areas like roads, driveways and roofs would have melted prior to such
an event, half of the impervious area was removed from each developed drainage area such that only the runoff
resulting from rainfall, not snowmelt, is simulated for impervious areas. 

The SWMHYMO and XPSWMM analyses, discussed in the next sections, demonstrate that it is possible for the
proposed drainage systems for the development to control the excess flow during a 100-year storm and safely
capture and convey the minor system flows to the SWM facility.
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ASSUMPTIONS AND SOURCES OF DATA USED

The following parameters and assumptions used in the analysis are based on City of Ottawa standards and generally
accepted stormwater management design guidelines.

-  Stormwater Management Model: SWMHYMO (version 5.02), XPSWMM (version 10), HEC-RAS (version 4.1.0)
-  Minor System Design: 1:5 year
-  Major System Design: 1:100 year
-  Max. Allowable Flow Depth: 30 cm above gutter.
-  Extent of Major System: Must be contained within the municipal right-of-way.
- SWMHYMO Model Parameters: Fo = 76.2 mm/hr, Fc = 13.2 mm/hr, DCAY = 4.14/hr, D.Stor.Imp. = 1.57 mm,

D.Stor.Per. = 4.67 mm (as per 2004 City of Ottawa Guidelines). 
- Undeveloped Area Characteristics: As per “Floodplain Mapping Report for the Van Gaal and Arbuckle

Municipal Drains in the Village of Richmond” (November 2009, JFSA).
-  Imperviousness: SWM Facilities: based on SWM block layout.

Front Yard / Non-Residential: based on runoff coefficient (C) where Percent
Imperviousness = (C - 0.2) / 0.7 x 100%. 
Rear Yard: equal to half of the front yard percent imperviousness. Half of that
rear yard impervious area is assumed to be indirectly connected.

-  Design Storms: Chicago 3-hour and SCS Type II 24-hour design storms based on 2004 City
of Ottawa Sewer Design Guidelines; maximum intensity averaged over 10
minutes. 10-day snowmelt plus rainfall events based on AES Ottawa CDA
snowmelt plus rainfall IDF curves; maximum intensity averaged over 1 hour.

-  Historical Events: July 1st, 1979 event per 2004 City of Ottawa Sewer Design Guidelines.  
-  Climate Change Street Test: 20% increase in the 100-year, 3-hour Chicago and 100-year, 24-hour SCS

storms, as per January 2012 City of Ottawa Technical Bulletin ISTB-2012-1.
-  Manning's Roughness Coeff.: 0.013 for concrete pipes (free flow).
-  Minor System Losses: Refer to Attachment 2 for manhole loss coefficients.
-  Sump Pump Flows: 3.19 L/s/ha based on 27.8 lot/ha, 0.23 L/s/lot, and 50% of sump pumps on.
-  Downstream HGL: Jock River water levels at Pond 2 outlet as per “Jock River Flood Risk

Mapping (within the City of Ottawa) Hydraulics Report” (November 2004,
PSR Group Ltd. and JFSA). 
Van Gaal Drain water levels at Pond 1 and 3 outlets as per HEC-RAS models
from “Floodplain Mapping Report for the Van Gaal and Arbuckle Municipal
Drains in the Village of Richmond” (November 2009, JFSA) with proposed
Fortune Street culvert improvements in place.

MAJOR SYSTEM CONVEYANCE

As per City standards, the total 100-year depth of water (static and dynamic) on the street must be retained within
the right-of-way and should not exceed 30 cm. Although static ponding depths are unknown at this stage of the
design, the dynamic flow depths at a typical low point were estimated in SWMHYMO based on the excess major
system flows in a front yard / non-residential catchment and an assumed longitudinal street slope of 0.15% from high
point to high point. The results of this analysis are presented in Table 2A of Attachment 3 for the 100-year 3-hour
Chicago storm. As may be seen in Attachment 3, the dynamic flow depths on all catchments are below 30 cm,
allowing for some static ponding depth to be incorporated into the detailed design without exceeding City standards
for total depth of water. In general, it may be concluded that it is possible to provide a total 100-year depth of water
that is less than 30 cm and retained within the right-of-way, in accordance with City standards.

Table 2B of Attachment 3 presents the simulated dynamic flow depths for the development based on a 20% increase
in the 100-year 3-hour Chicago storm, in accordance with the climate change stress test prescribed in the January
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2012 City of Ottawa Technical Bulletin ISTB-2012-1. As shown in Table 2B, the maximum dynamic flow depth at
a typical low point was estimated as approximately 18.6 cm under these conditions.

STORMWATER MANAGEMENT FACILITIES

As previously noted,  69.46 ha of the subdivision at 48% imperviousness are serviced by SWM Pond 1 along with
major system flows from 1.67 ha at 60% imperviousness; 43.21 ha at 51% imperviousness are serviced by SWM
Pond 2 along with minor system flows from 1.67 ha at 60% imperviousness, and 3.86 ha at 60% imperviousness
are serviced by SWM Pond 3. Additionally, 208.2 ha of undeveloped lands to the southwest of the proposed
subdivision will drain to SWM Pond 1, and 71.8 ha of undeveloped lands to the southwest of the proposed
subdivision will drain to SWM Pond 2. Refer to Tables 3A, 3B and 3C of Attachment 4 for a summary of the
proposed operating conditions for SWM Ponds 1, 2 and 3, respectively.

The permanent pool volumes of SWM Ponds 1 and 2 are sufficient to provide an enhanced protection level (80%
long-term suspended solids removal) according to Ministry of the Environment standards. Active storage volumes
of 40 m3/ha minimum were also provided for quality control in SWM Ponds 1 and 2 and detained for approximately
24 hours. Drawdown time calculations for SWM Ponds 1 and 2 are presented in Tables 4A and 4B of Attachment
4. Quality control for SWM Pond 3 will be provided by an oil-and-grit separator.

Erosion control for SWM Ponds 1 and 3 will be provided by controlling the 2-year release rate from each pond to
330 L/s or less, where 330 L/s is the erosion threshold for the Van Gaal Drain identifed by Parish Geomorphic in
the Natural Environment & Impact Assessment Study for the Mattamy Richmond Lands (March 2009). We
understand that erosion control is not required for SWM Pond 2, which discharges to the Jock River.

Quantity control for SWM Ponds 1 and 3 is to be provided by controlling post-development outflows to pre-
development levels for the 2- to 100-year 24-hour SCS design storms. Pre-development flows from the site were
estimated in SWMHYMO based on the undeveloped drainage area characteristics presented in Figure 1A of
Attachment 1 and Table 1B of Attachment 2. We understand that quantity control is not required for SWM Pond
2, which discharges to the Jock River; however, the 100-year release rate from Pond 2 has been limited to a
maximum of 2.235 m3/s based on the capacity of the 1500 mm diameter (at 0.1% slope) outlet pipe to the Jock
River. Refer to Tables 5A, 5B and 5C of Attachment 4 for the outlet control design and stage-storage-discharge
relationships for SWM Ponds 1, 2 and 3, respectively.

The performances of the SWM facilities were analyzed in XPSWMM based on both free outfall and restrictive
downstream conditions. Restrictive downstream conditions for the outlet of SWM Pond 2 to the Jock River are
based on the Jock River Flood Risk Mapping (within the City of Ottawa) Hydraulics Report (November 2004, PSR
Group Ltd. and JFSA). During the 100-year 10-day spring snowmelt plus rainfall event, the water level on the Jock
River at the outlet of SWM Pond 2 (Jock River Lower Reach 2 cross-section 19353) is 94.18 m. During the 100-year
24-hour SCS design storm, the water level on the Jock River at this location is below the permanent pool elevation
of SWM Pond 2 and therefore does not affect the operation of the pond.

Restrictive downstream conditions for the outlets of SWM Ponds 1 and 3 to the Van Gaal Drain are based on the
existing conditions HEC-RAS models from Floodplain Mapping Report for the Van Gaal and Arbuckle Municipal
Drains in the Village of Richmond (November 2009, JFSA) with proposed Fortune Street culvert improvements in
place. It is proposed that the width of the Fortune Street culvert on the Van Gaal Drain be increased from 4.2 m to
6.3 m. Under these conditions, the water level on the Van Gaal Drain at the outlet of SWM Pond 1 (Van Gaal Drain
Reach 2 cross-section 961) is 93.68 m for the 100-year 24-hour SCS design storm and 94.11 m for the 100-year 10-
day spring snowmelt plus rainfall event. Similarly, the water level on the Van Gaal Drain at the outlet of SWM Pond
3 (Van Gaal Drain Reach 2 cross-section 1796) is 94.81 m for the 100-year 24-hour SCS design storm and 94.81 m
for the 100-year 10-day spring snowmelt plus rainfall event. 
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HYDRAULIC GRADELINE ANALYSIS

The minor system and hydraulic gradeline analysis was completed for the proposed systems discharging to SWM
Ponds 1 and 2 using the XPSWMM program based on the 100-year 3-hour Chicago and 100-year 24-hour SCS
design storms, the 100-year 10-day spring snowmelt plus rainfall event and for the July 1st 1979 historical event.
Note that a minor system analysis was not completed for the proposed system discharging to SWM Pond 3;
however, given the relatively small size of the drainage area to SWM Pond 3, it may be reasonably assumed that
it is possible to convey the 5- and 100-year storm flows from within the development to SWM Pond 3 via storm
sewer system (to be sized at the detailed design stage). 

Attachment 5 summarizes the hydraulic simulation results for the proposed systems under restrictive downstream
conditions. Note that the flowing full pipe velocities are not less than 0.8 m/s and no greater than 6.0 m/s for all
proposed pipes.

Attachment 5 also presents the hydraulic simulation results for the climate change stress test based on a 20%
increase in the 100-year 3-hour Chicago and 100-year 24-hour SCS design storms, as per the January 2012 City of
Ottawa Technical Bulletin ISTB-2012-1.

DOWNSTREAM HYDRAULIC IMPACTS

The impact of the proposed subdivision and SWM facility designs on the flows and flood levels on the downstream
Van Gaal Drain was evaluated using the existing conditions SWMHYMO and HEC-RAS models from Floodplain
Mapping Report for the Van Gaal and Arbuckle Municipal Drains in the Village of Richmond (November 2009,
JFSA). 

The SWMHYMO models from the November 2009 report were modified to include the proposed subdivision and
SWM pond storage-discharge curves, and the resultant proposed conditions flows entered into the HEC-RAS
models. The HEC-RAS models were also modified to include the proposed Fortune Street culvert improvements
in place; as noted above, it is proposed that the width of the Fortune Street culvert on the Van Gaal Drain be
increased from 4.2 m to 6.3 m. Additionally, the Moore Drain (and Moore Drain tributary) was eliminated from the
HEC-RAS models; the existing drain passes through the subject site and will be eliminated upon development of
the proposed subdivision. 

Attachment 6 presents the existing and proposed conditions 100-year flows and water levels on the Van Gaal Drain.
Three different scenarios are considered, as per the November 2009 report; (1) When the Van Gaal Drain 100-year
24-hour SCS peak flow reaches the Jock River; (2) When the Van Gaal Drain 100-year spring snowmelt plus rainfall
peak flow reaches the Jock River; and (4) When the Jock River 100-year spring snowmelt plus rainfall peak flow
reaches the outlet of the Van Gaal Drain.

Note that flows and water levels on the Van Gaal Drain generally decrease between existing and proposed
conditions. This result is expected, as the provided release rates from SWM Pond 1 to the Van Gaal Drain are well
below pre-development levels owing to the real-world limitations of the outlet controls. That is, the 45 m long
quantity control weir for SWM Pond 1 is set 1.33 m above the permanent pool elevation at an invert of 93.68 m to
match the 100-year 24-hour SCS water level on the Van Gaal Drain (as per existing conditions with the Fortune
Street culvert improvements in place). This results in minimal head over the quantity control weir and consequently
lower release rates; for example, the 100-year 24-hour SCS release rate from SWM Pond 1 is 5.866 m3/s at a pond
level of 93.86 m, while the allowable release rate is 11.337 m3/s based on existing conditions.

As may be seen from Attachment 6, proposed conditions flows on the Van Gaal Drain are equal to or less than
existing flows, and proposed conditions water levels are a maximum of 1 cm greater than existing water levels.
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Yours truly,
J.F. Sabourin and Associates Inc.

Laura Pipkins, P.Eng.
 

cc: J.F. Sabourin, M.Eng, P.Eng.
Director of Water Resources Projects

Attachment 1: Drainage Area to SWM Facilities
Attachment 2: Summary of Drainage Area to SWM Facilities; XPSWMM Model Schematic; and Minor System Loss Coefficients
Attachment 3: Major System Results
Attachment 4: SWM Facility Operating Conditions
Attachment 5: Pipe Data and Hydraulic Simulation Results
Attachment 6: Flows and Water Levels on the Van Gaal Drain Under Existing and Proposed Conditions 
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Table 1A: Proposed Subdivision Drainage Area to SWM Ponds 1, 2 and 3
MH SWMHYMO Total Area Front Yard / Rear Yard Runoff Sump Pump

ID Non-Resid. (1) Coefficient Imperviousness Storage 5-Year Flow Minor Capture Road Width Length Downstream Flow (2)

(ha) (ha) (ha) (%) (m3) (m3/s) (m3/s) (m) (m) Segment (m3/s)
101 101a 0.36 0.292 0.068 0.62 60 8.76 0.052 0.058 8.5 67 102a 0.00115
102 102a 0.26 0.211 0.049 0.62 60 6.33 0.038 0.043 8.5 63 103a 0.00083
103 103a 0.16 0.130 0.030 0.62 60 3.90 0.023 0.026 8.5 13 104a 0.00051
104 104a 0.5 0.406 0.094 0.62 60 12.18 0.072 0.081 8.5 79 105a 0.00160
105 105a 2.37 1.481 0.889 0.62 60 44.43 0.252 0.282 8.5 301 106a 0.00756
106 106a 1.84 1.150 0.690 0.62 60 34.50 0.198 0.222 8.5 220 209a 0.00587
201 201a 0.28 0.227 0.053 0.62 60 6.81 0.040 0.045 8.5 66 202a 0.00089
202 202a 0.8 0.650 0.150 0.62 60 19.50 0.114 0.128 8.5 97 203a 0.00255
203 203a 1 0.625 0.375 0.62 60 18.75 0.110 0.123 8.5 217 204a 0.00319
204 204a 1.54 0.962 0.578 0.62 60 28.86 0.166 0.186 8.5 228 205a 0.00491
205 205a 1.69 1.056 0.634 0.62 60 31.68 0.182 0.204 8.5 230 206a 0.00539
206 206a 2.6 1.625 0.975 0.62 60 48.75 0.275 0.308 8.5 400 207a 0.00829
207 207a 0.78 0.634 0.146 0.62 60 19.02 0.111 0.124 8.5 120 208a 0.00249
208 208a 0.19 0.119 0.071 0.62 60 3.57 0.021 0.024 8.5 33 209a 0.00061
209 209a 0.11 0.069 0.041 0.62 60 2.07 0.012 0.013 8.5 8 306a 0.00035
301 301a 0.33 0.268 0.062 0.62 60 8.04 0.048 0.054 8.5 67 302a 0.00105
302 302a 0.23 0.187 0.043 0.62 60 5.61 0.033 0.037 8.5 56 303a 0.00073
303 303a 0.2 0.162 0.038 0.62 60 4.86 0.029 0.032 8.5 16 304a 0.00064
304 304a 0.67 0.419 0.251 0.62 60 12.57 0.074 0.083 8.5 102 305a 0.00214
305 305a 2.45 1.531 0.919 0.62 60 45.93 0.260 0.291 8.5 305 306a 0.00782
306 306a 1.51 0.944 0.566 0.62 60 28.32 0.163 0.183 8.5 233 Pond1 0.00482
401 401a 0.31 0.252 0.058 0.62 60 7.56 0.045 0.050 8.5 55 402a 0.00099
402 402a 0.19 0.154 0.036 0.62 60 4.62 0.028 0.031 8.5 12 403a 0.00061
403 403a 0.76 0.475 0.285 0.62 60 14.25 0.084 0.094 8.5 119 404a 0.00242
404 404a 0.26 0.211 0.049 0.62 60 6.33 0.038 0.043 8.5 71 405a 0.00083
405 405a 1.9 1.187 0.713 0.62 60 35.61 0.204 0.228 8.5 332 406a 0.00606
406 406a 0.46 0.287 0.173 0.62 60 8.61 0.051 0.057 8.5 75 Pond1 0.00147
407 407a 0.87 0.544 0.326 0.62 60 16.32 0.096 0.108 8.5 184 Pond1 0.00278
501 501a 0.31 0.252 0.058 0.62 60 7.56 0.045 0.050 8.5 55 502a 0.00099
502 502a 0.19 0.154 0.036 0.62 60 4.62 0.028 0.031 8.5 12 503a 0.00061
503 503a 0.63 0.512 0.118 0.62 60 15.36 0.090 0.101 8.5 94 504a 0.00201
504 504a 1.21 0.756 0.454 0.62 60 22.68 0.132 0.148 8.5 268 505a 0.00386
505 505a 2.21 1.381 0.829 0.62 60 41.43 0.236 0.264 8.5 256 506a 0.00705
506 506a 0.33 0.206 0.124 0.62 60 6.18 0.037 0.041 8.5 57 Pond1 0.00105
507 507a 1.13 0.706 0.424 0.62 60 21.18 0.124 0.139 8.5 227 Pond1 0.00360
601 601a 0.31 0.252 0.058 0.62 60 7.56 0.045 0.050 8.5 55 602a 0.00099
602 602a 0.21 0.171 0.039 0.62 60 5.13 0.031 0.035 8.5 15 603a 0.00067
603 603a 0.8 0.500 0.300 0.62 60 15.00 0.088 0.099 8.5 118 604a 0.00255
604 604a 1.57 0.981 0.589 0.62 60 29.43 0.170 0.190 8.5 267 605a 0.00501
605 605a 1.03 0.644 0.386 0.62 60 19.32 0.113 0.127 8.5 170 606a 0.00329

Front Yard / Non-Residential Area Parameters



Table 1A: Proposed Subdivision Drainage Area to SWM Ponds 1, 2 and 3
MH SWMHYMO Total Area Front Yard / Rear Yard Runoff Sump Pump

ID Non-Resid. (1) Coefficient Imperviousness Storage 5-Year Flow Minor Capture Road Width Length Downstream Flow (2)

(ha) (ha) (ha) (%) (m3) (m3/s) (m3/s) (m) (m) Segment (m3/s)

Front Yard / Non-Residential Area Parameters

606 606a 1.11 0.694 0.416 0.62 60 20.82 0.122 0.137 8.5 173 607a 0.00354
607 607a 0.4 0.325 0.075 0.62 60 9.75 0.058 0.065 8.5 64 Pond1 0.00128
608 608a 0.84 0.525 0.315 0.62 60 15.75 0.093 0.104 8.5 110 Pond1 0.00268
701 701a 0.6 0.375 0.225 0.62 60 11.25 0.067 0.075 8.5 85 702a 0.00191
702 702a 0.58 0.362 0.218 0.62 60 10.86 0.064 0.072 8.5 89 703a 0.00185
703 703a 0.5 0.406 0.094 0.62 60 12.18 0.072 0.081 8.5 104 704a 0.00160
704 704a 0.31 0.252 0.058 0.62 60 7.56 0.045 0.050 8.5 11 705a 0.00099
705 705a 1.28 0.800 0.480 0.62 60 24.00 0.139 0.156 8.5 110 706a 0.00408
706 706a 0.9 0.562 0.338 0.62 60 16.86 0.099 0.111 8.5 87 707a 0.00287
707 707a 1.53 0.956 0.574 0.62 60 28.68 0.165 0.185 8.5 179 708a 0.00488
708 708a 0.68 0.425 0.255 0.62 60 12.75 0.075 0.084 8.5 59 709a 0.00217
709 709a 0.27 0.169 0.101 0.62 60 5.07 0.030 0.034 8.5 25 710a 0.00086
710 710a 0.25 0.156 0.094 0.62 60 4.68 0.028 0.031 8.5 22 Pond1 0.00080
901 901a 1.14 0.712 0.428 0.62 60 21.36 0.125 0.140 8.5 190 801a 0.00364
801 801a 0.18 0.146 0.034 0.62 60 4.38 0.026 0.029 8.5 37 806a 0.00057
802 802a 0.45 0.281 0.169 0.62 60 8.43 0.050 0.056 8.5 71 803a 0.00144
803 803a 1.01 0.631 0.379 0.62 60 18.93 0.111 0.124 8.5 188 804a 0.00322
804 804a 1 0.625 0.375 0.62 60 18.75 0.110 0.123 8.5 188 805a 0.00319
903 903a 1.53 0.956 0.574 0.62 60 28.68 0.165 0.185 8.5 173 805b 0.00488
805 805b 4.67 2.919 1.751 0.62 60 87.57 0.472 0.529 8.5 379 805a 0.01490
805 805a 4.09 2.556 1.534 0.62 60 76.68 0.418 0.468 8.5 479 806a 0.01305
806 806a 2.44 1.525 0.915 0.62 60 45.75 0.259 0.290 8.5 240 Pond1 0.00778
904 904b 2.5 2.500 0.000 0.62 60 75.00 0.409 0.458 8.5 240 904a 0.00798
904 904a 1.86 1.162 0.698 0.62 60 34.86 0.200 0.224 8.5 196 1007a 0.00593
905 905b 0.86 0.860 0.000 0.62 60 25.80 0.149 0.167 8.5 101 905a 0.00274
905 905a 1.10 0.687 0.413 0.62 60 20.61 0.120 0.134 8.5 209 906a 0.00351
906 906a 2.94 1.837 1.103 0.62 60 55.11 0.310 0.347 8.5 206 Pond2 0.00938

1001 1001a 2.35 1.469 0.881 0.62 60 44.07 0.250 0.280 8.5 312 1005a 0.00750
1005 1005a 1.52 0.950 0.570 0.62 60 28.50 0.164 0.184 8.5 200 1006a 0.00485
1006 1006a 2.54 1.587 0.953 0.62 60 47.61 0.269 0.301 8.5 298 1007a 0.00810
1007 1007a 1.85 1.503 0.347 0.62 60 45.09 0.255 0.286 8.5 215 Pond2 0.00590
1100 1100a 1.47 0.919 0.551 0.62 60 27.57 0.159 0.178 8.5 128 1103a 0.00469
1103 1103a 0.88 0.550 0.330 0.62 60 16.50 0.097 0.109 8.5 184 1104a 0.00281
1104 1104a 0.88 0.550 0.330 0.62 60 16.50 0.097 0.109 8.5 182 1111a 0.00281
1111 1111a 2.80 1.750 1.050 0.62 60 52.50 0.296 0.332 8.5 282 1113a 0.00893
1112 1112a 0.58 0.362 0.218 0.62 60 10.86 0.064 0.072 8.5 100 1113a 0.00185
1113 1113a 0.69 0.431 0.259 0.62 60 12.93 0.076 0.085 8.5 146 1116a 0.00220
1201 1201a 1.76 1.100 0.660 0.62 60 33.00 0.189 0.212 8.5 161 1204a 0.00561
1204 1204a 2.29 1.431 0.859 0.62 60 42.93 0.244 0.273 8.5 298 1116a 0.00731
1116 1116a 1.35 0.844 0.506 0.62 60 25.32 0.146 0.164 8.5 241 1119a 0.00431



Table 1A: Proposed Subdivision Drainage Area to SWM Ponds 1, 2 and 3
MH SWMHYMO Total Area Front Yard / Rear Yard Runoff Sump Pump

ID Non-Resid. (1) Coefficient Imperviousness Storage 5-Year Flow Minor Capture Road Width Length Downstream Flow (2)

(ha) (ha) (ha) (%) (m3) (m3/s) (m3/s) (m) (m) Segment (m3/s)

Front Yard / Non-Residential Area Parameters

1119 1119b 1.85 1.850 0.000 0.62 60 55.50 0.312 0.349 8.5 125 1119a 0.00590
1119 1119a 3.58 2.237 1.343 0.62 60 67.11 0.373 0.418 8.5 395 1120a 0.01142
1120 1120a 0.74 0.462 0.278 0.62 60 13.86 0.082 0.092 8.5 75 1122a 0.00236
1122 1122a 3.07 1.919 1.151 0.62 60 57.57 0.323 0.362 8.5 250 Pond2 0.00979

Pond1 Pnd1a 11.82 11.816 0.000 N/A 41 N/A 1.185 N/A N/A N/A N/A 0.00000
Pond2 Pnd2a 2.75 2.750 0.000 N/A 50 N/A 0.377 N/A N/A N/A N/A 0.00000
Pond3 Pond3 3.86 2.750 0.000 0.62 60 N/A 0.542 N/A N/A N/A N/A 0.01231

114.336 80.657 33.679
(1) Rear yard imperviousness is equal to half of the front yard imperviousness, and half of that rear yard impervious area is assumed to be indirectly connected.
   100% of the 100-year flows generated on the rear yards are captured to the minor system.
(1) 3.19 L/s/ha based on approximately 27.8 lots/ha, 0.23 L/s/lot and 50% of sump pumps on at any given time.



Table 1B: Summary of Study Area under Existing Conditions (Drains to SWM Ponds 1, 2 and 3 in Future)
Area ID VG‐2 VG‐3 (1) VG‐3 (2) VG‐3 (2) VG‐5 VG‐6 VG‐7 VG‐8 (2) JR‐1 JR‐2 (2) JR‐3 (2)

In future drains to: Pond 1 Pond 1 Pond 1 Pond 3 Pond 1 Pond 1 Pond 2 Pond 1 / Pond 2 Pond 2 Pond 2 Pond 2
A (ha) 63.1 16.5 13.935 3.86 34.4 94.2 39.2 81.556 32.6 15.112 3.733
CN (‐) 81 88 88 88 76 77 80 88 82 88 88
Ia 2.8 2.5 2.5 2.5 3.0 2.9 3.5 2.6 3.5 2.5 2.5
L (m) 1220 660 630 160 1540 1990 1520 590 790 540 150
S (%) 0.4 0.2 0.2 0.2 0.4 0.3 0.2 0.2 0.2 0.1 0.6
Tc (min) 147.6 100.2 96.5 32.2 207.1 285.1 256.9 91.6 142.8 120.6 17.7
Tp (hrs) 1.6 1.1 1.1 0.4 2.3 3.2 2.9 1.0 1.6 1.3 0.2
(1) To be developed as a commercial site - flows to be controlled on-site
(2) Proposed subdivision drainage area
(3) Characteristics of undeveloped lands as per Floodplain Mapping Report for the Van Gaal and Arbuckle Municipal Drains in the Village of Richmond  dated November 2009 by JFSA.

Table 1C: Summary of Study Area under Proposed Conditions (Drains to SWM Ponds 1, 2 and 3)
Area ID VG‐2 VG‐3 (1) VG‐5 VG‐6 VG‐7 JR‐1 Split Major / Minor (b) Pond 1 (2) Pond 2 (2) Pond 3 (2)

Drains to: Pond 1 Pond 1 Pond 1 Pond 1 Pond 2 Pond 2 Pond 1 / Pond 2 Pond 1 Pond 2 Pond 3
A (ha) 63.1 16.5 34.4 94.2 39.2 32.6 1.668 69.46 43.21 3.86
CN (‐) 81 88 76 77 80 82 N/A N/A N/A N/A
Ia 2.8 2.5 3.0 2.9 3.5 3.5 N/A N/A N/A N/A
L (m) 1220 660 1540 1990 1520 790 N/A N/A N/A N/A
S (%) 0.4 0.2 0.4 0.3 0.2 0.2 0.5 0.5 0.5 0.5
Tc (min) 147.6 100.2 207.1 285.1 256.9 142.8 N/A N/A N/A N/A
Tp (hrs) 1.6 1.1 2.3 3.2 2.9 1.6 N/A N/A N/A N/A
TIMP N/A N/A N/A N/A N/A N/A 60.0 48.1 50.5 60.0
XIMP N/A N/A N/A N/A N/A N/A 60.0 43.7 46.0 50.0
(1) To be developed as a commercial site - flows to be controlled on-site
(2) Proposed subdivision drainage area
(3) Characteristics of undeveloped lands as per Floodplain Mapping Report for the Van Gaal and Arbuckle Municipal Drains in the Village of Richmond  dated November 2009 by JFSA.



XPSWMM MODEL SCHEMATIC - POND 1



XPSWMM MODEL SCHEMATIC - POND 2



XPSWMM MODEL SCHEMATIC - POND 3





Angle MH
(o) Loss Coef
0 0.02
5 0.035
10 0.055
15 0.08
20 0.11
25 0.16
30 0.21
35 0.26
40 0.32
45 0.39
50 0.47
55 0.54
60 0.635
65 0.73
70 0.84
75 0.95
80 1.07
85 1.19
90 1.33

Manhole Loss Coefficient as per Nomograph
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MAJOR SYSTEM RESULTS 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 



Table 2A: Major System Results for the 100-Year, 3-Hour Chicago Storm
MH SWMHYMO Area Flow Flow Depth Velocity V*D

ID (ha) (m3/s) (m) (m/s) (m2/s)
101 101a 0.36 0.038 0.060 0.282 0.017
102 102a 0.26 0.044 0.063 0.292 0.018
103 103a 0.16 0.048 0.066 0.298 0.020
104 104a 0.50 0.082 0.082 0.352 0.029
105 105a 2.37 0.090 0.085 0.358 0.030
106 106a 1.84 0.055 0.070 0.311 0.022
201 201a 0.28 0.028 0.055 0.269 0.015
202 202a 0.80 0.096 0.087 0.363 0.032
203 203a 1.00 0.076 0.080 0.348 0.028
204 204a 1.54 0.064 0.075 0.328 0.025
205 205a 1.69 0.054 0.069 0.309 0.021
206 206a 2.60 0.000 0.000 0.000 0.000
207 207a 0.78 0.067 0.077 0.335 0.026
208 208a 0.19 0.049 0.067 0.301 0.020
209 209a 0.11 0.045 0.064 0.294 0.019
301 301a 0.33 0.033 0.057 0.275 0.016
302 302a 0.23 0.039 0.061 0.284 0.017
303 303a 0.20 0.049 0.066 0.301 0.020
304 304a 0.67 0.082 0.082 0.352 0.029
305 305a 2.45 0.097 0.087 0.364 0.032
306 306a 1.51 0.051 0.067 0.304 0.020
401 401a 0.31 0.032 0.057 0.275 0.016
402 402a 0.19 0.050 0.067 0.301 0.020
403 403a 0.76 0.083 0.082 0.353 0.029
404 404a 0.26 0.067 0.076 0.334 0.025
405 405a 1.90 0.047 0.065 0.297 0.019
406 406a 0.46 0.036 0.059 0.280 0.017
407 407a 0.87 0.056 0.070 0.312 0.022
501 501a 0.31 0.032 0.057 0.275 0.016
502 502a 0.19 0.050 0.067 0.301 0.020
503 503a 0.63 0.093 0.086 0.360 0.031
504 504a 1.21 0.078 0.081 0.349 0.028
505 505a 2.21 0.070 0.078 0.341 0.027
506 506a 0.33 0.044 0.064 0.292 0.019
507 507a 1.13 0.037 0.060 0.281 0.017
601 601a 0.31 0.032 0.057 0.275 0.016
602 602a 0.21 0.051 0.067 0.304 0.020
603 603a 0.80 0.087 0.084 0.356 0.030
604 604a 1.57 0.081 0.082 0.352 0.029
605 605a 1.03 0.043 0.063 0.291 0.018
606 606a 1.11 0.044 0.064 0.292 0.019
607 607a 0.40 0.042 0.062 0.289 0.018
608 608a 0.84 0.080 0.082 0.351 0.029
701 701a 0.60 0.047 0.065 0.297 0.019
702 702a 0.58 0.061 0.073 0.321 0.023
703 703a 0.50 0.070 0.078 0.340 0.027
704 704a 0.31 0.068 0.077 0.337 0.026
705 705a 1.28 0.128 0.097 0.391 0.038
706 706a 0.90 0.136 0.099 0.399 0.040
707 707a 1.53 0.140 0.101 0.403 0.041
708 708a 0.68 0.123 0.095 0.386 0.037
709 709a 0.27 0.116 0.093 0.380 0.035
710 710a 0.25 0.109 0.091 0.374 0.034



Table 2A: Major System Results for the 100-Year, 3-Hour Chicago Storm
MH SWMHYMO Area Flow Flow Depth Velocity V*D

ID (ha) (m3/s) (m) (m/s) (m2/s)
901 901a 1.14 0.031 0.056 0.273 0.015
801 801a 0.18 0.019 0.046 0.231 0.011
802 802a 0.45 0.052 0.068 0.305 0.021
803 803a 1.01 0.074 0.080 0.346 0.028
804 804a 1.00 0.056 0.070 0.314 0.022
903 903a 1.53 0.080 0.081 0.351 0.028
805 805b 4.67 0.113 0.092 0.377 0.035
805 805a 4.09 0.000 0.000 0.000 0.000
806 806a 2.44 0.071 0.078 0.342 0.027
904 904b 2.50 0.209 0.116 0.447 0.052
904 904a 1.86 0.119 0.094 0.383 0.036
905 905b 0.86 0.105 0.090 0.371 0.033
905 905a 1.10 0.093 0.086 0.361 0.031
906 906a 2.94 0.180 0.110 0.431 0.047
1001 1001a 2.35 0.000 0.000 0.000 0.000
1005 1005a 1.52 0.058 0.071 0.316 0.022
1006 1006a 2.54 0.054 0.069 0.309 0.021
1007 1007a 1.85 0.108 0.091 0.374 0.034
1100 1100a 1.47 0.100 0.088 0.367 0.032
1103 1103a 0.88 0.069 0.078 0.340 0.027
1104 1104a 0.88 0.053 0.068 0.307 0.021
1111 1111a 2.80 0.085 0.083 0.355 0.029
1112 1112a 0.58 0.044 0.063 0.291 0.018
1113 1113a 0.69 0.057 0.071 0.315 0.022
1201 1201a 1.76 0.097 0.087 0.364 0.032
1204 1204a 2.29 0.071 0.079 0.344 0.027
1116 1116a 1.35 0.059 0.072 0.317 0.023
1119 1119b 1.85 0.217 0.118 0.451 0.053
1119 1119a 3.58 0.145 0.102 0.408 0.042
1120 1120a 0.74 0.068 0.077 0.337 0.026
1122 1122a 3.07 0.134 0.099 0.397 0.039



Table 2B: Major System Results for the 100-Year, 3-Hour Chicago Storm +20%
MH SWMHYMO Area Flow Flow Depth Velocity V*D

ID (ha) (m3/s) (m) (m/s) (m2/s)
101 101a 0.36 0.061 0.073 0.323 0.024
102 102a 0.26 0.097 0.087 0.364 0.032
103 103a 0.16 0.118 0.094 0.382 0.036
104 104a 0.50 0.182 0.111 0.432 0.048
105 105a 2.37 0.316 0.135 0.509 0.069
106 106a 1.84 0.350 0.140 0.526 0.074
201 201a 0.28 0.047 0.065 0.297 0.019
202 202a 0.80 0.175 0.109 0.428 0.047
203 203a 1.00 0.209 0.116 0.446 0.052
204 204a 1.54 0.255 0.125 0.474 0.059
205 205a 1.69 0.287 0.132 0.495 0.065
206 206a 2.60 0.314 0.135 0.508 0.069
207 207a 0.78 0.319 0.136 0.510 0.069
208 208a 0.19 0.318 0.136 0.510 0.069
209 209a 0.11 0.318 0.136 0.510 0.069
301 301a 0.33 0.055 0.070 0.311 0.022
302 302a 0.23 0.089 0.084 0.358 0.030
303 303a 0.20 0.117 0.093 0.381 0.035
304 304a 0.67 0.178 0.110 0.430 0.047
305 305a 2.45 0.320 0.136 0.511 0.069
306 306a 1.51 0.315 0.135 0.509 0.069
401 401a 0.31 0.053 0.069 0.308 0.021
402 402a 0.19 0.085 0.083 0.354 0.029
403 403a 0.76 0.161 0.107 0.421 0.045
404 404a 0.26 0.171 0.108 0.426 0.046
405 405a 1.90 0.234 0.121 0.461 0.056
406 406a 0.46 0.227 0.120 0.457 0.055
407 407a 0.87 0.211 0.117 0.448 0.052
501 501a 0.31 0.053 0.069 0.308 0.021
502 502a 0.19 0.085 0.083 0.354 0.029
503 503a 0.63 0.180 0.110 0.430 0.047
504 504a 1.21 0.210 0.116 0.447 0.052
505 505a 2.21 0.300 0.133 0.501 0.067
506 506a 0.33 0.296 0.133 0.500 0.067
507 507a 1.13 0.276 0.130 0.488 0.063
601 601a 0.31 0.053 0.069 0.308 0.021
602 602a 0.21 0.088 0.084 0.357 0.030
603 603a 0.80 0.169 0.108 0.425 0.046
604 604a 1.57 0.238 0.122 0.464 0.057
605 605a 1.03 0.242 0.123 0.466 0.057
606 606a 1.11 0.250 0.124 0.471 0.058
607 607a 0.40 0.253 0.125 0.473 0.059
608 608a 0.84 0.257 0.126 0.475 0.060
701 701a 0.60 0.077 0.081 0.348 0.028
702 702a 0.58 0.134 0.099 0.397 0.039
703 703a 0.50 0.179 0.110 0.430 0.047
704 704a 0.31 0.193 0.113 0.437 0.049
705 705a 1.28 0.303 0.134 0.503 0.067
706 706a 0.90 0.355 0.140 0.529 0.074
707 707a 1.53 0.406 0.147 0.557 0.082
708 708a 0.68 0.422 0.149 0.567 0.084
709 709a 0.27 0.423 0.149 0.568 0.085
710 710a 0.25 0.426 0.149 0.569 0.085



Table 2B: Major System Results for the 100-Year, 3-Hour Chicago Storm +20%
MH SWMHYMO Area Flow Flow Depth Velocity V*D

ID (ha) (m3/s) (m) (m/s) (m2/s)
901 901a 1.14 0.120 0.094 0.383 0.036
801 801a 0.18 0.127 0.097 0.390 0.038
802 802a 0.45 0.128 0.097 0.391 0.038
803 803a 1.01 0.180 0.110 0.430 0.047
804 804a 1.00 0.204 0.115 0.444 0.051
903 903a 1.53 0.166 0.108 0.423 0.046
805 805b 4.67 0.520 0.161 0.622 0.100
805 805a 4.09 0.691 0.178 0.683 0.122
806 806a 2.44 0.667 0.176 0.674 0.119
904 904b 2.50 0.449 0.152 0.584 0.089
904 904a 1.86 0.459 0.154 0.591 0.091
905 905b 0.86 0.172 0.109 0.426 0.046
905 905a 1.10 0.214 0.117 0.449 0.053
906 906a 2.94 0.442 0.151 0.579 0.087
1001 1001a 2.35 0.199 0.114 0.441 0.050
1005 1005a 1.52 0.221 0.119 0.453 0.054
1006 1006a 2.54 0.307 0.134 0.505 0.068
1007 1007a 1.85 0.771 0.186 0.710 0.132
1100 1100a 1.47 0.176 0.110 0.428 0.047
1103 1103a 0.88 0.203 0.115 0.443 0.051
1104 1104a 0.88 0.206 0.116 0.445 0.052
1111 1111a 2.80 0.343 0.139 0.523 0.073
1112 1112a 0.58 0.073 0.079 0.345 0.027
1113 1113a 0.69 0.367 0.142 0.535 0.076
1201 1201a 1.76 0.199 0.114 0.441 0.050
1204 1204a 2.29 0.303 0.134 0.503 0.067
1116 1116a 1.35 0.569 0.166 0.639 0.106
1119 1119b 1.85 0.376 0.143 0.540 0.077
1119 1119a 3.58 0.744 0.184 0.704 0.130
1120 1120a 0.74 0.753 0.185 0.706 0.131
1122 1122a 3.07 0.768 0.186 0.710 0.132
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Table 3A: Summary of SWM Pond 1 Operating Characteristics (1)

Pond Pre-Development Pond Pond Volume 
Component Outflow Level Outflow Used (2)

(m3/s) (m) (m3/s) (m3)
Permanent Pool N/A 92.35 N/A 42008
Quality Control N/A 92.45 0.025 3043

2-Year, 24-Hour SCS 3.518 93.66 0.319 48640
5-Year, 24-Hour SCS 5.458 93.75 1.720 52121
10-Year, 24-Hour SCS 6.806 93.78 2.792 53460
25-Year, 24-Hour SCS 8.524 93.81 4.019 54805
50-Year, 24-Hour SCS 9.872 93.83 4.903 55711

100-Year, 24-Hour SCS 11.337 93.85 5.805 56576
100-Year, 24-Hour SCS (3) 11.337 93.86 5.866 56885

100-Year, 10-Year Spring (3) N/A 94.26 4.612 75690
(1) Based on 24 hour detention of 40 m3/ha quality control volume, erosion control of 2-year release rate to 330 L/s
  (as per Parish Geomorphic threshold) and quantity control of 5- to 100-year release rates to pre-development levels.
(2) Volumes used are active storage only for all pond components except the permanent pool.
(3) Restrictive downstream conditions; Summer = 93.68 m, Spring = 94.11 m. All other results based on free outfall conditions.

Table 3B: Summary of SWM Pond 2 Operating Characteristics (1)

Pond Pre-Development Pond Pond Volume 
Component Outflow Level Outflow Used (2)

(m3/s) (m) (m3/s) (m3)
Permanent Pool N/A 93.20 N/A 17136
Quality Control N/A 93.35 0.047 1983

2-Year, 24-Hour SCS 0.646 93.82 0.784 9606
5-Year, 24-Hour SCS 1.007 93.99 1.143 12606
10-Year, 24-Hour SCS 1.257 94.10 1.386 14582
25-Year, 24-Hour SCS 1.576 94.23 1.696 17106
50-Year, 24-Hour SCS 1.826 94.34 1.939 19089

100-Year, 24-Hour SCS 2.096 94.45 2.204 21253
100-Year, 10-Year Spring (3) N/A 95.06 1.673 33724

(1) Based on 24 hour detention of 40 m3/ha quality control volume and quantity control of 100-year release rate to capacity
   of 1500 mm outlet pipe at 0.1% slope (2.235 m3/s). No erosion control is provided.
(2) Volumes used are active storage only for all pond components except the permanent pool.
(3) Restrictive downstream conditions; Spring = 94.18 m. All other results based on free outfall conditions.

Table 3C: Summary of SWM Pond 3 Operating Characteristics (1)

Pond Pre-Development Pond Pond Volume 
Component Outflow (2) Level Outflow Used (2)

(m3/s) (m) (m3/s) (m3)
2-Year, 24-Hour SCS 0.161 94.47 0.142 323
5-Year, 24-Hour SCS 0.244 94.62 0.196 483
10-Year, 24-Hour SCS 0.300 94.72 0.223 593
25-Year, 24-Hour SCS 0.370 94.83 0.256 733
50-Year, 24-Hour SCS 0.425 94.91 0.298 833

100-Year, 24-Hour SCS 0.483 94.99 0.348 937
100-Year, 24-Hour SCS (3) 0.483 95.34 0.473 1489

100-Year, 10-Year Spring (3) N/A 94.90 0.057 817
(1) Based on quantity control of 2- to 100-year release rates to pre-development levels. Quality control to be provided by
   an oil-and-gril separator. 2-year release rate is below erosion threshold of 330 L/s.
(2) Volumes required are active storage only for all pond components (dry pond).
(3) Restrictive downstream conditions; Summer = 94.81 m, Spring = 94.81 m. All other results based on free outfall conditions.



Table 4A: Extended Detention Parameters for SWM Pond 1
Permanent Pool Parameters
Area (C3) 29585.10 m2 Diameter 0.300 m
Volume 42007.50 m3

PP Elev 92.35 m Area 0.07069 m2

QC Elev 92.45 m Invert 92.35 m
h (m) 0.10 m Co 0.620
Notes: C3 is the intercept from the area-depth linear regression

PP Elev indicates the elevation of the permanent pool
QC Elev indicates the elevation of the storage volume required by MOE for quality control
h is the maximum water elevation above the orifice (m)

Table 4B: Extended Detention Drawdown Time for SWM Pond 1
Elev. Active Storage C2 Drawdown Time Drawdown Time Flow Demarkation
(m) V (m3) A (m2) depth (m) (m²/m) (h) (days) (m3/s) Point

92.35 0.00 29585.10 0.00 0.000 PP Elev
92.40 1488.90 30125.90 0.05 10816 19.02 0.79 0.013
92.45 3042.90 31249.20 0.10 16641 27.23 1.13 0.025 QC Elev
92.50 4619.40 31670.90 0.15 13905 33.51 1.40 0.038
92.55 6231.20 32422.40 0.20 14186 39.01 1.63 0.050

Notes: C2 is the slope coefficient from the area-depth linear regression
QC Elev indicates the elevation of the quality control volume required by MOE

Table 4C: Extended Detention Parameters for SWM Pond 2
Permanent Pool Parameters
Area (C3) 12146.70 m2 Diameter 0.350 m
Volume 17135.70 m3

PP Elev 93.20 m Area 0.09621 m2

QC Elev 93.35 m Invert 93.20 m
h (m) 0.15 m Co 0.620
Notes: C3 is the intercept from the area-depth linear regression

PP Elev indicates the elevation of the permanent pool
QC Elev indicates the elevation of the storage volume required by MOE for quality control
h is the maximum water elevation above the orifice (m)

Table 4D: Extended Detention Drawdown Time for SWM Pond 2
Elev. Active Storage C2 Drawdown Time Drawdown Time Flow Demarkation
(m) V (m3) A (m2) depth (m) (m²/m) (h) (days) (m3/s) Point

93.20 0.00 12146.70 0.00 0.000 PP Elev
93.25 630.10 12828.30 0.90 757 24.64 1.03 0.016
93.30 1298.00 13497.00 0.95 1421 25.77 1.07 0.032
93.35 1983.40 13935.60 1.00 1789 26.74 1.11 0.047 QC Elev
93.40 2702.40 14502.40 1.05 2244 27.81 1.16 0.063

Notes: C2 is the slope coefficient from the area-depth linear regression
QC Elev indicates the elevation of the quality control volume required by MOE

Quality Orifice Parameters

Quality Orifice Parameters



Table 5A: Stage-Storage-Outflow Curve for SWM Pond 1

Dia (m) 0.300 Dia (m) 0.220 L (m) 45.000

Area (m2) 0.071 Area (m2) 0.038
Invert (m) 92.35 Invert (m) 92.45 Cw 1.700

Co 0.62 Co 0.62 Invert (m) 93.68
Q @ D 0.075 Q @ D 0.035 n contr. 2

Elevation Active Sto. Head Outflow Head Outflow Head Outflow Outflow Storage
(m) (m3) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m3/s) (ha·m)

92.35 0 PP Elev 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
92.40 1489 0.050 0.013 0.000 0.000 0.000 0.000 0.013 0.149
92.45 3043 QC Elev 0.100 0.025 0.000 0.000 0.000 0.000 0.025 0.304
92.50 4619 0.150 0.038 0.050 0.008 0.000 0.000 0.045 0.462
92.55 6231 0.200 0.050 0.100 0.016 0.000 0.000 0.066 0.623
92.60 7860 0.250 0.063 0.150 0.024 0.000 0.000 0.086 0.786
92.65 9517 0.300 0.075 0.200 0.031 0.000 0.000 0.107 0.952
92.70 11256 0.350 0.087 0.250 0.039 0.000 0.000 0.126 1.126
92.75 12987 0.400 0.097 0.300 0.046 0.000 0.000 0.143 1.299
92.80 14772 0.450 0.106 0.350 0.051 0.000 0.000 0.157 1.477
92.85 16572 0.500 0.115 0.400 0.056 0.000 0.000 0.171 1.657
92.90 18383 0.550 0.123 0.450 0.061 0.000 0.000 0.184 1.838
92.95 20220 0.600 0.130 0.500 0.065 0.000 0.000 0.195 2.022
93.00 22075 0.650 0.137 0.550 0.069 0.000 0.000 0.207 2.207
93.05 23947 0.700 0.144 0.600 0.073 0.000 0.000 0.217 2.395
93.10 25833 0.750 0.150 0.650 0.077 0.000 0.000 0.227 2.583
93.15 27752 0.800 0.157 0.700 0.080 0.000 0.000 0.237 2.775
93.20 29683 0.850 0.162 0.750 0.084 0.000 0.000 0.246 2.968
93.25 31637 0.900 0.168 0.800 0.087 0.000 0.000 0.255 3.164
93.30 33598 0.950 0.174 0.850 0.090 0.000 0.000 0.263 3.360
93.35 35588 1.000 0.179 0.900 0.093 0.000 0.000 0.272 3.559
93.40 37590 1.050 0.184 0.950 0.096 0.000 0.000 0.280 3.759
93.45 39616 1.100 0.189 1.000 0.098 0.000 0.000 0.288 3.962
93.50 41659 1.150 0.194 1.050 0.101 0.000 0.000 0.295 4.166
93.55 43702 1.200 0.199 1.100 0.104 0.000 0.000 0.303 4.370
93.60 45799 1.250 0.204 1.150 0.106 0.000 0.000 0.310 4.580
93.65 47924 1.300 0.208 1.200 0.109 0.000 0.000 0.317 4.792
93.68 49322 Ext. Det. 1.330 0.211 1.230 0.110 0.000 0.000 0.321 4.932
93.70 50479 1.350 0.213 1.250 0.111 0.020 0.216 0.540 5.048
93.75 52155 1.400 0.217 1.300 0.114 0.070 1.416 1.747 5.215
93.80 54330 1.450 0.221 1.350 0.116 0.120 3.178 3.516 5.433
93.85 56488 1.500 0.226 1.400 0.119 0.170 5.358 5.702 5.649
93.90 58693 1.550 0.230 1.450 0.121 0.220 7.886 8.237 5.869
93.95 60961 1.600 0.234 1.500 0.123 0.270 10.720 11.077 6.096
94.00 63312 1.650 0.238 1.550 0.125 0.320 13.828 14.191 6.331
94.05 65663 1.700 0.242 1.600 0.127 0.370 17.189 17.558 6.566
94.10 67999 1.750 0.246 1.650 0.130 0.420 20.784 21.159 6.800
94.15 70316 1.800 0.249 1.700 0.132 0.470 24.598 24.979 7.032
94.20 72686 1.850 0.253 1.750 0.134 0.520 28.619 29.006 7.269
94.25 75117 1.900 0.257 1.800 0.136 0.570 32.838 33.230 7.512
94.30 77507 1.950 0.260 1.850 0.138 0.620 37.244 37.642 7.751
94.35 79906 2.000 0.264 1.900 0.140 0.670 41.829 42.233 7.991
94.40 82293 2.050 0.268 1.950 0.142 0.720 46.587 46.997 8.229
94.45 84689 2.100 0.271 2.000 0.144 0.770 51.512 51.927 8.469
94.50 87132 2.150 0.275 2.050 0.145 0.820 56.597 57.017 8.713
94.55 89570 2.200 0.278 2.100 0.147 0.870 61.838 62.264 8.957
94.60 92017 2.250 0.281 2.150 0.149 0.920 67.230 67.661 9.202
94.65 94442 2.300 0.285 2.200 0.151 0.970 72.768 73.204 9.444

Demarkation 
Points

Quantity Control 1
Rectangular WeirVertical Orifice Vertical Orifice

Quality Control 1 Erosion Control 1



Table 5A: Stage-Storage-Outflow Curve for SWM Pond 1

Dia (m) 0.300 Dia (m) 0.220 L (m) 45.000

Area (m2) 0.071 Area (m2) 0.038
Invert (m) 92.35 Invert (m) 92.45 Cw 1.700

Co 0.62 Co 0.62 Invert (m) 93.68
Q @ D 0.075 Q @ D 0.035 n contr. 2

Elevation Active Sto. Head Outflow Head Outflow Head Outflow Outflow Storage
(m) (m3) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m3/s) (ha·m)

Demarkation 
Points

Quantity Control 1
Rectangular WeirVertical Orifice Vertical Orifice

Quality Control 1 Erosion Control 1

94.70 96838 2.350 0.288 2.250 0.153 1.020 78.449 78.890 9.684
94.75 99276 2.400 0.291 2.300 0.154 1.070 84.269 84.714 9.928
94.80 101720 2.450 0.294 2.350 0.156 1.120 90.224 90.674 10.172
94.85 104579 2.500 0.298 2.400 0.158 1.170 96.311 96.767 10.458
94.90 107417 2.550 0.301 2.450 0.160 1.220 102.527 102.988 10.742
94.95 109567 2.600 0.304 2.500 0.161 1.270 108.870 109.335 10.957
95.00 112089 Top of Berm 2.650 0.307 2.550 0.163 1.320 115.337 115.807 11.209

Notes :  - PP Elev indicates the elevation of the permanent pool.
 - QC Elev indicates the elevation of the storage volume provided for quality control according to MOE requirements.
 - Ext. Det. indicates the elevation of extended detention provided.
 - Top of Berm indicates the elevation at the top of the berm.



Table 5B: Stage-Storage-Outflow Curve for SWM Pond 2

Dia (m) 0.350 L (m) 1.150

Area (m2) 0.096
Invert (m) 93.20 Cw 1.800

Co 0.62 Invert (m) 93.35
Q @ D 0.111 n contr. 2

Elevation Active Sto. Head Outflow Head Outflow Outflow Storage
(m) (m3) (m) (m3/s) (m) (m3/s) (m3/s) (ha·m)

93.20 0 PP Elev 0.000 0.000 0.000 0.000 0.000 0.000
93.25 630 0.050 0.016 0.000 0.000 0.016 0.063
93.30 1298 0.100 0.032 0.000 0.000 0.032 0.130
93.35 1983 QC Elev 0.150 0.047 0.000 0.000 0.047 0.198
93.40 2702 0.200 0.063 0.050 0.023 0.086 0.270
93.45 3438 0.250 0.079 0.100 0.064 0.143 0.344
93.50 4207 0.300 0.095 0.150 0.117 0.212 0.421
93.55 5026 0.350 0.111 0.200 0.179 0.289 0.503
93.60 5857 0.400 0.125 0.250 0.248 0.373 0.586
93.65 6701 0.450 0.139 0.300 0.322 0.461 0.670
93.70 7555 0.500 0.151 0.350 0.403 0.553 0.755
93.75 8417 0.550 0.162 0.400 0.487 0.649 0.842
93.80 9290 0.600 0.172 0.450 0.576 0.748 0.929
93.85 10168 0.650 0.182 0.500 0.668 0.850 1.017
93.90 11054 0.700 0.191 0.550 0.764 0.955 1.105
93.95 11941 0.750 0.200 0.600 0.862 1.062 1.194
94.00 12840 0.800 0.209 0.650 0.962 1.171 1.284
94.05 13747 0.850 0.217 0.700 1.065 1.282 1.375
94.10 14654 0.900 0.225 0.750 1.169 1.394 1.465
94.15 15575 0.950 0.233 0.800 1.275 1.508 1.557
94.20 16503 1.000 0.240 0.850 1.382 1.622 1.650
94.25 17446 1.050 0.247 0.900 1.491 1.738 1.745
94.30 18402 1.100 0.254 0.950 1.600 1.854 1.840
94.35 19356 1.150 0.261 1.000 1.710 1.971 1.936
94.40 20310 1.200 0.268 1.050 1.820 2.088 2.031
94.45 21272 1.250 0.274 1.100 1.931 2.205 2.127
94.50 22254 1.300 0.280 1.150 2.042 2.322 2.225
94.55 23238 1.350 0.286 1.200 2.153 2.440 2.324
94.60 24230 1.400 0.292 1.250 2.264 2.556 2.423
94.65 25235 1.450 0.298 1.300 2.375 2.673 2.523
94.70 26242 1.500 0.304 1.350 2.485 2.789 2.624
94.75 27258 1.550 0.310 1.400 2.594 2.904 2.726
94.80 28240 1.600 0.315 1.450 2.703 3.018 2.824
94.85 29270 1.650 0.321 1.500 2.811 3.132 2.927
94.90 30303 1.700 0.326 1.550 2.918 3.244 3.030
94.95 31347 1.750 0.332 1.600 3.024 3.355 3.135
95.00 32403 1.800 0.337 1.650 3.128 3.465 3.240
95.05 33469 1.850 0.342 1.700 3.232 3.574 3.347
95.10 34532 1.900 0.347 1.750 3.334 3.681 3.453
95.15 35614 1.950 0.352 1.800 3.434 3.786 3.561
95.20 36693 2.000 0.357 1.850 3.533 3.890 3.669
95.25 37801 2.050 0.362 1.900 3.630 3.992 3.780
95.30 38904 2.100 0.367 1.950 3.725 4.092 3.890
95.35 39997 2.150 0.371 2.000 3.818 4.190 4.000
95.40 41109 2.200 0.376 2.050 3.910 4.286 4.111
95.45 42227 2.250 0.381 2.100 3.999 4.379 4.223
95.50 43375 2.300 0.385 2.150 4.086 4.471 4.338
95.55 44523 2.350 0.390 2.200 4.170 4.560 4.452

Demarkation 
Points

Quantity Control 1
Rectangular WeirVertical Orifice

Quality Control 1



Table 5B: Stage-Storage-Outflow Curve for SWM Pond 2

Dia (m) 0.350 L (m) 1.150

Area (m2) 0.096
Invert (m) 93.20 Cw 1.800

Co 0.62 Invert (m) 93.35
Q @ D 0.111 n contr. 2

Elevation Active Sto. Head Outflow Head Outflow Outflow Storage
(m) (m3) (m) (m3/s) (m) (m3/s) (m3/s) (ha·m)

Demarkation 
Points

Quantity Control 1
Rectangular WeirVertical Orifice

Quality Control 1

95.60 45673 2.400 0.394 2.250 4.253 4.647 4.567
95.65 46751 2.450 0.399 2.300 4.332 4.731 4.675
95.70 47875 2.500 0.403 2.350 4.409 4.812 4.788
95.75 49039 2.550 0.407 2.400 4.484 4.891 4.904
95.80 50236 2.600 0.411 2.450 4.556 4.967 5.024
95.85 51668 2.650 0.416 2.500 4.625 5.041 5.167
95.90 53716 2.700 0.420 2.550 4.691 5.111 5.372
95.95 53724 2.750 0.424 2.600 4.754 5.178 5.372
96.00 54933 Top of Berm 2.800 0.428 2.650 4.814 5.242 5.493

Notes :  - PP Elev indicates the elevation of the permanent pool.
 - QC Elev indicates the elevation of the storage volume provided for quality control
   according to MOE requirements.
 - Top of Berm indicates the elevation at the top of the berm.



Table 5C: Stage-Storage-Outflow Curve for SWM Pond 3

Dia (m) 0.400 L (m) 0.500

Area (m2) 0.126
Invert (m) 94.10 Cw 1.800

Co 0.62 Invert (m) 94.81
Q @ D 0.154 n contr. 2

Elevation Active Sto. Head Outflow Head Outflow Outflow Storage
(m) (m3) (m) (m3/s) (m) (m3/s) (m3/s) (ha·m)

94.10 0 Bottom Elev 0.000 0.000 0.000 0.000 0.000 0.000
94.15 38 0.050 0.019 0.000 0.000 0.019 0.004
94.20 79 0.100 0.039 0.000 0.000 0.039 0.008
94.25 120 0.150 0.058 0.000 0.000 0.058 0.012
94.30 164 0.200 0.077 0.000 0.000 0.077 0.016
94.35 209 0.250 0.096 0.000 0.000 0.096 0.021
94.40 256 0.300 0.116 0.000 0.000 0.116 0.026
94.45 304 0.350 0.135 0.000 0.000 0.135 0.030
94.50 354 0.400 0.154 0.000 0.000 0.154 0.035
94.55 406 0.450 0.173 0.000 0.000 0.173 0.041
94.60 459 0.500 0.189 0.000 0.000 0.189 0.046
94.65 514 0.550 0.204 0.000 0.000 0.204 0.051
94.70 572 0.600 0.218 0.000 0.000 0.218 0.057
94.75 631 0.650 0.232 0.000 0.000 0.232 0.063
94.80 692 0.700 0.244 0.000 0.000 0.244 0.069
94.81 704 0.710 0.246 0.000 0.000 0.246 0.070
94.85 755 0.750 0.256 0.040 0.007 0.263 0.075
94.90 820 0.800 0.267 0.090 0.023 0.291 0.082
94.95 887 0.850 0.278 0.140 0.045 0.323 0.089
95.00 956 0.900 0.289 0.190 0.069 0.358 0.096
95.05 1027 0.950 0.299 0.240 0.096 0.395 0.103
95.10 1101 1.000 0.309 0.290 0.124 0.433 0.110
95.15 1176 1.050 0.318 0.340 0.154 0.472 0.118
95.20 1254 1.100 0.327 0.390 0.185 0.512 0.125
95.25 1334 1.150 0.336 0.440 0.216 0.553 0.133
95.30 1416 1.200 0.345 0.490 0.248 0.593 0.142
95.35 1501 1.250 0.354 0.540 0.280 0.634 0.150
95.40 1588 1.300 0.362 0.590 0.312 0.674 0.159
95.45 1678 1.350 0.370 0.640 0.343 0.713 0.168
95.50 1826 1.400 0.378 0.690 0.373 0.752 0.183
95.55 1960 1.450 0.386 0.740 0.403 0.789 0.196
95.60 1906 1.500 0.393 0.790 0.432 0.826 0.191
95.65 2001 1.550 0.401 0.840 0.460 0.861 0.200
95.70 2104 1.600 0.408 0.890 0.487 0.895 0.210
95.75 2231 Top of Berm 1.650 0.416 0.940 0.512 0.927 0.223

Notes :  - Bottom Elev indicates the elevation of the pond bottom.
 - Top of Berm indicates the elevation at the top of the berm.

Demarkation 
Points

Quantity Control 2
Rectangular WeirVertical Orifice

Quantity Control 1
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Table 6A: Pipe Data and Hydraulic Simulation Results for Pond 1 (1)

U/S D/S U/S D/S Pipe Pipe Pipe Pipe U/S MH D/S MH Design Design
MH MH Invert Invert Diameter Width Length Slope n Cover Cover Velocity Flow Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard

/ Height Elev. Elev. Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and 
Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover

(m) (m) (m) (m) (m) (%) (m) (m) (m/s) (m3/s) (m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m)
101 102 93.601 93.486 0.450 N/A 57.5 0.2 0.013 95.744 95.659 0.80 0.13 0.07 0.55 -0.20 1.1 93.85 93.82 1.89 0.07 0.55 -0.19 12.0 93.86 93.86 1.89 0.01 0.08 0.21 0.0 94.26 94.26 1.48
102 103 93.411 93.311 0.525 N/A 62.5 0.2 0.013 95.659 95.566 0.79 0.17 0.13 0.76 -0.12 1.1 93.82 93.82 1.84 0.13 0.76 -0.08 12.0 93.86 93.86 1.80 0.01 0.06 0.33 0.0 94.26 94.26 1.40
103 104 93.236 93.218 0.600 N/A 12.5 0.1 0.013 95.566 95.549 0.81 0.23 0.16 0.70 -0.02 1.1 93.82 93.82 1.75 0.16 0.70 0.02 12.0 93.86 93.86 1.71 0.01 0.04 0.43 109.0 94.26 94.26 1.30
104 105 93.068 92.989 0.750 N/A 79.0 0.1 0.013 95.549 95.431 0.80 0.35 0.27 0.77 0.00 1.1 93.82 93.82 1.73 0.26 0.74 0.04 12.0 93.86 93.86 1.69 0.02 0.06 0.45 109.0 94.26 94.26 1.29
105 106 92.764 92.661 0.975 N/A 68.5 0.2 0.013 95.431 95.329 1.16 0.87 0.74 0.85 0.08 1.2 93.82 93.82 1.61 0.73 0.84 0.12 12.0 93.86 93.86 1.57 0.06 0.07 0.52 109.0 94.26 94.26 1.17
106 107 92.436 92.368 1.200 N/A 68.0 0.1 0.013 95.329 95.300 1.09 1.23 1.12 0.91 0.18 1.1 93.82 93.82 1.51 1.08 0.88 0.22 12.0 93.86 93.86 1.47 0.09 0.07 0.63 109.0 94.26 94.26 1.07
107 Pond1 92.368 92.350 1.200 N/A 18.0 0.1 0.013 95.300 100.000 1.09 1.23 1.11 0.90 0.25 1.1 93.82 93.82 1.48 1.06 0.86 0.29 12.0 93.86 93.86 1.44 0.09 0.07 0.69 109.0 94.26 94.26 1.04
201 202 94.189 94.039 0.375 N/A 60.0 0.3 0.013 96.384 96.294 0.79 0.09 0.06 0.68 -0.13 1.1 94.44 94.20 1.95 0.06 0.68 -0.13 12.0 94.44 94.19 1.95 0.00 0.00 -0.23 109.1 94.33 94.33 2.05
202 203 93.739 93.623 0.675 N/A 97.0 0.1 0.013 96.294 96.149 0.81 0.29 0.22 0.76 -0.21 1.2 94.20 94.11 2.09 0.21 0.72 -0.22 12.1 94.19 94.10 2.10 0.02 0.07 -0.09 109.1 94.33 94.33 1.97
203 204 93.398 93.332 0.900 N/A 66.5 0.1 0.013 96.149 96.050 0.90 0.57 0.42 0.73 -0.19 1.2 94.11 94.07 2.04 0.41 0.72 -0.20 12.1 94.10 94.06 2.05 0.03 0.05 0.03 109.1 94.33 94.33 1.82
204 205 93.182 93.082 1.050 N/A 100.5 0.1 0.013 96.050 95.899 1.00 0.86 0.73 0.85 -0.16 1.2 94.07 94.00 1.98 0.70 0.81 -0.17 12.1 94.06 94.05 1.99 0.06 0.07 0.09 109.1 94.33 94.33 1.72
205 206 92.932 92.859 1.200 N/A 72.5 0.1 0.013 95.899 95.791 1.09 1.23 1.07 0.87 -0.13 1.2 94.00 93.95 1.90 1.03 0.84 -0.08 12.1 94.05 94.05 1.85 0.08 0.06 0.19 109.1 94.33 94.33 1.57
206 207 92.839 92.719 1.200 N/A 120.0 0.1 0.013 95.791 95.611 1.09 1.23 1.58 1.28 -0.09 1.2 93.95 93.90 1.84 1.52 1.23 0.02 12.1 94.05 94.05 1.74 0.12 0.10 0.29 109.1 94.33 94.33 1.46
207 208 92.699 92.579 1.200 N/A 120.0 0.1 0.013 95.611 95.431 1.09 1.23 1.74 1.41 0.00 1.2 93.90 93.90 1.71 1.66 1.35 0.16 12.1 94.05 94.05 1.56 0.13 0.11 0.43 109.1 94.33 94.33 1.29
208 209 92.529 92.497 1.200 N/A 32.5 0.1 0.013 95.431 95.422 1.09 1.23 1.78 1.44 0.17 1.2 93.90 93.90 1.53 1.69 1.37 0.32 12.1 94.05 94.05 1.38 0.13 0.11 0.60 109.1 94.33 94.32 1.11
209 210 92.417 92.360 1.200 1.800 57.0 0.1 0.013 95.422 95.522 1.23 2.66 3.31 1.24 0.29 2.9 93.90 94.28 1.52 4.12 1.55 0.44 13.6 94.05 93.88 1.37 2.30 0.86 0.71 110.4 94.32 94.27 1.10
210 Pond1 92.360 92.350 1.200 1.800 10.0 0.1 0.013 95.522 100.000 1.23 2.66 3.31 1.24 0.72 2.9 94.28 93.82 1.24 4.12 1.55 0.32 13.6 93.88 93.86 1.64 2.30 0.86 0.71 110.4 94.27 94.26 1.25
301 302 93.943 93.808 0.450 N/A 67.5 0.2 0.013 95.732 95.631 0.80 0.13 0.07 0.55 -0.21 1.1 94.18 94.05 1.55 0.07 0.55 -0.21 12.0 94.18 94.05 1.55 0.01 0.08 -0.13 0.1 94.26 94.26 1.47
302 303 93.733 93.643 0.525 N/A 56.5 0.2 0.013 95.631 95.546 0.79 0.17 0.12 0.70 -0.21 1.1 94.05 93.92 1.58 0.12 0.70 -0.21 12.0 94.05 93.92 1.58 0.01 0.06 0.00 109.1 94.26 94.26 1.37
303 304 93.568 93.546 0.600 N/A 15.5 0.1 0.013 95.546 95.523 0.81 0.23 0.16 0.70 -0.25 1.1 93.92 93.87 1.63 0.16 0.70 -0.25 12.1 93.92 93.86 1.63 0.01 0.04 0.10 108.9 94.26 94.26 1.28
304 305 93.396 93.284 0.750 N/A 101.5 0.1 0.013 95.523 95.370 0.84 0.37 0.30 0.81 -0.28 1.1 93.87 93.82 1.66 0.29 0.79 -0.28 12.1 93.86 93.86 1.66 0.02 0.05 0.12 109.1 94.26 94.26 1.26
305 306 92.984 92.894 1.050 N/A 90.0 0.1 0.013 95.370 95.236 1.00 0.86 0.79 0.91 -0.22 1.2 93.82 93.82 1.55 0.78 0.90 -0.17 12.1 93.86 93.86 1.51 0.06 0.07 0.23 109.1 94.26 94.26 1.11
306 307 92.744 92.688 1.200 N/A 56.0 0.1 0.013 95.236 95.151 1.09 1.23 1.10 0.89 -0.13 1.2 93.82 93.82 1.42 1.07 0.87 -0.09 12.1 93.86 93.86 1.38 0.08 0.06 0.32 109.0 94.26 94.26 0.97
307 308 92.608 92.518 1.200 N/A 90.0 0.1 0.013 95.151 95.197 1.09 1.23 1.10 0.89 0.01 1.2 93.82 93.82 1.33 1.06 0.86 0.05 12.1 93.86 93.86 1.29 0.08 0.06 0.45 109.0 94.26 94.26 0.89
308 309 92.468 92.438 1.200 N/A 30.0 0.1 0.013 95.197 95.197 1.09 1.23 1.10 0.89 0.15 1.2 93.82 93.82 1.38 1.04 0.84 0.19 12.1 93.86 93.86 1.34 0.08 0.06 0.59 109.0 94.26 94.26 0.94
309 Pond1 92.388 92.350 1.200 N/A 38.5 0.1 0.013 95.197 100.000 1.09 1.23 1.10 0.89 0.23 1.2 93.82 93.82 1.38 1.03 0.84 0.27 12.1 93.86 93.86 1.34 0.08 0.06 0.67 109.0 94.26 94.26 0.94
401 402 93.666 93.568 0.450 N/A 49.0 0.2 0.013 95.735 95.668 0.80 0.13 0.06 0.47 -0.22 1.1 93.90 93.82 1.84 0.06 0.47 -0.22 12.0 93.90 93.86 1.84 0.00 0.00 0.15 0.0 94.26 94.26 1.47
402 403 93.493 93.471 0.525 N/A 14.0 0.2 0.013 95.668 95.649 0.79 0.17 0.10 0.58 -0.20 1.1 93.82 93.82 1.85 0.10 0.58 -0.16 12.0 93.86 93.86 1.81 0.01 0.06 0.25 109.0 94.26 94.26 1.41
403 404 93.246 93.102 0.750 N/A 120.0 0.1 0.013 95.649 95.470 0.87 0.39 0.26 0.67 -0.18 1.1 93.82 93.82 1.83 0.26 0.67 -0.14 12.0 93.86 93.86 1.79 0.02 0.05 0.27 109.0 94.26 94.26 1.39
404 405 93.082 92.996 0.750 N/A 72.0 0.1 0.013 95.470 95.362 0.87 0.39 0.32 0.83 -0.01 1.2 93.82 93.82 1.65 0.31 0.80 0.03 12.1 93.86 93.86 1.61 0.02 0.05 0.43 109.0 94.26 94.26 1.21
405 406 92.771 92.705 0.975 N/A 66.0 0.1 0.013 95.362 95.263 0.95 0.71 0.70 0.99 0.07 1.2 93.82 93.82 1.55 0.68 0.96 0.11 12.1 93.86 93.86 1.50 0.05 0.07 0.52 109.0 94.26 94.26 1.10
406 407 92.630 92.552 1.050 N/A 78.0 0.1 0.013 95.263 95.153 1.00 0.86 0.79 0.91 0.14 1.2 93.82 93.82 1.45 0.76 0.88 0.18 12.1 93.86 93.86 1.40 0.06 0.07 0.58 109.0 94.26 94.26 1.00
407 Pond1 92.400 92.350 1.200 N/A 49.5 0.1 0.013 95.153 100.000 1.09 1.23 0.97 0.79 0.22 1.2 93.82 93.82 1.34 0.92 0.75 0.26 12.1 93.86 93.86 1.29 0.07 0.06 0.66 109.0 94.26 94.26 0.89
501 502 93.825 93.727 0.450 N/A 49.0 0.2 0.013 95.799 95.726 0.80 0.13 0.06 0.47 -0.22 1.1 94.06 93.96 1.74 0.06 0.47 -0.22 12.0 94.06 93.95 1.74 0.01 0.08 -0.01 0.1 94.26 94.26 1.54
502 503 93.652 93.630 0.525 N/A 13.5 0.2 0.013 95.726 95.708 0.79 0.17 0.10 0.58 -0.22 1.1 93.96 93.92 1.77 0.10 0.58 -0.23 12.0 93.95 93.92 1.77 0.01 0.06 0.09 0.1 94.26 94.26 1.46
503 504 93.480 93.365 0.675 N/A 96.0 0.1 0.013 95.708 95.566 0.81 0.29 0.23 0.79 -0.23 1.1 93.92 93.82 1.79 0.23 0.79 -0.24 12.0 93.92 93.86 1.79 0.02 0.07 0.11 108.7 94.26 94.27 1.44
504 505 93.140 93.044 0.900 N/A 96.0 0.1 0.013 95.566 95.421 0.90 0.57 0.48 0.84 -0.22 1.2 93.82 93.82 1.75 0.47 0.82 -0.18 12.1 93.86 93.86 1.71 0.04 0.07 0.22 108.9 94.27 94.26 1.30
505 506 92.894 92.770 1.050 N/A 123.5 0.1 0.013 95.421 95.236 1.00 0.86 0.92 1.07 -0.13 1.2 93.82 93.82 1.60 0.90 1.04 -0.09 12.1 93.86 93.86 1.56 0.07 0.08 0.32 109.0 94.26 94.26 1.16
506 507 92.620 92.561 1.200 N/A 59.0 0.1 0.013 95.236 95.153 1.09 1.23 0.99 0.80 0.00 1.2 93.82 93.82 1.42 0.96 0.78 0.04 12.1 93.86 93.86 1.38 0.08 0.06 0.44 109.0 94.26 94.26 0.97
507 508 92.511 92.429 1.200 N/A 82.0 0.1 0.013 95.153 95.224 1.09 1.23 1.22 0.99 0.11 1.2 93.82 93.82 1.34 1.17 0.95 0.15 12.1 93.86 93.86 1.29 0.09 0.07 0.55 109.0 94.26 94.26 0.89
508 Pond1 92.379 92.350 1.200 2.400 28.5 0.1 0.013 95.224 100.000 1.32 3.80 2.51 0.66 0.24 1.2 93.82 93.82 1.41 2.36 0.62 0.28 12.1 93.86 93.86 1.37 0.19 0.05 0.68 109.0 94.26 94.26 0.96
601 602 93.946 93.842 0.450 N/A 52.0 0.2 0.013 95.904 95.828 0.80 0.13 0.06 0.47 -0.22 1.1 94.18 94.05 1.72 0.06 0.47 -0.22 12.0 94.18 94.05 1.72 0.00 0.00 -0.13 0.1 94.26 94.26 1.64
602 603 93.767 93.741 0.525 N/A 16.5 0.2 0.013 95.828 95.804 0.79 0.17 0.11 0.64 -0.24 1.1 94.05 93.99 1.78 0.11 0.64 -0.25 12.0 94.05 93.99 1.78 0.01 0.06 -0.03 109.0 94.26 94.26 1.56
603 604 93.516 93.396 0.750 N/A 120.0 0.1 0.013 95.804 95.625 0.80 0.35 0.28 0.80 -0.27 1.1 93.99 93.84 1.81 0.27 0.77 -0.28 12.1 93.99 93.86 1.82 0.02 0.06 0.00 109.0 94.26 94.26 1.54
604 605 93.171 93.097 0.975 N/A 74.0 0.1 0.013 95.625 95.514 0.95 0.71 0.60 0.85 -0.30 1.2 93.84 93.82 1.78 0.58 0.82 -0.29 12.1 93.86 93.86 1.77 0.04 0.06 0.12 109.0 94.26 94.26 1.36
605 606 93.022 92.954 1.050 N/A 68.0 0.1 0.013 95.514 95.411 1.00 0.86 0.81 0.94 -0.25 1.2 93.82 93.82 1.70 0.79 0.91 -0.21 12.1 93.86 93.86 1.66 0.06 0.07 0.19 109.0 94.26 94.26 1.25
606 607 92.804 92.692 1.200 N/A 112.5 0.1 0.013 95.411 95.249 1.09 1.23 1.04 0.84 -0.19 1.2 93.82 93.82 1.59 1.01 0.82 -0.15 12.1 93.86 93.86 1.55 0.08 0.06 0.26 109.0 94.26 94.26 1.15
607 608 92.612 92.546 1.200 N/A 65.5 0.1 0.013 95.249 95.153 1.09 1.23 1.12 0.91 0.00 1.2 93.82 93.82 1.43 1.08 0.88 0.05 12.1 93.86 93.86 1.39 0.08 0.06 0.45 109.0 94.26 94.26 0.99
608 508 92.466 92.429 1.200 N/A 37.0 0.1 0.013 95.153 95.224 1.09 1.23 1.29 1.05 0.15 1.2 93.82 93.82 1.34 1.23 1.00 0.19 12.1 93.86 93.86 1.29 0.10 0.08 0.60 109.0 94.26 94.26 0.89
701 702 94.662 94.518 0.525 N/A 90.0 0.2 0.013 96.821 96.693 0.79 0.17 0.13 0.76 -0.20 1.1 94.99 94.79 1.83 0.13 0.76 -0.20 12.0 94.99 94.79 1.83 0.01 0.06 -0.44 109.0 94.75 94.49 2.07
702 703 94.368 94.250 0.675 N/A 90.5 0.1 0.013 96.693 96.557 0.85 0.30 0.25 0.82 -0.25 1.2 94.79 93.96 1.90 0.24 0.79 -0.25 12.1 94.79 94.05 1.90 0.02 0.07 -0.56 109.1 94.49 94.33 2.21
703 704 93.425 93.319 1.500 3.000 105.5 0.1 0.013 96.557 96.401 1.53 6.90 1.42 0.21 -0.97 4.6 93.96 93.90 2.60 1.90 0.28 -0.88 15.5 94.05 93.97 2.51 1.63 0.24 -0.59 112.4 94.33 94.32 2.22
704 705 93.269 93.257 1.500 3.000 12.0 0.1 0.013 96.401 96.386 1.53 6.90 1.43 0.21 -0.87 4.6 93.90 93.88 2.51 1.90 0.28 -0.80 15.5 93.97 93.96 2.43 1.63 0.24 -0.45 112.5 94.32 94.31 2.08
705 706 93.207 93.097 1.500 3.000 110.5 0.1 0.013 96.386 96.221 1.53 6.90 1.43 0.21 -0.82 4.6 93.88 93.86 2.50 1.91 0.28 -0.75 15.5 93.96 93.93 2.43 1.64 0.24 -0.39 112.5 94.31 94.31 2.07
706 707 93.077 92.988 1.500 3.000 88.5 0.1 0.013 96.221 96.089 1.53 6.90 1.43 0.21 -0.71 4.6 93.86 93.85 2.36 1.92 0.28 -0.65 15.6 93.93 93.91 2.29 1.65 0.24 -0.27 112.5 94.31 94.30 1.92
707 708 92.968 92.848 1.500 3.000 120.0 0.1 0.013 96.089 95.909 1.53 6.90 1.44 0.21 -0.61 4.7 93.85 93.85 2.24 1.93 0.28 -0.55 15.6 93.91 93.90 2.18 1.67 0.24 -0.17 112.2 94.30 94.30 1.79

100-year, 3-hour Chicago Storm 100-year, 10-day Spring Snowmelt + Rainfall Event100-year, 12-hour SCS Type II Storm



Table 6A: Pipe Data and Hydraulic Simulation Results for Pond 1 (1)

U/S D/S U/S D/S Pipe Pipe Pipe Pipe U/S MH D/S MH Design Design
MH MH Invert Invert Diameter Width Length Slope n Cover Cover Velocity Flow Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard

/ Height Elev. Elev. Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and 
Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover

(m) (m) (m) (m) (m) (%) (m) (m) (m/s) (m3/s) (m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m)

100-year, 3-hour Chicago Storm 100-year, 10-day Spring Snowmelt + Rainfall Event100-year, 12-hour SCS Type II Storm

708 709 92.828 92.768 1.500 3.000 59.5 0.1 0.013 95.909 95.820 1.53 6.90 1.45 0.21 -0.48 4.7 93.85 93.84 2.06 1.94 0.28 -0.43 15.6 93.90 93.90 2.01 1.68 0.24 -0.03 112.2 94.30 94.29 1.61
709 710 92.718 92.693 1.500 3.000 25.0 0.1 0.013 95.820 95.781 1.53 6.90 1.45 0.21 -0.38 4.7 93.84 93.84 1.98 1.94 0.28 -0.32 15.6 93.90 93.89 1.93 1.68 0.24 0.08 112.2 94.29 94.29 1.53
710 712 92.643 92.619 1.500 3.000 23.5 0.1 0.013 95.781 95.754 1.53 6.90 1.45 0.21 -0.31 4.7 93.84 93.83 1.94 1.94 0.28 -0.25 15.6 93.89 93.88 1.89 1.69 0.25 0.15 112.2 94.29 94.29 1.49
711 712 92.622 92.599 1.500 3.000 23.0 0.1 0.013 95.751 95.754 1.53 6.90 2.74 0.40 -0.29 1.2 93.83 93.83 1.92 2.68 0.39 -0.24 12.1 93.88 93.88 1.87 0.21 0.03 0.17 109.3 94.29 94.29 1.46
712 713 92.569 92.431 1.500 3.000 138.5 0.1 0.013 95.754 95.911 1.53 6.90 3.99 0.58 -0.24 1.2 93.83 93.82 1.92 3.99 0.58 -0.19 12.1 93.88 93.86 1.87 1.84 0.27 0.22 112.1 94.29 94.27 1.47
713 Pond1 92.381 92.350 1.500 3.000 31.0 0.1 0.013 95.911 100.000 1.53 6.90 3.98 0.58 -0.06 1.2 93.82 93.82 2.09 3.91 0.57 -0.02 12.1 93.86 93.86 2.05 1.84 0.27 0.38 112.1 94.27 94.26 1.65
801 802 94.412 94.293 0.300 N/A 35.0 0.3 0.013 96.236 96.115 0.80 0.06 0.04 0.71 -0.10 1.1 94.62 94.43 1.62 0.04 0.71 -0.10 12.0 94.62 94.43 1.62 0.00 0.00 -0.25 109.1 94.46 94.29 1.77
802 803 94.068 93.954 0.525 N/A 71.5 0.2 0.013 96.115 96.115 0.79 0.17 0.13 0.76 -0.16 1.1 94.43 94.13 1.68 0.13 0.76 -0.16 12.0 94.43 94.13 1.68 0.01 0.06 -0.31 108.5 94.29 94.29 1.83
803 804 93.654 93.582 0.825 N/A 71.5 0.1 0.013 96.115 96.008 0.85 0.45 0.34 0.75 -0.35 1.1 94.13 94.00 1.99 0.34 0.75 -0.35 12.0 94.13 94.00 1.99 0.03 0.07 -0.19 108.7 94.29 94.29 1.83
804 805 93.432 93.360 0.975 N/A 71.5 0.1 0.013 96.008 95.902 0.95 0.71 0.55 0.78 -0.41 1.1 94.00 93.86 2.01 0.54 0.76 -0.41 12.1 94.00 93.88 2.01 0.04 0.06 -0.12 108.8 94.29 94.29 1.72
805 806 92.835 92.747 1.500 N/A 88.0 0.1 0.013 95.902 95.772 1.26 2.24 2.27 1.02 -0.47 1.1 93.86 93.83 2.04 2.24 1.00 -0.45 12.1 93.88 93.88 2.02 0.17 0.08 -0.05 109.0 94.29 94.29 1.62
806 711 92.667 92.652 1.500 3.000 15.0 0.1 0.013 95.772 95.751 1.53 6.90 2.75 0.40 -0.34 1.1 93.83 93.83 1.94 2.69 0.39 -0.29 12.1 93.88 93.88 1.89 0.21 0.03 0.12 108.9 94.29 94.29 1.49

1500 1501 92.698 92.573 1.200 1.800 124.5 0.1 0.013 95.907 95.721 1.23 2.66 3.26 1.23 0.31 2.9 94.21 94.04 1.70 4.03 1.52 0.71 13.6 94.61 94.32 1.30 2.18 0.82 0.59 110.5 94.49 94.40 1.42
1501 209 92.573 92.467 1.200 1.800 105.5 0.1 0.013 95.721 95.422 1.23 2.66 3.26 1.23 0.27 2.9 94.04 93.90 1.68 4.03 1.52 0.55 13.6 94.32 94.05 1.40 2.18 0.82 0.63 110.5 94.40 94.32 1.32

Pond1 P1out N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 3.96 N/A N/A N/A N/A N/A N/A 5.87 N/A N/A N/A N/A N/A N/A 4.61 N/A N/A N/A N/A N/A N/A
Note: (1) Based on restrictive downstream conditions; Summer = 93.68 m, Spring = 94.11 m.

(2) A negative surcharge implies that the pipe is not flowing full



Table 6A: Pipe Data and Hydraulic Simulation Results for Pond 1 (1)

U/S D/S U/S D/S Pipe Pipe Pipe Pipe U/S MH D/S MH Design Design
MH MH Invert Invert Diameter Width Length Slope n Cover Cover Velocity Flow

/ Height Elev. Elev.

(m) (m) (m) (m) (m) (%) (m) (m) (m/s) (m3/s)
101 102 93.601 93.486 0.450 N/A 57.5 0.2 0.013 95.744 95.659 0.80 0.13
102 103 93.411 93.311 0.525 N/A 62.5 0.2 0.013 95.659 95.566 0.79 0.17
103 104 93.236 93.218 0.600 N/A 12.5 0.1 0.013 95.566 95.549 0.81 0.23
104 105 93.068 92.989 0.750 N/A 79.0 0.1 0.013 95.549 95.431 0.80 0.35
105 106 92.764 92.661 0.975 N/A 68.5 0.2 0.013 95.431 95.329 1.16 0.87
106 107 92.436 92.368 1.200 N/A 68.0 0.1 0.013 95.329 95.300 1.09 1.23
107 Pond1 92.368 92.350 1.200 N/A 18.0 0.1 0.013 95.300 100.000 1.09 1.23
201 202 94.189 94.039 0.375 N/A 60.0 0.3 0.013 96.384 96.294 0.79 0.09
202 203 93.739 93.623 0.675 N/A 97.0 0.1 0.013 96.294 96.149 0.81 0.29
203 204 93.398 93.332 0.900 N/A 66.5 0.1 0.013 96.149 96.050 0.90 0.57
204 205 93.182 93.082 1.050 N/A 100.5 0.1 0.013 96.050 95.899 1.00 0.86
205 206 92.932 92.859 1.200 N/A 72.5 0.1 0.013 95.899 95.791 1.09 1.23
206 207 92.839 92.719 1.200 N/A 120.0 0.1 0.013 95.791 95.611 1.09 1.23
207 208 92.699 92.579 1.200 N/A 120.0 0.1 0.013 95.611 95.431 1.09 1.23
208 209 92.529 92.497 1.200 N/A 32.5 0.1 0.013 95.431 95.422 1.09 1.23
209 210 92.417 92.360 1.200 1.800 57.0 0.1 0.013 95.422 95.522 1.23 2.66
210 Pond1 92.360 92.350 1.200 1.800 10.0 0.1 0.013 95.522 100.000 1.23 2.66
301 302 93.943 93.808 0.450 N/A 67.5 0.2 0.013 95.732 95.631 0.80 0.13
302 303 93.733 93.643 0.525 N/A 56.5 0.2 0.013 95.631 95.546 0.79 0.17
303 304 93.568 93.546 0.600 N/A 15.5 0.1 0.013 95.546 95.523 0.81 0.23
304 305 93.396 93.284 0.750 N/A 101.5 0.1 0.013 95.523 95.370 0.84 0.37
305 306 92.984 92.894 1.050 N/A 90.0 0.1 0.013 95.370 95.236 1.00 0.86
306 307 92.744 92.688 1.200 N/A 56.0 0.1 0.013 95.236 95.151 1.09 1.23
307 308 92.608 92.518 1.200 N/A 90.0 0.1 0.013 95.151 95.197 1.09 1.23
308 309 92.468 92.438 1.200 N/A 30.0 0.1 0.013 95.197 95.197 1.09 1.23
309 Pond1 92.388 92.350 1.200 N/A 38.5 0.1 0.013 95.197 100.000 1.09 1.23
401 402 93.666 93.568 0.450 N/A 49.0 0.2 0.013 95.735 95.668 0.80 0.13
402 403 93.493 93.471 0.525 N/A 14.0 0.2 0.013 95.668 95.649 0.79 0.17
403 404 93.246 93.102 0.750 N/A 120.0 0.1 0.013 95.649 95.470 0.87 0.39
404 405 93.082 92.996 0.750 N/A 72.0 0.1 0.013 95.470 95.362 0.87 0.39
405 406 92.771 92.705 0.975 N/A 66.0 0.1 0.013 95.362 95.263 0.95 0.71
406 407 92.630 92.552 1.050 N/A 78.0 0.1 0.013 95.263 95.153 1.00 0.86
407 Pond1 92.400 92.350 1.200 N/A 49.5 0.1 0.013 95.153 100.000 1.09 1.23
501 502 93.825 93.727 0.450 N/A 49.0 0.2 0.013 95.799 95.726 0.80 0.13
502 503 93.652 93.630 0.525 N/A 13.5 0.2 0.013 95.726 95.708 0.79 0.17
503 504 93.480 93.365 0.675 N/A 96.0 0.1 0.013 95.708 95.566 0.81 0.29
504 505 93.140 93.044 0.900 N/A 96.0 0.1 0.013 95.566 95.421 0.90 0.57
505 506 92.894 92.770 1.050 N/A 123.5 0.1 0.013 95.421 95.236 1.00 0.86
506 507 92.620 92.561 1.200 N/A 59.0 0.1 0.013 95.236 95.153 1.09 1.23
507 508 92.511 92.429 1.200 N/A 82.0 0.1 0.013 95.153 95.224 1.09 1.23
508 Pond1 92.379 92.350 1.200 2.400 28.5 0.1 0.013 95.224 100.000 1.32 3.80
601 602 93.946 93.842 0.450 N/A 52.0 0.2 0.013 95.904 95.828 0.80 0.13
602 603 93.767 93.741 0.525 N/A 16.5 0.2 0.013 95.828 95.804 0.79 0.17
603 604 93.516 93.396 0.750 N/A 120.0 0.1 0.013 95.804 95.625 0.80 0.35
604 605 93.171 93.097 0.975 N/A 74.0 0.1 0.013 95.625 95.514 0.95 0.71
605 606 93.022 92.954 1.050 N/A 68.0 0.1 0.013 95.514 95.411 1.00 0.86
606 607 92.804 92.692 1.200 N/A 112.5 0.1 0.013 95.411 95.249 1.09 1.23
607 608 92.612 92.546 1.200 N/A 65.5 0.1 0.013 95.249 95.153 1.09 1.23
608 508 92.466 92.429 1.200 N/A 37.0 0.1 0.013 95.153 95.224 1.09 1.23
701 702 94.662 94.518 0.525 N/A 90.0 0.2 0.013 96.821 96.693 0.79 0.17
702 703 94.368 94.250 0.675 N/A 90.5 0.1 0.013 96.693 96.557 0.85 0.30
703 704 93.425 93.319 1.500 3.000 105.5 0.1 0.013 96.557 96.401 1.53 6.90
704 705 93.269 93.257 1.500 3.000 12.0 0.1 0.013 96.401 96.386 1.53 6.90
705 706 93.207 93.097 1.500 3.000 110.5 0.1 0.013 96.386 96.221 1.53 6.90
706 707 93.077 92.988 1.500 3.000 88.5 0.1 0.013 96.221 96.089 1.53 6.90
707 708 92.968 92.848 1.500 3.000 120.0 0.1 0.013 96.089 95.909 1.53 6.90

Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard
Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and 
Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover
(m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m)
0.08 0.63 -0.19 1.1 93.86 93.86 1.88 0.08 0.63 -0.16 12.0 93.89 93.89 1.85 0.07 0.55 -0.20 1.7 93.86 93.86 1.89
0.14 0.81 -0.08 1.1 93.86 93.86 1.80 0.14 0.81 -0.04 12.0 93.89 93.89 1.77 0.12 0.70 -0.08 1.7 93.86 93.86 1.80
0.17 0.74 0.02 1.1 93.86 93.86 1.71 0.17 0.74 0.06 12.0 93.89 93.89 1.67 0.16 0.70 0.02 1.7 93.86 93.86 1.71
0.28 0.80 0.04 1.1 93.86 93.86 1.69 0.27 0.77 0.07 12.1 93.89 93.89 1.66 0.26 0.74 0.04 1.7 93.86 93.86 1.69
0.83 0.96 0.12 1.1 93.86 93.86 1.57 0.78 0.90 0.15 12.0 93.89 93.89 1.54 0.71 0.82 0.12 1.7 93.86 93.86 1.58
1.25 1.01 0.22 1.1 93.86 93.86 1.47 1.17 0.95 0.26 12.0 93.89 93.89 1.44 1.05 0.85 0.22 1.7 93.86 93.86 1.47
1.25 1.01 0.29 1.1 93.86 93.86 1.44 1.16 0.94 0.32 12.0 93.89 93.89 1.41 1.04 0.84 0.29 1.7 93.86 93.86 1.44
0.06 0.68 -0.08 1.1 94.49 94.39 1.90 0.06 0.68 -0.07 12.0 94.50 94.42 1.89 0.06 0.68 -0.13 1.7 94.43 94.17 1.95
0.24 0.82 -0.02 1.2 94.39 94.32 1.90 0.22 0.76 0.00 12.1 94.42 94.35 1.88 0.21 0.72 -0.24 1.7 94.17 94.07 2.12
0.46 0.80 0.03 1.3 94.32 94.28 1.83 0.43 0.75 0.06 12.1 94.35 94.32 1.80 0.40 0.70 -0.23 1.7 94.07 94.07 2.08
0.81 0.94 0.05 1.1 94.28 94.20 1.77 0.76 0.88 0.09 12.1 94.32 94.26 1.73 0.70 0.81 -0.16 1.7 94.07 94.07 1.98
1.19 0.97 0.07 1.1 94.20 94.14 1.70 1.11 0.90 0.13 12.1 94.26 94.22 1.64 1.02 0.83 -0.06 1.7 94.07 94.07 1.83
1.76 1.43 0.10 1.1 94.14 94.07 1.65 1.66 1.35 0.18 12.1 94.22 94.22 1.57 1.50 1.22 0.03 1.7 94.07 94.07 1.72
1.93 1.57 0.17 1.2 94.07 94.07 1.54 1.80 1.46 0.32 12.1 94.22 94.22 1.39 1.65 1.34 0.17 1.7 94.07 94.09 1.54
1.97 1.60 0.34 1.2 94.07 94.24 1.36 1.82 1.48 0.49 12.1 94.22 94.22 1.21 1.67 1.35 0.36 1.7 94.09 94.07 1.34
4.37 1.64 0.62 2.9 94.24 94.13 1.19 5.29 1.99 0.60 13.6 94.22 93.94 1.20 4.46 1.68 0.45 3.1 94.07 93.99 1.35
4.37 1.64 0.57 2.9 94.13 93.86 1.39 5.29 1.99 0.38 13.6 93.94 93.89 1.59 4.46 1.68 0.43 3.1 93.99 93.86 1.53
0.07 0.55 -0.20 1.1 94.19 94.07 1.54 0.07 0.55 -0.20 12.0 94.19 94.06 1.54 0.07 0.55 -0.22 1.7 94.18 94.04 1.56
0.12 0.70 -0.19 1.1 94.07 93.95 1.57 0.12 0.70 -0.20 12.0 94.06 93.95 1.57 0.11 0.64 -0.22 1.7 94.04 93.91 1.59
0.17 0.74 -0.22 1.1 93.95 93.90 1.60 0.16 0.70 -0.22 12.1 93.95 93.90 1.60 0.15 0.65 -0.26 1.7 93.91 93.86 1.64
0.33 0.89 -0.24 1.1 93.90 93.86 1.62 0.32 0.87 -0.25 12.1 93.90 93.89 1.62 0.28 0.76 -0.29 1.7 93.86 93.86 1.67
0.89 1.03 -0.18 1.1 93.86 93.86 1.51 0.85 0.98 -0.14 12.1 93.89 93.89 1.48 0.75 0.87 -0.18 1.7 93.86 93.86 1.51
1.24 1.01 -0.09 1.1 93.86 93.86 1.38 1.17 0.95 -0.05 12.1 93.89 93.89 1.34 1.04 0.84 -0.09 1.7 93.86 93.86 1.38
1.24 1.01 0.05 1.1 93.86 93.86 1.29 1.16 0.94 0.08 12.1 93.89 93.89 1.26 1.04 0.84 0.05 1.7 93.86 93.86 1.30
1.24 1.01 0.19 1.1 93.86 93.86 1.34 1.13 0.92 0.22 12.1 93.89 93.89 1.31 1.02 0.83 0.19 1.7 93.86 93.86 1.34
1.24 1.01 0.27 1.1 93.86 93.86 1.34 1.12 0.91 0.30 12.1 93.89 93.89 1.31 1.01 0.82 0.27 1.7 93.86 93.86 1.34
0.07 0.55 -0.21 1.1 93.91 93.86 1.83 0.07 0.55 -0.21 12.0 93.91 93.89 1.83 0.06 0.47 -0.22 1.7 93.89 93.86 1.84
0.11 0.64 -0.16 1.1 93.86 93.86 1.81 0.11 0.64 -0.13 12.0 93.89 93.89 1.78 0.10 0.58 -0.16 1.7 93.86 93.86 1.81
0.29 0.75 -0.14 1.1 93.86 93.86 1.79 0.28 0.73 -0.10 12.0 93.89 93.89 1.76 0.25 0.65 -0.14 1.7 93.86 93.86 1.79
0.35 0.91 0.03 1.2 93.86 93.86 1.61 0.32 0.83 0.06 12.1 93.89 93.89 1.58 0.30 0.78 0.02 1.7 93.86 93.86 1.61
0.78 1.10 0.11 1.1 93.86 93.86 1.50 0.73 1.03 0.15 12.1 93.89 93.89 1.47 0.66 0.93 0.11 1.7 93.86 93.86 1.51
0.89 1.03 0.18 1.2 93.86 93.86 1.41 0.82 0.95 0.21 12.1 93.89 93.89 1.37 0.75 0.87 0.18 1.7 93.86 93.86 1.41
1.09 0.88 0.26 1.2 93.86 93.86 1.30 1.00 0.81 0.29 12.0 93.89 93.89 1.26 0.90 0.73 0.26 1.6 93.86 93.86 1.30
0.07 0.55 -0.20 1.1 94.08 93.99 1.72 0.07 0.55 -0.20 12.0 94.07 93.99 1.73 0.06 0.47 -0.22 1.7 94.05 93.95 1.75
0.11 0.64 -0.19 1.1 93.99 93.96 1.74 0.11 0.64 -0.19 12.0 93.99 93.97 1.73 0.10 0.58 -0.23 1.7 93.95 93.91 1.78
0.25 0.86 -0.19 1.1 93.96 93.86 1.75 0.24 0.82 -0.19 12.0 93.97 93.89 1.74 0.23 0.79 -0.25 1.7 93.91 93.86 1.80
0.53 0.93 -0.18 1.1 93.86 93.86 1.71 0.50 0.87 -0.15 12.1 93.89 93.89 1.67 0.45 0.79 -0.18 1.7 93.86 93.86 1.71
1.03 1.19 -0.09 1.1 93.86 93.86 1.56 0.98 1.13 -0.05 12.1 93.89 93.89 1.53 0.88 1.02 -0.09 1.7 93.86 93.86 1.57
1.11 0.90 0.04 1.2 93.86 93.86 1.38 1.04 0.84 0.07 12.1 93.89 93.89 1.34 0.94 0.76 0.04 1.7 93.86 93.86 1.38
1.37 1.11 0.15 1.2 93.86 93.86 1.30 1.27 1.03 0.18 12.1 93.89 93.89 1.26 1.15 0.93 0.14 1.7 93.86 93.86 1.30
2.81 0.74 0.28 1.2 93.86 93.86 1.37 2.57 0.68 0.31 12.1 93.89 93.89 1.33 2.36 0.62 0.28 1.7 93.86 93.86 1.37
0.07 0.55 -0.20 1.1 94.19 94.08 1.71 0.07 0.55 -0.21 12.0 94.19 94.07 1.72 0.06 0.47 -0.22 1.7 94.18 94.04 1.73
0.12 0.70 -0.21 1.1 94.08 94.04 1.74 0.11 0.64 -0.22 12.0 94.07 94.03 1.76 0.10 0.58 -0.25 1.6 94.04 93.97 1.79
0.30 0.85 -0.22 1.1 94.04 93.91 1.76 0.29 0.82 -0.24 12.0 94.03 93.90 1.77 0.26 0.74 -0.29 1.7 93.97 93.86 1.83
0.67 0.95 -0.23 1.1 93.91 93.86 1.71 0.64 0.90 -0.24 12.1 93.90 93.89 1.72 0.56 0.79 -0.29 1.7 93.86 93.86 1.77
0.91 1.05 -0.21 1.1 93.86 93.86 1.66 0.87 1.01 -0.18 12.1 93.89 93.89 1.62 0.76 0.88 -0.22 1.7 93.86 93.86 1.66
1.17 0.95 -0.15 1.1 93.86 93.86 1.55 1.11 0.90 -0.11 12.1 93.89 93.89 1.52 0.98 0.79 -0.15 1.7 93.86 93.86 1.56
1.26 1.02 0.05 1.1 93.86 93.86 1.39 1.17 0.95 0.08 12.1 93.89 93.89 1.36 1.06 0.86 0.04 1.7 93.86 93.86 1.39
1.46 1.18 0.19 1.1 93.86 93.86 1.30 1.34 1.09 0.23 12.1 93.89 93.89 1.26 1.22 0.99 0.19 1.7 93.86 93.86 1.30
0.14 0.81 -0.17 1.1 95.02 94.82 1.80 0.14 0.81 -0.18 12.0 95.01 94.81 1.81 0.12 0.70 -0.21 1.7 94.98 94.78 1.84
0.28 0.92 -0.22 1.1 94.82 94.04 1.87 0.27 0.89 -0.23 12.0 94.81 94.15 1.88 0.23 0.76 -0.26 1.7 94.78 94.04 1.91
1.89 0.27 -0.88 4.6 94.04 93.97 2.51 2.47 0.36 -0.78 15.5 94.15 94.06 2.41 1.85 0.27 -0.89 4.8 94.04 93.96 2.52
1.89 0.27 -0.80 4.6 93.97 93.95 2.43 2.48 0.36 -0.71 15.5 94.06 94.04 2.34 1.85 0.27 -0.81 4.8 93.96 93.95 2.44
1.90 0.28 -0.75 4.6 93.95 93.93 2.43 2.49 0.36 -0.67 15.5 94.04 94.00 2.35 1.86 0.27 -0.76 4.8 93.95 93.92 2.44
1.90 0.28 -0.65 4.6 93.93 93.91 2.30 2.50 0.36 -0.58 15.5 94.00 93.98 2.22 1.86 0.27 -0.66 4.8 93.92 93.91 2.30
1.91 0.28 -0.56 4.6 93.91 93.90 2.18 2.51 0.36 -0.49 15.5 93.98 93.96 2.11 1.87 0.27 -0.56 4.8 93.91 93.90 2.18

100-year, 12-hour SCS Type II Storm + 20% July 1st, 1979 Historical Event100-year, 3-hour Chicago Storm + 20%



Table 6A: Pipe Data and Hydraulic Simulation Results for Pond 1 (1)

U/S D/S U/S D/S Pipe Pipe Pipe Pipe U/S MH D/S MH Design Design
MH MH Invert Invert Diameter Width Length Slope n Cover Cover Velocity Flow

/ Height Elev. Elev.

(m) (m) (m) (m) (m) (%) (m) (m) (m/s) (m3/s)
708 709 92.828 92.768 1.500 3.000 59.5 0.1 0.013 95.909 95.820 1.53 6.90
709 710 92.718 92.693 1.500 3.000 25.0 0.1 0.013 95.820 95.781 1.53 6.90
710 712 92.643 92.619 1.500 3.000 23.5 0.1 0.013 95.781 95.754 1.53 6.90
711 712 92.622 92.599 1.500 3.000 23.0 0.1 0.013 95.751 95.754 1.53 6.90
712 713 92.569 92.431 1.500 3.000 138.5 0.1 0.013 95.754 95.911 1.53 6.90
713 Pond1 92.381 92.350 1.500 3.000 31.0 0.1 0.013 95.911 100.000 1.53 6.90
801 802 94.412 94.293 0.300 N/A 35.0 0.3 0.013 96.236 96.115 0.80 0.06
802 803 94.068 93.954 0.525 N/A 71.5 0.2 0.013 96.115 96.115 0.79 0.17
803 804 93.654 93.582 0.825 N/A 71.5 0.1 0.013 96.115 96.008 0.85 0.45
804 805 93.432 93.360 0.975 N/A 71.5 0.1 0.013 96.008 95.902 0.95 0.71
805 806 92.835 92.747 1.500 N/A 88.0 0.1 0.013 95.902 95.772 1.26 2.24
806 711 92.667 92.652 1.500 3.000 15.0 0.1 0.013 95.772 95.751 1.53 6.90

1500 1501 92.698 92.573 1.200 1.800 124.5 0.1 0.013 95.907 95.721 1.23 2.66
1501 209 92.573 92.467 1.200 1.800 105.5 0.1 0.013 95.721 95.422 1.23 2.66

Pond1 P1out N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Note: (1) Based on restrictive downstream conditions; Summer = 93.68 m, Spring = 94.11 m.

(2) A negative surcharge implies that the pipe is not flowing full

Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard
Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and 
Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover
(m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m)

100-year, 12-hour SCS Type II Storm + 20% July 1st, 1979 Historical Event100-year, 3-hour Chicago Storm + 20%

1.91 0.28 -0.43 4.6 93.90 93.89 2.01 2.52 0.37 -0.37 15.5 93.96 93.95 1.95 1.88 0.27 -0.43 4.8 93.90 93.89 2.01
1.92 0.28 -0.33 4.6 93.89 93.89 1.93 2.52 0.37 -0.27 15.5 93.95 93.94 1.87 1.88 0.27 -0.33 4.8 93.89 93.88 1.93
1.92 0.28 -0.26 4.6 93.89 93.88 1.90 2.52 0.37 -0.20 15.5 93.94 93.93 1.84 1.88 0.27 -0.26 4.8 93.88 93.88 1.90
3.12 0.45 -0.24 1.1 93.88 93.88 1.87 2.99 0.43 -0.19 12.1 93.93 93.93 1.82 2.59 0.38 -0.25 1.7 93.88 93.88 1.88
4.48 0.65 -0.19 1.2 93.88 93.86 1.88 4.42 0.64 -0.14 12.1 93.93 93.90 1.83 3.88 0.56 -0.19 1.7 93.88 93.86 1.88
4.47 0.65 -0.02 1.2 93.86 93.86 2.05 4.31 0.63 0.02 12.1 93.90 93.89 2.01 3.81 0.55 -0.02 1.7 93.86 93.86 2.05
0.04 0.71 -0.09 1.0 94.63 94.46 1.61 0.04 0.71 -0.09 12.0 94.62 94.45 1.61 0.04 0.71 -0.10 1.7 94.61 94.42 1.63
0.15 0.87 -0.13 1.1 94.46 94.18 1.65 0.14 0.81 -0.14 12.0 94.45 94.17 1.66 0.13 0.76 -0.17 1.7 94.42 94.11 1.69
0.39 0.86 -0.30 1.1 94.18 94.06 1.94 0.37 0.82 -0.31 12.0 94.17 94.06 1.95 0.32 0.70 -0.37 1.7 94.11 93.97 2.00
0.62 0.87 -0.35 1.1 94.06 93.94 1.95 0.60 0.85 -0.35 12.1 94.06 93.95 1.95 0.52 0.73 -0.43 1.7 93.97 93.88 2.04
2.58 1.15 -0.39 1.1 93.94 93.88 1.96 2.49 1.11 -0.38 12.1 93.95 93.93 1.95 2.13 0.95 -0.46 1.7 93.88 93.88 2.03
3.14 0.46 -0.29 1.1 93.88 93.88 1.89 3.01 0.44 -0.24 12.1 93.93 93.93 1.84 2.60 0.38 -0.29 1.7 93.88 93.88 1.90
4.28 1.61 0.80 2.9 94.69 94.37 1.21 5.18 1.95 1.24 13.6 95.14 94.67 0.77 4.40 1.65 1.33 3.1 95.23 94.45 0.68
4.28 1.61 0.60 2.9 94.37 94.24 1.35 5.18 1.95 0.89 13.6 94.67 94.22 1.05 4.40 1.65 0.68 3.1 94.45 94.07 1.27
5.78 N/A N/A N/A N/A N/A N/A 7.57 N/A N/A N/A N/A N/A N/A 5.70 N/A N/A N/A N/A N/A N/A



Table 6B: Pipe Data and Hydraulic Simulation Results for Pond 2
U/S D/S U/S D/S Pipe Pipe Pipe Pipe U/S MH D/S MH Design Design
MH MH Invert Invert Diameter Width Length Slope n Cover Cover Velocity Flow Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard

/ Height Elev. Elev. Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and 
Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover

(m) (m) (m) (m) (m) (%) (m) (m) (m/s) (m3/s) (m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m)
901 902 94.108 94.018 0.750 N/A 90.0 0.1 0.013 96.291 96.268 0.80 0.35 0.24 0.68 -0.31 1.1 94.55 94.45 1.74 0.23 0.65 -0.31 12.0 94.55 94.45 1.75 0.02 0.06 0.17 109.1 95.03 95.03 1.26
902 903 93.998 93.928 0.750 N/A 70.0 0.1 0.013 96.268 96.373 0.80 0.35 0.24 0.68 -0.30 1.2 94.45 94.24 1.82 0.23 0.65 -0.30 12.1 94.45 94.45 1.82 0.02 0.06 0.28 110.0 95.03 95.03 1.24
903 904 93.703 93.631 0.975 N/A 71.5 0.1 0.013 96.373 96.424 0.95 0.71 0.55 0.78 -0.43 1.1 94.24 94.24 2.13 0.54 0.76 -0.23 12.1 94.45 94.45 1.92 0.04 0.06 0.35 109.1 95.03 95.03 1.35
904 905 93.406 93.363 1.200 2.400 43.0 0.1 0.013 96.424 96.359 1.32 3.80 1.39 0.37 -0.36 1.1 94.24 94.24 2.18 1.36 0.36 -0.16 12.0 94.45 94.45 1.98 0.11 0.03 0.42 109.1 95.03 95.03 1.40
905 906 93.343 93.268 1.200 2.400 74.5 0.1 0.013 96.359 96.252 1.32 3.80 1.78 0.47 -0.30 1.1 94.24 94.24 2.12 1.72 0.45 -0.09 12.0 94.45 94.45 1.91 0.13 0.03 0.48 109.0 95.03 95.03 1.33
906 Pond2 93.248 93.200 1.200 2.400 47.5 0.1 0.013 96.252 100.000 1.32 3.80 2.33 0.61 -0.21 1.1 94.24 94.24 2.01 2.26 0.59 0.00 12.0 94.45 94.45 1.80 0.18 0.05 0.58 109.1 95.03 95.03 1.23

1001 1002 94.369 94.236 0.900 N/A 88.5 0.2 0.013 97.040 96.907 1.10 0.70 0.47 0.67 -0.31 1.2 94.96 94.87 2.08 0.46 0.66 -0.32 12.0 94.95 94.86 2.09 0.03 0.04 -0.24 109.1 95.03 95.03 2.01
1002 1003 94.216 94.109 0.900 N/A 82.5 0.1 0.013 96.907 96.783 1.03 0.65 0.47 0.72 -0.24 1.2 94.87 94.73 2.04 0.45 0.69 -0.26 12.1 94.86 94.73 2.05 0.03 0.05 -0.08 109.1 95.03 95.03 1.87
1003 1004 94.029 93.959 0.900 N/A 70.0 0.1 0.013 96.783 96.678 0.90 0.57 0.47 0.82 -0.20 1.2 94.73 94.68 2.05 0.45 0.79 -0.20 12.1 94.73 94.68 2.06 0.03 0.05 0.10 111.1 95.03 95.03 1.75
1004 1005 93.939 93.867 0.900 N/A 71.5 0.1 0.013 96.678 96.571 0.90 0.57 0.47 0.82 -0.16 1.2 94.68 94.64 1.99 0.46 0.80 -0.16 12.2 94.68 94.64 1.99 0.03 0.05 0.19 111.1 95.03 95.03 1.65
1005 1006 93.717 93.642 1.050 N/A 74.5 0.1 0.013 96.571 96.462 1.00 0.86 0.77 0.89 -0.13 1.2 94.64 94.51 1.94 0.73 0.85 -0.12 12.1 94.64 94.54 1.93 0.05 0.06 0.27 110.0 95.03 95.03 1.54
1006 1007 93.492 93.417 1.200 N/A 75.0 0.1 0.013 96.462 96.352 1.09 1.23 1.27 1.03 -0.18 1.2 94.51 94.44 1.95 1.21 0.98 -0.15 12.1 94.54 94.49 1.92 0.09 0.07 0.34 109.2 95.03 95.03 1.43
1007 1008 93.397 93.325 1.200 N/A 72.0 0.1 0.013 96.352 96.261 1.09 1.23 1.63 1.32 -0.16 1.2 94.44 94.31 1.92 1.57 1.27 -0.11 12.1 94.49 94.46 1.87 0.12 0.10 0.43 109.1 95.03 95.03 1.32
1008 1009 93.275 93.236 1.200 N/A 74.5 0.1 0.013 96.261 96.169 1.09 1.23 1.63 1.32 -0.17 1.2 94.31 94.25 1.95 1.55 1.26 -0.02 12.1 94.46 94.46 1.80 0.12 0.10 0.56 109.1 95.03 95.03 1.23
1009 Pond2 93.236 93.236 1.200 2.400 36.0 0.1 0.013 96.169 100.000 1.32 3.80 1.63 0.43 -0.19 3.4 94.25 94.24 1.92 2.09 0.55 0.02 14.1 94.46 94.45 1.71 1.40 0.37 0.60 110.9 95.03 95.03 1.14
1100 1101 95.539 95.461 0.750 N/A 52.0 0.2 0.013 97.755 97.679 0.98 0.43 0.30 0.70 -0.23 1.1 96.06 95.98 1.70 0.29 0.67 -0.25 12.0 96.04 95.97 1.72 0.02 0.05 -0.63 109.0 95.66 95.51 2.09
1101 1102 95.386 95.372 0.825 N/A 14.0 0.1 0.013 97.679 97.661 0.85 0.45 0.30 0.66 -0.23 1.1 95.98 95.97 1.70 0.29 0.64 -0.25 12.0 95.97 95.95 1.71 0.02 0.04 -0.70 109.0 95.51 95.48 2.17
1102 1103 95.352 95.290 0.825 N/A 61.5 0.1 0.013 97.661 97.569 0.85 0.45 0.30 0.66 -0.21 1.2 95.97 95.94 1.70 0.29 0.64 -0.23 12.1 95.95 95.92 1.71 0.02 0.04 -0.70 109.1 95.48 95.38 2.18
1103 1104 95.215 95.107 0.900 N/A 107.5 0.1 0.013 97.569 97.408 0.90 0.57 0.48 0.84 -0.18 1.2 95.94 95.80 1.63 0.46 0.80 -0.20 12.1 95.92 95.78 1.65 0.04 0.07 -0.74 109.1 95.38 95.21 2.19
1104 1105 95.032 94.968 0.975 N/A 64.0 0.1 0.013 97.408 97.313 0.95 0.71 0.66 0.93 -0.21 1.2 95.80 95.71 1.61 0.64 0.90 -0.23 12.1 95.78 95.70 1.63 0.05 0.07 -0.80 109.1 95.21 95.12 2.20
1105 1106 94.948 94.934 0.975 N/A 13.5 0.1 0.013 97.313 97.295 0.95 0.71 0.66 0.93 -0.21 1.2 95.71 95.68 1.60 0.64 0.90 -0.23 12.1 95.70 95.66 1.62 0.05 0.07 -0.81 109.1 95.12 95.10 2.20
1106 1107 94.914 94.881 0.975 N/A 33.0 0.1 0.013 97.295 97.246 0.95 0.71 0.66 0.93 -0.21 1.2 95.68 95.62 1.62 0.64 0.90 -0.23 12.1 95.66 95.60 1.64 0.05 0.07 -0.79 109.1 95.10 95.08 2.20
1107 1108 94.861 94.853 0.975 N/A 7.5 0.1 0.013 97.246 97.234 0.95 0.71 0.66 0.93 -0.22 1.2 95.62 95.59 1.63 0.64 0.90 -0.23 12.1 95.60 95.57 1.64 0.05 0.07 -0.76 111.3 95.08 95.08 2.17
1108 1109 94.833 94.809 0.975 N/A 24.5 0.1 0.013 97.234 97.198 0.95 0.71 0.66 0.93 -0.22 1.2 95.59 95.54 1.65 0.64 0.90 -0.24 12.1 95.57 95.52 1.66 0.06 0.08 -0.73 111.3 95.08 95.07 2.16
1109 1110 94.789 94.775 0.975 N/A 13.5 0.1 0.013 97.198 97.180 0.95 0.71 0.66 0.93 -0.23 1.2 95.54 95.50 1.66 0.64 0.90 -0.24 12.1 95.52 95.48 1.68 0.07 0.10 -0.69 111.3 95.07 95.07 2.13
1110 1111 94.695 94.661 0.975 N/A 34.0 0.1 0.013 97.180 97.128 0.95 0.71 0.66 0.93 -0.17 1.2 95.50 95.38 1.69 0.64 0.90 -0.19 12.2 95.48 95.37 1.70 0.08 0.11 -0.60 111.3 95.07 95.06 2.11
1111 1112 94.549 94.481 1.200 N/A 68.5 0.1 0.013 97.128 97.025 1.09 1.23 1.21 0.98 -0.37 1.2 95.38 95.20 1.75 1.18 0.96 -0.38 12.1 95.37 95.19 1.76 0.16 0.13 -0.69 111.3 95.06 95.06 2.06
1112 1113 94.431 94.417 1.200 N/A 13.5 0.1 0.013 97.025 97.005 1.09 1.23 1.33 1.08 -0.44 1.2 95.20 95.03 1.83 1.29 1.05 -0.45 12.1 95.19 95.02 1.84 0.18 0.15 -0.57 111.3 95.06 95.06 1.96
1113 1114 94.367 94.312 1.200 2.400 55.0 0.1 0.013 97.005 96.925 1.32 3.80 1.46 0.38 -0.54 1.2 95.03 94.99 1.98 1.42 0.37 -0.55 12.1 95.02 94.98 1.99 0.25 0.07 -0.51 111.3 95.06 95.06 1.94
1114 1115 94.262 94.248 1.200 2.400 14.0 0.1 0.013 96.925 96.906 1.32 3.80 1.45 0.38 -0.48 1.2 94.99 94.97 1.94 1.41 0.37 -0.48 12.1 94.98 94.96 1.94 0.29 0.08 -0.40 111.3 95.06 95.06 1.87
1115 1116 94.168 94.081 1.200 2.400 86.5 0.1 0.013 96.906 96.779 1.32 3.80 1.44 0.38 -0.40 1.2 94.97 94.91 1.94 1.41 0.37 -0.40 12.2 94.96 94.91 1.94 0.37 0.10 -0.31 111.3 95.06 95.06 1.85
1116 1117 94.001 93.933 1.200 2.400 68.0 0.1 0.013 96.779 96.677 1.32 3.80 2.49 0.65 -0.29 1.2 94.91 94.88 1.87 2.42 0.64 -0.29 12.2 94.91 94.88 1.87 0.57 0.15 -0.15 111.2 95.06 95.06 1.72
1117 1119 93.913 93.842 1.200 2.400 71.0 0.1 0.013 96.677 96.564 1.32 3.80 2.49 0.65 -0.23 1.2 94.88 94.76 1.80 2.42 0.64 -0.23 12.2 94.88 94.77 1.80 0.75 0.20 -0.05 111.3 95.06 95.09 1.62
1119 1120 93.762 93.680 1.200 2.400 82.0 0.1 0.013 96.564 96.442 1.32 3.80 3.51 0.92 -0.20 1.2 94.76 94.64 1.80 3.43 0.90 -0.19 12.2 94.77 94.66 1.79 0.69 0.18 0.13 111.3 95.09 95.16 1.47
1120 1121 93.600 93.586 1.200 2.400 13.5 0.1 0.013 96.442 96.424 1.32 3.80 3.65 0.96 -0.16 1.2 94.64 94.58 1.80 3.56 0.94 -0.14 12.2 94.66 94.61 1.78 0.71 0.19 0.36 110.8 95.16 95.17 1.28
1121 1122 93.536 93.472 1.200 2.400 64.5 0.1 0.013 96.424 96.328 1.32 3.80 3.65 0.96 -0.16 1.2 94.58 94.30 1.85 3.55 0.93 -0.13 12.2 94.61 94.45 1.82 0.60 0.16 0.44 111.3 95.17 95.15 1.25
1122 1123 93.392 93.320 1.200 2.400 71.5 0.1 0.013 96.328 96.279 1.32 3.80 4.22 1.11 -0.30 1.2 94.30 94.24 2.03 4.10 1.08 -0.14 12.2 94.45 94.45 1.88 0.63 0.17 0.55 111.3 95.15 95.11 1.18
1123 1124 93.300 93.232 1.200 2.400 68.0 0.1 0.013 96.279 96.224 1.32 3.80 4.19 1.10 -0.26 1.2 94.24 94.24 2.04 4.06 1.07 -0.05 12.2 94.45 94.45 1.83 0.64 0.17 0.61 111.3 95.11 95.05 1.17
1124 Pond2 93.232 93.200 1.200 2.400 32.0 0.1 0.013 96.224 100.000 1.32 3.80 4.16 1.09 -0.19 1.2 94.24 94.24 1.98 4.02 1.06 0.02 12.2 94.45 94.45 1.78 0.65 0.17 0.62 111.3 95.05 95.03 1.18
1201 1202 95.097 95.015 0.825 N/A 55.0 0.2 0.013 97.368 97.287 1.04 0.56 0.36 0.65 -0.34 1.1 95.58 95.45 1.79 0.35 0.63 -0.35 12.0 95.57 95.44 1.79 0.03 0.05 -0.69 109.1 95.23 95.10 2.14
1202 1203 94.965 94.951 0.825 N/A 13.5 0.1 0.013 97.287 97.269 0.85 0.45 0.36 0.79 -0.34 1.1 95.45 95.39 1.84 0.35 0.77 -0.35 12.0 95.44 95.38 1.85 0.03 0.07 -0.70 109.1 95.10 95.08 2.19
1203 1204 94.901 94.803 0.825 N/A 98.0 0.1 0.013 97.269 97.123 0.85 0.45 0.36 0.79 -0.34 1.1 95.39 95.17 1.88 0.35 0.77 -0.35 12.1 95.38 95.16 1.89 0.03 0.07 -0.65 111.3 95.08 95.07 2.19
1204 1205 94.428 94.360 1.200 N/A 68.5 0.1 0.013 97.123 97.021 1.09 1.23 0.82 0.67 -0.45 1.1 95.17 95.12 1.95 0.80 0.65 -0.47 12.0 95.16 95.11 1.96 0.13 0.11 -0.56 110.7 95.07 95.06 2.06
1205 1206 94.340 94.276 1.200 N/A 64.5 0.1 0.013 97.021 96.925 1.09 1.23 0.80 0.65 -0.42 1.1 95.12 95.05 1.90 0.78 0.63 -0.43 12.1 95.11 95.04 1.91 0.16 0.13 -0.48 110.7 95.06 95.06 1.96
1206 1207 94.226 94.212 1.200 N/A 14.0 0.1 0.013 96.925 96.906 1.09 1.23 0.80 0.65 -0.38 1.2 95.05 95.02 1.88 0.77 0.62 -0.39 12.1 95.04 95.01 1.88 0.15 0.12 -0.36 110.7 95.06 95.06 1.86
1207 1116 94.162 94.081 1.200 N/A 81.0 0.1 0.013 96.906 96.779 1.09 1.23 0.79 0.64 -0.34 1.2 95.02 94.91 1.89 0.77 0.62 -0.35 12.2 95.01 94.91 1.89 0.16 0.13 -0.30 111.3 95.06 95.06 1.84
1600 1601 94.197 94.025 1.200 N/A 107.5 0.2 0.013 97.015 96.875 1.38 1.56 1.60 1.03 -0.12 3.4 95.27 95.11 1.74 2.01 1.29 0.73 14.1 96.13 95.84 0.89 1.30 0.83 0.33 110.9 95.73 95.61 1.29
1601 1602 94.025 93.873 1.200 N/A 95.0 0.2 0.013 96.875 96.627 1.38 1.56 1.60 1.03 -0.11 3.4 95.11 94.97 1.76 2.01 1.29 0.61 14.1 95.84 95.58 1.04 1.30 0.83 0.38 110.9 95.61 95.50 1.27
1602 1603 93.873 93.721 1.200 N/A 95.0 0.2 0.013 96.627 96.665 1.38 1.56 1.60 1.03 -0.10 3.4 94.97 94.83 1.66 2.01 1.29 0.51 14.1 95.58 95.33 1.04 1.30 0.83 0.43 110.9 95.50 95.40 1.12
1603 1604 93.721 93.569 1.200 N/A 95.0 0.2 0.013 96.665 96.891 1.38 1.56 1.60 1.03 -0.09 3.4 94.83 94.69 1.83 2.01 1.29 0.41 14.1 95.33 95.07 1.34 1.30 0.83 0.48 110.9 95.40 95.29 1.27
1604 1605 93.569 93.431 1.200 N/A 86.5 0.2 0.013 96.891 96.699 1.38 1.56 1.60 1.03 -0.08 3.4 94.69 94.37 2.20 2.01 1.29 0.30 14.1 95.07 94.65 1.82 1.30 0.83 0.52 111.3 95.29 95.12 1.60
1605 1009 93.351 93.236 1.200 N/A 72.0 0.2 0.013 96.699 96.169 1.38 1.56 1.60 1.03 -0.18 3.4 94.37 94.25 2.33 2.02 1.30 0.10 14.1 94.65 94.46 2.05 1.30 0.83 0.57 111.0 95.12 95.03 1.58

Pond2 P2out N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.72 N/A N/A N/A N/A N/A N/A 2.20 N/A N/A N/A N/A N/A N/A 1.59 N/A N/A N/A N/A N/A N/A
Note: (1) Based on restrictive downstream conditions; Spring = 94.11 m. All other results based on free outfall conditions.

(2) A negative surcharge implies that the pipe is not flowing full
-0.50 Freeboard less than 0.5 m.

100-year, 3-hour Chicago Storm 100-year, 10-day Spring Snowmelt + Rainfall Event (1)100-year, 12-hour SCS Type II Storm



Table 6B: Pipe Data and Hydraulic Simulation Results for Pond 2
U/S D/S U/S D/S Pipe Pipe Pipe Pipe U/S MH D/S MH Design Design
MH MH Invert Invert Diameter Width Length Slope n Cover Cover Velocity Flow

/ Height Elev. Elev.

(m) (m) (m) (m) (m) (%) (m) (m) (m/s) (m3/s)
901 902 94.108 94.018 0.750 N/A 90.0 0.1 0.013 96.291 96.268 0.80 0.35
902 903 93.998 93.928 0.750 N/A 70.0 0.1 0.013 96.268 96.373 0.80 0.35
903 904 93.703 93.631 0.975 N/A 71.5 0.1 0.013 96.373 96.424 0.95 0.71
904 905 93.406 93.363 1.200 2.400 43.0 0.1 0.013 96.424 96.359 1.32 3.80
905 906 93.343 93.268 1.200 2.400 74.5 0.1 0.013 96.359 96.252 1.32 3.80
906 Pond2 93.248 93.200 1.200 2.400 47.5 0.1 0.013 96.252 100.000 1.32 3.80

1001 1002 94.369 94.236 0.900 N/A 88.5 0.2 0.013 97.040 96.907 1.10 0.70
1002 1003 94.216 94.109 0.900 N/A 82.5 0.1 0.013 96.907 96.783 1.03 0.65
1003 1004 94.029 93.959 0.900 N/A 70.0 0.1 0.013 96.783 96.678 0.90 0.57
1004 1005 93.939 93.867 0.900 N/A 71.5 0.1 0.013 96.678 96.571 0.90 0.57
1005 1006 93.717 93.642 1.050 N/A 74.5 0.1 0.013 96.571 96.462 1.00 0.86
1006 1007 93.492 93.417 1.200 N/A 75.0 0.1 0.013 96.462 96.352 1.09 1.23
1007 1008 93.397 93.325 1.200 N/A 72.0 0.1 0.013 96.352 96.261 1.09 1.23
1008 1009 93.275 93.236 1.200 N/A 74.5 0.1 0.013 96.261 96.169 1.09 1.23
1009 Pond2 93.236 93.236 1.200 2.400 36.0 0.1 0.013 96.169 100.000 1.32 3.80
1100 1101 95.539 95.461 0.750 N/A 52.0 0.2 0.013 97.755 97.679 0.98 0.43
1101 1102 95.386 95.372 0.825 N/A 14.0 0.1 0.013 97.679 97.661 0.85 0.45
1102 1103 95.352 95.290 0.825 N/A 61.5 0.1 0.013 97.661 97.569 0.85 0.45
1103 1104 95.215 95.107 0.900 N/A 107.5 0.1 0.013 97.569 97.408 0.90 0.57
1104 1105 95.032 94.968 0.975 N/A 64.0 0.1 0.013 97.408 97.313 0.95 0.71
1105 1106 94.948 94.934 0.975 N/A 13.5 0.1 0.013 97.313 97.295 0.95 0.71
1106 1107 94.914 94.881 0.975 N/A 33.0 0.1 0.013 97.295 97.246 0.95 0.71
1107 1108 94.861 94.853 0.975 N/A 7.5 0.1 0.013 97.246 97.234 0.95 0.71
1108 1109 94.833 94.809 0.975 N/A 24.5 0.1 0.013 97.234 97.198 0.95 0.71
1109 1110 94.789 94.775 0.975 N/A 13.5 0.1 0.013 97.198 97.180 0.95 0.71
1110 1111 94.695 94.661 0.975 N/A 34.0 0.1 0.013 97.180 97.128 0.95 0.71
1111 1112 94.549 94.481 1.200 N/A 68.5 0.1 0.013 97.128 97.025 1.09 1.23
1112 1113 94.431 94.417 1.200 N/A 13.5 0.1 0.013 97.025 97.005 1.09 1.23
1113 1114 94.367 94.312 1.200 2.400 55.0 0.1 0.013 97.005 96.925 1.32 3.80
1114 1115 94.262 94.248 1.200 2.400 14.0 0.1 0.013 96.925 96.906 1.32 3.80
1115 1116 94.168 94.081 1.200 2.400 86.5 0.1 0.013 96.906 96.779 1.32 3.80
1116 1117 94.001 93.933 1.200 2.400 68.0 0.1 0.013 96.779 96.677 1.32 3.80
1117 1119 93.913 93.842 1.200 2.400 71.0 0.1 0.013 96.677 96.564 1.32 3.80
1119 1120 93.762 93.680 1.200 2.400 82.0 0.1 0.013 96.564 96.442 1.32 3.80
1120 1121 93.600 93.586 1.200 2.400 13.5 0.1 0.013 96.442 96.424 1.32 3.80
1121 1122 93.536 93.472 1.200 2.400 64.5 0.1 0.013 96.424 96.328 1.32 3.80
1122 1123 93.392 93.320 1.200 2.400 71.5 0.1 0.013 96.328 96.279 1.32 3.80
1123 1124 93.300 93.232 1.200 2.400 68.0 0.1 0.013 96.279 96.224 1.32 3.80
1124 Pond2 93.232 93.200 1.200 2.400 32.0 0.1 0.013 96.224 100.000 1.32 3.80
1201 1202 95.097 95.015 0.825 N/A 55.0 0.2 0.013 97.368 97.287 1.04 0.56
1202 1203 94.965 94.951 0.825 N/A 13.5 0.1 0.013 97.287 97.269 0.85 0.45
1203 1204 94.901 94.803 0.825 N/A 98.0 0.1 0.013 97.269 97.123 0.85 0.45
1204 1205 94.428 94.360 1.200 N/A 68.5 0.1 0.013 97.123 97.021 1.09 1.23
1205 1206 94.340 94.276 1.200 N/A 64.5 0.1 0.013 97.021 96.925 1.09 1.23
1206 1207 94.226 94.212 1.200 N/A 14.0 0.1 0.013 96.925 96.906 1.09 1.23
1207 1116 94.162 94.081 1.200 N/A 81.0 0.1 0.013 96.906 96.779 1.09 1.23
1600 1601 94.197 94.025 1.200 N/A 107.5 0.2 0.013 97.015 96.875 1.38 1.56
1601 1602 94.025 93.873 1.200 N/A 95.0 0.2 0.013 96.875 96.627 1.38 1.56
1602 1603 93.873 93.721 1.200 N/A 95.0 0.2 0.013 96.627 96.665 1.38 1.56
1603 1604 93.721 93.569 1.200 N/A 95.0 0.2 0.013 96.665 96.891 1.38 1.56
1604 1605 93.569 93.431 1.200 N/A 86.5 0.2 0.013 96.891 96.699 1.38 1.56
1605 1009 93.351 93.236 1.200 N/A 72.0 0.2 0.013 96.699 96.169 1.38 1.56

Pond2 P2out N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Note: (1) Based on restrictive downstream conditions; Spring = 94.11 m. All other results based on free outfall conditions.

(2) A negative surcharge implies that the pipe is not flowing full
-0.50 Freeboard less than 0.5 m.

Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard Peak Peak / Surcharge Time Max. Max. Freeboard
Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and Pipe Design U/S to U/S D/S U/S HGL and 
Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover Flow Flow (2) Peak HGL HGL MH Cover
(m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m) (m3/s) (m) (h) (m) (m) (m)
0.27 0.77 -0.27 1.1 94.59 94.48 1.70 0.26 0.74 -0.16 12.0 94.70 94.70 1.59 0.22 0.62 -0.33 1.7 94.53 94.47 1.76
0.27 0.77 -0.27 1.1 94.48 94.45 1.79 0.26 0.74 -0.05 12.1 94.70 94.70 1.57 0.22 0.62 -0.28 1.7 94.47 94.47 1.80
0.63 0.89 -0.22 1.1 94.45 94.45 1.92 0.59 0.83 0.02 12.1 94.70 94.70 1.68 0.52 0.73 -0.21 1.7 94.47 94.47 1.90
1.52 0.40 -0.15 1.1 94.45 94.45 1.97 1.45 0.38 0.09 12.0 94.70 94.70 1.73 1.32 0.35 -0.14 1.7 94.47 94.47 1.95
1.93 0.51 -0.09 1.1 94.45 94.45 1.91 1.82 0.48 0.16 12.0 94.70 94.70 1.66 1.66 0.44 -0.07 1.7 94.47 94.47 1.89
2.56 0.67 0.01 1.1 94.45 94.45 1.80 2.41 0.63 0.25 12.0 94.70 94.70 1.55 2.17 0.57 0.02 1.7 94.47 94.47 1.78
0.53 0.76 -0.20 1.1 95.07 95.00 1.97 0.52 0.74 -0.22 12.0 95.05 95.00 1.99 0.45 0.64 -0.33 1.7 94.94 94.85 2.10
0.52 0.80 -0.12 1.2 95.00 94.88 1.91 0.50 0.77 -0.12 12.1 95.00 94.91 1.91 0.44 0.67 -0.27 1.7 94.85 94.71 2.06
0.53 0.93 -0.05 1.2 94.88 94.83 1.91 0.48 0.84 -0.02 12.1 94.91 94.86 1.88 0.44 0.77 -0.22 1.7 94.71 94.66 2.08
0.54 0.94 -0.01 1.2 94.83 94.77 1.85 0.47 0.82 0.03 12.1 94.86 94.82 1.81 0.44 0.77 -0.18 1.8 94.66 94.62 2.02
0.87 1.01 0.00 1.2 94.77 94.62 1.81 0.80 0.93 0.05 12.1 94.82 94.74 1.75 0.72 0.83 -0.15 1.7 94.62 94.51 1.95
1.43 1.16 -0.07 1.2 94.62 94.53 1.84 1.34 1.09 0.05 12.1 94.74 94.71 1.72 1.19 0.97 -0.18 1.7 94.51 94.48 1.95
1.81 1.47 -0.06 1.2 94.53 94.47 1.82 1.71 1.39 0.12 12.1 94.71 94.71 1.64 1.54 1.25 -0.12 1.7 94.48 94.48 1.87
1.81 1.47 -0.01 1.2 94.47 94.47 1.80 1.69 1.37 0.24 12.1 94.71 94.71 1.55 1.53 1.24 0.01 1.7 94.48 94.48 1.78
2.15 0.57 0.03 3.1 94.47 94.45 1.70 2.68 0.70 0.28 14.0 94.71 94.70 1.46 2.15 0.57 0.05 3.5 94.48 94.47 1.69
0.34 0.79 -0.15 1.1 96.14 96.08 1.62 0.33 0.77 -0.19 12.0 96.10 96.04 1.65 0.28 0.65 -0.26 1.7 96.03 95.95 1.73
0.34 0.75 -0.14 1.1 96.08 96.06 1.60 0.32 0.70 -0.17 12.0 96.04 96.02 1.64 0.28 0.62 -0.26 1.7 95.95 95.93 1.73
0.34 0.75 -0.12 1.1 96.06 96.03 1.60 0.32 0.70 -0.16 12.1 96.02 95.99 1.64 0.28 0.62 -0.25 1.7 95.93 95.90 1.73
0.54 0.94 -0.09 1.2 96.03 95.89 1.54 0.51 0.89 -0.13 12.1 95.99 95.85 1.58 0.45 0.79 -0.22 1.7 95.90 95.76 1.67
0.74 1.04 -0.12 1.2 95.89 95.80 1.52 0.71 1.00 -0.16 12.1 95.85 95.77 1.56 0.61 0.86 -0.25 1.7 95.76 95.68 1.65
0.74 1.04 -0.12 1.2 95.80 95.76 1.52 0.71 1.00 -0.16 12.1 95.77 95.73 1.55 0.61 0.86 -0.25 1.7 95.68 95.64 1.64
0.74 1.04 -0.13 1.2 95.76 95.70 1.54 0.71 1.00 -0.16 12.1 95.73 95.67 1.57 0.61 0.86 -0.25 1.7 95.64 95.59 1.66
0.74 1.04 -0.14 1.2 95.70 95.67 1.55 0.71 1.00 -0.17 12.1 95.67 95.63 1.58 0.61 0.86 -0.25 1.7 95.59 95.55 1.66
0.74 1.04 -0.14 1.2 95.67 95.61 1.57 0.71 1.00 -0.17 12.1 95.63 95.58 1.60 0.61 0.86 -0.26 1.7 95.55 95.50 1.68
0.74 1.04 -0.15 1.2 95.61 95.57 1.58 0.71 1.00 -0.18 12.1 95.58 95.54 1.61 0.61 0.86 -0.26 1.7 95.50 95.46 1.69
0.74 1.04 -0.10 1.2 95.57 95.45 1.61 0.71 1.00 -0.13 12.1 95.54 95.42 1.64 0.62 0.87 -0.21 1.7 95.46 95.35 1.72
1.37 1.11 -0.30 1.2 95.45 95.26 1.68 1.30 1.05 -0.33 12.1 95.42 95.24 1.71 1.15 0.93 -0.40 1.7 95.35 95.17 1.77
1.50 1.22 -0.37 1.2 95.26 95.11 1.77 1.43 1.16 -0.39 12.1 95.24 95.10 1.79 1.26 1.02 -0.46 1.7 95.17 95.00 1.85
1.64 0.43 -0.45 1.2 95.11 95.08 1.89 1.57 0.41 -0.47 12.1 95.10 95.07 1.91 1.38 0.36 -0.57 1.7 95.00 94.96 2.00
1.63 0.43 -0.38 1.2 95.08 95.06 1.85 1.56 0.41 -0.40 12.1 95.07 95.05 1.86 1.37 0.36 -0.50 1.7 94.96 94.95 1.96
1.62 0.43 -0.31 1.2 95.06 95.01 1.85 1.55 0.41 -0.32 12.1 95.05 95.00 1.86 1.37 0.36 -0.42 1.7 94.95 94.89 1.96
2.79 0.73 -0.20 1.2 95.01 94.98 1.77 2.66 0.70 -0.20 12.1 95.00 94.97 1.78 2.37 0.62 -0.31 1.7 94.89 94.86 1.89
2.79 0.73 -0.14 1.2 94.98 94.85 1.70 2.65 0.70 -0.14 12.2 94.97 94.86 1.71 2.37 0.62 -0.25 1.8 94.86 94.75 1.82
3.89 1.02 -0.11 1.2 94.85 94.73 1.71 3.72 0.98 -0.10 12.1 94.86 94.79 1.70 3.36 0.88 -0.22 1.7 94.75 94.64 1.82
4.05 1.06 -0.07 1.2 94.73 94.66 1.71 3.87 1.02 -0.01 12.1 94.79 94.75 1.65 3.49 0.92 -0.16 1.7 94.64 94.58 1.80
4.05 1.06 -0.07 1.2 94.66 94.45 1.76 3.85 1.01 0.01 12.1 94.75 94.70 1.68 3.48 0.92 -0.16 1.7 94.58 94.47 1.84
4.69 1.23 -0.14 1.2 94.45 94.45 1.87 4.46 1.17 0.11 12.1 94.70 94.70 1.63 4.03 1.06 -0.12 1.7 94.47 94.47 1.86
4.65 1.22 -0.05 1.2 94.45 94.45 1.83 4.41 1.16 0.20 12.1 94.70 94.70 1.58 4.00 1.05 -0.03 1.7 94.47 94.47 1.81
4.61 1.21 0.02 1.2 94.45 94.45 1.77 4.36 1.15 0.27 12.1 94.70 94.70 1.53 3.96 1.04 0.04 1.7 94.47 94.47 1.75
0.41 0.74 -0.30 1.1 95.62 95.49 1.74 0.39 0.70 -0.31 12.0 95.61 95.48 1.76 0.34 0.61 -0.36 1.7 95.56 95.43 1.80
0.41 0.90 -0.30 1.1 95.49 95.43 1.80 0.39 0.86 -0.31 12.0 95.48 95.42 1.81 0.34 0.75 -0.36 1.7 95.43 95.37 1.86
0.41 0.90 -0.29 1.1 95.43 95.26 1.84 0.39 0.86 -0.31 12.1 95.42 95.23 1.85 0.34 0.75 -0.36 1.7 95.37 95.15 1.90
0.92 0.75 -0.37 1.1 95.26 95.21 1.87 0.88 0.71 -0.39 12.1 95.23 95.18 1.89 0.77 0.62 -0.48 1.7 95.15 95.10 1.97
0.90 0.73 -0.33 1.2 95.21 95.14 1.82 0.86 0.70 -0.36 12.1 95.18 95.12 1.84 0.77 0.62 -0.44 1.7 95.10 95.03 1.93
0.90 0.73 -0.28 1.2 95.14 95.11 1.78 0.86 0.70 -0.30 12.1 95.12 95.10 1.80 0.76 0.62 -0.40 1.7 95.03 95.00 1.90
0.89 0.72 -0.25 1.2 95.11 95.01 1.79 0.85 0.69 -0.27 12.1 95.10 95.00 1.81 0.76 0.62 -0.36 1.7 95.00 94.89 1.91
2.10 1.35 0.89 3.4 96.29 95.97 0.73 2.60 1.67 2.12 14.1 97.52 97.04 -0.50 2.12 1.36 0.93 3.5 96.32 96.01 0.69
2.10 1.35 0.75 3.4 95.97 95.70 0.90 2.60 1.67 1.82 14.1 97.04 96.62 -0.17 2.12 1.36 0.78 3.5 96.01 95.73 0.87
2.10 1.35 0.62 3.4 95.70 95.42 0.93 2.60 1.67 1.55 14.1 96.62 96.20 0.00 2.12 1.36 0.65 3.5 95.73 95.44 0.90
2.10 1.35 0.50 3.4 95.42 95.14 1.25 2.60 1.67 1.28 14.1 96.20 95.78 0.46 2.12 1.36 0.52 3.5 95.44 95.16 1.22
2.10 1.35 0.37 3.4 95.14 94.68 1.75 2.60 1.67 1.01 14.1 95.78 95.04 1.11 2.12 1.36 0.39 3.5 95.16 94.70 1.73
2.10 1.35 0.13 3.4 94.68 94.47 2.02 2.60 1.67 0.49 14.0 95.04 94.71 1.66 2.12 1.36 0.15 3.5 94.70 94.48 2.00
2.21 N/A N/A N/A N/A N/A N/A 2.78 N/A N/A N/A N/A N/A N/A 2.25 N/A N/A N/A N/A N/A N/A

100-year, 12-hour SCS Type II Storm + 20% July 1st, 1979 Historical Event100-year, 3-hour Chicago Storm + 20%
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Flows and Water Levels on the Van Gaal Drain 

Under Existing and Proposed Conditions 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



Table 7A: Existing and Proposed Conditions Flows on the Van Gaal Drain, Arbuckle Drain and Jock River (1)

1 2 4 1 2 4 1 2 4
Jock River      Reach 1     22026 5.540 167.682 156.00 5.759 167.682 156.00 4.0 0.0 0.0
Jock River      Reach 2     21359 5.773 74.628 161.76 6.064 74.628 161.76 5.0 0.0 0.0
Jock River      Reach 3     18677 17.624 88.341 166.76 15.029 85.955 166.76 -14.7 -2.7 0.0
Jock River      Reach 4     16872 15.385 85.979 181.76 13.119 83.571 181.76 -14.7 -2.8 0.0
Jock River      Reach 5     16112 16.168 143.467 180.00 13.939 141.057 180.00 -13.8 -1.7 0.0
Jock River      Reach 6     11769 10.864 153.565 185.00 10.141 151.277 185.00 -6.7 -1.5 0.0
Jock River      Reach 7     10144 8.741 152.939 196.00 8.641 150.659 196.00 -1.1 -1.5 0.0
Jock River      Reach 7     6550 9.652 189.823 201.00 9.549 187.543 201.00 -1.1 -1.2 0.0
Jock River      Reach 7     3699 5.067 211.402 205.00 5.726 209.287 205.00 13.0 -1.0 0.0
Joys Road Trib  Reach 1     705 2.619 3.166 0.883 1.934 3.166 0.681 -26.1 0.0 -22.9
Van Gaal Drain  Reach 3     3494 3.701 4.228 1.636 2.711 4.127 1.319 -26.8 -2.4 -19.4
Van Gaal Drain  Reach 3     3322 4.021 4.588 1.651 2.980 4.532 1.327 -25.9 -1.2 -19.6
Van Gaal Drain  Reach 3     3175 4.813 5.235 1.653 3.502 5.235 1.327 -27.2 0.0 -19.7
Van Gaal Drain  Reach 2     2554 7.272 8.316 2.857 5.438 8.251 2.275 -25.2 -0.8 -20.4
Van Gaal Drain  Reach 2     2076 9.543 10.808 3.286 7.138 10.038 2.606 -25.2 -7.1 -20.7
Van Gaal Drain  Reach 2     1340 11.434 11.619 3.426 7.221 10.113 2.720 -36.8 -13.0 -20.6
Van Gaal Drain  Reach 2     1312 12.2 12.204 3.439 7.221 10.113 2.720 -40.8 -17.1 -20.9
Van Gaal Drain  Reach 1     746 16.377 15.739 4.056 9.561 13.380 3.266 -41.6 -15.0 -19.5
Van Gaal Drain  Reach 1     666 16.377 15.739 4.056 9.561 13.380 3.266 -41.6 -15.0 -19.5
Van Gaal Drain  Reach 1     226 16.419 15.777 4.371 9.547 13.365 3.481 -41.9 -15.3 -20.4
(1) Scenario Descriptions:
    1. The Van Gaal Drain 100-year 24-hour SCS peak flow reaches the Jock River.
    2. The Van Gaal Drain 100-year spring snowmelt plus rainfall peak flow reaches the Jock River.
    4. The Jock River 100-year spring snowmelt plus rainfall peak flow reaches the outlet of the Van Gaal Drain.

Difference in Flow (%)
Existing Conditions Proposed Conditions

Flow (m3/s)River Reach River
Station



Table 7B: Existing and Proposed Conditions Water Levels on the Van Gaal and Arbuckle Drains (1)

1 2 4 1 2 4 1 2 4
Van Gaal Drain Reach 3 3494 97.56 97.60 97.16 97.40 97.59 97.09 -0.16 -0.01 -0.08
Van Gaal Drain Reach 3 3322 97.43 97.47 97.06 97.29 97.47 96.99 -0.14 0.00 -0.07
Van Gaal Drain Reach 3 3312 97.42 97.45 97.05 97.28 97.45 96.99 -0.14 0.00 -0.06
Van Gaal Drain Reach 3 3311 Culvert
Van Gaal Drain Reach 3 3302 97.33 97.35 97.01 97.18 97.35 96.97 -0.15 0.00 -0.05
Van Gaal Drain Reach 3 3297 97.27 97.32 96.98 97.12 97.32 96.94 -0.15 0.00 -0.04
Van Gaal Drain Reach 3 3185 97.17 97.25 96.56 96.92 97.26 96.50 -0.25 0.01 -0.06
Van Gaal Drain Reach 3 3175 97.16 97.23 96.59 96.92 97.23 96.53 -0.24 0.00 -0.06
Van Gaal Drain Reach 3 3174 Culvert
Van Gaal Drain Reach 3 3165 96.75 96.74 96.55 96.72 96.74 96.50 -0.03 0.00 -0.05
Van Gaal Drain Reach 3 3149 96.72 96.71 96.51 96.66 96.72 96.46 -0.06 0.01 -0.05
Van Gaal Drain Reach 3 3086 96.65 96.63 96.40 96.58 96.63 96.35 -0.07 0.00 -0.05
Van Gaal Drain Reach 3 3016 96.61 96.59 96.33 96.54 96.59 96.26 -0.07 0.00 -0.07
Van Gaal Drain Reach 3 2980 96.57 96.56 96.28 96.51 96.56 96.21 -0.06 0.00 -0.07
Van Gaal Drain Reach 3 2851 96.41 96.42 96.03 96.31 96.42 95.94 -0.10 0.00 -0.09
Van Gaal Drain Reach 3 2808 96.38 96.39 96.01 96.28 96.39 95.91 -0.10 0.00 -0.10
Van Gaal Drain Reach 3 2658 96.28 96.29 95.95 96.20 96.29 95.85 -0.08 -0.01 -0.10
Van Gaal Drain Reach 2 2554 96.27 96.29 95.94 96.19 96.28 95.84 -0.08 -0.01 -0.10
Van Gaal Drain Reach 2 2478 96.16 96.15 95.88 96.10 96.16 95.78 -0.06 0.01 -0.10
Van Gaal Drain Reach 2 2157 95.47 95.48 95.03 95.38 95.47 94.97 -0.09 -0.01 -0.06
Van Gaal Drain Reach 2 2076 95.26 95.27 94.84 95.18 95.25 94.72 -0.08 -0.02 -0.12
Van Gaal Drain Reach 2 1974 95.10 95.11 94.73 95.02 95.10 94.60 -0.08 -0.01 -0.13
Van Gaal Drain Reach 2 1922 94.99 94.99 94.68 94.92 94.98 94.55 -0.07 -0.01 -0.13
Van Gaal Drain Reach 2 1833 94.85 94.85 94.62 94.79 94.84 94.48 -0.06 -0.02 -0.14
Van Gaal Drain Reach 2 1796 94.80 94.81 94.59 94.75 94.80 94.46 -0.05 -0.01 -0.13
Van Gaal Drain Reach 2 1735 94.71 94.72 94.57 94.68 94.71 94.43 -0.03 -0.01 -0.14
Van Gaal Drain Reach 2 1728 94.69 94.69 94.57 94.67 94.69 94.43 -0.02 0.00 -0.14
Van Gaal Drain Reach 2 1727 Culvert
Van Gaal Drain Reach 2 1717 94.69 94.69 94.31 94.60 94.67 94.25 -0.09 -0.02 -0.06
Van Gaal Drain Reach 2 1615 94.60 94.61 94.24 94.46 94.58 94.19 -0.14 -0.03 -0.05
Van Gaal Drain Reach 2 1555 94.53 94.55 94.21 94.38 94.51 94.17 -0.15 -0.04 -0.04
Van Gaal Drain Reach 2 1488 94.45 94.45 94.18 94.30 94.40 94.15 -0.15 -0.05 -0.03
Van Gaal Drain Reach 2 1416 94.39 94.41 94.14 94.11 94.28 94.12 -0.28 -0.13 -0.02

River Reach River
Station Existing Conditions

Maximum Water Surface Elevation (m)
DifferenceProposed Conditions



Table 7B: Existing and Proposed Conditions Water Levels on the Van Gaal and Arbuckle Drains (1)

1 2 4 1 2 4 1 2 4

River Reach River
Station Existing Conditions

Maximum Water Surface Elevation (m)
DifferenceProposed Conditions

Van Gaal Drain Reach 2 1400 94.36 94.36 94.14 94.12 94.25 94.12 -0.25 -0.11 -0.02
Van Gaal Drain Reach 2 1364 94.31 94.29 94.13 94.06 94.17 94.12 -0.25 -0.12 -0.02
Van Gaal Drain Reach 2 1340 94.21 94.19 94.13 94.02 94.10 94.11 -0.19 -0.09 -0.02
Van Gaal Drain Reach 2 1339 Culvert
Van Gaal Drain Reach 2 1312 94.14 94.12 94.12 93.99 94.04 94.11 -0.15 -0.08 -0.01
Van Gaal Drain Reach 2 1302 94.15 94.14 94.12 93.97 94.04 94.11 -0.18 -0.10 -0.01
Van Gaal Drain Reach 2 1268 94.14 94.14 94.12 93.94 94.01 94.11 -0.20 -0.13 -0.01
Van Gaal Drain Reach 2 1212 94.10 94.11 94.12 93.84 93.95 94.11 -0.26 -0.16 -0.01
Van Gaal Drain Reach 2 1169 94.04 94.08 94.12 93.76 93.89 94.10 -0.28 -0.19 -0.02
Van Gaal Drain Reach 2 1091 93.97 94.04 94.12 93.64 93.82 94.10 -0.33 -0.23 -0.02
Van Gaal Drain Reach 2 1002 93.93 94.02 94.12 93.47 93.76 94.10 -0.46 -0.26 -0.02
Van Gaal Drain Reach 2 961 93.92 94.02 94.12 93.39 93.75 94.10 -0.53 -0.27 -0.02
Van Gaal Drain Reach 2 910 93.91 94.02 94.12 93.33 93.75 94.10 -0.58 -0.27 -0.02
Van Gaal Drain Reach 2 840 93.91 94.02 94.12 93.30 93.74 94.10 -0.61 -0.28 -0.02
Van Gaal Drain Reach 1 746 93.90 94.01 94.12 93.22 93.73 94.10 -0.68 -0.28 -0.02
Van Gaal Drain Reach 1 705 93.89 94.01 94.11 93.16 93.72 94.10 -0.73 -0.29 -0.01
Van Gaal Drain Reach 1 668 93.84 93.99 94.11 92.71 93.70 94.10 -1.14 -0.29 -0.01
Van Gaal Drain Reach 1 666 93.32 93.68 94.10 92.67 93.57 94.10 -0.65 -0.12 0.00
Van Gaal Drain Reach 1 656 Culvert
Van Gaal Drain Reach 1 647 93.07 93.58 94.10 92.80 93.56 94.10 -0.27 -0.02 0.00
Van Gaal Drain Reach 1 645 93.23 93.67 94.10 92.79 93.58 94.10 -0.44 -0.09 0.00
Van Gaal Drain Reach 1 592 93.28 93.70 94.10 92.77 93.60 94.10 -0.51 -0.10 0.00
Van Gaal Drain Reach 1 521 93.26 93.70 94.10 92.75 93.60 94.10 -0.51 -0.10 0.00
Van Gaal Drain Reach 1 277 92.96 93.66 94.10 92.50 93.57 94.10 -0.46 -0.09 0.00
Van Gaal Drain Reach 1 275 92.87 93.51 94.09 92.48 93.46 94.09 -0.39 -0.05 0.00
Van Gaal Drain Reach 1 269 Culvert
Van Gaal Drain Reach 1 263 92.58 93.39 94.09 92.37 93.37 94.09 -0.21 -0.02 0.00
Van Gaal Drain Reach 1 226 92.40 93.44 94.09 92.21 93.41 94.09 -0.19 -0.03 0.00
Van Gaal Drain Reach 1 0 91.28 93.45 94.09 91.20 93.42 94.09 -0.09 -0.03 0.00
Joys Road Trib Reach 1 705 97.59 97.79 97.10 97.37 97.79 97.07 -0.22 0.00 -0.03
Joys Road Trib Reach 1 664 97.60 97.79 97.04 97.38 97.79 96.98 -0.22 0.00 -0.06
Joys Road Trib Reach 1 635 97.50 97.68 97.00 97.29 97.68 96.94 -0.21 -0.01 -0.06
Joys Road Trib Reach 1 634 Culvert



Table 7B: Existing and Proposed Conditions Water Levels on the Van Gaal and Arbuckle Drains (1)

1 2 4 1 2 4 1 2 4

River Reach River
Station Existing Conditions

Maximum Water Surface Elevation (m)
DifferenceProposed Conditions

Joys Road Trib Reach 1 622 97.21 97.26 96.96 97.13 97.26 96.92 -0.08 0.00 -0.04
Joys Road Trib Reach 1 602 97.21 97.27 96.95 97.13 97.27 96.90 -0.08 0.00 -0.05
Joys Road Trib Reach 1 322 96.65 96.71 96.45 96.58 96.71 96.41 -0.08 0.00 -0.04
Joys Road Trib Reach 1 275 96.50 96.56 96.20 96.39 96.56 96.18 -0.11 0.00 -0.02
Joys Road Trib Reach 1 30 96.29 96.30 95.96 96.21 96.29 95.85 -0.08 -0.01 -0.11
(1) Scenario Descriptions:
    1. The Van Gaal Drain 100-year 24-hour SCS peak flow reaches the Jock River.
    2. The Van Gaal Drain 100-year spring snowmelt plus rainfall peak flow reaches the Jock River.
    4. The Jock River 100-year spring snowmelt plus rainfall peak flow reaches the outlet of the Van Gaal Drain.
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00001> 2     Metric units
00002> *#******************************************************************************
00003> *#  SWMHYMO Ver:5.02/Jan 2001 <BETA> / INPUT DATA FILE
00004> *#******************************************************************************
00005> *#  Project Name: [Richmond FPM]    Project Number: [709]
00006> *#  Date        : 04-21-2009
00007> *#  Revised     : 05-27-2009; 07-22-2009; 08-06-2009; 08-31-2009; 11-16-2009
00008> *#                02-16-2010; 03-04-2010 (LP)
00009> *#  Modeller    : [Bryan Willcott B.Eng.]
00010> *#  Company     : J.F. Sabourin and Associates
00011> *#  License #   : 3410370 
00012> *#******************************************************************************
00013> 
00014> *#******************************************************************************
00015> *#  [BW] May 27, 2009 
00016> *#  This model has been updated using revised values for Tp. Previous versions
00017> *#  of this model used a calculated Tp=0.6Tc.  This model used a calculated 
00018> *#  Tp=0.67Tc. 
00019> *#******************************************************************************
00020> *#  [BW] July 22, 2009 
00021> *#  This model has been revised to include "existing" cross section information 
00022> *#  received from Robinson Consultants.  The Cross section revised in the model
00023> *#  is Sec 5.2 (channel receiving flow from "arbuck"). Also, channel and 
00024> *#  floodplain slopes for ROUTE CHANNEL commands were updated to be equal    
00025> *#******************************************************************************
00026> *#  [BW] August 6, 2009 
00027> *#  This model has been revised to include cross section information  
00028> *#  from Robinson Consultants Engineer's Report July 2003.  The cross 
00029> *#  section revised in the model is Sec 5.1.  Cross sections Sec 1.03  
00030> *#  and Sec 5.3 have also been revised    
00031> *#******************************************************************************
00032> *#  [BW] August 31, 2009 
00033> *#  Model updated to include the proposed DSEL berm. This affects the geometry 
00034> *#  of Route Channel Sect 5.2 located on the Arbuckle drain.  Route Channels 5.2
00035> *#  and 1.03 have also been revised to reduce the number of values in the
00036> *#  x-y matrix.  
00037> *#******************************************************************************
00038> *#  [BW] November 16, 2009 
00039> *#  Model updated to include revised CN and Tp values subsequent to review of
00040> *#  memo received from AECOM on Oct. 2, 2009
00041> *#******************************************************************************
00042> *#  [BW] February 16, 2010 
00043> *#  Model updated to check cross sections proposed to convey flow from VG-6, 
00044> *#  and VG-7 
00045> *#******************************************************************************
00046> *#  [LP] March 4, 2010 
00047> *#  Model updated to reflect post-development conditions for Mattamy Lands
00048> *#  Addition of JR-1, JR-2 and JR-3
00049> *#  Removal of Post-Development Mattamy Lands from Pre-Development Areas:
00050> *#      VG-3: 40.6 ha to 9.88 ha
00051> *#      VG-8: 91.8 ha to 10.30 ha
00052> *#      JR-2: 20.5 ha to 4.96 ha
00053> *#      JR-3: 10.6 ha to 6.86 ha
00054> *#  Addition of Pond 1 and Pond 2 outflow hydrographs 
00055> *#  (100-year SCS event, free outfall conditions)
00056> *#******************************************************************************
00057> *#  [BW] March 5, 2010 
00058> *#  Model converted to continuous model for water balance analysis
00059> *#******************************************************************************
00060> *#
00061> * 100 year 24 Hour SCS Type II Storm
00062> START               TZERO=[1967.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[67]
00063> *                    ["SC24100x.stm"]
00064> *%-----------------|-----------------------------------------------------------|
00065> READ AES DATA       AES_FILENAME=["6106000.123"], IELEM=[123],
00066>                     START_DATE=[0], END_DATE=[-183]
00067> *%-----------------|-----------------------------------------------------------|
00068> COMPUTE API         APII=[50], APIK=[0.90]/day
00069> *%-----------------|-----------------------------------------------------------|
00070> *#*****************************************************************************
00071> *# Van Gaal / Arbuckle Drain

00072> *#*****************************************************************************
00073> *# DSEL SUBCATCHMENT VG-1 HAS BEEN BROKEN INTO 6 SUB-AREAS (BW)
00074> *#*****************************************************************************
00075> *%-----------------|-----------------------------------------------------------|
00076> CONTINUOUS NASHYD   ID=[1], NHYD=["VG-1A"], DT=[15]min, AREA=[311.9](ha),
00077>                     DWF=[0](cms),  CN/C=[73], IA=[3.9](mm),
00078>                     N=[3], TP=[5.3]hrs,
00079>                     Continuous simulation parameters:
00080>                     IaRECper=[6](hrs),
00081>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00082>                     InterEventTime=[12](hrs)
00083>                     Baseflow simulation parameters:
00084>                     BaseFlowOption=[1] ,
00085>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00086>                     VHydCond=[1](mm/hr),   END=-1
00087> *%-----------------|-----------------------------------------------------------|
00088> SAVE HYD            ID=[1],  # OF PCYCLES=[-1],  ICASEsh=[1]
00089>                     HYD_COMMENT=["VG-1A"]
00090> *%-----------------|-----------------------------------------------------------|
00091> *#*****************************************************************************
00092> *# Tp FOR VG-1B HAS BEEN REVISED TO REFLECT A HYDRAULIC LENGTH OF 1710 m, A 
00093> *# LENGTH THAT INCLUDES DISTANCE TO THE VG1-1 CONFLUENCE IN ADDITION TO THE 
00094> *# LONGEST FLOW PATH WITHIN VG-1B. THIS IS DONE TO SIMULATE CHANNEL ROUTING
00095> *#*****************************************************************************
00096> CONTINUOUS NASHYD   ID=[2], NHYD=["VG-1B"], DT=[15]min, AREA=[24.8](ha),
00097>                     DWF=[0](cms),  CN/C=[73], IA=[4.0](mm),
00098>                     N=[3], TP=[2.7]hrs,
00099>                     Continuous simulation parameters:
00100>                     IaRECper=[6](hrs),
00101>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00102>                     InterEventTime=[12](hrs)
00103>                     Baseflow simulation parameters:
00104>                     BaseFlowOption=[1] ,
00105>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00106>                     VHydCond=[1](mm/hr),   END=-1
00107> *%-----------------|-----------------------------------------------------------|
00108> *#*****************************************************************************
00109> *# VG1-1 IS THE SUM OF FLOWS TO THE CONFLUENCE OF NORTHERN MOST WATERCOURSE IN 
00110> *# OUR AREA OF STUDY WITH THE ROADSIDE DITCH ON GARVIN ROAD
00111> *#*****************************************************************************
00112> *#
00113> ADD HYD             IDsum=[3], NHYD=["VG1-1"], IDs to add=[1 2]
00114> *%-----------------|-----------------------------------------------------------|
00115> SAVE HYD            ID=[3],  # OF PCYCLES=[-1],  ICASEsh=[1]
00116>                     HYD_COMMENT=["VG1-1"]
00117> *%-----------------|-----------------------------------------------------------|
00118> CONTINUOUS NASHYD   ID=[4], NHYD=["VG-1D"], DT=[15]min, AREA=[47.8](ha),
00119>                     DWF=[0](cms),  CN/C=[88], IA=[2.5](mm),
00120>                     N=[3], TP=[1.8]hrs,
00121>                     Continuous simulation parameters:
00122>                     IaRECper=[6](hrs),
00123>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00124>                     InterEventTime=[12](hrs)
00125>                     Baseflow simulation parameters:
00126>                     BaseFlowOption=[1] ,
00127>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00128>                     VHydCond=[1](mm/hr),   END=-1
00129> *%-----------------|-----------------------------------------------------------|
00130> *#*****************************************************************************
00131> *# VG1-2 IS THE SUM OF FLOWS AT THE GARVIN ROAD CROSS CULVERT AND 
00132> *# CONSERVATIVELY INCLUDES THE AREA VG-1D,  WHICH IS LOCATED JUST DOWNSTREAM 
00133> *# OF THE CULVERT
00134> *#*****************************************************************************
00135> *#
00136> ADD HYD             IDsum=[5], NHYD=["VG1-2"], IDs to add=[3 4]
00137> *%-----------------|-----------------------------------------------------------|
00138> SAVE HYD            ID=[5],  # OF PCYCLES=[-1],  ICASEsh=[1]
00139>                     HYD_COMMENT=["VG1-2"]
00140> *%-----------------|-----------------------------------------------------------|
00141> ROUTE CHANNEL       IDout=[6], NHYD=["VG1R-2"],IDin=[5],
00142>                     RDT=[15](min),
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00143>                     CHLGTH=[865](m),  CHSLOPE=[0.15](%),  
00144>                                        FPSLOPE=[0.15](%),
00145>                     SECNUM=[1.01],       NSEG=[3] 
00146>                     ( SEGROUGH, SEGDIST (m))=[0.08,51.41 -0.035,55.58 0.08,228.3
00147>                     ( DISTANCE (m), ELEVATION (m))=[0,        96.719]
00148>                                                    [22.98, 96.598]
00149>                                                    [42.45, 96.66]
00150>                                                    [47.63, 96.5]
00151>                                                    [49.64, 96.424]
00152>                                                    [51.41, 96]
00153>                                                    [53.36, 95.79]
00154>                                                    [55.58, 95.887]
00155>                                                    [57.42, 96.242]
00156>                                                    [87.69, 96.5]
00157>                                                    [119.62, 96.509]
00158>                                                    [140.1, 96.601]
00159>                                                    [179.39, 96.722]
00160>                                                    [200.6, 96.89]
00161>                                                    [228.39, 97] 
00162> *%-----------------|-----------------------------------------------------------|
00163> CONTINUOUS NASHYD   ID=[7], NHYD=["VG-1C"], DT=[15]min, AREA=[211.8](ha),
00164>                     DWF=[0](cms),  CN/C=[70], IA=[3.9](mm),
00165>                     N=[3], TP=[4.7]hrs,
00166>                     Continuous simulation parameters:
00167>                     IaRECper=[6](hrs),
00168>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00169>                     InterEventTime=[12](hrs)
00170>                     Baseflow simulation parameters:
00171>                     BaseFlowOption=[1] ,
00172>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00173>                     VHydCond=[1](mm/hr),   END=-1
00174> *%-----------------|-----------------------------------------------------------|
00175> CONTINUOUS NASHYD   ID=[8], NHYD=["VG-1E"], DT=[15]min, AREA=[13.4](ha),
00176>                     DWF=[0](cms),  CN/C=[73], IA=[4.0](mm),
00177>                     N=[3], TP=[0.64]hrs,
00178>                     Continuous simulation parameters:
00179>                     IaRECper=[6](hrs),
00180>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00181>                     InterEventTime=[12](hrs)
00182>                     Baseflow simulation parameters:
00183>                     BaseFlowOption=[1] ,
00184>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00185>                     VHydCond=[1](mm/hr),   END=-1
00186> *%-----------------|-----------------------------------------------------------|
00187> *#*****************************************************************************
00188> *# VG1-3 IS THE SUM OF FLOWS TO JOY'S ROAD CROSS CULVERT AND CONSERVATIVELY 
00189> *# INCLUDES THE AREA VG-1E, WHICH IS LOCATED JUST DOWNSTREAM OF THE CULVERT
00190> *#*****************************************************************************
00191> *#
00192> ADD HYD             IDsum=[9], NHYD=["VG1-3"], IDs to add=[7 8]
00193> *%-----------------|-----------------------------------------------------------|
00194> SAVE HYD            ID=[9],  # OF PCYCLES=[-1],  ICASEsh=[1]
00195>                     HYD_COMMENT=["VG1-3"]
00196> *%-----------------|-----------------------------------------------------------|
00197> ROUTE CHANNEL       IDout=[10], NHYD=["VG1R-3"],IDin=[9],
00198>                     RDT=[15](min),
00199>                     CHLGTH=[630](m),  CHSLOPE=[0.20](%),  
00200>                                         FPSLOPE=[0.20](%),
00201>                     SECNUM=[1.02],       NSEG=[3] 
00202>                     ( SEGROUGH, SEGDIST (m))=[0.08,80.53 -0.035,82.4 0.08,124.53
00203>                     ( DISTANCE (m), ELEVATION (m))=[0        97
00204>                                                     0.61 97.01
00205>                                                     3.8 97.03
00206>                                                     17.49 97.18
00207>                                                     19.18 97.17
00208>                                                     26.62 97.15
00209>                                                     46.29 97.12
00210>                                                     73.97 97.17
00211>                                                     76.3 97.04
00212>                                                     77.53 97
00213>                                                     80.53 96.86

00214>                                                     81.38 96.5
00215>                                                     82.4 96.07
00216>                                                     87.91 96.07
00217>                                                     89.65 96.5
00218>                                                     90.75 96.78
00219>                                                     91.88 96.91
00220>                                                     96.2 97
00221>                                                     99.01 97.1
00222>                                                     119.73 97.14
00223>                                                     124.53 97] 
00224> *%-----------------|-----------------------------------------------------------|
00225> *#******************************************************************************
00226> *# VG1-4 IS THE SUM OF FLOWS AT THE CONFLUENCE OF THE WATERCOURSE FROM JOY'S 
00227> *# ROAD WITH THE MAIN DRAIN 
00228> *#*****************************************************************************
00229> *#
00230> ADD HYD             IDsum=[1], NHYD=["VG1-4"], IDs to add=[6 10]
00231> *%-----------------|-----------------------------------------------------------|
00232> SAVE HYD            ID=[1],  # OF PCYCLES=[-1],  ICASEsh=[1]
00233>                     HYD_COMMENT=["VG1-4"]
00234> *%-----------------|-----------------------------------------------------------|
00235> ROUTE CHANNEL       IDout=[2], NHYD=["VG1R-4"],IDin=[1],
00236>                     RDT=[15](min),
00237>                     CHLGTH=[485](m),  CHSLOPE=[0.20](%),  
00238>                                         FPSLOPE=[0.20](%),
00239>                     SECNUM=[1.03],       NSEG=[3] 
00240>                     ( SEGROUGH, SEGDIST (m))=[0.08,44.17 -0.035,53.58 0.08,243.3
00241>                     ( DISTANCE (m), ELEVATION (m))=
00242>                     [-44.2, 95.7
00243>                     0, 95.5
00244>                     19.69, 95.421
00245>                     27.91, 95.5
00246>                     31.73, 95.5
00247>                     32.29, 95.325
00248>                     32.71, 95.5
00249>                     41.04, 95.5
00250>                     44.17, 95.449
00251>                     45.63, 95.389
00252>                     48.22, 95
00253>                     48.54, 94.882
00254>                     49.35, 94.5
00255>                     49.64, 94.311
00256>                     50.46, 94.497
00257>                     52.21, 94.993
00258>                     53.58, 95.406
00259>                     55.08, 95.333
00260>                     55.94, 95.157
00261>                     76.35, 95.275
00262>                     131, 95.403
00263>                     213.2, 95.5
00264>                     243.3, 95.8]  
00265> *%-----------------|-----------------------------------------------------------|
00266> CONTINUOUS NASHYD   ID=[3], NHYD=["VG-1F"], DT=[15]min, AREA=[117.7](ha),
00267>                     DWF=[0](cms),  CN/C=[86], IA=[2.6](mm),
00268>                     N=[3], TP=[2.9]hrs,
00269>                     Continuous simulation parameters:
00270>                     IaRECper=[6](hrs),
00271>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00272>                     InterEventTime=[12](hrs)
00273>                     Baseflow simulation parameters:
00274>                     BaseFlowOption=[1] ,
00275>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00276>                     VHydCond=[1](mm/hr),   END=-1
00277> *%-----------------|-----------------------------------------------------------|
00278> *#*****************************************************************************
00279> *# VG1 IS THE SUM OF FLOWS AT THE CONFLUENCE OF THE VAN GAAL WEST MAIN DRAIN
00280> *# WITH VAN GAAL WEST TRIBUTARY
00281> *#*****************************************************************************
00282> *#
00283> ADD HYD             IDsum=[4], NHYD=["VG1"], IDs to add=[2 3]
00284> *%-----------------|-----------------------------------------------------------|
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00285> SAVE HYD            ID=[4],  # OF PCYCLES=[-1],  ICASEsh=[1]
00286>                     HYD_COMMENT=["VG1"]
00287> *%-----------------|-----------------------------------------------------------|
00288> ROUTE CHANNEL       IDout=[5], NHYD=["VGR2-1"], IDin=[4],  
00289>                     RDT=[15](min),
00290>                     CHLGTH=[755](m),    CHSLOPE=[0.2](%),  
00291>                                         FPSLOPE=[0.2](%),
00292>                     SECNUM=[5.1],       NSEG=[3] 
00293>                     ( SEGROUGH, SEGDIST (m))=[0.08,98.046 -0.035,105.496 0.08,51
00294>                     ( DISTANCE (m), ELEVATION (m))=[0,        96.11
00295>                                                    20,        94.4
00296>                                                    26.106, 94.5
00297>                                                    41.686, 94.465
00298>                                                    63.506, 94.427
00299>                                                    84.666, 94.492
00300>                                                    95.476, 94.363
00301>                                                    97.736, 94
00302>                                                    98.046, 93.967
00303>                                                    100.336, 92.8193
00304>                                                    101.536, 92.8193
00305>                                                    102.736, 92.8193
00306>                                                    105.496, 94.199
00307>                                                    127.006, 94.345
00308>                                                    142.116, 94.5
00309>                                                    148.376, 94.568
00310>                                                    478.406, 94.7
00311>                                                    518.306, 95]                 
00312> *%-----------------|-----------------------------------------------------------|
00313> CONTINUOUS NASHYD   ID=[6], NHYD=["VG-2"], DT=[15]min, AREA=[63.1](ha),
00314>                     DWF=[0](cms),  CN/C=[81], IA=[2.8](mm),
00315>                     N=[3], TP=[1.6]hrs,
00316>                     Continuous simulation parameters:
00317>                     IaRECper=[6](hrs),
00318>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00319>                     InterEventTime=[12](hrs)
00320>                     Baseflow simulation parameters:
00321>                     BaseFlowOption=[1] ,
00322>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00323>                     VHydCond=[1](mm/hr),   END=-1
00324> *%-----------------|-----------------------------------------------------------|
00325> ROUTE CHANNEL       IDout=[7], NHYD=["PerN"], IDin=[6],  
00326>                     RDT=[15](min),
00327>                     CHLGTH=[550](m),  CHSLOPE=[0.2](%),  
00328>                                         FPSLOPE=[0.2](%),
00329>                     SECNUM=[1.1],       NSEG=[3] 
00330>                     ( SEGROUGH, SEGDIST (m))=[0.08,70 -0.035,72 0.08,77] NSEG ti
00331>                     ( DISTANCE (m), ELEVATION (m))=[0,  94.4]
00332>                                                    [70, 94.0]
00333>                                                    [71, 93.5]
00334>                                                    [72, 94.0]
00335>                                                    [77, 94.4] 
00336> *%-----------------|-----------------------------------------------------------|
00337> *###############################################################################
00338> *# DUMMY SECTION - FOR UNDEVELOPED
00339> *###############################################################################
00340> CONTINUOUS STANDHYD ID=[8], NHYD=["VG-3"], DT=[15](min), AREA=[10.0](ha),
00341>                     XIMP=[0.9999999], TIMP=[0.9999999], DWF=[0](cms), LOSS=[1], 
00342>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00343>                             DCAY=[4.14](/hr), F=[0](mm),
00344>                     Pervious   surfaces: IAper=[2.5](mm), SLPP=[1.5](%), 
00345>                                          LGP=[35](m), MNP=[0.250], SCP=[0](min),
00346>                     Impervious surfaces: IAimp=[2.5](mm), SLPI=[0.3](%), 
00347>                                          LGI=[1000](m), MNI=[0.013], SCI=[0](min
00348>                     Continuous simulation parameters:
00349>                     IaRECper=[6](hrs),  IaRECimp=[6](hrs),
00350>                     InterEventTime=[12](hrs),   END=-1  
00351> *%-----------------|-----------------------------------------------------------|
00352> CONTINUOUS NASHYD   ID=[8], NHYD=["VG-3"], DT=[15]min, AREA=[9.88](ha),
00353>                     DWF=[0](cms),  CN/C=[88], IA=[2.5](mm),
00354>                     N=[3], TP=[0.5]hrs,
00355>                     Continuous simulation parameters:

00356>                     IaRECper=[6](hrs),
00357>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00358>                     InterEventTime=[12](hrs)
00359>                     Baseflow simulation parameters:
00360>                     BaseFlowOption=[1] ,
00361>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00362>                     VHydCond=[1](mm/hr),   END=-1
00363> *%-----------------|-----------------------------------------------------------|
00364> *###############################################################################
00365> *# DUMMY SECTION - - FOR DEVELOPED  
00366> *###############################################################################
00367> CONTINUOUS STANDHYD ID=[9], NHYD=["VG-3D"], DT=[15](min), AREA=[10.0](ha),
00368>                     XIMP=[0.427], TIMP=[0.577], DWF=[0](cms), LOSS=[1], 
00369>                     Horton: Fo=[0.00001](mm/hr), Fc=[0.000005](mm/hr), 
00370>                             DCAY=[4.14](/hr), F=[0](mm),
00371>                     Pervious   surfaces: IAper=[4.67](mm), SLPP=[0.5](%), 
00372>                                          LGP=[40](m), MNP=[0.250], SCP=[0](min),
00373>                     Impervious surfaces: IAimp=[1.57](mm), SLPI=[0.5](%), 
00374>                                          LGI=[453](m), MNI=[0.013], SCI=[0](min)
00375>                     Continuous simulation parameters:
00376>                     IaRECper=[3](hrs),  IaRECimp=[2](hrs),
00377>                     InterEventTime=[12](hrs),   END=-1 
00378> *%-----------------|-----------------------------------------------------------|
00379> CONTINUOUS STANDHYD ID=[9], NHYD=["VG-3D"], DT=[15](min), AREA=[30.72](ha),
00380>                     XIMP=[0.427], TIMP=[0.577], DWF=[0](cms), LOSS=[1], 
00381>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00382>                             DCAY=[4.14](/hr), F=[0](mm),
00383>                     Pervious   surfaces: IAper=[2.5](mm), SLPP=[1.5](%), 
00384>                                          LGP=[35](m), MNP=[0.250], SCP=[0](min),
00385>                     Impervious surfaces: IAimp=[2.5](mm), SLPI=[0.3](%), 
00386>                                          LGI=[453](m), MNI=[0.013], SCI=[0](min)
00387>                     Continuous simulation parameters:
00388>                     IaRECper=[6](hrs),  IaRECimp=[6](hrs),
00389>                     InterEventTime=[12](hrs),   END=-1 
00390> *%-----------------|-----------------------------------------------------------|
00391> CONTINUOUS STANDHYD ID=[10], NHYD=["VG-4"], DT=[15](min), AREA=[24.6](ha),
00392>                     XIMP=[0.4], TIMP=[0.5], DWF=[0](cms), LOSS=[1], 
00393>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00394>                             DCAY=[4.14](/hr), F=[0](mm),
00395>                     Pervious   surfaces: IAper=[1.5](mm), SLPP=[1.5](%), 
00396>                                          LGP=[35](m), MNP=[0.250], SCP=[0](min),
00397>                     Impervious surfaces: IAimp=[0.8](mm), SLPI=[0.3](%), 
00398>                                          LGI=[1000](m), MNI=[0.013], SCI=[0](min
00399>                     Continuous simulation parameters:
00400>                     IaRECper=[3](hrs),  IaRECimp=[2](hrs),
00401>                     InterEventTime=[12](hrs),   END=-1 
00402> *%-----------------|-----------------------------------------------------------|
00403> ADD HYD             IDsum=[1], NHYD=["perthst"], IDs to add=[5 7 8 10]
00404> *%-----------------|-----------------------------------------------------------|
00405> SAVE HYD            ID=[1],  # OF PCYCLES=[-1],  ICASEsh=[1]
00406>                     HYD_COMMENT=["perthst"]
00407> *%-----------------|-----------------------------------------------------------|
00408> CONTINUOUS NASHYD   ID=[2], NHYD=["VG-5"], DT=[15]min, AREA=[34.4](ha),
00409>                     DWF=[0](cms),  CN/C=[76], IA=[3.0](mm),
00410>                     N=[3], TP=[2.3]hrs,
00411>                     Continuous simulation parameters:
00412>                     IaRECper=[6](hrs),
00413>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00414>                     InterEventTime=[12](hrs)
00415>                     Baseflow simulation parameters:
00416>                     BaseFlowOption=[1] ,
00417>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00418>                     VHydCond=[1](mm/hr),   END=-1
00419> *%-----------------|-----------------------------------------------------------|
00420> ROUTE CHANNEL       IDout=[3], NHYD=["PerS"], IDin=[2],  
00421>                     RDT=[15](min),
00422>                     CHLGTH=[550](m),  CHSLOPE=[0.2](%),  
00423>                                         FPSLOPE=[0.2](%),
00424>                     SECNUM=[1.1],       NSEG=[3] 
00425>                     ( SEGROUGH, SEGDIST (m))=[0.08,70 -0.035,72 0.08,77] NSEG ti
00426>                     ( DISTANCE (m), ELEVATION (m))=[0,  94.4]
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00427>                                                    [70, 94.0]
00428>                                                    [71, 93.5]
00429>                                                    [72, 94.0]
00430>                                                    [77, 94.4] 
00431> *%-----------------|-----------------------------------------------------------|
00432> ADD HYD             IDsum=[2], NHYD=["arbuck"], IDs to add=[1 3]
00433> *%-----------------|-----------------------------------------------------------|
00434> SAVE HYD            ID=[2],  # OF PCYCLES=[-1],  ICASEsh=[1]
00435>                     HYD_COMMENT=["arbuck"]
00436> *%-----------------|-----------------------------------------------------------|
00437> ROUTE CHANNEL       IDout=[9], NHYD=["VGR2-2"], IDin=[2],  
00438>                     RDT=[15](min),
00439>                     CHLGTH=[520](m),    CHSLOPE=[0.15](%),  
00440>                                         FPSLOPE=[0.15](%),
00441>                     SECNUM=[5.2],       NSEG=[3] 
00442>                     ( SEGROUGH, SEGDIST (m))=[0.08,65.27 -0.035,72.03 0.08,317.3
00443>                     ( DISTANCE (m), ELEVATION (m))=
00444>                     [1.87 94
00445>                     3.26 93.815
00446>                     25.32 93.589
00447>                     40.32 93.586
00448>                     53.15 93.49
00449>                     65.27 92.99
00450>                     67.31 92.06
00451>                     69.39 91.93
00452>                     69.99 92.03
00453>                     70.75 92.68
00454>                     72.03 93
00455>                     78.14 93
00456>                     87.57 92.828
00457>                     98.82 93
00458>                     131.96 93.341
00459>                     152.55 93.318          
00460>                     220.7 93.525
00461>                     262.64 93.983
00462>                     274.22 94
00463>                     286.88 94
00464>                     297.86 93.981
00465>                     314.39 94.09
00466>                     317.39, 95.09]
00467> *%-----------------|-----------------------------------------------------------|
00468> CONTINUOUS NASHYD   ID=[1], NHYD=["VG-6"], DT=[15]min, AREA=[94.2](ha),
00469>                     DWF=[0](cms),  CN/C=[77], IA=[2.9](mm),
00470>                     N=[3], TP=[3.2]hrs,
00471>                     Continuous simulation parameters:
00472>                     IaRECper=[6](hrs),
00473>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00474>                     InterEventTime=[12](hrs)
00475>                     Baseflow simulation parameters:
00476>                     BaseFlowOption=[1] ,
00477>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00478>                     VHydCond=[1](mm/hr),   END=-1
00479> *%-----------------|-----------------------------------------------------------|
00480> *# ROUTE CHANNEL      IDout=[2], NHYD=["VG-6"], IDin=[1],  
00481> *#                    RDT=[15](min),
00482> *#                    CHLGTH=[600](m),  CHSLOPE=[0.18](%),  
00483> *#                                        FPSLOPE=[0.18](%),
00484> *#                    SECNUM=[2.1],       NSEG=[3] 
00485> *#                    ( SEGROUGH, SEGDIST (m))=[0.05,700 -0.035,703 0.05,1000] N
00486> *#                    ( DISTANCE (m), ELEVATION (m))=[0,     94.6]
00487> *#                                                   [700,   94.5]
00488> *#                                                   [701.4, 94.1]
00489> *#                                                   [701.6, 94.1]
00490> *#                                                   [703,   94.5]
00491> *#                                                   [1000,  95.1] 
00492> *%-----------------|-----------------------------------------------------------|
00493> *# SAVE HYD           ID=[2],  # OF PCYCLES=[-1],  ICASEsh=[1]
00494> *#                    HYD_COMMENT=["VG-6"]
00495> *%-----------------|-----------------------------------------------------------|
00496> CONTINUOUS NASHYD   ID=[2], NHYD=["VG-7"], DT=[15]min, AREA=[39.2](ha),
00497>                     DWF=[0](cms),  CN/C=[80], IA=[3.5](mm),

00498>                     N=[3], TP=[2.9]hrs,
00499>                     Continuous simulation parameters:
00500>                     IaRECper=[6](hrs),
00501>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00502>                     InterEventTime=[12](hrs)
00503>                     Baseflow simulation parameters:
00504>                     BaseFlowOption=[1] ,
00505>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00506>                     VHydCond=[1](mm/hr),   END=-1
00507> *%-----------------|-----------------------------------------------------------|
00508> SAVE HYD            ID=[2],  # OF PCYCLES=[-1],  ICASEsh=[1]
00509>                     HYD_COMMENT=["VG-7"]
00510> *%-----------------|-----------------------------------------------------------|
00511> *#*****************************************************************************
00512> *# "JR-1" Added February 16, 2010
00513> *#*****************************************************************************
00514> CONTINUOUS NASHYD   ID=[3], NHYD=["JR-1"], DT=[15]min, AREA=[32.6](ha),
00515>                     DWF=[0](cms),  CN/C=[82], IA=[3.5](mm),
00516>                     N=[3], TP=[1.6]hrs,
00517>                     Continuous simulation parameters:
00518>                     IaRECper=[6](hrs),
00519>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00520>                     InterEventTime=[12](hrs)
00521>                     Baseflow simulation parameters:
00522>                     BaseFlowOption=[1] ,
00523>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00524>                     VHydCond=[1](mm/hr),   END=-1
00525> *%-----------------|-----------------------------------------------------------|
00526> ADD HYD             IDsum=[4], NHYD=["EX-1"], IDs to add=[2 3](maximum ten)
00527> *%-----------------|-----------------------------------------------------------|
00528> SAVE HYD            ID=[4],  # OF PCYCLES=[-1],  ICASEsh=[1]
00529>                     HYD_COMMENT=["EX-1"]
00530> *%-----------------|-----------------------------------------------------------|
00531> ROUTE CHANNEL       IDout=[5], NHYD=["VG-7"], IDin=[4],  
00532>                     RDT=[15](min),
00533>                     CHLGTH=[625](m),  CHSLOPE=[0.1](%),  
00534>                                         FPSLOPE=[0.1](%),
00535>                     SECNUM=[5.3],       NSEG=[3] 
00536>                     ( SEGROUGH, SEGDIST (m))=[0.08,7.6 -0.035,11.2 0.08,18.8] NS
00537>                     ( DISTANCE (m), ELEVATION (m))=[0,95.45]
00538>                                                    [5,95.35]
00539>                                                    [7.1,94.70]
00540>                                                    [7.6,94.70]
00541>                                                    [7.9,94.35]
00542>                                                    [10.9,94.35]
00543>                                                    [11.2,94.70]
00544>                                                    [11.7,94.70]
00545>                                                    [13.8,95.35]
00546>                                                    [18.8,95.45]
00547> *%-----------------|-----------------------------------------------------------|
00548> CONTINUOUS NASHYD   ID=[6], NHYD=["MD"], DT=[15]min, AREA=[1.3](ha),
00549>                     DWF=[0](cms),  CN/C=[88], IA=[2.6](mm),
00550>                     N=[3], TP=[1.0]hrs,
00551>                     Continuous simulation parameters:
00552>                     IaRECper=[6](hrs),
00553>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00554>                     InterEventTime=[12](hrs)
00555>                     Baseflow simulation parameters:
00556>                     BaseFlowOption=[1] ,
00557>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00558>                     VHydCond=[1](mm/hr),   END=-1
00559> *%-----------------|-----------------------------------------------------------|
00560> ADD HYD             IDsum=[7], NHYD=["MAT-A"], IDs to add=[1 5 6](maximum ten)
00561> *%-----------------|-----------------------------------------------------------|
00562> SAVE HYD            ID=[7],  # OF PCYCLES=[-1],  ICASEsh=[1]
00563>                     HYD_COMMENT=["MAT-A"]
00564> *%-----------------|-----------------------------------------------------------|
00565> ROUTE CHANNEL       IDout=[8], NHYD=["MOORE"], IDin=[7],  
00566>                     RDT=[15](min),
00567>                     CHLGTH=[600](m),  CHSLOPE=[0.1](%),  
00568>                                         FPSLOPE=[0.1](%),
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00569>                     SECNUM=[2.1],       NSEG=[3] 
00570>                     ( SEGROUGH, SEGDIST (m))=[0.08,8.43 -0.035,12.53 0.08,20.96]
00571>                     ( DISTANCE (m), ELEVATION (m))=[0, 95.23]
00572>                                                    [5, 95.13]
00573>                                                    [7.43, 94.32]
00574>                                                    [8.43, 94.30]
00575>                                                    [8.98, 93.75]
00576>                                                    [11.98, 93.75]
00577>                                                    [12.53, 94.30]
00578>                                                    [13.53, 94.32]
00579>                                                    [15.96, 95.13]
00580>                                                    [20.96, 95.23]
00581> *%-----------------|-----------------------------------------------------------|
00582> SAVE HYD            ID=[8],  # OF PCYCLES=[-1],  ICASEsh=[1]
00583>                     HYD_COMMENT=["MOORE"]
00584> *%-----------------|-----------------------------------------------------------|
00585> *###############################################################################
00586> *# DUMMY SECTION - FOR UNDEVELOPED
00587> *###############################################################################
00588> CONTINUOUS STANDHYD ID=[7], NHYD=["VG-8"], DT=[15](min), AREA=[10.0](ha),
00589>                     XIMP=[0.9999999], TIMP=[0.9999999], DWF=[0](cms), LOSS=[1], 
00590>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00591>                             DCAY=[4.14](/hr), F=[0](mm),
00592>                     Pervious   surfaces: IAper=[2.6](mm), SLPP=[1.5](%), 
00593>                                          LGP=[35](m), MNP=[0.250], SCP=[0](min),
00594>                     Impervious surfaces: IAimp=[2.6](mm), SLPI=[0.3](%), 
00595>                                          LGI=[1000](m), MNI=[0.013], SCI=[0](min
00596>                     Continuous simulation parameters:
00597>                     IaRECper=[6](hrs),  IaRECimp=[6](hrs),
00598>                     InterEventTime=[12](hrs),   END=-1  
00599> *%-----------------|-----------------------------------------------------------|
00600> CONTINUOUS NASHYD   ID=[7], NHYD=["VG-8"], DT=[15]min, AREA=[10.30](ha),
00601>                     DWF=[0](cms),  CN/C=[88], IA=[2.6](mm),
00602>                     N=[3], TP=[1.1]hrs,
00603>                     Continuous simulation parameters:
00604>                     IaRECper=[6](hrs),
00605>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00606>                     InterEventTime=[12](hrs)
00607>                     Baseflow simulation parameters:
00608>                     BaseFlowOption=[1] ,
00609>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00610>                     VHydCond=[1](mm/hr),   END=-1
00611> *%-----------------|-----------------------------------------------------------|
00612> *###############################################################################
00613> *# DUMMY SECTION - FOR DEVELOPED  
00614> *###############################################################################
00615> CONTINUOUS STANDHYD ID=[8], NHYD=["VG-8D"], DT=[15](min), AREA=[10.0](ha),
00616>                     XIMP=[0.372], TIMP=[0.522], DWF=[0](cms), LOSS=[1], 
00617>                     Horton: Fo=[0.00001](mm/hr), Fc=[0.000005](mm/hr), 
00618>                             DCAY=[4.14](/hr), F=[0](mm),
00619>                     Pervious   surfaces: IAper=[4.67](mm), SLPP=[0.5](%), 
00620>                                          LGP=[40](m), MNP=[0.250], SCP=[0](min),
00621>                     Impervious surfaces: IAimp=[1.57](mm), SLPI=[0.5](%), 
00622>                                          LGI=[2.58](m), MNI=[0.013], SCI=[0](min
00623>                     Continuous simulation parameters:
00624>                     IaRECper=[3](hrs),  IaRECimp=[2](hrs),
00625>                     InterEventTime=[12](hrs),   END=-1 
00626> *%-----------------|-----------------------------------------------------------|
00627> CONTINUOUS STANDHYD ID=[8], NHYD=["VG-8D"], DT=[15](min), AREA=[80.2](ha),
00628>                     XIMP=[0.372], TIMP=[0.522], DWF=[0](cms), LOSS=[1], 
00629>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00630>                             DCAY=[4.14](/hr), F=[0](mm),
00631>                     Pervious   surfaces: IAper=[4.67](mm), SLPP=[0.5](%), 
00632>                                          LGP=[40](m), MNP=[0.250], SCP=[0](min),
00633>                     Impervious surfaces: IAimp=[1.57](mm), SLPI=[0.5](%), 
00634>                                          LGI=[731](m), MNI=[0.013], SCI=[0](min)
00635>                     Continuous simulation parameters:
00636>                     IaRECper=[3](hrs),  IaRECimp=[2](hrs),
00637>                     InterEventTime=[12](hrs),   END=-1
00638> *%-----------------|-----------------------------------------------------------|
00639> CONTINUOUS STANDHYD ID=[3], NHYD=["VG-9"], DT=[15](min), AREA=[11.4](ha),

00640>                     XIMP=[0.4], TIMP=[0.5], DWF=[0](cms), LOSS=[1], 
00641>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00642>                             DCAY=[4.14](/hr), F=[0](mm),
00643>                     Pervious   surfaces: IAper=[1.5](mm), SLPP=[1.5](%), 
00644>                                          LGP=[50](m), MNP=[0.250], SCP=[0](min),
00645>                     Impervious surfaces: IAimp=[0.8](mm), SLPI=[0.3](%), 
00646>                                          LGI=[731](m), MNI=[0.013], SCI=[0](min)
00647>                     Continuous simulation parameters:
00648>                     IaRECper=[3](hrs),  IaRECimp=[2](hrs),
00649>                     InterEventTime=[12](hrs),   END=-1 
00650> *%-----------------|-----------------------------------------------------------|
00651> STORE HYD           ID=[4],NHYD=["POND1"],  DT=[15](min),  AREA=[84.67](ha), 
00652>                     FLOW=[0
00653>                         0.000335072
00654>                         0.000806107
00655>                         0.00116479
00656>                         0.00169205
00657>                         0.00212901
00658>                         0.00259202
00659>                         0.00309396
00660>                         0.00352556
00661>                         0.00399587
00662>                         0.00445046
00663>                         0.00488934
00664>                         0.00534811
00665>                         0.00578199
00666>                         0.00622907
00667>                         0.00667562
00668>                         0.0071083
00669>                         0.0076057
00670>                         0.00822551
00671>                         0.00888475
00672>                         0.00954992
00673>                         0.0102305
00674>                         0.0109053
00675>                         0.0115818
00676>                         0.0122566
00677>                         0.0129357
00678>                         0.0136457
00679>                         0.0143661
00680>                         0.0150764
00681>                         0.0157913
00682>                         0.0165033
00683>                         0.0172122
00684>                         0.0179216
00685>                         0.0186271
00686>                         0.0193318
00687>                         0.0200351
00688>                         0.0207356
00689>                         0.0214354
00690>                         0.0221328
00691>                         0.0228285
00692>                         0.0235228
00693>                         0.0242148
00694>                         0.0249056
00695>                         0.0255943
00696>                         0.0262814
00697>                         0.026967
00698>                         0.0276506
00699>                         0.0283326
00700>                         0.0290252
00701>                         0.0303692
00702>                         0.0317814
00703>                         0.0332017
00704>                         0.0346181
00705>                         0.0360405
00706>                         0.0374515
00707>                         0.0388585
00708>                         0.0402612
00709>                         0.0416546
00710>                         0.0430456
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00711>                         0.0444292
00712>                         0.0458091
00713>                         0.0471844
00714>                         0.0485517
00715>                         0.0499151
00716>                         0.0512716
00717>                         0.0526224
00718>                         0.0539683
00719>                         0.0553073
00720>                         0.0566416
00721>                         0.0579698
00722>                         0.0592924
00723>                         0.0606098
00724>                         0.0619211
00725>                         0.0632434
00726>                         0.0646223
00727>                         0.0660108
00728>                         0.0673951
00729>                         0.0687816
00730>                         0.0701569
00731>                         0.0715285
00732>                         0.0728955
00733>                         0.0742539
00734>                         0.0756095
00735>                         0.0769576
00736>                         0.0783004
00737>                         0.0796657
00738>                         0.0811311
00739>                         0.0826224
00740>                         0.0840973
00741>                         0.0855867
00742>                         0.0870873
00743>                         0.088568
00744>                         0.0900345
00745>                         0.0914983
00746>                         0.0929614
00747>                         0.0944156
00748>                         0.0958694
00749>                         0.0973545
00750>                         0.0989171
00751>                         0.1005
00752>                         0.102083
00753>                         0.103672
00754>                         0.105246
00755>                         0.106837
00756>                         0.108478
00757>                         0.110109
00758>                         0.111735
00759>                         0.113366
00760>                         0.11498
00761>                         0.116633
00762>                         0.118375
00763>                         0.120125
00764>                         0.121862
00765>                         0.123614
00766>                         0.125347
00767>                         0.127116
00768>                         0.128986
00769>                         0.130859
00770>                         0.132721
00771>                         0.134591
00772>                         0.136438
00773>                         0.138423
00774>                         0.140636
00775>                         0.142868
00776>                         0.145071
00777>                         0.147307
00778>                         0.149518
00779>                         0.151977
00780>                         0.154833
00781>                         0.157663

00782>                         0.160484
00783>                         0.163331
00784>                         0.166139
00785>                         0.169428
00786>                         0.173629
00787>                         0.177739
00788>                         0.181838
00789>                         0.185999
00790>                         0.190128
00791>                         0.196653
00792>                         0.209522
00793>                         0.230769
00794>                         0.269278
00795>                         0.327265
00796>                         2.5691
00797>                         3.22018
00798>                         3.59295
00799>                         3.90364
00800>                         4.13985
00801>                         4.24291
00802>                         4.258
00803>                         4.21601
00804>                         4.10015
00805>                         3.95259
00806>                         3.79305
00807>                         3.67752
00808>                         3.58552
00809>                         3.4904
00810>                         3.39068
00811>                         3.2983
00812>                         3.20724
00813>                         3.11887
00814>                         3.03267
00815>                         2.94388
00816>                         2.85663
00817>                         2.77507
00818>                         2.69573
00819>                         2.61762
00820>                         2.53428
00821>                         2.44911
00822>                         2.36556
00823>                         2.28777
00824>                         2.21255
00825>                         2.13997
00826>                         1.8867
00827>                         1.65847
00828>                         1.46915
00829>                         1.31352
00830>                         1.18455
00831>                         1.07815
00832>                         0.990485
00833>                         0.918025
00834>                         0.858265
00835>                         0.809098
00836>                         0.771244
00837>                         0.739495
00838>                         0.712829
00839>                         0.690314
00840>                         0.671377
00841>                         0.655583
00842>                         0.642458
00843>                         0.631472
00844>                         0.622292
00845>                         0.608619
00846>                         0.584205
00847>                         0.560635
00848>                         0.542493
00849>                         0.524996
00850>                         0.511334
00851>                         0.49978
00852>                         0.489767
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00853>                         0.481719
00854>                         0.474942
00855>                         0.469285
00856>                         0.464526
00857>                         0.460681
00858>                         0.457349
00859>                         0.454626
00860>                         0.45235
00861>                         0.450371
00862>                         0.448826
00863>                         0.447461
00864>                         0.446327
00865>                         0.445421
00866>                         0.444607
00867>                         0.443972
00868>                         0.44342
00869>                         0.442959
00870>                         0.442588
00871>                         0.442265
00872>                         0.442
00873>                         0.441777
00874>                         0.441593
00875>                         0.441441
00876>                         0.44131
00877>                         0.441204
00878>                         0.441115
00879>                         0.441039
00880>                         0.440977
00881>                         0.440924
00882>                         0.440881
00883>                         0.440845
00884>                         0.440814
00885>                         0.440789
00886>                         0.440768
00887>                         0.44075
00888>                         0.440734
00889>                         0.440722
00890>                         0.440713
00891>                         0.440704
00892>                         0.440695
00893>                         0.437672
00894>                         0.428432
00895>                         0.419335
00896>                         0.41207
00897>                         0.40504
00898>                         0.399762
00899>                         0.395059
00900>                         0.391176
00901>                         0.388003
00902>                         0.385321
00903>                         0.383076
00904>                         0.381113
00905>                         0.379649
00906>                         0.378288
00907>                         0.377186
00908>                         0.376308
00909>                         0.375491
00910>                         0.374915
00911>                         0.374353
00912>                         0.373894
00913>                         0.37355
00914>                         0.373216
00915>                         0.372975
00916>                         0.37275
00917>                         0.372568
00918>                         0.372426
00919>                         0.372292
00920>                         0.372192
00921>                         0.372101
00922>                         0.37203
00923>                         0.37197

00924>                         0.371916
00925>                         0.371876
00926>                         0.371839
00927>                         0.371811
00928>                         0.371786
00929>                         0.371764
00930>                         0.371749
00931>                         0.371732
00932>                         0.371721
00933>                         0.371711
00934>                         0.371701
00935>                         0.371696
00936>                         0.371689
00937>                         0.371684
00938>                         0.371681
00939>                         0.371677](cms)  END=-1
00940> *%-----------------|-----------------------------------------------------------|
00941> ADD HYD             IDsum=[1], NHYD=["Fortune"], IDs to add=[3 4 7 8 9]
00942> *%-----------------|-----------------------------------------------------------|
00943> SAVE HYD            ID=[1],  # OF PCYCLES=[-1],  ICASEsh=[1]
00944>                     HYD_COMMENT=["Fortune"]
00945> *%-----------------|-----------------------------------------------------------|
00946> ROUTE CHANNEL       IDout=[3], NHYD=["VGR2-3"], IDin=[1],  
00947>                     RDT=[15](min),
00948>                     CHLGTH=[750](m),    CHSLOPE=[0.2](%),  
00949>                                         FPSLOPE=[0.2](%),
00950>                     SECNUM=[5.3],       NSEG=[3] 
00951>                     ( SEGROUGH, SEGDIST (m))=[0.05,3.22 -0.035,47.84 0.05,77.80]
00952>                     ( DISTANCE (m), ELEVATION (m))=[0,        93.5
00953>                                                     3.22, 93
00954>                                                     20.87, 92.5
00955>                                                     42.19, 92
00956>                                                     47.84, 92
00957>                                                     48.60, 92.5
00958>                                                     50.14, 93
00959>                                                     72.67, 93.526
00960>                                                     77.80, 93.5] 
00961> *%-----------------|-----------------------------------------------------------|
00962> CONTINUOUS STANDHYD ID=[2], NHYD=["VG-10"], DT=[15](min), AREA=[20.3](ha),
00963>                     XIMP=[0.4], TIMP=[0.5], DWF=[0](cms), LOSS=[1], 
00964>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00965>                             DCAY=[4.14](/hr), F=[0](mm),
00966>                     Pervious   surfaces: IAper=[1.5](mm), SLPP=[1.5](%), 
00967>                                          LGP=[50](m), MNP=[0.250], SCP=[0](min),
00968>                     Impervious surfaces: IAimp=[0.8](mm), SLPI=[0.3](%), 
00969>                                          LGI=[560](m), MNI=[0.013], SCI=[0](min)
00970>                     Continuous simulation parameters:
00971>                     IaRECper=[3](hrs),  IaRECimp=[2](hrs),
00972>                     InterEventTime=[12](hrs),   END=-1 
00973> *%-----------------|-----------------------------------------------------------|
00974> ADD HYD             IDsum=[9], NHYD=["VG"], IDs to add=[2 3]
00975> *%-----------------|-----------------------------------------------------------|
00976> SAVE HYD            ID=[9],  # OF PCYCLES=[-1],  ICASEsh=[1]
00977>                     HYD_COMMENT=["Flow from Van Gaal Drain at Jock River"]
00978> *%-----------------|-----------------------------------------------------------|
00979> *******************************************************************************
00980> * Jock River
00981> *******************************************************************************
00982> *###############################################################################
00983> *# DUMMY SECTION - FOR UNDEVELOPED
00984> *###############################################################################
00985> CONTINUOUS STANDHYD ID=[3], NHYD=["JR-2"], DT=[15](min), AREA=[10.0](ha),
00986>                     XIMP=[0.9999999], TIMP=[0.9999999], DWF=[0](cms), LOSS=[1], 
00987>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00988>                             DCAY=[4.14](/hr), F=[0](mm),
00989>                     Pervious   surfaces: IAper=[2.5](mm), SLPP=[1.5](%), 
00990>                                          LGP=[35](m), MNP=[0.250], SCP=[0](min),
00991>                     Impervious surfaces: IAimp=[2.5](mm), SLPI=[0.3](%), 
00992>                                          LGI=[182](m), MNI=[0.013], SCI=[0](min)
00993>                     Continuous simulation parameters:
00994>                     IaRECper=[6](hrs),  IaRECimp=[6](hrs),
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00995>                     InterEventTime=[12](hrs),   END=-1  
00996> *%-----------------|-----------------------------------------------------------|
00997> CONTINUOUS NASHYD   ID=[3], NHYD=["JR-2"], DT=[15]min, AREA=[4.96](ha),
00998>                     DWF=[0](cms),  CN/C=[88], IA=[2.5](mm),
00999>                     N=[3], TP=[0.8]hrs,
01000>                     Continuous simulation parameters:
01001>                     IaRECper=[6](hrs),
01002>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
01003>                     InterEventTime=[12](hrs)
01004>                     Baseflow simulation parameters:
01005>                     BaseFlowOption=[1] ,
01006>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
01007>                     VHydCond=[1](mm/hr),   END=-1
01008> *%-----------------|-----------------------------------------------------------|
01009> *###############################################################################
01010> *# DUMMY SECTION - FOR DEVELOPED  
01011> *###############################################################################
01012> CONTINUOUS STANDHYD ID=[4], NHYD=["JR-2D"], DT=[15](min), AREA=[10.0](ha),
01013>                     XIMP=[0.395], TIMP=[0.545], DWF=[0](cms), LOSS=[1], 
01014>                     Horton: Fo=[0.00001](mm/hr), Fc=[0.000005](mm/hr), 
01015>                             DCAY=[4.14](/hr), F=[0](mm),
01016>                     Pervious   surfaces: IAper=[4.67](mm), SLPP=[0.5](%), 
01017>                                          LGP=[40](m), MNP=[0.250], SCP=[0](min),
01018>                     Impervious surfaces: IAimp=[1.57](mm), SLPI=[0.5](%), 
01019>                                          LGI=[182](m), MNI=[0.013], SCI=[0](min)
01020>                     Continuous simulation parameters:
01021>                     IaRECper=[3](hrs),  IaRECimp=[2](hrs),
01022>                     InterEventTime=[12](hrs),   END=-1 
01023> *%-----------------|-----------------------------------------------------------|
01024> CONTINUOUS STANDHYD ID=[4], NHYD=["JR-2D"], DT=[15](min), AREA=[15.54](ha),
01025>                     XIMP=[0.395], TIMP=[0.545], DWF=[0](cms), LOSS=[1], 
01026>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
01027>                             DCAY=[4.14](/hr), F=[0](mm),
01028>                     Pervious   surfaces: IAper=[4.67](mm), SLPP=[0.5](%), 
01029>                                          LGP=[40](m), MNP=[0.250], SCP=[0](min),
01030>                     Impervious surfaces: IAimp=[1.57](mm), SLPI=[0.5](%), 
01031>                                          LGI=[182](m), MNI=[0.013], SCI=[0](min)
01032>                     Continuous simulation parameters:
01033>                     IaRECper=[3](hrs),  IaRECimp=[2](hrs),
01034>                     InterEventTime=[12](hrs),   END=-1
01035> *%-----------------|-----------------------------------------------------------|
01036> CONTINUOUS NASHYD   ID=[4], NHYD=["JR-3"], DT=[15]min, AREA=[6.86](ha),
01037>                     DWF=[0](cms),  CN/C=[88], IA=[2.5](mm),
01038>                     N=[3], TP=[0.2]hrs,
01039>                     Continuous simulation parameters:
01040>                     IaRECper=[6](hrs),
01041>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
01042>                     InterEventTime=[12](hrs)
01043>                     Baseflow simulation parameters:
01044>                     BaseFlowOption=[1] ,
01045>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
01046>                     VHydCond=[1](mm/hr),   END=-1
01047> *%-----------------|-----------------------------------------------------------|
01048> STORE HYD           ID=[6],NHYD=["POND2"],  DT=[15](min),  AREA=[45.53](ha), 
01049>                     FLOW=[0
01050>                         0.000213196
01051>                         0.000591786
01052>                         0.000824112
01053>                         0.00124469
01054>                         0.00153586
01055>                         0.00193772
01056>                         0.00229613
01057>                         0.00266183
01058>                         0.00304262
01059>                         0.00338897
01060>                         0.0037697
01061>                         0.00411594
01062>                         0.00448491
01063>                         0.0048382
01064>                         0.00519446
01065>                         0.00555005

01066>                         0.00592218
01067>                         0.00639754
01068>                         0.00687827
01069>                         0.00737418
01070>                         0.00787848
01071>                         0.00838576
01072>                         0.008896
01073>                         0.00939925
01074>                         0.00990832
01075>                         0.0104317
01076>                         0.0109529
01077>                         0.0114726
01078>                         0.0119929
01079>                         0.012508
01080>                         0.0130224
01081>                         0.0135319
01082>                         0.0140391
01083>                         0.0145425
01084>                         0.0150428
01085>                         0.0155401
01086>                         0.016034
01087>                         0.016525
01088>                         0.0170118
01089>                         0.0174965
01090>                         0.0179778
01091>                         0.0267977
01092>                         0.0355742
01093>                         0.0439165
01094>                         0.0518424
01095>                         0.0593813
01096>                         0.0665465
01097>                         0.0733614
01098>                         0.0799492
01099>                         0.0867407
01100>                         0.0933065
01101>                         0.0996152
01102>                         0.105764
01103>                         0.111522
01104>                         0.117074
01105>                         0.122334
01106>                         0.12735
01107>                         0.132142
01108>                         0.136695
01109>                         0.141049
01110>                         0.145193
01111>                         0.149149
01112>                         0.152923
01113>                         0.15652
01114>                         0.159956
01115>                         0.163232
01116>                         0.166359
01117>                         0.169344
01118>                         0.172193
01119>                         0.174913
01120>                         0.177509
01121>                         0.179989
01122>                         0.182394
01123>                         0.184982
01124>                         0.187359
01125>                         0.189696
01126>                         0.192036
01127>                         0.194221
01128>                         0.196366
01129>                         0.198383
01130>                         0.200324
01131>                         0.202178
01132>                         0.203944
01133>                         0.205638
01134>                         0.207389
01135>                         0.209827
01136>                         0.212088
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01137>                         0.214296
01138>                         0.216564
01139>                         0.218598
01140>                         0.220636
01141>                         0.222535
01142>                         0.224364
01143>                         0.226118
01144>                         0.227781
01145>                         0.229384
01146>                         0.231036
01147>                         0.233302
01148>                         0.235683
01149>                         0.237977
01150>                         0.240333
01151>                         0.242511
01152>                         0.244676
01153>                         0.246984
01154>                         0.249176
01155>                         0.251295
01156>                         0.253383
01157>                         0.255355
01158>                         0.257422
01159>                         0.260244
01160>                         0.262977
01161>                         0.265575
01162>                         0.268168
01163>                         0.270591
01164>                         0.273073
01165>                         0.276047
01166>                         0.278978
01167>                         0.28174
01168>                         0.284496
01169>                         0.287072
01170>                         0.289954
01171>                         0.294483
01172>                         0.299078
01173>                         0.303521
01174>                         0.308057
01175>                         0.312305
01176>                         0.317042
01177>                         0.324107
01178>                         0.331142
01179>                         0.337939
01180>                         0.344767
01181>                         0.351207
01182>                         0.358946
01183>                         0.371816
01184>                         0.384751
01185>                         0.397523
01186>                         0.410111
01187>                         0.422037
01188>                         0.442679
01189>                         0.499107
01190>                         0.593179
01191>                         0.777332
01192>                         1.07755
01193>                         1.48294
01194>                         1.81223
01195>                         1.99911
01196>                         2.12227
01197>                         2.19389
01198>                         2.22797
01199>                         2.235
01200>                         2.22757
01201>                         2.19838
01202>                         2.15774
01203>                         2.11235
01204>                         2.06387
01205>                         2.0141
01206>                         1.96324
01207>                         1.91082

01208>                         1.86155
01209>                         1.81249
01210>                         1.76516
01211>                         1.71931
01212>                         1.67316
01213>                         1.62686
01214>                         1.58311
01215>                         1.54079
01216>                         1.4996
01217>                         1.45993
01218>                         1.41967
01219>                         1.37905
01220>                         1.34079
01221>                         1.30372
01222>                         1.26795
01223>                         1.23347
01224>                         1.20018
01225>                         1.16793
01226>                         1.13686
01227>                         1.10699
01228>                         1.07813
01229>                         1.05029
01230>                         1.02341
01231>                         0.997482
01232>                         0.972466
01233>                         0.948367
01234>                         0.925132
01235>                         0.902708
01236>                         0.881083
01237>                         0.860224
01238>                         0.840104
01239>                         0.820703
01240>                         0.80199
01241>                         0.783937
01242>                         0.765747
01243>                         0.746438
01244>                         0.727697
01245>                         0.709794
01246>                         0.692125
01247>                         0.675109
01248>                         0.658667
01249>                         0.642701
01250>                         0.627331
01251>                         0.612456
01252>                         0.598095
01253>                         0.584238
01254>                         0.570858
01255>                         0.557967
01256>                         0.545591
01257>                         0.533642
01258>                         0.522125
01259>                         0.511027
01260>                         0.500328
01261>                         0.490025
01262>                         0.4801
01263>                         0.470544
01264>                         0.461344
01265>                         0.45249
01266>                         0.44397
01267>                         0.435774
01268>                         0.427891
01269>                         0.420307
01270>                         0.413018
01271>                         0.406011
01272>                         0.399277
01273>                         0.392806
01274>                         0.38659
01275>                         0.380619
01276>                         0.374884
01277>                         0.369377
01278>                         0.36409
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01279>                         0.359014
01280>                         0.354142
01281>                         0.349466
01282>                         0.344983
01283>                         0.340691
01284>                         0.336571
01285>                         0.332619
01286>                         0.328828
01287>                         0.325192
01288>                         0.321705
01289>                         0.31836
01290>                         0.314956
01291>                         0.310745
01292>                         0.306505
01293>                         0.302383
01294>                         0.298187
01295>                         0.294295
01296>                         0.290439
01297>                         0.286787
01298>                         0.28328
01299>                         0.279896
01300>                         0.276686
01301>                         0.273577
01302>                         0.270623
01303>                         0.267779
01304>                         0.265059
01305>                         0.262455
01306>                         0.259956
01307>                         0.257568
01308>                         0.255276
01309>                         0.253085
01310>                         0.250985
01311>                         0.248975
01312>                         0.247051
01313>                         0.245208
01314>                         0.243444
01315>                         0.241755
01316>                         0.240139
01317>                         0.238592
01318>                         0.237111
01319>                         0.235694
01320>                         0.234337
01321>                         0.233039
01322>                         0.231797
01323>                         0.230608
01324>                         0.229471
01325>                         0.228382
01326>                         0.227341
01327>                         0.226344
01328>                         0.225391
01329>                         0.224479
01330>                         0.223606
01331>                         0.222771
01332>                         0.221973
01333>                         0.221209
01334>                         0.220478
01335>                         0.219778
01336>                         0.21911](cms)  END=-1
01337> *%-----------------|-----------------------------------------------------------|
01338> ADD HYD             IDsum=[5], NHYD=["JockVG"], IDs to add=[3 4 6 9]
01339> *%-----------------|-----------------------------------------------------------|
01340> SAVE HYD            ID=[5],   # OF PCYCLES=[-1],  ICASEsh=[1]
01341>                     HYD_COMMENT=["Flow From Subject Area At Jock River"]
01342> *%-----------------|-----------------------------------------------------------|
01343> START               TZERO=[1968.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[68]
01344> START               TZERO=[1969.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[69]
01345> START               TZERO=[1970.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[70]
01346> START               TZERO=[1971.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[71]
01347> START               TZERO=[1972.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[72]
01348> START               TZERO=[1973.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[73]
01349> START               TZERO=[1974.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[74]

01350> START               TZERO=[1975.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[75]
01351> START               TZERO=[1976.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[76]
01352> START               TZERO=[1977.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[77]
01353> START               TZERO=[1978.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[78]
01354> START               TZERO=[1979.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[79]
01355> START               TZERO=[1980.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[80]
01356> START               TZERO=[1981.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[81]
01357> START               TZERO=[1982.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[82]
01358> START               TZERO=[1983.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[83]
01359> START               TZERO=[1984.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[84]
01360> START               TZERO=[1985.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[85]
01361> START               TZERO=[1986.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[86]
01362> START               TZERO=[1987.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[87]
01363> START               TZERO=[1988.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[88]
01364> START               TZERO=[1989.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[89]
01365> START               TZERO=[1990.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[90]
01366> START               TZERO=[1991.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[91]
01367> START               TZERO=[1992.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[92]
01368> START               TZERO=[1993.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[93]
01369> START               TZERO=[1994.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[94]
01370> START               TZERO=[1995.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[95]
01371> START               TZERO=[1996.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[96]
01372> START               TZERO=[1997.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[97]
01373> START               TZERO=[1998.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[98]
01374> START               TZERO=[1999.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[99]
01375> START               TZERO=[2000.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[200]
01376> START               TZERO=[2001.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[201]
01377> START               TZERO=[2002.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[202]
01378> START               TZERO=[2003.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[203]
01379> *%-----------------|-----------------------------------------------------------|
01380> FINISH
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00001> 2     Metric units
00002> *#******************************************************************************
00003> *#  SWMHYMO Ver:5.02/Jan 2001 <BETA> / INPUT DATA FILE
00004> *#******************************************************************************
00005> *#  Project Name: [Richmond FPM]    Project Number: [709]
00006> *#  Date        : 04-21-2009
00007> *#  Revised     : 05-27-2009; 07-22-2009; 08-06-2009; 08-31-2009; 11-16-2009  
00008> *#  Modeller    : [Bryan Willcott B.Eng.]
00009> *#  Company     : J.F. Sabourin and Associates
00010> *#  License #   : 3410370 
00011> *#******************************************************************************
00012> 
00013> *#******************************************************************************
00014> *#  [BW] May 27, 2009 
00015> *#  This model has been updated using revised values for Tp. Previous versions
00016> *#  of this model used a calculated Tp=0.6Tc.  This model used a calculated 
00017> *#  Tp=0.67Tc. 
00018> *#******************************************************************************
00019> *#  [BW] July 22, 2009 
00020> *#  This model has been revised to include "existing" cross section information 
00021> *#  received from Robinson Consultants.  The Cross section revised in the model
00022> *#  is Sec 5.2 (channel receiving flow from "arbuck"). Also, channel and 
00023> *#  floodplain slopes for ROUTE CHANNEL commands were updated to be equal    
00024> *#******************************************************************************
00025> *#  [BW] August 6, 2009 
00026> *#  This model has been revised to include cross section information  
00027> *#  from Robinson Consultants Engineer's Report July 2003.  The cross 
00028> *#  section revised in the model is Sec 5.1.  Cross sections Sec 1.03  
00029> *#  and Sec 5.3 have also been revised    
00030> *#******************************************************************************
00031> *#  [BW] August 31, 2009 
00032> *#  Model updated to include the proposed DSEL berm. This affects the geometry 
00033> *#  of Route Channel Sect 5.2 located on the Arbuckle drain.  Route Channels 5.2
00034> *#  and 1.03 have also been revised to reduce the number of values in the
00035> *#  x-y matrix.  
00036> *#******************************************************************************
00037> *#  [BW] November 16, 2009 
00038> *#  Model updated to include revised CN and Tp values subsequent to review of
00039> *#  memo received from AECOM on Oct. 2, 2009
00040> *#******************************************************************************
00041> *#  [BW] March 4, 2010 
00042> *#  Model converted to continuous model for water balance analysis
00043> *#******************************************************************************
00044> *#
00045> *% 25mm 4HR Chicago Storm
00046> START               TZERO=[1967.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[67] 
00047> *                    ["4HR-25mm.stm"]
00048> *%-----------------|-----------------------------------------------------------|
00049> *# READ STORM          STORM_FILENAME=["STORM.001"]
00050> *%-----------------|-----------------------------------------------------------|
00051> READ AES DATA       AES_FILENAME=["6106000.123"], IELEM=[123],
00052>                     START_DATE=[0], END_DATE=[-183]
00053> *%-----------------|-----------------------------------------------------------|
00054> COMPUTE API         APII=[50], APIK=[0.90]/day
00055> *%-----------------|-----------------------------------------------------------|
00056> *#*****************************************************************************
00057> *# Van Gaal / Arbuckle Drain
00058> *#*****************************************************************************
00059> *# DSEL SUBCATCHMENT VG-1 HAS BEEN BROKEN INTO 6 SUB-AREAS (BW)
00060> *#*****************************************************************************
00061> *%-----------------|-----------------------------------------------------------|
00062> CONTINUOUS NASHYD   ID=[1], NHYD=["VG-1A"], DT=[15]min, AREA=[311.9](ha),
00063>                     DWF=[0](cms),  CN/C=[73], IA=[3.9](mm),
00064>                     N=[3], TP=[5.3]hrs,
00065>                     Continuous simulation parameters:
00066>                     IaRECper=[6](hrs),
00067>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00068>                     InterEventTime=[12](hrs)
00069>                     Baseflow simulation parameters:
00070>                     BaseFlowOption=[1] ,
00071>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)

00072>                     VHydCond=[1](mm/hr),   END=-1                   
00073> *%-----------------|-----------------------------------------------------------|
00074> SAVE HYD            ID=[1],  # OF PCYCLES=[-1],  ICASEsh=[1]
00075>                     HYD_COMMENT=["VG-1A"]
00076> *%-----------------|-----------------------------------------------------------|
00077> *#*****************************************************************************
00078> *# Tp FOR VG-1B HAS BEEN REVISED TO REFLECT A HYDRAULIC LENGTH OF 1710 m, A 
00079> *# LENGTH THAT INCLUDES DISTANCE TO THE VG1-1 CONFLUENCE IN ADDITION TO THE 
00080> *# LONGEST FLOW PATH WITHIN VG-1B. THIS IS DONE TO SIMULATE CHANNEL ROUTING
00081> *#*****************************************************************************
00082> CONTINUOUS NASHYD   ID=[2], NHYD=["VG-1B"], DT=[15]min, AREA=[24.8](ha),
00083>                     DWF=[0](cms),  CN/C=[73], IA=[4.0](mm),
00084>                     N=[3], TP=[2.7]hrs,
00085>                     Continuous simulation parameters:
00086>                     IaRECper=[6](hrs),
00087>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00088>                     InterEventTime=[12](hrs)
00089>                     Baseflow simulation parameters:
00090>                     BaseFlowOption=[1] ,
00091>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00092>                     VHydCond=[1](mm/hr),   END=-1                     
00093> *%-----------------|-----------------------------------------------------------|
00094> *#*****************************************************************************
00095> *# VG1-1 IS THE SUM OF FLOWS TO THE CONFLUENCE OF NORTHERN MOST WATERCOURSE IN 
00096> *# OUR AREA OF STUDY WITH THE ROADSIDE DITCH ON GARVIN ROAD
00097> *#*****************************************************************************
00098> *#
00099> ADD HYD             IDsum=[3], NHYD=["VG1-1"], IDs to add=[1 2]
00100> *%-----------------|-----------------------------------------------------------|
00101> SAVE HYD            ID=[3],  # OF PCYCLES=[-1],  ICASEsh=[1]
00102>                     HYD_COMMENT=["VG1-1"]
00103> *%-----------------|-----------------------------------------------------------|
00104> CONTINUOUS NASHYD   ID=[4], NHYD=["VG-1D"], DT=[15]min, AREA=[47.8](ha),
00105>                     DWF=[0](cms),  CN/C=[88], IA=[2.5](mm),
00106>                     N=[3], TP=[1.8]hrs,
00107>                     Continuous simulation parameters:
00108>                     IaRECper=[6](hrs),
00109>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00110>                     InterEventTime=[12](hrs)
00111>                     Baseflow simulation parameters:
00112>                     BaseFlowOption=[1] ,
00113>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00114>                     VHydCond=[1](mm/hr),   END=-1 
00115> *%-----------------|-----------------------------------------------------------|
00116> *#*****************************************************************************
00117> *# VG1-2 IS THE SUM OF FLOWS AT THE GARVIN ROAD CROSS CULVERT AND 
00118> *# CONSERVATIVELY INCLUDES THE AREA VG-1D,  WHICH IS LOCATED JUST DOWNSTREAM 
00119> *# OF THE CULVERT
00120> *#*****************************************************************************
00121> *#
00122> ADD HYD             IDsum=[5], NHYD=["VG1-2"], IDs to add=[3 4]
00123> *%-----------------|-----------------------------------------------------------|
00124> SAVE HYD            ID=[5],  # OF PCYCLES=[-1],  ICASEsh=[1]
00125>                     HYD_COMMENT=["VG1-2"]
00126> *%-----------------|-----------------------------------------------------------|
00127> ROUTE CHANNEL       IDout=[6], NHYD=["VG1R-2"],IDin=[5],
00128>                     RDT=[15](min),
00129>                     CHLGTH=[865](m),  CHSLOPE=[0.15](%),  
00130>                                         FPSLOPE=[0.15](%),
00131>                     SECNUM=[1.01],       NSEG=[3] 
00132>                     ( SEGROUGH, SEGDIST (m))=[0.08,51.41 -0.035,55.58 0.08,228.3
00133>                     ( DISTANCE (m), ELEVATION (m))=[0,        96.719]
00134>                                                    [22.98, 96.598]
00135>                                                    [42.45, 96.66]
00136>                                                    [47.63, 96.5]
00137>                                                    [49.64, 96.424]
00138>                                                    [51.41, 96]
00139>                                                    [53.36, 95.79]
00140>                                                    [55.58, 95.887]
00141>                                                    [57.42, 96.242]
00142>                                                    [87.69, 96.5]
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00143>                                                    [119.62, 96.509]
00144>                                                    [140.1, 96.601]
00145>                                                    [179.39, 96.722]
00146>                                                    [200.6, 96.89]
00147>                                                    [228.39, 97] 
00148> *%-----------------|-----------------------------------------------------------|
00149> CONTINUOUS NASHYD   ID=[7], NHYD=["VG-1C"], DT=[15]min, AREA=[211.8](ha),
00150>                     DWF=[0](cms),  CN/C=[70], IA=[3.9](mm),
00151>                     N=[3], TP=[4.7]hrs,
00152>                     Continuous simulation parameters:
00153>                     IaRECper=[6](hrs),
00154>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00155>                     InterEventTime=[12](hrs)
00156>                     Baseflow simulation parameters:
00157>                     BaseFlowOption=[1] ,
00158>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00159>                     VHydCond=[1](mm/hr),   END=-1 
00160> *%-----------------|-----------------------------------------------------------|
00161> CONTINUOUS NASHYD   ID=[8], NHYD=["VG-1E"], DT=[15]min, AREA=[13.4](ha),
00162>                     DWF=[0](cms),  CN/C=[73], IA=[4.0](mm),
00163>                     N=[3], TP=[0.64]hrs,
00164>                     Continuous simulation parameters:
00165>                     IaRECper=[6](hrs),
00166>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00167>                     InterEventTime=[12](hrs)
00168>                     Baseflow simulation parameters:
00169>                     BaseFlowOption=[1] ,
00170>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00171>                     VHydCond=[1](mm/hr),   END=-1 
00172> *%-----------------|-----------------------------------------------------------|
00173> *#*****************************************************************************
00174> *# VG1-3 IS THE SUM OF FLOWS TO JOY'S ROAD CROSS CULVERT AND CONSERVATIVELY 
00175> *# INCLUDES THE AREA VG-1E, WHICH IS LOCATED JUST DOWNSTREAM OF THE CULVERT
00176> *#*****************************************************************************
00177> *#
00178> ADD HYD             IDsum=[9], NHYD=["VG1-3"], IDs to add=[7 8]
00179> *%-----------------|-----------------------------------------------------------|
00180> SAVE HYD            ID=[9],  # OF PCYCLES=[-1],  ICASEsh=[1]
00181>                     HYD_COMMENT=["VG1-3"]
00182> *%-----------------|-----------------------------------------------------------|
00183> ROUTE CHANNEL       IDout=[10], NHYD=["VG1R-3"],IDin=[9],
00184>                     RDT=[15](min),
00185>                     CHLGTH=[630](m),  CHSLOPE=[0.20](%),  
00186>                                         FPSLOPE=[0.20](%),
00187>                     SECNUM=[1.02],       NSEG=[3] 
00188>                     ( SEGROUGH, SEGDIST (m))=[0.08,80.53 -0.035,82.4 0.08,124.53
00189>                     ( DISTANCE (m), ELEVATION (m))=[0        97
00190>                                                     0.61 97.01
00191>                                                     3.8 97.03
00192>                                                     17.49 97.18
00193>                                                     19.18 97.17
00194>                                                     26.62 97.15
00195>                                                     46.29 97.12
00196>                                                     73.97 97.17
00197>                                                     76.3 97.04
00198>                                                     77.53 97
00199>                                                     80.53 96.86
00200>                                                     81.38 96.5
00201>                                                     82.4 96.07
00202>                                                     87.91 96.07
00203>                                                     89.65 96.5
00204>                                                     90.75 96.78
00205>                                                     91.88 96.91
00206>                                                     96.2 97
00207>                                                     99.01 97.1
00208>                                                     119.73 97.14
00209>                                                     124.53 97] 
00210> *%-----------------|-----------------------------------------------------------|
00211> *#******************************************************************************
00212> *# VG1-4 IS THE SUM OF FLOWS AT THE CONFLUENCE OF THE WATERCOURSE FROM JOY'S 
00213> *# ROAD WITH THE MAIN DRAIN 

00214> *#*****************************************************************************
00215> *#
00216> ADD HYD             IDsum=[1], NHYD=["VG1-4"], IDs to add=[6 10]
00217> *%-----------------|-----------------------------------------------------------|
00218> SAVE HYD            ID=[1],  # OF PCYCLES=[-1],  ICASEsh=[1]
00219>                     HYD_COMMENT=["VG1-4"]
00220> *%-----------------|-----------------------------------------------------------|
00221> ROUTE CHANNEL       IDout=[2], NHYD=["VG1R-4"],IDin=[1],
00222>                     RDT=[15](min),
00223>                     CHLGTH=[485](m),  CHSLOPE=[0.20](%),  
00224>                                         FPSLOPE=[0.20](%),
00225>                     SECNUM=[1.03],       NSEG=[3] 
00226>                     ( SEGROUGH, SEGDIST (m))=[0.08,44.17 -0.035,53.58 0.08,243.3
00227>                     ( DISTANCE (m), ELEVATION (m))=
00228>                     [-44.2, 95.7
00229>                     0, 95.5
00230>                     19.69, 95.421
00231>                     27.91, 95.5
00232>                     31.73, 95.5
00233>                     32.29, 95.325
00234>                     32.71, 95.5
00235>                     41.04, 95.5
00236>                     44.17, 95.449
00237>                     45.63, 95.389
00238>                     48.22, 95
00239>                     48.54, 94.882
00240>                     49.35, 94.5
00241>                     49.64, 94.311
00242>                     50.46, 94.497
00243>                     52.21, 94.993
00244>                     53.58, 95.406
00245>                     55.08, 95.333
00246>                     55.94, 95.157
00247>                     76.35, 95.275
00248>                     131, 95.403
00249>                     213.2, 95.5
00250>                     243.3, 95.8]  
00251> *%-----------------|-----------------------------------------------------------|
00252> CONTINUOUS NASHYD   ID=[3], NHYD=["VG-1F"], DT=[15]min, AREA=[117.7](ha),
00253>                     DWF=[0](cms),  CN/C=[86], IA=[2.6](mm),
00254>                     N=[3], TP=[2.9]hrs,
00255>                     Continuous simulation parameters:
00256>                     IaRECper=[6](hrs),
00257>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00258>                     InterEventTime=[12](hrs)
00259>                     Baseflow simulation parameters:
00260>                     BaseFlowOption=[1] ,
00261>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00262>                     VHydCond=[1](mm/hr),   END=-1 
00263> *%-----------------|-----------------------------------------------------------|
00264> *#*****************************************************************************
00265> *# VG1 IS THE SUM OF FLOWS AT THE CONFLUENCE OF THE VAN GAAL WEST MAIN DRAIN
00266> *# WITH VAN GAAL WEST TRIBUTARY
00267> *#*****************************************************************************
00268> *#
00269> ADD HYD             IDsum=[4], NHYD=["VG1"], IDs to add=[2 3]
00270> *%-----------------|-----------------------------------------------------------|
00271> SAVE HYD            ID=[4],  # OF PCYCLES=[-1],  ICASEsh=[1]
00272>                     HYD_COMMENT=["VG1"]
00273> *%-----------------|-----------------------------------------------------------|
00274> ROUTE CHANNEL       IDout=[5], NHYD=["VGR2-1"], IDin=[4],  
00275>                     RDT=[15](min),
00276>                     CHLGTH=[755](m),    CHSLOPE=[0.2](%),  
00277>                                         FPSLOPE=[0.2](%),
00278>                     SECNUM=[5.1],       NSEG=[3] 
00279>                     ( SEGROUGH, SEGDIST (m))=[0.08,98.046 -0.035,105.496 0.08,51
00280>                     ( DISTANCE (m), ELEVATION (m))=[0,        96.11
00281>                                                    20,        94.4
00282>                                                    26.106, 94.5
00283>                                                    41.686, 94.465
00284>                                                    63.506, 94.427
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00285>                                                    84.666, 94.492
00286>                                                    95.476, 94.363
00287>                                                    97.736, 94
00288>                                                    98.046, 93.967
00289>                                                    100.336, 92.8193
00290>                                                    101.536, 92.8193
00291>                                                    102.736, 92.8193
00292>                                                    105.496, 94.199
00293>                                                    127.006, 94.345
00294>                                                    142.116, 94.5
00295>                                                    148.376, 94.568
00296>                                                    478.406, 94.7
00297>                                                    518.306, 95]                 
00298> *%-----------------|-----------------------------------------------------------|
00299> CONTINUOUS NASHYD   ID=[6], NHYD=["VG-2"], DT=[15]min, AREA=[63.1](ha),
00300>                     DWF=[0](cms),  CN/C=[81], IA=[2.8](mm),
00301>                     N=[3], TP=[1.6]hrs,
00302>                     Continuous simulation parameters:
00303>                     IaRECper=[6](hrs),
00304>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00305>                     InterEventTime=[12](hrs)
00306>                     Baseflow simulation parameters:
00307>                     BaseFlowOption=[1] ,
00308>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00309>                     VHydCond=[1](mm/hr),   END=-1 
00310> *%-----------------|-----------------------------------------------------------|
00311> ROUTE CHANNEL       IDout=[7], NHYD=["PerN"], IDin=[6],  
00312>                     RDT=[15](min),
00313>                     CHLGTH=[550](m),  CHSLOPE=[0.2](%),  
00314>                                         FPSLOPE=[0.2](%),
00315>                     SECNUM=[1.1],       NSEG=[3] 
00316>                     ( SEGROUGH, SEGDIST (m))=[0.08,70 -0.035,72 0.08,77] NSEG ti
00317>                     ( DISTANCE (m), ELEVATION (m))=[0,  94.4]
00318>                                                    [70, 94.0]
00319>                                                    [71, 93.5]
00320>                                                    [72, 94.0]
00321>                                                    [77, 94.4] 
00322> *%-----------------|-----------------------------------------------------------|
00323> *###############################################################################
00324> *# DUMMY SECTION
00325> *###############################################################################
00326> CONTINUOUS STANDHYD ID=[8], NHYD=["VG-3"], DT=[15](min), AREA=[10.0](ha),
00327>                     XIMP=[0.9999999], TIMP=[0.9999999], DWF=[0](cms), LOSS=[1], 
00328>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00329>                             DCAY=[4.14](/hr), F=[0](mm),
00330>                     Pervious   surfaces: IAper=[2.5](mm), SLPP=[1.5](%), 
00331>                                          LGP=[35](m), MNP=[0.250], SCP=[0](min),
00332>                     Impervious surfaces: IAimp=[2.5](mm), SLPI=[0.3](%), 
00333>                                          LGI=[1000](m), MNI=[0.013], SCI=[0](min
00334>                     Continuous simulation parameters:
00335>                     IaRECper=[6](hrs),  IaRECimp=[6](hrs),
00336>                     InterEventTime=[12](hrs),   END=-1  
00337> *%-----------------|-----------------------------------------------------------|
00338> CONTINUOUS NASHYD   ID=[8], NHYD=["VG-3"], DT=[15]min, AREA=[40.6](ha),
00339>                     DWF=[0](cms),  CN/C=[88], IA=[2.5](mm),
00340>                     N=[3], TP=[1.6]hrs,
00341>                     Continuous simulation parameters:
00342>                     IaRECper=[6](hrs),
00343>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00344>                     InterEventTime=[12](hrs)
00345>                     Baseflow simulation parameters:
00346>                     BaseFlowOption=[1] ,
00347>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00348>                     VHydCond=[1](mm/hr),   END=-1 
00349> *%-----------------|-----------------------------------------------------------|
00350> CONTINUOUS STANDHYD ID=[9], NHYD=["VG-4"], DT=[15](min), AREA=[24.6](ha),
00351>                     XIMP=[0.4], TIMP=[0.5], DWF=[0](cms), LOSS=[1], 
00352>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00353>                             DCAY=[4.14](/hr), F=[0](mm),
00354>                     Pervious   surfaces: IAper=[1.5](mm), SLPP=[1.5](%), 
00355>                                          LGP=[35](m), MNP=[0.250], SCP=[0](min),

00356>                     Impervious surfaces: IAimp=[0.8](mm), SLPI=[0.3](%), 
00357>                                          LGI=[1000](m), MNI=[0.013], SCI=[0](min
00358>                     Continuous simulation parameters:
00359>                     IaRECper=[3](hrs),  IaRECimp=[2](hrs),
00360>                     InterEventTime=[12](hrs),   END=-1                 
00361> *%-----------------|-----------------------------------------------------------|
00362> ADD HYD             IDsum=[1], NHYD=["perthst"], IDs to add=[5 7 8 9]
00363> *%-----------------|-----------------------------------------------------------|
00364> SAVE HYD            ID=[1],  # OF PCYCLES=[-1],  ICASEsh=[1]
00365>                     HYD_COMMENT=["perthst"]
00366> *%-----------------|-----------------------------------------------------------|
00367> CONTINUOUS NASHYD   ID=[2], NHYD=["VG-5"], DT=[15]min, AREA=[34.4](ha),
00368>                     DWF=[0](cms),  CN/C=[76], IA=[3.0](mm),
00369>                     N=[3], TP=[2.3]hrs,
00370>                     Continuous simulation parameters:
00371>                     IaRECper=[6](hrs),
00372>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00373>                     InterEventTime=[12](hrs)
00374>                     Baseflow simulation parameters:
00375>                     BaseFlowOption=[1] ,
00376>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00377>                     VHydCond=[1](mm/hr),   END=-1 
00378> *%-----------------|-----------------------------------------------------------|
00379> ROUTE CHANNEL       IDout=[3], NHYD=["PerS"], IDin=[2],  
00380>                     RDT=[15](min),
00381>                     CHLGTH=[550](m),  CHSLOPE=[0.2](%),  
00382>                                         FPSLOPE=[0.2](%),
00383>                     SECNUM=[1.1],       NSEG=[3] 
00384>                     ( SEGROUGH, SEGDIST (m))=[0.08,70 -0.035,72 0.08,77] NSEG ti
00385>                     ( DISTANCE (m), ELEVATION (m))=[0,  94.4]
00386>                                                    [70, 94.0]
00387>                                                    [71, 93.5]
00388>                                                    [72, 94.0]
00389>                                                    [77, 94.4] 
00390> *%-----------------|-----------------------------------------------------------|
00391> ADD HYD             IDsum=[2], NHYD=["arbuck"], IDs to add=[1 3]
00392> *%-----------------|-----------------------------------------------------------|
00393> SAVE HYD            ID=[2],  # OF PCYCLES=[-1],  ICASEsh=[1]
00394>                     HYD_COMMENT=["arbuck"]
00395> *%-----------------|-----------------------------------------------------------|
00396> ROUTE CHANNEL       IDout=[9], NHYD=["VGR2-2"], IDin=[2],  
00397>                     RDT=[15](min),
00398>                     CHLGTH=[520](m),    CHSLOPE=[0.15](%),  
00399>                                         FPSLOPE=[0.15](%),
00400>                     SECNUM=[5.2],       NSEG=[3] 
00401>                     ( SEGROUGH, SEGDIST (m))=[0.08,65.27 -0.035,72.03 0.08,317.3
00402>                     ( DISTANCE (m), ELEVATION (m))=
00403>                     [1.87 94
00404>                     3.26 93.815
00405>                     25.32 93.589
00406>                     40.32 93.586
00407>                     53.15 93.49
00408>                     65.27 92.99
00409>                     67.31 92.06
00410>                     69.39 91.93
00411>                     69.99 92.03
00412>                     70.75 92.68
00413>                     72.03 93
00414>                     78.14 93
00415>                     87.57 92.828
00416>                     98.82 93
00417>                     131.96 93.341
00418>                     152.55 93.318          
00419>                     220.7 93.525
00420>                     262.64 93.983
00421>                     274.22 94
00422>                     286.88 94
00423>                     297.86 93.981
00424>                     314.39 94.09
00425>                     317.39, 95.09]
00426> *%-----------------|-----------------------------------------------------------|
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00427> CONTINUOUS NASHYD   ID=[1], NHYD=["VG-6"], DT=[15]min, AREA=[94.2](ha),
00428>                     DWF=[0](cms),  CN/C=[77], IA=[2.9](mm),
00429>                     N=[3], TP=[3.2]hrs,
00430>                     Continuous simulation parameters:
00431>                     IaRECper=[6](hrs),
00432>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00433>                     InterEventTime=[12](hrs)
00434>                     Baseflow simulation parameters:
00435>                     BaseFlowOption=[1] ,
00436>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00437>                     VHydCond=[1](mm/hr),   END=-1 
00438> *%-----------------|-----------------------------------------------------------|
00439> ROUTE CHANNEL       IDout=[2], NHYD=["VG-6"], IDin=[1],  
00440>                     RDT=[15](min),
00441>                     CHLGTH=[600](m),  CHSLOPE=[0.18](%),  
00442>                                         FPSLOPE=[0.18](%),
00443>                     SECNUM=[2.1],       NSEG=[3] 
00444>                     ( SEGROUGH, SEGDIST (m))=[0.08,700 -0.035,703 0.08,1000] NSE
00445>                     ( DISTANCE (m), ELEVATION (m))=[0,     94.6]
00446>                                                    [700,   94.5]
00447>                                                    [701.4, 94.1]
00448>                                                    [701.6, 94.1]
00449>                                                    [703,   94.5]
00450>                                                    [1000,  95.1] 
00451> *%-----------------|-----------------------------------------------------------|
00452> SAVE HYD            ID=[2],  # OF PCYCLES=[-1],  ICASEsh=[1]
00453>                     HYD_COMMENT=["VG-6"]
00454> *%-----------------|-----------------------------------------------------------|
00455> CONTINUOUS NASHYD   ID=[3], NHYD=["VG-7"], DT=[15]min, AREA=[39.2](ha),
00456>                     DWF=[0](cms),  CN/C=[80], IA=[3.5](mm),
00457>                     N=[3], TP=[2.9]hrs,
00458>                     Continuous simulation parameters:
00459>                     IaRECper=[6](hrs),
00460>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00461>                     InterEventTime=[12](hrs)
00462>                     Baseflow simulation parameters:
00463>                     BaseFlowOption=[1] ,
00464>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00465>                     VHydCond=[1](mm/hr),   END=-1 
00466> *%-----------------|-----------------------------------------------------------|
00467> SAVE HYD            ID=[3],  # OF PCYCLES=[-1],  ICASEsh=[1]
00468>                     HYD_COMMENT=["VG-7"]
00469> *%-----------------|-----------------------------------------------------------|
00470> ROUTE CHANNEL       IDout=[4], NHYD=["VG-7"], IDin=[3],  
00471>                     RDT=[15](min),
00472>                     CHLGTH=[1480](m),  CHSLOPE=[0.2](%),  
00473>                                         FPSLOPE=[0.2](%),
00474>                     SECNUM=[3.1],       NSEG=[3] 
00475>                     ( SEGROUGH, SEGDIST (m))=[0.08,50 -0.035,52 0.08,102] NSEG t
00476>                     ( DISTANCE (m), ELEVATION (m))=[0,95.2]
00477>                                                    [50,95.0]
00478>                                                    [51,94.5]
00479>                                                    [52,95.0]
00480>                                                    [102,95.2]
00481> *%-----------------|-----------------------------------------------------------|
00482> ADD HYD             IDsum=[5], NHYD=["Moore"], IDs to add=[2 4](maximum ten)
00483> *%-----------------|-----------------------------------------------------------|
00484> SAVE HYD            ID=[5],  # OF PCYCLES=[-1],  ICASEsh=[1]
00485>                     HYD_COMMENT=["Moore"]
00486> *%-----------------|-----------------------------------------------------------|
00487> *###############################################################################
00488> *# DUMMY SECTION
00489> *###############################################################################
00490> CONTINUOUS STANDHYD ID=[5], NHYD=["VG-8"], DT=[15](min), AREA=[10.0](ha),
00491>                     XIMP=[0.9999999], TIMP=[0.9999999], DWF=[0](cms), LOSS=[1], 
00492>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00493>                             DCAY=[4.14](/hr), F=[0](mm),
00494>                     Pervious   surfaces: IAper=[2.6](mm), SLPP=[1.5](%), 
00495>                                          LGP=[35](m), MNP=[0.250], SCP=[0](min),
00496>                     Impervious surfaces: IAimp=[2.6](mm), SLPI=[0.3](%), 
00497>                                          LGI=[1000](m), MNI=[0.013], SCI=[0](min

00498>                     Continuous simulation parameters:
00499>                     IaRECper=[6](hrs),  IaRECimp=[6](hrs),
00500>                     InterEventTime=[12](hrs),   END=-1  
00501> *%-----------------|-----------------------------------------------------------|
00502> CONTINUOUS NASHYD   ID=[5], NHYD=["VG-8"], DT=[15]min, AREA=[91.8](ha),
00503>                     DWF=[0](cms),  CN/C=[88], IA=[2.6](mm),
00504>                     N=[3], TP=[2.1]hrs,
00505>                     Continuous simulation parameters:
00506>                     IaRECper=[6](hrs),
00507>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00508>                     InterEventTime=[12](hrs)
00509>                     Baseflow simulation parameters:
00510>                     BaseFlowOption=[1] ,
00511>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00512>                     VHydCond=[1](mm/hr),   END=-1 
00513> *%-----------------|-----------------------------------------------------------|
00514> CONTINUOUS STANDHYD ID=[6], NHYD=["VG-9"], DT=[15](min), AREA=[11.4](ha),
00515>                     XIMP=[0.4], TIMP=[0.5], DWF=[0](cms), LOSS=[1], 
00516>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00517>                             DCAY=[4.14](/hr), F=[0](mm),
00518>                     Pervious   surfaces: IAper=[1.5](mm), SLPP=[1.5](%), 
00519>                                          LGP=[50](m), MNP=[0.250], SCP=[0](min),
00520>                     Impervious surfaces: IAimp=[0.8](mm), SLPI=[0.3](%), 
00521>                                          LGI=[530](m), MNI=[0.013], SCI=[0](min)
00522>                     Continuous simulation parameters:
00523>                     IaRECper=[3](hrs),  IaRECimp=[2](hrs),
00524>                     InterEventTime=[12](hrs),   END=-1
00525> *%-----------------|-----------------------------------------------------------|
00526> ADD HYD             IDsum=[1], NHYD=["Fortune"], IDs to add=[2 4 5 6 9]
00527> *%-----------------|-----------------------------------------------------------|
00528> SAVE HYD            ID=[1],  # OF PCYCLES=[-1],  ICASEsh=[1]
00529>                     HYD_COMMENT=["Fortune"]
00530> *%-----------------|-----------------------------------------------------------|
00531> ROUTE CHANNEL       IDout=[3], NHYD=["VGR2-3"], IDin=[1],  
00532>                     RDT=[15](min),
00533>                     CHLGTH=[750](m),    CHSLOPE=[0.2](%),  
00534>                                         FPSLOPE=[0.2](%),
00535>                     SECNUM=[5.3],       NSEG=[3] 
00536>                     ( SEGROUGH, SEGDIST (m))=[0.05,3.22 -0.035,47.84 0.05,77.80]
00537>                     ( DISTANCE (m), ELEVATION (m))=[0,        93.5
00538>                                                     3.22, 93
00539>                                                     20.87, 92.5
00540>                                                     42.19, 92
00541>                                                     47.84, 92
00542>                                                     48.60, 92.5
00543>                                                     50.14, 93
00544>                                                     72.67, 93.526
00545>                                                     77.80, 93.5] 
00546> *%-----------------|-----------------------------------------------------------|
00547> CONTINUOUS STANDHYD ID=[2], NHYD=["VG-10"], DT=[15](min), AREA=[20.3](ha),
00548>                     XIMP=[0.4], TIMP=[0.5], DWF=[0](cms), LOSS=[1], 
00549>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00550>                             DCAY=[4.14](/hr), F=[0](mm),
00551>                     Pervious   surfaces: IAper=[1.5](mm), SLPP=[1.5](%), 
00552>                                          LGP=[50](m), MNP=[0.250], SCP=[0](min),
00553>                     Impervious surfaces: IAimp=[0.8](mm), SLPI=[0.3](%), 
00554>                                          LGI=[560](m), MNI=[0.013], SCI=[0](min)
00555>                     Continuous simulation parameters:
00556>                     IaRECper=[3](hrs),  IaRECimp=[2](hrs),
00557>                     InterEventTime=[12](hrs),   END=-1
00558> *%-----------------|-----------------------------------------------------------|
00559> ADD HYD             IDsum=[9], NHYD=["JockVG"], IDs to add=[2 3]
00560> *%-----------------|-----------------------------------------------------------|
00561> SAVE HYD            ID=[9],  # OF PCYCLES=[-1],  ICASEsh=[1]
00562>                     HYD_COMMENT=["Flow from Van Gaal Drain at Jock River"]
00563> *%-----------------|-----------------------------------------------------------|
00564> *###############################################################################
00565> *# DUMMY SECTION
00566> *###############################################################################
00567> CONTINUOUS STANDHYD ID=[1], NHYD=["JR-2"], DT=[15](min), AREA=[10.0](ha),
00568>                     XIMP=[0.9999999], TIMP=[0.9999999], DWF=[0](cms), LOSS=[1], 
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00569>                     Horton: Fo=[76.20](mm/hr), Fc=[13.20](mm/hr), 
00570>                             DCAY=[4.14](/hr), F=[0](mm),
00571>                     Pervious   surfaces: IAper=[2.5](mm), SLPP=[1.5](%), 
00572>                                          LGP=[35](m), MNP=[0.250], SCP=[0](min),
00573>                     Impervious surfaces: IAimp=[2.5](mm), SLPI=[0.3](%), 
00574>                                          LGI=[1000](m), MNI=[0.013], SCI=[0](min
00575>                     Continuous simulation parameters:
00576>                     IaRECper=[6](hrs),  IaRECimp=[6](hrs),
00577>                     InterEventTime=[12](hrs),   END=-1  
00578> *%-----------------|-----------------------------------------------------------|
00579> CONTINUOUS NASHYD   ID=[1], NHYD=["JR-2"], DT=[15]min, AREA=[4.96](ha),
00580>                     DWF=[0](cms),  CN/C=[88], IA=[2.5](mm),
00581>                     N=[3], TP=[0.8]hrs,
00582>                     Continuous simulation parameters:
00583>                     IaRECper=[6](hrs),
00584>                     SMIN=[-1](mm),  SMAX=[-1](mm), SK=[0.03]/(mm),
00585>                     InterEventTime=[12](hrs)
00586>                     Baseflow simulation parameters:
00587>                     BaseFlowOption=[1] ,
00588>                     InitGWResVol=[100](mm), GWResK=[0.9](mm/day/mm)
00589>                     VHydCond=[1](mm/hr),   END=-1
00590> *%-----------------|-----------------------------------------------------------|
00591> START               TZERO=[1968.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[68]
00592> START               TZERO=[1969.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[69]
00593> START               TZERO=[1970.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[70]
00594> START               TZERO=[1971.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[71]
00595> START               TZERO=[1972.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[72]
00596> START               TZERO=[1973.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[73]
00597> START               TZERO=[1974.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[74]
00598> START               TZERO=[1975.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[75]
00599> START               TZERO=[1976.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[76]
00600> START               TZERO=[1977.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[77]
00601> START               TZERO=[1978.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[78]
00602> START               TZERO=[1979.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[79]
00603> START               TZERO=[1980.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[80]
00604> START               TZERO=[1981.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[81]
00605> START               TZERO=[1982.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[82]
00606> START               TZERO=[1983.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[83]
00607> START               TZERO=[1984.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[84]
00608> START               TZERO=[1985.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[85]
00609> START               TZERO=[1986.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[86]
00610> START               TZERO=[1987.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[87]
00611> START               TZERO=[1988.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[88]
00612> START               TZERO=[1989.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[89]
00613> START               TZERO=[1990.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[90]
00614> START               TZERO=[1991.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[91]
00615> START               TZERO=[1992.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[92]
00616> START               TZERO=[1993.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[93]
00617> START               TZERO=[1994.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[94]
00618> START               TZERO=[1995.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[95]
00619> START               TZERO=[1996.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[96]
00620> START               TZERO=[1997.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[97]
00621> START               TZERO=[1998.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[98]
00622> START               TZERO=[1999.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[99]
00623> START               TZERO=[2000.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[200]
00624> START               TZERO=[2001.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[201]
00625> START               TZERO=[2002.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[202]
00626> START               TZERO=[2003.0501],  METOUT=[2],  NSTORM=[0],  NRUN=[203]
00627> *%-----------------|-----------------------------------------------------------|
00628> FINISH
00629> 
00630> 
00631> 
00632> 
00633> 



VG‐3

Year Total Precipitation Existing Conditions

(mm) XIMP=TIMP XIMP=TIMP-0.15 XIMP=TIMP-0.20

1967 320.00 102.44 84.54 120.59 131.80

1968 461.00 189.00 120.01 171.21 188.75

1969 321.80 107.95 71.64 97.20 105.63

1970 456.30 184.08 104.99 146.91 160.73

1971 434.80 180.56 107.51 153.42 168.93

1972 679.10 251.50 170.88 238.94 261.70

1973 550.10 215.04 147.59 200.63 217.91

1974 276.80 105.33 58.61 85.96 94.55

1975 429.50 170.51 105.84 146.43 159.20

1976 415.60 164.97 91.02 134.14 149.54

1977 473.30 199.04 121.43 170.75 187.19

1978 440.00 188.18 100.57 140.74 154.67

1979 593.20 228.06 163.94 225.33 244.62

1980 447.40 183.69 104.20 152.85 169.90

1981 759.60 264.06 202.02 277.78 301.73

1982 407.30 184.05 102.21 147.37 162.09

1983 466.20 179.53 109.23 161.37 178.96

1984 349.30 141.51 92.16 133.02 145.74

1985 438.40 199.63 118.66 165.81 181.52

1986 759.20 277.13 198.01 286.29 316.06

1987 494.70 183.03 108.71 157.52 173.79

1988 468.00 183.31 111.30 152.89 165.72

1989 438.60 174.34 106.19 147.99 162.87

1990 538.40 204.53 136.85 191.96 210.22

1991 351.80 143.86 66.61 102.53 115.57

1992 529.60 202.43 120.20 171.02 188.35

1993 484.70 210.11 107.82 158.21 176.77

1994 450.90 174.42 117.99 166.79 181.48

1995 189.20 52.49 52.86 70.89 76.13

1996 354.30 141.50 85.22 124.71 137.88

1997 289.20 130.33 71.56 105.08 116.56

1998 429.60 177.20 101.10 147.53 162.76

1999 424.40 190.84 107.78 157.73 173.78

2000 506.30 187.61 123.79 175.37 193.40

Infiltration (mm)

Proposed Conditions



VG‐8

Year Total Precipitation Existing Conditions

(mm) XIMP=TIMP XIMP=TIMP-0.15 XIMP=TIMP-0.20

1967 320.00 100.96 85.90 124.90 137.63

1968 461.00 186.67 121.98 176.81 195.44

1969 321.80 105.65 65.79 96.14 106.11

1970 456.30 181.50 101.45 148.50 164.22

1971 434.80 177.97 102.63 153.09 170.27

1972 679.10 248.37 171.81 245.80 270.50

1973 550.10 212.95 147.48 205.96 225.30

1974 276.80 103.38 53.01 83.83 93.66

1975 429.50 168.40 106.03 151.80 165.83

1976 415.60 162.01 84.20 131.34 147.93

1977 473.30 196.62 119.48 173.58 191.51

1978 440.00 185.04 89.66 135.47 151.57

1979 593.20 225.85 167.54 234.72 256.47

1980 447.40 180.82 96.08 149.50 168.07

1981 759.60 261.37 205.80 290.42 317.16

1982 407.30 181.16 93.55 144.09 160.90

1983 466.20 176.72 102.71 159.47 178.92

1984 349.30 140.11 91.78 136.34 150.93

1985 438.40 197.19 112.55 165.23 182.86

1986 759.20 273.56 197.27 291.98 323.97

1987 494.70 179.56 102.32 156.39 174.41

1988 468.00 180.21 105.44 153.16 168.20

1989 438.60 171.01 99.46 146.66 163.07

1990 538.40 201.43 134.71 195.39 215.57

1991 351.80 140.34 55.24 95.46 109.90

1992 529.60 199.27 119.78 174.83 193.68

1993 484.70 205.80 94.76 150.98 171.24

1994 450.90 171.87 114.20 169.15 186.51

1995 189.20 51.71 55.14 74.71 80.49

1996 354.30 139.12 78.59 122.55 137.34

1997 289.20 128.65 67.19 103.74 116.26

1998 429.60 174.58 93.93 145.30 163.04

1999 424.40 188.67 104.58 159.02 176.70

2000 506.30 185.06 115.15 172.10 191.94

Infiltration (mm)

Proposed Conditions



JR‐2

Year Total Precipitation Existing Conditions

(mm) XIMP=TIMP XIMP=TIMP-0.15 XIMP=TIMP-0.20

1967 320.00 102.44 81.76 120.71 133.47

1968 461.00 189.00 116.11 170.99 189.65

1969 321.80 107.95 62.62 92.95 102.84

1970 456.30 184.08 96.57 143.66 159.41

1971 434.80 180.56 97.70 148.20 165.36

1972 679.10 251.50 163.55 237.56 262.26

1973 550.10 215.04 140.38 198.87 218.15

1974 276.80 105.33 50.46 81.24 91.05

1975 429.50 170.51 100.93 146.53 160.57

1976 415.60 164.97 80.15 127.41 144.09

1977 473.30 199.04 113.74 167.84 185.70

1978 440.00 188.19 85.34 131.29 147.31

1979 593.20 228.06 159.48 226.62 248.24

1980 447.40 183.69 91.45 144.95 163.58

1981 759.60 264.06 195.89 280.26 307.04

1982 407.30 184.05 89.05 139.60 156.33

1983 466.20 179.53 97.77 154.60 174.10

1984 349.30 141.51 87.36 131.91 146.47

1985 438.40 199.63 107.14 159.81 177.44

1986 759.20 277.13 187.78 282.54 314.59

1987 494.70 183.03 97.40 151.47 169.53

1988 468.00 183.31 100.36 148.00 162.99

1989 438.60 174.34 94.67 141.94 158.49

1990 538.40 204.53 128.23 188.85 209.06

1991 351.80 143.86 52.58 92.93 107.42

1992 529.60 202.43 114.02 169.09 188.00

1993 484.70 210.11 90.20 146.59 166.99

1994 450.90 174.42 108.70 163.59 180.67

1995 189.20 52.49 52.49 71.97 77.73

1996 354.30 141.50 74.81 118.83 133.52

1997 289.20 130.33 63.96 100.56 113.08

1998 429.60 177.20 89.41 140.87 158.55

1999 424.40 190.84 99.55 153.92 171.61

2000 506.30 187.61 109.61 166.67 186.54

Infiltration (mm)

Proposed Conditions



Average Infiltration Rate 

Subcatchment (Existing Conditions)

ID (mm/yr)

XIMP=TIMP XIMP=TIMP-0.15 XIMP=TIMP-0.20

VG‐3 178.60 111.56 158.44 174.01

VG‐8 175.99 107.56 159.36 176.69

JR‐2 178.60 102.39 154.20 171.52

Subcatchment

ID XIMP=TIMP XIMP=TIMP-0.15 XIMP=TIMP-0.20

VG‐3 37.54 11.29 2.57

VG‐8 39.77 10.77 1.07

JR‐2 42.67 13.66 3.96

Average Infiltration Rate 

(Proposed Conditions)

(mm/yr)

Average % Decrease in Infiltration

(Proposed Conditions)
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Area# cut_area fill_Area tot_Area topsoil cut fill net strip pregrade

ID m2 m2 m2 m3 m3 m3 m3 depth depth

1 1076.6 35895.4 36972.1 11092.1 196.2 59140.5 -58944.3 -0.3 -0.55

2 5308.2 135268.3 140576.9 42173.1 1008.2 202350.8 -201343 -0.3 -0.55

3 1872.5 224277.2 226149.7 67844.9 340.8 359285.1 -358944 -0.3 -0.55

4 3703.4 375640.3 379345.8 113813.4 500.6 773577.9 -773077 -0.3 -0.55

5 0 25610.1 25610.1 7683 0 61735.6 -61735.6 -0.3 -0.3

6 0 18544.1 18544.1 5563.2 0 23139.9 -23139.9 -0.3 -0.3

7 27400.2 168257.2 195806.8 58742.9 5329 196121.2 -190792 -0.3 -0.55

1CH 8467.6 10329 18798 5639.7 3765 5093.1 -1328.1 -0.3 -0.3

1P 46098.2 7.4 46142.5 13842.8 105152.1 0.1 105152 -0.3 -0.3

2P 23694.9 3795.4 27518.3 8255.5 63826.4 2200.3 61626.1 -0.3 -0.3

3P 901.2 2108.6 3009.9 903 424.6 1388.3 -963.7 -0.3 -0.3

totals: 1118474 335553.6 180542.9 1684033 -1503490





Area# cut_area fill_Area tot_Area topsoil cut fill net strip pregrade

ID m2 m2 m2 m3 m3 m3 m3 depth depth

1 1404.9 35567.2 36972.1 11092.1 236.4 34853.4 -34617 -0.3 -0.55

2 8878.8 131697.9 140576.9 42173.1 1620.4 92225.9 -90605.5 -0.3 -0.55

3 3044.3 223105.4 226149.7 67844.9 434.8 135387.8 -134953 -0.3 -0.55

4 7105.4 372240.2 379345.8 113813.4 1089.9 393121.5 -392032 -0.3 -0.55

5 0 25610.1 25610.1 7683 0 38040.2 -38040.2 -0.3 -0.3

6 1660.9 16875.4 18544.1 5563.2 206.4 8603.5 -8397.1 -0.3 -0.3

7 84034 111699.6 195806.8 58742.9 45887.6 65192.4 -19304.8 -0.3 -0.55

1CH 8515.7 10280.4 18798 5639.7 3852.6 5018.2 -1165.6 -0.3 -0.3

1P 46102.8 5.9 46142.5 13842.8 105152.8 0.1 105152.7 -0.3 -0.3

2P 23694.9 3795.4 27518.3 8255.5 63826.4 2186 61640.4 -0.3 -0.3

3P 901.2 2108.6 3009.9 903 424.6 1388.3 -963.7 -0.3 -0.3

totals: 1118474 335553.6 222731.9 776017.3 -553285





Area# cut_area fill_Area tot_Area topsoil cut fill net strip pregrade

ID m2 m2 m2 m3 m3 m3 m3 depth depth

1 292.9 36678.8 36972.1 11092.1 81.5 43042 -42960.5 -0.3 -0.35

2 3161.4 137415.5 140576.9 42173.1 346.2 124330.1 -123984 -0.3 -0.35

3 622.6 225525.9 226149.7 67844.9 96.3 190569.4 -190473 -0.3 -0.35

4 1633.7 377708.6 379345.8 113813.4 147.4 486027.6 -485880 -0.3 -0.35

5 0 25610.1 25610.1 7683 0 39099.6 -39099.6 -0.3 -0.3

6 1344.2 17199.9 18544.1 5563.2 132.4 10253 -10120.6 -0.3 -0.3

7 57077.9 138648 195806.8 58742.9 29020.6 94921.8 -65901.2 -0.3 -0.35

1CH 8467 10329.7 18798 5639.7 3764.7 5037.4 -1272.7 -0.3 -0.3

1P 46102.8 5.9 46142.5 13842.8 105152.8 0.1 105152.7 -0.3 -0.3

2P 23644 3846.3 27518.3 8255.5 63844.1 2252.9 61591.2 -0.3 -0.3

3P 901.2 2108.6 3009.9 903 424.6 1388.3 -963.7 -0.3 -0.3

totals: 1118474 335553.6 203010.6 996922.2 -793912







Area# cut_area fill_Area tot_Area topsoil cut fill net strip pregrade

ID m2 m2 m2 m3 m3 m3 m3 depth depth

1 1,372 35,600 36,972 11,092 230 35,974 -35,745 -0.3 -0.55

2 8,559 132,017 140,577 42,173 1,562 97,218 -95,657 -0.3 -0.55

3 2,766 223,384 226,150 67,845 423 145,514 -145,091 -0.3 -0.55

4 6,860 372,486 379,346 113,813 1,046 410,705 -409,659 -0.3 -0.55

5 0 25,610 25,610 7,683 0 39,100 -39,100 -0.3 -0.3

6 1,344 17,200 18,544 5,563 132 10,253 -10,121 -0.3 -0.3

7 79,277 116,529 195,807 58,743 42,850 69,259 -26,409 -0.3 -0.55

1CH 8,467 10,330 18,798 5,640 3,765 5,037 -1,273 -0.3 -0.3

1P 46,103 6 46,143 13,843 105,153 0 105,153 -0.3 -0.3

2P 23,644 3,846 27,518 8,256 63,844 2,253 61,591 -0.3 -0.3

3P 901 2,109 3,010 903 425 1,388 -964 -0.3 -0.3

totals: 1,118,474 335,554 219,430 816,703 -597,273
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