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File: 21178 
TAWNY RIDGE ESTATES (PHASE 3) 

STORMWATER MANAGEMENT ADDENDUM 
 

Town of Niagara-on-the-Lake 
August 2025 

 
 
INTRODUCTION 
 
The Tawny Ridge Estates Phase 3 lands are located within the northern portion of the Phase 2 
lands, fronting Warner Road in the Town of Niagara-on-the-Lake, as Block 27 and shall consist 
of 18 townhouse dwellings.  
 
Upper Canada Consultants (UCC) previously prepared a Stormwater Management (SWM) Plan 
for Tawny Ridge Estates (Phase 2), which included the Phase 3 lands as Block 27.  
 
The Phase 2 SWM facility was designed to provide quantity controls for both Phase 2 and Phase 
3 of the Tawny Ridge Estates Development. The proposed SWM facility consists of oversized 
storm sewers and an orifice plate to provide the required quantity controls.  
 
The future stormwater drainage patterns within Phase 3 differs from what was previously 
anticipated for the design of the Phase 2 SWM Facility. Therefore, the purpose of this addendum 
is to address the impacts of the revised future drainage patterns in Phase 3 on the quantity and 
quality controls purposed in the Phase 2 SWM Plan.   
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Existing/Allowable Conditions 
 
Existing/Allowable conditions were previously established in the Tawny Ridge Estates (Phase 2) 
Stormwater Management (SWM) Plan, which has been included in Appendix B. The established 
existing/allowable conditions will not be modified as part of this addendum. Therefore, the peak 
flow targets established in the approved Phase 2 SWM Plan will continue to govern the 
requirements for future stormwater quantity controls as follows:  
 

i.) Future peak 5 year flows (minor flows) outletting to the existing 600mm diameter storm 
sewers flowing northerly on Tanbark Road are to be controlled to 248 L/s; and,  
 

ii.) Future peak 100 year flows (major flows) outletting to the existing Vineyard Creek 
Estates SWM Facility must be controlled such that the peak 100 year flows in the 
existing ditch downstream of the existing SWM facility do not exceed 1.434 m³/s. 

 
Future Conditions 
 
Figure 2 within the Phase 2 SWM Plan shows the entire Phase 3 lands (Block 27) draining 
southerly to the internal storm sewer system. The Future Drainage Area Plan for Tawny Ridge 
Estates has been updated to reflect Phase 3, and is shown in Figure 1 in this Addendum.  
 
The Future Conditions MIDUSS models for the 5 and 100 year storm events have been updated to 
confirm that the allowable peak flow targets,  as outlined in the Phase 2 SWM plan, continue to be 
achieved with the updated drainage patterns. The MIDUSS models have been provided in 
Appendix A.  
 
In the Phase 2 Stormwater Management Plan, it was assumed that Block 27 (now the Phase 3 
lands) would be a residential townhouse development. Therefore, the imperviousness of Drainage 
Area A11(73%) will not change. The portion of Phase 3 that will outlet directly to Warner Road 
has been broken out into its own Drainage Area (A12) and the Warner Road Drainage Area is now 
A13, as shown in Figure 1. 
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Table 1 below outlines the stormwater management characteristics for the proposed SWM facility 
during the 5 year design storm event. 
 

Table 1. Proposed SWM Facility Characteristics (5 Year Storm) 
Peak 

Inflow 
(L/s) 

Controlled 
Discharge 

(L/s) 

Maximum 
Volume  

(m³) 

Maximum 
Elevation 

(m) 

Combined Discharge from 
(A10, A11 and A12) 

(L/s) 
324 89 379 124.27 218 

 
 
As outlined in Table 1 above, future 5 year stormwater flows will be controlled to a maximum 
outflow of 89 L/s when discharging to the proposed storm sewers on Warner Road. The combined 
discharge of 218 L/s from Drainage Areas A10, A11, A12 and A13 is below the allowable peak 5 
year flow of 248 L/s as outlined in the Phase 2 SWM Plan. 
 
Table 2 below summarizes, the ultimate future peak flows to the existing Vineyard Creek Estates 
SWM facility during the 100 year design storm event.  
 

Table 2. Impact on Existing Vineyard Creek Estates SWM Pond – 100 Year Design 
Storm 

Peak Pond 
Volume  

(m³) 

Peak Pond 
Elevation 

(m) 

Peak Pond 
Discharge 

(m³/s) 

Peak Flow in 
Receiving Ditch 

(m³/s) 

Existing Peak 
Flow in 

Receiving Ditch 
(m³/s) 

2914 118.23 1.302 1.370 1.434 
      
As outlined in Table 2, with the inclusion of the Phase 3 Draft Plan for Tawny Ridge Estates, the 
proposed SWM facility and Existing Vineyard Creek Estates SWM Pond can adequately reduce 
future peak flows from the subject lands below existing levels for the 100 year storm event.     
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Quality Assessment 
 
The overall impervious of the Tawny Ridge Development as outlined in Figure 1 (Future Storm 
Drainage Areas) has not changed from the prior submission, since it was assumed that Phase 3 
(Block 27) would be a Townhouse Development. Therefore, the existing Vineyard Creek Estates 
SWM Facility contains adequate permeant pool volume to provide quality controls for the Tawny 
Ridge Estates (Phase 2 and 3) development.  

CONCLUSIONS AND RECOMMENDATIONS 
 
Therefore, based on the above comments and calculations we offer the following conclusions: 
 

1. The 185mm diameter orifice and oversized storm sewer system proposed in the Tawney 
Ridge Phase 2 SWM Plan can provide quantity controls for the 5 and 100 year storm event 
including the proposed Phase 3 lands; 
 

2. The Vineyard Creek Estates SWM facility can continue to provide quality controls for the 
entire Vineyard Creek Estates Storm Drainage Area to MECP Normal Protection Levels.   

 
We trust the above comments and enclosed calculations are satisfactory for approval.  If you have 
any questions or require additional information, please do not hesitate to contact our office. 
 
Respectfully Submitted, 
 
Prepared by:     Reviewed by: 
 
 
 
 
 
      August 5th, 2025   
Zach Barber, E.I.T.    Brendan Kapteyn, P.Eng. 
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MIDUSS Output Files 
 

 
  



 

 

 
 

5 Year Future w/ SWM 

          Output File (4.7) 5YRSWM.OUT   opened 2025-07-29  10:02 
          Units used are defined by G =    9.810 
              24   144    10.000        are MAXDT MAXHYD & DTMIN values 
          Licensee: UPPER CANADA CONSULTANTS               
   35     COMMENT 
         4     line(s) of comment 
          STORMWATER MANAGEMENT PLAN                                   
          TAWNY RIDGE ESTATES                                          
          TOWN OF NIAGARA ON THE LAKE                                  
          5 YR FUTURE W/ SWM                                           
   35     COMMENT 
         3     line(s) of comment 
          START                                                        
               1=Zero; 2=Define                                        
          COMMENT                                                      
    2     STORM 
              1     1=Chicago;2=Huff;3=User;4=Cdn1hr;5=Historic 
        664.000     Coefficient  a       
          4.700     Constant  b    (min) 
           .744     Exponent  c          
           .450     Fraction to peak  r  
        240.000     Duration    240 min  
                   44.365 mm     Total depth 
    3     IMPERVIOUS 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .015     Manning "n"          
         98.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
           .518     Initial Abstraction  
    4     CATCHMENT 
         10.000     ID No.  99999        
          1.170     Area in hectares     
         90.000     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         90.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .058       .000       .000       .000 c.m/s   
                 .159       .873       .373     C perv/imperv/total 
   15     ADD RUNOFF 
                 .058       .058       .000       .000 c.m/s   
    4     CATCHMENT 
         11.000     ID No.  99999        
          2.370     Area in hectares     
        127.000     Length (PERV) metres 
          1.000     Gradient (%)         
         73.000     Per cent Impervious  
        127.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .271       .058       .000       .000 c.m/s   
                 .159       .864       .673     C perv/imperv/total 
   15     ADD RUNOFF 
                 .271       .324       .000       .000 c.m/s   
   10     POND 
         6 Depth - Discharge - Volume sets 
          122.570        .000          .0 
          122.950       .0360        55.0 
          123.320       .0570       185.9 
          124.320       .0910       389.5 
          125.070        .110       405.8 
          125.800        .126       426.8 
          Peak Outflow    =      .089 c.m/s   
          Maximum Depth   =   124.271 metres  
          Maximum Storage =      379. c.m     
                 .271       .324       .089       .000 c.m/s   
   16     NEXT LINK  
                 .271       .089       .089       .000 c.m/s   



 

 

 
 

    4     CATCHMENT 
         12.000     ID No.  99999        
           .390     Area in hectares     
         60.000     Length (PERV) metres 
          1.000     Gradient (%)         
         73.000     Per cent Impervious  
         60.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .050       .089       .089       .000 c.m/s   
                 .159       .870       .678     C perv/imperv/total 
   15     ADD RUNOFF 
                 .050       .114       .089       .000 c.m/s   
    4     CATCHMENT 
         13.000     ID No.  99999        
          1.550     Area in hectares     
        360.000     Length (PERV) metres 
          1.000     Gradient (%)         
         40.000     Per cent Impervious  
        360.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .104       .114       .089       .000 c.m/s   
                 .159       .875       .445     C perv/imperv/total 
   15     ADD RUNOFF 
                 .104       .218       .089       .000 c.m/s   
   20     MANUAL 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
 

100 Year Post Tawny Ridge Development w/ SWM 

          Output File (4.7) 100YRSWM.OUT opened 2025-07-29   9:59 
          Units used are defined by G =    9.810 
              24   144    10.000        are MAXDT MAXHYD & DTMIN values 
          Licensee: UPPER CANADA CONSULTANTS               
   35     COMMENT 
         4     line(s) of comment 
          STORMWATER MANAGEMENT PLAN                                   
          TAWNY RIDGE ESTATES                                          
          TOWN OF NIAGARA ON THE LAKE                                  
          100 YR FUTURE W/ SWM                                         
   35     COMMENT 
         3     line(s) of comment 
          *******************************************                  
          * 100 YR DESIGN STORM                     *                  
          *******************************************                  
   14     START      
         1     1=Zero; 2=Define 
    2     STORM 
              1     1=Chicago;2=Huff;3=User;4=Cdn1hr;5=Historic 
       1815.300     Coefficient  a       
          3.090     Constant  b    (min) 
           .847     Exponent  c          
           .450     Fraction to peak  r  
        240.000     Duration    240 min  
                   69.221 mm     Total depth 
    3     IMPERVIOUS 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .015     Manning "n"          
         98.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
           .518     Initial Abstraction  
    4     CATCHMENT 
         10.000     ID No.  99999        
          1.170     Area in hectares     
         90.000     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         90.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .146       .000       .000       .000 c.m/s   
                 .271       .914       .464     C perv/imperv/total 
   15     ADD RUNOFF 
                 .146       .146       .000       .000 c.m/s   
    4     CATCHMENT 
         11.000     ID No.  99999        
          2.370     Area in hectares     
        130.000     Length (PERV) metres 
          1.000     Gradient (%)         
         73.000     Per cent Impervious  
        130.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .640       .146       .000       .000 c.m/s   
                 .270       .917       .743     C perv/imperv/total 
   15     ADD RUNOFF 
                 .640       .786       .000       .000 c.m/s   
   10     POND 
         7 Depth - Discharge - Volume sets 
          122.570        .000          .0 
          122.950       .0360        55.0 
          123.320       .0570       185.9 
          124.320       .0910       389.5 
          125.070        .110       405.8 
          125.800        .126       426.8 
          126.000      20.000       427.0 
          Peak Outflow    =      .644 c.m/s   
          Maximum Depth   =   125.805 metres  
          Maximum Storage =      427. c.m     



 

 

 
 

                 .640       .786       .644       .000 c.m/s   
   16     NEXT LINK  
                 .640       .644       .644       .000 c.m/s   
    4     CATCHMENT 
         12.000     ID No.  99999        
           .390     Area in hectares     
         60.000     Length (PERV) metres 
          1.000     Gradient (%)         
         73.000     Per cent Impervious  
         60.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .121       .644       .644       .000 c.m/s   
                 .270       .908       .736     C perv/imperv/total 
   15     ADD RUNOFF 
                 .121       .713       .644       .000 c.m/s   
    4     CATCHMENT 
         13.000     ID No.  99999        
          1.550     Area in hectares     
        360.000     Length (PERV) metres 
          1.000     Gradient (%)         
         40.000     Per cent Impervious  
        360.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .226       .713       .644       .000 c.m/s   
                 .271       .917       .529     C perv/imperv/total 
   15     ADD RUNOFF 
                 .226       .939       .644       .000 c.m/s   
    4     CATCHMENT 
        103.000     ID No.  99999        
           .310     Area in hectares     
         62.800     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         62.800     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .041       .939       .644       .000 c.m/s   
                 .270       .909       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .041       .968       .644       .000 c.m/s   
    4     CATCHMENT 
          6.000     ID No.  99999        
           .580     Area in hectares     
         85.900     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         85.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .073       .968       .644       .000 c.m/s   
                 .271       .912       .463     C perv/imperv/total 
   15     ADD RUNOFF 
                 .073      1.024       .644       .000 c.m/s   
    4     CATCHMENT 
          7.000     ID No.  99999        
           .490     Area in hectares     
         79.000     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         79.000     Length (IMPERV)      



 

 

 
 

           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .063      1.024       .644       .000 c.m/s   
                 .270       .910       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .063      1.071       .644       .000 c.m/s   
    4     CATCHMENT 
          8.000     ID No.  99999        
           .280     Area in hectares     
         59.700     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         59.700     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .038      1.071       .644       .000 c.m/s   
                 .270       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .038      1.098       .644       .000 c.m/s   
    4     CATCHMENT 
          9.000     ID No.  99999        
           .650     Area in hectares     
         91.000     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         91.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .081      1.098       .644       .000 c.m/s   
                 .271       .914       .464     C perv/imperv/total 
   15     ADD RUNOFF 
                 .081      1.161       .644       .000 c.m/s   
    4     CATCHMENT 
         10.000     ID No.  99999        
           .420     Area in hectares     
         73.100     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         73.100     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .055      1.161       .644       .000 c.m/s   
                 .270       .909       .461     C perv/imperv/total 
   15     ADD RUNOFF 
                 .055      1.200       .644       .000 c.m/s   
    4     CATCHMENT 
         11.000     ID No.  99999        
           .280     Area in hectares     
         59.700     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         59.700     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .038      1.200       .644       .000 c.m/s   
                 .270       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 



 

 

 
 

                 .038      1.227       .644       .000 c.m/s   
    4     CATCHMENT 
         12.000     ID No.  99999        
           .370     Area in hectares     
         68.600     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         68.600     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .049      1.227       .644       .000 c.m/s   
                 .270       .909       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .049      1.261       .644       .000 c.m/s   
    4     CATCHMENT 
         13.000     ID No.  99999        
           .570     Area in hectares     
         85.200     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         85.200     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .072      1.261       .644       .000 c.m/s   
                 .271       .912       .463     C perv/imperv/total 
   15     ADD RUNOFF 
                 .072      1.317       .644       .000 c.m/s   
    4     CATCHMENT 
         14.000     ID No.  99999        
           .290     Area in hectares     
         60.800     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         60.800     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .039      1.317       .644       .000 c.m/s   
                 .271       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .039      1.344       .644       .000 c.m/s   
    4     CATCHMENT 
        106.000     ID No.  99999        
           .250     Area in hectares     
         56.400     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         56.400     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .033      1.344       .644       .000 c.m/s   
                 .271       .909       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .033      1.367       .644       .000 c.m/s   
    4     CATCHMENT 
        108.000     ID No.  99999        
           .466     Area in hectares     
         77.000     Length (PERV) metres 
           .800     Gradient (%)         
         15.000     Per cent Impervious  
         77.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 



 

 

 
 

           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .031      1.367       .644       .000 c.m/s   
                 .271       .912       .367     C perv/imperv/total 
   15     ADD RUNOFF 
                 .031      1.396       .644       .000 c.m/s   
    4     CATCHMENT 
        105.000     ID No.  99999        
           .410     Area in hectares     
         72.300     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         72.300     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .052      1.396       .644       .000 c.m/s   
                 .271       .910       .463     C perv/imperv/total 
   15     ADD RUNOFF 
                 .052      1.436       .644       .000 c.m/s   
    4     CATCHMENT 
        104.000     ID No.  99999        
           .240     Area in hectares     
         55.300     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         55.300     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .032      1.436       .644       .000 c.m/s   
                 .271       .909       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .032      1.458       .644       .000 c.m/s   
    4     CATCHMENT 
         31.000     ID No.  99999        
           .180     Area in hectares     
         47.900     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         47.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         70.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         10.886     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .025      1.458       .644       .000 c.m/s   
                 .293       .906       .476     C perv/imperv/total 
   15     ADD RUNOFF 
                 .025      1.476       .644       .000 c.m/s   
    4     CATCHMENT 
        107.000     ID No.  99999        
           .540     Area in hectares     
         82.900     Length (PERV) metres 
           .800     Gradient (%)         
         65.000     Per cent Impervious  
         82.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .140      1.476       .644       .000 c.m/s   
                 .270       .915       .689     C perv/imperv/total 
   15     ADD RUNOFF 
                 .140      1.575       .644       .000 c.m/s   
    4     CATCHMENT 



 

 

 
 

         20.000     ID No.  99999        
           .586     Area in hectares     
         86.400     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         86.400     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .078      1.575       .644       .000 c.m/s   
                 .271       .909       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .078      1.630       .644       .000 c.m/s   
    4     CATCHMENT 
         21.000     ID No.  99999        
           .392     Area in hectares     
         70.600     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         70.600     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .054      1.630       .644       .000 c.m/s   
                 .270       .906       .461     C perv/imperv/total 
   15     ADD RUNOFF 
                 .054      1.668       .644       .000 c.m/s   
    4     CATCHMENT 
         22.000     ID No.  99999        
          1.185     Area in hectares     
        122.800     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
        122.800     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .146      1.668       .644       .000 c.m/s   
                 .270       .915       .464     C perv/imperv/total 
   15     ADD RUNOFF 
                 .146      1.784       .644       .000 c.m/s   
    4     CATCHMENT 
         23.000     ID No.  99999        
           .453     Area in hectares     
         75.900     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         75.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .061      1.784       .644       .000 c.m/s   
                 .270       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .061      1.827       .644       .000 c.m/s   
    4     CATCHMENT 
         24.000     ID No.  99999        
           .212     Area in hectares     
         52.000     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         52.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    



 

 

 
 

           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .031      1.827       .644       .000 c.m/s   
                 .271       .896       .458     C perv/imperv/total 
   15     ADD RUNOFF 
                 .031      1.847       .644       .000 c.m/s   
    4     CATCHMENT 
         25.000     ID No.  99999        
          1.160     Area in hectares     
        121.500     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
        121.500     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .144      1.847       .644       .000 c.m/s   
                 .270       .915       .464     C perv/imperv/total 
   15     ADD RUNOFF 
                 .144      1.961       .644       .000 c.m/s   
    4     CATCHMENT 
         26.000     ID No.  99999        
           .221     Area in hectares     
         53.000     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         53.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .032      1.961       .644       .000 c.m/s   
                 .271       .897       .459     C perv/imperv/total 
   15     ADD RUNOFF 
                 .032      1.982       .644       .000 c.m/s   
    4     CATCHMENT 
         27.000     ID No.  99999        
           .480     Area in hectares     
         78.200     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         78.200     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .065      1.982       .644       .000 c.m/s   
                 .270       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .065      2.027       .644       .000 c.m/s   
    4     CATCHMENT 
         28.000     ID No.  99999        
           .460     Area in hectares     
         76.500     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         76.500     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .062      2.027       .644       .000 c.m/s   
                 .270       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .062      2.071       .644       .000 c.m/s   
    4     CATCHMENT 
         29.000     ID No.  99999        
           .300     Area in hectares     



 

 

 
 

         61.600     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         61.800     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .042      2.071       .644       .000 c.m/s   
                 .270       .902       .459     C perv/imperv/total 
   15     ADD RUNOFF 
                 .042      2.099       .644       .000 c.m/s   
    4     CATCHMENT 
         30.000     ID No.  99999        
           .502     Area in hectares     
         79.900     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         79.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .067      2.099       .644       .000 c.m/s   
                 .271       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .067      2.147       .644       .000 c.m/s   
    4     CATCHMENT 
        110.000     ID No.  99999        
          1.798     Area in hectares     
        151.300     Length (PERV) metres 
           .800     Gradient (%)         
         65.000     Per cent Impervious  
        151.300     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         70.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         10.866     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .405      2.147       .644       .000 c.m/s   
                 .294       .910       .694     C perv/imperv/total 
   15     ADD RUNOFF 
                 .405      2.531       .644       .000 c.m/s   
    4     CATCHMENT 
         32.000     ID No.  99999        
           .160     Area in hectares     
         45.100     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         45.100     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         70.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         10.866     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .022      2.531       .644       .000 c.m/s   
                 .293       .904       .476     C perv/imperv/total 
   15     ADD RUNOFF 
                 .022      2.547       .644       .000 c.m/s   
    4     CATCHMENT 
         33.000     ID No.  99999        
           .291     Area in hectares     
         60.900     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         60.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  



 

 

 
 

              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .041      2.547       .644       .000 c.m/s   
                 .270       .901       .459     C perv/imperv/total 
   15     ADD RUNOFF 
                 .041      2.574       .644       .000 c.m/s   
    4     CATCHMENT 
         34.000     ID No.  99999        
           .220     Area in hectares     
         52.900     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         52.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .032      2.574       .644       .000 c.m/s   
                 .271       .897       .459     C perv/imperv/total 
   15     ADD RUNOFF 
                 .032      2.596       .644       .000 c.m/s   
    4     CATCHMENT 
         35.000     ID No.  99999        
           .330     Area in hectares     
         64.800     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         64.800     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .046      2.596       .644       .000 c.m/s   
                 .269       .903       .460     C perv/imperv/total 
   15     ADD RUNOFF 
                 .046      2.627       .644       .000 c.m/s   
   10     POND 
         6 Depth - Discharge - Volume sets 
          116.590        .000          .0 
          117.223        .107       989.0 
          117.381        .157      1236.0 
          117.709        .245      1824.0 
          118.218       1.262      2887.0 
          118.250       1.372      2960.0 
          Peak Outflow    =     1.302 c.m/s   
          Maximum Depth   =   118.230 metres  
          Maximum Storage =     2914. c.m     
                 .046      2.627      1.302       .000 c.m/s   
   16     NEXT LINK  
                 .046      1.302      1.302       .000 c.m/s   
    4     CATCHMENT 
         36.000     ID No.  99999        
           .100     Area in hectares     
         35.700     Length (PERV) metres 
           .800     Gradient (%)         
         10.000     Per cent Impervious  
         35.700     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         70.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         10.866     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .007      1.302      1.302       .000 c.m/s   
                 .293       .896       .354     C perv/imperv/total 
   15     ADD RUNOFF 
                 .007      1.309      1.302       .000 c.m/s   
    4     CATCHMENT 
        111.000     ID No.  99999        
          1.225     Area in hectares     
        124.900     Length (PERV) metres 
          1.700     Gradient (%)         
         13.500     Per cent Impervious  
        124.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 



 

 

 
 

           .250     Manning "n"          
         70.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         10.866     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .074      1.309      1.302       .000 c.m/s   
                 .294       .916       .378     C perv/imperv/total 
   15     ADD RUNOFF 
                 .074      1.370      1.302       .000 c.m/s   
   20     MANUAL 
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STORMWATER MANAGEMENT PLAN

TAWNY RIDGE ESTATES (PHASE 2)

TOWN OF NIAGARA-ON-THE-LAKE

1.0 INTRODUCTION

1.1 Study Area

The proposed residential development of Tawny Ridge Estates (Phase 2) is located in the 
Village of St. Davids in the Town of Niagara-on-the-Lake. As shown on the enclosed Site 
Location Plan (Figure 1), the subject property is situated south of Warner Road, north of 
Tulip Tree Road and west of Tanbark Road. The proposed development will have two site 
entrances. The first one is located at the northwest limits of the site onto Warner Road and 
the second is located at the southeast limits of the site at the intersection of Tulip Tree Road 
and Chestnut Avenue. 

Phase 1 of Tawny Ridge Estates is comprised of 12 single family residential lots fronting 
on Tanbark Road. The Phase 2 lands, which are the subject of the current submission for 
Conditions of Clearance of Draft Plan of Subdivision Approval, are located immediately 
west of the Phase 1 lands. Phase 2 consists of 20 single-family residential dwellings, 6 
Blocks of townhouse dwellings and one medium density residential Block (Block 27).  

A separate Functional Servicing Report was submitted for Phase 1 concluding that the 
municipal services for the Phase 1 lands would be independent from the Phase 2 lands. 
Therefore, for the purposes of this report, only the Phase 2 lands will be considered and 
will be referenced as the “Subject Lands” herein. 

As part of the construction of Phase 2 of Tawny Ridge, Warner Road from Tanbark Road 
to the western limit of the site shall be reconstructed to an urban cross section with 
associated curb and gutter and sidewalk. The reconstruction of Warner Road will include 
the construction of catch basins and storm sewers that shall extend from the site entrance 
and outlet to the existing storm sewer on Tanbark Road.  

The approximately 3.09 ha site will include associated asphalt road, concrete curb, catch 
basins, storm sewers, sanitary sewers and watermain. The drainage areas contributing to 
this stormwater management plan consist primarily of the subject lands and Warner Road 
from Tanbark Road to the future site entrance. All stormwater flows from the site will 
outlet to the Vineyard Creek Estates Stormwater Management Pond that ultimately outlets 
to Four Mile Creek.   
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1.2 Objectives

The objectives of this study are as follows: 

1. Establish specific criteria for the management of stormwater from this site. 

2. Determine the impact of development on the stormwater peak flow & volume from this 
site. 

3. Investigate alternatives for controlling the quantity and quality of stormwater from this 
site. 

4. Recommend a comprehensive plan for the management of stormwater during and after 
construction.   
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1.3 Existing & Proposed Conditions

a) Existing Conditions 

A Stormwater Management Report was prepared by Kerry T. Howe Engineering Limited 
and approved for the existing Vineyard Creek Estates stormwater management facility 
(SWMF), dated June 2005. As outlined within the approved Stormwater Management 
Report, the Vineyard Creek Estates Stormwater Management (SWM) Pond, which is 
located on Sandalwood Crescent as shown in Figure 1, was approved and constructed as a 
communal pond SWM facility to receive peak stormwater flows from the areas south of 
York Road and west of Tanbark Road. The communal facility was designed to provide 
stormwater quantity controls (storage) up to and including the 100 year design storm event 
and stormwater quality improvements to MECP Normal levels (70% TSS Removal) for 
the associated upstream drainage areas. 

Upon review of existing topographical data, it has been determined that existing and future 
stormwater flows from the subject lands flow easterly to Tanbark Road. Overland Flows 
on Tanbark Road then flow northerly to Queenston Road, then northwesterly to 
Sandalwood Crescent and outlet to the Vineyard Creek Estates SWM Pond. The Vineyard 
Creek Estates Communal Pond Drainage Areas have been included in Appendix A. The 
subject lands are contained within Drainage Ares 1, 2, 3, 4, 5 and 202 in the enclosed 
Drainage Area Plan and were allocated capacity in the permanent pool and active storage 
volumes in the communal SWM facility at an overall imperviousness of 30% (0.40 Runoff 
Coefficient).  

After the approval and construction of the Vineyard Creek Estates SWM Pond Tanbark 
Road was reconstructed from Pinecroft Drive to York Road. As part of the reconstruction, 
a 600mm diameter storm sewer was constructed that begins at the intersection of Warner 
Road and Tanbark Road and flows northerly to York Road. Flows from the reconstructed 
Tanbark Road ultimately outlet to the Vineyard Creek Estates SWM Pond. The existing 
storm sewer system was designed and constructed to convey the stormwater flows from 
the areas allocated to the Vineyard Creek Estates SWM pond, including the subject lands, 
at a runoff coefficient of 0.40. Drainage Areas for the storm sewer on Tanbark Road have 
been provided and have been included in Appendix B. As indicated on the Tanbark Road 
Storm Drainage Area Plan, Drainage Area 1 was assigned to the subject lands. The 
Drainage Area Plan shows flows from the subject lands are directed overland to Warner 
Road and outlets to the storm sewer on Tanbark Road at the intersection of Tanbark Road 
and Warner Road.  

Historically, the site has been undeveloped open space. The majority of native soils within 
the study area have been determined to have poor draining and is part of Gleyed Brunisolic 
Gray Brown Luvisol soil group. 
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b) Proposed Conditions 

The proposed development shall consist of the 20 single-family residential dwellings, 6 
Blocks of townhouse dwellings and one medium density residential Block (Block 27). As 
part of the development Warner Road will be reconstructed to an urban cross section to 
include curb and gutters, and sidewalks. The reconstruction of Warner Road will also 
include the construction of new catch basins and new 600mm diameter storm sewers that 
will outlet to the existing 600mm diameter storm sewer on Tanbark Road.    

The development will be constructed with asphalt pavement, concrete curbs and gutters, 
storm sewers, sanitary sewers and watermain.  
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2.0 STORMWATER MANAGEMENT CRITERIA

New developments are required to provide stormwater management in accordance with 
provincial and municipal policies including: 

• Stormwater Quality Guidelines for New Development (MECP/MNRF, May 1991) 

• Stormwater Management Planning and Design Manual (MECP, March 2003) 

Based on the comments and outstanding policies from various agencies (Town of Niagara-
on-the-Lake, Regional Municipality of Niagara, Niagara Peninsula Conservation Authority 
(NPCA), and the Ministry of the Environment, Conservation and Parks (MECP), and 
others) the following site specific considerations were identified: 

• The existing downstream Vineyard Creek Estates Stormwater Management Facility 
provides stormwater quality improvements via a permanent pool volume to MECP 
Normal Levels (70% TSS Removal) for the entire Vineyard Creek Estates Communal 
Pond Drainage Areas, which included the subject lands at an overall imperviousness 
of 30% (equivalent runoff coefficient of 0.40) (See Appendix A). 

• The Vineyard Creek Estates Stormwater Management Facility was designed to control 
future stormwater flows from the associated tributary drainage area (which includes 
the subject lands) to existing levels. This facility was designed using previous Town 
of Niagara-on-the-Lake Design Storm Events, which differ from the current standards 
which specify the use of the City of St. Catharines Design Storm Events. 

• The existing 600mm diameter storm sewer flowing northerly on Warner Road was 
designed to receive peak 5 year flows from the subject lands at an overall runoff 
coefficient of 0.40. These sewers were designed using the City of St. Catharines 5 Year 
design storm, which aligns with current Town design standards. 
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Based on the above policies and site specific considerations, the following stormwater 
management criteria have been established for this site. 

• Stormwater quality controls are required if the increased imperviousness within the 
subject lands requires more permanent pool volume in the existing Vineyard Creek 
Estates SWM Facility then what was approved in the SWM report to provide MECP 
Normal Protection (70% TSS Removal). 

• Stormwater quantity controls are to be provided from the subject lands as follows: 

o The 5 year design storm event to the most restrictive of the following: 
 The available capacity of the existing 600mm diameter storm sewers on 

Tanbark Road; and, 
 Existing levels downstream of the existing Vineyard Creek Estates SWM 

Facility. 
o The 100 year design storm event to Existing levels downstream of the existing 

Vineyard Creek Estates SWM Facility which will be determined using the 100 year 
design storm specified in the Vineyard Creek Estates SWM Plan. 

3.0 STORMWATER ANALYSIS

As identified in the Vineyard Creek Estates SWM Plan, stormwater modelling was 
conducted using MIDUSS for the design of the proposed SWM Facility within the subject 
lands to assess future conditions at the existing SWM facility including the proposed 
development. Therefore, it is proposed to also utilize MIDUSS with reference to the 
modelling and routing provided in the Vineyard Creek Estates SWM Plan.  

3.1 Design Storms

The following design storm hyetographs were used for the proposed MIDUSS modelling: 
i) 5 Year Design storm using a 4-hour Chicago distribution based on the City 

of St. Catharines IDF Curve, in accordance with the Tanbark Road Storm 
Sewer design for consistency in the storm sewer designs. 

ii) 5 and 100 Year Design Storm using Chicago distribution based on the IDF 
parameters provided in the Vineyard Creek Estates SWM Plan for an 
“apples to apples” comparison of the pre to post development flow 
comparison. 
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Table 1.  Rainfall Data 

Design Storm 
(Return Period)

Chicago Distribution Parameters 

a b c 

Tanbark Road Storm Sewers 
5 Year 664.00 4.700 0.744

Vineyard Creek Estates SWM Facility 
5 Year 996.92 4.233 0.826

100 Year 1815.30 3.090 0.847

Intensity (mmhr) = 
a

(td+ b)c

3.2 Existing/Allowable Conditions

Existing conditions within the subject lands were previously modelled as part of the 
Vineyard Creek Estates SWM Plan to establish the peak flow targets for the communal wet 
pond facility. The design of this facility allocated capacity to receive future peak 
stormwater flows from the subject lands up to the 100 year design storm event at an 
allowable imperviousness of 30% (runoff coefficient of 0.40). 

Following the construction of the Vineyard Creek Estates SWM Facility, Tanbark Road 
was reconstructed with curb and gutter from Pinecroft Drive to York Road which also 
included the construction of 600mm diameter storm sewers to convey peak 5 year flows 
from upstream areas to ultimately outlet to the Vineyard Creek Estates SWM Facility. 

Therefore, for the purposes of this Stormwater Management Plan, the peak flow targets for 
the subject lands will be to the allowable levels established in the Vineyard Creek Estates 
SWM Plan or the Tanbark Road Storm Sewer design, whichever is more restrictive. 

Vineyard Creek Estates SWM Plan 

The Vineyard Creek Estates SWM Plan included the subject lands as Drainage Areas 1, 2, 
3, 4, 5 and 202 in the design of the Communal Wet Pond Facility at an imperviousness of 
30% as shown in Appendix A. The wet pond facility provides stormwater management 
quantity controls for the tributary drainage areas up to the 100 year design storm event. 

As shown in Table 6.0 of the Vineyard Creek Estates SWM Plan (see Appendix A), future 
peak flows from the facility are below existing levels by 0.040 m3/s and 0.092 m3/s in the 
5 and 100 year design storm events respectively. 

Therefore, future peak flows from the subject lands must be restricted to ensure that the 
future peak flow from the existing SWM Facility does not exceed existing levels. 
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Tanbark Road Storm Sewers 

Tanbark Road was reconstructed with 600mm diameter storm sewers that were designed 
to receive 5 year stormwater flows from the subject lands at a runoff coefficient of 0.40 
(equivalent imperviousness of 30%) as shown in Tanbark Road Storm Drainage Areas 
included in Appendix B. 

3.3 Proposed Conditions

It is proposed to construct an internal storm sewer system within the subject lands to collect 
and convey stormwater flows up to and including the 5 year design storm event. As part of 
the construction of the proposed development a new storm sewer will be installed on 
Warner Road and outlet to the existing 600mm diameter storm sewer on Tanbark Road. 
The internal storm sewer system within the subject lands will outlet to the proposed storm 
sewer on Warner Road. Through the detailed storm sewer design, it was determined that 
the proposed Warner Road storm sewers will be installed at a slope of 0.15% slope, which 
has a full flow capacity of 248 L/s. 

The future drainage areas for the proposed development, shown in Figure 2, were modelled 
to establish the stormwater peak flows and volumes once the development has been 
completed. 

As shown in Figure 2, Drainage Area A10, A11 and A12 represent the portion of the 
proposed development, Warner Road and external lands west of the development which 
will convey future stormwater flows to the existing Vineyard Creek Estates SWM Facility. 

Drainage Area A10 represents external lands to the west of the development. This area will 
outlet to the proposed SWM facility within the subject lands. Capacity within the proposed 
SWM facility was allocated for this external area with an imperviousness of 30% (Runoff 
Coefficient 0.40). 

Drainage Areas B10, B11, B12 and C10 consist of the Approved Tawny Ridge Estates 
Phase 1 and the proposed rear yard areas of Lots 1 to 12 from Tawny Ridge Estates Phase 
2, which ultimately outlet to the Lowry Drain. Proposed flows from these areas were 
included in the design of Tawny Ridge Estates Phase 1, where it was concluded that the 
existing SWM Facility on Warner Road, and associated storm sewers on Tanbark 
Road/Warner Road have adequate capacity to receive future flows from these areas. 
Therefore, future flows from Areas B10, B11, B12, and C10 will not drain to the Vineyard 
Creek Estates SWM Facility, and will not be considered further in the following analysis. 

Major Overland flows from Drainage Areas A10, A11and A12 will be directed easterly to 
Tanbark Road, which has been confirmed to then convey overland flows northerly to the 
Vineyard Creek Estates SWM Facility. 
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Per the findings of the Vineyard Creek Estates SWM Plan, stormwater management 
quantity controls are required to ensure future stormwater flows discharging from the 
Vineyard Creek Estates SWM Facility are below existing levels. As the subject lands will 
convey future stormwater flows to this facility, it is required to ensure existing flows are 
maintained downstream of the receiving SWM Facility under future conditions. 

The existing and future conditions model from the Vineyard Creek Estates SWM Plan were 
prepared in MIDUSS. Therefore, it is proposed to recreate the future conditions modelling 
in MIDUSS per the Drainage Area Plan and Hydrological Modelling Parameters provided 
in the Vineyard Creek Estates SWM Plan, which are provided in Appendix A for reference, 
for the purposes of the proposed analysis for the subject lands. 

To account for the revised future stormwater drainage areas within the subject lands, 
Drainage Areas 1, 2, 3, 4, 5 and 202 from the Vineyard Creek Estates MIDUSS Modelling 
have been revised as Areas A10, A11 and A12 shown in Figure 2, and are summarized 
below in Table 2. The Hydrological Parameters for the proposed drainage areas reflect the 
parameters used in the Vineyard Creek Estates MIDUSS Modelling where appropriate. 

Table 2.  Hydrologic Parameters - Drainage Areas A10, A11, & A12 

Area 
No. 

Area 
(ha) 

Length 

(m) 

Slope 
(%) 

SCS CN
Allocated 
Percent 

Impervious 

Proposed 
Percent 

Impervious 

A10 1.17 90 1.0 68 30% 30% 

A11 2.64 135 1.0 68 30% 73% 

A12 1.68 110 1.0 68 30% 35% 

The governing allowable peak flow from the subject lands is the lesser of the capacity of 
the proposed 600mm diameter storm sewers on Warner Road (248 L/s) or the allocated 
peak 5 year flow from Drainage Areas A11, A11, and A12 at an imperviousness of 30% 
per the Vineyard Creek Estates SWM Plan. 

To be consistent with the design of the existing 600mm diameter storm sewers on Tanbark 
Road and the proposed storm sewer system within the subject lands the City of St. 
Catharines 5 Year Design Storm Event was used for the allowable 5 year flow calculations. 
The 5 Year MIDUSS Modelling calculations are provided in Appendix D and are 
summarized in Table 3 below. 

Table 3.  Controlling Peak 5 Year Flows to Storm Sewers 

Constraint Flow (m3/s) 

Peak 5 Year at 30% Imperviousness 0.259 

Capacity of 600mm Sewer @ 0.15% 0.248 
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As shown in Table 3, the future 5 year peak flow from Drainage Areas A10, A11 and A12 
will be restricted to the governing 0.248 L/s. Since this peak flow is more restrictive than 
what was previously allocated for the subject lands in the Vineyard Creek Estates SWM 
Plan, a further analysis to the existing SWM Facility is not required for the 5 year design 
storm event and will only be provided for the 100 year event. 

The Vineyard Creek Estates SWM Plan identified the existing and future peak flows within 
the existing ditch immediately downstream of the existing SWM Facility and at the existing 
roadside ditch along Tanbark Road, approximately 275m north east of the SWM Facility. 
As identified in Table 5.0 of the Vineyard Creek Estates SWM Plan (see Appendix A), the 
most restrictive location in the 100 year design storm event is immediately downstream of 
the existing SWM Facility (Node 104). Therefore, the revised MIDUSS Model has been 
prepared to identify the new future peak 100 year flow at this location and future 100 year 
peak flows will be controlled to the existing flow at this location (1.424 m3/s).  

To be consistent with the Vineyard Creek Estates SWM Plan, the 100 year Design Storm 
Parameters shown in Table 1 (see Appendix A) of the SWM Plan have been used for the 
proposed MIDUSS Model. The revised 100 Year Future Conditions MIDUSS model for 
the Vineyard Creek Estates SWM Facility is included in Appendix E. 
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4.0 STORMWATER MANAGEMENT ALTERNATIVES

4.1 Screening of Stormwater Management Alternatives

A variety of stormwater management alternatives are available to control the quality of 
stormwater, most of which are described in the Stormwater Management Planning and 
Design Manual (MECP, March 2003). Alternatives for the proposed and ultimate 
developments were considered in the following broad categories: lot level, vegetative, 
infiltration, and end-of-pipe controls. General comments on each category are provided 
below. Individual alternatives for the proposed development are listed in Table 4 with 
comments on their effectiveness and applicability to the proposed outlet. 

a) Lot Level Controls 

Lot level controls are not generally suitable as the primary control facility for quality 
control. They are generally used to enhance stormwater quality in conjunction with 
other types of control facilities. 

b) Vegetative Alternatives 

Vegetative stormwater management practices are not generally suitable as the primary 
control facility for quality control. They are generally used to enhance stormwater 
quality in conjunction with other types of control facilities. 

c) Infiltration Alternatives 

Where soils are suitable, infiltration techniques can be very effective in providing 
quantity and quality control. However, the very small amount of surface area on this 
site dedicated to permeable surfaces such as greenspace and landscaping make this an 
impractical option. Therefore, infiltration techniques will not be considered for this 
development. 

d) End-of-Pipe Alternatives 

Surface storage techniques can be very effective in providing both quality and quantity 
control. Surface storage is not space efficient for very small sites such as this. 
Underground storage facilities, such as tanks, super pipes, etc. are more effective for 
small developments. 



Table 4.  Evaluation of Stormwater Management Practices

Tawny Ridge Estates 
Phase 2 

Criteria for Implementation of 
Stormwater Management Practices (SWMP) 

Technical 
Effectiveness

(10 high) 

Recommend 
Implementation

Yes / No Comments 

Topography Soils Bedrock Groundwater Area 

Site Conditions 
Variable 
1 to 3% 

Beverly Loamy 
<12mm/hr 

At Considerable 
Depth 

At Considerable 
Depth ± 3.81ha

Lot Level Controls 

Lot Grading <5% nlc nlc nlc nlc 2 Yes Quality/quantity benefits 

Roof Leaders to Surface nlc nlc nlc nlc nlc 2 Yes Quality/quantity benefits 

Roof Ldrs.to Soakaway Pits nlc loam, infiltr. > 15 mm/hr >1m Below Bottom >1m Below Bottom < 0.5 ha 6 No Unsuitable site conditions 

Sump Pump Fdtn. Drains nlc nlc nlc nlc nlc 2 No Unsuitable site conditions 

Vegetative 

Grassed Swales < 5 % nlc nlc nlc nlc 7 Yes Quality/quantity benefits 

Filter Strips(Veg. Buffer) < 10 % nlc nlc >.5m Below Bottom < 2 ha 5 No Unsuitable site conditions 

Infiltration 

Infiltration Basins nlc loam, infiltr. > 15 mm/hr >1m Below Bottom >1m Below Bottom < 5 ha 2 No Unsuitable site conditions

Infiltration Trench nlc loam, infiltr. > 15 mm/hr >1m Below Bottom >1m Below Bottom < 2 ha 4 No Unsuitable site conditions 

Rear Yard Infiltration < 2.0 % loam, infiltr. > 15 mm/hr >1m Below Bottom >1m Below Bottom < 0.5 ha 7 No Unsuitable site conditions 

Perforated Pipes nlc loam, infiltr. > 15 mm/hr >1m Below Bottom >1m Below Bottom nlc 4 No Unsuitable site conditions 

Pervious Catch basins nlc loam, infiltr. > 15 mm/hr >1m Below Bottom >1m Below Bottom nlc 3 No Unsuitable site conditions 

Sand Filters nlc nlc nlc >.5m Below Bottom < 5 ha 5 No 
High maintenance/poor 
aesthetics 

Surface Storage
Dry Ponds nlc nlc nlc nlc > 5 ha 7 No Effective Quantity Control 

Wet Ponds nlc nlc nlc nlc > 5 ha 9 No Unsuitable site conditions 

Wetlands nlc nlc nlc nlc > 5 ha 10 No Very effective quality control 

Other

Underground storage nlc nlc nlc nlc <5 ha 8 Yes Quantity benefits only 

Oil/Grit Separator nlc nlc nlc nlc <5 ha 8 No Effective quality control 

Reference: Stormwater Management Practices Planning and Design Manual - 1994 
nlc - No Limiting Criteria 
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4.2 Selection of Stormwater Management Alternatives

Stormwater management alternatives were screened based on technical effectiveness, 
physical suitability for this site, and their ability to meet the stormwater management 
criteria established for proposed and future development areas. The following stormwater 
management alternatives are recommended for implementation on the proposed 
development: 

• Lot grading to be kept as flat as practical, while remaining consistent with municipal 
standards, in order to slow down stormwater and encourage infiltration. 

• Roof leaders to be discharged to the ground surface in order to slow down 
stormwater and encourage infiltration. 

• Grassed swales to be used to collect rear lot drainage. Grassed swales tend to filter 
sediments and slow down the rate of stormwater. 

• Underground Superpipe Storage to provide stormwater quantity control for 
stormwater flows from the proposed development up to and including the 100 year 
storm event. 

5.0 STORMWATER MANAGEMENT PLAN

A MIDUSS model was created to assess the allocated and future peak flows and stormwater 
volumes generated by the proposed residential development. The stormwater management 
facility was sized according to MECP Guidelines (MECP, March 2003) as follows: 

5.1 Quantity Assessment 

The proposed stormwater management plan is to capture and convey all stormwater from 
the development and control the flow to the allowable levels for the 5 and 100 year design 
storm events as follows:  

a) To the capacity of the proposed receiving 600mm diameter storm sewers on Warner 
Road for the 5 year design storm. 

b) To existing levels downstream of the existing Vineyard Creek Estates SWM 
Facility for the 100 year design storm.  

To provide the required stormwater management quantity controls for the subject lands, it 
is proposed to construct oversized storm sewers within the site and a control outlet 
consisting of an orifice prior to discharging to the proposed storm sewers on Warner Road.  

It is not proposed to provide stormwater storage within the proposed municipal storm 
sewers on Warner Road. Therefore, flows from Drainage Area A10 and A11 will be 
overcontrolled such that the combined peak flow from A10, A11 and A12 do not exceed 
allowable levels. 
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5.1.1 Stormwater Management Facility Configuration 

A 185mm orifice plate will be installed at an elevation of 122.61m within Manhole 7. 
Storage will be provided by 168m of 1200mm diameter 74m of 1350mm diameter and 25m 
of 1500mm diameter internal storm sewer system, as shown in Figure 2, which will provide 
stormwater storage to a maximum elevation 125.80m (the lowest proposed catchbasin rim 
upstream of the proposed control orifice), corresponding to a total available storage volume 
of 426.8m³. 

Table 5 below outlines the stormwater management characteristics for the proposed SWM 
facility during the 5 year design storm event. A Stage-Storage-Discharge Calculation sheet 
has been included within Appendix C for this facility. The MIDUSS output files for the 5 
year analysis can be found in Appendix D. 

Table 5. Proposed SWM Facility Characteristics (5 Year Storm) 

Design 
Storm 

(Return 
Period) 

Peak 
Inflow 
(L/s) 

Controlled 
Discharge 

(L/s) 

Maximum 
Volume 

(m3) 

Maximum 
Elevation 

(m) 

Combined 
Discharge 
from (A10, 

A11 and A12) 

5 Year 357 113 412 125.57 171 

As outlined in Table 5 above, future 5 year stormwater flows will be controlled to a 
maximum outflow of 113 L/s when discharging to the proposed sewers on Warner Road. 
This corresponds to a maximum 5 year elevation of 125.57m, maximum storage of 412m3, 
and a combined discharge of 172 L/s from drainage area A10, A11 and A12, which is 
below the allowable peak 5 year flow of 248 L/s.  

The revised future conditions MIDUSS Model for the Vineyard Creek Estates SWM 
Facility includes the proposed SWM facility controlling flow from Drainage Area A10 and 
A11. Due to site topography, it is not feasible to provide substantial surface storage so it 
has been conservatively assumed that any stormwater flows above an elevation of 125.80m 
(lowest rim elevation of roadway catch basins in the subject lands) will be conveyed 
northerly to Warner Road as overland flow.  

Table 6 summarizes the ultimate future peak flows from the existing Vineyard Creek 
Estates SWM facility following the development of the subject lands. The 100 year 
MIDUSS Modelling has been included in Appendix E for reference. 
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Table 6. Impact on Existing Vineyard Creek Estates SWM Pond – 100 Year 

Design Storm  

Peak Pond 
Volume 

(m³) 

Peak Pond 
Elevation 

(m) 

Peak Pond 
Discharge 

(m3/s)

Peak Flow in 
Receiving Ditch 

(m3/s)

Existing Peak Flow 
in Receiving Ditch 

(m3/s) 

2886 118.22 1.260 1.328 1.424 

As outlined in Table 6, by providing quantity controls within Tawny Ridge Estates Phase 
2, the volume is contained within the pond and the future peak flows in the receiving 
existing downstream ditch are below existing levels. Therefore, the proposed stormwater 
quantity controls adequately reduce future peak flows from the subject lands to existing 
levels for the 5 Year and 100 Year design storm events. 

5.2 Quality Assessment 

The Vineyard Creek Estates SWM Facility treats stormwater to Normal Protection (70% 
Overall TSS Removal). The permanent pool of the SWM Facility has been designed to 
treat stormwater from the entire Vineyard Creek Estates Communal Pond Drainage Area 
assuming a storage requirement of 90m3/ha. Based on Table 3.2 of SWMP & Design 
Manual, the water quality storage requirement is approximately 90m3/ha for Normal 
protection for developments with 35% impervious areas. Therefore, there is available 
capacity within the permanent pool for the overall tributary drainage area to have an 
imperviousness of 35%. 

The overall imperviousness of the entire drainage tributary area outletting to the Vineyard 
Creek Estates SWM Facility, as stated in the Vineyard Creek Estates SWM Report is, 
27.03%. Following the construction of Tawny Ridge (Phase 2), the overall imperviousness 
of the drainage area outletting to the Vineyard Creek Estates SWM Facility is increased to 
32.1% without additional onsite quantity controls. Therefore, the Vineyard Creek Estates 
SWM Pond will have sufficient capacity to treat stormwater runoff from the proposed 
development and no further quality controls are required.  



Stormwater Management Plan 
Tawny Ridge Estates (Phase 2) – Town of Niagara-on-the-Lake

Upper Canada Consultants 18

6.0 SEDIMENT AND EROSION CONTROL 

Sediment and erosion controls are required during all construction phases of this 
development to limit the transport of sediment into the Vineyard Creek Estates SWM pond. 

The following additional erosion and sediment controls will also be implemented during 
construction: 

• Install silt control fencing along the limits of construction where overland flows will 
flow beyond the limits of the development or into downstream watercourse. 

• Re-vegetate disturbed areas as soon as possible after grading works have been 
completed. 

• Lot grading and siltation controls plans will be provided with sediment and erosion 
control measures to the appropriate agencies for approval during the final design stage. 
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the findings of this study, the following conclusions are offered: 

• Infiltration techniques are not suitable for this site as the primary control facility due 
to the low soil infiltration rates. 

• A proposed stormwater management facility consisting of a 200mm diameter control 
orifice and oversized storm sewer storage pipes will provide the required quantity 
controls for the subject lands. 

• Various lot level vegetative stormwater management practices can be implemented to 
enhance stormwater quality. 

• This report was prepared in accordance with the provincial guidelines contained in 
"Stormwater Management Planning and Design Manual, March 2003". 

The above conclusions lead to the following recommendations: 

• That the stormwater management criteria established in this report be accepted. 

• That the 185mm diameter control orifice and oversized storm sewer storage pipes be 
constructed as outlined in this Stormwater Management Plan. 

• That additional lot level controls and vegetative stormwater management practices as 
described previously in this report be implemented. 

• That the sediment and erosion control during construction as described in this report 
be implemented. 

 Prepared By:  Reviewed By: 

Zach Barber, E.I.T.  Brendan Kapteyn, P.Eng. 
May 30, 2025 
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APPENDIX A
Vineyard Creek Estates Stormwater Management Plan Kerry T. Howe Engineering 

Limited (June 2005) 
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APPENDIX B
 Tanbark Road Reconstruction Storm Drainage Areas
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APPENDIX C
 Stage-Storage-Discharge Calculations 



Project Name: Tawny Ridge Estates (Phase 2)
Project No.: 21178
Date: May 30, 2025

Controlling Rim Elev: 125.80 Pipe MH 6 Pipe MH 5 Pipe MH 3 Pipe MH 4 Pipe MH 2 Pipe MH 1

Invert: 122.63 122.68 122.63 122.64 122.70 122.74 125.10 125.22 122.80 122.83 122.86 124.39 Dia (m) = 0.185
Pipe Diameter: 1.200 1.219 1.500 1.524 1.350 1.372 0.375 0.381 1.200 1.219 0.300 0.305 Cd = 0.60
Structure/Pipe Length: 98.40 2400 25.10 3000 74.10 2400 39.00 1200 69.50 2400 69.50 1200 Invert (m) = 122.61

Elevation Total

(m) (m3) (m3) (m3) (m3) (m3) (m3) (m3) (m3) (m3) (m3) (m3) (m3) (m3)

125.80 114.88 14.11 45.79 22.34 109.49 13.84 4.45 0.66 81.14 13.44 5.07 1.59 426.8

125.07 114.88 10.81 45.79 17.18 109.49 10.54 - - 81.14 10.13 5.07 0.77 405.8
124.32 114.88 7.42 45.79 11.88 109.49 7.15 - - 81.14 6.74 5.07 - 389.5
123.32 67.06 2.90 20.14 4.81 48.07 2.62 - - 33.00 2.22 5.07 - 185.9
122.95 23.52 1.20 6.83 2.16 13.25 0.93 - - 5.44 0.52 1.16 - 55.0
122.57 - - - - - - - - - - - - 0.0 0.000

0.109
0.090
0.055
0.033

(m3/s)

0.125

Orifice

Stage-Storage-Discharge Calculations

MH 6 to MH 7 MH 5 to MH 7 MH 3 to MH 5 MH 4 to MH 3 MH 2 to MH 3 MH 1 to MH 2

TOTAL STORAGE 

VOLUME

Orifice
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5 Year Existing 
          Output File (4.7) 5YREX.OUT    opened 2024-12-11   8:23 
          Units used are defined by G =    9.810 
              24   144    10.000        are MAXDT MAXHYD & DTMIN values 
          Licensee: UPPER CANADA CONSULTANTS               
   35     COMMENT 
         4     line(s) of comment 
          STORMWATER MANAGEMENT PLAN                                   
          TAWNY RIDGE ESTATES                                          
          TOWN OF NIAGARA ON THE LAKE                                  
          5 YR Existing                                          
   35     COMMENT 
         3     line(s) of comment 
          START                                                        
               1=Zero; 2=Define                                        
          COMMENT                                                      
    2     STORM 
              1     1=Chicago;2=Huff;3=User;4=Cdn1hr;5=Historic 
        664.000     Coefficient  a       
          4.700     Constant  b    (min) 
           .744     Exponent  c          
           .450     Fraction to peak  r  
        240.000     Duration ó  240 min  
                   44.365 mm     Total depth 
    3     IMPERVIOUS 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .015     Manning "n"          
         98.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
           .518     Initial Abstraction  
    4     CATCHMENT 
         10.000     ID No.ó 99999        
          1.170     Area in hectares     
         90.000     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         90.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .058       .000       .000       .000 c.m/s   
                 .159       .873       .373     C perv/imperv/total 
   15     ADD RUNOFF 
                 .058       .058       .000       .000 c.m/s   
    4     CATCHMENT 
         11.000     ID No.ó 99999        
          2.640     Area in hectares     
        135.000     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
        135.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .127       .058       .000       .000 c.m/s   
                 .159       .861       .369     C perv/imperv/total 
   15     ADD RUNOFF 
                 .127       .180       .000       .000 c.m/s   
    4     CATCHMENT 
         12.000     ID No.ó 99999        
          1.680     Area in hectares     
        110.000     Length (PERV) metres 
          1.000     Gradient (%)         
         35.000     Per cent Impervious  
        110.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .092       .180       .000       .000 c.m/s   
                 .159       .869       .407     C perv/imperv/total 
   15     ADD RUNOFF 
                 .092       .272       .000       .000 c.m/s   
   20     MANUAL 
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5 Year Future without SWM 
          Output File (4.7) 5YRFUT.OUT   opened 2025-04-16  10:55 
          Units used are defined by G =    9.810 
              24   144    10.000        are MAXDT MAXHYD & DTMIN values 
          Licensee: UPPER CANADA CONSULTANTS               
   35     COMMENT 
         4     line(s) of comment 
          STORMWATER MANAGEMENT PLAN                                   
          TAWNY RIDGE ESTATES                                          
          TOWN OF NIAGARA ON THE LAKE                                  
          5 YR FUTURE                                                  
   35     COMMENT 
         3     line(s) of comment 
          START                                                        
               1=Zero; 2=Define                                        
          COMMENT                                                      
    2     STORM 
              1     1=Chicago;2=Huff;3=User;4=Cdn1hr;5=Historic 
        664.000     Coefficient  a       
          4.700     Constant  b    (min) 
           .744     Exponent  c          
           .450     Fraction to peak  r  
        240.000     Duration    240 min  
                   44.365 mm     Total depth 
    3     IMPERVIOUS 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .015     Manning "n"          
         98.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
           .518     Initial Abstraction  
    4     CATCHMENT 
         10.000     ID No.  99999        
          1.170     Area in hectares     
         90.000     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         90.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .058       .000       .000       .000 c.m/s   
                 .159       .873       .373     C perv/imperv/total 
   15     ADD RUNOFF 
                 .058       .058       .000       .000 c.m/s   
    4     CATCHMENT 
         11.000     ID No.  99999        
          2.640     Area in hectares     
        135.000     Length (PERV) metres 
          1.000     Gradient (%)         
         73.000     Per cent Impervious  
        135.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .304       .058       .000       .000 c.m/s   
                 .159       .861       .671     C perv/imperv/total 
   15     ADD RUNOFF 
                 .304       .357       .000       .000 c.m/s   
    4     CATCHMENT 
         12.000     ID No.  99999        
          1.680     Area in hectares     
        110.000     Length (PERV) metres 
          1.000     Gradient (%)         
         35.000     Per cent Impervious  
        110.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .092       .357       .000       .000 c.m/s   
                 .159       .869       .407     C perv/imperv/total 
   15     ADD RUNOFF 
                 .092       .449       .000       .000 c.m/s   
   20     MANUAL
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5 Year Future w/ SWM 
          Output File (4.7) 5YRSWM.OUT   opened 2025-05-29   9:35 
          Units used are defined by G =    9.810 
              24   144    10.000        are MAXDT MAXHYD & DTMIN values 
          Licensee: UPPER CANADA CONSULTANTS               
   35     COMMENT 
         4     line(s) of comment 
          STORMWATER MANAGEMENT PLAN                                   
          TAWNY RIDGE ESTATES                                          
          TOWN OF NIAGARA ON THE LAKE                                  
          5 YR FUTURE W/ SWM                                           
   35     COMMENT 
         3     line(s) of comment 
          START                                                        
               1=Zero; 2=Define                                        
          COMMENT                                                      
    2     STORM 
              1     1=Chicago;2=Huff;3=User;4=Cdn1hr;5=Historic 
        664.000     Coefficient  a       
          4.700     Constant  b    (min) 
           .744     Exponent  c          
           .450     Fraction to peak  r  
        240.000     Duration ó  240 min  
                   44.365 mm     Total depth 
    3     IMPERVIOUS 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .015     Manning "n"          
         98.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
           .518     Initial Abstraction  
    4     CATCHMENT 
         10.000     ID No.ó 99999        
          1.170     Area in hectares     
         90.000     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         90.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .058       .000       .000       .000 c.m/s   
                 .159       .873       .373     C perv/imperv/total 
   15     ADD RUNOFF 
                 .058       .058       .000       .000 c.m/s   
    4     CATCHMENT 
         11.000     ID No.ó 99999        
          2.640     Area in hectares     
        135.000     Length (PERV) metres 
          1.000     Gradient (%)         
         73.000     Per cent Impervious  
        135.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .304       .058       .000       .000 c.m/s   
                 .159       .861       .671     C perv/imperv/total 
   15     ADD RUNOFF 
                 .304       .357       .000       .000 c.m/s   
   10     POND 
         6 Depth - Discharge - Volume sets 
          122.570        .000          .0 
          122.950       .0330        55.0 
          123.320       .0550       185.9 
          124.320       .0900       389.5 
          125.070        .109       405.8 
          125.800        .125       426.8 
          Peak Outflow    =      .113 c.m/s   
          Maximum Depth   =   125.274 metres  
          Maximum Storage =      412. c.m     
                 .304       .357       .113       .000 c.m/s   
   16     NEXT LINK  
                 .304       .113       .113       .000 c.m/s   
    4     CATCHMENT 
         12.000     ID No.ó 99999        
          1.680     Area in hectares     
        110.000     Length (PERV) metres 
          1.000     Gradient (%)         
         35.000     Per cent Impervious  
        110.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .092       .113       .113       .000 c.m/s   
                 .159       .869       .407     C perv/imperv/total 
   15     ADD RUNOFF 
                 .092       .171       .113       .000 c.m/s  
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100 Year Post Tawny Ridge Development w/ SWM 
          Output File (4.7) 100YRSWM.OUT opened 2025-05-29   9:34 
          Units used are defined by G =    9.810 
              24   144    10.000        are MAXDT MAXHYD & DTMIN values 
          Licensee: UPPER CANADA CONSULTANTS               
   35     COMMENT 
         4     line(s) of comment 
          STORMWATER MANAGEMENT PLAN                                   
          TAWNY RIDGE ESTATES                                          
          TOWN OF NIAGARA ON THE LAKE                                  
          100 YR FUTURE W/ SWM                                         
   35     COMMENT 
         3     line(s) of comment 
          *******************************************                  
          * 100 YR DESIGN STORM                     *                  
          *******************************************                  
   14     START      
         1     1=Zero; 2=Define 
    2     STORM 
              1     1=Chicago;2=Huff;3=User;4=Cdn1hr;5=Historic 
       1815.300     Coefficient  a       
          3.090     Constant  b    (min) 
           .847     Exponent  c          
           .450     Fraction to peak  r  
        240.000     Duration ó  240 min  
                   69.221 mm     Total depth 
    3     IMPERVIOUS 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .015     Manning "n"          
         98.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
           .518     Initial Abstraction  
    4     CATCHMENT 
         10.000     ID No.ó 99999        
          1.170     Area in hectares     
         90.000     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         90.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .146       .000       .000       .000 c.m/s   
                 .271       .914       .464     C perv/imperv/total 
   15     ADD RUNOFF 
                 .146       .146       .000       .000 c.m/s   
    4     CATCHMENT 
         11.000     ID No.ó 99999        
          2.640     Area in hectares     
        135.000     Length (PERV) metres 
          1.000     Gradient (%)         
         73.000     Per cent Impervious  
        135.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .707       .146       .000       .000 c.m/s   
                 .271       .916       .742     C perv/imperv/total 
   15     ADD RUNOFF 
                 .707       .852       .000       .000 c.m/s   
   10     POND 
         7 Depth - Discharge - Volume sets 
          122.570        .000          .0 
          122.950       .0330        55.0 
          123.320       .0550       185.9 
          124.320       .0900       389.5 
          125.070        .109       405.8 
          125.800        .125       426.8 
          126.000      20.000       427.0 
          Peak Outflow    =      .711 c.m/s   
          Maximum Depth   =   125.806 metres  
          Maximum Storage =      427. c.m     
                 .707       .852       .711       .000 c.m/s   
   16     NEXT LINK  
                 .707       .711       .711       .000 c.m/s   
    4     CATCHMENT 
         12.000     ID No.ó 99999        
          1.680     Area in hectares     
        110.000     Length (PERV) metres 
          1.000     Gradient (%)         
         35.000     Per cent Impervious  
        110.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .232       .711       .711       .000 c.m/s   
                 .271       .918       .497     C perv/imperv/total 
   15     ADD RUNOFF 
                 .232       .901       .711       .000 c.m/s   
    4     CATCHMENT 
        103.000     ID No.ó 99999        
           .310     Area in hectares     
         62.800     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         62.800     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     

         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .041       .901       .711       .000 c.m/s   
                 .270       .909       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .041       .930       .711       .000 c.m/s   
    4     CATCHMENT 
          6.000     ID No.ó 99999        
           .580     Area in hectares     
         85.900     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         85.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .073       .930       .711       .000 c.m/s   
                 .271       .912       .463     C perv/imperv/total 
   15     ADD RUNOFF 
                 .073       .986       .711       .000 c.m/s   
    4     CATCHMENT 
          7.000     ID No.ó 99999        
           .490     Area in hectares     
         79.000     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         79.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .063       .986       .711       .000 c.m/s   
                 .270       .910       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .063      1.033       .711       .000 c.m/s   
    4     CATCHMENT 
          8.000     ID No.ó 99999        
           .280     Area in hectares     
         59.700     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         59.700     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .038      1.033       .711       .000 c.m/s   
                 .270       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .038      1.060       .711       .000 c.m/s   
    4     CATCHMENT 
          9.000     ID No.ó 99999        
           .650     Area in hectares     
         91.000     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         91.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .081      1.060       .711       .000 c.m/s   
                 .271       .914       .464     C perv/imperv/total 
   15     ADD RUNOFF 
                 .081      1.123       .711       .000 c.m/s   
    4     CATCHMENT 
         10.000     ID No.ó 99999        
           .420     Area in hectares     
         73.100     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         73.100     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .055      1.123       .711       .000 c.m/s   
                 .270       .909       .461     C perv/imperv/total 
   15     ADD RUNOFF 
                 .055      1.162       .711       .000 c.m/s   
    4     CATCHMENT 
         11.000     ID No.ó 99999        
           .280     Area in hectares     
         59.700     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         59.700     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .038      1.162       .711       .000 c.m/s   
                 .270       .908       .462     C perv/imperv/total 
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   15     ADD RUNOFF 
                 .038      1.189       .711       .000 c.m/s   
    4     CATCHMENT 
         12.000     ID No.ó 99999        
           .370     Area in hectares     
         68.600     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         68.600     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .049      1.189       .711       .000 c.m/s   
                 .270       .909       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .049      1.223       .711       .000 c.m/s   
    4     CATCHMENT 
         13.000     ID No.ó 99999        
           .570     Area in hectares     
         85.200     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         85.200     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .072      1.223       .711       .000 c.m/s   
                 .271       .912       .463     C perv/imperv/total 
   15     ADD RUNOFF 
                 .072      1.279       .711       .000 c.m/s   
    4     CATCHMENT 
         14.000     ID No.ó 99999        
           .290     Area in hectares     
         60.800     Length (PERV) metres 
          1.000     Gradient (%)         
         30.000     Per cent Impervious  
         60.800     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .039      1.279       .711       .000 c.m/s   
                 .271       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .039      1.306       .711       .000 c.m/s   
    4     CATCHMENT 
        106.000     ID No.ó 99999        
           .250     Area in hectares     
         56.400     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         56.400     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .033      1.306       .711       .000 c.m/s   
                 .271       .909       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .033      1.330       .711       .000 c.m/s   
    4     CATCHMENT 
        108.000     ID No.ó 99999        
           .466     Area in hectares     
         77.000     Length (PERV) metres 
           .800     Gradient (%)         
         15.000     Per cent Impervious  
         77.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .031      1.330       .711       .000 c.m/s   
                 .271       .912       .367     C perv/imperv/total 
   15     ADD RUNOFF 
                 .031      1.358       .711       .000 c.m/s   
    4     CATCHMENT 
        105.000     ID No.ó 99999        
           .410     Area in hectares     
         72.300     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         72.300     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .052      1.358       .711       .000 c.m/s   
                 .271       .910       .463     C perv/imperv/total 
   15     ADD RUNOFF 
                 .052      1.398       .711       .000 c.m/s   
    4     CATCHMENT 
        104.000     ID No.ó 99999        
           .240     Area in hectares     
         55.300     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         55.300     Length (IMPERV)      

           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .032      1.398       .711       .000 c.m/s   
                 .271       .909       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .032      1.420       .711       .000 c.m/s   
    4     CATCHMENT 
         31.000     ID No.ó 99999        
           .180     Area in hectares     
         47.900     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         47.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         70.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         10.886     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .025      1.420       .711       .000 c.m/s   
                 .293       .906       .476     C perv/imperv/total 
   15     ADD RUNOFF 
                 .025      1.438       .711       .000 c.m/s   
    4     CATCHMENT 
        107.000     ID No.ó 99999        
           .540     Area in hectares     
         82.900     Length (PERV) metres 
           .800     Gradient (%)         
         65.000     Per cent Impervious  
         82.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .140      1.438       .711       .000 c.m/s   
                 .270       .915       .689     C perv/imperv/total 
   15     ADD RUNOFF 
                 .140      1.538       .711       .000 c.m/s   
    4     CATCHMENT 
         20.000     ID No.ó 99999        
           .586     Area in hectares     
         86.400     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         86.400     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .078      1.538       .711       .000 c.m/s   
                 .271       .909       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .078      1.593       .711       .000 c.m/s   
    4     CATCHMENT 
         21.000     ID No.ó 99999        
           .392     Area in hectares     
         70.600     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         70.600     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .054      1.593       .711       .000 c.m/s   
                 .270       .906       .461     C perv/imperv/total 
   15     ADD RUNOFF 
                 .054      1.630       .711       .000 c.m/s   
    4     CATCHMENT 
         22.000     ID No.ó 99999        
          1.185     Area in hectares     
        122.800     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
        122.800     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .146      1.630       .711       .000 c.m/s   
                 .270       .915       .464     C perv/imperv/total 
   15     ADD RUNOFF 
                 .146      1.746       .711       .000 c.m/s   
    4     CATCHMENT 
         23.000     ID No.ó 99999        
           .453     Area in hectares     
         75.900     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         75.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .061      1.746       .711       .000 c.m/s   
                 .270       .908       .462     C perv/imperv/total 
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   15     ADD RUNOFF 
                 .061      1.789       .711       .000 c.m/s   
    4     CATCHMENT 
         24.000     ID No.ó 99999        
           .212     Area in hectares     
         52.000     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         52.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .031      1.789       .711       .000 c.m/s   
                 .271       .896       .458     C perv/imperv/total 
   15     ADD RUNOFF 
                 .031      1.809       .711       .000 c.m/s   
    4     CATCHMENT 
         25.000     ID No.ó 99999        
          1.160     Area in hectares     
        121.500     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
        121.500     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .144      1.809       .711       .000 c.m/s   
                 .270       .915       .464     C perv/imperv/total 
   15     ADD RUNOFF 
                 .144      1.923       .711       .000 c.m/s   
    4     CATCHMENT 
         26.000     ID No.ó 99999        
           .221     Area in hectares     
         53.000     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         53.000     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .032      1.923       .711       .000 c.m/s   
                 .271       .897       .459     C perv/imperv/total 
   15     ADD RUNOFF 
                 .032      1.944       .711       .000 c.m/s   
    4     CATCHMENT 
         27.000     ID No.ó 99999        
           .480     Area in hectares     
         78.200     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         78.200     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .065      1.944       .711       .000 c.m/s   
                 .270       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .065      1.989       .711       .000 c.m/s   
    4     CATCHMENT 
         28.000     ID No.ó 99999        
           .460     Area in hectares     
         76.500     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         76.500     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .062      1.989       .711       .000 c.m/s   
                 .270       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .062      2.033       .711       .000 c.m/s   
    4     CATCHMENT 
         29.000     ID No.ó 99999        
           .300     Area in hectares     
         61.600     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         61.800     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .042      2.033       .711       .000 c.m/s   
                 .270       .902       .459     C perv/imperv/total 
   15     ADD RUNOFF 
                 .042      2.062       .711       .000 c.m/s   
    4     CATCHMENT 
         30.000     ID No.ó 99999        
           .502     Area in hectares     
         79.900     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         79.900     Length (IMPERV)      

           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .067      2.062       .711       .000 c.m/s   
                 .271       .908       .462     C perv/imperv/total 
   15     ADD RUNOFF 
                 .067      2.109       .711       .000 c.m/s   
    4     CATCHMENT 
        110.000     ID No.ó 99999        
          1.798     Area in hectares     
        151.300     Length (PERV) metres 
           .800     Gradient (%)         
         65.000     Per cent Impervious  
        151.300     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         70.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         10.866     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .405      2.109       .711       .000 c.m/s   
                 .294       .910       .694     C perv/imperv/total 
   15     ADD RUNOFF 
                 .405      2.493       .711       .000 c.m/s   
    4     CATCHMENT 
         32.000     ID No.ó 99999        
           .160     Area in hectares     
         45.100     Length (PERV) metres 
           .800     Gradient (%)         
         30.000     Per cent Impervious  
         45.100     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         70.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         10.866     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .022      2.493       .711       .000 c.m/s   
                 .293       .904       .476     C perv/imperv/total 
   15     ADD RUNOFF 
                 .022      2.509       .711       .000 c.m/s   
    4     CATCHMENT 
         33.000     ID No.ó 99999        
           .291     Area in hectares     
         60.900     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         60.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .041      2.509       .711       .000 c.m/s   
                 .270       .901       .459     C perv/imperv/total 
   15     ADD RUNOFF 
                 .041      2.537       .711       .000 c.m/s   
    4     CATCHMENT 
         34.000     ID No.ó 99999        
           .220     Area in hectares     
         52.900     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         52.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .032      2.537       .711       .000 c.m/s   
                 .271       .897       .459     C perv/imperv/total 
   15     ADD RUNOFF 
                 .032      2.558       .711       .000 c.m/s   
    4     CATCHMENT 
         35.000     ID No.ó 99999        
           .330     Area in hectares     
         64.800     Length (PERV) metres 
          1.700     Gradient (%)         
         30.000     Per cent Impervious  
         64.800     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         68.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         11.593     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .046      2.558       .711       .000 c.m/s   
                 .269       .903       .460     C perv/imperv/total 
   15     ADD RUNOFF 
                 .046      2.589       .711       .000 c.m/s   
   10     POND 
         6 Depth - Discharge - Volume sets 
          116.590        .000          .0 
          117.223        .107       989.0 
          117.381        .157      1236.0 
          117.709        .245      1824.0 
          118.218       1.262      2887.0 
          118.250       1.372      2960.0 
          Peak Outflow    =     1.260 c.m/s   
          Maximum Depth   =   118.217 metres  
          Maximum Storage =     2885. c.m     
                 .046      2.589      1.260       .000 c.m/s   
   16     NEXT LINK  
                 .046      1.260      1.260       .000 c.m/s   
    4     CATCHMENT 
         36.000     ID No.ó 99999        
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           .100     Area in hectares     
         35.700     Length (PERV) metres 
           .800     Gradient (%)         
         10.000     Per cent Impervious  
         35.700     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         70.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         10.866     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .007      1.260      1.260       .000 c.m/s   
                 .293       .896       .354     C perv/imperv/total 
   15     ADD RUNOFF 
                 .007      1.267      1.260       .000 c.m/s   
    4     CATCHMENT 
        111.000     ID No.ó 99999        
          1.225     Area in hectares     
        124.900     Length (PERV) metres 
          1.700     Gradient (%)         
         13.500     Per cent Impervious  
        124.900     Length (IMPERV)      
           .000     %Imp. with Zero Dpth 
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat 
           .250     Manning "n"          
         70.000     SCS Curve No or C    
           .100     Ia/S Coefficient     
         10.866     Initial Abstraction  
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv 
                 .074      1.267      1.260       .000 c.m/s   
                 .294       .916       .378     C perv/imperv/total 
   15     ADD RUNOFF 
                 .074      1.328      1.260       .000 c.m/s   
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