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1 INTRODUCTION 

IBI Group was retained to prepare a Stormwater Management Report in support of an 
application for a proposed apartment building development located at 249 Sunview Street in the 
City of Waterloo.  The 0.219 ha property is bounded by residential development to the north, 
south, and west (refer to Figure 1). 

This Report addresses the stormwater management quantity and quality control requirements to 
accommodate construction of a new building development on the site. 

2 EXISTING CONDITIONS 

The developing property consists of three single lots (249, 251, and 253 Sunview Street) 
containing residential houses, concrete walkways, asphalt driveways, various sheds, pads and 
decks, and grass yards. 

Referring to Figure 2, runoff from the existing lots within Area 100 and Area 101 drains overland 
toward the south.  Flows then enter an existing 250mm diameter storm sewer on Sunview Street 
via road catch basins.  No external areas drain onto the property. 

Based on the Geotechnical Investigation completed by Chung & Vander Doelen Engineering 
Ltd. (November 27, 2015, included Appendix C), site soils include sandy silt to sand and silt, with 
groundwater levels 6.0m below existing grade.  Based on the soils on site, a CN value of 66 was 
used for the modelling of pervious areas. 

3 PROPOSED CONDITIONS 

The existing houses will be demolished and replaced with a new residential apartment building, 
grass and landscaped areas, and parking areas, as shown on Figure 3.  Based on the proposed 
stormwater management design outlined below, minor runoff from the development will be 
collected in a site storm sewer and routed to the existing 250mm diameter storm sewer on 
Sunview Street.  Major runoff will spill overland toward the south and toward Sunview Street. 

Stormwater attenuation will be provided on the rooftop using flow control roof drains, with 
additional attenuation provided underground and on the parking lot surface.  Stormwater quality 
control for parking areas will be provided using a Snout oil/grit separator (OGS) unit.  Based on 
the site layout and available tank separation distance from the parking structure, active 
infiltration of roof runoff has not been proposed in the design. 
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4 STORMWATER MANAGEMENT 

The stormwater management criteria for this development are based on the requirements of the 
City of Waterloo.  The requirements include: 

 Stormwater quantity controls are required for the site to control the proposed conditions 
peak flows from the site to the existing conditions levels for 2, 5, and 100 year storm 
events; 

 The 2 year storm volume is to be stored underground to minimize frequent nuisance 
flooding; 

 Active infiltration of rooftop runoff should be provided if soil and groundwater conditions 
permit; and 

 Stormwater quality controls are to be provided for the site. 

4.1 Stormwater Quantity Control 
Three-hour duration Chicago style storms derived from City of Waterloo IDF curves were used 
for the stormwater management modelling.  The total depths of rainfall for the modelled storms 
are indicated in Table 1. 

Table 1 Rainfall Depths 

RETURN EVENT STORM DURATION (HOURS) RAINFALL DEPTH (MM) 

2 Year 3 32.4 

5 Year 3 47.5 
100 Year 3 90.0 

 

The existing and proposed conditions have been modelled using MIDUSS, in accordance with 
City guidelines.  Modelling variables are summarized in Table 2. 

Table 2: MIDUSS Modelling Variables 

CATCHMENT 

ID 

DESCRIPTION AREA 

(HA) 

LENGTH 

(M) 

GRADIENT 

(%) 

IMPERV. 

(%) 

MANNING 

‘N’ 

PERVIOUS 

CN 

EXISTING CONDITIONS 

100 Lots 0.137 20 2 19.9 0.250 66 
101 Lots 0.082 15 2 35.3 0.250 66 

Total 0.219   25.7   

PROPOSED CONDITIONS 

200 Roof - Controlled 0.029 15 15 100 0.013 98 
201 Roof - Controlled 0.037 15 15 100 0.013 98 
202 Roof - Controlled 0.024 15 15 100 0.013 98 

203 Roof 0.018 15 15 100 0.013 98 
204 Patio/Landscaped 0.029 15 15 64.9 0.250 66 
205 Landscaped/Walkway 0.011 10 10 53.7 0.250 66 
206 Parking/Landscaped 0.049 15 15 82.1 0.250 66 
207 Landscaped 0.002 10 10 0 0.250 66 
208 Landscaped 0.005 10 10 0 0.250 66 

209 Landscaped 0.016 15 15 50.3 0.250 66 
Total 0.219   82.2   
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Rooftop attenuation will be provided using Zurn Control-Flo roof drains (or approved equivalent) 
for roof areas 200, 201, and 202, and the roof areas will outlet to the proposed site storm sewer.  
Rooftop area 203 will drain to the site storm sewer without rooftop attenuation.  Additional 
attenuation will be provided on the parking lot surface at CBMH2 and CB3 and in an 
underground storage tank, with a 50mm orifice opening at the outlet pipe of CBMH2 providing 
flow control for Areas 204, 205, and 206. 

The site storm sewer will outlet to the existing storm sewer on Sunview Street.  An overland flow 
route will be provided from the parking area to at the south side-yard for major storm events in 
excess of the 100 year storm at a depth of 0.35m. Note that the total volume generated during 
the 100 year storm for the areas draining to CBMH2 and CB3 (from Areas 204, 205, and 206 - 
890m2) is approximately 80 m3, which would pond to a maximum depth of 0.23m above CBMH2 
and CB3.  The total available storage at the spill elevation of 341.45m is 159.2 m3, which is 
approximately twice the total volume generated by the 100 year storm.  Note that this assumes 
that the outlet at CBMH2 is completely blocked with no outflow.  A back flow preventer is 
included at MH2 to prevent potential surcharging from the Sunview Street storm sewer from 
entering the site. 

The rooftop and underground/parking lot stage-storage-discharge calculations are included in 
Appendix A, and details are provided on the engineering drawings. 

The existing and proposed peak flows from the site are summarized in Table 3, and the MIDUSS 
model output is included in Appendix B. 

Table 3: Peak Discharges 

RETURN EVENT EXISTING CONDITIONS PROPOSED CONDITIONS 

PEAK DISCHARGE  (M3/S) PEAK DISCHARGE  (M3/S) 

Draining Toward South 

2 Year 0.013 0.015 
5 Year 0.018 0.020 

100 Year 0.039 0.032 
 

As indicted in Table 3, the proposed design will result in a slight increase in the 2 and 5 year 
peak flows from the site, based on a minimum allowable orifice diameter of 50mm at CBMH2.  
These increases are relatively minor and will not impact the receiving storm sewer on Sunview 
Street.  As summarized in Table 4, events up to the 100 year storm volume (41 m3) will be 
stored underground to minimize nuisance flooding. 

Table 4: Ponding Characteristics 

RETURN EVENT STORAGE VOLUME (M3) PONDING DEPTH (M)* PONDING ELEVATION (M)* 

2 Year 11 - 340.00 

5 Year 19 - 340.07 
100 Year 41 0.00 341.10 

* CBMH2 top of grate elevation = 341.10m 
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4.2 Stormwater Quality Control 
A ‘Snout’ OGS unit will be installed at the outlet of CBMH2 to provide stormwater quality control 
for flows generated from the parking lot area.  The Snout OGS unit is appropriate for this 
development given the relatively small impervious parking lot Area 206 drainage area (490 m2). 
Refer to the engineering drawings for locations and details. 

The unit should be inspected and cleaned regularly (once every 12 months) as per the 
manufacturer’s specifications. 

5 CONCLUSIONS AND RECOMMENDATIONS 

This Report demonstrates that stormwater attenuation using rooftop storage, and underground 
and parking lot surface storage will control peak flows to the required levels for the 2, 5, and 100 
year storms.  Stormwater quality will be addressed by routing parking areas through Snout OGS 
units. 

We trust the foregoing is satisfactory and will allow you to review and approve the Stormwater 
Management Report and engineering drawings for this development.  If you have any questions 
or require additional information please contact the undersigned. 

All of which is respectfully submitted. 

IBI GROUP 

 
 
 
 
 
 
 
 
 
 
Andy Kroess, M.Eng., P.Eng.



ARCADIS IBI GROUP  FINAL 
249 Sunview Street, City of Waterloo 
Stormwater Management Report 
Submitted to Lester Sunview Development Inc. 

 

October 23, 2023 A-1 

Appendix A –Stormwater 
Calculations 

 



Area %
(ha) Impervious

Total Area 0.219 25.7%

Area 100
Asphalt/Concrete/Building 0.027

Grass 0.110
Total 0.137 19.9%

Area 101
Asphalt/Concrete/Building 0.029

Grass 0.053
Total 0.082 35.3%

Area %
(ha) Impervious

Total Area 0.219 82.2%

Area 200
Asphalt/Concrete/Building 0.029

Grass 0.000
Total 0.029 100.0%

Area 201
Asphalt/Concrete/Building 0.037

Grass 0.000
Total 0.037 100.0%

Area 202
Asphalt/Concrete/Building 0.024

Grass 0.000
Total 0.024 100.0%

Area 203
Asphalt/Concrete/Building 0.018

Grass 0.000
Total 0.018 100.0%

139419 - 249 Sunview Street, City of Waterloo
Existing and Proposed Drainage Areas

Existing Areas

Description

Description

Proposed Areas

Arcadis IBI Group 2023-10-23



Area 204
Asphalt/Concrete/Building 0.019

Grass 0.010
Total 0.029 64.9%

Area 205
Asphalt/Concrete/Building 0.006

Grass 0.005
Total 0.011 53.7%

Area 206
Asphalt/Concrete/Building 0.040

Grass 0.009
Total 0.049 82.1%

Area 207
Asphalt/Concrete/Building 0.000

Grass 0.002
Total 0.002 0.0%

Area 208
Asphalt/Concrete/Building 0.000

Grass 0.005
Total 0.005 0.0%

Area 209
Asphalt/Concrete/Building 0.008

Grass 0.008
Total 0.016 50.3%

Arcadis IBI Group 2023-10-23



Total Rooftop Area = 294 (m2)
Number of Roof Drains = 2

Roof Cell Area = 147.0 (m2)
The Length of a Cell Side* = 12.12 (m)
Maximum Ponding Depth = 0.152 (m)

Total Number of Notches per Drain = 1
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(inch) (m) (m2) (m3) (m3) (m3/s) (m3/s)
0 0.000 0 0.00 0.00 0.00000 0.00000
1 0.025 4.08 0.03 0.07 0.00038 0.00076
2 0.051 16.33 0.28 0.55 0.00076 0.00152
3 0.076 36.75 0.93 1.87 0.00114 0.00228
4 0.102 65.33 2.21 4.43 0.00152 0.00304
5 0.127 102.08 4.32 8.64 0.00190 0.00380
6 0.152 147.00 7.47 14.94 0.00228 0.00456

 * - assumed that the cell is square

 ** - notch discharge given as 0.38 l/s/notch/inch of head

(from Zurn Control-Flo Roof Drainage System Technical Catalogue)

139419 - 249 Sunview Street, City of Waterloo
Area 200 Roof Stage-Storage-Discharge Relationship
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Total Rooftop Area = 367 (m2)
Number of Roof Drains = 5

Roof Cell Area = 73.4 (m2)
The Length of a Cell Side* = 8.57 (m)
Maximum Ponding Depth = 0.152 (m)

Total Number of Notches per Drain = 1
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(inch) (m) (m2) (m3) (m3) (m3/s) (m3/s)
0 0.000 0 0.00 0.00 0.00000 0.00000
1 0.025 2.04 0.02 0.09 0.00038 0.00190
2 0.051 8.16 0.14 0.69 0.00076 0.00380
3 0.076 18.35 0.47 2.33 0.00114 0.00570
4 0.102 32.62 1.10 5.52 0.00152 0.00760
5 0.127 50.97 2.16 10.79 0.00190 0.00950
6 0.152 73.40 3.73 18.64 0.00228 0.01140

 * - assumed that the cell is square

 ** - notch discharge given as 0.38 l/s/notch/inch of head

(from Zurn Control-Flo Roof Drainage System Technical Catalogue)

139419 - 249 Sunview Street, City of Waterloo
Area 201 Roof Stage-Storage-Discharge Relationship
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Total Rooftop Area = 244 (m2)
Number of Roof Drains = 2

Roof Cell Area = 122.0 (m2)
The Length of a Cell Side* = 11.05 (m)
Maximum Ponding Depth = 0.152 (m)

Total Number of Notches per Drain = 1
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(inch) (m) (m2) (m3) (m3) (m3/s) (m3/s)
0 0.000 0 0.00 0.00 0.00000 0.00000
1 0.025 3.39 0.03 0.06 0.00038 0.00076
2 0.051 13.56 0.23 0.46 0.00076 0.00152
3 0.076 30.50 0.77 1.55 0.00114 0.00228
4 0.102 54.22 1.84 3.67 0.00152 0.00304
5 0.127 84.72 3.59 7.17 0.00190 0.00380
6 0.152 122.00 6.20 12.40 0.00228 0.00456

* - assumed that the cell is square

** - notch discharge given as 0.38 l/s/notch/inch of head

(from Zurn Control-Flo Roof Drainage System Technical Catalogue)

139419 - 249 Sunview Street, City of Waterloo
Area 202 Roof Stage-Storage-Discharge Relationship

Arcadis IBI Group 2023-10-23



Orifice # 1
Pipe Invert = 339.85 m (@ CBMH2) Tank # 1 Storage L

Pipe Radius = 0.0250 m Tank Invert = 339.87 m W
Pipe Diameter = 50 mm Tank Obvert = 340.32 m H

Pipe Centreline = 339.875 m Length = 17.29 m 19 units
Orifice Coefficient = 0.6 Width = 5.46 m 12 units

Orifice Area = 0.0019634 m2 Height = 0.46 m 1 units
Voids = 0.97

Overflow (@ CBMH2 Grate) Storage = 91.57 m3/m

Spill Elevation = 341.45 m (spill at property line) Total Storage = 41.66 m3

Weir Length = 2.50 m
Weir Coefficient = 1.6

Hydraulic Depth Elevation Orifice # 1 Flow Weir Flow Total Flow Tank Total Storage Surface Storage Total Storage
(m) (m)  (m3/s)  (m3/s)  (m3/s)  (m3)  (m3)  (m3)
0.00 339.87 Tank # 1 Invert 0.00000 0.00000 0.00000 0.0 0.0 0.0
0.05 339.92 0.00111 0.00000 0.00111 4.6 0.0 4.6
0.10 339.97 0.00161 0.00000 0.00161 9.2 0.0 9.2
0.15 340.02 0.00199 0.00000 0.00199 13.7 0.0 13.7
0.20 340.07 0.00230 0.00000 0.00230 18.3 0.0 18.3
0.25 340.12 0.00258 0.00000 0.00258 22.9 0.0 22.9
0.30 340.17 0.00283 0.00000 0.00283 27.5 0.0 27.5
0.35 340.22 0.00306 0.00000 0.00306 32.0 0.0 32.0
0.40 340.27 0.00328 0.00000 0.00328 36.6 0.0 36.6
0.45 340.32 Tank #1 Obvert 0.00348 0.00000 0.00348 41.2 0.0 41.2
1.23 341.10 Top of Grate CBMH2 & CB3 0.00577 0.00000 0.00577 41.2 0.0 41.2
1.28 341.15 0.00589 0.00000 0.00589 41.2 0.7 41.9
1.33 341.20 0.00601 0.00000 0.00601 41.2 4.8 46.0
1.38 341.25 0.00612 0.00000 0.00612 41.2 16.9 58.1
1.43 341.30 0.00623 0.00000 0.00623 41.2 36.3 77.5
1.48 341.35 0.00634 0.00000 0.00634 41.2 60.0 101.2
1.53 341.40 0.00644 0.00000 0.00644 41.2 87.6 128.8
1.58 341.45 Spill Elevation 0.00655 0.00000 0.00655 41.2 118.0 159.2
1.63 341.50 0.00665 0.04472 0.05137 41.2 148.9 190.1

Orifice equation:    Q = Co x A x (2 x g x h)0.5 where: A = orifice area (m2)

g = 9.806 m/s2

Weir equation:       Q = Cw x L x (H) 3/2 h = head above c/l of orifice (m)
L = weir length (m)
H = head above weir (m)

Description

139419 - 249 Sunview Street, City of Waterloo
Area 206 Underground Tank and Surface Stage-Storage-Discharge Relationship

Arcadis IBI Group 2023-10-23
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          Output File (4.7) 139419R2.OUT opened 2023-10-23  12:45
          Units used are defined by G =    9.810
              36   960     5.000        are MAXDT MAXHYD & DTMIN values
          Licensee: PLANNING INITIATIVES LTD              
   35     COMMENT
         6     line(s) of comment
          ********************************************                
          * 139419 - APARTMENT BUILDING              *                
          * 246 SUNVIEW STREET, CITY OF WATERLOO     *                
          * IBI GROUP                                *                
          * OCTOBER 2023                             *                
          ********************************************                
   35     COMMENT
         4     line(s) of comment
          ************************************                        
          *  2 YEAR CHICAGO STORM            *                        
          *  CITY OF WATERLOO IDF PARAMETERS *                        
          ************************************                        
    2     STORM
              1     1=Chicago;2=Huff;3=User;4=Cdn1hr;5=Historic
       1101.000     Coefficient  a      
          9.258     Constant  b    (min)
           .882     Exponent  c         
           .400     Fraction to peak  r 
        180.000     Duration ó  180 min 
                   32.400 mm     Total depth
    3     IMPERVIOUS
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
           .518     Initial Abstraction 
   35     COMMENT
         3     line(s) of comment
          ***********************                                     
          * EXISTING CONDITIONS *                                     
          ***********************                                     
   35     COMMENT
         3     line(s) of comment
          ********************************************                
          *  AREA 101 - EXISTING LOTS DRAINING SOUTH *                
          ********************************************                
    4     CATCHMENT
        100.000     ID No.ó 99999       
           .137     Area in hectares    
         20.000     Length (PERV) metres
          2.000     Gradient (%)        
         19.900     Per cent Impervious 
         20.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth



              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .006       .000       .000       .000 c.m/s  
                 .077       .835       .227     C perv/imperv/total
   15     ADD RUNOFF
                 .006       .006       .000       .000 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ********************************************                
          *  AREA 101 - EXISTING LOTS DRAINING SOUTH *                
          ********************************************                
    4     CATCHMENT
        101.000     ID No.ó 99999       
           .082     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         35.300     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .007       .006       .000       .000 c.m/s  
                 .077       .832       .343     C perv/imperv/total
   35     COMMENT
         3     line(s) of comment
          ********************                                        
          * TOTAL FLOW SOUTH *                                        
          ********************                                        
   15     ADD RUNOFF
                 .007       .013       .000       .000 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          ***********************                                     
          * PROPOSED CONDITIONS *                                     
          ***********************                                     
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 200 - ROOFTOP AREA *                                
          ****************************                                



    4     CATCHMENT
        200.000     ID No.ó 99999       
           .029     Area in hectares    
         15.000     Length (PERV) metres
          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    
           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .006       .000       .000       .000 c.m/s  
                 .835       .835       .835     C perv/imperv/total
   15     ADD RUNOFF
                 .006       .006       .000       .000 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          * BUILDING ROOFTOP STORAGE *                                
          ****************************                                
   10     POND
         7 Depth - Discharge - Volume sets
             .000        .000          .0
             .025     .000760          .1
             .051      .00152          .6
             .076      .00228         1.9
             .102      .00304         4.4
             .127      .00380         8.6
             .152      .00456        14.9
          Peak Outflow    =      .002 c.m/s  
          Maximum Depth   =      .083 metres 
          Maximum Storage =        3. c.m    
                 .006       .006       .002       .000 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .006       .006       .002       .002 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 201 - ROOFTOP AREA *                                
          ****************************                                
    4     CATCHMENT
        201.000     ID No.ó 99999       
           .037     Area in hectares    
         15.000     Length (PERV) metres



          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    
           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .008       .000       .002       .002 c.m/s  
                 .835       .835       .835     C perv/imperv/total
   15     ADD RUNOFF
                 .008       .008       .002       .002 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          * BUILDING ROOFTOP STORAGE *                                
          ****************************                                
   10     POND
         7 Depth - Discharge - Volume sets
             .000        .000          .0
             .025      .00190          .1
             .051      .00380          .7
             .076      .00570         2.3
             .102      .00760         5.5
             .127      .00950        10.8
             .152       .0114        18.6
          Peak Outflow    =      .005 c.m/s  
          Maximum Depth   =      .066 metres 
          Maximum Storage =        2. c.m    
                 .008       .008       .005       .002 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .008       .008       .005       .007 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 202 - ROOFTOP AREA *                                
          ****************************                                
    4     CATCHMENT
        202.000     ID No.ó 99999       
           .024     Area in hectares    
         15.000     Length (PERV) metres
          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth



              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    
           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .005       .000       .005       .007 c.m/s  
                 .835       .835       .835     C perv/imperv/total
   15     ADD RUNOFF
                 .005       .005       .005       .007 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          * BUILDING ROOFTOP STORAGE *                                
          ****************************                                
   10     POND
         7 Depth - Discharge - Volume sets
             .000        .000          .0
             .025     .000760          .1
             .051      .00152          .5
             .076      .00228         1.6
             .102      .00304         3.7
             .127      .00380         7.2
             .152      .00456        12.4
          Peak Outflow    =      .002 c.m/s  
          Maximum Depth   =      .079 metres 
          Maximum Storage =        2. c.m    
                 .005       .005       .002       .007 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .005       .005       .002       .009 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 203 - ROOFTOP AREA *                                
          ****************************                                
    4     CATCHMENT
        203.000     ID No.ó 99999       
           .018     Area in hectares    
         15.000     Length (PERV) metres
          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    



           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .004       .000       .002       .009 c.m/s  
                 .835       .835       .835     C perv/imperv/total
   15     ADD RUNOFF
                 .004       .004       .002       .009 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .004       .004       .004       .009 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .004       .004       .004       .012 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 204 *                                               
          *************                                               
    4     CATCHMENT
        204.000     ID No.ó 99999       
           .029     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         64.900     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .004       .000       .004       .012 c.m/s  
                 .077       .832       .567     C perv/imperv/total
   15     ADD RUNOFF
                 .004       .004       .004       .012 c.m/s  
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 205 *                                               
          *************                                               
    4     CATCHMENT
        205.000     ID No.ó 99999       
           .011     Area in hectares    



         10.000     Length (PERV) metres
          2.000     Gradient (%)        
         53.700     Per cent Impervious 
         10.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .001       .004       .004       .012 c.m/s  
                 .077       .822       .477     C perv/imperv/total
   15     ADD RUNOFF
                 .001       .006       .004       .012 c.m/s  
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 206 *                                               
          *************                                               
    4     CATCHMENT
        206.000     ID No.ó 99999       
           .049     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         82.100     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .009       .006       .004       .012 c.m/s  
                 .077       .832       .697     C perv/imperv/total
   15     ADD RUNOFF
                 .009       .015       .004       .012 c.m/s  
   35     COMMENT
         3     line(s) of comment
          *******************************                             
          * UNDERGROUND/SURFACE STORAGE *                             
          *******************************                             
   10     POND
        11 Depth - Discharge - Volume sets
             .000        .000          .0
             .100      .00161         9.2
             .200      .00230        18.3
             .300      .00283        27.5
             .450      .00348        41.2



            1.230      .00577        41.3
            1.330      .00601        46.0
            1.430      .00623        77.5
            1.530      .00644       128.8
            1.580      .00655       159.2
            1.630       .0514       190.1
          Peak Outflow    =      .002 c.m/s  
          Maximum Depth   =      .125 metres 
          Maximum Storage =       11. c.m    
                 .009       .015       .002       .012 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .009       .015       .002       .013 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 207 *                                               
          *************                                               
    4     CATCHMENT
        207.000     ID No.ó 99999       
           .002     Area in hectares    
         10.000     Length (PERV) metres
          2.000     Gradient (%)        
           .000     Per cent Impervious 
         10.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .000       .000       .002       .013 c.m/s  
                 .077       .000       .077     C perv/imperv/total
   15     ADD RUNOFF
                 .000       .000       .002       .013 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .000       .000       .000       .013 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .000       .000       .000       .013 c.m/s  
   14     START     



         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 208 *                                               
          *************                                               
    4     CATCHMENT
        208.000     ID No.ó 99999       
           .005     Area in hectares    
         10.000     Length (PERV) metres
          2.000     Gradient (%)        
           .000     Per cent Impervious 
         10.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .000       .000       .000       .013 c.m/s  
                 .077       .000       .077     C perv/imperv/total
   15     ADD RUNOFF
                 .000       .000       .000       .013 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .000       .000       .000       .013 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .000       .000       .000       .013 c.m/s  
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 209 *                                               
          *************                                               
    4     CATCHMENT
        209.000     ID No.ó 99999       
           .016     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         50.300     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         



         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .002       .000       .000       .013 c.m/s  
                 .077       .832       .456     C perv/imperv/total
   15     ADD RUNOFF
                 .002       .002       .000       .013 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .002       .002       .002       .013 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .002       .002       .002       .015 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ***********************                                     
          * TOTAL FLOW TO SOUTH *                                     
          ***********************                                     
   18     CONFLUENCE
       500     Junction Node No.   
                 .002       .015       .002       .000 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         4     line(s) of comment
          ************************************                        
          *  5 YEAR CHICAGO STORM            *                        
          *  CITY OF WATERLOO IDF PARAMETERS *                        
          ************************************                        
    2     STORM
              1     1=Chicago;2=Huff;3=User;4=Cdn1hr;5=Historic
       1755.000     Coefficient  a      
         12.347     Constant  b    (min)
           .895     Exponent  c         
           .400     Fraction to peak  r 
        180.000     Duration ó  180 min 
                   47.549 mm     Total depth
    3     IMPERVIOUS
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
           .518     Initial Abstraction 
   35     COMMENT



         3     line(s) of comment
          ***********************                                     
          * EXISTING CONDITIONS *                                     
          ***********************                                     
   35     COMMENT
         3     line(s) of comment
          ********************************************                
          *  AREA 101 - EXISTING LOTS DRAINING SOUTH *                
          ********************************************                
    4     CATCHMENT
        100.000     ID No.ó 99999       
           .137     Area in hectares    
         20.000     Length (PERV) metres
          2.000     Gradient (%)        
         19.900     Per cent Impervious 
         20.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .009       .000       .002       .000 c.m/s  
                 .151       .877       .295     C perv/imperv/total
   15     ADD RUNOFF
                 .009       .009       .002       .000 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ********************************************                
          *  AREA 101 - EXISTING LOTS DRAINING SOUTH *                
          ********************************************                
    4     CATCHMENT
        101.000     ID No.ó 99999       
           .082     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         35.300     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .009       .009       .002       .000 c.m/s  
                 .151       .872       .405     C perv/imperv/total
   35     COMMENT
         3     line(s) of comment



          ********************                                        
          * TOTAL FLOW SOUTH *                                        
          ********************                                        
   15     ADD RUNOFF
                 .009       .018       .002       .000 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          ***********************                                     
          * PROPOSED CONDITIONS *                                     
          ***********************                                     
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 200 - ROOFTOP AREA *                                
          ****************************                                
    4     CATCHMENT
        200.000     ID No.ó 99999       
           .029     Area in hectares    
         15.000     Length (PERV) metres
          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    
           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .009       .000       .002       .000 c.m/s  
                 .877       .877       .877     C perv/imperv/total
   15     ADD RUNOFF
                 .009       .009       .002       .000 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          * BUILDING ROOFTOP STORAGE *                                
          ****************************                                
   10     POND
         7 Depth - Discharge - Volume sets
             .000        .000          .0
             .025     .000760          .1
             .051      .00152          .6
             .076      .00228         1.9
             .102      .00304         4.4
             .127      .00380         8.6
             .152      .00456        14.9
          Peak Outflow    =      .003 c.m/s  



          Maximum Depth   =      .101 metres 
          Maximum Storage =        4. c.m    
                 .009       .009       .003       .000 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .009       .009       .003       .003 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 201 - ROOFTOP AREA *                                
          ****************************                                
    4     CATCHMENT
        201.000     ID No.ó 99999       
           .037     Area in hectares    
         15.000     Length (PERV) metres
          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    
           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .011       .000       .003       .003 c.m/s  
                 .877       .877       .877     C perv/imperv/total
   15     ADD RUNOFF
                 .011       .011       .003       .003 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          * BUILDING ROOFTOP STORAGE *                                
          ****************************                                
   10     POND
         7 Depth - Discharge - Volume sets
             .000        .000          .0
             .025      .00190          .1
             .051      .00380          .7
             .076      .00570         2.3
             .102      .00760         5.5
             .127      .00950        10.8
             .152       .0114        18.6
          Peak Outflow    =      .006 c.m/s  
          Maximum Depth   =      .083 metres 
          Maximum Storage =        3. c.m    
                 .011       .011       .006       .003 c.m/s  
   17     COMBINE   



       500     Junction Node No.   
                 .011       .011       .006       .009 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 202 - ROOFTOP AREA *                                
          ****************************                                
    4     CATCHMENT
        202.000     ID No.ó 99999       
           .024     Area in hectares    
         15.000     Length (PERV) metres
          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    
           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .007       .000       .006       .009 c.m/s  
                 .877       .877       .877     C perv/imperv/total
   15     ADD RUNOFF
                 .007       .007       .006       .009 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          * BUILDING ROOFTOP STORAGE *                                
          ****************************                                
   10     POND
         7 Depth - Discharge - Volume sets
             .000        .000          .0
             .025     .000760          .1
             .051      .00152          .5
             .076      .00228         1.6
             .102      .00304         3.7
             .127      .00380         7.2
             .152      .00456        12.4
          Peak Outflow    =      .003 c.m/s  
          Maximum Depth   =      .096 metres 
          Maximum Storage =        3. c.m    
                 .007       .007       .003       .009 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .007       .007       .003       .012 c.m/s  
   14     START     
         1     1=Zero; 2=Define



   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 203 - ROOFTOP AREA *                                
          ****************************                                
    4     CATCHMENT
        203.000     ID No.ó 99999       
           .018     Area in hectares    
         15.000     Length (PERV) metres
          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    
           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .006       .000       .003       .012 c.m/s  
                 .877       .877       .877     C perv/imperv/total
   15     ADD RUNOFF
                 .006       .006       .003       .012 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .006       .006       .006       .012 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .006       .006       .006       .016 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 204 *                                               
          *************                                               
    4     CATCHMENT
        204.000     ID No.ó 99999       
           .029     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         64.900     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat



           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .006       .000       .006       .016 c.m/s  
                 .151       .872       .619     C perv/imperv/total
   15     ADD RUNOFF
                 .006       .006       .006       .016 c.m/s  
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 205 *                                               
          *************                                               
    4     CATCHMENT
        205.000     ID No.ó 99999       
           .011     Area in hectares    
         10.000     Length (PERV) metres
          2.000     Gradient (%)        
         53.700     Per cent Impervious 
         10.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .002       .006       .006       .016 c.m/s  
                 .151       .858       .530     C perv/imperv/total
   15     ADD RUNOFF
                 .002       .008       .006       .016 c.m/s  
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 206 *                                               
          *************                                               
    4     CATCHMENT
        206.000     ID No.ó 99999       
           .049     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         82.100     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 



              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .013       .008       .006       .016 c.m/s  
                 .151       .872       .743     C perv/imperv/total
   15     ADD RUNOFF
                 .013       .020       .006       .016 c.m/s  
   35     COMMENT
         3     line(s) of comment
          *******************************                             
          * UNDERGROUND/SURFACE STORAGE *                             
          *******************************                             
   10     POND
        11 Depth - Discharge - Volume sets
             .000        .000          .0
             .100      .00161         9.2
             .200      .00230        18.3
             .300      .00283        27.5
             .450      .00348        41.2
            1.230      .00577        41.3
            1.330      .00601        46.0
            1.430      .00623        77.5
            1.530      .00644       128.8
            1.580      .00655       159.2
            1.630       .0514       190.1
          Peak Outflow    =      .002 c.m/s  
          Maximum Depth   =      .204 metres 
          Maximum Storage =       19. c.m    
                 .013       .020       .002       .016 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .013       .020       .002       .018 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 207 *                                               
          *************                                               
    4     CATCHMENT
        207.000     ID No.ó 99999       
           .002     Area in hectares    
         10.000     Length (PERV) metres
          2.000     Gradient (%)        
           .000     Per cent Impervious 
         10.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 



              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .000       .000       .002       .018 c.m/s  
                 .151       .000       .151     C perv/imperv/total
   15     ADD RUNOFF
                 .000       .000       .002       .018 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .000       .000       .000       .018 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .000       .000       .000       .018 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 208 *                                               
          *************                                               
    4     CATCHMENT
        208.000     ID No.ó 99999       
           .005     Area in hectares    
         10.000     Length (PERV) metres
          2.000     Gradient (%)        
           .000     Per cent Impervious 
         10.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .000       .000       .000       .018 c.m/s  
                 .151       .000       .151     C perv/imperv/total
   15     ADD RUNOFF
                 .000       .000       .000       .018 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .000       .000       .000       .018 c.m/s  
   17     COMBINE   



       500     Junction Node No.   
                 .000       .000       .000       .018 c.m/s  
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 209 *                                               
          *************                                               
    4     CATCHMENT
        209.000     ID No.ó 99999       
           .016     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         50.300     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .003       .000       .000       .018 c.m/s  
                 .151       .872       .514     C perv/imperv/total
   15     ADD RUNOFF
                 .003       .003       .000       .018 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .003       .003       .003       .018 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .003       .003       .003       .020 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ***********************                                     
          * TOTAL FLOW TO SOUTH *                                     
          ***********************                                     
   18     CONFLUENCE
       500     Junction Node No.   
                 .003       .020       .003       .000 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         4     line(s) of comment
          ************************************                        
          *  100 YEAR CHICAGO STORM          *                        



          *  CITY OF WATERLOO IDF PARAMETERS *                        
          ************************************                        
    2     STORM
              1     1=Chicago;2=Huff;3=User;4=Cdn1hr;5=Historic
       4692.000     Coefficient  a      
         17.437     Constant  b    (min)
           .956     Exponent  c         
           .400     Fraction to peak  r 
        180.000     Duration ó  180 min 
                   89.960 mm     Total depth
    3     IMPERVIOUS
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
           .518     Initial Abstraction 
   35     COMMENT
         3     line(s) of comment
          ***********************                                     
          * EXISTING CONDITIONS *                                     
          ***********************                                     
   35     COMMENT
         3     line(s) of comment
          ********************************************                
          *  AREA 101 - EXISTING LOTS DRAINING SOUTH *                
          ********************************************                
    4     CATCHMENT
        100.000     ID No.ó 99999       
           .137     Area in hectares    
         20.000     Length (PERV) metres
          2.000     Gradient (%)        
         19.900     Per cent Impervious 
         20.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .022       .000       .003       .000 c.m/s  
                 .316       .917       .435     C perv/imperv/total
   15     ADD RUNOFF
                 .022       .022       .003       .000 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ********************************************                
          *  AREA 101 - EXISTING LOTS DRAINING SOUTH *                
          ********************************************                
    4     CATCHMENT



        101.000     ID No.ó 99999       
           .082     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         35.300     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .019       .022       .003       .000 c.m/s  
                 .314       .906       .523     C perv/imperv/total
   35     COMMENT
         3     line(s) of comment
          ********************                                        
          * TOTAL FLOW SOUTH *                                        
          ********************                                        
   15     ADD RUNOFF
                 .019       .039       .003       .000 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          ***********************                                     
          * PROPOSED CONDITIONS *                                     
          ***********************                                     
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 200 - ROOFTOP AREA *                                
          ****************************                                
    4     CATCHMENT
        200.000     ID No.ó 99999       
           .029     Area in hectares    
         15.000     Length (PERV) metres
          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    
           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .017       .000       .003       .000 c.m/s  
                 .919       .919       .919     C perv/imperv/total



   15     ADD RUNOFF
                 .017       .017       .003       .000 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          * BUILDING ROOFTOP STORAGE *                                
          ****************************                                
   10     POND
         7 Depth - Discharge - Volume sets
             .000        .000          .0
             .025     .000760          .1
             .051      .00152          .6
             .076      .00228         1.9
             .102      .00304         4.4
             .127      .00380         8.6
             .152      .00456        14.9
          Peak Outflow    =      .004 c.m/s  
          Maximum Depth   =      .136 metres 
          Maximum Storage =       11. c.m    
                 .017       .017       .004       .000 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .017       .017       .004       .004 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 201 - ROOFTOP AREA *                                
          ****************************                                
    4     CATCHMENT
        201.000     ID No.ó 99999       
           .037     Area in hectares    
         15.000     Length (PERV) metres
          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    
           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .021       .000       .004       .004 c.m/s  
                 .919       .919       .919     C perv/imperv/total
   15     ADD RUNOFF
                 .021       .021       .004       .004 c.m/s  
   35     COMMENT
         3     line(s) of comment



          ****************************                                
          * BUILDING ROOFTOP STORAGE *                                
          ****************************                                
   10     POND
         7 Depth - Discharge - Volume sets
             .000        .000          .0
             .025      .00190          .1
             .051      .00380          .7
             .076      .00570         2.3
             .102      .00760         5.5
             .127      .00950        10.8
             .152       .0114        18.6
          Peak Outflow    =      .009 c.m/s  
          Maximum Depth   =      .118 metres 
          Maximum Storage =        9. c.m    
                 .021       .021       .009       .004 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .021       .021       .009       .013 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 202 - ROOFTOP AREA *                                
          ****************************                                
    4     CATCHMENT
        202.000     ID No.ó 99999       
           .024     Area in hectares    
         15.000     Length (PERV) metres
          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    
           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .014       .000       .009       .013 c.m/s  
                 .919       .919       .919     C perv/imperv/total
   15     ADD RUNOFF
                 .014       .014       .009       .013 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          * BUILDING ROOFTOP STORAGE *                                
          ****************************                                
   10     POND



         7 Depth - Discharge - Volume sets
             .000        .000          .0
             .025     .000760          .1
             .051      .00152          .5
             .076      .00228         1.6
             .102      .00304         3.7
             .127      .00380         7.2
             .152      .00456        12.4
          Peak Outflow    =      .004 c.m/s  
          Maximum Depth   =      .132 metres 
          Maximum Storage =        8. c.m    
                 .014       .014       .004       .013 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .014       .014       .004       .017 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          ****************************                                
          *  AREA 203 - ROOFTOP AREA *                                
          ****************************                                
    4     CATCHMENT
        203.000     ID No.ó 99999       
           .018     Area in hectares    
         15.000     Length (PERV) metres
          1.000     Gradient (%)        
        100.000     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .013     Manning "n"         
         98.000     SCS Curve No or C   
           .000     Ia/S Coefficient    
           .518     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .010       .000       .004       .017 c.m/s  
                 .919       .919       .919     C perv/imperv/total
   15     ADD RUNOFF
                 .010       .010       .004       .017 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .010       .010       .010       .017 c.m/s  
   17     COMBINE   
       500     Junction Node No.   



                 .010       .010       .010       .023 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 204 *                                               
          *************                                               
    4     CATCHMENT
        204.000     ID No.ó 99999       
           .029     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         64.900     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .011       .000       .010       .023 c.m/s  
                 .314       .906       .698     C perv/imperv/total
   15     ADD RUNOFF
                 .011       .011       .010       .023 c.m/s  
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 205 *                                               
          *************                                               
    4     CATCHMENT
        205.000     ID No.ó 99999       
           .011     Area in hectares    
         10.000     Length (PERV) metres
          2.000     Gradient (%)        
         53.700     Per cent Impervious 
         10.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .004       .011       .010       .023 c.m/s  
                 .314       .884       .620     C perv/imperv/total
   15     ADD RUNOFF
                 .004       .015       .010       .023 c.m/s  
   35     COMMENT



         3     line(s) of comment
          *************                                               
          *  AREA 206 *                                               
          *************                                               
    4     CATCHMENT
        206.000     ID No.ó 99999       
           .049     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         82.100     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .024       .015       .010       .023 c.m/s  
                 .314       .906       .800     C perv/imperv/total
   15     ADD RUNOFF
                 .024       .038       .010       .023 c.m/s  
   35     COMMENT
         3     line(s) of comment
          *******************************                             
          * UNDERGROUND/SURFACE STORAGE *                             
          *******************************                             
   10     POND
        11 Depth - Discharge - Volume sets
             .000        .000          .0
             .100      .00161         9.2
             .200      .00230        18.3
             .300      .00283        27.5
             .450      .00348        41.2
            1.230      .00577        41.3
            1.330      .00601        46.0
            1.430      .00623        77.5
            1.530      .00644       128.8
            1.580      .00655       159.2
            1.630       .0514       190.1
          Peak Outflow    =      .006 c.m/s  
          Maximum Depth   =     1.232 metres 
          Maximum Storage =       41. c.m    
                 .024       .038       .006       .023 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .024       .038       .006       .026 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT



         3     line(s) of comment
          *************                                               
          *  AREA 207 *                                               
          *************                                               
    4     CATCHMENT
        207.000     ID No.ó 99999       
           .002     Area in hectares    
         10.000     Length (PERV) metres
          2.000     Gradient (%)        
           .000     Per cent Impervious 
         10.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .000       .000       .006       .026 c.m/s  
                 .314       .000       .314     C perv/imperv/total
   15     ADD RUNOFF
                 .000       .000       .006       .026 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .000       .000       .000       .026 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .000       .000       .000       .026 c.m/s  
   14     START     
         1     1=Zero; 2=Define
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 208 *                                               
          *************                                               
    4     CATCHMENT
        208.000     ID No.ó 99999       
           .005     Area in hectares    
         10.000     Length (PERV) metres
          2.000     Gradient (%)        
           .000     Per cent Impervious 
         10.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         



         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .001       .000       .000       .026 c.m/s  
                 .314       .000       .314     C perv/imperv/total
   15     ADD RUNOFF
                 .001       .001       .000       .026 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .001       .001       .001       .026 c.m/s  
   17     COMBINE   
       500     Junction Node No.   
                 .001       .001       .001       .027 c.m/s  
   35     COMMENT
         3     line(s) of comment
          *************                                               
          *  AREA 209 *                                               
          *************                                               
    4     CATCHMENT
        209.000     ID No.ó 99999       
           .016     Area in hectares    
         15.000     Length (PERV) metres
          2.000     Gradient (%)        
         50.300     Per cent Impervious 
         15.000     Length (IMPERV)     
           .000     %Imp. with Zero Dpth
              1     Option 1=SCS CN/C; 2=Horton; 3=Green-Ampt; 4=Repeat
           .250     Manning "n"         
         66.000     SCS Curve No or C   
           .100     Ia/S Coefficient    
         13.085     Initial Abstraction 
              1     Option 1=Trianglr; 2=Rectanglr; 3=SWM HYD; 4=Lin. Reserv
                 .005       .001       .001       .027 c.m/s  
                 .314       .906       .612     C perv/imperv/total
   15     ADD RUNOFF
                 .005       .005       .001       .027 c.m/s  
    9     ROUTE
           .000     Conduit Length
           .000     No Conduit defined  
           .000     Zero lag            
           .000     Beta weighting factor
           .000     Routing timestep
              0     No. of sub-reaches
                 .005       .005       .005       .027 c.m/s  



   17     COMBINE   
       500     Junction Node No.   
                 .005       .005       .005       .032 c.m/s  
   35     COMMENT
         3     line(s) of comment
          ***********************                                     
          * TOTAL FLOW TO SOUTH *                                     
          ***********************                                     
   18     CONFLUENCE
       500     Junction Node No.   
                 .005       .032       .005       .000 c.m/s  
   20     MANUAL
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