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Quantum Consulting Group Ltd.
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Dear Mr. Glasser:

RE: Hesperia Development, Vernon, BC
Storm Sewer System Model

Please find enclosed our Storm Sewer System Model report fotetheria Development. The report
includes the findings for both the pre-development and post-development conditions.

We trust the information provided will allow the completion of the detailsijddor the Storm Drainage
System. Should you have any questions or comments please do riatehasicontact me at
250.870.2478.

Yours truly,
AF CONSULTING LTD.

. \

NSSNAVE
Antonio Faccini, BASc
Principal
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AF Consulting Ltd.

335 Wallace Road, Kelowna, BC, V1Y 8G7
Phone: 250.491.2294 Cellular: 250.870.2478



1. INTRODUCTION

The Hesperia Development is located north of the Spray lwigatinds and south of Okanagan Avenue
and Apollo Road. The development will be ultimately comprised of 1,08B-family units. The area
elevations range from 357m to 425m. Figure 1 shows an aerial ptpgitogitn the boundary of the
Hesperia Development. The area of the development is approximately 28.2 ha.

Figure 1.1 Hesperia Development Location
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In June 2009, AF Consulting Ltd. was retained by Quantum Consulting Grduf@uantum) to develop

a Storm Sewer model for Hesperia Development. The olgeds to confirm the storm sewer
infrastructure size as per design completed by Quantum ConsGitouyp Ltd. This report summarizes
the results obtained from the storm sewer model developed.
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2. ENGINEERING CRITERION

This section summarizes the criterion used for the sanitargrsewdel development. The
adopted criterion follows the requirements of @igy of Vernon Subdivision and Development
Servicing Bylaw No. 3843 — Schedule F, Regulations, Standards and Specifications for the
Design and Installation of Drainage Systems

Minor return period storm frequency 1:10 year,
Major return period storm frequency 1:100 year,
Manning Coefficient n=0.010, for PVC pipes

n=0.013 for overland flow on impervious areas
n=0.15 for overland flow on pervious areas

The computer drainage software EPA SWMM 5.0 was used to atstipre-development and post-
development peak runoff and volumes. Model input parameters are listed below.

Pervious and impervious tributary areas for each pipe have Istignated based on
preliminary designs by Quantum.

Infiltration Method utilized for the modeling is SCS Curve Number

SCS Hydrologic Soil Group C

Curve Number 86 pervious areas (pre-development)
Curve Number 74 pervious areas (post-development)
Curve Number 90 impervious areas

Abstraction limits (amount of rainfall absorbed directly inte ground prior to runoff starting) are as
follows:

Pervious areas 3.0 mm

Impervious areas 2.0 mm

Rainstorms data:
Intensity obtained from Vernon IDF curves and rainstorm distribiftity@tograph shape) was set
as per the City of Kelowna rainfall distribution patterihis approach was taken since City of
Vernon's subdivision bylaw provides the IDF curves but does not include hyetogfayphation.

Minimum storm sewer pipe diameter 250mm
Minimum storm sewer pipe cover 1.5m
Minimum capacity for pipes 450mm and smaller 75%
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3. PRE-DEVELOPMENT ANALYSIS

Two models were developed for this assignment. The first mogfglesents the pre-
development conditions and was created with the objective of detegiiire pre-development
runoff for the 5 year storm event.

Standards from the City of Vernon require limiting the post-developnenoff to pre-
development flows for the 5 year event but storm duration is not tedicaVe have estimated
runoff for several 1:5 year storm durations. Table 3.1 summarizes the modsl result

Table 3.1  Pre-Development Estimated Runoff

5 year Total Peak Total
Storm Duration Precipitation Runoff Runoff Vol.
(hour) (mm) (L/s) (m?)
24 26.22 31.15 1426.5
12 21.43 20.18 539.3
6 17.52 8.52 150.1
3 14.32 1.36 6.2
2 12.72 0.00 0.0
1 10.40 0.00 0.0

It should be noted that 1:5 year storm events with duration lower than 8 dourot generate
runoff for the pre-development conditions.

As discussed with Quantum, the pre-development model has been limitked project area
although tributary areas might include lands south of the Hesperia property.
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4. POST-DEVELOPMENT ANALYSIS

A post-development model was developed based on the proposed roadia@uantum. The
Hesperia property is divided by a natural ravine that will besexsy proposed Road 1
approximately at station 0+250. This ravine is a natural divisioheoptoperty that creates east
and west tributary areas. Figure 4.1 shows in colour the identified catcheasnt ar

Figure 4.1 Hesperia Development — Catchment Areas

Green area within the west catchment area is mostly peraimdiss expected to generate small
runoffs that will be infiltrated in the ground. Red tributary aredll be connected to the storm
sewer draining towards west of the property. Flows will leveyed by storm pipes towards
Okanagan Avenue. Runoff from blue areas will flow towards Okanaganudveast of the
existing ravine. It should be noted that Road 5 north of Road 1 is peipgsed to drain
towards the ravine and into the Apollo Road storm sewer. Runofftirergellow area on Road
7 will be carried towards the north east pervious areas and willéased to Okanagan Avenue
at a pre-development flow rate.




Several post-development scenarios modeled showed that no runoff cseexjmeflow in the
ravine, however it has been noted that there is a water resewatin of the Hesperia
Development. Should the emergency overflow or drain pipes from tlee meaervoir discharge
into the ravine, these flows must be known and included in the storm sewer model.

Required Detention Storage

One of the objectives of the drainage system is to limit thk pest-development runoff flows
to the 1.5 year pre-development conditions. An analysis of the aeterdlume required for
each of the main catchment areas has been completed and it is summarizeeisid Tadnhd 4.2.

Table 4.1  Required Storage Volumes — West Catchment  Area
o Post-development Pre-devel N Post-devel i Release Required
ouration  TO% RunoffVolume o iU PeakRunoff (U9 volume m?) S0
olume (m
(m®) M) Volume (m %
3 hour 641 0.58 159.54 6 635
6 hours 876 3.61 86.33 78 798
12 hours 1161 8.56 42.06 370 791
24 hours 1530 13.21 29.04 1141 389

The highest Required Storage Volume for the west catchmentcaressponds to the 6 hour
1:10 year storm event and has been estimated at 98 m

Table 4.2  Required Storage Volumes — East Catchment  Area
Post-development Required
Storm Pre-development Post-development Release
Duration Total Runoff Volume Runoff (L/s) Peak Runoff (L/s) Vol S Storage
(m?) olume (M) y/51ume (m?)
3 hour 801 0.65 127.42 7 794
6 hours 1170 4.09 108.85 88 1082
12 hours 1578 9.68 58.39 418 1160
24 hours 2132 14.95 40.96 1292 840

The highest Required Storage Volume for the east catchmentaresponds to the 12 hour
1:10 year storm event and has been estimated at 1160 m




Tributary areas on the east end of Road 7, shown yellow in Figureué.pgivious areas on the
east side of the property, shown in green in Figure 4.1, will draiartsMOkanagan Avenue.
Table 4.3 summarizes the detention storage requirement for these areas.

Table 4.3  Required Storage Volumes — East End of Ro ad 7

Post-development Required
Storm Pre-development Post-development Release
. Total Runoff Volume 3 Storage
Duration 3 Runoff (L/s) Peak Runoff (L/s) Volume (m ~) 3
(m>) Volume (m ~)
3 hour 151 0.13 25.29 1 150
6 hours 225 0.82 17.36 18 207
12 hours 315 1.94 12.60 84 231
24 hours 434 2.99 9.14 258 176

The highest Required Storage Volume for these catchment eve@sponds to the 12 hour
1:10 year storm event and has been estimated at 231 m




Pipe Network Hydraulic Capacity

The hydraulic capacity of the proposed storm sewer has been eevieith the post-
development model. The 15 minute 1:10year storm has been adopted asighestbem for
sizing the proposed storm sewer pipes. All pipes have been sized tat f75% or less capacity
for the estimated peak flows.

Figure 4.2 illustrates the recommended minimum pipe diametdug pipes are 250mm diam.,
Cyan pipes are 300mm diam., green pipes are 375mm diam., yellovamp&s0mm diam., and
red pipes are 900mm diam. The two red conduits along the ravinapeedidal open channels
to simulate the existing conditions.

Figure 4.2 Hesperia Development — Proposed Pipe Siz  es without Detention Facilities

It should be noted that the proposed sizes were based on a systemo @étention facilities.
Installation of detention facilities would reduce the peak flows witidreduce the pipe sizes
required downstream of them, as shown on Figure 4.3.




Figure 4.3 illustrates the required pipe sizes if detentiontfasilas previously described in this
report are installed.

Figure 4.3 Hesperia Development — Proposed Pipe Siz  es With Detention Facilities




Ground Infiltration Runoff

There is a sub-catchment area of approximately 4.0 ha, withnweakecatchment area that will
generate small runoff volumes. The runoff volume is intended to itteaitefd into the ground.
This sub-catchment area is identified as BU in the post-developnoztgl. Area BU will be a
park area mostly pervious with the exception of the trail surface.

Several scenarios were modeled to determine the total runoff valadpeak flows that would
be generated under 1:10 year storm events. The objectiver®videa figure for the design of
the infiltration system.

Table 4.4 Infiltratrion Volumes — Sub-Catchment Are  a BU

] Total Runoff Peak Runoff Flow
Storm Duration 3
Volume (m °) (L/s)
3 hour 0 0
6 hours 10.4 1.82
12 hours 66.3 5.65
24 hours 157.0 5.62

It is recommended to design an infiltration system with a capacity of 5.65 L/s.




5. SUMMARY

This section summarizes the findings of the storm sewer modeling forriéeBgeelopment.

Hesperia Development is comprised of approximately 1,033 multi-faresidential
units. Two models were created for the Hesperia Development sithe pre-
development model re-created the existing conditions and was devetopetetmine
the runoff volumes and flows under the current conditions. The second mudslers
the post-development conditions. Both models were created using Epaswmm 5.0;

Based on previously developed models for the City of Vernon, it is &dgedbat
snowmelt will generate a high runoff volume over a long periodnhté but lower peak
flows than flows utilized for pipe sizing in this report. Previousdet® for similar
developments have shown that snow melt peak runoff flows are marige of 10% of
the peak runoff flows generated by the 1:5 year design storm evergsecommended
that pipe sizing be based on runoff flows generated by the 1:10 gs@ndstorm for
temperatures above 0°C.

Estimated pre-development runoff for 1.5 year storm with duratiangimg between 3
and 24 hours were estimated and are summarized in Table 3.1. 1:Stgmarwith
duration of less than 3 hours are not expected to generate pre-development runoff;

The post-development model was utilized to determine the drain&gstiucture size
requirements based on 1:10 year storm events;

Required storage volumes for three detention facilities wermastil using the post-
development model. The estimated volumes show a peak requiremetdriios svith
duration of 6 or 12 hours as summarized in Tables 4.1 to 4.3;

Figures 4.2 and 4.3 illustrate the pipe diameter requirements f@ropesed drainage
system. Pipe sizes shown on Figure 4.2 were estimated assumiatentiot facilities,

while Figure 4.3 sizes are based on the recommended storageodefacitities as per
Tables 4.1 to 4.3,




Proposed pipe network sizes will provide capacity to handle peak flmwhe 1:10 year
storm with duration of 15 minutes. 1:10 year storm events with lothgetion will
generate lower peak flows. 1:10 year storm events with shor@iaiumight generate
surcharge conditions for short periods of time;

The excess runoff generated by the 1:100 year storm willrbed&ut on the roads and
will generally follow the same routes as 1:10 year storm eveiithe capacity of the
roads will be enough to convey the flows expected for the major storm event;

Sewer pipe and manhole elevations for all models were based on prqpebminary
design information supplied by Quantum. It is strongly recommended that oncedthe det
design is completed, the invert elevations and pipe slopes are réueweke sure that
pipe hydraulic capacity has not being negatively affected,;

Appendix A summarizes the geometric characteristics of teeersymodeled for this
assignment.




APPENDIX A — PIPE AND MANHOLE ID




PIPE NETWORK REQUIRED — NO DETENTION FACILITIES

Pipe
ID

Inlet
Node
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MHS15
31
32
33
34
35
36
37
38
39
40
41
42
43
44
46
45
47
48
49
30
51
56
55

MHS2
50
58
57
19
20

Outlet
Node

30

MHS2
52
31
25

MHS15
51
58
12
50
20

Length
m
51.1
64.48
35.29
100.7
37.72
37.89
73.81
18.9
60.61
66.91
70.87
42.29
53.03
89.71
24.98
94,91
79.74
65.87
11.25
114.64
69.59
65.41
74.14
54.65
33.23
24.08
87.67
95.6
90.15
91.28
99.13
95.3
58.56
93.35
58.56
108.06
103.26
116.96
114.38
109.68
35.23
116.04
82.26
78.6
6.84
73.45
60.09
52.4
34.24
63.98
22.76
71.79
32
65.5

Manning
N
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.15
0.15
0.15
0.01
0.01

Inlet
Invert
413.58
408.06
401.00
398.16
393.53
387.56
391.00
388.77
387.37
382.88
377.36
371.59
370.15
365.62
358.42
375.23
374.03
356.03
356.01
355.38
364.71
353.64
351.16
347.06
401.99
397.65
398.31
397.60
396.50
393.06
391.23
384.86
380.40
377.17
375.81
371.67
361.74
353.47
346.46
346.76
390.69
386.00
385.50
346.76
346.14
407.92
355.68
347.99
346.33
385.00
375.00
395.00
372.10
371.25

Outlet
Invert
408.06
401.00
398.16
393.53
387.56
387.37
388.77
387.37
382.88
377.36
371.59
370.15
365.62
358.42
356.01
374.03
356.03
355.68
355.38
353.64
353.64
351.16
347.99
346.76
397.65
397.60
397.60
396.50
393.06
391.23
384.86
380.40
375.81
375.81
371.67
361.74
353.47
346.76
346.14
346.46
386.00
385.50
385.00
346.33
346.00
401.99
355.38
347.06
346.14
375.00
371.59
385.00
371.25
361.25

Slope
%
10.80
10.95
8.05
4.60
15.83
0.50
3.02
7.41
7.41
8.25
8.14
3.41
8.54
8.03
9.65
1.26
22.57
0.53
5.60
1.52
15.91
3.79
4.28
0.55
13.06
0.21
0.81
1.15
3.82
2.00
6.43
4.68
7.84
1.46
7.07
9.19
8.01
5.74
0.28
0.27
13.31
0.43
0.61
0.55
2.08
8.07
0.50
1.77
0.55
15.63
14.98
13.93
2.66
15.27

Diam.

mm
250
250
250
250
250
300
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
900
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
900
900
250
250
900
900
NA
250
NA
250
250

Peak Flow 15min Storm

1:10 year
13.67
21.16
33.48
34.81
48.57
50.97
9.20
20.04
77.60
87.57
97.57
107.20
113.11
119.39
133.83
12.31
22.19
21.93
139.28
157.00
11.36
174.34
174.19
173.59
15.97
17.35
9.81
36.75
47.95
61.51
72.64
95.06
112.65
11.12
122.43
121.79
122.02
121.90
119.52
120.78
12.97
11.97
11.20
173.08
288.08
15.91
21.74
21.74
21.74
9.30
9.26
0.00
14.01
13.73

1:100 year
31.06
48.44
70.00
71.88
106.00
95.27
18.88
43.96
148.17
171.04
193.32
143.71
157.97
173.51
208.57
24.75
48.53
47.48
197.31
239.83
24.11
275.01
274.69
275.01
32.42
35.39
21.14
76.82
102.18
114.12
133.72
178.80
213.39
22.27
221.78
221.54
223.52
189.67
185.83
187.29
27.02
23.73
23.25
275.04

455.21
33.28
47.05
47.05
47.05
18.75
18.67

0.00
30.10
30.04




PIPE NETWORK REQUIRED — WITH DETENTION FACILITIES

Pipe
ID

Inlet
Node
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MHS15
31
32
33
34
35
36
37
38
39
40
41
42
43
44
46
45
47
48
49
30
51
56
55

MHS2
50
58
57
19
20

Outlet
Node

30

MHS2
52
31
25

MHS15
51
58
12
50
20

Length
m
51.1
64.48
35.29
100.7
37.72
37.89
73.81
18.9
60.61
66.91
70.87
42.29
53.03
89.71
24.98
94,91
79.74
65.87
11.25
114.64
69.59
65.41
74.14
54.65
33.23
24.08
87.67
95.6
90.15
91.28
99.13
95.3
58.56
93.35
58.56
108.06
103.26
116.96
114.38
109.68
35.23
116.04
82.26
78.6
6.84
73.45
60.09
52.4
34.24
63.98
22.76
71.79
32
65.5

Manning
N
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.15
0.15
0.15
0.01
0.01

Inlet
Invert
413.58
408.06
401.00
398.16
393.53
387.56
391.00
388.77
387.37
382.88
377.36
371.59
370.15
365.62
358.42
375.23
374.03
356.03
356.01
355.38
364.71
353.64
351.16
347.06
401.99
397.65
398.31
397.60
396.50
393.06
391.23
384.86
380.40
377.17
375.81
371.67
361.74
353.47
346.46
346.76
390.69
386.00
385.50
346.76
346.14
407.92
355.68
347.99
346.33
385.00
375.00
395.00
372.10
371.25

Outlet
Invert
408.06
401.00
398.16
393.53
387.56
387.37
388.77
387.37
382.88
377.36
371.59
370.15
365.62
358.42
356.01
374.03
356.03
355.68
355.38
353.64
353.64
351.16
347.99
346.76
397.65
397.60
397.60
396.50
393.06
391.23
384.86
380.40
375.81
375.81
371.67
361.74
353.47
346.76
346.14
346.46
386.00
385.50
385.00
346.33
346.00
401.99
355.38
347.06
346.14
375.00
371.59
385.00
371.25
361.25

Slope
%
10.80
10.95
8.05
4.60
15.83
0.50
3.02
7.41
7.41
8.25
8.14
3.41
8.54
8.03
9.65
1.26
22.57
0.53
5.60
1.52
15.91
3.79
4.28
0.55
13.06
0.21
0.81
1.15
3.82
2.00
6.43
4.68
7.84
1.46
7.07
9.19
8.01
5.74
0.28
0.27
13.31
0.43
0.61
0.55
2.08
8.07
0.50
1.77
0.55
15.63
14.98
13.93
2.66
15.27

Diam.

mm
250
250
250
250
250
300
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
900
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
900
900
250
250
900
900
NA
250
NA
250
250

Peak Flow 15min Storm

1:10 year
13.67
21.16
33.48
34.81
48.57
50.97
9.20
20.04
77.60
87.57
97.57
107.20
113.11
119.39
133.83
12.31
22.19
21.93
139.28
139.28
11.36
28.91
28.84
28.65
15.97
17.35
9.81
36.75
47.95
61.51
72.64
95.06
112.65
11.12
11.12
3.61
3.61
3.61
3.61
3.61
12.97
11.97
11.20
27.76
31.29
15.91
21.74
28.61
27.75
9.30
9.26
0.00
14.01
13.73

1:100 year
31.06
48.44
70.00
71.88
106.00
95.27
18.88
43.96
148.17
171.04
193.32
143.71
157.97
173.51
208.57
24.75
48.53
47.48
197.31
197.31
24.11
49.57
48.92
48.47
32.42
35.39
21.14
76.82
102.18
114.12
133.72
178.80
213.39
22.27
22.27
3.61
3.61
3.61
3.61
3.61
27.02
23.73
23.25
47.86
50.61
33.28
47.05
49.09
47.39
18.75
18.67
0.00
30.10
30.04




