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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 Sanitary Sewer model for Hesperia Development. The tolgeis to confirm the sanitary sewer
infrastructure size as per design completed by Quantum ConsGitouyp Ltd. This report summarizes
the results obtained from the sanitary 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 E, Regulations and Standards for the Design and
Construction of Sanitary Sewers

Roughness coefficient, ‘n’ for Manning Equation, PVC 0.011
Roughness coefficient, ‘n’ for Manning Equation, Concrete 0.013
Average per capita flow 360 L/ca/d
Multi Family Population Density 2.0 people/unit
Peak factor equation Harman
Peak reduction for new residences 25%
Infiltration flow 5,000 L/ha/d
Infiltration area Length of pipe x 100m wide
Minimum sewer pipe diameter 200mm
Minimum sewer end pipe diameter 150mm
Minimum flow velocity (under design flow) 0.6 m/s
Maximum sewer pipe cover 3.0m
Minimum sewer pipe cover 1.5m

3. SANITARY SEWER FLOWS

The design flows entering each manhole in the system wereagsfirbased on the design
parameters mentioned on Section 2. Table 2.1 summarizes the fiesig used for the model
development.

Design flows are allocated as inflows at the manhole wheyeaheer the system. A 24 hour
flow pattern was assigned at each manhole for extended simulafio®.design flow occurs
between 7:00 and 8:00 am in the models. All other hours have a cofistarthat was
calculated to have an average daily flow as shown in Table 2.1.

Estimated infiltration flows are lower than 0.08 L/s, but have beeluded in the model for
accuracy. The estimated design flows are such that thienom pipe diameter of 200mm will
be enough to transport the design flows. Some initial pipes have ldgredeto 150mm
diameter with the objective of increasing the minimum flow velocity duringésegd flow.
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Table 2.1

Sanitary Sewer Design Flows

MH No. No. Units Population ADWF P.F. PDWF Upstream Inf. Area Inf Flow Avg Flow Design Flow

(L/s) (L/s) Pipe Length (m) m2 (L/s) (L/s) (L/s)
21 63 126 0.53 3.16 1.66 10.00 1000 0.01 0.53 1.67
22 0 0 0.00 3.38 0.00 49.33 4933 0.03 0.03 0.03
58 63 126 0.53 3.16 1.66 45.82 4582 0.03 0.55 1.69
23 32 64 0.27 3.22 0.86 45.68 4568 0.03 0.29 0.88
24 0 0 0.00 3.38 0.00 48.23 4823 0.03 0.03 0.03
68 6 12 0.05 3.31 0.17 10.00 1000 0.01 0.06 0.17
69 6 12 0.05 3.31 0.17 43.40 4340 0.03 0.08 0.19
59 8 16 0.07 3.29 0.22 87.86 8786 0.05 0.12 0.27
25 0 0 0.00 3.38 0.00 51.55 5155 0.03 0.03 0.03
67 12 24 0.10 3.28 0.33 10.00 1000 0.01 0.11 0.33
28 16 32 0.13 3.26 0.44 71.70 7170 0.04 0.17 0.48
29 0 0 0.00 3.38 0.00 34.20 3420 0.02 0.02 0.02
30 6 12 0.05 3.31 0.17 40.91 4091 0.02 0.07 0.19
26 0 0 0.00 3.38 0.00 35.19 3519 0.02 0.02 0.02
12 16 32 0.13 3.26 0.44 10.00 1000 0.01 0.14 0.44
27 0 0 0.00 3.38 0.00 59.54 5954 0.03 0.03 0.03
13 40 80 0.33 3.20 1.07 41.00 4100 0.02 0.36 1.09
60 16 32 0.13 3.26 0.44 61.00 6100 0.04 0.17 0.47
14 0 0 0.00 3.38 0.00 39.10 3910 0.02 0.02 0.02
15 16 32 0.13 3.26 0.44 58.00 5800 0.03 0.17 0.47
16 0 0 0.00 3.38 0.00 41.00 4100 0.02 0.02 0.02
17 0 0 0.00 3.38 0.00 23.00 2300 0.01 0.01 0.01
18 20 40 0.17 3.25 0.54 74.00 7400 0.04 0.21 0.58
19 15 30 0.13 3.27 0.41 42.00 4200 0.02 0.15 0.43
61 15 30 0.13 3.27 0.41 15.00 1500 0.01 0.13 0.42
10 126 252 1.05 3.08 3.24 130.00 13000 0.08 1.13 3.31
9 60 120 0.50 3.17 1.58 65.00 6500 0.04 0.54 1.62
8 0 0 0.00 3.38 0.00 9.80 980 0.01 0.01 0.01
7 0 0 0.00 3.38 0.00 12.80 1280 0.01 0.01 0.01
6 0 0 0.00 3.38 0.00 15.90 1590 0.01 0.01 0.01
5 0 0 0.00 3.38 0.00 7.60 760 0.00 0.00 0.00
4 0 0 0.00 3.38 0.00 60.70 6070 0.04 0.04 0.04
3 0 0 0.00 3.38 0.00 54.21 5421 0.03 0.03 0.03
2 0 0 0.00 3.38 0.00 76.22 7622 0.04 0.04 0.04
20 10 20 0.08 3.29 0.27 123.00 12300 0.07 0.15 0.34
1 0 0 0.00 3.38 0.00 25.94 2594 0.02 0.02 0.02
38 64 128 0.53 3.16 1.69 15.00 1500 0.01 0.54 1.69
39 12 24 0.10 3.28 0.33 59.50 5950 0.03 0.13 0.36
40 0 0 0.00 3.38 0.00 17.60 1760 0.01 0.01 0.01
31 16 32 0.13 3.26 0.44 15.00 1500 0.01 0.14 0.44
41 16 32 0.13 3.26 0.44 124.70 12470 0.07 0.21 0.51
33 0 0 0.00 3.38 0.00 38.00 3800 0.02 0.02 0.02
34 63 126 0.53 3.16 1.66 66.00 6600 0.04 0.56 1.70
62 16 32 0.13 3.26 0.44 77.20 7720 0.04 0.18 0.48
63 16 32 0.13 3.26 0.44 77.20 7720 0.04 0.18 0.48
35 16 32 0.13 3.26 0.44 77.20 7720 0.04 0.18 0.48
36 63 126 0.53 3.16 1.66 100.70 10070 0.06 0.58 1.72
64 79 158 0.66 3.14 2.07 98.80 9880 0.06 0.72 2.12
37 0 0 0.00 3.38 0.00 26.30 2630 0.02 0.02 0.02
42 6 12 0.05 3.31 0.17 15.00 1500 0.01 0.06 0.17
43 0 0 0.00 3.38 0.00 15.80 1580 0.01 0.01 0.01
44 36 72 0.30 3.21 0.96 115.70 11570 0.07 0.37 1.03
45 4 8 0.03 3.32 0.11 42.70 4270 0.02 0.06 0.14
47 12 24 0.10 3.28 0.33 15.00 1500 0.01 0.11 0.34
48 24 48 0.20 3.24 0.65 79.00 7900 0.05 0.25 0.69
49 4 8 0.03 3.32 0.11 58.20 5820 0.03 0.07 0.14
46 0 0 0.00 3.38 0.00 60.10 6010 0.03 0.03 0.03
50 12 24 0.10 3.28 0.33 15.00 1500 0.01 0.11 0.34
51 12 24 0.10 3.28 0.33 59.70 5970 0.03 0.13 0.36
66 12 24 0.10 3.28 0.33 53.50 5350 0.03 0.13 0.36
52 0 0 0.00 3.38 0.00 13.20 1320 0.01 0.01 0.01
65 4 8 0.03 3.32 0.11 44.90 4490 0.03 0.06 0.14
53 0 0 0.00 3.38 0.00 16.20 1620 0.01 0.01 0.01
55 12 24 0.10 3.28 0.33 56.30 5630 0.03 0.13 0.36
56 0 0 0.00 3.38 0.00 107.00 10700 0.06 0.06 0.06
54 0 0 0.00 3.38 0.00 57.10 5710 0.03 0.03 0.03
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4. SANITARY SEWER SYSTEM

Preliminary designs carried out by Quantum are illustrated gar€i3.1. The preliminary
design included the desired manhole locations and pipe horizontal alignméhés subject
property is divided by a natural ravine that will be crossed bggqeed Road 1 approximately at
station 0+250. Preliminary design of Road 1 shows the highest patdatiain 0+200. Sewer
pipes east of the Ravine and Road 1 high point are expected to flandtothe east side of the
property and will discharge on the existing sanitary sewer aldkapnagan Avenue. Sanitary
flows from areas west of the ravine and high point on Road 1 will fbevard the west side of
the property where a sewer pipe will convey flows to Okanagan Avelseharging at the
existing manhole at the intersection of Okanagan Landing Road and gakaAaenue. The
sanitary sewer models developed by AF Consulting include the pipeg @kanagan Avenue
extending the models to discharge manhole on Okanagan Landing Road.

Figure 3.1 Hesperia Development — Preliminary Sanit  ary Sewer Design

Figure 3.1 shows in red the system flowing towards east, sykiemng towards west is shown
in green, while proposed system collecting flows at the Iqwvaer of Road 5 is shown in blue.
Three options were identified for conveyance of flows collected at the lowesfgoad 5.




Each one of the options was modeled separately as discussed in Section 5 of this report
5. MODEL RESULTS

Three EPASWMM models for the simulation of sanitary sewawgl were developed. Each
model reflects an identified option for conveyance of flows collected at the lovwef froad 5.

Option 1 — Lift Station

Option 1 includes the installation of a Lift Station that would pumgl@is collected at the
north end of Road 5 to a manhole located at the intersection of Boadd 1. From this
location sanitary sewer flows will be conveyed by gravityhe éxisting sewer on Okanagan
Landing Road.

The disadvantages of this option are the capital cost associlketh& construction of the lift
station and the operational and maintenance costs that the Cigyrad\/will incur in during the
operation of the lift station. Additionally, pipes with flow velioest below the minimum
required of 0.6 m/s have been identified. In order to meet the minwelouity requirement,
pipes deeper than 3.0m will be required. Figure 5.1 shows the proposed pipe diameters.

Figure 5.1 Option 1 — Proposed Pipe Diameters




Figure 5.2 shows in red the pipes where the minimum flow velosityot being achieved.
Higher pipe slopes with pipe cover higher than 3.0m would be needed totlheachnimum
flow velocity.

Figure 5.2  Option 1 — Low Velocity Pipes

Option 2 — Gravity Sanitary Sewer along Existing Apollo Road

Option 2 considered the installation of sanitary sewer mains aglengedestrian path north of
Road 5 and a portion of Apollo Road within the existing subdivision. The eghsanitary
sewer pipes would be 200mm.

Option 2 has the advantage of being an entirely gravity systemwitnaid minimize the

operational and maintenance works for its operation. The disadvasttge a portion of the
new system would have to be installed along Apollo Road within estirex subdivision. 1t is

our understanding that the existing subdivision is on individual sephits fend there are not
plans to switch the existing lots to a sanitary sewer at this time.

Figure 5.3 shows the alignment of the pipes for Option 2. Pipes shored are pipes that do
not meet the minimum flow velocity requirement unless installaeeper than 3.0m is
completed.




Figure 5.3 Option 2 — Low Velocity Pipes

Option 3 — Gravity Sanitary Sewer parallel to Apollo Main Trail

A third option was identified in order to solve the low flow velpégisues in some of the pipes
north of Road 1 and west of the ravine. It is proposed to install a 2G@miary sewer pipe

parallel to Apollo Main Trail that would service the buildings bgingposed north of Road 1.
A model based on approximate elevations as per existing contourdewasped and it was

found that the minimum required velocity of 0.6m/s is met in all pipes.

Option 3 would require SRW for the sanitary sewer through the paak.afégure 5.4 shows the
proposed alignment of the sanitary sewer for Option 3. Pipe diamatercolour coded in
Figure 5.4




Figure 5.4 Option 3 — Proposed Pipe Diameters

Figure 5.5 illustrates the expected flow velocities under theyuldésiw condition for Option 3.
The pipe layout shown in Figure 5.4 allows having steeper pipes mbdenum cover of 3.0m
is maintained. In addition to steeper pipes, the higher design ébtte west end of the pipe
parallel to Apollo Main Trail increase the flow velocity.

The pipe capacity is plenty for the proposed diameters. Thestawmaining capacity has been
estimated at 62% (flow depth/pipe diameter).




Figure 5.5 Option 3 — Estimated Flow Velocities




6. SUMMARY
This section summarizes the findings of the sanitary sewer modeling@$épeHa Development.

Hesperia Development is comprised of approximately 1,033 multi-faregidential
units;

The property where the development is being proposed is naturatigdivito west and
east area by an existing ravine. The ravine and highest poinetmipary design of
Road 1 determine the catchment areas for the sanitary sewer system,;

East catchment area will flow by gravity towards existiagitary sewer on Okanagan
Avenue. No additional sanitary sewer flows are expected to herajed east of
Hesperia Development;

West catchment area will flow by gravity towards Okanagamding Road. The
developed models extended to the intersection of Okanagan Avenue and @kanaga
Landing Road;

Three options for the sanitary sewer were identified based orotiveyance route for
flows collected at the north end of proposed Road 5;

Option 1 includes the installation of a lift station that would pumnes flows along
Road 5 to the intersection of Roads 5 and 1. This option will increase the capithleos
to required lift station installation. Operation and maintenance dosing the operation
of the lift station would be a burden for the City of Vernon. Pudduhis option is not
recommended,;

Option 2 involves the installation of additional gravity sewer pipeshnof Road 5
towards existing Apollo Road. Option 2 has been modeled assuming nitieeeaisting
units within the subdivision north of Hesperia Development will be coadeid the
system. Option 2 would require discussion with City of Vernon Stafind out the
plans for the existing subdivision in terms of being serviced by sanitary sewer;
Option 3 requires the installation of 200mm diameter sewer pipedigbao proposed
Apollo Main Trail. The proposed pipes would service all buildingstégtanorth of
Road 1. Model results for Option 3 show that all design parameters are met;

Flow velocities lower than minimum required of 0.6 m/s during dedmm have been
estimated within several pipes for Options 1 and 2. The velociigsl be increased if
deeper than 3.0m pipes are installed, requiring approval from the City of Vernon;
Sewer pipe and manhole elevations for all models were based onaymkble
information supplied by Quantum. It is strongly recommended that once the deigil de
is completed, the invert elevations and pipe slopes are reviewedk® suge that pipe
hydraulic capacity has not being negatively affected;

Appendices A to C summarize the geometric characteristieadi one of the systems
developed for this assignment.




APPENDIX A - OPTION 1 MODEL




Pipe Inlet Outlet Length  Manning Outlet Inlet Outlet Slope Diam.

ID Node Node m N Offset Invert Invert % mm
SAN-2 22 58 29.3 0.011 0.03 410.89 407.37 12.01 200
SAN-1 21 22 49.47 0.011 0.03 414.52 410.92 7.28 200
SAN-3 58 23 45.85 0.011 1.3 407.34 401.90 11.86 200
SAN-4 23 24 48.08 0.011 0.06 400.60 398.35 4.68 200
SAN-8 59 25 51.58 0.011 0.03 398.05 393.92 8.01 200
SAN-9 25 30 20.44 0.011 0.03 393.89 391.85 9.98 200
SAN-6 68 69 33.3 0.011 0.06 407.00 404.06 8.83 200
SAN-7 69 59 33.99 0.011 0.06 404.00 398.11 17.33 200
SAN-10 67 28 61.71 0.011 0.06 412.50 408.06 7.19 200
SAN-11 28 29 34.13 0.011 0.03 408.00 400.03 23.35 200
SAN-12 29 30 25.78 0.011 0.06 400.00 391.88 31.50 200
SAN-5 24 59 28.86 0.011 0.03 398.29 398.08 0.73 200
SAN-13 30 26 35.34 0.011 0.03 391.82 387.54 12.11 200
SAN-14 26 27 39.58 0.011 0.06 387.51 386.74 1.95 200
SAN-15 12 27 20.09 0.011 0.03 388.87 386.71 10.75 200
SAN-16 27 13 20.65 0.011 0.03 386.68 386.06 3.00 200
SAN-17 13 60 51 0.011 0.03 386.03 382.18 7.55 200
SAN-18 60 14 39.09 0.011 0.03 382.15 379.13 7.73 200
SAN-19 14 15 48.12 0.011 0 379.10 375.11 8.29 200
SAN-20 15 16 40.91 0.011 0 375.11 372.38 6.67 200
SAN-21 16 17 22.84 0.011 0.03 372.38 372.15 1.01 200
SAN-22 17 18 53.66 0.011 0.06 372.12 367.42 8.76 200
SAN-23 18 19 41.98 0.011 0.03 367.36 364.71 6.31 200
SAN-24 19 20 68.2 0.011 0.06 364.68 353.73 16.06 200
SAN-25 61 10 99.86 0.011 0.06 376.12 373.34 2.78 150
SAN-26 10 9 34.64 0.011 0.06 373.28 370.06 9.30 200
SAN-28 8 7 12.6 0.011 0.06 366.20 361.26 39.21 200
SAN-30 6 5 7.47 0.011 0.06 357.20 356.11 14.59 200
SAN-31 5 4 60.63 0.011 0.03 356.05 355.78 0.45 200
SAN-32 4 3 54.18 0.011 0.03 355.75 355.52 0.42 200
SAN-33 3 2 76.44 0.011 0.03 355.49 354.77 0.94 200
SAN-34 2 20 54.93 0.011 0.03 354.74 353.70 1.89 200
SAN-35 20 1 25.9 0.011 0.03 353.67 352.84 3.20 250
SAN-29 7 6 15.94 0.011 0.06 361.20 357.26 24.72 200
SAN-27 9 8 9.93 0.011 0.06 370.00 366.26 37.66 200
SAN-36 38 39 44.52 0.011 0.06 404.49 400.37 9.25 200

SAN-37 39 40 17.61 0.011 0.06 400.31 397.75 14.54 200




Pipe Inlet Outlet Length  Manning Outlet Inlet Outlet Slope Diam.

ID Node Node m N Offset Invert Invert % mm
SAN-38 40 41 30.64 0.011 0.83 397.69 397.27 1.37 200
SAN-39 31 41 79.12 0.011 0.06 398.30 396.50 2.28 150
SAN-40 42 43 15.79 0.011 0.06 396.00 394.16 11.65 200
SAN-41 43 44 100.66 0.011 0.06 394.10 394.00 0.10 200
SAN-42 44 45 27.7 0.011 0.06 393.94 391.12 10.18 200
SAN-43 45 46 18.8 0.011 0.06 391.06 387.60 18.40 200
SAN-44 47 48 63.98 0.011 0.06 392.80 392.21 0.92 150
SAN-45 48 49 43.17 0.011 0.06 392.15 390.20 4.52 200
SAN-46 49 46 41.26 0.011 0.06 390.14 387.60 6.16 200
SAN-47 41 33 37.94 0.011 0.03 396.44 396.13 0.82 200
SAN-48 33 34 51.01 0.011 0.03 396.10 395.68 0.82 200
SAN-49 34 62 62.18 0.011 0.3 395.65 394.14 2.43 200
SAN-50 62 63 62.22 0.01 0.03 393.84 392.22 2.60 200
SAN-51 63 35 62.14 0.011 0.03 392.19 391.21 1.58 200
SAN-52 35 36 85.67 0.011 1.13 391.18 385.74 6.35 200
SAN-53 50 51 44.65 0.011 0.03 388.20 387.10 2.46 200
SAN-54 51 66 38.52 0.011 0.03 387.07 382.44 12.02 200
SAN-55 66 52 13.17 0.011 0.06 382.41 382.07 2.58 200
SAN-56 52 65 29.9 0.011 0.03 382.01 379.00 10.07 200
SAN-57 65 53 16.21 0.011 0.06 378.97 377.10 11.54 200
SAN-58 53 55 41.31 0.011 0.03 377.04 376.70 0.82 200
SAN-59 55 56 51.83 0.011 0.06 376.67 376.34 0.64 200
SAN-60 64 37 26.29 0.011 0.06 382.01 380.56 5.52 200
SAN-61 37 56 55.18 0.011 0.03 380.50 376.31 7.59 200
SAN-62 36 64 83.83 0.011 0.03 384.61 382.04 3.07 200
SAN-63 56 54 57.08 0.011 0.03 376.28 375.63 1.14 200

1 1 70 79.9 0.011 0 352.81 352.00 1.01 250

2 70 MH13 83.99 0.011 0.03 352.00 346.20 6.90 250

3 MH13 MH12 59.41 0.011 0.03 346.17 345.82 0.60 250

4 MH12 MH12A 52.94 0.011 0.03 345.79 345.47 0.60 250

5 MH12A MH1 54.95 0.011 0.03 345.44 345.11 0.60 250

6 MH1 MH18 59.96 0.011 0.03 345.08 344.48 1.00 250

7 MH18 MH17 60.57 0.011 0 344.45 344.00 0.74 250

8 54 71 114.12 0.011 0.03 375.60 362.19 11.75 200

9 71 72 120.8 0.011 0.03 362.16 352.26 8.20 200

10 72 73 97.64 0.011 0.06 352.23 346.74 5.62 200

11 73 MH17 108.08 0.011 0 346.68 344.00 2.48 200




APPENDIX B — OPTION 2 MODEL




Pipe
ID
SAN-2
SAN-1
SAN-3
SAN-4
SAN-8
SAN-9
SAN-6
SAN-7
SAN-10
SAN-11
SAN-12
SAN-5
SAN-13
SAN-14
SAN-15
SAN-16
SAN-17
SAN-18
SAN-19
SAN-20
SAN-21
SAN-22
SAN-23
SAN-24
SAN-25
SAN-26
SAN-28
SAN-30
SAN-31
SAN-32
SAN-33
SAN-34
SAN-35
SAN-29
SAN-27
SAN-36
SAN-37
SAN-38
SAN-39
SAN-40

Inlet
Node
22
21
58
23
59
25
68
69
67
28
29
24
30
26
12
27
13
60
14
15
16
17
18

Outlet
Node
58
22
23
24
25
30
69
59
28
29
30
59
26
27
27
13
60
14
15
16
17

Length
m
29.3
49.47
45.85
48.08
51.58
20.44
33.3
33.99
61.71
34.13
25.78
28.86
35.34
39.58
20.09
20.65
51
39.09
48.12
40.91
22.84
53.66
41.98
68.2
99.86
34.64
12.6
7.47
60.63
54.18
76.44
54.93
25.9
15.94
9.93
44.52
17.61
30.64
79.12
15.79

Manning
N
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011

Outlet
Offset
0.03
0.03
1.3
0.06
0.03
0.03
0.06
0.06
0.06
0.03
0.06
0.03
0.03
0.06
0.03
0.03
0.03
0.03
0
0
0.03
0.06
0.03
0.06
0.06
0.06
0.06
0.06
0.03
0.03
0.03
0.03
0.03
0.06
0.06
0.06
0.06
0.83
0.06
0.06

Inlet
Invert
410.89
414.52
407.34
400.60
398.05
393.89
407.00
404.00
412.50
408.00
400.00
398.29
391.82
387.51
388.87
386.68
386.03
382.15
379.10
375.11
372.38
372.12
367.36
364.68
376.12
373.28
366.20
357.20
356.05
355.75
355.49
354.74
353.67
361.20
370.00
404.49
400.31
397.69
398.30
396.00

Outlet
Invert
407.37
410.92
401.90
398.35
393.92
391.85
404.06
398.11
408.06
400.03
391.88
398.08
387.54
386.74
386.71
386.06
382.18
379.13
375.11
372.38
372.15
367.42
364.71
353.73
373.34
370.06
361.26
356.11
355.78
355.52
354.77
353.70
352.84
357.26
366.26
400.37
397.75
397.27
396.50
394.16

Slope
%
12.01
7.28
11.86
4.68
8.01
9.98
8.83
17.33
7.19
23.35
31.50
0.73
12.11
1.95
10.75
3.00
7.55
7.73
8.29
6.67
1.01
8.76
6.31
16.06
2.78
9.30
39.21
14.59
0.45
0.42
0.94
1.89
3.20
24.72
37.66
9.25
14.54
1.37
2.28
11.65

Diam.
mm
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
150
200
200
200
200
200
200
200
250
200
200
200
200
200
150
200




Pipe
ID
SAN-41
SAN-42
SAN-43
SAN-44
SAN-45
SAN-46
SAN-47
SAN-48
SAN-49
SAN-50
SAN-51
SAN-52
SAN-53
SAN-54
SAN-55
SAN-56
SAN-57
SAN-58
SAN-59
SAN-60
SAN-61
SAN-62
SAN-63
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Inlet
Node
43
44
45
47
48
49
41
33
34
62
63
35
50
51
66
52
65
53
55
64
37
36
56
1
70
MH13
MH12
MH12A
MH1
MH18
54
71
72
73
46
74
75

Outlet
Node
44
45
46
48
49
46
33
34
62
63
35
36
51
66
52
65
53
55
56
37
56
64
54
70
MH13
MH12
MH12A
MH1
MH18
MH17
71
72
73
MH17
74
75
16

Length
m
100.66
27.7
18.8
63.98
43.17
41.26
37.94
51.01
62.18
62.22
62.14
85.67
44.65
38.52
13.17
29.9
16.21
41.31
51.83
26.29
55.18
83.83
57.08
79.9
83.99
59.41
52.94
54.95
59.96
60.57
114.12
120.8
97.64
108.08
111.68
70.95
91.53

Manning
N
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011

Outlet
Offset
0.06
0.06
0.06
0.06
0.06
0.06
0.03
0.03
0.3
0.03
0.03
1.13
0.03
0.03
0.06
0.03
0.06
0.03
0.06
0.06
0.03
0.03
0.03
0
0.03
0.03
0.03
0.03
0.03
0
0.03
0.03
0.06
0
0.03
0.03
0.03

Inlet
Invert
394.10
393.94
391.06
392.70
392.44
390.14
396.44
396.10
395.65
393.84
392.19
391.18
388.20
387.07
382.41
382.01
378.97
377.04
376.67
382.01
380.50
384.61
376.28
352.81
352.00
346.17
345.79
345.44
345.08
344.45
375.60
362.16
352.23
346.68
387.54
377.65
377.00

Outlet
Invert
394.00
391.12
387.60
392.50
390.20
387.60
396.13
395.68
394.14
392.22
391.21
385.74
387.10
382.44
382.07
379.00
377.10
376.70
376.34
380.56
376.31
382.04
375.63
352.00
346.20
345.82
345.47
345.11
344.48
344.00
362.19
352.26
346.74
344.00
377.68
377.03
372.41

Slope
%
0.10
10.18
18.40
0.31
5.19
6.16
0.82
0.82
2.43
2.60
1.58
6.35
2.46
12.02
2.58
10.07
11.54
0.82
0.64
5.52
7.59
3.07
1.14
1.01
6.90
0.60
0.60
0.60
1.00
0.74
11.75
8.20
5.62
2.48
8.83
0.87
5.01

Diam.
mm
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
250
250
250
250
250
250
250
200
200
200
200
200
200
200




APPENDIX C — OPTION 3 MODEL




Pipe
ID
SAN-2
SAN-1
SAN-3
SAN-4
SAN-8
SAN-9
SAN-6
SAN-7
SAN-10
SAN-11
SAN-12
SAN-5
SAN-13
SAN-14
SAN-15
SAN-16
SAN-17
SAN-18
SAN-19
SAN-20
SAN-21
SAN-22
SAN-23
SAN-24
SAN-25
SAN-26
SAN-28
SAN-30
SAN-31
SAN-32
SAN-33
SAN-34
SAN-35
SAN-29
SAN-27
SAN-36
SAN-37
SAN-38
SAN-39
SAN-40

Inlet
Node

22
21
58
23
59
25
68
69
67
28
29
24
30
26
12
27
13
60
14
15
16
17
18

Outlet
Node

58
22
23
24
25
30
69
59
28
29
30
59
26
27
27
13
60
14
15
16
17
18

Length
m
29.3
49.47
45.85
48.08
51.58
20.44
33.3
33.99
61.71
34.13
25.78
28.86
35.34
39.58
20.09
20.65
51
39.09
48.12
40.91
22.84
53.66
41.98
68.2
99.86
34.64
12.6
7.47
60.63
54.18
76.44
54.93
25.9
15.94
9.93
44.52
17.61
30.64
79.12
15.79

Manning
N
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011

Outlet
Offset
0.03
0.03
1.3
0.06
0.03
0.03
0.06
0.06
0.06
0.03
0.06
0.03
0.03
0.06
0.03
0.03
0.03
0.03
0
0
0.03
0.06
0.03
0.06
0.06
0.06
0.06
0.06
0.03
0.03
0.03
0.03
0.03
0.06
0.06
0.06
0.06
0.83
0.06
0.06

Inlet
Invert
410.89
414,52
407.34
400.60
398.05
393.89
407.00
404.00
412.50
408.00
400.00
398.29
391.82
387.51
388.87
386.68
386.03
382.15
379.10
375.11
372.38
372.12
367.36
364.68
376.12
373.28
366.20
357.20
356.05
355.75
355.49
354.74
353.67
361.20
370.00
404.49
400.31
397.69
398.30
396.00

Outlet
Invert
407.37
410.92
401.90
398.35
393.92
391.85
404.06
398.11
408.06
400.03
391.88
398.08
387.54
386.74
386.71
386.06
382.18
379.13
375.11
372.38
372.15
367.42
364.71
353.73
373.34
370.06
361.26
356.11
355.78
355.52
354.77
353.70
352.84
357.26
366.26
400.37
397.75
397.27
396.50
394.16

Slope
%
12.01
7.28
11.86
4.68
8.01
9.98
8.83
17.33
7.19
23.35
31.50
0.73
12.11
1.95
10.75
3.00
7.55
7.73
8.29
6.67
1.01
8.76
6.31
16.06
2.78
9.30
39.21
14.59
0.45
0.42
0.94
1.89
3.20
24.72
37.66
9.25
14.54
1.37
2.28
11.65

Diam.
mm
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
150
200
200
200
200
200
200
200
250
200
200
200
200
200
150
200




Pipe
1D
SAN-41
SAN-42
SAN-43
SAN-44
SAN-45
SAN-46
SAN-47
SAN-48
SAN-49
SAN-50
SAN-51
SAN-52
SAN-53
SAN-54
SAN-55
SAN-56
SAN-57
SAN-58
SAN-59
SAN-60
SAN-61
SAN-62
SAN-63
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Inlet
Node
43
44
45
47
48
46
41
33
34
62
63
35
50
51
66
52
65
53
55
64
37
36
56
1
70
MH13
MH12
MH12A
MH1
MH18
54
71
72
73
49
17A
18A
19A
20A

Outlet
Node
44
45
46
17A
49
49
33
34
62
63
35
36
19A
20A
52
65
53
55
56
37
56
64
54
70
MH13
MH12
MH12A
MH1
MH18
MH17
71
72
73
MH17
17A
18A
19A
20A
53

Length
m
63.48
39.43
18.8
48.42
43.17
41.26
37.94
51.01
62.18
62.22
62.14
85.67
41.59
44.4
13.17
29.9
16.21
41.31
51.83
26.29
55.18
83.83
57.08
79.9
83.99
59.41
52.94
54.95
59.96
60.57
114.12
120.8
97.64
108.08
556.42
59.42
85.28
43.48
45.76

Manning
N
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011

Outlet
Offset
0.03
0.06
0.06
0.06
0.06
0.06
0.03
0.03
0.3
0.03
0.03
1.13
0.03
0.03
0.06
0.03
0.06
0.03
0.06
0.06
0.03
0.03
0.03
0
0.03
0.03
0.03
0.03
0.03
0
0.03
0.03
0.06
0

O O O oo

Inlet
Invert
394.10
392.10
391.06
392.70
392.44
390.00
396.44
396.10
395.65
393.84
392.19
391.18
388.20
387.07
382.46
382.01
378.97
377.04
376.67
382.01
380.50
384.61
376.28
352.81
352.00
346.17
345.79
345.44
345.08
344.45
375.60
362.16
352.23
346.68
389.00
387.30
385.30
384.00
382.00

Outlet
Invert
392.13
391.12
390.06
387.36
389.06
389.06
396.13
395.68
394.14
392.22
391.21
385.74
384.03
382.03
382.07
379.00
377.10
376.70
376.34
380.56
376.31
382.04
375.63
352.00
346.20
345.82
345.47
345.11
344.48
344.00
362.19
352.26
346.74
344.00
387.30
385.30
384.00
382.00
377.04

Slope

%
3.10
2.49
5.32
11.03
7.83
2.28
0.82
0.82
2.43
2.60
1.58
6.35
10.03
11.35
2.96
10.07
11.54
0.82
0.64
5.52
7.59
3.07
1.14
1.01
6.90
0.60
0.60
0.60
1.00
0.74
11.75
8.20
5.62
2.48
3.07
3.37
1.52
4.60
10.84

Diam.
mm
200
200
200
200
200
200
200
200
200
200
200
200
200
200
150
200
200
200
200
200
200
200
200
250
250
250
250
250
250
250
200
200
200
200
200
200
200
200
200




