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Introduction

The City of Markham initiated a Municipal Class Environmental Assessment (Class EA)
to study potential improvements to Victoria Square Boulevard from Woodbine Avenue
(north connection) to Woodbine Avenue (south connection).

This Drainage and Stormwater Management Report has been prepared in support of the
Class EA Study and complies with the Ministry of the Environment and Climate Change
(MOECC), Toronto Region Conservation Authority (TRCA), and City of Markham’s
Policies and Standards. The Victoria Square Boulevard Class EA Study limits are
illustrated in Figure 1.
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Figure 1 Victoria Square Boulevard EA Study Area and Area Segments

Victoria Square Boulevard, within the study limits, is a north-south rural road that is
approximately 3 km in length as illustrated in Figure 1. Elgin Mills Road intersects the
corridor approximately mid-way between the north and south connections to Woodbine
Avenue. The lands adjacent to the Victoria Square Boulevard corridor consist of a
mixture of residential properties, public parks and some commercial and institutional land
use. The study corridor has been divided into six (6) segments along the Victoria Square
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Boulevard study corridor based on land use and characteristics. Table 1-1 provides
details of each road segment area.

Table 1-1: Victoria Square Boulevard Study Corridor Road Segment Area

Area Area Description

Area 1: North Gateway From the north connection with Woodbine Avenue to approximately 40m
north of Vetmar Road

Area 2: Residential Main From approximately 40m north of Vetmar Road to Prince of Wales Drive
Street
Area 3: Hamlet of Victoria From Prince of Wales Drive to approximately 90 m north of Reflection
Square Road/Rinas Avenue
Area 4: Cathedral From approximately 90 m north of Reflection Road/Rinas Avenue to Church
Residential View Avenue
Area 5: Cathedral Precinct From Church View Avenue to approximately 30 m south of Murison Drive
Area 6: Cathedral From approximately 30 m south of Murison Drive to Woodbine Avenue south
Community Gateway connection

As per the design concepts of the preferred road improvement solution, the objective of
this Drainage and Stormwater Management Report is to develop a strategic approach to
the level of development of the proposed project that will:

Identify and evaluate existing drainage patterns and performance of existing
transverse culverts which convey external drainage across Victoria Square
Boulevard;

Identify potential stormwater runoff quality and quantity impacts to the receiving
watercourses as a result of potential pavement area increases; and

Propose an appropriate drainage system, transverse culvert upgrades and
stormwater management system in conjunction with the proposed road widening.

Background Information

In preparation of the Victoria Square Boulevard Class Environmental Assessment
Drainage and Stormwater Management Report, essential documents were obtained and
reviewed as follows:

1.

2.

MOE Stormwater Management Planning and Design Manual, March 2003;
TRCA Stormwater Management Criteria, August 2012;

York Region Road Design Guidelines, June 2014;

City of Markham Stormwater Management Guidelines, October 2016;

City of Markham Design Criteria Section E - Storm Drainage & Stormwater
Management, June 2016 (Rev. 3);

Stormwater Management Design Brief, Woodbine Mackenzie Developments
Limited — East Cathedral Community prepared by Stantec Consulting Ltd.,
revised September 2002;
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7. Stormwater Management Report, West Cathedral Community, Cathedral Town
Phase 3 Development prepared by URS Corporation, March 2006;

8. Stormwater Management Report, East Cathedral Community prepared by
Stantec Consulting Ltd., revised May 2002;

9. Environmental and Stormwater Master Servicing Plan for West Cathedral
prepared by URS Cole Sherman, October 2002;

10. Stormwater Management Pond Design Report - Interim Pond B3 prepared by
Masongsong Associates Engineering Limited, August 2008;

11. Stormwater Management and Pond Design Report for Monarch Corporation
Traditions at Victoria Square, July 2007.
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Existing Drainage Conditions

Victoria Square Boulevard is currently a two-lane roadway with a predominately rural
cross-section and an existing right-of-way ranging between 34 to 36 metres. The study
area is located within the of Carlton Creek subwatershed, which lies within the Rouge
River watershed. Two tributaries to Carlton Creek, namely the east and west branches,
are located within TRCA regulated areas. The east branch of Carlton Creek conveys
permanent flow across the Victoria Square Boulevard right-of-way, approximately 700 m
north of Woodbine Avenue south connection. The west branch of Carlton Creek conveys
intermittent flow and crosses Woodbine Avenue 250 m south of the Victoria Square
Boulevard and Woodbine Avenue south connection.

As per the existing roadway’s vertical profile and grading information from the adjacent
developments, roadway runoff south of Elgin Mills Road is conveyed southerly via
roadside ditches and culverts to the two tributaries of Carlton Creek in the southern
portions of the study area. North of Elgin Mills Road, roadway runoff is conveyed
northerly via roadside ditches, storm sewers and stormwater management pond to
Berczy Creek.

Within the study limits, there are no significant wetlands or woodlots. A Project Key Map
is included in Appendix A for location reference. The Existing Drainage Area Plan in
Appendix B and Table 2-1 below provide details of the existing drainage area
information along the Victoria Square Boulevard study limits.

Carlton Creek

Carlton Creek traverses the study area. The east branch of Carlton Creek is a permanent
flowing stream that crosses Victoria Square Boulevard just south of Betty Roman
Boulevard via a 1.25m x 1.25m concrete box culvert, then traverses southward along the
east side of Victoria Square Boulevard to Major Mackenzie Drive via two online
stormwater management ponds (Pond OL-E1 and Pond OL-E2), as illustrated on the
Existing Drainage Area Plan (Appendix B).. There are four offline stormwater
management ponds that discharge flow into the east branch of Carlton Creek; namely
Pond E-1, Pond E-2, Pond E-3 and Pond E-4. Pond E-1, Pond E-2 and Pond E-3 are
located in the central and southern portions of the study area. Pond E-4 is located north
of the Elgin Mills Road and discharges flow southerly to the east branch of Carlton Creek
via an intermittent swale and an existing culvert underneath Elgin Mills Road.

The west branch of Carlton Creek is an intermittent stream, which is located on the west
side of Woodbine Avenue at the south boundary of the study limits. An offline pond (W-1)
located at the south end of the study area currently discharges into the west branch of
Carlton Creek. Further downstream, the two branches converge into one tributary and
Carlton Creek confluences with Berczy Creek approximately 3 km south and east of the
study area.
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Berczy Creek

The existing roadway’s vertical profile indicates a crest located approximately 480 m
south of Woodbine Avenue north connection that divides the roadway drainage northerly
with eventual discharge to Berczy Creek via two stormwater management ponds (Pond
B-3 and B-4) that collect runoff from Victoria Square Boulevard and ultimately discharges
to Berczy Creek.

Table 2-1: Drainage Area Summary

Drainage - Exi.sting
Area Fro.m T(_’ s PrEheEs Receiving Drainage System
D Station | Station | of-way Area
(ha)
A 10+000 | 10+240 E&W 0.58 Roadside Ditch, Culvert C-1, SWM Pond OL-E1
B 10+240 | 10+700 W 1.38 Storm Sewer, SWM Pond W-1
C 10+240 | 10+700 E 0.79 Roadside Ditch, Pond OL-E1
D 10+700 10+900 E&W 0.70 Roadside Ditch, Carlton Creek
E 10+900 | 11+300 W 0.99 Roadside Ditch, SWM Pond E-3
F 114300 | 11+740 W 0.55 Roadside Ditch, SWM Pond E-3
G 10+900 11+740 E 1.05 Roadside Ditch, Storm Sewer
H 11+740 12+020 E&W 2.06 Storm Sewers at Elgin Mills Road, SWM Pond E-3
| 11+930 12+355 E&W 2.46 Storm Sewers, SWM Pond E-4
J 12+020 | 12+560 E 0.35 Roadside Ditch/ Sewer, SWM Pond B-4
12+355 12+750 E&W 1.23 Storm Sewer, Woodbine Avenue, SWM Pond B-3

Transverse Water Crossings

There are a total of four (4) transverse water crossings located within the study area,
which includes two transverse crossing culverts and two storm sewer crossings. For
culvert crossing locations and corresponding identification numbers, refer to the Existing
Drainage Plan provided in Appendix B. Table 2-2 summarizes the existing water

crossing and the physical characteristics associated with each crossing.

Table 2-2: Summary of Transverse Culvert Existing Condition

Culvert/ Crossing Type Material Size Length Flow
Crossing Type Direction
ID (mm) (m)
C-1 Transverse Culvert CSP 800 37.2 E
Cc-2 Transverse Culvert Concrete 1250x1250 19.4 E
Transverse Culvert/Storm Sewer 1200x900 15.0 w
c-3 Crossing, discharges to Carlton Creek Concrete and
via existing storm sewer 1200 sewer 100 S
Transverse Culvert/ Storm Sewer
Crossing, the east headwall is to be
C-4 removed and connected to the storm Concrete 825 16.0 E
sewer trunk proposed by the future
residential subdivision
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Assessment Criteria

In view of the proposed improvements, hydraulic assessments of the culverts within the
Victoria Square Boulevard Class EA study area were undertaken in accordance with the
Ontario Ministry of Transportation’s “Highway Drainage Design Standards (2008)” and
the “York Region Road Design Guidelines (2013).”

Design Flows

Based on MTO Drainage Standard WC-1, the design return period for structures
crossing Freeway & Urban Arterial roadways with a span less than 6.0 metres is the 50-
year return period event.

Freeboard and Clearance for Culverts on a Watercourse

The minimum required freeboard for culverts is specified to be a minimum of 1.0 metre
between the design high water level to the edge of the travelled lane for an arterial road
classification. The ratio of the flood depth at the upstream face of the culvert to the
diameter or rise of the culvert (HW/D) is specified to be equal or less than a ratio of 1.5
for culverts with a diameter or rise less than 3.0 metres as per MTO Drainage Standard
WC-7: Culvert Crossings on a Watercourse.

The minimum clearance for open-footing culverts shall be measured 0.3 metres between
the design high water level and the effective rise of the culvert as per MTO Drainage
Standard WC-7: Culvert Crossings on a Watercourse.

Freeboard for Culverts not on a Watercourse

There is no minimum freeboard for culverts conveying major system design flows as per
MTO Drainage Standard SD-13: Design Flows and Freeboards for Culverts not on a
Watercourse.

Minimum Culvert Sizes

As per the MTO Drainage Design Standards WC-8, the minimum culvert size for urban
arterial road crossing culverts is 800 mm, and the minimum culvert size for rural arterial
road crossing culverts is 600 mm. For any existing culverts that do not meet the
minimum size requirement, culvert upgrades are required.

Storm Sewers

The conveyance capacity of the storm sewers is to be designed as per City of Markham
Design Guidelines to accommodate a 5 year storm event.
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Hydrologic and Hydraulic Assessment

The external drainage area information including the existing drainage pattern, storm
sewers and crossing information were obtained from a review of the West Cathedral
Community Stormwater Management Plan and the adjacent subdivisions drainage
information. A major water crossing (C-2) that aligns with the east branch of Carlton
Creek has been identified within the study area. The design peak flow was obtained from
the hydraulic model provided by the TRCA.

Based on a review of the drainage information of the subdivision adjacent to Victoria
Square Boulevard, existing water crossings (C-1, C-3 and C-4) were designed to
accommodate the major system flow. The transverse Culvert/Storm Sewer Crossing C-3,
currently conveys drainage from the east half of the Victoria Square Boulevard right-of-
way, discharging to Carlton Creek via a temporary 1200mm storm sewer (Drainage Area
G on Existing Drainage Area Plan). The design flow for crossing C-3 was determined
using the Rational Method and the Intensity-Duration Frequency curves obtained from
the City of Markham Storm Water Management Guidelines.

Excerpts of the adjacent subdivision stormwater management reports are provided in
Appendix E to reference the peak flow to each crossing.

It is recommended that during detail design, the assessment results be reviewed and
verified to confirm any changes to the land-use and associated hydrologic information
that may affect the peak flow presented in this Class EA study. A summary table of the
storm design peak flows of the various transverse crossings is presented in Table 2-3.

Table 2-3: Design Peak Flow for the Transverse Crossings.

Peak Flow (m?3/s)

Culvert/ Catchment
Crossing General Description Area
D (ha) 50 Year 100 Year Regional
Storm Storm
Transverse culvert located
100m north of the Woodbine 0.42 _
C-1 2.90" (100 Year external overland flow as per adjacent

Avenue and Victoria Square

Boulevard south connection subdivision drainage design)

Transverse culvert located
approximately 200m south of
C-2 Betty Roman Boulevard that 100.02 4.8 5.52 10.39
aligns with the east branch of
Carlton Creek

Storm sewer crossing located 0.23

c-3 south of Church View Avenue 1.05 (I\?ajhor\s/»ystem gesign f||30w I1 00 ﬁegr mirr:u; 5fy<re]ar
. . ’ of the Victoria Square Boulevard East half of the
discharging to Carlton Creek Right-Of-Way )

Transverse culvert /storm

sewer crossing located 5 ) ‘ 1.26 ‘
approximately 50m south of 5.55 (Major System design flow 100 year minus 5 year

Duke of Cornwall Drive as per adjacent subdivision drainage design)

C-4

Note 1: Drainage information obtained from As Constructed drawings of the Heritage at Cathedraltown Subdivision Design, dated
August 2010.

Note 2: Drainage information obtained from Environmental & Stormwater Management Plan for West Cathedral Community, Carlton
Creek West Branch, dated October 2002.

Note 3: Drainage information obtained from Stormwater Management and Pond Design Report for Monarah Corporation Transitions
at Victoria Square, dated July 2007.
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The hydraulic performance of culvert crossing (C-1) was assessed using the
CulvertMaster software to determine the freeboard and clearance of the culvert. The
storm sewer conveyance capacities of the storm sewer crossings (C-3 and C-4) were
assessed using the FlowMaster model.

A hydraulic assessment of the existing water crossing (C-2) was completed using the
HEC-RAS model obtained from the TRCA. Based on a review of the HEC-RAS model,
input parameters and the detailed surveyed data, minor modifications to the input data
file was applied in the vicinity of Culvert C-2 to reflect updated topographical information
at this location. As per the MTO Highway Drainage Design Standards, existing culvert C-
2 was assessed based on the 50-year design storm event to determine the freeboard at
this location. In addition, the flood depth to the culvert diameter ratio is required to be
less than 1.5 for culverts with a diameter less than 3.0 metres.

Table 2-4 and Table 2-5 summarize the hydraulic assessment results of the transverse
crossing culverts and the storm sewer crossings. All hydraulic assessment output files
are provided in Appendix D.

Table 2-4: Hydraulic Analysis Results for the Transverse Culverts (Existing Condition)

Size / uis DIS Road . Free-board
1 Water Surface Elevation (m
CroIstmg Material Invert Invert Le(:f;th Elev. (m) (m)
(mm) (m) (m) (m) 50 Yr 100 Yr Reg. 50 yr 100 yr
C-1 gg% 208.44 | 208.17 37.2 209.80 N/A 209.09 N/A N/A 0.71
c-2 1(2:50”250 21358 | 21329 | 194 | 21635 | 21633 | 21639 | 21650 | 0.02 0.04
oncrete

Table 2-5: Hydraulic Analysis Results for the Storm Sewer Crossings (Existing
Condition)

Size | us DIS Road Desi Available Pipe
. |ze. Length Slope oa esign Conveyance
Crossing ID Material Invert Invert o Elev. Flow :
(m) (%) 3 Capacity
(mm) (m) (m) (m) (m?Is) (m¥s)
1200x900 218.48 218.08 15.0 1.7 4.38
c-3 Box gonc. 2212 0.23
1200 sewer 218.21 217.55 100.0 0.66 3.17
825
C-4 c 237.09 236.93 16.0 1.0 239.3 1.26 1.54
onc.

The results presented in Table 2-4 and Table 2-5 indicate that Crossing C-1 does not
provide the vertical freeboard criterion of a minimum 1.0 m from the high water level
during the 100-Year storm event. Note that the design flow for this culvert should be the
50-year storm event; however, the design peak flow for the 50-year storm event is not
available. Therefore, the vertical freeboard clearance was conservatively calculated
based on the 100-year water surface elevation.

Crossing C-2 does not meet the vertical freeboard criterion of minimum 1.0 m for the
design high water level (50-Year storm event), and results in flow overtopping the road.
The ratio of the flood depth at the upstream face of the culvert to the diameter or rise of
the culvert is 2.33, which exceeds the design standard of 1.5. Crossings C-3 and C-4
provide adequate pipe conveyance capacity to convey the major system design flows.
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Proposed Conditions

The entire study corridor is divided into six (6) segments along Victoria Square Boulevard
based on existing land use and corridor characteristics. Based on the roadway and land
use characteristics of each segment, the preferred alternative design concept along
Victoria Square Boulevard varies. Table 3-1 lists the preferred roadway improvements
for each segment between Woodbine Avenue (south connection) and Woodbine Avenue
(north connection).

Table 3-1: Preferred Roadway Improvements

Area Preferred Roadway Improvement
Area 1: North Gateway Two travel lanes, one left turn lane, multi-use path on both west
(Station No: 12+600 to 12+750) and east sides
Area 2: Residential Main Street Two travel lanes, continuous centre left turn lane, multi-se path
(Station No: 11+900 to 12+600) on both west and east sides, on-street parking lane on east side
Area 3: Hamlet of Victoria Square Area Two travel lanes, multi-use path on both west and east sides
(Station No: 11+230 to 11+900)
Area 4: Cathedral Residential Area Two travel lanes, continuous centre left turn lane, multi-use path
(Station No: 10+900 to 11+230) on both west and east sides, on-street parking on the west side
Area 5: Cathedral Precinct Area Two travel lanes, continuous centre left turn lane, multi-use path
(Station No: 10+180 to 10+900) on both west and east sides, on-street parking on the west side
Area 6: Cathedral Community Gateway Area | Two travel lanes, one left turn lane, multi-use path on both west
(Station No: 10+000 to 10+180) and east sides, on-street parking lane on the west side

Roadway Drainage System

The rural portions of the roadway corridor will be converted to an urban cross-section
that will include concrete curb and gutter and a sub-surface drainage system. Overall,
the existing drainage pattern will not be altered based on the proposed roadway
improvements. It is expected that the quantity of runoff from the paved section of the
roadway will result only in a very minor increase in runoff, and as such, specific
techniques to reduce the quantity and rate of runoff may be required depending on
further analysis.

Minor Drainage System

There are a number of existing storm sewer systems that currently convey runoff within
the right-of-way, which outlet to existing storm sewer systems. It is proposed to maintain
the existing storm sewer systems within the right-of-way to the extent possible, and to
relocate catchbasins and lead extensions to accommodate the road widening. The
existing storm sewer information is provided on the subdivision design drawings included
in Appendix E.

The proposed storm sewer system will provide additional drainage conveyance within
Victoria Square Boulevard right-of-way between Woodbine Avenue (south connection)
and Woodbine Avenue (north connection). The storm sewer system draining the
pavement for the ultimate roadway configuration is to be designed for a 5-year storm
event as per City of Markham Design Guidelines. Proposed roadway drainage will be
collected by a series of catchbasins and conveyed by storm sewers to existing outlets.
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Storm sewer configuration and calculations are to be completed during detail design as
per the City’s design criteria.

Major Drainage System

The roadway design should ensure that the major system runoff up to the 100-year storm
event can be safely conveyed to the watercourse locations and should allow one lane in
each direction to be clear of any flooding. Major system relief will occur at major
watercourse crossings. At these locations, major system inlets will be provided to capture
the 100-year flow and direct it to the outfalls.

The general direction of roadway overland flow is from north to south between Edward
Roberts Drive and the south study limit boundary. Several major drainage inlet locations
are provided within the right-of-way to accommodate the 100-year flow minus the 5 year
flow as per the current drainage design of the residential developments adjacent to
Victoria Square Boulevard. Ultimately, major system relief will discharge to the west
branch of Carlton Creek.

From Edward Roberts Drive to the north study limit boundary, major system relief will
occur at crossing culvert C-4 and at the northeast quadrant of Woodbine Avenue and
Victoria Square Boulevard (north connection). The proposed roadway improvements will
maintain the major system inlets at crossing culvert C-4, which will be connected to the
storm sewer system designed by the residential developments adjacent to Victoria
Square Boulevard, accommodating 100-year flow and directing the flow to Pond B-4.
Overland flow will also be directed northerly to the stormwater management Pond B-3.
Ultimately, the stormwater management ponds discharge flow to Berczy Creek. The
major drainage systems associated with the adjacent subdivisions are provided on the
subdivision design drawings included in Appendix E.

Transverse Water Crossings

As per Section 2.2, there are a total of four (4) drainage crossings located within the
study limits. Upgrades to the existing water crossings are required to accommodate the
proposed roadway improvements.

The proposed size, structure and location of each crossing was determined based on the
existing culvert condition assessments, proposed roadway geometry, grading impacts
and hydraulic performance, with the objective of improving the drainage condition at
each crossing and addressing any existing deficiencies. Table 3-2 summarizes the
recommended approach at each watercourse crossing.
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Table 3-2: Watercourse Crossing Recommendations

Culvert | Roadway

o Area Recommendations for Culvert Upgrades

A minor culvert extension is required to accommodate the additional grading. A
headwall structure, however, will eliminate the need for a culvert extension. It is
recommended to clean out the roadside ditch and the existing culvert to ensure
positive drainage flow.

C-1 Area 6

Culvert replacement is proposed to accommodate the roadway improvements. The
existing culvert is recommended to be replaced by an 8.5m span by 1.5m high con-
span structure, consistent with existing water crossings that are aligned with Carlton
Creek.

C-2 Area 5

Storm sewer extension is proposed to accommodate the roadway improvements.
The temporary 1200mm sewer to be re-directed to the storm sewer on Betty Roman
Boulevard. The remaining 1200mm storm sewer and headwall at the outfall to be
removed

C-3 Area 4

Culvert/storm sewer extension is proposed to accommodate the roadway
improvements and the proposed residential development. Existing 825mm diameter
is proposed to be connected to a storm sewer system east of Victoria Square
Boulevard, discharging to Pond B-4.

C-4 Area 2

Hydrologic and Hydraulic Assessment for Transverse Culverts

The drainage boundary and design peak flow for the crossing culverts would remain
unchanged compared to the existing conditions, since the increased pavement area
within the corridor improvements is negligible in comparison to the larger external
drainage areas. Refer to Table 2-3 for the design peak flow details.

The hydraulic assessment for the proposed culvert crossings is based on the preliminary
proposed horizontal road design and vertical centerline profile design. Note that the
proposed inverts of the culvert crossings are to be confirmed during detail design to
accommodate the road design and the roadside ditch grading.

Crossing C-1

Based on the proposed roadway improvement where Crossing C-1 is located, it is
recommended to maintain the existing culvert with the addition of a headwall. As a result,
a hydraulic assessment for the proposed condition is not required as the hydraulic
performance is anticipated to be consistent with the existing condition. During detail
design, it is recommended to review the roadway improvement alternative and grading
impact to confirm the hydraulic performance.

Crossing C-2

As per the MTO Highway Drainage Design Standards, the design storm for culverts that
have a span greater than 6.0 m should be the 100-year event. The minimum required
freeboard is 1 metre between the road surface and the design water elevation.

The existing 1250 mm x 1250 mm box culvert has a narrow hydraulic opening that
restricts the flow at the crossing location, which results in excessive backwater and
higher water surface elevations upstream of the crossing. The results of the existing
condition hydraulic assessment (refer to Section 2.3), found that the existing culvert
provides inadequate freeboard and results in flow overtopping the roadway under
Regional storm conditions. Consequently, a new replacement culvert is recommended
at this location.
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Based on the Carlton Creek Drainage Improvement for the West Cathedral Community,
the culvert crossings that align within this reach of Carlton Creek are 8.5 m by 1.5 m
open bottom concrete structures with wingwalls to reduce the grading footprint.

It is therefore recommended to replace the existing culvert at the Victoria Square
Boulevard crossing C-2 with a similar 8.5m x 1.5m open footing structure, consistent with
the size of the hydraulic opening of the four culvert crossings located upstream and
downstream of Crossing C-2. The recommended culvert replacement will provide a
larger hydraulic opening; which increases the flow width, lowers the water surface
elevation and decreases the flow velocity at the crossing C-2 location. The wider culvert
opening will enhance the riparian habitat conditions at the crossing location, providing a
continuous naturalized corridor along the east branch of Carlton Creek. In addition, the
proposed culvert replacement will eliminate the risk of flow overtopping Victoria Square
Boulevard under Regional storm conditions. To account for the changes to the hydraulic
regime, the existing condition HEC-RAS model was modified to account for the proposed
culvert improvements at the Victoria Square Boulevard crossing. Table 3-3 provides a
summary of the hydraulic assessment. Refer to Appendix C for the HEC-RAS model
output files. Refer to Appendix F for the Carlton Creek water crossing detail.

Table 3-3: Hydraulic Analysis Results - Transverse Culverts (Proposed Condition)

Water Surface Elevation Free-
. Size / u/s D/S Road (m) board 1
eI Material Invert | Invert Length Elev. (100 Clea;::)nce
= (m) (m) (m) (i) (m) 50 Yr | 100 Yr Reg. yr)
(m)
8.5x1.5
C-2 Open 213.68 | 213.60 20.2 216.3 | 214.13 | 214.18 | 214.43 2.12 1.32
footing

Note 1: The soffit elevation of the proposed open footing con-span culvert is to be confirmed during the detail design stage, it is
assumed the thickness of the soffit is 0.80m.

Due to the proposed culvert replacement, there will be minor grading impacts to the
upstream and downstream segments of the Carlton Creek Crossing at Victoria Square
Boulevard. Opportunities for channel realignment to improve the existing aquatic habitat
conditions and incorporate natural channel features within the impacted area are
recommended. For the existing floodplain information provided by TRCA and the
proposed floodline modifications as a result of the culvert upgrade, refer to the floodplain
mapping provided in Appendix F. A summary table comparing the water surface
elevations upstream and downstream of crossing C-2 is provided in Table 3-4.
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Table 3-4: Floodplain Hydraulic Analysis Water Surface Elevation Summary

Existing Regional WSEL Proposed Regional Difference in WSEL
Crossing-Section WSEL

(m) (m) (m)
7205.34 216.62 216.62 -0.21
7205.33 216.55 215.61 -1.15
7205.32 216.54 215.41 -1.13
7205.31 216.53 214.83 -1.70
7205.30 216.53 214.43 -2.10

Crossing C-2 at Victoria Square Boulevard

7205.29 214.92 214.08 -0.84
7205.28 213.73 213.73 -
7205.27 213.61 213.61 -
7205.26 213.61 213.61 -
7205.255 213.61 213.61 -
7205.254 213.55 213.55 -
Culvert (On-line Pond E2)
7205.252 212.87 212.87 -
7205.251 212.94 212.94 -
7205.25 212.82 212.82 -

Crossing at Vine Cliff Boulevard

7205.24 212.19 212.19 -

It is anticipated that the amount of fill within the floodplain will be minimal. An incremental
cut fill analysis should be undertaken during detail design to ensure the grading
modification does not cause a negative impact to the floodplain. The construction of the
culvert replacement shall respect the appropriate timing window to minimize impacts to
in-stream function and fish habitat.

Crossing C-3

Crossing C-3 is a 1200mm x 900mm concrete box sewer that capture the drainage from
the east half of Victoria Square Boulevard right-of-way, and connects to the existing
temporary 1200mm storm sewer system that discharges to Carlton Creek approximately
200m south of Betty Roman Boulevard.

As part of the Cathedral Town Subdivision development, the storm sewer on Betty
Roman Boulevard was designed to accommodate the drainage from the Victoria Square
Boulevard right-of-way. Therefore, it is recommended to redirect the existing 1200mm
storm sewer to the storm sewer on Betty Roman Boulevard. The remaining portion of the
1200mm storm sewer and outlet headwall will be removed.

The hydraulic performance of the downstream storm sewer is anticipated to be
consistent with existing conditions upon completion of the roadway improvements since
the sewers were designed to account for the drainage from Victoria Square Boulevard.
For the hydraulic assessment and storm sewer crossing C-3 details, refer to Table 2-5.
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Crossing C-4

Crossing C-4 is currently a culvert that conveys external drainage west of Victoria
Square Boulevard. As part of the future subdivision development, the storm sewer
system has been designed to accommodate the future roadway widening. The existing
headwall of the culvert crossing will be removed. A manhole will be placed within the
right-of-way to connect the crossing to a storm sewer system which conveys drainage to
a proposed stormwater management pond (B-4) that ultimately discharges to Berczy
Creek. For the hydraulic assessment of the storm sewer system, refer to the Eaton
Square Development Residential subdivision drainage design.
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Stormwater Management Strategy

Stormwater Management Criteria

The stormwater management plan will be designed to comply with the MOECC
Stormwater Management Planning and Design Manual and the TRCA Stormwater
Management Criteria as the following:

»  Water quality control: Enhanced protection (level 1) for the increased pavement
area project-wide;

»  Water quantity control: Control post- development peak flows to pre-development
levels for all storms up to and including the 100 year storm (i.e., 2, 5, 10, 25, 50,
100 year storms);

» Erosion Control: 25mm — 48 hour detention for drainage areas with SWM ponds;
5mm retention in other areas

» \Water Balance: 5mm retention on site

Pavement Area Analysis

A pavement area analysis was performed to determine the increase in the impervious
surface, including the road widening pavement area, multi-use paths within the right-of-
way, as a result of the roadway improvements. It was determined that the proposed
roadway improvements will result in an increase of 1.55 ha for the entire roadway
corridor within the study area.

Table 4-1: Pavement Area Analysis

Roadway Condition Area (ha)
Existing Pavement Area within ROW 4.08
Proposed Pavement Area 5.63
Pavement Area Increase 1.55

Stormwater Best Management Practice Options

The proposed stormwater management plan for the study area has been developed by
examining the existing on-site stormwater management as well as opportunities and
constraints within the entire project area. Runoff from the paved roadway areas will be
conveyed to the existing and proposed roadway storm sewer systems and discharge into
the storm sewer system that ultimately drains to stormwater management facilities or
directly to natural watercourses.

Due to limited space within the roadway right-of-way of this linear transportation corridor
and the presence of the existing stormwater management ponds, it is recommended to
maintain the existing drainage pattern and to continue to utilize the existing stormwater
management ponds for water quality and quantity controls.
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Existing Stormwater Management Facilities (Wet Ponds)

A stormwater management pond operates on the basis of temporary storage (detention)
of runoff to promote the removal of pollutants through sedimentation. They are generally
effective in removing particulate constituents, such as sediments and metals, but
ineffective at removing dissolved constituents such as salt. Extended detention wet
ponds are considered to be effective at achieving an enhanced level of treatment for
roadway runoff. A stormwater management pond can also provide quantity control to the
discharge flow at a regulated rate to match the existing flow rate to ensure that the
existing hydraulic condition will be maintained.

Due to the proximity of Victoria Square Boulevard right-of-way to the existing stormwater
management ponds, a total existing drainage area of 5.87 ha from the Victoria Square
Boulevard right-of-way (2.90 ha Pavement area) currently drains to existing stormwater
management ponds, including Pond W-1, Pond E-3, Pond E-4, Pond B-4 and Pond B-3.
These ponds currently serve as combined water quality and quantity facilities that
provide stormwater treatment to the residential developments adjacent to the study
corridor as well as portions of the Victoria Square right-of-way. Stormwater Management
Pond OL-E1 is an on-line stormwater management pond that do not provide water
quality control.

Based on the proposed roadway widening improvements, a minimum of 4.05 ha of
pavement area (sum of additional pavement area of 1.55 ha and the existing treated
pavement area of 2.50 ha) will require stormwater quality control. Table 4-2 summarizes
the existing drainage and pavement area that currently contribute to the existing
stormwater management ponds. For locations of the SWM facilities, refer to the Project
Key Map included in Appendix A. Drainage Plans corresponding to the adjacent
subdivisions are included in Appendix E.
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Table 4-2: Summary of Existing Drainage Areas from the Victoria Square Boulevard
Right-of-Way Contributing to Stormwater Management Ponds

Existina ROW Existing ROW
Stormwater _ Drainage Xisting Pavement Area to
Management Location Drainage Area to
Area ID Pond
Pond Pond (ha) (ha)

Southwest quadrant of
Victoria Square

W-1 Boulevard and B 0.79 0.38
Woodbine Avenue
(South Connection)

Southwest quadrant of
Victoria Square
Boulevard and Betty
Roman Boulevard

E-3 E,F,H 1.66 0.77

Southwest quadrant of
E-4 Woodbine Avenue and 0.51 0.26
Elgin Mills Road E

200m east of the

intersection of Victoria
Square Boulevard and
Bruce Thomson Drive

B-4 J 1.10 0.60

Northwest corner of
Victoria Square

B-3 Boulevard and K 1.23 0.48
Woodbine Avenue
(North Connection)

Totals 5.29 2.50

Stormwater Management Pond W-1

Pond W-1 is located southwest of the intersection of Victoria Square Boulevard and
Woodbine Avenue (south connection) and currently provides stormwater quality and
quantity control to a total drainage area of approximately 100.10 ha, including a drainage
area of 0.79 ha (0.38 ha pavement area) from the Victoria Square Boulevard corridor. As
part of the Majorwood Developments, Pond W-1 has been sized to accommodate the
drainage from the Victoria Square Boulevard right-of-way between Donald Buttress
Boulevard East and Murison Drive. Refer to the Majorwood Developments Inc. Lakeview
Homes Inc. External Drainage Plan in Appendix E for details.

The proposed stormwater management strategy recommends to convey a total of 1.58
ha (1.05 ha pavement area) of Victoria Square Boulevard ROW area (Drainage Area B &
C) to Pond W-1 via the existing storm sewer system, consistent with the Pond W-1
drainage area plan. Overall, the increased pavement area will result in a net increase in
drainage area of 0.54 ha (0.38 ha pavement area), or approximately a 0.5 % drainage
area increase to the overall contributing area to Pond W-1. To assess the applicability of
the proposed SWM strategy, Pond W-1 and the associated storm sewer network should
be further investigated during detail design to ensure that the stormwater objectives are
effectively addressed.

Stormwater Management Pond E-3

Pond E-3 is located at the southwest corner of Victoria Square Boulevard and Betty
Roman Boulevard and currently provides stormwater quality and quantity control to a
total drainage area of approximately 80.50 ha.
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Under existing conditions, a drainage area (Drainage Area E, F & H) of 1.66 ha (0.77 ha
pavement area) from the Victoria Square Boulevard corridor contributes runoff to Pond
E-3 via the existing storm sewer system. The proposed stormwater management
strategy recommends to convey Victoria Square Boulevard ROW (Drainage Area E, F,
G, H) totalling 2.71 ha (1.88 ha pavement area) to Pond E-3. The net increase in
pavement area of 1.11 ha (1.88 ha-0.77 ha) will result in approximately a 0.5% increase
in the overall imperviousness ratio to Pond E-3. Further investigations and analysis
should be undertaken during detail design to confirm the hydraulic performance of Pond
E-3 based on the proposed drainage strategy.

Stormwater Management Pond E-4

Pond E-4 is located at the northwest corner of Woodbine Avenue and Elgin Mills Road.
Currently, Pond E-4 provides stormwater quality and quantity control to a drainage area
of 54.34 ha, which includes a drainage area of 0.51 ha (0.56 ha pavement area) from the
Victoria Square Boulevard right-of-way corridor.

The west side of the Victoria Square Boulevard roadway corridor will continue to be
conveyed to Pond E-4. The proposed stormwater management strategy recommends to
convey Victoria Square Boulevard ROW (Drainage Area 1), totalling 0.51 ha (0.38 ha
pavement area) to Pond E-4, consistent with the current drainage pattern. The proposed
stormwater strategy is consistent with the drainage plan of the future residential
development (Eaton Square) located east of Victoria Square Boulevard and North of
Elgin Mills Road. For the proposed drainage area information, refer to the Proposed
Drainage Area Plan in Appendix C.

Stormwater Management Pond B-4

Pond B-4 is proposed to be located approximately 200 m east of the intersection of
Victoria Square Boulevard and Bruce Thomson Drive, providing stormwater quality and
quantity control to a drainage area of approximately 21.0 ha. As part of the Eaton Square
subdivision drainage design, the Victoria Square Boulevard future road widening was
taken into consideration; therefore, the storm sewer system and Pond B-4 have been
designed to accommodate a drainage area of approximately 1.10 ha (0.54 ha pavement
area) from the east side of the roadway corridor. The proposed stormwater management
strategy recommends to convey a total of 1.10 ha pavement area (0.71 ha pavement
area) to Pond B-4. The net increase in pavement area of 0.11 ha (0.71 ha - 0.60 ha) will
result in approximately a 0.5% increase in the overall imperviousness ratio to Pond B-4.
Ultimately, Pond B-4 will discharge to the west tributary of Berczy Creek. For details of
the Pond B-4 design, refer to the stormwater management report prepared for the Eaton
Square Development. For the proposed drainage area information, refer to the
Proposed Drainage Area Plan in Appendix C.

Stormwater Management Pond B-3

Pond B-3 is located at the northwest corner of Victoria Square Boulevard and Woodbine
Avenue (North connection), providing stormwater quality and quantity control to a
drainage area of 66.0 ha including a drainage area of 1.23 ha (0.48 ha pavement area)
from the Victoria Square Boulevard right-of-way. The proposed stormwater strategy
recommends maintaining the existing drainage pattern. The future roadway widening will
result in a net increase of 0.14 ha (0.62 ha - 0.48 ha) in the pavement area, which is
approximately 0.2 % increase of the overall imperviousness contributing to Pond B-3.
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Ultimately, Pond B-3 discharges to the west tributary of Berczy Creek. Further
investigations and analysis should be undertaken during detail design to confirm the
performance of Pond B-3 based on the proposed drainage strategy.

Table 4-3 summarizes the drainage and pavement areas that are proposed to contribute
to the existing stormwater management ponds.

Table 4-3: Summary of Proposed Drainage Areas from the Victoria Square Boulevard
Right-of-Way Contributing to Stormwater Management Ponds

Proposed Proposed

Nslt°"mwatert P Drainage | ROW Drainage | Pavement
ansge;nen ArealD | AreatoPond | Areato Pond
on

(ha) (ha)

Southwest quadrant of Victoria Square
W-1 Boulevard and Woodbine Avenue B,C 1.58 1.05
(South Connection)

Southwest quadrant of Victoria Square

E-3 Boulevard and Betty Roman Boulevard E.F,GH 2. 1.88
Southwest quadrant of Woodbine

E-4 Avenue and Elgin Mills Road E I 0.51 0.38
200m east of the intersection of Victoria

B-4 Square Boulevard and Bruce Thomson J 1.10 0.71
Drive

northwest corner of Victoria Square
B-3 Boulevard and Woodbine Avenue K 1.23 0.62
(North Connection)

Totals 7.13 4.64

All information relating to the design of the existing SWM facilities was obtained from the
stormwater management reports supplied by the City of Markham. Overall, the existing
drainage pattern will not be altered based on the proposed roadway improvements. It is
expected that the quantity of runoff from the additional paved section of the roadway will
result only in a very minor increase in the runoff and that sufficient storage capacity is
available in each SWM Pond to accommodate the minor increase in runoff volume.

A summary table of the permanent pool and extended detention volume requirement is
presented in Table 4-4. The analysis carried out below indicates that the stormwater
management ponds have sufficient capacity to provide water quality control to the
additional pavement area from the Right-Of-Way. Note that during the detailed design
phase of the project, the stormwater management pond requirements shall be reviewed
and to confirmed.
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Table 4-4: Stormwater Management Pond Permanent Pool and Extended Detention
Volume Summary

Permanent Pool Volume Extended Detention Volume
Available Available Requirement Requirement
Stormwater | Permanent | Extended (m?) (m?)
Management | Pool Storage | Detention . ROW . ROW
Pond Volume Volume OI;'Q'E‘daI Req'd IIOt?L OI;'Q'E‘daI Req’d Total
(m?) (m?) Vo?l?me LD VoTl?me Vo?:me LD Raqd
(Note 2) (Note 2) | Volume
W-1 22,183 22,679 18,872 141 19,013 22,000 27 22,027
E-3 17,076 23,464 6,750 233 6,983 8,975 44 9,019
E-4 9,185 9,010 8,528 25 8,553 8,368 5 8,373
B-4 (Note 1) n/a n/a n/a 36 n/a n/a 7 n/a
B-3 12,800 10,667 12,275 29 12,304 7,451 6 7,457
Notes:

1. No information is available at the time when this report was prepared. Note that as part of the Subdivision design,
the stormwater management pond was designed to accommodate the ROW drainage from Victoria Square
Boulevard.

2. Volume obtained from Table 3.2 from MOE Stormwater Management Planning and Design Manual (2003) based
on 85% Imperviousness level. Unit volume determined to be 210 m%ha for permanent pool and 40 m®ha for
extended detention.

Low Impact Development Opportunities

Low impact development stormwater practices shall be explored based on physical site
conditions and further geotechnical and hydrogeological investigations during the next
phase of design. Efforts are to be made to examine opportunities to provide at-source
and conveyance controls that would encourage groundwater recharge, thereby reducing
stormwater runoff volumes and pollutants prior to discharging to receiving systems.

There exists an opportunity to implement an LID feature at a proposed storm outfall
located at the Carlton Creek (Crossing C-2) location, where drainage area D (a
pavement area of 0.45 ha) is proposed to discharge directly to Carlton Creek. This is a
suitable location for LID implementation as there is ample space available at the outfall
location to implement stormwater management features. As per the geotechnical
investigation, silty clay and sand deposit was encountered within the borehole
investigation in the area adjacent to Carlton Creek. As such, the soil appears to provide
suitable conditions for LID feature implementation. The groundwater table is
approximately at a depth of 5.79m (Elevation 210.70 m) within the study area, which also
would allow for the implementation of LID features.

The proposed storm system can be implemented with an oil grit separator and an
infiltration gallery at the outfall location to provide overall water quality control and runoff
volume reduction. The geometry layout of the infiltration gallery shall be designed as per
the Low Impact Development Stormwater Management Planning Design Guide. Details
of the storm and LID system should be explored further during detail design. Refer to the
Proposed Drainage Plan in Appendix C for conceptual location.
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Stormwater Management Plan Summary

The recommended stormwater management strategy will provide water quality treatment
to a total pavement area of 5.09 ha, which exceeds the minimum required pavement
area to be treated of 4.05 ha. Table 4-5 provides a summary of the stormwater
management plan and overall pavement treatment.

Table 4-5: Stormwater Management Summary

Roadway Condition Area (ha)
Pavement Area Increase 1.55
Pavement Area Treated by SWM Ponds (Existing Condition) 2.50
Minimum Required Pavement Area to be treated 4.05
Pavement Area To Be Treated by SWM Ponds (Proposed Condition) 4.64
Pavement Area To Be Treated by LID (Proposed Condition) 0.45
Total Pavement Area Provided with Water Quality Control 5.09
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Conclusions

The Victoria Square Boulevard corridor from Woodbine Avenue (south connection) to
Woodbine Avenue (north connection) is proposed to be widened to accommodate the
roadway improvements consisting of an urban roadway cross-section. Storm sewers
shall be sized to accommodate a 5-year storm event as per City of Markham Design
Guidelines. A series of catchbasins and storm sewers are proposed to collect and
convey storm runoff and discharge to existing storm drainage systems and outfall
locations that maintain the existing drainage patterns.

The proposed improvements to the Victoria Square corridor will result in replacing one
culvert at the Carlton Creek crossing (Crossing C-2) that is located approximately 200 m
south of Betty Roman Boulevard. Crossing C-1 is recommended to be maintained and
cleaned out to ensure positive drainage flow. Crossing C-3 and C-4, which are form part
of the existing storm sewer network, are to be extended to accommodate the roadway
improvements. Crossing C-3 is to be connected to the subdivision storm sewer system to
accommodate the roadway improvements, and the existing outfall to Carlton Creek is to
be removed. Crossing C-4 is to be connected to the subdivision storm sewer system to
accommodate the roadway improvements.

The proposed stormwater management strategy will provide quality and quantity control
in accordance with the design criteria outlined in the MOECC Stormwater Management
Planning and Design Manual, City of Markham Design Guidelines and TRCA Stormwater
Management Criteria.

The proposed road widening will result in an additional pavement area of 1.55 hectares.
Presently, stormwater management ponds (Pond W-1, E-3, E-4, B-4 and B-3) located in
the vicinity of the roadway corridor within existing residential subdivisions, currently
provides quality treatment and peak flow control to the Victoria Square Boulevard
pavement area of 250 hectares. Consequently, with the proposed roadway
improvements, stormwater quality treatment will be required for a minimum 4.05 ha
pavement area. The proposed stormwater management strategy will maintain the
existing drainage pattern and provide quality and quantity control for 4.64 hectares of
pavement area via the existing five stormwater management ponds, including a
proposed storm sewer system integrated with an oil grit separator and an infiltration
gallery with discharge to Carlton Creek south of Betty Roman Boulevard.

To assess the applicability of the proposed SWM strategy, the existing stormwater
management ponds are to be further investigated during detail design to ensure that the
stormwater objectives are effectively addressed. Additional low impact development
stormwater best management practices are to be further explored during detail design,
based on physical site applicability and soil/ground water conditions.
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Project Key Map
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Existing Drainage Area

Plan
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Proposed Drainage Area

Plan
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Culvert Calculator Report

Culvert C1

Solve For: Headwater Elevation
Culvert Summary
Allowable HW Elevation 209.80 m Headwater Depth/Height 0.82
Computed Headwater Elev: 209.09 m Discharge 0.4200 m3/s
Inlet Control HW Elev. 209.04 m Tailwater Elevation 208.56 m
Outlet Control HW Elev. 209.09 m Control Type Outlet Control
Grades
Upstream Invert 208.44 m Downstream Invert 208.17 m
Length 37.20 m Constructed Slope 0.007258 m/m
Hydraulic Profile
Profile M2 Depth, Downstream 0.39 m
Slope Type Mild Normal Depth 049 m
Flow Regime Subcritical Critical Depth 0.39 m
Velocity Downstream 1.73 m/s Critical Slope 0.015014 m/m
Section
Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 0.80 m
Section Size 800mm Rise 0.80 m
Number Sections 1
Outlet Control Properties
Outlet Control HW Elev. 209.09 m Upstream Velocity Head 0.09 m
Ke 0.90 Entrance Loss 0.08 m
Inlet Control Properties
Inlet Control HW Elev. 209.04 m Flow Control N/A
Inlet Type Projecting Area Full 0.5 m?
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000

Project Engineer: mli
c:\...\design\culvert master\c-1.cvm HDR - Canada CulvertMaster v3.3 [03.03.00.04]
09/13/17 10:44:18 AMO© Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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HEC-RAS Plan: Plan 01 River: Carleton Creek Reach: Reach 2
Reach River Sta Profile Q Total Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(m3/s) (m) (m) (m) (m) (m/m) (mis) (m2) (m)

Reach 2 7205.38 Regional 8.59 218.50 219.675 219.67 219.91 0.010551 2.56 7.15 18.98 0.76
Reach 2 7205.38 100 YR 4.56 218.50 219.383 219.38 219.61 0.012230 2.27 3.18 9.66 0.78
Reach 2 7205.38 50 YR 3.97 218.50 219.322 219.32 219.55 0.012906 2.22 2.63 8.44 0.79
Reach 2 7205.38 25 YR 3.40 218.50 219.251 219.25 219.48 0.014133 2.18 2.08 7.02 0.82
Reach 2 7205.38 10 YR 2.65 218.50 219.174 219.12 219.37 0.013436 1.97 1.60 5.49 0.78
Reach 2 7205.38 5YR 2.09 218.50 219.121 219.00 219.27 0.011559 1.73 1.34 4.41 0.72
Reach 2 7205.38 2YR 1.31 218.50 218.964 219.08 0.012500 1.49 0.88 1.99 0.72
Reach 2 7205.37 Regional 8.59 218.00 219.389 219.49 0.004145 1.80 10.63 19.78 0.49
Reach 2 7205.37 100 YR 4.56 218.00 219.065 219.17 0.004829 1.62 5.27 13.30 0.51
Reach 2 7205.37 50 YR 3.97 218.00 219.004 219.10 0.004952 1.58 4.49 12.07 0.51
Reach 2 7205.37 25 YR 3.40 218.00 218.939 219.04 0.005046 1.52 3.76 10.78 0.51
Reach 2 7205.37 10 YR 2.65 218.00 218.826 218.92 0.005630 1.47 2.66 8.51 0.52
Reach 2 7205.37 5YR 2.09 218.00 218.697 218.50 218.81 0.007300 1.49 1.73 5.94 0.58
Reach 2 7205.37 2YR 1.31 218.00 218.576 218.65 0.006010 1.18 1.16 3.51 0.51
Reach 2 7205.36 Regional 8.59 217.50 218.771 218.77 219.09 0.011185 2.78 5.22 10.76 0.80
Reach 2 7205.36 100 YR 4.56 217.50 218.373 218.37 218.68 0.015427 2.53 2.25 4.98 0.88
Reach 2 7205.36 50 YR 3.97 217.50 218.298 218.30 218.60 0.016626 2.47 1.90 4.38 0.90
Reach 2 7205.36 25 YR 3.40 217.50 218.218 218.22 218.51 0.018224 2.40 1.58 3.74 0.92
Reach 2 7205.36 10 YR 2.65 217.50 218.139 218.10 218.37 0.017072 2.14 1.30 3.1 0.87
Reach 2 7205.36 5YR 2.09 217.50 218.132 218.28 0.011018 1.71 1.28 3.06 0.70
Reach 2 7205.36 2YR 1.31 217.50 217.907 217.87 218.06 0.018630 1.71 0.77 1.96 0.88
Reach 2 7205.35 Regional 9.45 216.50 217.577 217.58 217.76 0.011211 2.49 9.43 27.49 0.77
Reach 2 7205.35 100 YR 5.02 216.50 217.389 217.39 217.55 0.010279 2.09 5.05 19.10 0.72
Reach 2 7205.35 50 YR 4.37 216.50 217.350 217.35 217.51 0.010114 2.01 4.34 17.38 0.71
Reach 2 7205.35 25 YR 3.74 216.50 217.295 217.30 217.46 0.010748 1.98 3.46 14.98 0.72
Reach 2 7205.35 10 YR 2.92 216.50 217.211 217.21 217.38 0.011686 1.91 2.36 11.30 0.74
Reach 2 7205.35 5YR 2.30 216.50 217.076 217.08 217.29 0.018290 2.07 1.23 5.35 0.89
Reach 2 7205.35 2YR 1.44 216.50 217.028 216.89 217.13 0.009918 1.43 1.02 3.23 0.64
Reach 2 7205.34 Regional 9.45 215.50 216.623 216.62 216.83 0.011262 2.57 8.47 22.14 0.78
Reach 2 7205.34 100 YR 5.02 215.50 216.406 216.41 216.59 0.010829 2.17 4.42 15.12 0.74
Reach 2 7205.34 50 YR 4.37 215.50 216.360 216.36 216.54 0.010862 2.10 3.76 13.63 0.73
Reach 2 7205.34 25 YR 3.74 215.50 216.303 216.30 216.49 0.011306 2.04 3.04 11.80 0.74
Reach 2 7205.34 10 YR 2.92 215.50 216.199 216.20 216.39 0.013375 2.02 1.99 8.43 0.79
Reach 2 7205.34 5YR 2.30 215.50 216.170 216.06 216.31 0.010017 1.70 1.75 7.49 0.67
Reach 2 7205.34 2YR 1.44 215.50 215.897 215.90 216.09 0.024222 1.93 0.75 1.96 1.00
Reach 2 7205.33 Regional 9.45 214.50 216.517 216.53 0.000374 0.70 34.60 39.42 0.16
Reach 2 7205.33 100 YR 5.02 214.50 216.396 216.40 0.000149 0.42 30.02 36.39 0.10
Reach 2 7205.33 50 YR 4.37 214.50 216.334 216.34 0.000135 0.39 27.83 34.86 0.09
Reach 2 7205.33 25 YR 3.74 214.50 215.803 215.82 0.000673 0.69 12.65 23.55 0.20
Reach 2 7205.33 10 YR 2.92 214.50 215.289 215.20 215.41 0.007441 1.64 2.94 11.81 0.60
Reach 2 7205.33 5YR 2.30 214.50 215.093 215.06 215.29 0.016453 2.00 1.28 5.15 0.85
Reach 2 7205.33 2YR 1.44 214.50 215.107 215.18 0.005890 1.22 1.36 5.62 0.51
Reach 2 7205.32 Regional 10.39 214.00 216.513 216.51 0.000064 0.33 83.02 67.89 0.07
Reach 2 7205.32 100 YR 5.52 214.00 216.394 216.39 0.000023 0.20 75.13 65.23 0.04
Reach 2 7205.32 50 YR 4.80 214.00 216.333 216.33 0.000020 0.18 71.18 63.86 0.04
Reach 2 7205.32 25 YR 4.11 214.00 215.800 215.80 0.000068 0.28 40.31 51.92 0.07
Reach 2 7205.32 10 YR 3.21 214.00 215.297 215.30 0.000341 0.49 17.36 37.40 0.14
Reach 2 7205.32 5YR 2.53 214.00 215.086 215.10 0.000690 0.62 10.31 29.28 0.19
Reach 2 7205.32 2YR 1.59 214.00 214.632 214.42 214.71 0.005934 1.26 1.63 8.35 0.51
Reach 2 7205.31 Regional 10.39 213.50 216.501 216.51 0.000168 0.61 57.19 74.95 0.11
Reach 2 7205.31 100 YR 5.52 213.50 216.390 216.39 0.000063 0.36 49.37 65.56 0.07
Reach 2 7205.31 50 YR 4.80 213.50 216.329 216.33 0.000055 0.33 45.54 60.42 0.06
Reach 2 7205.31 25 YR 4.11 213.50 215.791 215.80 0.000117 0.42 23.88 28.28 0.09
Reach 2 7205.31 10 YR 3.21 213.50 215.274 215.28 0.000293 0.56 12.01 17.64 0.14
Reach 2 7205.31 5YR 2.53 213.50 215.059 215.07 0.000343 0.56 8.69 13.20 0.14
Reach 2 7205.31 2YR 1.59 213.50 214.578 214.60 0.000737 0.64 3.78 7.78 0.20
Reach 2 7205.3 Regional 10.39 213.58 216.503 215.08 216.50 0.000050 0.29 117.69 130.14 0.05
Reach 2 7205.3 100 YR 5.52 213.58 216.391 214.68 216.39 0.000020 0.18 103.57 121.61 0.03
Reach 2 7205.3 50 YR 4.80 213.58 216.330 214.62 216.33 0.000018 0.17 96.31 116.94 0.03
Reach 2 7205.3 25 YR 411 213.58 215.749 214.55 215.78 0.000801 0.96 5.91 72.42 0.21
Reach 2 7205.3 10 YR 3.21 213.58 215.222 214.45 215.26 0.001409 1.05 4.23 32.01 0.26
Reach 2 7205.3 5YR 2.53 213.58 215.011 214.36 215.05 0.001498 0.99 3.55 15.83 0.26
Reach 2 7205.3 2YR 1.59 213.58 214.498 214.19 214.55 0.003620 1.14 1.91 8.07 0.38
Reach 2 7205.295 Bridge

Reach 2 7205.29 Regional 10.39 213.29 215.160 215.16 215.96 0.025652 4.14 2.79 18.81 0.97
Reach 2 7205.29 100 YR 5.52 213.29 214.584 214.58 215.12 0.027462 3.35 1.81 7.91 0.94
Reach 2 7205.29 50 YR 4.80 213.29 214.483 214.48 214.98 0.027890 3.19 1.64 6.75 0.94
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HEC-RAS Plan: Plan 01 River: Carleton Creek Reach:

Reach 2 (Continued)

Reach River Sta Profile Q Total Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(m3/s) (m) (m) (m) (m) (m/m) (mis) (m2) (m)

Reach 2 7205.29 25 YR 4.11 213.29 214.384 214.38 214.83 0.028030 3.02 1.47 5.61 0.92
Reach 2 7205.29 10 YR 3.21 213.29 214.224 214.22 214.62 0.030366 2.83 1.20 3.77 0.94
Reach 2 7205.29 5YR 2.53 213.29 214.081 214.08 214.45 0.034006 2.68 0.96 213 0.96
Reach 2 7205.29 2YR 1.59 213.29 213.859 213.86 21414 0.035035 2.35 0.68 1.20 1.00
Reach 2 7205.28 Regional 11.43 213.00 213.727 213.75 0.001045 0.72 20.62 48.77 0.28
Reach 2 7205.28 100 YR 6.07 213.00 213.521 213.54 0.001094 0.58 11.99 34.93 0.27
Reach 2 7205.28 50 YR 5.28 213.00 213.493 213.51 0.001023 0.53 11.04 33.18 0.26
Reach 2 7205.28 25 YR 4.53 213.00 213.461 213.47 0.000977 0.50 10.00 31.64 0.25
Reach 2 7205.28 10 YR 3.53 213.00 213.417 213.43 0.000879 0.44 8.64 29.51 0.23
Reach 2 7205.28 5YR 2.78 213.00 213.373 213.38 0.000835 0.39 7.41 27.43 0.22
Reach 2 7205.28 2YR 1.74 213.00 213.305 213.31 0.000725 0.31 5.64 2413 0.20
Reach 2 7205.27 Regional 11.43 213.00 213.611 213.65 0.002069 0.89 15.61 41.72 0.38
Reach 2 7205.27 100 YR 6.07 213.00 213.323 213.38 0.006978 1.01 6.11 25.32 0.61
Reach 2 7205.27 50 YR 5.28 213.00 213.307 213.23 213.35 0.006515 0.94 5.69 2445 0.59
Reach 2 7205.27 25 YR 4.53 213.00 213.295 213.20 213.33 0.005568 0.84 5.41 23.86 0.54
Reach 2 7205.27 10 YR 3.53 213.00 213.267 213.18 213.29 0.005091 0.74 4.75 22.37 0.51
Reach 2 7205.27 5YR 2.78 213.00 213.242 213.17 213.26 0.004625 0.66 4.21 21.24 0.47
Reach 2 7205.27 2YR 1.74 213.00 213.194 213.11 213.21 0.003935 0.54 3.24 19.74 0.42
Reach 2 7205.26 Regional 11.43 213.00 213.611 213.63 0.000931 0.60 22.51 53.12 0.25
Reach 2 7205.26 100 YR 6.07 213.00 213.270 213.31 0.006154 0.84 7.26 33.11 0.56
Reach 2 7205.26 50 YR 5.28 213.00 213.192 213.25 0.015857 1.09 4.86 29.30 0.85
Reach 2 7205.26 25 YR 4.53 213.00 213.158 213.16 213.23 0.023175 117 3.88 27.87 1.00
Reach 2 7205.26 10 YR 3.53 213.00 213.135 213.13 213.19 0.024244 1.09 3.25 26.91 1.00
Reach 2 7205.26 5YR 2.78 213.00 213.115 213.12 213.17 0.025913 1.02 2.73 26.09 1.01
Reach 2 7205.26 2YR 1.74 213.00 213.094 213.09 213.13 0.020009 0.79 2.19 25.22 0.86
Reach 2 7205.255 Regional 11.43 212.00 213.608 213.61 0.000083 0.33 67.50 81.27 0.09
Reach 2 7205.255 100 YR 6.07 212.00 213.276 213.28 0.000071 0.26 42.35 70.16 0.08
Reach 2 7205.255 50 YR 5.28 212.00 213.213 213.22 0.000069 0.25 37.94 67.97 0.08
Reach 2 7205.255 25 YR 4.53 212.00 213.154 213.16 0.000065 0.23 34.02 65.96 0.07
Reach 2 7205.255 10 YR 3.53 212.00 213.079 213.08 0.000056 0.20 29.13 63.36 0.07
Reach 2 7205.255 5YR 2.78 212.00 213.004 213.01 0.000050 0.18 24.52 60.81 0.06
Reach 2 7205.255 2YR 1.74 212.00 212911 212.91 0.000031 0.13 19.26 52.45 0.05
Reach 2 7205.254 Regional 11.43 212.00 213.554 212.64 213.60 0.000756 1.05 14.47 79.57 0.27
Reach 2 7205.254 100 YR 6.07 212.00 213.254 212.44 213.27 0.000442 0.70 11.58 69.37 0.20
Reach 2 7205.254 50 YR 5.28 212.00 213.194 212.40 213.21 0.000396 0.64 11.00 67.32 0.19
Reach 2 7205.254 25 YR 4.53 212.00 213.139 212.37 213.15 0.000342 0.58 10.48 65.44 0.17
Reach 2 7205.254 10 YR 3.53 212.00 213.068 212.32 213.08 0.000258 0.48 9.80 63.01 0.15
Reach 2 7205.254 5YR 2.78 212.00 212.997 212.27 213.00 0.000203 0.41 9.1 60.39 0.13
Reach 2 7205.254 2YR 1.74 212.00 212.908 212.20 212.91 0.000109 0.28 8.26 52.15 0.09
Reach 2 7205.253 Culvert

Reach 2 7205.252 Regional 11.43 212.00 212.873 212.64 213.04 0.005805 1.99 7.23 48.87 0.68
Reach 2 7205.252 100 YR 6.07 212.00 212.573 212.42 212.69 0.006734 1.62 4.71 21.68 0.68
Reach 2 7205.252 50 YR 5.28 212.00 212.525 212.39 212.63 0.006846 1.54 4.31 17.39 0.68
Reach 2 7205.252 25 YR 4.53 212.00 212.476 212.35 212.57 0.006979 1.46 3.91 14.84 0.67
Reach 2 7205.252 10 YR 3.53 212.00 212.411 212.30 212.49 0.006949 1.32 3.36 13.93 0.66
Reach 2 7205.252 5YR 2.78 212.00 212.356 212.26 212.42 0.007040 1.20 2.90 13.15 0.64
Reach 2 7205.252 2YR 1.74 212.00 212.274 212.19 212.32 0.006662 0.98 2.22 12.01 0.60
Reach 2 7205.251 Regional 11.43 212.00 212.941 212.97 0.001047 0.81 21.25 55.16 0.28
Reach 2 7205.251 100 YR 6.07 212.00 212.609 212.64 0.002041 0.80 8.03 24.94 0.37
Reach 2 7205.251 50 YR 5.28 212.00 212.556 212.59 0.002283 0.79 6.83 20.19 0.38
Reach 2 7205.251 25 YR 4.53 212.00 212.503 212.53 0.002590 0.77 5.88 15.44 0.40
Reach 2 7205.251 10 YR 3.53 212.00 212.430 212.46 0.002824 0.74 4.80 14.19 0.40
Reach 2 7205.251 5YR 2.78 212.00 212.369 212.39 0.003038 0.70 3.97 13.34 0.41
Reach 2 7205.251 2YR 1.74 212.00 212.280 212.30 0.003203 0.61 2.84 12.09 0.40
Reach 2 7205.25 Regional 11.43 212.00 212.820 212.55 212.94 0.003924 1.57 8.18 43.93 0.55
Reach 2 7205.25 100 YR 6.07 212.00 212.537 212.37 212.62 0.004584 1.28 5.31 18.51 0.56
Reach 2 7205.25 50 YR 5.28 212.00 212.491 212.33 212.56 0.004719 1.22 4.84 15.04 0.56
Reach 2 7205.25 25 YR 4.53 212.00 212.444 212.30 212.51 0.004856 1.16 4.37 14.39 0.56
Reach 2 7205.25 10 YR 3.53 212.00 212.380 212.26 212.43 0.004997 1.06 3.71 13.49 0.55
Reach 2 7205.25 5YR 2.78 212.00 212.324 212.22 212.37 0.005343 0.98 3.14 12.70 0.55
Reach 2 7205.25 2YR 1.74 212.00 212.242 212.16 212.28 0.005652 0.83 2.31 11.56 0.54
Reach 2 7205.245 Bridge

Reach 2 7205.24 Regional 12.58 211.50 212.192 212.11 212.43 0.009649 2.20 5.85 29.84 0.84
Reach 2 7205.24 100 YR 6.68 211.50 211.979 211.91 21212 0.009304 1.69 4.04 25.96 0.78
Reach 2 7205.24 50 YR 5.81 211.50 211.940 211.87 212.07 0.009343 1.60 3.71 24.99 0.77
Reach 2 7205.24 25 YR 4.98 211.50 211.890 211.83 212.01 0.010257 1.54 3.29 23.74 0.79




Carlton Creek, Crossing at Victoria Square Boulevard (Proposed Condition)
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HEC-RAS Plan: Plan 02 River: Carleton Creek Reach: Reach 2
Reach River Sta Profile Q Total Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(m3/s) (m) (m) (m) (m) (m/m) (mis) (m2) (m)

Reach 2 7205.38 Regional 8.59 218.50 219.67 219.67 219.91 0.010551 2.56 7.15 18.98 0.76
Reach 2 7205.38 100 YR 4.56 218.50 219.38 219.38 219.61 0.012230 2.27 3.18 9.66 0.78
Reach 2 7205.38 50 YR 3.97 218.50 219.32 219.32 219.55 0.012906 2.22 2.63 8.44 0.79
Reach 2 7205.38 25 YR 3.40 218.50 219.25 219.25 219.48 0.014133 2.18 2.08 7.02 0.82
Reach 2 7205.38 10 YR 2.65 218.50 219.17 219.12 219.37 0.013436 1.97 1.60 5.49 0.78
Reach 2 7205.38 5YR 2.09 218.50 219.10 219.00 219.27 0.012825 1.79 1.27 4.08 0.75
Reach 2 7205.38 2YR 1.31 218.50 218.96 219.08 0.012501 1.49 0.88 1.99 0.72
Reach 2 7205.37 Regional 8.59 218.00 219.39 219.49 0.004145 1.80 10.63 19.78 0.49
Reach 2 7205.37 100 YR 4.56 218.00 219.07 219.17 0.004829 1.62 5.27 13.30 0.51
Reach 2 7205.37 50 YR 3.97 218.00 219.00 219.10 0.004952 1.58 4.49 12.07 0.51
Reach 2 7205.37 25 YR 3.40 218.00 218.94 219.04 0.005046 1.52 3.76 10.78 0.51
Reach 2 7205.37 10 YR 2.65 218.00 218.83 218.92 0.005630 1.47 2.66 8.51 0.52
Reach 2 7205.37 5YR 2.09 218.00 218.73 218.83 0.005877 1.39 1.97 6.68 0.53
Reach 2 7205.37 2YR 1.31 218.00 218.58 218.65 0.006008 1.18 1.16 3.51 0.51
Reach 2 7205.36 Regional 8.59 217.50 218.77 218.77 219.09 0.011185 2.78 5.22 10.76 0.80
Reach 2 7205.36 100 YR 4.56 217.50 218.37 218.37 218.68 0.015427 2.53 2.25 4.98 0.88
Reach 2 7205.36 50 YR 3.97 217.50 218.30 218.30 218.60 0.016626 2.47 1.90 4.38 0.90
Reach 2 7205.36 25 YR 3.40 217.50 218.22 218.22 218.51 0.018224 2.40 1.58 3.74 0.92
Reach 2 7205.36 10 YR 2.65 217.50 218.14 218.10 218.37 0.017072 2.14 1.30 3.1 0.87
Reach 2 7205.36 5YR 2.09 217.50 218.05 218.00 218.25 0.017933 1.98 1.06 241 0.87
Reach 2 7205.36 2YR 1.31 217.50 217.91 217.87 218.06 0.018647 1.71 0.76 1.96 0.88
Reach 2 7205.35 Regional 9.45 216.50 217.58 217.58 217.76 0.011211 2.49 9.43 27.49 0.77
Reach 2 7205.35 100 YR 5.02 216.50 217.39 217.39 217.55 0.010279 2.09 5.05 19.10 0.72
Reach 2 7205.35 50 YR 4.37 216.50 217.35 217.35 217.51 0.010114 2.01 4.34 17.38 0.71
Reach 2 7205.35 25 YR 3.74 216.50 217.30 217.30 217.46 0.010748 1.98 3.46 14.98 0.72
Reach 2 7205.35 10 YR 2.92 216.50 217.21 217.21 217.38 0.011686 1.91 2.36 11.30 0.74
Reach 2 7205.35 5YR 2.30 216.50 217.16 217.08 217.30 0.010343 1.71 1.83 9.04 0.68
Reach 2 7205.35 2YR 1.44 216.50 217.03 216.89 217.13 0.009915 1.43 1.02 3.23 0.64
Reach 2 7205.34 Regional 9.45 215.50 216.62 216.62 216.83 0.011262 2.57 8.47 22.14 0.78
Reach 2 7205.34 100 YR 5.02 215.50 216.41 216.41 216.59 0.010819 217 4.43 15.12 0.74
Reach 2 7205.34 50 YR 4.37 215.50 216.36 216.36 216.54 0.011009 2.1 3.73 13.56 0.74
Reach 2 7205.34 25 YR 3.74 215.50 216.30 216.30 216.49 0.011306 2.04 3.04 11.80 0.74
Reach 2 7205.34 10 YR 2.92 215.50 216.20 216.20 216.39 0.013375 2.02 1.99 8.43 0.79
Reach 2 7205.34 5YR 2.30 215.50 216.06 216.06 216.29 0.020801 2.15 1.12 3.85 0.94
Reach 2 7205.34 2YR 1.44 215.50 215.90 215.90 216.09 0.024220 1.93 0.75 1.96 1.00
Reach 2 7205.33 Regional 9.45 214.50 215.61 215.61 215.81 0.011268 2.55 8.36 20.64 0.78
Reach 2 7205.33 100 YR 5.02 214.50 215.40 215.40 215.59 0.010736 2.16 4.52 15.71 0.74
Reach 2 7205.33 50 YR 4.37 214.50 215.38 215.36 215.54 0.009253 1.97 4.20 15.00 0.68
Reach 2 7205.33 25 YR 3.74 214.50 215.36 215.30 215.49 0.008024 1.80 3.80 14.07 0.63
Reach 2 7205.33 10 YR 2.92 214.50 215.30 215.20 215.41 0.006728 1.58 3.14 12.35 0.57
Reach 2 7205.33 5YR 2.30 214.50 215.26 215.06 215.34 0.005617 1.38 2.60 10.77 0.52
Reach 2 7205.33 2YR 1.44 214.50 215.14 215.20 0.004674 1.13 1.58 6.83 0.46
Reach 2 7205.32 Regional 10.39 214.00 215.41 215.44 0.002066 1.28 21.88 41.78 0.35
Reach 2 7205.32 100 YR 5.52 214.00 215.08 215.14 0.003319 1.36 10.27 29.22 0.42
Reach 2 7205.32 50 YR 4.80 214.00 215.02 215.08 0.003886 1.41 8.34 26.57 0.45
Reach 2 7205.32 25 YR 4.11 214.00 214.94 215.01 0.004515 1.44 6.57 23.31 0.48
Reach 2 7205.32 10 YR 3.21 214.00 214.84 214.75 214.92 0.005736 1.50 4.33 18.13 0.53
Reach 2 7205.32 5YR 2.53 214.00 214.74 214.65 214.84 0.007197 1.54 2.77 13.36 0.58
Reach 2 7205.32 2YR 1.59 214.00 214.56 214.42 214.67 0.009786 1.48 1.15 4.84 0.65
Reach 2 7205.31 Regional 10.39 213.50 214.83 214.83 215.18 0.012107 2.99 6.05 10.30 0.83
Reach 2 7205.31 100 YR 5.52 213.50 214.48 214.48 214.78 0.013639 2.57 3.04 6.77 0.84
Reach 2 7205.31 50 YR 4.80 213.50 214.44 214.41 214.70 0.012320 2.37 2.78 6.37 0.79
Reach 2 7205.31 25 YR 4.11 213.50 214.39 214.32 214.61 0.011111 2.18 2.50 5.92 0.75
Reach 2 7205.31 10 YR 3.21 213.50 214.33 214.20 214.50 0.009272 1.89 2.13 5.26 0.67
Reach 2 7205.31 5YR 2.53 213.50 214.27 214.08 214.40 0.007696 1.63 1.84 4.68 0.61
Reach 2 7205.31 2YR 1.59 213.50 21417 213.92 214.24 0.005233 1.22 1.42 3.66 0.49
Reach 2 7205.3 Regional 10.39 213.62 214.43 214.43 214.73 0.011984 2.48 4.80 9.59 0.93
Reach 2 7205.3 100 YR 5.52 213.62 214.18 214.18 214.40 0.015009 2.09 2.76 7.23 0.97
Reach 2 7205.3 50 YR 4.80 213.62 214.13 21413 214.34 0.016157 2.02 2.44 6.79 0.99
Reach 2 7205.3 25 YR 411 213.62 214.09 214.09 214.28 0.016688 1.92 217 6.40 0.99
Reach 2 7205.3 10 YR 3.21 213.62 214.03 214.03 214.19 0.018391 1.79 1.79 5.81 1.01
Reach 2 7205.3 5YR 2.53 213.62 213.98 213.98 21412 0.018964 1.66 1.52 5.42 1.00
Reach 2 7205.3 2YR 1.59 213.62 213.89 213.89 214.00 0.021648 1.50 1.06 4.85 1.03
Reach 2 7205.295 Culvert

Reach 2 7205.29 Regional 10.39 212.96 214.08 214.08 214.43 0.013244 2.62 4.25 7.56 0.95
Reach 2 7205.29 100 YR 5.52 212.96 213.78 213.78 214.05 0.016882 2.27 2.43 4.74 1.01
Reach 2 7205.29 50 YR 4.80 212.96 213.73 213.73 213.98 0.016871 2.19 2.19 4.50 1.00
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HEC-RAS Plan: Plan 02 River: Carleton Creek Reach:

Reach 2 (Continued)

Reach River Sta Profile Q Total Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(m3/s) (m) (m) (m) (m) (m/m) (mis) (m2) (m)

Reach 2 7205.29 25 YR 4.11 212.96 213.68 213.68 213.90 0.017175 2.12 1.94 4.25 1.00
Reach 2 7205.29 10 YR 3.21 212.96 213.59 213.59 213.80 0.017479 2.00 1.61 3.90 0.99
Reach 2 7205.29 5YR 2.53 212.96 213.51 213.51 213.70 0.018762 1.92 1.31 3.56 1.01
Reach 2 7205.29 2YR 1.59 212.96 213.40 213.40 213.55 0.018971 1.71 0.93 3.07 0.99
Reach 2 7205.28 Regional 11.43 213.00 213.73 213.75 0.001045 0.72 20.62 48.77 0.28
Reach 2 7205.28 100 YR 6.07 213.00 213.52 213.54 0.001094 0.58 11.99 34.93 0.27
Reach 2 7205.28 50 YR 5.28 213.00 213.49 213.51 0.001023 0.53 11.04 33.18 0.26
Reach 2 7205.28 25 YR 4.53 213.00 213.46 213.47 0.000977 0.50 10.00 31.64 0.25
Reach 2 7205.28 10 YR 3.53 213.00 213.42 213.43 0.000879 0.44 8.64 29.51 0.23
Reach 2 7205.28 5YR 2.78 213.00 213.37 213.38 0.000835 0.39 7.41 27.43 0.22
Reach 2 7205.28 2YR 1.74 213.00 213.30 213.31 0.000725 0.31 5.64 2413 0.20
Reach 2 7205.27 Regional 11.43 213.00 213.61 213.65 0.002069 0.89 15.61 41.72 0.38
Reach 2 7205.27 100 YR 6.07 213.00 213.32 213.38 0.006978 1.01 6.11 25.32 0.61
Reach 2 7205.27 50 YR 5.28 213.00 213.31 213.23 213.35 0.006515 0.94 5.69 24.45 0.59
Reach 2 7205.27 25 YR 4.53 213.00 213.30 213.20 213.33 0.005568 0.84 5.41 23.86 0.54
Reach 2 7205.27 10 YR 3.53 213.00 213.27 213.18 213.29 0.005091 0.74 4.75 22.37 0.51
Reach 2 7205.27 5YR 2.78 213.00 213.24 213.17 213.26 0.004625 0.66 4.21 21.24 0.47
Reach 2 7205.27 2YR 1.74 213.00 213.19 213.11 213.21 0.003935 0.54 3.24 19.74 0.42
Reach 2 7205.26 Regional 11.43 213.00 213.61 213.63 0.000931 0.60 22.51 53.12 0.25
Reach 2 7205.26 100 YR 6.07 213.00 213.27 213.31 0.006154 0.84 7.26 33.11 0.56
Reach 2 7205.26 50 YR 5.28 213.00 213.19 213.25 0.015857 1.09 4.86 29.30 0.85
Reach 2 7205.26 25 YR 4.53 213.00 213.16 213.16 213.23 0.023175 1.17 3.88 27.87 1.00
Reach 2 7205.26 10 YR 3.53 213.00 213.13 213.13 213.19 0.024244 1.09 3.25 26.91 1.00
Reach 2 7205.26 5YR 2.78 213.00 213.12 213.12 213.17 0.025913 1.02 2.73 26.09 1.01
Reach 2 7205.26 2YR 1.74 213.00 213.09 213.09 213.13 0.020009 0.79 2.19 25.22 0.86
Reach 2 7205.255 Regional 11.43 212.00 213.61 213.61 0.000083 0.33 67.50 81.27 0.09
Reach 2 7205.255 100 YR 6.07 212.00 213.28 213.28 0.000071 0.26 42.35 70.16 0.08
Reach 2 7205.255 50 YR 5.28 212.00 213.21 213.22 0.000069 0.25 37.94 67.97 0.08
Reach 2 7205.255 25 YR 4.53 212.00 213.15 213.16 0.000065 0.23 34.02 65.96 0.07
Reach 2 7205.255 10 YR 3.53 212.00 213.08 213.08 0.000056 0.20 29.13 63.36 0.07
Reach 2 7205.255 5YR 2.78 212.00 213.00 213.01 0.000050 0.18 24.52 60.81 0.06
Reach 2 7205.255 2YR 1.74 212.00 212.91 212.91 0.000031 0.13 19.26 52.45 0.05
Reach 2 7205.254 Regional 11.43 212.00 213.55 212.64 213.60 0.000756 1.05 14.47 79.57 0.27
Reach 2 7205.254 100 YR 6.07 212.00 213.25 212.44 213.27 0.000442 0.70 11.58 69.37 0.20
Reach 2 7205.254 50 YR 5.28 212.00 213.19 212.40 213.21 0.000396 0.64 11.00 67.32 0.19
Reach 2 7205.254 25 YR 4.53 212.00 213.14 212.37 213.15 0.000342 0.58 10.48 65.44 0.17
Reach 2 7205.254 10 YR 3.53 212.00 213.07 212.32 213.08 0.000258 0.48 9.80 63.01 0.15
Reach 2 7205.254 5YR 2.78 212.00 213.00 212.27 213.00 0.000203 0.41 9.1 60.39 0.13
Reach 2 7205.254 2YR 1.74 212.00 212.91 212.20 212.91 0.000109 0.28 8.26 52.15 0.09
Reach 2 7205.253 Culvert

Reach 2 7205.252 Regional 11.43 212.00 212.87 212.64 213.04 0.005805 1.99 7.23 48.87 0.68
Reach 2 7205.252 100 YR 6.07 212.00 212.57 212.42 212.69 0.006734 1.62 4.71 21.68 0.68
Reach 2 7205.252 50 YR 5.28 212.00 212.52 212.39 212.63 0.006846 1.54 4.31 17.39 0.68
Reach 2 7205.252 25 YR 4.53 212.00 212.48 212.35 212.57 0.006979 1.46 3.91 14.84 0.67
Reach 2 7205.252 10 YR 3.53 212.00 212.41 212.30 212.49 0.006949 1.32 3.36 13.93 0.66
Reach 2 7205.252 5YR 2.78 212.00 212.36 212.26 212.42 0.007040 1.20 2.90 13.15 0.64
Reach 2 7205.252 2YR 1.74 212.00 212.27 212.19 212.32 0.006662 0.98 2.22 12.01 0.60
Reach 2 7205.251 Regional 11.43 212.00 212.94 212.97 0.001047 0.81 21.25 55.16 0.28
Reach 2 7205.251 100 YR 6.07 212.00 212.61 212.64 0.002041 0.80 8.03 24.94 0.37
Reach 2 7205.251 50 YR 5.28 212.00 212.56 212.59 0.002283 0.79 6.83 20.19 0.38
Reach 2 7205.251 25 YR 4.53 212.00 212.50 212.53 0.002590 0.77 5.88 15.44 0.40
Reach 2 7205.251 10 YR 3.53 212.00 212.43 212.46 0.002824 0.74 4.80 14.19 0.40
Reach 2 7205.251 5YR 2.78 212.00 212.37 212.39 0.003038 0.70 3.97 13.34 0.41
Reach 2 7205.251 2YR 1.74 212.00 212.28 212.30 0.003203 0.61 2.84 12.09 0.40
Reach 2 7205.25 Regional 11.43 212.00 212.82 212.55 212.94 0.003924 1.57 8.18 43.93 0.55
Reach 2 7205.25 100 YR 6.07 212.00 212.54 212.37 212.62 0.004584 1.28 5.31 18.51 0.56
Reach 2 7205.25 50 YR 5.28 212.00 212.49 212.33 212.56 0.004719 1.22 4.84 15.04 0.56
Reach 2 7205.25 25 YR 4.53 212.00 212.44 212.30 212.51 0.004856 1.16 4.37 14.39 0.56
Reach 2 7205.25 10 YR 3.53 212.00 212.38 212.26 212.43 0.004997 1.06 3.71 13.49 0.55
Reach 2 7205.25 5YR 2.78 212.00 212.32 212.22 212.37 0.005343 0.98 3.14 12.70 0.55
Reach 2 7205.25 2YR 1.74 212.00 212.24 212.16 212.28 0.005652 0.83 2.31 11.56 0.54




Crossing C-4

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope
Diameter

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width

Critical Depth
Percent Full
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number
Maximum Discharge
Discharge Full
Slope Full

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth

Profile Description

Profile Headloss

Average End Depth Over Rise
Normal Depth Over Rise

Downstream Velocity

Manning Formula

Normal Depth

0.013
0.01000
0.83
1.26

0.60
0.42
1.68
0.25
0.74
0.68
72.7
0.00772
3.03
0.47
1.07
1.29
1.54
1.44
0.00771
SuperCiritical

0.00
0.00

0.00

0.00
0.00
72.65
Infinity

m/m

m?3/s

m?3/s
m?3/s

m/m

%
%

m/s
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Crossing C-4

GVF Output Data

Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Infinity
0.60
0.68

0.01000
0.00772

m/s

m/m

m/m
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= af = DENOTES COMMUNITY MAIL BOX LOCATION
= IS b} £a2 e DENOTES RETAINING WALL
3 S0 ~r < ! S8R5
RA
g o 8 - = % §g 3 r—— DENOTES CHAIN LINK FENCE
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- s il - - 150mm COMPACTED DEPTH 50mm CRUSHER RUN LIMESTONE
Tiy E INTERNAL 100rmm COMPACTED DEPTH 20mm CRUSHER RUN LIMESTONE
g. RESIDENTIAL 75mm COMPACTED DEPTH HL-8
226 2 E o 226 ROADWAYS 40mm COMPACTED DEPTH HL-3
] g BENCH MARK NO. 458-69, ELEV. 207.672
i Q. E 458-69: FRAME BARN (OWNED 8Y MR. A. COWLEY) ON THE EAST SIDE OF WOODBINE AVENUE (REGIONAL RD. 8),
i 1.9km SOUTH OF 3CT, OF WOODBINE AVENUE AND 18th AVENUE IN THE HAMLET OF VICTORIA SQUARE, 4,2im NORTH OF XCT.
i 8 HWY. 7 AND WOODBINE AVENUE, 132.9m NORTH OF 17th AVENUE AND 159.7m EAST OF CENTRELINE OF WOODBINE
5 . AVENUE. TABLET IS SET HORIZONTALLY IN WEST FACE OF STONE FOUNDATION, 2.83m SOUTH OF N.W. CORNER, 2.13m BELOW
224 . ; 224 AND 40cm ABOVE GROUND LEVEL.
B - 3 R 30,9m- 5000 CSP == 1
EP 3 . Sw88 0 IGNED DITCH LVERT @ 2.0 B
: — L a8 i g .888a & - o frmmmspmced . S -
EQw e = < a N7 4 -
EnaR = 5z o5y S
gRa% 2 20 8582 b |
222 + + i 3 - Sk & S ot 222
i RS -
REALIGNED _DITCH § E .9 E I S — e = 4 ISSUED FOR ACCEPTANCE OF MAINTENANCE NOV 12013 O.S.
] i Sty 2nins AR R IO R R R NG S E L e SEPT242010 | 3.0,
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a) 100YR HGL IS THE OBVERT OF STORM PIPE UNLESS OTHERWISE NOTED.
b) 100YR HGL IS MINIMUM 0.5 m BELOW BOTTOM OF BASEMENT SLAB
ELEVATION.
c) IN CASES WHERE WATERMAIN IS ABOVE NATIVE SOIL, IT SHALL BE
CONSTRUCTED IN ENGINEERED FILL WITH RESTRAINED JOINTS AND
BEDDING CLASS 'F".
d) WHERE SUBGRADE IS LOOSE AND SOFT, A GEOWEB CELLULAR
o Y CONFINEMENT _SYSTEM_AS SPECIFIED IN THE GEO—TECHNICAL REPORT
T _ — - 5 SHOULD BE CONSTRUCTED AT THE TRENCH BASE AND THEN
| 4 © © Qo CONVENTIONAL BEDDING CAN BE USED ON TOP OF GEOWEB.
| [ XISTING RESIRENTI B O EXISTING RESID NT\@ LOF 93 X 8a ) ENGINEERED FILL SHALL BE IN ACCORDANCE WITH THE
| LOT<37 L&P 38 | LotSOsg LoT 90 LOT 91 | LOT 92 —FUT. LAY-BY PARKING 8% ga RECOMMENDATIONS OF THE GEOTECHNICAL REPORT.
RIFE Ex.11.5m=-3000 PYG. SAN @ 0.57% TO BE DESIGNED & % S f) ALL EXISTING PLUG INVERTS TO BE VERIFIED ON SITE.
2 o I ) VICTORIA SQUARE |BLVD CONSTRUCTED BY OTHERY: & g) DEPTH OF Ex. UTILITIES SHOULD BE VERIFIED ON SITE PRIOR TO SEWER
L L Yk s + INSTALLATION. IF NECESSARY, Ex. UTILITIES SHALL BE RAISED TO AVOID
; s — i ! f - ¢ wo CONFLICTS WITH PROPOSED WORKS.
A S 7 S« h) PRIOR TO CONSTRUCTION COMMENCEMENT PROVIDE A
. B ! th } } h PRE—CONSTRUCTION CONDITIONS SURVEY FOR ALL THE EX. HOMES.
e osirs - o T L e baw o D Ex. 7582500 |PYC SAN| o
iF NS - — ] 8 —— 7 — 1Ay A [0 Fu
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v 2 o ib s o e 5
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"% | =/~ EX. HP GUYWIRE | | I [ I I PART 4( | I Ex. bP AND PED:
6.0m—3750 PVC LEAD © 1.00%2 ) T0 BF RELPCAEJLOC - o/ Bl LRVEES%VED | | | TO BE RELOCATED
(ConG. ENCASEDS 213 Lo /5 S rerooneb| | ©1 o | | © | | BLOCK 12 | KEY PLAN
! £ |ol |FUT. LAY=BY PARKING i | BLqCK 6 BLOCK 29 HEADWALL & 825mm CONC. =
= |3 |70 B DEST\gNEDJk é 35(3.5m TRANS. | | | 35x3.5m) TRANS, P TO Mi.W308. EX-*CULVER‘ FROM E“.E
32| {CONSTRUCTED BY, OTHERS i o - EASEMENT ONNECT‘ T0 qmp. ”H.WJOB[ %% MINIMUM COLLECTOR ROAD BASE THICKNESS
= t ¥ ; } ; t + L Hrudd 1) ne2 450mm COMPACTED DEPTH 50mm COMMERCIAL CRUSHER RUN LIMESTONE
= R S GHETH T 6 ! il : F3 150mm COMPACTED DEPTH 20mm COMMERCIAL CRUSHER RUN LIMESTONE
- D gul 100mm COMPACTED DEPTH HL—8 (2 LIFTS)
0} -
— |30 BLOCK 12 BLOCK 36 Z 50mm COMPACTED DEPTH HL-3
~ ! 500 \— (e e LE :
! *~— DENDTES WATER SERVICE e w wm— DENOTES 2.0m HIGH
EXCAVATION AREA — G omoTES Swoe carcusAsi ACOUSTE Felce
PAVEMENT WITHIN fest e ————
D oD o\m DENDTES DOUBLE CATCHBASIN WOODEN FENCE
— z\3 pt \ [ ] DENOTES SANITARY MANHOLE = 5 DENOTES 1.8m HIGH
: PRIVACY FENCE
EX. PAVEMENT o\ 50l R s 500 O DENOTES STORM MANHOLE N ot
B f z\*, .00 e DENOTES VALVE AND CHAMBER —x—x—x— Nk FENCE
. s\a Res DENOTES HYDRANTS ~o——o——o—— DENOTES DECORATIVE
o METAL FENCE
) a\3 l | DENOTES ASPHALT DRIVEWAY DENGTES WOODEN
=\0 . PICKET FENCE
5|3 SEWER CONSTRUCTION SEQUENCE: DENDTES SANITARY. & STORM S, DENOTES RETANNG WALL
z 1. SET UP STAGE 1 CONSTRUCTION AREA PER TRAFFIC CONTROL PLAN DWG. No.1303. DENDTES SANITARY & STORM DENOTES LIMIT
TRENCH BOX °\3 SINGLE CONNECTION OF SUBDIVISION
o CONSTRUCT SANITARY SEWER AND STORM SEWER ON WOODBINE AVE BY VERTICAL TRENCH. ® o o wiTH
@
UNSHRINKABLE S 3. INSTALL MH.W308 OVER EXISTING 800mm CULVERT. PLUG AND ABANDON EXISTING CULVERT FROM SUMP_ PUMPS
BAEKFILL MH.W308 TO EXISTING HEADWALL AND REMOVE HEADWALL. NOTES ® O LK i
4. CONSTRUCT SERVICE CONNECTIONS AND WATERMAIN UP TO STAGE 1 LIMIT BY VERTICAL TRENCH. .
1. ALL CONCRETE STORM AND SANITARY SEWER PIPES 300mm DIAMETER AND OVER
5. RESTORE ROAD CUTS PER RESTORATION DETAIL ON THIS DRAWING. EQUAL TO C.S.A. SPECIFICATIONS A-257-2 CL65-D OR LATEST AMENDMENT UNLESS
6. SET UP STAGE 2 CONSTRUCTION AREA PER TRAFFIC CONTROL PLAN DWG. No.1304. OTHERWISE NOTED.
PROP. SEWER 2. ALL SANITARY MANHOLES SERVICING 200mm SEWER LINES SHALL BE PROVIDED WITH
- SE 7. CONSTRUCT REMAINING WATERMAIN FROM STAGE 1 CONSTRUCTION LIMIT TO EXISTING 300mm MINIMUM  250mm BENCHING THROUGHOUT.
GRAN. ‘A" BEDDING VERTICAL TRENCH BOX SPECIAL NOTES: WATERMAIN 3. STORM MANHOLE BENCHING TO BE FULL, AS PER CITY STANDARDS. THE CONCRETE CHANNEL
. y WALL SHALL BE EXTENDED VERTICALLY FROM THE SPRING LINE TO THE CROWN OF THE PIPE.
1) MAX DEPTH OF VERTICAL TRENCH BOX TO BE 5.0m. 8. RESTORE ROAD CUTS PER RESTORATION DETAIL ON THIS DRAWING 4 AL PPES ATTAGHED To MANHOLES TO HAYE TYPE 3 BEDDING FROM NANHOLE
2) WHEN DEPTH OF SEWER EXCEED 5.0m, TOP OF TRENCH TO BE OVER 9. SHAVE 50MM OF SURFACE ASPHALT AND PAVE ALL AREAS DISTURBED (PAVEMENT FROM STREET "D" o STOM AND SENIARY SEWER BEDDING T0 BE GLASS 6" UNLESS OTHERWSE NOTED
TR EXCAVATED TO CREATE MIN 5.0m WDE PLATFORM. THE EXCAVATED wan . -
VERTICAL ENCH AND MATERIAL SHOULD BE PLACED MIN 7.0m AWAY FROM THE LIMIT OF TO STREET "A” BY THE SEWER CONSTRUCTION AND PROVIDE PAVEMENT MARKING PER DWGs. No.801 & 6. ALL MANHOLE AND CATCHBASIN EXCAVATIONS TO BE BACKFILLED WITH
RESTORATION DETAIL TRENCH. No.802. GRANULAR "B"COMPACTED TO 95% PROCTOR DENSITY.
N.T.S 3) DE-WATERING SHOULD BE CONDUCT BY EDUCTORS AS PER SOILS 7. "MODULOC" OR APPROVED MANHOLE AND CATCHBASIN ADJUSTERS TO BE USED IN LIEU
s AND HYDROGEOLOGY REPORT. OF BRICKING.
4) DURING EXCAVATION AND TRENCHING SOIL ENGINEER SHOULD BE 8. ALL RLCB TO BE CONCRETE ENCASED ADJACENT TO BUILDING ENVELGPE.
CONSULTED FOR THE STABILITY AND SAFETY OF THE TRENCH.
l:] DENOTES STAGE 1 CONSTRUCTION 9. ALL PVC LATERAL SEWER PIPES (SDR 28) SHALL BE EQUAL TO AS.TM.
SPECIFICATIONS D—3034 OR LATEST AMENDMENT UNLESS OTHERWISE NOTED.
I:I DENOTES STAGE 2 CONSTRUCTION ALL PVC GRAVITY SEWER PIPES (SDR 35) SHALL BE EQUAL TO A.S.TM.
SPECIFICATIONS D-3034 OR LATEST AMENDMENT UNLESS OTHERWISE NOTED.
245.00 245.00 10, WATER SERVICES TO BE COPPER WITH SADDLE AND ANODE PROTECTION (0.45kg)
11. WATERMAN SHALL BE POLYVINYL CHLORIDE (PVC) CLASS 150 (DR—18) CONFORMING
244.00 S 244.00 TO AWWA C—8900 WITH TRACING WIRE PER CITY OF MARKHAM STANDARDS.
O. 12. ALL WATER SERVICES TO BE 19mm DIAMETER AND INSTALLED AS PER STD. MWE,
i=J UNLESS OTHERWISE NOTED.
243.00 [~ 243.00 13. ALL WATER BOXES SHALL BE INSTALLED IN SUCH A WAY, THAT THEY DO NOT
+ CONFLICT WITH FUTURE DRIVEWAYS. IN CASE OF CONFLICT, THE BUILDER SHALL BE
242,00 =) 242.00 RESPONSIBLE FOR RELOCATING THE WATER BOX OUT OF DRIVEWAY.
: <C " 14. HYDRANT TO BE CONSTRUCTED AS PER CITY STD. MWE.
i% G 15. ALL HYDRANTS TO BE EQUIPPED WITH STORZ TYPE PUMPER NOZZLES.
241.00 B = 241.00  16. ALL WATERMAIN IRON FITTINGS TO BE COVERED WITH DENSOPASTE AND WRAPPED IN DENSOTAPE.
;g ] I rC/L QF WOQDBINE | AVENYE o oF Ex oifen 23 L W 17. WATERMAIN BEDDING AS PER CITY STD. MWI3.
240.00 —— - Y © 2 . * s g Y =) 240.00 18 THRUST BLOCKING FOR WATERMAIN TO BE AS PER CITY STD. MWIGA
L _eg| % a8 & 2 4 % 3 N § 19. WATERWORKS MATERIAL AS PER SPECIFICATIONS DATED LATEST EDITION.
Z5[3 23 —a G & | _ | && | | = 20. ALL CURBS TO BE DEPRESSED AT SDEWALKS.
239.00 ) R For 1 = i i SR == 239.00 21, ALL RESTORATION AND RELOCATIONS TO BE COMPLETED TO THE SATISFACTION
) e 3 2 s TTes\ “w ‘E‘ OF THE DIRECTOR OF ENGINEERING.
B St - e g § e 22. FOR ALL CONSTRUCTION DETAILS NOT SHOWN ON THIS PLAN, REFERENCE SHALL BE
238.00 1T i - - I =) 238.00 MADE TO THE DESIGN STANDARDS AND CONSTRUCTION GUIDELINES OF THE CITY OF MARKHAM
e 2 oen =) - 00-TR. | T - - —18 BENCHMARKS
237.00 ey _ e = 1= 237.00  ELEVATIONS RELATED TO GEODETIC DATUM
SEE SFECIAL M ’FS)J N 1) DERIVED FROM TOWN OF MARKHAM BENCHMARK No. 092073005,
SAFETY PLATFPRM 90.0m-1200¢ PVC SAN @ 00% $DR-3p  91[0m—3008 PYC 5T © 1.00% - (0P L] T HAVING A PUBLISHED ELEVATION OF 227.828 METRES.
236.00 {OPSD}-404.020) - AL = S — 236.00 2) DERIVED FROM TOWN OF MARKHAM BENCHMARK No. M—12-008,
ELEV.237.50 S Siune I ge.sm—mo " HAVING A PUBLISHED ELEVATION OF 239.520 METRES.
| + we) C s, 1
235.00 STM.MH ]WSO 2 1100 235.00
I (12008 OPSD 7p1.010 = 33 bm=gge= SPR~34
E] 3008 N QUT INY 236.586 STM © 2,45 CONC P - 1 .
234.00 = % Gl — === AR IR 234.00
s (LOCATK 13 SUBMISSION TO CITY FOR SIGNING Apr. 2017 K.Sh.
k) VERIFIE
233.00 —T—SAN.MH.609U x L SAN.MH.607U SEE SF 233.00 5 5th SUBMISSION Aug. 2016 K.Sh.
- (] 2009 [OPSD [701.01D) (12000 gPSD 701.010) : 4 | ath susmission Moy 2016 | K.Sh.
2000 N|IN INY 236.546 SAN.MH|608U  — 2dos N pUT INV 238274 T
232.00 STM.MH.WB14 2002 E|OUT INV 236.266 (1200¢ OPSD 701.010 " SAN|MH.606U 232.00 3 |3rd sumission Apr. 2016 [ K.sh.
(12000 OPSp 701.p10) 20pa S qUT INY 237.946 J [ STM.MH.W309 (2‘D2oom ¢S ?E-%ngg‘%g 2 2nd SUBMISSION Nov. 2015 K.Sh.
4508 DROP.PIPE} N . & ad
231.00 5250 | OUT INV 33451 sm‘. MS1 (180pe OPSD 701.012) ’?WY'UMH':‘NT[U‘ of )zuom E OUT INV $35.708 231.00 1 1st SUBMISSION Apr. 2015 K.Sh.
: INV. 235,976 S004 S IN|INV 255.391 - :
TM.MH.W308 2004 N oJT INv]235.341 9008 S IN INV [234.379 No DESCRIPTION CITY | DATE BY
230.00 24009] OPSD| 701.012) 9009 NE|OUT INV 234.329 230.00 REVISIONS
. 008 § IN INV 236076 6.0m—9000 [ONC 5TM @) 1.50% CL100-D .
x.825¢ W IN|INV 236.92 )
00¢ QUT INV 235,476 STORM SEWER 110 BE BUILT WITH VERTICAL TRENGH BOX
229.00 ToRT SVER O/ BE BUI WTH VERTCAL|TRENGH|BEX A5 BAGKLL W] URGFRAKABLE 1 A SACHPIL W NS KABLE| FIL 220.00 ENGINEERING
A STORM SEWER BEDDING CLASS|'8" AS PER OPSp 802.010 \ TORM SEWER BEDDING CIASS 'B'[AS PER [OPSD 802.030 , DEPARTMENT
' t |
228.00 ™ 228.00
ANITARY SEWER [T0 BE HUILT WTH VERTIGAL %
SANITARY SEWER T0 BE BULT WTH VERTICAL THENCH BOX AND BACKFILL & ND B i UNSh £ R
227.00 ; T UNSHENGABLE T DOING GLASS "B AS PER OPSD 502,010 | y - EATON SQUARE DEVELOPMENT
4 ] . 8] RESIDENTIAL SUBDIVISION
b \ SHAVE 50mm OF TOP ASPHALT AND PAVE WOODBINE AVE |WHERE I['S DISTYRBED BY SEWER|CONSTRUCTION O MATCH EX. CANDITION [OR BETTER = =
226.00 ¢ =i PLAN AND PROFILE
G g gl € g =
I — ! 3 VICTORIA SQUARE BLVD
(FROM STA. 0+000.000 TO STA. 0+200.000)
PROPOSED
ELEVATION SCHAEFFERS Senenie LI S0
N 2 N 9 E 3 E 2 g N 2 EXISTING fiSanssaswwysiziaeesd
] h - -
s 3 % 5 8 % 8 5 % 8 5 ErEVATION | DESIGN BY: P.Ch. CHECKED BY: _K.S. PROJECT No.
DRAWN BY: V.B. CHECKED BY: H.T. 2014—4052
= S - HORZ. 1500 -
E] 8 3 3 3 3 8 3 3 8g 8 ) SCALE ; DATE: __ FEB. 2014
; > ~ > ACCEPTED AS 70 FORM IN_RELIANGE UPON THE PROFESSIONAL SKILL AND ABILITY
& g IS 5] s 3 5 S g 83 g ] OF SCHAEFFER & ASSOCIATES LTD. CONSULTING ENGINEERS DRAWING No.
S S S ) 3 3 . g = T2 2 S CHAINAGE |AS TO DESIGN AND SPECIFICATION.
3 I * * * * * T T =y + + 508
7 S 3 ) 3 & ) & 3 & & &
REZA FANI_FIENG, MANAGER OF DEVEL OPMENT ENGINEERING DATE
TECH 15 113916 19TM-13002

TECH 15 136727 19TM-14008
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SWM Design Report, Interim Pond B3 ; July 2008
GOP4 149, Town of Murkham

The proposed development must comply with the servicing and stormwater management
guideliness outlined in the Master Servicing Study and Stormwater Management Study
Jor 404 North Secondary Plan Area (OPA149), November 2007, {MSS) prepared by SCS

Consulting Group Ltd. "

=

The MMS describes an ultimate Pond B3 required as a comniumnal end-of-pipe stormwater
management wet-pond facility located to the east of the subject site and north of proposed
Woodbine Bypass, designed to treat the minor and major stormwater runoff from the
central portion of the study area of approximately 66 ha.

Due to land development phasing, the MSS proposes the construction of an Interim Pond
B3 which provides the required level of treatment to the first phases of development
while avoiding encroaching into non-participating properties, Refer to Figures 3.1, 3.2
and 4.1 of the SMS (included in Appendix A) for a location of Ultimate Pond B3 and
Interim Pond B3.

This design report provides detailed modelling and design geometry of Interim Pond
B3. Intennm Pond B3 1s to provide quality and quantity stormwater controls from the
ceniral portion of the study area of approximately 58 ha, also referred 1o as the West
Tributary of Berczy Creek Watershed. The discharge for Interim Pond B3 (referenced as
Flow Node C in this report) wifl be maintained at the same pre-development location:
conveyance through an existing iﬁG()mm x 9(}Omm {. oncretr-., Box Culvcrt rumung West-
to-east under Woodbine Avenue.” ~

The proposed land use tributary to Interim Pond B3 is primartly industrial park land, with
some residential and community amenity uses south of the Woodbine By-Pass. In
accordance with Town of Markham and Toronto Region Conservation Authority
guidelines, all industrial/commercial sites will require on-site quantity controls to
attenuate site runoff to a maximum of 180 L/s/ha during any storm event. As the study
area is tributary to Berczy Creek which eventually crosses the Tighway 407 (MTO
corridor) downstream of the proposed development, the Ministry will only support flow-
control measures which are below-grade, require little or no maintenance, and are
difficult to remove or alter. This will need to be emphasized throngh cach subsequent site
plan development within the Ministry’s jurisdictional corrider.

Presently, the Interim Pond B3 tributary area includes 11.73 ha of the Honda Campus
site, or approximately the easterly two-thirds of the site plan (refer to Figure 1.2). While
the Honda Campus has strived to implement low-tmpact stormwater quality and quanmy
controls, MTO does not recognize the quantity attenuation measures derived from bio-
swale storage. An uncontrolled post-development scenario was therefore analysed to
stmulate farfure of the on-site bin-swale control system at the Honda Campus, and has
been mcorporated 1 the pond sizing and geometry of Interim Pond B3,

Specific criteria to be applied in the Interim Pond B3 design are as follows:

»  Extended detention for erosion control- 25 mm event detained with a 48 hr
drawdown ime

Masongsong fAssaciates Engineering Limited 2



SWM Design Report, interim Pond B3

OFA 149, Town of Markham

July 2008

+  Water guality control ~ MOE Level I or Enhanced Protection

*  Water quantity control to pre-development runoff levels for the 2 through 100
year StOrm events.
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STORMWATER MANAGEWMENT POND W1 DETAILED DESIGN REPORT
MAJORWOOD DEVELOPMENT
WEST CATHEDRAL, TOWN OF MARKHAM

4.0 Proposed Hydrology

The proposed drainage area to the W1 SWM Pond includes residential and
commercial fands located south of Elgin Mills, west of Woodbine, east of Highway
404 and north of Major Mackenzie (see Figure 3.1). The total drainage area to the
W1 SWM pond is approximately 100.1 ha in size (including the 2.7 ha pond block
areaj. The proposed grading of the drainage area has resulted in the foliowing
drainage patterns. Refer to Figure 4.0 for the overall proposed storm drainage plan
to Pond W1 and drawings 200, 201 and 202 for Storm Drainage Plans for the
Majorwood subdivision. Minor system flows from approximately 100.1 ha of the
proposed drainage area (Catchments 2040, 2041, 2042, and 2043) will drain to the
proposed SWM facility W1.

Major system flows from approximately 28.9 ha (Catchment 2040, 2042) wili be
controiled on site through a combination of rooftop storage, underground storage and
parking iot storage to maintain a discharge rate of 174 l/s/ha (Catchment 2040) and
168 /s/ha (Catchiment 2042), in accordance with the 2006 ESMP.

Major system flows from approximately 71.2 ha (Catchment 2041, and 2043) will be
conveyed overland via the road network and ultimately into the downstream
stormwater management facility (Pond W) located within the Majorwood
Development lands. However, no overland flow is permitted along the Woodbine
Avenue Bypass. Therefore, major system flows from the Woodbine Bypass and
areas north of the Bypass will be piped to Pond W1.

The QHRouge hydrology model completed as part of the ESMP has been updated to
reflect the design of the catchment areas tributary to SWM Pond W1. The revised
ESMP model and the detailed design model are both provided in Appendix A along
with a summary of catchment input parameters for the entire model and output flows
for the areas tributary to pond W1. Table 6.6 {in Section 6.6) summarizes the inflow
to and outflow from SWM Pond W1 from the detailed design QHRouge model, as

Juiy 2007 7



STORMWATER MANAGEMENT POND W1 DETAILED DESIGN REPORT
MAJORWOOD DEVELOPMENT
WEST CATHEDRAL, TOWN OF MARKHAM

well as the subsequent storage and water level for storm events ranging from an
extended detention (30mm) event to the 100-year storm.

July 2007 8



STORMWATER MANAGEMENT POND W1 DETAILED DESIGN REPORT
MAJORWOOD DEVELOPMENT
YWEST CATHEDRAL, TOWN OF MARKHAM

6.0 Pond Operating Characteristics

- 6.1 PROPOSED STORMWATER MANAGEMENT SCHEME

Pond W1 is a quantity/quality pond with a minor system drainage area of
approximately 100.1 ha (including the 2.7 ha pond block), a major system drainage
area of approximately 71.2 ha (including the pond block) and a normal water ievel of
205.2m. The pond will attenuate post development flows to predevelopment flows for
all storms up to and including the 100-year storm event.

The outflow from the pond will be conveyed {o the Carlefon Creek via a storm sewer
outfali pipe and overfiow spillway. Drawings 801, 902, and 903 iilustrate the details
for the proposed Pond W1 and the outfail.

The pond is located within the Majorwood Phase 1 Lands. Phase boundaries are on
Drawings 101 and 102 of the subdivision drawing set.

6.2 TARGET RELEASE RATES AND REQUIRED VOLUMES

The QHROUGE model was obtained from URS and has been updated to reflect the
minor changes in drainage areas and imperviousness for each of the four sub
catchmenis. In addition, the model was revised {o account for the rooftop and
parking lot storage provided within the industrial sub catchments. Finally the pond
volumes were confirmed utilizing the pre development peak flow rates provided in the
ESMP and Section 3.0 of this report. Table 6.2 provides a summary of the required
design volumes and the pre development peak flow rates (target outflow) for the

pond.

July 2007 i1



STORMWATER MANAGEMENT POND W1 DETAILED DESIGN REPORT
MAJORWOOD DEVELOPMENT
WEST CATHEDRAL, TOWN OF MARKHAM

TABLE 6.2 -Target Qutflow & Required Volumes for W1 (Node 1121)

Permanent Pool 0 16,087
Baseflow Emulation 1] 6,536
30mm 0.10 22000
2-Year 1.36 23,150
5-Year 2.07 25,200
10-Year 272 27,400
20-Year 3.70 30,200
100-Year 549 36,200

Nele: * Baseflow emulation volume is the upper 0.5m of the permanent pool volume.

6.2 INLET CONFIGURATION

Based on the QHROUGE modeiing, the peak 30 mm storm flow to the pond is 6.55
m°fs (see Appendix A). The requirad volume for the 4 hour 25 mm rainfall event is
22,679m", which oceurs at a maximum depth of 1.32 m above the normal water level
at an elevation of 206.52 m (see Appendix C).

The 5 year peak flow (minor system) from the 100.1 ha drainage area wil be directed
towards the pond via a 2100 mm diameter storm sewer pipe and & 1350 mm storm
sewer pipe both from the north and an 1800 mm storm sewer pipe from the south.
Based on the storm sewer design sheets and using the Modified Rational Method,
the 1350mm diameter and the 1800 mm diameter inlet pipes will convey 5-year peak
flows of 2.12m’/s and 5.64m%s respectively, whife the 2100 mm diameter inlet pipe
will convey 100-year peak flow of 11.28m%s into the pond.

Flows in excess of the 5 year peak flows {major system) will be conveyed along the
streets and outlet into the pond overland with the following exceptions:

o Major system flows from sub catchments 2040 and 2042 will be attenuated on

site through roof top controls and parking lot storage.

*« No overland flows are aliowed to enter the Woodbine By-Pass: therefore,
major system flows for drainage areas north of the Woodbine Bypass will be
captured and piped to SWM Pond W1,

July 2007 12



STORMWATER MANAGEMENT POND W1 DETAILED DESIGN REPORT
MAJORWOOD DEVELOPMENT
WEST CATHEDRAL, TOWN OF MARKHAM

6.4 QUTLET CONFIGURATION

As shown on Drawing 901, 902 and 303, the quantity control outlet for Pond W1

consists of:

ifi}

iv)

vi)

a submerged 300 mm diameter perforated horizontal pipe;

2 300 mm diameter concrete pipe {o the 1200mm diameter
Controt MH1 (invert 205.2);

a 205 mm diameter orifice plate attached to the 300 mm
diameter pipe entering the 1200mm diameter Control MH1 at
an elevation of 205.2 m;

a 24 m wide x 0.65 m high weir cut into the face of the
3000mm x 1650mm Coniroi MH2 at 206.55 m in elevaiion,

including a 900 mm diameter outlet pipe and headwall;

a 285 m long frapezoidal weir with an invert elevation of
208.95 m; and

a 70 m long trapezoidal weir with an invert elevation of 207.40
m designed as an emergency spillway with the capacity fo
convey the 100 year un-attenuated flow. Flow capacity

calculations are provided in Appendix C.

In addition, the water balance outlet for Pond W1 consists of:

July 2007

a 100 mm diameter perforated subdrain wrapped in filter cloth
connacted to a 200 mm diameter pipe;

a removable 80 mm diameter orifice plate attached to the 100
mm diameter entering the 1500mm diameter Confrol MH3 at
an elevation of 204.7 m;

13



STORMWATER MANAGEMENT POND W1 DETAILED DESIGN REPORT
MAJORWOOD DEVELOPMENT
WEST CATHEDRAL, TOWN OF MARKHAM

iif) 2 - 200 mm diameter perforated incoming pipes located below
2 — 200 mm diameter perforated outgoing pipes all situated
within an 11 m jong x 2.0 m wide x 1.5 m high exfiliration
trench filled with pea gravel and wrapped in filter cloth;

v} 2 ~ 200 mm diameter gate valves and valve boxes located on
2 ~ 200mm pve stm bypass pipes.

v) a 200 mm diameter pipe entering a 600 mm x 600 mm ditch
infet at an elevation of 203.2 m, with the ditch inlet grate
elevation at 204.7 m.

There are two outiet pipes exiting from the 1200mm diameter Control MH3, each one
connected to a separate exfitration trench and overflow outlet. Each outlet and
trench has been sized to meet and double the sizing requirements specified within
the Water Balance Report. [n addition, a second outlet and trench are in reserve,
shouid the other outlet be blocked or require maintenance, thereby providing a factor
of safety 4 times the design specified within the Water Balance Report. To prevent
ciogging of the exfiltration trench during construction, the trenches will not be
activated until 3 years following base asphalt placement. To ensure that this occurs,
a solid aluminum plate (with no opening} will be installed during construction, and will
be replaced with the G0mmdiameter orifice plate within Control MH3 at the
appropriate time. Notes specifying timing and plate installation are included on the
design drawings.

Details are provided on Drawings 901, 902, and 803. The detailed pond storage
volume and release rate calculations for the water balance outlet are provided in
Appendix B. Also included in this Appendix are the allowable release rate and
minimum trench sizing calculations from the Water Balance Repotrt.

6.5 THERMAL IMPACTS

Thermal impacts have been addressed in three ways. A bottom draw outlet
configuration, which draws water from the cooler areas, located at the bottom of the

July 2007 14



STORMWATER MANAGEMENT POND W1 DETAILED DESIGN REPORY
MAJORWOOD DEVELOPMENT
WEST CATHEDRAL, TOWN OF MARKHAM

pond, is utilized. The normal water level will be shaded by the proposed landscaping
to further minimize the thermal impacis associated with pond water ultimately
entering the Carleton Creek. Also, the release of the upper 0.5m of the permanent
pool through the exfiltration system will further enhance thermal impacts to the Creek.

6.8 EXTENDED DETENTION STORAGE

The initial 1.32 m of extended detention fluctuation within the pond will outlet through
the submerged 300 mm diameter perforated pipe. The 2.0 m perforated section of
pipe will have approximately 78 - 75 mm diameter openings with a combined ope'ning
area of 0.345 m” (see Appendix F). The perforated pipe outlet will be controlled by a
205 mm diameter orifice plate located in the Control Structure at an invert elevation
of 205.2 m (see details on Drawings 901, 902 and 903). The 205 mm diameter
orifice is sized to discharge the 30 mm runoff volume of 22,678 m° at an elevation of
206.52 m over a 140 hour period with a peak fiow of 0.10 m%s (see calculations in
Appendix C).

Table 6.6 summarizes the stage/storage/inflow/outflow characteristics of Pond W1.

Table 6.6: Stage/Storage/inflowfOutflow for Pond W1

30mm: 010 22,000 6.55 0.10 | 22679 | 20652
2 136 | 23150 8.7 063 | 27.683 | 206.78

5 207 | 25200 | 1097 127 | 30,868 | 20694

10 272 | 27400 | 1282 192 | 32971 | 207.05
25 3.70 30,200 | 1545 306 | 35504 | 20718
100 | 549 36,200 | 19.96 548 | 39789 | 207.38

* Pesk flows taken from QHRouge Modeling

6.7 POND GRADING

To provide a natural appearance, the proposed grading within the pond biock will
utilize slopes varying from 3:1 to 6:1 (horizontal to vertic_ai). For public safety, an

July 2007 15



STORMWATER MANAGEMENT POND W1 DETAILED DESIGN REPORT
WMAJORWOOD DEVELOPMENT
WEST CATHEDRAL, TOWN OF MARKHAM

area with a gentler slope of 6:1 having a width of 3 m immediately above the normal
water level of 205.20 m has been provided. Immediately above the 6:1 sloped area
to an elevation of 207.75 m, slopes of 4.1 are pravided and 3:1 slopes are provided
from an elevation of 207.75 m to an elevation of 211.0 m. The slopes in the
permanent pool wili be graded with 5:1 siopes. The proposed pond grading is shown
on Drawing 801.

6.8 PERMANENT POOL AND SEDIMENT FOREBAYS

The sizing of the permanent pool is based on Level 1 (Enhanced) protection with a
total weighted site imperviousness of approximately 75% for areas draining to Pond
W1. The total required permanent pool volume is 18,872 m®. The total permanent
pool provided is 22,183 m® Refer to Appendix C for pond stage-storage
calculations.

A sadiment forebay has been provided in the permanent pool with all the three
headwalls connected {refer to Appendix D for sizing caiculations). The forebay was
graded 2.0 m deep. The sediment forebay has also been designed with a length fo
width ratio of at least 2:1.

6.9 MAINTENANCE ACCESS

Maintenance access has been provided to the sediment forebay, pond infets and
pond outlets via 4.0 m wide access roads at maximum grades of 8:1. The access

roads will be constructed as per the details provided on Drawings 903.

6.10 SUBDRAIN CALCULATIONS

An infiltration trench has been incorporated into the design of the pond {o allow
additional base flow to the Carleton Creek. A 200 mm diameter subdrain is proposed
at an elevation of 204.8 m (0.4 m below the normal water level) and is connected to
the 1500mm Control MH3. Mounted to the inside of the control manhole is a 60 mm
diameter orifice plate set at an invert elevation of 204.7 m. This orifice plate has
been sized to release the top 0.5 m of water below the normal water level. The

required baseflow emulation volume is 6,536 m® and the available volume is 6,970

July 2007 16
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