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EXECUTIVE SUMMARY

The following report contains a detailed design summary report for the UBC East Mall Redesign
from Stadium Road to Agronomy Road with tie ins into the planned Stadium Neighbourhood.
The project’s objectives are to: (1) maximize safety, (2) minimize cost, (3) increase active mode
share, (4) calm traffic, (5) increase green space to improve stormwater retention, (6) tie-in with
the proposed Stadium Neighbourhood alignment, and (7) accommodate the sports field’s high

pick-up / drop-off (PUDO) demand.

The following document is a summary of the detailed design including a design overview,

issue-for-construction drawings, cost estimate, schedule, life cycle analysis, and maintenance.

The selected design includes raised bike lanes, parking lane changes, rain gardens, curb
extensions, and crosswalk upgrades along East Mall and a cantilevered steel walkway along
Agronomy Road. The key considerations for the design have remained the same throughout the
duration of the project, namely: client objectives, design feasibility, and stakeholder feedback. To
arrive at the detailed design the following analyses were conducted: traffic analyses to inform
the geometric design, a structural analysis for the walkway, stormwater analysis for rain

gardens, and a life cycle analysis for determining the optimal service-life maintenance plan.

The detailed design has a Class A cost estimate of $3,578,000 and the project is on track to be
constructed between May 10th and is expected to be completed by February 1st 2022 with a
median time to completion of 186 work days excluding weekends and holidays. The project’s

next steps include tendering the project and obtaining relevant permits and approvals.

UBC - East Mall Redesign - Detailed Design Report
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1.0 INTRODUCTION

1.1 Project Background

UBC SEEDS is currently developing a detailed design for the East Mall Redesign Project. A
preliminary design was developed in December 2021 which included the addition of protected
bike lanes and rain gardens along East Mall, and a steel cantilevered walkway along Agronomy
Rd. For the detailed design stage, a design was developed that addresses the client objectives
of: (1) maximizing safety, (2) minimizing cost, (3) increasing active mode share, (4) calming
traffic, (5) increasing green space to improve stormwater retention, (6) tying in with the proposed
Stadium Neighbourhood alignment, and (7) accommodating the sports field’s high PUDO

demand.

The existing East Mall corridor from W16th Ave to Agronomy Rd (Figure 1.1) consists of a
right-of-way (ROW) ranging from 25 m to 38 m. Each direction has a 50 km/h speed limit; is
separated by a median / yellow paint markings; and consists of unidirectional vehicle and bike
lanes, parking facilities / PUDO areas, sidewalks, and planting strips. The northbound direction

incorporates left-turn bays at Stadium Rd and Eagles Dr.
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Below is a table describing contributions by individual team members for the development of the

preliminary design. In the event questions arise, it is best to contact the party responsible for

that aspect of the design.

Table 1.1: Team Member Conftribution

M?r::)ner Design Responsibilities Report Preparation
e Prepare roadway design technical
specifications per codes / standards
Benn e Research roadway layers
Orry e Build Civil 3D corridor model and prepare e Edited Section 2.0
production drawings
e Generate quantity reports pertaining to
roadway design
e Prepare roadway design technical
Colleen specifications as per codes and standards e Drafted Section 2.1,
Qiu e Research roadway layers 2.2,2.3,and 2.5
e Build Civil 3D corridor model and prepare e Reviewed Section 3.0
production drawings (Plan, Profile, Section)
e Cost Estimate . e Drafted Section 2.4,
. e Construction Plan and Sequencing
Davis Su . . . 46,51,52,6.0
e Walkway Connection Design and Drawings . .
) e Reviewed Section 4.0
e AutoTurn analysis
e Roadway Llfg Cycle Analysis e Drafted Executive
e Roadway Maintenance Schedule .
Hamed ) . Summary, Section 5.3,
e Walkway, Rain Garden, Maintenance Plans
Barkh 54
* Schedule e Reviewed Section 2.0
e Overland flow modelling '
e Pedestrian walkway design and analysis
Melissa e Walkway detailed drawings e Drafted Section 4.0
Luo e Walkway technical specifications e Reviewed Section 6.0
e Walkway 3D modelling
e Stormwater design and analysis
Shota e Stormwater detailed drawings e Drafted Section 3.0
Inoda e Pipeline system layout and design e Reviewed Section 5.0
e PCSWMM stormwater model
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2.0 ROADWAY DESIGN

Throughout the roadway design process, guidelines in various categories were referenced for

both parametric and qualitative considerations as shown in Table 2.1 and 2.2.

Table 2.1: Standards and Guidelines Referenced in Roadway Design

Guideline / Standard |Version / Year|
Geometric Design Guidelines
TAC Geometric Design Guide for Canadian Roads (Chapter 2-6, 9) June 2017
BC Supplement to TAC Geometric Design Guide for Canadian Roads April 2019
BC Active Transportation Design Guide (“ATDG”) 2019
Pavement Design Guidelines
AASHTO Guide for Design of Pavement Structures 1993
BC MoTI Pavement Structure Design Guidelines 2015
Toronto Transportation Services - Pavement Design and Rehabilitation 2019
Guideline
Other Guidelines for General Reference
City of Vancouver Engineering Design Manual V1 (2019)
City of Vancouver Construction Specifications V1(2019)
City of Vancouver Standard Detail Drawings - Roadworks Sep 2018
City of Surrey Supplementary Master Municipal Construction Documents April 2020
UBC Vancouver Campus Plan - Part 3 Design Guidelines Oct 2020

Table 2.2: Software in Roadway Design

Software Project Application
Svnchro 6 The study area was modelling to determine link and node LOS, delay,
y and V/C. Modelling results informed our left-turn bay design decisions.
AutoCAD 2020 AutoCAD was used to create preliminary plan drawings of the roadway

and to add markups to the detailed design drawings.

Autodesk Civil 3D
2021

Civil 3D was used for corridor modelling and IFC drawing production.

AutoTurn 11 Demo

A swept path analysis using AutoTurn was conducted on the roadway
to verify turning movements, vehicle path feasibility, and parking.

Pave-Save (Shani

etal. 2021)

Various pavement designs were input into the LCA model to determine
the optimal asphalt thickness.
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Based on the guidelines and standards listed in Section 2.1 and the client’s objectives, the key

design criteria below were identified for each design component as shown in Table 2.3. The

bolded criteria are design input determined by our engineering team after discussion with the

client. For the full technical specification table, please see Appendix A.

Table 2.3: Key Design Criteria in Roadway Design

Design
Component

Key Design Criteria

Travel Lane

Design vehicle: WB-20

Design speed: 50 km/h

Minimum horizontal radius = 100 m (per TAC) for 50 km/h roads with 2%
superelevation

Minimum K factor = 7 and Maximum grade = 6% (per TAC)

Minimum width = 3.3 m to 3.7 m for rural roadways with buses and larger
trucks (per TAC)

e Synchro: Projected volumes meet Level of Service > D and V/C Ratio < 1
Parking Lane ° Typ.ical width. = 2.4 m (per TAC)
e Relieve parking stress
e Design cyclist speed = 30 to 35 km/h
e Minimum horizontal radius = 24 to 33 m (per TAC) for 30-35 km/h with 2%
superelevation
Bicycle e Desired width = 2.0 m for uni-directional bike lanes with <150 bikes/hr (per
Through Zone ATDG) - available counts at Thunderbird Blvd shows <40 bikes/hr (CTS
counts from client)
e Desirable concrete buffer width = 0.6 m (per ATDG)
e Maximum superelevation = 2% for universal accessibility (per TAC & ATDG)
Landscape e Minimum width = 1.5 m for furnishing zones with larger trees (per ATDG)
Zone e Recommended width = 2.0 m for basic furnishing zones (per ATDG)
Pedestrian e Desired width = 2.4 m for a collector road next to multi-family residential land
Through Zone use (per ATDG)
e Recommended setback distance from road edge = 4.4 m (per TAC)
Safety e For 50 km/h design speeds, stopping sight distance = 65 m (per TAC)
Components |e Curb extension: Transition curve radius between the main and extended curb
shall contain a 3-5 m radius for street cleaning vehicles to maneuver properly
e Typical Pavement Structure Type C: Low Volume & Subdivision Roads (20 yr
Design ESAL < 100,000): 50 - 75 mm AP, 225 mm of 25mm CBC, 300 mm
Pavement min. of SGSB on Fine Grained Soil per BCMoT| Pavement Structure Design
Structure Guidelines

o ESAL calculated based on CTS traffic counts provided by client
o AP thickness selected based on life cycle analysis considering
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road and pavement layer parameters
e Typical bike lane pavement thickness: 50 mm AP and 150mm Granular Base
(per CoV)
e Smooth concrete finishes on sidewalk pavement (per UBC)

2.3 Technical Considerations and Design Rationale

2.3.1 Plan Drawing Components

Intersections: When designing the horizontal alignment of the road, we paid special attention
to the stopping-sight-distance (SSD) at intersections to ensure safety of road users. SSD is the
distance required for vehicles to react, brake, and come to a stop, which is typically taken as
65 m for a 50 km/hr design speed. The placement of parking zones and curb extensions was
decided based on sightline checks per the Transportation Association of Canada (TAC)
Geometric Design Guide, 2017 as shown in Figure 2.1. Landscaping and parked vehicles that

can obstruct driver view should be avoided in the “clear sight triangles” as shown in Figure 2.1.
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Figure 2.1: Intersection Sightline Check Example
Curb Extensions: Curb extensions of 5 m radius were placed to mark parking termination
points, narrow pedestrian crossing widths to reduce probability of collisions, and allow for

smooth maintenance vehicle maneuvers during periodic roadway cleaning.
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Stadium Road Transition: When transitioning from a 25.5 m right-of-way (ROW) to a 35.0 m

one, the lanes have been curved at a radius of 100 m at Stadium Road as a speed control

measure as shown in Figure 2.2.
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Figure 2.2: Proposed Roadway Transition at Stadium Road

Bicycle Lane Transition and Bypass at Transit Stops: Two design speeds and horizontal

alignment curvature radius were considered for the bike lane design due to the roadway grade
(uphill / downhill). The northbound direction going uphill from W16th Ave to Thunder Blvd along

East Mall features a 24 m horizontal radius curvature at a 30 km/h design speed. The

UBC - East Mall Redesign - Detailed Design Report 1"
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southbound direction going downhill from Thunderbird Blvd to W16th Ave features a 30-33 m
horizontal radius curvature at a 35 km/h design speed. The wider horizontal radius curvature
allows cyclists to perform safer turning maneuvers at transition points / bicycle bypasses while

travelling at greater downhill speeds.

The existing community shuttle bus stops at Eagles Drive will also be upgraded to incorporate a
bicycle bypass (outlined in TAC Geometric Design Guide, 2017 Section 5.7.4) as shown in
Figure 2.3. This is based on the consideration of potential conflicts between
embarking/disembarking bus passengers with cyclists when busses stop adjacent to the
protected bike lane without a transit island. Hence, a transit island with a 2.3 m width is added to
address this conflict. Crossings with clear markings, pavement treatment, and signages will
mitigate the conflict between the cyclists and the pedestrians crossing to the island by

enhancing crosswalk visibility.
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Figure 2.3: Transit Stop Bicycle Bypasses
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Left-Turn Bays: The existing left-turn bay is removed at Stadium Road to make room for the
Stadium Neighbourhood developments. All other existing left-turn bays have been maintained
along East Mall. A capacity analysis was conducted for left-turn bay requirements along the

corridor and is further discussed in Section 2.4.

Turning Radius and Swept Path Analysis: A swept path analysis was conducted using
AutoTurn, a software that allows 2D simulation of vehicle movement paths. The analysis was
used to verify the feasibility of turning movements, vehicle paths, and parking maneuvers on the
road designs. Analysis is typically done using representative design vehicles developed by TAC.
However, due to trial software limitations, only the DEMO vehicle was available. The vehicle
was rescaled to approximately match the TAC design vehicles (example shown in Figure 2.4).
Design vehicles used are listed in Table 2.4. A minimum 0.5m vehicle clearance can be
maintained for all necessary vehicle movements.

Table 2.4: Design Vehicles

Vehicle Description
Largest design vehicle. Note: As East Mall is not a truck route, curb radii and left-turn
TAC bays were not designed for WB-20 maneuvers. In locations where WB-20 maneuvers

WB-20 are necessary, standard large truck maneuvers (e.g. using adjacent lanes for turns,
oversteer turns, driving on lane lines) were considered acceptable.

TAC P Passenger vehicles used to verify turning movements, vehicles paths, and parking.

TAC MSU |Medium trucks used to verify turning movements, vehicle paths, and parking.

\
|

|

|

[TAC-MSU TRUCK
ITURNING ONTO
STADIUM ROAD

STADIUM RD

)

§

Figure 2.4: Swept Path Example - Stadium Road
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2.3.2 Profile Drawing Components

Since the elevation change along East Mall is relatively small, maximum grade is not a concern
for automobiles or bicycles. Since a 2% cross slope is adopted, a minimum longitudinal grade is
not mandatory for drainage. Crest curves have to be flat enough to provide sufficient sight
distances, and these sight distance considerations are accounted for in the K-value limits. Since
the road base is in good condition, the existing road profile has been maintained as much as

possible to reduce costs.

2.3.3 Section Drawing Components

Drainage and integration with stormwater infrastructure are the main considerations in section
design. A cross slope (or superelevation) of 2% has been implemented in all the sections as
shown in Figure 2.5. When a centre rain garden is present, both sides of the roadway are
slanted towards the rain garden. From West 16th Ave to Stadium Road where there is no rain
garden, the roadway is sloped towards the curb and gutter by the elevated bike lane. Pavement
layer materials and thickness are determined based on 20-year design Equivalent Single Axle
Load (ESAL) (see Table 2.3), industry standards, and a life cycle analysis (see Section 5.4.1).

The Contractor is responsible for the asphalt concrete mix design.

GONGRETE GURB

ke EAST MALL(L1200-LINE) S
5 TRAVEL LANE
SIDEWALK

5 LANDSCAPE ZONE

B SIDEWALK
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|
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i
|
|
|
|
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/\
]

Figure 2.5: Eagles Drive to Thunderbird Blvd Cross Section
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To evaluate the proposed roadway design, traffic analysis was conducted using Synchro 6, a
software that analyzes road capacity, vehicle delay, and queue lengths to analyze 2040 traffic
growth. 2040 AM and PM peak vehicle Level of Service (LOS), delay, and volume-capacity
(V/C) ratio were found for the five intersections along East Mall as shown in Table 2.5 and in
greater detail in Appendix C. Traffic volumes used were from Bunt's Stadium Neighbourhood
Planning Traffic Analysis (2020) report as well as data provided by the client from Creative
Transportation Solutions. All intersections were found to operate overall at LOS C or better.

Table 2.5: 2040 Synchro Results Summary

. 2040 AM 2040 PM
Intersection
LOS |Total Delay (s)| Max V/C LOS | Total Delay (s)| Max VIC

Agronomy Rd B 10.7 0.42 B 12.1 0.53

Thunderbird Blvd C 25 0.91 C 20.6 0.79

Logan Ln A 0.1 0.41 A 0.1 0.37

Eagle Dr A 0.2 0.4 A 0.2 0.37

Stadium Rd A 4.9 0.62 A 6.3 0.53

There are potential capacity issues at Thunderbird Blvd, with a 0.91 V/C in the northbound
through movement. The analysis assumes moderate vehicle growth into 2040. Given UBC'’s
travel mode strategy, vehicle growth will likely be lower than modelled, meaning active

transportation oriented policies may be a viable strategy as opposed to roadway expansions.

Left Turn-Bay Analysis: A capacity analysis of left-turn movements along the corridor was
conducted in Synchro. A major consideration was the 95th percentile queue length, a value that
represents the highest queue reasonably expected with a 1/20 chance of occurrence.
Additionally, per the Highway Capacity Manual 2000, left-turn bays are typically considered

when turning vehicles approach 100 vehicles and should be verified with a capacity analysis. A

UBC - East Mall Redesign - Detailed Design Report
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summary of findings is provided below, with analysis results shown in Table 2.6:

e Longer queues are expected for the northbound AM and southbound PM movements at

Thunderbird Boulevard where there are no left-turn bays. However, the low peak hour

left turn volumes do not justify a left turn bay (36 NB AM and 6 SB PM vehicles).

e Although Stadium road is expected to have left-turn volumes greater than 100 during the

2040 AM and PM peaks, minimal disruptions to traffic queues and LOS are expected,

meaning a left-turn bay removal is acceptable.

Table 2.6: Left-Turn Lane Analysis - 2040 Weekday Peaks

2040 AM 2040 PM
Intersection Left |Left Turn 95th Perc. | Existing |Left Turn 95th Perc. Existing

Turn Approach | Volume | LOS| Queue (m) |Storage (m)| Volume | LOS | Queue (m) [ Storage (m)
Thunderbird BVdNB| 36 | C | #146.97 N/A 20 B | 2447 N/A
Thunderbird Blvd SB| 42 B 15.1* N/A 6 c | #81.2~ N/A
Thunderbird Bivd EB| 4 B | 214" N/A 15 A 18.5 N/A
Thunderbird Bivd WB| 190 | B | #4864 50 57 B | #62.0% 50
Eagle Dr NB 7 A 0.1 40 9 B 0.2 40
Stadium Rd NB 11| A 4 40* 223 A 10.3 40*

*Stadium road northbound left-turn bay to be removed for new neighbourhood alignment
Synchro, the delay and LOS results were not found to change
“*For intersections without left-turn bays, queue lengths are for the combined left-through movement.

. Due to the limitations of

Key dimensions of lane widths, horizontal radius, superelevation, longitudinal gradient, K-values

of vertical curves as well as pavement layers are specified in Table 2.7. Note that existing curb

and sidewalk letdown placements and dimensions are maintained where possible. For detailing

of other roadway components such as signages and lightings, please refer to municipal design

standards. Detailed plan, profile, and section drawings as well as references to relevant

roadway component standard detail drawings from municipalities are included in Appendix B.
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Table 2.7: Roadway Design Specifications Table
*Note: Notations such as “L1000-Line” refer to horizontal alignment lines in accordance with the design drawings (see Appendix B).

Location (S to N) Pedestrian Through Zone | Bicycle Through Zone | Parking Lane | Vehicle Lane | Median | Landscape Zone
W16th Ave Proposed design to tie-in with the existing intersection (roundabout controlled) as per the client’s scope
Designed as per the schematic cross section layout provided by the client
> Width: 2.35 m (East Side-E) [|> Width: 2.2 m > Width: 2.5 m > Width: 3.3 m > Removed to accommodate |> Width: 1.8 m (E) and
L1000-Line and 2.4 m (West Side - W) > Unidirectional and elevated (height = 0.15 m) > 6 paid parking stalls > 2% superelevation narrow 25.5 m ROW 1.75 m (W)
> Separated from bike lane with  [> Separated from sidewalk and parking lane with converted to 5-minute towards curb > 2% superelevation
W16th Ave - landscape zone landscape zone and concrete buffer, respectively pick-up / drop-off spots towards curb
Stadium Road (> 2% superelevation towards curb [> Concrete buffer width: 0.6 m > 2% superelevation > Street lights placed on E
> 2% superelevation towards curb towards curb at 45 m interval and 0.5
ROW=25.5m m from edge near road
> K-value of crest/sag curves: ranges from 16.20 to 118.75 (identical profiles in both directions)
> Longitudinal gradient: ranges from 0.74% to 1.47% (identical profiles in both directions)
> Control Type: Stop
> Transition from 25.5 m to 35 m ROW: Vehicle lane horizontal radius = 100 m (NB)
Stadium Road > LT bay removed as supported by synchro analysis (see Section 2.3 - Traffic Analysis in Synchro: Left Turn-Bay Analysis)
> Curb extension (radius = 5 m) with rain garden (E) and concrete (W) used to narrow crossing distance
> Crosswalk with Rectangular Flash Beacon (RRFB) and paint-markings to improve safety
> Proposed sidewalk letdown on east side (see CoV Standard Detailed Drawings R4.1, R4.2, and R7.1 for details)
L1100/1200-Line |> Width: 2.6 m (E) and 2.4 m (W) |> Width: 2.3 m > Width: 2.5 m > Width: 3.5 m > Width: 9 m > Width: 2.4 m (E only) to
> W side is adjacent to bike lane |> Unidirectional and elevated (height = 0.15 m) > 2% superelevation > 2% superelevation [> Median converted to rain preserve existing ROW
Stadium Road - [> E side is separated from bike > Separated from parking lane with concrete buffer towards rain garden towards rain garden garden (existing condition do not
Parking Lot lane with landscape zone > Concrete buffer width: 1.0 m (road centre) (road centre) have landscape zone on
Entrance (W)- [|[> 2% superelevation towards rain |> 2% superelevation towards rain garden (road centre) W side)
Eagles Drive garden (road center)
> K-value of crest/sag curves: ranges from 225.28 to 299.21 from south to north and 29.48 to 71.38 from north to south
ROW=35m > Longitudinal gradient: ranges from 0.75% to 1.41% from south to north and -0.59% to -1.64% from north to south
Parking Lot > Control Type: Stop and curb extension radius: 5 m
> LT bay storage length and width to be maintained, but shifted towards the median to minimize project cost and allow for future volume growth from new developments
Entrance (W) . " e
> No crosswalk provided (same as existing conditions)
> Control Type: Stop
> LT bay storage length and width to be maintained, but shifted towards the median to minimize project cost and allow for future volume growth from new developments
> Curb extension (radius = 5 m) with absorbent landscape (E) and concrete (W) used to narrow crossing distance
Eagles Drive > Crosswalk with Rectangular Flash Beacon (RRFB) and paint-markings to improve safety
> Proposed sidewalk letdown on east side (see CoV Standard Detailed Drawings R4.1, R4.2, and R7.1 for details)
> The existing community shuttle bus stop locations (NB and SB) are maintained, but will be modified to incorporate a bicycle bypass configuration (“scissors transit stop”)
o East side bicycle bypass horizontal radius: 24 m
o West side bicycle bypass horizontal radius: 30 m
L1100/1200-Line > Width: 2.6 m (E) and 2.4 m (W) [> Width: 2.3 m > Width: 2.5 m > Width: 3.5 m > Width: 9 m > Width: 2.4 m (E) and 3
> Separated from bike lane with  [> Unidirectional and elevated (height = 0.15 m) > 2% superelevation > 2% superelevation [> Median converted to rain m (W)
. landscape zone > Separated from sidewalk and parking lane with towards rain garden towards rain garden garden > 2% superelevation
Eagles Drive - > 2% superelevation towards rain landscape zone and concrete buffer, respectivel d t d t t ds rai d
Logan Lane - o SUp p _ , respectively (road centre) (road centre) owards rain garden
. garden (road centre) > Concrete buffer width: 1 m (road centre)
Thunderbird Blvd . .
> 2% superelevation towards rain garden (road centre)
ROW =38 m > K-value of crest/sag curves: ranges from 155.32 to 299.21 from south to north and 161.16 to 493.49 from north to south
> Longitudinal gradient: ranges from 0.61% to 1.16% from south to north and -1.04% to -0.47% from north to south
UBC
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Control Type: Stop

Maintain existing right-in / right-out movements from East Mall to Logan Ln and vice versa

No crosswalk provided as blocked by median (same as existing conditions)

Parking stalls removed for the westside of East Mall between Logan Ln and Thunderbird Blvd to provide bike lane transition that is at-grade with the vehicle lane

Logan Lane

Control Type: Signalized
Maintain existing overhead traffic signals on all corners
Transition from the proposed to existing alignment:
Thunderbird o Vehicle lane horizontal radius = 550 m (SB)
Boulevard o Bike lane horizontal radius = 24 m (NB) and 33 m (SB)
> No NB LT bay provided because existing wide medians on both the north and south sides of the intersection are sufficient to accommodate vehicles waiting to turn left
> Curb extension (radius = 5 m), next to which elevated bike lane drops off into separated bike lane with paint-markings for NB direction and vice versa for SB direction
> Maintain crosswalk on all approaches (same as existing conditions)

YYVY[VVVYY

L1300 to 1600-Line[The existing road configuration is preserved. However, paint-markings and median need to be modified to tie in with the modified configuration before Thunderbird Blvd.

> Width: 2.9 m (E) and 2.0 m (W) |> Width: 1.6 m > None > Width: 3.5 m > None except immediately |[> Width: 2.4 m (W) and
Thunderbird Blvd -|> Separated from bike lane with  [> Unidirectional and at road grade after Thunderbird Blvd 6.5 m (E)
Agronomy Road landscape zone > Separated from vehicle lane with paint-marking only intersection

> K-value of crest/sag curves: maintains existing
ROW =24 m |> Longitudinal gradient: maintains existing

Agronomy Road [The existing intersection configuration is maintained

> 100 mm Concrete Pavement > 50 mm Asphalt Pavement (AP) and 150 mm Granular (> 75 mm AP > 75 mm AP > Sandy loam as top soil for [> Sandy loam as top sail
Pavement with light broom finish Base (GB) > Existing CBC and > Existing CBC and vegetation for vegetation
Structure SGSB maintained SGSB maintained
where possible where possible
UBC
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3.0 STORMWATER INFRASTRUCTURE

As the population of UBC grows, the trend of densification has resulted in loss of greenery.
Combined with the effects of climate change, this can result in increased flooding, habitat
depletion, and pollution in the water system. UBC'’s Integrated Stormwater Management Plan
has indicated concerns for East Mall between Thunderbird Blvd and West 16th Ave, stating
“continued source-point controls will be important for any new development”. By implementing
Green Stormwater Infrastructure (GSl), peak runoffs may be reduced by absorbing excess
water, and runoff water quality may be improved by filtering stormwater. This section provides a

description of the Green Stormwater Infrastructure design implemented in our design.

To reduce the risk of flooding, reduce untreated stormwater discharge, and increase
greenspace, a center median rain garden is proposed along East Mall from 16th Ave to
Thunderbird Blvd. The design retrofits the pre-existing large center median on East Mall with a

rain garden.

Throughout the GSI design process, guidelines in various categories were referenced for both
parametric and qualitative considerations as shown in Table 3.1.

Table 3.1: Standards and Guidelines Referenced in Stormwater Design

Guideline / Standard Year of Release

GSI Design Guidelines

Fisheries and Oceans Canada Guidelines 2001

City of Vancouver’s Rainwater Infrastructure Guideline 2018
Metro Vancouver Stormwater Source Control Design Guidelines 2012
Vancouver Campus Plan Design Guidelines Part 3 2010
Pipeline Design Guidelines

UBC Technical Guidelines Section 33 49 00 | 2020

Table 3.2 presents the various softwares used for the stormwater design.
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Table 3.2: Software in Stormwater Design
Software Project Application
The study area was modelling using PCSWMM to analyze the run-off and
infiltration rates.
AutoCAD was used to create detailed plan drawings of the rain garden
and to add markups to the detailed design drawings.
Overland flow was modeled using QGIS to determine the degree of
overland water accumulation

PCSWMM

AutoCAD 2020

QGIS

Below are the design objectives set for our project following the Fisheries and Oceans Canada
Guidelines and City of Vancouver’s Rainwater Infrastructure Guidelines.

1. Collect and treat the volume of the 6-month/24-hour precipitation event equalling 90% of
the total rainfall from impervious areas with suitable Best Management Practices
(BMPs).

2. Reduce post-development flows to pre-development levels for the 6-month/24- hour,
2-year/24-hour, and 5-year/24-hour precipitation events.

3. Remove 80% of total suspended solids from the first 24 mm of rainfall from all previous

and impervious surfaces.

To analyze the effectiveness of the GSI design implemented in the East Mall Redesign Project,
3 rainfall scenarios with different durations were used. A summary of the rainfall events are
shown on Table 3.3. The following points were considered when obtaining our 3 rainfall

scenarios:

UB!
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e |IDF (Intensity-Duration-Frequency) curves were obtained from IDF_CC Tool 4.0 by
Western University. The curves represent a climate model with a time period ranging
from 2006 to 2100. This accounts for the effects climate change on future rainfall events.

e SCS Type 1A curve with a time interval of 6 mins was used to replicate a typical rainfall
distribution. The SCS Type 1A was developed by the Soil Conservation Service. Type 1A
storms represent pacific climates with wet winters and dry summers.

e A 6-month/24-hour precipitation event was assumed to be 72% of the 2-year, 24-hour
event volume.

The distribution of rainfall for each scenario is summarized in Table 3.3. Climate change was
considered for all IDF curves to accurately model future scenarios. The 3 IDF curves were
chosen to depict practical scenarios which East Mall will commonly experience.

Table 3.3: Summary of the Three Rainfall Scenarios

Scenario Model Intensity-Duration-Frequency Time (h) | Total rainfall (mm)
1 SCS Type 1A | 6-month 24-hour (under climate change) 24 41.0
SCS Type 1A | 2-year 24-hour (under climate change) 24 56.9
SCS Type 1A | 5-year 24-hour (under climate change) 24 72.19

Daily evapotranspiration (ET) data provided by Environment and Climate Change Canada at the
Vancouver Airport station was chosen for evapotranspiration analysis because of its proximity to
UBC. The effects of climate change were ignored during the analysis. While climate change will
likely increase air temperature, the effects of higher humidity and CO2 concentrations are
expected to counteract the effects due to rise in temperature (Snyder et al., 2011). For our
model, the annual average evapotranspiration of 1.9 mm/day was used. Monthly ET values are

provided in Appendix B.
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The water table at UBC was indicated to be typically greater than 45 m below ground level
(Piteau Associates Engineering., 2002). Due to the deep water table, the water table is
assumed to have negligible impact on the infiltration of surface runoff during the analysis.
However, due to a layer of low permeability till just below the topsoil, there is potential for water
to pool over this layer during heavy rainfall events. The increasing number of impermeable
surfaces such as roads and parking lots have further aggravated the problem by causing more

demand for water infiltration in permeable areas.

The thickness of the till layer varies along East Mall. There are concerns that the till layer may
be thicker than anticipated below the rain garden which may cause lower infiltration rates than
anticipated. It is recommended that the contractor conducts boreholes tests to a depth of up to

15m to assess if excavating a portion of the till is necessary.

Green stormwater infrastructures such as rain gardens can remove pollutants from runoff flows.
Plants rooted into the soil slow the flow of runoff, allowing the pollutant particles to settle, which
are then incorporated into the soil where it is immobilized and/or decomposed. Deeper topsoil
helps with plant resiliency and water retention due to the roots reaching further down into the
soil. A soil depth of 450 mm is assumed to meet the 80% TSS removal target set for this project
and therefore is the recommended soil depth for the rain garden and absorbent landscape. We

also recommend a minimum of 10% organic matter to increase the water carrying capacity and
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promote healthier plants that are more resilient to pests. Table 3.4 identifies the growing
medium properties for the rain garden.

Table 3.4: Growing Medium Specifications

Particle Size Percent of dry weight
Gravel 0%
Sand 45-60%
Silt 20-30%
Clay 15-30%
Organic Content 10-15%

50 mm of mulch is recommended to cover the exposed soil in the rain garden to reduce erosion
and prevent weeding. The mulch must be medium-size to ensure it is not too large that it floats
or too small that it reduces infiltration. Mulch shall be 