woOoO.

Appendix A




HAGER-RAMBO FLOOD CONTROL WORKS
OPERATIONS AND MAINTENANCE MANUAL

CITY OF BURLINGTON
HALTON REGION CONSERVATION AUTHORITY

December 1997

Philips Planning and Engineering Limited
3215 North Service Road
Burlington, Ontario
L7R 3Y2

Telephone: (905) 335-2353
Fax: (905) 335-1414



TABLE OF CONTENTS

Section Page
1. INTRODUCTION ...ttt sttt sttt ettt ae st sbeebeeseene e e nee s 1
2. EAST RAMBO CREEK CHANNELIZATION (Queensway Drive to CNR-Oakuville).....3
2.1  Project Description and Year of CONStrUCtION ..........ccceviveiieii i 3

A o o] [T B I To%: L1 o] o PSSR UPRSPPRN 3

2.3 Design Objectives and Criteria.........cuierereiiri i 3

2.4 As-Built Construction DIaWings.........ccueieivieiiieiieieeseeie e see e see e e eaesae e 4

2.5  PhotographiC RECONNAISSANCE..........ccuiiiieieieieiee e 7

2.6 Operations and MaiNtENANCE...........coviieieereiie et 10

2.6.1  OWNEISNIP SATUS ....oouvieiiiiiiesiiesiee s 10

2.6.2 Project INgress and EQreSS......cvivciieieiieiie e e se e 10

2.6.3 Project Element MaintenanCe..........ccocereierereninieieiee e 11

3. LOWER EAST RAMBO CREEK CHANNELIZATION

(CNR-Oakville to Fairview St.).......cccccvevveveiieieeieieeinn 13

3.1  Project Description and Year of CONStrUCTION ........cccoveiieiiiiieiie e 13
I o o] 1= ox B I To%: L1 o] PSS 13
3.3 Design Objectives and Criteria........cccueiereriiiiesiseseeee s 13
3.4  As-Built Construction DIaWing .........ccceieerieiiieiieieciee e 14
3.5  Photographic RECONNAISSANCE..........cccuiieiiieieiie it 15
3.6 Operations and MaiNtENANCE...........coviveiieeieiie et 16
3.6.1  OWNEISNIP SATUS ....eoveeeeiiiesiese e 16

3.6.2 Project INgress and EQreSS......ccvuvvieeieiieiieie e se e 16

3.6.3 Project Element MaintenanCe...........coceiueierierininieieiesie e 17

4. EAST HAGER CREEK CHANNELIZATION (Fairview Street to CNR —Halton)......... 19
4.1  Project Description and Year of CONStruction..........cccccevveveicieiievc s 19
4.2 PrOJECT LOCAIION ....oviieieiieiieieie sttt 19
4.3  Design Objectives and Criteria.........ccccvveieiiieiiereiie e 19
4.4  As-Built ConStruction DIaWINGS.........ccoeiirieieiierieniesie st 19
4.5  Photographic RECONNAISSANCE..........ccueiuieieiieiieeie e se ettt nas 22
4.6  Operations and MaiNtENANCE............coiiiiiieieiee e 23
4.6.1 OWNEIShIP SLALUS ...c.vvieiiieee e 23

4.6.2 Project INgress and EQressS ... 23

4.6.3 Project Element MaintenanCe..........cccccvveveiiieiieie e 23

5. EAST HAGER CREEK (CNR Halton Culvert Crossing).........ccceevvevveieiiieseeneseeseenens 25
5.1  Project Description and Year of CONStrUCTION ........ccovviieiiiieiie e 25
ST o o] 1= B I To%: L1 o] PSS 25
5.3  Design Objectives and Criteria........ccccueiereriieiisisesieeeee s 25
5.4  As-Built Construction DIaWingsS..........ccccvereiiieiieseeieeseesesesee e eseesee e esae e sns 26
5.5  Photographic RECONNAISSANCE..........ccviiiieiiieiie et 27
56  Operations and MaiNteNANCE...........coveveiieereiie et 28



5.6.1 OWNEISNIP STALUS ....veeieiieiiiiiitieie ettt 28

5.6.2 Project INgress and EQreSS......ccvieiieieiieieeieeieseese e see e sae e 28
5.6.3 Project Element MaintenanCe..........ccovvrieiienieie e 28
EAST HAGER CREEK CHANNELIZATION .....oociiiiiiieieieieriese et 30
6.1  Project Description and Year of ConStruCtion ..........cccovvvevviieiieve e 30
6.2 o (0] LT3 B I Tox: 11 o] SRRSO 30
6.3  Design Objectives and CrIteria.........ccecviverieeiieiesieese e 30
6.4  As-Built ConsStruction DIaWiNgS........cccueieeieiierienieniesieesie e 31
6.5  Photographic RECONNAISSANCE.........ccveveieerireieiieseeiesee e eee s sreeae e sreeaesneenns 35
6.6  Operations and MaiNTENANCE. .........coruiriiieeriirie e 37
6.6.1  OWNEISNIP STALUS .....eeveeeiiciicciieie et 37
6.6.2 Project INgress and EQreSS ... ... uiiieeiieiieniesee e 37
6.6.3 Project Element MaintenanCe..........cccooveieieeiieiieseeseee e 37

FREEMAN DETENTION FACILITY AND

EAST HAGER CREEK CHANNELIZATION ....c.ooiiiiiiiieieieierie et 39
7.1  Project Description and Year of CONStruCtioN ..........cccoovvevveieiieve e 39
7.2 o (0] LT3 B I Tor: 11 o] RS RUR 39
7.3 Design Objectives and CrIteria.........ccecviierieereeiiiieesesie e e eee e 39
7.4  As-Built ConsStruction DIaWiNgS........cccueieerieiienienienieseesie e sees 40
7.5  Photographic RECONNAISSANCE.........cceeueieerieeieieeseeie e seeee e e e e snee e eaeeneenes 41
7.6 Operations and MaiNtENANCE. .........coririiiieiirie e eas 45

7.6.1  OWNEISNIP STALUS ....veeieeeieciiecie e 45

7.6.2 Project INgress and EQreSS ... ..o ieeieiieiienesee e 45

7.6.3 Project Element MaintenanCe..........cccovveieieeiieieseeseee e see e 45
EAST HAGER CREEK REALIGNMENT AND POND SYSTEM ......ccccccoovivivivcinnne 47
8.1  Project Description and Year of Construction...........cccccevviveiieve e 47
8.2 PrOJECT LOCAION ...ttt 47
8.3  Design Objectives and Criteria.........ccccvivieiieiieiie e 47
8.4  As-Built ConsStruction DraWing .........ccocueeeieieieiise s 48
8.5  Photographic RECONNAISSANCE.........ccecveiieiieeiecee e eie s e e et ste et enas 49
8.6  Operations and MaINTENANCE. ..........ccoiririiieieie s 51

8.6.1  OWNEISNIP STALUS .....eoveiiiciiccie et 51

8.6.2 Project INgress and EQIeSsS ........coouveererenenesiseseseeee e 51

8.6.3 Project Element MaintenanCe..........ccoovevieiieiieie e 51

EAST HAGER CREEK RECONSTRUCTION

(North Service Rd. to Future Highway 407)...........c.c...... 53
9.1  Project Description and Year of Construction...........cccocevveveiecve e 53
9.2 PrOJECT LOCAIION ...ttt bbbt 53
9.3  Design Objectives and Crteria.........ccccviveeiieiieiie e 53
9.4  As-Built ConsStruction DraWing .........ccccueeeieieieniisesesese e 54
9.5  Photographic RECONNAISSANCE.........cceeveiieiieeieiie e eie s e ste et sre e enas 55



10.

9.6

Operations and MaINtENANCE...........coiiiuiiiriieie e
9.6.1  OWNEISNIP STALUS ....veevieeiicieecieeie e sre e
9.6.2 Project INgress and EQreSS ..o iieieiieieeiesee e
9.6.3 Project Element MaintenanCe..........ccevveieieeieeriesieese e sie e e

WEST HAGER DETENTION FACILITY ..o

10.1
10.2
10.3
10.4
10.5
10.6

Project Description and Year of CONStrUCtION .........ccovveriiiiiiie i
o (0] 1703 B I Yo% 11 o] SR
Design ODbjectives and Criteria........cooviveiirreiieiieie e
As-Built CONSLruCtion DraWiNg .......cccvevueeieiieieeie e e se e sae e sre e
Photographic RECONNAISSANCE..........ceeuiiiriiieie ettt
Operations and MaiNtENANCE...........ccviruerieieeresee e ee e e se e e sre e
10.6.1 OWNEISNIP STALUS .....ovieiieieieiiieiesiie et
10.6.2 Project INgress and EQFeSS .....ccviueivereiiereeieseeseesieseesteesee e ssaesaesneeseas
10.6.3 Project Element MaintenancCe..........ccoueeerieenienieiienieeee e

APPENDICES

Appendix ‘A’ Property Plans
Appendix ‘B’ Standard Inspection Form
Appendix ‘C’ 1997 Field Reconnaissance

Appendix ‘D’ 1998 Aerial Photographs



Hager-Rambo Flood Control Works — Operations & Maintenance Manual

HAGER-RAMBO FLOOD CONTROL WORKS

Operations and Maintenance Manual
City of Burlington
Halton Region Conservation Authority

1. Introduction

The Hager-Rambo flood control system has been constructed as part of a multi-proponent
initiative involving the City of Burlington, Halton Region Conservation Authority and Ministry
of Transportation. The first works towards this system, the East Rambo Creek channelization
were constructed in 1986/87. Two key components, as of the time of writing, have not yet been
constructed, namely the East Rambo Flood Control facility and the Highway 407 diversion
system. All other components are in-place and described in detail in this document.

The intent of this manual is to provide City staff, who now have the responsibility of operations
and maintenance of the flood control system, with a reference tool for the work’s design
principles and features. The manual describes the operation and maintenance considerations
associated with each flood control element.

The works include:

1) East Rambo Creek Channelization (Queensway Drive to CNR — Oakville)

2) Lower East Rambo Creek Channelization (CNR — Oakville to Fairview Street)

3) East Hager Creek Channelization (CNR to Fairview Street)

4) East Hager Creek (CNR Crossing)

5) East Hager Creek Channelization (CNR to Freeman Pond)

6) Freeman Detention Facility

7) East Hager Creek Realignment and Pond System (Q.E.W. to North Service Road)
8) East Hager Creek Reconstruction (North Service Road to Future 407 (West) )

9) West Hager Detention Facility

Figure 1 depicts the location of the respective works within the Hager-Rambo system in the City
of Burlington.

Aerial photographs were taken in 1998, to supplement the ground level photographs taken in
1997 (ref. Appendix D)

Appendix B provides a standard inspection form along with Operation and Maintenance
Schedule. As has been generally recommended in this manual, the works should be inspected
either once or twice a year. This inspection can take the form of a quick “walk through”,
examining the works for “obvious” problems. Every five years a more detailed inspection
should be undertaken whereby each component element of the works is inspected to ensure its
safe and continued operation. A detailed photographic log should be taken at 5 year intervals
and added to this manual.

December 17, 1998 1 @
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2L East Rambo Creek Channelization (Queensway Drive to CNR-Oakville)

2.1 Project Description and Year of Construction

East Rambo Creek Channelization
- Queensway Drive to CNR - Oakville

Constructed from September 1986 to June 1987.

This project involved the realignment and lining of the East Rambo Creek. A 650
metre long concrete lined invert with two courses of gabion baskets
approximately 3.2 m +/- top width, a precast culvert replacement at Glenwood
School Drive, and the lowering and re-lining of the CNR-Oakville culvert
crossing, were all components of this project undertaking.

2.2  Project Location
The project site is located halfway between Guelph Line and Brant Street, with
the upstream limits beginning at Queensway Drive extending through the

residential community of Queensway to downstream of the CNR — Oakville
crossing, approximately 120 m north of Fairview Street.

\\ GUELPH LINE "u( JL

=

FAIRVIEW STREET

40 AMMSNIIN0

®

Eiii.»‘\.l\lT,I STREET

T 1

KEY PLAN

2.3  Design Objectives and Criteria

The channel works were designed to the “controlled” 100 year future land use
peak flow to be regulated by the proposed East Rambo Detention facility to 15.0
m>/s +/- at Queensway Drive. Design levels during a 100 year event average 1.3
metres, with a 0.3 metre freeboard.

Note: While considered at the time of design, protection to the Regulatory
standard (Hurricane Hazel) was not attainable due to insufficient land and storage,
within the East Rambo Creek watershed.

December 17, 1998 3 ‘ig
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25 Photographic Reconnaissance

\ e 1

Photo 2.1 - Downstream view of the Queensway Drive culvert, at the upstream limits of the study area.
Note the heavy vegetation blocking the access ramp on the right, and growth through the cracks in the
channel.

from Brenda Crescent at approximately Station

0+100
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w

Photo 2.3 Looking downstream towards Glenwoo
Crescent.

Photo 2.4 - Looking upstream towards the Glenview School Drive culvert.

; P
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Photo 2.6 — View of the maintenance access gates and ramps from Fassel Avenue. The vegetation within
this area should be kept clear at all times to provide unconstrained access.
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Photo 2.7 - Looking downstream at the CNR crossing from station 0+510. Note the damage to the

2.6

chainlink fencing, and the vegetation growth through the channel base and gabions

Operations and Maintenance

2.6.1 Ownership Status

The rights to an 8.0 m wide strip of land, centered about the channel
centreline, was secured through permanent easement at the time of
construction, by the Halton Region Conservation Authority (Reference
Appendix A).

2.6.2 Project Ingress and Egress

The channel invert is accessible between Queensway Drive and Glenwood
School Drive, from a ramp located off Queensway Drive. Downstream of
Queensway Drive, the channel up to the CNR is accessible through a bi-
directional ramp located at Fassel Avenue. Downstream of the CNR,
access is facilitated by a ramp structure off Fairview Street in the GO
parking lot constructed as part of a separate contract (ref. Section 3). Key
No. 18 facilitates gated access to each of the foregoing, available through
the Halton Region Conservation Authority (905-336-1158).

December 17, 1998
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2.6.3 Project Element Maintenance

Reference Appendix B for a summary table of project elements and
deficiencies, along with the frequency of inspection and the methods of
remedial works.

Site Reconnaissance

In order to ensure the normal operation of the channel under the range of
expected flow conditions, a “walk through” of the works should be carried
out at least once a year. A detailed inspection of the works recording the
location and types of any deficiencies, along with photographs should be
carried out every five years. Information thusly collected should be
catalogued and added to this manual.

Gabion Baskets

The channelization of the East Rambo at this location is unique from the
other sites of the Hager-Rambo Flood Control Works, since the entire
channel is lined with a two-stage gabion basket retaining wall system.
This element should be inspected for any settlement or displacement of the
baskets, the degradation of the wire or stone, and large vegetation (tree
roots) that may cause damage to the walls. Typically, the most damaging
impact is from vandalism, particularly in residential areas.

Concrete Channel Invert and Structures

The concrete invert of the channel and the culvert structures should be
inspected annually. The concrete should be checked for any cracking or
spalling, which may be repaired by sealing or grouting. Any major areas
of cracking (> 3mm), displacement, or heaving (> 5 mm), along with the
separation of slab or wall joints (expansion / control), requires a thorough
investigation by a qualified Structural Engineer, to determine the cause
and recommend remedial works. The underdrain system should also be
inspected for any blockage of sediment or vegetation by monitoring the
system’s effectiveness and by probing the pipe. Throughout these works
the site is covered with graffiti which may be removed by sandblasting or
painted over for aesthetic reasons.
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General/Ingress/Egress

Vegetation that may be obstructing the culverts, drainage or outlet pipes,
or growing through the channel should be removed. The low flow channel
should be monitored for sediment accumulation, and cleaned every five
years (HRCA recommendation from Halton Channel Study). However,
with the present state of the Hager-Rambo system this component does not
seem to be a factor with the operation or function of the channels.
Therefore, due to the channel design features and minimal sediment being
transported into the system, this procedure is not recommended unless a
serious blockage of the channel or culvert structures is imminent.
Locations for access to the channel should remain clear of any
obstructions (tall/thick vegetation). The locks and gates should be
checked twice a year to ensure easy access under normal or emergency
conditions.
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3. Lower East Rambo Creek Channelization (CNR — Oakville to Fairview Street)

3.1  Project Description and Year of Construction

Lower East Rambo Creek Channelization
- Fairview Street to downstream of CNR Oakville

Construction completed in July 1996.

This project involved the construction of 120 metres of concrete lined invert with
varying multiple courses of armour stone ranging from 3.2 metres wide to 3.9
metres to match into the existing double cell culvert at Fairview Street. A

maintenance ramp was built to provide access to the channel invert between the
CNR and Fairview Street.

3.2 Project Location

The project site is located between Brant Street and Guelph Line, extending from
downstream of the CNR Oakville Subdivision crossing to Fairview Street.

Adjacent to the site is the Burlington GO Station to the west, and Leggat GM
Auto Dealership to the east.

3.3  Design Objectives and Criteria

\ \ GUELPH LINE

C.N.R,

g AMS NAIND

s’ |

. BRANT STREET)

KEY PLAN

1 Y FAIRVIEW STREET T

|
"\ ( -any

The channelization of East Rambo Creek was designed to accommodate the
regulated 100 year flow of 15.0 m®/s, having a headwater elevation of 96.4
metres at the Fairview Street culvert, with a 0.3 metre freeboard. The main

purpose of the works was to provide flood and erosion protection to the last
remaining unlined creek component in this area.
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3.4 As Constructed Drawings
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3.5 Photographic Reconnaissance

. ; )

i Q‘.fr.._- .}4’ f e _ﬁ.{‘:'_ 2 ;

0 3.1 Looking upstream at the transition from th:
stone lined channel from station 0+020.

e vertical gabion walled channel to the armour

alignment of the access ramps.
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Photo 3.3 Looking upstream from atop the Fairview Street culvert.

3.6  Operations and Maintenance

3.6.1 Ownership Status

This section of the Lower East Rambo Creek is owned by the Halton
Region Conservation Authority (Parts 1 & 2, Plan 20R-11811), averaging
approximately 12 metres in width. (Reference Appendix A)

3.6.2 Project Ingress and Egress

The channel invert is accessible by one of three 6 m double swing access
gates, located on either side of the channel off Fairview Street, and from
the Burlington GO Station parking lot. Gated access to each of the
foregoing is facilitated by Key No. 18, available through the Halton
Region Conservation Authority (905-336-1158).
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3.6.3 Project Element Maintenance

Reference Appendix B for a summary table of standard component
clements of the project, along with the frequency of inspection and the
methods of remediation.

Site Reconnaissance

In order to ensure the normal operation of the channel under the range of
expected flow conditions, a “walk through™ of the works should be carried
out at least once a year. A detailed inspection of the works recording the
location and types of any deficiencies, along with photographs should be
carried out every five years. Information thusly collected should be
catalogued and added to this manual.

Armour Stone

During the annual inspection, the stone should be checked for any
degradation or displacement. Specific items to check for include intrusive
vegetation and washout of backfill material. If distress is occurring, a
thorough investigation is required by a qualified Engineer to determine the
cause and recommend remedial works.

Concrete Channel Invert

The concrete invert of the channel and the culvert structures should be
inspected annually. The concrete should be checked for any cracking or
spalling, which may be repaired by sealing or grouting. Any major areas
of cracking (> 3mm), displacement, or heaving (> 5 mm), along with the
separation of slab or wall joints (expansion / control), requires a thorough
investigation by a qualified Structural Engineer, to determine the cause
and recommend remedial works. The underdrain system should also be
inspected for any blockage of sediment or vegetation by monitoring the
system’s effectiveness and by probing the pipe.

General/Ingress/Egress

Vegetation that may be obstructing the culverts, drainage or outlet pipes,
or growing through the channel should be removed. The low flow channel
should be monitored for sediment accumulation, and cleaned every five
years (HRCA recommendation from Halton Channel Study). However,
with the present state of the Hager-Rambo system, this component does
not seem to be a factor with the operation or function of the channels.
Therefore, due to the channel design features and minimal sediment being
transported into the system, this procedure is not recommended unless a
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serious blockage of the channel or culvert structures is imminent.
Locations for access to the channel should remain clear of any
obstructions (tall/thick vegetation). The locks and gates should be
checked twice a year to ensure easy access under normal or emergency
conditions.
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4. East Hager Creek Channelization (Fairview Street to CNR — Halton)

4.1  Project Description and Year of Construction
East Hager Creek Channelization
- Fairview Street to CNR Halton
Construction completed in October 1991
From Fairview Street to the CNR Halton crossing, 268 metres of concrete lined
trapezoidal invert with a low flow channel was constructed, connecting to the
existing structures at the upstream and downstream limits of this site. The
concrete channel walls extend vertically to a maximum height of 4.2 metres above
the centerline invert of the channel, having an approximate top width of 6.4
metres. This project also included the replacement of the Plains Road structure
with a 2.6 x 2.6 x 27.0 metre, twin concrete box culvert.

4.2  Project Location
This section of the East Hager Creek reconstruction is located between Fairview
Street and the CNR Halton crossing, just east of the QEW.

KEY PLAN

4.3  Design Objectives and Criteria
The channelization works were designed to the Regional event (Hurricane Hazel),
future land use peak flow of 48 m?/s, regulated by the existing Freeman Detention
Facility (Reference Section 7.3) based on the capacity of the existing Fairview
Street culvert.
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4.5  Photographic Reconnaissance

Photo 4.1 - View of the channelization works from station 0+270 looking downstream towards the
Plains Road culvert.

M Sl - i e &1

Photo 4.2 - Looking downstream from atop the Plains Road culvert towards Fairview Street.
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4.6 Operations and Maintenance

4.6.1

4.6.2

4.6.3

Ownership Status

The Halton Region Conservation Authority has ownership title to a 13
metre wide strip of land between Fairview Street and Plains Road, as
referenced to the centreline of the channel (Parts 2, 3, and 4, Plan 20R-
9601). The Conservation Authority also has ownership title to a 13 metre
wide strip of land between Plains Road and the CNR Crossing (Part 2,
Plan 20R-9602), and a 7 metre wide permanent easement for maintenance
along the east side of the channel (Part 1, Plan 20R-9602). (Reference
Appendix A)

Project Ingress and Egress

The channel between Fairview Street and Plains Road is accessible by
gated access on the west side of the channel at the Fairview Street culvert
and the south side of Plains Road. The channel section between Plains
Road and the CNR is accessible by gated access on both the east and west
sides of the Plains Road culvert on the north side. In both cases the access
is along the top of the west side of the channel and direct access to the
channel invert is not possible.

Key No. 18 facilitates gated access to each of the foregoing, available
through the Halton Region Conservation Authority (905-336-1158).

Project Element Maintenance

Reference Appendix B for a summary table of standard component
clements of the project, along with the frequency of inspection and the
methods of remediation.

Site Reconnaissance

In order to ensure the normal operation of the channel under the range of
expected flow conditions, a “walk through” of the works should be carried
out at least once a year. A detailed inspection of the works recording the
location and types of any deficiencies, along with photographs should be
carried out every five years. Information thusly collected should be
catalogued and added to this manual.
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Concrete Retaining Walls and Channel Invert

The concrete invert, walls, and culvert structures should be inspected
annually. The concrete should be checked for any cracking or spalling,
which may be repaired by sealing or grouting. Any major areas of
cracking (> 3mm), displacement, or heaving (> 5 mm), along with the
separation of slab or wall joints (expansion / control), requires a thorough
investigation by a qualified Structural Engineer, to determine the cause
and recommend remedial works. The underdrain system should also be
inspected for any blockage of sediment or vegetation by monitoring the
system’s effectiveness and by probing the pipe. Throughout these works
the walls are covered with graffiti and which may be removed by
sandblasting or painted over for aesthetic reasons.

General/Ingress/Egress

Vegetation or debris that may be obstructing the Fairview Street or Plains
Road culvert, drainage or outlet pipes, or growing through the channel
invert should be removed. Locations for access to the channel from Plains
Road and Fairview Street should remain clear of any obstructions
(tall/thick vegetation). The locks and gates should be checked twice a
year to ensure easy access under normal or emergency conditions.
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5. East Hager Creek (CNR Halton Culvert Crossing)

5.1  Project Description and Year of Construction
East Hager Creek
- CNR Halton Culvert Crossing
Construction completed in 1990.
This project involved the pipe-jacking of three 2100 mm diameter reinforced
concrete pipes, each 26 metres in length, through the CNR crossing. In addition,
both upstream and downstream headwalls, wing-walls, and retaining walls were
constructed.

5.2  Project Location
The CNR Halton crossing is located approximately 120 metres north of Plains
Road, east of the QEW.

KEY PLAN

5.3 Design Objectives and Criteria
Culvert crossing works were designed to the controlled Regional event (Hurricane
Hazel) future land use peak flow of 48 m®/s, regulated by the Freeman Detention
Facility and the capacity of the Fairview Street culvert. This design flow
promotes an upstream water surface elevation of 97.5 m at the culvert, allowing
for a 0.3 m freeboard to the top of headwall elevation of 97.8 m.
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5.4 As Constructed Drawings
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5.5 Photographic Reconnaissance
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Photo 5.1 - View of the upstream side of the CNR crossing with the triple 2100 mm concrete pipe
culverts. Note the vegetation growth out of the concrete.

Photo 5.2 - Looking upstream towards the CNR crossing with low flow levels confined to the centre pipe.

December 17, 1998

27

work\1997\97012\CORRESP\REPORT\TEXT\MANUAL.DOC



Hager-Rambo Flood Control Works — Operations & Maintenance Manual

5.6 Operations and Maintenance

5.6.1

5.6.2

5.6.3

Ownership Status

The works are located on a 27.5 metre strip of land owned by the
Canadian National Railway, with a maintenance easement granted to the
Halton Region Conservation Authority. (Reference Appendix A)

Project Ingress and Egress

The site is accessible from the top only (i.e. no invert access) from the
north side of Plains Road, from the end of Coric Avenue through
Leighland Park, or through the Freeman Pond entrance off of Brant Street.
Gated access to the Plains Road and Brant Street location is facilitated by
Key No. 18, for access to the CNR location, available through the Halton
Region Conservation Authority (905-336-1158).

Project Element Maintenance

Reference Appendix B for a summary table of standard component
elements of the project, along with the frequency of inspection and the
methods of remediation.

Site Reconnaissance

In order to ensure the normal operation of the culverts under the range of
expected flow conditions, a “walk through” of the works should be carried
out at least once a year. A detailed inspection of the works recording the
Jocation and types of any deficiencies, along with photographs should be
carried out every five years. Information thusly collected should be
catalogued and added to this manual.

Concrete Pipe and Walls

The concrete culverts, headwalls, and wingwalls should be inspected
annually. The concrete should be checked for any cracking or spalling,
which may be repaired by sealing or grouting. Any major areas of
cracking (> 3mm), displacement, or heaving (> 5 mm), along with the
separation of slab or wall joints (expansion / control) and movement of
backfill material, requires a thorough investigation by a qualified
Structural Engineer, to determine the cause and recommend remedial
works.
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The culverts should also be checked for sediment accumulation and
cleaned as necessary (Reference Section 2.6.4). Throughout these works
the walls are covered with graffiti and which may be removed by
sandblasting or painted over for aesthetic reasons.

General/Ingress/Egress

Vegetation or debris that may be obstructing the triple cell culvert at the
CNR Halton crossing should be removed manually. Locations for access
to the channel should remain clear of any obstructions (tall/thick

vegetation).
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6. East Hager Creek Channelization
6.1  Project Description and Year of Construction
East Hager Creek Channelization
- CNR Halton to Freeman Detention Facility
Construction completed in October 1995
Approximately 480 metres of channel was constructed between the CNR Halton
crossing and the Freeman Detention Facility outlet. This predominately
interlocking concrete block (Terrafix ™) lined channel has a top width of 14 m
with a depth of 2.7 metres.
6.2  Project Location
The site is situated between the QEW Toronto-bound lanes and Leighland Park,
extending north from the CNR Halton crossing to the Freeman Detention Facility
outlet.
TREELAND ST
LEIGHLAND RD.
CORIC AVE L
HAGER CRK. _E‘.“_"'_E——R-E'-—-—?-'—"‘_"
KEY PLAN wrs.
6.3  Design Objectives and Criteria -
Channel works were designed to the controlled Regional event, future land use
peak flow of 48 m’/s, regulated by the existing Freeman Detention Facility
(reference Section 7) based on the capacity of the existing Fairview Street culvert.
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6.4 As Constructed Drawings
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6.5  Photographic Reconnaissance

Photo 6.2 - View of t ¢ terrafix lined channel Took g upstream towards the Freeman pond Fom station
0+300. This vegetation growth through the terrafix block is typical throughout.
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»

Photo 6.3 - Looking upstream at the concrete channel section and outlet culvert. Note the vegetation
growing out of the drainage pipes.

Photo 6.4 - Looking downstream at the concrete to terrafix block channel transition from the top of berm
above the outlet culvert.
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6.6  Operations and Maintenance

6.6.1

Ownership Status

The Halton Region Conservation Authority has title to the portion of the
channel from the CNR crossing to the northerly limit of Leighland Park.
This land is approximately 20 metres wide from the centreline of the
channel and 480 metres in length. (Reference Appendix A)

6.6.2 Project Ingress and Egress

6.6.3

The site is accessible through the double gated entrance to the Freeman
Pond, located on the west side of Brant Street just south of the QEW. An
access road through the Ontario Hydro right-of-way on the south side of
the berm leading to the outlet culvert, with a 3 metre wide access road
running along the east side of the channel to the CNR Halton crossing.
(There is no direct access ramp to the invert, but it is possible to reach
from the access road) The site is enclosed by a 1.8 metre chainlink fence
with gated access facilitated by Key No. 18, available through the Halton
Region Conservation Authority (905-336-1158).

Project Element Maintenance

Reference Appendix B for a summary table of standard component
clements of the project, along with the frequency of inspection and the
methods of remediation.

Site Reconnaissance

In order to ensure the normal operation of the channel under the range of
expected flow conditions, a “walk through” of the works should be carried
out at least once a year. A detailed inspection of the works recording the
location and types of any deficiencies, along with photographs should be
carried out every five years. Information thusly collected should be
catalogued and added to this manual.
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Interlocking Concrete Block Channel

During the annual inspection, the interlocking concrete block (Terrafix ™)
should be checked for any displacement, bulging, or heaving. The blocks
should be checked to ensure that they are embedded or covered with
native material (soil) and that vegetation is growing through the spaces to
allow for additional stability. Any sections that may be damaged or
missing blocks, should be replaced and the channel should be kept clear of
any debris that may inhibit the function of the channel. The underdrain
system should also be inspected for any blockage of sediment or
vegetation by continually monitoring the systems effectiveness and by
probing the pipe.

General/Ingress/Egress

Vegetation or debris that may be obstructing the concrete channel invert,
drainage or outlet pipes, or growing through the channel invert should be
removed. Invasive species such as Purple Loosestrife that are present in
the channel should be removed prior to pollination by manually digging or
pulling the plants and roots, or by biological or chemical control.
Locations for access to the channel should remain clear of any
obstructions (tall/thick vegetation). The locks and gates should be
checked twice a year to ensure easy access under normal or emergency
conditions.
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7.

Freeman Detention Facility and East Hager Creek Channelization

7.1

7.2

7.3

Project Title and Year of Construction

East Hager Creek Channelization
- Freeman Detention Facility

Construction completed in October 1995

The pond construction involved earth excavation of 2 45,000 m> and earth borrow
of 105,000 m® to build the berm and highway embankments. This project also
required the placement of a culvert for the Freeman Facility outlet, and
accompanying concrete transition sections. Through the Freeman Detention
Facility, a 244 metre long interlocking concrete block (Terrafix ™) lined low
flow channel, and a 32 metre long concrete low flow transition channel, both 7
metres wide were constructed. A 5.05 x 5.05 metre culvert and channel through
from the Upper Freeman Pond (volumc storage of 5.06 ha-m) were constructed to
convey flows from the North Service Road Pond System.

Project Location

The Freeman Detention Facility is located west of Brant Street, enclosed by the
QEW/403 Interchange embankment to the north and west, and the Treeland-
Leighland community to the south.

TREELAND ST.
LEIGHLAND RD.

CORIC AVE

PR R0 DRT =
KEY PLAN wrs.

Design Objectives and Criteria

The Freeman Storage Facility was designed as a “dry facility” with a low flow
channel to provide flood storage of 27 ha-m for the Regional event to an elevation
of 105.4 metres, allowing a 0.3 metre freeboard to the top of the berm. This
design has been implemented to control the downstream channel flow to
48.0 m3/s based on the capacity of the Fairview Street culvert.
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7.5  Photographic Reconnaissance

Photo 7.2 - View of the upstream side of the outlet culvert and concrete transition.
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Photo 7.4 - Looking downstream from the berm on the south side of the Freeman Pond.
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Photo 7.5 - Looking upstream at the pond from from the previous location atop the berm, with the 5.05 x
5.05 metre culvert on the left and the 1350 mm culvert in the centre.

Photo 7.6 - View of the downstream face of the culvert from the Upper Freeman Pond
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Photo 7.7 - Downstream face of the 1350 mm concrete pipe extending for 32 metres under the 403 west to
Brant Street north/south ramp, at the northeast corner of the site.

Photo 7.8 - Looking downstream at the Freeman Pond from the headwall of the culvert. Note how the
Purple Loostrife clearly defines the channel
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7.6  Operations and Maintenance

7.6.1 Ownership Status

The Freeman Pond Site is owned by the Ministry of Transportation
Ontario, with exception of a 70 metre wide strip of land along the south
limit of the site, which is owned by Ontario Hydro, with an easement
granted to Burlington Hydro. The Halton Region Conservation Authority
also has been granted a License of Occupation for maintenance purposes.
(Reference Appendix A)

7.6.2 Project Ingress and Egress

The Freeman Pond System is accessible through a double gated entrance
located on the west side of Brant Street just south of the QEW. Access
roads along the top and south side of the berm through the Hydro right-of-
way and through the pond can be used to reach the channel and culverts.
A 1.8 metre chainlink security fence encloses the site with gated access
facilitated by Key No. 18, available through the Halton Region
Conservation Authority (905-336-1158).

7.6.3 Project Element Maintenance

Reference Appendix B for a summary table of standard component
elements of the project, along with the frequency of inspection and the
methods of remediation.

Site Reconnaissance

In order to ensure the normal operation of the “dry” storm water
management pond under the range of expected flow conditions, a “walk
through” inspection of the works should be carried out at least once a year.
A detailed inspection of the works recording the location and types of any
deficiencies, along with photographs should be carried out every five
years. Information thusly collected should be catalogued and added to this
manual.

Interlocking Concrete Block Channel
During the annual inspection, the interlocking concrete block should be

checked for any displacement, bulging, or heaving. The blocks should be
checked to ensure that they are embedded or covered with native material

December 17, 1998

; @

work\1997\97012\CORRESPAREPORT\TEXT\MANUAL.DOC



Hager-Rambo Flood Control Works — Operations & Maintenance Manual

(soil) and that vegetation is growing through the spaces to allow for
additional stability. Any sections that may be damaged or missing blocks
should be replaced and the channel should be kept clear of any debris that
may inhibit that function of the channel. The underdrain system should
also be inspected for any blockage of sediment or vegetation by
continually monitoring the systems effectiveness and by probing the pipe.

Concrete Structures

The concrete inlet and outlet structures within the site should be inspected
annually and checked for any minor cracking that may be repaired by
sealing or grouting. Any major areas of cracking (> 3mm), displacement,
or heaving (> 5 mm), along with the separation of slabs at the expansion,
control, or walls joints, requires a thorough investigation by a qualified
Structural Engineer, to determine the cause and recommend remedial
works.

General/Ingress/Egress

As a storm water management facility, the condition of the berms is an
integral part of the system to function properly. The slopes should be
checked for stability and any signs of failure. In addition, the outlet
control structure should be clear of vegetation and debris. As in the
downstream channel, Purple Loosestrife is the dominant species within the
channel and should be removed. (Reference Section 6.6.4
General/Ingress/Egress). Vegetation or debris that may be obstructing the
culverts, channel invert, drainage or outlet pipes, should be removed.
Locations for access to the channel should remain clear of any
obstructions (tall/thick vegetation). The locks and gates should be
checked twice a year to ensure easy access under normal or emergency
conditions.
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8. East Hager Creek Realignment and Pond System

8.1

8.2

83

Project Description and Year of Construction

East Hager Creek Realignment and Pond System
- QEW to North Service Road

Construction completed in 1994

The East Hager Creek was realigned through a series of three storm water
detention ponds from the North Service Road to the QEW/403 outlet culvert,
having a centerline chainage of 225 m. This design allowed for the channel to be
lowered by 11 metres over a relatively short distance of 110 metres, while
enbancing the efficiency of the system to control downstream flows entering the
Freeman Detention Facility.

Project Location

The project site is located between the North Service Road and the QEW Niagara
lanes, east of the QEW northbound ramp to the 403 westbound lanes,
approximately 300 metres west of Brant Street.

KEY PLAN

Design Objectives and Criteria

The channel and pond system was designed to accommodate the 100 year future
land use event of 72 m3/s. The invert elevation of the North Service Road culvert
is 111.2 metres, and is lowered to 100.3 metres at the QEW/403 outlet culvert of
the system. While allowing for hydraulic conveyance, the ponds also provide a
sediment removal and water quality enhancement function.
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8.5 Photographic Reconnaissance

Lt %

Photo 8.2 - Loo m downstre the No ' ‘at the second and third
QEW in the background.
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Photo 8.4 — Looking downstream at the outlet culvert of the system that conveys flows under the QEW to
the Upper Freeman Pond
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8.6  Operations and Maintenance

8.6.1

8.6.2

8.6.3

Ownership Status

The Ministry of Transportation owns the area of the site below the
abandoned North Service Road ROW, however; the Ministry has granted
an Encroachment Permit to the Halton Region Conservation Authority for
this area and a License of Occupation for the lands north of the abandoned
North Service Road. This does not include the North Service Road
culvert, which is owned by the City of Burlington. (Reference
Appendix A)

Project Ingress and Egress

The site is accessible from the North Service Road approximately 300 m
west of Brant Street across from the Burlington Power Center. The site is
enclosed by a 1.8 metre chainlink fence with gated access facilitated by
Key No. 18, available through the Halton Region Conservation Authority
(905-336-1158).

Project Element Maintenance

Reference Appendix B for a summary table of standard component
elements of the project, along with the frequency of inspection and the
methods of remediation.

Site Reconnaissance

In order to ensure the normal operation of the channel under the range of
expected flow conditions, a “walk through” of the works should be carried
out at least once a year. A detailed inspection of the works recording the
location and types of any deficiencies, along with photographs should be
carried out every five years. Information thusly collected should be

~ catalogued and added to this manual.

Stormwater Energy Dissipation Ponds

The ponds should be inspected with regard to sediment build up and
should be dredged every 10 years as necessary. These ponds contain
overflow valves that are operated by sluice gates, and should be turned
opened and closed at least twice a year to ensure proper operation.
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Concrete Structures

The concrete drop structures and dams should be inspected annually and
checked for any minor cracking that may be repaired by sealing or
grouting. Any major areas of cracking (> 3mm), displacement, or heaving
(> 5 mm), along with the separation of slabs at the expansion, control, or
walls joints, requires a thorough investigation by a qualified Structural
Engineer, to determine the cause and recommend remedial works. In each
pond a row of 500mm x 500mm dissipation blocks were constructed and
should be checked for any deficiencies when the ponds are empty.

Armour Stone

During the annual inspection, the stone should be checked for any
degradation or displacement. Specific items to check for include intrusive
vegctation and washout of backfill material. If distress is occurring, a
thorough investigation is required by a qualified Engineer to determine the
cause and recommend remedial works.

General/Ingress/Egress

Vegetation or debris that may be obstructing the drop structures, overflow
valves, and the outlet channel invert, should be inspected at least twice a
year. Locations for access to the channel should remain clear of any
obstructions. The locks and gates should be checked twice a year to
ensure easy access under normal or emergency conditions.

December 17, 1998

52 @

work\1997\97012\CORRESP\REPORT\TEXT\MANUAL.DOC



Hager-Rambo Flood Control Works — Operations & Maintenance Manual

9.

East Hager Creek Reconstruction (North Service Road to Future Highway 407)

9.1

9.2

9.3

Project Description and Year of Construction

East Hager Creek Reconstruction
- North Service Road to Future Highway 407

Construction completed in 1992

This project involved 200 m of channelization to provide a “naturally” lined,
meandering watercourse, with bank stabilization to protect against erosion
potential for flood flows having a frequency up to five years. A concrete cut off
wall and adjoining culvert were constructed at the upstream limit to stabilize the
existing creek and lower it to the future invert grade. In addition, a concrete
headwall and wingwalls were added to the existing North Service Road culvert.

Project Location

The channel works are located between the North Service Road and the Future
Highway 403 right-of-way, appoximately 300 metres west of Brant Street,
adjacent to the Burlington Power Center.

KEY PLAN

Design Objectives and Criteria

This channel was designed to convey the 100 year future land use flow of 72 m’/s
from Highway 403 through the existing North Service Road culvert to the
downstream systems having an overbank elevation of 117.0 metres at the North
Service Road.
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9,4 As Constructed Drawings
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9.5  Photographic Reconnaissance
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Photo 9.2 - Looking downstream at the North Service Road culvert.
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Photo 9.4 - Looking downstream from atop the culvert 4.5 x 3.5 metre culvert. Note the broken handrail
and high concentration of Purple Loosestrife.
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Photo 9.6 - Looking downstream from the future Highway 403 right-of-way.
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9.6 Operations and Maintenance

9.6.1

9.6.2

9.6.3

Ownership Status

The site of the East Hager Creek Channel Reconstruction is owned by the
Halton Region Conservation Authority (Parts 1-4, Plan 20R-11 144,
(Reference Appendix A). In addition, a 9.1 metre wide wastewater main
casement (Part 2) extending the length of the site to the north of the
channel, has been assumed by the Regional Municipality of Halton.

Project Ingress and Egress

The site is accessible from the North Service Road on the north side of the
creek, through a single 4 metre wide gate. The maintenance accessway
extends along the north side of the channel, to the limit of construction
with a turnaround area over the culvert. A chainlink security fence does
not enclose the site, although the gatc off of the North Service Road is
facilitated by Key No. 18, available through the Halton Region
Conservation Authority (905-336-1158).

Project Element Maintenance

Reference Appendix B for a summary table of standard component
elements of the project, along with the frequency of inspection and the
methods of remediation.

Site Reconnaissance

In order to ensure the normal operation of the channel under the range of
expected flow conditions, a “walk through” of the works should be carried
out at least once a year. A detailed inspection of the works recording the
location and types of any deficiencies, along with photographs should be
carried out every five years. Information thusly collected should be
catalogued and added to this manual.

Concrete Structures

The concrete vertical drop structure should be inspected annually and
checked for any minor cracking or spalling that may be repaired by sealing
or grouting. Any major areas of cracking (> 3mm) or displacement along
expansion, control, or walls joints, requires a thorough investigation by a
qualified Structural Engineer, to determine the cause and recommend
remedial works.
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Armour Stone

During the annual inspection, the stone should be checked for any
degradation or displacement. Specific items to check for include intrusive
vegetation and washout of backfill material. If distress is occurring, a
thorough investigation is required by a qualified Engineer to determine the
cause and recommend remedial works.

General/Ingress/Egress

The channelization of East Hager Creek at this location utilizes the
function of a “natural” channel system. As in the downstream sites,
Purple Loosestrife is the dominant invasive species within the channel and
should be removed in order to ensure maximum efficiency of the
ecosystem. Larger debris (fallen trees, etc.) that may be obstructing the
culverts or channel should be removed.

Rip-rap has been used for erosion protection on the outside banks. This
component should be checked for any signs of degradation, displacement,
erosion of backfill material, or the exposure of the geotextile material.
Locations for access to the channel should remain clear of any
obstructions. The gate and lock should be checked twice a year to ensure
easy access under normal or emergency conditions.
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10. West Hager Detention Facility

10.1 Project Description and Year of Construction
West Hager Creek Realignment and Detention Facility
Construction completed in 1993

The project required the excavation of 9,500 m? of earth from the existing valley
floor and the construction of a structural earth berm. In addition, approximately
347 metres of the existing creek was realigned to provide a 2.3 metre wide low
flow rip-rap lined channel. The outlet works included the installation ofalddx
1.44 x 42 m concrete box culvert and erosion control to the channel leading from
the outlet to the existing North Service Road culvert

10.2 Project Location

The site is located on the north side of the North Service Road, west of Kerns
Road, adjacent to the Crossroads Ministry lands.

KEY PLAN

10.3 Design Objectives and Criteria

This system was designed to store the Regional event to an elevation of 116.2 m
allowing a 0.3 m freeboard, and regulates the outlet flow from the system to 15.6
m3/s to control downstream flows to the Fairview Street culvert capacity.
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10.4 As Constructed Drawings
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10.5 Photographic Reconnaissance

Photo 10.1 - View of the upstream side of the culvert crossing under the North Service Road. Note the
debris blocking the culvert opening.

Photo 10.2 - View of thc detention facilities outlet culvert from the downstream side, taken from the
North Service Road.
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- el
Photo 10.4 - Looking upstream towards the limit o
0+180.
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10.6 Operations and Maintenance

10.6.1

10.6.2

10.6.3

Ownership Status

The West Hager Creek Detention Facility is owned by The City of
Burlington, with the Halton Region Conservation Authority having an
easement agreement with the city for maintenance purposes. (Reference
Appendix A).

Project Ingress and Egress

The site is accessible from the North Service Road approximately 300
metres west of Kerns Road next to the Crossroads Ministry property. An
access road was constructed across the top of the berm and running
parallel to the creek along the east side. Safety fencing does not enclose
the facility, therefore keys for gated access are not required.

Project Element Maintenance

Reference Appendix B for a summary table of standard component
elements of the project, along with the frequency of inspection and the
methods of remediation.

Site Reconnaissance

In order to ensure the normal operation of the stormwater management
facility under the range of expected flow conditions, a “walk through” of
the works should be carried out at least once a year. A detailed inspection
of the works recording the location and types of any deficiencies, along
with photographs should be carried out every five years. Information
thusly collected should be catalogued and added to this manual.

Concrete Structures

The North Service Road and outlet culvert should be inspected annually
and checked for any minor cracking or spalling that may be repaired by
sealing or grouting. Any major areas of cracking (> 3mm) or
displacement along expansion, control, or walls joints, requires a thorough
investigation by a qualified Structural Engineer, to determine the cause
and recommend remedial works.
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Armour Stone and Rip-Rap

During the annual inspection, the armour stone should be checked for any
degradation or displacement. Specific items to check for include intrusive
vegetation and washout of backfill material. Rip-rap has been used for the
channel lining and should be checked for any signs of degradation,
displacement, erosion of backfill material, or the exposure of the
geotextile materials.

General/Ingress/Egress

As a storm water management facility, the condition of the berm and
valley walls is an important feature of the system to function effectively.
The slopes should be checked for stability and any signs of failure. The
channelization of West Hager Creek at this location utilizes the function of
a “natural” channel system as well.

As in the downstream sites, Purple Loosestrife is the dominant species
within the channel and should be removed in order to ensure the efficiency
Of the natural ecosystem. (Reference Section 6.6.4). Larger debris (fallen
trees, etc.) that may be obstructing the culverts or channel should be

removed.
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APPENDIX ‘A’

PROPERTY PLANS
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STANDARD INSPECTION FORM



HAGER-RAMBO SITE INSPECTION FORM

Name of Inspector:

Site: Date: Time:
Purpose for Inspection: Date of Last Rainfall:
Complaint O
Annual a Photographs Taken?: Y/N
Semi-Annual O
Other O

Comments on:

Ingress/Egress: - Locks functioning?:  Y/N
- Is site accessible?: Y/N

- Any remediation?:

Excessive Sedimentation or Vegetation?: Y/N
If Yes: Describe location:

Recommended Action:

Any Structural Problems?

Gabion Basket or Armour Stone Settlement or Failure Including Mesh? Y/N
If Yes: Where?:

Concrete Works Displacement Spalling or Cracking? ~ Y/N
IfYes: Where and How Much (mm)?

Subdrain Blockage?  Y/N

If Yes: Where?:
Recommendation:

Fence Problems: Y/N

If Yes: Where?:
Recommendation:

Aesthetic Concerns?  Y/N
If Yes: What?:

Where?:

Other Observations:




Hager-Rambo Flood Control Works

Operation and Maintenance Deficiency Check List

Concrete

Channel Invert

Deflclency.

Deterioration

Sealing

Culverts Diagonal Cracking Grouting

Vertical Drop Structures Displacement/Distress Replacement
Headwall Heaving Removal of Vegetation
Wingwall Infiltration/Exfiltration

Retaining Longitudinal Cracking

Dissipation Blocks

Offsets

Seepage

Surface Defects
Transverse Cracking

Signs

Vandalism
Vegetation Growth
|channel/Erosion Protection Ammour Stone Degradation Replacement
Displacement Removal of Vegetation
Vegetation
Rip-Rap Degradation Replacement
Displacement
Erosion Beneath
Geotextiles Exposed
Gabions Rock Degradation Replacement
Settling Displacement Removal of Vegetation
Spaces Repair Basket Wire
Vegetation Growth
Wire Degradation
Interlocking Concrete Block |Displacement Replacement
Heaving
Spaces
|Detention Facility Berms Slope Failure Slope Stabilization
Overlow Valves Defective Replacement
Sluice Gates Damaged Repair
Retention Ponds Sediment/Siltation Dredging
|Obstructions Channel Aquatic Vegetation Removal
Low Flow Channel Dams
Culverts Debris
Sub-drains Fallen Rocks
Outlets Sediment/Siltation
Shrubs
Slope Failure
Tall Weeds
Trees
Site Access & Protection Access Ramps Obstructions Replacement
Security Fencing Damaged Repair
Pedestrian Handrails Defective Removal of Obstructions
Gates Visibilty
Locks
Hinges
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1997 FIELD RECONNAISSANCE



APPENDIX ‘C’

1997 FIELD RECONNAISSANCE

East Rambo Creek Channelization (Queensway Drive to CNR—Oakville)

On June 20, 1997, the works were inspected by Philips Planning and Engineering
Limited personnel. The concrete lined invert is in good shape, with only the expected
shrinkage cracks. At one location (station 0+110) a slight (20 mm) settlement has
occurred at the shrinkage crack. Gabion baskets are in excellent condition, with no
evidence of settlement or potential failure.

The gate at Fassel Drive (east side) is damaged and in need of repair. As well, the Fassel
Drive and Queensway Drive maintenance access locations are in need of clean up due to
a high amount of vegetative growth, which may inhibit routine or emergency access to
the channel invert.

Lower East Rambo Creek Channelization (CNR—Oakville to Fairview Street

Based on the June 1997 inspection, the concrete works for this project including the
channel lining and the Fairview Street culvert appear to be in excellent condition. There
are no signs of major cracking of the channel invert; however, vegetation is growing
between the channel lining and the base of the armour stone retaining walls in a few
locations. The low flow channel has a high amount of algae and sediment within it. The
armour stone shows no sign of displacement or deterioration, and the fencing and gated
access is in good condition and working order.

East Hager Creek Channelization (Fairview Street to CNR — Halton)

On August 6, 1997, the works were inspected by Philips Planning and Engineering
Personnel. At the time of the site visit, the water level was contained to the low flow
channel, with a high level of algae growth and sediment. The channel walls and the
Plains Road Culvert were found to be in good condition. However; the channel lining
has vegetation growing up through the control and/or expansion joints in a few areas.

East Hager Creek (CNR Halton Culvert Crossing)

The channel and culvert appear to be in good condition, however; vegetation growth is
present in some areas of the control and expansion joints. The protective fencing around
the perimeter of the site is in good condition. The walls of the CNR structure both
upstream and downstream have been defaced by graffiti.



East Hager Creek Channelization

During the site visit on August 6, 1997, by Philips Planning and Engineering personnel, it
was observed that this section of channel works is in very good condition. The
interlocking concrete block lined channel shows no signs of failure in the form of
displacement or buckling, and vegetation has grown very well throughout. The channel
invert is well vegetated with Purple Loosestrife being the dominant species. Slight
sediment build up has occurred in the low flow channel of the concrete sections, and the
sub-drains are blocked with vegetation. (Reference Section 6.5)

Freeman Detention Facility and East Hager Creek Channelization

On August 6, 1997, a site visit was undertaken by Philips Planning and Engineering
personnel. The three concrete culverts and the concrete channel transitions appear to be
in good condition with no signs of distress or displacement; however, the upstream side
of the outlet culvert has been defaced by vandalism. The interlocking concrete block
channel is in good condition and heavily vegetated throughout, although Purple
Loosestrife is the dominant species and clearly defines the channel as seen in the
photographs (reference Section 7.5).

The vegetation throughout the remainder of the site seems to have taken well considering
the minimal amount of topsoil. The chainlink security fence enclosing the facility is also
in good condition with exception of a 0.4 metre opening at the northeast corner of the
park where the chainlink fence ends adjacent to private property.

East Hager Creek Realignment and Pond System

At the time of the photographic reconnaissance on August 6, 1997, the watercourse was
in a low flow state. The amount of vegetation growth immediately around the pond
system has developed well, most notably at the first pond (furthest upstream) where a
high concentration of cat-tails has evolved. However, the vegetation throughout the
remainder of the overbank areas is very sparse.

The drop structures and retaining walls of each of the ponds appear to be in good
condition, as well as the dissipation blocks at the base of the third pond (furthest
downstream) and the upstream face of the Highway 403 culvert. There is an
accumulation of algae on the face of each of the retaining walls, and evidence of
vandalism is shown by the graffiti on the inlet structure and the damage to the access
gate.

An additional site visit was made in November 1997, by Halton Region Conservation
Authority and Philips Planning and Engineering personnel to determine the cause of the
low permanent level of the ponds. It has been determined that each of the three sluice
gates have been damaged and that slight leaking is occurring. Consultation with the
manufacturer (Armtec' ") has taken place and minor repairs have been made and water
levels are back to where they have been designed. In December 1998, leaking was
observed on the west side of the control structure for the downstream facility. As of the



time of writing, the source of the leak was not yet identified; resolution of this issue is
anticipated in the spring.

East Hager Creek Reconstruction (North Service Rd. to Future Hwy. 407)

At the time of the site visit on August 6, 1997, by Philips Planning and Engineering staff,
the vegetation within the site appears to have grown very well (reference Section 9.5).
Purple Loosestrife is the dominant species with the channel, as seen in Photos 1-4. The
North Service Road culvert and the culvert and cut-off wall at the upstream limit of the
site appear to be in good condition, however the handrails and fencing around the culvert
and cut-off wall are damaged and in need of repair. The armour stone is in good
condition and shows no sign of degradation or displacement. As seen in Photo 9.6, slight
bank erosion is occurring just upstream of the cut-off wall.

West Hager Detention Facility

On August 6,1997, the works were inspected by Philips Planning and Engineering
personnel. The valley has vegetated very well, including the infestation of Purple
Loosestrife that follows the channel. The outlet culvert appears to be in good condition;
however, vegetation and debris block both the outlet culvert and the existing culvert that
conveys flow under the North Service Road.



APPENDIX ‘D’

1998 AERIAL PHOTOGRAPHS



Freeman Pond — Inter Ramp Storage Area
(looking north, northeast)

Freeman Pond and West Hager Outlet Channel
(looking west)



East Hager Stormwater Energy Dissipation Ponds
North Service Road to QEW (looking northwest)



East Rambo Creek Channelization
Glenwood School Drive to Queensway (looking east)

East Rambo Creek Channelization
CNR to Upstream of Fassel Drive (looking east)



Lower East Rambo Creek Channelization
Fairview Street to CNR (looking east)

West Hager Creek Outlet Channel (Concrete Block), CNR Triple Cell
Culvert crossing, West Hager Creek Channelization (Concrete)
CNR to Fairview Street (looking south)
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Memo

To: Heather Dearlove and Jannette Brenner, Conservation Halton
From: Ron Scheckenberger and Matt Senior, Wood

Date:  August 9, 2019 (Revised December 18, 2019)

File: TPB178008

cc: Leah Smith, Cary Clark, and Umar Malik, City of Burlington

Re: Downtown and Burlington GO Mobility Hubs
Flood Hazard and Scoped SWM Assessment
East Rambo Flood Control Facility — Retrofit Feasibility Assessment
City of Burlington

A. Introduction and Background

Further to Wood's submission of the updated “Flood Hazard and Scoped Stormwater
Management Assessment, Burlington GO and Downtown Mobility Hubs” Report (February 25,
2019), and the receipt of comments from Conservation Halton (ref. e-mail Dearlove-Enns, June 27,
2019 and written comments ref. Dearlove-Bustamante, July 25, 2019), as well as the meeting of
July 9, 2019, we hereby provide a summary outlining Wood's professional opinion on the potential
feasibility of a retrofit of the East Rambo Flood Control Facility, to prevent the spill condition to
the West Rambo Creek. The text herein also reflects comments provided by Conservation Halton
(CH) in its correspondence of September 25, 2019 (Dearlove-Malik).

As you are aware, the results of the previously noted assessment have indicated that under
sufficiently high flows (approximately the 1 in 10-year storm event) the East Rambo Flood Control
Facility (FCF) would generate uncontrolled spills via the CNR crossing under the QEW, which would
direct flows to the West Rambo Creek system, south of the QEW (rather than the controlled
discharge from the East Rambo FCF, which is directed to the East Rambo Creek at Plains
Road/Brenda Crescent). This condition results in flows from the East Rambo FCF being split
between the East and West Rambo Creek systems, contrary to the previously understood design
performance (with all flows being directed to the East Rambo Creek system).

Based on the preceding, CH has previously requested that two (2) modelling scenarios be
assessed: with the division of flows as estimated based on actual existing conditions (Scenario 1)
and with all flows being directed to East Rambo Creek, as originally intended (Scenario 2). Peak
flows for both scenarios were generated and included in the previously noted report, as well as
estimated floodplain mapping for both scenarios.

3450 Harvester Road Wood Environment & Infrastructure Solutions

Burlington, ON L7N 3W5 a Division of Wood Canada Limited

+1 905 335 2353 Registered office: 2020 Winston Park Drive, Suite 700, Oakville, Ontario L6H 6X7
www.woodplc.com Registered in Canada No. 773289-9; GST: 899879050 RT0008; DUNS: 25-362-6642
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Conservation Halton (East Rambo FCF)
August 9, 2019 (Revised December 18, 2019)

In its comments of July 5, 2019 ref. (e-mail Dearlove-Enns), CH has noted that while Scenario 1 is
more representative of existing conditions, it does not represent the worst case scenario for East
Rambo Creek and the eventual receiver of East Rambo Creek flows, namely the Hager-Rambo
Diversion Channel. Further, CH has suggested that Scenario 1 does not meet Provincial Guidelines,
which recommend that reduced flows (i.e. to East Rambo Creek) should only be used after a review
of alternatives proves that the spill cannot reasonably be prevented. CH has therefore
recommended that Scenario 2 be used to delineate the flood hazard for the East Rambo Creek, as
well as the Hager-Rambo Diversion Channel. Under Scenario 2, the generated floodplain mapping
(refer to Drawing 5B from the previously noted report) indicates the potential for spill flows from
East Rambo Creek in the vicinity of Fairview Street and Argon Court, as well as from the Hager-
Rambo Diversion Channel itself, along Fairview Street, between the East and West Rambo Creeks.
CH has suggested that these spill flows require additional assessment to better understand the
impacts of these flows to the Burlington GO Mobility Hub, as well as the impact of routed flows
to the downstream receivers (i.e. Lower Rambo Creek) within the Downtown Mobility Hub.

As discussed at the meeting of July 9, 2019 (and in Comment 11c of its July 25, 2019 comments),
CH staff has indicated they may be in a position to support the application of the current condition
and more representative flows associated with Scenario 1 (which would then eliminate the need
for further hydraulic modelling and floodplain mapping for Scenario 2), if a sufficiently robust
alternative/feasibility assessment is undertaken to demonstrate that it is not considered
reasonably feasible or likely that the East Rambo FCF could ever be retrofitted or altered to address
the previously noted spill. This memorandum is intended to document this assessment.

B. Potential Retrofitting East Rambo FCF — Review of Considerations

Wood is of the professional opinion that a retrofit of the East Rambo FCF to re-direct flood flows
towards the East Rambo Creek is both undesirable (given the potential impacts) and also infeasible
(given the technical and financial burdens associated with such works). This would apply both to
a complete or partial re-direction of flows, given that similar challenges would occur in both
instances. A summary of the rationale for this opinion is outlined herein.

1. Flood Impacts to Residential Properties. As evident from previously prepared floodplain
mapping for Scenarios 1 (as per existing conditions) and 2 (all flows from the East Rambo
FCF re-directed to East Rambo Creek), Scenario 2 results in a much more extensive
floodplain for the East Rambo Creek between the QEW and Fairview Street (ref. Drawings
5A and 5B from the previously noted report). Based on a preliminary estimate,
approximately 40 +\- additional detached residential homes between Plains Road and the
CNR tracks would be placed within the Regulatory Floodplain under Scenario 2 as
compared to Scenario 1, which would notably increase flood risk and damage potential.
Further, a large number of additional residential homes would be placed at risk south of
Fairview Street due to spill flows from East Rambo Creek and the Hager-Rambo Diversion
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Conservation Halton (East Rambo FCF)
August 9, 2019 (Revised December 18, 2019)

Channel under Scenario 2 as compared to Scenario 1. Based on a high-level review with
staff from the City of Burlington, it is understood that there are no other critical
infrastructure installations that should be considered in either spill area (i.e. electrical
substations, telecommunications hub, waste management sites, etcetera). It is further
understood that there are no critical vulnerable populations in either area (nursing homes,
retirement homes, hospitals, etcetera). Thus, the primary differentiator between the flood
risks in the two (2) areas relates to the presence (or absence) of residential units.

Under Scenario 1, spill flows to West Rambo Creek via the CNR would primarily impact
industrial/commercial properties only, which would be expected to have a correspondingly
lower risk to public life and public property as noted previously. The exception would be
high surface flows along Plains Road and the Brant Street underpass, which would be
expected to flood due to spill flows and would correspondingly pose a safety risk to drivers.

These flood risks could potentially be practically mitigated through additional measures
however, such as increased culvert capacity of West Rambo Creek at Plains Road, grading
modifications, and storage. This could also potentially include channel improvements to
increase capacity.

With respect to Scenario 1, based on a review of property limits and grading, opportunities
are generally considered limited along West Rambo Creek, downstream of Plains Road
(subject to acquiring private property) and would also necessitate co-ordination to
upgrade three (3) hydraulic structures (two (2) railway lines and one (1) private crossing).

With respect to Scenario 2, channel improvements would be further constrained by the
larger number of private properties crossed by East Rambo Creek, and the greater
complexities associated with acquiring private residential properties (as opposed to
commercial/industrial properties). Although opportunities along both watercourses are
considered limited/constrained, improvements to West Rambo Creek would generally be
more feasible.

Overall, it is considered that the flood impacts and risks under Scenario 2 are greater than
under Scenario 1, given the direct impact to residential properties and residents which
involve overnight uses. Channel improvements along East Rambo Creek (which would
receive more of the flow under Scenario 2) would also be more complex.

The preceding suggests that a retrofit of the East Rambo FCF to re-direct spill flows to East
Rambo Creek (either partially or wholly) would be counter-productive in terms of risk
management, and ultimately counter to the overall goals of both the City of Burlington
and Conservation Halton.
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Conservation Halton (East Rambo FCF)
August 9, 2019 (Revised December 18, 2019)

2. Feasibility of Preventing Spill via CNR Crossing. As noted previously, based on the

hydrologic modelling conducted for the Mobility Hub Study, the East Rambo FCF would
be expected to spill to the West Rambo Creek system via the CNR crossing at
approximately the 1 in 10-year storm event. The spill elevation of the railway tracks in this
location has been estimated as 105.5 m, as compared to the base facility elevation of
103.3 m (active depth of 2.2 m at spill point). By contrast, the maximum simulated water
level within the facility for the Regional Storm Event (Scenario 1) is estimated as 106.43 m
(or some 0.93 m higher), or just above the secondary North Service Road spill elevation of
106.40 m.

Given the grade constraints associated with railway tracks, it is considered unlikely that the
railway tracks could be practically raised to address the spill; further this would have
impacts on the vertical clearance within the CNR enclosure itself, which would suggest that
the structure would need to be altered and replaced to meet CNR clearance requirements.
Even a partial adjustment of rail geometry would be complex and costly, and ultimately
only partially effective.

A stand-alone automated active flood barrier could potentially be implemented on the
CNR QEW crossing (to be enabled once flood levels within the pond reached a certain
critical level), however this would require active ongoing monitoring of pond levels and
associated automated controls for the barrier. It is unclear who would be responsible for
the long-term capital, and operation and maintenance costs for such a system. It is also
unclear whether or not both CNR and MTO would agree to the implementation of such a
system within their jurisdiction. Such a flood barrier would also likely not be fully
watertight, given the nature of railway tracks (i.e. irregular granular bedding and elevated
tracks), although it would likely reduce flood spills, if it could be feasibly implemented.

A passive flood barrier (i.e. a berm or wall) could also potentially be considered to prevent
spill from entering the CNR QEW crossing. Notwithstanding, the barrier would need to be
completed on both sides of the CNR tracks, given the potential for backwater and flooding
on the upstream side of the CNR tracks via East Rambo Creek and the associated culvert
crossing of the CNR. This would also require re-alignment of East Rambo Creek on the
downstream side of the FCF and would also reduce the available flood storage volume
within the FCF due to the barrier (notably there would be a reduced impact associated with
a wall as compared to a sloped berm however). A barrier on the upstream side of the CNR
would be constrained by available space and the numerous landowner interests in this
area. Alternatively, a backwater prevention system could potentially be implemented and
fitted to the East Rambo Creek culvert, however further detailed hydraulic modelling would
need to be completed to confirm to assess effectiveness and feasibility at this scale.
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Conservation Halton (East Rambo FCF)
August 9, 2019 (Revised December 18, 2019)

With respect to both active and passive flood barriers to prevent spill via the CNR crossing,
the local impacts of implementing such a flood barrier have also not been assessed.
Increased operating levels in the FCF have the potential to result in additional flooding of
the surrounding area unless additional flow relief was implemented in combination with
the flood barrier. In particular, flood encroachment on the properties at 2220, 2250 and
2260 Industrial Street is estimated to occur at an elevation of approximately 106.0 m; this
could potentially be worsened by berming off relief flow via the CNR QEW crossing and
increasing operating levels within the facility.

Re-grading/expansion of the pond to reduce operating levels is also considered infeasible
given surrounding infrastructure (roadways and railways). It is understood that available
storage in the facility was maximized at the time of design and also further extended as
part of the Area 8 Roseland Creek Diversion, hence potential for additional storage is not
considered available. If the North Service Road were theoretically to be shifted closer to
the QEW, there would be the potential to increase the facility footprint area, however this
would be subject to the acquisition of additional land and agreement with the MTO, both
of which may not be forthcoming given active uses in the area. In addition, such an
expansion in storage in and of itself would likely not be effective; this storage expansion
would likely need to be combined with additional relief flow, necessitating additional
infrastructure upgrades (assessed further as part of the subsequent review point).

Based on the preceding, the direct elimination of spill flows through physical works via
raising of the CNR tracks, implementation of a flood barrier, or re-grading/expansion of
the existing FCF are all considered unlikely or infeasible. Spill flows via the CNR QEW
crossing could also potentially be reduced/prevented if additional relief flow could be
incorporated to re-direct flows towards East Rambo Creek; this is considered further as
part of the subsequent review point.

3. Feasibility of Re-Directing Flows to East Rambo Creek. As a final consideration, the
feasibility of re-directing overflows from the East Rambo FCF to East Rambo Creek has also
been reviewed. Based on the currently estimated facility operating curve (stage-storage-
discharge), the existing low flow outlet (3.0 m wide x 1.5 m high box culvert) has a limited
capacity, which restricts discharge and ultimately results in spill via the first relief point (i.e.
the CNR QEW crossing). As such, in order to re-direct flows to the East Rambo Creek, the
FCF outlet would either need to be upgraded/upsized, or potentially twinned with a
secondary relief crossing of the QEW to the East Rambo Creek. Such an undertaking would
be expected to be extremely complex and costly. The crossing would need to cross not
only the North Service Road but the QEW, with a combined 12 lanes of active traffic.
Construction would therefore need to utilize trenchless methods, such as microtunnelling
or jack and bore to avoid disruption to the roadways, and clearly require agreement with
the MTO. The cost of the construction (including implementation of large diameter piping)
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Conservation Halton (East Rambo FCF)
August 9, 2019 (Revised December 18, 2019)

C.

would be expected to be high. Additional reconstruction on Plains Road and Brenda
Crescent/Queensway Drive would also be required to re-direct the additional storm flows
to East Rambo Creek.

Further, the estimated Regional Storm inflow to the East Rambo FCF is 62.0 m3/s. As per
the simulated results for Scenario 2, the existing box culvert has been estimated to convey
some 18.5 m?/s, leaving a residual peak flow to be conveyed of some 43.5 m3/s. Assuming
a concrete box culvert structure at a 0.5% grade, and a similar rise to the existing structure
(1.5 m), an additional width of some 7.5 m would be required. This large geometry would
further increase construction costs, potentially necessitating two (2) separate relief lines.

A less costly alternative could potentially be to re-direct spill flow from the CNR at the
downstream side of the QEW, via the existing grassed area in the QEW right-of-way
between the CNR and Plains Road/Brenda Crescent. The feasibility of completely blocking
and re-directing uncontrolled spill flows at this magnitude is considered low however; the
potential for practically constructing a flow bypass in the noted area is unknown without
further detailed assessment. Such a system would further require agreement with MTO
(and could potentially limit its use of the corridor including any potential future widening),
and would also need to assess any potential impacts to the existing industrial properties
fronting on Plains Road in this area.

All of the preceding measures also assume no additional flow restrictor controls within the
East Rambo FCF. Ultimately, the FCF was originally approved to provide flow controls up
to and including the 100-year storm event. Any potential retrofit would need to consider
what, if any, potential measures could be incorporated into the design to achieve a greater
degree of flow control to ensure compatibility with the originally approved intent and
mitigate downstream impacts associated with legacy works. The feasibility of this
approach would require further consideration and assessment.

Overall, the re-direction of spill flows from West Rambo Creek to East Rambo Creek would
be a highly complex and costly undertaking, and would necessarily involve partnership and

agreement with the MTO given the works in proximity to the QEW.

Summary

Based on the preceding, Wood is of the professional opinion that a retrofit of the East Rambo
Flood Control Facility to re-direct predicted spill flows towards East Rambo Creek is neither
desirable (given the associated increase in flood damages and risk to residential properties and
residents themselves) nor technically feasible (given the technical complexities and associated
costs in preventing and re-directing the aforementioned spill flows).
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Conservation Halton (East Rambo FCF)
August 9, 2019 (Revised December 18, 2019)

Wood further notes that the City of Burlington is also of the same opinion with respect to the
preceding; City staff will provide separate written confirmation of same.

It is recommended that the findings of the preceding be reviewed with CN rail staff, given the
potential implications to CN rail infrastructure, and its potential interest in reducing the spill
frequency associated with its infrastructure. It is recommended that the City of Burlington share
this memorandum and associated reporting information with CN rail staff, and document any
associated correspondence accordingly.

We trust the preceding to be satisfactory; please do not hesitate to contact Wood should you wish
to discuss the matter further.
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EXPLANATION OF BOREHOLE LOG

This form describes some of the information provided on the borehole logs, which is based primarily on examination of the recovered
samples, and the results of the field and laboratory tests. Additional description of the soil/rock encountered is given in the accompanying
geotechnical report.

GENERAL INFORMATION

Project details, borehole number, location coordinates and type of drilling equipment used are given at the top of the borehole log.

SOIL LITHOLOGY

Elevation and Depth

This column gives the elevation and depth of inferred geologic layers. The elevation is referred to the datum shown in the Description column.

Lithology Plot
This column presents a graphic depiction of the soil and rock stratigraphy encountered within the borehole.

Description

This column gives a description of the soil stratums, based on visual and tactile examination of the samples augmented with field and
laboratory test results. Each stratum is described according to the Modified Unified Soil Classification System (modified slightly so that an
inorganic clay of "medium plasticity" is recognized).

The compactness condition of cohesionless soils based on standard penetration testing (SPT) and the consistency of cohesive soils (undrained
shear strength) are defined as follows (Ref. Canadian Foundation Engineering Manual, 4t Edition, 2006):

SPT Unconfined Compressive Strength
Compactness of Cohesionless Soils ETE Consistency of Cohesive Soils o oot
Very Loose Oto4 Very Soft O0to 12 0 to 250
Loose 4to010 Soft 12to 25 250 to 500
Compact 10 to 30 Firm 25to 50 500 to 1000
Dense 30to 50 Stiff 50 to 100 1000 to 2000
Very Dense > 50 Very Stiff 100 to 200 2000 to 4000
Hard > 200 > 4000
SOIL SAMPLING
Sample types are abbreviated as follows:
SS  Split Spoon TW  Thin Walled Open (Pushed) RC Rock Core GS Grab Sample
AS  Auger Sample TP Thin Walled Piston (Pushed) WS Washed Sample AR Air Return Sample

Additional information provided in this section includes sample numbering, sample recovery (%) and numerical testing results (SPT).

FIELD AND LABORATORY SAMPLING

Results of field testing (e.g., SPT, pocket penetrometer, and vane testing) and laboratory testing (e.g., natural moisture content, and limits)
executed on the recovered samples are plotted in this section.

Definitions of Penetration Resistance

Standard penetration resistance ‘N’ — The number of blows required to advance a standard split spoon sampler 30 cm into the subsoil, driven
by means of a 63.5 kg hammer falling freely a distance of 76 cm.

Dynamic penetration resistance — The number of blows required to advance a 50 mm, 60 degree cone, fitted to the end of drill rods, 30 cm
into the subsoil, the driving energy being 474.5 Joules per blow.

INSTRUMENTATION INSTALLATION
Instrumentation installations (monitoring wells, piezometers, inclinometers, etc.) are plotted in this section.

WATER LEVEL

Water levels, if measured during fieldwork, are plotted in the depth/elevation column. These water levels may or may not be representative of
the static groundwater level depending on the nature of soil stratum where the piezometer tips are located, the time elapsed from installation
to reading and other applicable factors. Other information includes the depth of borehole cave-in, if any. This information is also included in
the borehole log footer.

COMMENTS
This column is used to describe non-standard situations or notes of interest.

EXPLANATION OF BOREHOLE LOG

Wood Environment & Infrastructure Solutions

a Division of Wood Canada Limited [GENERAL REPORT NOTE  The soil conditions, profiles, comments, conclusions and recommendations
Geotechnical Discipline - Ontario Region found(m this report are based u;?oh the sam;?les recovered during the fieldwork. S?I|S are heterogeneous
wo o materials and, consequently, variations (possibly extreme) may be encountered at site locations away from
® boreholes. During construction, competent, qualified inspection personnel should verify that no significant

WVVW.WOOdQ|C.C0m variations exist from the conditions described in this report.

Rev Date: January 7, 2019
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MODIFIED* UNIFIED SOIL CLASSIFICATION SYSTEM

*The soil of each stratum is described using the Unified Soil Classification System (Technical Memorandum 36-357 prepared by Waterways Experiment Station,
Vicksburg, Mississippi, Corps of Engineers, U.S Army. Vol. 1, March 1953) modified slightly so that an inorganic clay of "medium plasticity" is recognized.

MAJOR DIVISION GROUP SYMBOL TYPICAL DESCRIPTION LABORATORY CLASSIFICATION CRITERIA
£ Cy=Dgo >4 Cc=_(Dy) =1to3
2 € 6w WELL GRADED GRAVELS, GRAVEL-SAND MIXTURES, LITTLE OR NO FINES v ¢ °
25 CLEAN GRAVELS D DX D
<~ 10 10X Deo
S < (TRACE OR NO
£ w Z FINES) POORLY GRADED GRAVELS, GRAVEL-SAND
3 wEE 6P NOT MEETING ABOVE REQUIREMENTS
I arE MIXTURES, LITTLE OR NO FINES
z > 25
< = % [}
T o
Oz npAn
= E g DIRTY GRAVELS GM SILTY GRAVELS, GRAVEL-SAND-SILT MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR I, LESS THAN 4
&
59 ) (WITH SOME OR
23 g9 MORE FINES) ar
oz g < GC CLAYEY GRAVELS, GRAVEL-SAND-CLAY MIXTURES ATTERBERG LIMITS ABOVE "A" LINE OR I, MORE THAN 7
E]
5=z £ C,=Dg>6 Cc=_(Dypl =1to3
w s 2 E sw WELL GRADED SANDS, GRAVELLY SANDS, LITTLE OR NO FINES v < °
9 & E CLEAN SANDS Dy Dy X Dy
] S 3 (TRACE OR NO
O w <
z Iz FINES) sp POORLY GRADED GRAVELS, GRAVEL-SAND MIXTURES, LITTLE OR NO FINES NOT MEETING ABOVE REQUIREMENTS
I 8w
o zZ%3
o i <
z ’ pr
9 zz DIRTY SANDS sM SILTY SANDS, SAND-SILT MIXTURES ATTERBERG LIMITS BELOW "A” LINE OR I, LESS THAN 4
£ 8 (WITH SOME OR
@ =
gy MORE FINES) sc CLAYEY SANDS, SAND-CLAY MIXTURES ATTERBERG LIMITS ABOVE "A" LINE OR I, MORE THAN 7
o
g
9]
w Z
R W, < 50% ML INORGANIC SILTS AND VERY FINE SANDS, ROCK FLOUR, SILTY SANDS OF SLIGHT PLASTICITY
= o P4
B ESgk
& 52@5
= 9go
=z o
V)
'3(_: =g W, > 50% MH INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS, FINE SANDY OR SILTY SOILS
& CLASSIFICATION IS BASED UPON PLASTICITY CHART
=]
E (SEE BELOW)
R 3 L g W, < 30% c INORGANIC CLAYS OF LOW PLASTICITY, GRAVELLY, SANDY OR SILTY CLAYS, LEAN CLAYS
2z 3
R wo &2
< > < =
5z Suz % 30% < W, < 50% a INORGANIC CLAYS OF MEDIUM PLASTICITY, SILTY CLAYS
g5 gg°
&
E <2
z z W, > 50% cH INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS
i
o
& v 2 W, < 50% oL ORGANIC SILTS AND ORGANIC SILTY CLAYS OF LOW PLASTICITY
s g3 WHENEVER THE NATURE OF THE FINES CONTENT HAS NOT BEEN
3
33 ; DETERMINED, IT IS DESIGNATED BY THE LETTER "F",
x wn
SES W, > 50% oH ORGANIC CLAYS OF HIGH PLASTICITY e.g. SFIS A MIXTURE OF SAND WITH SILT OR CLAY
wv o
HIGH ORGANIC SOILS Pt PEAT AND OTHER HIGHLY ORGANIC SOILS STRONG COLOUR OR ODOUR, AND OFTEN FIBROUS TEXTURE
SOIL COMPONENTS Plasticity Chart for Soil Passing 425 pm Sieve
60
DEFINING RANGES OF PERCENTAGE
U.S STANDARD SIEVE SIZE BY WEIGHT
FRACTION OF MINOR COMPONENTS
50
PASSING RETAINED PERCENT DESCRIPTOR
. COARSE 75 mm 19 mm 35-50 AND
z
Z — 40
>4 xX
© FINE 19 mm 475 mm 20-35 Y/EY =
o
2
3
COARSE 475 mm 2.00 mm 10-20 SOME T 0
3
2 £
Z MEDIUM 200 mm 425 um 1-10 TRACE =2 a MH or OH
wi wn
8 2 /
o
FINE 425 ym 75 um /
[FINES (SILT AND CLAY BASED ON PLASTICITY) 75 um 10
F-- or OI
OVERSIZED MATERIAL L - =
% ML
0 7 _oroL
ROUNDED OR SUBROUNDED: NOT ROUNDED: o o o o o w0 A i o o 100
COBBLES 75 mm to 300 mm ROCK FRAGMENTS > 75 mm Liquid Limit, WL (%)
BOULDERS > 300 mm ROCKS > 0.76 CUBIC METRE IN VOLUME

Wood Environment & Infrastructure Solutions

a Division of Wood Canada Limited

Geotechnical Discipline - Ontario Region

www.woodplc.com

wood.

MODIFIED USCS

Note 1: Soils are classified and described according to their engineering properties and behaviour.
Note 2: The modifying adjectives used to define the actual or estimated percentage range by weight of minor components
are consistent with the Canadian Foundation Engineering Manual ( 4th Edition, Canadian Geotechnical Society, 2006.)

Rev Date: January 7, 2019
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Project Number: TPB198130

RECORD OF BOREHOLE No. BH/MW-1

Drilling Location:  N: 4798767 E: 594356

Project Client: City of Burlington

Drilling Method: 150 mm_Solid Stem Augers

wood.

Environment & Infrastructure Solutions
3450 Harvester Road

¥ No freestanding groundwater observed in open borehole upon completion of drilling.

! Groundwater depth observed on 3/13/2020 at a depth of: 8.1 m.

Project Name: Burlington Stormwater Flood Remidiation Drilling Machine:  Track Mounted Drill
Project Location: Burlington, ON Date Started: Feb 10, 20 Date Completed: Feb 10, 20
Logged by: PG Compiled by: PG Reviewed by: TR Revision No.: 2, 3/28/20
LITHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
i i Soil Vapour Reading z
- PenetrationTesting O COV(LEL) m TOV(LEL) [ © COMMENTS
5 & E |ospr OPPT @ DCPT 2 4 6 8 Ez &
- 2 = | a A cov A TOV Q
5 DESCRIPTION 8l E| 28| 2|2 |wovae niconvaner |* o e 400 ™| G2 GRAIN SIZE
=t [ z > | = = | E [& intact < Intact L =5 DISTRIBUTION
g ° 2 g > z <>z A Remoud @ Remould We w W, g 2 (% )
2 € o e
§ g g § E & W |+ undrained Shear Strength (kPa) Plastic Liquid 5
= _|Local Ground Surface Elevation; 1158 m (%) %) x 1) [=) ] 20 40 60 80 20 40 60 80 Zz GR SA S CL
: Topsoil 11, T 7 - - - - - - -
\ 50 mm 9- - s : : :
Red ss | 1 | 42 | 11 | 10 ERERRE: S
Silty Clay / Clayey Silt FILL B ] : : :
trace to some sand and gravel O
firm to stiff - -
moist to damp o 115 —
ss| 2 |e7 | 11 [ ]
ss | 3 | 100 10 [ 14 —
- ]
ss| 4 | 75| 7 F ]
r D ERRTEETEEIEEEY EETEELLLEEIEREE ERRERREE
-3 i
ss | 5 83 | 12 [ ]
C 112
— 4 -
ss | 6 | 71 6 [ [
5 ]
— 6
SS 7 67 7 F
108.8 C ; ]
g7, Red 7.0 [ ]
%44 silt Till - .
,// compact B 7
7 % moist r 7
2 % 4
27 B ]
/2 ss| s | o2} g
4% -8 1
%24 - i
o i
106.6 507250 ] ! '
=T\ Red 108.9] SS 9 100 - Upon completion borehole remained
==\ Weathered Shale ok mm—= 1 open and dry. i
Borehole Terminated at Refusal on Inferred Well installation: 5 cm diameter
Bedrock schedule 40 PVC pipe with 3.1 m
length #10 mil slotted screen, No. 2
sand, stickup monument casing.
Wood

Burlington, Ontario, L7N 3W5
Canada

Tel. No.: 1 (905) 335-2353
www.woodplc.com

Borehole details as pi do not i a gl ing of all i iti present and require interpretative assistance from
a qualified Geotechnical Engineer. Also, borehole information should be read in ji ion with the ical report for which it was Scale: 1:53
i and the ing ion of Borehole Log'.

Page: 1 of 1




Project Number: TPB198130

RECORD OF BOREHOLE No. BH/MW-2

Project Client:

City of Burlington

Drilling Location:

N: 4798729 E: 595067

Drilling Method:

150 mm_Solid Stem Augers

wood.

Project Name: Burlington Stormwater Flood Remidiation Drilling Machine:  Track Mounted Drill
Project Location: Burlington, ON Date Started: Feb 11, 20 Date Completed: Feb 11, 20
ogge : ompile : eviewe . evision No.: :
Logged by: PG Compiled by: PG Revi d by TR Revision N 2, 3/28/20
LITHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
i i Soil Vapour Reading z
- PenetrationTesting O COV(LEL) m TOV(LEL) [ © COMMENTS
5 & E |ospr OPPT @ DCPT 2 4 6 8 Ez &
- 2 = | a cov A TOV Q
5 DESCRIPTION 8l E| 28| 2|2 |wovae niconvaner |* o e 400 ™| G2 GRAIN SIZE
=t [ z > | = = | E [& intact < Intact L =5 DISTRIBUTION
g ° 2 g > z <>z A Remoud @ Remould W, w W, ) 2 (%)
2 £ ——o—=e
§ g g § E & W |+ undrained Shear Strength (kPa) Plastic Liquid 5
=1 _|Local Ground Surface Elevation; 104.7 m (%) %) x 1) [=) ] 20 40 60 80 20 40 60 80 Zz GR SA S CL
== Paving Stones 104.5 - . : : : : : ! .
150 mm 0 - 4
\ Geotextile Layer at 150 mm ?— SS 1 0 5?n/n?5 B 1
Red N ]
Silty Clay / Clayey Silt FILL i
trace to some sand and gravel - 104 —
firm to very stiff - B
moist C ]
SS 2 21 5 L .
o 103 —
ss | 3 | 58 | 5 [ .
— 2 ~
ss | a4 | 25| 12 [ ]
o 102 —
— 3 ~
SS 5 75 17 [ ]
- 101 —
— 4 —
100.1 - N
Brown 46 I B
7 silt Till C 100 7
A Geotextile at 4.5 m SS 6 38 22 | -
s /U dense 5 b
A moist B T
Z, 9 -
97 n ]
4 Z - 99 —|
A L ]
/ % — 6 ]
%% N ]
Y SS 7 100 38 | 1
%% 98 —
727 C ]
%% r ]
%% B ]
77 C o]
4% C 1
%" ss | 8 | 67 | 42 [ .
0 e
2 4 L i
727 9 ]
/ 954 | SS 9 0 mr)n/rfb N T Upon completion borehole remained
- - n . open and dry.
Borehole Termmaé(:c:liragclli(efusal on Inferred9.3 Well installation: 5 cm diameter
schedule 40 PVC pipe with 3.1 m
length #10 mil slotted screen, No. 2
sand, stickup monument casing.

Wood
Environment & Infrastructure Solutions

3450 Harvester Road
Burlington, Ontario, L7N 3W5
Canada

Tel. No.: 1 (905) 335-2353
www.woodplc.com

¥ No freestanding groundwater observed in open borehole upon completion of drilling.

! Groundwater depth observed on 3/13/2020 at a depth of: 7.0 m.

Borehole details as pi
a qualified Geotechnical Engineer. Also, borehole

do not { a

and the g

inform:tion should be read in
of Borehole Log'.

of all iti
with the

report for which it was

present and require interpretative assistance from

Scale: 1:53

Page: 1 of 1




RECORD OF BOREHOLE No.

BH/MW-3

Project Number: TPB198130 Drilling Location: ~ N: 4798976 E: 595233
Project Client: City of Burlington Driling Method: 150 mm Solid Stem Augers WOOd
(]
Project Name: Burlington Stormwater Flood Remidiation Drilling Machine:  Track Mounted Drill
Project Location: Burlington, ON Date Started: Feb 11, 20 Date Completed: Feb 11, 20
Logged by: PG Compiled by: PG Reviewed by: TR Revision No.: 2, 3/28/20
LITHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
- - Sofl Vapour Reading z
- PenetrationTesting O COV(LEL) m TOV(LEL) [ © COMMENTS
5 & E |ospr OPPT @ DCPT 2 4 6 8 E = &
» 2 = | a cov A TOV Q
5 DESCRIPTION 8l E| 28| 2|2 |wovae niconvaner |* o e 400 ™| G2 GRAIN SIZE
=t [ z > | = = | E [& intact < Intact L =5 DISTRIBUTION
g ° 2 g > z <>z A Remoud @ Remould We w W, g 2 (% )
2 £ ——o—=e
§ g (E“ § E & W |+ undrained Shear Strength (kPa) Plastic Liquid 5
= _|Local Ground Surface Elevation; 1052 m (%) %) x 1) [=) ] 20 40 60 80 20 40 60 80 Zz GR SA S CL
- Topsoil 105.0 N ] N N N N N 5 -
150 mm 0.7] - 105 —
Red ss 1 42 7 F b
Silty Clay / Clayey Silt FILL r u
trace to some sand and gravel u
firm to very stiff - B
moist o ]
ss| 2 | 20|09 [ ]
- 104 —|
ss | 3 | 25| 7 [ ]
— 2 -
o 103 —
ss | a4 | 92| 3 [ §
- 102 —
ss | 5 | 100 | 14 [ ]
101.1 4 ]
Red 41 o 101 —
Silt - 4
some sand, trace clay and gravel u 7]
Cobbles between 2.3-3.1m r ]
compact to dense L .
moist L B
SS 6 67 10 | -
— 5 -
100 —
99.1 6 ]
— — - Red . 7 1 50750 99 -
— — Weathered Shale ggé ss 50 mm X X
Borehole Terminated at Refusal on Inferred” > Upon completion borehole remained
Bedrock open_and dry. i
Well installation: 5 cm diameter
schedule 40 PVC pipe with 3.1 m
length #10 mil slotted screen, No. 2
sand, stickup monument casing.

Wood
Environment & Infrastructure Solutions

3450 Harvester Road

¥ No freestanding groundwater observed in open borehole upon completion of drilling.

! Groundwater depth observed on 3/13/2020 at a depth of: 5.4 m.

Burlington, Ontario, L7N 3W5
Canada
Tel. No.: 1 (905) 335-2353

Borehole details as pi
a qualified Geotechnical Engineer. Also, borehole

do not { a

inform:tion should be read in

www.woodplc.com

and the g

of Borehole Log'.

of all i
with the

present and require interpretative assistance from

report for which it was

Scale: 1:53

Page: 1 of 1




RECORD OF BOREHOLE No. BH-4

Project Number: TPB198130

Project Client:

City of Burlington

Drilling Method:

Drilling Location:

N: 4799128 E: 595375

150 mm_Solid Stem Augers

wood.

Tel. No.: 1 (905) 335-2353
www.woodplc.com

a qualified Geotechnical Engineer. Also, borehole

and the g

of Borehole Log'.

Project Name: Burlington Stormwater Flood Remidiation Drilling Machine:  Track Mounted Drill
Project Location: Burlington, ON Date Started: Feb 11, 20 Date Completed: Feb 11, 20
Logged by: PG Compiled by: PG Reviewed by: TR Revision No.: 2, 3/28/20
LITHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
- - Sofl Vapour Reading z
- PenetrationTesting O COV(LEL) m TOV(LEL) [ © COMMENTS
5 & E |ospr OPPT @ DCPT 2 4 6 8 E = &
» k] = o) COV (ppm) 4 TOV (ppm ]
5 DESCRIPTION 8l E| 28| 2|2 |wovae niconvaner |* o e 400 ™| G2 GRAIN SIZE
=t [ z > | = = | E [& intact < Intact L =5 DISTRIBUTION
g ° 2 g > z <>z A Remoud @ Remould W, w W, ) 2 (%)
2 £ ——o—=e
§ g (E“ § E & W |+ undrained Shear Strength (kPa) Plastic Liquid 5
—_|Local Ground Surface Elevation: 105.2m 7] (%] 14 7] [=) ] 2 40 60 80 20 40 60 80 ZZ SA S| CL
e Topsoil 105.1 - — : : : . .
\ 100 mm 0] L 105 — :
Red ss | 1 | 20 | 10 | 10 %5
Silty Clay / Clayey Silt FILL r i .
trace to some sand, trace gravel B P S S A P
firm to very stiff - B
moist to damp o ] .
ss| 2 |7 | o [ Jo %
- 104 .o B P S
. ] ¢
SS 3 71 14 1 -0 18
— 2 - B
r qo3 s RS SRR
N 7 o
il I IR B 1° ]S B
- 102 —
ss | 5 | 100 | 21 [ ]
= 101 —
ss | 6 |58 | 27 [ ]
— 5 -
100 —
99.1 sos7el @ ]
= — Red 96.01—=3 L 1 TITTT
Shale 6.7
Borehole Terminated at Refusal on Inferred
Bedrock
Wood ¥ No freestanding groundwater observed in open borehole upon completion of drilling
Environment & Infrastructure Solutions = :
3450 Harvester Road
Burlington, Ontario, L7N 3W5
Canada Borehole details as p! do not { a gl of all iti present and require interpretative assistance from
information should be read in with the ical report for which it was Scale: 1:53

Page: 1 of 1




Environment & Infrastructure Solutions

3450 Harvester Road
Burlington, Ontario, L7N 3W5
Canada

Tel. No.: 1 (905) 335-2353
www.woodplc.com

RECORD OF BOREHOLE No. BH/MW-6
Project Number: TPB198130 Drilling Location: ~ N: 4800335 E: 596400
Project Client: City of Burlington Driling Method: 150 mm Solid Stem Augers WOOd
(]
Project Name: Burlington Stormwater Flood Remidiation Drilling Machine:  Track Mounted Drill
Project Location: Burlington, ON Date Started: Feb 10, 20 Date Completed: Feb 10, 20
Logged by: PG Compiled by: PG Reviewed by: TR Revision No.: 2, 3/28/20
LITHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
Sofl Vapour Reading z
- PenetrationTesting O COV(LEL) m TOV(LEL) [ © COMMENTS
5 & E |ospr OPPT @ DCPT 2 4 6 8 Ez &
» 2 = | a cov A TOV Q
5 DESCRIPTION 25| €18 | 2|3 |wovae niconvane |* B 0 S0 i | G2 GRAIN SIZE
< s z O B T I~ P O Intact T =5 DISTRIBUTION
8 ° 2 g z z <>z A Remoud @ Remould W, w W, ) 2 (%)
§ g (E“ § E & W |+ undrained Shear Strength (kPa) Plastic Liquid 5
—_|Local Ground Surface Elevation: 104.8 m %] (%) 4 [ [=) w 20 40 60 80 20 40 60 80 zz GR SA Sl CL
Red/Brown | N . . : - y > g
Clayey Silt - B :
some gravel SS 1 100 8 I 10 o]
soft - b E»]9
damp 104.2 N B D P AR P
Red 0.6 - B :
Silt - 104 —| : :
some gravel and cobbles I 1 ] : :
compact S 2 75 36 | E O o,
moist L do T Mo
ss | 3 | 92 | 52 [ 103 o L3
1027 2 B IURUERUE SO IURS SO N SRR S
b4/ Red 21 - T .
7% silt Til 507 . ;
;? layers of weathered shale throughout SS 4 91 127 7 010'
1 f / very dense mm . .
%77 moist - [ [EEE PR SRR SR ISR SR
/%ﬁ r 102 ]
% % [ 3 i
4% L 4
245 50/ 76} |
g 7 ss | 5 87 ["m E ]
/f ; ¥ ]
% / C 101 -
%94 100.8 50,761 b :
- Red 108, 33 g D 100100 4 . 04 g = = g — . X
\ Weathered Shale 4. : : : : Upon co(;r?j)letlon borehole remained
- open and dry.
Borehole Terminated on Inferred Bedrock Well installation: 5 cm diameter
schedule 40 PVC pipe with 3.1 m
length #10 mil slotted screen, No. 2
sand, stickup monument casing.
Wood

¥ No freestanding groundwater observed in open borehole upon completion of drilling.

! Groundwater depth observed on 3/13/2020 at a depth of: 3.0 m.

Borehole details as pi

do not

a

a qualified Geotechnical Engineer. Also, borehole

of all

gl present and require interpretative assistance from
information should be read in i

report for which it was

wit‘h‘ the Scale: 1:53

and the

g

of Borehole Log'.

Page: 1 of 1




RECORD OF BOREHOLE No. BH-7

Tel. No.: 1 (905) 335-2353

www.woodplc.com

and the g

of Borehole Log'.

Project Number: TPB198130 Drilling Location: ~ N: 4800425 E: 596548
Project Client: City of Burlington Driling Method: 150 mm Solid Stem Augers wo o d
(]
Project Name: Burlington Stormwater Flood Remidiation Drilling Machine:  Track Mounted Drill
Project Location: Burlington, ON Date Started: Feb 10, 20 Date Completed: Feb 10, 20
Logged by: PG Compiled by: PG Reviewed by: TR Revision No.: 2, 3/28/20
LITHOLOGY PROFILE SOIL SAMPLING FIELD TESTING LAB TESTING
- - Sofl Vapour Reading z
- PenetrationTesting O COV(LEL) m TOV(LEL) [ © COMMENTS
5 & E |ospr OPPT @ DCPT 2 4 6 8 Ez &
» 2 = | a cov A TOV Q
5 DESCRIPTION 8l E| 28| 2|2 |wovae niconvaner |* o e 400 ™| G2 GRAIN SIZE
> - =z > = - E |4 Intact < Intact L L + = 3 DISTRIBUTION
g ° 2 g > z <>z A Remoud @ Remould W, w W ) 2 (%)
2 £ ——o—=e
§ g (E“ § E & W |+ undrained Shear Strength (kPa) Plastic Liquid 5
= _|Local Ground Surface Elevation; 1059 m (%) %) x 1) [=) ] 20 40 60 80 20 40 60 80 Zz GR SA S CL
Topsoil L 4 : : : : :
250 mm - B :
Red ss | 1 |63 | 10 | 10 o
Silt r i .
some gravel and cobbles B T S S
compact to very dense - —
moist 50/ [ 105
SS 2 57 140 —1 B o
mm [ . 5
%9 Red L ]
/z Sllt Ti" r Joor e ....................
g f layers of weathered shale throughout - B : :
9%% very dense ss | 3 | 100 48 | ] i¥c) o,
%97 dry to moist o 5 104 ] : 10
927 N i :
/g_’ 7 r Jon D
9459 7 :
7% - : r
99 :
597 ss | 4 83 | 83 [ E e} o,
VA - i P S S R 10
2% L 4 :
%77 103 -
2%, i
. Red ss | 5 | 86 [T ]
== Weathered Shale mm—= =
Borehole Terminated at Refusal
Wood ¥ No freestanding groundwater observed in open borehole upon completion of drilling
Environment & Infrastructure Solutions = :
3450 Harvester Road
Burlington, Ontario, L7N 3W5
Canada Borehole details as p! do not { a gl of all i iti present and require interpretative assistance from
a quali_ﬁed Geotechnical Engineer. ;_Also, borehol_e information should be read in with the ical report for which it was Scale: 1:53

Page: 1 of 1




Photo 2: Hager Creek - east bank of Upper Hager Creek at 1767 Heather Hills Drive (June
2019)

TPB198130 — Burlington GO Mobility Hub WOOd,



Photo 4: Freeman — BH-4, looking east (March 2020)

TPB198130 — Burlington GO Mobility Hub WOOd.



Photo 6: Rambo — from BH6 looking west (March 2020)

TPB198130 — Burlington GO Mobility Hub WOOd,



Photo 7: Rambo — culvert north to rail June 2019)

TPB198130 — Burlington GO Mobility Hub WOOd.



Color | Name

Unit Cohesion | Cohesion' | Phi*
Weight | (kPa) (kPa) )
(kN/m?®)
D Bedrock - Shale | 24
[] |Fill (Total) 19 50
D Silt/ Silt Till (Total) | 19 0 30
15 kN/m?3
E O L oS
p Fill (Total)
.9
©
>
L 108 e
w Silt / Silt Till (Total)
p—
106
Bedrock - Shale
104 | | | | | | | | |
0 5 10 15 20 25 30 35 40

45
Distance (m)

TPB198130 Burlington Ponds
Figure 1: West Hager Berm (short term)

Wood Environmental & Infrastructure Solutions,
a Division of Wood Canada Limited

woOoO.

TPB198130 - West Hager Berm 13MAY2020.gsz

1:244




Color | Name Unit Cohesion | Cohesion' | Phi*
Weight | (kPa) (kPa) ©)
(kN/m?)
D Bedrock - Shale | 24
D Fill (Total) 19 50
D Silt / Silt Till (Total) | 19 0 30

3.88 15 kN/m?3
116 0 A T S
114
—_~
E 112
5
2 110
©
>
RCRTY = e
w Silt / Silt Till (Total)
106 |—
Bedrock - Shale
104 \ \ \ \ \ \ \ \ \
0 5 10 15 20 25 30 35

Distance (m)

40 45

TPB198130 Burlington Ponds

Figure 2: West Hager Berm High Water (short term)

wOO

Wood Environmental & Infrastructure Solutions,
a Division of Wood Canada Limited

TPB198130 - West Hager Berm 13MAY2020.gsz

1:244




Color | Name Unit Cohesion' | Phi’
Weight | (kPa) ©
(kN/m?®)
D Bedrock - Shale 24
B | F Efective) 19 5 26
D Silt / Silt Till (Effective) | 19 0 30
1.87
[}
116
114
—_~
g 112
N
S
= 110
®
>
D og ey .
w Silt / Silt Till (Effective)
106 [—
Bedrock - Shale
104 | | | | | | | | |
0 5 10 15 20 25 30 35 40 45

Distance (m)

TPB198130 Burlington Ponds
Figure 3: West Hager Berm (long term)

Wood Environmental & Infrastructure Solutions,
wo o a Division of Wood Canada Limited
[ )

TPB198130 - West Hager Berm 13MAY2020.gsz

1:244




Color | Name Unit Cohesion | Cohesion' | Phi*
Weight | (kPa) (kPa) )
(kN/m?®)
D Bedrock - Shale | 24
[] |Fill (Total) 19 50
D Silt/ Silt Till (Total) | 19 0 30
1.86 15 kKN/m?
o
116 —
114 —
E 12— O Ry +——
= 101 L ] Fill (Total)
< y v
@®
>
L 108 [ e
w Silt / Silt Till (Total)
106 |— -
Bedrock - Shale
104 | | | | | | | | |
0 5 10 15 20 25 30

35 40 45

Distance (m)

TPB198130 Burlington Ponds
Figure 4. West Hager Berm Psuedo Static (short term)

Wood Environmental & Infrastructure Solutions,
a Division of Wood Canada Limited

woOoO.

TPB198130 - West Hager Berm 13MAY2020.gsz

1:244




Color | Name Unit Piezometric | Cohesion' | Phi' | Cohesion | Phi
Weight | Line After | (kPa) (°) |R(kPa) |R(°)
(kN/m?) | Drawdown
D Bedrock - Shale 24 2
. Fill (Effective) 19 2 5 26 |50 0
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Figure 5: West Hager Berm Rapid Drawdown
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Figure 8: Freeman Berm (long term)

wOO

Wood Environmental & Infrastructure Solutions,
a Division of Wood Canada Limited

TPB198130 - Freeman 11MAY2020.gsz

1:221




Color

Name Unit Cohesion | Cohesion' | Phi"
Weight | (kPa) (kPa) °)
(kN/m?)
. Bedrock - Shale | 24
D Fill (Total) 19 50
II Silt / Silt Till (Total) | 21 0 32
110 —
L 1.63
108 PS
3
w06 | 15 kN/m

ERRARRIRR

KRR
-

v‘
), 9099, 9:9:9, 199, *0a%%

Elevation (m)

15 20 25

Distance (m)

30

35 40 45

TPB198130 Burlington Ponds

Figure 9: Freeman Berm Pseudo Static (short term)

woOoO0.

Wood Environmental & Infrastructure Solutions,
a Division of Wood Canada Limited

TPB198130 - Freeman 11MAY2020.gsz

1:221




Color

Name Unit Cohesion | Cohesion' | Phi"
Weight | (kPa) (kPa) °)
(kN/m?)
. Bedrock - Shale | 24
D Fill (Total) 19 50
II Silt / Silt Till (Total) | 21 0 32
110 —
L 1.88
108 PS
3
106 — 15 kN/m

ERRARRIRR

KRR
A

v‘
), 9099, V9.9, 199, *0a%%

Elevation (m)

15 20 25

Distance (m)

30

35 40 45

TPB198130 Burlington Ponds
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Figure 12: East Rambo Berm High Water (short term) woo A a Division of Wood Canada Limited
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Figure 13: East Rambo Berm (long term)
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Figure C1: Topographic Survey Verification for ngr-Rambo Diversion Channel
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Figure C2: Topographic Survey Verification for East Rambo Pond



Figure C3: Topographic Survey erificatio for Freeman Pond



PHILIPS

ENGINEERING Memorandum
December 10, 2004
104138-26
TO: Philip Kelly, P. Eng.
FROM: Aaron Brouwers / Ron Scheckenberger
RE: City of Burlington IDF Relationships and Design Storms

As per our December 1, 2004 work plan, we have updated the IDF curves and the associated IDF
parameters as well as regenerated the associated design storms based on the most current information.

SCS Design Storms

The 1994 Storm Drainage Design Manual (PPEL) developed the IDF relationships based on 27 years of
rainfall intensity data (1964—1990) from the Royal Botanical Gardens gauge provided by the Atmospheric
Environment Service (AES). The current assessment updates the previous and includes 35 years of data
(1962—1996); most notably it includes the large events recorded in 1995. Table 1 compares AES 6 and 12
hour duration rainfall depths used in the 1994 and 2004 assessments; the depths have been used to develop
the SCS Type Il 6 and 12 hour design storms for the current assessment (ref. Tables 5 & 6, attached).

TABLE 1
COMPARISON OF AES RAINFALL DEPTHS (mm)
Duration (hours) Frequency (Years) 1994 2004
6 100 85.9 924
6 5 48.7 51.3
12 100 92.1 103.6
12 5 55.2 58.9

The depths for the 100 year event show an 8 % and 12 % increase for the 6 and 12 hour durations,
respectively. The 5 year event experiences lower relative increases of 5 % and 7 % for the 6 and 12 hour
durations, respectively. The increases can largely be attributed to events experienced in 1995, which are the
largest within the period of record. As would be expected, these large events have more influence on
predicted rainfall depths for the less frequent events (i.e. 100 year).

IDF Parameters/Curve & Chicago Desigh Storms

Table 2 summarizes the AES IDF values for the subject gauge. Performing a three-parameter regression,
using the SWMHYMO Chicago Storm function, provides initial A, B and C parameters, which define the IDF
curve fit. These parameters have been refined through manual regression analysis and are presented in
Table 3. The equation for the IDF curves is as follows:

A

i=
(t+B)¢

where:

i = rainfall intensity (mmv/hr)
t = storm duration (minutes)
A, B, C = defined in Table 2

The regression provides only a ‘best fit’ for the AES data, and when applying the IDF parameters provided,
rainfall depths for a given frequency storm and duration will vary from actual statistically derived depths from

3215 North Service Road, P.O. Box 220, Burlington, Ontario L7R 3Y2, Tel.: (905) 335-2353, Fax: (905) 335-1414
E-mail address: admin@philipseng.com ¢ ¢ ¢ Website: www.philipseng.com
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AES (ref. IDF curves attached). This is consistent with 1994 assessment and is necessary in order provide
the standard set of three parameters (i.e. A, B &C). The ratio of the time to peak to the total storm duration, r,
(used for calculating the Chicago distributions) has been set at 0.48, which is the recommended value for
Ontario (Marsalek, 1978). This is consistent with the 1977 and 1994 assessments, which used a value of
0.46 for r. Table 4 presents a comparison of the current and previous IDF assessments; the 3 and 4 hour
Chicago design storms are attached (ref. Table 7 & 8).

TABLE 2
INTENSITY-DURATION-FREQUENCY VALUES
ROYAL BOTANICAL GARDENS

. . Rainfall Intensity (mm/hr)
Duration (min) 2 5 10 25 50 700
5 94.6 122.2 140.6 163.7 180.9 198.0
10 68.3 89.2 103.2 120.8 133.8 146.7
15 55.7 74.3 86.7 102.2 113.8 125.2
30 36.2 47.2 54.5 63.7 70.5 77.3
60 22.1 27.6 31.2 35.7 39.1 425
120 14.3 18.6 21.4 25.0 27.7 304
360 6.0 8.5 10.2 12.3 13.9 15.4
720 3.5 4.9 5.8 7.0 7.8 8.6
1440 2.1 2.8 3.3 3.8 4.3 4.7
TABLE 3
IDF PARAMETERS — ROYAL BOTANICAL GARDENS
Parameter 2 5 10 25 50 100
A 595.5 688.2 748.0 867.0 947.3 1036.1
B 6.0 5.0 4.5 4.5 4.5 4.5
C 0.778 0.753 0.740 0.737 0.733 0.733
TABLE 4
COMPARISON OF IDF ASSESSMENTS
ltem 1977 1994 2004
Source of Rainfall Data Royal Botanical Gardens Royal Botanical Gardens Royal Botanical Gardens
Duration of Rainfall Record 12 Years 27 Years (1964-1990) 35 Years (1962-1996)
IDF Parameters
A 1111 697.4 688.2
5 Year B 7 5 5.0
C 0.857 0.764 0.753
A 2377 11141 1036.1
100 Year B 9 5 45
C 0.886 0.761 0.733
Predicted Depth (mm)
100 Year - 3 Hour Duration Depth 68.5 62.9 67.9
5 Year - 3 Hour Duration Depth 37.6 38.7 40.5
100 Year - 4 Hour Duration Depth 71.6 67.7 73.6
5 Year - 4 Hour Duration Depth 39.6 41.7 43.7

The results for the 100 year event show a 5 % and 6 % increase in rainfall depths for the 3 and 4 hour
durations, respectively, when comparing the 2004 and 1994 assessments. The 5 year event experiences
similar relative increases of 5 % for both the 3 and 4 hour durations, respectively.

We trust this satisfies your current requirements, should you require anything further please do not hesitate to
contact our office. Once you have reviewed this information and are in agreement with its content, we will
forward you digital copies of this memo and its attachments.

AB/RS/ab
Attach.

G:\work\104138\com\memo\PKelly Dec 10 2004.doc
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Technical Report
Review of Future Rainfall Scenarios °

Town of Oakville

2.0 Overview

Most studies that incorporate climate change rely on model-generated projections. These projections
are most often computed with the use of global climate models (GCMs), which are dynamic system-
based models that represent complex interactions between physical processes in the atmosphere,
ocean, cryosphere and land surface. These are currently the most advanced tools to estimate how the
climate system may respond to the natural and human driven stresses (e.g., increasing in greenhouse
gas emissions, population, and other behaviours).

There are various climate organizations that conduct climate change modelling research and share their
projections to the Coupled Model Inter-comparison Project Phase 5 (CMIP5). CMIPS is the official body
of science used by the Intergovernmental Panel on Climate Change (IPCC), which is a United Nations
body founded with the purpose of evaluating climate change science. There are currently twenty (20)
different climate modelling organizations that lead the evolution of climate models, resulting in a large
repository of models available for various applications.

It is important to note that because each GCM provides a slightly different conceptualization of the
earth-atmosphere system, the IPCC recommends using an ensemble approach. An ensemble is a
grouping of climate projections. Together, the models in an ensemble provide a better characterization
of the future and its uncertainty than a single model used in isolation.

2.1 Greenhouse Gas Emissions Scenarios

Future greenhouse gas (GHG) emissions are not known. Therefore, the IPCC developed four (4)
Representative Concentration Pathways (RCPs) as part of a new initiative for the Fifth Assessment
Reports (Taylor et al. 2012). These RCP scenarios move away from the Special Report on Emissions
Scenarios! (SRES) (i.e. prescriptive GHG emissions scenarios) based on assumptions of socioeconomic
scenarios (e.g., population growth, mitigation policy, and other prescriptive assumptions) and focus on
representing the forcing which may be realized through a much broader set of socioeconomic scenarios
while also incorporating carbon emission controls, which the previous iteration of scenarios (e.g.. double
COq, and SRES scenarios) were criticized for not including in a more integrated manner. These RCPs were
created with Integrated Assessment Models (IAM) which include climate, economic, land use,
demographic, and energy-usage effects. The outputs of these IAMs, which estimate GHG concentrations,
were then converted to an emission trajectory using carbon cycle models. The RCP scenarios 2.6, 4.5, 6.0
and 8.5 reflect various levels of climate change mitigation efforts (i.e. RCP 2.6, resulting in an increase of
2.6 W/m? in radiative forcing to the global climate system) and business-as-usual GHG emissions
continuing (i.e. RCP 8.5, an increase of 8.5 W/m?).

For the purposes of this assessment, it is suggested that the Town of Oakville focus on projections for
RCP 4.5 (a moderate emissions scenario that would require substantial reductions from current emission
levels) and RCP 8.5 (business-as-usual). RCP 6.0 is not suggested for inclusion as it has been found to
be very similar to RCP 4.5, which is deemed sufficient to represent the “medium” GHG scenario. Table
2-1 provides a description of each RCP scenario while Figure 2-1 illustrates the projected global warming
associated with the four scenarios.

! See Appendix G
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Technical Report
Review of Future Rainfall Scenarios °

Town of Oakville

Table 2-1 RCP Scenario Descriptions

Scenario Description

RCP 2.6 Lowest projected GHG concentrations, resulting from dramatic climate change mitigation
measures implemented globally. It represents an increase of 2.6 W/m? in radiative forcing to
the climate system.

RCP 4.5 | Moderate projected GHG concentrations, resulting from substantial climate change mitigation
measures. It represents an increase of 4.5 W/m? in radiative forcing to the climate system.

RCP 6.0 Moderate projected GHG concentrations, resulting from some climate change mitigation
measures. It represents an increase of 6.0 W/m? in radiative forcing to the climate system.

RCP 8.5 Highest projected GHG concentrations, resulting from business-as-usual emissions. It
represents an increase of 8.5 W/m? in radiative forcing to the climate system.

g = T - T T T T — —
= RCP2.6
—— RCP4.5
8|1 ——RcPe.0
—— RCP8.5
2™ SRES A1B
® SRES A2
| ®  SRES B1
6/ 4 1S92a 2
i‘AE 5
=
©
84
L
v
3
2
1
0 - NI T —— 1 — 1 — — 1 —t— —
1950 1975 2000 2025 2050 2075 2100

Year

Figure 2-1 RCPs Used for Climate Modeling and Research
(Notes: Historical and projected total anthropogenic radiative forcing (W/m?) relative to preindustrial (about 1765) between 1950 and 2100.
Previous IPCC assessments (SAR I1S92a, TAR/ AR4 SRES A1B, A2 and B1) are compared with RCP scenarios.

(source: Cubasch et al (2013); Figure 1.15)
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Technical Report
Review of Future Rainfall Scenarios

Town of Qakville

Table 4-7 All Scenarios Summary - 5 Year and 100 Year 24 Hour Duration Events

All Scenarios 5 Year and 100 Year 24 Hour Duration Events Comparison - Rainfall Depth
Comparison with
Oakville Design Event (#1)
5 year | 100 year 5 year 100 year
{mm) (mm) (mm)l % {mm) l %

Return Period

Rainfall Scenario / Representative Time Frame

Town of Oakville
il IDF from Table 3.1 in the Design Guidelines 2018 60.0 98.4 0.0 0 0.0 0
IDF as computed from Chicago Storm parameters

2 defined in Table 3.1 in the Design Guidelines 2018 o %8.1 & 1.5% = S
3 #1 plus 15% 2050 69.0 113.2 9.0 15.0% | 14.8 15.0%
4 #1 plus 20% 2050 72.0 1181 120 | 20.0% | 19.7 20.0%
5 #2 plus 15% 2080 70.0 112.8 10.0 16.7% | 144 14.6%
6 #2 plus 20% 2080 73.1 117.7 131 21.8% | 19.3 19.6%

Environment and Climate Change Canada
7 Toronto City IDF v1.0 and v2.0 (Gumbel)| 2007/2010 | 59.5 95.5 -0.5 -0.8% | -2.9 -2.9%

#7 - 95th percentile upper bound
(converted from intensity)

#7 - 95th percentile lower bound
(converted from intensity)

10 Toronto City IDF v2.3 (Gumbel) 2014 59.0 94.7 -1.0 | -17% | -3.7 -3.8%
#10 - 95th percentile upper bound

8 2007/2010 | 60.2 96.6 0.2 0.3% -1.8 -1.8%

9 2007/2010 | 59.8 95.4 02 | -03% | -3.0 -3.0%

11 . ; 2014 60.2 94.2 0.2 0.3% -4.2 -4.3%
(converted from intensity)
12 #10 - 95th percentile lower bound| .\ f oo | g3 | 02 | 039% | 54 | -s5%
(converted from intensity)
University of Western Ontario IDFCC Tool V2
13 Oakville Ensemble projection (Gumbel-RCP 2.6) 2050 64.8 103.2 4.8 8.0% 48 4.9%
14 Qakville Ensemble projection (Gumbel-RCP 4.5) 2050 64.8 103.2 4.8 8.0% 4.8 4.9%
15 Qakville Ensemble projection (Gumbel-RCP 8.5) 2050 62.4 100.8 24 4.0% 24 2.4%
16 Oakville Ensemble projection (Gumbel-RCP 2.6) 2080 65.8 104.2 58 9.7% 5.8 5.9%
17 Oakville Ensemble projection (Gumbel-RCP 4.5) 2080 67.2 1099 7.2 9| 12.0% | 115 | €11.7%
18 Oakville Ensemble projection (Gumbel-RCP 8.5) 2080 70.6 1135 106 | 17.7% | 15.1 15.3%
University of Western Ontario IDFCC Tool V3
19 Toronto City - Base GEV 2010 58.3 101.8 -1.7 | -2.8% 34 3.5%
20 Toronto City Ensemble projection (GEV-RCP 2.6) 2050 74.6 134.9 146 | 244% | 365 37.1%
21 #20 - 25" percentile upper bound (GEV-RCP 2.6) 2050 67.5 125.1 7.5 12.5% | 26.7 27.1%
22 #20 - 75" percentile lower bound (GEV-RCP 2.6) 2050 777 163.6 17.7 | 29.6% | 65.2 66.3%
23 Toronto City Ensemble projection (GEV-RCP 2.6) 2080 71.2 1345 11.2 | 186% | 36.1 36.7%
24 #23 - 25" percentile upper bound (GEV-RCP 2.6) 2080 69.6 125.6 9.6 16.0% | 27.2 27.7%
25 #23 - 75" percentile lower bound (GEV-RCP 2.6) 2080 78.6 149.1 186 | 31.0% | 50.7 51.6%
26 Toronto City Ensemble projection (GEV-RCP 4.5) 2050 67.4 130.8 7.4 124% | 324 32.9%
27 #26 - 25" percentile upper bound (GEV-RCP 4.5) 2050 63.8 119.8 3.8 6.4% 214 21.8%
28 #26 - 75" percentile lower bound (GEV-RCP 4.5) 2050 783 154.5 183 | 30.5% | 56.1 57.0%
29 Toronto City Ensemble projection (GEV-RCP 4.5) 2080 78.2 149.0 182 | 30.3% | 50.6 51.4%
30 #29 - 25" percentile upper bound (GEV-RCP 4.5) 2080 66.0 1189 6.0 10.0% | 20.5 20.9%
31 #29 - 75 percentile lower bound (GEV-RCP 4.5) 2080 825 179.3 225 37.5% | 80.9 82.2%
32 Toronto City Ensemble projection (GEV-RCP 8.5) 2050 71.3 139.2 113 | 189% | 40.8 41.5%
33 #33 - 25' percentile upper bound (GEV-RCP 8.5) 2050 68.5 128.0 8.5 142% | 29.6 30.1%
34 #33 - 75" percentile lower bound (GEV-RCP 8.5) 2050 76.6 159.3 16.6 | 27.7% | 60.9 61.9%
35 Toronto City Ensemble projection (GEV-RCP 8.5) 2080 80.0 145.0 200 | 333% | 466 | 474%

TPB188052
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Review of Future Rainfall Scenarios ®

Town of Oakville

All Scenarios 5 Year and 100 Year 24 Hour Duration Events Comparison - Rainfall Depth

- Comparison with
Return Period ] q
N ) . . Oakville Design Event (#1)
Rainfall Scenario / Representative Time Frame

5 year | 100 year 5 year 100 year

{mm) {(mm) | (mm) % {mm) %
36 #35 - 25" percentile upper bound (GEV-RCP 8.5) 2080 75.2 14 0.6 152 | 253% | 422 42.9%
37 #35 - 75" percentile lower bound (GEV-RCP 8.5) 2080 85.9 173.9 259 | 43.1% | 755 76.7%
38 Oakville Ensemble projection (GEV-RCP 2.6) 2050 88.5 244.8 285 | 47.5% | 1464 | 148.8%
39 #38 - 25" percentile upper bound (GEV-RCP 2.6) 2050 83.2 191.0 232 | 387% | 926 94.1%
40 #38 - 75" percentile lower bound (GEV-RCP 2.6) 2050 95.3 2775 353 589% |179.1| 182.0%
41 Oakville Ensembie projection (GEV-RCP 2.6) 2080 86.6 221.3 266 | 444% |1229| 124.9%
42 #41 - 25" percentile upper bound (GEV-RCP 2.6) 2080 81.8 195.7 21.8 | 364% | 97.3 98.8%
43 #41 - 75' percentile lower bound (GEV-RCP 2.6) 2080 94.9 244.8 349 581% | 1464 | 148.8%
44 Qakville Ensemble projection (GEV-RCP 4.5) 2050 78.5 2134 185 | 30.8% |115.0] 116.9%
45 #44 - 25" percentile upper bound (GEV-RCP 4.5) 2050 74.5 2004 145 | 242% | 102.0| 103.7%
46 #44 - 75" percentile lower bound (GEV-RCP 4.5) 2050 96.1 2333 36.1 60.1% | 1349 | 137.1%
47 Qakville Ensemble projection (GEV-RCP 4.5) 2080 95.1 246.8 351 | 585% |1484 | 150.8%
48 #47 - 25" percentile upper bound (GEV-RCP 4.5) 2080 78.7 208.0 18.7 | 311% | 109.6 | 111.4%
49 #47 - 75" percentile lower bound (GEV-RCP 4.5) 2080 100.9 276.3 409 | 682% |1779| 180.8%
50 Qakville Ensemble projection (GEV-RCP 8.5) 2050 87.1 214.1 27.1 | 452% | 1157 | 117.5%
51 #50 - 25" percentile upper bound (GEV-RCP 8.5) 2050 80.6 205.3 20.6 | 343% | 1069 | 108.6%
52 #50 - 75 percentile lower bound (GEV-RCP 8.5) 2050 937 2359 33.7 56.2% | 137.5| 139.7%
53 Oakville Ensemble projection (GEV-RCP 8.5) 2080 96.0 254.6 36.0 | 59.9% | 156.2| 158.8%
54 #53 - 25" percentile upper bound (GEV-RCP 8.5) 2080 90.1 232.8 30.1 | 50.2% | 1344 | 136.6%
55 #53 - 75" percentile lower bound (GEV-RCP 8.5) 2080 107.6 270.6 476 | 793% | 1722 | 175.0%

Ontario Climate Change Data Portal
56 Toronto City grid SRES A1B / Gumbel (Mean) 2050 100.8 177.6 408 | 68.0% | 79.2 80.5%
57 #56 - 30" percentile 2050 86.4 136.8 264 | 44.0% | 384 39.0%
58 #56 - 70" percentile 2050 100.8 182.4 40.8 | 68.0% | 84.0 85.4%
59 #56 - 90" percentile 2050 1104 204.0 504 | 84.0% | 1056 | 107.3%
60 Toronto City grid SRES A1B / Gumbel (Mean) 2080 1104 192.0 504 | 84.0% | 936 95.1%
61 #60 - 30" percentile 2080 100.8 175.2 408 | 68.0% | 76.8 78.0%
62 #60 - 70" percentile 2080 117.6 216.0 576 | 96.0% | 117.6 | 119.5%
63 #60 - 90" percentile 2080 127.2 235.2 67.2 | 112.0% | 136.8 | 139.0%
64 Oakville grid SRES A1B / Gumbel (Mean) 2050 98.4 170.4 384 | 64.0% | 720 73.2%
65 #64 - 30" percentile 2050 912 146.4 312 | 52.0% | 48.0 48.8%
66 #64 - 70" percentile 2050 100.8 175.2 408 | 68.0% | 76.8 78.0%
67 #64 - 90" percentile 2050 100.8 187.2 40.8 | 68.0% | 888 90.2%
68 Qakville grid SRES A1B / Gumbel (Mean) 2080 90.0 160.8 30.0 | 500% | 624 63.4%
69 #68 - 30" percentile 2080 89.8 155.5 29.8 | 49.6% | 57.1 58.0%
70 #68 - 70" percentile 2080 91.0 173.5 31.0 | 516% | 75.1 76.3%
71 #68 - 90" percentile 2080 108.0 196.8 48.0 | 80.0% | 984 | 100.0%
MTO Trending Tool

72 Toronto City: Base 2010 74.4 124.8 144 | 240% | 264 26.8%
73 #72 - 5th percentile 2010 57.6 84.0 -24 | -40% | -144 | -146%
74 #72 - 95th percentile 2010 912 165.6 31.2 | 52.0% | 67.2 68.3%
75 Toronto City +15% 2050 85.6 143.5 25.6 | 426% | 451 45.9%
76 #75 - 5th percentile 2050 66.2 96.6 6.2 104% | -1.8 -1.8%
77 #75 - 95th percentile 2050 104.9 190.4 449 | 748% | 92.0 93.5%
78 Toronto City +20% 2080 89.3 149.8 29.3 | 488% | 514 52.2%
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All Scenarios 5 Year and 100 Year 24 Hour Duration Events Comparison - Rainfall Depth

Comparison with
Return Period
| Oakville Design Event (#1)
Rainfall Scenario / Representative Time Frame
5 year | 100 year 5 year 100 year
{mm) {mm) {(mm) % {(mm) %
79 #78 - 5th percentile 2080 69.1 100.8 9.1 15.2% 24 2.4%
80 #78 - 95th percentile 2080 109.4 198.7 494 | 82.4% |100.3| 102.0%
81 Oakville: Base 2010 744 122.4 144 | 240% | 24.0 24.4%
82 #81 - 5th percentile 2010 57.6 84.0 -24 -4.0% | -144 | -146%
83 #81 - 95th percentile 2010 91.2 160.8 312 | 52.0% | 624 63.4%
84 Oakville + 15% 2050 85.6 140.8 256 | 426% | 424 43.0%
85 #84 - 5th percentile 2050 66.2 96.6 6.2 104% | -1.8 -1.8%
86 #84 - 95th percentile 2050 104.9 184.9 449 | 748% | 86.5 87.9%
87 Oakville + 20% 2080 89.3 146.9 293 | 48.8% | 485 49.3%
88 #87 - 5th percentile 2080 69.1 100.8 9.1 15.2% 24 2.4%
89 #87 - 95th percentile 2080 109.4 193.0 494 | 824% | 946 96.1%
Notes:
1. The +15% and +20% and associated scenarios have been associated with the 2050 and 2080 time frames for the purposes
of statistical analysis.

Table 4-8 All Scenarios Statistical Analysis - 5 Year and 100 Year 24 Hour Duration Events

All Scenarios Statistical Analysis based on Information Presented in Table 4-7

., Minimum 234 - Median Average . 20 g Maximum
Return Period percentile percentile | percentile
' Present Day
I Desi‘z ::e:vrent T 576 59.3 60.0 65.6 67.7 845 91.2
Hooh e 84.0 945 96.6 107.3 1121 146.4 1656
(Oakville Design Event 98.4 mm)

2050s
5 Year 62.4 69.0 80.6 82.6 95.3 100.8 1104
100 Year 96.6 128.0 159.3 163.2 191.0 221.8 2775

2080s
5 Year 65.8 73.1 86.6 87.5 96.0 1094 127.2
100 Year 100.8 145.5 174.5 179.0 214.0 246.2 276.3

Deviation from the Average (as noted above)

5 Year -12% -10% -9% 0% 3% 29% 39%
100 Year -22% -12% -10% 0% 4% 36% 54%

2050s
5 Year -24% -16% -2% 0% 15% 22% 34%
100 Year -41% -22% -2% 0% 17% 36% 70%

2080s
5 Year -25% -16% -1% 0% 10% 25% 45%
100 Year -44% -19% -2% 0% 20% 38% 54%
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As well, Table 4-14 provides a summary of possible rainfall options, based on the GEV RCP 8.5 based
approach, which should be given consideration as the basis for stress testing infrastructure design,
where the GEV based estimates are conservative by comparison to the estimates provided in
Table 4-13.

Table 4-13 Screened Scenarios Statistical Analysis - Summary

Lo 25th Medi 75th 90“‘ .
) Return Period Minimum Percentile edlany [ Ayerage Percentile | Percentile Magimum

Present Day

5 Year
(Oakville Design bvent 600 mm) | 583 59.5 59.8 59.7 60.2 60.3 60.9
Ly 93.0 94.7 955 96.4 98.1 99.1 101.8

(Oakville Design Event 98.4 mm)

2050s RCP 4.5

5 Year 64.8 66.9 69.5 76.8 81.7 95.3 104.9

100 Year 96.6 105.6 1130 126.6 1359 167.0 190.4
2080s RCP 4.5

5 Year 67.2 69.8 726 80.0 85.3 99.4 1094

100 Year 100.6 1119 1179 1325 1419 1743 198.7
2050s RCP 8.5

5 Year 624 66.9 69.5 764 81.7 95.2 104.9

100 Year 96.6 103.8 113.0 126.2 1359 167.0 190.4
2080s RCP 8.5

5 Year 69.1 71.0 725 80.6 85.2 99.4 1094

100 Year 100.8 125.3 1498 149.8 174.2 188.9 198.7

Table 4-14 2050 and 2080 GEV Scenarios Summary

Rainfall Depth Estimates based on the University of Western Ontario IDFCC Tool V3
Toronto City 2050 2080
Station 25th 75th 25th 75th
Percentile ple=n Percentile Percentile Mean Percentile
RCP 4.5
5 year 63.8 674 783 66.0 78.2 825
100 year 119.8 130.8 154.5 118.9 149.0 179,3
RCP 8.5
5 year 68.5 713 76.6 75.2 80.0 859
100 year 128.0 139.2 159.3 140.6 145.0 1739
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