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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. 
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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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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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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. 
 



5 
 
Conservation Halton (East Rambo FCF) 
August 9, 2019 (Revised December 18, 2019) 
 

P:\2017\Projects\TPB178008S - Mobility Hub Planning Consulting Services\04_COR\04_MEMO\19-12-18 CH HDearlove.docx 

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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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 m3/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. 

 
C. 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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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

Compactness of Cohesionless Soils
SPT

N-Value
Consistency of Cohesive Soils

Unconfined Compressive Strength

kPa psf

Very Loose 0 to 4 Very Soft 0 to 12 0 to 250

Loose 4 to 10 Soft 12 to 25 250 to 500

Compact 10 to 30 Firm 25 to 50 500 to 1000

Dense 30 to 50 Stiff 50 to 100 1000 to 2000

Very Dense > 50 Very Stiff 100 to 200 2000 to 4000

Hard > 200 > 4000

Wood Environment & Infrastructure Solutions
EXPLANATION OF BOREHOLE LOG

GENERAL REPORT NOTE     The soil conditions, profiles, comments, conclusions and recommendations 

found in this report are based upon the samples recovered during the fieldwork.  Soils are heterogeneous 

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 

variations exist from the conditions described in this report.
January 7, 2019

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, 4th Edition, 2006):

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.
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GROUP SYMBOL

GW

GP

GM

GC

SW

SP

SM

SC

WL < 50% ML

WL > 50% MH

WL < 30% CL

30% < WL < 50% CI

WL > 50% CH

WL < 50% OL

WL > 50% OH

Pt

PASSING RETAINED PERCENT DESCRIPTOR

COARSE 75 mm 19 mm 35 - 50 AND

FINE 19 mm 4.75 mm 20 - 35 Y/EY

COARSE 4.75 mm 2.00 mm 10 - 20 SOME

MEDIUM 2.00 mm 425 µm 1 - 10 TRACE

FINE 425 µm 75 µm

75 µm

a Division of Wood Canada Limited

Geotechnical Discipline - Ontario Region

www.woodplc.com
Rev Date:

Wood Environment & Infrastructure Solutions 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.) 

January 7, 2019
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(TRACE OR NO 

FINES)

WELL GRADED SANDS, GRAVELLY SANDS,  LITTLE OR NO FINES
                    Cu =  D60  > 6;      CC =    (D30)

2
   

 
= 1 to 3

                             D10                     D10 X D60      

POORLY GRADED GRAVELS, GRAVEL-SAND MIXTURES, LITTLE OR NO FINES NOT MEETING ABOVE REQUIREMENTS

DIRTY SANDS 

(WITH SOME OR 

MORE FINES)

SILTY SANDS, SAND-SILT MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR IP LESS THAN 4

CLAYEY SANDS, SAND-CLAY MIXTURES

NOT MEETING ABOVE REQUIREMENTS

DIRTY GRAVELS 

(WITH SOME OR 

MORE FINES)

SILTY GRAVELS, GRAVEL-SAND-SILT MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR IP LESS THAN 4

CLAYEY GRAVELS, GRAVEL-SAND-CLAY MIXTURES ATTERBERG LIMITS ABOVE "A" LINE OR IP MORE THAN 7

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.
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Upon completion borehole remained
open and dry.
Well installation: 5 cm diameter
schedule 40 PVC pipe with 3.1 m
length #10 mil slotted screen, No. 2
sand, stickup monument casing.
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Wood
Environment & Infrastructure Solutions

3450 Harvester Road
Burlington, Ontario, L7N 3W5
Canada
Tel. No.: 1 (905) 335-2353
www.woodplc.com

Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from
a qualified Geotechnical Engineer. Also, borehole information should be read in conjunction with the geotechnical report for which it was
commissioned and the accompanying 'Explanation of Borehole Log'.
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RECORD OF BOREHOLE No.   BH/MW-1
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Groundwater depth observed on 3/13/2020 at a depth of:   8.1 m.

No freestanding groundwater observed in open borehole upon completion of drilling.
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Upon completion borehole remained
open and dry.
Well installation: 5 cm diameter
schedule 40 PVC pipe with 3.1 m
length #10 mil slotted screen, No. 2
sand, stickup monument casing.
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Wood
Environment & Infrastructure Solutions

3450 Harvester Road
Burlington, Ontario, L7N 3W5
Canada
Tel. No.: 1 (905) 335-2353
www.woodplc.com

Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from
a qualified Geotechnical Engineer. Also, borehole information should be read in conjunction with the geotechnical report for which it was
commissioned and the accompanying 'Explanation of Borehole Log'.
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RECORD OF BOREHOLE No.   BH/MW-2
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Groundwater depth observed on 3/13/2020 at a depth of:   7.0 m.

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



1

2

3

4

5

6

7

SS

SS

SS

SS

SS

SS

SS

7

9

7

35

14

10

50 / 50
mm

Topsoil
150 mm

Red
Silty Clay / Clayey Silt FILL

trace to some sand and gravel
firm to very stiff

moist

Red
Silt

some sand, trace clay and gravel
Cobbles between 2.3 - 3.1 m

compact to dense
moist

Red
Weathered Shale
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6.3 Upon completion borehole remained
open and dry.
Well installation: 5 cm diameter
schedule 40 PVC pipe with 3.1 m
length #10 mil slotted screen, No. 2
sand, stickup monument casing.
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Wood
Environment & Infrastructure Solutions

3450 Harvester Road
Burlington, Ontario, L7N 3W5
Canada
Tel. No.: 1 (905) 335-2353
www.woodplc.com

Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from
a qualified Geotechnical Engineer. Also, borehole information should be read in conjunction with the geotechnical report for which it was
commissioned and the accompanying 'Explanation of Borehole Log'.
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Groundwater depth observed on 3/13/2020 at a depth of:   5.4 m.

No freestanding groundwater observed in open borehole upon completion of drilling.
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Drilling Method:

Burlington, ON
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Wood
Environment & Infrastructure Solutions

3450 Harvester Road
Burlington, Ontario, L7N 3W5
Canada
Tel. No.: 1 (905) 335-2353
www.woodplc.com

Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from
a qualified Geotechnical Engineer. Also, borehole information should be read in conjunction with the geotechnical report for which it was
commissioned and the accompanying 'Explanation of Borehole Log'.
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No freestanding groundwater observed in open borehole upon completion of drilling.
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4.0 Upon completion borehole remained

open and dry.
Well installation: 5 cm diameter
schedule 40 PVC pipe with 3.1 m
length #10 mil slotted screen, No. 2
sand, stickup monument casing.
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Groundwater depth observed on 3/13/2020 at a depth of:   3.0 m.

No freestanding groundwater observed in open borehole upon completion of drilling.
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No freestanding groundwater observed in open borehole upon completion of drilling.
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Photo 2: Hager Creek - east bank of Upper Hager Creek at 1767 Heather Hills Drive (June 

2019) 

Photo 1: Hager Creek - BH/MW-01 (March 2020) 



 

TPB198130 – Burlington GO Mobility Hub 

 

 

 

 

 

 

 

 

 

Photo 3: Hager Creek - slope toe at 1767 Heather Hills Drive (June 2019) 

Photo 4: Freeman – BH-4, looking east (March 2020)  
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Photo 5: Freeman – near BH4 looking west (March 2020) 

 

 

 

 

Photo 6: Rambo – from BH6 looking west (March 2020)  
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 Photo 7: Rambo – culvert north to rail (June 2019)  

 

 

 

 



Bedrock - Shale

Fill (Total)

Silt / Silt Till (Total)

2.51

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n
 (

m
)

104

106

108

110

112

114

116

Color Name Unit 
Weight 
(kN/m³)

Cohesion
(kPa)

Cohesion'
(kPa)

Phi'
(°)

Bedrock - Shale 24

Fill (Total) 19 50

Silt / Silt Till (Total) 19 0 30

3
1

15 kN/m³

TPB198130 - West Hager Berm 13MAY2020.gsz

West Hager Berm (short term)

1:244

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

TPB198130 Burlington Ponds

Figure 1:



Bedrock - Shale

Fill (Total)

Silt / Silt Till (Total)

3.88

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n
 (

m
)

104

106

108

110

112

114

116

Color Name Unit 
Weight 
(kN/m³)

Cohesion
(kPa)

Cohesion'
(kPa)

Phi'
(°)

Bedrock - Shale 24

Fill (Total) 19 50

Silt / Silt Till (Total) 19 0 30

3
1

15 kN/m³

TPB198130 - West Hager Berm 13MAY2020.gsz

West Hager Berm High Water (short term)

1:244

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

TPB198130 Burlington Ponds

Figure 2:



Bedrock - Shale

Fill (Effective)

Silt / Silt Till (Effective)

1.87

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n
 (

m
)

104

106

108

110

112

114

116

Color Name Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

Bedrock - Shale 24

Fill (Effective) 19 5 26

Silt / Silt Till (Effective) 19 0 30

3
1

TPB198130 - West Hager Berm 13MAY2020.gsz

West Hager Berm (long term)

1:244

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

TPB198130 Burlington Ponds

Figure 3:



Bedrock - Shale

Fill (Total)

Silt / Silt Till (Total)

1.86

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n
 (

m
)

104

106

108

110

112

114

116

Color Name Unit 
Weight 
(kN/m³)

Cohesion
(kPa)

Cohesion'
(kPa)

Phi'
(°)

Bedrock - Shale 24

Fill (Total) 19 50

Silt / Silt Till (Total) 19 0 30

3
1

15 kN/m³

TPB198130 - West Hager Berm 13MAY2020.gsz

West Hager Berm Psuedo Static (short term)

1:244

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

TPB198130 Burlington Ponds

Figure 4:



Bedrock - Shale

Fill (Effective)

Silt / Silt Till (Effective)

1.34

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n
 (

m
)

104

106

108

110

112

114

116

Color Name Unit 
Weight 
(kN/m³)

Piezometric
Line After 
Drawdown

Cohesion'
(kPa)

Phi' 
(°)

Cohesion
R (kPa)

Phi 
R (°)

Bedrock - Shale 24 2

Fill (Effective) 19 2 5 26 50 0

Silt / Silt Till (Effective) 19 2 0 30 0 30

3
1

15 kN/m³

TPB198130 - West Hager Berm 13MAY2020.gsz

West Hager Berm Rapid Drawdown

1:244

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

TPB198130 Burlington Ponds

Figure 5:



Silt / Silt Till (Total)

Fill (Total)

Bedrock - Shale

2.11

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n 
(m

)

92

94

96

98

100

102

104

106

108

110

Color Name Unit 
Weight 
(kN/m³)

Cohesion
(kPa)

Cohesion'
(kPa)

Phi'
(°)

Bedrock - Shale 24

Fill (Total) 19 50

Silt / Silt Till (Total) 21 0 32

2
1 1

2.5

15 kN/m³

TPB198130 - Freeman 11MAY2020.gsz

Freeman Berm (short term)

1:221

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

TPB198130 Burlington Ponds

Figure 6:



Silt / Silt Till (Total)

Fill (Total)

Bedrock - Shale

2.93

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n 
(m

)

92

94

96

98

100

102

104

106

108

110

Color Name Unit 
Weight 
(kN/m³)

Cohesion
(kPa)

Cohesion'
(kPa)

Phi'
(°)

Bedrock - Shale 24

Fill (Total) 19 50

Silt / Silt Till (Total) 21 0 32

2
1 1

2.5

15 kN/m³

TPB198130 - Freeman 11MAY2020.gsz

Freeman Berm High Water Inside (short term)

1:221

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

TPB198130 Burlington Ponds

Figure 7:



Silt / Silt Till (Effective)

Fill (Effective)

Bedrock - Shale

1.49

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n 
(m

)

92

94

96

98

100

102

104

106

108

110

Color Name Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

Bedrock - Shale 24

Fill (Effective) 19 5 26

Silt / Silt Till (Effective) 21 0 30

2
1 1

2.5

TPB198130 - Freeman 11MAY2020.gsz

Freeman Berm (long term)

1:221

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

TPB198130 Burlington Ponds

Figure 8:



Silt / Silt Till (Total)

Fill (Total)

Bedrock - Shale

1.63

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n 
(m

)

92

94

96

98

100

102

104

106

108

110

Color Name Unit 
Weight 
(kN/m³)

Cohesion
(kPa)

Cohesion'
(kPa)

Phi'
(°)

Bedrock - Shale 24

Fill (Total) 19 50

Silt / Silt Till (Total) 21 0 32

2
1 1

2.5

15 kN/m³

TPB198130 - Freeman 11MAY2020.gsz

Freeman Berm Pseudo Static (short term)

1:221

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

TPB198130 Burlington Ponds

Figure 9:



Silt / Silt Till (Total)

Fill (Total)

Bedrock - Shale

1.88

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n 
(m

)

92

94

96

98

100

102

104

106

108

110

Color Name Unit 
Weight 
(kN/m³)

Cohesion
(kPa)

Cohesion'
(kPa)

Phi'
(°)

Bedrock - Shale 24

Fill (Total) 19 50

Silt / Silt Till (Total) 21 0 32

2
1 1

2.5

15 kN/m³

TPB198130 - Freeman 11MAY2020.gsz

Freeman Berm Rapid Drawdown (short term)

1:221

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

TPB198130 Burlington Ponds

Figure 10:



Bedrock - Shale

Silt / Silt Till (Total)

1.68

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n
 (

m
)

98

100

102

104

106

108

110

Color Name Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

Bedrock - Shale 24

Silt / Silt Till (Total) 21 0 32

15 kN/m³

3
1

TPB198130 - East Rambo 11MAY2020.gsz

East Rambo Berm (short term)

1:215

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

TPB198130 Burlington Ponds

Figure 11:



Bedrock - Shale

Silt / Silt Till (Total)

1.56

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n
 (

m
)

98

100

102

104

106

108

110

Color Name Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

Bedrock - Shale 24

Silt / Silt Till (Total) 21 0 32

3
1

15 kN/m³

TPB198130 - East Rambo 11MAY2020.gsz

East Rambo Berm High Water (short term)

1:215

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

TPB198130 Burlington Ponds

Figure 12:



Bedrock - Shale

Silt / Silt Till (Effective)

1.72

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n
 (

m
)

98

100

102

104

106

108

110

Color Name Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

Bedrock - Shale 24

Silt / Silt Till (Effective) 21 0 32

3
1

TPB198130 - East Rambo 11MAY2020.gsz

East Rambo Berm (long term)

1:215

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

TPB198130 Burlington Ponds

Figure 13:



Bedrock - Shale

Silt / Silt Till (Total)

1.25

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n
 (

m
)

98

100

102

104

106

108

110

Color Name Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

Bedrock - Shale 24

Silt / Silt Till (Total) 21 0 32

3
1

15 kN/m³

TPB198130 - East Rambo 11MAY2020.gsz

East Rambo Berm Psuedo Static (short term)

1:215

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

TPB198130 Burlington Ponds

Figure 14:



Bedrock - Shale

Silt / Silt Till (Total)

1.20

Distance (m)

0 5 10 15 20 25 30 35 40 45

E
le

va
tio

n
 (

m
)

98

100

102

104

106

108

110

Color Name Unit 
Weight 
(kN/m³)

Cohesion'
(kPa)

Phi' 
(°)

Bedrock - Shale 24

Silt / Silt Till (Total) 21 0 32

3
1

15 kN/m³

TPB198130 - East Rambo 11MAY2020.gsz

East Rambo Berm Rapid Drawdown (short term)

1:215

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

TPB198130 Burlington Ponds

Figure 15:



 

 

Appendix C 

Hydrologic Modelling 



 
Figure C1:  Topographic Survey Verification for Hager-Rambo Diversion Channel 



 
Figure C2:  Topographic Survey Verification for East Rambo Pond 



 
Figure C3:  Topographic Survey Verification for Freeman Pond 
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 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 II 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 92.4 

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 Design 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: 

C
Bt

A
i

)( +

=  

 
where: 
i = rainfall intensity (mm/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 
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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 

Duration (min) 
Rainfall Intensity (mm/hr) 

2 5 10 25 50 100 

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 42.5 

120 14.3 18.6 21.4 25.0 27.7 30.4 

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 

Item 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 

5 Year 
A 
B 
C 

1111 
7 

0.857 

697.4 
5 

0.764 

688.2 
5.0 

0.753 

100 Year 
A 
B 
C 

2377 
9 

0.886 

1114.1 
5 

0.761 

1036.1 
4.5 

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\corr\memo\PKelly Dec 10 2004.doc 
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