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Subject: Assessment of Groundwater Conditions near Bourkevale Park River Outfall Site

Ferry Road Combined Sewer Relief

1.0 INTRODUCTION ‘

Initial construction shaft excavation works in the area of the Bourkevale Park River Outfall encountered very wet
and soft till deposits at approximately 9 m below grade, with the resulting groundwater inflow rising to approximately
7 m below grade. Subsequent borehole drilling confirmed the presence of a wet till unit through the proposed
construction area, while monitoring of the resulting groundwater levels suggested that these were below the winter
water level in the Assiniboine River located approximately 80 m to the south. Concerns were therefore expressed
that a hydraulic connection between the wet till unit and the river could exist which could then result in more
extensive dewatering efforts for future deep excavation works in this area. It was therefore proposed to undertake
a limited hydrogeological assessment of the till unit in the area in an attempt to determine potential groundwater
inflow rates.

2.0 SCOPE OF WORK AND RESULTS

2.1 Drilling and Well Installation

The on-site borehole drilling and groundwater monitoring well installation activities were undertaken on January 17,
2020 by Maple Leaf Drilling Ltd. under the direction of Tetra Tech Canada Inc. (Tetra Tech). Prior to drilling, the
locations of all underground utilities were identified based on the utility mapping previously undertaken as part of
the overall sewer relief project, including the “soft dig” exposure of a 350 mm force main running north-south through
the general area.

A total of three boreholes were drilled using 125 mm diameter solid stem augers and completed with PVC well
screens and casing. These well installations included the following.

= A 100 mm Test Well was installed on the south side of Assiniboine Avenue, in the immediate area of the
proposed excavation area and in the immediate vicinity of the underground forcemain and sewer lines running
towards the river.

= A 50 mm monitoring well (MW1) was installed approximately 10 m to the southwest of the Test Well, to the
west of the underground lines.

= A 50 mm monitoring well (MW2) was installed approximately 16 m to the north of the Test Well, on the south
edge of the boulevard on the north side of Assiniboine Avenue.

These borehole/ well locations are shown on Figure 1, attached.
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During drilling, the auger flights were retrieved from the boreholes at 3.0 m intervals for visual examination of the
subsurface soil conditions. This inspection found the subsurface materials in the Test Well and MW2 locations to
consist of a brown clay followed by dark grey clay to a depth of 6.3 m to 7.4 m below grade. In MW1, subsurface
soil comprised a silt fill material, potentially associated with the near by subsurface gate chamber structure, to a
depth of 5.0 m below grade, followed by dark grey clay to 8.7 m below grade with a 0.3 m thick black sand seam
partway through. The dark grey clay in each of the three boreholes was followed by light grey wet silt and silt till to
8.5 m to 9.2 m below grade. Below this depth, a relatively firm silt, clay and gravel till with no significant water
content was encountered. Upon reaching the wet till, free water was noted in each borehole, rising to a height of
approximately 6.0 m below grade.

The groundwater wells were constructed with 1.5 m to 3.0 m long screen sections set within the wet till portion of
the borehole, and solid casing to a height of approximately 0.8 m above grade. Sloughing of the boreholes partially
filled the annulus adjacent to the screen sections of the wells, with clean silica sand added to a height approximately
0.5 m above the top of the screen. The borehole annulus adjacent to the solid casing was filled with granular
bentonite to ground level. Each well was equipped with a J-plug type cap, and the two 50 mm diameter monitoring
wells were completed with protective steel aboveground casings.

Top of well casing and ground surface elevations for each of the three well installations were subsequently surveyed
relative to mean sea level.

Borehole logs describing the subsurface soil conditions encountered and well construction details are presented in
Appendix A.

2.2 Hydraulic Conductivity Testing

The newly installed wells were allowed to equilibrate overnight with the surrounding subsurface water bearing
formation. Measurement of the depth to groundwater were recorded on January 18 and showed water levels to be
between 4.2 m and 5.3 m below grade. The resulting calculated ground water elevations showed water levels in
the Test Well and MW1 to be relatively close, while MW2, showed an approximately 0.55 m higher elevation,
suggesting a southerly groundwater flow direction, towards the Assiniboine River. These elevations are shown on
the borehole logs and on Figure 1.

Each well was then purged using a bailer in an effort to develop the well screen sections and to assess the general
rate of groundwater inflow. Each well was dewatered through the removal of just over the equivalent of one well
casing volume of water, suggesting limited groundwater inflow rates.

Monitoring wells MW1 and MW2 were equipped with electronic data logging pressure transducers to record water
level fluctuations in the well casing, and the groundwater levels in the wells were allowed to recover for several
hours following purging. These two wells were then subjected to hydraulic conductivity testing through the use of a
physical slug. A slug was lowered into the water column in each of the two monitoring wells resulting in a near
instantaneous rise in the water level. The rate of the water level decrease to its original static level was then
recorded by the transducers, to complete a falling head test. On the morning of January 19, 2020, the slugs were
removed producing a near instantaneous lowering of the water level, with the subsequent return to static water
levels again being recorded in the form of a rising head test. Later on January 19, the pressure transducer from
MW2 was placed into the Test Well and the falling and rising head slug test procedure was repeated for this well.

The water level fluctuations recorded by the pressure transducers was analyzed using the AquiferTest Pro™
software. Based on the subsurface conditions observed, the Hvorslev analytical method was determined to be
appropriate for calculation of the hydraulic conductivity of the water bearing silt till unit. These analyses showed a
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range of hydraulic conductivity values of 3.8 x 108 m/s to 2.1 x 107 m/s, with a median value of 1.4 x 107 m/s, as
summarized below. These values are consistent with representative values for a silt till formation.

AquiferTest Pro Slug Test Analysis
Well ID Falling Head Rising Head
MW1 2.10E-07 1.30E-07
MW?2 6.00E-08 1.50E-07
Test well 3.80E-08 1.50E-07
Median = 1.40E-07
Average = 1.23E-07

Copies of the hydraulic conductivity plots produced by these slug tests are provided in Appendix B.

2.3 Groundwater Inflow Calculation

It is anticipated that the required excavation in this area will be approximately 5 m long by 5 m wide and extend to
a depth of approximately 9.5 m below grade. Groundwater infiltration into the excavation is therefore anticipated
along the side walls of the excavation through the wet till unit generally encountered between 7 and 9 m below
grade. Minimal infiltration is anticipated through the stiff till base of the excavation.

An estimate of the total groundwater inflow volume for this proposed excavation was then calculated based on the
median hydraulic conductivity calculated for the wet till unit, and established analytical solutions for steady-state
groundwater inflows to rectangular excavations as compiled by S.S. Papadopulos & Associates Inc. The resulting
total groundwater flow in to the proposed excavation is therefore estimated to be in the order of 0.01 L/s (1180 L/day
or 0.2 Imperial gallons per minute (Igpm)).

In the above calculation, the area of influence of the resulting groundwater drawdown cone is calculated using an
established method (Sichardt and Kryieleis). The resulting value of 5.6 m is considered valid since no noticeable
impact to groundwater levels were noted in monitoring well MW1 located 10 m from the Test Well during either the
initial purging or the slug test activities. As a test of the potential range of groundwater inflow rates due to natural
subsurface heterogeneity, the radius of influence of the groundwater drawdown cone was reduced to 1.0 m from
the edge of the excavation to be indicative of faster recharge (e.g., potential hydraulic connection to the river). The
resulting groundwater inflow in this situation is estimated at 0.05 L/s (4060 L/ day or 0.6 Igpm).

The input and output for these calculations are presented in Appendix C.

3.0 DISCUSSION/ CONCLUSIONS ‘

Based on the subsurface stratigraphy encountered during the December 2019 and January 2020 borehole drilling
events and subsequent hydraulic conductivity testing, a water bearing silt and silt till unit is generally present
throughout the area at depths of approximately 7 m to 9 m below grade. Although this unit has a significant water
content, the fine grained nature of the silt limits its ability to transmit this water. A5 m x 5m open excavation in to
this unit is therefore expected to produce in the order of 1000 L/day to 4000 L/day which could be managed through
the use of a typical sump pump arrangement in the base of the excavation.

3

@ TETRA TECH
Groundwater Infiltration Memo- Final.docx



GROUNDWATER ASSESSMENT — FERRY ROAD
FILE: 705-1000120300 | JANUARY 24, 2020 | ISSUED FOR USE

4.0 LIMITATIONS OF REPORT ‘

This report and its contents are intended for the sole use of the City of Winnipeg and their agents. Tetra Tech
Canada Inc. (Tetra Tech) does not accept any responsibility for the accuracy of any of the data, the analysis, or the
recommendations contained or referenced in the report when the report is used or relied upon by any Party other
than the City of Winnipeg, or for any Project other than the proposed development at the subject site. Any such
unauthorized use of this report is at the sole risk of the user. Use of this document is subject to the Limitations on
the Use of this Document attached in the Appendix or Contractual Terms and Conditions executed by both parties.

50 CLOSURE ‘

We trust this technical memo meets your present requirements. If you have any questions or comments, please
contact the undersigned.

Respectfully submitted,

Tetra Tech Canada Inc. /
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Prepared by: Reviewed by:

Brent Horning, P.Eng.

Sr. Environmental Engineer

Direct Line: 204.954.6860

Email: Brent.Horning@tetratech.com

BH/ac

Enclosure: Limitations on the Use of this Document

Groundwater Infiltration Memo- Final.docx

Ryan Wizbicki, P.Eng.

Manager — Environmental Services
Direct Line: 204.954.6930

Email: Ryan.Wizbicki@tetratech.com
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LIMITATIONS ON USE OF THIS DOCUMENT

1.1 USE OF DOCUMENT AND OWNERSHIP

This document pertains to a specific site, a specific development, and
a specific scope of work. The document may include plans, drawings,
profiles and other supporting documents that collectively constitute the
document (the “Professional Document”).

The Professional Document is intended for the sole use of TETRA
TECH'’s Client (the “Client”) as specifically identified in the TETRA
TECH Services Agreement or other Contractual Agreement entered
into with the Client (either of which is termed the “Contract” herein).
TETRA TECH does not accept any responsibility for the accuracy of
any of the data, analyses, recommendations or other contents of the
Professional Document when it is used or relied upon by any party
other than the Client, unless authorized in writing by TETRA TECH.

Any unauthorized use of the Professional Document is at the sole risk
of the user. TETRA TECH accepts no responsibility whatsoever for any
loss or damage where such loss or damage is alleged to be or, is in
fact, caused by the unauthorized use of the Professional Document.

Where TETRA TECH has expressly authorized the use of the
Professional Document by a third party (an “Authorized Party”),
consideration for such authorization is the Authorized Party’s
acceptance of these Limitations on Use of this Document as well as
any limitations on liability contained in the Contract with the Client (all
of which is collectively termed the “Limitations on Liability”). The
Authorized Party should carefully review both these Limitations on Use
of this Document and the Contract prior to making any use of the
Professional Document. Any use made of the Professional Document
by an Authorized Party constitutes the Authorized Party’s express
acceptance of, and agreement to, the Limitations on Liability.

The Professional Document and any other form or type of data or
documents generated by TETRA TECH during the performance of the
work are TETRA TECH'’s professional work product and shall remain
the copyright property of TETRA TECH.

The Professional Document is subject to copyright and shall not be
reproduced either wholly or in part without the prior, written permission
of TETRA TECH. Additional copies of the Document, if required, may
be obtained upon request.

1.2 ALTERNATIVE DOCUMENT FORMAT

Where TETRA TECH submits electronic file and/or hard copy versions
of the Professional Document or any drawings or other project-related
documents and deliverables (collectively termed TETRA TECH's
“Instruments of Professional Service”), only the signed and/or sealed
versions shall be considered final. The original signed and/or sealed
electronic file and/or hard copy version archived by TETRA TECH shall
be deemed to be the original. TETRA TECH will archive a protected
digital copy of the original signed and/or sealed version for a period of
10 years.

Both electronic file and/or hard copy versions of TETRA TECH's
Instruments of Professional Service shall not, under any
circumstances, be altered by any party except TETRA TECH. TETRA
TECH'’s Instruments of Professional Service will be used only and
exactly as submitted by TETRA TECH.

Electronic files submitted by TETRA TECH have been prepared and
submitted using specific software and hardware systems. TETRA
TECH makes no representation about the compatibility of these files
with the Client’s current or future software and hardware systems.

1.3 STANDARD OF CARE

Services performed by TETRA TECH for the Professional Document
have been conducted in accordance with the Contract, in a manner
consistent with the level of skill ordinarily exercised by members of the
profession currently practicing under similar conditions in the
jurisdiction in which the services are provided. Professional judgment
has been applied in developing the conclusions and/or
recommendations provided in this Professional Document. No warranty
or guarantee, express or implied, is made concerning the test results,
comments, recommendations, or any other portion of the Professional
Document.

If any error or omission is detected by the Client or an Authorized Party,
the error or omission must be immediately brought to the attention of
TETRA TECH.

1.4 DISCLOSURE OF INFORMATION BY CLIENT

The Client acknowledges that it has fully cooperated with TETRA TECH
with respect to the provision of all available information on the past,
present, and proposed conditions on the site, including historical
information respecting the use of the site. The Client further
acknowledges that in order for TETRA TECH to properly provide the
services contracted for in the Contract, TETRA TECH has relied upon
the Client with respect to both the full disclosure and accuracy of any
such information.

1.5 INFORMATION PROVIDED TO TETRA TECH BY OTHERS

During the performance of the work and the preparation of this
Professional Document, TETRA TECH may have relied on information
provided by third parties other than the Client.

While TETRA TECH endeavours to verify the accuracy of such
information, TETRA TECH accepts no responsibility for the accuracy
or the reliability of such information even where inaccurate or unreliable
information impacts any recommendations, design or other
deliverables and causes the Client or an Authorized Party loss or
damage.

1.6 GENERAL LIMITATIONS OF DOCUMENT

This Professional Document is based solely on the conditions
presented and the data available to TETRA TECH at the time the data
were collected in the field or gathered from available databases.

The Client, and any Authorized Party, acknowledges that the
Professional Document is based on limited data and that the
conclusions, opinions, and recommendations contained in the
Professional Document are the result of the application of professional
judgment to such limited data.

The Professional Document is not applicable to any other sites, nor
should it be relied upon for types of development other than those to
which it refers. Any variation from the site conditions present, or
variation in assumed conditions which might form the basis of design
or recommendations as outlined in this report, at or on the development
proposed as of the date of the Professional Document requires a
supplementary exploration, investigation, and assessment.

TETRA TECH is neither qualified to, nor is it making, any
recommendations with respect to the purchase, sale, investment or
development of the property, the decisions on which are the sole
responsibility of the Client.
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APPENDIX A

BOREHOLE LOGS

@ TETRA TECH
Groundwater Infiltration Memo- Draft.docx



TETRA TECH CANADA LOG - ANALYTICAL FERRY ROAD WELL LOGS.GPJ 1/24/20

TETRATECH

705-1000120300
CLIENT: City of Winnipeg

PROJECT TITLE: Ferry Road CSO Renewal
BOREHOLE LOCATION: Northeast comer of CSO Qutfall Structure Property.

RECORD OF BOREHOLE

DATE DRILLED: January 17, 2020
PROJECT SITE: South End of Ferry Road, Winnipeg

Test Well
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NORTHING: 5526194.397
EASTING:  627944.981
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TETRATECH

RECORD OF BOREHOLE

Mw1

Sheet 1 0f 1
705-1000120300
CLIENT: City of Winnipeg DATE DRILLED: January 17, 2020 DATUM: Geodetic
PROJECT TITLE: Ferry Road CSO Renewal PROJECT SITE: South End of Ferry Road, Winnipeg NORTHING: 5526185.633
BOREHOLE LOCATION: Northeast comer of CSO Outfall Structure Property - 10 m southwest of Test Well. EASTING:  627940.898
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RECORD OF BOREHOLE
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CLIENT: City of Winnipeg DATE DRILLED: January 17, 2020 DATUM: Geodetic
PROJECT TITLE: Ferry Road CSO Renewal PROJECT SITE: South End of Ferry Road, Winnipeg NORTHING: 5526208.825
BOREHOLE LOCATION:  South end of boulevard east of Bourkevale Community Centre. EASTING:  627938.16
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APPENDIX B

HYDRAULIC CONDUCTIVITY GRAPHS
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Slug Test Analysis Report

'lb TETRATECH

Project: Ferry Road Groundwater

Number: 705-1000120300

Client:  City of Winnipeg

Location: Ferry Road - Winnipeg | Slug Test: Test Well Rising Head Test Well: Test Well
Test Conducted by: Test Date: 1/19/2020
Analysis Performed by: | Rising Head Analysis Date: 1/21/2020
Aquifer Thickness:
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Slug Test Analysis Report

Project: Ferry Road Groundwater

Number: 705-1000120300

Client:

City of Winnipeg

Location: Ferry Road - Winnipeg

| Slug Test: Test Well Falling Head

Test Well: Test Well

Test Conducted by:

Test Date: 1/19/2020

Analysis Performed by: | Falling Head Analysis Date: 1/21/2020
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Slug Test Analysis Report
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Project: Ferry Road Groundwater

Number: 705-1000120300

Client:  City of Winnipeg

Location: Ferry Road - Winnipeg | Slug Test: MW1Falling Head Test Well: MW1
Test Conducted by: B. Honring Test Date: 1/18/2020
Analysis Performed by: | Falling Head Analysis Date: 1/21/2020

Aquifer Thickness: 2.00 m
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Slug Test Analysis Report

'lb TETRATECH

Project: Ferry Road Groundwater

Number: 705-1000120300

Client:  City of Winnipeg

Location: Ferry Road - Winnipeg | Slug Test: MW1 Rising Head Test Well: MW1
Test Conducted by: Test Date: 1/18/2020
Analysis Performed by: | Rising Head Analysis Date: 1/21/2020
Aquifer Thickness:
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Slug Test Analysis Report

Project: Ferry Road Groundwater

Number: 705-1000120300

Client:  City of Winnipeg
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Location: Ferry Road - Winnipeg | Slug Test: Mw2 Falling Head Test Well: MW2
Test Conducted by: Test Date: 1/21/2020
Analysis Performed by: | Falling Head Analysis Date: 1/21/2020
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Slug Test Analysis Report

Project: Ferry Road Groundwater

Number: 705-1000120300

Client:

City of Winnipeg

Location: Ferry Road - Winnipeg

| Slug Test: MW?2 Rising Head

Test Well: MW2

Test Conducted by:

Test Date: 1/21/2020

Analysis Performed by:
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APPENDIX C

GROUNDWATER INFLOW CALCULATION
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Calculation No. 1

Flow into an approximately rectangular excavation with a nearby constant head boundary

Calculated Area of Influence

Units are labels only; the user must specify consistent units

Parameter Units Value User-specified units
Hydraulic conductivity, K L/T 1.40E-07 m/s
Elevation of base of aquifer, z,., L 221.6 m
Thickness of aquifer where confined, D L 2.9 m
Distance from outside of long excavation to constant-head boundary, Ly
(Sichardt and Kryieleis Method) L 5.6 m
Rectangular excavation length, a (a=b) L 5.0 m
Rectangular excavation width, b L 5.0 m
Head at the constant-head boundary, H L 226.0 m
Head in the excavation, hy L 221.0 m
Result
Calculated inflow, Q Wil 1.361E-05 m’/s
0.01 L/s
1176 L/day
0.18 Igpm
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Calculation No. 2

Flow into an approximately rectangular excavation with a nearby constant head boundary

Conservative Estimate of Area of Influence

Units are labels only; the user must specify consistent units

Parameter Units Value User-specified units
Hydraulic conductivity, K L/T 1.40E-07 m/s
Elevation of base of aquifer, z,., L 221.6 m
Thickness of aquifer where confined, D L 2.9 m
Distance from outside of long excavation to constant-head boundary, Ly
(Conservative Estimate) L 1.0 m
Rectangular excavation length, a (a=b) L 5.0 m
Rectangular excavation width, b L 5.0 m
Head at the constant-head boundary, H L 226.0 m
Head in the excavation, hy L 221.0 m
Result
Calculated inflow, Q Wil 4,698E-05 m’/s
0.05 L/s
4059 L/day
0.62 Igpm
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