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1.0

2.0

Introduction

Paterson Group (Paterson) was commissioned by Arcadis IBI Group (CLC) to
conduct a geotechnical investigation for proposed roadway and site servicing
works to be completed at the subject site located in the City of Ottawa (refer to
Figure 1 - Key Plan in Appendix 2 of this report).

The objective of the geotechnical investigation was to:

U Determine the subsoil and groundwater conditions at this site by means of
boreholes.

O Provide geotechnical recommendations for the design of the proposed roads
and site services including construction considerations which may affect the
design.

The following report has been prepared specifically and solely for the
aforementioned project which is described herein. It contains our findings and
includes geotechnical recommendations pertaining to the design and construction
of the subject roadways and site services as they are understood at the time of
writing this report.

Investigating the presence or potential presence of contamination on the subject
property was not part of the scope of work of the present investigation. Therefore,
the present report does not address environmental issues.

Proposed Works

It is understood that Public Services and Procurement Canada (PSPC) presently
owns and maintains all roads and site servicing infrastructure within the subject
site. It is anticipated that the roadways and site servicing infrastructure are
approaching the end of their service lives and may not have the capacity to sustain
the site's proposed future 25-year re-development into a mixed-use community
and will require upgrading. Therefore, upgrading of the site services along with re-
construction of the roadways within the subject site are required. In preparation for
the re-development, the watermains on the site were recently upgraded. In
addition, building heating and cooling systems are presently in the process of being
upgraded to low-temperature hot water under the Energy Services Acquisitions
(ESAP) program.
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It should be noted that further design details of the proposed site servicing
upgrades including service alignment locations, pipe materials/diameters, and
invert/obvert pipe levels were not available at the time of preparation of this report.
Generally, the proposed roadway reconstruction will follow the current right-of-way
alignments at the site, with the following exceptions:

U A proposed roadway running east-west through the location of the current

Department of National Defense Building (Building 16) located at 101
Goldenrod Driveway.

A proposed roadway running north-south through the current parking area
located on the northwest side of the site adjacent to the Brooke Claxton
Building.

A proposed roadway running north-south through the location of the current
Environmental Health Center (Building 8) located at 50 Columbine
Driveway.

O An optional proposed roadway running northwest-southeast through the

location of the Health Protection Building located at Columbine and
Tunney’s Pasture Driveway, and the parking area located adjacent to
Parkdale Avenue on the northeast side of the site.

Further, there is a proposed woonerf located within the southeast portion of the
site adjacent to the OC Transpo Transitway. It is anticipated that the subject site
services and roadways will be turned over to the City of Ottawa at a later date.
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3.0 Method of Investigation

3.1

Field Investigation
Field Program

The field program for the current geotechnical investigation was conducted
between April 2, 2024, and April 5, 2024, and consisted of 18 boreholes advanced
to a maximum depth of 11.9 m below the existing ground surface. Previous field
investigations were conducted at the site by Paterson in 2019 and 2020, and by
others over the last several decades from approximately 1950 to 2020.

The test hole locations were determined in the field by Paterson personnel and
distributed in a manner to provide general coverage of the subject site taking into
consideration site features and underground utilities. The test hole locations are
presented on Drawing PG6348-6 - Test Hole Location Plan included in Appendix 2.

The boreholes were advanced using a truck-mounted auger drill rig operated by a
two-person crew. The test hole procedure consisted of augering to the required
depths at the selected locations and sampling the overburden. All fieldwork was
conducted under the full-time supervision of our personnel under the direction of a
senior engineer from our geotechnical department.

Sampling and In Situ Testing

Soil samples were collected from the boreholes using two different techniques,
namely, sampled directly from the auger flights (AU) or collected using a 50 mm
diameter split spoon (SS) sampler. The bedrock was cored to assess the bedrock
guality. All samples were visually inspected and initially classified on site. The
auger and split-spoon samples were placed in sealed plastic bags, and rock cores
(RC) were placed in cardboard boxes.

All samples were transported to our laboratory for further examination and
classification. The depths at which the auger, split spoon and rock core samples
were recovered from the boreholes are shown as AU, SS and RC, respectively, on
the Soil Profile and Test Data sheets presented in Appendix 1.
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The Standard Penetration Test (SPT) was conducted in conjunction with the
recovery of the split-spoon samples. The SPT results are recorded as “N” values
on the Soil Profile and Test Data sheets. The “N” value is the number of blows
required to drive the split-spoon sampler 300 mm into the soil after a 150 mm initial
penetration using a 63.5 kg hammer falling from a height of 760 mm.

Diamond drilling was completed at select borehole locations to confirm the bedrock
quality. A recovery value and a Rock Quality Designation (RQD) value were
calculated for each drilled section of bedrock and are presented as RC on the Soil
Profile and Test Data sheets in Appendix 1. The recovery value is the ratio of the
bedrock sample length recovered over the drilled section length, in percentage.

The RQD value is the total length ratio of intact rock core length more than 100 mm
in one drilled section over the length of the drilled section, in percentage. These
values are indicative of the quality of the bedrock.

Slug testing (falling and rising head testing) was completed at select groundwater
monitoring well locations installed during the field program to establish the
estimated hydraulic conductivity of the underlying bedrock.

The subsurface conditions observed in the test holes were recorded in detail in the
field. The soil profiles are logged on the Soil Profile and Test Data sheets in
Appendix 1 of this report. Further, historical borehole data from Paterson and other
firms is presented in Appendix 1 of this report.

Groundwater

Monitoring wells were installed in eight (8) boreholes and ten (10) boreholes were
fitted with a flexible polyethylene standpipe to allow groundwater level monitoring.
The groundwater level readings were obtained after a suitable stabilization period

subsequent to the completion of the field investigation.

The groundwater observations are discussed in Subsection 4.3 and presented in
the Soil Profile and Test Data sheets in Appendix 1 of this report.

Monitoring Well Installation
Typical monitoring well construction details are described below:
U Upto 1.5 m of slotted 32 mm diameter PVC screen at the base of the boreholes.

0 32 mm diameter PVC riser pipe from the top of the screen to the ground
surface.
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3.2

3.3

3.4

U No.3 silica sand backfill within annular space around screen.

U 300 mm thick bentonite hole plug directly above PVC slotted screen.

U Clean backfill from top of bentonite plug to the ground surface.

Refer to the Soil Profile and Test Data sheets in Appendix 1 for specific well
construction details.

Sample Storage

All samples and rock cores will be stored in the laboratory for a period of
one (1) month after issuance of this report. They will then be discarded unless we
are otherwise directed.

Field Survey

The test hole locations were selected by Paterson to provide general coverage of
the subject site. The test hole locations and ground surface elevation at each test
hole location were surveyed by Paterson using a high precision, handheld GPS
and referenced to a geodetic datum. The location of the boreholes is presented on
Drawing PG6348- 6 - Test Hole Location Plan in Appendix 2.

Laboratory Testing

Soil samples and rock cores were recovered from the subject site and visually
examined in our laboratory to review the results of the field logging.

Analytical Testing

One (1) soil sample was submitted for analytical testing to assess the corrosion
potential for exposed ferrous metals and the potential of sulphate attacks against
subsurface concrete structures. The sample was submitted to determine the
concentration of sulphate and chloride, the resistivity, and the pH of the sample.
The results are presented in Appendix 1 and are discussed further in
Subsection 6.7.

EEEEE__—_—_—_—_——w£—F——
Report: PG6348-1 Page 5
June 20, 2024



‘ Geotechnical Investigation
. PATERSON Proposed Road and Site Servicing Works
GROUP

Tunney’s Pasture, Ottawa, Ontario

3.5

Hydraulic Conductivity (Slug) Testing

Hydraulic conductivity (slug) testing was conducted at the monitoring well locations
to provide insight on the hydraulic properties of the underlying bedrock at the
subject site. The test data was analyzed as per the method set out by Hvorslev
(1951). Assumptions inherent in the Hvorslev method include a homogeneous and
isotropic aquifer of infinite extent with zero-storage assumption, and a screen
length significantly greater than the monitoring well diameter.

The assumption regarding aquifer storage is considered to be appropriate for
groundwater inflow through the bedrock aquifer. The assumption regarding screen
length and well diameter is considered to be met based on a saturated screen
length of 1.5 m and a diameter of 0.03 m. While the idealized assumptions
regarding aquifer extent, homogeneity, and isotropy are not strictly met in this case
(or in any real-world situation), it has been our experience that the Hvorslev
method produces effective point estimates of hydraulic conductivity in conditions
similar to those encountered at the subject site.

The Horslev analysis is based on the line of best fit through the field data (hydraulic
head recovery vs. time), plotted on a semi-logarithmic scale. The semi-log
drawdown vs. time plots for rising and falling head tests at each borehole location
are presented in Appendix 1.

The results of testing and hydrogeological recommendations are further discussed
in Subsections 4.4.

EEEEE__—_—_—_—_——w£—F——
Report: PG6348-1 Page 6
June 20, 2024



Proposed Road and Site Servicing Works

.‘ PATE RSON Geotechnical Investigation
GROUP

Tunney’s Pasture, Ottawa, Ontario

4.0 Observations

4.1

4.2

Surface Conditions

Based on available information provided by the client, it is understood that the site
consists of approximately 49 hectares of federally owned land located west of
downtown Ottawa near the Ottawa River. The site hosts a variety of federal
agencies and ministries within seventeen low to high rise buildings. The site is
bordered by Sir John A. Macdonald Parkway to the north, Parkdale Avenue to the
east, Scott Street and the LRT alignment to the south, and by a residential
development to the west.

Reference should be made to Figure 1 - Key Plan, attached to the current
memorandum.

The existing ground surface across the subject site varies gradually from
approximate geodetic elevations of 58 to 64 m. The subject site is generally at
grade with the surrounding roadways and developments.

Subsurface Profile
Overburden

Generally, the subsurface profile throughout the subject site generally consists of
fill material, with an approximate thickness of 0.5 to over 4.0 m, underlying topsoil
or a pavement structure. The fill materials were generally observed to directly
overlay the bedrock surface or overlay a glacial till deposit. The glacial till deposit
was generally observed to consist of silty sand with trace clay, gravel, cobbles and
boulders, which in turn was observed to overlay the bedrock surface.

Reference should be made to the Soil Profile and Test Data sheets in
Appendix 1 for the details of the soil profile encountered at each test hole location.

Bedrock

Based on available geological mapping, the bedrock across the majority of the site
consists of limestone with dolomite interbedding of the Gull River formation and
limestone of the Bobcaygeon formation on the east portion of the site.
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Based on the above noted geotechnical investigation and historical investigations
done by others, the bedrock surface elevations vary across the entire site.
Generally, the bedrock surface elevations in the middle portion of the subject site
range from approximately 60 to 62 m. The bedrock surface generally slopes
downward, reaching an elevation of approximately 56 m, near the north property
line. Further, the bedrock surface slopes down toward the south property line to an
elevation of approximately 57 m. In addition, on the western side of the site, the
bedrock elevation slopes up to a maximum elevation of approximately 64 m.

Based on bedrock coring completed as part of the current and previous field
investigations, the bedrock generally consists of limestone or limestone with
dolomite interbedding and shale partings in some locations. Generally, the upper
1 to 2 m portion of the bedrock is weathered, and the bedrock quality generally
improves with depth.

Based on available mapping it is understood that the Gloucester Fault runs across
the subject site striking in an approximate north-south direction and dipping
towards the east. Reference should be made to drawing PG6348-7 — Bedrock
Geology Plan attached to Appendix 2 for the location of the Gloucester Fault and
bedrock formation locations.

Reference should be made to Drawing PG6348-8 — Bedrock Contour Plan
attached to Appendix 2 for the bedrock surface elevations at the subject site.

4.3 Groundwater

Groundwater levels were manually measured in the installed piezometers and
monitoring wells on April 23, 2024. The groundwater level readings are presented
in the Soil Profile and Test Data sheets in Appendix 1. The measured groundwater
levels and observed depth of infiltration are presented in Table 1 below:

EEEEE__—_—_—_—_——w£—F——
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Table 1 — Summary of Groundwater Levels
Ground Measured Groundwater Level
) (m) (m)

BH 1-24 58.00 3.03 54.97

BH 4-24 63.38 6.85 56.53

BH 5-24 60.75 1.98 58.77

BH 6-24 63.87 2.65 61.22

BH 9-24 62.55 Dry n/a April 23, 2024

BH 10-24 62.28 3.09 59.19

BH 11-24 61.48 3.29 58.19

BH 16-24 61.81 5.78 56.03

BH 17-24 62.38 3.43 58.95

BH 18-24 60.70 5.70 55.00
Note: The ground surface elevation at each borehole location was surveyed using a handheld
GPS using a geodetic datum.

Furthermore, groundwater level readings were recorded at the borehole locations
at the site for the previous investigations. The groundwater level readings are
presented in the Soil Profile and Test Data sheets in the attachments. It is generally
anticipated that the long-term groundwater table at the subject site is located within
the upper 3 m of the bedrock surface, with the depth fluctuating with the depth of
the bedrock across the site. It should be noted that surface water can become
trapped within a backfilled borehole that can lead to higher than typical
groundwater level observations. It should be noted that groundwater levels are
subject to seasonal fluctuations, therefore the groundwater levels could vary at the
time of construction.

4.4 Hydraulic Conductivity Testing Results

Hydraulic conductivity (slug) tests were conducted at six (6) monitoring well
locations on April 23, 2024, to provide information regarding the hydraulic
properties of the underlying bedrock at the subject site. The hydraulic conductivity
results are shown in Table 2 below and summarized in Appendix 1.

EEEEE__—_—_—_—_——w£—F——
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Table 2 — Summary of Hydraulic Conductivity Testing Results.
Ground Testing éTesﬂFg
Test Surface Depth evation .
Hole ID | Elevation Interval Interval K(m/sec) | Test Type Soil Type
(m) (m) (m)

1.63E-07 F:E'J:dg Bedrock

BH 1-24 58.00 7.0-8.5 49.5-51.0 mic
3.61E-07 9 Bedrock

Head
1.46E-07 F:g:dg Bedrock

BH 6-24 63.38 3.8-53 | 58.08-59.58 o
2.00E-07 9 Bedrock

Head
3.82E-05 F:éllandg Bedrock

BH 10-24 63.87 4.0-55 | 58.37-59.87 mic
4.61E-05 9 Bedrock

Head
1.82E-06 F:é“andg Bedrock

BH 16-24 62.55 5.6-7.1 | 55.45-56.95 i
1.11E-06 9 Bedrock

Head
3.67E-05 F:é“andg Bedrock

BH 17-24 62.28 7.1-86 | 53.68-55.18 i
4.60E-05 9 Bedrock

Head
10.05. 2.21E-06 F:g;‘dg Bedrock

BH 18-24 61.81 1158 50.26-51.76 =i
' 2.18E-06 He; dg Bedrock

Summary of Results

Hydraulic conductivity testing conducted at the monitoring wells screened within
the bedrock formation vyielded hydraulic conductivity values ranging from

1.46x107 m/s to 4.61x10° m/s.

These values are generally consistent with typical published values for limestone
bedrock. It should be noted that the range in testing results noted above can be
attributed to the variability in bedrock quality at a given monitoring well location.
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5.0 Discussion

5.1

5.2

Geotechnical Assessment

From a geotechnical perspective, the subject site is generally considered suitable
for the proposed roadway and site servicing works. Geotechnical constraints such
as bedrock blasting and an associated vibration monitoring program to limit
disturbance that could occur due to blasting at adjacent structures must be
considered. Also, the presence of vibration sensitive structures such as research
laboratories within the development complex will require special provisions for
bedrock removal at nearby servicing alignments to limit vibrations to an agreed
upon site specific standard. It is expected that any vibration sensitive structures
will be consulted to determine tolerable vibration and/or noise levels.

It is anticipated that bedrock removal will be required for road construction and site
servicing activities. All contractors should be prepared for bedrock removal within
the subject site.

The above and other considerations are further discussed in the following sections.

Site Grading and Preparation
Stripping Depth

Existing asphalt, topsoil and deleterious fill, such as those containing organic
materials or construction debris, should be stripped from under any paved areas,
pipe bedding and other settlement sensitive structures. It is anticipated that the
existing fill, free of significant amounts of deleterious material and organics, can
be left in place below proposed pipes and pavement structures. The existing fill,
where free of organics and deleterious materials, should be proof-rolled by a
suitable sized vibratory smooth drum roller making several passes and approved
by Paterson personnel. Areas with poor performing fill should be removed and
reinstated with a compacted engineered fill as detailed below.

Fill Placement

Fill used for grading beneath the paved areas and pipe bedding should consist,
unless otherwise specified, of clean imported granular fill, such as Ontario
Provincial Standard Specifications (OPSS) Granular A or Granular B Type Il
material. The fill should be placed in lifts no greater than 300 mm thick and
compacted using suitable compaction equipment for the lift thickness.

Report: PG6348-1 Page 11
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Non-specified existing fill along with site-excavated soil can be placed as general
landscaping fill where the settlement of the ground surface is of minor concern.
These materials should be spread in thin lifts compacted by the tracks of the
spreading equipment to minimize voids. If the material is to be placed to increase
the subgrade level for areas to be paved, the fill should be compacted in a
maximum of 300 mm lifts and compacted to 95% of the material’'s SPMDD.

Where blast rock is to be used as site grading fill below areas to be paved, it should
be suitably fragmented to produce a well-graded material with a maximum particle
size of 400 mm, which is placed in a maximum of 600 mm loose lifts and
compacted using a large smooth drum vibratory roller making several passes per
lift and approved by the geotechnical consultant at the time of placement. Any blast
rock greater than 400 mm in diameter should be segregated and hoe-rammed into
acceptable fragments.

Bedrock Removal

In areas where shallow bedrock is encountered, and only a small quantity of
bedrock is to be removed, bedrock removal may be possible by hoe-ramming.
However, dependent on the quantity and condition of the bedrock, line-drilling in
conjunction with hoe-ramming may be required to remove the bedrock. Sound
bedrock may be removed by line drilling and controlled blasting and/or hoe
ramming. All contractors should be prepared for bedrock removal within the subject
site.

Prior to considering blasting operations, the blasting effects on the existing
services, buildings and other structures should be addressed. A pre-blast or pre-
construction survey of the existing structures located in proximity of the blasting
operations should be completed prior to commencing site activities. The extent of
the survey should be determined by the blasting consultant and should be
sufficient to respond to any inquiries/claims related to the blasting operations. The
blasting operations should be planned and conducted under the supervision of a
licensed professional engineer who is also an experienced blasting consultant. It
should be noted that the campus is host to highly sensitive federal uses such as
laboratories and associated sensitive equipment. The blasting consultant should
review the sensitivity of the subject buildings on a case-by-case basis to determine
the requirements for enhanced blasting considerations. Vibration considerations
for sensitive buildings is further discussed in the following section.

Report: PG6348-1 Page 12
June 20, 2024



Proposed Road and Site Servicing Works
Tunney’s Pasture, Ottawa, Ontario

.‘ PATE RSON Geotechnical Investigation
GROUP

Vibration Considerations

Construction operations are the cause of vibrations and possibly, sources of
nuisance to the community. Therefore, means to reduce the vibration levels as
much as possible should be incorporated into the construction operations to
maintain, as much as possible, a cooperative environment with the residents. The
following construction equipment could be the source of vibrations: hoe ram,
compactor, dozer, crane, truck traffic, etc. Vibrations, whether caused by blasting
operations or by construction operations, could be the source of detrimental
vibrations on the nearby buildings and structures. Therefore, all vibrations are
recommended to be limited.

Two parameters are used to determine the permissible vibrations, namely, the
maximum peak particle velocity and the frequency. For low frequency vibrations,
the maximum allowable peak particle velocity is less than that for high frequency
vibrations. As per Table 2 in OPSS.MUNI 120 — General Specification for the Use
of Explosives, dated November 2019, the peak particle velocity should be less than
20 mm/s for frequencies below 40 Hz and 50 mm/s for frequencies above 40 Hz.
The guidelines are for current construction standards. Considering that these
guidelines are above perceptible human level and, in some cases, could be very
disturbing to some people, a pre-construction survey is recommended to be
completed to minimize the risks of claims during or following the proposed
construction works.

For heritage buildings located in proximity to construction, the following vibration
limits are recommended:

U 3to 15 mml/s for frequencies from 1 to 4 Hz, interpolated

O 15 mm/s for frequencies from 4 to 15 Hz

O 15 to 20 mm/s for frequencies from 15 to 40 Hz, interpolated
O 20 mml/s for frequencies greater than 40 Hz

For sensitive structures/buildings, such as those housing research and/or
laboratory equipment, the vibration limits should be reviewed on a case-by-case
basis dependent on the specifics of the research and equipment. As a generalized
recommendation, the following limits could be implemented prior to an in-depth
review:

EEEEE__—_—_—_—_——w£—F——
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U 3to 10 mml/s for frequencies between 1 to 4 Hz, interpolated,

U 10 mml/s for frequencies 4 to 15 Hz,

O 10 to 15 mml/s for frequencies between 15 and 40 Hz, interpolated,
O 15 mml/s for frequencies greater than 40 Hz.

It should be noted that the heritage and sensitive structure vibrational limits
provided are general guidelines and are dependent on the condition of the building
and/or the laboratory equipment and work being completed. More stringent
vibration limits may be required with further information. A vibration Monitoring and
Control Plan (VMCP) completed by the blasting consultant is recommended. A
VMCP will provide further insight to the recommended limits for the heritage and/or
sensitive structures at the Tunney’s Pasture Campus as well as additional
recommendations and procedures to follow, should the limits be exceeded. This
report should be completed prior to the start of construction activities.

Drainage and Low-Impact Development (LID) Techniques

Due to the shallow depth and relative impermeability of the bedrock extending
throughout the subject site, conventional LID measures are not generally
considered suitable anywhere in the study area, from a geotechnical perspective.
This is due to the likelihood for surface water to flow laterally and upon the bedrock
surface and within the upper-most soil layers rather than seeping vertically into the
ground. While small amounts of groundwater recharge and discharge could
potentially take place on a localized scale, neither the topographical nor geological
conditions are suitable for recharge or discharge to be occurring on a large scale
at the subject site.

5.3 Municipal Infrastructure

Municipal service infrastructure will be able to be installed and implemented
satisfactorily within the subject site from a geotechnical perspective.

Further, due to the low permeable nature of the bedrock, hydrostatic pressures
and groundwater influx will likely not impact service design due to the soils nature
to confine and retain in-situ moisture. From a geotechnical perspective, the subject
site and study area are favourable for water retention-style-design measures.
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Roadway design will generally be incorporated into the geotechnical design of
localized areas as part of pavement structure design. These recommendations are
typically incorporated in the civil grading plan design, such that no constraints are
anticipated throughout the subject site for this item from a geotechnical
perspective.

Bedding and backfill requirements are further discussed in Section 6.4

54 Pavement Structure

For design purposes, the pavement structures presented in the following tables
could be used for the design of car only parking areas, local streets, and roadways
with bus traffic. It should be noted that for car only parking areas, an Ontario Traffic
Category A is applicable. For local roadways and roadways with bus traffic, Ontario
Traffic Category B and Category D should be used for design purposes,
respectively.

If soft spots develop in the subgrade during compaction or due to construction
traffic, the affected areas should be excavated and replaced with OPSS Granular
B Type Il material. Weak subgrade conditions may be experienced over service
trench fill materials. This may require the use of a geotextile, thicker subbase or
other measures that can be recommended at the time of construction as part of
the field observation program.

Table 3 - Recommended Pavement Structure — Parking Areas — Ontario Traffic

Category A
Thickness Material Description
(mm)
50 Wear Course - HL 3 or Superpave 12.5 Asphaltic Concrete
150 BASE - OPSS Granular A Crushed Stone
300 SUBBASE - OPSS Granular B Type Il

SUBGRADE - Either fill, in situ soil or OPSS Granular B Type | or Il material placed over in situ
soil or fill.

Note: Minimum Performance Graded (PG) 58-34 asphalt cement should be used for driveways.
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Table 4 - Recommended Pavement Structure - Local Roadways, Access Lanes,
and Heavy Vehicle Parking — Ontario Traffic Category B

Thickness . I
Material Description
(mm)
40 Wear Course - Superpave 12.5 Asphaltic Concrete
50 Binder Course - Superpave 19.0 Asphaltic Concrete
150 BASE - OPSS Granular A Crushed Stone
450 SUBBASE - OPSS Granular B Type |
SUBGRADE - Either fill, in situ soil or OPSS Granular B Type | or || material placed over in situ
soil or fill.
Note: Minimum Performance Graded (PG) 58-34 asphalt cement should be used for local
roadways.

Table 5 - Recommended Pavement Structure — Roadways with Bus Traffic —
Ontario Traffic Category D

Thickness (mm) Material
Description
40 Wear Course - Superpave 12.5 Asphaltic Concrete
50 Upper Binder Course - Superpave 19.0 Asphaltic Concrete
50 Lower Binder Course - Superpave 19.0 Asphaltic Concrete
150 BASE - OPSS Granular A Crushed Stone
600 SUBBASE - OPSS Granular B Type Il

SUBGRADE - Either fill, in situ soil or OPSS Granular B Type | or Il material placed over in situ
soil or fill

Note: Minimum Performance Graded (PG) 64-34 asphalt cement should be used for roadways
with bus traffic.

Minimum Performance Graded (PG) 58-34 asphalt cement should be used for this
project where the pavement structures outlined in Tables 1 and 2 are considered.
Minimum Performance Graded (PG) 64-34 asphalt cement should be used for this
project where the pavement structure outlined in Table 3 is considered.
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Pavement Structure Drainage

Satisfactory performance of the pavement structure is largely dependent on
keeping the contact zone between the subgrade material and the base stone in a
dry condition where the subgrade consists of soils. Failure to provide adequate
drainage under conditions of heavy wheel loading can result in the fine subgrade
soils being pumped into the voids in the stone subbase, thereby reducing its load
carrying capacity.

Consideration should be given to installing sub-drains during the pavement
construction. The sub-drain inverts should be approximately 300 mm below the
subgrade level and run longitudinally along the curb lines. The subgrade surface
should be crowned to promote water flow to the drainage lines.
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6.0 Design and Construction Precautions

6.1

6.2

Groundwater Control for Construction

It is anticipated that groundwater infiltration into the excavations should be low
through the sides of the excavation and controllable using open sumps. Pumping
from open sumps should be sufficient to control the groundwater influx through the
sides of shallow excavations. The contractor should be prepared to direct water
away from all bearing surfaces and subgrades, regardless of the source, to prevent
disturbance to the founding medium.

A temporary Ministry of the Environment, Conservation and Parks (MECP) permit
to take water (PTTW) may be required for this project if more than 400,000 L/day
of ground and/or surface water is to be pumped during the construction phase. A
minimum of 4 to 5 months should be allowed for the completion of the PTTW
application package and issuance of the permit by the MECP.

For typical ground or surface water volumes, being pumped during the construction
phase, between 50,000 to 400,000 L/day, it is required to register on the
Environmental Activity and Sector Registry (EASR). A minimum of two to four
weeks should be allotted for completion of the EASR registration and the Water
Taking and Discharge Plan to be prepared by a Qualified Person as stipulated
under O.Reg. 63/16. If a project qualifies for a PTTW based upon anticipated
conditions, an EASR will not be allowed as a temporary dewatering measure while
awaiting the MECP review of the PTTW application.

Paterson has access to the current water taking records associated with the ESAP
construction, building and transmission line. However, it should be noted that the
ESAP project water taking requirements may differ from the water taking
requirements for the current site servicing project based on the depth and extent
of the excavations. A detailed review of the proposed site servicing depths should
be completed prior to determining the water taking requirements for the current
project.

Protection Against Frost Action

Soil cover of 2.2 m is considered sufficient for adequate protection of proposed
watermain services. Soil cover of 1.8 m is considered adequate protection of
proposed storm and sanitary sewer services. Where insufficient frost protection is
provided, it is recommended that Paterson complete a review to provide frost
protection details where needed.
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6.3

6.4

Excavation and Service Trenches
Trench Support

The installation of service infrastructure may be carried out safely within the
confines of a trench box or in a stable open cut. Open cuts in overburden materials
will generally require that all side slopes be cut back at a 1H:1V or shallower to
maintain stability. Appropriately designed trench boxes may otherwise be used
where this is considered unsuitable.

Trenches can be excavated through the bedrock with near vertical sidewalls.
Bedrock stabilization measures may be required to be implemented within the
trenches where weathered bedrock, or where seams or joints are observed at the
trench sidewalls. This should be determined at the time of construction when the
bedrock is exposed and reviewed in the field.

Where faults are encountered during excavations for the proposed development,
additional subgrade treatment, such as subexcavation and infilled concrete
trenches, may be required within the impacted fault areas. The required treatment
should be assessed on a case-by-case basis, based on the observed quality and
condition of the bedrock once the faults are exposed during construction. The
contractor should be prepared to undertake fault treatments during construction.

Trenchless Service Installation

Deep service installation excavations may be accomplished using conventional
excavation and soil support techniques or other techniques such as horizontal
direction drilling, pipe jacking, micro-tunnelling, and jack and bore methods. Design
details of the proposed services were not known at the time of preparation of this
report, therefore appropriate trenchless methods should be determined when
design details are known.

Pipe Bedding and Backfill

Bedding and backfill materials should be in accordance with the most recent
Materials Specifications & Standard Detail Drawings from the Department of Public
Works and Services, Infrastructure Services Branch of the City of Ottawa.
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6.5

At least 150 mm of OPSS Granular A crushed stone should be used for pipe
bedding for sewer and water pipes. However, the bedding thickness should be
increased to 300 mm for areas over a bedrock subgrade. The bedding should
extend to the spring line of the pipe. Cover material, from the spring line to at least
300 mm above the obvert of the pipe, should consist of OPSS Granular A or
Granular B Type Il with a maximum size of 25 mm. The bedding and cover
materials should be placed in a maximum of 225 mm thick lifts compacted to 99%
of the material's SPMDD.

Based on the soil profile encountered, the subgrade for the services will be placed
in both bedrock and overburden soils. It is recommended that the subgrade
medium be inspected in the field to determine how steeply the bedrock surface,
where encountered, drops off. A transition should be provided where the bedrock
slopes more than 3H:1V. At these locations, the bedrock should be excavated and
replaced with additional bedding materials to provide a 3H:1V (or flatter) transition
from the bedrock subgrade towards the soil subgrade. This treatment reduces the
propensity for bending stress to occur in the services.

Where hard surface areas are considered above the trench backfill, the trench
backfill material within the frost zone (about 1.8 m below finished grade) should
consist of the soils exposed at the trench walls to minimize differential frost
heaving. The trench backfill should be placed in maximum 300 mm thick loose lifts
and compacted to a minimum of 95% of the SPMDD.

It should generally be possible to re-use the dry to moist (not wet) overburden
materials above the cover material if the excavation and filling operations are
carried out in dry weather conditions. Any stones greater than 200 mm in their
longest dimension should be removed from these materials prior to placement.

Maintenance Chambers and Catch Basins

Maintenance chambers and catch basins founded on an undisturbed glacial till,
approved proof rolled in-situ fill, engineered fill, or bedrock subgrade can be
designed using the allowable bearing pressures presented in Table 6 below.
Engineered fill under maintenance chambers should consist of OPSS Granular A
or Granular B Type Il material placed in maximum 225 mm thick lifts and
compacted to a minimum of 98% SPMDD. It is recommended that a woven
geotextile such as Terrafix 200W, or equivalent be placed over the approved
subgrade surface to reduce soil pumping during compaction efforts.
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6.6

6.7

Consideration should be given to the placement of a biaxial geogrid such as
Terrafix TBX2000, or equivalent, to improve subgrade strength for placement of
heavy catch basin structures.

Table 6 — Allowable Bearing Pressures for Maintenance Chambers and Catch
Basins

Bearing Surface Allowable Bearing Pressure (kPa)
Compact Glacial Till 150
Approved Proof Rolled In-Situ Fill 100
*Engineered Fill (Granular A or B Type II) 150
Bedrock 500

Note: Engineered fill to be placed over a woven geotextile followed by a biaxial geogrid.

Winter Construction

Precautions must be taken if winter construction is considered for this project.

The subsoil conditions at this site consist of frost susceptible materials. In the
presence of water and freezing conditions, ice could form within the soil mass.
Heaving and settlement upon thawing could occur.

In the event of construction during below zero temperatures, the founding stratum
should be protected from freezing temperatures by the use of straw, propane
heaters and tarpaulins or other suitable means. In this regard, the base of the
excavations should be insulated from sub-zero temperatures immediately upon
exposure and until such time as the pipes are protected with sufficient soil cover
to prevent freezing at subgrade level.

Trench excavations and pavement construction are also difficult activities to
complete during freezing conditions without introducing frost in the subgrade or in
the excavation walls and bottoms. Precautions should be taken if such activities
are to be carried out during freezing conditions. Additional information could be
provided, if required.

Corrosion Potential and Sulphate

The results of analytical testing show that the sulphate content is less than 0.1%.
This result is indicative that Type 10 Portland cement (normal cement) would be
appropriate for this site. The chloride content and the pH of the sample indicate
that they are not significant factors in creating a corrosive environment for exposed
ferrous metals at this site, whereas the resistivity is indicative of a moderate to very
aggressive corrosive environment.
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7.0 Recommendations

The following is recommended to be completed once the preliminary site servicing
and grading plans are determined:

U Review detailed site servicing plan(s) from a geotechnical perspective, once
available.

U Observation of all bearing surfaces prior to the placement of concrete or pipe
bedding material.

U Review and observation of trenchless excavation methods, where applicable.

O Periodic observation of the condition of unsupported excavation side slopes in
excess of 3 m in height, if applicable.

U Observation of all subgrades prior to backfilling.
U Field density tests to determine the level of compaction achieved.

O Sampling and testing of the bituminous concrete including mix design reviews,
where applicable.

All excess soils must be handled as per Ontario Regulation 406/19: On-Site and
Excess Soil Management.

A report confirming that these works have been conducted in general accordance
with our recommendations could be issued upon the completion of a satisfactory
inspection program by the geotechnical consultant.
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8.0 Statement of Limitations

The recommendations provided are in accordance with the present understanding
of the project. Paterson requests permission to review the recommendations when
the drawings and specifications are completed.

A soils investigation is a limited sampling of a site. Should any conditions at the
site be encountered which differ from those at the test locations, Paterson requests
immediate notification to permit reassessment of our recommendations.

The recommendations provided herein should only be used by the design
professionals associated with this project. They are not intended for contractors
bidding on or undertaking the work. The latter should evaluate the factual
information provided in this report and determine the suitability and completeness
for their intended construction schedule and methods. Additional testing may be
required for their purposes.

The present report applies only to the project described in this document. Use of
this report for purposes other than those described herein or by person(s) other
than Arcadis IBI Group (CLC) or their agents is not authorized without review by
Paterson for the applicability of our recommendations to the alternative use of the
report.

Paterson Group Inc.

Report Distribution:

a Arcadis 1Bl Group (CLC) (E-mail copy)

a Paterson Group (1 copy)
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APPENDIX 1

SOIL PROFILE AND TEST DATA SHEETS
SYMBOLS AND TERMS

HISTORICAL SOIL PROFILE AND TEST DATA SHEETS BY PATERSON AND
OTHERS

LIST OF REPORTS REFERENCED
ANALYTICAL TESTING RESULTS
HYDRAULIC CONDUCTIVITY TESTING RESULTS
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