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1.0 INTRODUCTION

Paterson Group (Paterson) was commissioned by PCL-ED to prepare a geotechnical report based on existing soil
information obtained by others for the proposed Ottawa Hospital — Civic Campus Redevelopment Project to be located at
900 Carling Avenue in the City of Ottawa (reference should be made to Figure 1 - Key Plan in Appendix 2 of this report).

The objectives of the geotechnical report were to:

e Determine the subsoil and groundwater conditions at this site by means of test holes completed by Paterson
and others.

e Provide geotechnical recommendations pertaining to design of the proposed development including
construction considerations which may affect the design.

e  Complete further boreholes and ground water testing to assets ground, rock and water conditions as well as to
evaluate soil permeability.

e Complete further investigation to evaluate the depth of the bedrock layer.
The following report has been prepared specifically and solely for the aforementioned project which is described herein.
It contains findings by others and includes Paterson’s geotechnical recommendations pertaining to the design and

construction of the subject development as they are understood by Paterson 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.



2.0 PROPOSED DEVELOPMENT

Based on the available drawings, it is understood that the Civic Campus Redevelopment project will consist of a new
hospital complex. The proposed structure will consist of two separate towers (Tower A and Tower B along the western and
eastern halves of the complex footprint, respectively) connected by a centrally located podium structure. Further, a separate
pavilion structure will connect the northern portion of the podium structure (and located along the western portion of
Tower B) to a pedestrian bridge connecting to an offsite parking structure.

One basement level will be provided below the towers and podium structure footprints. Tower A and Tower B are anticipated
to be provided up to 7 and 13 above-ground storeys, respectively, with a potential vertical expansion of Tower A with up
to a total of 13 above-ground storeys. The podium structure is anticipated to be provided with 5 above-ground storeys.
These structures will be provided with one basement level.

It is anticipated that the pavilion structure will be provided with one basement level of underground parking, which will be
partially at exterior grade, and 2 above-ground storeys. It is further expected that associated paved access lanes, vehicle
parking areas, an ambulance parking garage, retaining walls and landscaped areas will surround the proposed structure.
It is anticipated that the proposed building will be municipally serviced and that previous structures located throughout the
building footprint have been recently demolished.



3.0 METHOD OF INVESTIGATION

3.1 Field Investigation

Field Program

The field program for the geotechnical investigation was completed by others in between March 20 and May 8, 2023, and
May 5 and June 11, 2021. At that time, a total of 76 boreholes were advanced throughout the subject site to a maximum
depth of 34.2 m below existing ground surface. Additional historic boreholes were drilled during previous investigations.
Relevant borehole information can be found in Appendix 2. The borehole locations are shown on Drawing PG6982-1 -
Test Hole Location Plan included in Appendix 2.

A supplementary geotechnical investigation was completed by Paterson between July 8 and July 17, 2025. At that time, a
total of 8 boreholes were advanced throughout the subject site to a maximum depth of 29.31 m below existing ground
surface.

The subsurface profiles and laboratory testing results completed by others are presented on the Test Hole Logs by Others
and Laboratory Testing Results by Others provided in Appendix 1 of this report.

The subsurface profiles and laboratory testing results from the supplementary geotechnical investigation are presented on
the Test Hole Logs and Laboratory Testing Results provided in Appendix 1 of this report.

Sampling and In Situ Testing
Soil samples and rock cores were recovered by others during the field investigation as indicated on the Test Hole Logs by
Others included in Appendix 1.

The Standard Penetration Test (SPT) was conducted in the boreholes at regular intervals. 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.

The overburden thickness was evaluated by a dynamic cone penetration test (DCPT) completed at test holes BH 21-201,
BH 21-203, BH 21-204, BH 21-205A, BH 21-208, BH 21-209, BH 21-212 and BH 21-222.

The subsurface conditions were recorded by others and as indicated in the Test Hole Logs by Others included in
Appendix 1.

Groundwater
Monitoring wells were installed during the field investigation at 23 boreholes to permit monitoring of the groundwater
levels subsequent to the completion of the sampling program.

Monitoring Well Installation
Typical monitoring well construction details are described below:

Slotted 32 mm diameter PVC screen at the base of each borehole.
PVC riser pipe from the top of the screen to the ground surface.
Silica sand backfill within annular space around screen.

Bentonite hole plug directly above PVC slotted screen.

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

Refer to the Test Hole Logs by Others in Appendix 1 for specific well construction details.



Packer Testing

Packer testing was completed in all the boreholes from the supplementary geotechnical investigation to determine the
hydraulic conductivity of the bedrock. The packer testing was conducted by Marathon Underground Construction
Corporation (Marathon) under the supervision of Paterson personnel. Packer testing was completed by deploying inflatable
packers downhole to isolate two (2) to four (4) ~2.7 m intervals throughout the bedrock profile. Water was injected at each
testing interval at a rate which allowed for a desired pressure to be achieved. Each complete packer test involved
pressurizing/depressurizing the testing interval at 5 psi steps for a duration of five (5) minutes or until the flow steadied.
The flow rate required to maintain the desired pressure for each step was monitored and recorded. The results from the
packer testing were used to calculate the hydraulic conductivity at each testing interval. The results of the testing are
discussed in Subsection 4.2 and are provided in Appendix 1.

3.2 Field Survey

The test hole locations and ground surface elevation at each test hole location were surveyed by others using a GPS unit
and referenced to a geodetic datum. The location of the test holes and ground surface elevation at each test hole location
are presented on Drawing PG6982-1 - Test Hole Location Plan in Appendix 2.



4.0 OBSERVATIONS

4.1 Surface Conditions

The subject site is currently undeveloped and generally vacant. Construction (Advance Work) had started on site at the
time of Paterson’s investigation; the site was noted to have been significantly excavated down. Furthermore, it is understood
that a previously existing building located throughout the central portion of the subject site has been recently demolished.
Furthermore, piles of fill material have been observed throughout the subject site.

The subject site is bordered by Carling Avenue to the north, Trillium rail corridor to the east, Prince of Wales Drive to the
south and Maple Drive followed by governmental buildings to the west. In addition to the observed fill piles, the ground
surface across the subject site generally presents a slight downslope towards the northeast.

4.2 Subsurface Profile

Overburden

Generally, the subsurface profile encountered at the test hole locations consists of topsoil and fill material underlain by
silty clay, silty sand and/or glacial till deposits.

The fill material consisted of silty clay and/or silty sand, with varying amounts of gravel, cobbles, boulders, organics, brick,
concrete and other debris. Based on our review of the soil profiles encountered by others, variable amounts of fill are
expected to be encountered throughout the building footprint excavation. In particular, approximately 7 to 9.6 m thick layer
of fill is expected to be encountered throughout the northern portion of Tower A and an approximately 5 to 8 m thick layer
of fill material is expected to be encountered throughout the pavilion and associated parking structure footprints.

A discontinuous silty sand layer was encountered throughout the subject site and extended to a maximum depth of 7.3 m
below the existing ground surface throughout the southeast boundary of the pavilion structure footprint. Further, localized
concentrations of subsurface gas were recorded by others at BH 21-206 and BH 21-213 within the silty sand and silty
sand portion of the glacial till deposit at a depth of 9.9 and 11.59 m below ground surface, respectively.

The silty clay consisted of a brown weathered silty clay layer which transitioned to an unweathered grey silty clay. The silty
clay deposit was observed to a maximum depth of 10.8 m below existing ground level and mostly throughout the north
portion of Tower A.

The silty sand and silty clay layers were underlain by a loose to dense glacial till deposit consisting of silty sand with
variable amounts of gravel, cobbles and boulders. Localized zones comprising of a silty clay matrix were also encountered
within the glacial till deposit.

Reference should be made to the Test Hole Logs by Others in Appendix 1 for details of the soil profile encountered at
gach borehole location.

Grain Size Distribution and Hydrometer Testing Results

Grain size distribution (sieve and hydrometer analysis) was completed by others on fifty (50) selected soil samples. The
results of the grain size analysis are summarized in Table 4.2-1 and are presented on the Laboratory Testing Results by
Others in Appendix 1.

Grain size distribution (sieve analysis) was completed as part of the supplemental geotechnical investigation on seven (7)
selected soil samples. The results of the grain size analysis are summarized in Table 4.2-1 and are presented on the
Laboratory Testing Results in Appendix 1.



BH 21-213 2 1.07 41 44 15
BH 21-217 4 2.60 0 9 49 42
BH 21-205 3 1.82 0 2 39 59
BH 21-212 4 2.60 0 1 31 68
BH 21-221 5 3.36 0 2 33 65
BH21-226 5 3.36 0 1 43 56
BH 22-111 3 1.83 0 2 30 | 68
BH 22-111 4 2.60 9 41 50
BH 22-112 4 2.60 9 41 37 [ 13
BH 23-101 11 9.45 0 1 99
BH 23-145 5 3.36 0 2 98
BH 21-103 2 1.21 20 49 31
BH 21-107 2 1.21 30 41 29
BH 21-201 2 1.07 8 54 38
BH 21-208 5 3.36 14 38 35 [ 13
BH 21-208 9 6.41 15 52 33
BH 21-210 5 3.36 28 24 30 [ 18
BH 21-210 9 6.48 19 50 31
BH 21-212 10 747 12 54 34
BH 21-216 13 9.45 17 50 33
BH 21-216 6 412 10 45 41 [4
BH 21-216 7 4.88 12 44 44
BH 21-217 10 747 2 42 35
BH 21-218 10 717 9 50 26 [ 15
BH 21-218 15 10.98 16 55 29
BH 21-221 11 8.69 10 53 29 B
BH 21-221 12 9.45 15 50 35
BH 21-221 14 9.45 13 54 26 |7
BH 21-221 158 11.89 51 38 11
BH 21-222 14 10.22 24 42 28 [ 6
BH 21-226 8 5.64 16 43 41
BH 22-109 5 3.36 23 47 30
BH 22-110 6 412 12 54 34
BH 22-113 6 412 25 46 29
BH 23-101 13 11.76 18 49 24 (9
BH 23-103 11 7.93 24 43 33
BH 23-105 4 2.60 15 52 33
BH 23-105 10 717 26 49 25
BH 23-111 5 3.36 23 42 26 9
BH 23-111 13 9.45 15 51 24 10
BH 23-114 6 412 17 50 33
BH 23-114 19 14.03 35 56 9
BH 23-117 8 5.56 13 53 24 10
BH 23-117 19 14.79 21 46 31 2
BH 23-122 5 3.36 8 44 48
BH 23-122 15 10.89 32 45 23
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Borehole Sample Depth (m) Gravel (%) Sand (%) Silt (%) Clay (%)
BH 23-124 3.36 13 53 34
BH 23-124 13 9.45 26 32 42
BH 23-125 5 4.12 13 52 25 10
BH 23-125 24 2313 12 49 27 12
BH 23-133 4 2.60 12 53 35
BH 23-137 9 6.41 12 52 36
BH 23-138 7 4.88 20 48 32
BH 23-138 10 7.7 16 48 36
BH 23-145 10 717 9 44 34 | 13
BH 23-146 5 3.36 14 54 32
BH 23-146 17 12.50 20 50 30
BH 23-153 6 4.12 19 49 32
BH 23-153 22 22.15 12 76 10 | 2
BH 23-154 2 1.07 13 52 35
BH 23-154 7 4.88 14 50 24 | 12
BH 23-158 6 4.12 19 47 34
BH 23-158 27 15.60 32 43 17 | 8
BH 21-201 13 9.45 53 38 9
BH 22-110 3 1.83 44 37 19
BH 21-205 9 6.41 16 49 35
BH 21-205 16 11.74 13 70 17
BH 23-137 18 13.26 b5 40 5
BH 23-103 14A 10.12 13 77 10
BH 23-133 14A 10.14 2 89 9
BH 11-25 SS6 3.8-4.4 20.6. 46.2 33.2
BH 12-25 SS9 6.1-6.7 29.9 43.5 26.6
BH13-25 SS3 1.5-2.1 23.8 46.4 29.8
BH14-25 SS8 5.3-5.9 25.9 43.3 30.8
BH 15-25 SS4and | 2.3-3.7 57.7 35.5 6.8
SSH
BH16-25 SS11 7.6-8.2 374 36.2 26.4
BH17-25 SS8 5.3-5.9 15.7 429 414

Atterberg Limit Testing Results
Atterberg limits testing was completed by others on ten (10) silty clay samples. The results of the Atterberg limits are

summarized in Table 4.2-2 and on the Laboratory Testing Results by Others in Appendix 1.
Table 4.2-2: Atterberg Limits Results

BH21-208 |4 2.60

BH21-212 | 4 2.60 79 26 53 CH
BH21-216 |3 1.85 24 15 9 CL
BH 21-221 5 3.35 87 24 63 CH
BH 21-221 9 6.45 51 23 28 CH
BH 22-111 3 1.85 66 24 42 CH
BH 22-111 4 2.60 21 13 8 CL
BH22-112 |2 1.06 51 20 31 CH
BH22-112 |4 2.60 7 2 5 CI-ML
BH21-210 |5 3.35 16 12 4 ML

THE OTTAWA HOSPITAL ¢ CIVIC CAMPUS REDEVELOPMENT PROJECT « ISSUED FOR SPC RESUBMISSION
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Borehole Sample Depth (m) LL (%) PL (%) Pl (%) Classification

Notes: LL: Liquid Limit; PL: Plastic Limit; PI: Plastic Index; CH: Inorganic Clay of High Plasticity; CL: Inorganic
Clay of Low Plasticity; ML: Inorganic Silt of Low Plasticity; MH: Inorganic Silts of High Plasticity

Bedrock
Bedrock was cored at several locations throughout the subject site at depths ranging between 1.7 and 17.09 m below
ground surface. The bedrock generally consisted of fair to good quality limestone or limestone interbedded with shale.

Based on available geological mapping, the subject site is located in an area where the bedrock consists of Paleozoic
limestone of the Bobcaygeon Formation and Paleozoic limestone with interbedded shale of the Verulam formation, with an
overburden drift thickness ranging between 0 and 15 m depth.

Unconfined Compressive Strength Testing of Bedrock Core Samples

Seventeen (17) bedrock cores were tested by others and six (6) bedrock cores were tested as part of the supplemental
geotechnical investigation for unconfined compressive strength of the bedrock specimens. All samples submitted for
unconfined compressive strength testing consisted of grey limestone bedrock and are summarized in Table 4.2-3 below
and on the Laboratory Testing Results by Others and Laboratory Testing Results in Appendix 1.

Table 4.2-3: Summary of Unconfined Bedrock Compressive Strength Testing Results

Test Core Bedrock Surface | Test Core Unconfined

Borehole : : Compressive
Depth (m) Elevation (m) Elevation (m) Stre:th MPa

BH 21-207 RC1 14.3 68.1 65.96 74
BH 21-213 RC1 13.8 63.9 62.31 157
BH 21-214 RC1 10.9 67.6 64.93 59
BH 21-219 RC1 12.0 68.6 67.40 62
BH 21-221 RC1 14.8 61.2 59.79 152
BH 23-145 RC1 8.6 65.3 65.13 154
BH 23-148 RC1 11.8 64.4 63.19 55
BH 23-125 RC1 26.8 55.8 54.35 72
BH 23-117 RC1 25.3 57.0 55.63 49
BH 23-111 RC1 13.0 66.4 66.33 22
BH 23-137 RC1 15.7 64.5 63.67 103
BH 23-114 RC1 16.6 64.2 64.00 111
BH 23-133 RC1 1.7 66.1 65.5 103
BH 23-154 RC1 6.2 76.7 76.55 124
BH 23-155 RC1 8.1 82.1 74.21 202
BH 23-158 RC1 26.9 60.3 55.94 57
BH 23-159 RC1 22.4 65.8 63.52 85
BH11-25 RC5 10.6 64.32 63.72 74.6
BH12-25 RC7 20.2 59.99 56.88 39.5
BH13-25 RC2 8.7 68.62 67.97 435
BH14-25 RC3 10.6 68.09 65.92 .7
BH15-25 RC4 20.2 66.89 56.25 69.9
BH16-25 RC5 14.0 62.40 61.51 85.9

THE OTTAWA HOSPITAL ¢ CIVIC CAMPUS REDEVELOPMENT PROJECT « ISSUED FOR SPC RESUBMISSION



Packer Testing

The packer testing results are summarized in Table 4.2-4 below.

EL. | 63.03-60.24 60.13-57.34 57.09-54.29 55.87-52.13
15 3.66089E-06 | 15 177278606 | 15 474185E07 | 20 1.78067E-06
20 3.36349E-06 | 20 171732606 | 20 179716606 | 25 2.43058E-06
25"'”' 25 3.12902E-06 | 25 16788E-06 | 25 1704206 | 30 1.62376E-06
20 3.23159E-06 | 20 168429606 | 20 164877606 | 25 156451E-06
15 3.29883E-06 | 15 165191606 | 15 172987606 | 20 1.66526E-06
Avg | 3.34E-06 1.70E-06 147E-06 181E-06
EL. | 58.06-55.27 59.862-57.068 52.471-47.645 55.265-52.471
25 8.05E-08 20 3.24E-06 35 0.00E+00 30 1.14E-06
30 1.64E-07 25 3.03E-06 40 0.00E+00 35 7.88E-07
2?12' 35 187E-07 30 2.88E-06 45 0.00E+00 40 7.08E-07
30 1.64E-07 25 2.98E-06 41 0.00E+00 35 7.88E-07
25 161E-07 20 3.18E-06 35 0.00E+00 30 8.89E-07
Avg | 151607 3.06E-06 0.00E+00 8.63E-07
EL. | 68.62-65.83 65.83-63.03 62.423-59.629 59.019-55.082
11 8.47405E-08 | 15 175404606 | 20 30733605 | 26 3.34356E-06
15 714924E07 | 20 164423606 | 25 254184E-05 | 30 3.0422E-06
2213' 20 777467E07 | 25 1.64446E-06 | 30 212729E-05 | 35 2.84896E-06
15 75067E07 | 20 17040206 | 25 227455E05 | 31 2.83107E-06
11 8.05034E-07 | 15 1.78686E-06 | 20 249687E-05 | 24 3.04108E-06
Avg | 6.27E07 1.71E-06 2.68E-05 3.03E-06
EL. | 68.12-65.32 65.32-62.53 62.53-50.73 59.73-55.79
10 1.46E-06 15 144037605 | 20 852405E-07 | 25 0
15 1.61E-06 20 8.11255E-06 | 25 8.60955E-07 | 30 0
2?14' 20 159E-06 25 541895606 | 30 8.45182E-07 | 35 155109E-08
15 1.37E-06 20 443830E-06 | 25 8.86277E-07 | 30 1.73979E-08
10 1.04E-06 15 3.81764E-06 | 20 8.81799E-07 | 25 198075E-08
Avg | 1.41E-06 7.24E-06 8.65E-07 1.05E-08
EL. | 65.89-6345 62.89-50.89 59.89-56.89 56.89-54.49
5 0 5 0 5 6.39757E07 | 5 0
10 0 10 0 10 107837606 | 10 7.00323E-08
22”5' 15 0 15 0 15 1.15855E-06 | 15 1.04177E-07
10 0 10 0 20 70042E07 | 10 2.10097E-07
5 0 5 0 5 164500606 | 5 3.20508E-07
Avg | 0.00E+00 0.00E+00 1.056-06 141607
EL. | 6149-58.70 58.45-55.65 55.40-52.60 53.645-50.85
16 2.86E-06 20 0 25 0 26 0
816 | 20 2.32E-06 25 0 30 0 30 0
25 |26 0.00E+00 30 0 35 0 35 0
20 3.32E-08 25 0 30 0 30 0
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Gauge Hydraulic Gauge Hydraulic Gauge Hydraulic Gauge Hydraulic

Pressure | Conductivity | Pressure | Conductivity | Pressure | Conductivity | Pressure | Conductivity

(PSI) (m/sec) (PSI) (m/sec) (PSI) (m/sec) (PSI) (m/sec)
15 0.00E+00 20 0 25 0 25 0
Avg | 1.04E-06 0.00E+00 0.00E+00 0.00E+00
EL. | 67.911-65.117 62.549-59.755 59.018-55.902
6 0 10 0 15 3.52882E-07
10 0 15 0 20 1.32671E-06
25';”7' 15 0 20 0 26 1.14927E-06
10 6.08415€-08 | 15 0 20 1.23058E-06
7 0 10 0 15 1.36959E-06
Avg | 1.22E-08 0.00E+00 1.09E-06
EL. | 65.05-6347 63.47-61.90 62.48-59.69 56.39-53.50
20 0 25 0 16 4.27158E-06 | 15 3.69973E-06
25 0 30 0 20 3.45008E-06 | 20 3.45702E-06
5;”8‘ 30 0 35 0 26 0 25 3.31795E-06
25 0 30 0 20 494155608 | 20 3.49050E-06
20 0 25 0 15 0 15 3.69973E-06
Avg | 0.00E+00 0.00E+00 1.56E-06 3.53E-06

Hydraulic conductivity testing of the bedrock conducted in the bedrock ranged from 0 to 7.24 x 10-6 m/sec.

4.3 Groundwater

Groundwater levels were measured by Paterson and others, which are presented in Table 4.3-1, 4.3-2 and 4.3-3 below
and in Test Hole Logs presented in Appendix 1. Reference should also be made to Drawing PG6982-2 - Groundwater
Contour Plan in Appendix 2 which summarizes groundwater levels encountered throughout the subject site based on the
information provided in Table 4.3-1 and 4.3-2 below. Groundwater levels are subject to seasonal fluctuations. Therefore,
levels could differ at the time of construction.

Table 4.3-1: Summary of Groundwater Levels by Paterson

Ground Measured Groundwater
Borehole Observation Surface Level

BH 11-25 | Monitoring Well | 77.05 541 71.64 July 25, 2025
BH 12-25 | Monitoring Well | 77.08 6.35 70.73 July 25, 2025
BH 13-25 | Monitoring Well | 76.67 7.41 69.26 July 25, 2025
BH 14-25 | Monitoring Well | 76.52 7.77 68.75 July 25, 2025
BH 15-25 | Monitoring Well | 76.49 - - July 25, 2025
BH 17-25 | Monitoring Well | 73.37 3.52 69.85 July 25, 2025
BH 18-25 | Monitoring Well | 76.50 5.07 71.43 July 25, 2025

Note: The ground surface elevation at each borehole location was surveyed using a handheld GPS and
referenced to a geodetic datum.
THE OTTAWA HOSPITAL « CIVIC CAMPUS REDEVELOPMENT PROJECT ¢ ISSUED FOR SPC RESUBMISSION
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Table 4.3-2: Summary of Groundwater Levels By Others

| Ground Measured Groundwater Level
Borehole Observation | Surface Date Recorded
Number Method Elevation Depth Elevation
(m) (m) (m)
BH 23-103 | Piezometer | 74.90 2.0 72.9 May 11, 2023
. May 11, 2023
BH 23-109 | Piezometer | 79.3 55 73.8 May 12, 2023
. May 11, 2023
BH 23-114 | Piezometer | 80.60 3.7 76.9 May 12, 2023
. May 11, 2023
BH 23-117 | Piezometer | 80.93 57 75.2 May 12, 2023
. May 11, 2023
BH 23-137 | Piezometer | 79.54 6.6 73.0 May 12, 2023
. 6.9 74.2 May 11, 2023
BH 23-146 | Piezometer | 81.09 85 76 May 15, 2023
. May 11, 2023
BH 23-153 | Piezometer | 82.29 53 77.0 May 12, 2023
. May 11, 2023
BH 23-154 | Piezometer | 82.75 55 77.3 May 12, 2023
BH 22-303 | Piezometer | 80.57 4.1 76.5 May 9, 2022
. 6.5 76.0 June 18, 2021
BH21-201 Piezometer 82.46 6.5 76.0 June 24’ 2021
. 52 76.0 June 9, 2021
BH21-202 | Piezometer | 81.20 53 750 June 18, 2021
. 52 75.9 June 18, 2021
BH21-204 | Piezometer | 81.09 59 750 June 24, 2021
BH21-213 | Piezometer | 76.11 0.7 75.4 June 9, 2021
BH21-215 | Piezometer | 72.79 2.4 704 June 9, 2021
. 5.8 2.7 May 27, 2021
BH21-218 | Piezometer | 78.54 5.0 775 June 9, 2021
. 2.8 76.6 May 28, 2021
BH21-219 | Piezometer | 79.40 29 765 June 9, 2021
BH21-221 1.4 73.2 May 28, 2021
(shallow) . 14 73.2 June 9, 2021
BH1-021 | | crometer | 74.59 23 723 May 28, 2021
(deep) 2.4 72.2 June 9, 2021
BH21-222 6.4 724 May 21, 2021
(shallow) . 6.5 72.3 June 9, 2021
BH1-222 | " erometer | 78.83 5.7 732 May 21, 2021
(deep) 6.8 72.0 June 9, 2021
Piezometer 6.3 72.6 May 29, 2021
BH21-224 7890 6.5 72.4 June 9, 2021
Piezometer 3.5 .7 May 28, 2021
BH21-225 7521 36 716 June 9, 2021
Piezometer 2.8 725 May 28, 2021
BH21-226 7625 3.0 723 June 9, 2021
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Ground Measured Groundwater Level
Borehole Observation | Surface
Date Recorded

Number Method AEVELD] Elevation

(m) (m)
Note: The ground surface elevation at each borehole location was surveyed using a handheld GPS and referenced to a
geodetic datum.

Table 4.3-3: Summary of Groundwater Levels (Historical Investigation

: Ground | \easured Groundwater Level

Borehole Observation Surface Date Recorded
Number Method Elevation | pepth Elevation

MW 20-15 Monitoring Well | 79.71 5.9 73.8 February 12, 2020
MW 20-16 Monitoring Well | 79.55 6.1 73.5 February 12, 2020
MW 20-17 Monitoring Well | 78.67 29 75.8 February 12, 2020
MW 20-18 Monitoring Well | 75.04 6.9 68.1 February 12, 2020
MW 17-04 Monitoring Well | 85.13 1.6 83.5 August 3, 2017
MW 17-05 Monitoring Well | - 34 - August 3, 2017
MW 17-06 Monitoring Well | - Dry - August 3, 2017
MW 17-07 Monitoring Well | - 4.6 - August 3, 2017
MW 17-08 Monitoring Well | - 5.2 - August 3, 2017
MW 17-09 Monitoring Well | - 2.2 - August 3, 2017
MW 17-10 Monitoring Well | - 2.8 - August 3, 2017
MW 16-1A | Monitoring Well | 78.05 9.3 68.8 March 16, 2017
MW 16-3 Monitoring Well | 77.34 5.3 72.1 March 16, 2017
MW 16-5 Monitoring Well | 77.89 3.7 74.1 March 16, 2017
MW 16-6 Monitoring Well | - 2.5 - March 16, 2017
MW 16-7 Monitoring Well | 75.35 4.8 70.6 March 16, 2017
MW 16-7A | Monitoring Well | 75.19 5.1 70.1 August 8, 2017
MW 16-8 Monitoring Well | 74.87 5.3 69.6 August 8, 2017
MW 16-9 Monitoring Well | 73.79 52 68.6 August 8, 2017
MW 16-14 Monitoring Well | 79.51 7.2 72.3 August 8, 2017
BH 1 Piezometer - 2.7 - August 8, 2017
BH 2 Piezometer - 1.9 - August 9, 2017
BH 3 Piezometer - 40 - August 9, 2017
BH 4A Piezometer - 2.1 - August 8, 2017
BH5 Piezometer - 44 - August 8, 2017
BH 6 Piezometer - 3.5 - August 8, 2017
BH 8 Piezometer - 45 - August 8, 2017
BH 10 Piezometer - 3.9 - August 8, 2017

Note: The ground surface elevation at each borehole location was surveyed using a handheld GPS and referenced to a
geodetic datum.
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5.0 DISCUSSION

5.1 Geotechnical Assessment

From a geotechnical perspective, the subject site is considered satisfactory for the proposed development. Based on our
review of updated structural loading, the proposed buildings are recommended to be founded using using a mixture of
conventional footing and mat footing extending to a bedrock bearing and/or deep pile foundation.

It is expected that the ground surface will need to be lowered throughout the subject site to attain the desired final grades,
including retaining walls and construction of slopes. It is recommended that grade raise fill is placed in accordance with
the recommendations provided in Subsection 5.2 where required.

It is expected that removal of the entire overburden will be required to reach a bedrock bearing surface for a large portion
of the site. Footings in those areas are to be placed on a lean concrete infilled pad as described under Subsection 5.2.

Based on the current drawings, it is expected that bedrock removal will be required for portions of the proposed structure.
Line drilling and controlled blasting could be used where large quantities of bedrock are needed to be removed. The
blasting operations should be planned and conducted under the guidance of a professional engineer with experience in
blasting operations. Existing foundation walls and other construction debris should be entirely removed from within the
building perimeters. Under paved areas, existing construction remnants such as foundation walls should be excavated to
a minimum of 1 m below final grade.

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

5.2 Site Grading and Preparation

Stripping Depth

Topsoil and deleterious fill, such as those containing significant organic materials, should be stripped from under any
buildings, paved areas, pipe bedding and other settlement sensitive structures. Existing foundation walls and other
construction debris should be entirely removed from within the building perimeters. Under paved areas, existing
construction remnants such as foundation walls should be excavated to a minimum of 1 m below final grade.

It is recommended that in-situ silty clay be removed from below the building footprint, where encountered at USF. It is
recommended that weathered bedrock surface be removed to expose a sound bedrock surface, which should be inspected
and approved by Paterson.

Bedrock Removal

It is anticipated bedrock removal will be required to undertake the earthworks program. It is expected that line-drilling in
conjunction with hoe-ramming and controlled blasting will be required to remove the bedrock. In areas of weathered
bedrock and where only a small quantity of bedrock is to be removed, bedrock removal may be possible by hoe-ramming.

Prior to considering blasting operations, the effects on the existing services, buildings and other structures should be
addressed. A pre-blast or construction survey located in proximity of the blasting operations should be conducted prior to
commencing construction. The extent of the survey should be determined by the blasting consultant and sufficient to
respond to any inquiries/claims related to the blasting operations.

As a general guideline, peak particle velocity (measured at the structures) should not exceed 25 mm/s during the blasting
program to reduce the risks of damage to the existing structures.

The blasting operations should be planned and conducted under the supervision of a licensed professional engineer who
is an experienced blasting consultant.



Vibration Considerations

Construction operations could cause vibrations, and possibly, sources of nuisance to the community. Therefore, means to
reduce the vibration levels as much as possible should be incorporated in the construction operations to maintain a
cooperative environment with the residents.

The following construction equipment could cause vibrations: piling equipment, hoe ram, compactor, dozer, crane, truck
traffic, etc. The construction of a shoring system with soldier piles or sheet piling will require these pieces of equipment.
Vibrations, caused by blasting or construction operations could cause detrimental vibrations on the adjoining buildings
and structures. Therefore, it is recommended that all vibrations be limited.

Two parameters determine the recommended vibration limit, the maximum peak particle velocity and the frequency. For
low frequency vibrations, USBM recommends the maximum allowable peak particle velocity to be less than that for high
frequency vibrations. As a guideline put in place, the peak particle velocity should be less than 19 mm/s(for drywall
construction) and 13 mm/ sec (for plaster construction) between frequencies of 4 to 12 Hz, and 50 mm/s above a frequency
of 40 Hz (interpolate between 12 and 40 Hz). These guidelines are for current construction standards, see graph below.

Where heritage and sensitive buildings are located near the work area the peak velocity should be lowered to the DIN4150
standard for sensitive and historic structure. Where the peak particle velocity should be less than 3 mm/s between
frequencies of 0 to 10 Hz, 3 to 8 mm/s for frequencies from 10 to 50 Hz and 8 to 10 mm/s for frequencies of 50 to 100 Hz.

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 minimize the risks of claims during or following the construction of the proposed
development in accordance with the City of Ottawa standards and guidelines associated with preconstruction surveys in
advance of blasting and bedrock removal works.

All blasting operations should be in compliance with the City of Ottawa Special Provisions F-1201, which states that
"During each blast, ground vibration PPV and the peak sound pressure level shall be monitored at the closest structure,
or 100 m, from the blast or at the closest portion of any residence, utility, structure or facility within this radius". A detailed
vibration monitoring plan should be completed for construction with all associated setbacks requirements.

Overbreak in Bedrock

Sedimentary bedrock formation, such as limestone, dolomite and shale, contain bedding planes, joints and fractures, and
mud seams which create natural planes of weakness within the rock mass. Although several factors of a blast may be
controlled to reduce backbreak and overbreak, upon blasting, the rock mass will tend to break along natural planes of
weakness that may be present beyond the designed blast profile. However, estimating the exact amount of backbreak and
overbreak that may occur is not possible.

Small backbreak should be expected to occur by the contractor along the perimeter of the building excavation footprint
with conventional drill and blast bedrock removal methods. Further, overbreak is expected to occur throughout the lowest
vertical lifts of blasting due to the variable bedding planes and planes of weakness in the in-situ bedrock. It is very difficult
to mitigate significant overblasting given the constraints posed by footing geometry and spacing with respect to the zone
of influence of blasts and the bedrocks in-situ characteristics.

To reduce bedrock overbreak in areas where blasting is used to complete the excavation in bedrock, the blasting operations
can be terminated approximately 200-300 mm higher than proposed USF elevation of the raft slab and locally lowered
where required by hoe ramming, which will limit the bedrock over break to smaller areas with bedding planes, joints,
fractures or mud seams and as such will result in significantly lower volume of granular backfill or lean concrete required
to level the uneven bedrock bearing surfaces.



However, it is the responsibility of the excavation contractor to utilize the most suitable excavation methodology for
excavation. Depending on the methodology undertaken by the contractor, efforts taken to minimize backbreak and
overbreak may add significant time and costs to the excavation operations and is not guaranteed to completely eliminate
the potential for backbreak and overbreak. Overbreak below footings should be in-filled with lean-concrete and approved
by Paterson prior to placing concrete. It is expected the depth of overbreak will vary across the subject site and follow
natural vertical seems in the rock.

If proper techniques for bedrock excavation are not considered by the contractor, this may result in additional materials,
such as imported fill and concrete, to make up for additional rock loss. It is recommended that bedrock bearing surfaces
be reviewed and approved by Paterson once the bedrock surface has attained the design founding elevation and should
not be lowered to a deeper depth until reviewed and approved by Paterson at the time of construction.

It is recommended that the blasting operations be planned and conducted under the supervision of a licensed professional
engineer who is an experienced blasting consultant.

Fill Placement

Fill placed for grading beneath the building area should consist, unless otherwise specified, of clean imported granular fill,
such as Ontario Provincial Standard Specifications (OPSS) Granular A or Granular B Type Il. The fill material should be
tested and approved prior to delivery to the site. The fill should be placed in maximum 300 mm thick lifts and compacted
to 98% of the material’'s standard Proctor maximum dry density (SPMDD).

Site-excavated soil can be placed as general landscaping fill where settlement is a minor concern of the ground surface.
These materials should be spread in thin lifts and at least compacted by the tracks of the spreading equipment to minimize
voids. If these materials are to be placed to increase the subgrade level for areas to be paved, the fill should be compacted
in maximum 300 mm thick lifts and to a minimum density of 95% of the respective SPMDD.

Non-specified existing fill and site-excavated soils are not suitable for placement as backfill against foundation walls due
to the frost heave potential of the site excavated soils below settlement sensitive areas, such as concrete sidewalks and
exterior concrete entrance areas.

If excavated rock is to be used as fill, it should be suitably fragmented to produce a well-graded material with a maximum
particle size of 50 mm and meeting the gradation of an OPSS Granular B Type Il crushed stone. Where the fill is open
graded, a blinding layer of finer granular fill and/or a woven geotextile may be required to prevent adjacent finer materials
from migrating into the voids, with associated loss of ground and settlements. This can be assessed at the time of
construction. Site-generated blast rock fill should be compacted using a suitably sized smooth drum vibratory roller when
considered for placement.

Fill used for grading beneath the base and subbase layers of paved areas should consist, unless otherwise specified, of
clean imported granular fill, such as OPSS Granular A, Granular B Type Il or select subgrade material. This material should
be tested and approved prior to delivery to the site. The fill should be placed in lifts no greater than 300 mm thick and
compacted using suitable compaction equipment for the lift thickness. Fill placed beneath the paved areas should be
compacted to at least 95% of its SPMDD.

Under winter conditions, if snow and ice is present within the blast rock fill below future basement slabs, then settlement
of the fill should be expected and support of a future basement slab and/or temporary supports for slab pours will be
negatively impacted and could undergo settlement during spring and summer time conditions.

Paterson personnel should complete periodic inspections during fill placement to ensure that snow and ice quantities are
minimized. Providing a heat source during winter construction may be recommended should compacted fill material is
intended to be exposed for long periods of time.



Lean Concrete In-Filled

Where footings are designed to be supported on bedrock, and the bedrock is not encountered at the design underside of
footing elevation, consideration should be given to excavating to expose the underlying bedrock surface and then
backfilling with lean concrete (20 MPa 28-day compressive strength). Typically, the excavation sidewalls could be used as
the form to support the concrete. The trench excavation should be at least 600 mm wider than all sides of the footing at
the base of the excavation for the full capacity to be achievable.

The additional width of the concrete poured against an undisturbed trench sidewall will suffice in providing a direct transfer
of the footing load to the underlying bedrock. The excavation bottom should be relatively clean using the hydraulic shovel.
Once approved by Paterson’s engineer, lean concrete can be poured up to the proposed founding elevation.

Raft Slab Subgrade Preparation

A raft slab is expected to be used to resist hydrostatic pressures. It is recommended that a minimum 75 mm thick mud
slab layer be placed over the prepared bearing medium once reviewed and approved by Paterson personnel. The purpose
of the mud slab layer is to protect the approved founding subsoils from inclement weather, heavy truck traffic, worker traffic
and other conditions that would adversely impact the bearing soils during the construction phase. It will also allow for
clean installation of the waterproofing membrane. The mud slab concrete is recommended to consist of a minimum 20 MPA
(28 compressive strength) concrete and should not be placed until the bearing medium has been reviewed and approved
at the time of construction by Paterson personnel.

5.3 Foundation Design

Based on Paterson’s review of the subsoil information attained during previous investigations, review of the building loads
associated with the proposed structures and settlement analysis, it is recommended that foundation support for the
proposed hospital complex (towers, podium and pavilion structures) consist of conventional footings bearing on bedrock
and/or deep pile foundations.

Conventional Spread and Pad Footings

Conventional spread and pad footing foundations placed on clean, surface-sounded limestone bedrock or on concrete in-
filled/zero entry, vertical tranches extended to a clean, surface-sounded limestone bedrock, can be designed using a
factored bearing resistance value at ultimate limit states (ULS) of 5,000 kPa, incorporating a geotechnical resistance factor
of 0.5.

A clean, surface-sounded bedrock bearing surface should be free of loose materials, and have no near surface seams,
voids, fissures, or open joints which can be detected from surface sounding with a rock hammer.

A friction factor of 0.65 can be used for cast concrete in place on the bedrock bearing surface.

Footings placed on concrete in-filled, zero entry, vertical tranches extended to the bedrock surface can be designed to a
similar resistance value as the bedrock surface. It should be noted that the vertical trenches should extend horizontally to
a minimum of 600 mm beyond the footing faces in all directions. A minimum of 20 MPa concrete (28-day strength) should
be used below the proposed footings.

Ambulance Parking Garage

Based on our review of the current design drawings, the ambulance parking garage structure will be supported by
conventional shallow spread footing foundations.

The ambulance parking garage is expected to be built on a compact to dense glacial till a bearing resistance value at
serviceability limit states (SLS) of 200 kPa and ultimate limit states (ULS) at 350 kPa are considered acceptable for design.



An undisturbed soil bearing surface consists of one from which all loose, frozen or disturbed materials, whether in situ or
not, have been removed, in the dry, prior to placement of concrete for foundations. It is expected that bedrock will be
encountered at the proposed founding depth.

Parking Garage Tunnel

Based on available plan an exit tunnel is proposed to exit the lower level of the hospital under the parking garage. Currently
the tunnel is proposed to be founded at an elevation of approximately 69.35 m. The tunnel can consist of a cast-in-place
structure or a precast modular system waterproofed and placed on site.

Based on the proposed elevation it is possible that the tunnel would encounter thin layer of fill material. The fill material at
that depth was generally compact, composed of silty sand with some construction debris. It is recommended that the fill
material be sub-excavated 300 mm, the bearing surface should be proof rolled and reviewed by Paterson prior to installing
a granular pad composed of OPSS Granular A or Granular B type Il. The engineered fill should be placed in maximum lifts
of 300 mm and compacted to 98% of the material's SPMDD. A bearing resistance value at serviceability limit states (SLS)
of 100 kPa and ultimate limit states (ULS) at 200 kPa are considered acceptable for the design of the tunnel installed on
an engineered fill pad.

Pedestrian Bridge

Paterson understands a pedestrian bridge will be provided to connect the proposed hospital complex (via the pavilion
structure) and an associated parking garage structure located beyond the boundaries of the subject site.

Based on a preliminary review of subsoils that may be encountered throughout the footprint of the future pedestrian bridge,
it is anticipated foundation support for the structure could consist of conventional spread footings founded upon in-situ
native soils and/or engineered fill and bedrock.

Bearing resistance values for the design of bridge abutment footings at serviceability limit states (SLS) and ultimate limit
states (ULS) at 200 kPa and 350 kPa, respectively, are considered acceptable for conventional spread footings supported
on an engineered fill and/or native soil bearing surface.

As the bridge approaches the parking structure to the north it is anticipated that interference is to occur with the segmental
retaining wall. It is recommended that the closest pier be installed directly onto rock or on deep foundation such as
micropiles to avoid lateral loading on the retaining wall structures. Detailed geotechnical recommendations for the design
and construction of micropiles have been provided in the following section.

A structural engineer should review the buckling potential, lateral capacity and other structural elements of the micropile
design.

Drilled Shafts and Caissons Design

Cast-in-place caissons can be used where supplemental axial resistance is required for structural design for the proposed
buildings. The caisson should be installed by driving a temporary steel casing and excavating the soil through the casing.
A minimum of 35 MPa concrete should be used to fill the caissons. The caissons are to be structurally reinforced over
their entire length.

The following sections provide the required geotechnical parameters for the structural design of a rock socketed caisson
extending into sound bedrock.



Caisson Compression Design

Since the caissons are anticipated to be rock socketed and the rock embedment prevents mobilizing the caissons within
the overburden layer to develop skin friction resistance, skin friction in the overburden would be neglected. Therefore, a
combination of end bearing and skin friction resistance within the rock socket can be recommended as the total
compression capacity for caissons. Furthermore, a 3d (d = caisson diameter) center-to-center spacing is recommended
to mitigate group effects.

Based on our review of the boreholes (completed by others) within the subject site, the upper 1.5 m of bedrock surface is
considered weathered, and the associated socket resistance should be ignored. For a minimum socket of 1.5 m into sound
bedrock, a shaft resistance of 1.2 MPa at ULS is recommended.

A reduction factor of 0.9 should be applied to caisson spaced at 2.5d on center and 0.8 for spacing of 2d. Spacing of less
than 2d is not recommended for constructability.

Additionally, an end bearing resistance of 1.5 MPa at ULS can be considered for rock socketed caissons. It should be
noted that this lower end bearing capacity assumes that the base of the casing cannot be properly inspected or cleaned.
This end-bearing resistance is not affected by the caisson spacing.

Caisson Tension Design

The uplift resistance of a pile is a result of skin friction acting along the surface area of the embedded pile. For socket
length into bedrock, the skin friction resistance should be reduced to 750 kPa. The dead weight of the pile itself, with an
appropriate resistance factor for dead weight, may also be added to the geotechnical resistance in calculating the total uplift
resistance.

It should be noted that the uplift resistance of piles is highly dependent upon the installation of the piles as well as the
layout of the pile groups. If the piles are relied upon to resist significant uplift loads, and uplift governs the design,
consideration may be given to carrying out a tension test to confirm the uplift capacity.

Caisson Lateral Resistance Design

For lateral resistance of pile installed in a granular layer, the horizontal subgrade reaction (k») may be assumed to be:

kp = nnz,
where:

Ky = modulus of subgrade reaction (kN/m?)
n = coefficient based on soil type (use 4.4 MPa/m for glacial till, 3.0 MPa/m for sand, fill)
Z = depth below footing

Use a reduction factor of 1.0 up to a pile spacing of 6d and 0.25 for up to 3d. The reduction factors for other types of
spacing may be interpolated from these linearly. It should be mentioned that, to attain full fixity within the rock socket for
the purpose of lateral resistance, the caissons should be provided with a minimum socket length of 2d (d= caisson
diameter) below the depth of weathered bedrock (i.e. 2d below 1.5 m below the rock surface).

Driven Pile Foundation

It is understood that driven piles are considered to support the structure where bedrock is found to be greater depth. Pile
driving in the dense bouldery till is expected to be complicated. The contractor should be ready to encounter and drill
through boulders.
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It is proposed to use concrete filled steel pipe piles driven to refusal on the bedrock surface. A driving shoe is to be used
to help with the soil conditions on site.

The geotechnical pile resistance values were estimated using the Hiley dynamic formula, to be confirmed during pile
installation with a program of dynamic testing. Diesel pile hammers were considered and an efficiency of 1.0 was
considered for the calculations. Applicable pile resistance at SLS values and factored pile resistance at ULS values, along
with the transferred hammer energy and the final set of blows, are given in Table 5.3-1. A resistance factor of 0.4 has
been incorporated into the factored ULS values. Note that these are all geotechnical axial resistance values.

For this project, the dynamic testing of 10% of production piles would be recommended. This is considered to be the
minimum monitoring program, as the piles under shear walls may be required to be driven using the maximum
recommended driving energy to achieve the greatest factored resistance at ULS values. Re-striking of all piles at least
once will also be required after at least 48 hours have elapsed since initial driving.

Table 5.3-1 - Pile Foundation Design Data

Pile Wall Geotechnical Axial Resistance

Hiie : Thickness Final Set ansieied
O.UtSIde (mm) SLS Factored at ULS (blows/25 mm) Hammer Energy
Diameter (kN) (kN) ((4)]

245 9 925 1,110 11 29

245 1 1,060 1,260 12 38

245 13 1,200 1,440 9 48

300 15 1,500 2,320 14 58

400 15 2,350 3,600 13 90

400 19 2,550 4,000 11 103

Drilled piles embedded at least 1.0 m into the bedrock would achieve similar capacities as presented in table 5.3-1. The
design of these piles should be completed by the installer at the time of construction.

Pile Uplift Resistance
The uplift resistance of a driven pile is taken as the combined skin friction acting on the exterior pile surface of the
embedded portion of the pile. The unfactored skin resistance can be taken as:

gs=Pa.’

Where

Qs is the unfactored skin resistance (in kPa)

B is a shaft resistance factored according to the soil type ( 8 = 0.8)

o'y is the vertical effective stress at the depth z, takenas zy ’

v’ s the effective unit weight of the soil, v > =9 KN/m®
A resistance factor of 0.3 should be applied to the unfactored skin resistance to obtain the geotechnical uplift resistance.
The self-weight of the pile, with an appropriate factor, can be added to the geotechnical resistance for the total uplift
resistance.
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The total uplift resistance of a pile group (resisting the same load and spacing of les than 5d) is less than the sum of the
single resistance as calculated above. Uplift resistance of piles is highly dependent on the installation of the piles as well
as the layout of the groups. If piles are to be heavily relied upon for uplift resistance, consideration should be given to
completing tension testing or using reinforced micropiles to resist the uplift forces.

Lateral Resistance Design
For lateral resistance of pile installed in a granular layer, the horizontal subgrade reaction (k,) may be assumed to be:

k= n nz, where:

Kn = modulus of subgrade reaction (kN/m®)
n » = coefficient based on soil type (use 4.4 MPa/m for glacial till, 3.0 MPa/m for sand, fill)
Z = depth below footing

Group interaction must be considered when piles are tightly spaced. Use a reduction factor of 1.0 for a pile spacing of 6d
and 0.25 for 3d. The reduction factors for other types of spacing may be interpolated from these linearly. No reduction is
required to the first row of piles.

The method described above is a significant simplification of the soil/pile behavior. If lateral loading governs the design,
more rigorous non-linear analysis such as the p-y curve can be used. This method requires knowledge of the pile size,
loading, pile cap and layout. Paterson can complete a model analysis when the detailed are more advanced and large
|ateral loading is expected.

Construction Consideration

Piles are to be driven to bedrock through a layer of dense till, which is known to contain large number of boulders. Piles
can deflect and be damaged during the installation process when encountering boulders. Piles should be equipped with
driving shoes/ pile points such are Titus Standard or similar to providing additional mitigation measures. Even with this
measure, it should be expected that damage may occur, and replacement piles will be required. For piles driven to rock
it is accepted practice to reduce the hammer energy after an abrupt peak is met and then gradually increase the energy
over a series of blows to seat the pile in place.

For this project, the dynamic testing of 10% of production piles would be recommended. This is considered to be the
minimum monitoring program, as the piles under shear walls may be required to be driven using the maximum
recommended driving energy to achieve the greatest factored resistance at ULS values. Re-striking of all piles at least
once will also be required after at least 48 hours have elapsed since initial driving.

Micro Piles

Micropiles are small diameter, deep foundation element composed of a high strength steel casing and a high yield threaded
steel bar core. The piles are advanced by rotary drills and normally develop their strength within the underlaying rock layer.
The steel elements are grouted in place using non shrink grout in a similar fashion to rock anchors. Pressure grouting can
be used to achieve greater bond strengths. The geotechnical resistance presented in Table 5.3-2 below can be used for
preliminary purposes, based on the available geotechnical information.

A structural engineer should review the buckling potential, lateral capacity and other structural elements of the micropile
design.
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Table 5.3-2: Micropile Geotechnical Resistance

Casing Size Threaded Bar | Cased Length | Bond Length Compression | Tension
(mm) Size (mm) (m) (m) Capacity (kN) | Capacity (kN)
3 3

150 700 550
175 800 600
250 57 3 4 1,500 1,000
250 63 3 9 1,600 1,200

Since micropiles are considered permanent for a life span of 100 years, double corrosion and/or sacrificial steel corrosion
allowance are to be considered for the threaded bar and steel casing. It is recommended that the micropile pile casing has
a minimum wall thickness of 12 mm with a minimum of 3 mm of sacrificial steel. The minimum centre-to-centre pile
spacing is 2.5 times the pile diameter.

Settlement
Footings bearing on an acceptable bedrock surface or pile foundation will be subjected to negligible post construction total
and differential settlements.

Conventional spread footing foundations for the ambulance parking garage built on approved glacial till surface and
designed using the above-noted bearing resistance values, are anticipated to have up to 8 and 10 mm for total and
differential settlement, relative to each other.

Lateral Support
The bearing medium under footing-supported structures is required to be provided with adequate lateral support with
respect to excavations and different foundation levels.

Adequate lateral support is provided to native soil when a plane extending down and out from the bottom edges of the
footing, at a minimum of 1.5H:1V, passes only through in situ soil of the same or higher capacity as that of the bearing
medium.

Grade Raise Restriction

A small portion of the site is expected to contain a silty clay deposit. Based on our review of the preliminary site grading
plans, site grades will generally be lowered, with no significant grade raises anticipated. However, Paterson should review
the finalized grading and site servicing plans, once available, to confirm.

5.4 Design for Earthquakes

Seismic refraction testing was completed for the subject site to map the bedrock surface under the footprint of the proposed
structure and to determine the applicable seismic site designation for the proposed building in accordance with the Ontario
Building Code 2024. The shear wave velocity testing was completed by Paterson personnel. Results of the shear wave
velocity test are provided in Figures 7a and 7b in Appendix 2 of this report.

Field Program

The seismic survey was completed by Paterson between June 9 and June 21, 2025. At that time, a total of 35 seismic
lines were surveyed throughout the proposed building footprint. The seismic lines were distributed in a manner to provide
general coverage of the subject site and taking into consideration site features, including excavation, fill piles, and existing
services.

The seismic lines were located as presented in Drawings PG6982-7 and PG6982-8, attached to the present report. Paterson
field personnel placed between 20 and 24 vertical geophones per line, with geophone spacing ranging between 2 and
5m. The geophones were connected by a geophone spread cable to a Geode 24 Channel seismograph.
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The seismograph was also connected to a laptop computer and a hammer trigger switch attached to a 12-pound dead
blow hammer. The hammer trigger switch sends a start signal to the seismograph. The hammer is used to vertically strike
a plate seated into the ground surface, which creates the propagation of seismic energy throughout the subsurface.

The hammer shots were repeated between four (4) to eight (8) times at each shot location to improve signal to noise ratio.
Nine (9) shot locations were completed per seismic line, and as described in Table 5.4.1. Where possible a minimum of
one shot beyond the geophone array was included.

Table 5.4-1: Seismic Testing Details

24 3 75
24 75

1

2 3

3 22 3 65
4 20 3 59
5 23 3 68
6 24 2 52
/ 23 3 66
8 20 3 58
9 24 3 75
10 21 3 62
11 21 4 80
12 24 3 75
13 24 4 98
14 24 3 75
15 24 4 94
16 23 4 88
17 23 4 88
18 21 4 80
19 22 3 63
20 24 3 75
21 24 3 75
22 23 3 69
23 23 4 94
24 24 4 98
25 24 3 75
28 24 3 71
29 24 4 98
30 24 3 75
31 24 5 125
32 24 3 75
33 24 3 75
34 24 4 112
35 24 4 97
36 24 3 74
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Data Processing and Interpretation

The seismic refraction method consists of measuring the travel time of the seismic waves critically refracting at the interface
between the overburden and the bedrock. The recorded travel time and distances between the seismic source and
geophones are used to estimate velocity variations with depth. The method is governed by Snell's law.

The processing sequence included data inspection and edition where required, first break picking, analysis of travel time
curves, and data inversion via the Time-Term Method using Seislmager Software. This method allows for the calculation
of depths and seismic velocity sections using a combination of linear least squares and delay time analysis. Results of the
seismic test are provided in Figures 7a and 7b in Appendix 2 of the present report.

Generally, the subsurface profile indicated one layer of overburden material overlying the bedrock. The surface material
could be associated with the loose to dense glacial till deposit. The seismic refraction results were calibrated with the
existing borehole information.

The bedrock surface topography was observed to vary throughout the subject site. Reference can be made to
Drawing PG6982-6 — Bedrock Contour Plan and Drawing PG6982-7 — Bedrock Heatmap for the seismic testing locations
and depth at which bedrock has been interpreted. It should be understood that the bedrock contours depicted on the
aforementioned plan are based on linear interpolation between testing locations and is limited to that information. Actual
site conditions and bedrock elevation may vary beyond the testing location.

Average Shear Wave Velocity (Vsso)

A vertical seismic profile (VSP) was completed by others at the location of BH 21-207, as presented on
Drawing PG6982-1 - Test Hole Location Plan, attached to the present report. It is understood that a 3 component (3C)
borehole geophone was used in combination with P- and S- wave sources consisting of a sledgehammer that strikes
vertically on a polypropylene plate and laterally on a beam, respectively.

It is further understood that the geophone was connected to a Geode Seismograph and travel time data was acquired at
1 mintervals to a maximum depth of 20 m below the ground surface elevation existing at the time of the testing. It should
be noted that the geophone is understood to have been provided with a clamping mechanism and that the borehole was
provided with casing and grout for proper coupling. Reference should be made to Geophysical Testing Results by Others
included in Appendix 3 for details.

Interpretation and processing of the VSP was completed by others. Based on the above results, the Average Shear Wave
Velocity, Vsso, of the upper 30 m profile immediately below the proposed finish ground surface was calculated considering
the standard equation for average shear wave velocity as presented below

_ Depthof interest (m)
s30 — H.
(Zliv=1 l/Vsi)

N
Depthof interest (m) = Z Hi

i=1

Where N is the number of layers, H; represents the thickness of layer /, and Vs; is the shear wave velocity for layer /. Based
on the above,

Vg30= 760m/s
Based on the results of the seismic velocity testing, the average shear wave velocity Vs, for the subject site is 760 m/s,

which is also consistent with the results of the seismic refraction testing. Therefore, a Seismic Site Designation Xzgo is
considered applicable for design of the proposed structures as per the Ontario Building Code 2024 (OBC 2024).



The soils underlying the subject site are not considered susceptible to liquefaction. Reference should be made to the latest
revision of the OBC 2024 for a full discussion of the earthquake design requirements.

5.5 Basement Slab Construction

With the removal of all topsoil and fill, containing significant amounts of deleterious or organic materials, the glacial till or
bedrock medium or the fill within areas approved by Paterson personnel at the time of excavation will be considered an
acceptable subgrade surface on which to commence backfilling for basement slab construction.

Any soft areas in the basement slab subgrade should be removed and backfilled with appropriate backfill material prior to
placing fill. OPSS Granular A or Granular B Type II, with a maximum particle size of 50 mm, are recommended for backfilling
below the floor slab. All backfill material within the footprint of the proposed building should be placed in maximum
300 mm thick loose layers and compacted to a minimum of 98% of the SPMDD.

The recommended pavement structures noted in Subsection 5.7 will be applicable for the basement levels.

A subfloor drainage system, consisting of lines of drainage pipe subdrains connected to a positive outlet (i.e., sump pits),
should be provided in the backfill layer directly under the lowest basement floor slab structure. For portions of the building
with a raft slab, the drainage pipe should be installed directly on the raft. Drainage should be reviewed for slab depressions
and exit tunnels.

The spacing and associated design details of the underfloor drainage system should be provided by Paterson during the
design phase of the project.

5.6 Basement Wall

There are several combinations of backfill materials and retained soils that could be applicable for the basement walls of
the subject structure. However, the conditions can be well-represented by assuming the retained soil consists of a material
with an angle of internal friction of 30 degrees and a bulk (drained) unit weight of 20 kN/m®. The applicable effective
(undrained) unit weight of the retained soil can be taken as 13 kN/m?, where applicable. A hydrostatic pressure should be
added to the total static earth pressure when using the effective unit weight.

Two distinct conditions, static and seismic, should be reviewed for design calculations. The corresponding parameters are
presented below.

Lateral Earth Pressures
The static horizontal earth pressure (Po) can be calculated using a triangular earth pressure distribution equal to Koy-H
where:

K, = at-rest earth pressure coefficient of the applicable retained soil (0.5)
y = unit weight of fill of the applicable retained soil (kN/m?)
H = height of the wall (m)

An additional pressure having a magnitude equal to K,'q and acting on the entire height of the wall should be added to the
above diagram for any surcharge loading, q (kPa), that may be placed at ground surface adjacent to the wall. The surcharge
pressure will only be applicable for static analyses and should not be used in conjunction with the seismic loading case.
Actual earth pressures could be higher than the “at-rest” case if care is not exercised during the compaction of the backfill
materials to maintain a minimum separation of 0.3 m from the walls with the compaction equipment.

Seismic Earth Pressures
The total seismic force (Pae) includes both the earth force component (Po) and the seismic component (APxg).



The seismic earth force (APae) can be calculated using 0.375-a,y-H?/g where:

ac = (1.45-amad/Q)amax

y = unit weight of fill of the applicable retained soil (kN/m?)
H=height of the wall (m)

g = gravity, 9.81 m/s?

The peak ground acceleration, (ams), for the subject site is 0.28g according to OBC 2024 and corrected for a site
classification of Xze0. Note that the vertical seismic coefficient is assumed to be zero. The earth force component (Po) under
seismic conditions can be calculated using:

P, = 0.5 K, y H?, where K, = 0.5 for the soil conditions noted above.

The total earth force (Pae) is considered to act at a height, h (m), from the base of the wall, where:

h = {Po(H/3)+APse(0.6:H)}/Pac

The earth forces calculated are unfactored. For the ULS case, the earth loads should be factored as live loads, as per OBC
2024,

5.7 Pavement Design

For design purposes, it is recommended that the rigid pavement structure for the lower level of the underground parking
structure should consist of Category C2, 32 MPa concrete at 28 days with air entrainment of 5 to 8%. The recommended
rigid pavement structure is further presented in Table 5.7-1.

By Others 32 MPa Concrete — Category C2 Exposure Concrete
Min. 300 BASE - OPSS Granular A Crushed Stone

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

As noted in Section 5.5 of this report, the base layer of the rigid pavement structure is expected to be dependant on the
piping and other subslab infrastructure requirements. Based on that, a minimum of 300 mm of OPSS Granular A crushed
stone should be in place throughout the rigid pavement structure footprint.

To control cracking due to shrinking of the concrete floor slab, it is recommended that strategically located saw cuts be
used to create control joints within the concrete floor slab of the lower underground parking level.

The control joints are generally recommended to be located at the center of the column lines and spaced at approximately
24 to 36 times the slab thickness (for example, a 0.15 m thick slab should have control joints spaced between 3.6 and
5.4 m).

The joints should be cut between 25 and 30% of the thickness of the concrete floor slab and completed as early as 4 hours
after the concrete has been poured during warm temperatures and up to 12 hours during cooler temperatures.

The flexible pavement structure presented in Tables 5.7-2 and 5.7-3 should be used for at grade access lanes and heavy
loading parking areas.|f 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 | or Il material.
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The pavement granulars (base and subbase) should be placed in maximum 300 mm thick lifts and compacted to a
minimum of 100% of the material's SPMDD using suitable compaction equipment.

Minimum Performance Graded (PG) 58-34 asphalt cement should be used for this project. For light duty parking areas,
Ontario Traffic Category A will be used. For access lanes and ambulance parking areas, Ontario traffic Category B should
be used for design purposes.

Table 5.7-2: Recommended Light Duty Pavement Structure - Car Only Parking Areas

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 |I

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

Table 5.7-3: Recommended Asphalt Pavement Structure - Access Lanes and Heavy Loading Parking Areas

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

400 SUBBASE - OPSS Granular B Type |I

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

Table 5.7-4 below shows the recommended pavement structure for areas located above a podium structure or under
buried concrete structure such as a tunnel.

Table 5.7-4: Recommended Asphalt Pavement Structure - Access Lanes and Heavy Loading Parking Areas

Thickness Material Description
(mm)

40 Wear Course - Superpave 12.5 Asphaltic Concrete
50 Binder Course - Superpave 19.0 Asphaltic Concrete
300 BASE - OPSS Granular A Crushed Stone

SUBGRADE - High density insulation (HI-100 or equivalent) or concrete structure.

Provisions should be carried for remediating site conditions during the time of construction that would impact the
construction of the above-noted design pavement structure (i.e., heavy truck traffic rutting and compromising subgrade
soils, placement of subbase layers shortly following periods of spring thaw, snowmelt and rainfall events, over service
trenches for utilities and poorly compacted backfill, etc.).

Recommendations would be site- and situation specific and only able to be confirmed at the time of construction. However,
as a preliminary consideration, provisions should be carried for cow-pathing (over-building haul and access roads to
minimize disturbing final subgrade subsoils) localized thickening of subbase layers, supplying and placing separation
layers (woven geotextile layer) and reinforcing layers (bi-axial geogrid) advised upon by Paterson personnel at the time of
construction.
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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. Failure to provide adequate drainage under conditions of heavy wheel
loading can result in the fine subgrade soil being pumped into the voids in the stone subbase, thereby reducing its load
carrying capacity.

Consideration should be given to installing subdrains during the pavement construction. The invert of the subdrain pipe
is recommended to be located a minimum depth of 300 mm below the pavement structure subgrade and located centrally
along the roadway alignment and extending 2.4 m on each sides of catchbasins.

The subdrain pipe is recommended to consist of a minimum 150 mm diameter corrugated and perforated plastic pipe
surrounded by a minimum of 150 mm of 10 mm clear crushed stone on all of its sides. The clear stone layer is
recommended to be wrapped by a geotextile layer. The drains should be connected to a positive outlet. The subgrade
surface should be crowned to promote water flow to the drainage lines.

A curb drainage system is also recommended for the proposed access road between the hospital and the CUP building
and the lower loading dock area (east). The system should be composed of flat drainage pipe such as Titan Environment
Multi-Flow system placed vertically slightly behind the curb and approximately 300 to 500 mm below the pavement
structure subgrade. The system should be connected at regular intervals to nearby catch basins.



6.0 DESIGN AND CONSTRUCTION PRECAUTIONS

6.1 Foundation Drainage and Backfill

6.1.1  Waterproofing System

A waterproofing system consisting of the exterior perimeter walls covered with a layer of exterior foundation waterproofing
and provides no hydraulic connection between the exterior backfill and interior space (i.e., no direct connection between
backfill and subslab drainage system). The waterproofing membrane would extend across the full height of the foundation
walls and across the entire base of the excavation and building footprint.

Typically, the waterproofing layer would be further covered by a protection layer that would be recommended to consist of
a composite foundation drainage board on the vertical faces and protection boards on the horizontal portions. The purpose
of the drainage board layer would be to drain surface water that migrates within the backfill surrounding the structure to
the water table or higher drainage pipe faster. However, a conventional protection board may otherwise be considered for
this purpose and as preferred by the contractor.

It would be recommended that a perimeter drainage pipe, consisting of a 150 mm diameter corrugated perforated pipe
surrounded by a geosock and on all sides by a 150 mm thick layer of 19 mm clear crushed stone, be placed around the
perimeter of the proposed building and in direct contact with the composite foundation drainage board.

The pipe would be recommended to be placed at a minimum of 1.5 m below finish grade (see attached drainage layout
plan in attachments) and provided a gravity connection to a suitable drain, such as nearby catch basis and swales, if
present. This upper pipe will protect the surface and surrounding hardscape from frost heave by allowing better drainage
and control of the groundwater table.

Additional details associated with implementing the proposed waterproofing system are provided below:

e A minimum 75 mm thick mud slab or equivalently smooth surface required by the manufacturers and
waterproofing contractor should be placed over the bearing medium below the footprint of the overlying
foundation walls to provide a suitable surface for installing the horizontal endlap of the waterproofing membrane.

o Fither a heavy-duty or double layer application waterproofing membrane should be placed over the mud slab and
below the entire raft slab footprint and extending onto the foundation wall to a maximum of 1.0 m below the
finished ground surface.

e Asingle layer of waterproofing membrane should extend above the weeping tile to the finished exterior ground
surface.

e An interior subfloor drainage system will be required and should consist of 150 mm diameter corrugated and
perforated interior perimeter drainage pipes placed on the interior side of the foundation walls, wrapped with filter
cloth and surrounded on all side by 150 mm of clear crushed stone. The interior perimeter drainage pipe should
be installed in conjunction with a 150 mm diameter perforated and corrugated interior underfloor drainage pipes
spaced at 12 to 15 m spacing. All drainage pipes should have a positive outlet to sump pits. The purpose of the
drainpipes would be to provide a preferential pathway for any groundwater that may potentially migrate into the
subslab fill layer over the service life of the proposed structure.

e Additionally, an exterior perimeter drainage pipe will be required and should consist of 150 mm diameter
corrugated and perforated drainage pipes placed approximately 1.5 to 1.8 m below the finished ground surface
along the exterior side of the foundation walls, wrapped with filter cloth and surrounded on all side by 150 mm
of clear crushed stone.

e Pile cap and connection are to be waterproofed as well. Different options are available based on the selected
product. The building envelope consultant will provide further information, refer to building science and
architecture reports.



Reference should be made to the attached Figure 3 - Waterproofing Detail provided in Appendix 2 of this report for
additional details of the above-noted system.

Raft Slab Construction Joints
It is expected that if a raft slab will be utilized to resist hydrostatic pressures, it will be poured in sections. For the
construction joint at each pour, a rubber waterstop along with a chemical grout (Xypex or equivalent) should be applied
to the entire vertical joint of the slab.

Furthermore, a rubber waterstop should be incorporated in the horizontal interface between the foundation wall and the
raft slab. The raft slab cold joints should also be overlapped in all directions and cast upon a waterproofing membrane
across the length of the cold joints.

6.1.2 Pavilion Building, Ambulance Garage and Emergency Parking Garage

It is anticipated that the raft foundation for the pavilion building, ambulance garage and emergency parking garage will be
founded at approximate geodetic elevations of 75.3 m and above the expected long-term groundwater levels (reference
should be made to Subsection 6.5 - Groundwater Control for details). Based on the expected elevation of the post-
construction groundwater levels, the closed waterproofing system is not required from a groundwater control perspective.

It is recommended that a perimeter foundation drainage system be provided for the pavilion building and emergency
parking garage structures. The system should consist of a 150 mm diameter perforated and corrugated plastic pipe which
is surrounded on all sides by 150 mm of 19 mm clear crushed stone and placed at the footing level around the exterior
perimeter of each structure. The pipe should have a positive outlet, such as a gravity connection to a catch basin or sump

pit.

In addition, underslab drainage is recommended to control water infiltration below the lowest level floor slabs of these
structures. For preliminary design purposes, it is recommended that 150 mm diameter perforated pipes be placed at
approximately 6 m centers underlying the lowest level floor slabs. The spacing of the underslab drainage system should
be confirmed at the time of completing the excavation when water infiltration can be better assessed. It can be preliminary
taken as a subdrain line will be required between each column line.

Further, it is expected that elevator shafts, sump pump pits, and other structures that will be extended below the invert
level of the sub-slab drainage system are recommended to be waterproofed as per the above-described waterproofing
systems.

6.1.3 Loading Docks

It is expected that the loading dock ramps will extend below the long-term groundwater levels. It is recommended that a
foundation drainage system be provided for the loading docks. The system should consist of a 150 mm diameter perforated
and corrugated plastic pipe which is surrounded on all sides by 150 mm of 19 mm clear crushed stone and placed at
foundation level around the exterior perimeter of each structure. The pipe should have a positive outlet, such as a gravity
connection to a catch basin or sump pit.

In addition, pavement drainage is recommended to be installed as a measure to control water infiltration below the
pavement in combination with the proposed pavement drainage around catch basins and curbs. For preliminary design
purposes, it is recommended that 150 mm diameter perforated pipes be placed at approximately 6 m on center and
600 mm under the pavement. The spacing of the drainage system should be confirmed at the time of completing the
excavation when water infiltration can be better assessed.

It should be noted that Drawing PG6982-3 - Groundwater Contour Plan at Post-Construction Conditions accounts for the
estimated local groundwater lowering anticipated throughout the loading docks. Further coordination with the civil design
will be required to layout the drainage system along that area of site.



6.1.4 Foundation Backfill
Backfill against the exterior sides of the foundation walls should consist of free-draining, non-frost susceptible granular
materials.

Alternatively, consideration may be given to backfilling by the use of site-excavated soils provided it is placed in 300 mm
thick loose lifts and compacted to a minimum of 95% of the materials SPMDD and in conjunction with the use of a
composite foundation drainage board layer connected to a perimeter foundation drainage system. Imported granular
materials, such as clean sand or OPSS Granular B Type | granular material, should otherwise be used for this purpose.

6.1.5 Sidewalks and Walkways

Backfill material below sidewalk and walkway subgrade areas throughout the remainder of the subject site should be
provided with a minimum 450 mm thick layer of OPSS Granular A or OPSS Granular B Type Il. The subgrade material
should be shaped to promote positive drainage towards the building perimeter drainage system.

This material should be placed in maximum 300 mm thick loose lifts and compacted to at least 98% of the materials
SPMDD under dry and above-freezing conditions.

Additionally, to avoid differential settlements within the proposed concrete sidewalks adjacent to the building entrance
doors, it is recommended to place a minimum 100 mm SM rigid insulation is recommended to be placed directly below
the granular material and extend horizontally at least 1.2 m or the full extent of the sidewalk. The rigid insulation should
extend horizontally at least 1.5 m beyond the entrance door opening. A 500 mm thick frost taper of granular fill should be
placed along the outside edge of the rigid insulation. The frost taper should be shaped with a 3H:1V slope to subgrade
level of the adjacent pavement structure.

6.2 Protection of Footings Against Frost Action
Perimeter footings of heated structures are required to be insulated against the deleterious effects of frost action. A
minimum 1.5 m thick soil cover (or insulation equivalent) should be provided in this regard.

Other exterior unheated footings, such as those for isolated exterior, are more prone to deleterious movement associated
with frost action. These should be provided with a minimum 2.1 m thick soil cover (or insulation equivalent).

It is expected that the footings along the entrance of the parking garage will not require protection against frost action due
to the founding depth. Unheated structures such as the access ramp may require to be insulated against the deleterious
effect of frost action. A minimum of 2.1 m of soil cover alone, or a minimum of 0.6 m of soil cover, in conjunction with
foundation insulation, should be provided.

6.3 Excavation Side Slopes

Open Excavation

The side slopes of the anticipated excavation should either be cut back to acceptable slopes or be retained by shoring
systems from the beginning of the excavation until the structure is backfilled. It is assumed that sufficient room will be
available for the greater part of the excavation to be undertaken by open-cut methods (i.e., unsupported excavations).
Where space restrictions exist, or to reduce the trench width, the excavation can be carried out within the confines of a
fully braced steel trench box.

The excavation side slopes above the groundwater level extending to a maximum depth of 3 m should be cut back to
1H:1V or flatter. The flatter slope is required for excavation below groundwater level. The subsoil at this site is considered
to be mainly Type 2 and Type 3 soil according to the Occupational Health and Safety Act and Regulations for Construction
Projects.



Excavated soil should not be stockpiled directly at the top of excavations and heavy equipment should be kept away from
the excavation sides.

Slopes in excess of 3 m in height should be periodically inspected by the geotechnical consultant in order to detect if the
slopes are exhibiting signs of distress.

Excavation side slopes around the building excavation should be protected from erosion by surface water and rainfall
events by the use of secured tarpaulins spanning the length of the side slopes, or other means of erosion protection along
their footprint. Efforts should also be made to maintain dry surfaces at the bottom of the excavation footprints and along
the bottom of side slopes.

Additional measures may be recommended at the time of construction by Paterson. However, it should be nonetheless
understood that maintaining dewatering efforts and managing groundwater throughout the excavation program will be
critical in maintaining a dry excavation footprint and temporary excavation side slopes.

It is recommended that a trench box be used at all times to protect personnel working in trenches with steep or vertical
sides. It is expected that services will be installed by “cut and cover” methods and excavations will not be left open for
extended periods of time.

Temporary Shoring
Temporary shoring will be required for the overburden soil to complete the required excavations where insufficient room
is available for open cut methods.

The shoring requirements designed by a structural engineer specializing in those works will depend on the depth of the
excavation, the proximity of the adjacent structures and the elevation of the adjacent building foundations and underground
services. The design and implementation of these temporary systems will be the responsibility of the excavation contractor
and their design team. Inspections and approval of the temporary system will also be the responsibility of the designer.

The geotechnical information provided below is to assist the designer in completing a suitable and safe shoring system.
The designer should take into account the impact of a significant precipitation event and designate design measures to
ensure that precipitation will not negatively impact the shoring system or soils supported by the system. Any changes to
the approved shoring design system should be reported immediately to the owner’s structural design prior to
implementation.

The temporary system can consist of a combination of secant pile, sheet pile and soldier pile and lagging. A cut off wall
will be required to control the groundwater influx into the excavation if a construction dewatering system is not put in
place. Any additional loading due to street traffic, construction equipment, adjacent structures and facilities, etc., should
be included in the earth pressures described below.

The use of a soldier pile and lagging system is not recommended for excavation extending below the groundwater table
without a full construction dewatering system due to the presence of running sand that can slough into the open excavation
during installation. A cut-off shoring system is recommended. Groundwater control will be influenced by the type of shoring
system selected by the design engineer.

It is important to note that the management of groundwater will be critical in implementing a temporary shoring system
due to sandy and localized loose nature of the in-situ subsoils.

Since a significant amount of water is expected to be flowing into the open excavation a secant pile wall extended into the
bedrock could be considered to help control the water influx at the time of construction.



The earth pressures acting on the temporary shoring system may be calculated with the following parameters.

Active Earth Pressure Coefficient (K,) 0.33
Passive Earth Pressure Coefficient (K,) 3
At-Rest Earth Pressure Coefficient (Ko) 0.5
Unit Weight (y), kN/m? 20
Submerged Unit Weight (y), kN/m? 13

The active earth pressure should be calculated where wall movements are permissible while the at-rest pressure should
be calculated if no movement is permissible. The dry unit weight should be calculated above the groundwater level while
the effective unit weight should be calculated below the groundwater level.

The hydrostatic groundwater pressure should be included to the earth pressure distribution wherever the effective unit
weights are calculated for earth pressures. If the groundwater level is lowered, the dry unit weight for the soil/bedrock
should be calculated full weight, with no hydrostatic groundwater pressure component.

For design purposes, the minimum factor of safety of 1.5 should be calculated.

Short Term Backfill Earth Pressure

Based on current plan, it is understood that the temporary shoring system will be recessed from the foundation walls. The
space left between the shoring system and the concrete wall will be backfilled has construction progress. Due to the
arching effect of soil pressure when backfilling narrow spaced retained on each side, the lateral earth pressures can't fully
develop. Under temporary conditions and until the foundation walls are fully based by interior slabs, the arching theory
can be used to evaluate the horizontal stresses (o3) on the walls.

14 ( —2k£tan 8)
= 1— B
On 2tané ¢

Where:
y = unit weight of soil (KN/m?)(use 20 KN/m?)
B = backfill width (m)
Z = depth from top of wall (m)
H = wall height (m)
6 = friction between the backfill and wall (20°)
k = Lateral earth pressure coefficient (assumed K, for unyielding walls)
Ko =1-sin @’
O’ = effective friction angle of the backfill material (33°)

Due to the non-linear stress distribution, the above noted equation must be integrated over the height of the wall to find
an equivalent applied force and application point. Assuming a that a sandy backfill material with the above noted parameters
is used to backfill the space between the foundation wall and temporary shoring, the reduction factors in table-6.3-2 can
be used to calculated short term lateral earth pressure on the foundation wall. Note that reduction factors are correlated to
the above assumed friction angle. Paterson should review the material used to ensure compliance with the assumptions.

H?%*y
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0.1 0.44 0.600
0.2 0.63 0.625
0.3 0.72 0.637
0.4 0.78 0.644
0.5 0.80 0.647

Full lateral earth pressures are to be used for long term stability of the structure, assuming that the shoring system will
degrade over time.

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

At least 150 mm of OPSS Granular A should be used for pipe bedding for sewer and water pipes. Where the bedding is
located within silty clay or bedrock, the thickness of the bedding material should be increased to a minimum of 300 mm
of OPSS Granular A. 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 maximum 225 mm thick lifts compacted to 99% of the
material’s SPMDD.

Any stones greater than 200 mm in their longest dimension should be removed from these materials prior to placement.
Well fractured bedrock should be acceptable as backfill for the lower portion of the trenches when the excavation is within
bedrock provided the rock fill is placed only from at least 300 mm above the top of the service pipe and that all stones are
300 mm or smaller in their longest dimension.

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 match the soils exposed at the trench walls to reduce potential differential frost heaving.
The trench backfill should be placed in a maximum 300 mm thick loose lifts and compacted to a minimum of 95% of the
material's SPMDD.

Bedrock/Soil Transitions

In areas where the service subgrade transitions from soil to bedrock, it is recommended that the founding medium be
inspected in the field to determine how steeply the bedrock surface, where encountered, drops off. A transition treatment
is generally recommended to be provided where the bedrock slopes steeper than 3H:1V.

At these locations, the bedrock should be excavated, and a minimum 500 mm thick layer of bedding be placed to provide
a 3H:1V transition from the bedrock subgrade toward the soil subgrade. This treatment will reduce the propensity for
bending stresses to occur in the watermain.

6.5 Groundwater Control

Groundwater Control for Building Construction

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. Infiltration levels are anticipated to be high through the excavation face
for areas where footings are to be placed below the groundwater table. The groundwater infiltration rate will depend on the
depth below the water table.



Dewatering methods, such as well points, may be required for areas where footings are to be placed well below the
groundwater table (i.e., 1 to 2 m). Additionally, it is recommended to install deep dewatering wells within the building
footprints to control groundwater infiltration from the base of the excavation.

Expected Construction Dewatering and Water Taking Rates

Based on slug testing results completed by Paterson and others across the site and a series of pump tests by others along
the servicing alignment in proximity to the building, hydraulic conductivity values ranged between 1 x 10 and 3.3 x
10 m/sec, therefore, a representative hydraulic conductivity value of 1.0 x 10 m/sec was chosen for assessing infiltration
rates for excavations below the groundwater table.

Based on our ground water level at the time of the investigations, the maximum design groundwater level was measured
to vary considerably across the site, up to 11.0 m of saturated material is expected to be encountered. Preliminary
construction dewatering volumes presented below in Table 6.5-1. However, it should be noted that a secant wall has been
proposed along the perimeter of the proposed hospital complex in order to reduce groundwater infiltration during
construction

Tower A, B and

. 7,500,000 — 8,000,000 850,000
Podium

The water is expected to flow from the west. Construction dewatering methods can include well point systems or local
deep well dewatering. Additional deep well dewatering will be required for groundwater control, within the excavation
footprints. The depth and position of the wells should be calculated with the radius of influence of each well. Further
ongoing field testing of deep dewatering wells is currently underway.

Construction of grout curtains can be considered to control groundwater infiltration through the bedrock, during
construction. The grout curtains should be designed by specialized contractor, based on the hydraulic conductivity of the
bedrock.

Permit to Take Water

A temporary Ministry of the Environment, Conservation and Parks (MECP) permit to take water (PTTW) has been issued
for the subject site (Ref. No. P-300-5296264592) with a maximum allowable daily pumping rate of 3,550,000 L/day for
the Main Hospital and may take up to 10,000,000 L/day for a maximum of 90 days per year. However, it should be noted
the PTTW is being amended and will be registered on the Environmental Activity and Sector Registry (EASR) for a maximum
allowable daily pumping rate of 25,000,000 L/day. The additional requested volume will account for seasonal variations,
variability in the overburden material and bedrock quality, precipitation events above the provided design storm, and
unforeseen circumstances.

Impacts on Neighboring Properties

Alocal groundwater lowering is anticipated under short-term conditions to accommodate the construction of the proposed
complex. Based on a representative hydraulic conductivity of 1 x 10 m/sec, a radius of influence of approximately 300m
will develop as a steady state condition from the edge of the excavation and may extend up to 1,200 m should the higher
conductive material be encountered during excavation.

The expected groundwater infiltration will be encountered predominantly within the discontinuous silty sand to sandy silt
layer and bedrock with minimal compressibility.



Furthermore, given the lateral discontinuity of the silty sand layer across the subject site, the network of faults to the west,
and the railway cut and Dow’s Lake to the east, the radius of influence is expected to remain confined to the limits of the
sand and gravel unit and is not anticipated to extend significantly beyond it during dewatering.

It is understood that ongoing settlement monitoring is being completed on nearby structures during current dewatering
activities related to advance works and has shown no settlement to date. It is recommended that ongoing settlement
monitoring continue for the duration of the project.

Long-term Groundwater Control

Daily volumes of water that may be handled by the drainage systems will be contingent on the type of foundation
drainage/waterproofing system that will be selected for the design of the proposed structure. In summary, systems should
be designed to handle up to 1,000,000 L/day based on the implementation of waterproofing system for the towers and
podium. Details associated with the system is provided in Section 6.12 of this report.

Long-term Groundwater Levels

Based on preliminary analysis completed for the subject site and considering that the waterproofing of the foundation
structures will be completed as per recommendations, it is expected that the long-term groundwater levels are reduced to
an approximate elevation of 73.0 to 74.0 m at the southern portion of the proposed structure and to vary across the site
in a south to north direction with the lowest point located at the loading docks. It should be noted that long-term
groundwater levels are expected to be encountered below the foundation elevation throughout the pavilion building and
emergency parking garage footprint. Reference should be made to Drawing PG6982-3 - Groundwater Contour Plan at
Post-Construction Conditions in Appendix 2 which summarizes long-term groundwater levels expected throughout the
subject site.

Long-term Radon Control Measures for Buildings

Radon is formed as part of the normal radioactive decay of uranium in soil and rock. The regional limestone bedrock is of
very low concentrations of uranium such that the subsoils below the proposed development are not considered to be
sources of radon gas.

A major factor that prevents the passage of radon into a building is the robustness of the building’s envelope against the
exterior elements. The buildings subsurface foundation structure where the waterproofing system described in Section 6.1
of this report will be constructed to be watertight and the selected membrane are to be of sufficiently robust to resist
developing cracks that would allow the ingress of groundwater, as discussed in preceding sections of this report, and soil
gases such as radon Based on this, waterproofed structures would be considered to have been designed to a sufficient
degree of robustness to mitigate the ingress and/or accumulation of radon gas from a geotechnical perspective.

It is recommended that soil gas mitigation infrastructure “rough ins” should be incorporated in the buildings and section
not fully waterproofed (pavilion). These rough-ins and associated designs are recommended to be incorporated in
accordance with the recommendations provided in, City of Ottawa Advisory — Radon and Soil Gas Control (November
2020), Soil Gas Control Systems in New Construction of Multifamily, School, Commercial and Mixed-Use Buildings, CC-
1000 (2018, Revised May 2023) and prepared by the American Associated of Radon Scientists and Technologists (AARST),
or other local and equivalent guidelines. However, note, Health Canada established guideline for radon mitigation and
concentration do not apply to building portions that are intended to be occupied for less than 4 hours per day. Parking
garages would then not require further mitigation measures further from the vapour barrier mandated under the city of
Ottawa Advisory.

Rough-ins consist of perforated pipe placed above the drainage pipe level. The pipes should exit the slab envelope into
a mechanical room or outside. The pipes are to be temporary capped until a radon test is completed. If a positive radon
test is obtained, an active fan system should be installed and exhaust the gas above the roof line.



Paterson may advise and assist with the planning and implementation of the associated rough-ins and associated
infrastructure for the non-waterproofed structures during the design phase.

6.6 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 heat is
adequately supplied to the building and the footings are protected with sufficient soil cover to prevent freezing at founding
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.

Precautions must be taken where excavations are carried out in proximity of existing structures which may be adversely
affected due to the freezing conditions. In particular, it should be recognized that where a shoring system is used, the soil
behind the shoring system will be subjected to freezing conditions and could result in heaving of the structure(s) placed
within or above frozen soil. Provisions should be made in the contract document to protect the walls of the excavations
from freezing, if applicable.

6.7 Corrosion Potential and Sulphate

The results of analytical testing completed by others indicate 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 samples tested by others indicate that they are not significant factors in creating a corrosive environment for
exposed ferrous metals, whereas the resistivity is indicative of an aggressive to very aggressive corrosive environment for
exposed ferrous metals.

Based on this, it is recommended that a concrete mix consisting of N class concrete would be considered appropriate for
structural elements considered for buried foundation elements located beyond the parking garage structure.

6.8 Low-Impact Development (LID) Design Considerations

Based on our review, the subsurface conditions generally consist of either relatively impermeable, and saturated grey silty
clay or relatively impermeable weathered, partially saturated brown silty clay underlain by unweathered, relatively
impermeable, and saturated grey silty clay, overlying mostly saturated silty sand and/or glacial till.

Due to the saturated nature of the soils located throughout the study area within the anticipated minimum invert depth
required for installation, infiltration-based LID measures are not anticipated to be able to achieve the minimum 1 m
separation form the water table and will therefore not function adequately from a hydrogeological perspective.

As an alternative to infiltration-based techniques, filtration (vegetated medians, bioswales, etc.) and retention (stormwater
management facilities, solid pipes in line with servicing alignments, etc.) could otherwise be considered as LID techniques
throughout the subject site.
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Stormwater retention systems, such as ponds and basins, are generally considered suitable for use throughout the study
area given the relatively impervious nature of the subsoils. Since it is anticipated the ponds and basins will be primarily
founded within the clay deposit, the clay sidewalls will naturally retain stormwater and will not generally require
improvement by commercial impermeable liner products. Sandier subsoil sidewalls, if encountered, would likely require
improvement to retain stormwater by replacing sandy sidewalls with site-generated workable silty clay fill. This type of
remedial option can be provided at a later stage of design of the stormwater system and if considered required from a
geotechnical perspective.

It is generally recommended Paterson advise on suitable LID strategies during the early stages of design of the future
development. This would mitigate incorporating strategies that may be incompatible with the soils encountered at the study
area prior to detailed design stages.

6.9 Landscaping Considerations

Retaining Walls

Proposed retaining walls should be checked for global stability and designed by a licensed professional engineer to
maintain an adequate factor of safety in excess of the required 1.5 for static conditions and 1.1 for seismic loading
conditions. The internal and external failure modes of the retaining wall sections should be design according to the CHBDC
(CSA S6:19) requirements.

The bearing resistance values provided for the aforementioned pedestrian bridge structure is considered applicable to the
design of proposed retaining wall systems. The applicable seismic design should incorporate Peak Ground Acceleration
(PGA) for the Ottawa area as per the OBC 2024.

Geotechnical field review must be completed at the time of excavation, prior to placing the granular bedding layer, to
assess the bearing medium under the proposed wall. Based on the current site plan grading, it is anticipated that the walls
will be founded over an engineered fill pad or undisturbed, in-situ soil bearing surfaces.

The soil parameters presented in Table 6.9-1 should be used for retaining wall design. The design must also include an
overall system stability analysis.

Table 6.9-1: Soil parameters for global stability analysis

Unit Friction Angle (°) Effective Cohesion | Total Cohesion
Weight g (kPa) (kPa)

kN/m®

19 36 0 0

Silty Sand

Brown Silty Clay 17 33 5 80
Grey Silty Clay 16 33 10 40
Glacial Till 20 38 0 0
Bedrock 23 -

It is recommended that a 100 mm diameter perforated corrugated plastic pipe with geosock, surrounded by 150 mm of
19 mm clear crushed stone on all sides, be placed behind the heel of the wall. The pipe should have a positive outlet,
either in front of, under or to the side of the wall, towards a natural slope or drainage system. Further to promote drainage
and drawdown the locally high groundwater table the non-woven geotextile used at the back of the retaining walls should
consist of Texel draintube placed in conjunction with the heel drainage pipe.
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Backfill Materials

The retaining wall should be backfilled with free-draining granular backfill material, incorporating longitudinal drains and
outlets to ensure proper drainage of the backfill. For the purposes of this report, it is recommended that the wall be
backfilled with Granular A or Granular B Type Il materials. Backfill should be placed within a wedge-shaped area defined
by a line drawn from below the rear edge of the wall's base block at a slope of 1H:1V, or a minimum of 1 m behind the
rear of the blocks. All material must be compacted to a minimum of 98% of the materials SPMDD. The geotechnical
parameters of the backfill material can be used as shown in Table 6.9-2.

Table 6.9-2: Geotechnical parameters for backfill material

Unit Weight (kN/m3)

Drained Alngle ()
Ydr L

Friction Lateral Earth Pressure Coefficients

Factor, tan At Rest Passive
é Ko Ke

Friction

Granular A

(Crushed Stone) 22 13.5 38 0.6 0.24 0.38 4.20
Granular B Type I

(Crushed Stone) 22 13.5 40 06 0.22 0.36 4.60
Notes:

The properties of backfill materials are for a condition of 98% of the materials SPMDD.

Earth pressure coefficients provided are for the horizontal backfill profile.

For soil above the water table, the “drained” unit weight must be used and below the water table, the “effective”
unit weight must be used.

Lateral Earth Pressure
It is recommended that a minimum of 1 m of backfill material consist of clean imported crushed stone such as Granular A
or Granular B Type II. The geotechnical soil parameters shown in Table 6.9-1 should be used for retaining wall design.

Tree Planting Considerations

Since the structure will be founded on non-cohesive soils, trees and landscaping planned throughout the subject site will
not be subject to planting restrictions as based on the City of Oftawa Tree Planting in Sensitive Marine Clay Soils (2017
Guidelines) from a geotechnical perspective. Tree planted behind (on top) of segmental retaining wall should be setback
a minimum of 2 m and planted with root control measures such as root barriers or bags.
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7.0

RECOMMENDATIONS

It is recommended that the following be completed by Paterson once the final master plan and site development are
determined:

Review of geotechnical aspects of the excavating program, prior to construction.
Review of waterproofing and perimeter and underground floor drainage system details.

Inspection of the installation of the waterproofing and perimeter and underground floor drainage system during
construction.

Complete and review retaining wall design and drainage system.
Observation of all bearing surfaces prior to the placement of concrete.
Sampling and testing of the concrete and fill materials.

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

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

Sampling and testing of the bituminous concrete including mix design reviews.

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.

All excess soil must be handled as per Ontario Requlation 406/19: On-Site and Excess Soil Management.
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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 PCL-ED or their agents is not authorized without review by Paterson for the
applicability of our recommendations to the alternative use of the report.
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APPENDIX 1

SOIL PROFILE AND TEST DATASHEETS

SYMBOLS AND TERMS

GRAIN SIZE ANALYSIS AND TESTING RESULTS

BEDROCK CORE COMPRESSIVE STRENGTH TESTING RESULTS

BOREHOLE LOGS BY OTHERS

LABORATORY TESTING RESULTS BY OTHERS

SUPPLEMENTARY INVESTIGATION BOREHOLE LOGS

SUPPLEMENTARY INVESTIGATION GRAIN SIZE ANALYSIS TESTING RESULTS

SUPPLEMENTARY INVESTIGATION BEDROCK CORE COMPRESSIVE STRENGTH RESULTS
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APPENDIX 2
FIGURE 1 - KEY PLAN
FIGURE 2 - SETTLEMENT ANALYSIS - RAFT SLAB FOUNDATION
FIGURE 4 - WATERPROOFING DETAIL (PODIUM/TOWERS)
FIGURE 5 - TYPICAL FOUNDATION DRAINAGE SYSTEM(PAVILLION/GARAGES)
FIGURE 6 - BEDROCK/SOIL PIPE TRANSITION DETAIL
FIGURE 7 - SEISMIC SHEAR WAVE VELOCITY PROFILE
DRAWING PG6982-1 - TEST HOLE LOCATION PLAN
DRAWING PG6982-2 - GROUNDWATER CONTOUR PLAN
DRAWING PG6982-3 - GROUNDWATER CONTOUR PLAN POST-CONSTRUCTION
DRAWING PG6982-4 - CROSS SECTION LOCATION PLAN
DRAWINGS PG6982 - 4A TO 4D - CROSS SECTIONS
DRAWING PG6982-5 - RETAINING WALLS AND TEMPORARY SHORING SYSTEM PLAN
DRAWING PG6982-7 - BEDROCK CONTOUR PLAN
DRAWING PG6982-8 - BEDROCK HEATMAP

DRAWINGS CA0027758.0-51 — C5-200 TO C5-202 -EXTERIOR PERIMETER DRAINAGE
PLAN
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APPENDIX 3

GEOPHYSICAL TESTING RESULTS
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APPENDIX 4

RETAINING WALL DESIGN - GLOBAL STABILITY

DRAWING PG6982-5 RETAINING WALLS AND TEMPORARY SHORING SYSTEM PLAN
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September 19, 2025
File: PG6982-LET.01 Revision 1

PCL/ED, a Joint Venture

3755 Riverside Drive,

Ottawa, Ontario

K1G 4K9

Attention: Dev Co

Subject: PG6982 — LET.01 -Global Stability Analysis

Proposed Retaining Walls
Civic Campus Redevelopment Project
900 Carling Avenue, Ottawa, Ontario

As requested, Paterson Group Inc. (Paterson) completed a global stability analysis to determine the stability of the proposed
retaining walls higher than 1 m to be located at the aforementioned site. The following section provide a summary of our
analysis of the proposed conditions and construction considerations for the proposed retaining wall structures.

BACKGROUND INFORMATION
The following grading plans prepared by WSP were reviewed as part of our global stability analysis:

e WSP Project No. CA0027758.0-51 — Site Grading Plan 1 of 5 — Drawing No. C5-200 — Revision 6 dated
September 19, 2025.

e WSP Project No. CA0027758.0-51 — Site Grading Plan 2 of 5 — Drawing No. C5-201 — Revision 6 dated
September 19, 2025.

e WSP Project No. CA0027758.0-51 — Site Grading Plan 3 of 5 — Drawing No. C5-202 — Revision 6 dated
September 19, 2025.

o \WSP Project No. CA0027758.0-51 — Site Grading Plan 4 of 5 — Drawing No. C5-203 — Revision 6 dated
September 19, 2025.

o \WSP Project No. CA0027758.0-51 — Site Grading Plan 5 of 5 — Drawing No. C5-203 — Revision 6 dated
September 19, 2025.

e Based on our review, there are nine (9) proposed retaining walls, greater than 1.0 m in height, expected to be
constructed outside of the podium deck structure footprint of the proposed hospital building. Ramp walls were
excluded from the global stability review due to their structural detailing and interconnection with the foundation
and concrete apron. It is expected that the walls will consist of either segmental precast concrete blocks or cast
in place concrete walls.

SUBSURFACE PROFILE

The subsurface profile at the subject site consists of a layer of brown silty sand underlain by a glacial till layer. A layer of
fill material of various composition was also encountered on the eastern portion of the subject site. Reference should be
made to Paterson’s geotechnical report for more information.

BEDROCK
Bedrock was cored at several locations throughout the subject site at depths ranging between 1.7 and 16.6 m below
ground surface. The bedrock generally consisted of fair to good quality limestone or limestone interbedded with shale.



Based on available geological mapping, the subject site is located in an area where the bedrock consists of Paleozoic
limestone of the Bobcaygeon Formation and Paleozoic limestone with interbedded shale of the Verulam formation, with an
overburden drift thickness ranging between 0 and 15 m depth.

RETAINING WALLS
For the purpose of the following review the refer to Civil drawing C7-400 Revision 6, Retaining walls - Site Layout, dated
September 19, 2025.

BEARING RESISTANCE VALUES

Footings placed on an undisturbed, silty sand or on engineered fill which is placed and compacted directly over the
undisturbed, grey silty clay, can be designed using a bearing resistance value at serviceability limit states (SLS) of 100 kPa
and a factored bearing resistance value at ultimate limit states (ULS) of 150 kPa. A geotechnical resistance factor of 0.5
was applied to the above-noted bearing resistance value at ULS.

Footings placed on an undisturbed, compact to dense glacial till, can be designed using a bearing resistance value at
serviceability limit states (SLS) of 200 kPa and a factored bearing resistance value at ultimate limit states (ULS) of 350 kPa.
A geotechnical resistance factor of 0.5 was applied to the above-noted bearing resistance value at ULS.

An undisturbed soil-bearing surface consists of a surface from which all topsoil and deleterious materials, such as loose,
frozen or disturbed soil, whether in situ or not, have been removed, in the dry, prior to the placement of concrete for
footings. Footings designed using the bearing resistance values at SLS given above will be subjected to potential post-
construction total and differential settlements of 25 and 20 mm, respectively.

GLOBAL STABILITY ANALYSIS

Based on the grading plan and proposed retaining walls plan prepared by WSP, one cross section considered the “worse
case” scenario critical locations have been selected for global stability analysis at each wall location. The section was
selected based on the retained soil and above-ground surface wall height.

The global stability analysis was modeled in Slide, a computer program which permits a two-dimensional slope stability
analysis calculating several methods including the Bishop’s method, which is a widely accepted slope analysis method.
The program calculates a factor of safety, which represents the ratio of the forces resisting failure to forces favoring failure.
Theoretically, a factor of safety of 1.0 represents a condition where the slope is stable. However, due to intrinsic limitations
of the calculation methods and the variability of the subsurface soil and groundwater conditions, a factor of safety greater
than 1.0 is generally required for the failure risk to be considered acceptable.

A minimum factor of safety of 1.5 is generally recommended for conditions where the slope failure would comprise
permanent structures. An analysis considering seismic loading was also completed. A horizontal acceleration of 0.175 g
was considered for the sections for the seismic loading condition.

A factor of safety of 1.1 is considered to be satisfactory for stability analyses including seismic loading. The retaining wall
section was reviewed using the design loading according to CHBDC 2019 (CSA S6:19).

The following parameters were used for the slope stability analysis under static and seismic conditions:

Granular A 22 38 0 0
Granular B Type I 22 40 0 0
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Soil Layer Unit Weight Friction Angle Cohesion effective Cohesion Total
(kN/m3) (degrees) (kPa) (kPa)

Silty Sand 19 36 0 0

Brown Silty Clay 17 33 5 80

Grey Silty Clay 16 33 10 40

Glacial Till 20 38 0 0

Bedrock 23 -

Concrete structures are considered stiff and impenetrable, it is the responsibility of the structural designer to ensure
sufficient capacity of the structural elements and provide internal compound analysis at the time of shop drawings.

Soil Parameters

The soil parameters used for the global stability analysis have been extracted from the geological mapping, available
information and Paterson’s experience in the area. The results of the analysis are considered acceptable from a geotechnical
perspective. It should be noted that all soil parameters used in the analysis can be found in Figures 1A through 2B
attached at the end of this report.

ANALYSIS RESULTS

The factor of safety for the retaining wall sections was greater than 1.5 for static conditions. Similarly, the results under
seismic loading yielded a factor of safety for this section greater than 1.1. Based on these results, the retaining walls are
considered to be stable under static and seismic loading. The results are summarized in the below table, note that the
structural designer is responsible for the internal compound stability check at the time of shop drawings based on the final
product selected for the construction of each retaining walls.

Table 2 - Global Stability Analysis Factor of Safety

Retaining Wall Factor of Safety [Factor of Safety
Static Seismic _
3

1.936 1476

4 4.980 2.742
1.627 1.247

12 3.373 2.680

13 4.131 2.066

14 4.011 2.426

15 2.534 1.559
18A & 18B 2.462 1.692

CONSTRUCTION RECOMMENDATIONS

Drainage

A 150 to 200 mm diameter perforated drainage pipe wrapped in geotextile and surrounded on all sides by 150 mm of
clear crushed stone, should be installed at the heel of the retaining wall footing. The drainage should have positive
drainage to a nearby outlet such as a catch basin or other suitable drainage features such as swales. It is recommended
that the outlets be spaced evenly along the retaining wall with a minimum spacing of 15 m center to center passing through
the wall or connected to a nearby catch basin.

Retaining walls placed along the south and western portion of the site are expected to extend below the existing
groundwater table. The wall acts as drainage element around the site and controls the groundwater along the perimeter.
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It is recommended that Texel Draintube product be used as a separation and drainage geotextile at the back of those walls.
Show drawings should show the use of Draintube geotextile and connection to nearby storm drainage systems.

Cast in place retaining walls extending below the groundwater in areas where a perforated drain cannot be provided with
a positive connection should be fully waterproofed as indicated in the foundation waterproofing recommendations.

Backfill Material

The retaining wall should be backfilled with free-draining, non-frost susceptible granular backfill materials and incorporate
longitudinal drains and weep holes to provide positive drainage of the backfill. For the purpose of this report, it is
recommended that the wall be backfilled with either OPSS Granular B Type Il or Granular A materials. The backfill should
be placed within a wedge-shaped zone defined by a line drawn up and back from the back edge of the top of the footing
along the rear face and bottom corner of the wall at an inclination of 1H:1V or a minimum of 600 mm behind the wall. All
material should be compacted to a minimum of 98% of the material's SPMDD.

Frost Protection

For cast in place retaining walls, it is recommended that a minimum embedment of 2.1 m be available to provide sufficient
frost protection. Based on the available drawing, it is noted that the soil cover will be insufficient for some of the retaining
walls. Further, based on the geological mapping and experience in the area, It is expected that the footings for the retaining
wall will be founded on a frost susceptible silty sand material

In order to provide additional frost protection, thick rigid insulation panels consisting of SR.P400 or other approved
equivalent should be placed below the footing and extending 1.2 m beyond the faces of the footings. Every 300 mm of
missing soil should be replaced with 25 mm of rigid insulation. It is always recommended that the minimum thickness of
insulation placed be no less than 50mm.

Due to the flexibility and inherent composition of a segmental concrete block retaining wall, frost protection is not required
for these types of walls. Segmental concrete blocks wall should be installed on a minimum 300 mm thick OPSS Granular
A or Granular B type Il pad with a minimum embedment of 200 mm along the bottom course of blocks. Supplemental
embedment may be required to accommodate slopes and swales in front of the walls.

CONSTRUCTION INSPECTION RECOMMENDATIONS
It is recommended that the following be completed once the retaining wall design and course of action are determined:

e (Observation of all bearing surfaces prior to backfill or placement of concrete.

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

applicable.

Observation of all subgrades prior to placing backfilling materials.

Observation of the drainage system prior to backfilling.

Field density tests to ensure the specified level of compaction was achieved.

Periodic observation of the retaining wall installation. It is further recommended that all bedding and backfill

materials be placed under dry conditions and above freezing temperatures and approved by the geotechnical

consultant at the time of construction.

e Precautions should be taken to ensure that the bedding material does not freeze before placement and backfill
of the retaining wall base blocks, which could lead to detrimental movement within the retaining wall, once the
frost leaves the bedding material.
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