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1. INTRODUCTION

SPL Consultants Limited (SPL) was retained by the National Capital Commission (NCC) to conduct a
geotechnical investigation in Support of the Richmond Landing Shoreline Access Feasibility Study, in
Ottawa, Ontario.

The Terms of Reference for this investigation are outlined in SPL’s Proposal No. P-15.02.126 dated
March, 2015 and subsequent project correspondence.

The purpose of the geotechnical investigation was to obtain subsurface information at the site by means
of exploratory boreholes. This report presents the findings of the investigation and provides
engineering guidance related to the geotechnical aspects of the design.

2. PROJECT AND SITE DESCRIPTION

The overall project will include a variety of improvements to the site. The major components of the
project are:

e Construction of two new pedestrian bridges (for the purposes of this report referred to as the
North Bridge and the South Bridge). The North Bridge crosses from Victoria Island to Richmond
Landing. The South Bridge crosses from Richmond Landing to the south shore of the Ottawa
River.

e A new Ceremonial Landing and Dock which will be located at the northeast end of Richmond
Landing. The Ceremonial dock will include an in-water structure founded on/anchored to the
shore with a slab-on-grade section on shore;

e Four new monuments which will be constructed at various locations (two on Richmond Landing
and two on the south shore of the Ottawa River). These monuments will be raised off the
existing ground and rest on concrete pedestals;

e Various new landscaping works (pathways, minor re-grading, plantings, etc.) throughout the
project area.

The areas around Richmond Landing, Victoria Island and the south shore of the Ottawa River have been
extensively developed in the past. Victoria Island is generally flat to gently sloping with steep slopes
(approximately 5 m to 6 m in height) dropping down to the river level. The ground surface at Richmond
Landing slopes towards the northeast (from the west end of the project near the Portage Bridge towards
the northeast tip of Richmond Landing near the location of the proposed new Ceremonial Landing). At
the two bridge abutments on Richmond Landing the situation is similar to the Victoria Island abutment
with relatively flat upland areas dropping steeply 5 m to 6 m into the Ottawa River.

It is anticipated that the majority of the soils at Victoria Island, Richmond Landing and the south Shore of
the Ottawa River are primarily fill material, as the areas have been raised extensively over time. Erosion
protection and rip rap is present in numerous locations in the project area which also suggests that
erosion has been a problem in the past.
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3. SCOPE OF WORK
The scope of work for this assignment included:

e A desk study and review of existing geotechnical information in the general areg;
e Laying out the boreholes and obtaining utility locates at the project site;

e Drilling a total of 25 boreholes in the project area;

e In-situ soil sampling and testing, including Standard Penetration Testing (SPT);

e Rock coring at selected borehole locations;

e Excavation of two test pits in the area of the Ceremonial Landing and Dock;

e Obtaining soil and rock samples for additional review and laboratory testing;

e Laboratory testing;

e Completion of a geophysical survey at the locations of proposed bridge abutments;

e Geotechnical analysis; and

e Preparation of this report which presents the results of the investigation and provides
geotechnical recommendations related to the design and construction of the new pedestrian
bridges and structures.

Limited investigations of soil and groundwater quality were completed concurrently with portions of the
geotechnical program (utilizing the same boreholes and monitoring wells). The results of these
investigations are presented under separate cover.

4, INVESTIGATION PROCEDURES
The geotechnical investigation was carried out in July 2015 through July 2016 in several stages.
4.1 Desk Study

Bedrock geology maps indicate the bedrock in the general area is limestone, dolostone, shale, arkose
and sandstone of the Ottawa Formation. Surficial geology maps indicate the area is underlain by
Paleozoic bedrock (i.e. no or minimal natural soil cover over the rock surface).

4.2 Field Investigation
4.2.1 Boreholes and Test Pits

The initial field investigation was carried out in July 2015 and included the drilling of 13 boreholes
(BH15-1 through BH15-13) at various locations as shown in Drawing No. 2 and described below.

A supplemental field investigation was completed in December, 2015. The supplemental field
investigation included six additional boreholes (BH15-14 through BH15-19) in the vicinity of the
proposed bridge abutments, as well as one borehole (BH15-20) at the location of the new Ceremonial
Landing and Dock.
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A third investigation was completed in July of 2016 which included drilling five additional boreholes.
These included Borehole BH15-14A (supplementing BH15-14 which could not be completed in
December 2015 due to access issues), as well as BH16-21 through BH16-24. Boreholes BH16-21, BH16-
22 and BH16-24 were drilled in areas where rock anchors would be installed for the abutments while
BH16-23 was drilled to obtain soil samples for waste characterization.

A summary of the various boreholes advanced as part of this investigation is presented below.

Table 1 — Borehole Locations and Elevations

Borehole Project Element Elevation Borehole Date
(Top of Borehole) Depth Drilled
BH15-1 North Bridge — north abutment 48.3 m 44 m July, 2015
BH15-2 North Bridge — south abutment 46.0 m 7.9m July, 2015
BH15-3 South Bridge — north abutment 45.1m 9.1m July, 2015
BH15-4 South Bridge — south abutment 45.7m 9.7m July, 2015
BH15-5 Proposed monument site 52.2m 7.4m July, 2015
BH15-6 Proposed monument site 50.7 m 8.2m July, 2015
BH15-7 Proposed monument site 46.4m 7.0m July, 2015
BH15-8 Proposed monument site 47.1m 7.8m July, 2015
BH15-9 Belvedere Location 424 m 5.6m July, 2015
BH15-10 Landscaped Area 444 m 1.3 m July, 2015
BH15-11 Landscaped Area 45.1m 1.5m July, 2015
BH15-12 Landscaped Area 55.7m 1.8m July, 2015
BH15-13 Landscaped Area 54.7m 1.8m July, 2015
BH15-14 North Bridge — north abutment 45.0m 21m Dec., 2015
BH15-15 North Bridge — south abutment 447 m 50m Dec., 2015
BH15-16 North Bridge — south abutment 42.8 m 5.0m Dec., 2015
BH15-17 South Bridge — north abutment 443 m 7.8 m Dec. 2015
BH15-18 South Bridge — south abutment 45.1m 7.7 m Dec. 2015
BH15-19 South Bridge — south abutment 43.1m 7.9m Dec. 2015
BH15-20 Ceremonial Landing and Dock 43.4m 7.7m Dec. 2015
BH15-14A North Bridge — north abutment 45.0m 6.5m July, 2016
BH16-21 North Bridge — north abutment 43.6 m 7.7 m July, 2016
BH16-22 South Bridge — south abutment 42.0 m/39.8 m? 6.6 m July, 2016
BH16-23 South Bridge — south abutment 45.6 m 49m July, 2016
BH16-24 South Bridge — north abutment 42.0m 1.2m July, 2016

142.0 m approximate water level at time of drilling; 39.8 approximate elevation of river bed at borehole location.
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The boreholes were advanced using track-mounted and portable drilling equipment supplied and
operated by CCC Geotechnical and Environmental Drilling Ltd. of Ottawa, Ontario. Borehole BH16-22
was drilled from a boat, also supplied by CCC Geotechnical and Environmental Drilling Ltd. of Ottawa.
Soil and rock samples retrieved during drilling were logged and visually classified in the field by a
member of SPL’s geotechnical staff. In-situ tests including Standard Penetration Testing (SPT) were
carried out at regular intervals.

Piezometers were installed in Boreholes BH15-1 through BH15-4, BH15-14A, BH15-15 and BH15-23 to
allow for subsequent measurement of stabilized groundwater levels and long-term groundwater
monitoring at the site.

In addition to the additional boreholes, two test pits (TP15-1 and TP15-2) were excavated near the site
of the proposed Ceremonial Landing and Dock in December, 2015 to visually observe the nature and
composition of the fill material at this location. The test pits were excavated using a hydraulic excavator
supplied and operated by Landraulics Inc. of Ottawa, ON. The two test pits were excavated to a depth
of 1.6 m to 1.7 m below the existing ground surface.

Borehole and test pit logs are included in Appendix | of this report.
4.2.2 Geophysical Survey

Concurrent with the December 2015 field investigation, a geophysical survey was completed to provide
additional information related to the uniformity of the bedrock surface in the general area of the bridge
abutments. The results of the geophysical survey are included in Appendix IV of this report.

4.3 Laboratory Testing

Upon completion of drilling and in-situ testing, soil and rock samples were returned to SPL’s laboratory
for further examination, classification and testing. A laboratory testing program, which was carried out
on selected representative soil samples included the determination of natural water content, grain size
distribution, and chemical analyses of soil corrosivity. The unit weight and unconfined compressive
strength of select rock core samples were also determined.

The results of natural water content tests are included on the relevant borehole logs in Appendix |. The
results of determination of grain size distribution are summarized on the individual borehole logs and
are included in Appendix Il. Chemical testing to determine sulphate content, chloride content, pH and
resistivity was also carried out on selected soil samples obtained during drilling. The results of these
tests are included in Appendix III.

5. SUBSURFACE CONDITIONS

The subsurface conditions encountered within the boreholes at the site are discussed in the following
sections. Detailed descriptions of the soil and groundwater conditions encountered at each of the
borehole locations are included in the individual borehole logs in Appendix I.
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5.1 Soil Conditions
5.1.1 Topsoil and Asphalt

Topsoil or asphalt was encountered at most of the borehole locations (asphalt where the boreholes
were drilled through existing pathways and asphalt-covered areas; topsoil where drilled on soft
landscaped areas).

5.1.2 Fill

The sub-surface conditions encountered at the site generally consist of a variable thickness of fill
material overlying rock.

The fill material is a heterogeneous mix of silt, sand and gravel with cobbles and boulders as well as
fragments of metal, brick, concrete, slag, glass, etc. Layers of clay and organic soil were also
encountered at some locations. Angular rip rap/rock fill was encountered at some locations and is visible
along the various shorelines. A relatively thick layer of wood and timber was encountered at some
locations (Boreholes BH15-2, BH15-3, BH15-5, BH15-7 and BH15-8) near the interface between the fill
and underlying rock on Richmond Landing. Borehole 16-24 was terminated within a layer of wood at 1.2
m depth.

Native soils, consisting of sand and gravel, silty sand and silty clay may have been encountered in small
guantities at selected locations (at BH15-4 from a depth of 4.6 m to 6.5 m and BH15-8 from 6.8 m to 7.8
m). In addition, a small quantity of what are likely native soils were encountered in Borehole BH16-22
which was drilled in the existing channel on the south side of Richmond Landing. The majority of the
boreholes, however, encountered rock (or refusal) immediately below the fill. While it is possible that
other localized zones of natural soils are present, it is anticipated that the majority of the soils present
on site are fill.

The consistency of the fill material ranges from very loose to dense, based on SPT “N” values.

Grain size curves for selected samples of the fill are included in Appendix Il and summarized in the table
below. It should be noted that grain size distribution testing was carried out on a samples obtained
through SPT testing, which does not recover coarse gravel, cobble and boulder sized particles. Because
of this the grain size distribution obtained through drilling may be finer overall than some portions of
the material in the field.

Table 2 — Results of Grain Size Analyses for Fill

Grain Size Distribution
Borehole No. Sample No. o o o
% Gravel % Sand %Fines
BH15-1 1 34 55 11
BH15-2 1 17 47 36
BH15-3 1 18 63 20
BH15-3 2 12 81 8
BH15-3 3 24 51 26
BH15-4 4 54 33 13
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BH15-5 1 64 29 7
BH15-5 3 9 80 11
BH15-6 3 42 41 17
BH15-7 3 39 47 15
BH15-8 3 11 40 49
BH15-11 1 34 45 21

It should be noted that fill material is, by nature, a highly variable material and other soil types or
obstructions may be encountered during construction which were not encountered during drilling.

5.1.3 Auger Refusal/Bedrock

Auger refusal was encountered in the majority of the boreholes (not including BH15-11 through BH15-
13 which were terminated at shallow depth). Auger refusal was encountered at various depths ranging
from 1.5 m to 7.8 m (of the deeper holes, only Borehole BH15-6 did not meet auger refusal).

At Boreholes BH15-1 though BH15-4, BH15-9 and BH15-14/14A through BH15-22 bedrock was cored
using “N” size coring equipment. The bedrock is generally described as fresh to slightly weathered,
limestone with closely spaced shale partings. Rock Quality Designation (RQD) values range from 7% to
100% in the cores retrieved indicating very poor to excellent quality. The RQD values typically increase
with depth, which is typical of rock in the area.

Unconfined Compressive Strength (UCS) testing was completed on selected rock cores and yielded the
following values:
Table 3 — Results of UCS Testing

Borehole No. Depth (m) Unit Weight (kN/m3) UCS (MPa)
15-1 2.9 26.3 75.8
15-1 4.3 26.2 55.6
15-2 7.2 26.6 79.6
15-2 7.5 26.4 79.7
15-3 6.3 26.2 60.1
15-3 8.9 26.3 76.9
154 7.5 26.4 57.5
15-9 4.0 26.4 63.7
15-9 5.0 26.2 71.8
15-15 5.8 26.6 95.1
15-16 2.2 26.5 95.4
15-18 6.7 26.4 102.2
15-19 5.2 25.9 97.0
15-20 2.3 26.6 100.3
15-20 7.0 26.7 73.5

Average 26.4 78.9
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5.2 Groundwater Conditions

Piezometers were installed in Boreholes BH15-1 through BH15-4 during the field investigation. The
groundwater levels within the piezometers were measured and found to be between 2.8 m and 5.5 m
below the existing ground surface as presented below at the time of the original investigation in the
summer of 2015. A subsequent measurement was taken at accessible (and new) piezometers in
February, 2016 and in July, 2016.

Table 4 —Groundwater Elevations

Elevation Measured Groundwater Elevation (m)
Borehole No. (Top of
Borehole) August 2015 February, 2016 July, 2016
BH15-1 483 m 46.0 -- 45.4
BH15-2 46.0m 41.4 42.8 40.7
BH15-3 451m 41.2 42.9 40.4
BH15-4 457 m 41.4 - 414
BH15-14/14A 450m -- 40.3
BH15-15 44.7 - - 40.2
BH16-23 45.6 - - 41.3

At Borehole BH15-1 the measured groundwater level was significantly higher than the adjacent river (by
several metres). This may indicate the presence of a shallow perched water table within the upper
bedrock.

It should be noted that the groundwater levels can vary and are subject to seasonal fluctuations as well
as fluctuations in response to major weather events. At this site, it should also be anticipated that
groundwater levels would fluctuate with the level of the river.

53 Summary

A summary of the soil and groundwater conditions encountered within the boreholes near the proposed
bridge abutment locations is presented below.

Table 5 - Simplified Stratigraphy and Groundwater Elevations

Borehole Simplified Stratigraphy (Depth in Measured
No. metres) Ground Notes
Topsoil or | Overburden Bedrock Water
(Elevation) [ hat & Fill (Cored) Elev.(m)?
BH15-1 0-0.13 | 0.13-15 15-44 45.4-46.0 --
BH15-2 0-0.09 | 0.09-4.38 48-79 40.7-42.8 --
BH15-3 0-0.09 | 0.09-5.8 5.8-9.1 40.4-429 --

2 Where a range is presented the values are the range of values measured during various field visits.
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Borehole Simplified Stratigraphy (Depth in Measured
No. metres) Ground Notes
Topsoil or | Overburden Bedrock Water
R Asphalt & Fill (Cored) Elev.(m)?
BH15-4 0-0.27 | 0.27-6.5 6.5-9.7 41.4 --
BH15-5 0-0.05 | 0.05-74 -- -- Refusal at 7.4 m.
BH15-6 0-0.11 | 0.11-8.2 -- -- Borehole terminated at 8.2 m.
BH15-7 0-0.10 | 0.10-7.0 - - Refusal at 7.0 m.
BH15-8 0-0.14 | 0.14-7.8 -- -- Refusal at 7.8 m.
BH15-9 - 0-3.8 3.8-56 - -
BH15-10 0-0.05 | 0.0501.3 -- -- Refusal at 1.3 m.
BH15-11 0-0.13 | 0.13-15 - - Borehole terminated at 1.5 m.
BH15-12 0-0.10 | 0.10-1.8 - - Borehole terminated at 1.8 m.
BH15-13 0-0.08 | 0.08-1.8 -- -- Borehole terminated at 1.8 m.
BH15-14 0-0.15 | 0.15-1.6 1.6-2.13 -- Borehole terminated at 2.1 m.
BH15-14A | 0—0.30 | 0.30-1.6 1.6-6.5 40.3 --
BH15-15 -- 0-34 3.4-5.0 40.2 --
BH15-16 - 0-0.7 0.7-5.0 -- -
BH15-17 - 0-5.6 5.6-7.8 - -
BH15-18 - 0-6.3 6.3-7.7 -- -
BH15-19 - 0-4.9 49-7.9 -- -
BH15-20 -- 0-51 51-7.7 -- --
BH16-21 0-0.2 0.2-3.7 3.7-7.7 -- --
BH16.22 B 29-28 98— 6.6 B Borehole drilled over water;
water from 0.0 - 2.8
BH15-23 0-0.1 0.1-4.9 -- 41.3 Refusal at 2.9 m.
BH15-24 - 0-1.2 - - Refusal at 1.2 m in wood.
Test pit terminated at 1.7 m
TP15-1 0-0.24 | 0.24-1.7 -- 1.7 .
due to excessive seepage.
Test pit terminated at 1.6 m
TP15-2 0-0.20 | 0.20-1.6 -- 1.6 .
due to excessive seepage.

6. DISCUSSION AND RECOMMENDATIONS
6.1 General

This section of the report provides engineering guidelines on the geotechnical design aspects of the
project based on our interpretation of the available information described herein and project
requirements.

3 Borehole only cored to 0.5 m depth due to inability to continue accessing the site at the time of the investigation.
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Contractors bidding on or undertaking the works should examine the factual results of the investigation,
satisfy themselves as to the adequacy of the factual information for construction, and make their own
interpretation of the factual data as it affects their proposed construction techniques, schedule, safety,
and equipment capabilities.

Reference should be made to the Limitations of this Report which follows the text but forms an integral
part of the report.

6.2 Frost Protection

The depth of frost penetration for the site is 1.8 m. Where sufficient depth of cover does not exist (for
example along the toe of the foundations) extruded polystyrene insulation may be used to provide frost
protection.

All foundation elements should therefore have a permanent soil cover of at least 1.8 m (or its thermal
equivalent if artificial insulation is used).

The sound rock present at the site would typically not be considered frost susceptible. The upper
weathered and disturbed rock may, however, have seams of soil-like material in joints and fractures
which could be frost susceptible. If frost protection is not provided, these areas should be reviewed (and
potentially proved with additional small vertical holes) during construction. Alternatively insulation can
simply be provided where soil cover is insufficient and no further review during construction would be
required.

6.3 Seismic Site Classification

The site is located in an area of moderate seismic activity. The current design includes 3 m or less of soil
between the underside of the bridge abutments and the underlying rock. For the purposes of seismic
design, the Site Classification for Seismic Site Response may be assumed to be Site Class B (Rock).

The Peak Horizontal Ground Acceleration (PHA) for an earthquake with 2% chance of exceedance in 50
years (2,475 years return period event) is 0.323 g according to the Earthquakes Canada seismic hazard
values calculator. The corresponding spectral accelerations are S;(0.2) = 0.635 and S,(1.0) = 0.137. These
values correspond to a Seismic Performance Category of 2 or 3 depending upon the fundamental period
of the bridge structures and Importance Category (See Table 4.10 of the CHBDC).

6.4 Seismic Liquefaction

Based on the results of the field investigation it is considered that there is no significant risk of
liguefaction under the design earthquake.

6.5 Bridge Foundations

At the north abutment of the North Bridge (BH15-14/14A) the overburden depth was found to be
relatively shallow (1.6 m at the abutment, dipping towards the river). At the south abutment of the
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north bridge, (BH15-2, 15-15 and 15-16) the rock was found to be approximately 4.8 m below the
ground surface (relative to the flat ground on Richmond Landing). At these locations, shallow
foundations placed on rock are currently proposed.

At the South Bridge abutments the rock surface was encountered at deeper depths, and deeper than
the normal water level in the river. At these locations it is unlikely that excavations for shallow
foundations will be a preferred option, given the requirements for dewatering.

Extensive environmental investigations are beyond SPL’s current scope of work. It is, however, known
based on previous reports provided by the NCC that impacts exist within the fill material which is
present over most of the site. Where large excavations are carried out near the river it is important to
consider the requirements for disposal of excess soils and protection of the adjacent Ottawa River.

6.5.1 Shallow Foundations

If construction of a shallow foundation on rock at BH15-1 is a preferred option, the unfactored bearing
resistance of foundations placed on the existing rock may be taken as 3.0 MPa. A geotechnical
resistance factor of 0.5 should be applied to this, for a factored resistance at ULS of 1.5 MPa. If higher
bearing resistances are required then the rock may be excavated to sound, undisturbed rock (1 m to 1.5
m below the rock surface) in which case the geotechnical bearing resistance may be increased to 6 MPa
and 3 MPa at ULS (unfactored and factored, respectively).

The settlement of rock associated with these bearing pressures is typically significantly less than the 25
mm normally accepted and therefore SLS conditions generally do not govern the design of foundations
constructed on rock.

The coefficient of sliding resistance between the bridge footing and the underlying rock (or mass
concrete if used to raise the grade between the as-found rock surface and the underside of footing) may
be assumed to be 0.7.

All bearing surfaces should be checked, evaluated and approved at the time of construction by a
geotechnical engineer who is familiar with the findings of this investigation and the design and
construction of similar structures prior to placement of any concrete.

6.5.2 Deep Foundations
Deep foundations are likely the most feasible foundation option for the South Bridge abutments.

Based on the preliminary designs for the two bridges it is possible that driven piles will be very short (in
several cases shorter than the 3 m minimum that is typically required) because of the relatively shallow
bedrock.

Where foundation depths are too short for driven steel piles drilled and cast-in-place piles (caissons)
with rock sockets can be considered. Where sufficient depth exists for driven steel piles then either
deep foundation type may be used.
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6.5.2.1 Rock-Socketed Caissons

6.5.2.1.1 Compressive Resistance

The compressive resistance of drilled and cast-in-place piles (caissons) which incorporate rock sockets
will be a function of the shaft resistance of the socket. For design purposes, the unfactored shaft
resistance of a socket in sound rock may be taken as 3.0 MPa. A geotechnical resistance factor of 0.4
should be applied to this value resulting in a factored resistance at ULS of 1.2 MPa. Because of the
difficulty in ensuring a clean base, end resistance is typically ignored in assessing the compressive
resistance of small-diameter caissons.

The displacements required to reach the ULS condition in a properly constructed rock socket are
typically small and therefore SLS considerations do not generally govern the design of caissons socketed
in sound rock.

The upper portion of the rock was typically found to be highly fractured, with relatively low RQD values,
which is normal for bedrock in the area. RQD values and rock quality generally increase with depth.
Typical design practice is to simply ignore the resistance in the upper poor quality rock when assessing
the overall socket capacity.

For design purposes the following table provides typical depths to sound rock (and therefore the
theoretical top of the rock socket for design purposes).

Table 6 — Depth to Sound Rock and Depth to Top of Rock Socket

Depth of Highly | Top of Theoretical
Borehole | Apbroximate Rock Surface Fractured or Socket
Location — . Depth/Elevation Poor Quality Depth/Elevation
No. BH Elevation
(m) Rock (m)
(m)
North Bridge, BH15-
North 45.0 m 1.6/43.4 1.4 3.0/42.0
14/14A
Abutment
North Bridge,
South BH15-15 44.7 m 3.4/41.4 0.7 4.1/40.7
Abutment
South Bridge,
North BH15-3 45.1m 5.8/39.3 1.4 7.2/37.9
Abutment
South Bridge,
South BH15-18 453 m 6.3/39.0 0.9 7.2/38.1
Abutment

The above resistances assume a minimum centre-to-centre caisson spacing of 3 times the caisson
diameter. If caisson groups are constructed with more closely spaced caissons then the individual
caisson capacities should be reduced to account for overlap of vertical caisson loads.
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6.5.2.1.2 Uplift Resistance

For the purposes of determining the uplift capacity of drilled, rock-socketed caissons the unfactored
ultimate shaft resistance within the rock sockets may be assumed to be 3.0 MPa. A geotechnical
resistance factor of 0.3 should be applied to this value, resulting in a factored resistance at ULS of 0.9
MPa. The dead weight of the caisson itself (with an appropriate structural resistance factor for dead
weight) may also be added to the geotechnical resistance in calculating the total uplift resistance.

The total uplift resistance of a caisson group is the lesser of the sum of the individual caisson resistances
as described above, or the resistance of a single “block” of soil and rock with a perimeter equal to the
perimeter of the caisson group (the mass of the soil and rock inside the “block” may be included in the
calculation; use a unit weight of 19 kN/m? for soil and 26 kN/m?3 for rock).

6.5.2.1.3 Lateral Resistance

If caissons are used lateral loads would typically be resisted by the lateral resistance of the vertical
caissons (and adjacent soil).

The lateral resistance of deep foundations is typically governed by limiting the deflection which will
occur under loading to some acceptable level. The geotechnical parameter most commonly used to
determine lateral deflection of caissons in soil is the coefficient of horizontal subgrade reaction (ks). For

this site ks may be assumed to be:
ks = 6.6 (z/d) above the water table

and

ks = 4.4 (z/d) below the water table

Where: ks = the modulus of subgrade reaction (MPa/m);
z = depth below final grade;
d = caisson or pile diameter

Due to the permeable nature of the soils at the site the groundwater level for desigh may be assumed to
be at the higher of the encountered groundwater levels or the design flood elevation of the river (i.e. it
should be assumed that should the river rise, groundwater levels will also rise).

The use of a modulus of subgrade reaction provides a linear “spring” coefficient for modelling soil-
caisson response. The total resistance applied by the spring should be limited to the passive pressure of
the soil (see Section 6.8); i.e. the soil resistance will increase linearly with deflection up to the passive
pressure, beyond which the lateral resistance of the soil will remain constant even with increasing
deflection.

This parameter is associated with acceptable deflections, and is an unfactored SLS value. The
corresponding geotechnical resistance factor (dgs) may be taken as 0.8 and should be applied the above
values for design.
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The value above is for a single pile. Group interaction must be considered when piles are spaced closely
together. Group effects may be accounted for by reducing the coefficient of horizontal subgrade
reaction (ks) by an appropriate factor as follows:

Table 7 - Coefficient of Horizontal Subgrade Reaction Reduction Factors

Pile Spacing in Direction of Loading Reduction Factor
(d = pile diameter)
6d 1.0
3d 0.25

Values for other spacings may be interpolated from the above. No reduction is required for the first row
of piles (i.e. the row which bears against undisturbed soil with no piles in front).

The lateral resistance of the rock-socketed portions of the piles (i.e. below the overburden) is likely to be
significantly higher than the resistance of the existing soil overburden or new backfill above. For the
purposes of determining the resistance of the portions of the piles in rock, the weathered, fractured
portion of the rock may be conservatively modelled as soil down to sound rock (see Table 6 above). The
caissons may be assumed to be essentially fixed at the top of the theoretical rock socket provided in
Table 6, as the deflection of sound rock under lateral load will be very small compared with the
deflection of the portion in soil.

Based on experience with similar projects in the past, it is likely that should significant lateral resistances
be mobilized to depths of 6 m to 7 m below grade, the lateral deflections will have often already
become unacceptable regardless of the higher lateral resistances at depth.

If the lateral deflection of the foundations is a critical issue then it is recommended that a more rigorous
non-linear method (such as the method of p-y curves) be used to model the soil-pile system. These more
rigorous methods require detailed understanding of the proposed soil-pile system (pile type, size,
spacing, depths, etc.) and are best undertaken in detailed design.

In the event the lateral resistance of the soil/rock is insufficient to limit deflections to an appropriate
level, then it is understood the foundations may be anchored to resist lateral forces. Discussion of rock
anchors is provided in Section 6.10 below.

The ultimate geotechnical resistance to lateral loading for a caisson embedded in sound rock may be
estimated by limiting the horizontal bearing stress at the top and toe of the theoretical rock socket
(provided in Table 6) to an unfactored value of 3.0 MPa and a factored value of 1.5 MPa.

6.5.2.1.4 Negative Skin Friction

The raising of the grade and/or permanent lowering of the groundwater table will cause settlement of
the existing soils which will in turn cause negative friction or down drag on the piles. Under either of
these conditions the potential exists to develop negative skin friction along the piles and this should be
considered in the final design.
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The magnitude of negative skin friction depends on the pile loading, dimensions and the final
configuration of the site, as well as the details of the permanent below-grade portions of the structure.
For preliminary design, however, the negative skin friction can be assumed to be equal to the shaft
friction as calculated for uplift resistance calculated as below (the normal resistance factor of 0.3 should
not be applied).

The unfactored shaft resistance (gs) is equal to:
as= Po./ =p('h)

where: gs = the unfactored shaft resistance (in kPa)
B = the shaft resistance factor based on pile and soil type (use 0.4)
o, = the effective stress at a given depth equal to y'h
Y’ = the effective soil unit weight at a given depth (use 19 kN/m? above the water table
and 9 kN/m? below the water table; for design purposes the water table should be taken
as the higher of the encountered groundwater level or the design flood level in the
river);
h = the depth below the (final) ground surface

Negative friction is typically only considered in conjunction with dead and sustained live loads (not
transient loads such as wind, earthquake and transient live loads) in evaluating the structural capacity of
the pile. Negative friction does not impact the geotechnical resistance of the piles.

6.5.2.1.5 Construction Considerations

The caissons will be drilled through overburden soils which are known to contain cobbles, boulders,
concrete, metal, timber, and other obstructions. In addition the bore will pass through sands and gravels
below the water table which should be assumed to have virtually no “stand-up” time and will behave as
flowing soils if left unsupported. Temporary steel casing will be required to prevent collapse of the
sidewalls during drilling through overburden.

Groundwater should be expected during drilling of the rock sockets. It is anticipated that groundwater
inflow can be handled by pumping from the caisson provided the flow through the overburden is
appropriately cut off. There may, however, be locations where jointing of the rock mass results in
higher groundwater flows and contractors should be prepared to deal with additional flow (for example
by extending casing, pumping at an increased rate, placement of concrete by tremie, etc.) during
construction.

The capacity of rock sockets is highly dependent upon the construction quality of the socket, which must
be appropriately cleaned prior to concreting. It is recommended that contractors be required to submit
their construction methodology (including type of equipment, drilling procedure, procedure for cleaning
the socket, etc.) for review prior to beginning installation.

All deep foundation construction should be inspected on a full-time basis by qualified staff under the
supervision of a geotechnical engineer.
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6.5.2.2 Driven Steel Piles

If the depth to rock is sufficient (greater than 3 m to 4 m) then driven steel piles may be considered as a
foundation option.

6.5.2.2.1 Compressive Resistance

Steel piles would be driven to bedrock which was encountered at depths of up to 7.4 m below the
existing ground surface at the proposed bridge abutment locations.

Piles driven to sound rock typically generate high ultimate geotechnical capacities, generally equal to or
in excess of the structural capacity of the steel section. For the purposes of design, the ultimate
geotechnical resistance may be assumed to be equal to the ultimate structural resistance of the steel
section. A resistance factor of 0.4 should be applied to this value to obtain the factored geotechnical
resistance of a pile driven to sound rock.

As an example, an HP310x79 has an ultimate structural resistance of 3,490 kN (based on the cross-
sectional area and assuming 350 MPa yield strength, and ignoring buckling, bending, lateral loads, etc.
or any other more complex situations which may reduce the structural capacity). The factored
geotechnical resistance of an HP310x79 driven to sound rock can therefore be assumed to be 1,395 kN
(0.4 x 3,490).

Settlements for piles driven to sound rock are generally negligible, and the geotechnical resistance
mobilized at 25 mm of settlement (SLS) would normally exceed the factored axial resistance at ULS.
Geotechnical SLS considerations therefore do not generally govern the design of piles driven to sound
rock.

6.5.2.2.2 Uplift Resistance

The uplift resistance of a pile will be as a result of skin friction acting along the surface area of the
embedded pile.

The unfactored shaft resistance (gs) is equal to:
as= Pov’ =P(y'h)

where: gs = the unfactored shaft resistance (in kPa)
[ = the shaft resistance factor based on pile and soil type (use 0.4)
o, = the effective stress at a given depth equal to y'h
Y’ = the effective soil unit weight at a given depth (use 19 kN/m? above the water table
and 9 kN/m3 below the water table; for design purposes the water table should be taken
as the higher of the encountered groundwater level or the design flood level in the
river);
h = the depth below the (final) ground surface
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A resistance factor of 0.3 should be applied to this value, to obtain the factored geotechnical uplift
resistance. The dead weight of the pile itself (with an appropriate structural resistance factor for dead
weight) may also be added to the geotechnical resistance in calculating the total uplift resistance.

The total uplift resistance of a pile group is the lesser of the sum of the individual pile resistances as
described above, or the resistance of a single “block” of soil with a perimeter equal to the perimeter of
the pile group (the mass of the soil inside the “block” may be included in the calculation; use 19 kN/m3).

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

6.5.2.2.3 Lateral Resistance

As with caissons, the lateral resistance of long piles is typically governed by limiting the deflection which
will occur under loading to some acceptable level. The geotechnical parameter most commonly used to
determine lateral deflection of caissons in soil is the coefficient of horizontal subgrade reaction (ks)
which may be assumed as recommended in Section 6.5.2.1.3 for Caissons above.

The ultimate lateral resistance of a slender pile typically does not govern the overall design because of
the high displacements required to reach ULS. However, should a geotechnical ULS value be required
one can be calculated using the Broms method referenced in the Canadian Foundation Engineering
Manual or the method of P-Y curves as discussed above for caissons. These methods, however, both
require knowledge of geometry of the foundation and therefore cannot be completed until the detailed
design phase.

6.5.2.2.4 Negative Skin Friction

The raising of the grade and/or permanent lowering of the groundwater table will cause settlement of
the existing soils which will in turn cause negative friction or down drag on the piles. Under either of
these conditions the potential exists to develop negative skin friction along the piles and this should be
considered in the final design.

The magnitude of negative skin friction depends on the pile loading, dimensions and the final
configuration of the site, as well as the details of the structure and will need to be confirmed during
detailed design based on these factors. For preliminary design, however, the negative skin friction can
be assumed to be equal to the shaft friction as calculated for uplift resistance above (the resistance
factor of 0.3 should not be applied).

Negative friction is typically only considered in conjunction with dead and sustained live loads (not
transient loads such as wind, earthquake and transient live loads) in evaluating the structural capacity of
the pile. Negative friction does not impact the geotechnical resistance of the piles.
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6.5.2.2.5 Construction Considerations

The piles will be driven to bedrock (which is expected to be up to 7.5 m below the existing ground
surface through ground which is expected to contain cobbles, boulders and other similar obstructions.
Some allowance should be made for wasting of piles which become damaged or for reduced design
capacities for piles which cannot be successfully driven to rock.

Appropriate piling equipment and hammers capable of generating sufficient driving energy will be
required to drive the piles to rock and mobilize the full geotechnical resistance of the pile. Allowance
should also be made for re-striking a portion of the piles a minimum of 2 days after initial driving to
confirm that relaxation has not occurred. The rock quality is generally good and significant penetration
into the bedrock is not expected.

The piling specifications should be reviewed by SPL prior to tender, as should the contractor’s
submission (i.e. shop drawings, equipment, procedures and preliminary set criteria) prior to
construction. Preliminary pile driving criteria should be established prior to construction using wave
equation analysis (WEAP or similar) or other approved means and confirmed through a program of
dynamic testing (PDA Testing) carried out at an early stage in the piling program. Additional PDA testing
should be used to confirm the pile capacities at regular intervals as the project progresses.

All piling operations should be supervised on a full-time basis by SPL to monitor pile locations,
plumbness, pile set, re-striking, etc. and to confirm that the design and construction of the piles is as
anticipated in preparing the recommendations included in this report.

6.6 Ceremonial Landing and Dock

It is understood the proposed ceremonial dock and landing structure will be a relatively lightly loaded
structure similar to a concrete slab-on-grade, to which a section of floating dock will be
connected/anchored.

Borehole BH15-20 as well as Test Pits TP15-1 and TP15-2 were advanced at this location and
encountered fill material which included silty sand, cobbles, boulders, brick, asphalt, concrete, cut stone
blocks, etc. This fill extended to a depth of 5.1 m. Test pitting within the fill material at this location
revealed the material is primarily soil mixed with a significant amount of large debris down to 1.6 m to
1.7 m. Below this depth (which coincided with the level of the river at the time of the test pitting,
further excavation was not possible due to excessive seepage).

For preliminary planning and design the following is recommended for construction of the sub-grade at
the dock location:

e Strip the existing topsoil and fill material to a minimum of 450 mm below the proposed base of
the slab on grade;

e Place 150 mm of Granular B Type Il over the exposed fill material as a levelling course and
compact to 95% SPMDD, filling any voids exposed on the surface of the coarse fill material;
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e Place a layer of geotextile and geogrid (such as a Combigrid or similar product);
e Place 300 mm of Granular A and compact to 98% SPMDD;
e Construct the concrete slab on grade

The factored geotechnical bearing resistance at ULS for an appropriately prepared foundation may be
assumed to be 150 kPa.

The geotechnical resistance of the slab-on-grade at SLS will depend on the settlement characteristics of
the soil below the slab, as well as the magnitude and geometry of loading. The geotechnical parameter
typically used for analysis of settlement below a raft or slab is the vertical modulus of subgrade reaction.
Based on the field investigation, a modulus of subgrade reaction (ky) of 40 MPa/m may be used for a
subgrade prepared as recommended above.

The modulus of subgrade reaction is not a fundamental soil property, but is dependent upon the size
and shape of the loaded area, soil type, relative stiffness of the raft and soil, duration of loading, etc. As
a result, the modulus for a 300 mm square footing is typically used as a standard basis. For loaded areas
greater than 300 mm square the above value should be multiplied as follows:

b+0.3]2

.fc'-'b=.fcﬂ1[
v v 2

where

kvs = the modulus for actual loaded area of b
b = width of the loaded area; for b > 4 m the corresponding value for b = 4 m may be used with
no further reduction

It should be noted that fill material can be highly variable and adjustments may need to be made to the
subgrade preparation in light of uncovered conditions as construction proceeds. The area should be
reviewed during excavation and proof-rolling and prior to placement of any engineered fill, and if
required the above recommendations adjusted as appropriate in the field.

In the event caisson foundations are required to support/anchor portions of the dock structure the
recommendations in Section 6.5 above may be followed.

6.7 Monument Foundations

There are four proposed new monuments located throughout the project area (near Boreholes BH15-5
through BH15-8). The current plans incorporate a single monument at BH15-6 through BH15-8 and a
slab-on-grade at BH15-5 to be used as a support for a future light monument(s).
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6.7.1 Shallow Foundations (BH15-6 through BH15-8)

It is understood the structures at BH15-6 through BH15-8 will include statues or similar monuments on
concrete pedestals. It is further understood that these monuments would be relatively tolerant of
settlement.

The existing sub-grade in an area 1 m larger than the foundation (on all sides) should be proof rolled
and compacted to 95 % SPMDD with a smooth drum vibratory roller. Any loose or soft areas exposed in
the sub-grade should be removed and replaced with compacted granular fill (Granular A or Granular B
Type 1) compacted to 95% SPMDD. All foundation subgrades should be reviewed and approved by a
geotechnical engineer

For a properly prepared subgrade, the factored geotechnical bearing resistance may be assumed to be
150 kPa at ULS. The geotechnical bearing resistance at SLS may be assumed to be 100 kPa. It should be
noted that the soils at the area are primarily fill material which is highly variable in nature. It is possible
that settlement of the foundations will occur. Settlements for foundations with a width of up to 3 m
may be assumed to be on the order of 25 mm. For foundations larger than 3 m the proposed loading
and size should be reviewed by SPL during detailed design.

6.7.2 Slab-on-Grade Foundation (BH15-5)

It is understood the proposed monument near BH15-5 has yet to be defined, but will include a large
concrete slab-on-grade supporting the eventual monument(s).

New concrete slabs-on-grade (if required) should be supported on at least 300 mm of compacted, free-
draining, well graded crushed sand and gravel (Granular “A”). All topsoil and deleterious material
should be removed and the prepared surface recompacted and proof-rolled prior to placement of the
sand and gravel. The crushed sand and gravel should be placed over the properly prepared subgrade or
engineered fill and compacted to 98% of the materials Standard Proctor Maximum Dry Density (SPMDD)
using a heavy vibratory roller.

For the purposes of the eventual design of the slab to support various imposed loads, a modulus of
subgrade reaction (k) of 30 MPa/m may be used for a subgrade prepared as recommended above.

The modulus of subgrade reaction is not a fundamental soil property, but is dependent upon the size
and shape of the loaded area, soil type, relative stiffness of the raft and soil, duration of loading, etc. As
a result, the modulus for a 300 mm square footing is typically used as a standard basis. For loaded areas
greater than 300 mm square the above value should be multiplied as follows:

b+0.3]2

kﬂb=kﬂ1[
1 : b

where:

kvo = the modulus for actual loaded area of b
b = width of the loaded area;
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It should be noted that fill material can be highly variable and adjustments may need to be made to the
subgrade preparation in light of uncovered conditions.

6.8 Earth Pressures
6.8.1 Static Earth Pressures

The lateral earth pressures acting on the abutment stems and any associated wing walls / retaining walls
will depend on the type and method of placement of the backfill materials, on the nature of the soils
behind the backfill, on the magnitude of surcharge including construction loadings, on the freedom of
lateral movement of the structure, and on the drainage conditions behind the walls.

The following recommendations are made concerning earth pressures for the design of new foundation
walls, retaining walls, etc. It should be noted that these design recommendations and parameters
assume level backfill and ground surface behind the walls. The current proposed alignments include
approximately flat ground behind the foundation walls. If design changes require sloping ground then
the earth pressure coefficients should be adjusted accordingly.

Table 8 — Earth Pressure Coefficients for Granular Fill (Existing and New)

Parameter Value (Unfactored)
Material Granular A or Existing Fill
Granular B Material
Angle of Internal Friction () 34 degrees 30 degrees
Unit Weight 22.0 kN/m?3 20.0 kN/m?3
above the above the
groundwater groundwater
table table
o *E,,-J' Coefficient of Active Earth Pressure (ka) 0.27 0.33
= 5 '] Coefficient of Earth Pressure at Rest (ko) 0.43 0.5
RN Coefficient of Passive Earth Pressure (k) 3.8 3.0
. 10,,-)' Coefficient of Active Earth Pressure (ka) 0.38 0.45
- 9 Coefficient of Earth Pressure at Rest (ko) 0.63 0.72
N wn © Coefficient of Passive Earth Pressure (kp) 3.8 3.0

If the wall support and superstructure allow lateral yielding of the stem, active earth pressures may be
used in the geotechnical design of the structure. If the abutment support does not allow lateral yielding,
at rest earth pressures should be assumed for geotechnical design.

The geotechnical resistance factor for passive pressure should be taken as 0.5. Even with this factor it
should be noted that a displacement or deflection of the wall on the order of 1% to 2% of the retained
height will still be required to mobilize the passive resistance. If these deflections cannot be tolerated
then passive earth pressure (even factored) should not be relied upon to resist lateral loads. Active and
at-rest earth pressures represent loads, and should be factored accordingly for structural design.
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A minimum compaction surcharge of 12 kPa should be included in the lateral earth pressures for design
(i.e. where the calculated earth pressure is less than 12 kPa, use 12kPa). Compaction equipment should
be used in accordance with OPSS 501. Other surcharge loadings should be accounted for in the design,
as required.

Select free draining granular fill meeting the specifications of Ontario Provincial Standard Specifications
(OPSS) Granular ‘A’ or Granular ‘B’ Type Il, should be used as backfill behind the walls. Longitudinal
drains and weep holes should be installed to provide positive drainage of the granular backfill.

The granular fill should be placed in a zone behind the back of the wall defined by a line drawn at 1
horizontal to 1 vertical (1H:1V) extending up and back from the rear face of the footing or wall (see
Figure C6.20 of the Commentary to the CHBDC).

6.8.2 Seismic Earth Pressures

Earth pressures will be higher under seismic loading conditions. In order to account for seismic earth
pressures the seismic earth pressures may be assumed to be:

Pae = 1/2}’|'|2( 1'kv)KAE
and

Ppe = 1/2}’|'|2( 1'kv) Kpe

Where Pae = Seismic Active Earth Pressure (kN);
H = the total height of the wall (m);
ky = vertical acceleration coefficient (use 0.2);
Kae = the seismic active earth pressure coefficient (use 0.5);
Ppe = Seismic Active Earth Pressure (kN);
Kee = the seismic passive earth pressure coefficient (use 4);

The above earth pressure values (both static and seismic) are unfactored values.

The seismic earth pressure component (Pae — Pa) should be assumed to act at a height of 0.6H above the
base of the wall (i.e. higher than the non-seismic earth pressure component, P, which is typically
assumed to act at 0.33H).

6.9 Embankment Design and Construction

The current preliminary design does not require any significant changes to the site grading aside from
backfilling the area immediately behind the new abutments. Based on the soil types encountered, these
minor grade raises are not expected to have any significant impact.

SPL Consultants Limited October 2016



Project 10001599 22
Richmond Landing Shoreline Access Feasibility Study, Ottawa, ON

The currently proposed design will not significantly alter the slopes along the Ottawa River, and because
the bridge abutments will most likely be on deep foundations or rock, they will not be impacted by (or
contribute to) any potential instability of the existing slopes.

6.10 Rock Anchors

The ultimate geotechnical pull-out resistance provided by an anchor in limestone should be taken as the
lesser of:

e The capacity of the anchor calculated using an unfactored bond stress of 3,000 kPa along the
grout/rock interface. The upper portion of weathered or highly fractured rock should be ignored
above the depths provided in Table 6 above.

e The buoyant weight of a cone of rock (and overlying soil) having an angle of 30 degrees from the
axis of the anchor with the apex located at the tip of the anchor. The unit weight of the rock
may be assumed to be 26 kN/m?3 above the water table and 16 kN/m?3 below the water table. For
soil, a unit weight of 19 kN/m? and 9 kN/m3 can be used above and below the water table,
respectively.

Where multiple anchors are to be installed the total resistance of the group must consider the potential
overlap of the theoretical cones of the rock masses stressed by individual anchors, in which case the
weight should be the weight of the truncated cones.

A geotechnical resistance factor of 0.4 should be applied to the total resistance obtained using the
above calculations.

Typically, the displacement required to mobilize the full bond stress in rock is relatively small, and
therefore for preliminary design the displacement of the rock socket at SLS can be assumed to be
similarly small (typically less than 5 mm). SPL can confirm this assumption in the detailed design phase
based on the actual anchor details.

The actual capacity of the soil and rock anchors should be confirmed by at least two full scale
“performance” tests at an early stage of construction in accordance with Post-Tensioning Institute (PTI)
and CFEM guidelines taken to 200% of working load. In the field, each installed anchor should be proof
loaded to 1.33 times the design working load for the anchor, in accordance with PTI and CFEM
guidelines. The soil/rock anchors should be double-corrosion protected (Class I).

At abutments where a full-scale load test is completed the geotechnical resistance factor may be
increased to 0.55, and therefore consideration may be given to increasing the number of load test
locations if increased anchor capacities are desirable.
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6.11 Construction Considerations

6.11.1 Excavations

All excavations should be carried out in accordance with the most recent Occupational Health and Safety
Act (OHSA). If required, SPL can provide additional guidance based on preliminary excavation plans,
depths, etc. during the construction phase of the project.

6.11.1.1 Excavations in Soil

The soils at the site are primarily fill material which includes silts, sands and gravels as wells as cobbles,
boulders, concrete, timber and other obstructions. For preliminary planning purposes these soils above
the water table (or depth of de-watering) can be classified as a Type 3 Soil. These soils should be
classified as a Type 4 Soil below the water. These classifications must be reviewed and confirmed by a
qualified person during excavation.

Stockpiling of soil beside the excavations should be avoided; the weight of the stockpiled soil could lead
to basal instability of braced excavations or slope instability of unsupported excavations.

Environmental investigations are beyond the scope of this current report. It is noted, however, that
previous investigations have identified impacts in the fill material, which will need to be accounted for
when planning excavations, disposal of excess soil, etc. Care should also be taken to protect the
adjacent river from any potential impacts during excavation.

6.11.1.2 Excavations in Rock

Bedrock excavation will be required for the north abutment of the north bridge, and may be required
for the south abutment of the north bridge.

Shallow excavations in weaker or more heavily jointed rock may be feasible with mechanical excavating
(i.e. hoe-ramming). Deeper excavations in more intact or competent rock are typically more
economically made by blasting.

Excavations cut into the bedrock can be on a near-vertical face (say 10V:1H). The face of the excavation,
however, must be scaled of any loose rock to protect the workers working in the excavation. Line drilling
may be required to adequately define and control the extent of rock excavation.

Deep excavations in weathered, heavily jointed or previously disturbed rock may require temporary
support to ensure stability and worker safety. All rock faces should be reviewed by a qualified person as
excavated.

6.11.2 Groundwater Control

Groundwater levels at the site were found to be at approximately 40.3 m elevation in July 2016 at the
north abutment of the north bridge (and based on BH15-1 rise towards the north) at Victoria Island.
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Piezometers installed on Richmond Landing (BH15-2, BH15-3 and BH15-15) encountered groundwater at
41.2m to 41.4 m elevation in August of 2015; 42.8 m to 42.9 m in February, 2016; and 40.2 m to 40.7 m
in July, 2016.

The piezometers on the south shore of the Ottawa River (BH15-4 and BH16-23) encountered
groundwater at 41.3 m to 41.4 m elevation).

In shallow excavations above the groundwater level seepage is likely to be manageable by pumping
from properly filtered sumps. If deeper excavations are required below the water table then an active
dewatering system, as well as cut-off walls will be required. In particular, should excavations be
extended below the level of the river at the time of construction they would require a major dewatering
effort.

It is anticipated that shallow excavations above the water table will likely not require a Permit To Take
Water (PTTW) provided the initial dewatering and any dewatering after rainfall events is kept to below
50,000 liters per day. If substantially deeper excavations below the water table or the level of the river
are required then this assumption is likely invalid and the requirements for a PTTW should be reviewed.

6.12 Corrosion and Cement Type

Samples of the existing fill and native silty clay were submitted to Exova Accutest for testing related to
soil corrosivity and potential exposure of concrete elements to sulphate attack. The results of these
tests are included in Appendix Ill and summarized in the table below.

Table 9 — Results of Soil Corrosivity Testing

Electrical
Borehole/ . Chloride | Conductivity Resistivity | Sulphate
Sample No. Soil Type (%) (mS/cm) PH (ohm-cm) (%)
BH15-1 GS1 Fill <0.002 0.18 8.6 5,560 0.03
BH15-2 GS1 Fill 0.003 0.27 8.5 3,700 0.02
BH15-3 SS2 Fill <0.002 0.18 8.2 5,560 0.02
BH15-4 SS3 Fill 0.003 0.35 9.7 2,860 0.07

The soil resistivity values measured in the fill suggest a moderately corrosive environment for buried
steel elements.

The test results also indicate low soluble sulphate content in the existing soils. For these values,
sulphate-resistant cement is not required (both for caissons as well as other buried concrete
components).
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7. ADDITIONAL RECOMMENDATIONS

Extensive environmental investigations are beyond the scope of SPL’s current assignment. There is,
however, enough existing information to suggest that there is a potential for any soils excavated from
the site to have environmental impacts. Similarly, groundwater pumped from the site may also have

impacts.

It is therefore recommended that the NCC begin developing a soil and groundwater management plan
to decide how excess soil and groundwater will be managed and disposed of during construction.

8. CLOSURE
The Limitations of this Report, as presented in Appendix V, are an integral part of this report.

We trust that the information contained in this report is satisfactory. Should you have any questions,
please do not hesitate to contact this office.

SPL CONSULTANTS LIMITED

L %

100011328

Chris Hendry, M.Eng., P.Eng.
Senior Geotechnical Engineer

)
,'T{%L <€ (/}:,/"’f;‘(

Fanyu Zhu, Ph.D., P.Eng.
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Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-01 1 OF 1

& SPL Consultants Limited

PROJECT: NCC Richmond Landing

CLIENT: National Capital Commission, Capital Planning Branch
PROJECT LOCATION: Richmond Landing, Ottawa, ON
DATUM: Geodetic

BH LOCATION: See Borehole Location Plan

DRILLING DATA

Method: Hollow Stem Auger Drilling

Diameter: 203 mm REF. NO.: 10001599
Date: Jul/27/2015 ENCL NO.:

SOIL PROFILE SAMPLES

(m)
ELEV

BenTH DESCRIPTION

STRATA PLOT
NUMBER
TYPE
N" BLOWS
0.3m
CONDITIONS

48.3

DYNAMIC CONE PENETRATION

RESISTANCE PLOT
— PLASTIC thA;rSl'JFTJAFKIE LIQUID
20 40 60 80 MIT

100 u CONTENT
| 1 1 I W w w,

1
SHEAR STRENGTH (kPa) 5
O UNCONFINED ~ + g'SeDuANE
® QUICKTRIAXIAL X LAB VANE WATER CONTENT (%)

20 40 60 80 100 10 20 30 GR SA SI CL

REMARKS
AND
GRAIN SIZE
DISTRIBUTION
(%)

POCKET PEN.
(Cu) (kPa)
NATURAL UNIT WT
(Mg/m®)

ELEVATION

=
~

48,9/ TOPSOIL - 125 mm

=)

7 GROUND WATER

0.1] GRAVELLY SAND trace to some
silt, brown, moist (FILL)

AP

A

1 (GRAB

S
o
™

—_
[$)]

LIMESTONE fresh to slightly
weathered, strong to very strong,
very closely bedded with close to
very closely spaced shale
partings,grey, with close to
moderately closely spaced horizontal
joints

Run 1: 1.5m - 2.9m

TCR: 86%

SCR: 63%

RQD: 7%

Run 2: 2.9m - 4.4m

TCR: 98%

SCR: 86%

RQD: 42%

2 |CORH

3 [CORH

R N
AHHHHEAHHEH

43.9

1-Cuttings

+Sand

--Screen

o 34 55 (11)

47

Bentonite

W.L.46.0m
Aug 10, 2015

W.L.454m
Jul 20, 2016

44

4.4 End of Borehole

Notes:

1) Auger refusal encountered at 4.4
m below the existing ground surface.
2) Borehole was dry upon completion
of augering.

3) Borehole was dry upon completion
of coring.

4) 19 mm dia. piezometer was
installed in the borehole upon
completion.

5) Date Depth-groundwater

08/10/2015 23m

- the piezometer was noted to be
clogged at 2.3 m below the surface
elevation

6) Date Depth-groundwater

07/20/2016 29m

- the piezometer was noted to be
clogged at 2.95 m below the surface
elevation

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16
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SPL Consultants Limited

Geotechnical Environmental Materials Hydrogeology

LOG OF BOREHOLE BH15-02

1 OF 2

PROJ

ECT: NCC Richmond Landing

CLIENT: National Capital Commission, Capital Planning Branch
PROJECT LOCATION: Richmond Landing, Ottawa, ON
DATUM: Geodetic

BH LOCATION: See Borehole Location Plan

DRILLING DATA

Method: Hollow Stem Auger Drilling

Diameter: 203 mm
Date: Jul/27/2015

REF. NO.: 10001599
ENCL NO.:

SOIL PROFILE

SAMPLES

(m)
ELEV

DEPTH

46.0

DESCRIPTION

STRATA PLOT

NUMBER

TYPE

0.3m

BLOWS

GROUND WATER
CONDITIONS

DYNAMIC CONE PENETRATION

RESISTANCE PLOT a
40 60 80

20
1 1 1 1

100

I

SHEAR STRENGTH (kPa)

O UNCONFINED

® QUICK TRIAXIAL
20 40 60

ELEVATION

80

+ FIELD VANE
& Sensitivity
X LAB VANE

100

We

10

NATURAL
PLASTIC MOISTURE
MIT N

S S |

WATER CONTENT (%)

REMARKS
AND
GRAIN SIZE
DISTRIBUTION
(%)

ITENT
w

POCKET PEN.
(Cu) (kPa)
NATURAL UNIT WT
(Mg/m®)

20 30

GR SA SI CL

48

Rk

445

Jopsoil - 90 mm
SILTY SAND some crushed gravel,
brown, moist (FILL)

IGRAB

—_
[$)]

[~ 44.2

SILTY SAND some gravel, some red
brick fragments, brown, moist (FILL)

—_
(oo

SILTY SAND brown, moist, loose to
compact (FILL)

- shale fragments

- mixed with organics

2A
2B

SS

25

3A
3B

SS

PP

SS

TP

SS

20

B b

WOOD mixed with silty sand and

bl g
I IEN

- 38.1

“gravel with a strong PHC odour.
LIMESTONE fresh to slightly
weathered, strong to very strong,
very closely bedded with close to
very closely spaced shale partings,
grey, with close to moderately closely
spaced horizontal joints

Run 1:4.75m - 5.61m
TCR: 71%

SCR: 51%

RQD: 0%

Run 2:5.61m-7.11m
TCR: 100%

SCR: 86%

RQD: 42%

Run 3: 7.11m - 7.85m
TCR: 98%
SCR: 97%
RQD: 59%

SS

ICORH

50/
50
mm

ICORE

AHHHHHHHHHH

ICORE

+Sand

Bgrltontie

17 47 (36)

44

Cuttings

W.L. 428 m
Feb 08, 2016

42

W.L. 41.4m
Aug 10, 2015

41

W. L. 40.7m
Jul 20, 2016

40

7.9

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

End of Borehole

Notes:

1) Auger refusal encountered at 4.75
m below the existing ground surface.
2) Borehole was dry upon completion
of augering.

3) Water level upon completion of
coring is 4.5 m below the existing
surface elevation .

4) 19 mm dia. piezometer was
installed in the borehole upon
completion.

5) Date Depth-groundwater

8/10/2015 46m

Continued Next Page

GROUNDWATER ELEVATIONS

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z

GRAPH
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Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-02 2 OF 2
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hollow Stem Auger Drilling
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 203 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/27/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES . RESISTANCE PLOT a PLASTIG ’\%\gﬁﬁé Laub . REMARKS
- = 20 40 60 80 100 [|"MT  ‘content HMTIE_fE AND
(m) o o 22| - L L L T W w w [E€)3E[ crANsizE
ELEV i ZE[=5| & [SHEARSTRENGTH (kPa) — o |£=| £ 3| DISTRIBUTION
DEPTH DESCRIPTION =G JZ|2E| £ |o unconrmen  + DEDYANE g83|5*] %
sl ¥ ©z| & |e® QUCKTRIAXIAL X LABVANE WATER CONTENT (%) 2
512 7 |z |88 & 20 40 60 80 100 10 2 30 GR SA S| CL
2/08/2015 3.2m
7/20/2016 5.25m
GROUNDWATER ELEVATIONS —ﬁgﬁ;g +3,x3; g“é“;\es::ﬁ;er O #=3% gtrain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z
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Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-03 1 OF 2
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand portable and coring
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/30/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES RESISTANCE PLOT NATURAL REMARKS
i N i Y e
m) = = 20 40 60 80 100 CONTENT aols
Q 9. 152 = L . L ! ! e w w, |E€]|5% craNsize
ELEV Z | %E, Z 5| & |SHEARSTRENGTH (kPa) 5 g; 2 3| DISTRIBUTION
DEPTH DESCRIPTION = | JZ|2E| £ |o unconrme  + DEOYANE g3|5= %
sl=| ¥ ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
45.1 Gl2| 7|2 |[88] o 20 40 60 80 100 10 20 30 GR SA SI CL
48'7 Jopsoil - 90 mm Ll 45
e SILTY SAND some crushed gravel,
B brown, mosit (FILL) T]ss| & ° 18 &3
[ 445 _
- 0.6/ SAND trace silt to silty, trace to
[~ some gravel, trace red brick
| fragments, brown, moist, loose to 2| S8S 9 22 81
= compact (FILL) 44
B 3A[ SS | 10 i o 24 51
- 433 38
— 1.8| SILTY SAND AND GRAVEL with
[ cobble and boulder sized rock 43
= fagments, brown, mosit (FILL)
= W.L.429m
[~ Feb 08, 2016
L 42
E Bentonite
[ W.L. 41.2m
B Aug 10, 2015
B W. L. 40.4m
7425 Wood Jul 20, 2016
[ 40
[ 39.3
| 5.8/ LIMESTONE fresh to slightly 1]
— weathered, strong to very strong,
B very closely bedded with close to 1] 39
B very closely spaced shale partings, T
— grey, with close to moderately closely 4 ICORE
B spaced horizontal joints T ]
= Run 1: 5.79m - 7.16m
[ TCR: 94% -
= SCR: 84% 38
B RQD: 34%
B Run 2: 7.16m - 9.07m T
= TCR: 100%
- SCR: 92% 1]
- RQD: 82% T
— | T] 5 [cORE
B | T
- | T
B | 1]
—36.0 = e
9.1l End of Borehole i
Notes:
1) Sampler refusal encountered at
1.8 m below the existing ground
surface, switch to NQ coring.
Continued Next Page o
GROUNDWATER ELEVATIONS ﬁgﬁ;g +3,x3; g“é“;‘::\:f;er O #=3% gtrain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z
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SPL Consultants Limited
’ Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-03 2 OF 2
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand portable and coring
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/30/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES . RESISTANGE PLOT a PLASTIC hﬁ‘é@%ﬁé Lo . REMARKS
= E 20 40 60 80 100 |UMT  content LMITIE_|E AND
(m) 9 g_ 22| 2 - W, w w, |E€|5E[ cransize
ELEV a Z2e|=3| & |SHEARSTRENGTH (kPa) o 1422 9| DigTRIBUTION
DESCRIPTION <| % Oo2|l2&]| & FIELD VANE s3|z=
DEPTH = g é o % a < O UNCONFINED + & Sensitivity 8" E (%)
sl=| ¥ ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
2] 2 |z [68] & 20 40 60 80 100 10 20 30 GR SA S CL
2) Borehole was dry upon completion
of sampling.
3) Bedrock encountered at 5.79 m
below the existing ground surface.
4) 31.75 mm dia. piezometer was
installed in the borehole upon
completion.
5) Date Depth-groundwater
8/10/2015 39m
2/08/2015 22m
7/20/2016 47 m
GROUNDWATER ELEVATIONS % +3,x3; g“é“;\es::ﬁ;er O #=3% gtrain at Failure

Shallow/ Single Installation\/ W Deep/Dual Instaltation W 'V
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' Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-04 1 OF 2
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hollow Stem Auger Drilling
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 203 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/30/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
- RESISTANCE PLOT e pLAsTIC NATURAL —quip| |5 REMARKS
m] LMt MOISTURE = | = AND
m) = = 20 40 60 80 100 NTENT aols
Q 9. 152 = L . L ! ! e w, |E€]|5% craNsize
ELEV T 3| E 5| & |[SHEAR STRENGTH (kPa) o ¢=12 3| pisTRIBUTION
DEPTH sl =& 92|25 | & |o UNcONFINED  + EELDVANE 83|5*= )
TS| w m 32| = |e QUICKTRIAXIAL x LABVANE WATER CONTENT (%) |* | £ °
45.7 5121 & | =2 58| =z 20 40 60 80 100 10 30 GR SA S| CL
0.0 Topsoil - 270 mm A 1sand
— 455 ]
[~ 0.3] SILTY SAND AND GRAVEL brown,
= mosit, compact (FILL)
B 45
[~ 1 (GRAB
E Bentonite
- 2SS | 26 4 ° 54 33 (13)
B % ;'c
— 3|SS| 10 o
[~ % ?g 43
- 5
= ol
B % .ﬁ% ]
- 4|ss| 8 o 0
[~ 4
[~ ol 1 42
(]
= - concrete fragments % .@
— D
B 58S | 21 | %-:
B 2 N
[~ = 5 W. L. 41.4m
- 41.2 2 #Aug 10,2015
[ 4.6/ SAND some silt, some gravel, 8 ;.‘4‘ - wet spoon
= brown, wet, loose to compact % 'o'».‘v 4
- 6| Ss |11 | i
[ s
- i = -
B =t :.r,’?‘_q
| 30 ﬁ
B 7]1ss| 6 % i
B b 40
| =4 .r."
[ S
5 ell:
= 50/ | ]
- - black BA| SS | 50 [H %
[ 39.2 ac 8B mm i
L 6.5/ LIMESTONE fresh to slightly
B weathered, strong to very strong, 39
[ very closely bedded with close to | 1]
— very closely spaced shale partings, 9 (CORE Bentonite
— grey, with close to moderately closely 1
B spaced horizontal joints T N
- Run 1:5.79m - 7.39m
[ TCR: 93% -]
B SCR: 81% T 38
[ RQD: 23%
- - fresh 110 {corg
B Run 2: 7.39m - 8.86m | 1] |
B TCR: 100%
- SCR: 95% N |'sang
[ RQD: 55% 3/
[~ | T
[ Run 3: 8.86m - 9.68m ~Screen
B TCR: 100% 1]
— SCR: 100% _
- RQD: 100% 1| 11 [CORE
361 HE =
9.7| End of Borehole
Continued Next Page o
GROUNDWATER ELEVATIONS ﬁgﬁ;g +3,x3; g“é“;‘::ﬁ;er O #=3% Strain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z




SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

v

SPL Consultants Limited

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-04 2 OF 2
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hollow Stem Auger Drilling
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 203 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/30/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES . RESISTANGE PLOT a oastic NATURAL | oo . REMARKS
= = 20 40 60 80 100 |MMT 'Onrent MT[E_|E AND
(m) g o |22 2 M M W S W w w, |2&|3%| cransize
ELEV T 3| E 5| & |[SHEAR STRENGTH (kPa) Y= 2 3| pisTRIBUTION
DESCRIPTION < |5 Q|2 E| E FIELD VANE © 83|s=
DEPTH E |y @c|35 = | © UNCONFINED T & Sensitivity o=r (%)
sl=| ¥ ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
512 7 |z |88 & 20 40 60 80 100 10 2 30 GR SA S| CL
Notes:
1) Auger refusal encountered at 6.5
m below the existing ground surface.
2) Water level upon completion of
augering was 4.3 m below the
existing ground surface .
3) Water level upon completion of
coring is 4.3 m below the existing
surface elevation .
4) 19 mm dia. piezometer was
installed in the borehole upon
completion.
5) Date Depth-groundwater
8/10/2015 43m
7/20/2016 43m
GROUNDWATER ELEVATIONS % +3,x3; g“é“;\es::ﬁ;er O #=3% Strain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z
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SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-05 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hollow Stem Auger Drilling
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 203 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/28/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
. RESISTANCE PLOT = pLASTIC WARLURAL  LiquiD| | | & REMARKS
— = 20 40 60 80 100 LMIT - “content  UMITIE_ |5 AND
(m) o o < 2 - | | L f 1 W w w, &g %sg GRAIN SIZE
ELEV a Z2e|=3| & |SHEARSTRENGTH (kPa) e o |¥212 9| pisTRIBUTION
DEPTH DESCRIPTION =G 92|25 | & |o UNcONFINED  + EELDVANE 83|52 )
itivi o %,
TS| w m 32| = |e QUICKTRIAXIAL x LABVANE WATER CONTENT (%) s
500 5121 & | =2 58| =z 20 40 60 80 100 10 20 30 GR SA S| CL
58,1 Asphalt - 50 mm
[~ “'| SILTY SAND AND GRAVEL brown, 1 |GRAB| 52 64 29 (7)
B moist, loose to compact (FILL)
- 2 (GRAB
[~ 51
B - trace gravel at 1.5 m
— 3|8SS| 7 | o 9 80 (11)
B 50
- 4|ss| 10
[~ 49
B 5[8S| 9 o
= 6A| SS | 27
B - Limestone fragments at 4.1 m 6B 48
[ 47.6
L 4.6/ Burned wood and organic material i
— with red brick fragments mixed wit
[ silty sand and gravel 7| SS| 54 e
[~ 47
[ 8| SS| 24 B
[~ 46
B 9SS | 21
B 45
[ 448
7.4| End of Borehole
Notes:
1) Auger refusal encountered at 7.4
m below the existing ground surface.
2) Borehole was dry upon completion
of augering and open to 4.7 m.
GROUNDWATER ELEVATIONS % +3,x3; g“é“ek;es::ﬁ;er O #=3% Strain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z




v

SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-06 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hollow Stem Auger Drilling
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 203 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/28/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
o RESISTANGE PLOT e pLASTIC WARLURAL  LiquiD| | | & REMARKS
— = 20 40 60 80 100 LMIT - “content  UMITIE_ |5 AND
(m) o o < 2 - | | L f 1 W w w, &g %sg GRAIN SIZE
ELEV a Z2e|=3| & |SHEARSTRENGTH (kPa) o 1422 9| DigTRIBUTION
DEPTH DESCRIPTION =G 92|25 | & |o UNcONFINED  + EELDVANE 83|52 )
itivi o %,
TS| w m 32| = |e QUICKTRIAXIAL x LABVANE WATER CONTENT (%) s
50.7 512z |z |688] o 20 40 60 80 100 10 20 30 GR SA SI CL
50.8/ Topsoil - 110 mm N7
B 01 SILTY SAND some crushed gravel, ]
B brown, moist, loose to compact
B (FILL)
B 50
. 1 |GRAB
- 49
~ 2| ss| 20 o
[ 48.6
L 2.1| SILTY SAND AND GRAVEL with B
— red brick fragments, brown, moist,
[ compact (FILL)
= 3| SS | 16 48 o 42 41 (17)
B - trace clay .
B 4| SS | 12
B 47
B - shale fragments
- 5| SS| 10 _ ©
B 46
[ 6| SS | 10
[ 455 .
| 5.2| SILTY SAND trace gravel, brown,
— moist, loose to compact (FILL)
B 7 | SS 9 45 o
- 8|ss |20
B 44
B 43
— 9| SS 11 o
[ 425 _|
8.2| End of Borehole
Notes:
1) Borehole was dry upon completion
of augering.
GROUNDWATER ELEVATIONS % +3,x3; g“é“ek;es::ﬁ;er O #=3% gtrain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z




& SPL Consultants Limited

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-07 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hollow Stem Auger Drilling
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 203 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/28/2015 ENCL NO.:

BH LOCATION: See Borehole Location Plan

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES RESISTANGE PLOT NATURAL REMARKS
i e T i P
m) = = 20 40 60 80 100 CONTENT aols
9 o) ; 2 = L L L L L Wp w R S GRAIN SIZE
ELEV T 3| E 5| & |[SHEAR STRENGTH (kPa) ¥Z[2 2| pistRIBUTION
DESCRIPTION < |5 Q|2 E| E FIELD VANE © 8352
DEPTH = % 3 o % a < O UNCONFINED + & Sensitivity 8" E (%)
sl=| ¥ ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
64 5121 & |z L3 20 40 60 80 100 10 20 30 GR SA S| CL
48'7 Jopsoil - 100 mm Ll
[~ “'| SILTY SAND AND GRAVEL brown,
[ mosit (FILL) 46
[ 1 (GRAB | o
[~ 44.9 45
L 1.5 SILTY SAND AND GRAVEL dark
— brown, moist, compact (FILL,
- pact {FILL 2|ss| 20 i
[ 44
[~ - asphalt fragments 3| ss| 18 o 39 47 (14)
B - red brick fragments
- - loose below 3.0 m 4] ss 7 43
[ 42.7
- 3.7
= SILTY SAND AND GRAVEL black, 7]
— moist, very loose (FILL) 43.2
[ - contains slag particles 5| SS 1
B 42
[ 6|SS| 1 N
[ 411
[ 53] SILTY SAND some gravel, dark 41
— brown, mosit, very loose (FILL)
B 7A| SS | 2
= 7B B
[ 40.3
- 6.1 Wood
- 8| ss| 11 40
[~ 39.6 96.3
| 36.8| SILTY SAND AND GRAVEL mixed gl cc o _ i
7.0 ith wood fragments, trace clay,
gey, mosit (FILL) Bomn
End of Borehole
Notes:
1) Borehole was dry upon completion
of augering.
GROUNDWATER ELEVATIONS % +3,x3; g“é“ek;es::ﬁ;er O #=3% Strain at Failure

Shallow/ Single Installation\/ W Deep/Dual Instaltation W 'V
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SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-08 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hollow Stem Auger Drilling
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 203 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/29/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
o RESISTANGE PLOT e pLASTIC WARLURAL  LiquiD| | | & REMARKS
— = 20 40 60 80 100 LMIT - “content  UMITIE_ |5 AND
(m) o o < 2 - | | L f 1 W w w, &g %sg GRAIN SIZE
ELEV a Z2e|=3| & |SHEARSTRENGTH (kPa) e o |¥212 9| pisTRIBUTION
DEPTH DESCRIPTION =G 92|25 | & |o UNcONFINED  + EELDVANE 83|52 )
itivi o %,
TS| w m 32| = |e QUICKTRIAXIAL x LABVANE WATER CONTENT (%) s
471 5121 & | =2 58| =z 20 40 60 80 100 10 20 30 GR SA S| CL
| 40.0] Topsoil - 140 mm N7 47
[~ 0.1| SILTY SAND AND GRAVEL brown,
B mosit (FILL)
B 1 |GRAB ] o
B 46
453 |
[~ 1.8] SILTY CLAYEY SAND trace to 2|85 | 4
— some gravel, compact, moist (FILL)
[ - contains woods, brick and mortar 45
= fragments
u 3[ss| 15 i ° 11 40 28 22
B 44
B 4|1SS| 9
[ 43.2
[ 4.0{ SAND TO SILTY SAND brown,
compact to dense, moist (FILL) 58S |12 43
— - contains organics, wood, brick
B fragments etc.
[ 6| SS| 21
B 42
E - glass fragments 71 ss | 76 i o
[ 41.0
[ 6.1] Wood 41
B 8 | SS 9
403 |
| 6.8| SILTY CLAY some gravel, trace %,
— sand, grey, wet, stiff (Glacial Till)
B % 9SS | 7 40
- 7 50/ s
303 _ A 10| SS -
7.8| End of Borehole mm
Notes:
1) Auger refusal encountered at 7.8
m below ground surface.
2) Water level upon completion of
augering was 6.2 m below ground
surface and borehole open to 7.7 m
GROUNDWATER ELEVATIONS % +3,x3; g“é“ek;es::ﬁ;er O #=3% gtrain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z




SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

SPL Consultants Limited
' Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-09 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand portable and coring
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/28/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES . RESISTANCE PLOT a PLASTIC ,\%\rs%g'g LIQUID g REMARKS
= E 20 40 60 80 100 |UMT  content LMITIE_|E AND
(m) o o < 2 - | | L f 1 W w w, &g 22| GraNsizE
ELEV z | ZE[=5| & [SHEARSTRENGTH (kPa) — o |£=| £ 3| DISTRIBUTION
DEPTH DESCRIPTION =5 25|25 | & |0 uvconemep - FERIN S e
sl=| ¥ ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
4.4 2] 2 |z [68] & 20 40 60 80 100 10 20 30 GR SA S CL
L 0.0) COBBLES AND BOULDERS (rock
— fill, rip rap, etc.)
[ - angular limestone 42
= - sampler refusal from surface
[ 1 ICORH
B 41
[ 2 [CORH
B 40
- 3 (CORH 39
[~ 38.6
L 3.8/ LIMESTONE fresh to slightly N
— weathered, strong to very strong,
[ very closely bedded with close to 1]
= very closely spaced shale partings,
— grey, with close to moderately closely L T] 4 (core 38
B spaced horizontal joints T
- Run 1:3.8m - 5.0m i
[ TCR: 96% -]
- SCR: 85% 1]
[~ RQD: 36% 5 (CORE
B Run 2: 5.0m - 5.6m T 37
— 36.8 TCR: 100% L]
UR. 007
56 QD: 25%
End of Borehole
Notes:
1) Bedrock was encountered at 3.8
m below the ground surface.
2) Water level on completion of
coring was 1.2 m below ground
surface.
GROUNDWATER ELEVATIONS —ﬁgﬁ;g +3,x3; g“é“ek;es::ﬁ;er O #=3% gtrain at Failure

Shallow/ Single Installation\/ W Deep/Dual Instaltation W 'V




& SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-10 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand Portable
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/30/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES RESISTANGE PLOT NATURAL REMARKS
m = [= 20 40 60 80 100 NTENT aols
Q 9. 152 = L . L ! ! e w, |E€]|5% craNsize
ELEV z | ZE|38| & |SHEARSTRENGTH (kPa) ——o——— |¥3|2 2| isTRIBUTION
DEPTH DESCRIPTION = | JZ|2E| £ |o unconrme  + DEOYANE g3|5= %
sl=| ¥ ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
44 .4 % 2 F z % 8 o 20 40 60 80 100 10 30 GR SA SI CL
— 289 Topsoil - 50 mm
B SILTY SAND some crushed gravel, 1| ss 7 5
B brown, moist, loose to compact 44
B (FILL)
[ 2|88 | 15
L 43.1] . with brick and martar fragments 3] SS ey o
13| End of Borehole 100
mm
Notes:
1) Borehole was dry upon completion
of sampling.
GROUNDWATER ELEVATIONS % +3,x3; g“é“;\es::ﬁ;er O #=3% gtrain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z




& SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-11 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hollow Stem Auger Drilling
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 203 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/29/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
o RESISTANGE PLOT e pLASTIC WARLURAL  LiquiD| | | & REMARKS
— = 20 40 60 80 100 LmIT TeENT  HMTIE_|E AND
(m) 9 g_ 22| 2 - W, w, |E€|5E[ cransize
ELEV a Z2e|=3| & |SHEARSTRENGTH (kPa) o 1422 9| DigTRIBUTION
DEPTH DESCRIPTION < |G 92|25 | & |o UNcONFINED  + EELDVANE TS
itivi o %,
2|E)w ™ 32| = |e QUICKTRIAXIAL x LABVANE WATER CONTENT (%) s
451 % 2 F z % 8 o 20 40 60 80 100 10 30 GR SA SI CL
L 40.0] Topsoil - 130 mm N7 45
[~ 0.1| SILTY SAND gravelly, brown, mosit
B (FILL)
- 1 (GRAB o 34 45 (21)
= 44
[ 43.6
1.5/ End of Borehole
Notes:
1) Borehole was dry upon completion
of augering.
2) Steel cable wrapped around auger
cutting bit on removal from the
borehole.
GROUNDWATER ELEVATIONS % +3,x3; g“é“;\es::ﬁ;er O #=3% Strain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z




& SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-12 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand Portable
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/30/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES RESISTANGE PLOT NATURAL REMARKS
i e T i P
= = 20 40 60 80 100 NTENT o5 |
m Q 9. 152 = ! . L L . W w, |E€]|5% craNsize
ELEV n. ZE[= 38| & [SHEARSTRENGTH (kPa) — o |£=| £ 3| DISTRIBUTION
DESCRIPTION < |5 Q|2 E| E FIELD VANE 8352
DEPTH = g é o % a < O UNCONFINED + & Sensitivity 8" E (%)
sl=| ¥ ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
55.7 % 2 F z % 8 o 20 40 60 80 100 10 30 GR SA SI CL
58'7 Jopsoil - 100 mm |l
e SILTY SAND trace gravel, brown, 1] ss| 12 N
B moist, compact (FILL)
R 55
[ - trace clay 2185 |18 ©
- 3|ss| 23 o
[ 53.9 54
1.8/ End of Borehole
Notes:
1) Borehole was dry upon completion
of sampling.
GROUNDWATER ELEVATIONS % +3,x3; g“é“;\es::ﬁ;er O #=3% Strain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z
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SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-13 1 OF 1

PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand Portable
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/30/2015 ENCL NO.:

BH LOCATION: See Borehole Location Plan

DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES RESISTANGE PLOT NATURAL REMARKS
i e [enesRe el |5 |
= [= 20 40 60 80 100 CONTENT o_|&

(m) o o < 2 - | | L f 1 W w w, &g %sg GRAIN SIZE
ELEV a Z2e|=3| & |SHEARSTRENGTH (kPa) o 1422 9| DigTRIBUTION
DEPTH DESCRIPTION =G 92|25 | & |o UNcONFINED  + EELDVANE 83|52 )

itivi o %,
2|E)w ™ 32| = |e QUICKTRIAXIAL x LABVANE WATER CONTENT (%) s

547 2] 2 |z [68] & 20 40 60 80 100 10 20 30 GR SA S CL
=5 —Topsoil - 75 mm
[~ SILTY SAND some gravel, brown, 1| ss 7 N
B moist, loose to compact (FILL)

[ 54

[ - trace clay 2185 |16 °

B - dense |

B 3| SS | 3t o

- 52,9 53

1.8/ End of Borehole
Notes:
1) Borehole was dry upon completion
of sampling.
GROUNDWATER ELEVATIONS % +3,x3; g“é“;\es::ﬁ;er O #=3% Strain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z
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SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-14 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand Portable
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Dec/11/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
- RESISTANCE PLOT e pLAsTIC NATURAL —quip| |5 REMARKS
m] umr  MOISTURE =y = AND
= [= 20 40 60 80 100 CONTENT o_|&
(m) 9 g_ 22| 2 - W, w w, |E€|5E[ cransize
ELEV a Z2e|=3| & |SHEARSTRENGTH (kPa) o 1422 9| DigTRIBUTION
DESCRIPTION <| % Oo2|l2&]| & FIELD VANE s3|z=
DEPTH = g é o % a < O UNCONFINED + & Sensitivity 8" E (%)
== & |. ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
45.0 5121 & | =2 58| =z 20 40 60 80 100 10 20 30 GR SA S| CL
L 44.0)] TOPSOIL - 150 mm N
[~ 0.2| SILTY SAND some gravel, trace 11ss| 12
B organics, trace glass, brown, moist,
B loose to compact (FILL) —
- 2
- SS | 6 44
B 3| SS| 17 R
| 434
— 1.6/ LIMESTONE fresh to slightly
B weathered, strong to very strong, 1 ICORH
09| Very closely bedded with close to T 43
EETIRAAR closety-spaced-sh tgss
: grey, with close to moderately closely,
paced horizontal joints
un1:1.6m-21m
CR: 100%
CR: 62.5%
D: 0%
End of Borehole
Notes:
1) SPT sampler refusal encountered
at 1.6 m below the existing ground
surface.
2) Borehole was dry upon completion
of drilling.
3) NQ coring terminated at 2.1 m
below the existing ground surface.
GROUNDWATER ELEVATIONS % +3,x3; g“é“;\es::ﬁ;er O #=3% Strain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z
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SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-14A 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand Portable
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/29/2016 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES RESISTANCE PLOT NATURAL REMARKS
i e T i P
m) = = 20 40 60 80 100 CONTENT aols
Q 9. 152 = L . L ! ! e w w, |E€]|5% craNsize
ELEV T 2| E 5| & |[SHEAR STRENGTH (kPa) e o |¥212 9| pisTRIBUTION
DESCRIPTION <| & Q|2 E| E FIELD VANE 53|52
DEPTH sy ZS|[Z5| T |© UNCONFINED  + gsensiivity g=|z2 (%)
== & |. ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
45.0 512z |z |688] o 20 40 60 80 100 10 20 30 GR SA SI CL
L 0.0f TOPSOIL some sand, trace to A 11| ss 50/
[~ 44.7| some gravel, trace wood and roots, |, - 125
[ 0.3| krown, moist mm
— BOULDER FILL C 1
44.3 2 ICORHE
L 0.7 GRAVEL some sand, trace silt,
— brown, moist, loose (FILL) | 3 | ss 7 44
u 50/
B 4| SS | 100 )
— 43.4 mm Bentonite
| 1.6/ LIMESTONE fresh to slightly
— weathered, strong to very strong,
[ very closely bedded with close to ' T] 5 lcorg 43
= very closely spaced shale partings,
— grey, with close to moderately closely L1
B spaced horizontal joints T
- Run5:1.6m-23m i
B TCR: 80% SCR: 61% RQD 55% T
- 1 6 lcore 42
B T =
B Run6:23m-3.7m - Sand
B TCR: 92% SCR: 82% RQD 44% 1] = i
N T =
= - SRS
= Run7:3.7m-53m T
- TCR: 96% SCR: 84% RQD 39% || =
- - 7o | .
B 1] Ry
B . H|W.L.40.3m
[ 1 - qJul 20, 2016
- 1] B=
- 1] = |
B Run8:53m-6.5m ] —
— TCR: 79% SCR: 71% RQD 50% I
- Q | T | 8 ICORH H
— = 39
u | T H
[ 385 HE =
6.5 End of Borehole
Notes:
1) SPT sampler refusal encountered
at 1.9 m below the existing ground
surface.
2) 37.5 mm dia. monitoring well was
installed in the borehole upon
completion.
3) Date Depth-groundwater
7/20/2016 4.75m
GROUNDWATER ELEVATIONS % +3,x3; g“é“;‘::ﬁ;er O #=3% gtrain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z




SPL Consultants Limited

Geotechnical Environmental Materials Hydrogeology

v

LOG OF BOREHOLE BH15-15

1 OF 1

PROJECT: NCC Richmond Landing

CLIENT: National Capital Commission, Capital Planning Branch
PROJECT LOCATION: Richmond Landing, Ottawa, ON
DATUM: Geodetic

BH LOCATION: See Borehole Location Plan

DRILLING DATA
Method: Hand Portable
Diameter: 50 mm
Date: Dec/15/2015

REF. NO.: 10001599
ENCL NO.:

SOIL PROFILE SAMPLES

(m)
ELEV

0.3m

BenTH DESCRIPTION

STRATA PLOT
NUMBER
TYPE

N" BLOWS

44.7

CONDITIONS

DYNAMIC CONE PENETRATION

RESISTANCE PLOT a
20 4|0 6|0 8|0 1 (I)O

1
SHEAR STRENGTH (kPa)
© UNCONFINED +  Gomay
® QUICKTRIAXIAL X LABVANE
20 40 60

80

ELEVATION

100

NATURAL
PL’\jﬁTIC MOISTURE
CONTENT

W w
[ —

POCKET PEN.
(Cu) (kPa)

NATURAL UNIT WT
(Mg/m®)

WATER CONTENT (%)
10 20 30

REMARKS

AND

GRAIN SIZE
DISTRIBUTION

(%)

GR SA SI CL

0.0{ SILTY SAND brown, moist (FILL)

414

3.4| LIMESTONE fresh to slightly
weathered, strong to very strong,
very closely bedded with close to
very closely spaced shale partings,
grey, with close to moderately closely

spaced horizontal joints

Run1:34m-5.0m
TCR: 100%
SCR: 81%
RQD: 44%

AHHHHHHHHHH

st Cuttings

T O O O O O O P O] GROUND WATER
- 5 ; I

[

|- QanAd

-Screen

Bentonite

W.L.40.2m
Jul 20, 2016

39

I

]
Y
ojon

End of Borehole

Notes (December 2015):

1) SPT sampler refusal encountered
at 3.4 m below the existing ground
surface.

2) Borehole was dry upon completion
of drilling.

3) NQ coring terminated at 5.0 m
below the existing ground surface.

Notes (June 2016):

1) The borehole was redrilled and
through NQ coring the depth was
extended to 6.2 m below the existing
surface.

2) 31 mm dia. monitoring well was
installed at 6.2 m below the existing
surface.

3) Date Depth-groundwater

7/20/2016 45m

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

GROUNDWATER ELEVATIONS

Shallow/ Single Installation\/ W Deep/Dual Instaltation W 'V

GRAPH

NOTES

+ 3, % 3. Numbers refer

. S I o €=8%
to Sensitivity

Strain at Failure




SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

' Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-16 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand Portable
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Dec/15/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES . RESISTANGE PLOT a PLASTIC %\FS%QLE Lo . REMARKS
m s " E ” 20 40 60 80 100 LMIT - “content  UMIT §§ %: GR:IEDSIZE
ELEV z 2e|25| 3 [SHEARSTRENGTH (kPa) ' . 12212 3| bistriBUTION
DESCRIPTION <|5 e |2g| & FIELD VANE 83| £ =] DISTRIBUTIO
DEPTH o @Ac|EE| & [© UNCONFINED * & Sensitivity [ 1= (%)
== & |. ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
428 5121 & | =2 58| =z 20 40 60 80 100 10 20 30 GR SA S| CL
- 0.0/ GRAVEL black, damp, compact
— (FILL)
B 1SS | 17 ]
- 42.1
| 0.7| LIMESTONE slightly weathered, 42
— strong to very strong, very closely
N bedded with close to very closely T
B spaced shale partings, grey, with
— close to moderately closely spaced [ | 1 [CORE -
[ horizontal joints T
R Run1:0.7m-1.8m
B TCR: 83% 4
- SCR: 38% T
B RQD: 23%
B | T ]
- Run2:1.8m-3.4m
- TGR: 58% 11 5 ore
B SCR: 51%
N RQD: 23% HE 40
— T
[~ | T ]
B Run3:34m-50m EE
— TCR: 100%
B SCR: 100% -] 39
- RQD: 85% T
[ T 3 [CORE
- | 1]
[ 37.8 —
5.0 End of Borehole
Notes:
1) SPT sampler refusal encountered
at 0.7 m below the existing ground
surface.
2) Borehole was dry upon completion
of drilling.
3) NQ coring terminated at 5.0 m
below the existing ground surface.
GROUNDWATER ELEVATIONS % +3,x3; g“é“ek;es::ﬁ;er O #=3% Strain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z
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SPL Consultants Limited

Geotechnical Environmental Materials Hydrogeology

LOG OF BOREHOLE BH15-17

1 OF 1

PROJECT: NCC Richmond Landing
CLIENT: National Capital Commission, Capital Planning Branch
PROJECT LOCATION: Richmond Landing, Ottawa, ON
DATUM: Geodetic

BH LOCATION: See Borehole Location Plan

DRILLING DATA
Method: Hand Portable
Diameter: 50 mm
Date: Dec/14/2015

REF. NO.: 10001599
ENCL NO.:

SOIL PROFILE

SAMPLES

(m)
ELEV

DEPTH

44.3

DESCRIPTION

STRATA PLOT

NUMBER

TYPE

N" BLOWS
0.3m

GROUND WATER

CONDITIONS

ELEVATION

DYNAMIC CONE PENETRATION

RESISTANCE PLOT a
0 80

20 40 6 100
1 1 1 1

1
SHEAR STRENGTH (kPa)
© UNCONFINED +  Gomay
® QUICKTRIAXIAL X LABVANE
20 40 60

80 100

NATURAL
PL’\jﬁTIC MOISTURE
CONTENT

W w
[ —

POCKET PEN.
(Cu) (kPa)
NATURAL UNIT WT
(Mg/m®)

WATER CONTENT (%)
10 20 30

REMARKS

AND

GRAIN SIZE
DISTRIBUTION

(%)

GR SA SI CL

0.0

SILTY SAND trace to some
organics, dark brown, moist (FILL)

I
ENREN
oo

SILTY SAND some gravel, brown,

—_
o

“moist (FILL)
CONCRETE

50/
0mm

1 ICORE

nfro
=

SAND AND GRAVEL WITH
COBBLES AND BOULDERS

2 |CORH

Ho
[=1EN

WOOoD

3 [CORH

[o2] ]

‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\l\\\\\\\\\‘
w N
o100

36.5

LIMESTONE slightly weathered,
strong to very strong, very closely
bedded with close to very closely
spaced shale partings, grey, with
close to moderately closely spaced
horizontal joints

Run1:56m-6.6m
TCR: 66%
SCR: 34%
RQD: 15%
Run2:6.6m-7.8m
TCR: 68%
SCR: 22%
RQD: 0%

4 |CORHE

AHHHHHHH

5 CORH

N
N

43

42

41

40

39

38

37

7.8

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

End of Borehole

Notes:

1) SPT sampler refusal encountered
at 0.95 m below the existing ground
surface.

2) Borehole was dry upon completion
of drilling.

3) NQ coring terminated at 7.8 m
below the existing ground surface.

GROUNDWATER ELEVATIONS

Shallow/ Single Installationz !

GRAPH

NOTES

Deep/Dual Installationl !,Z

43

% 3. Numbers refer

. S I o €=8%
to Sensitivity

Strain at Failure
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SPL Consultants Limited
' Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-18 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand Portable
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Dec/17/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
o RESISTANGE PLOT e pLASTIC WARLURAL  LiquiD| | | & REMARKS
— = 20 40 60 80 100 LMIT - “content  UMITIE_ |5 AND
(m) o o < 2 - | | L f 1 W w w, &g %sg GRAIN SIZE
ELEV a Z2e|=3| & |SHEARSTRENGTH (kPa) o 1422 9| DigTRIBUTION
DEPTH DESCRIPTION < |G 92|25 | & |o UNcONFINED  + EELDVANE TS
itivi o %,
2|E)w ™ 32| = |e QUICKTRIAXIAL x LABVANE WATER CONTENT (%) s
45.3 52| & |2 & 8 o 20 40 60 80 100 10 20 30 GR SA SI CL
L 0.0/ SILTY SAND brown, moist (FILL)
B 45
- 44
— 43
- 42
- 41
- 40
[ 39.0 a9
- 6.3] LIMESTONE slightly weathered,
— strong to very strong, very closely
B bedded with close to very closely T
= spaced shale partings, grey, with i
— close to moderately closely spaced 1
[ horizontal joints T 1 [CORE
— Run1:6.3m-7.7m
B TCR: 100% 38
B SCR: 78% -]
- 376/ RQD: 50% 1]
7.7] End of Borehole
Notes:
1) Washbore to 6.3 m below the
existing ground surface.
2) NQ coring terminated at 7.7 m
below the existing ground surface.
GROUNDWATER ELEVATIONS % +3,x3; g“é“ek;es::ﬁ;er O #=3% gtrain at Failure

Shallow/ Single Installation\/ W Deep/Dual Instaltation W 'V
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SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-19 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand Portable
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Dec/17/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
. RESISTANCE PLOT = pLASTIC WARLURAL  LiquiD| | | & REMARKS
E 20 40 60 80 100 |UMT  content LMITIE_|E AND
(m) '5 o < 2 - | | L f 1 W w w, &g %sg GRAIN SIZE
ELEV a Z2e|=3| & |SHEARSTRENGTH (kPa) e o |¥212 9| pisTRIBUTION
DEPTH DESCRIPTION < |G 92|25 | & |o UNcONFINED  + EELDVANE TS
itivi o %,
TS| w m 32| = |e QUICKTRIAXIAL x LABVANE WATER CONTENT (%) s
43.1 5121 & | =2 58| =z 20 40 60 80 100 10 20 30 GR SA S| CL
L 48.0] TOPSOIL - 150 mm N 43
[~ 0.2| SILTY SAND some gravel, brown, 11ss| s
B moist, compact (FILL)
- 2| ss| 12
— 42
- 416 -dense 3|(SsS| 35
| 1.5/ BOULDERS AND CONCRETE _
- 41
[ 1 |CORE 40
= 39
[ 38.3
[~ 4.9 LIMESTONE fresh to slightly
B weathered, strong to very strong, 38
— very closely bedded with close to 1]
[ very closely spaced shale partings, T
B grey, with close to moderately closely
- spaced horizontal joints T 2 (CORH B
B Run1:4.85m-6.3m
— TCR: 100% - 37
[ SCR: 99% 1]
= RQD: 82%
[~ 1]
u | T ]
= Run2:6.3m-79m
— TCR: 100% 1]
n SCR: 87.5%
B RQD: 79% 1] 3 [CORE 36
[~ 1]
[ | T ]
[ 352 —
7.9| End of Borehole
Notes:
1) SPT sampler refusal at 1.5 m
below the existing ground surface.
2) Borehole is dry upon completion of
drilling.
GROUNDWATER ELEVATIONS % +3,x3; g“é“ek;es::ﬁ;er O #=3% Strain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z
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SPL Consultants Limited
' Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH15-20 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand Portable
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Dec/18/2015 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES RESISTANGE PLOT NATURAL REMARKS
i e T i P
m) = = 20 40 60 80 100 CONTENT aols
Q 9. 152 = L . L ! ! e w w, |E€]|5% craNsize
ELEV T =|E 5| & |[SHEAR STRENGTH (kPa) e o |¥212 9| pisTRIBUTION
DESCRIPTION < |5 Q|2 E| E FIELD VANE 83|s=
DEPTH E |y ZSs|[Z5| T |© UNCONFINED * & Sensitivity =12 (%)
sl=| ¥ ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
43.4 52| & |2 & 8 o 20 40 60 80 100 10 20 30 GR SA SI CL
L 0.0/ SILTY SAND brown, moist (FILL)
B 43
B 42
B 41
B 40
B 39
[ 38.3
L 5.1 LIMESTONE fresh to slightly
— weathered, strong to very strong, 38
[ very closely bedded with close to 1]
= very closely spaced shale partings, T 1 |ICORH
B grey, with close to moderately closely
B spaced horizontal joints T -
L Run1:51m-6.1m
B TCR: 100% - a7
= SCR: 59%
[~ RQD: 53% -
B | T
— ' T | 2 ICORH ]
= Run2:6.1m-7.7m
- TCR: 100% L]
B SCR: 89% 36
= RQD: 57% L
[ 357] _ ]
7.7| End of Borehole
Notes:
1) Washbored to 5.1 m below the
existing ground surface
2) NQ coring terminated at 7.7 m
below the existing ground surface.
GROUNDWATER ELEVATIONS % +3,x3; g“é“ek;es::ﬁ;er O #=3% gtrain at Failure

Shallow/ Single Installation\/ W Deep/Dual Instaltation W 'V




SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

' Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH16-21 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand portable and coring
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/04/2016 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES . RESISTANCE PLOT a PLASTIC ,\%\rs%g'g LIQUID E REMARKS
) = = 20 40 60 8 100 [“MT  content HMITIE 1t | AND
9 9. 152 = ! . . L . We w w, [£€|35E[ GRANSIZE
ELEV o =|E 5| & |[SHEAR STRENGTH (kPa) o 1422 9| DigTRIBUTION
DESCRIPTION < |5 Q|2 E| E FIELD VANE 83|s=
DEPTH E |y @c|35 = | © UNCONFINED T & Sensitivity o=r (%)
== & |. ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
436 5121 & | =2 58| =z 20 40 60 80 100 10 20 30 GR SA S| CL
L 48.8| SILTY SAND some organics, trace 1| SS | >50/ |
[~ 0.2| ‘gravel, brown, moist \0 mmy
B COBBLES AND BOULDERS (Rock
[~ Fill) 2 |CORE 43
[ 42.7
L 0.9] SILTY SAND AND GRAVEL trace
— to some clay, brown, moist, compact ]
— (FILL) 3| SS | 11
B 42
B 4| SS | 16
B 5| SS | 21
= - wet below 2.5 m 41
[~ 40.6
[ 3.0] SILTY SAND trace to some clay, 6|18S| 9 i
— some gravel, some organics, brown,
[ wet, loose to compact (Fill)
= 718S| 14
[ 39.9 40
- 3.7 LIMESTONE fresh, strong to very 8 |coRE
— strong, very closely bedded with
[ close to very closely spaced shale ]
= partings, grey, with close to 1
— moderately closely spaced horizontal 1
B joints T
[~ Run 8:3.7m - 4.0m 1] 9 [CORE 39
B TCR: 100% SCR: 83% RQD: 0%
= Run 9:4.0m - 5.3m T
[~ TCR:100% SCR: 92%RQD: 55% -
[ | T
B Run 10: 5.3m - 6.5m N 38
B TCR: 100% T
B SCR: 96% 10 |CORE
L RQD: 72% 1]
B | 1]
[~ 1]
B T 37
B Run 11:6.5m - 7.7m .
— TCR: 100%
N SCR: 100% 11 CORE =
[ RQD: 80% | 1]
[~ 1]
359 _ 36
7.7| End of Borehole
Notes:
1) SPT sampler refusal encountered
at 3.7 m below the existing ground
surface. Switch to NQ coring.
GROUNDWATER ELEVATIONS % +3,x3; g“é“ek;es::ﬁ;er O #=3% gtrain at Failure

Shallow/ Single Installation\/ W Deep/Dual Instaltation W 'V
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SPL Consultants Limited
' Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH16-22 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand Portable
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jun/30/2016 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES RESISTANGE PLOT NATURAL REMARKS
m) = = 20 40 60 80 100 CONTENT aols
Q T E ! . L ! ! We w w, |E€])5%[ craNsizE
ELEV o =|E 5| & |[SHEAR STRENGTH (kPa) o 1422 3| DigTRIBUTION
DESCRIPTION < |5 Q|2 E| E FIELD VANE 83|s=
DEPTH E |y @Ac|EE| & [© UNCONFINED * & Sensitivity =12 (%)
sl=| ¥ ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
42.0 52| & |2 & 8 o 20 40 60 80 100 10 20 30 GR SA SI CL
L 0.0 Water PO
[ soee 4
[~ e 40
[ 39.8
L 38.2| SAND AND GRAVEL brown, wet o
[~ 2.4/ ORGANIC SOIL L~
| SAND some gravel, trace to some o 13 gg 24
[~ 39.2| clay, brown, wet ~]
- 2.8/ LIMESTONE fresh, strong to very
— strong, very closely bedded with 39
B close to very closely spaced shale T
— partings, grey, with close to T
B moderately closely spaced horizontal
B joints T 2 CORE
- Run 2:0.7m - 2.0m T
[ TCR: 99% SCR: 84% RQD: 41% 38
[~ 1]
u | T
[~ 1]
- Run 3:2.0m-3.1m 3 ICORH
- | TCR:100% SCR: 93% RQD:55% ||| .
[~ 1]
u | T
— Run 4:3.1m-4.4m ]
B TCR:96% SCR:89% RQD: 67% T
s 4 (CORH 36
[~ 1]
u | T
[ 354 —
6.6 End of Borehole
Notes:
1) SPT refusal at 0.6 m below the
existing ground surface. Switch to
NQ coring.
GROUNDWATER ELEVATIONS % +3,x3: g“é“;\es::ﬁ;er O #=3% gtrain at Failure

Shallow/ Single Installation\/ W Deep/Dual Instaliation W 'V
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SPL Consultants Limited

SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH16-23 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hollow Stem Auger Drilling
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/07/2016 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
o RESISTANGE PLOT e pLASTIC WARLURAL  LiquiD| | | & REMARKS
w LMIT umT|z £ AND
m = [= 20 40 60 80 100 CONTENT aols
Q 9. 152 = L . L ! ! e w w, |E€]|5% craNsize
ELEV T =|E 5| & |[SHEAR STRENGTH (kPa) o 1422 9| DigTRIBUTION
DESCRIPTION < | o |2 E| E FIELD VANE o3|z=
DEPTH E |y @Ac|EE| & [© UNCONFINED * & Sensitivity e=|2 (%)
== & |. ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
456 512z |z |688] o 20 40 60 80 100 10 20 30 GR SA SI CL
48'7 JOPSOIL - 100 mm W % = |
e SILTY SAND some gravel, trace to 1| ss | 31
B some clay, brown, compact to dense, %
— moist (FILL) &
[ s's BES
= <R
[~ 2| 8SS| 18 3% ]
B 441 0 -Cuttings
L 1.5 SILTY SAND AND GRAVEL with s b
44
— occ. cobbles and boulders, trace to
B some clay, brown, dense, moist 3|S5 | 35 %
[ % = ]
- o
- &
B 4| SS| 35 S 43
i i Bentonite
- 5|ss |3 |]]
- = 42
B - very dense and wet below 3.8 m in ‘
- depth -Sand
B 6| SS | 6t -Screen
- CE] w.L 413 m
[ 7 | ss | >50/] JquZ:O, 2016
— \0 mmyj-
[ 407 _ ¥
4.9/ End of Borehole
Notes:
1) Auger refusal encountered at 4.9
m below the existing ground surface.
2) 31 mm dia. piezometer was
installed in the borehole upon
completion.
3) Date Depth-groundwater
7/20/2016 43m
GRAPH 3 3. Numbers refer £=3% . .
GROUNDWATER ELEVATIONS NotEs T o se nsitivity o Strain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z
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SPL SOIL LOG GINT 10001599 NCC RICHMOND LANDING.GPJ SPL.GDT 10/27/16

Geotechnical Environmental Materials Hydrogeology LOG OF BOREHOLE BH16-24 1 OF 1
PROJECT: NCC Richmond Landing DRILLING DATA
CLIENT: National Capital Commission, Capital Planning Branch Method: Hand Portable
PROJECT LOCATION: Richmond Landing, Ottawa, ON Diameter: 50 mm REF. NO.: 10001599
DATUM: Geodetic Date: Jul/06/2016 ENCL NO.:
BH LOCATION: See Borehole Location Plan
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES
- RESISTANCE PLOT e pLAsTIC NATURAL —quip| |5 REMARKS
m] umr  MOISTURE =y = AND
= = 20 40 60 80 100 NTENT o_|&
(m) 9 g_ 22| 2 - W, w, |E€|5E[ cransize
ELEV a Z2e|=3| & |SHEARSTRENGTH (kPa) o 1422 9| DigTRIBUTION
DESCRIPTION <| % Oo2|l2&]| & FIELD VANE s3|z=
DEPTH = g é o % a < O UNCONFINED + & Sensitivity 8" E (%)
sl=| ¥ ©z| o |® QUCKTRIAXIAL x LABVANE WATER CONTENT (%) s
42.0 % 2 F z % 8 o 20 40 60 80 100 10 30 GR SA SI CL
L 0.00 COBBLES AND BOULDERS some
— sand, some gravel (Rock Fill)
[ 41.5 ]
L 0.5/ Wood
[ 41
[ 40.8
1.2| End of Borehole
Notes:
1) Borehole terminated at 1.2 m
below the existing ground surface as
the coring equipment could not
proceed deeper
GROUNDWATER ELEVATIONS % +3,x3; g“é“;\es::ﬁ;er O #=3% Strain at Failure

Shallow/ Single Installationz !

Deep/Dual Installationl !,Z




Location: NCC Richmond Landing
TP Number: 15-1

Date:12/18/2015

Stratigraphy

Samples

Depth (m) Material Description

Sample No. & Depth
(m)

0-0.24 Topsoil - 240 mm

Silty Sand with boulders, cobbles, red brick, asphalt, concrete

0.24-17m
and masonry block, brown grey, moist (FILL)

GS:1 0.5-0.7

Notes: Testpit terminated at 1.7 m when seepage began entering the testpit

Location: NCC Richmond Landing
TP Number: 15-2

Date:12/18/2015

Stratigraphy

Samples

Depth (m) Material Description

Sample No. & Depth
(m)

0-0.20 Topsoil - 200 mm

Silty Sand with boulders, cobbles, red brick and concrete,

0.20-1.6m i
brown grey, moist (FILL)

GS:1 0.8-1.0

Notes: Testpit terminated at 1.6 m when seepage began entering the testpit




Project 10001599
Richmond Landing Shoreline Access Feasibility Study, Ottawa, ON

Appendix Il

Results of Laboratory Testing

SPL Consultants Limited October 2016



Particle Size Distribution Report

00¢#

ovT#
00T#

09#

ov#

oE#

oc#

oT#

v#

‘urg/e

uley

urte

g

UreAT

‘ure

ure

urg

100
90
80
70

60

o
Te)

40

d3NI4 LNJDH3d

30
20

0.001

0.01

100

GRAIN SIZE - mm.

>
&
O

3

< 1S

(VR

< —

o=
=
[CANTe]
Sl
[T o]

©°

c

&
£

Bl
o| W0
Ol
s
[
5 @
ol M~
O
[CANTe]
£l o
LN

g

©

g

o

o
LS
ol
O

)
gk
X

©©

N
~ L0
B
=]
11l

" o

il O O

o ono

m_v

o = c

= = BW% o0 N

= - TR 23 28

= D < XY™

3} oo ks! T

0 o Ol-o = N

) ) = i IS

o) o [ SRR o Q| >

—| 8 S o Woll g xs

3 S 24 988G © 2
— ]

S.ml.v < (=]
IS B
? =
=] )
5 2
> 1|
: s 3
8 ! 2 5
O] ]

o =~
(@)

3z

=
T

x Z

O w

w O

a o

o W
o

T

Z

U filcovowstomuNoo

CN0%057681%421

£ TS9O~ OLnT N

a

EEEEE

w o EecEEEEEEEEE

> S ESEE

D NISEESESFSCHTEH

U alseNunPS8Snamor~

n P8ATNGEIRINAS
N —S<YNoscococoo

(no specification provided)

Location: BH15-1 GS1

*

Date:

Sample Number: MM-1977

National Capital Commission

Client:

Figure

10001599

Project No:

onsultants Limited | Project: Richmond Landing, Ottawa

Environr

z




Particle Size Distribution Report

00¢#
ovT#
00T#

09#

ov#
oE#
oc#

oT#

v#

‘urgre
ures

urte
uT

UreAT
‘ure

ure

urg

100
90
80
70

60

o
Te)

40

d3NI4 LNJDH3d

30
20

0.001

0.01

100

GRAIN SIZE - mm.

>
&
(@]

3

< 1Q

(VR

< ™

o=
=
Q| L0
Sis
N

©°

c

&
E

3| @
o<
Q|
s
[
5w
ol M~
®]
ol N
Sirs
[T |

g

@

g

G

o
2
€3
o
®]
)
gk
S

N~
o)
=]
<
o
TRl
oLl
ik O O
o ono
m_v
o = |
= g 2 992 43
‘= pr 5] B <&
2 o " &y
[ ] = =
o o © o &=
_ S Q R os
o T g4 © O e
nl oz < o]
] _
[=)] ©
@ =
£ o
2 >
5 E
Il
; y 3
>
= 4 2 5
(%) o D
o =~
(@)
3z
=
T
x  Z
O w
m O
o x
o w
a
T
Z
W pjjeaomaommnnNo o
CNOSQZS?OZ%B
¥ SO0 ONOCOLIF®
w W
a
EEEEE
w EcEE
S WEEEEEEEEES
o NeEQ 5o
U3lednl8nadmor~
0 AV G G RINAO
—S<YNscococoo

(no specification provided)

Location: BH15-2 GS1

*

Date:

Sample Number: MM-1978

National Capital Commission

Client:

Figure

10001599

Project No:

onsultants Limited | Project: Richmond Landing, Ottawa

Environr

z




Particle Size Distribution Report

urggf==== (

V117 o S P (S S Sj——

00z e

N e s e =
00T#f-——— | S

O s e e LT~ ————1

ov#f——— — Tt T

/
oe# /

[ e e —

oT#

] —— —

BT

UTR7N S e [y [y G p——— Sp———

0 o e Ay

weglb—————4—— o+ —— —

welb—

V7Y S A i A

0.001

0.01

100

o
Te)

100
90
80
70
60
40
30

d3NI4 LNJDH3d

20

GRAIN SIZE - mm.

>\
=
(@]

3

<l |2

[T

< —

N
=
ol O
=3}
<t

k=)

c

&
£

Sl
o<
|
=
[}
2~
o <
(@]
| ©
SIS
|

2

©

©

1)

o
2]
€3
[e]
(@]
™
e
X

o)
N
~
0]
o
11l
" oLl
il OO
o ono
mw
o = c
= E 292 = o
= | e3M MA W%
o oed 97 g
ol 8 = SN o = ~
Q| & Q = ) =
al = o | 1111 a O >
—| o ol QW ol @ x=s
3 £ 53 98835 © e
praw]
A g < S
2 s
S mW mw [a)
3 S5 2
% [ce] @) 1l .m
- TN 2 =
° I ocoo O
mw 1 S n mm
o [ala)Ya] -]
o =~
(@)
3z
=
T
i B
O
w O
o x
o W
o
£ g
I filotts~ososl 3
O ZlowoaNaNMN O =%
¥ SO ONMNO TN A c
w Wi S
& 3
K]
EEEEE 2
wleEEEEEEEEE 2
D NIESESFScwHaEH 2
U3lednl8nadmor~ =
n AN S SOOI NAHO <
—S<YNscococoo

Location: BH15-3 SS1

Date:

Sample Number: MM-1979

National Capital Commission

Client:

Figure

10001599

Project No:

onsultants Limited | Project: Richmond Landing, Ottawa

Environr

z




Particle Size Distribution Report

00¢#

ovT#
00T#

09#

ov#

oE#

oc#

oT#

v#

‘urg/e

uley

urte

g

UreAT

‘ure

ure

urg

0.001

0.01

100

100

80

70

60

o
Te)

40

d3NI4 LNJDH3d

30

20

GRAIN SIZE - mm.

>
K]
()

1%

()

< 0

[ ~

R =
=
[Ty
Slg
[T {e]

k=)

c

&
£

|3 @
h<lLie}
|
=
()
5l
ol
O
()
£
iL| ©

2

©

o

5}

o
5 @
ol ¥
O

™
gk
3

0 ©
—
0 m
M
oo
—
11
I ol
s ©d o
o nno
m_v
0
5 2 -
o = c|
= I Yo o) N
= o © =< Y g
= - 939~ S ¥®
o olo"m © | P
n % = .I.7hnUn& = m Y]
o & ) = b
Al .E o ©| 111l a O >
— 5 = o WOl g x'=s
3 8 24 9885 O ¢
-
nl = Mm o
- —
g s
3 3 2
m QN Q
% ©©oo Ml Mw
B RN 2 =3
ko] O
Il [ojo)o)
% 1 S %) ﬁm
o [alala] -]
PPN
(@)
3z
=
T
x  Z
O W
w O
o
0w
[
T
Z
W @ NANNNSONM—HO NN
O ZlowWWWANOBBO LA O~
r SO0 M0ON~O T A
w Wi
o
wyEccEEEEEEEEE
> S EEEE
O NPFEESESHSQLYLAO O
U alseNunPS8Snamor~
2 CAadN S GRINAO
N —S<YNoscococoo

(no specification provided)

*

Location: BH15-3 SS2

Date:

Sample Number: MM-1989

National Capital Commission

Client:

(]
S
>
2
o
:
T
£
@]
o))
£
©
B 3
z 8
g2 3
o o
E 3
=
S
3
z
—
(8]
2
o
pd
o

terials Hydrogeology

enta

Environr

L Consultants Limited Project

| RS




Particle Size Distribution Report

00¢#
ovT#
00T#

09#

ov#
oE#
oc#

oT#

v#

‘urgre
ures

Ul
wt

UreAT
‘ure

ure

urg

100
90
80
70

60

o
Te)

40

d3NI4 LNJDH3d

30
20

0.001

0.01

100

GRAIN SIZE - mm.

>
©
O

3

< |8

(VR

< «

o=
=
[CANTe]
S~
(N

©

j

&
S

Bl
o<
o
=
()
5™
S| o
o
[CANTe]
Sl
i«

<

©

o

O]

B
(2]
€3
o
o
™
gk
R

%
™~
o]
1
I ol
il O o
o nno
m_v
o = c
= E 222 2992 o
= i D T X8
) o Q @
O .= ~
n | =IO = g~
o o @ = 5 N
o g o rRUR) A o >
— = o WOl g x=s
3 B 24 9885 O ¢
0l L - e}
> &
M =
5, 88 a
1ogs) >
k=] M o
W (e} ] Ml .m
2 , bLs 8 F
= — oL n ﬁm
[7p) o [alala] -]
o~ =
o
Gz
&%
T
x =z
G
m O
o
0w
o
T
Z
I floooswNnmadng
C ZISULBOHEBIIY
¥ SO0 NOCOLI AN
w W
o
EEEEE
wylecEEEEEEEEE
o N|IEESE SBHS G
m N S50
U3lcdeNwvl8Snamor
7 SR O gNAO
H9°<YdNgSs6o
ccoooco

(no specification provided)
Location: BH15-3 SS3A
Sample Number: MM-1980

*

Date:

National Capital Commission

Client:

Richmond Landing, Ottawa.

Figure

10001599

Project No:

droge

rials Hy

Environr

SPL Consultants Limited Project




Particle Size Distribution Report

00¢#
ovT#
00T#

09#

ov#
oE#
oc#

oT#

v#

‘urg/e

uley

urte
uT

UTAT

‘ure

ure

urg

0.001

0.01

100

100
90

80

70

60

o
Te)

40

d3NI4 LNJDH3d

30

20

GRAIN SIZE - mm.

>\
<
[}

3

<l |2

(TR

< —

o=
=
0l Q
Slm
[T |

k=)

c

&
€

R|3|m
3lo
S
[}
ol
3 S
O
o
o| 00
Sl
LN

2

©

<

o

o
ol
z
(o}
™
gk
X

o
m
o = |
= g 2 992 43
= c
‘= — @ B <&
3 S I 1
] o = =
a o 2 o>
— = O a oS
38 220 o
=
0l = < o
2 3
8 =
3 .~
g a
) i 3
> Qo
S T O g
5 2 2§
o -]
o~ =
(@)
3z
=
T
x =z
g i
m O
o
o W
o
T
Z
I flotwnumonadonon
C ZSox8BERYYRLIT
¥ EIORCOOST®M® NN
w Wi
o
wEEccEEEEEEEEE
> NIEEEEEEEESSESES
w NGS5 NS 6
U aRelse6NnR8namnor
R R R R P e A A A R
ek HOYNGSSSss S

(no specification provided)

Location: BH15-4 SS2

*

Date:

Sample Number: MM-1981

National Capital Commission

Client:

Richmond Landing, Ottawa.

Figure

10001599

Project No:

terials Hydrogeology

enta

Environr

L Consultants Limited Project

| RS




Particle Size Distribution Report

00¢#

ovT#
00T#

09#

ov#

oE#

oc#

oT#

v#

‘urg/e

uley

urte

uT

UIAT

‘ure

ure

‘urg

100
90
80

70
60

o
Te)

d3NI4 LNJDH3d

40
30

20

0.001

0.01

100

GRAIN SIZE - mm.

>
=
(@)

3

N

(VR

S| |-

S| =
=
ol O
£l oo
R

©

j

&
£

3|2
o<
o
=
3
E
o
o
o| -
Sl
Tl

g

]

3

O]

B
®|Q
3|
@)
)
213
X

N~
©
2]
™~
T}
11l
o
ik O O
o ono
m_v
o = - |
= E 2539 2992 o
= J §gNo ‘BT <8
3] oo QO @| ro
w0 = =N O = g~
o ¢ o b= )
a o | 1111 a O >
— £ oIl QW g s
ol v = [aYalO NG c
al g < ]
) B
. - 2
g 5 S
> i) o)
.m ™ i 1" 3
i TN 2 =
1 00O O
% 1 S %) ﬁm
o [ala)Ya] -]
o =~
(@)
3z
S x
T
Y g
O
w O
a o
o W
o
T
Z
W Q@O NNNNAAN NN M
O Z|I0dOoO0O0WBANL N OIS
¥ SIOO0RRKRODODOITONA A
w W
a
EEEEE
w EEecEEEEEEEEE
> € £ EcEE
O NPFPFEENERSQLLSO O
U aRelse6NnR8namnor
B PO AANg S IRINTS
0N G4 NGSSeoS

(no specification provided)

Location: BH15-6 SS3

*

Date:

Sample Number: MM-1984

National Capital Commission

Client:

)
S
=}

=
i
:

B

=

@]

)]
=
S
8 2
z 9
2 3
o) o
€ 3

°

o

r 3

bz
R
(&)
2
)
=
o

gec

terials Hydrc

Environmenta

L Consultants Limited Project

| RS




Particle Size Distribution Report

00¢#
ovT#
00T#

09#

ov#
oE#
oc#

oT#

v#

‘urg/e

uley

U
uT

AT

‘ure

ure

‘urg

0.001

0.01

100

““““““““““““““““““““““““““““““ “j“““‘\
J
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ N\\\\\\\\\\
/
/
y 4
““““““““““““““““
\ x
“““““““““ 4 -
\(
)y
v
7
““““““
\
o o o o o o o o o o o
m (o)} [e0] M~ [{e) n < [90] N —

d3NI4 LNJDH3d

GRAIN SIZE - mm.

>
o
(@]

3

=l |8

[

< —

S |=
T
[CANTe]
S|
[TRN V]

©

j

&
S

S| 3| @
o| N
SR
=
)
®l©
Q|
ol
(@]
[INe]
£l
waom

<

©

=

O]

B
(2]
€3
o
(@]
)
e
X

oSN
S
) O
<o
11l
" o
il O O
o nno
m_v
o = c
= g wmﬂ = o
= 3 &R ®x X8
3] ooy QO @| ro
n pust = O = g~
o ¢ o b= )
a o | 1111 a O >
c = || ol woll ol xXs
= & Q1 OlonsS = =
ol v = ono O c
al g < 6
w s
o) © ]
: s
S 42 3
m — N 1 .m
TN 2 =
ko] O
I o000
% 1 Sobd 0 ﬁm
o [ala)Ya] -]
o =~
(@)
3z
=
T
x Z
O w
w O
o x
o W
o
T
Z
mv._E0.6.21_48.9.0.0.5.5
x ZIBBBRIILHERIET
w W
a
EEEEE
wylecEEEEEEEEE
= 1S
LU NEESEHSQAVASO O
U3lcdeNwvl8Snamor
n PR nahlesNSg
NNoococoo

(no specification provided)

Location: BH15-7 SS3

*

Date:

Sample Number: MM-1985

National Capital Commission

Client:

Project No:

Figure

10001599

onsultants Limited | Project: Richmond Landing, Ottawa

Environr

z




Particle Size Distribution Report

00¢#

ovT#
00T#

09#

ov#

oE#

oc#

oT#

v#

urg/g

uley

urte

uT

UreAT

‘ure

ure

urg

100

90

80

70

60

o
Te)

40

d3NI4 LNJDH3d

30

20

0.001

0.01

100

GRAIN SIZE - mm.

>
©
()
3
< |12
(TR
< N
o=
=
[Ty
£l o5
| o
k=)
c
&
£
SIS
o| N
|
b=
()
5@
o
O
()
£/
|
2
©
o
o
o
2]
€3
o
O
™
e
3

o
X
N
o
TR
ol
ik O O
o nno
m
o = c
= = dowy o0 N
= I<{f=]T¢} S< Yo
= - o3y T << X ™
) O ~ Q2 | p
N = = oo = gl
) ) = >
o) o [ SRR o Q| >
— o o WOl x=s
= £3 980G © =
SM ML (=]
5 ©
(o)
2 =
oo
= o >
ko] NN -
W oo Ml Mw
2 , bLs 8 F
= — oL n ﬁm
[7p) o [ala)Ya] -]
o =
(@)
3z
=
T
Y B
O
w O
a o
W
o
T
Z
w pjestnmnosnwn
C“NOSGZMOSO
¥ 100000 DONN
w W
a
ccEEEEE
WwEEEEEEEE
O NIESFSSHICH
U roRSnamnor
n OaggRINAO
NNoocooo

(no specification provided)

Location: BH15-8 GS1

*

Date:

Sample Number: MM-1986

National Capital Commission

Client:

Figure

10001599

Project No:

onsultants Limited | Project: Richmond Landing, Ottawa

Environr

z




Particle Size Distribution Report

Date:
Figure

Richmond Landing, Ottawa.
10001599

National Capital Commission

Client:
Project No:

gec

terials Hydrc

enta

Environr

L Consultants Limitec)l Project:

(no specification provided)

Location: BH15-8 SS3

*

Sample Number: MM-1987

p > 10
b=y 3
o —|
\Mu S Ol N
i @
0
/ ~
—
&\ N
@ n
/- o I owmi
£ i} O o
o L o 0no
NP
o — -
BN Il
O
s s = 8
o = c
4 = € Zom 9gun
¥V 8t 5 538 33 28
5 & I8 < 5@
/ ol 5 bt Qoo = 5
— =) 5 & = =N
_ o g 2 S, @ g3
S |
e e i SRRt B S . = g gy Swns S 3
OvT#f——— e e e p 3 = - 000 O 5
10 A7 SR N U (R — (N S S A E— o< S B
/ £ 2 =
09# [ ——— =~ o] \M\l \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ : 8 g5 o
/ IS ) P >
Ov# [ T o m wnwo Il B
wl g 2 ol
oe# / 3 IR A ol
/ N| )| P Il ojele) b
\\\\\\\\\\\\ T nlLls = — O LO
oz# = 3l© 7)) o aYaYa) >
¥ -« zZ I~
< =
0 d
oT# O
/| %) o
\ m8
(] — S ] & O
/ 0 =2
/ < U
\\ (e} a X
uggE=yfemEmmmmmee e e = S| o
B S e s A e dF —
>
w4 1 1 . L m * _M
! o O W
L e e e R e e e R e N % m
o o ow
RUIE72 { S S (S (N S SR S S S — 5 3 a
I e — 8
T
0 > e e e e e s Sy e ——— Z x
=) W jlonNonNToooNaNdONTN©
S O ZlowogoradwWwa O f o © oo
© Im9887765433 MANNNA
wolboo o i fp o i i i 4] M-._ w
sloll |
? |9 EccccEEEEEEEE
< |© _._v._Emmmmmmmmmmmmmmmmm
U NS50S0 3SRIEISRBIY
b ~ O
o o o o o o o o o o [S) n P8 RINEoINS5383888
S & @ ~ © 0 < ™ Y = PN SS90 000606808
— [eleolojojolojo}e)
d3NId LNIDd3d

| RS




Particle Size Distribution Report

00¢#

ovT#
00T#

09#

ov#

oE#

oc#

oT#

v#

‘urg/e

uley

urte

g

UreAT

‘ure

ure

urg

100
90

80
70

60

o
Te)

40

d3NI4 LNJDH3d

30

20

0.001

0.01

100

GRAIN SIZE - mm.

>
K]
O
3
i<
(TR
< AN
S|z
=
o| N
Sl <
[T\
©
j
&
£
| 3|~
S| o
b=
()
o0
o N
O
O
[O1Ne]
£lg
[TRN V]
<
©
®
o
)
(2]
ie
o
O
™
=
R

o
S
o)
]
%]
TR
ol
ik O O
o nno
m_v
o = |
= = Bom__vm_ = o
= 3 SR® Tl xS
o .|31 o rnw_
b S Qo = N
) ) = i IS
o) o [ SRR o Q| >
—| 8 S o Woll g xs
3 £ 24 O88SF G 2
. — +
S.ml.v < (=]
IS &
? =
k=] wg a
m 8D >
5~ 8
> —o Il B
E , bLs 8 F
10 1 S n m
O o [ala)Ya] -]
o =
(@)
3z
=
T
x,  Z
O w
w O
a o
W
o
T
Z
w pgleoaNNnH40omoe oo
CN03038630M530
£ FIgoowrowb Ml
a
w  JEEcEEEEEEEEE
e ESEE
= IS
O NPFEESESHSQLYLAO O
U alseNunPS8Snamor~
0 CAadN S GRINAO
N —S<YNoscococoo

(no specification provided)

Location: BH15-11 GS1

*

Date:

Sample Number: MM-1988

National Capital Commission

Client:

Figure

10001599

Project No:

onsultants Limited | Project: Richmond Landing, Ottawa

Environr

z




Project 10001599
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Appendix Il

Chemical Test Results

SPL Consultants Limited October 2016



EXOVA ENVIRONMENTAL ONTARIO Certificate of Analysis mxo<Q _______

Client: SPL Consultants Ltd.
146 Colonnade Rd., Unit 17 Report Number: 1515810
Ottawa, ON Date Submitted: 2015-08-13
K2E 7Y1 Date Reported: 2015-08-21
Attention:  Ms. Wendy McLaughlin Project: 10001599
PO#: COC #: 505915

Invoice to:  SPL Consultants Ltd,

Lab I.D. 1194919 1194920 1194921 1194922
Sample Matrix Soil Soil Sail Soil
Sample Type
Sampling Date 2015-07-27 2015-07-27 2015-07-27 2015-07-27
Sample I.D. BH 15-1 GS-1 BH 15-2 GS-1 BH 15-3 $S2 BH15-4 SS-3
Group Analyte MRL Units Guideline
| Agri. - Soil pH 2.0 8.6 8.5 8.2 9.7
| General Chemistry o] 0.002 % <0.002 0.003 <0.002 0.003
Electrical Conductivity 0.05 mS/cm . 0.18 0.27 0.18 0.35
Resistivity 1 ohm-cm 5560 3700 5560 2860
S04 0.01 % 0.03 0.02 0.02 0.07
Guideline = * = Guideline Exceedence MRL = Method Reporting Limit, AO = Aesthetic Objective, OG = Operational Guideline, MAC =
All analysis completed in Ottawa, Ontario (unless otherwise indicated by ** which indicates Maximum Acceptable Concentration, IMAC = Interim Maximum Acceptable Concentration, STD =
analysis was completed in Mississauga, Ontario). mﬁ:aﬁ? PWQO = Provincial Water Quality Guideline, IPWQO = Interim Provincial Water Quality
Results relate only to the parameters tested on the samples submitted. Objective, TDR = Typical Desired Range

Methads references and/or additional QA/QC information available on request.

146 Colonnade Rd. Unit 8, Ottawa, ON K2E 7Y1 wmmo 20f3



EXOVA ENVIRONMENTAL ONTARIO Certificate of Analysis mxo<Q _7__—__
Client: SPL Consultants Ltd.
146 Colonnade Rd., Unit 17 Report Number: 1515810
Ottawa, ON Date Submitted: 2015-08-13
K2E 7Y1 Date Reported: 2015-08-21
Attention:  Ms. Wendy McLaughlin Project: 10001599
. U COC #: 505915
PO#:
Invoice to:  SPL Consultants Ltd.
QC Summary
Analyte Blank QcC Qc
% Rec Limits
Run No 292290 Analysis/Extraction Date 2015-08-14  Analyst DML
Method Ag Soil
pH _ _ _ 90-110
Method Cond-Soil
Electrical Conductivity _ _ _ 85-115
Method Resistivity - sall
Resistivity _
Run No 292836 Analysis/Extraction Date 2015-08-20 Analyst NP
Method C SM4500-S04--D
S04 <0.01 % 98 70-130
Run No 292839 Analysis/Extraction Date 2015-08-20  Analysf NP
Method C CSA A23.2-4B
Chloride <0.002 % 100 90-110
Guideline = * = Guideline Exceedence MRL = Method Reporting Limit, AO = Aesthetic Objective, OG = Operational Guideline, MAC =

All analysis completed in Ottawa, Ontario (unless otherwise indicated by ** which indicates
analysis was completed in Mississauga, Ontario).

Results relate only to the parameters tested on the samples submitted.

Methaods references and/or additional QA/QC information available on request.

146 Colennade Rd. Unit 8, Ottawa, ON K2E 7Y1 Page 3 of 3

Maximum Acceptable Concentration, IMAC = Interim Maximum Acceptable Concentration, STD =
Standard, PWQO = Provincial Water Quality Guideline, IPWQO = interim Provincial Water Quality
Objective, TDR = Typical Desired Range



Project 10001599
Richmond Landing Shoreline Access Feasibility Study, Ottawa, ON

Appendix IV

Results of Geophysical Survey

SPL Consultants Limited October 2016



GEOPHYSICS GPR INTERNATIONAL INC. 6741 Columbus Road Tel.: (905) 696-0656

Unit 14 Fax: (905) 696-0570

Mississauga, Ontario gprtor@gprtor.com

Canada L5T 2G9 www_geophysicsgpr.com
February 5, 2015 Our File: T15840

Chris Hendry, M.Eng., P.Eng.
Sr. Geotechnical Engineer
WSP Canada Inc.

2611 Queensview Drive
Ottawa, ON

K2B 8K2

RE: Georadar and Seismic surveys for bedrock mapping on Victoria Island,
Ottawa, Ontario.

Dear Mr. Hendry:

Geophysics GPR International Inc. was requested by WSP to perform a geophysical
survey at the above site. The purpose of this investigation was to map the bedrock
profile. The survey was performed from December 11 to 14, 2015. Figure 1 shows the
site locations, in Ottawa.

Radar Survey Design

Georadar uses radar technology to obtain a near continuous profile of the subsurface.
The basic principle is to send an electromagnetic impulse into the ground. This pulse
will travel through the earth and reflect off boundaries of differing dielectric constants.
A reflected pulse returns to the surface and is recorded by a receiver. Examples of
boundaries included air/water (water table); water/earth (bathymetry); earth/metal, PVC,
or concrete (pipe locating); and differing earth materials (stratigraphic profiles, including
bedrock profiles). Only by moving the antennas along a profile directly over the targets
can the locations and depths be determined. All data are generated in real time and
recorded digitally. The 270 MHz antenna was used for this survey. This particular
antenna is most appropriate for depth penetration in the upper 5-10 m, depending on
material.

Radar reflections are generated at the boundaries of materials with contrasts in
electromagnetic properties (dielectric value). Interpretation of radar data is based
primarily on the qualitative analysis of two characteristics of radar reflections: continuity
and amplitude. The true nature (cause) of a radar reflection can only be assumed with
corroboration from intrusive methods or additional geophysical techniques.



The operator performed several passes along profiles from East to West. The profiles
were taken along the embankments for the locations 1, 2, 3 and 4 from north to south.
Data was restricted to the upper embankment and away from the brush areas. Good radar
data needs to be moved in a smooth manner and stay close to or on the ground. Data
collection would not have been possible in the brush areas or on the steep slopes with
boulder cover material.
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Figure. 1. Victoria Island georadar and seismic survey site.

Seismic Survey Design

The seismic refraction method relies on measuring the transit time of the wave that takes
the shortest time to travel from the impact point (shot-point) to a series of receivers
(geophones/hydrophones). The fastest seismic waves are the compressional (P) or
acoustic waves, where displaced particles oscillate in the direction of wave propagation.

A seismic spread of 24 vibration monitoring devices (geophones) connected in line
(spread) to a seismograph (ABEM Terraloc Mark 6) by connector cables. Seismic
pulses (shots) are then generated at various locations with respect to the spread. The
profiles for this seismic investigation used a spacing of two metres between geophones.
Typically seven or more shots are executed per seismic spread: three to five shots
within the profile to obtain the lateral velocity variation in the overburden and two
shots on either side of the spread to provide the true velocity of the bedrock surface. A
sledge hammer with a metal plate were used to generate the seismic signal.
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Results

The background seismic noise levels at this site were high. The quality of the seismic
records wasn't ideal. In fact, there seemed to be a pervasive noise source but it was not
clear what it was. The results of seismic refraction investigation are summarized in the
Figures 2 to 4.

The data quality was not sufficent to perform a full refraction calculation beneath every
geophone but there could be a simple calculation refered to as 'critical distance'. This
produces a rock depth beneath some of the shot locations.

Location #1

Figure 2 shows the location of the only seismic line parallel with the river. A second line
was planned but there was a confrontation with a demonstrator so the second planned
seismic line was cancelled. In addition, there was no ground radar profiles collected
either. The seismic line crosses over the borehole with a rock depth of 1.6 meters. It was
not feasible or safe to position the profile closer to the shoreline due to a combination of
steep slope, boulders and brush growth.
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Fig. 2. Surveyed locations with approximate bedrock depths.
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Location #2

There was a seismic spread collected parallel with the river that crossed over a borehole
that was 3.4 meters deep (Figure 3). There was also a spread perpendicular that also
crossed the same borehole. There were no geophones down the slope to the river due to
boulders but it was possible to obtain a hammer hit near the water. The drop in elevation
is believed to be 2.5 meters and the approximate rock depth is 3.2 meters.

It was not feasible or safe to position the profile closer to the shoreline due to a
combination of steep slope, boulders and brush growth.
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Figure 3: Locations 2 and 3 with bedrock depths.
Location #3

There was a seismic spread collected parallel with the river that crossed over a borehole
that was 5.8 meters deep (Figure 3). The borehole was about 4 meters set back from the
edge of the slope. There was also a spread at 45 degrees in the hope of obtaining a rock
depth closer to the shoreline. There were no geophones down the slope to the river due
to boulders and it was not possible to safely obtain a hammer hit near the water. The
drop in elevation is believed to be 2.5 meters and the approximate rock depth is 4.0
meters.

It was not feasible or safe to position the profile closer to the shoreline due to a
combination of steep slope, boulders and brush growth.
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Location #4

There was a seismic spread collected parallel with the river that crossed over a borehole
that was 6.3 meters deep (Figure 4). The borehole was about one meter set back from the
edge of the slope. There was also a spread perpendicular to the river. There were no
geophones down the slope to the river due to boulders but it was possible to obtain a
hammer hit near the water.

It was not feasible or safe to position the profile closer to the shoreline due to a
combination of steep slope, boulders and brush growth.

Location #3
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Figure 4: Location #4 with bedrock depth calculations

Ground Radar Results

There were 4 to 5 parallel profiles of ground penetrating radar collected parallel with the
river with 2m spacing at each location with the exception of Location #1. There was also
one perpendicular profile that crossed the borehole.

The penetration of the radar signal into the ground was quite good through the fill but
there was a strong reflection from what appears to be native material. In most cases the
fill material is 1.5 to 2 meters thick. Figures 3 and 4 are a typical example of an image of
the overburden. There is homogeneous layers of predominantly fine sand and maybe
some silt that makes up the fill. It is uncertain what the native material is composed of
but borehole records show a material similar to the fill with sands, silts and gravels. The
signal penetration depth in this zone is not more than two meters. All three locations
appeared very similar. The stratigraphy layers are continuous for the most part and
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consistently alternating indicative of strong homogeneity. There were no boulders
detected in the upper 4m. The only boulder may be those used for shoreline protection.
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This letter has been written by Milan Situm, P.Geo.
If you have any questions please do not hesitate to call.

Sincerely,
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& SPL Consultants Limited

Goalechnical » Enwiranmaontal « Materials « Hydrageology « Ecology

Explanation of Terms Used in the Record of Boreholes

Sample Type

AS  Auger sample

BS Block sampie

€S Chunk sample

DO  Drive open

DS  Dimension type sample
FS Foil sample

RC  Rock core

SC  Soil core

SS Spoon sample

SH  Shelby tube Sample
ST  Slotted tube

TO  Thin-walled, open
TP Thin-walled, piston
WS Wash sample

Penetration Resistance

Standard Penetration Resistance (SPT}, N:

The number of blows by a 63.5 kg (140 Ib) hammer dropped 760 mm
(30 in) required to drive a 50 mm (2 in) drive open sampler for a distance
of 300 mm (12 in).

WH — Samples sinks under “weight of hammer”

Dynamic Cone Penetration Resistance, Ng:
The number of blows by a 63.5 kg (140 Ib) hammer dropped 760 mm

(30in) to drive uncased a 50 mm (2 in) diameter, 60° cone attached to “A”

size drill rods for a distance of 300 mm (12 in}).

Textural Classification of Soils

Classification Particle Size
Boulders >200 mm

Cobbles 75 mm - 200 mm
Gravel 4.75mm - 75 mm
Sand 0.075mm —-4.75 mm
Silt 0.002 mm-0.075 mm
Clay <0.002 mm

Coarse Grain Soil Description (50% greater than 0.075 mm)

Terminology Proportion
Trace 0-10%
Some 10-20%
Adjective (e.g. silty or sandy) 20-35%
And (e.g. sand and gravel) >35%

Soil Description

a)} Cohesive Soils(*)

Consistency Undrained Shear
Strength (kPa)

Very soft <12

Soft 12-25

Firm 25-50

Stiff 50-100

Very stiff 100-200

Hard >200

(*) Hierarchy of Shear Strength prediction
1. Lab triaxial test
2. Field vane shear test
3. Lab. vane shear test
4, SPT “N” value
5. Pocket penetrometer

b) Cohesionless Soils

Density Index (Relative Density)

SPT “N” Value

0-2
2-4
4-8
8-15
15-30
>30

SPT “N” Value

Very loose <4

Loose 4-10

Compact 10-30

Dense 30-50

Very dense >50

Soil Tests

w Water content

Wp Plastic limit

w, Liquid limit

C Consolidation (oedometer) test

CID Consolidated isotropically drained triaxial test

Clu consolidated isotropically undrained triaxial test with porewater
pressure measurement

Dg Relative density (specific gravity, Gs)

DS Direct shear test

ENV Environmental/ chemical analysis

M Sieve analysis for particle size

MH Combined sieve and hydrometer (H) analysis

MPC  Modified proctor compaction test

SPC Standard proctor compaction test

ocC Organic content test

U Unconsolidated Undrained Triaxial Test
\ Field vane (LV-laboratory vane test)

y Unit weight
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LIMITATIONS OF REPORT

This report is intended solely for the Client named. The material in it reflects our best judgment in light
of the information available to SPL Consultants Limited at the time of preparation. Unless otherwise
agreed in writing by SPL Consultants Limited, it shall not be used to express or imply warranty as to the
fitness of the property for a particular purpose. No portion of this report may be used as a separate
entity, it is written to be read in its entirety.

The conclusions and recommendations given in this report are based on information determined at the
test hole locations. The information contained herein in no way reflects on the environment aspects of
the project, unless otherwise stated. Subsurface and groundwater conditions between and beyond the
test holes may differ from those encountered at the test hole locations, and conditions may become
apparent during construction, which could not be detected or anticipated at the time of the site
investigation. The benchmark and elevations used in this report are primarily to establish relative
elevation differences between the test hole locations and should not be used for other purposes, such
as grading, excavating, planning, development, etc.

The design recommendations given in this report are applicable only to the project described in the text
and then only if constructed substantially in accordance with the details stated in this report.

The comments made in this report on potential construction problems and possible methods are
intended only for the guidance of the designer. The number of test holes may not be sufficient to
determine all the factors that may affect construction methods and costs. For example, the thickness of
surficial topsoil or fill layers may vary markedly and unpredictably. The contractors bidding on this
project or undertaking the construction should, therefore, make their own interpretation of the factual
information presented and draw their own conclusions as to how the subsurface conditions may affect
their work. This work has been undertaken in accordance with normally accepted geotechnical
engineering practices.

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it,
are the responsibility of such third parties. SPL Consultants Limited accepts no responsibility for
damages, if any, suffered by any third party as a result of decisions made or actions based on this report.

We accept no responsibility for any decisions made or actions taken as a result of this report unless we
are specifically advised of and participate in such action, in which case our responsibility will be as
agreed to at that time.





