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1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by AECOM on behalf of the Ministry of Transportation,
Ontario (MTO) to provide preliminary foundation engineering services for the future improvements and widening
of Highway 401 from Brock Road to Courtice Road in the Regional Municipality of Durham, Ontario.

This report addresses the proposed widening of the existing Duffins Creek bridges. This report was developed
with information from previous geotechnical/foundation investigations at the site, as follows:

m MTO GEOCRES No. 30M14-007: Report titled “Foundation Investigation Report for Widening of Duffins
Creek Bridge on Highway 401, District 6 (Toronto), W.O. 72-11119, W.P. 44-71-02,” prepared by Ministry of
Transportation and Communications, Ontario, dated January 22, 1973.

m MTO GEOCRES No. 30M14-252: Report titled “Foundation Investigation and Design Report For Highway
401 Bridge Widening at Church Street/Duffins Creek, Town of Pickering, W.P. 137-95-00, Site 22-120,”
prepared by Golder Associates Ltd., dated December 18, 1997.

The terms of reference for the preliminary foundation engineering services are outlined in MTO’s Request for
Proposals (RFP) for Assignment No. 2010-E-0062, dated June 2011. The scope of work for the preliminary
foundation engineering services is presented in Section 5.8 of URS’s Technical Proposal for this assignment, as
well as Golder’'s Scope Change for Foundations Engineering Services letter dated December 8, 2014.

2.0 SITE DESCRIPTION

The Duffins Creek bridges are located approximately 1.7 km east of Brock Road in the City of Pickering, in the
Regional Municipality of Durham, Ontario. The existing bridges are six-span structures that were originally
constructed in 1940, and it is understood that the original structures were founded on spread footings supported
on shale bedrock. The eastbound and westbound bridges were widened approximately 6 m toward the outside
under Contract 75-07, and widened again in the late 1990s; for both phases of outward widening of the
structures, the widened abutments and piers are supported on steel H-piles either driven to bedrock or placed in
pre-augered holes extended to the bedrock.

The Duffins Creek channel is at approximately Elevation 77.5 m to 78 m, and the floodplain adjacent to the creek
is at approximately Elevation 78.5 m to 81 m, rising to the west and east away from the creek. The natural
ground surface elevation outside of the creek valley in the vicinity of the bridge is at approximately Elevation
86 m, with a relatively level topography. The Church Street grade is at approximately Elevation 81 m, along the
west side of the creek. Highway 401 has been constructed near the existing ground surface outside of the creek
valley, with its grade varying from about Elevation 88 m on the west side to about Elevation 87 m on the east
side of the creek.

3.0 INVESTIGATION PROCEDURES

Two previous investigations have been completed at this site, including one in November 1972 by the Ministry of
Transportation and Communications, Ontario and one in September 1997 by Golder. The locations of the

.
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boreholes are shown on Drawing 1, appended to this report, and further details regarding both investigation
programs is provided in the following sections.

3.1 1972 Investigation (GEOCRES No. 30M14-007)

Twenty-two boreholes were advanced at this site as part of the previous geotechnical investigation completed by
the Ministry of Transportation and Communications, Ontario in November 1972. Boreholes 3, 6, 10, 13, 16, 19,
and 22 were advanced on the north side of Highway 401 in the area of the existing bridge structure; Boreholes 2,
5,9, 12, 15, 18, and 21 were advanced in the median area of Highway 401; and Boreholes 1, 4, 7, 8, 11, 14, 17,
and 20 were advanced on the south side of Highway 401 in the area of the existing bridge structure. The
boreholes were advanced using hollow stem augers on a track-mounted drill rig through the overburden and
using diamond drilling equipment through the bedrock. The drill rigs were supplied and operated by Canadian
Longyear Ltd. and Dominion Soils Ltd. Soil samples were obtained using a 50 mm outside diameter split-spoon
samplers in accordance with the Standard Penetration Test (SPT) procedure. BX or BXL core samples were
obtain from the bedrock, where encountered. Two dynamic cone penetration tests were carried in Boreholes 7
and 8.

The water level in the open boreholes was observed throughout the drilling operations.

3.2 1997 Investigation (GEOCRES No. 30M14-252)

Seven boreholes were advanced at this site as part of a 1997 investigation completed by Golder, for the outward
widening of the bridges. Boreholes 101 through 103 were advanced on the north side of Highway 401, while
Boreholes 104 through 107 were advanced on the south side of Highway 401. The boreholes were advanced
using a track-mounted CME 55 drill rig, supplied and operated by Eastern Soil Investigation Limited.

Standard Penetration Testing (SPT) was carried out at intervals of depth of about 0.75m and 1.5 m, and
samples of the soils and rock were recovered using conventional drive open (split-spoon) sampling equipment.
Bedrock was cored using an NQ size core barrel in Borehole 102.

The water level in the open boreholes was observed throughout the drilling operations, and piezometers were
installed in select boreholes to allow monitoring of the groundwater level.

4.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS
4.1 Regional Geology

This section of Highway 401 is located within the Iroquois Plain physiographic region, as delineated in The
Physiography of Southern Ontario (Chapman and Putnam, 1984) and Urban Geology of Canadian Cities
(Brennand, 1998). The Iroquois Plain extends around the western shores of Lake Ontario. The Plain is
comprised of the flat to undulating lakebed and beaches of the former glacial Lake Iroquois, which occupied this
area during the last glacial recession.

The surficial soils in this area of the Iroquois Plain are typically comprised of glaciolacustrine clays, silts and
sands to gravelly sands, which are underlain by an extensive till deposit that is mapped in this area as the
Bowmanville Till. More recent alluvial deposits of gravel, sand, silt and/or clay are present in the creek valleys.

=
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4.2 Subsurface Conditions

The detailed subsurface soil and groundwater conditions encountered in the boreholes advanced as part of the
previous investigation, together with the results of in situ and laboratory testing are presented on the borehole
records in Appendices A (1972 investigation) and B (1997 investigation). The borehole locations are shown on
Drawing 1, and interpreted stratigraphic profiles along the bridge are shown on Drawing 2.

The stratigraphic boundaries shown on the borehole records and on the interpreted stratigraphic profiles are inferred
from observations of drilling progress and non-continuous sampling and, therefore, represent transitions between soil
types rather than exact planes of geological change. The subsoil and bedrock conditions will vary between and
beyond the borehole locations.

In general, the subsurface conditions at the site consist of relatively thin layers of topsoil and/or fill underlain by a non-
cohesive deposit of interlayered sands, silts, and sand and gravel. Thin layers of clayey silt to silty clay are present
within the non-cohesive deposit. The overburden soils are underlain by shale bedrock, which was generally
encountered at depths ranging from about 5.5 m to 10 m below ground surface. A detailed description of the
subsurface conditions encountered in the boreholes is provided in the following sections.

4.2.1 Topsoil

Topsoil was encountered in Boreholes 105 to 107 on the south side of the existing bridge, immediately below the
ground surface at the time of the 1997 investigation. Approximately 50 mm of topsoil was encountered
immediately below the then-existing ground surface in Boreholes 105 and 107 and approximately 600 mm of
topsoil was encountered immediately below the then-existing ground surface in Borehole 106.

4.2.2 Fill

Fill material was encountered in five of the seven boreholes drilled during Golder's 1997 investigation. The fill
material was encountered immediately below the then-existing ground surface in Boreholes 101, 103, and 104
and underlying the topsoil in Boreholes 105 and 106. The thickness of the fill ranged from approximately 0.6 m
in Borehole 105 to approximately 2.9 m in Borehole 104. The base of the fill was encountered between about
Elevations 76.1 m and 80.1 m.

The encountered fill material typically consists of variable proportions of sand, silt, and gravel and is classified as
sand, silty sand, and sand and gravel. The fill material contained organics, asphalt fragments, metal fragments,
glass fragments, and silty clay lenses. In Borehole 104, approximately 1.5 m of silty clay fill containing organics
was encountered underlying the sand and gravel fill.

The Standard Penetration Test (SPT) ‘N’-values measured in the non-cohesive fill ranged from 3 to 30 blows per
0.3 m of penetration, indicating a very loose to compact relative density. The SPT ‘N’-values measured in the
silty clay fill encountered in Borehole 104 were 3 and 6 blows per 0.3 m of penetration, suggesting a soft to firm
consistency. The natural water content measured on selected samples of the fill varied between 6 per cent and
18 per cent.

4.2.3 Sand to Silt Deposit

A non-cohesive deposit consisting of variable proportions of sand and silt was encountered immediately below
the ground surface, or underlying the topsoil or fill, in all boreholes from both investigations with the exception of
Borehole 104 form the 1997 investigation. It has been interpreted as the predominant deposit at this site, within
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which interlayers of coarser sand/gravel and finer clayey silt to silty clay are present; these interlayers are
described in Sections 4.2.4 and 4.2.5, respectively. The base of the overall sand to silt deposit was encountered
between approximately Elevations 76.4 m and 69.6 m in the boreholes, and the encountered thickness (inclusive
of interlayers) ranges from about 1.4 m to 9.9 m.

The deposit consists of layers of non-cohesive soil that vary in composition from sand, to sandy silt/silty sand, to
sand and silt, to silt, containing trace to some clay and trace to some gravel. Organic matter was observed in
samples recovered near the then-existing ground surface, and shell and shale fragments were observed in some
samples. Cobbles and boulders were also observed or inferred in some boreholes, as noted on the borehole
records. The results of grain size distribution tests completed on selected samples of this deposit are shown on
Figures 1 and 2 in Appendix B.

The SPT ‘N’-values measured in the sand to silt deposit range from about 1 blow per 0.3 m of penetration to in
excess of 100 blows per 0.3 m of penetration, indicating a very loose to very dense relative density. The SPT
‘N’-value typically increased with depth.

The measured water contents of samples of the silt to sand deposit range from about 5 to 45 per cent, but are
generally less than 20 per cent.

4.2.4 Sand to Gravel to Gravelly Sand Layers

Discontinuous layers consisting of variable proportions of sand and gravel were encountered within the sand to
silt deposit. These coarser sand to gravel layers were encountered in Boreholes 1, 2, 4, 6, 11, 12, 13, 15, 20,
102, 104, 106, and 107. The thickness of these coarser interlayers ranges from about 0.8 m to 5 m. The sand
and gravel to gravelly sand layers generally contain trace to some silt and trace clay; cobbles and/or boulders
were observed or inferred in association with these layers, as noted on the borehole records. The result of a
grain size distribution test on a sample of the sand and gravel layer is shown on Figure 3 in Appendix B.

The SPT ‘N’-values measured in the sand and gravel to gravelly sand layers range from 2 blows per 0.3 m of
penetration to in excess of 100 blows per 0.3 m of penetration, indicating a very loose to very dense, but typically
dense to very dense relative density.

The measured water contents of samples of the sand to gravel deposit ranged from about 5 per cent to 30
per cent, but were generally less than 15 per cent.

4.2.5 Silty Clay to Clayey Silt Layers

Discontinuous layers consisting of clayey silt to silty clay were encountered within the sand to silt deposit. The
cohesive layers were encountered in Boreholes 101, 102, 104, 105, and 107. The thickness of the layers ranges
from about 0.5 m to 1.5 m. The silty clay to clayey silt layers were observed to contain trace gravel, shell
fragments, and shale fragments.

The SPT ‘N’-values measured in the silty clay to clayey silt layers range from about 2 to 140 blows per 0.3 m of
penetration, indicating a very soft to hard consistency.

The measured water contents of samples of the silty clay to clayey silt layers range from about 8 to 35 per cent.

oy
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4.2.6 Shale Bedrock

Shale bedrock of the Whitby Formation was encountered in all of the boreholes from both investigations. The
weathered upper portion of the bedrock was penetrated and recovered by augering. Bedrock coring was carried
out in Boreholes 1, 2, 5, 6, 8, 9, 11, 13, 15 to 18, 22 and 102, using BX or BXL-size coring equipment in the 1972
boreholes, and NQ-size coring equipment in the 1997 borehole.

The depth to bedrock ranged from 5.5 m to 10.9 m below the ground surface at the time of the 1972 and 1997
investigations, and the bedrock surface elevation varies from about 69.6 m to 73.5 m. The depth to bedrock and
approximate bedrock surface elevation at the borehole locations are summarized in the following table.

Widening Borehole : Depth to Bedrock
Area NO. Foundation Element Bedrock Surface
Surface (m) Elevation (m)
North Side of 3 West Abutment 9.9 70.5
WBL Bridge 101 . 10.9 69.6
6 Pier A 9.0 70.7
10 Pier B 7.3 72.2
102 . 7.4 71.4
13 Pier C 5.7 72.1
16 Pier D 5.9 72.8
19 Pier E 6.2 73.0
12023 East Abutment ;; ;gg
Median é West Abutment 2; ;1;
9 Pier B 7.6 71.9
12 Pier C 6.1 721
15 Pier D 5.5 73.0
18 Pier E 6.4 72.7
21 East Abutment 6.5 73.5
South Side of 106 8.0 72.7
EBL Bridge 1 West Abutment 9.2 71.5
4 8.2 72.1
105 6.5 72.8
7 Pier B 6.8 72.3
8 7.3 72.2
11 Pier C 5.9 71.8
107 . 6.5 72.6
14 Pier D 5.9 73.0
104 . 6.1 72.9
17 Pier E 7.0 72.0
20 East Abutment 6.1 73.5
May 19, 2017 " Golder
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In general, the bedrock is described as thinly bedded, grey shale of the Whitby Formation, containing occasional
thin limestone interlayers. Based on observations from the recovered rock core, the upper 1.0 m to 2.7 m of the
shale is highly fractured and weathered; below this zone, the bedrock becomes moderately weathered to fresh.

The Rock Quality Designation (RQD) values measured on the core samples retrieved ranged between
17 per cent and 100 per cent, indicating a rock mass of variable, very poor to excellent quality.

4.3 Groundwater Conditions

During the 1997 investigation, water levels were observed in the open boreholes at the completion of drilling and
in the standpipe piezometers following drilling, and these measurements are summarized below. The
groundwater conditions from the 1972 investigation have not been included, as the borehole records do not
include details regarding the state of the borehole or the date the water level was taken.

Ground Depth to
Borehole Surface Water Level Groun_dwater Date
No. . Elevation (m)
Elevation (m) (m)

101 80.5 4.4 76.1 Sep 11, 1997 - Completion
3.3 75.5 Sep 16, 1997 - Piezo

102 838 25 76.3 December 11, 1997 - Piezo
Dry - Sep 12, 1997 — Completion

103 80.7 3.5 77.2 Sep 16, 1997 - Piezometer
3.0 77.7 Dec 11, 1997 - Piezometer
2.9 76.1 Sep 12, 1997 — Completion

104 79.0 3.7 75.3 Sep 16, 1997 - Piezometer
24 76.6 Dec 11, 1997 — Piezometer

105 79.3 3.2 76.1 Sep 11, 1997 — Completion
2.6 78.0 Sep 11, 1997 - Completion

106 80.6 2.6 78.0 Sep 16, 1997 — Piezometer
25 78.1 Dec 11, 1997 — Piezometer

107 79.0 2.6 76.4 Sep 12, 1997 — Completion

The water levels observed in the open boreholes on completion of drilling may not represent long-term stabilized
groundwater levels. Measurements taken in the piezometers on December 11, 1997 indicate that the
groundwater level was at a depth of 2.4 m to 3.0 m below ground surface, corresponding to about Elevation
76.3m to 78.1 m. The water level at the site is expected to fluctuate seasonally in response to changes in
precipitation and snow melt, and is expected to be higher during the spring and periods of precipitation.

g
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5.0 CLOSURE

This Preliminary Foundation Investigation Report was prepared by Ms. Haley Schafer and was reviewed by Ms.
Nikol Kochmanova, P.Eng. Ms. Lisa Coyne, P.Eng., a Principal and Designated MTO Foundations Contact for
Golder, conducted an independent review of this report.

GOLDER ASSOCIATES LTD.

N. KOCHUIAN
100117863

Nikol Kochmanova, P.Eng. Lisa Coyne, P.Eng.
Geotechnical Engineer Designated MTO Foundations Contact, Principal
HS/NK/LCC/sm

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.
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6.0 DISCUSSION AND PRELIMINARY ENGINEERING
RECOMMENDATIONS

6.1 General

This section of the report provides preliminary foundation recommendations in support of the proposed widening
of the existing Duffins Creek bridges at Highway 401 (MTO Structure Site 22-120). These preliminary
recommendations are based on interpretation of the factual data obtained from the boreholes advanced during
previous subsurface investigations at this site. This Preliminary Foundation Design Report, including the
interpretations and recommendations contained herein, are intended for the use of MTO to provide the designers
with sufficient information to assess the feasible foundation alternatives and to carry out the preliminary design of
the structure foundations. This Preliminary Foundation Design Report shall not be used or relied upon for any
other purpose or by any other parties, including contractors. Further investigation and design will be required
during the detailed design stage.

Where comments are made on construction, they are provided to highlight those aspects that could affect the
design of the project, and for which special provisions or operational constraints may be required in the contract
documents. Contractors must make their own interpretation of the factual information provided in the Preliminary
Foundation Investigation Report, as such interpretation may affect equipment selection, proposed construction
methods, scheduling and the like.

6.2 Foundation Options

It is understood that as part of the future improvements and widening of Highway 401 from Brock Road to
Courtice Road, the existing six-span Duffins Creek bridges will be widened. Based on the preliminary General
Arrangement (GA) drawing provided by AECOM, the existing bridges will be widened by about 3.4 m on the
south side and about 7.2 m on the north side, along with median widening of the westbound and eastbound
structures. The existing bridge substructure at the piers was built to sufficient width to accommodate the
presently proposed structure widening. However, it is understood that widening of the abutment foundations will
be required to support the widening of the superstructure.

The following design drawings are available for the Duffins Creek bridges:

m Contract No. 98-39, WP No. 137-95-00, Sheet 287: “Highway 401 Overpass at Church St/Duffins Creek,
Foundation Layout and Reinforcement”, prepared by Cole Sherman, dated January 1998.

m WP No. 218-90-01/02, Sheets 13 and 14: “Highway 401/Church Street, Overpass Rehabilitation”, prepared
by Cole Sherman, dated June September 1991.

Based on these drawings, the original eastbound and westbound structures are supported on spread footings
founded within the shale bedrock or in very dense overburden soils, at a depth of approximately 5.5 m to 7.0 m
below the ground surface. The bridges were widened by 6 m on the north and south sides in 1975 using
HP310x110 piles driven to bedrock, and widened again in the late 1990s with piles placed within pre-augered
holes and/or driven to bedrock.

Both shallow and deep foundation options have been considered for support of the required abutment widening
for the Duffins Creek bridges. A summary of the advantages and disadvantages associated with each option is

.
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provided below, and a comparison of the alternative foundation options based on advantages, disadvantages,
risks and relative costs is provided in Table 1 following the text of this report.

m Strip or spread footings founded on the compact to dense sand to silt deposit: Zones of very loose
to loose sand to silt are present in the upper portion of the boreholes that were drilled at the west and east
abutment locations; these soils extend as deep as 4.9 m (Elevation 75.5 m) at the west abutment, and
5.6 m (Elevation 74.4 m) at the east abutment. It would be necessary to either extend shallow foundations
for the abutment widening to this depth, or subexcavate and replace the loose soils with engineered fill prior
to construction footings at a higher elevation. Significant temporary protection systems would be required
to protect the existing structure and highway approach embankment, and dewatering would be required. In
addition, there would be potential for differential settlement between the existing pile-supported portions of
the abutments and the new widening areas. As a result, this foundation option is not considered feasible
for the abutment widening at this site.

m Driven steel H-piles or pipe piles founded on the shale bedrock: Driven steel H-piles or steel pipe
(tube) piles are feasible for support of the abutment widening; they are compatible with the existing pile-
supported abutments, would permit the pile cap to be maintained at a relatively high elevation to minimize
excavation, shoring and dewatering requirements, and would permit the construction of integral abutments.
Deep foundations are further considered to have a technical advantage over spread footings as the
differential settlement between the widened and existing portions of the structure would be negligible.
Based on the available borehole information, the surface of the bedrock is at about Elevation 70.5 m to
72.7 m at the west abutments, and Elevation 73 m to 73.5 m at the east abutments. As such, the minimum
required pile length of 5 m for integral abutments will be achievable. It is anticipated, however, that “100-
blow” soil will be encountered at shallow depths and pre-augering may be required for the pile installation.
Pile driving shoes are recommended to protect the pile tips from damage during driving into the very dense
till deposit.

m Caissons founded in the shale bedrock: Caissons are considered feasible for the support of the
abutment widening; however this option would preclude integral abutment design, and may not be
compatible with the existing integral abutments. As for piles, caissons are considered to have a technical
advantage over spread footings as the differential settlement between the existing and widened portions of
the bridges would be negligible. This option will be more expensive than pile foundations, although fewer
caisson elements would be required in comparison to the number of steel piles that would be required. If
caissons are adopted for support of the abutments, they would extend into and through water-bearing non-
cohesive soil deposits; temporary liners would be required during construction to control potential ground
losses and allow for cleaning of the caisson base.

Based on the above considerations, it is recommended that the abutment widening be supported on steel
H-piles driven to the bedrock or placed within pre-augered holes that extend to the bedrock. Shallow foundations
supported on the native soils or on the bedrock are not recommended for support of the widening, due to the
depth of excavation and associated protection system and dewatering requirements, the risk of impact of such
excavation on the existing foundations, and the potential for differential settlement between the existing and new
portions of the foundation elements.

oy

May 19, 2017 ? Golder
Report No. 11-1184-0143-2 9 Associates



PRELIMINARY FOUNDATION REPORT
DUFFINS CREEK BRIDGES, W.0O. 10-20011

6.3 Assessment of Existing Pier Foundations for Support of
Superstructure Widening

As-built records are not available for the H-pile installation associated with the north and south widening under
Contract 98-39. Based on the borehole information, for the structural assessment of the superstructure
widening, the existing HP310x110 piles that support the pier substructure may be taken to have a factored axial
geotechnical resistance at Ultimate Limit States (ULS) of 1,800 kN, and a geotechnical reaction at Serviceability
Limit States (SLS, for 15 mm of settlement) of 1,600 kN.

6.4 Driven Steel H-Pile or Steel Pipe (Tube) Pile Foundations
6.4.1 Founding Elevation

For preliminary design purposes, it has been assumed that the abutment pile caps would be constructed to
match the existing east and west abutment pile caps. The pile caps should be founded at a minimum depth of
1.2 m below the lowest surrounding grade to provide adequate protection against frost penetration (per OPSD
3090.101 — Foundation Frost Depths for Southern Ontario). The table below provides pile tip levels for
preliminary design of pile foundations driven to refusal within the shale bedrock, based on interpretation of the
closest available borehole information. Based on the strength and weathering observed in the upper portion of
the bedrock where it could be penetrated by augering and split-spoon sampling, these recommendations
assume some penetration into the bedrock at the widened abutment locations.

Foundation Element B%?;g;;fﬂ“;?;e T?;Ség\],;iilfn
(m)
WB\LN—e Sr\tkﬁ?huwgztning 70.5 68.0
Viedian Widening 717 69.0
EBLV\iegi)ﬁau;[/r\?igzaing 71510 72.7 70.0
WBEfSIiI(?:#twsjnetning 73.01073.5 72.0
Viedian Widening 735 720
EBLEESS'[O?J?#t\;]ti((BJr;tning 73.5 72.0

Based on the pile cap elevation, bedrock surface elevation and anticipated penetration into the bedrock, the piles
are expected to be longer than the minimum length of 5 m that is required for integral abutments. The presence
of very dense “100-blow” soil at relatively shallow depth in some of the boreholes may require pre-augering prior
to driving of the piles, and this could be done in conjunction with the installation of the corrugated steel pipe
(CSP) liners.

As discussed in Section 6.2, for the installation of steel H-piles or steel pipe piles, consideration must be given to
the potential presence of cobbles and boulders within the glacially-derived soils at this site, as well as the

o
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potential for damage to the pile tips during seating on the bedrock. Steel H-piles are preferred over steel pipe
piles as pipe piles are considered to pose a higher risk of experiencing refusal on boulders or being deflected
away from the vertical/battered orientation during installation due to their larger end area. Piles should be
reinforced at the tip with driving shoes and/or flange plates in accordance with OPSD 3000.100 (Steel H-Pile
Driving Shoe) or OPSD 3001.100 (Steel Tube Pile Driving Shoe) Type Il, as appropriate, to reduce the potential
for damage to the piles during driving. In very dense strata containing cobbles and/or boulders, as encountered
at this site, driving shoes (such as Titus Standard ‘H’ Bearing Pile Points) are preferred over flange plates.

6.4.2 Geotechnical Axial Resistance/Reaction

For HP 310x110 piles driven to the design tip elevations given above, the factored axial geotechnical resistance
at ULS may be taken as 1,800 kN. The axial geotechnical reaction at SLS, for 15 mm of deflection, may be
taken as 1,600 kN. The same axial resistances may be used in the design of closed-end, concrete-filled,
324 mm (12 % in.) diameter steel pipe piles having a minimum wall thickness of 9.5 mm (3/8 in.). These
preliminary geotechnical resistances/reactions will have to be re-evaluated and modified, as necessary, during
detailed design in consideration of any additional subsurface investigation at the foundation elements.

Pile installation should be in accordance with OPSS.PROV 903 (Deep Foundations). The drawings should note
that the piles should be equipped with driving shoes or bearing points and driven to bedrock. For piles driven to
refusal on bedrock, it is a generally accepted practice to reduce the hammer energy after abrupt peaking is met
on the bedrock surface, and to then gradually increase the energy over a series of blows to seat the pile.

6.5 Caisson Foundations
6.5.1 Founding Elevation

Caissons founded on or socketed into the shale bedrock could be considered for support of the abutment
widening. For preliminary design purposes, it has been assumed that the abutment pile caps would be
constructed to match the existing east and west abutment pile caps. The proposed caisson base elevation for
widening of the abutments is summarized in the table below, based on a socket length extending approximately
2 m to 3 m below the bedrock surface.

Design Pile
Foundation Element Bedrock Surface | "o ation
Elevation (m)
(m)
West Abutment
WBL — North Widening 70.5 68.0
West Abutment
Median Widening 7.7 69.0
West Abutment
EBL — South Widening 71.5t072.7 70.0
East Abutment
WBL — North Widening 73.01073.5 71.0
East Abutment
Median Widening 73.5 71.0
East Abutment
EBL — South Widening 73.5 71.0
=
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Due to the presence of strong limestone interbeds within the shale, the sockets may have to be advanced into
the rock by churn drilling or rock coring.

If caisson foundations are adopted, a temporary liner and/or drilling slurry will be required to support the
overburden soils during construction and balance groundwater pressures to minimize disturbance to the side
walls, and to permit cleaning of the caisson base. In addition, placement of concrete by tremie methods would
be required.

6.5.2 Geotechnical Axial Resistance/Reaction

The caissons will derive the majority of their capacity from base resistance, although some shaft friction has also
been taken into account based on “socketting” approximately 1 m into the bedrock. Using the preliminary design
elevations given above, the factored axial geotechnical resistance at ULS may be taken as 4,000 kN for a 0.9 m
diameter caisson and 6,500 kN for a 1.2 m diameter caisson. The axial geotechnical reaction at SLS (for 25 mm
of settlement) will be greater than the factored axial resistance at ULS and as such, the SLS condition does not

apply.

The preliminary geotechnical resistances/reactions provided above will need to be re-evaluated and modified, as
necessary, during detailed design in consideration of any additional subsurface investigation at the foundation
elements.

6.6 Approach Embankments and Abutment Foreslopes

The Highway 401 approach embankments are low (generally less than 1 m to 2 m in height) relative to the
natural ground surface beyond the Duffins Creek valley, and therefore they are not addressed in this foundation
report. However, the global stability of the abutment foreslopes is addressed in the following section.

6.6.1 Global Slope Stability

Preliminary static slope stability analysis have been completed for the abutment foreslopes, using the
commercially available program Slide 6.0, from Rocscience, to check that the target minimum factor of safety is
achieved. A target minimum factor of safety of 1.3 is normally used in the design of slopes under static
conditions. This minimum factor of safety is considered appropriate for the proposed slope widening on this
project, considering the design requirements and the available field and laboratory testing data.

The following parameters have been used in the analyses for an overall 7 m high abutment foreslope slope in
long-term (effective stress) conditions, based on field and laboratory test data as well as accepted correlations
(Bowles, 1984 and Kulhawy and Mayne, 1990):

Bulk Unit Effective Undrained
Soil Deposit Weight Friction Anale Shear
(kN/m3) 9'€ | strength (kPa)
Fill 21 32° -
Loose to compact silt to sand 21 30° -
Dense to very dense sand 21 34° -
=
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The results of the static global stability analysis indicate that a minimum factor of safety of 1.3 is achieved for
approximately 7 m high foreslopes in front of the abutments, oriented no steeper than 2H:1V, as shown on
Figure 1. This preliminary assessment of the slope stability of the abutment foreslopes should be reviewed and
confirmed during detailed design.

Shallow sloughing and surficial erosion could occur on the 2H:1V slope faces, which would be reduced by
providing well-vegetated slopes.

6.7 Construction Considerations

The following sections identify future construction considerations that may impact the future detail design, and
for which provision may be required in the contract documents produced as part of detail design.

6.7.1 Open-Cut Excavation and Temporary Protection Systems

The construction of the pile caps for the abutment widening will require excavations to about 3 m below the
existing Highway 401 grade, through the existing embankment fill and into the native silt to sand deposit. The
existing fill and the upper loose to compact silt to sand are classified as a Type 3 soil, while the native compact
to very dense silt to sand deposits are classified as Type 2 soils, according to the Occupational Health and
Safety Act (OHSA). Where space permits, temporary open-cut excavations above the groundwater level should
be made with side slopes no steeper than 1H:1V. All excavations must be carried out in accordance with
Ontario Regulation 213 (Ontario Occupational Health and Safety Act for Construction Projects) (as amended).

It is anticipated that due to space constraints, temporary protection systems will be required along the existing
Highway 401 lanes to facilitate the widening of the abutments. Temporary protection systems should be
designed and constructed in accordance with OPSS.PROV 539 (Temporary Protection Systems). The lateral
movement of the temporary shoring system should meet Performance Level 2 as specified in OPSS.PROV 539,
provided that any existing adjacent utilities can tolerate this magnitude of deformation. The selection and design
of the protection system will be the responsibility of the Contractor.

6.7.2 Groundwater Control

Excavations for the widened abutment pile caps will be maintained above the groundwater level, which is
anticipated to be at about Elevation 78 m. Therefore, minimal seepage and groundwater control is anticipated
for the abutment widening.

Control of surface water should be maintained at all times and surface water should be directed away from all
excavations and exposed subgrade soils.

6.7.3 Obstructions

The soils at this site are glacially derived and as such should be expected to contain cobbles and boulders,
which could affect the installation of deep foundations or protection systems. Further observation is
recommended in any future investigation at this site, to further assess the presence of cobbles and boulders and
permit the contractor to assess the impact on foundation construction.

6.7.4 Vibration Monitoring During Pile Installation

A maximum peak particle velocity (PPV) of 100 mm/s is generally considered applicable for bridge structures in
good condition; lower thresholds are applicable for nearby residential and commercial facilities (between

=
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25 mm/s and 50 mm/s), and may be applicable for the rail line south of the structure site. Vibration monitoring is
recommended during pile driving adjacent to the abutment areas to demonstrate/confirm that vibration levels do
not exceed the threshold levels.

6.8 Recommendation for Future Work during Detail Design

During the detailed design phase, additional borehole investigation work is recommended at the abutment
widening areas to confirm the foundation recommendations and to determine the current/stabilized groundwater
level and further assess groundwater control and protection system requirements associated with excavations
for the abutment widenings.

As noted throughout this report, the preliminary assessment of founding elevation, geotechnical resistances, and
global stability analysis should be revisited based on the additional borehole information, geometry and other
requirements at the detailed design stage.

7.0 CLOSURE

This Preliminary Foundation Design Report was prepared by Ms. Nikol Kochmanova, P.Eng. Ms. Lisa Coyne,
P.Eng., a Principal and Designated MTO Foundations Contact for Golder, conducted an independent review of
this report.

GOLDER ASSOCIATES LTD.

M. KOCHLIAN
100117863

Nikol Kochmanova, P.Eng. Lisa Coyne, P.Eng.
Geotechnical Engineer Designated MTO Foundations Contact, Principal
HS/NK/LCC/sm

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.
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TABLE 1 - COMPARISON OF FEASIBLE FOUNDATION ALTERNATIVES

Found_at|on Feasibility Advantages Disadvantages Estimated Risk / Consequences
Option Costs
Spread/strip ¢ Not recommended for e None ¢ Significant excavations o Estimated cost is ¢ This option not
footings support of widened required to either approximately $600/m?3 recommended

abutments

¢ Very loose to loose soils
extend as deep as 4.9 m
and 5.6 m below original
ground surface at the
west and east
abutments, requiring
significant excavations
and dewatering; also not
compatible with existing
pile-supported integral
abutments

remove very loose to
loose soils, or extend
footings below this level;
would require more
significant protection
systems and dewatering
as compared with
perched pile caps for a
deep foundation option

« Differential settlement
between existing
structure and widened
abutments supported
on spread footings on
compact to very dense
sand

for construction of
shallow foundations,
plus the cost of
protection systems and
dewatering at this site

Steel H-piles or

¢ Feasible for support of

e Conventional

e Pre-augering may be

e Estimated cost is

e Minor potential for pile

pipe piles abutments construction methods required due to relatively | approximately $250/m damage / deflection if
e H-piles compatible with | ® Abutment pile caps short pile length and length for pile installation cobbles and boulders
existing integral could be maintained very dense soils, to and $600/m? for pile cap are encountered during
abutments higher than spread ensure proper alignment construction pile driving
footings, reducing depth of piles and to minimize o Slightly greater risk in
of excavation and damage to pile tips this regard for pipe piles
proteption system e Potential for as compared with
requirements encountering cobbles H-piles if boulders are
e Excavations would be and/or boulders encountered during pile
maintained above the driving
groundwater level at the
site
¢ Steel H-piles allow for
integral abutment
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Found_at|on Feasibility Advantages Disadvantages Estimated Risk / Consequences
Option Costs
configuration, and pipe
piles for semi-integral
abutment configuration
Negligible differential
settlement between
existing structures and
widening
Caissons e Feasible but not Abutment pile caps e Caissons would extend ¢ Estimated cost is e Risk of loss of ground
recommended for could be maintained below the groundwater approximately $1,000/m during construction of
support of the abutment higher than spread level at the site into length for caisson caissons through water-
widening, as they are footings, reducing depth water-bearing installation and $600/m?® bearing layers, although
less compatible with the of excavation and cohesionless soils, with for pile cap construction; this risk can be mitigated
existing pile-supported protection system potential for loss of the cost may be higher with the use of
integral abutments requirements relative to ground to account for temporary temporary liners
spread footings e Temporary liners would liners
Higher capacity than for be required, plus special
driven pileS, so reduced measures such as use
number of deep of drilling mud and
foundation elements tremie p|acement of
compared to piles concrete; likely not
Negligible differential possible to inspect
settlement between caisson hase
existing structures and | « Precludes use of
widening integral abutments
4‘ a
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STATIC GLOBAL STABILITY

DUFFINS CREEK BRIDGES — ABUTMENT FORESLOPES
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PRELIMINARY FOUNDATION REPORT
DUFFINS CREEK BRIDGES, W.O. 10-20011

APPENDIX A

Borehole Records
GEOCRES No. 30M14-007 — 1972 Investigation

May 19, 2017
Report No. 11-1184-0143-2
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Jop__72-11119 LOCATION Go-ords. 932,279 ¥; 118,029 E. ORIGINATED BY 20
W.P. hh—n-oeﬁ( BORING DATE  November 15, 1972 COMPILED BY B
‘——72}
DATUM Geodetic BOREHOLE TYPE Washboring CHECKED BY%
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE JLIQUID LIMIT ——Wy
= W {BLOWS/ FOOT e |PLASTIC LT Wl b
ol « 81 & e WATER CONTENT_w | =2} -}
ELEV. E|w| w | | & ISHEAR STRENGTH P.SF. W w wy @& [ REMARKS | L
BEPTH DESCRIPTION Hlz| > *g ~ [ o uncoNFINED + FiELD VANE ‘ o e
317 | 3| M e ouick TRAXIAL  x LAB vane | WATER CONTENT oy Yok
26L.7]  Ground level v 2] v 20 Lo 60 lpcrlersasicul
0.0}511ty sand, traces Lt
of elay & gravel. 1 . i
260.7 Tomooces A TS 50LY : dreospche g
L.0| 020y SiIt,some grave] 2260 k> i By SE RS
““ltrace of clay. 1y 55 o : Vruobe k)
256.2 Dense M:|° 2 3 Tk .
8.5|Cravelly sand,traces -1 3 | 55 [100 ' o oo j3 s
of silt & clay. .Z" — ST ° &0 3’3;{ 730
Very Dense - ss-tonde 250 o
SSnZp o ‘ e o}
.2 SSITO7p" .
21.2 Sandy silt, traces . o N L
of gravel & clay. ETssrmke 2Lo = 5 3 52 5] |
Yery Dense LA SN o : Sh3ls &
23}-1--5 RIS _1]0 ag ijgu - y :

233,01 Shale 7N

jis) Fat=5N

OFFICE REPON‘I SOIL EXPLORATION

31.7! End of Borehole
230

20
15¢-5 % STRAIN AT FAMURE
10




OFFICE REPORT& SOW EXPLORATION

MINIDIRY OF TRANSPORTATION AND  COMMUNICATIONS—-ONTARIO

DESIGN SERVICES BRANCH

RECORD OF BOREHOLE N22

FOUNDATIONS OFFICE '] |

jos__ 72-11119 LOCATION Co-ords. 932,346 N; 118,005 E. ORIGINATED 8y _BF
wp.  hhi-71-028 BORING DATE  November 15, 1972 COMPILED BY_ .~ éﬁ ,
DATUM  Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED. BY :
SCIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE | LIQUID LIMIT Wy .
= & jBLOWS/ FOOT PLASTIC LIMiT wl &
5. gy = . JWATERCONTENT_w | 34} e
ELEV & |l e ] -» |SHEAR STRENGTH P.SF. Wy w WL m'g REMARKS
DEPTH DESCRIPTION 21312121 > [o unconme + fEwD vane § © ' oo
2l 217 13| @ |e ouick veiaxiae x tas vane | WATER CONTENT %} Y |
262.3]  Ground Level - ] @ 20 Lo €0 Jpcplorsasici] |
0.0]8124y sand, some 1. %260 Sestiina b
gravel, irace clay. R 53 5 4 ” ’ 3&9( (333}
Very Loose to TS TS o 21 hh (,35} :
251.1 Compact, [} EERET
11.2{8 h P SRR R A :
.2{8and with gravel v € BN Py
& i ,p }-L 55 BO 250 [#) 3952 ( 9)
trace silt. Y LR
ool & | 55 10074" Cenanp
"0 2666 (8 %
Very Dense o LRSS i & e S e
e T s e 2 = |
2;'3 Sdnd,&sunu, é.],b, fu.du;,?;',: 5.1 55 100710 12 77 (1} -
:2lclay & grave (el S _3nnskn i Ho
50 7S e & Lgib2i(ee) b
233, Shale A0 L RE 1iact
29.2]| End of Borehole
230

20
1595 % STRAIN AT FAILURE
0



MINISTRY OF TRANSPORTATION AND COMMUNICATIONS=ONTARIO , 1
DESIGN SERVICES BRANCH FOUNDATIONS  OFFFICE

RECORD OF BOREHOLE N©3
Co~ords. 932,h17 N3 117,983 E.

- Cw )
joB__ 72-11119 ORIGINATED BY -

OFFICE REPO“’)N SOIL EXPLORATION

LOCATION
W.P. hh—?l-OQﬂ BORING DATE November :UJ, 1672 : ’ COMPH.ED BY s e " :
DATUM __Geodetic BOREHOLE Type Follow Stem Auger CHECKED‘av”&*é%
SO PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE JLIQUID LimiT Wy :
= W IBLOWS/ FOOT mame o PPLASTIC LIMIT wol L Z
ol « 81 g NN WATER CONTENT_w | @} .}
ELEV. &9 w || » [SHEAR STRENGTH P.SF. o wi Tl @&} REMARKS |
BEFTH DESCRIPTION 21212 g > |o unconmmeo + FEw vaNgE | ® N e ek
1217 |31 & |eouckrrana x s vane |waTER conTENT | | ]
263.81 Cround Level © = w 2¢ EO Y p.CElGR SASILCL ‘
0.0 T R )
S 31t al
andy silt, some ¢ gy. = 7 ,2.260 8; 3845 o ’
trace of gravel. INIENESRET o g 2"3"? 53 10
IVl S : o : : h_Sz (h?): ’
Loose IS5 e 13652 1)
21&2-8 30N oo ' et
16.0 Sand, some gravel - ,‘; 5 ISSTITUZEY S
and silt. » s Ty ° ‘ 17 65 (187 o
2ho e
y 58_|100 : |
Very Dense ¥ 19185 fooAan o 30 61 ( 93} -
4 R “ ; 3
e - h 1) e 5
231‘3 .:,‘" B —ow UIRT7
32.5 © EEERTY; Uk
B
Shale oo | eo b dn
22’4.5 el oo b an . thi
39,2 End of Borehole = j
220

20
Y5 -5 %% STRAIN AT FAILURE

|
|
|
i J



RECORD OF BOREHOLE N24

MINISTRY.'OFf TRANSPORTATION AND: COMMUNICATIONS~ONTARIO *
DESIGN SERVICES BRANCH ‘ ik

_ FOUNDATIONS Of

OEFICE espc\wr«x SOIL EXPLORATION

jos___ 72-11119 LOCATION Co-ords. 932,293 N; ORIGINATED gy _BY
WP u!"fl-o:?ﬂ BORING DATE  November 16, 1972 : COM'PIL,ED,BY: oy
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY
SOIL PROFILE SAMPLES DYNAMIC PENETRATION. RESISTANCE [LIQUID LIMIT ——w |
e W IBLOWSY FOOT PLASTIC LIMIT —— W |-
o1 o 87 - L WATER CONTENT_w | =
ELEV el w e ] o [SHEAR STRENGTH P.5.E wg wo W
DEFTH DESCRIPTION HESES £1] > o unconemeo DR
= 217 13| & e quick TRaxAL WATER CONTENT %} Y-
263.6]  Ground Level ) 2] @ 20 Lo 60 fpcip
- 0.0{Sand, some 511t and -;'- k '
gravel, trace clay. T 551 o5 - 26 ~o
55100/ hd
- D
Compact to Very k S T
250.6 rrr—trr °
o3
13.0{0ravelly sand, trace ’a e o
£\ . -
8ilt & clay s ST
52,
e o S5O0
Yery Dense 2
' oY §5.| B0 °
236:6 PR ;
JS“; EarTa)
7357 Shaie / rmis
28.3] End of Borenole ’

20
159-5 % STRAIN AT FAWURE
10



OFFICE REF‘QRT‘A SOIL EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS~ONTARIO

DESIGN SERVICES BRANCH

RECORD OF BOREHCLE NGS5
joB__ 7211129 LOCATION Co-ords. 932,360 ¥; 118,057 E.
wp__ Uh-72-02¢ BORING DATE  November 10, 1972

FOUNDATIONS . OFFICE

ORIGINATED 8y B -
COMPHED BY.  EH

pATUM CGeodetie BOREHOLE Type Hollow stem Auger CHECKED BY_ {3
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE §LIQUID LimiT Wy n
= W IBLOWS/ FOOT PLASTIC UmIT el z , 1
51 o gl = L e WATER CONTENTW { = & . e i
ELEV Efjmiw & § & JSHEAR STRENGTH P.SF. wp w Wy @& | REMARKS |
DEPTH DESCRIPTION z’ 5! > g <~ j o unCONEINED + FIELD VANE : +
1217 |31 © |eauick rRiaxiar x 148 vane | WATER CONTENT %| ¥ | 1
262,61  Ground Levsl & a] @ 20 Lo 60 lecelorsasicl
0.0, N
*¥i841t, some 3 and ; :
ilt, some sand an - Y 260 5 326 6130}
clay, trace of gravell ; : il
2 | 8S
Loose
251.6 3 55 | 8B 1 1
11.0/5and, some silt, VT TS I 200 & 672 (10 )f
trace gravel & clay. |- - LTS3 i e e
S R ECEN 1
Loos Dens .- oy o
cose to Very Dense R o T o o (20
AR I 2ko Tk o
235.3 b o | a5 3ondn
i m) Shaie % 10 IR
28.5| End of Borehole
230

20
150-5 % STRAIN AT FALURE
10



A-F TRy e T AT R s } —

ity Ur (KANSPURIAT ION-AND.. COMMUNICATIONS=ONTARID
DESIGN SERVICES BRANCH e ‘ .

RECORD OF BOREHOLE N2 6
72=11119

J08 LOCATION Co-ords. 932,h27 N;. 118,0h2 E.
W.P, Ly-71-028 BORING DATE *  November 9, 1972 .
. DATUM Geodetic BOREHOLE Type Hollow stem auger
SOl PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE FLIQUID LIMIT. (e Wy |
=1 & “lsiows/ FooT PLASTIC LIMIT - Wp
ol o ol B AN Lo WATER CONTENTLW.
ELEY &)W w | | & [SHEAR STRENGTH P.SF. Wy w W,
DEPTQ DESCRIPTION ;’ z | > *§ <} 0 UNCONFINED "4 FIELD VANE J- 0 e
=l 217 121 @ le uick TRIAXAL X 1AB VANE . | WATER CONTENT
261.6] . Ground Level n af = RS 207 4005 60
0.0 5
Sandy s5ilt, some clayy'!l® ‘-!;60
; : R R Y S
: trace gravel. e
, . A RS "0
| 5 30 3 SS
- Loose L] 250 -
i . }o
o 206.6 S il
: R a o [+]
. 15.0 Sand, with gravel, = {.%- £ 22 : o
e 2ol 41 88 oy P
; some 5ilt,trace clay./” s e
Ry &, L ESTTmN3" 2k o
o) PN . o
i Very Dense Cep B 1SS (yooyee :
§ 9‘50' ) il
L AT TSSO TIonYS
' g L. o TSSO Ll"k
% 29.7 & Y230
et 131 o mnris 34
Lo ]
na Shale 12' | RC J.00%
L&
D 13| RC .
o 218,2 3 958 220
,‘ é h3.1il End of Borehole
Diuag T
U
ol 10
o 210

20
1545 % STRAIN AT FAILURE
]




OFFICE REPOR‘N SOIL -EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS~'ONTAR16

DESIGN SERVICES BRANCH FOUNDATIONS. OFFICE
RECORD OF BOREHOLE N©7 A
jos__ 72-11119. LOCATION Co-ords. 932,306 N; 118,15L E,  ORIGINATED By ¥
W.P. lik-71-02¢ BORING DATE __ November 2, 1972 COMPIHED By = T
DATUM Geodetic BOREHOLE TYPE Washborillg & Cone Tést ‘ CHECKED BY "’ R ;
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE ] LIQUID LIMIT ——W° ; z
=4 @ |8lows/FOOT c—____IPLASTIC LT wil L Z !
5 o ot = 20 L0 60 60 100 LWATER CONTENT_.W =
ELEV Elw|w | €] 5 ISHEAR STRENGTH P.SF. wp oy o e Sl REMARKS
BEFTH DESCRIPTION 12128 > |o vwconmme + FIELD VANE ‘ Sl
@l 217 3] © leouick triaxist x 148 vaNE JWATER CONTENT %[ | &
259.L]  Ground Level w a2l @ 20 Lo &~ lpcRIGRSASI CL
0.0{Silty sand, some i \ Shehiaie e g
gravel, trace ctay. |}i1 7185 33 7 o to3 ks 311
s S
Loose X ‘ s
18Y BEWE N b o 435 °55-(30
A8 55 |8 63 (29)
2Lkl R L 1 b ST -
15.0(Sandy silt, trace (|, 1[5 1551 56 Eoe
clay & gravel. S8 e M EEE R 240 o : 2,10 {z8)
Very Dense 4= {0 e
| 237.2 o 7 S5 {100hor : :
22.%| End of Berehole | )
230

20
1545 % STRAIN AT FAILURE
10



MINISTRY OF 1TRANSPORTATION-AND - COMMUNICATIONS-ONTARIC e

OFFICE REPO&ON soiL EXPLORAT!ON,

DESIGN SERVICES BRANCH : - FOUNDATIONS OFFICE
RECORD OF BOREHCLE N98 ' o ShE
J08 72-11119 LOCATION Co-ords. 932,322 Nj  118,1k5 E. ORIGINATED BY ES- .
WP LL-71-028 BORING DATE  Fovember 1, 1972 COMPILED BY W
DATUM  Geodetic BOREHOLE Typg Washboring & Cone Test CHECKE‘D~8YJ
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE UIQUID.LIMIT W : ur'
= & IBLOWS/EOOT PLASTIC LIIT — Wy |- 2
51 g1 = 20" L0 € B0 I [WATER CONTENT_w Zaf
ELEV alwiw &l & [SHEAR STRENGTH P.SF. wp w o ow o LE S REMARK
. . e e § s
SERTH DESCRIPTION {2l =gl > louwconmmen  «riew vane c B
2l 217 12 ] & e quick TRIAxAL X 1AB VANE | WATER CONTENT %[ Yope
260.8]  Bround Level v @] w .20 hoo 60 fpcrlersalsicL,
0.0 | 260 i Josna Ty
S$ilty sand, some [T s T o 1k 61 (23)
gravel, trace clay. |!] 5TES = L
Very Loose to Compacy] {]..3 | S8 if 250 © . 2,1”1‘?, (32)
I o
2.8 d Lt 5 WS - i o 3 T
511t and sand, some - : F = : A e
19.0 s o , ks ).
gravel, trace clay. {|°[ o1 58] oG 2ho To— SE N
236.8]  Very Dense dIEN . \\\-——_ o B
2.0 s P A A VI AT A9
233.5  Shale ' \'<§/ 8| relog
27.0] End of Borehole
230
!

i

20
1505 % STRAIN AT FANURE
10



MINISTRY OF TRANSPORTATION AND 'COMMUNICATIONS—ONTARIO

OFFICE REponr‘ SOIL EXPLORATION

DESIGN SERVICES BRANCH FOUNDATIONS. OFFICE
RECORD OF BOREHOLE N29 ' R L
2-1111 Co-ords. 932,381 N; 118,132 E. LR
Jos__7 2 LOCATION 22 ’ ? ORIGINATED BY__" ..
WP 1)i-71-028 BORING DATE _ November 13, 1972 compiten sy - o Bl
DATUM__ Geodetic BOREHOLE TYPE Washboring CHECKED. BY_Qé‘
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RCSISTANCE JLIGUID LIMIT. —==W( :
= W 1BLOWS/ FOOT eI PLASTIC LIMIT ——Wp x?_'f
ol « g1 g i WATER CONTENT_w | Z &
ELEV. Elw|w [ C| & [SHEAR STRENGTH PSF. wo oy owlad
SEPTH DESCRIPTION 12 > *g > | O UNCONFINED + FIELD VANE - Q, :
e 217 L E] S fe ouick rrianal - x a8 vang | WATER CONTENT %t )0
260.8| Ground Level & 2| @ 200 b0 60 fpc g
0.0 7 280 ~ —
e 1SS Q o
8ilty sand, traces of] 'TL
mojle 188 | 31
clay and gravel, e [ : ;
B3 1S 25 250 24
Loose o] o
L 185 I
11k 35 13 jo
W EeTsT 3
238.3 it 2ko
Stttwithsandytracemqir] 7 | SS | 79 o
235.8pravel & clay."J.Dense" “ P N A
2.0 shale S FiEa *
2323 10 | RC {90%
28,51 End of Borehole 230

20
1S0-5 % STRAIN AT FAILURE
0



QFFICE REPORT. SOIL EXPLORAT‘lON

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-’ON‘TARRO”‘

DESIGN SERVICES BRANCH

RECORD OF BOREHOLE N210

- FCUNDATI(

J0B____T2-11119 LOCATION Co-ords. ~932,LL8 N; 118,11l E. ; OR'G'NAT‘ED}BY"EW :
WP Wl-71-0268 BORING DATE  November 10, 1972 ; COMPI’LE‘D gy T
DATUM Geodetic BOREHOLE TYPE Washboring ; CHECKED BY <
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE JLIQUID LIMIT SomWifor 0
= WoOEBLOWS / FOOT i PLASTIC LIMIT oW |
ol 8 g . : , | ; WATER CONTENT. 2w |
ELEV. afw|w | £] & JSHEAR STRENGTH P.S.F, We g noow o]
5TFTH DESCRIPTION sl =121 > |o unconmmen + FIELD VANE |00
=l 217 &1 & | ouck TRIAXAL | x 14B vANE | WATER CONTENT %
260.9 Ground Level v 0 ' X g 20 ho 60}
200 :
0.01s511 with sand,some ,
clay, trace gravel. 1 |55 |28 -e
7SS o
3 85 18X
Very Loose to Compact, 250 :
' L, 1385 3 °
25,9
15.0{Sand, some silt, cp5 1ss 3
trace gravel. o ssTongse o}
} Dense to Very Dense I AR SRS 3u2h0 ~o
23681  snaia 5 IS .
7 s B
25,.1-| End of Borehole
230

20
_159-5 % STRAIN AT FAILURE
10

NS* OFFICE




MINISTRY OF TRANSPORTATION AND COMMUN'!CATIONSA?ONTAR!O

DESIGN SERVICES BRANCH

RECORD OF BOREHCLE NOWi

FOUNDATIONS OFFICE

N

Bl

OFFICE REPOF‘N Hel} EXPLORATION.

1 . o S
jop  72-11119 LOCATION Co-ords. 932,326 N; 118,225 E. ORIGINATED BY.
WP LL-71-026 BORING DATE  Novewber 3, 1972 compitep BY BV,
DATUM Geodetic BOREHOLE TYPE Washboring CHECKED BY: A
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE JLIQUID LIMIT Wy :
= W 13LowS/ FOOT PLASTIC LIMIT ——Wp - bl {
o1 o 8 g ) ) ) ) . WATER CONTENT—W | = ofus s
ELEV. Eluw|w | T} & [SHEAR STRENGTH P.5F. Wp w we | @& REMARKS.
SERTH DESCRIPTION 51212 1g > |ounconmed  +rew vane e e
@l 217 &1 B [e quick Triaxal  x LaB VANE | WATER CONTENT %} %0 qu oo o
255,01 Cround Level “ af 20 - Lo 6o C.EJGRSASI.CI
0.01sand, some gravel and ", s
silt. R ) SS _—1_25'0 9 : 19 63 (}'B)
Loose to Compach 2 1S5 ) : S
256.0 b S ;
. EMER o S j33.EL (86)
9.0{Gravelly sand,some : 7 hé ( S)
T o Cg 3T 48:(15)
silt. — 3 e
Dense to Very D s ke
ense =) ns o s .
235.5 e s o |5 5 a2
19.5 i o
Shale
226.5 BG
26.5{ End of Borehole

20
1545 % STRAIN AT FARURE
10 :



MINISTRY OF TRANSPORTATION AND  COMMUNICATIONS ~ONTARIO 5 CERm T
DESIGN SERVICES BRANCH ) FOUNDATIONS ‘OFFicg

RECORD OF BOREHOLE N212 : , et
JoB___ 72-1111% LOCATION Co-ords. 932,403 N; 118,206 E. ORIGINATED BY EW’ ‘ ‘
WP Lih-71-020, BORING DATE __ Hovember 7, 1972 COMPILED BY ﬁé :
DATUM__Ceodetic BOREHOLE TYPE Washboring CHECKED BY QAL
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE fLIQUID LIMIT Wy :
—{ w lsLOwS/FOOT PLASTIC LIMIT wil &
ol 8 g ) , ) , , WATER CONTENT_W | = &
) w ow u- v JSHEAR STRENGTH P.S5.F. We W Wy ‘@ w §REMARK!
ELEV. w | o ~ SR - S ab iy
SEPTH DESCRIPTION 91| > g = |0 UNCONFINED + FIELD VANE T
2217 |31 @ e ouick tiaxiat  x 1a vane | WATER CONTENT bt Y i
2561 Ground Level w3 = w 20 Lo 60 P.C EIGR SA:51:¢
0.0{5and with sili,trace L7, B :
1 d 1. .- st ]
clay and grave S z . o 18 =, 38
Loose L2 PSS 3 250 : : v
25l RS NN BTN S
11.0|Cravelly sand, some |05 . L ;
sitb, T ke ITES U ER o . 37 ko (2
. A : ,
240.4|  Very Dense b ' et
16.0|511Ty sand, traces oilf 9 51851 &7 2o e
226 ):; gravel & clay.V.Dense}" '. G vmmmese S8 o - 648 1
. P bl L) <l ond 5 e ¢
B E T )

OFFICE REPOwN S0IL EXPLORATION

20.1] End of Borehole

230

20
1595 % STRAIN AT FAILURE
10



MINISTRY OF TRANSPORTATION AND COMMUNICATIONS- ONTARIO

OFFICE REPOR‘N SOIL EXPLORATION

DESIGM SERVICES BRANCH FOUNDAT!ONS : OFF!CE:
RECORD OF BOREHOLE N%13 ’ i
Cowords 8 N i R
jos  72-11119 LOCATION Co-ords. 932,L68 N; 118,187 E. ORIGINATED BY B :
WP hh-71-028 BORING DATE  November 8, 1972 COMPILED BY. EW, ;
DATUM___ Ceodetic BOREHOLE TYPE Wagboring CHECKED BYK =
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE {LIQUID LIMIT ——%, , !
= @ 1BLOWS/ FOOT e IPLASTIC UMIT W | o 2
51 o g1 = e WATER CONTENT_w | S @ | ;
FLEV alw| w | & & [SHEAR STRENGTH P.SF. W w W @& REMARKS
BEPTH DESCRIPTION i1 > 121 5 o unconmmep + FIELD VANE © ' . B v
efz " % & le QuUICK TRIAXIAL X 1AB VANE |WATER CONTENT %t ¥ § .
255.1} Oround Level @ E B 20 ko 68 Ipc plorRsasiC
Sand, some 5ilt e : ; o
IO‘O tracé Era‘vei. ? A : ;
250,61 Very Loose 53 g1 & o : EERE 79 (37)
1.5 oo Lapebgo 0 b :
Sand with gravel, X : ' :
some silt,trace clay,f_‘ -’ €81 19 o “8 38 12’;’
5 ssFionfer ° 2528
Very Dense sadanabon 2 | O
i B & b7 (25,
236.7 . o 2 74 5]
18.h , : o
RC [0F
5 boe 2 ’
230 o |
Shale e PR
o | BC | hod ] . S
10 | RC | 75%
221.1 11 | RC DOOE
311,01 End of Borshole 220

20
1595 % STRAIN AT FANURE
10



MINISTRY OF TRANSPORTATION AND COMMUNICATIONS=ONTARIO

‘ DESIGN SERVICES BRANCH , FOUNDATIONS ~ OF FICE
’ RECORD OF BOREHOLE N9 14 ' L
JoB___72-11119 LOCATION Co-ords. 932,358 N; 118,307 E. ORIGINATED 8y _BY
WP~ hli-71-02% BORING DATE - Noveuber 21, 1972 compitep sy
‘ patym__ Geodetic BOREHOLE Typg ashboring CHECKED BY
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE JLIQUID LIMIT eV
=] & |slows/Foor — JPLASTIC LMT — W] &
Ol o 81 & T WATER CONTENT_w | % & | :
ELEV alwlw | c| & [SHEAR STRENGTH P.SF. We w wi | 3§ REMARKS |
PEPTH DESCRIPTION 212 > g = .} O UNCONFINED + FIELD VANE el S
P el 217 | 3] © |e quck rriaxiaL  x 1aB vaNe | WATER CONTENT %] ¥ | -
258.9 Ground Level v > w 20 Lo 60 P.C.FJGR.SA.S1.CL}
0.01si1ty sand, trace L[| , b
clay. B OO T ® 155 (L)}
] "~ Loose T2 1ss 8 5 ;
219.9 ' AAS Lo 5 : 02573 4
'9.0{811t, with sand, 3]8s] 2 , 3 2
o trace clay. LTSS , :
i Very loose to.very 55 Toofon ol : 038 (6‘2)’ :
g , dense. E FR
S 239,k ‘ ense TSSOV Y 2L i
g : WA A N | . ST N~ - g T2
a '19.8] End of Borehole N2
o - :
-
<L
o. 230
a
P

20
150-5 % STRAIN AT FAILURE
10 :



MINIDIKY UF P KANSFUKIATLION AND  CUMMUNICATIUNI~ UNIAKIY e R e e S

M DESIGN SERVICES BRANCH FOUNDATIONS ~OFFICE
- RECORD OF BOREHOLE N215 o
jos  72-11119 LOCATION Co-ords. 932,h25 N; 118,288 E. ORIGINATED BY B
WP bh-71-02 BORING DATE _ November 20, 1972 COMPILED BY . B
. paTym___ Geodetic BOREHOLE TYpe Washboring CHECKED BY
50IL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE JLIQUID UMIT  —™y
= us FBLOWS/ FOOT PLASTIC LT wp o
Bl o 8 g , . R . WATER CONTENT—W } =& : 5
ELEV T|w!lw &} & |SHEAR STRENGTH P.SE wp w vy @ & | REMARKS
DEPIH DESCRIPTION S12 > 18] 5 |o uconmne + FIELD VANE O et ¥
o 21" 131 @ le ouck trianal x 1as vane  JWATER CONTENT %} 7 .
257,41 Ground Level & =)« 20. "o 60 e rlorRSASLCE]
0.0[Sand, with silt, - S
traces of clay and - -, - W .
gravel. e 11851 8 © ‘ 16  18 (36%
I ERETRE R S
Loose o N o073 {21 ¥
Wt o] s
2h5.9 Sraver Wit sard e b - : B |
W L0 k4 -4 y ‘
ol3.h | trace silt. Compact |Pgp. L [ S5 39 . ] , oter o3y
1. 0{511t with send, some A |
tlay,trace_gravel. l { 5 1SS 1O/ of 4 copeasseads
12391 ery Dénse | 61 89 jon/pt oLs - [E
238 11 Shale 2N TS e i i ‘
19.3| End of Borshole '
230

QOFFICE REPOR‘N SO EXPLORATION

20
1595 % STRAIN AT FAILURE
10

-




MINISTRY 'OF. TRANSPORTATION. AND - COMMUNICATIONS=ONTARIO , :
v DESIGN SERVICES BRANCH ' -  FOUNDATIONS - OFF1

CE
RECORD OF BOREHOLE N216 . e
JoB___72-11119 ©  LOCATION Co-ords. 932,k97 N; 118,268 B. , oriGINATED BY B
4 WP 471028 BORING DATE " . November 17, 1972 ‘ COMR&LEDZBY“ B
‘~ DATUM CGeodetic BOREHOLE Type Washboring D BY. :
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE fLIQUID UIMIT ——W ).
= W ¥BLOWS/ FOOT PLASTIC LIMIT Wp b
ol o 181 8 e o . bwATER CONTENT _w
ELEV. & Ol “ v JSHEAR STRENGTH P.SF. v wo W
SEPTH DUSCRIPTION <121 > «g > .} O UNCONFINED + FIELD VANE § : i
2l 21" 131 & |e ouick triaxiaL  x tap vane [ WATER CONTENT %} ¥
258.1 Ground Level n 21 = 20 ko 6D ,
0.01sandy 5ilt, traces [{ |
of clay ard gravei. 1§.{1-1. 1551 L °
N . : . 2188 2 __!EQS’O
cose {3517 - = ;
14.0|Sand with silt, some .. n ] Footaaie e
gravel, trace c’:lay. . 21 2o 110079 2l ° SO B 12 2‘835 :
238.9 Very Dense R ) BRI /2“‘ 0 o . i 9 ?312§
297.5| Shale N7 e 759 - '
20.7 End of Borehole
2.0

OFFICE REPO&)N SOIL” EXPLORATION

20
1595 % STRAIN AT FAILURE
0



CFFICE REPO%}N SOIL EXPLORATION

IS T R WP I RANDIUNRIAT TUN AND CUMMUNICATIUONO—ONITAKID

DESIGN SERVICES BRANCH FOUNDATIONS COFFICE

RECORD OF BOREHOLE N217

108 7211119 ; LOCATION Co~ords. 932,377 W; 118,369 E. ORIGINATED BY B
w.p bLh-71-008 BORING DATE  November 21, 1972 COMPILED BY - EJ
paTum _ Geodetic BOREHOLE TyYPE Washboring CHECKED BY GfZihe
SOl PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE JLIQUID LIMIT —iWy
= ¥ 18LOWS/ FOOT e _{PIASTIC UIMIT wel o &
&1 o 8 2 . ; . . WATER CONTENT_W | = 21
ELEV &lw|w | & & JSHEAR STRENGTH P.5F. W w o wo P REL REMARKS
DEPTH DESCRIPTION 212 > *g = O UNCONFINED + FIELD VANE : Q :
@l 217 |51 © |eouck TRaxiat x 1aB vane | WATER CONTENT %} : .
259,11 Ground Level © B W 20 ko &0 jocrlorsasict]
0.0{8andy silt, traces ofl] ] k e
gravel and clay. B I ¢ shz2 bt Si
2 TS5 T 7y o
Loose . oz
227.6 J42 S : 1
11,5(8and, some silt, g N 7 o jpr8eo-n}
- s b.TS - \ : .
trace gravel and IR TESSTTIE
cobbles. e s N
. ] < T 2ho
. Loose to VYery Dense <-4 8 | Re la0Z .
oo S B ‘/:\ 0 N5 5 i i
23.5| End of Borehole , ‘ :
230

20
15905 % STRAIN AT FAHLUFE
10

-




OFFICE REPO%N‘ SOIL- EXPLORATION

MINISTRY -OF TRANSPORTATION AND  COMMUNICATIONS—ONTARIO

DESIGN SERVICES BRANCH ‘ FOQNDAHO‘NS: OFFICE.

RECORD OF BOREHOLE N918

J08___ 72-11139 LOCATION Co-ords, 932,4h3.1; 118,351 K.  ORIGINATED

W Lh-Ti-02 BORING DATE  November 22, 1972 - COMPILED 8Y Bd

DATUM Gecdetic BOREHOLE Type Washboring
SOIL PROFILE SAMPLES DYNAMIC PENETRATICN RESISTANCE HLIQUID LIMIT ———Wi | 0
= W IBLOWS Y/ FOOT o L IPLASTIC UIMIT Wl
5 o gl = R WATER CONTENT__w |
ELEV Efw|w | €] J [SHEAR STRENGTH P.SF. | we o )
. T . g
pEPTH|  DESCRIPTION 212z |2 > [ouconmer  smmovane] T
2l 217 18] “ Je quick TRaxat  x 148 vane | WATER CONTENT %
259.61 Ground Level 2 =R 20 ko 6o
0.0] Bandy silt, traces Li.l.
of clay & gravel. LSS 5 ¢
g X
2 188 21
Very Loose to Loose TS 3 250
Ljeid 5 85 jN o
2l4h.6 X
15.015and, some gravel andl-“{ 5 |83 | 7] 9
silt, trace-clay. i :
o s A £ 5 fai] <
_238.6 qzzgz Dense " 5 e§ ST luzlf(‘

21),5 End of Borehole

230

20
¢-5 % STRAIN AT FAILURE
10

-




MINISTRY  UF TKANDSFUKXTATIUN AND. CUMMUNDLALIUING S v s i : N

DESIGN SERVICES BRANCH FOUNDATIONS  OFFICE |

RECORD OF BOREHOLE N219

JjoB  72-21119 Co~ords. 932,509 N; 118,332 E.

‘ B ,’ -
CRIGINATED BY =

2ilt with sand,

trace clay.

LOCATION
WP Lha71-02¢ BORING DATE  November 20, 1972 COMPILED BY © CERC
DATUM Geodetic BOREHOLE TYPE Hellow sten auger CHECKED BY :
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE | LIQUID TIIT ——W
el W FBLOWS/ FOOT et FPLASTIC LIMIT wel Z
6! & 81 ¢ e WATER CONTENT_W | &b 1
ELEV Ejwiw o] & [SHEAR STRENGTH P.5S.F. we w Wy} @ | REMARKS |
BEPTH DESCRIPTION 51217 1 g] > |ounconmmen v mE vane e el
S| LB % le ouick TRIANAL X 1AB vANE | WATER CONTENT % Y oo b
259,91  Ground Level @ ] - 20 ko 60 lpcelorsasicl
0.0[8i1¢y sand, some k ¥ B
gravel,trace clay. . = = =
2511 Dense L8933 Sk
5.5 2. 155 € ° SF 21180 7 -

3 1 S8 bl 250

010 56}

OFFICE REPORT ON S0OIL EXPLORATION

2h7.2 Loose = o i 22
12.7i8and with sili, sonme 'S S > O 0 6ﬁ {}6) T
gravel,trace clay. |. {81 8571 31 ° sk (29) §
239, Loose to Very Dense o B 58 3m ,11]2'110 o 7 B S §37) '
VL LT ST D s PRI N L1 -
21.2| End of Borehole A
230

20
150-5 % STRAIN AT FANURE
10



OFFICE REPOE‘N SCIL EXPLORATION

MINISTRY OF TRANSPORTATION AND CCMMUN!CATIONS-ONTARIO

DESIGN SERVICES BRANCH

RECORD OF BOREHOLE N220

FOUNDATIONS OFFICE =

B i

j08_ 72-11119 LOCATION Co-ords. 932,394 N3 118,429 E, ORIGINATED BY .
WP Lh-71-02% BORING DATE  Hovember 21, 1972 COMPILED BY. ”;’_ﬁ,’
ﬂ . N . E / ' & B
DATUM Geodetic BOREHOLE TYPE Hollow stem auger CHECKED BY =¥ 7% - 1
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE FLIQUID LIMIT Wy '
=1 % |stows/FOOT —— . _IPLASTIC LYWT wel o T
51 o 81 & ) , . , ; WATER CONTENT—w | &} =
ELEY glwlw | | & ISHEAR STRENGTH P.S.F we w W | D) REMARKS-
BEPTH DESCRIPTION =i~ «éz » | © UNCONFINED + FIELD VANE : oF :
al 217 P B @ le ouck TriaxAL X taB vane | WATER CONTENT. %) .0 0o o
261.3 Ground Levsl © &) @ 20 Lo 60 ip.C FIGRSAISLCL
0.0|811t with sand, some 260 IER .
clay, trace gravel. T 58 3 __; o
25).8 Very Loose
6.5|Sand with silt,traces: . p—ttoo L 17
of gravel & clay. 3 1 8S 2 °
. ! 250
216.3 Compact to Very Dense L [ S5 1300ks"
15.0{8andy gravel, traces [Syof-—=2— 53 (100F5" : .
of silt & cley. s . Aenaien
2431.0 Very Dense 0.7 S 10 ° 2158735 (L7
ot whale P Lo NS0 Y] & G AR
21,2} End of Borehole
230

20
545 %
10

STRAIN AT FAILURE




~

DESIGN SERVICES BRANCH ‘ FOUNDATIONS defics'f“"

RECORD OF BOREHOLE N921 o G

OFFICE REPOWN SOIL EXPLORATION

0.1 9 s . e _~
Jop_ 72-11119 LOCATION Co-ords. 932,459 ¥; 113,410 E. ORIGINATED By B
WP Ll-71-02§ BORING DATE  Novewmbar 21, 1972 “compilep By EBL b
DATUM Geodetic BOREHOLE Type Hollow stem auger CHECKED BY K i
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE [LIQUID LIMIT =i |0 00 b
= 2 [8LOWS/FROT e IPLASTIC LIMIT—Wp | 2 i
6!l o 8t &g R : N WATER CONTENT—w | Sa | =}
ELEY & w w o w JSHEAR STRENGTH P.S.F. Wp W wi ol @i | REMARKS i
) . ! 0y RE 1
BEPTH DESCRIPTION 1= > g = | © UNCONFINED + FIELD VANE : el ol
x5 1" I Z] W Je quick TRIAXIAL X LAB VANE | WATER CONTENT. %
262.5 Ground Level v ® w 20~ ko © 60
0.0[81i1t with sand, some 26
gravel, trace clay, T 55 3] = o
Very Loose 2 S8 3
253.5
9.G{Sand with silt, some [+ |3 1SS 1 2 °
1
gravel, trace clay. b TEs 3 250
Very Loose A SRR 3 [
2hh,0 N -
18.5[oand; sone si1t, orace o0 88 [ 32 ) o
2),1.2lgrav.Dense to {7.Dense.'.._ .
2L0.0L _Stale (A W 08!
22.5] End of Borehole
230

20
1549-5 % STRAIN AY FANLURE
10

«



OFFl’CE REPORW SOIL EXPLORATION

MINIS

DESIGN SERVICES BRANCH

JOB

72-11112

W.P.

bl-71~026

DATUM Geodetic

TRY. OF TRANSPORTATION AND. COMMUNICATIONS= ONTARIO’

RECORD OF BOREHOLE ‘N922
LOCATION Co-ords. - 932,520 N; 118,390 E.
BORING DATE  November 20, 1972

BOREHOLE TYPE Hollow stem auger

SO PROFILE SANMPLES DYNAMIC PENETRATION RESISTANCE FLIQUID LIMIT e
H = bt BLOWS/ FOOT e S PLASTIC UIMIT We o
6| « 31 3 . .., {WATER CONTENT_w |
ELEY T wlw = vy PSHEAR STRENGTH P.S.F. Wy W Wy
SEPTH DESCRIPTION 121> 12 > - | O UNCONFINED + FIELD VANE IR
2l 217 | E 1 9 le Quick TRIAKIAL  x-1a8 vaNE J WATER CONTENT. %
264.6 Ground Level s @ w ' 200 Th0T 60
0.0} Sand with silt, some.:,} X
oo B o
gravel, trace clay. o 1133 280
_ . <2185 1 @
* V.|Loose to very dense, [.%
S I RN
9.6 IR T L) o ] , (<]
21i9.6 e 250 -
15.0|Sand, sowe gravel and,” } 5.1 S5 {100
. sil;, trice clay. MR : °
L ery Dense ., :
20.515i1t with sand,some ST LOOYe! R o
ol1.1lclay. Very Dense - g
T v, oo 1300 t ol
p'd{ﬁ'}'{} Shale S 3! 2k
25.8| End of Borehole
230

20
15%-5 % STRAIN AT FAIURE
10 ‘



PRELIMINARY FOUNDATION REPORT
DUFFINS CREEK BRIDGES, W.O. 10-20011

APPENDIX B

Borehole Records and Laboratory Test Results
GEOCRES No. 30M14-252 — 1997 Investigation

May 19, 2017 I¥ Golder
Report No. 11-1184-0143-2 L7 Associates



- .
MTO101.BHS

N .- N ... SR N S BN ) G EE an IS B R EE ae e

WP 1379500 L RECORD OF BOREHOLE 101 " SHEETH OF2
DIST:. . 6 HWYa01 - o . BORING DATE: SEPT.11/97 "0 DATUM: GEODETIC
LOCATION: N 4856214.747, E 340774.557 , PHOJECT:_ 971-8036
DYNAMIC PENETRATION ~ HYDRAULIC CONDUGTIVITY,
w 8 SOIL PROFLE SAMPLES | REsisTANGE, BLOWS/Dam ! k. em/s e
2. é - = = PIEZOMETER
Bl 2 g & o ; " i i ! ! ; I oa o
il o o lEEV, (B WS =5 STANDPIPE
gl 2 DESCHRIFTION = = Ei = | SHEARSTRENGTH natv. + Q-® WATER CONTENT, PERCENT Q- INSTALLATION
i [ < |DEPTH | 2 0 | Cu, kPa emV- @ U.0 Wp it -4
e 2 = (m) @ 10 -
- @ w0 4
o GROUND SURFACE 80.51 o
0.00
4 1501
Silty Sand, trace clay, trace to bo
some gravel, occ. silty clay .
lenses
Very loose to compact m
'\Bnrqwn
[¢]i=4 50 .
1 (FILL) 2 o 4 ]
78,11
T40( |
Sand and Silt, trace gravel, 4
trace clay, trace organics 4 8 {81 o MH
gompact ks
2 rownish grey T oot -
Moist e
Silty Clay, trace sand, trace el
grave] A 4] 4 g% -l [ ]
Very stiff ofs ||
Grey Bl
Moist eey B
3 {TILL) ) -
<Ed W&
T 571 5 | Belts o
4 Sand, trace silt, trace gravel s |39 ]s -
2 a\a’nd tlrace she:l fragments o
o ery lovse to loose o i
il 81 Grey 2 -
Ol <} Wet T ]
il .-:: ]
L 50
§ g L 7 |pol?
s 1= 3 s -'.: ] =
it o3 R
a8l = i
o M
% ?E' o) 7501
= ] 5.50
glE %%
8 777
%
6 Silty Clay, trace gravel, some /ﬁﬁ | by
o ;ﬁ |
ar 50
Grey %% RN q
Moist o
%%
2/
A a1 ]
? ) X
s > |8 |m
8 Sand, some gravel to Sand and D ] .
Gravel, trace silt e
Very dense
Grey
Wet
g .
[0 ] 5% /%8
ol | [emwsmanaire: T T SR M B I B
DEPTH SCALE LOGGED: MO
110 50 Golder Associates CHECKED: AMP




MTO101.BHS

JiR R . 0N GE Il S Il ) IR I N BE I e T e

W.P. 1379500 RECORD OF BOREHOLE 101 . SHEET 2 OF2
DIST. © * & HWY 401 BORING DATE: SEPT.11/97 DATUM: GEGDETIC fA\
LOCATION: N 4856214.747; £ 340774.557 ' PROJECT:  971-8036 [
) i PROFILE AP DYNAMIC PENETRATION HYDRALLIC CONDUCTIVITY,
w | Q 5o 19 _| ResisTANCE, BLOWS/0.3m K em/s e
sol & 5 £ Zz|  PEZOMETER
[ ] Q o ] ok OR
ot = P Blule L ' L . ' ! L £ STANDPIPE
= b g DESCHIPTION o 2 & £ | SHEARSTRENGTH natv. + Q.® WATER CONTENT, PERCENT ar INSTALLATION
0. =2f = = 0
w i z % O | Cu, kPa emV. @ U.Q wp }——--~0-W—-—-—{Wl EES
m% b m 10 20 a0 40
o | 5|3 | conmnuen rom previous eace [ Ny T IO O R A A
of = 1 Sand, some gravel o Sand and YTy roorTrTrTrTyTetTTeT e e T - ]
&2 Gravel, trace silt
2| = | Very dense
§ & Grey
= 8‘ Wet
&l £ | -approx. 200mm of silty clay/ 120
191 residual soil encountered in the 15
11 [2+3 sampler overlying weathered shale Note: .
BlE Gra/, weathered SHALE BEDROCK Water level in
2] (WHITBY FORMATION) open borehole at
44';'0 during
drillin
END OF BOREHOLE ogera%ons.
12 -1
13 e
14 .
135 -
16 -
17 \y
18 "
) ~
20 -
DEPTH SCALE LOGGED: MO
110 50 Golder Associates CHECKED: AMP




S .- S I N U R I O S S B an D aE Em e ..

WP, - 137-9500 - RECORD OF BOREHOLE 102 SHEET 1 OF2
DIST. 6, HWY 401 : BORSNG DATE: SEPT.10/97 DATUM:  GEODETIC
LOCATION: N 4856227.382; E 340820.807 ; ' cn PROJECT:  971-8036
o SO PROE DYNAMIC PENETRATION ~ HYDRAULIC CONDUCTIVITY,
u 9 L PROFILE SAMPLES RESISTANCE, BLOWS/0.3m ! K. cm/s I -
Zal £ = E N £z PIEZ%I\QE"TEH
ax] = & | ey Elule 1 i ] ; ] 1 | ] 8 @ STANDPIPE
= g g DESCRIFTION < 5 | &2 | SHEARSTRENGTH natv. + Q-@ WATER CONTENT, PERCENT Sul  wsTaiamon
i I % |oePTH | 3 G | cu kPa rmy. @ U0 Wp poe W <2
2 w (m} @ 10 20 30 a9
0 GHOUND SURFACE 78.84
A 0.00
REAE o BENTONITE
oo SEAL
Sand, trace to sotme silt to Silty |
Sand, trace organics A
Very loose to Joose S —
Light brown M 50
1 Moist S 2 lpoi®
50
. 3 Do 4 e
2 el BRTRY!
Silty Clay, some sand, trace 777l
organics, trace shell fragments 54
Very soft [ 4 150 1o o
Brown, occ. oxidation v 0o
Moist to wet 977 -
by 75.94]
af., LS 290 -
i Sand, some silt, trace clay SAND
3| | Loose : 5 150 |4 -
g Brown s oo 5
B | Moist Vi ] L b
z|2 Lo 7514 "
§ g ;f?:“‘? 3.70}__|
T ()]
41 § Sand and Gravel, trace to some % 5 |5 | o
&}z | silt, trace clay, trace organics, B5%
#| | oce. boulder b % ——!
3l | Compact to very dense A
& | Grey s -
Wet %
:9:1:: 7 {50 Iss
5 oS, -
o5
5%
s
8 3
a5 e REL]
=¥ L 8 \poins ©
b, &L
[= 3]
5!
5%
5%
P O
v
L BE] 7144
Black to dark grey, weathered - 720
Shale (BEDROCK) o z1eel 5o f100
Sorehole continued; 7.62{ T DO /03
for bedrock coring details
4 refer to sheet 2, d
o J
A0 § | P e o s o i e iy b e gl s i s, Sy (i s i e i el ey S ey e e [ g i . A AR P R e i e e i . s i, i i Wit Vi s il . e e e . YA WA Ml i e e i
CONTINUED ON NEXT PAGE
DEPTH SCALE LOGGED: MO
110 50 Golder Assoclates CHECKED: AMP




HE . . G5 G B 4 N N A BN IS an ) E AN I am e

PROJEGT: 871-8036

LOGATION: N 4856227.382: £ 340820.807

RECORD OF BOREHOLE 102"

'DRILLING DATE: SEPT.10/97 -
DRILL RIG: BOMBARDIER

_ DATUM: GEODETIC

SHEET 2 OF .2

- INCLINATION: - L AZIMUTH:
o . DRILLING CONTRAGTOR:
0 w lﬁé FA-FRACTURE FFAULT SM-SMOOTH FL-FLEXURED
ﬁ g 8 ’E 2| CL-CLEAVAGE JJOINT A -BOUGH UE-UNEVEN
8 m 8 wad ) ;: E SH-SHEAR P-POLIGHED ST-5TEPPED W -WAVY Ty NOTES
o | eev, | S 155]%| wven S-SUCKENSIDED  PL-PLANAR € -CURVED Lo
0 T BTION  ELEY. 1 Z |98 iy mOE
Ll ¢ DESCRI é DEFTH | 2 |2¢ . | TRECGUERY T nap JFRAGT. DISCONTINUITY DATA PVBRAULIC %’giﬁ WATER “EVE'T“SON
= = - o | INDEX " CONDUCTIVI = INSTRUMENTAT!
M A UL N E e B e Eom e R
g 0 i | 7 loooe losse jovss | owne DESCRIPTION
o DB FL | OQFTN | HOT R e Nu:c
L 4 EQ.“E’!QWBHQN_ERE‘QQ%EAEE_.._. b — e L o A e e e e ARSER O S DU SN ) 8 8 IO .
Borehole continued 71,22
762 12rmn clay soam
- 8 12mm elay seam
25mm broken core SAND
1 150mm broken core
Shale . 300mm broken pore
Hightly weathere(’j1 be%omufng
maderately weathered to fresh
] below 8.9m depth, grey, fine PL BENTONITE
- 5 nO: grained, thinly bedded, occ.
& thin limestone layers.
czy {(WHITBY FORMATION)
20 broken core SAND
2
~ 10 = Anrmm broken core
g
68,17
END OF DRILLHOLE 10.67
ST Note: “
Water level in
piezotneter at
Elav, 75.5m on
Sept.16/87.
- 14 ~
15 by
18 =
17 =
DEPTH SCALE LOGGED: Mo
P H
Golder A i DATE:
110 50 older Associates CHECKED: _AMP




MBOIST03.BHS

SN N . . SN I N E A N B aE aE aE A A am e

w.p. 1379500 . : - RECORD OF BOREHOLE 103 . SHEET 1 OF 1
DIST. 8, HWY 401 , ' BORING DATE: SEPT.12/97 ' _ DATUM: GEODETIC
LOCATION: . N 4856239.433; E 340884.371 : _ - : PROJECT:  971-8036
o L PR LEs | DYNAMIC PENETRATION \ HYDRAULIC CONDUCTIVITY,
u 0 SOl PROFILE SAMP RESISTANCE, BLOWS/0.3m | K ems L
z Z . Tz PIEZOMETER
ol & (o} 5 Z i
wEl = = & o i i | ! ; o OR
ey Eleey |Hiwig . L A =g STANDPIPE
ry g DESCRIPTION = = E‘p- 2 | SHEARSTRENGTH paV. + Q- WATER CONTENT, PERCENT o INSTALLATION
o T 2 DEPTH | 2 O | Cu kPa remV. & U-O WP oSy <<
2 = (m) m 10 20 30 4
o GROUND SUREACE 80.71

Silty Sand, frace clay, trace 0.00

gravel, some organics, occ. glass 1 |50 |, o

and metal fragments 0o

Very loose -

Dark grey B0, 11
Moist (FILL) S oeof ]
1 2 SD% 35
Sand and Silt, race clay, some : o
ravel A4 4 {50 |50/ o
anse to very dense ' || DOs
Gray
2 Dry to moist
BENTONITE
SEAL
3 -
5 50| 9 MH
77111 =
] 360
2] 8and, trace silt, trace clay, L 1
o | 5] 2] trace to some gravel e 0
221 Very dense R 5 [halo
o) arey N
Eﬁl Moist 2ol 7ea
o T 440
§ § : nn 0/
& ?é . ® ipojs o]
5T ; —_
5 g S| sandy sil, trace clay, trace -
21 & | gravel ‘1T,
g § Very dense T
&1 Grey B
Moist 1
8 -trace black shale fragments Rk 50

below 6m depth i3 L3 5o |-

~boulder at 6.2m depth inferred |

from resistance to augering ]

’ 1 ‘ SAND
7301 50 {ay
=2 7.70 L8 oof.as
o B
Shale, weathered, grey S
(WHITBY FORMATION) Sy BENTONITE
_— SEAL
. P
L] 7ia1f e |80
8.30 Nota:

END OF BOREHOLE Onen borehole iy
on completion of
drilling. Water
level in plezometer
at Elev. 77.2m on

10 Sept.16/87. 1
DEPTH SCALE LOGGED: MO
1to 50 Golder Associates CHECKED: AMP




S .0 N N IS S I N I N m N MO A E o . A

WP . 137-9500 ' RECORD OF BOREHOLE 104 SHEET 1 OF 1
DIST. 6, HWY 401 i : : " BORING DATE: SEPT.12/97 - ' DATUM: GEQDETIC
LOCATION: - N 4856176.940; E 340887.038 L . PROJECT: 971-8036
© SOIL PAOEILE saMPLes | DYNAMIC PENETRATION hY HYDRAULIC CONDUCTIVITY,
w [#) RESISTANCE, BLOWS/0.3m | k, em/s oy
Zo é - = iz PIEZOMETER
1 Q o o ok OR
b ey, |8 wl g e — e e p—— @l sranoree
a2 DESCRIFTION = 5 | 5% | sHEARSTRENGTH natv. + . ® WATER CONTENT, PERCENT g - INSTALLATION
i < [oePm |2 | 7 |G | ou ks remv. @ u-O g A 23
0 B {m) @ 10 20 30 40
o GROUND SURFACE 70.04
0.00
50
Sand and Gravel, trace silt, ' joo|* ©
trace clay, oce. silty clay fusd
lenses, trace asphalt fragments
Compact
Brown -
D 50
1 (F?LL) S 2 ipo|%
2 77.64
< 1.400 |
Silty Clay, some sand, trace : 3 |30 (g o)
gravel, trace organics : bo
2 Soft to firm ¢ -
Brown to greenish grey 2
Moist : HENTONITE
(FiLL) s ]
@ s 50
o T ’ 4 [pol2
il 8 :
3| = : ]
oz : 76.14
3 E = Clayey Silt, some sand, some 4 2.80 —
o % orgaries, oce. shell fragments
g 91 Soft 5 g% a 622
i g‘ Dark brown to black
gl Moist i
o rA 3.60 ~Z
% £ Silty Clay, some sand, trace 74 o *
8| £] gravel, trace organics v -
4 2 goft g 6|51 ] O
Gray ’ f ]
Wet YUl 7a.84]
fa] 440
oo 50
:f?-z‘-’: 7 20 o]
5 Sand and Gravel, some silt, trace GES —
shale fragments GEs SAND
Compact o2
Brown oG
Wet ,gg
65
oo
8 fkid IR AT
o 6.10
{S}t:aa;e. weathered oy o 150 10 SEXEONITE
(WHITBY FORMATION) L] 7249 o0
END OF BOREHOLE 8.55 Note:
‘Water level in
apen borehole at
7 2.8m depth on “1
completion of
drilting, Water
level in piezometer
at Elev, 75.3m on
Sept.16/97.
N o
9 -
10 ..
DEPTH SCALE LOGGED: MO
110 50 Golder Associates CHECKED: AMP




MBJIE105 BHS

WP 1579500 RECORD OF BOREHOLE 105" SHEET 1.0F 1
DIsT. 6, HWY 401 _ BORING DATE: SEPT. 11/97 DATUM: GEODETIC
LOCA‘!_’ION: ' N'4856159.36; E 340818.282 : " PROJECT:  971-8036
= SO PROE! e | DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
u 2 £ SAMPL RESISTANCE, BLOWS/0.3m ! k, emis w9
F ¢ = p £z PIEZOMETER
CHl G o] o &
sxl = & | eev flule L . L ) L ; L ; £d STAT\?SPIPEE
%g g DESCRIPTION = . Ef £ | SHEARSTRENGTH natv: + Q.® WATER CONTENT, PERCENT g "1 INSTALLATION
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GRAIN SIZE DISTRIBUTION FIGURE 1
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GRAIN SIZE DISTRIBUTION FIGURE 2
Silty Sand to Sand and Silt some Gravel
Size of openings, inches U.5.5. Sieve size, meshes/inch
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GRAIN SIZE DISTRIBUTION FIGURE 3
Sand and Gravel
Size of openings, inches U.5.5. Sieve size, meshes/inch
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Golder Associates is driven by our purpose to engineer earth’s development while
preserving earth’s integrity. We deliver solutions that help our clients achieve
their sustainable development goals by providing a wide range of independent
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