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1.0 INTRODUCTION

Golder Associates Ltd. has been retained by McCormick Rankin Corporation (McCormick
Rankin) on behalf of the Ministry of Transportation, Ontarioc (MTO) to carry out a foundation
investigation at the site of the proposed temporary detour structure (“Bailey” type bridge) for the
Highway 101 crossing of the Porcupine River. The temporary bridge is required for traffic to
cross the Porcupine River during the construction for the replacement of the existing

Highway 101 bridge.

The subsurface information obtained during our investigation carried out for the replacement of
the existing Porcupine River Bridge in 1997 and contained in the report titled “Foundation
Investigation, Preliminary Design for Replacement of Porcupine River Bridge, W.P. 313-85-00,
Site 39E-083, Highway 101, MTO District 53, New Liskeard, Ontario”, March 1998, was
compiled and used in this report. It is understood that the proposed detour Bailey bridge, to be
constructed on the north side of the existing bridge, is a single span structure, wide enough to

provide two way traffic.

The purpose of the investigation was to determine the subsurface conditions at the site of the
proposed detour bridge by means of a limited number of boreholes, in-situ tests and laboratory
tests on selected samples. Based on our interpretation of the data obtained, recommendations on
the foundation aspects of the design of the proposed works are provided. Comments are also
provided on anticipated construction problems where they may affect the design of the proposed

detour bridge and approach embankments.

The terms of reference and the scope of work are outlined in our letter 971-1191, dated

August 24, 1999,

Golder Associates
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2.0 SITE DESCRIPTION

The site is located to the north of the existing bridge carrying Highway 101 over the
Porcupine River in the Township of Matheson, District of Cochrane, east of Timmins
(MTO District 53, New Liskeard). The width of the Porcupine River varies from about 20 m at
the existing bridge crossing to about 10 m on the north side of the bridge. The river valley is
relatively steep with several bedrock outcrops visible on both sides of the river. The water level

in Porcupine River was measured at Elevation 274.6 m in December 1997.

The existing Porcupine River bridge is a four span reinforced concrete girder structure about
60 m in length, built in 1939. A retaining wall has been constructed to support the embankment
fill on the north side of the east abutment. Gabion baskets have been placed at the ends of the
bridge deck in all four quadrants. The current road grade / bridge deck is at about Elevation
287 m, some 12 m above the water level in the river. The existing approach embankments are

3 m to 4 m in height.

Golder Associates
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3.0 INVESTIGATION PROCEDURES

The field work for this investigation was carried out on October 20 and 21, 1999. During this
time, a total of eight boreholes were put down at the site; four on each side of the river.
Boreholes 99-1 through 99-4 were drilled on the west side of the river, while Boreholes 99-5
through 99-8 were put down on the east side of the river. The investigation was carried out using
portable electric powered drilling equipment, supplied and operated by Colbar Resources of

Sudbury.

In the boreholes, soil samples were obtained at regular intervals of depth using 50 mm outside
diameter split-spoon samplers in accordance with Standard Penetration Test (SPT) procedures.
Groundwater conditions in the open boreholes were observed throughout the drilling operations

and on completion of drilling.

The field work was supervised on a full-time basis by a member of our technical staff who
located the boreholes in the field, directed the drilling, sampling and in-situ testing operations,
and logged the boreholes. The soil samples were identified in the field, placed in containers and
transported back to our laboratory for further examination. Index and classification tests were

carried out on selected samples.

The as-drilled borehole locations were located by our field personnel relative to existing site
features. The borehole elevations were surveyed by our personnel relative to the temporary
benchmark provided by McCormick Rankin (Survey Point 2805 located on the north-west corner
of the central pier footing - Elevation 275.274 m). It is understood that this elevation is
referenced to Geodetic Datum. The locations of the boreholes are shown on Drawing 0117700,

attached.

Golder Associates
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4.0 GENERAL SITE GEOLOGY AND STRATIGRAPHY
4.1 Site Geology

From published geological information, the site is located in the physiographic region known as
the Canadian Precambrian Shield. The shield terrain comprises large expanses of intrusive rocks
such as gneisses and gneissic or massive granite rocks. The rocks are geologically complex with
considerable folding, intrusive activity, regional metamorphism and faulting. Pleistocene
lacustrine / marine deposits have been laid down in depressions and are associated with the
Glacial Lake Barlow-Ojibway. The local physiography is characterized by overburden
consisting mainly of glaciolacustrine and glaciomarine deepwater silty clay deposits and an
irregular, variable bedrock surface with frequent rock outcrops. Recent natural deposits of sand,

silt and gravel can be found within the flood plains of the existing rivers.

4.2 Site Stratigraphy

The detailed subsurface soil and groundwater conditions encountered in the boreholes, together
with the results of the laboratory tests carried out on selected samples, are given on the attached
Record of Borehole sheets, following the text of this report. For reference, Record of Borehole
sheets for boreholes put down during the previous 1997 investigation carried out for the main
structure replacement have been attached in Appendix A, following the text of this report. The
stratigraphic boundaries shown on the borehole sheets are inferred from non-continuous
sampling and therefore represent transitions between soil types rather than exact planes of

geological change. Subsoil conditions will vary between and beyond the borehole locations.

In summary, the soils encountered in the boreholes put down during the current investigation
generally consist of surficial layers of topsoil underlain by a glaciolacustrine deposit of silty clay.
Fill material underlies the topsoil at some borehole locations. Thin layers of sand and gravel and
sandy silt, were encountered beneath the silty clay at two of the borehole locations. All of the
boreholes put down during the current investigation encountered refusal to further penetration
within the granular deposits or at the base of the silty clay deposit. Based on the results of the
previous site investigation, the refusal to further penetration of the drill equipment is considered to

be on andesite bedrock or on cobbles and / or boulders. The depth to refusal in the boreholes varied
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from approximately 1.0 m to 2.3 m below existing ground surface on the west side of the river and

from 1.1 m to 3.8 m below ground surface on the east side of the river.

A detailed description of the subsurface conditions encountered in the boreholes is provided in

the following sections.

4.2.1 Topsoeil

All boreholes encountered topsoil at the ground surface. The thickness of the topsoil layer

varied from approximately 90 mm to 150 mm at the borehole locations.

4.2.2 Fill Materials

Boreholes 99-1, 99-2, 99-4 and 99-5 encountered fill materials beneath the topsoil layer. The fill
materials typically consist of brown clayey silt to silty clay containing trace to some sand, trace
gravel and organics. The fill material is likely comprised of the native silty clay deposit which
has been reworked during construction of the watermain located in the vicinity of Borehole 99-2
or the embankment fill (Boreholes 99-1, 99-4 and 99-5). Based on visual examination of the soil
samples and measured Standard Penetration Test (SPT) ‘N’ values, which varied between
9 blows and 10 blows per 0.3 m penetration, the clayey silt/ silty clay fill materials is typically
stiff. The thickness of the fill materials, where encountered, ranged from approximately 0.3 m at
Borehole 99-1 to 1.5 m at Borehole 99-2. The fill extends to the bedrock surface at the locations
of Boreholes 99-4 and 99-5, at depths of 1.0 m to 1.2 m below ground surface. The measured

water content on selected samples of the fill were 12 percent to 28 percent.

Boreholes put down through the existing roadway embankment during the previous investigation
at the site encountered fill materials consisting of gravelly sand to sand and gravel, silty clay
and / or rockfill beneath the pavement structure. The base of the embankment fill, where fully

penetrated during the previous investigation was between 3.0 m and 4.1 m below road grade.

423  Silty Clay

Underlying the topsoil and fill materials in Boreholes 99-1, 99-3, and 99-6 through 99-8 is a

lacustrine deposit of silty clay containing variable, but generally minor, quantities of sand, gravel

Golder Associates
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and organic matter in the upper portion of the deposit. The thickness of the silty clay ranges
from approximately 0.9 m to 3.7 m in these boreholes. The silty clay deposit is firm to very stiff
with SPT ‘N’ values ranging from 7 blows to 17 blows per 0.3 m of penetration. However,
visual examination of the samples collected indicates that this deposit has a variable consistency

with the upper portions of this deposit typically being softer.

At Borehole 99-8, the silty clay deposit was distinctly irregularly layered, varying in color from
light to dark brown. This irregular layering was also noted within the silty clay deposit

encountered in boreholes put down during the previous investigation at the site.

Atterberg limits tests carried out on samples of this deposit indicate liquid limits ranging from
about 34 percent to 56 percent and plasticity indices ranging from 15 percent to 33 percent.
Measured water contents range from about 12 percent to 37 percent. A grain size distribution for

one sample of the silty clay is shown on Figure 1.

Boreholes 99-3 and 99-6 through 99-8 encountered refusal to further auger penetration at the
base of the silty clay deposit at depths ranging from approximately 1.1 m to 3.8 m below ground

surface.

4.2.4 Granular Deposits

Approximately 0.1 m of sandy silt and 0.15 m of sand and gravel were encountered beneath the
silty clay deposit at the locations of Boreholes 99-1 and 99-2, respectively, located on the west side

of the river.

Granular deposits, ranging in thickness from approximately 0.9 m to 1.0m, were also
encountered beneath the silty clay deposit in Boreholes 97-1 and 97-3 put down during the
previous investigation at the site. The composition of the granular deposit at these locations was
highly variable ranging from sand and gravel with some silt and trace clay to boulders and
cobbles with some silt, sand and gravel. This granular deposit extends to the bedrock surface at

about Elevation 278.9 m in Borehole 97-1 and at about Elevation 274.3 m in Borehole 97-3.
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4.2.5 Bedrock

All boreholes put down during the current investigation encountered effective refusal to auger
penetration; no rock coring was carried out at the site during this investigation. Refusal was
encountered between Elevation 279.9 m and Elevation 281.2 m in Boreholes 99-4 and 99-3 located
at the west side of the river and between Elevation 278.5m and Elevation 282.2m in
Boreholes 99-7 and 99-5, respectively, at the east side of the river. The depth to refusal in the
boreholes varied from approximately 1.0 m to 2.3 m below existing ground surface on the west side

of the river and from 1.1 m to 3.8 m depth on the east side of the river.

During the previous investigation, bedrock was encountered at variable elevations at/ near the
existing bridge site. In the boreholes put down through the approach embankments on the west and
east sides of the existing bridge / river valley, the surface of the bedrock varied between about
Elevation 278.9 m and 282.2 m. The bedrock surface generally slopes down toward the river
channel and there are several bedrock outcrops exposed on the river valley slopes. Based on rock
core samples collected from Boreholes 97-1, 97-3, 97-4 and 97-6, bedrock at the site consists of
brownish-grey to grey, medium grained andesite with trace chlorite and talc. Frequent joints

with iron staining were noted within the core samples retrieved.

4.3 Groundwater Conditions

All boreholes put down during the current investigation were dry during and following
completion of drilling within the overburden. Groundwater was encountered within the sand and

gravel deposit at Elevation 279.1 m during drilling of Borehole 97-1.
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Based on observations made during the current and previous investigation, it is considered that
the groundwater table is controlled by the granular deposits immediately overlying the bedrock,
by the fractured rock and by the river water level. It should be noted that the groundwater level is

subject to seasonal and river water level fluctuations.

Anna M. Piascik, P.Eng.

/ L

Anne S. Poschmann, P.Eng.
Principal

Fintan J. Heffernan, P.Eng.
Designated MTO Contact

AMP/ASP/FIJH/amp/clg

WORD SFINALDAT/1100/991-1177/91177KR2
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5.0 ENGINEERING RECOMMENDATIONS
5.1 General

This section of the report provides our recommendations on the foundation aspects of design and
construction of the proposed reinforced-soil abutments for the temporary detour “Bailey” bridge
over the Porcupine River based on our interpretation of the factual information obtained during
the investigation. It should be noted that the interpretation and recommendations are intended
for use only by the design engineer. Where comments are made on construction they are
provided only in order to highlight those aspects which could affect the design of the project.
Those requiring information on aspects of construction should make their own interpretation of
the factual information provided as it may affect equipment selection, proposed construction

method and scheduling.

It is understood that the proposed temporary detour “Bailey” bridge over the Porcupine River is to
be constructed to the north of the existing structure to carry Highway 101 traffic over the
Porcupine River during the construction of the replacement bridge at this site, designated as
Site 39E-083. It is understood that the temporary structure will be a 61 m long, single span and
wide enough to provide two way traffic. It is understood that consideration is being given to
support of the bridge abutments on a mechanically stabilized / reinforced-soil mass wall system.
The proposed reinforced-soil retaining walls will be located immediately to the north of the existing

Highway 101 (approximately 13.8 m distance center-to-center).

The proposed horizontal alignment for the detour and sketches showing vertical alignment of the
bridge abutments were provided to us by McCormick Rankin in their facsimile transmission
dated August 19, 1999. Preliminary sketches of the reinforced-soil mass and abutment

configurations indicate the following:

o The locations of the west and east abutments at Stations 12+380.2 and 12+441.2,
respectively;

e The grade of the bridge at Elevation 287.3 m at the west abutment and at Elevation
287.7 m at the east abutment;
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o The top and base of the abutment footings at Elevations 286.3 m and 285.6 m at the west
abutment and Elevations 286.7 m and 286.0 m at the east abutment;

e The height of the wall / reinforced-soil mass will be as much as 4 m and 5.5 m at the
west and east abutments, respectively.

5.2 Reinforced-Soil Bridge Abutments

5.2.1 General

It is understood that consideration is being given to the use of a reinforced-soil mass for the
support of the bridge abutments. A reinforced-soil mass system consists of soil reinforced with
metal, plastic or fabric strips or grids integrated with suitable fill which is placed and compacted
in lifts. A facing material, typically consisting of pre-cast concrete blocks or panels mechanically
fastened to the reinforcing strips or grids is used to form the face of the reinforced soil structure
and to prevent loss of fill material. The detailed design of reinforced-soil mass systems is

typically carried out by the supplier as these systems are generally proprietary.

The reinforced-soil mass system is to be constructed immediately to the north of the existing
highway. Based on the current investigation, the subsoils within the site of the proposed detour
structure consist of topsoil, fill and native silty clay deposit. The soils are underlain at relatively

shallow depth by andesite bedrock.

The topsoil and variable fill materials are not considered suitable for the support of the
reinforced-soil mass system carrying the abutments and should be completely stripped beneath
the entire plan area of the footings and reinforced-soil mass under the abutments. In addition,
the native silty clay deposit anticipated under the abutments is of variable thickness and loading
would result in differential settlement along the width of the abutment footing. It is
recommended that the silty clay deposit also be removed from under the reinforced-soil mass
supporting the abutments. The approach embankments will also be constructed over variable
thicknesses of compressible silty clay and / or fill materials. There will be, therefore, differential
settlement between the abutments (founded on the underlying bedrock / granular deposits) and
the approach embankments. In order to smooth out the transition with respect to differential

settlement along the length of the reinforced-soil mass which is to be constructed perpendicular
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to the abutments on the north side of the detour, it is recommended that a transitional
sub-excavation be carried out. The silty clay should be fully sub-excavated adjacent to the

abutment; at the end of the wall, only sub-excavation of the topsoil would be required.

It may not be possible to entirely sub-excavate the native silty clay deposit beneath the proposed
embankments within open cut temporary side slopes since the excavation must extend into the
existing embankment. Consideration could be given to carrying out the excavation with the use

of temporary shoring / road protection systems to support a vertical cut face.

5.2.2 East Abutment

The proposed road grade is about 6 m above the existing grade on the north side and about 1.5 m
above the existing grade on the south side of the abutment. For the proposed abutment founding
levels, the top of the reinforced-soil system at the abutments will vary between 0 m and 4.5 m

above existing ground surface.

The following table summarizes the relevant boreholes at the east approach and the

depth / elevation where refusal to further penetration was encountered during drilling:

Borehole Number 99-5 99-6 99-7 99-8
Depth to Auger Refusal (m) 1.1 1.3 20 38
Elevation of Auger Refusal (m) 2822 2798 2785 279.7

Boreholes 99-5 and 99-6 were put down at the location of the proposed east abutment footing.
Borehole 99-5 encountered a 1 m thick layer of silty clay fill extending to bedrock surface at about
Elevation 282.2 m. In Borehole 99-6 about 1.2 m of native silty clay extends to the bedrock
surface encountered at about 1.3 m depth, corresponding to about Elevation 279.8 m. A greater
thickness of fill is anticipated within the southern portion of the footing where it extends into the

existing embankment.

For design, the following founding elevations may be assumed for the reinforced-soil system

placement for founding directly on the bedrock surface:

North wall 279.5m
West wall / abutment footing varying from 279.5 m at north wall to 282 m at south wall
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The design founding level for the north wall assumes full excavation to the bedrock surface. The

above founding elevations must be confirmed by site inspection during construction.

5.2.3 West Abutment

In summary, the soils encountered in Boreholes 99-1 through 99-4 put down at the location of the
west abutment consist of relatively thin deposit of silty clay and fill material which are underlain
by bedrock and / or granular soils. The following table summarizes the relevant boreholes at the
west approach and the depth/elevation where refusal to further auger penetration was

encountered during drilling:

Borehole Number 99-1 99-2 99-3 99-4
Depth to Auger Refusal (m) 23 1.7 1.0 1.2
Elevation of Auger Refusal (mj 2812 2800 2812 2799

The proposed road grade at the abutment is about 5 m above existing ground surface. For the
proposed abutment founding levels, the top of the reinforced-soil mass at the abutment will be

about 3 m to 3.5 m above existing ground surface.

For design, the following founding elevations may be assumed for the reinforced-soil system

placement for founding directly on the bedrock or granular soils:

North wall Varying from 281.5 m at west and to 280.5 m at east end
East wall / abutment footing  varying from 280.5 m at north wall to 281 m at center, to 280 m at south end
South wall Varying from 280 m at east end to 279.5 m at west end

The design founding levels for the north and south walls assume full sub-excavation. The above

founding elevations must be confirmed by site inspection during construction.

5.2.4 Design Interaction

Reinforced-soil or mechanically stabilized soil systems are proprietary. The design of these
systems in terms of internal stability including type of reinforcement, length of spacing of
reinforcement, type of facing units and fastenings to the facing units is carried out specifically by
the supplier of the proprietary system. The design needs to take into account surcharge effects

such as that caused by the abutment foundation sitting on top of the reinforced-soil system.
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Therefore, the design bearing pressure for the abutment foundation placed on the reinforced-soil

mass is controlled by the design and capability of the reinforced-soil mass system itself.

It will be necessary to have design interaction between the suppliers of the reinforced-soil
systems and the structural engineer designing the bridge abutment foundation. The designer of
the proprietary system specifies the bearing capacity that is required of the ground on which the
reinforced-soil mass will sit. For the case of the system founded on bedrock or dense granular
deposits, the geotechnical resistance (bearing capacity) at ULS provided by the ground would be
greater than 1,000 kPa which is considered to be adequate to comply with and satisfy the
proprietary system’s requirements. This should be confirmed with the proprietary system

designers.

53 Subgrade Preparation and Approach Embankments

The surficial topsoil, and variable fill materials are not considered suitable for the support of the
retaining walls, reinforcing elements or approach embankment fills and should be stripped from

below the proposed approach embankment areas.

The design assumptions with respect to founding elevations should be confirmed by inspection
by qualified personnel in the field during construction. Where the excavation is not extended to
the bedrock surface, the exposed subgrade soils should be proof-rolled prior to fill placement.

Softened or loosened soils should be sub-excavated and backfilled with approved select fill.

Construction of the approach embankment above the prepared subgrade may be carried out using
clean earth fill (in accordance with OPSS 212) or Select Subgrade Material (in accordance with
OPSS 1010) depending on the material available to the project. The existing embankments
should be benched in accordance with OPSD 208.01 to ensure that the new fill is keyed into the
existing fill and to minimize differential settlement between the new and the existing

embankment.

All embankment fill should be placed in regular lifts with loose thickness not exceeding

300 mm, and be compacted to at least 95 percent of the material’s Standard Proctor maximum

Golder Associates



November 1999 -14 - 991-1177

dry density. The final lift prior to placement of the granular subbase or base course should be
compacted to 100 percent of the Standard Proctor maximum dry density. Inspection and field
density testing should be carried out by qualified geotechnical personnel during all fill placement
operations to ensure that appropriate materials are used and that adequate levels of compaction

have been achieved.

5.4 Temporary Excavations

Temporary excavations required for the construction of reinforced-soil mass supporting the
abutments will be up to about 5 m deep at the west abutment and will vary between about 2 m to
4 m in depth at the east abutment. These depths encompass the full reinforced mass width under

the abutment footings.

Temporary excavations will extend through loose to dense granular fill, soft to firm cohesive fill
materials and through firm to very stiff, native silty clay. At the location of the east abutment,
groundwater seepage inflow into the excavations is expected to be minor, except during periods
of sustained precipitation. Some water flow into the excavation should be anticipated for
construction of the west embankment, where water bearing sand and gravel deposits may be

encountered overlying fractured bedrock.

Where space permits, excavations, which will be open for a relatively short period of time, can
be made in temi)orary unsupported cut with side slopes maintained not steeper than 1 horizontal
to1 vertical, provided that only minor groundwater inflow is encountered. Along the south walls
of the reinforced-soil abutments, relatively deep excavations will be required and open cut
temporary excavations would require undercutting of the existing highway embankments. To
protect against instability of the embankment and /or movements of the existing bridge
abutments, the excavation for the south wall in the vicinity of the existing embankments at each
abutment should be carried out within a temporary support system. The support system could
consist of soldier piles and lagging extending to bedrock surface. Support to the soldier pile and
lagging wall system could be in the form of rakers or an anchorage system and would probably

involve additional anchorage at the toe of the pile to provide lateral support.

Golder Associates
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The design of soldier pile and lagging walls, where the support to the wall is provided by anchors
or rakers, should be based on a triangular earth pressure distribution using the design parameters
given below. The raker or anchor loads themselves should be checked using a rectangular earth
pressure distribution (apparent earth pressure) using the parameters given below. The wall and
the raker / anchor support system must be designed to accommodate the loads applied from

surcharge pressures from area, line or point loads as wells as the influence of sloping ground

behind the system.

Unfactored triangular earth pressure distribution (p in kN/m2; increasing with depth), can be

calculated as follows:

p=KyH
where
H = is the height of the excavation at any point in metres
K =0.3 for level ground behind excavation
= 0.5 for ground sloping at 2H:1V behind excavation
Y = soil unit weight = 20 kKN/m3

Unfactored rectangular earth pressure distribution (p in kN/m2; constant with depth), can be

calculated as follows:

p=KyH
where
H  =is the height of the excavation at any point in metres
K =0.3 for level ground behind excavation
¥ = soil unit weight = 20 KN/m3

For the above case, the sloping ground should be treated as a surcharge.

Passive toe restraint to the soldier piles may be determined using a triangular pressure
distribution acting over an equivalent width equal to three times the pile socket diameter. The
coefficient of passive lateral earth pressure, Ky, for the socket within the bedrock may be taken

as 6. The groundwater level should be assumed to be at the bedrock surface.

It should be noted that churn drilling / augering procedures will be extremely difficult in creating
a pile socket within the bedrock at this site. Core drilling will likely be required to advance the

hole for pile installation.

Golder Associates
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All excavations should be carried out in accordance with the current Occupational Health and

Safety Act.

7wl

Anna M. Piascik, P.Eng.

£

V7 it
Anne S. Poschmann, P.Eng.
Principal

Fintan J. Heffernan, P.Eng.
Designated MTO Contact

AMP/ASP/FIJH/amp/clg

WORD SFINALDAT/1100/991-1177/91177KR2
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as
follows:

L SAMPLE TYPE aoL SOIL DESCRIPTION
AS Auger sample (a) Cohesionless Soils
BS Block sample
Cs Ch}mk sample Density Index N
DO Dnv.e open (Relative Density) Blows/300 mm
DS Denison type sample or Blows/ft.
FS Foil sample Very loose Oto4
RC Rock core Loose 4t010
SC Soil core Compact 10 to 30
ST Slotted tube Dense 30 to 50
TO Thin-walled, open Very dense over 50
TP Thin-walled, piston
WS Wash sample (b) Cohesive Soils
Consistency CwSu
kPa psf
IL PENETRATION RESISTANCE Very soft Oto12 010250
Soft 12t0 25 250 to 500
Standard Penetration Resistance (SPT), N: Firm 25t0 50 500 to 1,000
The number of blows by a 63.5 kg. (140 1b.) Stiff 50 to 100 1,000 to 2,000
hammer dropped 760 mm (.30 in.) required Very stiff 100 to 200 2,000 to 4,000
to drive a 50 mm (2 in.) drive open Hard over 200 over 4,000

sampler for a distance of 300 mm (12 in.).

Dynamic Penetration Resistance; Ng: Iv. SOIL TESTS

The number of blows by a 63.5 kg (140 1b.)

hammer dropped 760 mm (30 m) to drive w water content

uncased a 50 mm (2 in.) diameter, 60° cone Wy plastic limit

attached to "A" size drill rods for a distance w liquid limit

of 300 mm (12 in.). C consolidation (oedometer) test

- CHEM chemical analysis (refer to text)

PH Sampler advanced by hydraulic pressure CID  consolidated isotropically drained triaxial test'
PM Sampler advanced by manual pressure CIU consolidated isotropically undrained triaxial
WH:  Sampler advanced by static weight of hammer test with porewater pressure measurement!'
WR: Sampler advanced by weight of sampler and Dr relative density (specific gravity, Gs)

rod DS direct shear test

M sieve analysis for particle size

Piezo-Cone Penetration Test (CPT): MH combined sieve and hydrometer (H) analysis

An electronic cone penetrometer with MPC  Modified Proctor compaction test

a 60° conical tip and a projected end area SPC Standard Proctor compaction test

of 10 cm? pushed through ground oC organic content test

at a penetration rate of 2 cm/s. Measure- SO, concentration of water-soluble sulphates

ments of tip resistance (Q;), porewater uc unconfined compression test

pressure (PWP) and friction along a uu unconsolidated undrained triaxial test

sleeve are recorded electronically v field vane test (L'V-laboratory vane test)

at 25 mm penetration intervals. Y unit weight

Note:
1. Tests which are anisotropicaily consolidated prior to
shear are shown as CAD, CAU.

Golder Associates



LIST OF SYMBOLS

Unless otherwise stated, the symbols employed in the report are as follows:

L GENERAL

n = 31416

In x, natural logarithm of x

logio x or log x, logarithm of x to base 10
acceleration due to gravity

time

factor of safety

volume

weight

H g<m-w

STRESS AND STRAIN

shear strain

change in, e.g. in stress: A ¢

linear strain

volumetric strain

coefficient of viscosity

Poisson's ratio

total stress

effective stress (¢’ = ¢ -u)

c'v Initial effective overburden stress

©1,02,03 principal stresses (major, intermediate,
minor)

Ooct Mean stress or octahedral stress

=(o1+ 02+ 03)3

shear stress

porewater pressure

modulus of deformation

shear modulus of deformation

bulk modulus of compressibility

Q Q<3 0 0=

RoOume A

IO SOIL PROPERTIES
(a) Index Properties

p(Y) bulk density (bulk unit weight*)

Pa(ys)  dry density (dry unit weight)

pw(Yw) density (unit weight) of water

ps(ys)  density (unit weight) of solid particles
Y unit weight of submerged soil (7' = y-yw)

Dr relative density (specific gravity)of solid

particles (Dr = ps /pw) (formerly G;)

void ratio

porosity

degree of saturation

Density symbol is p. Unit weight symbol is

¥ where y = pg (i.e. mass density x

acceleration due to gravity)

wvs o

*

W
Wp
Ip

Ws

Fgé‘FP

el R -

o'
OCR

Tp, Tt

F O e

oo e o
&

©».o 0

~

(a) Index Properties (con't.)

water content

liquid limat

plastic limit

plasticity Index = (w- wp)
shrinkage limit

liquidity index = (w- wp) /I,
consistency index = (w; - w) /I,
void ratio in loosest state

void ratio in densest state

density index = (€max - €) / (€max - €min)
(formerly relative density)

(¢) Hydraulic Properties

hydraulic head or potential

rate of flow

velocity of flow

hydraulic gradient

hydraulic conductivity (coefficient of permeability)
seepage force per unit volume

(d) Consolidation (one-dimensional)

compression index (normally consolidated range)
recompression index (overconsolidated range)
swelling index

coefficient of secondary consolidation

coefficient of volume change

coefficient of consolidation

time factor (vertical direction)

degree of consolidation

pre-consolidation pressure

Overconsolidation ratio =6'y/c'

(e) Shear Strength

peak and residual shear strength
effective angle of internal friction
angle of interface friction
coefficient of friction = tan §
effective cohesion

undrained shear strength (¢ = O analysis)
mean total stress (c) + 03 )2
mean effective stress (¢”) + 63 )22
(c1-63 Y2 or (o' -0 )2
compressive strength (o) - 63 )
sensitivity

Notes: 1. t=c'+c'tan¢’

2. Shear strength = (Compressive strength)/2
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Ministry of " .
@Tmns portation Foundation Design
Ontario
PROJECT  se14177 RECORD OF BOREHOLE No 99-1 10F 1 METRIC
W.P. 313-85-00 LOCATION STA. 12+369.8, 18.5m Rt. OF CL EXISTING HWY .#101 ORIGINATED BY _MSB
DIST 53 HWY 101 BOREHOLE TYPE _ PORTABLE POWER AUGER COMPILED BY KN
DATUM _GEODETIC DATE 21.10.99 CHECKED BY ASP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w IST. PLOT
Sal 2 RESISTANCE PLO _ pLasTic NATURAL a0 £ REMARKS
=2 o MOISTURE  — il = 2
5 e |$8 @ 20 40 60 80 100 CONTENT F3Y
hur} E % = 4 L L - L . w, w w, =] E GRAIN SIZE
o w 2 |25]| 2 |SHEAR STRENGTH kPa
ELEV DESCRIPTION l2le| 2 |zg]| & ————————— DISTRIBUTION
DEPTH S|3| F | 3 |38 £ |o UNCONFINED  + FIELD VANE Y %)
|2 z [€°| @ | quickTRIAXIAL x REMOULDED| WATER CONTENT (%)
283.53 w 20 40 60 80 100 10 20 30 kN/m' |GR SA §I CL
Q00 Topsoil
0.12 Clayey Sit
283.07 Brown
0.46 —\gﬂ") / /// 283
ity Clay, trace sand,irace organics 524
Firm to very stiff %% 1 [50D0( 7 o
Brown // %
%%,
4;; 2 [50D0| 10 282 } 4 0 2 &1 47
%%
281.40 ] 3 [sopo| 20 o
28124 Sandy Silt, trace clay, trace gravel BOES
229 Compact
Brown
END OF BOREHOL
Refusal to auger penetration
probabiy on bedrock
Note:
Open hole dry on compietion on
drilling.
+ 3. 3. Numbers refer to 03% STRAIN AT FAILURE

Sensitivity
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@ Ministry of Foundation Design

Transportation
Ontario
PROJECT  991-1177 RECORD OF BOREHOLE No 99-2 1 OF 1 METRIC
W.P. 313-85-00 LOCATION STA. 13+382.0, 23.5m Rt. OF CL EXISTING HWY.#101 ORIGINATED BY _MSB
DIST 53 HWY 101 BOREHOLE TYPE _ PORTABLE POWER AUGER COMPILED BY KN
DATUM _GEODETIC DATE 21.10.99 CHECKED BY ASP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ li'-' RESISTANCE PLOT NATURAL - REMARKS
ol PLASTIC |\ JcTiRe  HQUID &
z| @ UM E &
= w |£5]| & 20 40 60 80 100 CONTENT zZ9
2|& wlzE| z T e We w w | 58 | cransize
ELEV t al ¢ 2 23 g SHEAR STRENGTH kPa o DISTRIBUTION
DEPTH DESCRIPTION 13| 2| S[33]| 5 |o unconrned  + FiELD vaNE Y %
== z |£°| @ | auckTRIAXAL x REmOULDED| WATER CONTENT (%)
28163 v 20 40 60 80 100 10 20 30 kNm® |GR SA St CL
—8% Topsoil ;
" Clayey S, trace to some sand, Saeae
trace gravel, trace organics :::::::
Firm to very stiff 30y 281
Brown atogese
Moist o 1 [50DO| 9 °
(Filly eeoste
e
280.05 R4 2 [S0DO| 49 °
TeE Sand and Gravel, trace silt — 280
. Very dense
Refusat to auger penetration
probably on bedrock
Note:
Open hole dry on compietion on
drilling.
+ 3‘ X 3. Numbers refer to fo) 3% STRAIN AT FAILURE

Sensitivity



ON_MOT 991-1177.GPJ ON_MOT.GDT 4/11/99

Ministry of N .
@ Transtgmmion Foundation Design
Ontario

CROJECT  santirs RECORD OF BOREHOLE No 99-3 10F1  METRIC
W.P. 313-85-00 LOCATION STA. 12+380.8, 14.5m Rt. OF CL EXISTING HWY.#101 ORIGINATED BY _MsB
DIST 53 HWY 101 BOREHOLE TYPE _ PORTABLE POWER AUGER COMPILED BY KN
DATUM _GEQDETIC DATE 21.10.99 CHECKED BY ASP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES > ; RESISTANCE PLOT NATURAL - REMARKS
el & PTC moisTURE  UWO] | = A
= o |23 2 20 40 60 80 100 CONTENT ze
o1& g2 2 Y . ! . . Ws w w | S% | cramsize
@ lm| g 95! @ [SHEAR STRENGTH kPa
ELEY DESCRIPTION |8l & 2)28) F —————— DISTRIBUTION
DEPTH é =] t > 8 o § O UNCONFINED + FIELD VANE ‘Y (%)
ElZ Z |€°| @ |e QUICKTRIAXIAL X REMOULDED| WATER CONTENT (%)
28228 w 20 40 60 80 100 10 20 30 kN/m® {GR SA S CL
—8-88-. Topsoil
- iity Clay, trace sand and gravel é;/ 282
Firm to stiff 7‘4/
Brown 42 %
%
281.24 %7 I e B °
1.04
END OF BOREHOLE
Refusal to auger penetration
probably on bedrock
Note:
Open hole dry on completion on
drilling.
+3,x3; Numoersreferto 3% grpa i AT FAILURE

Sensitivity



ON_MOT 991-1177.GPJ ON_MOT.GDT 5/11/99

Ministry of . .
@ Yeanaponation Foundation Design
Ontario

PROJECT  go1.4177 RECORD OF BOREHOLE No 99-4 10F 1 METRIC
W.P. 313-85-00 LOCATION STA. 12+380.8, 9m Rt. OF CL EXISTING HWY.#101 ORIGINATED BY _Ms8
DIST 53 HWY 101 BOREHOLE TYPE __PORTABLE POWER AUGER COMPILED BY __KN
DATUM _GEODETIC DATE 21.10.99 CHECKED BY ASP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
3 % |RESISTANCE PLOT = pLasic NATURAL | o0 - REMARKS
=21 & umT  MOISTURE  “rpol = T 8
= w |<8] @ 20 40 60 80 100 CONTENT z9Q
2l L |9 ([2E] 2 e — A w w | 5% | cramsize
ELEV DESCRIPTION s12| & | 2 [25| 2 [SHEARSTRENGTHKPa e — DISTRIBUTION
DEPTH 2|3 £ 3 3 3 < | O UNCONFINED + FIELD VANE Y %)
= 2 [€©] @ |e QUICKTRIAXIAL X REMOULDED| WATER CONTENT (%)
281.15 w 20 40 60 80 100 10 20 30 kN/m* |GR SA SI CL
—-—8'38-. Topsoil
- \Tl{; Clay, trace sand and gravel St 281
Stiff S
Brown S
(Fil) oot
94 1 [50D0{ 10 o
279.93 aete 280
12 END OF BOREHOLE
Refusal to auger penetration
probably on bedrock
Note:
Open hole dry on completion on
drilling.
+ 3' X 3: Numbers refer to o 3% STRAIN AT FAILURE

Sensitivity
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Ministry of " :
@ Trln'u‘:ayoﬂatlon Foundation Design
Ontario

PROJECT 9011177 RECORD OF BOREHOLE No 99-5 1 OF 1 METRIC
WP. __ 3138500 LOCATION STA. 12+439.6, 14.5m Rt. OF CL EXISTING HWY.#101 ORIGINATED BY _MsB
DIST 53 HWY 101 BOREHOLE TYPE __ PORTABLE POWER AUGER COMPILED BY KN
DATUM _GEOQDETIC DATE 21.10.99 CHECKED BY ASP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w  |RYAMIC SONE FE NATURAL REMARKS
Wl 2 - PLASTIC LQUID £
gzl g ur  MOSTURE = | £ &
= w |£5] & 20 40 60 80 100 CONTENT zQ
2l w2} z e —— We w w | 5@ | cramsize
ELEV Sla|l & | 2 |28| 2 |SHEARSTRENGTHkPa —_—————— DISTRIBUTION
DEPTH DESCRIPTION 5|13 £ | 5|38| £ |o unconeneo  + FIELDVANE Y %)
=2 Z |£°| @ |® QUCKTRIAXAL x REMOULDED| WATER CONTENT (%)
283.26 w 20 40 60 80 100 10 20 30 kN/m* JGR SA SI CL
—8-88-. Topsoil
: Silty Clay, trace sand and gravel :E:E:E: 283
Stiff P
Brown S
(Fily 25y 1 |sooo| ® o
282.16 PO

110l END OF BOREHOLE

Refusal to auger penetration
probably on bedrock

Note:
Open hole dry on completion on
drilling.

+ 3. X 3: Numbers refer to

3%
Sensitivity o STRAIN AT FAILURE



ON_MOT 991-1177.GPJ ON_MOT.GDT 4/11/99

Ministry of " .
@ Transportation Foundation Design
Ontario

PROJECT  sgnrirr RECORD OF BOREHOLE No 99-6 10F1  METRIC
W.P. 313-85-00 LOCATION STA. 12+439.6, 19.8m Rt. OF CL EXISTING HWY.#101 ORIGINATED BY MSB
DIST 53 HWY 101 BOREHOLE TYPE __ PORTABLE POWER AUGER COMPILED BY KN
DATUM _GEODETIC DATE 21.10.99 CHECKEDBY ___ AsP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ W |RESISTANCE PLOT{ NATURAL - REMARKS
gol g puasTic GRCTee wauo | k&
z 13 umIT umTl = &
6 x 8 é 2 z 210 4'0 6‘0 8'0 190 o % z GRAIN SIZE
= = Zz W, w w,
ELEV PPTION 18| & | 3[25]| 2 [SHEARSTRENGTHKPa —— s DISTRIBUTION
BEPTH DESCRIPTIO |13 £ | 5 (33| £ [o wconeneo  + FiELDVANE Y %)
ElZ 2 |E°| @ | QuUICKTRIAXAL X REMOULDED| WATER CONTENT (%)
281.09 w 20 40 60 80 100 10 20 30 kN/m* {GR SA S| CL
8881 Topsoil 281
- _\STltp;Clay, 'some gravel, trace sand Z?ﬁ
and organics /;/
Firm to stiff 4;/
Brown ;;/ 4aq
] 1 |sopo| 8 280 i
27978 4%
31 END OF BOREHOLE
Refusal to auger penetration
probably on bedrock
Note:
Open hole dry on completion on
drilling.

+ 3‘ X 3. Numbers refer to

3%
Sensitivity O “® STRAIN AT FAILURE



ON_MOT 991-1177.GPJ ON_MOT.GDT 4/11/99

Ministry of . .
@Tmnspoﬂation Foundation Design
Ontario
PROJECT  991-1177 RECORD OF BOREHOLE No 99-7 1 OF 1 METRIC
W.P. 313-85-00 LOCATION STA. 12+445.6, 22.5m Rt. OF CL EXISTING HWY.#101 ORIGINATED BY _MSB
DIST 53 HWY 101 BOREHOLE TYPE _ PORTABLE POWER AUGER COMPILED BY KN
DATUM _GEODETIC DATE 20.10.99 CHECKED BY ASP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w |REN T o NATURAL | rewarks
[ é PLASTIC uQuID T
=2 o LT MOISTURE L3 s
5 o |$8| @ 20 40 60 80 100 CONTENT z 9
28 w| 8 El z el we w w | 3¢ | cramsie
ELEV DESCRIPTION clg| & | 2|28 2 [SHEARSTRENGTHkPa —_— DISTRIBUTION
DEPTH 3 L IRBEREE < | O UNCONFINED  + FIELD VANE Y %)
=l Z |2O| @ |e QUICKTRIAXIAL x REMOULDED| WATER CONTENT (%)
280.55 w 20 40 60 80 100 10 20 30 «N/m® |GR SA St CL
200 —_ Topsoil =4
0.12 Silty Clay, trace o some sand and 2 2
gravel, trace organics 7 4;
Soft to firm /4/ 280
Brown ﬁ
Moist /% 1 [soDo| @ b
%%%
7%
4% 2 [sopo| 10 279 } }
%
%%%
278.51 VA 5 [5500] 915
204 END OF BOREHOLE
Refusal to auger penetration
probably on bedrock
Note:
Open hole dry on completion on
drilling.
3 3. Numbers refer to 3%
+°,x%: Sensitivity 0" STRAIN AT FAILURE



ON_MOT 991-1177.GPJ ON_MOT.GDT 4/11/99

sty of ] .
@% Foundation Design
Ontario
PROJECT 9011177 RECORD OF BOREHOLE No 99-8 1 OF 1 METRIC
W.P. __ 3138500 LOCATION STA._12+451.7, 19m Rt OF CL EXISTING HWY.#101 ORIGINATED BY _Ms8
DIST 53 HWY 101 BOREHOLE TYPE _ PORTABLE POWER AUGER COMPILED BY KN
DATUM _GEODETIC DATE 20.10.89 CHECKED BY ASP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w [REAMIC CONE Fe NATURAL REMARKS
£y 3 - pusTc MIURA.  Louo| | &
5« g |$8| 2|2 © & @ 1w | comenwr 2B ez
ELEV E gl el3lg 5 é SHEAR STRENGTH kPa S S : DISTRIBUTION
e DESCRIPTION E = E S [38]| S |0 UNCONFINED  + FIELDVANE Y %)
ElZ z|g° @ | QUICKTRIAXIAL x REMOULDED| WATER CONTENT (%)
283.48 w 20 40 60 80 100 10 20 30 kNm® |GR SA SI CL
[ 000 Topsoil ==
0.15 i ay, sand,
fay 3
© % 28
igh brown
Light to dark \%(U{\ 1 [s0po| 10 °
a =
2 [sopof 13 282 t
3 |50DO| 16 ]
281
4 |S0DO| 14 o
-Cobbles encountered beiow 3m
depth 5 [sopo| 17 °
° 280
27967
381 END OF BOREHOLE
Refusal to auger penetration
probably on bedrock
Note:
Open hole dry on completion on
drilling.

+3.X3: Numbers refer to

Sensitivity

0 3% STRAIN AT FAILURE
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¢ fagpose g pgrose wEv P
0.25 0 0.25 0.5 kil t
| s ABUTMENT ABUTMENT 086 i > remee
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—— i COTMNN e e s e e - i P . 06m N | { .6m s. - [ D U U U e L B L ) o o
99-3 - 090 — - —_— — ~ L
— 284 N 8§sm i <:i.&ésm N N — 284 —
% 7 LEGEND
7 7 SI”)’ (ilay 10 %
L Silty ClI — Firm to . .
= e 10 Firm i tocf:\\;?;%N\\N | very shiff 7113 282 | {B Borehole 1997 Investigation
very st REFUSAL rown
= ,ﬁt_z_o Brown N e = ; : :
z REFUSAL = | \ 14 z {; Borehole 1999 investigation
Z ; 748 7 17 Z ,
o1 280 S ol —— ?:'r"zq Ctloc:y 5 / 280 —{ 2 N Blows/0.3m (Std. Pen. Test, 475 j/blow)
N Clay (FILL) REFUSAL / very stiff REFUSAL 7 REFUSAL S v . , o
b %‘Icye)y Silt Brown - . L = WL at time of investigation 1997 08
L FILL A Lud
— 278 : RELHSAL 278 — Rk Bedrock Outcrop
EXISTING GROUND
SURFACE (APPROX.)
— 276 276 — ) LOCATION
No. ELEVATION
\ / © NORTHING EASTING
g WL ELEY. 274.6m _
“—(bec. 1997 . . 97—1 287.02 5,379,012 300,711
— 274 274 — 97-2 286.95 5,379,004 300,715
97-3 276.55 5,379,019 300,733
9/7-4 275.21 5,379,026 300,760
— 2z 272 = 97-5 287.33 5,379,040 300,774
PROFILE ALONG CENTRELINE OF DETOUR A B 2379031 SO
20 - g 0 97-7 287.10 5,379,007 300,696
5 0 :
; ; . . METRES METRES 97-8 287.24 5,379,037 300,793
HORIZONTAL SCALE VERTICAL SCALE | ; 991 283.53 5,379,027 300,710
. ‘ 7 99-2 281.63 5,379,036 300,719
T oge ’" — I — o e = 89 — 1] ——— B ;”;”MMM _— ¢ PROPOS;EAD‘N B — — 289 —, T |T99=3 7] T282.28 |7 5,379,028 | 300,722
PROPOSED . PROPOSED 97-5 !
AN ROAD GRADE ¢ PROPOSED o1 B ROAD GRADE DETOUR Do N 99-4 281.15 5,379,023 300,724
288 DETOUR 16.0m W 288 288 N ‘ 7.5mW 288 ‘
\ N j 99-5 283.26 9,579,051 300,776
| N N | t ] _
287 | | ——L 287 FXISTINGEROUND s 287 | 99-6 281.09 5,379,056 300,774
286 FLD . e | 286 SURFACE [APPROX.) -y s Gravely 30 ge | 99-7 280.55 5,379,061 300,778
EXISTING GROUND >100_ 99-7 99-6 0-8 99-5 ) ..';o R o’::,,o::’:’:::’o‘o:o:: 9 and Gravel \ 99-8 283.48 5,379,061 300,785
i -2 SURFACE (APPROX) 7 | go4 N 285 | & 3 285 /s My o/s % o/s o/s Ay — (FILL) 285 | @ |
& 285 ﬁs 0/3—1?} 0/93—35@ v BRI —|E = STmE 1.0mW M. TRE T.TmW 5  Silty Clay e
= - 2.4m E 99m E 1.0m E 1.0m E >100 o4 | = s 284 (FILL) vea | = NOTES
— 4 —
z Clayey Silt Silty Clay / 8 pd z N N %Silfy Clay 4 — pd The boundaries between soil strata have been established
= FILL == . z= . B \ only at Borehole locations. Between Boreholes the
z 283 ( )"\'~ F”.m fo very 74 Vi : 283 — = < 283 7 (FILL) 25 AN ARLS] 18 283 — Z boundaries are assumed from geological evidence.
o '7/ stiff Brown Silty Clay o o 10 o Sty \K 227 S
= | / N 7% = = - 9 2 O Firm to hard: = The foundation locations are shown for reference only and
< 110 7 yo__to Clay < < 13 AR Voo <
> 282 N CTGiG 7/;, 28 7% 282 — > > 282 2 //:ﬁ;/wﬁEFUSAL U214 27044L2757 /lA)’OWﬂ 7 42 282 | < 5 may differ from that on the structural drawings.
ﬂ 2 0000’ A // jﬁf 20 % 2%% Z 142 % V N %} 5 — N 16 /// v% : — ﬂ i
w 7 a— 492242 w22t 281 —| - 281 797 REFUSAL 281 ™ |
-~ 281 —ogpg Rt 4044 A REFUSAL S 7K T N = ™ éé Silty Cl L o '
and :::.00.0 :'." ’ ////2 /Cé A 0% ‘0:0:: Z) - 5? 8 |. Y ay . BEDROCK SURFACE
Gravel ‘.'.’3" 49 LA ' SR =G Ui 17 Stiff to very Sfiff (APPROX.) -
280 < : —ed 38 2 280 — 280 A 280 A
REFUSAL / Sandy Silt Silty Clay 5] 9 %% "
(FILL) REFUSAL 5 279 979 o Gy REFUSAL 979 NO. | DATE | BY REVISION
— 279 “BEDROCK SURFACE EOROOK » . kL |
APPROX. 11’1 ‘ |
— WES(TABUT)MENT e e o EAST ABUTMENT e peoeres T
o ) Z 5 5 0 0 ) n 5 o o HWY. No. 101 PROJECT NO.: 991-1177 |53
P e e e \ETRES P e e s METRE'S SUBM'D.  ASP CHKD: DATE: 1999 11 04  [SITE 39E-083
SCALE SCALE DRAWN: JFC CHKD. ASP APPD. DWG. 01177001
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ELEVATION IN METRES

METRIC
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288 —

287 —

286 —

284 —
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281 —
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279 —

ELEVATION IN METRES

279 —

DIMENSIONS ARE IN METRES
) AND/OR MILLIMETRES
APPROXIMATE LOCATION UNLESS OTHERWISE SHOWN
OF REINFORCED SOIL MASS
SYSTEM APPROXIMATE LOCATION
OF REINFORCED SOIL MASS
» SYSTEM
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99-4 99-2 99-5 e} 99-7 9—8
I O/SSN‘C o “*o/s e _ o - R “ ~ 0/5 1 . - / ——
"y 9.7m N 0.6m N ST g em N T T M51 —
Pt 99-3 é} —— 9/9-6
o/ S
~ |- 284 N 8./7$m N 5.9 " 284 —
% Silty Cl 7
n ilty Clay 74 wn
v Z/—Sgl’ry Clay ~ LN Firmn to 10 A
=1 282 A10  Firm 1;>ff Bl N : \éery stiff 2213 282 |+
very sfi REFUSAL rown
= Z42°  Brown NAA1AER N AN It =
= REFUSAL FEREFUSALES \ o . 14 z
55 — =
8| 20 d Sity Clay———=7/1° 77} 17 080 | O
= i Firm to A9 =
< S|I’[y REFUSAL ) <
> Clay (FILL) REFUSAL very stiff REFUSAL 0 REFUSAL N
ﬂ Clayey Silt Brown - L
o (FILL) 9/.15 o
. 278 REFUSAL 278 —]
\EXISTING GROUND
SURFACE (APPROX.)
276 / 276 —
g WL ELEV. 274.6m/
~ (DEC. 1997)
274 274 —
L 272 272
0 5 10 15 20 25 0 2 4 6 8 10
P e e — e METRES METRES
HORIZONTAL SCALE 1:250 VERTICAL SCALE 1:100
— 289 289 — — 289 :
PROPOSED \ 97-1 PROPOSED ¢ PROPOSED Pror-s
88 ROAD GRADE ¢ PROPOSED o/s 988 | o088 ROAD_GRADE DETOUR o/s
- DETOUR 76.0m W 7.5mwW
N
I N _ -
287 | 287 287 EXISTING FROUND
8 ?;;JL\ll_e)”y Sand SURFACE APPROX) _\ XX GI"OVQ“Y Sand
L 286 — L 286
286 EXISTING GROUND \ g >100 " " 99-7 99-6 99-8 99-5 9 aFnIﬁLGrcvel
S S Rl S CE={A o e N 2 - o B . {} _Q S . B —
— 285 99:2 99-1 g = SURFACE=(ARPROX) ) — oo : (85 — & & 285 e 24 L A R T = | — )
- os B o/s o/s Rockfl z & T.0mW - ™ 5 Sty Clay
2.4m E 9.9m E 1.0m E 1.0m E >100 . = s (FILL)
- 284 . 284 — 284
Clayey Silt N Silty Clay / 8 z z _IN \ Silty Ciay 2 —
283 (FILL) ———m Firm to very 7 283 —| = z | 983 Y%7 (FILL) < % _ s
e ' y stiff Brown 70 7 Silty Clay o o T 7o ; e Sy Clay i
¥ | il % to Cla = = 7 $ ’ 2 Firm to hard:
280 10 R g4 10 10 Y 282 —| < S 282 13 Vi Brown 42
= SR, 2A2° N * N %% 4 - N 16 4/ 97%% A_ —
281 350949997407 el 4449 %% 972 % Lo £L2%%%% % 281 — ™ M osq Z /22 4 REFUSAL
- SEREIN M 07 A REFUSAL A 2 7)™ 7°—silly Clay VBEDROCK SURFACE
Bravel s 49 B 9722528 10 %% , % e 17 Stiff to very Stiff (APPROX.)
p=—" 280 ‘.. o . ¥ ve's 4280 ‘_4 B 280 Y, 4 7,
REFUSAL Sandy Silt Silty Clay —J g BES 297k % %
] (FILL) REFUSAL 3 49 279 | 579 o )7 RerusaL
— %7 “BEDROCK SURFACE Tol - o/ 1
(APPROX.) BEDROCK 28% =
L— 278 278 — — 279 .
WEST ABUTMENT EAST ABUTMENT
0 2 4 6 8 10 0 2 4 6 8 10
I e e s METRES P e e —— METRE'S
SCALE 1:100 SCALE 1:100

CONT. No.
WP No. 313-85-00

HIGHWAY No. 101 DETOUR

AT PORCUPINE RIVER
BORE HOLE LOCATIONS & SOIL STRATA

SHEET

Golder Associates Ltd.
MISSISSAUGA, ONTARIO, CANADA

~
~
& s R ’..w_';__;‘.“
,"" \‘\\\A ’ | AN
N>
Tw /
WH/ R -
TNg y / COD’)O/'

] NIGHTHAWK
/ LAKE
KEY PLAN
0.25 0 O.|5 kilometre
SCALE, km
LEGEND

P = QO

Borehole 1997 Investigation

Borehole 1999 investigation

Blows/0.3m (Std. Pen. Test,

WL at time of investigation 1997 08

Bedrock Outcrop

475 j/blow)

LOCATION

No. ELEVATION NORTHING EASTING
971 287.02 5,379,012 300,711
97-2 286.95 5,379,004 300,715
97-3 276.55 5,379,019 300,733
974 275.21 5,379,026 300,760
97-5 287.33 5,379,040 300,774
97-6 286.96 5,379,031 300,777
97-7 287.10 5,379,007 300,696
97-8 287.24 5,379,037 300,793
99— 1 283.53 5,379,027 300,710
99-2 281.63 5,379,036 300,719
99-3 282.28 5,379,028 300,722
99—4 281.15 5,379,023 300,724
99-5 283.26 5,379,051 300,776
99-6 281.09 5,379,056 300,774
99-7 280.55 5,379,061 300,778
99-8 283.48 5,379,061 300,785

NOTES

The boundaries between soil strata have been established
only af Borehole locations.
boundaries are assumed from geological evidence.

The foundation locations are shown for reference only and
may differ from that on the structural drawings.

Between Boreholes the

NO. DATE BY REVISION
'‘Geocres No.
'HWY. No. 101 PROJECT NO.: 9Q91—-1177 53
SUBM’D. :ASP CHKD: DATE: 1999 11 04 SITE 39E—-083
DRAWN: JFC CHKD. ASP APPD. DWG. 01177001




GRAIN SIZE DISTRIBUTION
Silty Clay

FIGURE 1

PERCENT FINER THAN

Project 991-1177

Size of openings, inches U.S.S. Sieve size, meshes/inch
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SYMBOL BOREHOLE SAMPLE DEPTH(m)

° 99-1 2

" Golder Associates




November 1999

APPENDIX A

RECORD OF BOREHOLE SHEETS
GOLDER ASSOCIATES REPORT 971-1191

Golder Associates

991-1177



MPRB0001.BHS

313-85-00

PS JAN.21/98

DATA INPUT:

SOILME

WP, RECORD OF BOREHOLE 97-1
DIST. 53, SITE: 39E-083,HWY 101 BORING DATE: .DEC.11/97 DATUM: GEODETIC
LOCATION: - :N 5379012.10; E 300711.02 971-1191
o SOIL PROFILE DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w o] RESISTANCE, BLOWS/0.3m ! k, em/s 2o
2, E = p =z PIEZOMETER
Al 2 S z g ! 1 ! ] S OR
T L lEEv [BlwlS = STANDPIPE
E ) DESCRIPTION = s % £ | SHEARSTRENGTH natv- + Q-@ WATER CONTENT, PERCENT oA INSTALLATION
5% £ < [oerm |2 g [cukra rmv. & U-O wo | oW w 22
I Elom ®
w
o ROAD SURFACE 287.02
ASPHALT 0.00
286.74
Granular A (Road Base) 26888
0.4
Gravelly Sand, trace silt B
' Loose
Brown B
Moist
(FILL) |
285.50
1.52
Rockfill
2 (inferred from resistance to
augering - no sample recovery) ]
=
284.02
: ] 300 .
%%
7 —l
R /
W 27 R
4
3 %% —
@
4 12| |Sily Clay to Clay, irregularly 7 -
&| {layered, trace sand 4 #H
&| | Firm to stiff %%
Zl | Brown 7 -
@] | Moist 7 ]
Vi
4
/
5 -
4
7
7
%99
, %%
4%% |
;
4
/;‘4
77 N
%%
7 7 -
279.82
o =] 7.20
Sand and Gravel, some silt, ;6:9
trace clay S8
Dense :'c_:':c 5 B
Brown oo
Wet 3] v
8 P-0-| 278.94 -1
8.08
NOTE:
Water levet at
REFUSAL TO AUGER 7.9m depth during
PENETRATION drilling in
BOREHOLE CONTINUED. overburden.
FOR ROCK CORING DETAILS
9 REFER TO RECORD OF -
DRILLHOLE, SEE SHEET 2.
w! | e - —— - ——f——f—————— —_—t————————
CONTINUED ON NEXT PAGE
DEPTH SCALE LOGGED: MB
1t0 50 Golder Associates CHECKED: AMP




MPRB0001.BHR

PS JAN.21/98

DATA INPUT:

ROCKMV5

' RECORD OF DRILLHOLE: 97-1

W.P. 313-85-00 SHEET 2. OF.2
DIST. 53, SITE: 39E-083, HWY 101 DRILLING DATE: DEC.11/97 DATUM: GEODETIC
LOCATION: N 5379012.10; E 300711.02 DRILL RIG: BOMBARDIER CME-55 PROJECT: 971-1191
DRILLING CONTRACTOR: MARATHON DRILLING
o w |HE| FR-FRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED BC-BROKEN CORE
w g 8 |~ 2{ CL-CLEAVAGE J~JOINT R -ROUGH UE-UNEVEN  MB-MECH. BREAK
ol O = = _|de] sH-sHEAR P-POLISHED ST-STEPPED W -WAVY B -BEDDING _OF NOTES
Qu | o O | eev. | S 85]9f vnvEN S-SLICKENSIDED PL-PLANAR  C -CURVED Lo
gl DESCRIPTION | Z e E3Z]|  WATERLEVELS
Zh Q Q [oePtH] z <€ o [_PECOVERY T o o TFRACT. DISCONTINUITY DATA HYORAULIC ] o
] =2 E -2 | INDEX CONDUCTIVITY | 22 INSTRUMENTATION
% ; E (m) « g % :ToogEAl;G :sOoRLéD% *® PER 0.25 ;))‘:E'A’)‘(IIS TYPE AND SURFACE k. em/sec 582
& ¢ & | T 1289818398(289% |n228 [o98g|  DESCRIPTON
CONTINUED FROM PREVIOUS PAGE
- 7] el —f——a—-4—34—H ot et e e g ] e e e L R s L e D ——— ~
For overburden stratigraphy,
refer to Record of Borehole 97-1,
sheet 1.
- 8 278.94] L -
WD B JPLR (x5)
v v
A% o A
w fl | JEH
[V v Broken core
v v
v 1 i 3 JIR (x4)
~ 9 Brownish grey, medium grained [V v H -
ANDESITE, trace chlorite and v v d
talc on joints, some iron a4
staining. (BEDROCK) v v ¢ JUR
Ya'd o
o "o H = : JPLR (x3)
z Yl
o vV v
- 10 8 v Broken core -
g v V|
[\ v
I\ Vv 2
Vv v
v v A J,PL.R (x5)
vV v
v L
- 11 v v ]
- | JPLR (x5)
\ad
v v 3 -
v v * J,PLSM
[~ 2rs.20 1 ) JRE
L END OF DRILLHOLE 1182 - R
13 -
-~ 14 -
- 16 ]
= 17 -
DEPTH SCALE: LOGGED: M8
: . DATE:
110 50 Golder Associates CHECKED: AMP




MPRB0002.BHS

PS JAN.21/98

DATA INPUT:

SOILME

WP, 313-85-00

RECORD OF BOREHOLE 97.2

SHEET 1 OF 1
DIST. 53, SITE: 39E-083,HWY 101 BORING DATE: -DEC.9/97 DATUM: GEODETIC
LOCATION: N'5379003.63; £ 300714.98 PROJECT: .971-1191
o SOIL PROFILE SAMPLES | DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w | @ RESISTANCE, BLOWS/0.3m ! k. cm/s o0
2. 2 - c £z PIEZOMETER
Ow ] o] « ] ZE OR
o] = g Olwle ] ] ! ! ! L ] ] Qm
i © ELEV. |8 S Ew STANDPIPE
= I DESCRIPTION = s g S | SHEARSTRENGTH natv. + q-@ WATER CONTENT, PERGENT falg INSTALLATION
o] & < |oePrH |2 © | Cu kPa remv-® U-O w w Wi o
o o T z ot pf—o¥ | <
9 e (m) @ 10 20 30 40
o ROAD SURFACE 286.95
ASPHALT 0.00
266.65 PROTECTIVI
Granular A (Road Base) 0.30
0.45
1 S0
1t ool [o)
Gravelly Sand to Sand and Gravel —
with possible rockfill/cobbles
inferred from resistance to 2 |50 |46 o
augering Do
H Very loose to dense
Brown = GROUT
Moist | —
(FILL)
 |B) ]
3 |
3= -
o
g 50
[a]
e 4 ol
@
=
8 .
I~ 150
s 120700
4 282.84
411
4 BENTONITE
7%% ] SEAL
%
Silty Clay to Clay, irregularly 50 o .
s layered, trace sand, trace 7/ & |oo|® H
gravel at depth 7 7
Stiff to very stiff %7 —
Brown //;
Moist
2% GRAVEL
4
Y
7
o %9
//g —
V 50
/4 7 |pol o
Y 280.40
END OF BOREHOLE 6.58
REFUSAL TO AUGER
; PENETRATION NOTE:
(PROBABLE BEDROCK). Borehole dry
during drilling
and on completion
of drilling.
Piezometer dry
on Dec.20,1997.
8 -
9 -
10 -
DEPTH SCALE LOGGED: MB
1to 50 Golder Associates

CHECKED: AMP




MPRB0003.BHR

PS JAN.21/98

DATA INPUT:

ROCKMVS

WP,

313-85-00

RECORD OF DRILLHOLE: 97-3

SHEET .1 OF 1
DIST. 53, SITE: 39E-083, HWY 101 DRILLING DATE: -DEC.10&11/97 DATUM: GEODETIC
LOCATION: N 5379019.42; E 300732.99 DRILL RIG: BOMBARDIER CME-55 PROJECT: 971-1191
DRILLING CONTRACTOR: MARATHON DRILLING
o w |HZ| FRFRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED BC-BROKEN CORE
w g 8 [~ 21 CL-CLEAVAGE J-JOINT R -AOUGH UE-UNEVEN  MB-MECH. BREAK
g ol O o] . |=_lay| sH-sHear P-POLISHED ST-STEPPED W -WAVY 8 -BEDDING 0% NOTES
wl w O | ELev. | 8 |8T|Ye] vn-veN S-SUCKENSIDED PL-PLANAR  C-CURVED <8
x| o« 3 2 Q¢ s
Ih] o DESCRIPTION D {oerin | z |2E RECOVERY | o [FRACT. DISCONTINUITY DATA HYDRAULIC E:g WATER LEVELS
gs| 2 o 2 |28 & [rorar Toomo ] e | noex = : CONDUCTVITY | ZZU | INSTRUMENTATION
w = E (m) w | 8 EoRE% Forew| * PEx 035 Joome anis|]  TYPE AND SURFACE K, cmysec 39z
o E [ Lzu g ‘()( 00 jo00o |oocoo ono =3-1-] DESCRIPTION
0 a w DOTN {DOTN |DOTN |wer-d |oF 1~1-3
B GROUND SURFACE 276.55] B
0 TOPSOIL 0.0
7% 0.
%
. %9 7
Silty Clay /
4
7
7%
[, 7% ]
VA 27533
w2
. ole}
Boulders and cobbles with some aJel
silt, sand and gravel. PO
ol
ole] h
- 2 D0
| 27433
SavZ 259 —t—t Broken core
v v
v v 1 o J.PLSM
Vv Vv
I\ Vv et
v v Broken core 0.6m
-~ 3 Medium grained, grey ANDESITE, N+ -
heavy iron staining, trace %
chlorite on joints. (BEDROCK) Y 2
v v d J.PLSM
O v~ . JPLSM
g o L apLsw JPLR
8 YA PLAC)
v v L
[, a Y J,PLSM (x2) n
v 3 * JPLR | pLSM
v v J j'GLﬁR
[V v JPLSM
[V v d JU,SM
[V v . JU,SM
I\ V| 4
v v d JU.SM
- 8 ™~ JPLSM
[V V] 271.28 || JPLR
END OF DRILLHOLE 52
o G -
= 7 -
- 3 -5
- 9 -
= 10 -
LOGGED: MB
DEPTH SCALE: DATE:
1to 50 Golder Associates CHECKED: AMP




MPRB0004.BHR

DATAINPUT: PS JAN.21/98

ROCKMV5

W.P.

313-85-00

RECORD OF DRILLHOLE: 97-4

SHEET 1~ OF 1
DIST. 53, SITE: 39E-083, HWY 101 DRILLING DATE:; DEC.10/97 DATUM: GEODETIC
LOCATION: N 5379026.26; E 300760.03 ORILL RIG: BOMBARDIER CME-55 PROJECT: 971-1191
DRILLING CONTRACTOR:: MARATHON.DRILLING
o w |"E| FA-FRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED BC-BROKEN CORE
w z 8 2 |92] CLCLEAVAGE JwOINT R-ROUGH  UE-UNEVEN  MB-MECH. BREAK
20l O > T _1gw| sH-sHEAR P-POLISHED ST-STEPPED W -WAVY B -BEDOING 0% NOTES
Qu| w O | etev. | 8 [BfTu| vv-veEn S-SLICKENSIDED PL-PLANAR  C -CURVED =52
gl DESCRIPTION S Z|2s — £32| WATERLEVELS
Th] o O |0ePTH | z |<€ RECOVERY | o ' [FRACT. DISCONTINUITY DATA HYDRAULIC  fuic
Es| 2 @ g TE & [Fo7ar Tsoup % | INDEX o CONDUCTIVITY f%o INSTRUMENTATION
o] =] gl m ¥ | S FoRe % foRe % PR 025 fore axis| V1 AND SURFACE komjsec | R@Z
E « &' \_L' 0000 |0000 |00QO QNo 000 DESCF“PTION
fa) oOTN QOYN DOVIN [~ |omoca
GROUND SURFACE 275.21 | | ]| R _
- 0 ~~T 0.00
[\ v
v v Broken core to
N v 0.9m depth
I\ Vv
v 1
Ya'd
. . a4
- Medium grained, grey ANDESITE, |, b JSTR 7]
trace chiorite and talc on + L J.PL'SM
joints. Minor amounts of mica v = J.PLSM
and quartzite sections. o JPLSM (x2
| (BEDROCK) VY G| resMe
z
z YaY Broken core
o] v v
o ' % o
- 2] |8 kv 2 d JPLR
v v o J,PLSM
A o J,PLR
v v | JILR
N v Broken core
[~ - . JPLR bl sM (x2)
[V v
o JPLR
- 3 Vv v —a
v 3 JSTR PR
v v 3 o J,PLA
v v JPLR
Y
27;'28 a 3 JPLSM
END OF DRILLHOLE "
- 4 b
- 5 -
6 -
7 -
b 8 1
9 -
10 -
DEPTH SCALE LOGGED: M8
' . DATE:
1to 50 Golder Associates CHECKED: AMP




MPRB0005 BHS

DATA INPUT: PS JAN.21/98

SOILM6

WP

313-85-00

RECORD OF BOREHOLE 97-5 .SHEET 1 OF 1
DIST. 39E-083,HWY 101 ' BORING DATE: DEC.9/97 DATUM: GEODETIC
LOCATION: N 5379040.23; E 300773.68 PROJECT: 971-1191
a SOIL PROFILE SAMPLES | DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w | Q RESISTANCE, BLOWS/0.3m | k, cm/s oy
2, £ = = 2z PIEZOMETER
ofl 9 o ] 5= OR
<El = T ey [4|wlS T — 1 8| sranoepe
= I DESCRIPTION = S| £ |E |SHEARSTRENGTH naiv- + q-@ WATER CONTENT, PERCENT gr INSTALLATION
Q T g |oePTH | 2 8 | Cu kPa remv- & U-O W | oW fw Eg
2 bl ™ @ 10 20 30 40
ROAD SURFACE 287.33
0 ASPHALT — 0.00]
287.05
Granular A (Road Base) 28889
0.46
1 Gravelly Sand to Sand and Gravel, A o
trace silt, trace clay bo
Loose
Brown f——v
Moist —
(FILL)
2 |30 1e o
2 285.30
203 |
Silty Clay, trace to some sand, 1
9 trace gravel, trace organics
w| | Soft to firm 50
3| | Moist 3 [pof®
gl J(FILY
5 —
3jc —
&
3
3 4 3]e o MH
283.73
7 3.60
. . %92
Silty Clay, irregularly layered, %7 —
a trace sand, trace organics 4%
Firm to hard 77 s 50 [g o
Brown ; 7 Do
Moist /4 7
%% |
4%
) 6 SD% 42 —0~—
[
/;g
% 7 —
%%
%%
%
2%
’ 281.54
END OF BOREHOLE 5.78
6 REFUSAL TO AUGER Note:
PENETRATION Open borehole dry
(PROBABLE BEDROCK). Sriing P eten
7
8
9
10
DEPTH SCALE LOGGED: MB
110 50 Golder Associates

CHECKED: AMP




MPRB0006.BHS

PS JAN.21/98

DATA INPUT:

SOILMé

WP
DIST.

‘LOCATION: N 5379031.37; £ 300777.32

" 313-85-00 :
39E-083,HWY 104

~ RECORD OF BOREHOLE 97.6

BORING DATE: DEC.10/97

SHEET 1 ‘OF 2
- DATUM:
PROJECT:

GEODETIC
971-1191

SOIL PROFILE

SAMPLES

DYNAMIC PENETRATION AN
RESISTANCE, BLOWS/0.3m !

DEPTH SCALE
METRES
BORING METHOD

DESCRIPTION

ELEV.

STRATA PLOT

DEPTH
(m)

NUMBER
TYPE
BLOWS/0.3m

! l i i

HYDRAULIC CONDUCTIVITY,
k, cm/s I

SHEAR STRENGTH natv- + Q-@
Cu, kPa emV-& U-O

WATER CONTENT, PERCENT

Wp l—-ow—_| wi
10 20 30 40

PIEZOMETER
OR
STANDPIPE
INSTALLATION

ADDITIONAL
LAB. TESTING

ROAD SURFACE

ASPHALT

Granular A (Road Base)

BOMBARDIER CME-55

Gravelly Sand to Sand and Gravel,

trace silt, occ. cobble, siity
clay lenses

Compact to very dense
Moist

Brown

(FILL)

Silty Clay, irregularly layered,
trace sand, trace gravel, trace
organics

Sstiff

Brown

Moist

283.26

Sand, some gravel
Very dense

Brown

Moist

282.39

3.70|__|

10

67

14

N AN

4.57

55/
15

10

REFUSAL TO AUGER
PENETRATION

BOREHOLE CONTINUED.
FOR ROCK CORING DETAILS
REFER TO RECORD OF
DRILLHOLE, SHEET 2.

CONTINUED ON NEXT PAGE

4.72

T PSR SpUNIp——

NOTE:

Open borehole dry
during drilling
through
overburden.

DEPTH SCALE

1to 50

Golder Associates

LOGGED: MB
CHECKED: AMP




MPRB0006.BHR

PS JAN.21/98

DATA INPUT:

ROCKMVS

WP,

313-85-00

: RECORD OF DRILLHOLE: 97-6 SHEET ‘2 " OF 2
DIST. 53, SITE: 39E-083, HWY 101 DRILLING DATE; DEC.10/97. DATUM: GEODETIC
LOCATION: N 5379031.37; E 300777.32 DRILL RIG: BOMBARDIER CME-55 PROJECT: 971-1191
DRILLING CONTRACTOR: MARATHON DRILLING
o) w |HZ| FR-FRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED BC-BROKEN CORE
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1.0 INTRODUCTION

Golder Associates Ltd. has been retained by McCormick Rankin Corporation (McCormick
Rankin) on behalf of the Ministry of Transportation, Ontario (MTO) to carry out a geotechnical
investigation at the site of the proposed replacement of the bridge carrying Highway 101 over
Porcupine River. This project is part of MTO’s on-going bridge upgrading program and includes
preliminary design for replacing the existing bridge and upgrading the approaches within 350 m of
the structure. The site of the project is designated as Site 39E-083.

The purpose of this investigation is to determine the subsurface conditions at the site of the
proposed bridge structure by means of a limited number of boreholes, in-situ tests and laboratory
tests on selected samples. Based on our interpretation of the data obtained, recommendations on
the geotechnical aspects of design of the proposed works are provided. Comments are also
provided on anticipated construction problems where they may affect the design of the proposed
bridge and approach embankments.

The terms of reference and the scope of work are outlined in our proposal letter P71-1437, dated

October 3, 1997. The work was carried out in accordance with our Quality Control Plan for
Foundation Design Services, dated October 29, 1997.
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2.0 SITE DESCRIPTION

The site is located at the crossing of the existing Highway 101 over Porcupine River in the
Township of Matheson, District of Cochrane, east of Timmins (MTO District 53, New Liskeard).
Porcupine River is about 20 m in width at the bridge crossing. The river valley is relatively steep
with several bedrock outcrops on both sides of the river. The water level in Porcupine River was

measured to be at Elevation 274.6 m at the time of our investigation.

The existing Porcupine River bridge is a four span reinforced concrete girder about 60 m in length,
built in 1939. A retaining wall has been constructed to support the embankment fill on the north
side of the east "abutment". Gabion baskets have been placed at the ends of the bridge deck in all
four quadrants. The current road grade / bridge deck is at about Elevation 287 m, some 12.5 m

above the water level in the river. The existing approach embankments are 3 m to 4 m in height.
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3.0 INVESTIGATION PROCEDURES

The field work for this investigation was carried out between December 9 and December 11, 1997.
During this time, a total of eight boreholes were put down at the site. Two boreholes were drilled
at each of the abutments (97-1, 97-2, 97-5 and 97-6), one borehole was drilled at each of the two
proposed pier locations (97-3 and 97-4), and two shallow boreholes (97-7 and 97-8) were drilled
within the immediate approaches to the bridge. In addition, probeholes were put down to determine
the overburden depths and bedrock outcrop extent at the proposed piers. The investigation was
carried out using a bombardier mounted CME 55 drill rig supplied and operated by
Marathon Drilling Inc. of Ottawa and portable electric drilling equipment supplied and operated by
OGS Inc. of Stittsville. The portable drilling equipment was used to drill the boreholes at the

locations of the proposed piers, where access to the CME 55 drill rig was not possible.

In the boreholes, samples of the overburden were obtained at regular intervals of depth using
50 mm outside diameter split spoon samplers in accordance with Standard Penetration Test (SPT)
procedures. Bedrock coring was carried out in Boreholes 97-1, 97-3, 97-4 and 97-6. NQ size core
samples were obtained from Boreholes 97-1 and 97-6 and BQ size core samples were obtained
from Boreholes 97-3 and 97-4. Groundwater conditions in the open boreholes were observed
throughout the drilling operations. One 50 mm piezometer was installed in Borehole 97-2 to

permit monitoring of the groundwater conditions at the borehole location.

The field work was supervised on a full-time basis by a member of our technical staff who located
the boreholes in the field, directed the drilling, sampling and in-situ testing operations, and logged
the boreholes. The soil and rock samples were identified in the field, placed in containers and
transported back to our laboratory for further examination. Index and classification tests were

carried out on selected samples.

The as-drilled borehole locations were located by our field personnel relative to the piers of the
existing bridge. The borehole elevations were surveyed by our personnel relative to the temporary
benchmark provided by McCormick Rankin (Survey Point 2805 located on the north-west corner
of the central pier footing - Elevation 275.274 m). We understand that this elevation is referenced
to Geodetic Datum. The northing and easting co-ordinates of the boreholes are shown on the
Record of Borehole sheets and on Drawing M1191002, attached.
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4.0 GENERAL SITE GEOLOGY AND STRATIGRAPHY
4.1 Site Geology

From published geological information, the site is located in the physiographic region known as the
Canadian Precambrian Shield. The shield terrain comprises large expanses of intrusive rocks such
as gneisses and gneissic or massive granite rocks. The rocks are geologically complex with
considerable folding, intrusive activity, regional metamorphism and faulting.  Pleistocene
lacustrine / marine deposits have been laid down in depressions and are associated with the
Glacial Lake Barlow-Ojibway. The local physiography is characterized by overburden consisting
mainly of glaciolacustrine and glaciomarine deepwater silty clay deposits and an irregular, variable
bedrock surface with frequent rock outcrops. Recent natural deposits of sand, silt and gravel can

be found within the flood plains of the existing rivers.

4.2 Site Stratigraphy

The detailed subsurface soil, rock and groundwater conditions encountered in the boreholes,
together with the results of the laboratory tests carried out on selected samples, are given on the
attached Record of Borehole and Drillhole sheets, following the text of this report. The
stratigraphic boundaries shown on the borehole sheets are inferred from non-continuous sampling
and therefore represent transitions between soil types rather than exact planes of geological change.

Subsoil conditions will vary between and beyond the borehole locations.

In summary, the soils encountered in the boreholes consist of as much as 4.1 m of fill materials at
the bridge approach embankments underlain by a glaciolacustrine deposit of silty clay. On the
west side of the river, a layer of sand and gravel underlies the silty clay in one borehole; boulders,
cobbles, sand and gravel were noted in the borehole located close to the river channel. The
overburden is underlain by andesite bedrock. The surface of the bedrock as encountered in the
boreholes varies. In the boreholes drilled through the road embankment on the west and east sides
of the existing bridge /river valley, the surface of the bedrock (inferred and proven) was
encountered between 6.5 m and 8.1 m depth and between 4.7 m and 5.8 m depth, respectively.
Within the river valley, the bedrock surface dips toward the base of the river channel. Several

bedrock outcrops are exposed on the river valley slopes; however, some 2.2 m of overburden was
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encountered in one borehole put down on the west side of the river in close proximity to the river

channel.

The locations of the boreholes and stratigraphic section showing the inferred subsurface conditions
at the proposed bridge site are shown on Drawing M1191002. A detailed description of the

subsurface conditions encountered in the boreholes is provided in the following sections.

4.2.1 Pavement Structure and Fill Materials

All boreholes, except Boreholes 97-3 and 97-4, were put down through the road embankments.
Boreholes 97-1, 97-2, 97-5 and 97-6 were drilled through the pavement structure. The pavement
structure consists of 280 mm to 300 mm of asphalt underlain by about 450 mm to 460 mm of
granular base. Boreholes 97-7 and 97-8, drilled outside the pavement structure, encountered
600 mm and 460 mm, respectively, of granular road base. The road base material is underlain by
a gravelly sand to sand and gravel fill and / or rockfill. About 1.6 m of silty clay fill underlies the
granular fill in Borehole 97-5 at about 2 m depth. The base of the fill material where fully
penetrated was encountered between 3.0 m and 4.1 m depth (between Elevations 284.0 m and
282.8 m). The measured water content on the samples of the granular fill range from about
3 per cent to 18 per cent. The measured water content on one sample of the silty clay fill was

23 per cent. A grain size distribution for one sample of the silty clay fill is shown on Figure 1.

The presence of rockfill within the embankments was inferred based on resistance to augering with
persistent grinding and bouncing of the augers observed during drilling at some locations. In
Borehole 97-1, the augers were advanced through the rockfill from 1.5 m depth to the base of the
fill at 3 m depth. Cobbles and rockfill were inferred from resistance to augering in Borcholes 97-2,
97-7 and 97-8.

The granular fill was typically loose to compact with SPT ‘N’ values generally ranging from
7 blows to 14 blows per 0.3 m of penctration. Higher SPT ‘N’ values of 36 to greater than
100 blows per 0.3 m were measured at some locations; these values are thought to be associated

with the rockfill.
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No fill material was encountered in Boreholes 97-3 and 97-4, which were put down at the proposed

pier locations on the west and east sides of the river, respectively.

4.2.2 Irregularly Layered Silty Clay to Clay

Underlying the fill materials is a lacustrine deposit of irregularly layered silty clay to clay with
trace sand. On the west side of the river valley in Boreholes 97-1 and 97-2, the silty clay to clay
was encountered at depths of 3.0 m and 4.1 m (Elevations 284.0 m and 282.8 m). The thickness of
the silty clay to clay ranged from approximately 2.4 m to 4.2 m in these boreholes. In Borehole
97-3, located at the base of the river valley, 1.2 m of silty clay was encountered underlying the
topsoil. Atterberg limits tests carried out on samples of this deposit from the west side of the river
indicate liquid limit ranging from about 30 per cent to 53 per cent and plasticity indices ranging
from 12 per cent to 25 per cent. Generally, the silty clay to clay is firm to stiff with SPT
‘N’ values ranging from 6 blows to 10 blows per 0.3 m of penetration. Measured water contents
range from about 29 per cent to 38 per cent. A grain size distribution for one sample of the silty

clay is shown on Figure 2.

On the east side of the river, the silty clay deposit was encountered at depths of 3.6 m and 3.7 m
(Elevations 283.7 m and 283.3 m) in Boreholes 97-5 and 97-6, respectively. The thickness of the
silty clay deposit ranged from approximately 0.9 m to 2.2 m in these boreholes. Atterberg Limit
tests carried out on the silty clay samples from the east side of the river indicate liquid limits
ranging from about 24 per cent to 39 per cent and plasticity indices from 9 per cent to 14 per cent.
The silty clay is firm to hard with SPT ‘N’ values ranging from 8 blows to 42 blows per 0.3 m of

penetration. Measured water contents range from about 24 per cent to 33 per cent.

4.2.3 Granular Deposits

The irregularly layered silty clay deposit in Boreholes 97-1 and 97-3 is underlain by approximately
0.9 m to 1.0 m thick deposit consisting of varying proportions of granular materials. In Borehole
97-1, the deposit is classified as sand and gravel with some silt and trace clay. The sand and
gravel is dense with a measured water content on one sample of 14 per cent. In Borehole 97-3, the

deposit becomes coarser and consists of predominantly boulders and cobbles with some silt, sand
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and gravel. This granular deposit extends to the bedrock surface at about Elevation 278.9 m in

Borehole 97-1 and to about Elevation 274.3 m in Borehole 97-3.

4.2.4 Bedrock

The bedrock was encountered at various elevations across the bridge site. In the boreholes put
down through the approach embankments on the west and east sides of the existing bridge / river
valley, the surface of the bedrock was encountered between about Elevation 278.9 m and 282.2 m
(between 4.7 m and 8.1 m depth). The bedrock surface dips toward the river channel and there are
several bedrock outcrops exposed on the river valley slopes. Along the alignment of the proposed
east pier, there is bedrock outcrop over the southern portion. Based on probing carried out within
the northern portion, up to 200 mm of topsoil overlies bedrock. On the west side of the river, two
bedrock outcrops were noted; one smaller outcrop at the edge of the river within the southern limit
of the bridge, with height up to 1.5 m above the existing ground surface, and a larger outcrop
extending along the northern limit of the bridge about 2.5 m to 3 m in height. In Borehole 97-3,
located between the outcrops, some 2.2 m of overburden (1.2 m of silty clay and about 1 m of

boulders and cobbles with some silt, sand and gravel) was encountered above the bedrock surface.

The bedrock surface as proven by rock coring or inferred from resistance to augering at the

borehole locations is as follows:

Borehole Bedrock Bedrock
Number Depth Elevation
(m) (m)

97-1 8.08 278.94
97-2 6.55 280.40
97-3 222 27433
97-4 0.00 275.21
97-5 5.79 281.54
97-6 4.72 282.24

Rock coring was carried out for a depth of 3.7 m, 3.1 m, 3.6 m and 3.2 m in Boreholes 97-1, 97-3,

97-4 and 97-6, respectively. The bedrock samples obtained consist of brownish grey to grey,
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medium grained andesite with trace chlorite and talc. Frequent joints with iron staining were noted

within the core samples retrieved.

In Borehole 97-1, measured Rock Quality Designation (RQD) values of 13 per cent to 48 per cent
were obtained on core samples. Measured RQD values on core samples from Boreholes 97-3,
97-4 and 97-6 were 14 percent to 79 per cent, O per cent to 59 per cent, and 8 per cent to

19 per cent, respectively.

Point load testing was carried out on rock samples retrieved from the boreholes. The diametral
Point Load Indices Is(ssy measured on the andesite samples ranged from about 0.1 MPa to
1.3 MPa; an average uniaxial compressive strength for the intact rock of about 15 MPa is inferred
from these values. The results of the point load tests carried out on the core samples obtained are

summarized in Table 1, following the text of this report.

4.3 Groundwater Conditions

A piezometer was installed in Borehole 97-2. Details of the piezometer installation and of the
water level measurements are shown on the attached Record of Borehole sheets. The piezometer in
Borehole 97-2 with tip at Elevation 280.5m within the silty clay deposit was dry on
December 20, 1997.  The water level in open Borehole 97-1 was observed at 7.9 m depth
(Elevation 279.1 m) during drilling within the sand and gravel deposit. Boreholes 97-2, 97-5 to
97-8 were dry during drilling within the overburden. The water level in Porcupine River was

measured to be at Elevation 274.6 m at the time of our investigation.

Based on these observations, it is considered that the groundwater table is controlled by the
gravelly overburden immediately overlying the bedrock, by the fractured rock and by the river
water level. It should be noted that the groundwater level is subject to seasonal and river water

level fluctuations.
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5.0 ENGINEERING RECOMMENDATIONS
5.1 General

This section of the report provides our recommendations on the geotechnical aspects of design of
the new Porcupine River bridge based on our interpretation of the factual information obtained
during the investigation. It should be noted that the interpretation and recommendations are
intended for use only by the design engineer. Where comments are made on construction they are
provided only in order to highlight those aspects which could affect the design of the project. Those
requiring information on aspects of construction should make their own interpretation of the factual
information provided as it may affect equipment selection, proposed construction method and

scheduling.

The works described in this report are associated with the proposed bridge designated as
Site 39E-083 and the approaches within 20 m of the structure. It is understood that the new bridge
to carry Highway 101 over Porcupine River will be a three span structure about 69 m in length and
about 12 m in width, some 1 m wider on each side of the existing bridge. The final road grade will
be 900 mm higher than the existing grade on the east side of the bridge and 100 mm higher on the
west side of the bridge.

5.2 Bridge Foundations

In summary, the soils encountered in the boreholes at the bridge approach embankments consist of
up to 4.1 m of fill materials underlain by glaciolacustrine silty clay. The overburden is underlain
by andesite bedrock. The bedrock surface elevation as encountered in the boreholes is variable. In
the boreholes drilled through the road embankment at the proposed abutment locations, the surface
of the bedrock was encountered between 6.6 m and 8.1 m depth at the west abutment and between
4.7m and 5.8 m depth at the east abutment. There are several bedrock outcrops present on the
niver valley slopes within the existing bridge footprint and along the proposed pier alignments.
Based on the probing, the overburden cover is up to 200 mm thick in the vicinity of the east pier.
On the west side of the niver, the surface of the bedrock is undulating with rock outcrops on the
north and south limits of the existing bridge and with depressions between the outcrops. About
2.2 m of overburden soils were encountered at the location of Borehole 97-3 in the vicinity of the

west pier.
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It is understood that the proposed east pier was shifted about 1.7 m to the west from the initially

proposed alignment after completion of the investigation. The currently proposed alignment is at

the edge of and extending into the river. Bedrock is exposed at the river edge on the south side of

the east pier; the riverbed is thought to be at about Elevation 274 m. The borehole at the west pier

was drilled about 2 m east of the proposed pier location due to steeply sloping ground at the pier

centreline. Based on the subsurface information obtained, the bedrock surface at the borehole

locations at and in the vicinity of the proposed foundation units is as follows:

97-1 8.08 278.94
West Abutment

97-2 6.55 280.40

. 97-3 222 274.33
*

West Pler (2 m east of pier centreline)

97-4 0.00 275.21
East Pier ** (2.5 m east of pier centreline)

Probeholes 0.20 275.3

97-5 5.79 281.54
East Abutment

97-6 472 282.24

* Bedrock is exposed at ground surface at about Elevation 278 m to 280 m at the northern
limit of the proposed west pier footing.

** Bedrock is exposed at ground surface at about Elevations 274 m to 275 m over the
southern portion of the proposed east pier footing.

Spread footings placed on the surface of the bedrock may be considered for the support of the

abutments and the piers. For design, the following founding elevations may be assumed:

West Abutment

West Pier

East Pier

East Abutment

Stepped between Elevation 278.8 m and 280.4 m;

Elevation 274 m; stepped up as required at the north and to key into
rock outcrop;

Stepped and maintained in bedrock 1 m below ground / riverbed surface
(see explanation below); and

Stepped between Elevation 281.5 m and 282.2 m
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It should be noted that Borehole 97-3 is located near the east limit of the west pier. The ground
and bedrock surface is extremely variable at this pier location and the bedrock surface could be

higher than that indicated above at the west limit of the pier.

Since bedrock is exposed at surface in the southern portion of the east pier footing and since the
footing extends into the river channel, the depth of the footing will be governed by scour
requirements and / or typical cover requirements. In addition, some protection against frost action
is considered appropriate given the extent of fracturing of the bedrock in the upper 1 m or so at this
pier location. For this reason, it is recommended that the footing be placed at least 1 m below the
existing ground surface (where bedrock is exposed at ground surface) and at least 1 m below the
river bed level (but within or oﬁ bedrock) where the footing extends into the river. There has been
no probing completed along the north portiofl of the footing where it extends into the river;
however, it has been assumed based on the site conditions that bedrock will not be at a depth
greater than 1 m in this area. Provision should be made in the contract to deepen the excavation as
may be required to ensure that the footing is placed on the bedrock surface. It is expected that the
majority of the excavation to 1 m depth will be through fractured bedrock; it may be necessary,
however, to excavate into less fractured bedrock at some locations using controlled drill and blast

excavation techniques.

5.2.1 Factored Geotechnical Resistance

Spread footings placed on the surface of the bedrock or within the bedrock may be designed for a
geotechnical resistance at Ultimate Limit States (ULS) of 1,000 kPa. This value is for vertical
concentric loads only. Effects of load inclination and eccentricity need to be taken into account as

appropriate. Given the highly fractured nature of the bedrock in the upper approximately 1 m or

so at some locations, some settlement of footings placed on the bedrock surface may occur. For

[

design, therefore, it is recommended that a value of 1,000 kPa may be assumed for the geotechnical

R

resistance at Serviceability Limit States (SLS) for 25 mm_of settlement. A characteristic or

[

unfactored value for the coefficient of friction between the concrete and the fractured bedrock may

be taken as 0.5 for assessment of sliding at SLS.

The design assumptions with respect to founding elevations should be confirmed by inspection by

qualified personnel in the field during construction. All footing excavations should be inspected

Golder Associates



--------h--

March 1998 -12 - 971-1191-1

é)fior to placing concrete to ensure that the base has been adequately cleaned and that the bedrock

conditions as exposed at the founding level are consistent with the design assumptions.

Alternatively, depending on the configuration of the abutments, consideration could be given to the
use of caissons socketted into the bedrock. The caissons should be designed for shaft friction
assuming contribution from the length of socket formed within the bedrock. Once the abutment
configuration is established, an assessment of the contribution of shaft friction from the overburden
can be made. An unfactored unit shaft friction value of 1,350 kPa may be used for the initial
design of rock socket length. To obtain the.factored geotechnical resistance, a resistance
factor of 0.4 should be used. The caissons should have a minimum socket length of 3 m.
Assuming a socket diameter of 1.2 m for caissons socketted 3 m into the bedrock, this results in a
factored geotechnical resistance (axial capacity) at ULS of 6,100 kN. Settlement of caissons
socketted at least 3 m into the bedrock is expected to be less than 25 mm. In general, SLS

conditions are not applicable for geotechnical bedrock resistance assessment.

Given the proposed grade raise of 900 m on the east side and 100 mm on the west side for the
approach embankments, the caissons would be subject to negative skin friction as a consequence of
consolidation settlement of the silty clay deposit underlying the embankment fill. An unfactored
value for negative skin friction on a single 1.2 m diameter caisson of 600 kN should be assumed
for design. An appropriate load factor will need to be applied to this load onto the caisson as a

result of negative skin friction.

For frost protection, the base of the caisson caps should be provided with at least 2.4 m of soil

COVCr.

5.2.2 Resistance to Lateral Loads for Caissons

Where caissons are adopted at the abutments, the horizontal reaction to the caissons can be

calculated from the expression:
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k =zxn,/d,

where
k, = coefficient of horizontal subgrade reaction (MPa/m)
d = caisson diameter (m)

n, = constant of horizontal subgrade reaction (MPa/m)
z = depth below ground surface (m)

The constant of horizontal subgrade reaction depends on the soil type and soil density / consistency
around the caisson shaft. For design, the values (or range of values) indicated in the table below
may be assumed. All values quoted are unfactored geotechnical parameters.

West Abutment | Ground Surface to 283.5 Fill: Gravelly Sand/Sand and | zx2.0tozx 5.0
Gravel / Rockfill, very loose to

dense
283.5 to 280.0 Silty Clay to Clay, firm to stiff 2.0t03.0
(constant with depth)
280.0t0 279.0 Sand and Gravel, dense 2x6.0
below 279.0 Andesite Bedrock zx12

East Abutment | Ground Surface to 283.0 Fill: Silty Clay, soft to firm and | zx1.0tozx 2.0
Gravelly Sand /Sand and Gravel,
compact to dense

283.0 t0 282.0 Silty Clay, stiff 3.0 (constant with depth)

below 282.0 Andesite Bedrock zx 12

Group action for lateral loading should be considered when the caisson spacing in the direction of
loading is less than six to eight caisson diameters. Group action can be evaluated by reducing the
coefficient of lateral subgrade reaction in the direction of loading by a reduction factor R as

follows:
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53

8d 1.00
6d 0.70
4d 0.40
3d 0.25

Lateral Earth Pressures

The lateral pressures acting on the bridge abutments will depend on the type and method of

placement of the backfill materials, on the nature of the soils behind the backfill and on the

subsequent lateral movement of the structure. The following recommendations are made

concerning the design of the abutments walls in accordance with OHBDC:

Select free-draining non-frost susceptible granular fill meeting the specifications of OPSS
Granular A or Granular B but with less than 5 per cent passing the 200 sieve should be used as
backfill behind the walls. All granular fill should be compacted in lifts of loose thickness not
greater than 200 mm to 95 per cent of the material's Standard Proctor maximum dry density.

Longitudinal drains and weep holes should be installed to provide positive drainage of the
granular backfill.

The granular fill may be placed either in a zone with width equal to at least 2.4 m behind the
back of the stem (CaseI) or within the wedge-shaped zone defined by a 60 degree line
extending up and back from the bottom of the rear face of the footing (Case II).

If the wall support allows lateral yielding of the stem (unrestrained structure), active earth
pressures may be used in the geotechnical design of the structure. If the abutment support does
not allow lateral yielding (restrained structure), at-rest pressures should be assumed for
geotechnical design.

A compaction surcharge equal to 16 kPa should be included in the lateral earth pressures for
the structural design of the abutment wall in accordance with OHBDC Figure 6-7.4.3.

For Case I, the pressures are based on the in-situ soils / embankment fill materials and the
following parameters (unfactored) may be assumed:
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Soil unit weight 20 kKN/m*
(assuming the in-situ soils and / or clean earth fill)

Coefficients of lateral earth pressure:
'active' 0.33

'at rest' 0.50

e For Casell, the pressures are based on the granular fill as placed and the following
parameters (unfactored) may be assumed:

Granular A Granular B

Soil Unit Weight 22 kN/m’ 21 kN/m*
Coefficient of Lateral Earth Pressure
‘active' 0.27 0.31
‘at rest' 0.43 0.47

It should be noted that the above design parameters assume level backfill and ground surface
behind the wall. Other aspects of the abutment granular backfill requirements with respect to
sub-drains and frost taper should be in accordance with OPSD-3501.00.

54 Excavations

Excavations for spread footing construction at the abutments could extend to about 5m to 8 m
depth below existing ground surface. Excavations will be through loose to dense granular and soft
to firm cohesive fill materials and through firm to hard silty clay to clay. At the east abutment, the
base of the excavation will be above the groundwater level. Some water flow into the excavation
should be anticipated at the west abutment location, where the water bearing sand and gravel
deposit was encountered overlying fractured bedrock. If space permits, the excavations can be
made in temporary unsupported cut with side slopes maintained not steeper than 1.5 horizontal to
1 vertical. Pumping from the sand and gravel deposit will be required to maintain the side slope

stability and a dry excavation for concrete placement.
Alternatively, a vertical sided supported excavation could be considered for the abutment footings.

Temporary support could consist of a braced soldier pile and lagging system. Soldier piles should

be socketted into the bedrock below the proposed base of the excavation.
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If deep foundations are adopted, excavations for the abutment pile caps (assumed to be at about
Elevation 284 m) will extend some 3 m to 4 m below the ground surface. Excavations which will
be open for a relatively short period of time can be made in temporary unsupported cut with side
slopes maintained not steeper than 1.5 horizontal to 1 vertical. Temporary liners will be required
through the overburden and sealed into the bedrock for caisson construction to provide a cut off to
water inflow through the sand and gravel and the upper fractured bedrock, to provide support to

the sides and to maintain a dry excavation for inspection and concrete placement.

At the east pier, excavation for spread footing construction will be made through the riverbed
materials and the bedrock and will extend to below the river water level. Considerable water
inflow could occur through the fractured rock. A cofferdam will be required to divert the river
around the proposed pier footing excavation. The water flow through the fractured bedrock will
have to be controlled to permit footing construction in the "dry".

At the west pier, excavation for spread footing construction could be as much as 4.5 m deep below
ground surface, based on the contour plan provided. The base of the excavation will be about
0.5m below the river water level which was measured to be at Elevation 274.6m in
December 1997. The excavation at the west pier will extend through silty clay to clay and the
underlying coarse granular deposit of sand, gravel cobbles and boulders. Temporary unsupported
cuts through the overburden may be made with the side slopes indicated above provided that
adequate groundwater control is implemented to control the flow anticipated from the sand and
gravel and fractured bedrock. Where the excavation is extended through the bedrock, vertical sides
will be suitable; however, some ravelling of the fractured bedrock should be expected. Typically,
the upper 1 m of bedrock is fractured; however, where excavation is extended into less fractured
bedrock, the use of controlled blast and drill excavation techniques will be required. Water inflow
into the excavation should be anticipated through the granular deposit and the fractured portion of
the bedrock. Some form of groundwater control will be required to permit excavation and spread
footing construction in the "dry". Closed steel sheetpiling could be used as cut-off to groundwater
flow and to form temporary support to the excavation, however, given the variable bedrock
surface, it may not be possible to adequately key the sheetpiling into the bedrock. Pumping from
sumps formed at the base of the excavation would likely also be required. Sumps should be

maintained outside the footing area.
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A mud coat should be placed on the prepared subgrade at the founding level immediately following

cleaning and inspection.

All excavations should be carried out in accordance with the current Occupational Health and

Safety Act.

55 Approach Embankments

The proposed approach at the crossing will be widened by about 1 m on both sides of the
embankment and it is understood that there will be a grade raise of 900 mm on the east side and
100 mm on the west side of the bridge. Given the nature of the subsoils, and the proposed raising
and widening of the embankment over the existing grade, stability of the proposed embankments is
not a concern with respect to deep seated failure through the founding soils. Some nominal
long-term settlement of the east approach embankment should be expected due to consolidation of
the silty clay to clay deposit underlying the embankment.

The magnitude of stress increase due to the nominal widening and raising of the embankment has
not warranted detailed oedometer testing of the silty clay deposit. The consolidation parameters of
the deposit were established based on the water content test results and compared to published
values and tempered by our general experience with clay compressibility parameters. Based on
these parameters, it is estimated that settlement due to increased load induced by embankment
construction will be less than 25 mm. Given the magnitude of settlement, preloading and

surcharging to induce/speed up the consolidation process are not considered necessary.

5.6 Subgrade Preparation and Embankment Construction

Topsoil and organic deposits should be stripped from below the proposed embankment widening
areas and the exposed subgrade soils should be proof-rolled prior to fill placement. The existing
embankment side slopes should be stripped and benched in accordance with OPSD 208.10 to
ensure that the new fill is keyed into the existing fill and to minimize differential settlement between
the new and the existing embankments.
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Construction of the embankment above the prepared subgrade may be carried out using clean earth
fill (in accordance with OPSS 212) or Select Subgrade Material (in accordance with OPSS 1010)
depending on the material available to the project. All embankment fill should be placed in regular
lifts with loose thickness not exceeding 300 mm, and be compacted to at least 95 per cent of the
material’s Standard Proctor maximum dry density. The final lift prior to placement of the granular
subbase or base course should be compacted to 100 per cent of the Standard Proctor maximum dry
density. Inspection and field density testing should be carried out by qualified geotechnical
personnel during all fill placement operations to ensure that appropriate materials are used and that
adequate levels of compaction have been achieved. The permanent slopes of the embankment
should be maintained not steeper than 2 horizontal to 1 vertical. Vegetation cover should be
established on all slopes to protéct embankment fill against surficial erosion.

Alternatively, the approach embankments could be constructed using rockfill if available to the
project. The permanent side slopes of the rockfill embankments should be maintained not steeper
than 1.25 horizontal to 1 vertical, although the final slope would be governed by the existing
embankment slope with respect to the proposed widening.

5.7 Detour

It is understood that a two lane detour is to be constructed along an alignment immediately to the
north of the existing highway. Embankment heights of up to 4 m (slightly lower than the existing
embankment) are required. It is understood that consideration is being given to the use of
reinforced earth walls and Sierra slopes to maintain the detour embankment within the property

limits.

The detour bridge may be supported on spread footings or caissons as outlined in Section 5.2 of
this report. The geotechnical resistances as provided in Section 5.2 may be used for design of the

foundations for the detour.

Stability of the proposed detour embankment to the east of the bridge is considered to be sufficient
for the proposed configuration of vertical reinforced earth walls or 1:1 Sierra slopes. The leveling
pad should be founded on the hard silty clay deposit anticipated at about 1 m depth below ground
surface. To the west of the detour bridge, however, embankment will be constructed over the firm
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silty clay to clay deposit. The stability of the proposed vertical wall has been examined based on
the completed borehole results. For the proposed embankment height of not more than 4 m, it is
determined that the factor of safety against overall failure is greater than 1.5.
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TABLE 1
POINT LOAD TEST RESULTS; ROCK CORE SAMPLES
PORCUPINE RIVER BRIDGE

971-1 8.7 0.103 D
94 0.362 D

11.5 0.465 D

10.0 0.745 A

10.6 0.587 A

97-3 12 1.001 D
53 1.216 D

39 0.858 D

1.8 1.318 A

45 0.550 A

52 0.541 A

97-4 14 0.644 D
33 0.501 D

24 0.274 A

30 0.220 A

1.7 0274 A

97-6 6.1 0.482 D
7.0 1.318 D

55 1.014 D

57 0.495 A

75 0.240 A

7.3 0.320 A

WORD S/FINALDAT/1100/971-1191/1998/71191CT1
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as
follows:

L SAMPLE TYPE oL SOIL DESCRIPTION
AS Auger sample (a) Cohesionless Soils
BS Block sample
CS Chunk sample Density Index N
DO Drive open (Relative Density) Blows/300 mm
DS Denison type sample or Blows/ft.
FS Foil sample Very loose Oto4d
RC Rock core Loose 41010
SC Soil core Compact 10 to 30
ST Slotted tube Dense 30 to 50
TO Thin-walled, open Very dense over 50
TP Thin-walled, piston
ws Wash sample (®) Cohesive Soils
Consistency CaSu
’ kPa psf
IL PENETRATION RESISTANCE Very soft 0to12 0 to 250
: Soft 12t0 25 250 to 500
Standard Penetration Resistance (SPT), N: Firm 25t0 50 500 to 1,000
The number of blows by a 63.5 kg. (140 1b.) Stiff 50 to 100 1,000 to 2,000
hammer dropped 760 mm (30 in.) required Very stiff 100 to 200 2,000 to 4,000
to drive a 50 mm (2 in.) drive open Hard over 200 over 4,000

sampler for a distance of 300 mm (12 in.).

Dynamic Penetration Resistance; Ng: Iv. SOIL TESTS
The number of blows by a 63.5 kg (140 1b.)
hammer dropped 760 mm (30 in.) to drive w water content
uncased a 50 mm (2 in.) diameter, 60° cone wp plastic limit
attached to "A" size drill rods for a distance w liquid Timit
of 300 mm (12 in.). C consolidation (oedometer) test
CHEM chemical analysis (refer to text)
PH: Sampler advanced by hydraulic pressure CID consolidated isotropically drained triaxial test!
PM: Sampler advanced by manual pressure CIu consolidated isotropically undrained triaxial
WH:  Sampler advanced by static weight of hammer test with porewater pressure measurement’
WR: Sampler advanced by weight of sampler and Dr relative density (specific gravity, Gs)
rod DS direct shear test
M sieve analysis for particle size
Piezo-Cone Penetration Test (CPT): MH combined sieve and hydrometer (H) analysis
An electronic cone penetrometer with MPC  Modified Proctor compaction test
a 60° conical tip and a projected end area SPC Standard Proctor compaction test
of 10 cm® pushed through ground ocC organic content test
at a penetration rate of 2 cm/s. Measure- SO, concentration of water-soluble sulphates
ments of tip resistance (Q;), porewater ucC unconfined compression test
pressure (PWP) and friction along a uu unconsolidated undrained triaxial test
sleeve are recorded electronically A% field vane test (L V-laboratory vane test)
at 25 mm penetration intervals. Y unit weight
Note:
1. Tests which are anisotropically consolidated prior to
shear are shown as CAD, CAU.
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LITHOLOGICAL AND GEOTECHNICAL ROCK DESCRIPTION TERMINOLOGY

WEATHERING STATE

Fresh: no visible sign of weathering.

Faintly weathered: weathering limited to the surface of
major discontinuities.

Slightly weathered: penctrative weathering developed on
open discontinuity surfaces but only slight weathering of
rock material.

Moderately weathered: weathering extends throughout
the rock mass but the rock material is not friable.

Highly weathered: weathering extends throughout rock
mass and the rock material is partly friable.

Completely weathered: rock is wholly decomposed and in
a friable condition but the rock texture and structure are
preserved.

BEDDING THICKNESS
Bedding Plane

Description Spacing
Very thickly bedded ' >2m
Thickly bedded 0.6 m to 2m

0.2mto 0.6 m
60 mmto 0.2 m

Medium bedded
Thinly bedded

Very thinly bedded 20 mm to 60 mm

Laminated 6 mm to 20 mm
Thinly laminated < 6 mm
JOINT OR FOLIATION SPACING

Description Spacing
Very wide >3m
Wide I-3m
Moderately close 03-Im
Close 50 - 300 mm
Very close < 50 mm
GRAIN SIZE

Term Size*
Very Coarse Grained > 60 mm
Coarse Grained 2 - 60 mm

Medium Grained 60 microns - 2 mm

Fine Grained 2 - 60 microns
Very Fine Grained < 2 microns

Note: * Grains > 60 microns diameter are visible to the
naked eye.

CORE CONDITION

Total Core Recovery

The percentage of solid driil core recovered regardless of
quality or length, measured relative to the length of the
total core run.

Solid Core Recovery (SCR)

The percentage of solid drill core, regardless of length,
recovered at full diameter, measured relative to the length
of the total core run.

Rock Quality Designation (RQD)

The percentage of solid drill core, greater than 100 mm
length, recovered at full diameter, measured relative to
the length of the total core run. RQD varies from 09 for
completely broken core to 100% for core in solid sticks.

DISCONTINUITY DATA

Fracture Index

A count of the number of discontinuities (physical
separations) in the rock core, including both naturally
occurring fractures and mechanically induced breaks
caused by drilling.

Dip with Respect to (W.R.T.) Core Axis

The angle of the discontinuity relative to the axis (length)
of the core. In a vertical borehole a discontinuity with a
90° angle is horizontal.

Description and Notes

An abbreviated description of the discontinuities, whether
naturally occurring separations such as fractures, bedding
planes and foliation planes or mechanically induced
features caused by drilling such as ground or shattered
core and mechanically separated bedding or foliation
surfaces. Additional information concerning the nature of
fracture surfaces and infillings are also noted.

Abbreviations

B - Bedding P - Polished
FO - Foliation/Schistosity S - Slickensided
CL - Cleavage SM - Smooth
SH - Shear Plane/Zone R - Ridged/Rough
VN - Vein ST - Stepped

F - Fault PL - Planar
CO - Contact FL - Flexured

J - Joint UE - Uneven
FR - Fracture W - Wavy
MF - Mechanical Fracture C - Curved

il - Parallel To
l:L - Perpendicular To
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W.P. 313-85-00 RECORD OF BOREHOLE 97-1 SHEET 1 OF 2
DIST. 53, SITE: 39E-083,HWY 101 BORING DATE:  DEC.11/97 DATUM: 'GEQDETIC
LOCATION:. --N:5379012.10; E 300711.02 PROJECT: . 971-1191
a SOIL PROFILE SAMPLES | DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w Q RESISTANCE, BLOWS/0.3m ' k, cm/s 20
2ol £ P P =z PIEZOMETER
Qw o] « “ Z OR
<l 2 T leev |49|w|g . . L . : ' . L =30 STANDPIPE
= E g DESCRIPTION < 13 E £ | SHEARSTRENGTH naiv- + a.@ WATER CONTENT, PERCENT s INSTALLATION
Q. = = Om
w g < |DEPTH | 2 O | Cu, kPa remV- @ U-O Wi w <
Q o} s z e P ——o0¥——wm <
@ 5 (m) o 10 20 30 40
ROAD SURFACE 287.02
[
ASPHALT 0.00
286.74
Granular A (Road Base) b 2eB:38
K 0.46
Gravelly Sand, trace silt S |
1 léoose K s
rown s 1 8 o
Moist R bo
(FILL) s |
s 285.50
R B o
Rockfill
2 (inferred from resistance to
augering - no sample recovery)
= B0 | To0
s 284.02
/4 3.00—
/54
% AT Lo ]
4 Do
2]
7
1 -
412 Silty Clay to Clay, irregularly // 0
&| |layered, trace sand 7 5 1pol? L O MH
@[ | Firm to stiff 77
Z| |Brown %7 ]
@f | Moist 77 |
7
50
] 5 10 o
s 4 Do
/2 [
%
v
4/
s 9
7 -
%
%
;2/ 7 1e ft——Q
%9
9% -
.
7 4/
279.82
G0 7.20
Sand and Gravel, some silt, 5%
trace clay 5%
Dense Zq'é 5 1
Brown 0
Wet 13 I ° v
8 P 9| 278.94 )
8.08
NOTE:l |
Wat t
REFUSAL TO AUGER 7.5m depth during
PENETRATION drilling in
BOREHOLE CONTINUED. overburden.
FOR ROCK CORING DETAILS
[ REFER TO RECORD OF
DRILLHOLE, SEE SHEET 2.
1wl (| Fp~————e—e—e—e— e —— ———— -——— e e e e e ——— i fo e s e e it e e e s e e o e et e e e e e
CONTINUED ON NEXT PAGE
DEPTH SCALE LOGGED: MB
11t 50 Golder Associates CHECKED: AMP
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W.P. 313-85-00 RECORD OF DRILLHOLE: 97-1 SHEET 2. OF 2
DIST. §3; SITE: 39E-083, HWY. 101 DRILLING DATE: 'DEC.11/97 DATUM: . GEQDETIC
LOCATION: N 5379012.10; E 300711.02 DRILL RIG: BOMBARDIER CME-55 PROJECT: 971-1191
DRILLING CONTRACTOR:  MARATHON DRILLING
o) w Z| FR-FRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED BC-BROKEN CORE
w Z 8 =4 2| cLcLeavagE suoINT R-ROUGH  UE-UNEVEN  MB-MECH. BREAK
Inl|l O ] = Wl SH-SHEAR P-POLISHED ST-STEPPED W -WAVY B -BEDDING =S NOTES
9 ul W DESCRIPTION O|Eev. |8 5;_; «| YN-VEIN S-SUCKENSIDED PL-PLANAR  C-CURVED F WATER LEVELS
Eh o) g’ DEPTH | 2 Eg o | _PECOVERY T oo [FRAGT. DISCONTINUITY DATA VORAULIC ggg
= = <= o | INDEX NDUCTIVITY | 22 INSTRUMENTATION
Tl Sl om % [e7) 8 EGAC IR0 % [hacons 2] TvPEANDSURFAGE |k cmisee | 202
o « &' d 0000 |O0OO |OC0OO ono 000 DESCRIPT|°N
D DOTN | DOTN |VOTN [nrva (OO0
CONTINUED FROM PREVIOUS PAGE
71 PP —— e —————— b— — 1T T-rT YT+t L i o e P e e e e e o e e e e e s — t— —— ~—
For overburden stratigraphy,
refer to Record of Borehole 97-1,
sheet 1.
8 278.94| ] -
3 8.08 Lo J.PLR (x5)
Vs
Ya% o
YoY% . j:ngR
M Broken core
[V v
N~ 1 3 JIR (x4)
9 Brownish grey, medium grained [V v H -
ANDESITE, trace chiorite and v v d
talc on joints, some iron v
staining. (BEDROCK) Vv ’ ° JUR
Va'd -
o N i B : J.PLR (x3)
18 v
[vel N v
10 8 v v Broken core -
(e} v v
z Vs 2
v v
v Vv
N v A J,PL.R (x5)
Ya'd
N v L
1 v v 7]
= J,PLR (x5)
v v fo
VYl
v v a s
M ¢ J,PLSM
[~ ™~ 275.20 : JRE
11.82] JUR
12 END OF DRILLHOLE ]
13 ~
14 .
- 15 1
- 18 B
DEPTH SCALE LOGGED: M8
’ . DATE:
1 to 50 Golder Associates

CHECKED: AMP
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W.P. 313-85-00 RECORD OF BOREHOLE 97-2 SHEET 1 OF 1
DIST. 53; SITE: 39E-083,HWY 101 BORING DATE:. DEC.9/97 DATUM: 'GEQDETIC
LOCATION:: . N.5379003.63; E 300714.98 PROJECT: " 971-1191
o SOIL PROFILE SAMPLES | DYNAMIC PENETRATION \ HYDRAULIC CONDUCTIVITY,
y | g RESISTANCE, BLOWS/0.3m | k em/s a0
2q| E P = =2 PIEZOMETER
SRV o « ® 55 OR
ZEl 2 T [ewv |4|w|g ' ' ' . L ' ‘ ' =4 STANDPIPE
cyl 2 DESCRIPTION < s E £ | SHEARSTRENGTH natv- + Q-@ WATER CONTENT, PERCENT a*r INSTALLATION
E T < |oePH |2 3 | cu kra romv- @ U-O Wol—— oW tw 22
3 5 (m) o 10 20 30 a0
. ROAD SURFACE 286.95
° ASPHALT 0.00 PROTECTIVE
286.65 PIPE
Granular A {(Road Base) 0.30
0.45
- ! 12 ]1e o)
Gravelly Sand to Sand and Gravel —
with possible rockfill/cobbles
inferred from resistance to 2 |50 |6 o
augering Do
- 2 Very loose to dense
Brown — GROUT
Moist -
(FILL)
50
3 [pol? lo
3 ——
- 3= —il
(5]
&
g A
g Do
=
4 |—]
@
s
1> { 0o {100
- 4 262.84
7 4.1
7
%% BENTONITE
%%% - SEAL
Silty Clay to Clay, irregularly 50
- layered, trace sand, trace 9 ® [oo|® HO—
gravel at depth /
Stiff to very stiff 977 -
Brown %%
Moist 7 ;
% GRAVEL
7
z
= & g
/4/ |
% 50
;4 7 7 | po{22 o
Y] 280.40
END OF BOREHOLE 6.55
REFUSAL TO AUGER
, PENETRATION NOTE:
(PROBABLE BEDROCK). Borehols dry
during drilling
and on completion
of drilling.
Piezometer dry
on Dec.20,1997.
- 8
- 9
- 10
DEPTH SCALE LOGGED: MB
110 50 Golder Associates CHECKED: AMP
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W.P.
DIST:

313-85-00
53, SITE: 39E-083, HWY 101

LOCATION:' N.5379019.42; E 300732.99

RECORD OF DRILLHOLE: 97-3

DRILLING DATE: ‘DEC.10&11/97

DRILL RIG: BOMBARDIER CME-55 . .

DRILLING CONTRACTOR: - MARATHON DRILLING

SHEET 1. QF 1
DATUM:  GEODETIC
PROJECT: 971-1191

a w |GE] FRFRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED BC-BROKEN CORE
u g e 2 182|] cLcLEAVAGE JvoINT R-AROUGH  UE-UNEVEN  MB-MECH. BREAK
Zal 9 ] Z_gl] sH-sHeaR P-POUISHED ST-STEPPED W -WAVY 8 -BEDDING 298 NOTES
w I3} -8 P VN-VEIN S-SLICKENSIDED PL-PLANAR  C-CURVED ago
oc| DESCRIPTION 3 [EEY. | 2 (ocf e EGZ|  WATER LEVELS
P 2 Q |DEPTH | Z Eg £ | _PECOVERY_ T o . [FRACT. DISCONTINUITY DATA HYDRAULIC™ oo
LS Zz E| TOTAL TSOUD Y INDEX y CONDUCTIVITY | 220 |  INSTRUMENTATION
a8 3 S om | Tl | S oA Fonew| * | rmous komen TYPEAND SURFACE komsoc | 50z
T @ E E‘_ ooco loooco |ooeo | owmo] ococ DESCRIPTION
(&) DOTN {QOITN | DOTN |-~ |lOOod
L 5 GROUND SURFACE 276.55| i
TOPSOIL R
] 008
%
. %47
Silty Clay V]
%%
5/
%
4%%
- 1 %7 -
4
V] 275.33)
1.22
. D0
Boulders and cobbles with some )}
silt, sand and gravel. 210}
oJ¢)
ole]
C’:‘/ 27;.22_'7 8roken core
I\ v :
v v 1 * J,PLSM
v v
Vv v
v v Broken core 0.6m
- 3 Mediumn grained, grey ANDESITE, v -
heavy iron staining, trace v v
chlorite on joints. (BEDROCK) v v
o 2 . JPLSM
g v v . J,PLSM
S v 3§ apLgm PLR
g ™ JPLR(2)
[\ v
L 4] |S o . JPLSM (2) .
% 3 + JPLR | p s
W M
™V JPLSM
Vv r JU.SM
v v . JUSM
[\ Vv 4
v g JU.SM
o 5 -
: \‘: JPLSM
27;'23 JPLR
END OF DRILLHOLE "
e 6 -
- 7 -
e 8 -
- 9 -
CALE LOGGED: MB
DEPTH SCALE:
. DATE:
1to 50 Golder Associates CHECKED: AMP
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W.P. 313:85:00 RECORD OF DRlLLHOLE: 97-4 SHEET 1" OF 1
DIST. 53, SITE: 39E-083. HWY 101 DRILLING DATE: DEC.10/97 DATUM: GEODETIC
LOCATION: N 5379026.26: E 300760.03 DRILL RIG: BOMBARDIER CME-55 PROJECT: 971:1191

DRILLING CONTRACTOR:MARATHON DRILLING

.. 0. T (G i i 0 Gk G G & A G N G e

e .

=) w |9E| FA-FRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED BC-BROKEN CORE
W o 8 % |QP2] CLCLEAVAGE JJOINT R-AOUGH  UE-UNEVEN  MB-MECH. BREAK
ol o 3 . | _jou| sH-sHean P-POLISHED ST-STEPPED W -WAVY B8 -BEDDING 0% NOTES
w| w o S 132l VN-VEIN S-SUCKENSIDED PL-PLANAR  C-CURVED <&
oc | « DESCRIPTION 5 |V | 2 O] M) TWVEN £92|  WATERLEVELS
I g ) Q |oEPTH | z |<5 £ [_PECOVERY T oo, F:Scr. DISCONTINUITY DATA cg;gﬁg&#ﬁ:ﬂ Wi INSTRUMENTATION
& 5 == TOTAL | SOLID INDEX s <50
8 = 1 m | T2 S ESHEG ESREw| * | vemons [Leee|  TYPE AND SURFACE komsec | 502
e « w CL" o000 joooe |looco | owno| ogo DESCRIPTION
a Q. OOTN [WOIN |DOIN v |onoR
GROUND SURFACE 275.21 _
o V> o.00 B
Vv v
v v Broken core to
v v 0.9m depth
I\ v
v 1
NV V|
. . N v
1 Medium grained, grey ANDESITE, [ N JSTR -]
trace chlorite and talcon v+ L JPLSM
joints. Minor amounts of mica . m J.PLSM
and quartzite sections. v o JPLSM (2
| (BEDROCK) i S| s
z
T v v Broken core
o] v v
8 v v -
2 D N V| 2 d JPLR
avd ] J,PLSM
2 ) . JPLR
N v ¢ JIR
v v Broken core
v o JPLR
v ) : JPL.SM 02)
. o JPLR ]
v L JSTR,pPLR
h v 3 o JPLR
v v J,PLR
[V Vv
arst i | srvom
END OF DRILLHOLE -
4 .
5 -
6 .
. .
8 -
9 —
10 -
DEPTH SCALE HOGGED: Me
: DATE:
11to 50 Golder Associates

CHECKED: AMP
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WP 313:85:00 RECORD OF BOREHOLE 97-5 SHEET 1 OF 1
DIST: 39E-083,HWY 101 BORING DATE:::DEC.9/97: DATUM: GEODETIC
LOCATION: N 5379040.23; E 300773.68 PROJECT:" 971-1191
a SOIL PROFILE SAMPLES | OYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w | Q RESISTANCE, BLOWS/0.3m | k, cm/s I 29| rezomeren
ol & 5 « & 55 oR
2K 2 € |eev [U|lw| L L L : L L L L £ STANDPIPE
E E g DESCRIPTION 2 2 E £ | SHEARSTRENGTH natv- + Q-@ WATER CONTENT, PERCENT g " INSTALLATION
o<l < [oerm |2 g |cukra remV. @ U-O Wp 0% 1w 22
a g 5 (m) [ 10 20 30 40
B ROAD SURFACE 287.33
0 ASPHALT 0.00
287.05
Granular A (Road Base) 208:8%
0.46
- Gravelly Sand to Sand and Gravel, 50
. 1 8 (o]
trace silt, trace clay Do
Loose
Brown —
Moist Bame
(FILL)
2 |21 o
L . 285.30
2.03]. |
Silty Clay, trace to some sand, 1
a trace g;avel, trace organics
wl | Softto firm 5[50 |s
& | Moaist Do
[ (FILL)
w -
- 3|z -
&
=
) RN o] MH
283.73
] 360—
. . %%
Silty Clay, irregularly layered, % —
[ trace sand, trace organics %%
4 Firm to hard 77 R o
Brown 27 7 Do
Moist %94
7 -
7 |
.
4%/ 6 SD% 42 —O—
- s %%
% ||
;/
7
.
VYA 28154
END OF BOREHOLE 5.78
-~ 6 REFUSAL TO AUGER Note:
Open borehole dry
PENETRATION on completion of
(PROBABLE BEDROCK). e
- 7
- 8
)
= 10
DEPTH SCALE LOGGED: MB
110 50 Golder Associates CHECKED: AMP




.. 0. R I G I G GaN G aam O Am A AR A m o M

W.P.
DIST.

LOCATION;: - N §379031.37; E 300777.32

313-85-00
39E-083, HWY 101

RECORD OF BOREHOLE 97-6

BORING DATE: DEC.10/97

SHEET:1'OF 2

DATUM: - GEODETIC

PROJECT:

971-1191

DEPTH SCALE
METRES
BORING METHOD

SOIL PROFILE

SAMPLES

DESCRIPTION

STRATA PLOT

ELEV.

DEPTH
(m)

NUMBER
TYPE
BLOWS/0.3m

DYNAMIC PENETRATION AN
RESISTANCE, BLOWS/0.3m !

HYDRAULIC CONDUCTIVITY,
k, cm/s I

SHEAR STRENGTH natv- + Q-@
Cu, kPa remV-® U-O

WATER CONTENT, PERCENT

Wo oW jw
10 20 30 40

PIEZOMETER
OR
STANDPIPE
INSTALLATION

ADDITIONAL
LAB. TESTING

ROAD SURFACE

286.96

BOMBARDIER CME-55

ASPHALT

Granular A (Road Base)

0.00
286.68

28888
0.46

Gravelly Sand to Sand and Gravel,
trace silt, occ. cobble, silty

clay lenses

Compact to very dense

Moist

Brown

(FILL)

Silty Clay, irregularly layered,
trace sand, trace gravel, trace
organics

Stiff

Brown

Moist

IR RKLLIR
0000085859599
0S020202000!

o,
XX

03939,

.

50

283.26

Sand, some gravel
Very dense

Brown

Moist

AR

3.70]__|

S0

282.39

457 6 |30

0o

REFUSAL TO AUGER
PENETRATION

BOREHOLE CONTINUED.
FOR ROCK CORING DETAILS
REFER TO RECORD OF
DRILLHOLE, SHEET 2.

CONTINUED ON NEXT PAGE

472

10

67

55/
15

————t e ——

e —— e e

NOTE: -1
Open borehole dry
during drilling
through
overburden.

DEPTH SCALE

1to 50

Golder Associates

LOGGED: MB
CHECKED: AMP
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W.P. 313-85-00
DIST. 53, SITE: 39E-083, HWY 101
LOCATION: N §379031.37; E 300777.32

RECORD OF DRILLHOLE: 97-6 ' SHEET
DRILLING DATE: DEC.10/97 E

DRILL RIG: BOMBARDIER CME:55

DATUNM: | GEQDETIC
PROJECT: 971-1191

DRILLING CONTRACTOR:: MABATHON DRILLING

27 0F 2

a] w |9Z| FR-FRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED BC-BROKEN CORE
w S 8 % |a2| cLCLEAvAGE JOINT R-AOUGH  UE-UNEVEN  MB-MECH. BREAK
Sal 9 3 . |=_|gi| sw-sHEAR P-POLISHED ST-STEPPED W -WAVY B -BEDDING _ow NOTES
w [¢) o |3c VN-VEIN S-SUCKENSIDED PL-PLANAR  C -CURVED <g0
G DESCRIPTION S pEEY. 42 £ e e £92|  WATERLEVELS
I E 2 Q joerTH] 2 |=¢ £ | RECOVERY T p o p [FRACT. DISCONTINUITY DATA cg;gﬁé\#‘llcw Wi T o
o £ 2 IEE| & Forac Tsoms INDEX | ITY | 228 | INSTRUMENTATION
8 | sl m E S Eorew FoRE%| *  |remoss [omeaxis|] TYPE ANDSURFACE kemsec |50z
o (2] w E_‘ oooo |oovo |oocoo owno =1-1-] DESCRIPTION
[a) a. ?«i‘?(‘l ??YEI VOTN Iﬂv-vl-ly CNOD
L 4 | CONTINVED FROMPREVIOUSPAGE I I T T° T —H4i AN SN N — by -
For overburden stratigraphy,
refer to Record of Borehole 97-6,
sheet 1.
282.24) ] |
[V 4.72
[V v
=~ 5 v v Broken core 0.6m -
[\ Vv
[V Vv
o JPLR (x3)
Brownish grey, medium grained v v 1
ANDESITE, trace chlorite and v v . JPLR
talc on joints. (BEDROCK) v v
v . JUR
= 6 o v v ]
z v v
T w L] JPLR
8 w 3 JPLSM (x2)
g v v * JSTR ypLA
o Broken core
[V WV
[V V|
- 7 kv o JPLSM ]
v v 2 J.PLSM
YA j,STS,SM
o U, SM
v o JPLSM
N v
2 o JiSM
o 4,PLR (x4
[V V] 279,04 3 9
- 8 END OF DRILLHOLE 7.92 ]
= 9 -
=~ 10 Ny
- 11 -
~ 12 =]
- 14 -
DEPTH SCALE LOGGED: MB
: DATE:
1 to 50 Golder Associates CHECKED: AMP
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W.P. 313-85-00 RECORD OF BOREHOLE 97-7 SHEET 1 OF 1
DIST: 39E-083,HWY 101 BORING:DATE: v DEC:11/97 DATUM: - GEODETIC
LOCATION: = N-5379006.56; E 300696:15 - , PROJECT: - 971-1191
o SOIL PROFILE SAMPLES DYNAMIC PENETRATION N\ HYDRAULIC CONDUCTIVITY,
w | O RESISTANCE, BLOWS/0.3m | k cm/s 40
2ol £ p = 2z| PEZOMETER
8 ‘&J = 9 T a 1 L 1 1 L ] 1 1 e} ’(3 OR
£ aleev |BI¥S Ew STANDPIPE
=S g DESCRIPTION A3 s E 2 | SHEARSTRENGTH natv- + Q-@ WATER CONTENT, PERCENT 8 . INSTALLATION
% T g |DEPTH | 2 Q | Cu kPa remvV-® U-O L S L. N—— ) <u5:
° 18 = @
ROAD SURFACE 287.10
° 3 Granular A 0.00
@ 286.82
Ol |Granular B RS 0.28
2 0] 286.50
E Rockfill (inferred from o 0.60
2 resistance to augering) Sﬂ'
1= K 286.03 NOTE
REFUSAL TO AUGER PENETRATION 107 Open borehole dry
END OF BOREHOLE on completion of
drilling
operations.
2
3
4
5
6
7
8
9
10
DEPTH SCALE LOGGED: MB
1to 50 Golder Associates CHECKED: AMP




.4 A G G i S A &G ) S G G SN h = .

W.P.
DIST:

313-85-00
39E-083,HWY:101

LOCATION: = N 5379036.55; E 300792.50

RECORD OF BOREHOLE 97-8 SHEET 1 OF 1
BORING:DATE:. DEC.10/97 DATUM:- GEODETIC
PROJECT: * 971-1191

o SOIL PROFILE SAMPLES | DYNAMIC PENETRATION N HYDRAULIC CONDUCTVITY,
w 4] RESISTANCE, BLOWS/0.3m ! s Cm/s 20
- I <z PIEZOMETER
sal & 6 § zZE
ag| = & | eev. g, wle ] ] ] ! ! ! I ] g ] STANDPIPE
E E ] DESCRIPTION < s % 2 | SHEARSTRENGTH natv- + Q. @ WATER CONTENT, PERCENT 4] = INSTALLATION
& T < {oeptH | 2 o | cu kPa remv-@® U-O W W w 22
a o i z pur} P I'_O__l g
@ 5 (m) @ 10 20 30 40
o ROAD SURFACE 287.24
Granular A X% 0.00
% 0.15
Granular B X 286.78
g 096
- |
1 Sand and Gravel 50
[¥] o
g |Dense XX ' |oo|®
gl | PR |
] B33 [
z B 28556
@ PRI 1.68 50 | >
Rockfill (inferred from X 2 1po|100
2 resistance to augering) X
B —
I!lll
s
% 284.73
NOTE:
REFUSAL TO AUGER PENETRATION 2: Open borehole dry
END OF BOREHOLE gq completion of
rilling
operations.
3 P
4
5
6
7
8
9
10
DEPTH SCALE LOGGED: MB
1to 50 Golder Associates CHECKED: AMP




GRAIN SIZE DISTRIBUTION
Silty Clay (Fill) FIGURE 1

Size of openings, inches U.S.S. Sieve size, meshes/inch

6" 4%°3°  1%° 1°3/4°1/2°3/8° 3 4 810 16 20 30 40 6060 100 200
100 1 1 1 1 “\l i ] 1 i 1 ] 1 L
{\\
90
~
| I\
80 L‘
‘.\~
70
2 N
E 60
&
2 A
5 N
Q 40 L
\
& s
30 \\\
~e
20
10
0700 10 1 0.1 0.0 0.001 0.0001
GRAIN SIZE, mm
COBBLE| coanse FINE COARSE MEDIUM FINE ST AND CLAY SIZES
SIZE GRAVEL SIZE SAND SIZE FINE GRAINED
LEGEND

SYMBOL BOREHOLE SAMPLE ELEVATION(m)
° 97-5 4 284.0

Project 971-1191  Porcupine River Bridge GOIder ASSOCiates




GRAIN SIZE DISTRIBUTION

Silty Clay

FIGURE 2

Size of openings, inches

U.S.S. Sieve size, meshes/inch

6° 4%"3"  1%° 1°3/4%1/2°3/8° 3 4 810 16 20 30 40 5080 100 200

100 1 1 m L 1Lt 1 1 [l | L‘__[__._L._‘ - \M

90 &\

70 \
<
<
E 60
[+
-
bl 50
8 e
i

30

20

10

0 100 10 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| cCOARse FINE COARSE MEDIUM FINE SILT AND CLAY SIZES
SIZE GRAVEL SIZE SAND SIZE FINE GRAINED
LEGEND

Project 971-

SYMBOL BOREHOLE SAMPLE ELEVATION(m)

o 97-1 5

1191 Porcupine River Bridge GOIder ASSOCiates

283.0




ACAD FILE M1191002 DWG

1.200

DIMENSIONS ARE IN METRES CONT' NO-

UNL?SNSD/()aiEgiﬁ‘;:_SIgE;E!E)S\NN WP NO 313"85—00

HIGHWAY No. 101 CROSSING|  sweer

N O O
~— OF PORCUPINE RIVER
‘ . BORE HOLE LOCATIONS & SOIL STRATA
X
§ ) § \ Golder Golder Associates Ltd.
= > - é; : A. SSOC i a,t es MISSISSAUGA, ONTARIO, CANADA
S O
+ e LN ;o
A — ey
wn
O
pr
e 97-7 SBOR \ \ Ve
—— \‘ \[ }“ ., TW/::

79,00 I / S /&
2 | B || JCONTINUOYS CONCRETE i o HlGHWAY 101 | S 8
| — / | | BEAM/BRIDGE /L , b ) 4 l | — LI
‘ S YN &S

| , rer4 A s o
‘ } e P \ j
r ey o7 A

97-6 |
SBG
/ \ 5 \ W TVVP /
IL//TNA'\Y
= /| = /
LLI ! & / Y B
L o R L DIST.” COCHRANE g /N‘GHTHAWK N
S O = f / . LAKE
E : E :
3 z @ KEY PLAN
< / a <
o e 0 0.25 0 0.25 0.5 kilometre
"J)J E (L',J, \ SCALE, km
o | p i~ O AN \
2 L oL e 8 “ - : —————
o | 9 )
14 / 4 N
o o N LEGEND
= / & N
AN
PLAN ‘ ‘ Bore Hole
15 20 20 40m 1 @ Dynamic Cone Penetration Test (Cone)
T e e ——— : 4 Bore Hole & Cone
SCALE IN METRES i
/ | N Blows/0.3m (Std. Pen. Test, 475 j/blow)
' Cone  Blows/0.3m (60° Cone, 475 j/blow)
295 _ 97-3 - _ _ 295
o 97-2 ® 97-1 @ @ ¥4 97-5 ‘97 6 ‘97 8 ¥ WL at time of investigation 1997 08
i | Rk Bedrock OQutcrop
290 : 290 ; .o
AsBphql’r(Fql\/&r) Road TGS{C;\’/e‘I_lgOE;Jn(d'__,lLLr)oce g:iive(lslgcvse?,m}rr;geSgirl‘fc,j ‘\ Asphalt over Road Base
N W T o Toser Brawr I, T~ | 7]\ D) N . - euATIOn LOCATION
T _ R ’—_'—;__.——..'—-—— ——— ;—_x_#-w N— T ———— : .
i SRS A A I G D N ¢ B N TN [ . | ] —g— ekt | 138 rakesiiy @;ﬁha;*wsgdﬁf&"“‘;g@;” 33N ‘Fﬁ.@"“vael i NORTHING EASTING
Rookfl_~_“Cravelly. Sand o Sand<]] sl X AL 0dX TR il i ‘ i — — R TRT Yl o Aavel deace iR o b * /
285 rockfill '\afy Y oase to ( TV N S RBER TR 0 5 | - Silty [Clal, trace to Sl ol 5 R 3y }O ‘;:j(,;{n-""?‘:Ltt‘;,‘x:,%o‘"wn?!*;w;,‘ /{:E,.—‘Jfffc 285 971 287.02 5,379,012.10 300,711.02
~Nery lodse 1oy NN ER 8 [ ) some| sdnd, trace —RERI SN 4 (BT g X MARILL) 2 Bt
dense, Bro \ ‘L, X ;>10 . 5 I I gra;/el, ;rgomcs ; ‘ /:Bz’ ap 573% J « Silty Clay, irreg. layered 97-2 286.95 5,379,003.63 300,714.98
0 Silty Clay, irreg. layerahair] o fo o lla i da '] Soft fto firm (FILL) eletets I RoD AT frace sand, gravel and 4 97-3 276.55 5,379,019.42 | 300,732.99
& trace sand, trace gravel, : i / ‘ 19% / organics, Stiff, Brown e
" Stiff to very stiff, Brown A 22 6 ‘ s \ L REFUSALGR% Sand, some gravel o 974 275.21 5,379,026.26 300,760.03
= 280 REFUSAL LB "‘\Q‘f«bg“ J 49 &¥ ; < 7 rI—'L' > / j 8% 'Andesite Very dense, Brown 280 = 97_5 287 33 5 379 040 23 Z)OO 773 68
Z . o RQD Bt SR A , Topsoil Silty Clay, irreg. layered & Bedrock z . , ; . ; .
~ 28% : \;;J&g‘:‘:wgﬁbwm.m : Silty Clay e ’lr__r‘oce Jrsc&rlild, dor%cnics, - 97-6 286.96 5,379,031.37 300,777.32
= Andesite Cojeii . /s re g » 4d M e hdre, Brewm S 97-7 287.10 5,379,006.56 | 300,696.15
> ‘ Bedrock 13% : ’ Ay s Ao =
2 ' some_silt, trace clay SN s > 97-8 287.24 5,379,036.55 300,792.50
E 275 Dense, Brown ; \‘3"%»5(230 PRE Y e | 275 Lﬂd .
% RISy — —— ~— ~— — —_
. 14% Boulders and lcgb
Andesite 9% with some silt, pand
Bedrock g% and gravel éﬂgeS”f T
: edroc
C 20 = S— : = “\‘li R Lot - : - . e - S T , _ 270 Lo B
NOTES
The boundaries between soil sftrata have been established
265 265 only at Bore Hole locations. Between Bore Holes the
boundaries are assumed from geological evidence.
260 260
12+360 12+380 12+400 12+420 12+440 12+460
N
“
PROFILE NO. DATE BY REVISION
0 5 10 15 20 30 40m Geocres No.
 —— L S— e S R (WY, No. 10 SROJECT No= 5711191 |53
SCALE IN METRES SUBM’D. AMP CHKD: . DATE: 1998 01 19 SITE 39E-083
] DRAWN:  MHW CHKD. APPD. DWG. M1191002




MEMORANDUM
TO:  Ed Carriere - Golder Sudbury August 28, 2000
FR: Fin Heffernan 991-1177
RE: TEMPORARY DETOUR BRIDGE
PORCUPINE RIVER
HIGHWAY #101
BACKGROUND

We carried out the investigation for the main 3 span bridge replacement (971-1191-1) in 1997
using a CME 55 drill-rig, (Marathon). Report 971-1191-1 borehole logs and partial text were
faxed to Sudbury on August 25. We core drilled at each foundation unit and at each abutment
we put down a second hole which was taken to auger refusal.

In 1999 we carried out an investigation for a one span "Bailey Bridge" using a portable electric
powered drill (Colbar Resources of Sudbury), Report 991-1177 is in Sudbury office.
L e N

SOIL CONDITIONS

Below the roadway fill (granular and rockfill), the 1997 investigation encountered a firm to stiff
clay deposit, followed by a thin granular deposit and then by Andesite bedrock. The bedrock
surface in Borehole 97-6at the east abutment was at Elevation 282.2 and refusal level in
Borehole 97-5 was at Elevation 281.5. At the west abutment Borehole 97-1 encountered the
bedrock slightly lower (Elevation 278.9) with refusal in Borehole 97-2 at Eevation 280.4

In the 1999 investigation for the detour bridge, boreholes at or near the west abutment (99-2,
99-3, 99-4) encountered refusal by the portable drill at Elevation 280 to 281. At the boreholes
at or near the east abutment (Boreholes 99-5, 99-6 and 99-7) refusal was encountered at
Elevation 278.5 to 282).

The bedrock outcrops at several locations at the bridge site and the bedrock surface of these
outcrops is irregular.

FOUNDATION DESIGN

The foundation design selected for the detour bridge has the abutment footings founded on a
reinforced earth mass or block which in turn is placed on a compacted Granular "A" fill which
levels the irregular founding station (bedrock or dense granular deposit). Because of the
sloping nature of the site, for stability reasons we did not want to found on the firm to stiff
clay. The top surface of the Granular "A" pad is planned at Elevation 281.5 at the west
abutment and Elevation 282.0 at the east abutment.

By memo in February, 2000 (copy attached) we gave the bearing value of the granular deposit
as 800 kPa ULS and 300 kPa SLS (based on 1 inch settlement). I have checked with the
reinforced earth personnel and the loading that their system imposes is 220 kPa ULS and 170
kPa SLS, that is well less than what was given to them. In addition the nature of the Bailey
Bridge is that it is tolerant to settlement.

Golder Associates



Memo to: Ed Carriere August 28, 2000
From: Fin Heffernan Job No.991-1717
RE: Temporary Detour Bridge Page 2

TEST PIT RESULTS AT DETOUR BRIDGE

a) West Abutment Area :

A line of test pits, as shown on the plan area,were put down by the contractor along the
front face of the west abutment from north of the abutment to just beyond the center of
the abutment. Rock is identified in an irregular pattern between Elevations 280.1 and
281.9 within the north half of the abutment. These elevations correspond quite well
with the refusal levels found in the 1999 investigation at the south end of the abutment
area, to Borehole 99-4 met refusal at 279-9.

b) East Abutment Area

Test-pitting in the east abutment area encountered rock at Elevation 278 at the north
end, which is 1.8 metres below the refusal level in Borehole 99-6. At the center of the
abutment, rock was encountered at Elevation 276.3, which is some 6 metres below the
refusal level in Borehole 99-5.

SITE PROGRAM

You should carefully log and photograph the three test pits in the east abutment area, especially
the two within the abutment area. A sign should be placed in each photograph area indicating
which test pit, i.e. E1 (for east abutment), E2, E3 and W4 (for west abutment) W5 etc. Good
ammunition against a claim.

We are particularly interested in the bottom elevation of the clay/top surface of the granular
deposit. When identified get site personnel to provide elevations to you for this interface. We
would like to excavate to this interface and begin our Granular "A" pad at that elevation and
bring it up to elevation 282.

You should log and photograph the test pits at the west abutment as well. The problem is
somewhat different here as the bedrock at some locations is a little too high at the center of the
abutment area (above the Granular "A" platform level of 281.5). The reinforced earth people
will have to decide whether the high points in the rock are cut-off or whether the Granular "A"
base is raised (with a possible shortening of the reinforced walls). As at the east abutment,
please determine the elevation in the pits between the bottom of the clay/top of granular
deposit. Where the rock appears low at the abutment we would want to place the Granular "A"
on the granular deposit.

PERMANENT BRIDGE
Questions will probably be raised about the founding of the permanent bridge. We have a
borehole at each foundation element, which has proved the bedrock by core drilling.

a) West Abutment

Founded on short H piles driven to surface at the bedrock. The piles are fitted with
rock point because of the sloping bedrock at the site. The top of footing pile cap is
Elevation 285. 185 and the refusal will be at about Elevation 279.

Golder Associates
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b) East Abutment

At the east abutment of the permanent bridge found bedrock at Elevation 282.2
by core drilling. Borechole 97-5 encountered refusal (with CME-55) at
Elevation 281.5. The abutment will be founded on a spread footing with top of
footing at Elevation 283.4. A concrete pad will be placed along the irregular
bedrock surface to raise the level to the bottom of the footing elevation.

¢) West Pier

Bedrock is exposed at about Elevation 278 to 280 at the northern limit of the
west pier location. The borehole in the adjacent northern portion of the pier
area proved bedrock at Elevation 274.3.

d) East Pier

Bedrock is exposed at about Elevation 274 to 275 over the southern portion of
the east pier location. The borehole in that area proved bedrock at Elevation
275.2. Outside of irregular rock surface in the foundation area, there should
be no unusual problems with the pier foundation.

If you have any questions please call me. I will be back from a meeting
between 3:30 p.m. and 4:00 p.m.

On Tuesday, please call me at the office after you have had a chance to look at
all the test pits.

Regards,

Fin

cc: Anne Poschmann

Golder Associates
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