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1.0 INTRODUCTION

Presented herein are the results of a geotechnical subsurface investigation conducted at
the above site to establish the prevalent subsurface geotechnical conditions for the design
and construction of the proposed bridge and approach fills. Geocon (1991) Inc. (Geocon)

was retained by Fenco Engineers Inc. to perform this work.

The field work for this project was conducted between October 18th and October 24th,
1990 using a CME 55 drill rig equipped with 200 mm diameter hollow stem augers. The
investigation consisted of 11 boreholes and 2 test pits of depths ranging from 4.5 m to
11.3 m. In addition, three dynamic Cone Penetration Tests (CPT) were performed. The
soil overburden was sampled using thin walled Shelby tubes and a 51 mm diameter split
spoon in conjunction with the Standard Penetration Tests (SPT). The underlying bedrock
was cored in NXL size. In situ undrained shear strength determinations using, the
M.T.O. standard size field vane, were also performed at various location in the
underlying silty clay. Three standpipe piezometers were installed to monitor the

groundwater levels.

The locations of the boreholes are shown on Drawing 3728904-A. A record of the

encountered subsurface conditions at each borehole and test pits, is given in Appendix A.
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2.0 SITE DESCRIPTION AND GEOLOGY

The proposed overhead is located at the crossing of the CPR track and Highway 16
approximately 3 km south of Kemptville, Ontario (Figure 1). The overhead will consist
of a three span structure supported on two central piers and abutments placed on approach
fills.

The site is relatively flat and poorly drained with several marshy areas. South of the
tracks the alignment is densely covered with small to medium sized trees. Grassland,
with occasional shrubs, gives way to agricultural land on the north side of the tracks. A
20 m wide, 5 m high, granular fill embankment is located approximately 175 m north of
the tracks just west of the proposed Highway 416 southbound lane. Mature trees are
present on the 125 m long granular fill. Approximately 45 m east of the proposed
alignment are the overhead structure and approach fills of the existing Highway 16. The
proposed/existing structure is about 10-12 m above existing ground level.

The site is drained by a small stream which flows from the southwest and passes under
the railway embankment about 50 m west of the proposed highway centre-line.
Approximately 150 m north of the tracks water discharges from a 1.2 m culvert, located
within the existing Highway 16 embankment fill, and enters a westerly flowing drainage
ditch which intersects the proposed alignment at right angles. Two shallow side ditches,

located either side of the railway embankment, flow to the west.

The proposed Highway 416 is located within the physiographic region of the Ottawa-St.
Lawrence lowland. During the last Ice Age this area was glaciated which resulted in the
deposition of a layer of till over much of the proposed alignment (Sharpe, 1979). In
general the till comprises of a bouldery cobbly silty sand to sandy silt.
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Subsequent to glaciation the Ottawa-St. Lawrence lowland was inundated by the
Champlain Sea. At the location of the proposed Highway 416 alignment the depth of
water was shallow and in general only resulted in minor wave action modification of the
surface of the underlying till. However, in localized low lying areas deeper deposits (up

to 10 m) of fine grained clayey silt may be present.

Available surficial geology information (Ontario Geological Survey Map 2387) indicates
that the proposed CPR overhead site is underlain by a uniform medium sand deposited
in a shallow water environment. These deposits are anticipated to overlie deposits of fine

grained clayey silt.

The bedrock in the area is a massive grey dolostone known as the Oxford Formation of

the Beekmonton Group.
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3.0 SUBSURFACE CONDITIONS

3.1 General

The stratigraphy at the site comprises of thin layers of peat, topsoil and silty sand
overlying a thick deposit of silty clay which in turn overlies a gravelly sand till deposit.
The till deposit is underlain by dolostone bedrock. Details of the encountered subsurface

conditions at each of the borehole and test pit location are presented in Appendix A.

3.2 Gravelly Sand (Fill)

A granular fill embankment is located approximately 175 m north of the railroad tracks.
The embankment is 5 m high, 125 m long and 20 m wide. Based on information
obtained at the test pit locations and at Borehole 10-8, drilled at the toe of the fill, the fill
is comprised of brown gravelly sand with some cobbles, boulders and pockets of

Organics.

33 Peat and Topsoil

A thin layer of peat and/or silty sand topsoil was encountered in all boreholes and ranged

from 0.1 m to 0.5 m in thickness.

34 Silty Sand

Underlying the topsoil or fill at all borehole locations is a thin layer of grey silty sand to
sand, some silt. This stratum ranged from 0.4 m to 1.1 m in thickness. Based on the
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results of one grain size distribution analysis this layer may be described as a silty sand
with a trace clay. SPT N values obtained from this layer ranged from 2 to 14 inferring

a very loose to compact density.

3.5 Silty Clay, Varved

Underlying the peat, topsoil and silty sand is a layer of grey silty clay at all borehole
locations. This stratum ranged from 4.4 m to 6.4 m in thickness. The upper surface of
this stratum is found at about El. 95 m which is approximately 1 m below ground

surface. The stratum is approximately 6 m thick at the location of the proposed overpass.

Atterberg limit test results indicate a general reduction in the plasticity index with depth
(Figure B3). The measured liquid limit of the material ranged from 22% to 58%
(average 41%), plastic limits of the 18% to 29% (average 23%) and associated plasticity
indices of 4% to 32% with an average value of 18%. A plot of the Atterberg limits
(Figure B4) indicates that the soil is inorganic clay of variable plasticity (CL to CH).

The results of 4 grain size distribution analyses (Figure B2) indicate that this strata lies

within the silty clay range with an increasing silt content with depth.

Based on the summary of in-situ test results and laboratory data obtained for the silty clay

layer (Figure B3), the following general comments may be made about its engineering
properties:
Water Content

The water contents ranged from 22% to 35% with a decreasing trend with depth and one

anomalous value of 51% (Borehole 10-8; Sample 4). This decreasing trend is consistent
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with the increasing silt content with depth. Generally, the water contents are slightly

above the plastic limit.

Standard Penetration Test (SPT)

SPT N values obtained from this stratum ranged from 2 to 13, and is in the form of a
parabolic distribution with a peak value at about 1 m below the top of the layer (Figure
B4). Lower SPT values in the upper 1 m are likely caused by either localized softening

due to surface water ponding or the affect of freeze/thaw action in the frost zone.

Undrained Shear Strength

The undrained strengths for this strata were obtained by in-situ vane tests, laboratory vane
tests and undrained quick (UU) triaxial tests. Based on the combined undrained shear
strength and SPT data, it is concluded that the stratum can be described as having a very
stiff consistency above El. 90 m. However, there are some localized zones of firm to

stiff material. Below this elevation, the deposit can be described as having a firm to stiff

consistency.

The results of one in-situ field vane test and one UU triaxial test performed at El. 94.7 m
at Borehole 10-5 and on a sample recovered from El. 89.3 m in Borehole 10-6,

respectively, are considered unrepresentative because of probable disturbance of the

samples.
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Sensitivity

Sensitivity values, defined as the ratio of peak to remolded undrained shear strength
ranged from 1 to 26 with a typical range of between 5 and 8. Based on these values, the

deposit is considered to be sensitive.

Consolidation Data

The results of the four consolidation tests (Table 1, Appendix B) indicate that the silty
clay is overconsolidated with estimated pre-consolidation pressures (Pc) in excess of
400 kPa and associated over-consolidation ratios (OCR) ranging from 7 to 28. The
general trend of decreasing Pc values with depth is consistent with that exhibited by the
SPT "N" values and the undrained shear strength data.

Recompression indices (C,) and compression indices (C,) ranged from 0.007 to 0.025
(average value 0.015) and from 0.16 to 0.200 (average value 0.18), respectively.
Coefficient of Consolidation (C,) values, applicable to the reloading portion of the tests,
vary from 34 m?/yr to 68 m*/yr (average value 47 m*/yr).

3.6 Gravelly Sand (Glacial Till)

A layer of non-cohesive gravelly sand till was encountered below the silty clay stratum
at all borehole locations. The stratum ranged from 1.3 m to 1.6 m in thickness at
Boreholes 10-4 and 10-6, respectively. Based on auger refusal data obtained at other
boreholes locations, the thickness of this layer is inferred to range from 0.5 m to 3.6 m

with an average thickness of 1.5 m.
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The results of one grain size distribution analysis indicates that the glacial till is a well
graded mixture of sand and gravel with some silt. Occasional cobbles and boulders may

also be present within this layer.

SPT N values obtained for this stratum ranged from 17 to 26, inferring a compact state
of density. An N value of 2 at Borehole 10-7 is believed to have been influenced by
upward flow of groundwater in the auger hole prior to the test and is considered

unrepresentative.

Water contents within the till ranged from 7 to 9%.

3.7 Bedrock

Bedrock was confirmed at about E1.87.5 m which is approximately 8.0 m below ground
surface and was cored for a total depth of 2.9 m and 2.7 m at Boreholes 10-4 and 10-6,
respectively. The bedrock is a dark grey fine grained dolostone with occasional
intrusions of calcite and closely spaced thin (1 to 2 mm) stringers of black shale. The
rock is massive with core recovery of 87 to 100% and RQD values ranging from 87 to

93% inferring good to excellent quality bedrock.

Unconfined compression tests performed on two samples of core retrieved from Boreholes
10-4 and 10-6 yielded strength values of 85 and 67 MPa, respectively.

3.8 Groundwater Conditions

Groundwater levels were measured by standpipe piezometers installed in the underlying
glacial till at Boreholes 10-3 , 10-5 and 10-7. The groundwater levels were measured
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approximately 17 days after drilling and were observed at El. 95.8 to El. 96.3 m. These
water level elevations infer that a small artesian pressure is present within the glacial till
layer, which is consistent with general observations made during drilling. The measured
water level within the surficial topsoil and silty sand layers is at or close to the ground

surface.

Groundwater level could expect to vary seasonally.
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4.0 ENGINEERING DISCUSSION AND RECOMMENDATIONS
4.1 General

It is understood that the proposed overhead structure will comprise of three spans
supported on two central piers positioned on either side of the existing railway track and
two perched abutments within approach fills. As discussed in the following sections, end
bearing steel H-piles driven to bedrock are recommended for support of the central piers
and the abutments. Design recommendations for conventional spread footings bearing on
engineered fill are also given for the abutments. Embankments constructed with
conventional 2 Horizontal to 1 Vertical side slopes will remain stable. Approach fills of
up to 12 m in height are anticipated.

4.2 Overhead Foundation

4.2.1 Central Piers

Based on the observed soil stratigraphy at the location of the proposed overhead, the

following foundation solutions for the piers may be considered:

1) End Bearing Piles Driven to Bedrock

2) Conventional Spread Footings

4.2.1.1 End Bearing Piles Driven to Bedrock

Steel H piles driven through the silty clay and till strata to practical refusal in the
underlying bedrock occurring at about El. 87.5 m are recommended for support of the
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central piers. Allowable loads of 1100 kN and 1550 kN may be used for the SLS and
ULS conditions, respectively for HP 310 x 110 steel piles. These loads have taken into
consideration any possible effects of negative skin friction being developed. It is
recommended that the loads be checked against the structural capacity of the steel piles
used. Settlements of the pile cap will be governed by the elastic compression of the pile
units. If the installation of the piles is delayed until at least 2 months after complete
placement of the approach fills, at which time 90% consolidation settlement of the silty
clay layer is expected to occur, the effects of negative skin friction forces may be

ignored.

It is recommended that the H Piles be equipped with driving shoes. For the purpose of
easy driving of the piles, it is recommended that fill placed within the area of pile
installation should not exceed 75 mm in particle size. Pile design installation details such
as termination resistance and the rated energy capacity of the pile hammer would largely
depend on the pile type chosen. For preliminary design purposes, HP 310 x 110 steel
piles may be driven to a set of 10 blows for the last 25 mm of penetration using a
hammer transferring about 60 kilojoules of energy per blow to the pile. We would be
pleased to review the pile installation details once the pile type has been chosen.
Consideration should be given to re-striking the piles if relaxation is observed. It is
further recommended that lateral loads on the abutments and central piers be resisted by
batter piles. Frost protection of 1.8 m of earth cover or equivalent will be required for
the pile caps.

42.1.2 Conventional Spread Footings
Based on average undrained shear strength of 100 kPa, the recommended bearing

pressure at the Ultimate Limit State (ULS) for foundations placed at least 0.5 m below
the surface of the silty clay stratum (El 94.5 m) is 260 kPa. The recommended bearing
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pressure at the Serviceability Limit State (SLS) for a 3 m wide footing is 165 kPa for
anticipated footing settlements of 25 mm. The design loads proposed may make the used

of spread footing uneconomical.
4.2.2 Abutments

The following foundation solutions are considered suitable for the support of the perched

abutments within the approach fills.

1) Spread Footings Placed on Engineered Fill
2) End Bearing Piles Driven to Bedrock

42.2.1 Spread Footings Placed on Engineered Fill

For the assumed geometry of this foundation solution (Figure 2), the recommended
bearing pressures at the Serviceability Limit State (SLS) and Ultimate Limit State (ULS)
conditions are 250 kPa and 400 kPa, respectively. These recommended bearing pressures
are governed by the internal stability of the embankment with 2 horizontal to 1 vertical

slopes and allowable settlement.

The SLS design load is the load at which the estimated settlement of the footing will be
of the order of 25 mm which for the purposes of this design has been assumed as the
maximum settlement that may be tolerated. This settlement is comprised of 5 mm within
the engineered fill and 20 mm within the silty clay stratum. Both elements of settlement
will be largely elastic and will occur mostly during initial loading of the foundations. It
is anticipated that ninety percent of the settlements will take place over a 2 to 3 month

period.
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In thev calculation of the footing settlement, it has been assumed that settlement of the
underlying silty clay resulting from the imposed embankment loading will be essentially
completed prior to construction and loading of the footings. The magnitude of the
embankment induced settlements are anticipated to be about 50 mm and will be 90%
completed over a time period of 2 months after complete fill placement. It has been
assumed that construction of the embankment in advance of major structural works could
be readily accommodated within the overall contract schedule. It is recommended that
settlement of the fill be monitored to confirm that 90% of the consolidation settlement has

occurred prior to construction of the abutment foundation.

An integral part of this proposed foundation design is the construction of an engineered
fill on which to place the footing (Figure 2). Frost protection measures for spread footing

on engineered fill should be in accordance with Figure 2.

The magnitude of the proposed loads may prove uneconomical for the design of spread

footings and should be given little consideration.

4.2.2.2 End Bearing Piles

In order to create a foundation system with similar deformation characteristics as the
central piers, it is recommended that end bearing steel H Piles be driven to support the
proposed perched abutments. The piles should be driven through the embankment fill and
overburden silty clay to practical refusal into the underlying bedrock which occurs at
about El. 87.5 m. Allowable loads of 1100 kN and 1550 kN may be used at the SLS and
ULS conditions, respectively, for HP 310 x 110 steel piles and have taken into
consideration the possible effects of negative skin friction being developed . These loads
should, however, be checked against the structural capacity of the steel piles used.

Settlements of the pile cap will be governed by the elastic compression of the pile units.
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If the installation of the piles is delayed until at least 2 months after complete placement
of the approach fills, at which time 90% consolidation settlement of the silty clay layer

is expected to occur, the effects of negative skin friction forces may be ignored.

It is recommended that the H-Piles be equipped with driving shoes. For the purpose of
easy driving of the piles, it is recommended that fill paced within the area of pile
installation should not exceed 75 mm in particle size. Pile design installation details such
as termination resistance and the rated energy capacity of the pile hammer would largely
depend on the pile type chosen. For preliminary design purposes, HP 310 x 110 steel
piles may be driven to a set of 10 blows for the last 25 mm of penetration using a
hammer transferring about 60 kilojoules of energy per blow to the pile. We would be
pleased to review the pile installation details once the pile type has been chosen.
Consideration should be given to re-striking the piles if relaxation is observed. Frost

protection of 1.8 m of earth cover or equivalent will be required for the pile caps.

4.3 Embankment Recommendations

4.3.1 General

It is understood that approach fills of the order of 12 m high above the existing ground
surface are required adjacent to the proposed CPR overhead and that will extend for a
distance of the order of 600 m north and south of the overhead at a grade of

approximately of - 0.4%.



4.32 Stability

Based on the observed stratigraphy at the borehole locations, the stability of the proposed
approach fill embankments will be governed by the silty clay layer. Stability analyses of
a 12 m high embankment design and containing abutment footings according to MTO
Drawing (Figure 2) WP 372-89-04 assuming an undrained strength of 90 kPa and
foundation pressure of 300 kPa indicate a factor of safety of 1.6. The stability of the
embankment without the abutment footings is considerably greater than the previous case.
The favourable stability of the proposed embankment is in keeping with the observed
performance of the existing adjacent Highway 16 embankment fill. Embankment fill
should meet the requirements of OPSS 212 for borrow material and should be placed and
compacted in accordance with OPSS 206. Slopes of 2 Horizontal to 1 Vertical are
applicable for sandy earth borrows, rock borrow or select subgrade fill material. If silty
or clayey earth borrow is used in the outer zones, the embankment side slopes should be
2.5 Horizontal to 1 Vertical or flatter. The embankment slopes should be provided with

suitable erosion protection.

Prior to the placement of any imported fill materials, the subgrade should be stripped of
all topsoil and organics and any other deleterious material which may be present. The
receiving subgrade, comprising of sand to silty sand, should be proof-rolled and any soft

areas excavated and replaced with compacted granular material.

433 Settlement

The consolidation settlement of the silty clay layer under the influence of a 12 m high fill
is estimated to be of the order of 50 mm. Additional small settlements will occur within
the upper silty sand layer and the underlying glacial till. However, because of the
granular nature of both of these materials the settlements are anticipated to be immediate.
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Based on the consolidation data of the silty clay layer (Table 1) it is anticipated that 90%
of the consolidation settlement will occur over a 2 month period after complete placement
of the fill.

4.4 General Design Recommendations
44.1 Excavations

Shallow temporary excavations in natural soils at the site are anticipated to be within the
upper silty sand layer and the underlying silty clay layer. Excavations within the silty
sand layer will generally remain stable if excavated with side slopes no steeper than 2
Horizontal to 1 Vertical. Due to the high groundwater table some sloughing of the silty
sand stratum could be expected necessitating flatter slopes in local areas. Excavations
within the underlying silty clay will remain stable up to 1.0 m depth if excavated with
vertical sides.

In the event foundation concrete will not be placed within 4 hours of excavation to final
grade, it is recommended that a 50 mm thick lean concrete mud mat be immediately
placed at the base upon completion of excavations to prevent deterioration of the base due

to wetting and construction activity.

Excavations within the placed fill materials will remain stable if constructed with side
slopes no steeper than 1.5 Horizontal to 1 Vertical. All excavations shall be in
compliance with the Ontario Health and Safety Act regulations or other governing

regulations within the area.
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4.4.2 Dewatering

Moderate groundwater flows into open excavations are anticipated and will primarily
originate from the strata overlying the silty clay. The anticipated groundwater flow may

be handled by a system of ditches leading to a central sump and pump arrangement.

4.4.3 Earth Backfill Pressures

The earth pressure for the design of the abutments should be computed as per
Section 6.1.2 of the O.H.B.D.C. An unyielding foundation condition may be assumed
for the computations. If, however, movement of the top of the retaining walls is
permitted and allowed to exceed 0.05% of the overall height of the wall, a yielding
condition may be assumed for the computations. The Granular 'A’ or 'B' backfill should
be in accordance with the MTO Special Provision No. 109F03. The following

parameters are recommended for the granular backfill:

Granular 'A’ Granular 'B’
Angle of Internal Friction ¢' = 35° ¢' = 30°
Unit Weight (kN/m?) y =228 y =21.2

If the footings are placed on compacted granular fill, an unfactored coefficient of friction
value of tan 30° may be assumed for the estimation of the sliding resistance.
444 Construction Monitoring

Various design recommendations presented within this report require that the

consolidation of the silty clay layer under the influence of the imposed embankment
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loading be complete prior to the construction or installation of key foundation elements.
Therefore, it is recommended that the surface settlement of the fill be surveyed monitored
on a regular basis after placement to confirm the end of the primary consolidation phase

of the silty clay layer.

4.4.5 Frost Penetration

The anticipated maximum depth of frost penetration at the site is 1.8 m (Canadian
Foundation Engineering Manual). All foundation units should be provided with at least
this depth of soil or equivalent cover below finished grade. Also, embankment fills
should be comprise of non frost susceptible material to within 1.8 m from the top of
pavement to ensure satisfactory performance of the pavement structure. This aspect of

the design will be addressed in more detail in the Pavement Design Report.

4.4.6 Site Supervision

The recommendations given in this report are based on the assumptions that the assumed
soil conditions will be verified in any engineered fill and excavations and that all
construction recommendations and monitoring are followed. It is recommended,
therefore, that the foundation and earthworks construction be carried out under suitably

qualified geotechnical engineering supervision.
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5.0 CLOSURE
The field work portion for the investigation was carried out under the supervision of Mr,
N. Khan P. Eng. The report was written by Mr. I. Corbett, P.Eng. and Mr. N. Khan,

P.Eng.; checked by Mr. R.W. Browne and reviewed by Dr. 1. Holubec, P.Eng.

This report is subject to the attached General Conditions and Limitations.

Yours-very truly
GEOCON (1991) INC.

N7 Khan, P.Eng.
Pl'OjeCt Engineer

Vlce-Pres1dent

IH:dtj
T11688/15530
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GEOCON (1991) INC.

GEOTECHNICAL REPORT
GENERAL CONDITIONS AND LIMITATIONS

USE OF THE REPORT

The factual data,interpretations and recommendations contained in this report pertain to a specific project
as described in the report and are not applicable to any other project or site location. If the project is
modified in concept, location or elevation or if the project is not initiated within eighteen months of the date
of the report Geocon (1991) Inc. (Geocon) should be given an opportunity to confirm that the
recommendations are still valid.

The comments given in this report are intended only for the guidance of the design engineer. The number
of test holes to determine all the relevant underground conditions which may affect construction costs,
techniques and equipment choice, scheduling and sequence of operations would normally be greater than
has been carried out for design purposes. Contractors bidding on, or undertaking the work, should rely
on their own investigations, as well as their own interpretations of the factual test hole data, as to how
subsurface conditions may affect their work.

FOLLOW-UP

All details of the design and proposed construction may not be known at the time of submission of
Geocon's report. It is recommended that Geocon be retained during the final design stage to review the
design drawings and specifications related to foundations, earthworks, retaining systems and drainage, to
determine that they are consistent with the intent of Geocon's report.

Retention of Geocon during construction is recommended to confirm and document that the subsurface
conditions throughout the site do not materially differ from those given in Geocon's report and to confirm
and document that construction activities did not adversely affect the design intent of Geocon's
recommendations.

SOIL. AND ROCK CONDITIONS

Soils and rock descriptions in this report are based on commonly accepted methods of classification and
identification employed in professional geotechnical practice. Classification and identification of soil and
rock involves judgement and Geocon does not guarantee descriptions as exact, but infers accuracy only to
the extent that is common in current geotechnical practice.

The soils and rock conditions described in this report are those observed at the time of the study. Unless
otherwise noted, those conditions form the basis of the recommendations in the report. The condition of
the soil and rock may be significantly altered by construction activities (traffic, excavation, pile driving,
blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to wetting,
drying or frost. Unless otherwise indicated the soil and rock must be protected from these changes or
disturbances during construction.
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LOGS OF TEST HOLES AND SUBSURFACE INTERPRETATIONS

Soil and rock formations are variable to a greater or lesser extent. The test hole logs indicate the
approximate subsurface conditions only at the locations of the test holes. Boundaries between zones on the
logs are often not distinct, but rather are transitional and have been interpreted. The precision with which
subsurface conditions are indicated depends on the method of boring, the frequency of sampling, the
method of sampling and the uniformity of subsurface conditions. The spacing of test holes, frequency of
sampling and type of boring also reflect budget and schedule considerations.

Subsurface conditions between test holes are inferred and may vary significantly from conditions

encountered at the test holes.

Groundwater conditions described in this report refer only to those observed at the place and time of
observation noted in the report. These conditions may vary seasonally or as a consequence of construction
activities on the site or adjacent sites.

CHANGED CONDITIONS

Where conditions encountered at the site differ significantly from those anticipated in this report, either due
to natural variability of subsurface conditions or construction activities, it is a condition of the use or
reliance by the client of this report that Geocon is notified of the changes and provided with an opportunity
to review the recommendation of this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that an experienced geotechnical engineer be employed to visit the site
with sufficient frequency to detect if conditions have changed significantly.

DRAINAGE

Drainage of subsurface water is commonly required either for temporary or permanent installations for the
project. Improper design or construction of drainage can have serious consequences. Geocon can take no
responsibility for the effects of drainage unless Geocon is specifically involved in the detailed design and
follow-up site services during construction of the system.

c:\general\cndtns.Imt
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APPENDIX A

Explanation of Terms used in this Report

Explanation of the Term Rock Quality Designation (RQD)
Record of Borehole Sheets (10-1 to 10-11)

Test Pit Logs



EXPLANATION OF TERMS USED IN REPORT

N VALUE THE STANDARD PENETRATION TEST [SPT) N VALUE 19 THE NUMB[_I OFf BIOWS REQUIRED TO CAUSE A STANDARD Simm O D $PLIT BARREL
SAMPLER TO PENETRATE 0 3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN 8Y A HAMMER WITH A MASS OF 63 Skg, FALLING
FREELY A DISTANCE OF O 76m FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED AVERAGE N VALUE 1S DENOTED THUS N

~

DYNAMIC CONE PENETRATION TEST. CONTINUOUS PENETRATION Of A CONICAL STEEL POINT {Slmm O D 60° CONE ANGLE) DRIVEN BY 475 )
IMPACT ENERGY ON ‘A’ SIZE DRILL RODS THE RESISTANCE 1O CONE PENETRATION 1S MEASURED AS THE NUMBER OF BLOWS FOR EACK  0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND .

SOILS ARE DESCRIBED BY THEIK COMPOSITION AND CONSISTENCY OR DENSENESS

Y 0-12 12 - 25 25-50 | so-100 [ 100-200] »200
veer soer|  sofr FIRM srief Jverr sture | waro

DENSENESS: COMESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
[N(DlOwS/O 3mif o0-5 $-10 10 - 30 30- 50 >$0
verr 100S€| 100S5€ | comract | DENSE  |vekr OEnSE

ROCKS ARE DESCRIBED BY YHE;R COMPQSITION AND STRUCTURAL FEATURES AND 7/ OR STRENGTH.

RECOVERY: SUM OF AlL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OFf THE TOTAL LENGTH OF THE CORING RUN.

MODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mms« IN [ENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION (R Q D], FOR MODIFIED RECOVERY, IS:

| eooix) 0-28 25-50 | $0-75 75 - 90 90 - 100

VERY POOR| POO# FAIR G000 | EXCEUENT

JOINTING AND BEDDING:

SPATING $Omm. 50 - 300mm| 0 Im - Im Im - 3m >Jm
JOINTING VERY CLOSE ClLos¢ MOD CLOSE] WIDE VERY WiDE
BECDING VERY THIN THIN MEDIUM THICK VERY THICK

ABBREVIATIONS AND SYMBOLS
MECHANICAL PROPERTIES OF SOIL

FIELD SAMPLING

$$ SPLT SPOON TP THINWALL PISTON m, kPo™! COEFHCIENT OF VOLUME CHANGE
WS WASH SAMPLE CS OSTERBERG SAMPLE Ce 1 COMPRESSION INDEX
S 1 SLOTTED TUBE SAMPLE R C ROCK CORE C ! SWELLING INDEX
8 S BLOCKX SAMPLE P h T W ADVANCED HYDRAULICALLY < 1 RATE OF SECONDARY CONSOLIDATION
€S CHUNK SAMPLE P M TW ADVANCED MANUALLY <, m?/s  COEFFICIENT OF CONSOLIDATION
T W THINWALL OPEN F'S  FOIL SAmMPLE H m DRAINAGE PATH
T, | TIME FACTOR
STRESS AND STRAIN v %  DEGREE OF CONSOLIDATION
v, kro PORE WATER PRESSURE a,, kPa  EFFECTIVE OVERBURDEN PRESSURE
., 1 PORE PRESSURE RATIC A kro PRECONSOLIDATION PRESSURE
o kpo TOTAL NDORMAL STRESS T kro SHEAR STRENGTH
o’ kro EFFECTIVE NORMA: STRESS 3 kpo EFFECTIVE COHESION INTERCEPT
T kpo SHEAR STRESS y -* EFFECTIVE ANGLE OF INTERNAL FRICTION
c,.q.0 kk PRINCIPAL STRESSES o kPo APPARENT COHESION INTERCEPT
€ 3 LINEAR STRAIN ¢u - APPARENT ANGLE OF INTERNAL FRICTION
¢ .. % PRINCIPZL STRAINS : A kPo  RESIDUAL SHEAR STRENGTH
£ kpo MODULUS OF LINEAP DEFORMATION T, kPo  REMCULDED SHEAR STRENGTM
< kPo MODULUS CF SHEak DEFORMATICN 5, ) SENSITIVITY ¢ _CT_V_
n ) COEss 2 ENT OF 85 ZTICN d
PHYSICAL PROPERTIES OF SOIL
A ig/mJ DENSITY OF $DUID PART.(ES e 1% VOID RATIO €rn !.%  VOID RATIO IN DENSEST STATE
4 kN/m® UNIT WEIGHT GF SOUID PARTICLES n 1.X  POROSITY t 1 DENSITY INDEX -e—’“q'—'—e——
s , ) ] ®mox - ®min
P, ko/m’ DENSITY OF WATER w' 1LY WATER CONTENT D mm  GRAIN DIAMETER
Y, kN/m’ UNIT WEIGHT Of WATER S, X DEGREE OF SATURATION D, mm  n PERCENT - DIAMETER
P kg/m’ DENSITY OF 5OIL " 3 LIQUID LIMIT & ! UNIFORMITY COEFFICIENT
Y kN/m’ UNDT WEIGH™ OF sOn w, % PLASTIC Lt h m  HYDRAULIC HEAD OR POTENTIAL
% kg/m’ DENSITY OF DRY $OIL wg % SHRINKAGE LIMIT qQ m3/s  RATE OF DISCHARGE
)é kN/m’ UNIT WEIGHT OF DRY SOIL S 2 PLASTICITY INDEX s W - Wp v m/s  DISCHARGE VELOCITY
By kg/m’ DENSITY OF SATURATED SOIL | 1 LIOUIDITY INDEX + P i HYDRAULIC- GRADIENT
Yoor kN/m’ UNIT WEIGHT OF SATURATED sOIL w - w k m/s  HYDRAULIC CONDUCTIVITY
P’ kg/m® DENSITY OF SUBMERGED SOIL I } CONSISTENCY INDEX: ll' j  kw/m SEEPAGE FORCE
Y’ AN/m] UNIT WEIGHT OF SUBMERGED SOIL e 1% VOID RATIO IN LOOSEST STATE



EXPLANATION OF THE TERM

ROCK QUALITY DESIGNATION (RQD)

The description of bedrock quality for engineering purposes can be inferred from a
modified core recovery logging procedure designated as RQD, developed by D.U. Deere.*
This classification is based on a modified diamond drill core recovery percentage in
which only the pieces of sound core over 4 inches (10 cm) long are counted as
recovery. The core must be carefully examined to discount fresh irregular breaks caused
by the drilling process (fresh broken pieces are fitted together and counted as one
piece). The remaining fragments less than 4 inches (10 cm) length are considered to be
due to very close bedding, jointing, fracturing, shearing, or weathering in the rock mass
and are not counted. The procedure penalizes the rock where recovery is poor. This is
appropriate because poor core recovery usually depicts poor quality rock. In the case of
certain shaley sedimentary or thinly foliated metamorphic rocks, the method is not as
exact as for other rock types and rock quality requires interpretation by a specialist for
the particular engineering application. To minimize the occurrence of core breaks from
drilling procedures RQD logging is normally run on core obtained by double or triple
tube core barrels and generally of “N" size or greater.

The table below may be used as a general indicator to correlate (RQD) and rock mass
quality.

RQD DESCRIPTION OF ROCK QUALITY

90 - 100  Excellent - intact, very sound, massive
75 - 90 Good - moderately jointed or sound
50 - 75 Fair - blocky and seamy, fractured
25 -50 Poor - shattered and very seamy or blocky,
severely fractured
0-25 Very poor - crushed, very severely fractured

*See, for instance:

K.G. Stagg and O.C. Zienkiewicz, “'Rock Mechanics in Engineering Practice’’. New York,
Wiley, 1968, Chapter I.

GEOCON




OFFICE REPORT ON SOIL EXPLORATION

wep _ 372-89-04

LOCATION

DIst 9 HWY 416

RECORD OF BOREHOLE No IO~

Co-ords: 4,984,512.6 N; 374,551.3 E

BOREHOLE TYPE
October 22, 1990

Hollow Stem Augers

METRIC

ORIGINATED BY _N.K.
COMPILED BY __N.K,

Darym _ Geodetic DATE CHECKED 8Y __1.C.
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION -
uz-né» 3 RESISTANCE PLOT > [wasnic worsron uiaue :5 REMARKS
= w | 20 v 20 40 60 80 100 z= Py
O w - 2 A I\ 1 Il 1 W‘ Sw
ELev (%S| wi2]125] & [sHEAR STRENGTH Po —— 2 | craiN size
DEPTH DESCRIPTION N EIA 8(23 % o unconFineD * FIED VANE |\ oo conTent ()] 7 DISTRIBUTION
31z . &Y | 2 e quck rrRiAxiAL  x LAB VANE (% 3 (%)
96.2 |Ground Surface & z @ 25 50 75 1Q0 125 kN/m” |GR SA SI CL
0.0 |Peat and Topsoil Solt [~ A 36
2 e
l9g.c; Silty Sand 1] ss 062 36 2
95.3 Very Loose Grey .|
0.9 Isilty Clay (varved) 2| ss|?
9ccasional shell /
fragments
)
3 ss | 8
Very stiff Grey ’ 94
I
s |oss 13
/%
r
/l
<
n i 3 W | P 177 19.5 02 58 40
i
/' 92
U
A
4l
’ e | ss|s
)
90.9 rtesiap watkr erfcoungered
5.3 Sand and Gravel R
some silt -
(Glacial Till) 90
Compact Grey 7| ss j24 38 39 21 2
38
187.2

9.0 1End of Zorehole
Auger Refusal

Initial auger refusal
encountered at 4.3 m,
Stratigraphy below this
depth obtained by
redrilling a short
distance from the
original borehole
location.

Magnitude of
Artesian Pressure flead
not established.

3 5. Numbers refer to
Sensitivity 10

20
1545 (%) STRAIN AT FAILURE




OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No I0-2 METRIC
wp  372-89-04 LOCATION Co-ords: 4,984,682.3 N; 374,444.5 E ORIGINATED BY _ N.K.
oIST 9 Awy__ 416 BOREHOLE TyPg __ Hollow Stem Augers § Cone Test COMPILED BY __ N.K.
DATUM Geodet ic DATE October 19, 1990 CHECKED BY 1.C.
w DYNAMIC CONE PENETRATION
SOfL PROFILE SAMPLES | &, | 3 |resistance pior NATURAL %
521 3 bair'€ pommr Pl =5 | Remarxs
- w |30} © 20 40 60 80 100 CONTENT z=
9 o w : z Jl 1 1 L 1 Wp W WL DUJ &
ELEV T el w| 2126 | & [sHear STRENGTH «Po o | 3 | GRAIN SIZE
DEPTH DESCRIPTION - % > g 85 % Lo unconsinen « FIELD VANE TER TENT (% y DISTRIBUTION
gz 5 |av 2 |e ouck TriaxiaL  x 1as vane |WATER CONTENT (%) 3 (%)
96.0 |Ground Surface & ! i;‘m o 25 50 75 100 125 20 40 60  |kN/m” |GR SA SI CL
0.0 [peat and Topsoil Soft |~ ad
>1 SS
95,7 T
. Silty Sand
Very Loose to Loose 1
95.1 Grey M
0.
Silty Clay (Varved) U 2| ss) 8
g
A
Very Stiff to Stiff ’/ 3| ™ len 94 l5 ol 19.0 02 54 44
Grey A
g
A
] 4 | ss |12
1
g
2
WAl 5| ss| 8
2
// 92
g
VV
1
/'4 6 | TW|PH
V/,
!
r/ 90
¥
______ "/;
Fim ’/ 7 ]ss| 3
v
1
88.7 q 5
% _Artesdan witer gncoujterdd
7.3 Sand and Gravel - - -
some silt, trace clay |*}
4 88
(Clacial T{ll) Tol{8 | ss |20 r
p7.3 Compact Grey J'}
8.5 End of Borehole
Auger Refusal
g6 . 0 —
0.0 End of Penetration Test 10d/215 {mm
Note:
Cone Test performed 3. m
south of Borehole 10-2
Magnitude of Artesian
Pressure Head not
established.
|

+3, x5 ; Numbers refer to

Sensitivity 0

20
1545 (%) STRAIN AT FAILURE




OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No I0-3 METRIC
W P 372-89-04 v LOCATION Co-ords: 4,984,697.7 N; 374,439.8 E ORIGINATED BY _ N-K.
DISY 9 AWY 416 BOREHOLE TYPE Hollow Stem Augers COMPILED BY N.K.
DATUM Geodetic DATE October 19, 1990 CHECKED BY I.C.
$OIL PROFILE SAMPLES « w |OYNAMIC CONE PENETRATION -
Lo | g |ResisTance pior MASTIC MOiroRe LIGUD =X | remarcs
. $6| # 20 40 60 80 100 ['™T  conrewr umt} S
O]« 4 = 2 1 N h h i Wp w W} D% L
ELEV Tla| w| 2125 | & [SHEAR STRENGTH kPa o | 3 | craN sizE
DEPTH DESCRIPTION - § Z|s 86 T | o UNCONFINED + FIELD VANE| e cONTENT wl 7 mSTklgul’ION
g1z g\ 2 e ouck TRaxiaL  x Las vane |W % 3 (%]
96.1 | Ground Surface n 22 * @ 25 50 75 100 125 20 40 60 kN /m GR SA S1 CL
0.0 | peat ~ ~ 96
95.6 ) 505t Black [~~| 1 | SS
05 ISilcy Sand I
95.01Loose Grey / 2 ss 5
1.l Silty Clay (Varved) (
silt content 1ncreasing/
with depth N HU3|ss| s °
Very Stiff Grey f %
V1
N4 SS (10 °
Iq
4
(I SS {10
I
e | Tw|en 92 v ° 19.5
4
4
’/» 7| ss |10
N4
V/,
#/'4
L/ b 90 75 20.6 | 02 94 4
nm s | w|pn /// K Ho
89.4 %
R 4
6.7 Sand and Cravel R
trace to some silt A
(Glacial Till) E
. »
Compact Gre N
P Akl e | ss |26 °
ool . 88
-] .ol
1
|5
8.6 | End of Borehole
Auger Refusal
Note:
Water level in standpipg
piezometer measured at
elevation 96.2m on
November 9, 1990.
3 5. Numb refer t 20
+7, x? ; Numbers refer to 15 45 (%) STRAIN AT FAILURE
Sensitivity 10




OFFICE REPORT ON SOiL EXPLORATION

RECORD OF BOREHOLE NolO-4 METRIC
W P 372-89-04 LOCATION Co-ords: 4,984,692.1 N; 374,430.7 E ORIGINATED 8Y N.K.
DIST___ 9 _Rrwy 416 BOREHOLE TYPE _Hollow Stem Augers, NXL Rock Core COMPILED BY __N.K.
DATUM Geodetic DATE October 18, and 19, 1990 CHECKED BY I.C.
DYNAMIC CONE PENETRATION
SOtL PROFILE SAMPLES | & g RESISTANCE PLOT rasnic  NATURAL S
521 § Laye o vavel =5 | remans
- w |20 @ 20 40 40 80 100 CONTENT z=
9 @ w - z i 1 ! i 1 Wp W w, Sw &
ELEV . Tig| wl 2125 & [sHEArR STRENGTH kPo — o > | GRAIN SiZE
DEPTH DESCRIPTION o g i g 8(23 % |o unconenen + FIELD VANE TER N y DISTRIBUTION
|z 5 | &Y & e quick Triaxial  x 1ap vane |WATER CONTENT (%) (%)
95.8 | Ground Surface & ¢ % o 25 50 75 100 125 20 40 60 GR SA SI CL
0.0 | Peat Soft_ Black =
\95.5 .
0.3 Sand, some silt 1
94.9 | Very Loose Grey |||
0. Silty Clay (Varved) »‘/’ 183
Very Stiff to Stiff '/
crey |2 |ss| e 94
//
H
13 [ ss| o °
T H
Iq
a/ 4 SS 7
/a
U 92 F
% (>96| kPa)
U
%
b
,/ 5181} 5 ]
2
I
v +
@ % (> 96| kPa)}
Iq
Vs | ss| 2
A
88.7 ’/v 5
. y 4
7.1 v
Gravelly Sand, v
some silt (Glacial Till):
el 88
Compact Grey 7188 |17 °
87.4
— RQD%
84 |Dolostone 8 INXL {100 93
fine grained, closely
to moderately jointed, RC
occasional thin (1-2mm) 9 (M| 87 87 UCs =
stringers of shale. 85 MP4
Occasional Calcite 86
Crystals
RC 88
Dark Grey L0 |NXL | 88
84.5 /
Vi
11.3 End of Borehole
Notes:
1) Water level in Hollow{Stgm
Augers 0.1 m above suffaqe
on morning 'of Oct. 19/90
2) Lost rock core believed
to have dropped out o
core barrel.

+3, x5 . Numbers refer to
Sensitivity

20
1545 (%) STRAIN AT FAILURE
10



OFFICE REPORT ON SOIL EXPLORATION

i

@
§

RECORD OF BOREHOLE NolO-5

Auger Refusal

Note:

Water level in standpip
piezometer measured at
elevation 95.8 m on
November 9, 1990.

_89- . 4,984,718.7 N ; 374,413.5 E X.
wp  372-89-04 LOCATION »984, ' ORIGINATED BY
DIST __ 7 awv_ 416 BOREHOLE Typg _ Hollow Stem Augers compiLep By __ MK

24, 1990
DATum ___Geodetic DATE October 24, 199 CHECKED BY __ -C
SOIL PROFILE SAMPLES | = w  [DYNAMIC CONE PENETRATION —
;.2 T [ResisTANCE POT > e S, woue I REMARKS
= w | 39| @ 20 40 80 80 100 zZ= Iy
9 @ w f z i L 1 ! i Sw
ELEV DESCRIPTION F|la| w| 2125 | & [SHEAR STRENGTH kPo R 2 | GRAIN SIZE
DEPTH ! lEl 21 £ 138! 5 [ounconemes o FiEwD vane DISTRIBUTION
913 Qo § WATER CONTENT (%) (%)
;‘_ 2 w ® QUICK TRIAXIAL X LAB VANE 3 .
95.7 lGround Surface & : L; @ 25 50 75 100 125 GR SA SI CL
. lIPeat and Topsoil Soft [~
“I~|silty Sand 1| sst 2
061 Very Loose Grey H
" {silty Clay (Varved) J 1
silt content increasing / +
with depth, trace sand /4
Very Stiff crey | W
v Al 2| ™| en 9
i
i
A
A} 3] ssy 9
1 H
I
/V
W1 a| ss| 9
)
1 92
1 "
5| ] ew 8 0280 18
{ (157
%/‘
6| ss| 8
4 Y1
Iq
b
//' 90
id +
s H )96 kP&)
3.2 7{ ss| 9
6.5
GCravelly Sand, i
some silt (Glacial Till) .
Compact Grey
88
54/
87.6 8| sspc |
8.1 End of Borehole

+3. x3 . Numbers refer to
Sensitivity

20
1545 {%)STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No I0-6

METRIC

\

WP 372-89-04 LOCATION __Co-ords: 4,984,720.2 N; 374,424.1 E ORIGINATED BY _ N.K.
DIST 9 uwy_ 416 BOREHOLE TYPE Hollow Stem Augers, NXL Rock Core COMPILED BY N.K.
DATUM Geodet ic DATE October 23 and 24, 1990 CHECKED BY 1.C.
w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES E‘"’ F RESISTANCE PLOT pastic NATURAL 'i
<2 O l:MH MOIsy'u.s L :O REMARKS
- w |20 @ 20 40 60 80 100 COoNTEN z=>
9 o w : z L A | 1 1 Wp w WL oW &
ELEV - 8| w| 288 | & [sHEAR STRENGTH kPo —o— | 3 |cram size
DEPTH DESCRIPTION 13| 2135 |38| T [ounconemen  + riEwo vane ATER cONTENT ()] ¥ [PSTRIBUTION
g1z 5 | &Y > le quick traxiat  x LaB vane W CONTENT {%) 3 (%)
95.5 |Ground Surface [ ¥ = 25 50 75 100 125 20 40 60 kN/o” |GR SA SI CL
%mﬂ Saft %~ Head
. Fine Sand, some silt ! 1 |[ss |2
93% Very Loose Crey
’ Silty Clay, trace sand (
q 4
2 sSs 3 )
Soft G
9.1 |*° il
1.4 lsi1ey Clay (Varved) ,/ 94
silt content increasing /' 3 |ss |10
with depth U
Very Stiff Grey | (>92 kPa)
A/‘a ss |11 °
Iq
/’ 5 {8S 9
1 92
I
¥
Iq
I
4
y
6 |ss |7 -}
i
r/ +
. 90
4 & 96| kPa)
/a
89.1 1 1 [ .
’/ 7™ Py Artesfan whter pocodnter d e 18.5
6.4 |Gravelly Sand 11
| )
some silt (Glactal Taaty(|® |55 | %
Compact Grey Mt
87.6 ‘l’l. 88
JFTISS 77150 mm [RODZ |
8.0 JO[NXL]| 71
Dolostone .
fine grained, closely RC
to moderately jointed, 11 [ NXL | 99 91
occasional thin (1~2mm)
stringers of shale.
Occasional Calcite
Crystals
86
RC
Dark Grey 12 | NxL | 98 88 UCS =
67 MPa
84.8
4
R.
10.7 End of Borehole ;C

+3. x5 : Numbers refer to

Sensitivity 10

2
15 -5 {%) STRAIN AT FAILURE




OFFICE REPORT ON SOiIlL EXPLORATION

RECORD OF BOREHOLE NolO-7 METRIC
w P 372-89-04  LOCATION _ Co-ords: 4,984,728.6 N;  374,412.8 E ORIGINATED 8y _ N.K.
oisT___ % 4wy___ 416 BOREMOLE TYPE ___Hollow Stem Augers COMPILED- BY ___ N.K,
DATUM Geodet ic DATE October 23, 1990 CHECKED BY ___I.C.
SOIL PROFILE SAMPLES o« w DYNAMIC CONE PENETRATION —
";"'5_’ g [Ressrance mor > nastic Moraraae uovo | = T | gemaRKS
. w 20| 2 20 40 60 80 100 CONTENT 22 s
o= AR = P S L Wp W wo| 5%
ELEV QPTIO I8 w| 21281 5 |SHEAR STRENGTH kPo —_———— GRAIN SIZE
DESCRIPTION S| > < |32 e DISTRIBUTION
DEPTH -S| = | > O | < |©o UNCONFINED + FIELD VANE N Y
iz g O8 | S o cuck rrisxmt  x 148 wane |WATER CONTENT (%) %)
-
6.2 'Ground Surface & : ‘; & 25 50 75 100 125 20 49 6 GR SA SI CL
0.0 81 1 T H 96
hos.1 | a1l oss
0.1 |Silty Sand M.
trace organics I
95,0 | Loose Grey 1./]21{ ss| 9
T.7
Silty Clay (Varved) ‘/‘
trace sand /]
n U3 | ss| 5 °
Very Stiff to Stiff |}/ 9%
vt
4 +
Grey 4/ >96 kPa)
a4 ss|ll
4
iq
/, 5] ss |12 °
H
%
V/J 92
Iq
6| ™™ en
n U
% . |
M Y7]ss(4 °
90.1 “/ 90
6.1 lcravelly Sand (i 8l ss| 2
some silt (Glacial Till);'..
89,2 [Probably Compact Grey L
7.0 End of Borehole
Auger Refusal
Note:
Blow-up of material
into the augers is
believed to have
affected the "N" value
of Sample 8.
Water level in standpipe
plezometer measured at
elevation 96.3m on
November 9, 1990.
3 5. Numb fer r 20
+%, x> ; Numbers reter to 1595 (%) STRAIN AT FAILURE
Sensitivity 10



OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No l0-8 METRIC
-89-04 - : . H
W P 372-89-0 LOCATION Co-ords: 4,984,850.6 N 374,321.4 E ORIGINATED BY N.K.
DIS, 9 HWY 416 BOREHOLE TYPE Hollow Stem Augers COMPILED BY N.K.
DATUM Geodetic DATE October 22, 1990 CHECKED BY I.C.
w | OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 'ﬁ_‘,w 32 | resistance eior pasnic NAVRAL T
221 o (¢ moisture LGLD | e o REMARKS
- 30| » 20 40 0 80 100 [T conrenr vt ] S L
o|« 4t = > ) n 1 N 1 Wp W w | 5w &
ELEV DESCRIPTIO T)g| w| 2|58 | G [SHEAR STRENGTH kPo e 2 | crain sizE
DEPTH IPTION |3 2| $136| & |ounconemen  + e vane . y |DISTRIBUTION
g2 5 | &Y | & |eouck rRaxier  x (aB VANE WATER CONTENT {%) 3 (%]}
96.5 [Ground Surface i E w 25 50 75 100 125 20 40 60 k/m GR SA SI CL
96. 4 ATopsoil Soft f5¢
0.1 |FIIL - Silty Sand, ctracfo]t | 55| 3 9%
organics and roots X
95.7 [very lLoose Brown
0.8 [Silty Sand
3 lcompact Brown urey 2 ss (14
. 4
1.2 Silty Clay (Varved) H )
silt content increasing{]/]
with depth '/¢ 3| ss [10
Stiff crey || }
V] 94
q 4 SS {12 o
il
'// 5 | Ss |14
U
116 | ™w |PH v o———4 19.2
f 92
/, 7 1ss |8
I
/f
1 H
I
I
iq
/4 8 Ss 4 90
,/’ JC
89. 1
9.2 A
7.3 > 1
Sand and Gravel .
some silt (CGlacial Till}«f 9 {ss |23 °
[3)
Compact Grey ' "
}'-.'1 88
Blow-up of material ol
87.3 Lithin auger @ 7.5 m .{
9.2 End of Borehole
Auger Refusal
Note:
Water in open borehole
measured at elevation
95.9 m on
October 24, 1990.
r.

+3, x5 ; Numbers refer 1o
Sensitivity

20
15 95 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

WP 372-89-04

oist _ 2 HWY___ 416

LOCATION
BOREHOLE TYPE

RECORD OF BOREHOLE Nol0-9

Co-ords: 4,984,604.2 N; 374,498.4 E

Dynamic Cone Penetration Test

October 22, 1990

METRIC

N.K

ORIGINATED BY -
COMPILED BY __ N.K.

Note:

Soil Stratigraphy

is inferred based on
extrapolated borehole
data.

DATUM Geodet ic DATE cHECKED By __ LG+
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Test Pit #1

0.0-15m

1.5-55m

55-5.8m

5.8m

Test Pit #2

00-40m

40-45m

4.5 m

RECORD OF P

Co-ords: N 4984863.5; E 374292.5; Sta 20+210 ; 15 m Left
Ground Surface Elevation 101.5 m (%)

Dark Brown Heterogenous Mixture of Boulders,
Cobbles, Sand and Silt Trace Topsoil
Some pieces of Asphalt (FILL).

Light Brown Gravelly Sand Some Silt

Some Cobbles and Boulders (FILL)

Boulders generally less than 0.5 m in Diameter
Black Peat and Topsoil

End of Test Pit

Co-ords: N 4984899.0; E 374271.0; Sta 20+250 ; 10 m Left
Ground Surface Elevation 101.5 m ()

Brown Gravelly Sand Some Silt
Some Cobbles and Boulders
Occasional Pockets of Topsoil (FILL)
Black Topsoil

End of Test Pit



Figures Bl to B3
Figure B4
Figure BS & B6
Table 1

APPENDIX B

Laboratory Test Data

Grain Size Curves

Plasticity Chart - Silty Clay
Consolidation Test € ys log p Curves
Summary of Consolidation Test Data
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APPENDIX B

TABLE 1 i

HWY 416 FOUNDATION PROGRAM - WP 372-89-00

STRUCTURE NO. 10 - CPR OVERHEAD
SUMMARY OF CONSOLIDATION TEST DATA

Sample Locations

Compression Data

Depth

| -

Test BH Sample Elevation o, Pc OCR Cr Cc Cv €
| # # (m) (m) (kPa) (kPa) m2/ yr |
1 2 3 1.8 94.2 15 415 28 0.025 0.162 34.0 0.805
2 3 8 6.3 89.8 62 440 7 0.007 - 50.9 0.534
3 5 5 4.2 91.5 41 580 14 0.012 - 67.9 0.687
4 6 7 6.3 89.3 54 400 7 0.017 0.200 34.0 0.855 “
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Page No:

28 -59

60 - 97

98 - 126

127 - 156

DESCRIPTION

Index
Abbreviations & Symbols
Foundation Investigation Report for

County Road 44 Underpass
W.P. 372-89-02, Site 16-315
Hwy 416, District 42, Ottawa

Beach Road Underpass
W.P. 372-89-03, Site 16-316
Hwy 416, District 42, Ottawa

CPR Overhead Hwy 416 SBL
W.P. 372-89-04, Site 16-193
Hwy 416, District 42, Ottawa

Vanburen Street Underpass
W.P. 372-89-05, Site 16-317
Hwy 416, District 42, Ottawa

Hwy 43 Underpass
W.P. 372-89-06, Site 16-318
Hwy 416, District 42, Ottawa

Note: For purposes of the contract, this report supersedes all other Foundation
Reports prepared by, or for the Ministry in connection with the above-mentioned

project.



EXPLANATION OF TERMS USED IN REPORT 2

N VALUE: THE STANDARD PENETRATION TEST (SPT} N VALUE IS THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Simm O.D. SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE 1S DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Simm 0.D. 60° CONE ANGLE ) DRIVEN BY 475 )
IMPACT ENERGY ON ‘A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION IS MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

I Cy {kPa} 0-12 12 -25 25-50 50 - 100 100 - 200 >200
VERY SOFT SOFT FIRM STIFF VERY STIFF HARD

DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
Iﬂ(BLOWS/O.Jm) 0-5 5-10 10- 30 30 - 50 >50
VERY LOOSE| LOOSE COMPACT DENSE VERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND / OR STRENGTH.

RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.

MODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION (R Q D), FOR MODIFIED RECOVERY, IS :

[ raoi%m) 0 -25 25-50 | s0-75 T 75-90 90 - 100
VERY POOR| POOR FAIR GOOD | EXCELLENT

JOINTING AND BEDDING:

SPACING 50mm 50 - 300mm{ 0.3m - Im Im - 3m >3m

JOINTING VERY CLOSE| CLOSE | MOD. CLOSE| wiDE VERY WIDE

BEDDING VERY THIN THIN MEDIUM THICK | VERY THICK|

ABBREVIATIONS AND SYMBOLS
FIELD SAMPLING MECHANICAL PROPERTIES OF SOIL
SS SPLIT SPOON T P THINWALL PISTON v kPa™! COEFFICIENT OF VOLUME CHANGE
W5  WASH SAMPLE OS OSTERBERG SAMPLE Ce 1 COMPRESSION INDE X
S T SLOTTED TUBE SAMPLE R C ROCK CORE Cq ! SWELLING INDEX
8 5 BLOCK SAMPLE P H T W ADVANCED HYDRAULICALLY Cq 1 RATE OF SECONDARY CONSOLIDATION
CS CHUNK SAMPLE P M TW ADVANCED MANUALLY < m?/s  COEFFICIENT OF CONSOLIDATION
T W THINWALL OPEN F'S FOIL SAMPLE H m DRAINAGE PATH
T, 1 TIME FACTCR
STRESS AND STRAIN U %  DEGREE OF CONSOLIDATION
U, kpPa PORE WATER PRESSURE LN kPa EFFECTIVE OVERBURDEN PRESSURE-
Y 1 PORE PRESSURE RATIO o kPa PRECONSOLIDATION PRESSURE
- kpa TOTAL NORMAL STRESS T, kpa SHEAR STRENGTH
o’ kpa EFFECTIVE NORMAL STRESS c’ kpa EFFECTIVE COHESION INTERCEPT
L 4 kpa SHEAR STRESS / -° EFFECTIVE ANGLE OF INTERNAL FRICTION
o, . .0, ko PRENCIPAL STRESSES <y kpa APPARENT COHESION INTERCEPT
€ % LINEAR STRAIN by -° APPARENT ANGLE OF INTERNAL FRICTION
€ .66 % PRINCIPAL STRAINS % kpPa RESIDUAL SHEAR STRENGTH
E kpa MODULUS OF LINEAR DEFORMATION T, kPa REMOULDED SHEAR STRENGTH
G kea MODULUS OF SHEAR DEFORMATION 5, 1 SENSITIVITY = ;U_
M 1 COEFFICIENT OF FRICTION r
PHYSICAL PROPERTIES OF SOIL

A kg/m® DENSITY OF SOLID PARTICLES e 1,%  VOID RATIO €nin !+%  VOID RATIO IN DENSEST STATE
A kN/m®  UNIT WEIGHT OF SOLID PARTICLES n 1.%  POROSITY T DENSITY INDEX =:mox—: A
A, kg/m® DENSITY OF waTER w 1,  WATER CONTENT D mm  GRAIN DIAMETER max = Tmin
Yo kN/m® UNIT WEIGHT OF WATER S, % DEGREE OF SATURATION Op mm  n PERCENT - DIAMETER
P kg/m® DENSITY OF sOIL w, % LIQUID LimIT cy ! UNIFORMITY COEFFICIENT
)4 kN/m’ UNIT WEIGHT OF SOt Wy % PLASTIC LIMIT h m HYDRAULIC HEAD OR POTENTIAL
A kg/m’ DENSITY OF DRY SOIL wg % SHRINKAGE LIMIT 4 m>/s RATE OF DISCHARGE
)é kN/m® UNIT WEIGHT OF DRY SOIL o % PLASTICITY INDEX =W - Wp v m/s  DISCHARGE VELOCITY
Bor  kg/m® DENSITY OF SATURATED sOI I 1 LIGUIDITY INDEX s ——mtP i 1 HYDRAULIC GRADIENT
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1.0 INTRODUCTION

Presented herein are the results of a geotechnical subsurface investigation conducted at
the above site to establish the prevalent subsurface geotechnical conditions for the design
and construction of the proposed bridge, approach fills and Highway 44 realignment.

Geocon (1991) Inc. (Geocon) was retained by Fenco Engineers Inc. to perform this work.

The field work for this project was conducted between November 12th and November
14th, 1990 using a CME 55 drill rig equipped with 200 mm diameter hollow stem augers.
The investigation consisted of 5 boreholes of depths ranging from 3.5 m to 11.5 m. The
soil overburden was augered then sampled using the Standard Penetration Tests (SPT) and
the underlying bedrock was cored in NXL size. Two standpipe piezometers were

installed to monitor the groundwater levels.

The locations of the boreholes are shown on Drawing 3728902-A* A record of the
encountered subsurface conditions at each borehole and the single test pit, are given on

the Record of Borehole Sheets in Appendix A.

*Dwg. No. 2, Sheet 265, of the Contract Drawings.



2.0 SITE DESCRIPTION -AND GEOLOGY

The proposed Highway 44 underpass is located just south of the intersection of Highway
44 and Highway 16 approximately S kilometers south of Kemptville, Ontario (Figure 1).
The proposed underpass will comprise of two spans supported on a central pier and two
abutments with approach fills of 4.0 to 6.0 m in height. The proposed underpass will
traverse Highway 416 at a skewed angle trending southeast to northwest. The proposed
east span of the underpass straddles the existing Highway 16 which is contained within

a 3 m deep rock cut.

The proposed interchange is located on a bedrock high with bedrock outcrops at many
locations. Based on site mapping of existing soil and rock cuts, the underlying bedrock
gives way to glacial till deposits to the north near the intersection of County Road 44 and
Highway 16. East of Highway 16 the site is typically grassland with some trees. The
ground surface is undulating and generally slopes towards the south. To the west of
Highway 16 the ground slopes towards the northwest and is densely covered with large
trees. In the northwest quadrant of the proposed interchange a low lying poorly drained

area with standing surface water may be found.

The proposed Highway 416 is located within the physiographic region of the Ottawa-St.
Lawrence lowland. During the last Ice Age this area was glaciated which resulted in the
deposition of a layer of till over much of the proposed alignment (Sharpe, 1979). In
general the till comprises of a bouldery cobbly silty sand to sandy silt.

Subsequent to glaciation the Ottawa-St. Lawrence lowland was inundated by the
Champlain Sea. At the location of the proposed Highway 416 alignment the depth of
water was shallow and in general only resulted in minor wave action modification of the
surface of the underlying till. However, in localized low lying areas deeper deposits (up

to 10 m) of fine grained clayey silt material may be present.



Available surficial geology information (OGS Map 2387) indicates that the site is located
on a bedrock outcrop of massive grey dolostone known as the Oxford Formation of the
Beekmonton Group. The bedrock is overlain by a wave washed pebbly sandy layer
generally less that 1 m thick (Sharpe 1979).



3.0 SUBSURFACE CONDITIONS
3.1 General

The subsurface conditions at the site of the proposed underpass are characterized
generally by a thin cover of overburden overlying bedrock. However, between the
proposed location of the central pier and west abutment the bedrock is deeper with

corresponding thicker overburden.

The factual information which was used to interpret the soil conditions is given in
Appendix A and B and Drawing No. 3728902-A* A summary of borehole depths and
elevations is given in Table 1 of Appendix A. The subsurface conditions encountered

within the proposed underpass area are described below:

3.2 Topsoil and Peat

A thin surficial layer of topsoil and peat, of up to 0.2 m in thickness, was encountered
within the underpass area. However, peat thicknesses of up to 0.8 m were encountered

at the location of the proposed western ramps.

33 Silty Sand to Sandy Silt and Sandy Gravel

Underlying the topsoil and peat is a thin layer of cohesionless material. This stratum
consists of 0.5 m to 1.0 m of sandy silt with some gravel and occasional cobbles at the

east abutment, about 0.4 m of gravelly sand some silt at the central pier, and 1.0 m of

* Dwg. No. 2, Sheet 265, of the Contract Drawings.



silty sand with trace gravel, which in turn overlies 0.5 m of sandy gravel with some silt,

at the west abutment.

34 Clayey Silt

The cohesionless stratum is underlain by a layer of grey clayey silt with trace to some
sand, at the west abutment location only and ranged from 1.4 to 2.5 m in thickness.
Based on the results of two grain size analyses performed on split spoon samples (Figure
B2) the material may be described as clayey silt with trace to some sand.

SPT 'N" values within this layer vary from 20 to 31 inferring a strata of very stiff to hard

consistency.

Atterberg Limits tests performed on two soil samples indicate the liquid limit to range
from 27 to 29%, with plastic limits and natural water contents of 17% for both samples.
35 Glacial Till

Glacial till was encountered below the clayey silt layer at the west abutment location and
ranged from 0.6 to 0.9 m in thickness. Based on a single grain size analysis the till may
be described as a sand and silt with trace to some gravel and trace clay. SPT 'N' values

within the layer ranged from 78 to refusal inferring a very dense stratum.

A single moisture content of 11% was determined for this layer.



3.6 Bedrock

Dolostone bedrock was encountered at about El. 109.0 m at the east end of the proposed
underpass and dips to El. 103.4 m at the western end. These elevations are equivalent
to about 0.6 m to 5.0 m below existing ground surface, respectively. The bedrock was
proven in all five boreholes by coring from 2.9 m to 6.3 m into dolostone. The bedrock
is judged by core recovery and RQD percentages, to be of good quality. However, at
Borehole 8-3, the bedrock was of very poor to fair quality. Borehole 8-3 is located
adjacent to the existing Highway 16 road cut. The lower rock quality at this location may

in part be the result of blasting activities during excavation of the cut.

The bedrock is of dark grey fine to medium dolostone, characterized by very tight, very
closely spaced to close spaced thin shale interbeds. In addition, randomly located oval
shaped discontinuous vugs are present. Unconfined compressive strength tests performed
on selected core samples indicate compressive strengths ranging from 49 MPa to
139 MPa.

3.7 Groundwater

Groundwater elevation was measured by means of two standpipe piezometers installed in
Boreholes 8-1 and 8-4 at the east and west abutments, respectively. The groundwater
levels were measured approximately 18 days after installation of piezometers and were
observed to be at El. 106.6 m (2.7 m below ground surface) at Borehole 8-4 and El.
107.3 m (1.7 m below ground surface) at Borehole 8-1. Groundwater levels could be

expected to vary seasonally.
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5.0 CLOSURE
The field work portion for the investigation was done under the supervision of Mr. G.C.
Yule. The report was written by Mr. 1. Corbett, P.Eng. and Mr. N. Khan, P.Eng., and

reviewed by Dr. I. Holubec, P.Eng.

This report is subject to the attached General Conditions and Limitations.

Yours very truly
GEOCON (1991) INC.

. Khan, P.Eng.
Project Engineer

Igor Holubec, Ph.D., P.Eng. S
Vice-President -‘.:" Lo

TH:dtj oo T
T11688/15530 N
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NOTE: The preceding report is a copy of the factual information from the Foundation
Investigation and Design Report prepared by Geocon (1991) Inc. (consulting
geotechnical engineers for this project), and signed and sealed by N. Khan, P.Eng.
and |. Holubec, Ph.D., P.Eng. The project was carried out under the technical
supervision of Fenco Engineers Inc., the supervising consultant for this project.

DDt

D. Dundas, P. Eng.
Senior Foundation Engineer
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GEOCON (99D IJINC
GEOTECHNICAL REPORT
GENERAL CONDITJONS AND LIMITATIONS

USE OF THE REPORT

The factual data,interpretations and recommendations contained in this report pertain to a specific project
as described in the report and are not applicable to any other project or site location. If the project is
modified in concept, location or elevation or if the project is not initiated within eighteen months of the date
of the report Geocon (1991) Inc. (Geocon) should be given an opportunity to confirm that the
recommendations are still valid.

The comments given in this report are intended only for the guidance of the design engineer. The number
of test holes to determine all the relevant underground conditions which may affect construction costs,
techniques and equipment choice, scheduling and sequence of operations would normally be greater than
has been carried out for design purposes. Contractors bidding on, or undertaking the work, should rely
on their own investigations, as well as their own interpretations of the factual test hole data, as to how
subsurface conditions may affect their work.

FOLLOW-UP

All details of the design and proposed construction may not be known at the time of submission of
Geocon's report. It is recommended that Geocon be retained during the final design stage to review the
design drawings and specifications related to foundations, earthworks, retaining systems and drainage, to
determine that they are consisteat with the inteat of Geocon's report.

Retention of Geocon during construction is recommended to confirm and document that the subsurface
conditions throughout the site do not materially differ from those given in Geocon's report and to confirm
and document that construction activities did not adversely affect the design intent of Geocon's
recommendations.

SOIL AND ROCK CONDITIONS

Soils and rock descriptions in this report are based on commonly accepted methods of classification and
identification employed in professional geotechnical practice. Classification and identification of soil and
rock involves judgemeat and Geocon does not guarantee descriptions as exact, but infers accuracy only to
the extent that is common in current geotechnical practice.

The soils and rock conditions described in this report are those observed at the time of the study. Unless
otherwise noted, those conditions form the basis of the recommendations in the report. The condition of
the soil and rock may be significantly altered by construction activities (traffic, excavation, pile driving,
blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to wetting,
drying or frost. Unless otherwise indicated the soil and rock must be protected from these changes or
disturbances during coastruction.
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ST HO SUBSURFAC R O

Soil and rock formations are variable to a greater or lesser extent. The test hole logs indicate the
approximate subsurface conditions only at the locations of the test boles. Boundaries between zones on the
logs are often not distinct, but rather are transitional and have been interpreted. The precision with which
subsurface conditions are indicated depends on the method of boring, the frequency of sampling, the
method of sampling and the uniformity of subsurface conditions. The spacing of test holes, frequency of
sampling and type of boring also reflect budget and schedule considerations.

Subsurface conditions between test holes are inferred and may vary significantly from conditions
encountered at the test holes.

Groundwater conditions described in this report refer only to those observed at the place and time of
observation noted in the report. These conditions may vary seasonally or as a consequence of construction
activities on the site or adjacent sites.

CHANGED CONDITIONS

Where conditions encountered at the site differ significantly from those anticipated in this report, either due
to natural variability of subsurface conditions or construction activities, it is a condition of the use or
reliance by the client of this report that Geocon is notified of the changes and provided with an opportunity
to review the recommendation of this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that an experienced geotechnical eagineer be employed to visit the site
with sufficient frequency to detect if conditions have changed significantly.

DRAINAGE

Drainage of subsurface water is commonly required either for temporary or permanent installations for the
project. Improper design or construction of drainage can have serious consequences. Geocon can take no
responsibility for the effects of drainage unless Geocon is specifically involved in the detailed design and
follow-up site services during construction of the system.

¢:\general\cndtns.lmt
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APPENDIX A
Borehole Information
Explanation of Term Rock Quality Designation (RQD)

Table 1 - Summary of Borehole Information
Record of Borehole Sheets (Boreholes 8-1 to 8-5)
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EXPLANATION OF THE TERM

ROCK QUALITY DESIGNATION (RQD)

The description of bedrock quality for engineering purposes can be inferred from a
modified core recovery logging procedure designated as RQD, developed by D.U. Deere.*
This classification is based on a modified diamond drill core recovery percentage in
which only the pieces of sound core over 4 inches (10 cm) long are counted as
recovery. The core must be carefully examined to discount fresh irregular breaks caused
by the drilling process (fresh broken pieces are fitted together and counted as one
piece). The remaining fragments less than 4 inches (10 cm) length are considered to be
due to very close bedding, jointing, fracturing, shearing, or weathering in the rock mass
and are not counted. The procedure penalizes the rock where recovery is poor. This is
appropriate because poor core recovery usually depicts poor quality rock. In the case of
certain shaley sedimentary or thinly foliated metamorphic rocks, the method is not as
exact as for other rock types and rock quality requires interpretation by a specialist for
the particular engineering application. To minimize the occurrence of core breaks from
drilling procedures RQD logging is normally run on core obtained by double or triple
tube core barrels and generally of “N" size or greater.

The table below may be used as a general indicator to correlate (RQD) and rock mass
quality.

RQD DESCRIPTION OF ROCK QUALITY

90 - 100  Excellent - intact, very sound, massive
75 - 90 Good - moderately jointed or sound
50 - 75 Fair - blocky and seamy, fractured

25 - 50 Poor - shattered and very seamy or blocky,
severely fractured
0-25 Very poor - crushed, very severely fractured

*See, for instance:

K.G. Stagg and O.C. Zienkiewicz, "Rock Mechanics in Engineering Practice’”. New York,
Wiley, 1968, Chapter |.



TABLE 1

HIGHWAY 416 -~ FOUNDATION INVESTIGATION

COUNTY ROAD 44 UNDERPASS

SUMMARY OF BOREHOLE INFORMATION

Borehole Details Piezometer Details
Borehole Location
Ground Bedrock
Borehole Surface Total Overburden Surface Depth of Groundwater
No. Station Offset Elevation Depth Depth Elevation Bedrock Dritled Tip Elevation Elevation
km + m (m) (m) (m) (m) (m) (m) (m) (m)
8-1 10+4026.7 3.5 Right 108.5 11.4 5.0 103.4 6.3 97.1 106.6
8-2 10+026.6 3.1 Left 108.4 6.9 3.7 104.7 3.1 Not installed
8-3 94976.9 0.0 109.7 3.5 0.6 109.1 2.9 Not installed
8-4 9+927.3 3.4 Right 110.0 4.0 1.1 108.9 2.9 106.9 107.3
8-5 94926.9 3.4 Left 109.5 6.9 0.7 108.8 6.3 Not installed
Notes:
1. Station values refer to those of the proposed County Road 44 re-alignment.
2. For more detailed borehole information refer to the Record of Borehole Sheets.
3. Groundwater elevations were recorded on December 4, 1990.
4. Quoted elevations are geodetic.

8l
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RECORD OF BOREHOLE No 8-3
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RECORD OF BOREHOLE No 8-4

METRIC
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APPENDIX B
Laboratory Test Data
Figure Bl: Plasticity Chart - Clayey Silt

Figure B2: Grain Size Distribution - Clayey Silt
Figure B3: Grain Size Distribution - Glacial Till
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1.0 INTRODUCTION

Presented herein are the results of a geotechnical subsurface investigation conducted at
the above site to establish the prevalent subsurface geotechnical conditions for the design
and construction of the proposed bridge and approach fills. Geocon (1991) Inc. (Geocon)

was retained by Fenco Engineers Inc. to perform this work.

The field work for the initial alignment of the bridge was conducted between October 24
and October 29, 1991, and consisted of 7 boreholes (Boreholes 9-1 to 9-7) and 1 test pit.
The bridge was subsequently realigned, and the fieldwork for this portion of the project
was conducted between July 31 and August 1, 1991 and consisted of 4 boreholes
(Boreholes 9-8 to 9-11). The fieldwork was conducted using a CME 55 drill rig equipped
with 200 mm diameter hollow stem augers. The overburden was split spoon sampled, in
conjunction with the Standard Penetration Test (SPT) and the underlying bedrock was
cored using NXL and BXL size core barrels. Four standpipe piezometers were installed
to monitor the groundwater levels. A test pit was excavated with a backhoe to obtain

block samples for density determinations and to confirm the hard nature of the silty sand

till.

The locations of the boreholes and one test pit are shown on Drawing 3728903-A A
record of the encountered subsurface conditions at each location is given on the Record

of Borehole Sheets in Appendix A.

* Dwg. No. 2, Sheet 287, of the Contract Drawings.
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2.0 SITE DESCRIPTION AND GEOLOGY

The proposed Beach Road underpass is located just north of the intersection of Beach
Road and Highway 16 approximately 4 kilometres south of Kemptville, Ontario
(Figure 1). The proposed underpass will comprise of two spans supported on a central

pier and two abutments with approach fills of 6 to 7 m in height.

The ground surface is undulating and in general rises from east to west across the site.
The site slopes toward the northwest and the northeast at about the location of the
proposed west abutment. The east span of the proposed bridge will straddle the existing
Highway 16, which is contained within a shallow earth cut. Shallow ditches are present
on either side of the Highway 16 and Beach Road, respectively. The proposed alignment
is located within agricultural pastureland in the west and open ground with scattered trees
to the east. Private properties are found within a short distance from the proposed

underpass.

The proposed Highway 416 is located within the physiographic region of the Ottawa-St.
Lawrence lowland. During the last Ice Age this area was glaciated which resulted in the
deposition of a layer of till over much of the proposed alignment (Sharpe, 1979). In
general the till is comprised of a bouldery cobbly silty sand to sandy silt.

Subsequent to glaciation the Ottawa-St. Lawrence lowland was inundated by the
Champlain Sea. At the location of the proposed Highway 416 alignment the depth of
water was shallow and in general resulted only in minor wave action modification of the
surface of the underlying till. However, in localized low lying areas deeper deposits (up

to 10 m) of fine grained clayey silt material may be present.

Available surficial geological information at the location of the proposed Beach Road
underpass (OGS Map 2387) indicates that the area is underlain by a bouldery cobbly
sand to sandy silt till (Fort Covington Till). However, a short distance to the north of the
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proposed site, the prevalent subsurface condition are anticipated to change to fine grain
marine deposits associated with the Champlain Sea overlying glacial till deposits. The
underlying bedrock at the site is anticipated to comprise of dolostone of the Oxford

Formation of the Beekmonton Group.
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3.0 SUBSURFACE CONDITIONS
3.1 General

The subsurface conditions for the proposed underpass structure comprise primarily of a
thin layer of topsoil, sand and clayey silt overlying glacial sandy silt till, which in turn
overlies bedrock. The factual information which was used to interpret the soil conditions
is given in Appendix A and B and Drawing No. 3728903-A* The subsurface conditions

encountered within the proposed underpass area are described below:

3.2 Topsoil

A thin layer of topsoil was encountered at all the borehole and test pit locations and
ranged from 0.1 m to 0.5 m in thickness. The topsoil is silty sand containing roots and

trace organics. At Test Pit 9-1 the topsoil was underlain by 0.6 m of brown sand.

3.3 Clayey Silt

A layer of clayey silt underlying the topsoil and sand was encountered in Borehole 9-6

and Test Pit 9-1 and ranged from 0.7 to 2.4 m in thickness, respectively.
The results of two grain size distributions analyses infer that this stratum may be
described as a clayey silt with trace to some sand and a trace gravel. The clayey silt is

of low plasticity as indicated by the result of an Atterberg Limit Test.

* Dwg. No. 2, Sheet 287, of the Contract Drawings.
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3.4 Sandy Silt Till

By far the dominant material on site, glacial till was encountered below the surficial
topsoil, sand and clayey silt and was found to extend to bedrock at about El. 97.0 m.
Where fully penetrated, the observed thickness ranged from 5.8 m to 4.0 m at the
proposed west and east abutment locations, respectively.

Based on the results of six grain size distribution analyses (Figures B2 and B3), the
material may be described as a sand and silt with some gravel and a trace clay. Cobbles
and boulders are also present within this deposit and appear to increase in content with
depth.

SPT 'N' values recorded within this layer are high and variable with practical refusal
recorded at many locations before the full test penetration of the split spoon could be
obtained. Based on the measured SPT 'N' values at this and other locations it is
concluded that the till is very dense. This result is consistent with measured in situ
density of 23.0 kN/m3 at 3.8 m depth at Test Pit 9-1. Measured water contents within
the glacial till typically varied from 3 to 8%.

3.5 Bedrock

Bedrock was established between El 97.0 to El 98.0 m, which is about 4.0 m to 5.0 m
below existing ground surface. The bedrock was proven by coring about 3.1 m, 1.2, 2.8
and 3.5 m in Boreholes 9-2, 9-4, 9-6 and 9-10 respectively. The bedrock is judged by
core recovery and RQD percentage to be of fair to excellent quality.
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3.6 Groundwater

Groundwater was measured by means of four standpipe piezometers installed in Boreholes
9-2, 9-4, 9-6 and 9-10. The groundwater was measured between 1 to 15 days after
installation of the piezometers and were observed to be between El. 101.0 m to El.
99.0 m, which is about 1.5 m to 4.0 m below existing ground surface, respectively.
Groundwater level could be expected to vary seasonally.
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5.0 CLOSURE
The field work portion for the investigation was done under the supervision of Mr. N.
Khan, P.Eng. The report was written by Mr. I. Corbett, P.Eng. and Mr. N. Khan,

P.Eng. and reviewed by Dr. 1. Holubec, P.Eng.

This report is subject to the attached General Conditions and Limitations.

Yours very truly
GEOCON (1991) INC.

gor Holubec, Ph.D., P.Eng.
Vice-President

TH:dtj 2
T11688/15530
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NOTE: The preceding report is a copy of the factual information from the Foundation
Investigation and Design Report prepared by Geocon (1991) Inc. (consulting
geotechnical engineers for this project), and signed and sealed by N. Khan, P.Eng.
and |. Holubec, Ph.D., P.Eng. The project was carried out under the technical
supervision of Fenco Engineers Inc., the supervising consultant for this project.

D. Dundas, P. Eng.
Senior Foundation Engineer
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GEOCON (199N INC.

GEOTECHNICAL REPORT
GENERAIL CONDITIONS LIMITATIONS

USE OF THE REPORT

The factual data,interpretations and recommendations contained in this report pertain to a specific project
as described in the report and are not applicable to any other project or site location. If the project is
modified in concept, location or elevation or if the project is not initiated within eighteen months of the date
of the report Geocon (1991) Inc. (Geocon) should be given an opportunity to confirm that the
recommendations are still valid.

The comments given in this report are intended only for the guidance of the design engineer. The number
of test holes to determine all the relevant underground conditions which may affect construction costs,
techniques and equipment choice, scheduling and sequeace of operations would normally be greater than
has been carried out for design purposes. Contractors bidding on, or undertaking the work, should rely
on their own investigations, as well as their own interpretations of the factual test hole data, as to how
subsurface conditions may affect their work.

FOLLOW-UP

All details of the design and proposed construction may not be known at the time of submission of
Geocon's report. It is recommended that Geocon be retained during the final design stage to review the
design drawings and specifications related to foundations, earthworks, retaining systems and drainage, to
determine that they are consistent with the intent of Geocon's report.

Retention of Geocon during construction is recommended to confirm and document that the subsurface
conditions throughout the site do not materially differ from those given in Geocon's report and to confirm
and document that construction activities did not adversely affect the design intent of Geocon's
recommendations. '

SOIL. AND ROCK CONDITIONS

Soils and rock descriptions in this report are based on commonly accepted methods of classification and
identification employed in professional geotechnical practice. Classification and identification of soil and
rock involves judgement and Geocon does not guarantee descriptions as exact, but infers accuracy only to
the extent that is common in current geotechnical practice.

The soils and rock conditions described in this report are those observed at the time of the study. Unless
otherwise noted, those conditions form the basis of the recommendations in the report. The condition of
the soil and rock may be significantly altered by construction activities (traffic, excavation, pile driving,
blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to wetting,
drying or frost. Unless otherwise indicated the soil and rock must be protected from these changes or
disturbances duning construction.
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ST HO ND SUBSURFAC TERP ONS

Soil and rock formations are variable to a greater ' lesser extent. The test hole logs indicate the
approximate subsurface conditions only at the locations of the test holes. Boundaries between zones on the
logs are often not distinct, but rather are transitional and have been interpreted. The precision with which
subsurface conditions are indicated depends on the method of boring, the frequency of sampling, the
method of sampling and the uniformity of subsurface conditions. The spacing of test holes, frequency of
sampling and type of boring also reflect budget and schedule considerations.

Subsurface conditions between test holes are inferred and may vary significantly from conditions
encountered at the test holes.

Groundwater conditions described in this report refer only to those observed at the place and time of
observation noted in the report. These conditions may vary seasonally or as a consequence of construction
activities on the site or adjacent sites.

CHANGED CONDITJONS

Where conditions encountered at the site differ significantly from those anticipated in this report, either due
to natural variability of subsurface conditions or construction activities, it is a condition of the use or
reliance by the client of this report that Geocon is notified of the changes and provided with an opportunity
to review the recommendation of this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that an experienced geotechnical engineer be employed to visit the site
with sufficient frequency to detect if conditions have changed significantly.

DRAINAGE

Drainage of subsurface water is commonly required either for temporary or permanent installations for the
project. Improper design or construction of drainage can have serious consequences. Geocon can take no
responsibility for the effects of drainage unless Geocon is specifically involved in the detailed design and
follow-up site services during construction of the system.

c:\general\cndtns.Imt
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APPENDIX A
Borehole and Test Pit Information
Explanation of the Term Rock Quality Designation (RQD)

Record of Borehole Sheets (9-1 to 9-11)
Test Pit Log (TP 9-1)
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EXPLANATION OF THE TERM

ROCK QUALITY DESIGNATION (RQD)

The description of bedrock quality for engineering purposes can be inferred from a
modified core recovery logging procedure designated as RQD, developed by D.U. Deere.*
This classification is based on a modified diamond drill core recovery percentage in
which only the pieces of sound core over 4 inches (10 cm) long are counted as
recovery. The core must be carefully examined to discount fresh irregular breaks caused
by the drilling process (fresh broken pieces are fitted together and counted as one
piece). The remaining fragments less than 4 inches (10 cm) length are considered to be
due to very close bedding, jointing, fracturing, shearing, or weathering in the rock mass
and are not counted. The procedure penalizes the rock where recovery is poor. This is
appropriate because poor core recovery usually depicts poor quality rock. In the case of
certain shaley sedimentary or thinly foliated metamorphic rocks, the method is not as
exact as for other rock types and rock quality requires interpretation by a specialist for
the particular engineering application. To minimize the occurrence of core breaks from
drilling procedures RQD logging is normally run on core obtained by double or triple
tube core barrels and generally of “N’" size or greater.

The table below may be used as a general indicator to correlate (RQD) and rock mass
quality.

RQD DESCRIPTION OF ROCK QUALITY

90 - 100  Excellent - intact, very sound, massive

75 - 90 Good - moderately jointed or sound
50 - 75 Fair - blocky and seamy, fractured
25 - 50 Poor - shattered and very seamy or blocky,
severely fractured
0-25 Very poor - crushed, very severely fractured

*See, for instance:

K.G. Stagg and O.C. Zienkiewicz, “‘Rock Mechanics in Engineering Practice”. New York,
Wiley, 1968, Chapter |.

GEOCON
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w P 372-89-03 LOCATION Co-ords: 4,981,516.7 N; 374,918.2 E ORIGINATED BY N.K.
DIST 9 HWY 416 BOREHOLE TvPE _ Hollow Stem Augers COMPILED BY N.K.
DATUM Geodet dc DATE October 29, 1990 CHECKED 8Y __ M.H.
1L PROFILE SAMP P w DYNamIC CONE PENETRATION
10} LES Lo | T |ResisTance por nasrc DAV o o X REMARKS
= w |36] % 20 40 60 80 g0 |t cowren wmr | 29 :
Ol - - i n A i 1 Wp w W, oW
ELEV DESCRIPTION Tlo| w2 9;3 & IsneaR STRENGTH tPo — 2 | craN SiZE
[ 2> gC915 - DISTRIBUTION
DEPTH |5 -] 3 o) a o UNCONFINED + FIELD VANE « Y M
- é z 7 g‘-’ 2 e ouick TrRiaxiaL  x 1aB vang WMI? CONYE";”“ (%)
101.7 ' Ground Surface Q) B o 20 0 GR SA SI Cl
[SPRY lopsoll —
I0Y, -1 | ss| 6 [Not °
-584) sand and stle. I 1 o
Some gravel v 20 42 34 4
occasional cobbles and ]j 7 155 1367
boulders . 1750k
(Glacial T11l) l’ ]
<
Very Dense Brown _; 3 | Ss |83/ 100 o
H 200
>
o 2> 1102/]
} j 22 5mpm
98.8 L.
2.9 | Sandy Silt. {,l 25 160/ °
Some gravel 4 150mgn
occasional cobbles and 1
boulders * 5 T3 T%07 98
(Glacial Till) 1 'J 1500t
97.5; Very Dense Crey I? Y
4.2 | End of Borehole
Auger Refusal
|
; ; '
; P
! . . ; 1 :
i P ; j
: ; i i
i ' : i
! ; ! ;
i ' i :
i i
o .
o 2 I
! : H | | i
; ol
L : Lo
! i ‘ i ) : :
: : | o
| L
! | 1

o3 x5 . Numbers refer 1o
Sonsuhvﬂy

10

20
154 5 (%) STRAIN AT FAILURE
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372-89-03

LOCATION

k4 HWY 41e

DATUM

Geodetic

RECORD OF BOREHOLE No 9-6

" Co-ords: 4,983,524.5 N; 374,917.6 E

BOREHOLE TYPE

DATE Oc¢tober 26,

Hollow Stem Augers, Tri-Cone, NXL Rock Core

METRIC

N.K.

N.K.

ORIGINATED BY

COMPILED 8Y
M.H.
CHECKED 8Y

SQiL PROFILE

SAMPLES

DESCRIPTION

GCround Surface

PLOT
NUMBER

STRAT

TVPE
‘N’ VALUES

DynAMIC (ONE PENETRATION
RESISTANCE PLOT

20 40 60 80 100
L L i L. -

L1IOUD

GROUND WATER
CONDITIONS
ELEVATION SCALE

SHEAR STRENGTH kPo

O UNCONFINED + FIELD VANE
® QUICK TRIAXIAL x LA8 VANE

REMARKS
]

i
W,

UNIT
WEIGHT

AN GRAIN SIZE

DISTRIBUTION

NTENT (%) 7 (%)
0 30

GR SA 51 Ci

iopsoll

"| Clayey Silt. Trace

sand and gravel.
Firm Brown

—
v
"

&~

Sandy Silt. Trace clay

i
trace to some gravel I'

occasional cobbles

(CGlacial Till) l

Dense Brown

Sand Silt. Trace to
some gravel, occasional
cobbles and boulders
{(Glacial Till)
Boulder content

increases with depth 'l 5

Very Dense Grey

4 535 |40/

j. 9 Omag

1.2 S

Rec

OFFICE REPORT ON SOIL EXPLORATION

Dolostone

Light to medium grey,
fine grained,

hardness = &4,

joint spacing <225mm
some calcite stringers
joint surface rough
clay infilled
occasional interbedded
shale layers (3mm thick

RC
6 [NXL | 100

RC
7 |NXL | 100

nite {Seal

257716

57

End of Borehole

Note:

(1) Auger refusal 3.5 o
below ground
surface

(2) Boring advanced
from 3.5 m to 4.7 o
using NXL
core barrel and
tricone

(3) Water level in
standpipe piezometd
measured at
elevation 99.9 m
on October 29, 1994

*

. Numbers refer to
Sensitivity

20

10

15 S {*%) STRAIN AT FAIRURE
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o3, x5 . Numbers refer 10
Vx7
Sensitivity

1545 {%)STRAIN AT FAILURE

10

RECORD OF BOREHOLE No 9-7 METRIC
w P 372-89-03 tOCATION Co~ords: 4,983,544.8 N; 374,955.9E on]c'NA‘ED.sv N.K.
DIST ___ 9 wWwy__ 416 BOREHOLE Typg Hollow Stem Augers COMPILED BY __N-K.
DATUM Ccodetic DATE October 29, 1990 CHECKED BY M.H.
OYNAMIC CONE PENETRATION
SOOIl PROFILE SAMPLES < hn E RESISTANCE  PLOT ~atysaL T
52| & nase bodid vewel =X | gemarcs
5 w|[30] ¥ 20 40 60 80 100 content z= s
2l w|3|es] 2 o We W ™| >
ELEV DESCRIPTION 18 g 2|25 O [snear stRENGTH ik —_— GRAIN $IZE
DEPTH |31 215 )|36| § |ounconemed  « fie0 vane iy [PSTRIBUTION
é > 5 su 2 {e quick TRiARIAL = (AB vaNE WATER CONTENT {*%4) (%)
102.2 | Ground Surface % ! z 10 20 30 GR SA SI CL
U.U) iopsoll Poe 102
Moz.o/ r, 1} ss| 7 |bry
0. Sandy Silt. :
Some gravel i
occasional cobbles [ ‘i
(Glacial Till) o {2 ss |36 °
.'
Dense to Very Dense ['!
v
Brown 'i 3 SS {49
lv ] 100
- v
YRR Y °
’ 225o
- q
l. 1 )] 60/
Sand and Silt \.' 1400k
Some gravel, trace Cla 1'
95': gccasional cobbles and i .
. »
8.1 vi‘:’idﬁiigﬁmu“érﬁ“ S BT STTET7 (-] 19 39 37 5
4.1 | End of Borehole b“m
Auger Refusal
i
i i
. : . |
‘ i . é i !
| ! s ; % !
f : % Lo
é ; ; oo
; : ! P
: ‘ . : i
: i | . ) i
: ! ; { ! : :
i ; . | ! H : ; ; H
| o | - o
i i | | i |
i ! i 3 | | !
! i i | | !
! ! | I
: ; | | :
20




OFFICE REPORT ON SOIL EXPLORATION
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372-89-03

RECORD OF BOREHOLE No ©-8

Co-ords: 4,983,499.8 N; 374,848.7 E

METRIC

Auger Refusal

Note:

00* Indicate SPT
values based on first
0.3 penetration
advanced. Full
penetration not
achieved.

I

w P LOCATION ORIGINATED By __ YK
DIST 9 HWY 416 BOREHOLE TYPE Hollow Stem Augers, BX Rock Core COMPHED BY __.‘:'!(__
DATUM Geodet fc DATE July 31, 1991 . CHECKED BY YK
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & 1 & | TANCE PO natoral -
- 4 PLASTIC  wosture VU0 | e T
‘;‘5 A 20 40 0 80 w00 | Conrim vt z2 REMARKS
- -
9 3‘.. g QE z i, N —_ L i Wp W W, :; )
ELEV RIPT alao] & = 20 o} SHEAR STRENGTH kPo —_———— GRAIN SIZE
DEPTH DESCRIPTION NEIRAE 85 g [ounconmned e mEDwANEL Lo el Y DISTRIBUTION
g1z = &9 | 2 ]eouck TrRiaxiar  x (aB VANE NTENT (%) (%)
103.1 | Ground Surface I3 219 o 10 20 30 GR SA Si CL
V.U Topsoil i~
102.9 7
0.2 | Sand and Silt |
Some gravel !'!'
occasional cobbles (> 11| ss |30/ °
(Glacial T{11) II.-} 125mp 102
- H
. »
Very Dense Brown ]-_, TR TSURT
N 110up
X
o =t Z3%7 ° 12 43 42 3
e 100mp
1]
al
A rghor |00
la_r 90mm|
3]
Ll S| ss (9 o
98.6 | -
4.5 1 End of Borehole

o3, x5 - Numbers refer to
SQnslhvo'y

’

20

10

1545 (%) STRAIN AT FAILURE
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3 5. Numbers refer 1o

Sensitivity 0

15 45 %) STRAIN AT FAILURE

Trenagoramon
RECORD OF BOREHOLE No ©-9 METRIC
372-89-03 LOCATION __Co-ords: 4,983,530.u N; 374,879.5 € ORIGINATED BY __ NK
9 HWY 416 BOREHOLE TYPE Hollow Stem Augers, BX Rock Core COMPILED BY NK
Geodetic DATE July 31, 1991 CHECKED 8Y NK
P OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES [ &, | 2 |resistance pioT > atusal -
'&Z S PLASTIC  morstuer (WOUD | o T REMARKS
w | 29 v 20 40 o0 80 100 Ly CONttnt LT 29
5 - g QE z 1 n 2 N i Wp w w, Sw &
2| v | 2128 & [sHEAR STRENGTH Po — ot 3 | craiN si1zE
DESCRIPTION s >l q152 =
3/ -] >180 T | © UNCONFINED * FIELD VANE T . DISTRIBUTION
Zz > | &Y 2 le ouck Triaxial  x 1ag vane |WA ER CONTENT (%) (%}
Ground Surface 5 - 10 20 30
GR SA SI CL
Topsoll
Sand and Silt with
gravel
occasional cobbles
1 ]SS [
and boulders 500::1
(Glacial Till) 100
Very Dense Brown 2 [SS- pO*/] °
Omm
3 155 U/
3 Ommn
4 [SS 50*/ °
1L 3 Orzrg 8
S5 |ss 90 o 26 41 33 2
5'9 . N e I 96
5.4] End of Borehole 1000
Auger Refusal
Inferred Bedrock
Note:
00* 1ndicates SPT
value based on
first 0.3 m
advanced. Full
penetration not
achieved.
1 ; | :
' i i
Lo 5 ! A
L b P
L Lo | |
: P | i :
‘, . | | !
% | P : |
; 1 0
! i : :
; P : !
: [ : i i
» : A S b
] L TR
! i i : i !
. . ‘ .
L | | L
20
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372-89-03

RECORD OF BOREHOLE No 9-10

Co-ordse: 4,983,557.5N; 374,910.9 E

METRIC

ORIGINATED 8Y

NK

*

*

3 x5 . Numbers refer to

Sensitivity

15 -5 (%) STRAIN AT FAHURE

10

LOCATION
o1sT 9 HWY 416 BOREROLE TYP Hollow Stem Augers, BX Rock Core NK
Le € COMPILED BY
DAlUM Geodetic DATE August 1, 1991 CHECKED BY NK
a w  [OYNAMIC CONE PENETRATION
SOH PROFILE SAMPLES W -1 RESISTANCE PLOT NATURAL L=t
¥4 V] K PASTIC  woistae tOUO ] - T REMARKS
5] w30} ¥ 10 40 60 80 100 |7 commmr ] 3O
ol £125] z oW, w w355 | @&
ELEV DESCRIPTION e 2 e z128| ¢ SHEAR STRENGTH kPo — 3 | GraIN SIZE
DEPTH 213 Z | 3186 T |ounconmneo « FIELD VANE . y [O'sTRIBUTION
|2z > |8 2 e cuck Trianial  x ias vane |WATER CONTENT (%) (%)
100.4 | Ground Surface 3 : o 1020 30 GR SA S CL
0.0 | Topsoll b ~4
100.2 o
0.2 | S1lty Sand with gravelf 100
occasional cobbles J,{ e
and boulders ) °
(Glacial Til1l) . } 50
Boulder and gravel 'L -'[
content increasing R ~~==—=~7ry =
with depth. .
].v- B Omm
Very Dense Brown |'-,
".L
j‘,'-l 31 55 Bo7 % o 4338 18 2
1[ 00mr
»
9 |
6. "ol & | S5 Zo%/ U RQDZ
3.8| Dolostone RC {1 Oun/] 29
Light to medium grey S | BX Rec
fine grained, closely H57Z
jointed ( 0.3m). 96
Joint surfaces rough,
fresh. 6 | RC{Rec 73
BX pOO%
7 RC | Rec 84
BX 100X 94
93.1 A
7.3] End of Borehole
Notes:
1. 00* Indicates SPT
value based on
first 0.3m advanced
Full penetration
not achieved.
2. Boring advanced
from 3.0 @ to 3.7m
using BX core
barrel. :
I . H
3. Water level in i ! '
standpipe H ; H
piczometer measured |
at Elevation 98.9%mJ .
on August 2, 1991 : ! :
i : ,
. } i ; '
i S i
: : i ! ;
? P !
5 Pl i z
| P : ‘ :
| o | | |
; 1 i ) i
i i i i ; :
| | ] | B
20
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RECORD OF BOREHOLE No 9-1!I METRIC
. 372-89-03 Co-ords: 4,983,584.3N; 374,950.7E
wP LOCATION oroxds ORIGINATED BY _
DIST 9 HWY 416 BOREROLE TYPE Hollow Stem Augers COMPILED BY NK
DATUM Geodet ic patg _ August 1, 1991 . CHECKED 8Y
SOOIl PROFILE SAMPLES & w DYNAMIC CONE PENETRATION
Bg | T fressTANCE ROT 2 Jmasic Woitae uove =Z | eemars
= wl322| @ 20 40 60 80 100 |07 comtew uwr| ZQ A
9 - 4 w O: z A 1 1 1 1 Wp W w‘ Sw
ELEV DESCRIPTION S|e| ¢ | 2[25| & [sHear STRENGTH wPo — o 2 | craiN SIZE
DEPTH = EA 85 S |O UNCONFINED  « FIELD vaNE] B I 4 DISTRIBUTION
&£12 185 | 2 leouck triaxial  x 148 vang |WATER CON ENT (%) (%}
100.3 | Ground Surface 3 zZ|o z 10 20 30 GR SA SI CL
0.0 | Topsoil ~ ~
100.1 | 100
0.2 | Silty Sand with gravelj ~
occasional cobbles and {ﬂi 5o
boulders (Glacial Till.fJ
{"' 140
Boulder content el
increasing with depth.{?ﬁ[ 7 1 S5 |45% ° 34 36 20
o 100cgs
Very Dense Brown .~r
g/ I 9
. T0%/
_l;A[ 8 0ung
K4
N ER A o
J.l 100ogm
.’:'
*ils I
H" 1T 1557
Ly 30man}
.
95.7 1.-h . " 9%
4.6] End of Borehole 155 ®

Auger Refusal

Note:

00* Indicates SPT
value based on
the first 0.3m
advanced. Full
penetration not
achieved.

20
o3, x5 Numbers refer to 15 & 5 (o) STRAIN AT FAILURE
Sensitivity 10
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@ provect Highway 416 - Beach Road Underpass po.. . TP-9-1
%@ Geocon Location: Co-ords 4,983,533.5N; 374,923 .6Fge 1 of 1
conTract wo. WP 372-893-03 pate Dec. 12/70
TEST PIT LOG oatum Ceodetic - Ground Surface 101.1 (estimated)”
SAMPLE
conr o TYPE OF TEST
Wy - WATER CONTENT - % P - MODIFIED PROCTOR TEST WL - LIGUID LT - %
& DISTURBED GS - GRAIN SIZE ANALYSIS Wopy - OPTIMUM WATER CONTENT - % We - PLASTIC LIMIT - %
‘y- UNIT  wEIGHT - "N 7“"‘ - MAX. ORY UNIT WEKNT =N/
STRATIGRAPHY sampLes|  Tests
]
£ 1| & x
v oz al2gl s £
=2z DESCRIPTION eltls 3
P |22 g
o ._.:o @
w Gr Sa Si C]
~ 101.1 GCround Surface
~ 1 0.0 Silty Sand Topsoil ~~
= Dark Zrown ~
— 100.9 ~
F | 0.4 Sand, Tine to Medium, Trace Silt " )
- Brown
- g "
C j 1.1 Clayey Silt, Some Sand Trace Gravel 14
— ’
E Crey '/
/f
— /a
- A
- 4 Fary 4
- L/ - 16.6X1/m
C f = 287
— /b wnat 28
[ (. S.G. = 2.8
o /]
— { 11812727
— 4
= ’/‘ U = 27
= / W o= 13%
[ P
- <
67 .8 f
- 3. Gravelly Sand and Silt (Glacial Till) K
wlll Some Cobbles and Boulders {0.9m x 0.3 bhoulder @ Z.5m) Xgry o3
— Very Difficult to excavate . i 3'Ok“~/m
= 1971 Crey/Brown lhat = 07
- 4.0 End of Test it 5.G. = 2.8
== ‘lachine Refusal (Large Boulder or Bedrock)
- Water running into Test Pit along interface between
- Sand and Claycey Silt
[ Otherwise, Test Pit dry




APPENDIX B
Laboratory Data
Figure Bl - Grain Size Analysis - Clayey Silt

Figure B2 & B3 - Grain Size Analysis - Glacial Till
Figure B4 - Plasticity Chart - Clayey Silt

55



7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

RETAINED

PERCENT

ST SAND GRAVEL
CLAY & 51 Fine | Medium l Coorse Fine [ Coarde
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric)
! 2 3 4 s 10 20 30 40 350 7Sum 150um 300um 600um V18 mm 236mm 9 Smm 190 men 3I75mm 630 mem
100 T S3um 106um | 250um  425um 850 um 2.00mm ¢75mm 4 2em | 2650m | s30 75 0mm
ﬁ ¢ —
B —1
R T R SN B S 0 U S Y 0 NN R ¢ __‘,l‘-——+ + . R TRV ) DN ."—‘/‘ . .
/ ] *— :
90 - 10
4—xT '
VRPN S [ES VN U SOUGY N SRR N U5 SN S P B 7| WY WY S "/K_LA.__A . Y — —_ . . — [ VORI W
/ L—
80 =] 20
— -4 1 _ - - - — - —— e p— -
70 ————— 30
o 60 .0
z /
' o T
0 7/ s
: / LEGEND
s o[/ BH  |SAMPLE SYMBOL
a 40 2 e e €0
/ / 1 9-1 1 x
] 411 | . . O I N | S S SRR
Pl 9-6 1 .
30 y, 3 S S— ) T,
N O 4 4 -3 [RURUER Y | SR S S
20 S, [ RIPY S O R  ——— T ¢ ]
oLk - - . I S . N | I
-~ /’
10 ,‘/ — 90
x//
0 . . __Jwo
' 2 3 as 10 20 30 40 270 200 140 100 6080 40 30 20 16 08 e "2 T My gm e
MINISTRY SIEVE DESIGNATION (imperiol)
Ministry of Bl
) T GRAIN SIZE DISTRIBUTION FIG No
Communications W P 372-89-03
Ontario Clayey Silt, trace sand and gravel

Qs
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UNIFIED SOIL CLASSIFICATION SYSTEM

o

PERCENT

SAND GRAVEL
CLAY & SitT Fine 1 Medium | Coarse Fine | Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE ODESIGNATION { Metric)
! 2 3 45 10 20 30 4050 y5,m 150um 100um 800um 1 18mm 2 domm 9 Smm 190mm I?7Smm  8) Omm
100 [TITH $Ium 106um 250um _425um 850 um 2 00mm 475 mm | 2em A 265mm | s30-n 50mm
—
[ SRS O N U ' O Y AN R U5 IS U W A ) =7 . | ]
90 10
44 | —— N . . - 4 .- a—‘/és e 4 >// S U S
80 A . 20
P = ‘./ %
Y S SR W B Y TR SRR PN Y U SR S Z/A [ S ?’/,/ _/ . [ USRS SR —4
70 e 30
X L=
/T 1 1A B
60 ~ 40 ¢
b * 2
PR S / // <
q w
* 50 2 Z ‘ 50
. Y LEGEND
¥ ) L o 8n |sameie | svmeor
2 40 %/ T NS S 60
A 9-1 3 X
[
30 S 9-2 . _é - o B b 7))
oW 4: 1] o 9-3 1 A
2 ' 94 | 3 | Bl
_ _ c 9 ) . ~ 9-5 2 *
1 7 i S P B
10 9 _u7_ E_. _.Q,.—__. 90
S - - - S - —_— — b — - - - - [———
0 - e e 100
] 2 3 a4 10 20 30 40 270 200 140 100 6030 40 30 20 18 08 a KOS T VAP A

MINISTRY SIEVE DESIGNATION {Imperiol)

Tranermaation and GRAIN SIZE DISTRIBUTION FIG No B2

Communications Glacial Till WP 372-89-03

Ontario

LS
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UNIFIED SOIL CLASSIFICATION SYSTEM

PERCENT PRETAINED

SAND GRAVEL
CLAY & SIt Fine | Medium | Coorse Fine | Coorse
ORAIN SIZE (N MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
] 2 3 4 8 10 20 30 40 % Sum 1SOum 300um 600um LIS mm 2.36mm 9.5mm 19.0mm 372.5mm  6) O mm
100 HTHTE $Ium 106um 250um _425um 30um 2.00mm 4.75mm | 1n2mm u;‘:l $30md 7300m
| | /]
90 {/ // 1o
JARIAN
0 // / // 20
./
70 /////; 30
L s .l ol il ] |
o 60 /S/ ,A / / 40
% o i ] A L s
: B | v LEGEND
g )L/ /ﬂf BH [SAMPLE SYMBOL
2 40 €0
| | ] T AT [T 98 | 3 N
A e 9-9 5 x
30 1 10
ZI{ /1 _q 9-10 3 0
- -
20 A/K " e 9-11 2 hd 80
, Pug
10 90
M
0 ?/ H 100
| 2 3 a4 s 10 20 30 40 270 200 140 100 6080 40 30 20 I8 08 . A A A VR

MINISTRY SIEVE DESIGNATION (Imperial)

Transportation and
Communications GLACIAL TILL WwW°P 372-89-03

Ministry of GRAIN SIZE DISTRIBUTION FIG No B3

Ontario

8¢S



Oct 75, FF.$- 21

60 ....T_._. —— e e R _ —— e p—
! !
! !
50| 4
CH
40 i //
b Ct
=
o
Z
:3
v
< ct LEGEND
a
i 8H SAMPLE | symBOL
20 / ! TP 9~1 2.8
/ i - —
] 1
| / mH OM T —C “'l
10 -— .__...r._._.__ ._6_._7 R it ST U S ———— e . I i --——{‘
= o — T X F— ==t ——
LTRSS | -
7”7
M 7 m oL l 1
oo 10 20 30 40 $0 60 70 80 90 100
LIQUID LMIT %
Mmoot PLASTICITY CHART FIG No B4
ransportabion an - -
Commynicatinns CLAYEY SILT WP 372-89-03
Ontano

6S
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REPORT TO

FENCO ENGINEERS INC.
WILLOWDALE ONTARIO

HIGHWAY 416
KEMPTVILLE ONTARIO
FOUNDATION INVESTIGATION
PROPOSED CPR OVERHEAD
(WP 372-89-04; Site 16-193)
DISTRICT 9, KINGSTON

GEOCON (1991) INC.
January, 1992
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1.0 INTRODUCTION

Presented herein are the results of a geotechnical subsurface investigation conducted at
the above site to establish the prevalent subsurface geotechnical conditions for the design
and construction of the proposed bridge and approach fills. Geocon (1991) Inc. (Geocon)

was retained by Fenco Engineers Inc. to perform this work.

The field work for this project was conducted between October 18th and October 24th,
1990 using a CME 55 drill rig equipped with 200 mm diameter hollow stem augers. The
investigation consisted of 11 boreholes and 2 test pits of depths ranging from 4.5 m to
11.3 m. In addition, three dynamic Cone Penetration Tests (CPT) were performed. The
soil overburden was sampled using thin walled Shelby tubes and a 51 mm diameter split
spoon in conjunction with the Standard Penetration Tests (SPT). The underlying bedrock
was cored in NXL size. In situ undrained shear strength determinations using, the
M.T.O. standard size field vane, were also performed at various location in the
underlying silty clay. Three standpipe piezometers were installed to monitor the

groundwater levels.

The locations of the boreholes are shown on Drawing 3728904-A* A record of the

encountered subsurface conditions at each borehole and test pits, is given in Appendix A.

* Dwg. No. 2, Sheet 310, of the Contract Drawings.
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2.0 SITE DESCRIPTION AND GEOLOGY

The proposed overhead is located at the crossing of the CPR track and Highway 16
approximately 3 km south of Kemptville, Ontario (Figure 1). The overhead will consist
of a three span structure supported on two central piers and abutments placed on approach

fills.

The site is relatively flat and poorly drained with several marshy areas. South of the
tracks the alignment is densely covered with small to medium sized trees. Grassland,
with occasional shrubs, gives way to agricultural land on the north side of the tracks. A
20 m wide, 5 m high, granular fill embankment is located approximately 175 m north of
the tracks just west of the proposed Highway 416 southbound lane. Mature trees are
present on the 125 m long granular fill. Approximately 45 m east of the proposed
alignment are the overhead structure and approach fills of the existing Highway 16. The
proposed/existing structure is about 10-12 m above existing ground level.

The site is drained by a small stream which flows from the southwest and passes under
the railway embankment about 50 m west of the proposed highway centre-line.
Approximately 150 m north of the tracks water discharges from a 1.2 m culvert, located
within the existing Highway 16 embankment fill, and enters a westerly flowing drainage
ditch which intersects the proposed alignment at right angles. Two shallow side ditches,

located either side of the railway embankment, flow to the west.

The proposed Highway 416 is located within the physiographic region of the Ottawa-St.
Lawrence lowland. During the last Ice Age this area was glaciated which resulted in the
deposition of a layer of till over much of the proposed alignment (Sharpe, 1979). In

general the till comprises of a bouldery cobbly silty sand to sandy silt.
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Subsequent to glaciation the Ottawa-St. Lawrence lowland was inundated by the
Champlain Sea. At the location of the proposed Highway 416 alignment the depth of
water was shallow and in general only resulted in minor wave action modification of the
surface of the underlying till. However, in localized low lying areas deeper deposits (up

to 10 m) of fine grained clayey silt may be present.

Available surficial geology information (Ontario Geological Survey Map 2387) indicates
that the proposed CPR overhead site is underlain by a uniform medium sand deposited
in a shallow water environment. These deposits are anticipated to overlie deposits of fine

grained clayey silt.

The bedrock in the area is a massive grey dolostone known as the Oxford Formation of

the Beekmonton Group.
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3.0 SUBSURFACE CONDITIONS
3.1 General

The stratigraphy at the site comprises of thin layers of peat, topsoil and silty sand
overlying a thick deposit of silty clay which in turn overlies a gravelly sand till deposit.
The till deposit is underlain by dolostone bedrock. Details of the encountered subsurface

conditions at each of the borehole and test pit location are presented in Appendix A.

3.2 Gravelly Sand (Fill)

A granular fill embankment is located approximately 175 m north of the railroad tracks.
The embankment is 5 m high, 125 m long and 20 m wide. Based on information
obtained at the test pit locations and at Borehole 10-8, drilled at the toe of the fill, the fill
is comprised of brown gravelly sand with some cobbles, boulders and pockets of

organics.

33 Peat and Topsoil

A thin layer of peat and/or silty sand topsoil was encountered in all boreholes and ranged
from 0.1 m to 0.5 m in thickness.

34 Silty Sand

Underlying the topsoil or fill at all borehole locations is a thin layer of grey silty sand to

sand, some silt. This stratum ranged from 0.4 m to 1.1 m in thickness. Based on the
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results of one grain size distribution analysis this layer may be described as a silty sand
with a trace clay. SPT N values obtained from this layer ranged from 2 to 14 inferring

a very loose to compact density.

35 Silty Clay, Varved

Underlying the peat, topsoil and silty sand is a layer of grey silty clay at all borehole
locations. This stratum ranged from 4.4 m to 6.4 m in thickness. The upper surface of
this stratum is found at about El. 95 m which is approximately 1 m below ground
surface. The stratum is approximately 6 m thick at the location of the proposed overpass.

Atterberg limit test results indicate a general reduction in the plasticity index with depth
(Figure B3). The measured liquid limit of the material ranged from 22% to 58%
(average 41%), plastic limits of the 18% to 29% (average 23%) and associated plasticity
indices of 4% to 32% with an average value of 18%. A plot of the Atterberg limits
(Figure B4) indicates that the soil is inorganic clay of variable plasticity (CL to CH).

The results of 4 grain size distribution analyses (Figure B2) indicate that this strata lies

within the silty clay range with an increasing silt content with depth.

Based on the summary of in-situ test results and laboratory data obtained for the silty clay
layer (Figure B3), the following general comments may be made about its engineering

properties:

Water Content

The water contents ranged from 22% to 35% with a decreasing trend with depth and one

anomalous value of 51% (Borehole 10-8; Sample 4). This decreasing trend is consistent
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with the increasing silt content with depth. Generally, the water contents are slightly

above the plastic limit.

Standard Penetration Test (SPT)

SPT N values obtained from this stratum ranged from 2 to 13, and is in the form of a
parabolic distribution with a peak value at about 1 m below the top of the layer (Figure
B4). Lower SPT values in the upper 1 m are likely caused by either localized softening

due to surface water ponding or the affect of freeze/thaw action in the frost zone.

Undrained Shear Strength

The undrained strengths for this strata were obtained by in-situ vane tests, laboratory vane
tests and undrained quick (UU) triaxial tests. Based on the combined undrained shear
strength and SPT data, it is concluded that the stratum can be described as having a very
stiff consistency above El. 90 m. However, there are some localized zones of firm to
stiff material. Below this elevation, the deposit can be described as having a firm to stiff

consistency.

The results of one in-situ field vane test and one UU triaxial test performed at El. 94.7 m
at Borehole 10-5 and on a sample recovered from El. 89.3 m in Borehole 10-6,

respectively, are considered unrepresentative because of probable disturbance of the

samples.
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Sensitivity
Sensitivity values, defined as the ratio of peak to remolded undrained shear strength
ranged from 1 to 26 with a typical range of between 5 and 8. Based on these values, the

deposit is considered to be sensitive.

Consolidation Data

The results of the four consolidation tests (Table 1, Appendix B) indicate that the silty
clay is overconsolidated with estimated pre-consolidation pressures (Pc) in excess of
400 kPa and associated over-consolidation ratios (OCR) ranging from 7 to 28. The
general trend of decreasing Pc values with depth is consistent with that exhibited by the
SPT "N" values and the undrained shear strength data.

Recompression indices (C,) and compression indices (C,) ranged from 0.007 to 0.025
(average value 0.015) and from 0.16 to 0.200 (average value 0.18), respectively.
Coefficient of Consolidation (C,) values, applicable to the reloading portion of the tests,
vary from 34 m¥/yr to 68 m?/yr (average value 47 m?/yr).

3.6 Gravelly Sand (Glacial Till)

A layer of non-cohesive gravelly sand till was encountered below the silty clay stratum
at all borehole locations. The stratum ranged from 1.3 m to 1.6 m in thickness at
Boreholes 10-4 and 10-6, respectively. Based on auger refusal data obtained at other
boreholes locations, the thickness of this layer is inferred to range from 0.5 m to 3.6 m

with an average thickness of 1.5 m.
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The results of one grain size distribution analysis indicates that the glacial till is a well
graded mixture of sand and gravel with some silt. Occasional cobbles and boulders may

also be present within this layer.

SPT N values obtained for this stratum ranged from 17 to 26, inferring a compact state
of density. An N value of 2 at Borehole 10-7 is believed to have been influenced by

upward flow of groundwater in the auger hole prior to the test and is considered

unrepresentative.

Water contents within the till ranged from 7 to 9%.

3.7 Bedrock

Bedrock was confirmed at about E1.87.5 m which is approximately 8.0 m below ground
surface and was cored for a total depth of 2.9 m and 2.7 m at Boreholes 10-4 and 10-6,
respectively. The bedrock is a dark grey fine grained dolostone with occasional
intrusions of calcite and closely spaced thin (1 to 2 mm) stringers of black shale. The
rock is massive with core recovery of 87 to 100% and RQD values ranging from 87 to

93% inferring good to excellent quality bedrock.

Unconfined compression tests performed on two samples of core retrieved from Boreholes
10-4 and 10-6 yielded strength values of 85 and 67 MPa, respectively.

3.8 Groundwater Conditions

Groundwater levels were measured by standpipe piezometers installed in the underlying

glacial till at Boreholes 10-3 , 10-5 and 10-7. The groundwater levels were measured
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approximately 17 days after drilling and were observed at El. 95.8 to El. 96.3 m. These
water level elevations infer that a small artesian pressure is present within the glacial till
layer, which is consistent with general observations made during drilling. The measured
water level within the surficial topsoil and silty sand layers is at or close to the ground

surface.

Groundwater level could expect to vary seasonally.
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5.0 CLOSURE
The field work portion for the investigation was carried out under the supervision of Mr.
N. Khan P. Eng. The report was written by Mr. I. Corbett, P.Eng. and Mr. N. Khan,

P.Eng.; checked by Mr. R.W. Browne and reviewed by Dr. I. Holubec, P.Eng.

This report is subject to the attached General Conditions and Limitations.

Yours very truly
GEOCON (1991) INC.

Pro_lect Engineer ;1 . ~:‘\
SE
.y = e

Teor Holubec, Ph.

g \8 Eng. 7, /

Vice-President n ot
ce-Pres oF /

IH:dgj
T11688/15530
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NOTE: The preceding report is a copy of the factual information from the Foundation
Investigation and Design Report prepared by Geocon (1991) Inc. (consulting
geotechnical engineers for this project), and signed and sealed by N. Khan, P.Eng.
and I. Holubec, Ph.D., P.Eng. The project was carried out under the technical
supervision of Fenco Engineers Inc., the supervising consultant for this project.

D. Dundas, P. Eng.
Senior Foundation Engineer
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GEOCON (991 INC.

GEOTECHNICAL REPORT

GENERAL CONDITIONS AND LIMITATIONS

USE OF THE REPORT

The factual data, interpretations and recommendations contained in this report pertain to a specific project
as described in the report and are not applicable to any other project or site location. If the project is
modified in concept, location or elevation or if the project is not initiated within eighteen months of the date
of the report Geocon (1991) Inc. (Geocon) should be given an opportunity to confirm that the
recommendations are still valid,

The comments given in this report are intended only for the guidance of the design engineer. The number
of test holes to determine all the relevant underground conditions which may affect construction costs,
techniques and equipment choice, scheduling and sequence of operations would normally be greater than
has been carried out for design purposes. Contractors bidding on, or undertaking the work, should rely
on their own investigations, as well as their own interpretations of the factual test hole data, as to how

subsurface conditions may affect their work.

FOLLOW-UP

All details of the design and proposed construction may not be known at the time of submission of
Geocon's report. It is recommended that Geocon be retained during the final design stage to review the
design drawings and specifications related to foundations, earthworks, retaining systems and drainage, to
determine that they are consistent with the intent of Geocon's report.

Retention of Geocon during construction is recommended to confirm and document that the subsurface
conditions throughout the site do not materially differ from those given in Geocon's report and to confinm
and document that construction activities did not adversely affect the design intent of Geocon's
recommendations.

SOIL AND ROCK CONDITIONS

Soils and rock descriptions in this report are based on commonly accepted methods of classification and
identification employed in professional geotechnical practice. Classification and identification of soil and
rock involves judgement and Geocon does not guarantee descriptions as exact, but infers accuracy only to
the extent that is common in current geotechnical practice.

The soils and rock conditions described in this report are those observed at the time of the study. Unless
otherwise noted, those conditions form the basis of the recommendations in the report. The condition of
the soil and rock may be significantly altered by construction activities (traffic, excavation, pile driving,
blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to wetting,
drying or frost. Unless otherwise indicated the soil and rock must be protected from these changes or
disturbances during construction.
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LOGS OF TEST HOLES AND SUBSURFACE INTERPRETATIONS

Soil and rock formations are variable to a greater or lesser extent. The test hole logs indicate the
approximate subsurface conditions only at the locations of the test holes. Boundaries between zones on the
logs are often not distinct, but rather are transitional and have been interpreted. The precision with which
subsurface conditions are indicated depends on the method of boring, the frequency of sampling, the
method of sampling and the uniformity of subsurface conditions. The spacing of test holes, frequency of
sampling and type of boring also reflect budget and schedule considerations.

Subsurface conditions between test holes are inferred and may vary significantly from conditions
encountered at the test holes.

Groundwater conditions described in this report refer only to those observed at the place and time of
observation noted in the report. These conditions may vary seasonally or as a consequence of construction
activities on the site or adjacent sites.

CHANGED CONDITIONS

Where conditions encountered at the site differ significantly from those anticipated in this report, either due
to natural variability of subsurface conditions or construction activities, it is a condition of the use or
reliance by the client of this report that Geocon is notified of the changes and provided with an opportunity
to review the recommendation of this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that an experienced geotechnical engineer be employed to visit the site
with sufficient frequency to detect if conditions have changed significantly.

DRAINAGE

Drainage of subsurface water is commonly required either for temporary or permanent installations for the
project. Improper design or construction of drainage can have serious consequences. Geocon can take no
responsibility for the effects of drainage unless Geocon is specifically involved in the detailed design and
follow-up site services during construction of the system.

c:\general\cndtns.Imt
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EXPLANATION OF THE TERM

ROCK QUALITY DESIGNATION (RQD)

The description of bedrock quality for engineering purposes can be inferred from a
modified core recovery logging procedure designated as RQD, developed by D.U. Deere.*
This classification is based on a modified diamond drill core recovery percentage in
which only the pieces of sound core over 4 inches (10 ¢m) long are counted as
recovery. The core must be carefully examined to discount fresh irregular breaks caused
by the drilling process (fresh broken pieces are fitted together and counted as one
piece). The remaining fragments less than 4 inches (10 cm) length are considered to be
due to very close bedding, jointing, fracturing, shearing, or weathering in the rock mass
and are not counted. The procedure penalizes the rock where recovery is poor. This is
appropriate because poor core recovery usually depicts poor quality rock. In the case of
certain shaley sedimentary or thinly foliated metamorphic rocks, the method is not as
exact as for other rock types and rock quality requires interpretation by a specialist for
the particular engineering application. To minimize the occurrence of core breaks from
drilling procedures RQD logging is normally run on core obtained by double or triple
tube core barrels and generally of “N** size or greater.

The table below may be used as a general indicator to correlate (RQD) and rock mass
quality. '

RQD DESCRIPTION OF ROCK QUALITY

90 - 100  Excellent - intact, very sound, massive
75 - 90 Good - moderately jointed or sound
50-75 Fair - blocky and seamy, fractured

25 - 50 Poor - shattered and very seamy or blocky,
severely fractured
0-25 Very poor - crushed, very severely fractured

*See, for instance:

K.G. Stagg and O.C. Zienkiewicz, "Rock Mechanics in Engineering Practice’’. New York,
Wiley, 1968, Chapter L

GEOCON
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RECORD OF BOREHOLE NolO-7

METRIC
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RECORD OF BOREHOLE No I0-8 METRIC
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RECORD OF BOREHOLE Nol0-9 METRIC
. hd . .
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RECORD OF BOREHOLE No I0-10 METRIC
wp __372-89-04 LOCATION __ Co-ords: 4,984,776.2 N; 374,378.9 E ORIGINATED By N.K.
oist ¥ awv___ 416 BOREHMOLE TYPE __ Dynamic Cone Penetration Test COMPILED BY Tx_
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OFFICE REPORT ON SOIL EXPLORATION
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RECORD OF BOREHOLE No0-1]

METRIC
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Test Pit #1

00-15m

1.5-55m

55-58m

5.8m

Test Pit #2

00-40m

40-45m

4.5 m

RECORD OF TEST PITS

Co-ords: N 4984863.5; E 374292.5; Sta 20+210 ; 15 m Left
Ground Surface Elevation 101.5 m ()

Dark Brown Heterogenous Mixture of Boulders,
Cobbles, Sand and Silt Trace Topsoil

Some pieces of Asphalt (FILL).

Light Brown Gravelly Sand Some Silt

Some Cobbles and Boulders (FILL)

Boulders generally less than 0.5 m in Diameter
Black Peat and Topsoil

End of Test Pit

Co-ords: N 4984899.0; E 374271.0; Sta 20+250 ; 10 m Left
Ground Surface Elevation 101.5 m ()

Brown Gravelly Sand Some Siit
Some Cobbles and Boulders
Occasional Pockets of Topsoil (FILL)
Black Topsoil

End of Test Pit
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Figures Bl to B3
Figure B4
Figure B5 & B6
Table 1

APPENDIX B
Laboratory Test Data

Grain Size Curves

Plasticity Chart - Silty Clay
Consolidation Test € vs log p Curves
Summary of Consolidation Test Data
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APPENDIX B

TABLE 1

HWY 416 FOUNDATION PROGRAM - WP 372-89-00
STRUCTURE NO. 10 - CPR OVERHEAD
SUMMARY OF CONSOLIDATION TEST DATA

Sample Locations Loading Data Compression Data
Sample Depth Elevation o, Pc OCR Cr Cc Cv €o
# (m) (m) (kPa) (kPa) m2/ yr
2 3 1.8 94.2 15 415 28 0.025 0.162 34.0 0.805
3 8 6.3 89.8 62 440 7 0.007 - 50.9 0.534
5 5 4.2 91.5 41 580 14 0.012 - 67.9 0.687
(_5_ 7 6_._3__ 89.3 54 400 7 0.017 0.200 34.0 0.855

L6
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1.0 INTRODUCTION

Presented herein are the results of a geotechnical investigation conducted at the above site
to establish the prevalent subsurface geotechnical conditions for the design and
construction of the proposed Van Buren Street underpass and approach fills. Geocon
(1991) Inc. (Geocon) was retained by Fenco Engineers Inc. to perform this work.

The field work for this project was conducted between November 6th and November
16th, 1990 using a CME 55 drill rig equipped with 200 mm diameter hollow stem augers.
The investigation consisted of 5 boreholes and 1 test pit. The overburden was sampled
using a 52 mm diameter split spoon in conjunction with the Standard Penetration Test
(SPT). The underlying bedrock was cored in NXL size. Two standpipe piezometers
were installed to monitor the groundwater levels. The test pit was excavated with a
backhoe to obtain samples for density determinations and to confirm the matrix and the

relative density of the silty sand till stratum.

The locations of the boreholes and one test pit are shown on Drawing 3728905-A A
record of the encountered subsurface conditions at each borehole and the test pit are given
on the Record of Borehole Sheets in Appendix A. A summary of borehole depths and

elevations is given on Table 1 Appendix A.

*Dwg. No. 2, Sheet 324, of the Contract Drawings.
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2.0 SITE DESCRIPTION AND GEOLOGY

The proposed Van Buren Street underpass is located at the intersection of Van Buren
Street and Highway 16 approximately 1.5 kilometers east of Kemptville, Ontario (Figure
1). The proposed underpass will consist of two spans supported on a central pier and two

abutments.

The proposed underpass will be located near the crest of a small knoll having gentle
slopes dipping from west to east. The difference in elevation across the site is about 3 m.
The present Highway 16 and Van Buren Street are located within earth cuts of 1 m to
2.5 m depth. To the east, the alignment is located within agricultural pasture land with
some trees. A north flowing drainage ditch intersects the alignment approximately 75 m

east of Highway 16.

The proposed Highway 416 is located within the physiographic region of the Ottawa-
St. Lawrence lowland. During the last Ice Age this area was glaciated which resulted in
the deposition of a layer of till over much of the proposed alignment (Sharpe, 1979). In
general the till comprises of a bouldery cobbly silty sand to sandy silt.

Subsequent to glaciation the Ottawa-St. Lawrence lowland was inundated by the
Champlain Sea. At the location of the proposed Highway 416 alignment the depth of
water was shallow and in general only resulted in minor wave action modification of the
surface of the underlying till. However, in localized low lying areas deeper deposits (up

to 10 m) of fine grained clayey silt material may be present.

Available surficial geological information along the proposed Van Buren Street
realignment (OGS Map 1492A) indicates that it is primarily underlain by till deposits.

However, east of Highway 16, the till gives way to deposits of glaciofluvial sands and
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silts. In addition, fine grained Champlain Sea deposits may also be present to the east
of Highway 16.

The underlying bedrock at the site consists of dolostone bedrock of the Oxford Formation
of the Beekmonton Group.
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3.0 SUBSURFACE CONDITIONS

The surface conditions at the proposed underpass consist of a thin layer of topsoil
overlying a sandy silt till. However, a thin layer of granular roadfill and sandy silt

overlie glacial till at Boreholes 11-2 and 11-4, respectively. The factual information
 which was used to interpret the soil conditions is given in Appendix A and B and

Drawing 3728905-A"and are described in the following sections.

3.1 Peat and Topsoil

A thin veneer of topsoil, 0.1 to 0.3 m thick was encountered at Boreholes 11-1, 11-4, 11-
5 and Test Pit 11-1. At Borehole 11-3, a 0.3 m thick organic deposit was encountered.

3.2 Sandy Silt Till

Sandy silt till was encountered at all boreholes and test pit locations. Where fully
penetrated the till was found to be about 12.0 m thick. Based on the results of six grain
size analyses performed on selected split spoon samples, this stratum may be described
as a sandy silt till to silty sand till with some gravel and a trace clay. However, the
results of two grain size analyses performed on bulk samples from the test pit, indicate
this layer to be a heterogenous mixture of gravel, sand and silt, some cobbles, trace clay

and occasional boulders. Occasional water bearing sand seams were also encountered.

SPT N values within the glacial till are high and variable with refusal recorded at many
locations before full test penetration of the split spoon could be obtained. Based on the
SPT N values the deposit can be described as having a dense to very dense density. The

* Dwg. No. 2, Sheet 324, of the Contract Drawings.
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dense to very dense relative density of the till is consistent with the high in-situ dry
densities of 19.6 kN/m> obtained at Test Pit 11-1.

Water contents within the till varied from 7 to 12%.

3.3 Bedrock

Dolostone bedrock was found between El. 83.0 m to El. 82.0 m, approximately 12.0 m
below the existing ground surface. The bedrock was proven by coring about 2.8 and
2.6 m into the bedrock in Boreholes 11-2 and 11-4, respectively. The bedrock is judged,
by core recovery and RQD percentages to be of fair to excellent quality with the
exception of the upper 1.5 m in Borehole 11-2 which is of a poor quality. The cored
rock samples indicate the bedrock to be unweathered, grey, fine grained, closely jointed

dolostone, having occasional calcite intrusions.

34 Groundwater

Groundwater was measured by means of two standpipe piezometers in Boreholes 11-2 and
11-4 and visual observations in the remaining boreholes. The groundwater level was
measured between 1 to 28 days after the installation of the piezometers. The groundwater
level was observed to be about El. 93.0 m, which is about 1.0 m to 4.5 m below the

existing ground surface. The groundwater level could be expected to vary seasonally.
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5.0 CLOSURE

The field work portion for the investigation was carried out under the supervision of Mr.
N. Khan, P.Eng. The report was written by Mr. 1. Corbett, P.Ehg. and Mr. N. Khan,
P.Eng. and reviewed by Dr. 1. Holubec, P.Eng.

This report is subject to the attached General Conditions and Limitations.

Yours very truly
GEOCON (1991) INC.

ﬂ 1 " i~ ,Q-"“L‘
N/K:ZV-P—Eﬂg’/>

Project Engineer

. —"”/’%/ % /""‘ ﬂq,:':r'&"w

' P

Igor Holubec, Ph.D., P.Eng. PR

Vice-President w T -

TH:dg

T11688/15530 N,
NS



105

NOTE: The preceding report is a copy of the factual information from the Foundation
Investigation and Design Report prepared by Geocon (1991) Inc. (consulting
geotechnical engineers for this project), and signed and sealed by N. Khan, P.Eng.
and |. Holubec, Ph.D., P.Eng. The project was carried out under the technical
supervision of Fenco Engineers Inc., the supervising consultant for this project.

D. Dundas, P. Eng.
Senior Foundation Engineer
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GEOCON (1991 INC.

GEOTECHNICAL REPORT
ENERAL CO ONS LIMITATIONS

USE OF THE REPORT

The factual data,interpretations and recommendations contained in this report pertain to a specific project
as described in the report and are not applicable to any other project or site location. If the project is
modified in concept, location or elevation or if the project is not initiated within eighteen months of the date
of the report Geocon (1991) Inc. (Geocon) should be given an opportunity to confirm that the
recommendations are still valid.

The comments given in this report are intended only for the guidance of the design engineer. The number
of test holes to determine all the relevant underground conditions which may affect construction costs,
techniques and equipment choice, scheduling and sequence of operations would normally be greater than
has been carried out for design purposes. Contractors bidding on, or undertaking the work, should rely
on their own investigations, as well as their own interpretations of the factual test hole data, as to how
subsurface conditions may affect their work.

FOLLOW-UP

All details of the design and proposed construction may not be known at the time of submission of
Geocon's report. It is recommended that Geocon be retained during the final design stage to review the
design drawings and specifications related to foundations, earthworks, retaining systems and drainage, to
determine that they are consistent with the intent of Geocon's report.

Retention of Geocon during construction is recommended to confirm and document that the subsurface
conditions throughout the site do not materially differ from those given in Geocon's report and to confirm
and document that construction activities did not adversely affect the design intent of Geocon's
recommendations.

SOIL. AND ROCK CONDITIONS

Soils and rock descriptions in this report are based on commonly accepted methods of classification and
identification employed in professional geotechnical practice. Classification and identification of soil and
rock involves judgement and Geocon does not guarantee descriptions as exact, but infers accuracy only to
the extent that is common in current geotechnical practice.

The soils and rock conditions described in this report are those observed at the time of the study. Ualess
otherwise noted, those conditions form the basis of the recommendations in the report. The condition of
the soil and rock may be significantly altered by construction activities (traffic, excavation, pile driving,
blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to wetting,
drying or frost. Unless otherwise indicated the soil and rock must be protected from these changes or
disturbances during construction.
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LOGS OF TEST HOLES AND SUBSURFACE INTERPRETATIONS

Soil and rock formations are variable to a greater or lesser extent. The test hole logs indicate the
approximate subsurface conditions only at the locations of the test holes. Boundaries between zones on the
logs are often not distinct, but rather are transitional and have been interpreted. The precision with which
subsurface conditions are indicated depends on the method of boring, the frequency of sampling, the
method of sampling and the uniformity of subsurface conditions. The spacing of test holes, frequency of
sampling and type of boring also reflect budget and schedule considerations.

Subsurface conditions between test holes are inferred and may vary significantly from conditions
encountered at the test holes.

Groundwater conditions described in this report refer only to those observed at the place and time of
observation noted in the report. These conditions may vary seasonally or as a consequence of construction
activities on the site or adjacent sites.

CHAN CON ONS

Where conditions encountered at the site differ significantly from those anticipated in this report, either due
to natural variability of subsurface conditions or construction activities, it is a condition of the use or
reliance by the client of this report that Geocon is notified of the changes and provided with an opportunity
to review the recommendation of this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that an experienced geotechnical engineer be employed to visit the site
with sufficient frequency to detect if conditions have changed significantly.

DRAINAGE

Drainage of subsurface water is commonly required either for temporary or permanent installations for the
project. Improper design or construction of drainage can have serious consequences. Geocon can take no
responsibility for the effects of drainage unless Geocon is specifically involved in the detailed design and
follow-up site services during construction of the system.

c:\general\cndtns.Imt
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APPENDIX A

Borehole Information

Explanation of the Term Rock Quality Designation (RQD)
Table 1: Summary of Underpass Borehole Investigation
Record of Borehole Sheets (11-1 to 11-6)

Test Pit Log
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EXPLANATION OF THE TERM

ROCK QUALITY DESIGNATION (RQD)

The description of bedrock quality for engineering purposes can be inferred from a
modified core recovery logging procedure designated as RQD, developed by D.U. Deere.*
This classification is based on a modified diamond drill core recovery percentage in
which only the pieces of sound core over 4 inches (10 cm) long are counted as
recovery. The core must be carefully examined to discount fresh irregular breaks caused
by the drilling process (fresh broken pieces are fitted together and counted as one
piece). The remaining fragments less than 4 inches (10 cm) length are considered to be
due to very close bedding, jointing, fracturing, shearing, or weathering in the rock mass
and are not counted. The procedure penalizes the rock where recovery is poor. This is
appropriate because poor core recovery usually depicts poor quality rock. In the case of
certain shaley sedimentary or thinly foliated metamorphic rocks, the method is not as
exact as for other rock types and rock quality requires interpretation by a specialist for
the particular engineering application. To minimize the occurrence of core breaks from
drilling procedures RQD logging is normally run on core obtained by double or triple
tube core barrels and generally of "N’ size or greater.

The table below may be used as a general indicator to correlate (RQD) and rock mass

quality.

RQD DESCRIPTION OF ROCK QUALITY

90 - 100 Excellent - intact, very sound, massive

75 - 90 Good - moderately jointed or sound
50 - 75 Fair - blocky and seamy, fractured
25 - 50 Poor - shattered and very seamy or blocky,
severely fractured
0-25 Very poor - crushed, very severely fractured

*See, for instance:

K.G. Stagg and O.C. Zienkiewicz, "Rock Mechanics in Engineering Practice’”’. New York,
Wiley, 1968, Chapter |.

GEOCON




Borehole
No.

Test Pit 11-1

Notes:

SN -
e & s

wv

General Information

Ground Surface
Elevation
(m)

97.6

95.8

94.3

94.1

94.5

97.6

At this location, the topsoil is replaced by a 0.61 m layer of Roadfill.

HIGHWAY 416 FOUNDATION INVESTIGATION
VAN BUREN STREET UNDERPASS
SUMMARY OF UNDERPASS BOREHOLE INVESTIGATION

Total
Depth
(m)

3.5

15.4

6.3

14.4

6.3

4.5

TABLE 1

Stratigraphic Upper Elevation (m)
Layer Thickness in Brackets - m)

Peat & Topsoil

97.6
(0.2)

See
Note (1)

94.3
(0.3)

94.1
(0.1

94.5
(0.1)

97.6
€0.3)

{ 1 Layer thickness not fully penetrated.
* At this location Roadfill replaces the topsoil.
All elevations are geodetic

For more detailed information, refer to the Record of Borehole Sheets.

** As detailed in borehole log.

Glacial
Till

97.4
(3.5}

95.2
(12.0)

94.0
16.0)

94.1
1.7

94.4
6.3)

97.3
4.2

Dolostone
Bedrock

Not drilled
83.2
[2.8)

Not drilled

82.3
{2.6)

Not drilled

Piezometer Information

Tip Elev.

(m)

85.9

Groundwater Elev.

(m) *

Piezometer
damaged

93.1 **

A
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Auger Refusal

RECORD OF BOREHOLE No |i-1 METRIC
WP 372-89-05 LOCATION Co-ords: 4,987,005.7 N; 373,525.8 E ORIGINATED BY N.K.
DIST__ 2 Hwy__ 416 BOREHOLE TYPE Hollow Stem Augers COMPILED BY __N.K.
DATUM Geodetic DATE November 16, 1990 CHECKED 8Y _1.C.
SOIL PROFI SAMP « w  [DYnNAMIC CONE PENETRATION
0 OFILE LES Wy | g |RESISTANCE PLOT nasnc VAR o . REMARKS
€2 e Gy CONTENT  LimIT =0
s w301 ¥ 20 40 60 80 100 = s
9 3 w - z 1 1 1 ) 1 Wp W W, Sw
ELEV gly| w|2[28]| & [sHear STRENGTH kPo —_—— 2 | GRAIN SIZE
DEPTH DESCRIPTION g | g 85 % o unconrneo o FIELD VANE| oo oL TENT (% y DISTRI?UTION
z 5 | &Y 2 le quick TriaxiAL  x 1aB vane 20 40 60( o) (%)
97.6 | Ground Surface £ i GR SA Si CL
0.0 | Topsoil
7.4 Dark Brown [ Dry °
0.2 -
8ilt § Sand, some gravel,s
trace clay, occasionaljl {1 ss | 64
cobbles and boulders
(Glacial Till)
187 96 12 37 44 7
Very Dense Brown 1 50m
51707
Omm
94.1 o
3.5| End of Borehole 25/
2 San

+

3' x5 : Numbers refer to
Sensitivity

20
15 &5 (%)} STRAIN AT FAILURE
10
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Mivstry
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b
Fansponaton ] ] 4
RECORD OF BOREHOLE Noll-2 METRIC
W 372-89-05 LOCATION __ Co-ords: 4,986,994.4 N; 373,524.3 E ORIGINATED 8Y ___N.K.
DIST 4 HWY 416 BOREROLE TYPE _Solid Stem Augers, Tricone, NXL Rock Core COMPILED BY N.K,
DATUM Geodetic DATE November 8, 9 and 10, 1990 CHECKED BY 1.C.
w |DYNAMIC CONE PENETRATION
SOIt PROFILE SAMPLES ;2 2 |ResisTance PLOT asie Aol L% REMARKS
- w | 361 % 20 40 60 80 1gg |\M7  cowrm umr] Z0Q
o« 4 = 2 ) h L h ) Wp w W, :; &
ELEV DESCRIPTION S § w2 %g & |sHEAR STRENGTH kPo ———— GsRAlN ?ch)E
DEPTH 15| Z | 5|38 | g |ounconrned + FIELD VANE . y |DISTRIBUTION
é 2 > gu T |e ouick TRIAXIAL  x 14B VANE WATER CONTENT (%) (%}
95.8 | Ground Surface 5 i 20 40 %0 GR $a S Cl
0.0 | Gravelly Sand (Roadfil 1lssls Yo °
95.2 | Loose Brown Notjed
0.6 }' " NE
Sand and Silt, some (]2t Ss |70 12 38 46 3
gravel, trace clay, }'l
some cobbles, occasional Bentdnite Seal
boulders L} T T35 1467 °
(Glacial Till) 1 " 150np 94
Very Dense Brown {i
.|
l.'z"
li" 4 | ss |76/
92.3 ] 275mn
3.5 =,
Sandy Silt, some gravell,0' 92
trace Clay. Some ?[ Backfill
cobbles, occasional v
boulders :':I
(Glacial Till) B I
I |
Very Dense Grey -I', 5 ss |62 °
Cored boulders from:- 1'
A\l
ﬂ 90
3.58m - 3.97m; S
7.78m - 8.82m j.»}
S
1,t 6 SS |64 13 3557 9
e
i’L D Piezogeter
.P
o T =578/ 88 o
}O k 150mp
o‘
’.
%0
. X J7
106mn
)
Kl 86
.[
.-, *
o 2550/ ©
I‘ . 1100
e
{'Z 84
.,
A !
83.2 !-'.' 52/150mm RQDY 3
12.6 | Dolostone Bedrock RC !
X 11 | o [100 59 ;
fine grained, closely Re ;
jointed, with some 12 {axr | 69 31 !
calcite intrusions RC H
13 -~ 100 69 :
Crey /] :
14 | RC 100 ;
NXL. 100 :
RecZ

+3 57 Numbers refer to

Sensitivity

10

20
15 45 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No lI-2
372-89-05 LOCATION __ Co-ords: 4,986,994.4 N ; 373,524.3 E ORIGINATED By _ N-K-
DIST __.9__ HWY_L_"_6_ BOREHOLE TYPE Hollow Stem Augers, NXL Rock Core COMPILED BY N.K.
Geodet ic DATE November 16, 1990 I.C.
SOIL PROFILE SAMPLES o« w DYNAMIC CONE PENETRATION -
5«2 3 RESISTANCE PLOT nasTIC 7‘.3'.‘;’:'3.‘; ou “.:LI-) REMARKS
= w (30| @ 20 40 60 80 100 z= s
9 « w = z 1 h f 'y 1 Sw
DESCRIPTION 18| 2| 2 [25] O [srear STRENGTH o JUSD S— 2 | crain size
-3 Z|8 85 g |ounconener e e vanE] TENT (% DISTRIBUTION
§ z 5 | &Y G |e Quck TRIAXIAL  x LB vaNE WATER CONTENT (%) (%)
Borehole Cont'd g ‘ o GR SA SI CL

See Page 1 Ior rock
Description

OFFICE REPORT ON SOIL EXPLORATION

End of Borehole

Notes:

1) 00* indicates that
the quoted °'N'
value is based on
the first 0.3m of
penetration.

(full penetration
not achieved)

2) Borehole advanced
from 2.5 m to
bedrock by Triconing
inside an N casing.

3

~

Piezometer was
damaged before a
water level was
established.

] '

+3 x5 . Numbers refer 1o
Sensitivity 10

20

15 -5 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No {I-3 METRIC
372-89-05 Co-ords: 4,987,008.9 N; 373, 564.6 E ORIGINATED BY _ N.K.

w P

LOCATION

DIST__ 9 _mwwy__416 _ BOREROLE TYPE __ Hollow Sfem Augers

COMPILED BY __N.K

Notes:

1) Water in open
borehole measured
at elevation 90.3 m
upon completion of
drilling.

00* indicates
quoted 'N' value is
based on the first

2)

0.3m of penetration;

(full penetration
not achieved)

DATUM Geodetic DATE November 15, 1990 CHECKED BY I.C.
w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | &, 2 |resistance pior NATURAL =
22| S pastic moistuae LGUR | F | REMARKS
= w |29 @ 20 40 60 80 100 content L z<
9 5 w - z f n L 1 . Wp w w, Sw &
ELEV DESCRIPTION Ele| ¥ | 298| & |sHEAR STRENGTH kPo . . 2 | grAIN SIZE
DEPTH = § > g 85 % |o unconfineD + FIELD VANE . y DISTRIBUTION
=< > | 8Y T e ouck TRAaxaL  x 1aB vang | WATER CONTENT (%) (%)
943 | Ground Surface 7 £ @ 20 40 60 GR SA SI CL
0.0 Peat & Topsoil ]
fea.o fl Soft Black { 94
0.3 }
Sand and Silt, some .
gravel, trace clay, 1| ss | 41% °
occasional cobbles »
(Glacial Till)
Very Dense srown |° 2 [ss| 66
o 92
.'13 SS | 62% ° 14 37 42 7
-]
- W& | Ss [92/
- 200 om
S5 s [417) &~ °
0.0 = 275mm 90
43 v
Sand and Silt, some -
gravel, trace clay. |'s 6 | ss | 38 °
Occasional cobbles
(Glacial Till) Y
w7 [ ss | 36
Dense Grey l
Water bearing sand
880 | seam at 5.3 - 5.8m o 13
6.3 [ End of Borehole 150mgn

+

3, x5 : Numbers refer to
Sensitevity

20
1565
10

(%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No II-4 METRIC
WP 372-89-05 LOCATION Co-ords: 4,987,020.7 N; 373,601.1 E ORIGINATED BY _ N-K.
OIST. % _HWY__416  BOREHOLE TYPE Hollow Stem Augers, Iricone ., NXI Bock Core COMPILED BY N.K.
DATUM Ceodetic DATE November 6, 1990 CHECKED BY I.C.
w | DYNAMIC CONE PENETRATION
SOit PROFILE SAMPLES | & ) 2 |resisrance pior NATURAL =
g1 S nae o uel =5 | eemarks
- w | 20| @ 20 40 60 80 100 CONTENT z:= A
9 5 w °= z I ) L L I Wp W Wl Sw
ELEY DESCRIPTION Tl 8| 2|28 Q [SHEAR STRENGTH %o —_———— 2 | Grain SizE
DEPTH 121z |8 85 § [ouncoNPNED  + FED VANE[ oo o e el Y DISTRIBUTION
gz z {3 & |e ouck TRAxAL  x L4B vaNnE wi %) (%)
94.1 | Ground Suriace ©» ‘ w L 20 40 60 GR SA SI CL
'b ‘,‘U:OU N Topsoil B 94 ; { } }
0.0 | Sandy silt, some clay |- "{|1 | 85| 4 Vater level in
trace gravel . plezometer measured
o at elevation 93.1 a
o] 2 | S§ |25 on December 4, 1990. [} 0 31 52 17
92,7 | Loose to Compact Brownf- -
1.2 - - Bentjonite Seal
Sandy Silt, some grave ) SS | 78%
trace clay, occasionsli -
cobbles 22
(Glacial Till)
SS |64 °
Very Dense Browny -’
90,7 05| ss |66
3.5 .
Sandy Silt, some gravel,’ BackFill
trace clay, occasionalll' -
cobbles sl 90
Dense to Very Dense _
(Glacial Till) Grey || - || & | S5 |32
Encountered sand e
seams at:- g7 | ss |37
5.0lm - 5,34m; .
8.13m - 8.3lm > 88
118 | ss 71
sfle | ss |84
) :A Piezogeter
N 86
-
B EED g?émn ° 12 20 62 6
o 84
:¥{11] ss 169/
‘. 22 5o
82.3 - Rec¥ RQDZ !
11.8 Dolostone Bedrock 90 ) :
fine grained closely 12 ITC 95 ’
jointed NXL !
00* indicates that
! the quoted ‘N’
: 1 ed
13} RC I90 52 e fires 0038 of
| NXL ! penetration (full
: penetration not
T achieved).
145 RC {83
79.7 Grey \< ; NXL 87
14.4 {End of Borchole i
H i .
j ,‘

+3. x5 . Numbers refer 1o
Sehs"wlly

20

10

15495 (%) STRAIN AT FAILURE
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Transponation
RECORD OF BOREHOLE No (|-5 METRIC
WP 372-89-05 LOCATION Co-ords: 4,987,014.2 N; 373,602.2 E ORIGINATED BY N.K.
DIST__ 9 wwy___416 BOREHOLE Typg __ Hollow Stem Augers, Triconing compiep By __N-K.
DATUM Geodetic DATE November 7, 1990 CHECKED BY 1.C.
AMIC CONE PENETRATION
SOIL PROFILE sampLes | & | et Chor e AT =
=2z o 1€ mOsTURE  LIQUID | REMARKS
g LT CONTENT ttMi? -0
51 e w |30 @ 20 40 60 80 100 W W W, g; Py
= w - . P L
ELEV TlE| v 2123 5 SHEAR STRENGTH «Po O S 3 | GRAIN SIZE
DEPTH DESCRIPTION 23| 2| S [38| 5 [ounconmme o meovane] oo e bl [PISTRBUTION
é z 5 | &9 D | ouick TRIAXIAL  x LAB VANE o 6 o (%)
94.5 | Grourd Surface 5 z = 20 40 60 GR SA Si CL
0.0 } Topsoil = Not
Log [T 3 | ss | 14 {Notes °
0.1 R 94
2
Heterogeneous mixture . -
of Silt, Sand and '!’ 2 | 88 72/
Gravel, trace clay, 1"' i
occasional cobbles. 2
(Glacial Till)
][ 3 | ss |80 °
Very Dense Brown |- ]
s
;‘i: & |55 [317 92
KN 150mm
- _
:V'I 5| ss {80* ] 27 31 36 6
v
¥
89.9 | 90
4.6 .-
Sandy S$ilt, some gravel,* 6 | 55 164
trace clay, occasionalf: .
cobbles Bd|
(Glacial Till) .'.
Very Dense Grey N
882 N 7 | s |65
6.3 | End of Borehole
Notes:
1) 00* indicates that the
quoted 'N' value
is based on the
first 0.3m of
penetration
(full penetration
not achieved)

]

+3, x5 . Numbers refer ro

Sensnnmy 0

20
1545 ("%} STRAIN AT FARLURE
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METRIC

End of Borehole

Notes:

1) Water level in

completion of
drilling.

open borehole at
ground surface upog

i

l

!
|
:

RECORD OF BOREHOLE No |I-6
w P 372-89-05 LOCATION Co-ords: 4,987,030.1 N; 373,680.4 E ORIGINATED BY G.Y.
DIST 8 HWY 416 BOREHOLE TYPE __ Hollow Stem Augers COMPILED BY I.c.
DATUM Geodetic DATE March 5, 1991 CHECKED BY 1.C.
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | X | = |gecstance plo7 NaTURAL T
=5 g HASTIC moisture Mouo | - T REMARKS
= . | 36| = 20 40 60 80 100 |'T  cowtemr vt} SO .
O|«x w et 0 . L L 4 Wp w w, =34
ELEV S| w2 %E 5 SHEAR STRENGTH kPo —— 2 | craIN SIZE
DEPTH DESCRIPTION - g > § 8% : © UNCONFINED + FIELD VANE WATER CONTENT (% y DISTRI?UTION
‘:‘_g b4 5 | &Y D | ouck TRiAxIaL  x LB vaNE 20 40 60( +) (%)
2.8 Ground Surface hd : w GR 5A SI CL
;'Z Peat and Topsoil Black[.~ -
0.7 | Sand o
92.0 Grey [’ .. 92
0.8 V 015 73 12
Clayey Silt. Trace to ‘/ 1]ssf4 |
Some Sand. Silt conted
increasing with depth. /’
) 2 sSs 5 [
Firm to Very Soft /
Y]
Grey /
/43 ss | 7 % [B72] 05896
o
keo.3 p 418ssi1
3.5
Gravelly Sand and Siltj."
Trace Clay. 2l s | ss |67 o
(Glacial Till) ]
Very Dense Grey ,li 6 | ss |89 88 5
87.7 3
5.0

‘3' x5 . Numbers refer to

20

Sensitivity 10

15 <45 (%) STRAIN AT FAILURE
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AN
L

Geocon
PIT LOG

PROJEC

¢ llighway 410 - Van Buren Street Undeppasg,
Location: Co-ords. 4,987,015.7N; 373,528.8E 1 1
e I PAGE

11-1

OF

CONTRACT NO. ____ WP _1372-89-05

oarg Dec. 13/91

TEST DATUM Ceodetic
cg::";ﬁcfu TYPE OF TEST
Wy - WATER CONTENT - % P - MODIFIED PROCTOR TEST WL - LIQUID LT - %
B OISTURBED GS - SRAIN S1ZE  ANALYSIS Wopy - OPTIMUM WATER CONTENT - % Wp - PLASTIC LT -%
: 7Y - unir weEiGHT - 2N 'y“, -~ MAX. DRY UNIT WEHNHT - *N/ s
STRATIGRAPHY sampLES| TESTS
& [RX z "
1 ga -°‘ 3 : :
i It DESCRIPTION 2is51¢s 3
JEE H
@ Gr Sa S5i Cl
oP7.7] Ground Surface
— | 0.¢] Silty Fine Sand, Some Roots (Topsoil)
. [97,4 Dark Brown
E 0.3
E fleterogenous mixture of Gravel, Sand and Cilt, Trace Clay,
— Occasional Cobbles
:1 (Glacial Till)
— Crey/Brown
= 1|32 30 36 2
— 195.5
:2 1. . . #d A
— 93} Medium Gravel, Some Sand (Water Bearing) Dark Brown T ry @ 2.2n
N ENi 19.6kN /m3
=N LW = 9%
- nat
— Heterogenous mixture of Gravel, Sand and Silt, Trace Clay _15.6. = 2.8
— Some cobbles and boulders.
E Boulder content increasing with depth.
— (Glacial Till) J
— . dry @ 3.
Ez Grey/Brown 5193.'2“/‘“9'7
W = 8%
- nat
- -1S5.6. = 2.8
= 2|32 30 30 8
-4
- 192.4
— 4, tnd of Test Pit

Machine

Refusal
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APPENDIX B
Laboratory Test Data

Figures B1 to B4 - Grain Size Curves
Figure BS - Plasticity Chart
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UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SILT Fine | Medium | Coorse Fine i Coarile
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE ODESIGNATION ( Metric)
! 3 3 45 10 20 30 4050 5um 150um 300um 600um 1L18mm  2.36mm 9.5mm 190 mm 3175mm 81 0O mm
100 [ l]l ”” S3um 106um 2$0ylm 425 um 850 um 2#( mm 4.75mm 13.2mm 25 Smm 530 75 Omm
)‘
90 10
/
80 /‘Z 20
L~ )h/
70 / 30
© 60 4 400
z 4 Z
w — — ] — L4
? ya r :
50 . 50
5 /" LEGEND z
vl r gl Iy,
= x BH |SAMPLE SYMBOL =
2 40 / - 60 o
/ 11-4 2 >
30 70
/'4
20 % ' 80
/) 1 ]
7
10 90
/
P
0 " 100
! 2 3 45 10 20 30 40 270 200 140 {00 6080 40 30 20 16 108 4 O SR /S L U7 SR LR 378
MINISTRY SIEVE DESIGNATION (Imperiol)
e Ction and GRAIN SIZE DISTRIBUTION FIG No 51
Communications Sandy Silt, Trace Clay wp 372-89-05 -
Ontario [ Y
N
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UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SitT Fine | Medium | Coorse Fine ] Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
! 2 3 48 10 20 30 4050 g5,m 150um 300um 600um 1L18mm  2.36mm ?.5mm 19.0mm 32.5mm 61 0mm
100 l]“ ”“ Slum 106um 250u|m 425um 850 um 2.00mm 4.75mm I 13.2mm 26.5mm SJO-MJ 75%"\'“
90 / o
| [ o
P
80 *’// Za / 20
—} 4 SN NI S r“'#"ﬂ/ - L
*—
v i 7 - /ET 30
- e % ]
9 60 - /FT/ ‘og
SIRRE (] — - :
< 50 O 50
5 / A LEGEND 5
S - p g vt
x / g BH |SAMPLE SYMBOL s
o 40 g 60 3
7)1 11-1 2 x
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1.0 INTRODUCTION

Presented herein are the results of a geotechnical subsurface investigation conducted at
the above site to establish the prevalent subsurface geotechnical conditions
for the design and construction of the proposed bridge, approach fills and Highway 43

realignment. Geocon (1991) Inc. (Geocon) was retained by Fenco Engineers Inc. to

perform this work.

The field work for this project was conducted between October 29th and November 1st,
1990 using a CME 55 drill rig equipped with 200 mm diameter hollow stem augers. The
investigation consisted of 8 boreholes and 1 test pit. The soil overburden was augered
and sampled using the Standard Penetration Tests (SPT) and the underlying bedrock was
cored using NXL size core. Two standpipe piezometers were installed to monitor the
groundwater levels. Finally a test pit was excavated with a backhoe to obtain field

densities and confirm the hard nature of the silty sand till subsurface conditions.

The locations of the boreholes and one test pit are shown on Drawing 3728906-A*and a
record of the encountered subsurface conditions at each borehole and the test pit are given

on the Record of Borehole Sheets in Appendix A.

* Dwg. No. 2, Sheet 347, of the Contract Drawings.



129

2.0 SITE DESCRIPTION AND GEOLOGY

The proposed Highway 43 underpass is located at the intersection of Highway 43 and
Highway 16 approximately 2 kilometers east of Kemptville, Ontario (Figure 1). The
proposed underpass will comprise of two spans supported on a central pier and two

abutments.

The site of the proposed underpass and interchange is generally undulating with several
poorly drained areas. The area of the proposed underpass structure is located on top of
a small rise which is surrounded by lower lying areas. Of particular interest in this
regard, is the presence of a marshy area in the northeast corner of the intersection of
Highway 43 and Highway 16. Other smaller marshy areas may be found throughout the
entire interchange. With the exception of the southeast quadrant of the interchange, the

area is heavily wooded.

A northward flowing Adrainage ditch intersects the proposed Highway 43 realignment
approximately 400 m east of the underpass.

The proposed Highway 416 is located within the physiographic region of the Ottawa-St.
Lawrence lowland. During the last Ice Age this area was glaciated which resulted in the
deposition of a layer of till over much of the proposed alignment (Sharpe, 1979). In
general the till comprises of a bouldery cobbly silty sand to sandy silt.

Subsequent to glaciation the Ottawa-St. Lawrence lowland was inundated by the
Champlain Sea. At the location of the proposed Highway 416 alignment the depth of
water was shallow and in general resulted only in minor wave action modification of the -
surface of the underlying till. However, in localized low lying areas deeper deposits (up

to 10 m) of fine grained clayey silt material may be present.
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More specifically, available surficial geological information at the site of the proposed
Highway 43 underpass and interchange (OGS Map 1492A) indicates that it is underlain
by fine to medium grained glaciofluvial sands. However, this is anticipated to overlie

finer grained Champlain Sea deposits.

The underlying bedrock at the site is anticipated to comprise of dolostone bedrock of the

Oxford Formation of the Beekmonton Group.
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3.0 SUBSURFACE CONDITIONS

The subsurface conditions for the underpass structure and the approach embankments are
discussed separately because of different subsurface conditions in these areas. These
differences are caused by the undulating topography which resulted in additional soil
layers in the low lying areas. The factual information which was used to interpret the soil

conditions is given in Appendix A and B and Drawing No. 3728906-A.*

3.1 UNDERPASS

The underpass proper is located on top of a slight knoll which is underlain by a sandy
topsoil followed by very dense gravelly sand and silt (glacial till) and finally dolostone
bedrock about 9 m below the ground surface. The groundwater surface was observed to

be about 0.9 m below the ground surface.

3.1.1 Topsoil

The topsoil is an organic silty sand containing roots with a thickness varying from 0.2 m
to 0.5 m. At Test Pit 12-1 the topsoil was underlain by 0.2 m of sand fill.

3.1.2 Gravelly Sand and Silt Trace Clay (Glacial Till)

By far the dominant material on site, glacial till was encountered below the surficial
topsoil (and fill) and was found to extend to bedrock. The thickness of this layer was

determined to be 8.4 m and 9.3 m at Boreholes 12-1 and 12-4, respectively.

* Dwg. No. 2, Sheet 347, of the Contract Drawings.



132

Based on the results of grain size analysis performed on split spoon samples (Figures Bl
and B2 - Appendix B) this material may be described as a gravelly sand and silt with a

trace clay. Some cobbles and boulders are also present within this deposit.

SPT 'N' values within this layer are high and variable with refusal recorded at many
locations before the full test penetration of the split spoon could be obtained. Based on
the measured SPT 'N' values at this and other locations it is concluded that the till can
be described as having a very dense relative density. Measured water contents within the
glacial till typically varied from 2 to 9%.

The one water content of 28%, measured in Borehole 12-7, was obtained from a sample
recovered from near the above lying clayey silt and it is not representative of the glacial

till.

3.1.3 Bedrock

Dolostone bedrock was found below El. 83.0 m which is about 9 m below the existing
ground surface. The bedrock was proven in two boreholes by coring about 2.5 and
2.0 m into the bedrock in Boreholes 12-1 and 12-4, respectively. The bedrock is judged,
by core recovery and RQD percentages to be of good to excellent quality with the
exception of the first 0.6 m in Borehole 12-4 which is of a fair quality.

3.1.4 Groundwater

Groundwater was measured by means of two standpipe piezometers in Boreholes 12-1 and

12-3 and visual observations in the remaining boreholes. The groundwater was observed



133

to be about 0.9 m below the ground surface in the piezometers and as high as 0.3 m

below the ground surface in the uncased Borehole 12-5.

3.2 APPROACH EMBANKMENTS

The approach embankments west and east of the underpass structures are located in minor
depressions which have fluvial and lacustrine deposits overlying the glacial till and

bedrock. The observed soil stratigraphy is as follows:

Peat/Topsoil

Sand, compact

Silty Clay, soft to stiff

Sand (in Borehole 12-8 only)

Gravelly Sand and Silt (Glacial Till) Very Dense

The subsurface conditions at the west embankment were investigated by Borehole 12-6
which encountered a 0.3 m thick saturated peat and organic layer at the surface followed
by 2.0 m of compact sand and 1.4 m of very stiff silty clay at the bottom of the 3.7 m
deep borehole.

The subsurface conditions at the east embankment were investigated by Boreholes 12-7
and 12-8. The boreholes encountered a 0.3 m thick peat and topsoil stratum underlain
by about 1.4 m compact sand, variable thickness of soft to firm silty clay (3.7 to 6.9 m)
and finally by very dense gravelly sand and silt. At Borehole 12-8 a 1.1 m thick sand
layer separated the silty clay and the underlying gravelly sand and silt strata.
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At both embankment locations the groundwater was observed to be at the ground surface.
Bedrock was not encountered, to the depths drilled, at the approach embankment

locations.
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5.0 CLOSURE

The field work portion for the investigation was done under the supervision of Mr. N.
Khan, P.Eng. The report was written by Mr. I. Corbett, P.Eng. with assistance from
Mr. N. Khan, P.Eng. and reviewed by Dr. I. Holubec, P.Eng.

This report is subject to the attached General Conditions and Limitations.

Yours very truly
GEOCON (1991) INC.

;za”*
P Eng

PrOJect Engineer

,.. R ,‘ \.\‘:
,//ﬁ’ ' / ) “ —‘
- T T -
- or Holubec, Ph.D., P.Eng. Z
Vice-President ‘)
IH:dtj e 28 T

T11688/15530
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NOTE: The preceding report is a copy of the factual information from the Foundation
Investigation and Design Report prepared by Geocon (1991) Inc. (consulting
geotechnical engineers for this project), and signed and sealed by N. Khan, P.Eng.
and |. Holubec, Ph.D., P.Eng. The project was carried out under the technical
supervision of Fenco Engineers Inc., the supervising consultant for this project.

D. Dundas, P. Eng.

Senior Foundation Engineer
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GEOCO 1991 C
GEOTE CAL REPOR

G RAL CONDITIONS LIMITA

USE OF THE REPORT

The factual data,interpretations and recommendations contained in this report pertain to a specific project
as described in the report and are not applicable to any other project or site location. If the project is
modified in concept, location or elevation or if the project is not initiated within eighteen months of the date
of the report Geocon (1991) Inc. (Geocon) should be given an opportunity to confirm that the
recommendations are still valid.

The comments given in this report are intended only for the guidance of the design engineer. The number
of test holes to determine all the relevant underground conditions which may affect construction costs,
techniques and equipment choice, scheduling and sequence of operations would normally be greater than
has been carried out for design purposes. Contractors bidding on, or undertaking the work, should rely
on their own investigations, as well as their own interpretations of the factual test hole data, as to how
subsurface conditions may affect their work.

FOLLOW-UP

All details of the design and proposed construction may not be known at the time of submission of
Geocon's report. It is recommended that Geocon be retained during the final design stage to review the
design drawings and specifications related to foundations, earthworks, retaining systems and drainage, to
determine that they are consisteat with the intent of Geocon's report.

Retention of Geocon during construction is recommended to confirm and document that the subsurface
conditions throughout the site do not matenally differ from those given in Geocon's report and to confirm
and document that construction activities did not adversely affect the design intent of Geocon's
recommendations.

SOIL. AND ROCK CONDITIONS

Soils and rock descriptions in this report are based on commonly accepted methods of classification and
identification employed in professional geotechnical practice. Classification and ideatification of soil and
rock involves judgement and Geocon does not guarantee descriptions as exact, but infers accuracy only to
the extent that is common in current geotechnical practice.

The soils and rock conditions described in this report are those observed at the time of the study. Unless
otherwise noted, those conditions form the basis of the recommendations in the report. The condition of
the soil and rock may be significantly altered by construction activities (traffic, excavation, pile driving,
blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to wetting,
drying or frost. Unless otherwise indicated the soil and rock must be protected from these changes or
disturbances during construction.
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F TEST HOLES AND SUBSURFACE INTERPRETATIONS

Soil and rock formations are variable to a greater or lesser extent. The test hole logs indicate the
approximate subsurface conditions only at the locations of the test holes. Boundaries between zones on the
logs are often not distinct, but rather are transitional and have been interpreted. The precision with which
subsurface conditions are indicated depends on the method of boring, the frequency of sampling, the
method of sampling and the uniformity of subsurface conditions. The spacing of test holes, frequency of
sampling and type of boring also reflect budget and schedule considerations.

Subsurface conditions between test holes are inferred and may vary significantly from conditions
encountered at the test holes.

Groundwater conditions described in this report refer only to those observed at the place and time of
observation noted in the report. These conditions may vary seasonally or as a consequence of construction
activities on the site or adjacent sites.

CHANGED CONDITIONS

Where conditions encountered at the site differ significantly from those anticipated in this report, either due
to natural variability of subsurface conditions or construction activities, it is a condition of the use or
reliance by the client of this report that Geocon is notified of the changes and provided with an opportunity
to review the recommendation of this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that an experienced geotechnical engineer be employed to visit the site
with sufficient frequency to detect if conditions have changed significantly.

DRAINAGE

Drainage of subsurface water is commonly required either for temporary or permanent installations for the
project. Improper design or construction of drainage can have serious consequences. Geocon can take no
responsibility for the effects of drainage unless Geocon is specifically involved in the detailed design and
follow-up site services during construction of the system.

c:\general\cndtas.Imt
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APPENDIX A

Explanation of the Term Rock Quality Designation (RQD)
Record of Borehole Sheets (12-1 to 12-8)
Test Pit Logs
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EXPLANATION OF THE TERM

ROCK QUALITY DESIGNATION (RQD)

The description of bedrock quality for engineering purposes can be inferred from a
modified core recovery logging procedure designated as RQD, developed by D.U. Deere.*
This classification is based on a modified diamond drill core recovery percentage in
which only the pieces of sound core over 4 inches (10 cm) long are counted as
recovery. The core must be carefully examined to discount fresh irtegular breaks caused
by the drilling process {fresh broken pieces are fitted together and counted as one
piece). The remaining fragments less than 4 inches (10 cm) length are considered to be
due to very close bedding, jointing, fracturing, shearing, or weathering in the rock mass
and are not counted. The procedure penalizes the rock where recovery is poor. This is
appropriate because poor core recovery usually depicts poor quality rock. In the case of
certain shaley sedimentary or thinly foliated metamorphic rocks, the method is not as
exact as for other rock types and rock quality requires interpretation by a specialist for
the particular engineering application. To minimize the occurrence of core breaks from
drilling procedures RQb logging is normally run on core obtained by double or triple
tube core barrels and generally of “N"" size or greater.

The table below may be used as a general indicator to correlate (RQD) and rock mass

quality.

RQD DESCRIPTION OF ROCK QUALITY

90 - 100  Excellent - intact, very sound, massive
75 - 90 Good - moderately jointed or sound
50 - 75 Fair - blocky and seamy, fractured

25 - 50 Poor - shattered and very seamy or blocky,
severely fractured
0-25 Very poor - crushed, very severely fractured

*See, for instance:

K.G. Stagg and O.C. Zienkiewicz, “‘Rock Mechanics in Engineering Practice’”. New York,
Wiley, 1968, Chapter |.
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RECORD OF BOREHOLE No |2-1 METRIC
w P 372-89-06 LOCATION _Co-ords: 4,987,878.2 N; 373,610.0 € ORIGINATED By _N.K.
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RECORD OF BOREHOLE No 12-2 METRIC
w P 372-89-06 LOCATION __ Co-ords: 4,987,860.8 N; 373,604.3 E ORIGINATED BY _ N-K.
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RECORD OF BOREHOLE No 12-3 METRIC
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RECORD OF BOREHOLE No 12-4 METRIC
w P 372-89-06 LOCATION Co-ords: 4,987,848.9 N; 373,085.8 E ORIGINATED BY _ N.K.
DIST 9 HWY 416 BOREHOLE TYPE Hollow Stem Augers, Tricone, NXL Rock Core COMPILED BY N.K.
DATUM Geodetic DATE Qctober 29, 30 and November 2, 1990 CHECKED BY __1.C.
A CONE PENETRATION
SOIL PROFILE SAMPLES | & ﬁ E;:sﬂﬁc: P01 ' . Natusa, T
2| g tan'C pomstaar wP | =5 | REMARKS
- w |30 @ 20 40 60 80 100 conte z: s
9 « g ot 2 n 1 N i 1 Wp W w, =) $
ELEY DESCRIPTION Tlal g | 2|28 | O |SHEAR SIRENGIH LR ——— GRAIN SIZE
S| > ] - DISTRIBUTION
DEPTH -]3| - > o < | © UNCONFINED + FIELD VANE . y
21z 5 gu 2 le ouick TRIAxiAL  x 1AB VANE WATER C‘ZNTEN”"‘ (%)
92.5 iGround Surface » : w 20 0 60 GR SA SI CL
0.0 [Silty Sand Topsoil T~
Ie2.2 fjsome roots. Black fr—f 155 | 8 02
0.3 "
Gravelly Sand and Silt.] K SS_[3s/ <Z °
Trace clay. Some . 1 50mr
cobbles and boulders. t
(Glacial Till) »'l
Very Dense Brown L3 iss B3/ ]
___._.{'.r R 6 St
Cre
> %
1 ]F 4)ss |86 o
R 5
N
[ o
f’[ etss—Ia
| [ 55 185 °
I
I 86
]', R T ° 27 35 33 5
l. 11 50me}
.'|
i 9Tss W7/ 84
)
.
82.9 ' r Rec2 RQDZ
9.6 | RC i
olostone 10 | yq |100 55 i
Unweathered, fine Re : :
grained closely to 1) 100 85 ! :
|moderate1y bedded. ¢ : :
'Some calcite intrusions : :
12 :g 100 :
Sound Crey N XL 93
80.9 i
11.6 |End of Borehole ’
Notes: i
1) Water level in open ; :
i borehole measured at . ! :
! elevation 91.69 m on i i i .
¢ October 30, 1990. 1 ' ,
2) 00* indicates quoted i !
i N value based on the | i
.+ first 0.3 = penetratjion |
1 (full penetration no | l
i achieved). ! '
13) Borehole advanced from 1 |
. 3.43 m to top of - ! |
i bedrock by Triconing i i
! inside N casing. i I
4) R = SPT Refusal i !

*

20
3, x5 Numbers refer to g (5 (v)STRAIN AT FAILURE
Sensitivity 10
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RECORD OF BOREHOLE Nol2-5 METRIC
w P 372-89-06 tOCATION Co~ords: 4,987,840.6 N; 373,683.6 E ORIGINATED BY N.K.
DIST HWY 416 BOREMOLE TYPE Hollow Stem Augers, Tricone, NXL Rock Core COMPILED BY N.K.
DATUM Gecdetic DATE October 29 and 30, 1990 CHECKED BY 1.C.
SOIL PROFILE SAMPLES | = w JOYNAMIC CONE PENETRATION =
E? S RESISTANCE PLOT ::?'nc P ::gt:? :é REMARKS
= e o |32 2 [0 e eo & w0 FU UM | 3s s
w . [ |
ELEV || w| 32|95 | 8 [srear strencTn vho —_— 3 | crAIN S12E
DEFTR DESCRIPTION |21 Z | $|38] 5 |ounconemeo v ik vane warer content (%l ¥ DISTRIBUTION
g1z 5 &Y 2 e ouck TRAXiAL  x 148 VANE * (%)
92.2 { Ground Surface A = o 20 40 60 GR SA 51 ClL
U.07s{lty Sand Topsoil - 92 !
92.0 f\some clay and roots 1 f 1]ss|7 |-
0.2 Black ] [
Sandy Silt. Some ,‘ 2 | ss [9s/
gravel. Trace clay. ‘] L 250u
Some cobbles and .
boulders ~I } 3 S5 126/ b
(Glacial Till) - 1500
] %0
Very Dense Brown l" 4 | ss {100
Grey L
1'. s | ss|e ° 15 36 S8 7
N o
L
'l 86
.'
l' . 84
83.3 -|'v.
8.5 End of Borehole
Casing Refusal
Inferred Bedrock
Botes:
1) Water in open
borehole measured at
elevation 91.9 m on i
morning of Oct. 30/90. !
2) Borehole advance
from 3.56 m to 8.2 m
by Triconing inside . ;
N casing. H i |
' :
; |
N ]
| ! é 5
i . ;
. i !
B i : !
; : i 1
i i . !
i i : :
. : i i }
' ! | H
. H !
: i !
] i :
{ |
| .
i [ i

-

3, x5 Numbers refer 10
SQns:hvﬂy

10

20
15 45 {*%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No I12-6

METRIC

87.3

WP 372-89-06 LOCATION Cb-ordu:_ 4,987,897.3 N; 373,517.2 € ORIGINATED BY _GY
DIST 9 ___ HwY 416 BOREHOLE TYPE _Hollow Stem Augers COMPILED BY __1c
DATUM Geodet ic DATE February 28, 1991 CHECKED BY IS
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | 2 |eesisrance PLOT NaTusa s
2| & nave B ume| =3 | eemancs
- w |30} » 20 40 60 80 100 content 2z s
9 @ w - 2z n 1 n i - L Wp w w, ow
ElEV DESCRIPTION |y w 2 %‘;‘ & [SHEAR STRENGTH iPo -— 3 | cran size
! 2| > > - DISTRIBUTION
DEPTH 13 - | > o | O UNCONFINED ¢ FIELD VANE o Y
alz > gu 2 e ouck Tmaxial  x 1a vang |WATER CONTENT (%) (%)
gy o [Cround Surface I E g o 20 40 60 GR SA St Ct
0.0 ESTE and Organlt:sxuack - =
50.7 f 2
0.3 [Mediun Sand. Some silt.[--.
lcompact Brown [1:f1 ] ss | 14 90
89.6 -
14 [Coarse Sand. Trace silt
ICompact Grey i 2185]15
88.7 DL
23 Bilty Clay. Some sand. 4 1|ss | 20 0 0 25 54 21
Very Stiff Crey /
/ 88
/ 4 ss 28 [ ]

End of Borehole
jAuger Refusal

Notes:
Water level in open
borehole measured at

elevation 91.0 m upon
completion of drilling.

.

3‘ x5 . Numbers refer to
Sensitivity

20
1S 45 {%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 12-7 METRIC
wp __ 372-89-06 LOCATION __Co-ordg: 4,987,764,7 N; 373,921,0 € ORIGINATED BY __SY
pisT % wwy__A416 BOREWOLE Typp __ Hollow Stem Augers compiep By __ ¢
DATUM Ceodet ic DATE March 6, 1991 cHECKED BY 1€
DynamiC CONE PENETRATION
SO PROFILE SAMPLES za.n E RESISTANCE  PLOT 2 |« naTURAL <
€2 o} ASTIC moisTume  LIOUID |\ REMARKS
= 30} ¥ 20 40 o0 80 100 |'T  cowrent wmr | 5Q
Ol 44 = 2 . h n i bt Wp w w | Se .3
ELEV RIPT (Z| w2198 & |sHEAR STRENGTH iPo . . 2 | craiN SIZE
DEPTA DESCRIPTION 12l 2| S 85 % |0 UNCONFINED  + FIELD vaANE . y [DSTRIBUTION
212 120 2 e cuck Tranai  x 1ap vang |WATER CONTENT (%) (%)
round Surface » < i) 2 0 60
91.3 | Ground Surf & z Ol & 20 40 60 80 100 0 4 GR SA Si CL
0.0 | Peat and Topsoil Black| =
1.0 .
0.3 Sand ;
1 SS | 22
Compact Grey %0
89.6 2 SS S
1.7 | Silty Clay. Trace to °
Some Sand.
(Weathered Crust) /
Firm Grey / 3| ss| 4 0 23 29 48
el ss]t 88 o
/1 p
/d 4
.
E6.7
4.6 | Clayey Silt (Varved) ;‘ 5| ss|1s °
Bo.o Stiff Crey 86
5.3 | Gravelly Sand and Stlef 'l | (1)) o
Trace clay. -
(Glacial T111) o
b, .7 | Compact Crey J 7] 8825
X3 End of Borehole
Notes:
1) Water level in
open borehole
measured at
elevation 91.3
upon completion of
drilling.
i
. i I | 7 ;
; e
; \ |
| | i
1 ! !
! i
' i
|
20

3

.

’

x> . Numbers refer to
Sons-hvuly

10

1545 {*%) STRAIN AT FAHLURE
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RECORD OF BOREHOLE No 12-8 METRIC
72-89- —ord's : .
w P 3 9-06 LOCATION Co-ords: 4,987,734.9 N; 374,016.4 E ORIGINATED BY __ SF
oisT __ 9 HWY 416 BOREWOLE TYPE Hollow Stem Augers COMPILED 8Y ic
DATUM Geodetic DATE March 1, 1991 CHECKED BY 1C
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ;m “:t.‘ RESISTANCE PLOT rasnc M o] X
L
- " §(z) b 20 40 0 80 100 V™7 cowrewr wwr ) SO REMARKS
9 o W - z 1 Y ) 1 't Wp w wl Sw &
ELEV DESCRIPTION Tlal =2 ‘z’g & [sHEAR STRENGTH iPo - o 2 | graiN size
) s slals = DISTRIBUTION
DEPTH =[S} =] 3> O | a |o uNCONFiNED + FIELD VANE o
£z 2 g” 2 le ouitx TmiaxIAL  x 1AB VANE WATER CONTENT (%) 4 (%}
= -]
90,7 ! Ground Surface v " 9 w 20 40 60 80 100 20 40 60 GR SA 51 Cl
0.0 Peat and Topsoil Black S
90.5 TR
0.2 | Sand. Some Silt. ::: 90
| ss] e 082180
Compact Brown -
89,0 . e
T.7 1 511ty Clay Some Sand |/ || 2 | SS 3 —l—d 0 16 44 40
(Weathered Crust) /
Stiff Grey / C 9:
ss.ol _ _ _ _ _ 4 /g, 88 4
2.7
Silty Clay. Trace Sang. 17
Silt content increases 3155 |450ms
with depth. /
8
Soft to Firm Grey / +
/ 1/ 86
/ 4] ss 4 50up
8
/ +
v 1/ —to—i o 7 61 32
5 | SS 45
% Ormpr 8
b
V4 H
17
/ 6 |8SS 450uh
, .
" 82 hd -
4B Y]
8l.1 ss m X [See Npte 1L
9.6 | Coarse Sand :::
Grey |..]
80, 0 -l
8- 7 - kL~ 70/ 80
.9 A Cravelly Sand and Silcd 7 Smm
10.8 fiTrace Clay
(Glacial Till)
ery Dense Crey
i
End of Borehole I
.
| i

+3, x5 . Numbers refer to
Sensitiwity

’

10

20
1545 (%) STRAIN AT FAILURE
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R

TEST PIT LOG |... Cooder ic

N;

@ srosec_Highway 416 - Highway 43 Underpassvesr mr _12-]
Geocon Location Co-ords: 4,987,858.9 |

PAGE 1l ofF 1

contract wo. WP 372-89-06 373,690.8 E

oate Dec. 13/91

S‘::}: TYPE OF TEST
CONDITION Wy =~ WATER CONTENT - % P - MODIFIED PROCTOR TEST W = LiQuio LNt - %
g DISTURBED GS - GRAIN SIZE ANALYSIS Wopy - OPTIMUM WATER CONTENT -% Wp = PLASTIC LIMIT - %
Y - ot WEIGHT - "V 'YMX - MAX. DRY UNIT WEWNT-W/,3
STRATIGRAPHY sampLEs]  TesTS
[ 3
K 2|2 2
= | &l DESCRIPTION HHE 3
Nl 11 3 - ¥
g12ls °
3 g Ground Surface Cr Sa Si Cl
- gg Silty Fine Sand, Some roots (Topsoil) Dark Brown [~
E" Nn.2] Sand, medium to fine grained, Some silt, Tr organics Brown .
- Dgla Heterogeneous mixture of Gravel, Sand and Silt. Trace 1'[
= *’| clay. Some Cobbles and Boulders (Glacial Till). '[
= Max. size of Boulder encountered - 1.0 m diameter it
- Grey/Brown i
- 'Irl
- *lv' |
= i
3 ._".
E ».' o
- -
- ,
- r ok
- _].P
- . 134 28 32 6
- -
= Kl
— A
- -]'.-
= >
— 189.8 .
= 3.7l lieterogeneous mixture of Gravel, Sand and Silt. Trace 7
— clay. Some Cobbles and Boulders (Glacial Till). v
- o
= Blue/Grey r 2126 32 34 8
= ,
= 1
: . vid
- 88.8 l’l
— | 4.
— End of Test Pit
— Machine Refusal
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APPENDIX B

Figures Bl to B4 - Grain Size Curves



7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM
SAND -~ GRAVEL
CLAY & SUT Fine l Medium l Coarse Fine Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric)
! 2 3 45 10 20 30 4030 y5,m 150um 300um 600um Lidmm 2 36mm 95mm. 190mm Smm )0 mm
100 THITIT $3um 1060um 250um  425um 850 um 2 00mm 4.75am 132mm L 265mm | s30m 75 0
/l-tvl
80 20
_ A= - H=A .
p
70 = 30
/<>/ /ﬂ
S . SN (ORI SN R O A N | D S W NP g
AT 4 4
o 60 i <14 400
z o1 | 3H z
e 1 1251 4 Sl
® 50 P I« e 50
- . - — o 7 7 -
2 / /" L~ ‘(/ LEGEND z
2 T i REEN T2 e i I B i e [ on [sameie | svmeor ] ¢
s 40 4 O // /’/ 7.~ - Ll et RR RN (RO (Y, %3
1 W~ 1 12-1 3 X
S 10 Lr ’/ . '\ b e . - . - o ——
oémé‘ A 12-2| 3 a
30 b1 st -} ottt e ) 70
. 0/ /P > 12-3 3 L
Y . S L y Ab - - . terms v oee e e e b e —
/] 12-5 5 :
20 o éﬁfl e [, - ._?.. — -] 80
L] o1 12-4 | 8 *
B P - - - | . e ]
L 12-1 8 (=]
10 L .. ———aa wevemriees ——4 90
OH— o 4
— h%y N e e e - Y PV S - — ). — ——
0 l L.L s ._J'oo
' 2 3 a4 s 10 20 30 40 270 200 140 100 6050 40 30 20 16 08 4 O R U VS
MINISTRY SIEVE DESIGNATION {imperial)
) Ferrsona GRAIN SIZE DISTRIBUTION FIG No B
Communications Gravelly Sand and Silt -, Trace Clay (Glacial Till) WP 372-89-06
Ontario .

39|




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SILT Fine ] Medium | Coorse Fine l Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric) ‘
! 2 3 &5 10 20 30 4030 y5,. 150um 300um 600um Ligmm  236mm 9 Smm 19.0mm 375mm 63 0mm
100 l]“ ““ SJum 106um 250um 425um 850 um 2.00mm 4 75mm 13 2mm 26 .’wif 530mw{ 75 0mm
, o
o0 /A1,
. N — _ — R
80 /'/ 20
10 / //‘/ 0 .
) 60 400
z ]
a - pel e 1. H
2 AT
50 30
z ] LEGEND 3
g / " , TP |SAMPLE SYMBOL :
2 40 — 60 &
12-1 1 ®
30 Amy 12-1 | 2 + .
AT
20 80
10 50
— 3 / -
p_ - H=1"1.. H
0 , 100
' 2 3 4 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 4 Y7 ST 2"y
- MINISTRY SIEVE DESIGNATION (Imperial }
Tansporaton GRAIN SIZE DISTRIBUTION FIG No 52
- : ‘ . , WP 372-89-06
Ontario Heterogenous mixture of Gravel, Sand and Silt

121




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

. SAND GRAVEL
CLAY & SILT Fire [ Mediom [ Coorse Fine [ Coorte
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric)
1 2 3 48 10 20 30 4050 y5,m 150um 300um 600um 1 18mm 2 Jomm 9 Smm 190mm 378mm £} Omm
10 llll ll” lﬂuf"\ 106um k?SOu'm 42%um um 2 00mm 4 75mm 1} 2mnm 26 Sme $I0Omm 75 O emem
0 - - 0
0L 1 1 O I O OO A A IS S | P ]
90 - cem e — 1o
S - - T —— - A Sy B R e
80 - - 4 - 20
10 -t -+ 30
D) 60 / ‘02
2 . V4
R N | oz
a ! <
30 - -——t—trtr——— 4+t — 44— . - m——t T Tt T 50
5 { [ LEGEND ;
g r BH |SAMPLE SYMBOL s
& 40 - I — - L N L 7T, Y
L _ L / . C el L x
30 . . - .. omed 70
- ) N R | ]
20 - - —— {0
10 R R R - o
) Lk L /r»/ SO S I 1 | I AN O R
0 ) \ i I 100
I 2 3 4 s 10 20 30 40 270 200 140 100 6050 40 30 20 16 08 4 O R A .
MINISTRY SIEVE DESIGNATION {Imperiol )
@ My o ang GRAIN SIZE DISTRIBUTION FIG No 83
Communications WP 372-89-06
Ontario Sand, Some Silt -

GGl




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SILT Fine | Medium | Coarse Fine Cooarde
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE ODESIGNATION { Metric)
i 2 3 4 5 10 20 30 40 S0 7Sum 1S0um J00um 600um 118 mm 236mm 9 Smm 190 mm }75mm 63 Omm
100 LT $Ium 106um | 2504 425um 850 um 2.?ﬁ'mm 4 75mm Dimm | 265mm | s30m 75 0
-
cm—— . 3 SR, -
90 . "T W (N W U R A N N N S [ PR 10
) L~
I . Ll ] . Pt - A4 1]
80 /( L -- 20
- ~
[ ’T / . ool
70 < R CTER EIRES S S 30
A
%ﬂ v d
o 80 400
p » z
< A <
3 SE—— 4.4.4. / ’ / | g
g l I (™)
50 )( // 2 et 50
) = 7 -z S W— _
z 7 |/ LEGEND z
N N g B ¥ / / - - _ Rt SRRTI RS -~
s X1 ; BH - [SAMPLE SYMBOL =
a 40 A 4,4 % PR . R L g Iy, 10-¥
/ " 12-8 2
.A- / . / L. .. " e e it
LA 1 12-8 5 . JAY
s0 / (B0 S S ; —— 70
-4 7 1SS R S I I O | I }}2‘7 po3 X
12.6 - 3 o
20 . . i P ——————] 80
— | ... S N - I e ]
10 - L S Y1
. ﬂ L o
| 2 3 4 s ) 20 30 40 270 200 140 100 6080 40 30 20 I w08 4 2 I 7S TR 2P DI
' MINISTRY SIEVE DESIGNATION {Imperial)
— p .
Ministry of GRAIN SIZE DISTRIBUTION FIG No B4
Transportation and y
Communications WP 372-89-06
Ontario - Silty Clay

9sl1

L0



