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1. INTRODUCTION

Golder Associates Ltd. has been retained by Totten Sims
Hubicki Associates, consultants to the Ministry of
Transportation Ontario (MTO), to carry out a subsurface
investigation at the site of a proposed overpass for the south
bound lanes of Highway 416 at the South Nation River (see Key
Plan, Figure 1). The purpose of the investigation was to
determine the subsurface conditions at the site and, based on
the factual information obtained, to provide recommendations
on the geotechnical design aspects of this project, including
construction considerations which could influence design

decisions.

The proposed overpass for the south bound lanes is to be
located about 35 to 40 metres south west of the present
Highway 16 bridge over the South Nation River. The overpass

‘structure will consist of a three span concrete bridge having

a total length of about 52 metres and a width of about 17
metres. The approach embankments will have a maximum height

of about 4 metres above existing ground surface.

2. SITE DESCRIPTION AND GEOLOGY

The site is located along the existing Highway 16, east of
Spencerville, Ontario.

The proposed bridge site area is low lying, relatively flat
and for the most part tree covered. On the north side of the
river, an intermittent stream and poorly drained low lying
area exist, being part of the flood plain of the South Nation
River.

*
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As part of the construction of the existing Highway 16
overpass, the South Nation River channel was realigned to the
south. Based on available drawings, the centreline of the
former river channel was about 45 metres north of its present
position.

Geology maps suggest that this area is underlain by deposits
of silty clay of marine origin. Bedrock is expected to
consist of Oxford formation dolostone. Drift thickness maps
suggest that the overburden thickness may be about 11 metres.

A previous subsurface investigation was carried out for the
existing bridge over the South Nation River by MTO in 1967.
The resﬁlts of that work show that this site is underlain by
deposits of loose sand extending to about 3 metres below
ground surface, followed by successive deposits of very stiff
clayey silt and glacial till. Bedrock was encountered in the
borings at the existing bridge site at depths of about 10.4 to
11.4 metres below existing ground surface (elevation 76.0 to
76.5 metres)

3. PROCEDURE

The field work for this investigation was carried out between
May 18 to 24, and September 10 to 12, 1990. During this time,
five (5) boreholes were advanced on land using a track mounted
hollow stem auger drill rig and two (2) boreholes were put
down over water using a portable electric drill rig operating
from a small floating raft. Four of the land boreholes were
advanced to practical auger refusal for foundation design
purposes, while one shallow borehole was put down about 30
metres north of the north bridge abutment to evaluate the
subgrade conditions for the north approach embankment. The
overwater borings were taken to a depth of about 3 metres
below river level at the approximate locations of the proposed
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bridge piers. Standard penetration tests were carried out in
the boreholes and samples of the soils encountered were
recovered using drive open sampling equipment. The
groundwater levels at the site were de£ermined by measuring
the position of the water level in the open boreholes
following the completion of drilling and from standpipes
sealed into the completed borings. One sample of groundwater
was recovered from borehole 4-3 and was sent to a laboratory
for basic chemical testing to evaluate the corrositivity of
the groundwater on exposed concrete and unprotected steel.
The field work was supervised throughout by members of our
engineering staff.

Logs of the soil, and groundwater conditions encountered in
the borings put down during this investigation are shown on
the Record of Borehole sheets following the text of this
report. The locations of the boreholes are given on the
Borehole Locations and Soil Strata, Drawing 1778902-AF

As well, attached in Appendix 1 of this report are copies of
the pertinent logs of borings put down in 1967 by MTO. The
approximate locations of these borings relative to the

existing site conditions are shown on Drawing 1778902-A"

Samples of the soils encountered were taken to our laboratory
for examination and classification testing. Samples of the
soil were tested for moisture content, organic content, liquid
and plastic limit, and grain size distribution. The results
of the laboratory testing are given on the Record of Borehole
sheets and on Figures 2 to 5.

The borehole locations and elevations were determined by

Totten Sims Hubicki Associates personnel. The eleVations are
referenced to Geodetic datum.

* Dwg No 2 (Sheet No 228) of the Contract Drawings
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4., SUBSURFACE CONDITIONS

4.1 General

The borehole 1logs indicate the approximate subsurface
conditions only at the specific test locations. 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 the subsurface conditions.

Subsurface conditions between the boreholes may vary
significantly from conditions encountered at the boreholes.

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.

The soil descriptions in this report are based on commonly
accepted methods of classification and identification employed
in geotechnical practice. Classification and identification
of soil involves judgement and Golder Associates Ltd. does not
guarantee descriptions as exact, but infers accuracy to the

extent that is common in current geotechnical practice.

The soil 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 this

report.

Golder Associates
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The condition of the soil may be significantly altered by
construction activities such as construction traffic,
excavation, pile driving, etc. Excavation may expose the
soils to changes due to wetting, drying, or frost.

As previously indicated, the detailed soil and groundwater
conditions determined from the boreholes are given on the
Record of Borehole sheets following the text of this report.
The following sections present descriptions of the soil and
groundwater conditions encountered in the boreholes.

4,2 Topsoil, Alluvium, Fill

surficial deposits of topsoil having a thickness of 0.2 to 0.3
metres were encountered in boreholes 4-1 and 4-2 advanced on
the south side of the river.

Oon the north side of the river, boreholes 4-3, 4-4 and 4-5
encountered surficial fill deposits composed of silty clay and
clayey silt with some gravel and trace amounts of organic
matter. The thickness of these fills ranges from about 0.6 to
0.9 metres.

The surficial fills on the north side of the river and the
river bottom are underlain by alluvial deposits composed of
silty clay, clayey silt, sandy silt, silty sand and sand.
Some inorganic fine to coarse sand layers were also
encountered within or beneath the alluvium. The thickness of
the alluvium.deposits was found to be about 3.1 to 3.4 metres
north of the river, and about 0.6 to 0.8 metres on the river
bottom. Standard penetration tests carried out within the
alluvium gave N values ranging from 1 to 17 blgws per 0.3
metres (average of 3 blows per 0.3 metres), which reflect, for
the most part, a very loose relative density.

Golder Associates
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The measured organic content of the alluvium ranges from 3.6
to 6.0 percent. The moisture content of these deposits is
about 25 to 57 percent.

4.3 Silty Clay, Clavey Silt, Silt

Deposits of silty clay, clayey silt and silt were encountered
beneath the surficial topsoil at boreholes 4-1 and 4-2, and
beneath the alluvium and sand at boreholes 4-3, 4-4, 4-5, 4-10
and 4-11.

These deposits have a thickness of about 0.3 to 6.2 metres and
extend to depths ranging from 4.3 to 9.0 metres below ground
surface (elevation 78.1 to 82.9 metres). The results of a
grain size distribution analysis carried out on a sample of

the clayey silt are given on Figure 3.

Standard penetration testing carried out within these deposits
gave N values of 5 to 36 blows per 0.3 metres which indicate
that these deposit have either a very stift consistency (silty
clay, clayey silt) or are in a loose to compact state of
packing (silt).

Atterberg limit tests carried out on samples of the clayey
silt gave a liquid limit value of 29 and a plastic limit value
of 19, which reflect a low plasticity. A summary of the
Atterberg limit results is given on the Plasticity Chart,
Figure 2. The moisture content of the silty clay is about 32
percent. For the clayey silt, the moisture content is
generally near the plastic limit, ranging from about 18 to 20

percent.

Golder Associates
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4.4 Sand

Deposits of sand were encountered beneath the upper deposits
of brown to grey brown silty clay and clayey silt at boreholes
4-1 and 4-2 and within and/or beneath the alluvial deposits
encountered in boreholes 4-3 and 4-5. The thickness of the
sand deposit ranges from 0.3 to 1.3 metres. One grain size
distribution curve for a sample of the sand obtained from

borehole 4-1 is given on Figure 4.

Standard penetration testing carried out within the sand gave
N values ranging from 1 to 7 blows per 0.3 metres, which
reflect a very loose to loose relative density.

The moisture content of the sand ranges from 22 to 25 percent.
4.5 Glacial Till

Deposits of glacial till were encountered beneath the clayey
silt and silt ‘deposits. The glacial till deposits have a
thickness of at least 2.3 to 4.9 metres.

The glacial till consists of a héterogeneous mixture of all
grain sizes but may be generally described as a sandy silt
with gravel, clay, cobbles and boulders. The results of grain
size distribution tests carried out on samples of the glacial
till are given on Figure 5. It should be noted that the
gradation tests were carried out on 38 millimetre I.D. split
barrel samples and so do not reflect the presence of cobbles
or boulders within the glacial till.

Standard penetration tests carried out within the glacial till
gave N values of 5 to greater than 100 blows per.0.3 metres,
which reflect a somewhat variable, 1loose to very dense
relative density.

Golder Associates
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The moisture content of the glacial till ranges from about 9
to 10 percent.

4.6 Auger Refusal

Practical auger refusal was encountered at depths ranging from
10.6 to 12.2 metres below ground surface (elevation 75.1 to
76.7 metres). These results are in general agreement with the
bedrock elevation results obtained in previbus cored boreholes
put down by MTO for the existing Highway 16 bridge. It should
be noted however that auger refusal can sometimes be obtained
within dense or bouldery material and that it may not
necessarily be representative of the upper surface of the
bedrock at the refusal locations. |

4.7 Groundwater

Groundwater levels were obtained from standpipes sealed in the
completed borings and by observing the water level in the open
boreholes at the completion of drilling. Details on the
standpipe installations and the groundwater information
(elevation and time of measurement) are given on the Record of
Borehole sheets. The groundwater level in the open boreholes
was found to range from 0.2 to 0.5 metres below ground surface
(elevation 86.8 to 87.0 metres). The groundwater level
measured in standpipes sealed into the lower part of the
glacial till was found to range from 0.3 to 0.4 metres above

ground surface (elevation 87.4 to 87.5 metres). These results
reflect an upward hydraulic gradient (flow) through the
overburden.

Golder Associates
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The results of the chemical analysis on one groundwater sample

recovered from the site are as follows:

pH - 6.98
Conductivity - 987 umhos/cm
Sulphate (SO,) - 4 mg/L
Chloride (Cl) - 40 mg/L

These results are also shown on Accutest Laboratories Ltd.

report A0-0941 following the text of this report.

Golder Associates
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5. PROPOSED SOUTH NATION RIVER OVERPASS
(HIGHWAY 416 SOUTH BOUND LANES)

5.1 Bridge Foundations

The proposed three span structure is to be supported on two
end abutments and on two piers located in the river channel.
It is understood that this structure will be relatively
sensitive to post construction differential movement of the
foundation; the allowable differential movement is understood

to be about 15 millimetres.

Since the existing alluvial deposits encountered on the north
side of the river would not be suitable for the support of the
structure on conventional spread footings, it is recommended
that the structure be founded on driven end bearing piles.
Based on the auger refusal information and previous bedrock
core information, the piles may be expected to terminate at
between about elevation 75.1 to 76.7 (average of 76.0 metres
at four borehole locations), provided that large boulders are
not encountered by the piles during driving within the glacial
till.

As a design example, the Serviceability Limit State (SLS) load
for a 245 millimetre diameter closed ended steel pipe pile
having a wall thickness of 12 millimetres may be taken as 1150
kilonewtons; the factored capacity at Ultimate Limit State
(ULS) can be taken as 1350 kilonewtons. These values assume
that 350 megapascal strength steel and 30 megapascal concrete
are used. The pipe piles should be set to a final termination
of 10 blows for the last 12 millimetres of penetration using

a hammer transferring about 40 kilojoules of energy per blow.

Golder Associates
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Alternatively, for an HP 310x110 steel H pile, the SLS and ULS
loads could be taken as 1150 and 1600 kilonewtons,
respectively. In this case, the H-piles should be set to a
termination of 10 blows for the last 12 millimetres of
penetration using a hammer transferring about 60 kilojoules

of energy per blow to the pile.

Based on piling experience in this area, it is possible that
several rounds of restriking could be required to achieve
permanence of the final set. Therefore, provision should be
made for restriking all of the piles at least once to confirm
the set. Piles that do not meet the design set criteria on
the first or subsequent restrike would require additional
restriking. A minimum of two days should be allowed before

restriking a pile.

Since the glacial till contains boulders, some pile alignment
and driving difficulties should be expected; some of the piles
may be driven off plumb, or bend, or may terminate erratically
in the glacial till. 1In this regard, pipe piles offer some
advantage over H-piles since they can be inspected for damage
following installation and can be checked for plumbness and
curvature. Steel H-piles should be equipped with cast steel
driving shoes to reduce pile damage during driving; for closed
ended steel pipe piles, the need for a driving shoe could be
assessed following the driving and inspection of the first few

piles.

Allowance should be made for pile load testing at the time of

construction.

For snow cleared or covered areas such as the abutments, the
pile caps should be provided with at least 1.8 metres of earth
cover for frost protection purposes. The river channel piers

could be provided with at least 1.2 metres of earth cover

Golder Associates
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(including rip rap) or should be positioned to provide at
least 0.3 metres of rip rap over the pile caps. However if
the river is expected to freeze throughout its depth at the
pier locations, the earth cover for the river channel piers

should be increased to at least 1.5 metres.

5.2 Abutment Wall Backfill and Earth Pressures

The abutments should be backfilled with compacted non frost
susceptible, free draining backfill such as that meeting
Ontario Provincial Standard Specifications (OPSS) for Granular
B Type I or II. The granular fill should extend at least 1.5
metres beyond the inside face of the abutments and should be
compacted in thin lifts to at least 95 percent of standard
Proctor density. If lateral movement at the top of the
abutment of about 0.05 percent of the retained height is
expected to occur, "active" earth pressure coefficients (Ka)
should be used in determining the horizontal load on the
abutments. If the wall movement is expected to be less, then

"at rest" pressure coefficients (Ko) should be used.

Assuming that a well graded sand and gravel backfill material
meeting OPSS Granular B Type I material is used behind the
abutments, a material unit weight of 21.2 kilonewtons per
cubic metre could be used together with the following earth
pressure coefficients in determining the lateral load on the

abutments.

Golder Associates
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Earth Pressure

Coefficient
At Ultimate Limit State (ULS)
"at rest" condition 0.55
"active" condition 0.38
At Serviceability Limit State (SLS)
"at rest" condition 0.47
Yactive" condition 0.31

Earth pressure parameters for other materials could be

provided if necessary.
To reduce compaction induced stress on the abutment walls, the
granular fill near the abutments should be compacted with walk

behind compaction equipment.

Highway 1live loads should be considered on the abutments

unless approach slabs are used.

5.3 Embankment Stability and Settlement

The approach embankments within 30 metres of the bridge will
have a maximum height of about 4 metres above existing ground

surface.

Initial calculations indicate that no short term or long term
stability problems are expected for the embankments within 30
metres of the abutments. Embankment fill should meet the
requirements of OPSS 212 for borrow material, and should be
placed and compacted in accordance with OPSS 206. If sandy
earth borrow, rock borrow, or select subgrade material is
used, embankment side slopes may be constructed at 2
horizontal to 1 vertical. If silty or clayey earth borrow is
used, embankment side slopes should be 2.5 horizontal to 1

vertical or flatter. Erosion protection of the side slopes

Golder Associates
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using seeding or mulching should be carried out to reduce

surficial erosion and gullying.

At boreholes 4-1 and 4-2 on the south side of the river, thin
surficial deposits of topsoil followed by deposits of sand and
very stiff silty clay or clayey silt were encountered.
Provided that all surficial topsoil or disturbed soil are
removed from the proposed south approach fill area, the long
term settlement of the south approach embankment should be

minimal.

The north approach embankment area near the proposed bridge
however was found to be underlain by silty clay fill followed
by very loose to loose alluvium. The alluvium has a thickness
of about 3.1 to 3.4 metres and has an organic content of about
3.6 to 6.0 percent. If the alluvial deposits are left in
place, it is expected that the north approach embankment will
settle for some time after construction. To reduce the
effects of post construction settlement of the north approach
embankment near the rigidly supported bridge, the north
embankment could be constructed a few months in advance of the
bridge construction and an appproach slab could be used for
the bridge. Prior to placing the embankment and fill
materials, the subgrade area should be inspected and any
surface peat, highly organic, or disturbed materials should be
removed. Settlement monitoring should be carried out during
and after construction of the embankment to ensure that most
of the settlement has occurred prior to the bridge

construction.
The banks and bottom of the river near the pile supported

abutment and piers should be protected from erosion by means

of rip rap underlain by a suitable non woven geotextile.

Golder Associates
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5.4 Corrosion of Buried Structures

As previously indicated, the sulphate content of the
groundwater at this site was found to be 4 milligrams per
litre. According to CSA CAN 3 A23.1-M90, this measured level
of sulphate should not be corrosive to concrete where normal

Portland Type 10 cement is used.

Based on the elevated conductivity and low pH value of the
groundwater, this site can be <classified as slightly
aggressive toward unprotected steel. Corrosion of driven
piles in the native homogenous and undisturbed soil below the
groundwater level is not expected to be a problem. However,
the potential exists at this site for corrosion of the driven
piles along that portion of the pile within the perched
abutment fill, at the interface of the abutment fill and the
native subsoil, and within the groundwater fluctuation zone.
To reduce this corrosion potential, it is suggested that all
piles at this site be provided with a bituminous coating (such
as Bakelite 700-1) and that the pile cap be designed such that
the steel pile is electrically isolated from the remainder of
the bridge structure i.e. no steel to steel contact with the
piles in the pile cap.

5.5 Construction Considerations

Pile driving and excavation for the proposed bridge piers will
be carried out within the existing river channel. Sandy silt
alluvial deposits were encountered below river bottom level in
the boreholes at the pier locations. As such, excavation and
construction of the river channel piers should be carried out
within driven interlocking sheet piling advanced to within the
underlaying clayey silt. Alternatively and provided space
permits, the existing alluvial deposits could be dredged

and/or excavated to expose the underlying clayey silt and an

Golder Associates
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earth cofferdam cell could be constructed over the exposed
clayey silt subgrade using suitable compacted earth materials.
A working mat of concrete or crushed stone would likely be
required in the pile driving area. Water inflow should be

controlled by pumping from within the excavation.

It is recommended that the pile driving equipment proposed by
the contractor be reviewed in light of the contract pile type
and set criteria and be accepted by the geotechnical engineer
well in advance of any pile driving operations. Also, all
piling operations should be inspected throughout by qualified

geotechnical personnel.

Groundwater and surface water control may be required while
placing and compacting the lower 1lifts of fill for the
embankments. The intermittent stream on the north side of the
river should be diverted and any loose or soft areas in the
embankment area may have to be firmed up with coarse crushed
rock material. To facilitate pile driving and to 1limit
disturbance of the bituminous coating on the piles, the
embankment fill material beneath the abutments should consist
of pit run sand, free of gravel, cobble or boulder size

material.

The soils at this site are highly susceptible to frost
heaving. Therefore, the native soils around the piles should
be protected from freezing during construction to prevent pile

jacking due to freeze effects.

If welded pile splices are to be used, a licensed welding
inspector should be retained during the pile driving to
periodically inspect the welding procedures used by the

contractor.
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168
We trust that this report contains sufficient information for

your purposes. Should you have any questions, please call us.

GOLDER ASSOCIATES LTD.

- , . ‘ A. F. CHEYRIER

A.F. Chevrier, P. Eng.

R.A. Montgomer

AFC:RAM:3f
Disk 17
Att.
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Sample Sample Sample Sample Sample
Parameter Units BH 4-3
Fe mg/L
Mn mg/L
Hardness mg/L CaCO,
Alkalinity mg/L CaCO,
pH 6.98
Conductivity umhos /cm 987
F mg/L
Na mg/L
N-NO4 mg/L
N-NO, mg/L
N-NH, mg/L
SO, mg/L 4
CL mg/L 40
Phenols mg/L
Turbidity NTU
Colour Pt/Co Units
Ca | mg/L
Mg mg/L
Tannin & Lignin | mg/L
Total Nitrogen mg/L

ANALYST:




EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST (SPT) N VALUE 1S THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Simm O.D SPUIT 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 O.D. 60° CONE ANGLE } DRIVEN 8Y 475 J
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.

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:
N (BLOWS/0.3m) 0-35 5-10 10- 30 30 - 50 >50
VERY LOOSE] LOOSE COMPACT DENSE VERY DENSE

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

RECOVERY: SuUM 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 RECQVERY, 1S:

RQD (%) 0-25 25- 50 50 - 75 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
MECHANICAL PROPERTIES OF SOIL

FIELD SAMPLING

$S'S SPLIT SPOON TP THINWALL PISTON m, kpa™! COEFFICIENT OF VOLUME CHANGE

WS WASH SAMPLE OS OSTERBERG SAMPLE Ce 1 COMPRESSION INDEX

S T SLOTTED TUBE SAMPLE R C ROCK CORE C t SWELLING INDEX

BS BLOCK SAMPLE : P H T W ADVANCED HYDRAULICALLY Cy 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 FACTOR
STRESS AND STRAIN v %  DEGREE OF CONSOLIDATION

v, kpa  PORE WATER PRESSURE . Oyo  kPo EFFECTIVE OVERBURDEN PRESSURE

o 1 PCRE PRESSURE RATIO % kpo PRECONSOLIDATION PRESSURE

o kPa TOTAL NORMAL STRESS T, kpa SHEAR STRENGTH

a’ kpa EFFECTIVE NORMAL STRESS ' c kpa EFFECTIVE COHESION INTERCEPT

T kpa SHEAR STRESS ! -° EFFECTIVE ANGLE OF INTERNAL FRICTION

0, .9,.,9, kpa PRINCIPAL STRESSES <, kpa APPARENT COHESION INTERCEPT

€ % LINEAR STRAIN by -° APPARENT ANGLE OF INTERNAL FRICTION

€066 % PRINCIPAL STRAINS % kpa RESIDUAL SHEAR STRENGTH

3 kpa MODULUS OF LINEAR DEFORMATION ) 7 kpa REMOULDED SHEAR STRENGTH

G kPa MODULUS OF SHEAR DEFORMATION . 5, 1 SENSITIVITY = TL

® ! COEFFICIENT OF FRICTION r

PHYSICAL PROPERTIES OF SOIL

A kg/m3 DENSITY OF SOLID PARTICLES e 1,% VOID RATIO €min’ 1,% VOID RATIO IN DENSEST STATE

Y, kN/m® UNIT WEIGHT OF SOLID PARTICLES n 1.5 POROSITY ) DENSITY INDEX M_

A, kg/m’ DENSITY OF WATER w 1,9  WATER CONTENT D mm  GRAIN DIAMETER mox - min
"%, kN/o’ UNIT WEIGHT OF WATER S, % DEGREE OF SATURATION D, mm  n PERCENT - DIAMETER

P kg/m® DENSITY OF SOIL W, % LIQUID LIMIT cy ! UNIFORMITY COEFFICIENT

Y kN/m’ UNIT WEIGHT OF SOIL wp % PLASTIC LIMIT h m HYDRAULIC HEAD OR POTENTIAL

/é kg/m3 DENSITY OF DRY SOIL wg % SHRINKAGE LIMIT q m%/s  RATE OF DISCHARGE

7& kn/m® UNIT WEIGHT OF DRY SOIL ' % PLASTICITY INDEX =% ~ Wp v m/s  DISCHARGE VELOCITY

By kg/m®. DENSITY OF SATURATED SOIL | L LIQUIDITY INDEX - P i HYDRAULIC- GRADIENT

Yiat kn/m® UNIT WEIGHT OF SATURATED SOIL ) 'Pw —w k m/s  HYDRAULIC CONDUCTIVITY

P'  kg/m® DENSITY OF SUBMERGED SOIL ‘e 1 CONSISTENCY INDEX: Lup j  kn/m? SEEPAGE FORCE

Y'  kN/m’ UNIT WEIGHT OF SUBMERGED SOIL e 1% VOID RATIO IN LOOSEST STATE
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RECORD OF BOREHOLE No 4-l METRIC
w P 177-89-102 LOCATION Sta. 23 + 631.2 5.7 Rt. ORIGINATED BY R.Ll.S..
DisT L] HWY 416 BOREHOLE TYPE _Hollow Sten Augex COMPILED BY _n e
DATUM Geodetic DATE May 18, 12990 CHECKED B8Y _A.C.
CONE PENETRATION
It PROFIL SAMPLES | & w | OrNamic =
SOIL PROFILE W S | RESISTANCE PLOT nastic WAt wowe| o X REMARKS
aZ | Limer CONTENT  LtmiT =0
= w|29] ¥ 20 40 60 80 100 z¥ A
O | x w - z L i ) ] L Wp w w, 3;
ELEV E|8l w| 2128 O |SHEAR STRENGTH kPo ———— GRAIN SIZE
DEPTH DESCRIPTION = g =1 g 8CZ> % |o unconrneo + FEW VANE[ oo content ()| Y DISTRI?/UTION
g1z . &0 | Z |eouck TRIAxIAL  x LAB VANE * (%)
= 2|9 = " GR SA §I CL
L ] Graurd Spréace 20 an O 80 190 20 44 [
2’.](:” Topsoil ~ a7
0.1 I Clayey silt Iq -X— | Watdr leyel ip open hole
1 at dlev.{86.8| metres of
§6.6! Brown nay 18, 1990
0.9 | Silty clay (weathered [}/ °
! crust) 1 ss s 86
A5.8 | Yery stiff Grey brown Y (4
1.8 sand, fine to medium, |[}.°.
‘! trace gravel, some silt",'. 2 58 7 o
i 85
Grey brown | 7 74 (1S}
a4.5 | Poose to gray M3 ss| 6 o
2.°P 1
4 R4
4!
Clayey silt 4 58 15
U 0 3 89 28
; A1 s | ss ] 20 83 :
W
6 j ss | 12
Vﬂ
! Iq T 82
i Very Grey
- 7 | ss3 9
| seitf s )12
!l a1
Iq
-3 sS 9
Hits | ss | o 80
19
79.53
7.8 isile 10| ss | 20
79
Compact Grey 11{ss | 23 °
8.3
9.0 . 8
|12 ss | 69
Sandy silt, sonme »
gravel and clay, )-
numerous cobbles L]
and bhoulders . 77
(qlacial till} ’
- A
{ 13 25 52 10
Dli13 ! ss |proo °
- 76
very Grey '-)'
75.1 |dense Y
12.2 ~
End of Borehole
Auger Refusal
.
74
s b 20
+3, x5 ; Numbers refer 10 5 4.5 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 4-2

METRIC

S

.

-——

e ld

SOIL EXPLORATION

CN

OFFICE REPORT

S

-

=

L

177-89-02 LOCATION Sta. 23 + 610.1 ORIGINATED BY D.J.S.
9 HwY 416 BOREHOLE Typg _ Hollow Stem Auger COMPILED BY __A-C.
Geodetic DATE May 22, 1990 CHECKED BY _A.C.
SOIL PROFILE SAMPLES « w DYNAMIC CONE PENETRATION -
RESISTAN PLOT NATURAL
2.2 3 SISTANCE PLOT > HASTIC  wOrsTURE :-I:\::: :5 REMARKS
= %) 3 9 n 20 40 z= s
9 3 w - z L L W, D;
DESCRIPTION gl 2| 2|25 | O [SHEAR STRENGTH Lk Ot GRAIN SIZE
1 = > a«a |3 [ DISTRIBUTION
131 Z |5 |[856| g [ounconined . Yy °
g1z 5 |89 2 e ouck rraxa WATER CONTENT (%) (%)
Ground Surface v * , w 20 4p GR SA 51 CL
Tapsail [l 87
Clayey silt Benfjonit4
Brown Al
N N 1,/ Water levpl in
Silty clay, occasiona q at elev. B7.
sand seam (weathered ||| 1| SS| 6 86 Ty |19, 1990
crust) /
very 2
svtff Grey brown Al 2 85 4
Sand, fine to coarse L 85
trace gravel and silt .
Loose Grey A 11ss] s
Native
84
4 ss |12 RacHfill
Clayey silt
5] ss |21 83
i
6 ss 111 82
7 ss 11 '
! 81
very Grey
stiff 8 ss |16
80
9 ss 9
10} ss 12 79
Possibly silt
78
Sandy silt, some 11] ss 6 ~
gravel and clay,
occasional cobble
(glacial till) 77
!l Bentorfite
j / Standgdipe
Loose Grey |bj{l22{ S8 | 3 76
End of Borehole
Auger Refusal 75

3, x5 Numbers refer to
Sensitivity

20
15 -5 (4} STRAIN AT FAILURE
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RECORD OF BOREHOLE No 4-3 METRIC
w P 177-A9-02 LOCATION Sta. 23 + 680.8 5.1 Rt. ORIGINATED BY D-J.S.
DIST 9 HWY 416 BOREHOLE TYPE Hollow Stem Auger COMPILED 8Y __A.C.
DATUM __ . Geodetic ___ . DATE cmnoMay 22 and 23, 1990 - CHECKED BY __A.C.
SOIlL PROFILE SAMPLES S w oYnamiC CO:JE rFENE!RAHON . -
b, ) I | RESISTANCE PLO rastic NAIUMM e | - T REMARKS
<z O Limet cONTENT LtmiT -0
- w | 30 n 20 40 60 80 100 z= :
Ol b c| 2 L h ) ) 1 Wp w w | 3w
ELEV . (9| w]2({98| & [SHEAR STRENGTH kPo D — 3 | GraIN SIZE
DEPTH DESCRIPTION NEIRA R 8% % [0 unconaneo  « mEDVANEl o conrential Y DISTRIBUTION
é z 5 SU 2 e ouck TRiaxIAL  x LAB VANE 1% (%)
87.2 Ground Surface v B w 2 a0 60 80 100 2p a0 AP GR SA 51 CL
0.0 Fill, silty clay, some > 87
sand and gravel, trace v |
@6.s| organic matter _ Watet levpl in open hole org.
at elev. B6.8 metrgs Conteryt =3.6%
0.8 | Alluvium, sandy silt on M3y 23| 193'0
some clay and gravel, 1 ss 2 o
trace organic matter 86
A5.7| very loose Grey hrown
1.6 Alluvium, silty sand.
,%.;?,S:,“"d indYo#80Ric j 21 ssi| 3 o
85.1}{ Very loose Brown
2.2 | sand, fine to coarse, |[.".’ 85
trace wood ‘
o ! [}
£4.4 | Very loose Brown! . . 3yss|t :
=P ant [t | o3
o S . ace wo 84 ol -
and shells d{l 4] ssy? ; ° Contenk=6.0%
Brown to H ‘
83.2 | Very loose grey brown|l ] !
a1 Hsiss|? 83 : 2
!/ ;
Clayey nilt 6 ss 12 I -
// 82
1
7 55 |16 : q
1
4 [l
Very Grey // 81
stiff 8 | ss |1s q
U
//‘
80.0 [ 80
7.3 s
Sandy silt, some _)/ o | ss |40 ° 25 29 38 8
gravel ané clay, .
numerous cobbles and 5 79
boulders {glacial tillf| |
1~ 78
LAl 10} ss |10
B%
V1
Compact to d 1.
dense Grey .0 27
L]
76.7
10.6
End of Borehole
Auger Refusal 76
.
1 5 b t 20
+3, x5 Numbers refer to 15 4.5 (%) STRAIN AT FAILURE

Sensitivity 10
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RECORD OF BOREHOLE No 4-4 METRIC
WP 177-89-02 LOCATION Sta. 23 + 663.7 12.0 Lt. ORIGINATED B8Y D.J.S.
DIST 9 HWY 416 BOREHOLE TYPE Hollow Stem Auger COMPILED BY __A-C.
DATUM Geodetic DATE May 23, 1990 CHECKED BY _A.C.
SOIL PROFILE SAMPLES | X | W [DYNAMIC CONE PENETRATION - =
%) I [RESISTANCE PLOT > |mastc mowrone towo| o T REMARKS
<z O umit CONTENT Limtt =0
= w |30 20 40 80 80 100 z= Py
9 o w ot 2z L ) L J 4 Wp w Wy oW
ELEV cRipr Zi{9| w| 2|25| & [SHEAR STRENGTH kfo DA 2 | Grav S12E
DEFTH DESCRIPTION = |EL Z | S 186 5 |ounconemeo v meDvANE| L Lo o rent (| Y DISTRIBUTION
.g_: 2z 5 sU é e OUICK TRIAXIAL % LAB VANE * (%)
87.1 Ground Surface v : w 2 40 60 80  1p0 2 o __6p GR SA 51 CL
0.0 {Fill, silty clay and a7
clavey silt, some
gravel and boulders Bentorjite
86.2 Brown .
P~ l\lluvivm s'ltz sand N ss 19 86 Water lepel in stdndpipe
g?ﬂﬁn?c"&ﬁttgﬁ e I at ¢lav.| 7.4 metfes
Hh.t ] Compact Groyl - on July 19, 2990
1.5
Alluvium, silty sand ~ 2 ss 1
and sandy silt, trace 85
N 7~
wood and organic
matter
3 ss 1
84
Very loose Greyl| .} 4 SS 1
Nativd Backfill
83.1 ~
0 [BTE Seels e [ 5 | ss ! .
4.3 Loose Grey' )
"
Clayey silt
y 6 sS 14 82
g
g1.3 | very stiff Grey L
[ | .
5.8 b 81
ol 7| ss| 38
Sandy silt, some 80
gravel, clay, cobbles .
N
and houldarn N
(qlacial till) .
3%
8| ss| 7 79
P
. ) 78
4\
Loocse to creyl{I{l 2 | ss | 15 { Bentorlite
dense
[»
o | 77
W
76.4 I A Standgipe
10.7
End of Borehole 76
Auger Refusal
.

20
+3, %3 Numbers refer to 15 o g (o) STRAIN AT FAILURE
Sensitivity 10
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RECORD OF BOREHOLE No 4-5 METRIC
w P 177-89-02 LOCATION Sta. 23 + 703.6 0.3 Rt. ORIGINATED 8Y D.J.S.
oISt 9 HWY 416 BOREHOLE TYPE Hollow Stem Auger COMPILED BY _A.C.
DATUM Geodetic DATE May 23, 1990 CHECKED BY A.C.
SOIL PROFILE SAMPLES En w DYNAMIC CO:IE PENETRATION — —
:vza e RESISTANCE PLOT nasnic toarete wowo| o T REMARKS
= w |30t @ 20 40 60 80 100 |WMT cowrmr uwr ] SO .
O|= ud - z L A L 4 I Wp w W, =34
ELEV 2|8l w| 2|98 & [sHear STRENGTH «Po D —— 2 | crRAIN SIZE
DEPTH DESCRIPTION El 2] £ 1238 | 5 |ounconrined  + FiELD vanE y |OISTRIBUTION
|2 oo S WATER CONTENT {%) (%)
& 5 | & G |e QuiCck TRIAXIAL  x {AB VANE
872.2 Ground Surface v : w 2p 0 60 /0 100 2 40 69 GR SA S1 CL
0.0 |Fill, silty clay and y
clayey silt, some gravel = 87
86.6 Brown Watqr lefel ip opdn hole
0.6 Ana iifiy §§2§¥ §izte at dlev.|87.0| metges
86,1 [DEFSNIS SaTTer Brown 1] ss ! 2 on May 24, 19p0 ° org. Cpntent =
1.1 lluviue, siley clay ; a6 3.60
. and clavéy siIt, Erace
.y Q"?,“E.{.?'?'t“’ ey
1.5
Alluvium, sand, some 2 ss S
sandy silt, trace 85
jorganic matter
A3 ss | o2
- 84
Very Grey brown |!- 4 Ss WR*
loose to grey A
83.2 e
422.0n Badyey.seit creyf | Ms | ss | s 83
., IR §
T pnd ey 16152081 9E3Y 8 AL
End o 3Sorehole 82

+*

3, x5 : Numbers refer to

Sensitivity 10

20
1545 (%] STRAIN AT FAILURE
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RECORD OF BOREHOLE No 4-10 METRIC
w P 177-89-02 LOCATION Sta. 23+656 - 3.5 m Lt. SBL ORIGINATED B8y R-B.
DisT__9 HwWY ___416 BOREHOLE TYPE Wash Boring COMPILED BY _R-A-M.
DATUM Geodetic DATE September 12, 1990 CHECKED BY R.A.M.
« w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 4 2 RESISTANCE PLOT masnc  MATURAL ° ';:
<2 o it MOISTURE tmr =0 REMARKS
= w | 321 @ 20 40 60 80 100 conrent z:=
(o - w - 1 L 1 L 1 w w W, Sw &
Y w D °= z P . t ;
ELEV DESCRIPTION & lo| o ot zg [e] SHEAR STRENGTH kPo [ S GRAIN SIZE
OEPTH = £l z| ¢ 36| & |o unconrneo + FIELO VANE| oo e y |DISTRIBUTION
x| Z 5 su ; e QUICK TRIAXIAL X LAB VANE CONTENT (%) (%}
86.3 | Water Surface v . w GR SA SI CL
Water 86
{South Nation River)
.
85.1! River Bottom
1.2 Alluvium, sandy silt, [~ i gs
i trace gravel, some L] 11 ss |1 i
. organic material ~ i
84.3: Very loose Dark grey L~_ ;
2.0 H 2] ss |20 i
: 1/ 184
Clayey silt, H, 3f ss |18 ;
| some sand ]
| | i
i 4| ss {26 ' a3
| 1
i Very L/ :
82.4! Stiff Grey Ui 5| ss |17 ;
3.9 ! End of Borehole
: 82

-

3 5. Numbers refer to
' :

Sensitivity 0

20
1545 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 4-il

METRIC

W P 177-89-02 LOCATION Sta. 234638 - 4.0 m Lt SBL ORIGINATED By R-B.
oisT___ 9 nwy__ 416 BOREHOLE Typg __ Wash Boring COMPILED BY _R-A-M.
DATUM Geodetic DATE Sepptember 12, 1990 CHECKED BY R.A. M.
& w DYNAMIC CONE PENETRATION
SOIL 2ROFILE SAMPLES L& | = |Resistance PLOT NATURAL =
=2 3 :::f"" mO1sTyre  LIGUD :g REMARKS
- w30 ©# 20 40 60 80 100 content z= A
] = N = z L L . . A Wp w w, D“;"
ELEV DESCRIPTION |8l w2128 G |SHEAR STRENGTH kPo O — GRAIN SIZE
DEPTH < NI 85 S O UNCONFINED & FIELD VANE| oo o re ol Y DISTRIBUTION
g1z 5 | &Y & | ouck Traxiat  x 1as vane (%) (%)
86.3| water Surface v ' w \ GR SA SI CL
Water 86 !
{South Nazion River)
85.2 !
1.1[ Alluviurm, sandy silt, |™7 8s
aome orqaric matorial |~ | 1 ss 1 i
84.6 Koy :
b7 1] 2 ] ss| o j
84 T
3 ss | 22
Clayey silt, A/
trace gravel 4 ss |29
i
// s | ss|3s 83
Very Dark grey * 6 ss |31
82.31 Stiff Lo _grey
4.0] End of 3crehole !
82

+

3, x5 : Numbers refer to
Sensitivity

20
1545 [A) STRAIN AT FAILURE
10
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WP |77-89-02
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SCALE

l: 50,000
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SPECIAL NOTE
THIS DRAWING IS TO BE READ IN CONJUNCTION
WITH ACCOMPANYING REPORT

Date AUG. 22.122Q...... : Drawn _ JC.....
Project _89]-2582-4 Golder Associates Chkd@,f.{ .............
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7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL A
| CLAY & SILT Fine | Medium | Coarse Fine [ Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric)
1 2 3 4 5 10 20 30 40 s0 725um 150um J00um 600um 118 mm 2.36mm 9.5mm 19.0mm 372.5mm 63.0mm
100 ! lll ]Ilu_ SIum l 106 um I ISOuIm 425um 850 um ZOC'mm 4.75mm 13.2mm 26.5mm 53.0 75.%"\"‘
AT
90 10
rd
X Bl
80 20
/
T
70 30
60 400
A
" / . - - - 2
& pt
50 f 50
z g 1 [ LEGEND 2
& BH [|SAMPLE SYMBOL s
a 40 L 60 &
/| . . 4-| 5 ®
30 70
/|
[ J
20 80
L
10 " 90
o " 100
| 2 3 a4 s 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 4 ' V2 Y VA g2k v
MINISTRY SIEVE DESIGNATION (Imperial)
@ Ministryof GRAIN SIZE DISTRIBUTION FIG No 3
ransportation
WP 177-89-02
Ontario CLAYEY SILT =
o




oot oo D oernv D S S
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7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & ST Fine | Medium | Coorse Fine | Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric)
! 2 3 45 10 20 30 40350 ysum 150um 300um 600um 1.18 mm 2.36mm 9.5mm 190 mm 37.5mm  63.0mm

100 l ll] ]I”r SIum 106pm ZSOu’m 425um 850 um 2.00mm 4.75mm 13.2mm 26.5mm I SJ.OW'J 75.%mm

90 /&3’ 10

80 / 20

70 T 30

’

v €9 4008
z z
wv ] <
I

50 50
z / LEGEND 5
= / [Ten  [sameic SYMBOL <
a 40 60 &

/ jl 4-| 3 ®
30 Jl / 70
4

20 /] 80

10 90

° i 100

' 2 3 4§ 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 4 ' V2 Y R 2k st
MINISTRY SIEVE DESIGNATION { Imperial)
Mty o on GRAIN SIZE DISTRIBUTION FIG No 4
. WP 177-89-02

Ontario SAND, some silt =
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. 7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT Fine [ Mediom [ Coarse Fine |  Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric) '
! 2 3 4 5 10 20 30 40 50 75um 150 um JO0um 600pum 1. 18 mm 2.36mm ?2.5mm 19.0mm 32.85mm  63.0mm
100 l ”[ ”” 53um 106um 250u|m 425pm 850 um 2.00mm 4.75mm l].?}* 26.5mm 530 75.0mm
0
90 /’(/ 10
80 / /0/ 20
|
JV’) /
70 /— 30
. L~
© 60 / 4098
. ]
3 / e 2
50 —i 50
z e LEGEND 5
& /'/ 1& l BH [SAMPLE SYMBOL s
a 40 - “ 60 &
A 4-| 13 °
P4 4-3 9 o
30 HA oF : 70
/ e i
/( r/y
20 1O 80
e ]
i H 5
10 < 90
o
o 100
1 2 3 45 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 4 A A A /S B
_ MINISTRY SIEVE DESIGNATION {Imperial) )
@ o ion GRAIN SIZE DISTRIBUTION FIG No 5
WP {77-89-02
Ontario GLAC'AL T”_L ®
N
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APPENDIX 1

RECORD OF BOREHOLE SHEETS

PREVIOUS BORINGS BY MINISTRY OF
TRANSPORTATION ONTARIO

Golder As'sociates
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DAPRNCEIY OF 110HWAYS ~ ONTAMD

6'_2 ?&%ﬁ to silt.

Tary S4ff to stiff.

j2¢7.7

-

E

4

19.0 Mi &sﬂt '

ouldars.
(Olacial t111)
|
Hard

2k9.2

215:5’ )olmrj;to Bedrock

RECORD OF BOREHOLE NO. 2 FOUNDATION SECTION
MATERLLS & TESTING DIVISICN
son STE=55 Location Sta- Wi ¢ 29y 23! Lt. of K ORIGHEATED WY
w.p 193693 soming pate __July 10, 1967 COMPILED BY
DATUM Geodstic COREHOLE ""H‘uhborinc, BX Casing CHECKED BY W
DYNAMIC PENETHATION RESSTANCL LIOWO LIMT i
5 g 3 \ \ . WATER CONTENT — W b
2l sl L | & ¥ [mEAR STRENGTH P.S.T. wp v wy é: r
'—-——L“". DEICRIPTION o= > o X wenans
DEPY HEIER RN WATER GRuTENT
266.7{ JROUID LRVEL ® | pC.P.
0.0 | Aty tand’ N Sa. 88
wt »:4: rsio‘ mou
2&.5 A 4 ’

‘ll-o BB P Wrmatate

r8l



YAM O8-4T-%4

fb-agas m M’

VOPANTRUE ST  BF MANWAYS ~ SRTANND

Jo8 & LocaTion Sta. WiB ¢ 97) 23* Lt.of §

RECORD OF BOREMOLE NG.2

FOUNDATION SECTON

orwmaTeD sy . AXB

WP 253-66-03 sommg pare Iy 7, 1967 conries oy XP
' DATUw Gecdetic SONEHGLE Type Nashboring, BX Casing CHICKED BY 9@
i pROF , OYNAKNC PENETRATION RESISTANCE LIOWD LMIT wi
‘ o ne AN BLOWS / FOOT FLASTIC LnerT ws
§ gl 3 ' s N N L WATEN CONTENT ——w :t
L ELEV el el ol ™ SHEAR ATAFMATH P.OTF. "f " " :§
l&??); OZSCRIPTION = ; s i % . e taxtal v < i O%] remarxs
' € - b o Quick Trisxia WATER CONT
286.7 GROTMD LXVEL ) R 2| & 1000 2000 3000 LOOO 5000 "R ERTENS o.!.r.
0.0 11ty sand. . T —1
'.'j + 233,50
Conpect, ' L« 1 2R ] ¢ ‘
_2780? - 0.:
8.0 11t.
Clayey » - . 127
Stiff to wvery stife. SL
W™ 270 gl & lJOi
26h.7 ko ER:S - ———dy 132
2.0 Clayay 11T WIth
- el ] B OE3.o- o
Boulder's AXT ‘
296.8 Bard 2.¢,
29.91 ¥nd of Borehole
“ |

ol A

[% Y

M e

(TN CERSENE N MR R |

3]



Vg UB-MY-1ES

ta-~48a8 m w 0

CAPAATUANT OF MISHWAYS -~ QUTAMO

T aa weaING DIVISION RECORD OF BOREMOLE NO.5 FoURGATION SECTION
son . S1-F=55 LocAtion Sta: L9 + 95; 23/ 1t of § oniemared 8Y D0
 w.p.__253-66-03 soaing oaTe —July &, 1967 - courn oy 20
patun Gecdotio yonenoLE Typg Heshboring, BX Casing CHECKED nv._&_;__ |
rROF OYHAMC PERETRATION RESISTANCE Quo LT ——
sot heed IAMPLES e POt L Lo ——wp
b g a N \ L , \ WATER COMTENT —% x E
_— 4 A £] & fenean STREMGTH P.8.F. wp w " 38
SEFTY DESCRIPTION % 3 s i 3 e af| newams
=  od
2862 £l 2 3] @ WATER CRNTENTS 'g'
0.0| ity sand. F""‘“
' lm ."o E‘”
S s XX I1 280 9 4.801.17
278.0 g
3.2! Clayey #112 R/ R::ARr4 ¢
31420 Lo sery stiff TSI 4
é,k 1T m# .
‘ é 5| SS 18] .
Z B BT3B 260 J
5602 ’ /
30.0| C s1)t with ®
. M
251.2 1ders i
35.0| Ind of Borehole oV =
l o




i }H,‘i! “‘

ey

Yo 9

SOMNTUENT §F HOWBAYS —~ CUTAIKD

MATERIALS & TESTING DIVISION RECORD OF BOREHOLE NO. 7 FOUDATION SECTION
son ___ OT=¥=55 LocaTION Sta. 150 4 583 23 1t. of d omiemATED BY P
Wy 253-66-03 soxing pate . July 5, 1967 COMPILED BY
patun_.Geodetdo eO0EHOLE yype Vashboring, BX Casing - CHECKED BY o
: LYMASC PENETRATION NESIST w
SOIL PROPRE SAMPLES _ tLows /'l; ooT ! ANCE I;IS: n::"% ’:
B 8 3 . L . X L WATER CONTEWT W oy
Loy al s o | & IHEAR STHENGTH P.S.F. w . L 3% A
EFTH DESCRIPTION “ E 4 .i > — 4 o SJ REMARXS
! = .
285.0 Ground Level g2 1a] & wATE® copTenS ,!,
-0.0| Siity send, “;ﬁ"‘
Yory loose %o loose » T IS T 280 . _
211.0 : : 18 T9 r
"8,0] Claywy sfit. éj Ty ' e !
Firm to stiff %—L—-& L .
7 s 270
Z ‘ r F
. 38 113 |
261.01 ‘ /rﬁ_ .
2h.0{ Clayey 341t with g7 260 5 \
grovel (Olacdal.T411) i
StLff to very stiff 31T }
moo .
3. polomite - Bedrock Ny 123 250 J
25.7 ’ 1] {1
~39.3] End of Borehols ] =
i ~




PH-D-,207 8810~

MINISTRY OF TRANSPORTATION , ONTARIO

\

DIMENSIONS ARE {N METRES

IR IR ~

gz - il . o * : B - N a—— — RN - ’

T N T - e =

b . i . , 3 , o P-1825-23 2 C ,

; |  \ % | CONT No

| \ - METR/IC

| | ' WP Nol77-89-08
| |

\

......
e

= S AND /7 OR MILLIMETRES UNLESS
S o e Rt MeTeze O7 | SOUTH NATION RIVER OVERPASS SHEET
> AR - o HWY 416 SOUTH BOUND LANES
: ¥ Q BORE HOLE LOCATIONS & SOIL STRATA
| A ; | |
, 0 R Golder Associates Ltd.
’ ; :
o
% : v N B
G PROPOSED REOPOSED ( o ANEAD NG K 00 I\
0 o ABUTMENT PIER O ; 2 ARVATE |
. ' o) ¢ Q)QJ ; land, \ i \; A
‘ x© ,ﬁ’ G N i Nl % @
3‘3 qllb (L/b q:b\q g ! \‘( /§~
'\f i ’! } i k’( ) Ej\.‘ j,«___: ER .

l
;
{
i
!
!
! ' 4
| D !
i )
i
Sl ! VAN TSP F O N
| s ///' =T - :/]% E\Glgﬁ‘/
- | Vel 1 AT T, Siail
13 ! /0 L rt‘ /\‘
% ; j: O, i (__::/_1 4 = 'ﬁ;«/
\ } /g%ﬂ ~ EEN A 7 o
T E 3 KEY PLAN
| ! SCALE
i . , ¥ | [Km 0 1000m
‘ L ) i 3 e " ——
. y ' - : ‘ 3 . !
E N ‘ 3 | 7 7 (BY-MTO, |967). I : 25 |
S T ——— l“-sa'z::-ﬁ-:‘;‘«i:—‘ il»z—-r—"> } } e . b (’ F T -——T — t F “¢‘ *q . ; J¢- n 1 ——— X
: ; o e . Shm——r b e b / - i - z - P - . . . I
* E i LEGEND
; PLAN | |
i ‘ SCALE | “ Bore Hole
0 z
i . IQM : ‘61} Dynamic Cone Penetration Test (Cone)
i : ! l
| b ! $’ Bore Hole & Cone
g 5 N Blows/O 3m (Std PenTest, 475 J/blow)
(‘:,‘ g . :\‘P . v N . ‘
e R T B T TR R T R T A ey e T e e = \\ N - "m R T ECE e kLR > ST A T e “j‘*m\_“” - \ B ) * B - = — N = /* "%E’W‘fmiﬁt?“‘?ﬁ‘ﬁ*m“*ﬂm% WCONE‘B‘O?‘/ Oj3""‘”' 6oo“c"o‘*a’*é”‘l‘”"4 7’5”‘J"/”b‘|‘o‘w;—"“f‘ it
P I TN ««4 o >
P ’ b 4-2 4| 4-4 4-3 4-5 . : ——__’: W L at time of investigation
S | -*— —¢— | . ﬁ- " ‘_ (MAY & JULY 1990)
- 92— PROPOSED = ‘ \ 92
GRADE T - - — - pez j Standpipe
k T N
4 i e | o ‘
90 sk Jii 20
| PROPOSED _| liie  PROPOSED PROPOSED
E ABUTMENT i PIERS FILL silty clay & ABUTMENT .
FILLsilty clay 8 iF L ity FILL, silty clay & No | ELEVATION| STATION OFFSET
ORIGINAL | /CIGYGY silt, some . ig yc aly, some /cloyey silt
88 GRADE { N ' gravel, baulders PR sdan grave 88 4| 87.3 53,632 5 7m R
N - K2 k% N 5 SOUTH NATION . v N i N L.
TOPSOIL == B2 |lcLAYEY v RIVER v v
A (ST = g o DA SRS ST o @ i T ALLUVIUM sandy silt, very loose 4-3 | 873 23+680.8 5.m Rt
86 sLTY CLAY V116 11/ Yr|e prpsiTycar | ALLUVIOMERY] 7 XX M1 2 IMJ AcLuvium NES Ry _ 86
weathered crust // ’/ f L4 L1 weqthéred crust,ver?/ stiff silty sand ~ ~ o~ rt ~ | sandy silt,very Toose | N~ eé-rb s\{iIH‘M silty clay 4-4 87. 23+663.7 12.0m Lt
very stiff VaVipy' 84 I 7 {1 saNDyrace compactz /] ~ | VI~ —o|3 (X~ ALLUVIUM ~_|3 |~ 4-5 | 872 23+703.6 0.3m Rf
SAND, trace Ir.xf .y e | vt gravel ang silt i~ saND T, [ silty sand,very loose | 1| ALLUVIUM sand, r
gravel and silt 74 5 H— A/‘ loose uvium  ~| ! [ very looser L ALLUVIUM ~ - \s/omelgggdy silt 4-10 86.3 23+656 3.5m Lt
N . ~~ - e N I P e e
84 loose 2! | Wi s i -;:l(ljfnyd)rfclsn”dt g [ Moy I {1 sandy i P lin® 84 4-11 | 86.3 23+638 4.0m Lt
| / ol // 20| | 1 \ very loose T 4 —— ||sAND b 3 H very loose mm CLAYEY SILT, very stiff
L/ ’ A1 /7| cLAvEY T WA |lioose 71 U= GLACIAL TILL -
82 1 I , IZAR LA SILT CLAYEY 1A 14|l 21 cuavey sandy silt, some a7
CLAYEY g /] L very] stiff SILT 1% { /' Nile // SILT very stiff gravel and clay . oy
SILT,very 4 I 4 A2 /] very stiff d 2’ » Very
sttt 1] ' A LN a1l H s || 1A
// 16 // y 9 | y 38 | 3 1M W
80 Wlle (114 ZE1d GLACIAL TiLL | 4 Tl IR T ) 80 )
4 20 sandy silt,soma [ O [ |1 i [40|| 13-
2 [ SILT, compact gravel, clay, ||| /17 | 11V sLaciaL TiLL
SILT I L' 23 cobbles and : AP N . sandy silt, some
11 RN boulders NEE : T ‘| 1 gravel, clay,
8 1°vlle il o169 | 19 loose to L’ + | ko O"gbbEI}s {1 &
GLACIAL TILL {4 rl°e PA1°°1 11 eLaciAL TILL A s ot A '.| cobbles an
sandy silt, some || 1 111 || sandy sift, some dense ] 1L p |'¥| boulders, compact - |
gravel and clay | |.[ 11 J.0. 4-1.]- gravel and clay, L |° | : - | 7, to dense
s oce, covdle__| ] |{ ] [T {oll cootes ons ACEEFERGAL  AUCRRETUSAL “ o | —NoTEs
AUGER REFUSAL e Jg ol very dense | - The boundaries between soil strafa have been established
i AUGER REFUSAL ! N d only at Bore Hole locations Between Bore Holes the
: boundaries are assumed from geological evidence
74 4 |
@) 8 8 8 8 8 . 8 8 : NOTE- The complete foundation investigation and design report for
D
o © © © : © © oy r~ this project and other reloted documents may be examined at the
v 00 ) ) : M 0 9 ) Engineering Materials Office, Downsview Information contained in
72 N . N N . o - N 70 this report and related documents is specifically excluded in
’ ? . ! ‘ accordance with the conditions of Section 102-2 of Form 100
¢ PROFILE - PROPOSED HIGHWAY 4|6 SBL f caTe T , >
f SCALE R : | DATE BY DESCRIPTION
‘ : Geocres No 3IB-63
{Om S Q 5 iOm  HORIZ, v ;
T — . ¢ ~  [HwY No 416 SBL DIST 9
4 3m 0 3m , VERT. i | suBMD AC |CHECKED AC[DATE 90/08/21 |SITE 16-182A
‘ ) REF. No. E-27-416-16-189A ; DRAWN JC |CHECKED APPROVED DWG | 778902-A
i ) : i |
r } I\




I S,
3

Golder Associates Lid. - : é
Golder

1796 Courtwood Crescent ?

e *
Oftte , Ontario, C da K2C 2B5
Tolophens (613) 224-5864 Associates
Geocges Not 21 P-6%

Fax (613) 224-9928

REPORT ON

ADDITIONAL SUBSURFACE
INVESTIGATION

PROPOSED SOUTH NATION
RIVER OVERPASS
HIGHWAY 416 SQUTHBOUND LANES
W.P. 177-89-07, SITE 16-189A
DISTRICT 9 (OTTAWA)
EASTERN REGION

' Submitted to:
Totten Sims Hubicki Associates
300 Water Street

Whitby, Ontario
LIN9J2

DISTRIBUTION:

6 copies - Totten Sims Hubicki Associates
2 copies - Golder Associates Ltd.

September 1997

971-2161

OFFICES IN AUSTRALIA, CANADA, GERMANY, HUNGARY, ITALY, SWEDEN, UNITED KINGDOM, UNITED STATES



Golder Associates Lid. | |
iéGold.er

1796 Courtwood Crescent =
Ottawa, Ontario, Canada K2C 285 ? Assouates
Telephone (613) 224-5864

Fax (613) 224-9928

September 29, 1997 971-2161

Totten Sims Hubicki Associates
300 Water Street

Whitby, Ontario

LIN 912

Attention: Mr. J. Aleong

RE: ADDITIONAL SUBSURFACE INVESTIGATION
PROPOSED SOUTH NATION RIVER GVERPASS
HIGHWAY 416 SOUTHBOUND LANES
W.P. 177-89-02, SITE 16-189A
DISTRICT 9 (OTTAWA), EASTERN REGION

Dear Sirs:

This report presents the results of additional subsurface investigation carried out at the above site
(see Key Plan, Figure 1). The purpose of the investigation was to determine the bedrock
conditicns at the site by means of two boreholes and, based on an interpretation of the
information obtained together with that previously obtained at the site, to provide engineering
guidelines on the foundation design of the proposed bridge, including construction consideration

which could influence design decisions.

DESCRIPTION OF PROJECT

The above bridge is being redesigned and consideration is being given to foundations consisting
of caissons (socketed piles). The original foundation investigation carried out for this project is
described in Golder Associates report 891-2582-4 dated October 1990. That investigation
provided no information on the bedrock at the site.

Reference should be made to the earlier report and that report should be read in conjunction with
this document.
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PROCEDURE

Between September 11 and 15, 1997, two boreholes, numbered 97-1 and 97-2 were put down
near the northeast and southwest corners of the proposed bridge. The boreholes were advanced to
auger refusal without sampling or testing and then extended by diamond coring in NQ size for at
least 4 metres. In situ permeability testing was carried out after each run of core using either
falling head or pumping tests. On completion, both boreholes were completely sealed full depth.

The field work was supervised by a member of our engineering staff.

A detailed log of each boreholes is given on the Record of Borehole Sheets which follow this
text. On these logs, the soil stratigraphy above the bedrock was taken from the previous

boreholes put down at the site, which were adjacent to the present boreholes.

The approximate locations of the boreholes is given on the Site Plan, Figure 2. The elevations
given in this report are referenced to Geodetic bench mark 77-U006 located on the existing
Highway 16 bridge.

SUBSURFACE CONDITIONS

Refer to report 891-2582-4 for information on the soil overburden.

Bedrock

Examination of the core recovered from the boreholes indicates that the rock consists of fresh
grey dolomitic bedrock. The total core recovered was consistently 100 percent; solid core
recovered is 97 to 99 percent in borehole 97-1 and 94 to 97 percent in borehole 97-2 below the
upper metre. The upper metre of rock in borehole 97-2 contains some thin mud seams between
closely spaced bedding planes. The rock quality designation values range from 78 to 98 percent

at borehole 97-1 and below the upper metre at borehole 97-2.

One unconfined compression test was carried out on an intact piece of core from borehole 97-1,

the measured compressive strength is 91 megapascals.

Golder Associates
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Groundwater

The groundwater level from above the upper metre of the bedrock is at about 0.8 metres below
existing ground surface. Below this depth the groundwater level reflects an artesian condition

with the groundwater level 0.15 and 0.22 metres above ground surface in boreholes 97-1 and 97-

2, respectively.

DISCUSSION

Cast-in-place concrete caissons or piles socketed for several feet into the sound bedrock would be
a suitable means of providing the required bridge support. The caisson sockets should be
designed for an adhesion (bond) stress of 1400 kilopascals at SLS and 2000 kilopascals at ULS
between the concrete and the sound bedrock. This will require that the upper 1 metre of bedrock

not be considered in the design socket length.

During installation of caissons, some 4 metres of bouldery till will be penetrated. The permanent
casing or liner should be advanced slightly behind a socket in the till, formed by chumn drlling.
The casing should be driven to an adequate set to achieve some penetration of the bedrock surface
and to aid in providing an effective water seal for the socket. Effective water control in the

socket is required if inspection of the churn drilled sockets is to be carried out.

The sockets should be inspected to verify that the required length within sound bedrock has been
obtained. At some locations as much as 1 metre of bedrock containing thin mud seams exists
above the sound rock required for acceptable sockets. At these locations it may not be possible to

carry out dewatering of the caisson which must precede inspection.

It should be pointed out that after the first run of core was recovered from the boreholes, artesian
groundwater conditions were encountered in each borehole. Also, the measured permeability of
the bedrock ranged from about 102 to 102 centimetres per second, values which will resuit in
significant water inflow to the caisson liner. Heavy pumping will be required to keep the sockets
dry for inspections; alternatively the inspections could be carried out underwater by a diver with a

geotechnical background if the caisson is 1 metre diameter or larger.

Golder Associates
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Provision should be made for tremie concreting of caissons after the sockets have been cleaned,
inspected and the reinforcing cages have been installed; this concreting work should only be
carried out under the full stablized water level in the caisson i.e. no groundwater inflow should be

occurring. The tremie discharge pipe should extend to the base of the socket for such concreting.

We trust that this report contains sufficient information for your present requirements. Please call

us if you have any questions.

Yours truly,

GOLDER ASSOCIATES LTD.

G.S. Webb, P.Eng.
Principal

GSWdc
Rpt-001.doc

Attachments:
Abbreviations and Symbols

Record of Boreholes
Figures 1 and 2
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LIST OF ABBREVIATIONS

of the report, are as follows:

I. SAMPLE TYPES

AS auger sample

CS chunk sample

DO drive open

DS Denison type sample
FS foil sample

RC rock core

ST slotted tube

TO thin-walled, open
TP thin-walled, piston
WS wash sample

1. PENETRATION RESISTANCES

Dynamic Penetration Resistance:
The number of blows by a 63.5 kg (140 lb)
hammer dropped 760 mm (30 in.) to drive
uncased a SO0 mm (2 in.) diameter, 60° cone
attached to “A" size drill rods for a distance
of 0.3 m (12 in.).

Standard Penetration Resistance, N:
The number of blows by a 63.5 kg (140 Ib)
hammer dropped 760 mm (30 in.) required
to drive a 50 mm (2 in.) drive open sampler
for a distance of 0.3 m (12 in.).

WH sampler advanced by static weight—
weight, hammer

PH sampler advanced by pressure—pressure,
hydraulic

PM sampler advanced by pressure—pressure,
manual

NOTES:

. The abbreviation commonly employed on each “Record of Borehole,” on the figures and in the text

111. SOIL DESCRIPTION

(a) Cohesionless Soils ‘N*

Blows/0.30m
or Blows/ft.

Relative Density

Very loose Oto4
Loose 4to 10
Compact 10 to 30
Dense 30 to 50
Very dense over 50
(b) Cohesive Soils

Cu'
Consistency kPa psf.
Very soft 0tol2 0to 250
Soft 12 to 25 250 to 500
Firm 25to0 50 500 to 1000
Stiff 50 to 100 1000 to 2000
Very suff 100 to 200 2000 to 4000
Hard over 200 over 4000

IV. SOIL TESTS

C consolidation test

H hydrometer analysis

M  sieve analysis

M H combined analysis, sieve and hydrometer!
undrained triaxial?

consolidated undrained triaxial?

drained tnaxial

unconfined compression

field vane test

< T o

ICombined analyses when 5 to 95 per cent of the material passes the No. 200 sieve.
2Undrained triaxial tests in which pore pressures are measured are shown as Q or R.

Golder Associates
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II. STRESS AND STRAIN h

q
u pore pressure v
¢ normal stress i
o’  normal effective stress (¢ is also used) k
T shear stress j

linear strain

o™

ey  Shear strain

as half the undrained compressive strength.

LIST OF SYMBOLS

I. GENERAL - (b) Consistency

r = 3.1416 - wy liquid limit

¢ = base of natural logarithms 2.7183 wp  plastic limit

log, @ or In g, natural logarithm of a Ip plasticity index

logie @ or log g, logarithm of a to base 10 ws  shrinkage limit

! time I; liquidity index = (w — wp)/Ip

g  acceleration due to gravity Ic consistency index = (w, — w)/Ip
V  volume emsx Vvoid ratio in loosest state

W  weight eamn Vvoid ratio in densest state

M  moment D, relative denSitY = (Cmax — 3)/(emu — €an)
F  factor of safety

(c) Permeability

hydraulic head or potential
rate of discharge

velocity of flow

hydraulic gradient

coefficient of permeability
seepage force per unit volume

(d) Consolidation (one-dimensional)

v Poisson’s ratio (u is also used) )
. . , m, coefficient of volume change
E modulus of linear deformation (Young's . ;
= —Ae/(l+e)Aa
modulus) c on ind Ae/Al ,
. ¢ mpr = e/
G modulus of shear deformation comp fassxon index L ¢/ & logso o
N ¢, coefficient of consolidation
K modulus of compressibility i )
. . T, time factor = ct/d? (d, drainage path)
n coefficient of viscosity A
U  degree of consolidation
(a) Unit weight 7,  shear strength
v unit weight of soil (bulk density) ¢ eﬁ.ective cohesion _
v,  unit weight of solid particles mtc?.rcept in terms of effective
. . ¢  effective angle of p stress
vy unit weight of water . . X , ,
. . . . shearing resist- {7, = ¢ + ¢ tan ¢
Ya unft dr}" weight of soil (dry density) ance, or friction |
v’ unit weight of submerged soul ¢cu  apparentcohesion*
G,  specific gravity of solid particles G, =./7u $. apparent angle of {in terms of total stress
¢ ' void ratio shearing resist- |7, = ¢, + o tan ¢,
n  porosity ance, or friction )
w  water content U coefficient of f{riction
S, degree of saturation S;  sensitivity

*For the case of a saturated cohesive soil, ¢y = 0 and the undrained shear strength r, = ¢, is taken

Goider Associates
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DATA INPUT: O:97-1-161.dri/S.L

o SOIL PROFILE SAMPLES | DYNAMIC PENETRATION \ HYDRAULIC CONDUCTMTY,
u [+} RESISTANCE, BLOWS/0.3m ! k. cm/s 40
<ol E =4 £ AN 1o~5 104 10.3 102 32 PIEZOMETER
ol & Q o« ] oh OR
2 I & Gluwie L | 1 1 1 1 . . £ 8 STANDPIPE
[ E g DESCRIPTION < s g £ | SHEARSTRENGTH nav- + Q-@ WATER CONTENT, PERCENT g = INSTALLATION
it S < 2 S lcu«ra remv-® U-O W @
a8 o} « z 't wp ———-o0X —{m <<
@ o o
o Ground Surface v
Siity clay, some sand and gravel,
trace organic matter (FILL)
1 Very loose grey brown sandy silt, E
some clay and gravel, trace \
organic matter (ALLUVIUM) :‘\ﬁ
Very loose brown silty sand,
2 trace wood and organic matter :L':} -
L(ALLUVIUM) —
Very loose brown fine to coarse DL
SAND, trace wood S
3 '\'. -1
Very loose brown to grey brown )\ﬁ
sandy silt to sand, trace wood K‘\
(ALLUVIUM) :::g'_
4 E
3
2 %
5 ‘gJ 2 ( ¢ E
43 . ¢
g E Very stiff grey CLAYEY SILT /1
s |a|d /A/‘ -
[ v
£ 9
8 0%
/
7 A1 -]
3
#%
N did -
d%
4 %(
° Compact to dense grey sandy silt, ’ ;{ R
some gravel and clay, numerous 571
cobbles and boulders iy
(GLACIAL TILL) 154
10 1541 K
d %(
" W R
T.C.R. 100%
STR97%
R.Qp. 92%
: J _
Fresh grey DOLOMITIC BEDROCK
*
S ER SR sa% } Q=91 MPa k
g R.QP. 98%
&
14 3
L.CR. 100%
S.C.R. 98%
R.QP. 85%
15 -
End of Hole
16 W.Lin -]
Open Hole at
Elev.87.61m
(0.1.‘5'1."d ab::'vo )
round surtace|
7 gep'. 12, 1997 7
18 -
19 -
20 -
DEPTH SCALE LOGGED: D.J.S
1to 100 Golder Assoclates CHECKED:
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DATA INPUT: O97-2-161.d1/S.L

PROF DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w | 8 SOiL PROFILE SAMPLES | ResisTANCE, BLOWS/D.3m | k. cm/s 20
< T ' AN - - -3 -2 <z PIEZOMETER
g al B 5 & 10 10 10 10 8 g OR
oc| = z ELEV. § wle 1 ] 1 1 1 ! 1 | '_-_ﬁ STANDPIPE
Ik 2 DESCRIPTION = s ‘E_: £ | SHEARSTRENGTH rnatv- + Q-® WATER CONTENT, PERCENT an INSTALLATION
g“ T < |oEPTH | 2 g | cukra remv-® U-O wWo f——oW ___iwm <<
8 N ) a
Ground Surfa 87.18
o TOPSOIL T
Brown CLAYEY SILT ﬂA -
. ] 0.60
, Stiff grey brown silty clay, 9%
occasional sand seam %%
(Weathered Crust) //;
%%
85.28
2 w:f 1.80
Loose grey fine to coarse SAND, T
trace gravel and silt w2 saas
[ 2.70
3 AA
U
M
9%
4 //
1]
93
3 A
5 § /j A
- iyt
g' 3 | Very stiff grey CLAYEY SILT i
5T %
3
s{3§ 0%
L] 90
7 « ;
/‘A
s 2
%
1 78.68
8.50
Possibly Silt 78.18
§ TH .00
i
Loose grey sandy silt, some A
10 gravel and clay, occasional 45
cobble (GLACIAL TILL) it
Pal
11 4
1 75.84
11.34 -
y el T.C.R. 100%,
RC S.C.R. 66%
12 || RQD 40%
T.C.R. 100%
1 Fresh grey DOLOMITIC BEDROCK, 2 [Nal. S.C.H. 97%
§ 5 occasional very thin mud seams REP85%
in top 1m of bedrock
5 2 ] i
14 ]
T.C.R. 100%|
s N[~ | schoes
RQP. 78%
15
gx - w.L mHob o
End of Elev.87.40m
16 (0.22m above
round surface)
gopt. 15, 1987
17
18
19
20
DEPTH SCALE LOGGED: D.J.S
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