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1.0  INTRODUCTION

Golder Associates Ltd. has been retained by Morrison Hershiield Limited on behalf of The
Ministry of Transportation Ontario (MTO) o carry oul a preliminary foundation investigation at
the Learington and Kingsville Ferry Docks, Ontario. No foundation investigation was to be
carried out at the Pelee Island Dock.

The purpose of the foundation investigation is to determine the subsurface soil and groundwater
conditions in the areas of interest by drilling a series of horeholes and the digging of selected
testpits at both sites. The preceding work was supplemented by a program of laboratory testing
carriedt oul on selected soil samples obtained from the boreholes and testpits. The terms of
reference for the scope of work are outlined in Golder Associates Ltd. proposal P14-2732 dated
July 24, 2002,

Golder Associates
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2.0 SITE DESCRIPTION
21 Site Location

The Leamington ferry dock sile is located along the southerly extension of Frie Street South in
the Town of Leamington, Ontario. The present ferry dock was constructed in 1993/1994 when
the original wharf {which includes the access road, restaurant/warehouse, timber crib and armour
stone breakwall to the north) was widened to the east. The expanded docking facitities were
created to improve the shipping operations to Pelee Island. The present docking complex extends
approximately 300 metres out from shore, comprises an asphalt pavement surface and at the
waters edge is enclosed by steel sheet piling with a concrete cap. Pelee Island Transportation
Service currently operates the dock facility.

The Kingsville ferry dock site is located at the southerly extension of Lakeview Avenue in the
Town of Kingsvilie, Ontario. The present ferry dock is situated east of and replaced the former
docking facility at the south end of the original east pier which contains the Kingsville fishing
operations butdding. The current ferry dock complex extends approximately 300 metres out from
shore, comprises an asphalt pavement surface and is enclosed at the south and west sides by steel
sheet piling with a concrete cap. An armour stone breakwall protects the east side the dock.

2.2 Site Physiography

The Towns of Kingsville and Leamington are both located in the physiographic region of
southwestern Ontario known as the St. Clair Clay Plain. The base soils at the two subject sites
are characteristically described as comprising of extensive deposits of glacio lacustrine clays,
The massive ¢lay strafum is generally considered to have a till-like structure exemplified by a
random distribution of coarser particles throughout the stratum and a general lack of stratification.
In the Kingsville and especially the Leamingfon arca, the clay plain is overlain by small
discontinuous morainic deposits (consisting mainly of sand and sand and gravel). Available
mapping for the subject areas indicates the overburden thickness to be in the order of 17 and
34 metres at the Kingsville and Leamington dock sites respectively.

The Kingsvilie and Leamington docks have been constructed out into Lake Erie a considerable

distance south of the current shoreline, This has been accomplished by mass filling to raise the
grade in the Lake Erie bed.
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3.0 INVESTIGATION PROCEDURES

The field work for this investigation was carried out between September 11 and 20, 2002 during
which time a total of fifteen (15) boreholes and four testpits were advanced at the two ferry dock
sites. Boreholes L1 to L9 were drilled at the Leamington dock site while borcholes K1 to K6
were dritled at the Kingsville dock. Each of the boreholes was drilied just inland of the concrete
cap of the steel sheet pile wall of the ferry dock using hollow stem augers assisted by washboring
methods wherever necessary. The boreholes were extended to depths between 9.8 and 11.3
metres below the existing ground surface.  Alf of the boreholes were drilied using conventional
soit sampling and drilling equipment supplied and operated by a specialist dritling contractor.

One borehole at the Leamington site and two boreholes at the Kingsville ferry dack sites were
deleted from the field drifling program as access to the drill locations was not available.

Two testpits were also excavated at cach of the two ferry dock sites, The testpits were excavaied
using a rubber tired backhoe supplied and operated by a local excavating contractor. The testpils
were excavated immediately behind the cap of the steel sheet pile wall and were terminated at
depths of between 1.7 and 2.4 melres below existing grade.

The boreholes and testpits are shown in plan on the attached Borehole Location Plans, Figures |
and 2.

After augering through the existing pavement structure, standard penetration testing and soil
sampling was, wherever possible, carricd out at selected intervals of depth in cach of the
bareholes using 35 millimetre, inside diameter, split spoon sampling equipment, Dynamic cone
penetration {esting was also carried out in the lower portion of borchole L8 to better define the
insity condition of the deeper soils. All of the soil samples obtained were, following field
identification, placed in individually fabeled containers and brought to our Windsor office for
further examination and faboratory testing.

Representative samples of the zﬁajor soil horizons exposed in the testpits were obtained and
brought to cur Windsor office. The attached Photographs 1 to 7 provide a pictorial view of
typical conditions exposed in each of the tesipils excavated at the two ferry dock sites.

The soil stratigraphy encountered in the boreholes and testpits is shown in detail on the appended
Records of Boreholes and Records of Testpits. The results of the field and laboratory testing are
shown on the respective borehole and testpit fogs and on Figures 5 to 14 inclusive.

The field drilling and testpitting operations were continuously supervised by experienced

geotechnical members of our engineering stafl who also determined the ground surface elevation
at each of the testhole locations, logged the boreholes and testpils and cared for the soil samples
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obtained. The ground surface elevation at the borehole and testpit locations have been referenced
to temporary benchmarks provided by Callon Dictz. The bench mark elevations provided are
understood to be referenced to Imperial Great Lakes Datum (IGLI),

Each of the borcholes and testpits was tied into UTM reference coordinates (i.e. northing and
gasting),

Groundwater conditions were observed in the open boreholes and testpits throughout the field
drilling/testpitting operations and upon completion of sampling.

All of the testpits were backfilled in mechanicaily compacted foose lifis using the materials

excavated during the excavation process. The boreholes were backfilled using a bentonite-
cement mix, lean concrete and/or granular fifl materials.
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4.0 SUBSURFACE CONDITIONS
4.1 General

The subsurface soil and groundwater conditions encountered in the boreholes and testpits
advanced at the Leamington and Kingsville ferry dock sites are shown on the attached Records of
Boreholes, Records of Testpits and on Figures 5 (o 14 inclugive.

The soit boundaries indicated on the Records of Boreholes and Records of Testpits are inferred
from non-continuous sampling and from observations of the resistance to borehole/testpit
advance. These boundaries typically represent the transition from one seil type to another and do
not necessarily represent exact planes of geological change. Further, the subsurface conditions
will vary between and beyond the testhole locations.

4.2 Site Stratigraphy

A detailed description of the subsurface soil and groundwater conditions encountered in the
boreholes and testpits advanced at the two ferry deck sites under investigation are described on
the Record of Borehole and Record of Testpit sheets following the text of this report.

In general the subsurface conditions encountered in the testholes advanced at both sites was
similar. To summarize, below the existing pavement structure and/or near surface granular fill
materials, the boreholes encountered rock fill overlying strata of very loose to dense fing-grained
granular soils. Two of the boreholes at the Leamington dock site were terminated in soft silty
clay encountered below the fine-grained granular deposits. Except for one borehole, all of the
boreholes at the Kingsville dock site were terrainated in very dense sandy silt tilt and/or hard stlty
clay/clayey silt till. The following sections provide a generalized description of the various soil
horizons encousntered at both sites.

4.2.1 Leamington Dock

The subsurface conditions encountered in the nine boreholes and two festpits advanced at the
Leamington dock site were variable and differed in plan as well as with depth. In general, the
subsurface soil comprised of the existing asphalt pavement structure overlying typically 0.3
metres of sand fill, 0.6 metres of crushed stone fill (clear stone size) and 1.5 to 4.2 metres of rock
fifl {cobble size) underlain by very loose to compact fine sand to sandy silt. Boreholes I,1 and L7
were terminated in soft silty clay encountered below the fine grained granular soils at a depth of
about 11 metres below the dock surface.

In areas where some rehabilitation work to the dock surface was previously carried out, the upper,
approximately 2 mefres of the original dock construction immediately behind the concrete cap
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wall appears to have been replaced with a well graded granular type fill material placed on a
geotexlile separation fabric,

4.2.1.1 Existing Pavement Structure and Fill Materials

Boreholes L2 to L7 were drilled in existing paved areas and encountered between 130 and 180
millimetres of asphalt overlying between about 180 and 305 millimetres of granular basc
matcrials.

Boreholes L1, .8 and L9 were drilled in previously repaired areas and encountered some 0.4 to
2.1 metres of Granular “A” type fill materials at ground surface underlain by and/or containing a
geolextile separation fabric. Standard penetration testing carried out in the Granular “A” type fill
malerials yielded “N™ values ranging between 8 and 26 blows per (.3 metres.

Beneath the existing pavement structure in borcholes L2 to L7 and the granular base materials in
borehole 1.9, some 0.7 to 1.8 metres of very loose to dense sand and crushed stone fill (clear stone
size materials) was found. In general, the upper, typically 0.2 to 0.8 meires of the fill was of a
sand composition overlying the coarser clear stone size materials. The presence of a geotexlile
separation fabric between the sand and clear stone fill materials was not detected in the borcholes.
The resulis of standard penetration testing carried out in the sand and crushed stone fill materials
yielded “N” values ranging between 4 and 31 blows per 0.3 metres. The water content of the
sand, crushed stone and Granular “A’ type fill materials tested varied between about 2 and
22 per cent with the majority of the values being inthe 5 to 15 per cent range.

The altached Figures 7 to 11 present the results of laboratory grading analyses carried out on
typical samples of the sand and crushed stone (clear stone sized) fill materials recovered from
selected boreholes and testpits advanced at the site.

Underlying the Granular “A” type fill materials in boreholes L1 and L8 and the sand and/or clear
stone fill materials in the remaining boreholes and testpits, rock fill was encountered. The
thickness of the rock fill at the borehole locations varied between about 1.7 and 4.4 metres. On
the basis of the conditions exposed in the testpits, the rock fill can generally be described as
comprising 130 to 200 millimetre sized stone and contains varying amounts of sand and/or layers.
Although not encountered in the shallow testpits, it is possible that some larger size rock
fragments may be present in the rock fill. Standard Penetration testing carried out in the rock fill
materials yielded “N” values ranging between 5 and 59 blows per 0.3 metres of penetration
indicating a loose to very dense state of packing.

Grain size distribution curves for selected samples of the rock fili recovered in boreholes 1.2 and
L.3 are shown on Figure 6. The samples were obtained with the standard 35 mm inside diameter

Golder Associates
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split spoon sampler and as such, the gradation shown is not considered to be truly representative
of the coarser size materials existing in the rock fill.

4,2.1.2 Fine Sand to Sandy Silt

Underlying the rock fill materials, all of the boreholes encountered fine grained granular soils
ranging in composition from fine sand to sandy silt containing occasional shells and organic
pockets/zones.  The presence of occasional cobbles in the upper portion of the fine grained

granular soils has been inferred based on the resistance to augering and/or sampling. .

Measured “N” values obtained in the fine sand to sandy silt soils ranged from 2 to 23 blows per
(1.3 metres of penetration indicating a very loose to compact state of packing. The results of
dynamic cone penetration testing carried out at depth in borehole 1.8 confirms the relative state of
packing of the finc sand to sandy silt materials.

Grain size distribution curves for selected samples of the fine sand to sandy silt materials

recovered in boreholes 1.1 and 1,9 are shown on the Grain Size Distribution sheet on Figure 5.

The water content of selected samples of the fine sand to sandy silt materials obtained in the
boreholes varied between about 19 and 38 per cent.

4.2.1.3 Silty Clay

Boreholes L1 and L7 were terminated in solt silty clay encountered below the rock (i1l materials.
The two measured “N” values obtained in the silty clay were 4 blows per 0.3 metres.

4.2.1.4 Groundwater Conditions

Water levels were noted during drilling and measured in the open boreholes upon completion of
the sampling/testing/drilling operations as detailed on the Record of Borechole sheets. The
groundwater levels measured in the boreholes and testpits varied between about elevations 173.6
and 174.5 metres or some 1.5 to 2.4 metres below the top of the existing dock surface. The water
level at the site is considered to be directly influenced and governed by the level in Lake Erie, It
should be noted that groundwater levels will fluctuate seasonally depending on the level of the
water in the lake.

4.2.2 Kingsville Dock
The subsurface conditions encountered in the six boreholes and two lestpits advanced at the

Kingsvilie dock site were variable and differed in plan as well as with depth. In general, the

subsurface soils comprised of the existing asphalt pavement structure and typically 0.4 to
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1.1 metres of fine sand 1o silly fine sand fill containing some clear stone and/or rock fragments,
overlying between about 2.9 and 5.0 metres of rock Ril {cobble size). The rock {ill is underlain
by strata of soft to very stiff clayey silt and compact to very dense fine sand to sandy silt. The
latter soils are at depth underlain by very dense sandy sift till and/or hard clayey silt till. In areas
where some rehabilitation work to the dock surface has previously been carried out, the upper,
approximately 0.7 to 1.4 metres of the original dock construction (e, immediately behind the
concrete cap wall) appears to have generally been replaced with a well graded granular type fill
material placed on and/or containing a geotextile scparation fabric. '

4.2.2.1 Existing Pavement Structure and Fill Materials

Boreholes K4 and K5 were drilled in existing paved areas and encountered between 130 and
165 millimetres of asphalt overlying between about 180 and 340 millimetres of granular base
materials.

Boreholes K1 to K3 and Ké were dritled in previously repaired areas and encountered some 0.7
{0 1.4 metres of granular fill materials. The granuiar fill varied in composition from Granular
“A” type fill materials, finc sand and silty fine sand fill to crushed stone (clear stone sized) fill,
There is evidence that a geotextile separation fabric was provided during the repair work.
Standard penetration testing carried out in the granular fill materials yielded “N” values ranging
between 16 and greater than 50 blows per .3 metres.

The water content of the sand, crushed stonc and Granular “A° tvpe fill materials tested varied
between about 4 and 23 per cent.

‘The attached Figures 8 to 11 present the results of laboratory grading analyses carried out on
typical samples of the sand and crushed stone (clear stone sized) fill materials recovered from the
two testpits excavated at the site.

Underlying the sand, clear stone and Granular “A” type fill materials, the boreholes and testpits
encountered rock fill. The thickness of the rock fill at the borehole focations varied between
about 2.9 and 5.0 metres. On the basis of the conditions exposed in the testpits, the rock fill can
generally be described as comprising 150 to 200 millimetre sized stone and contains varying
amounts of sand pockets and/or layers. Although not encountered in the shallow testpits, it is
possible that some larger size rock fragments may be present in the rock fill.  Standard
Penetration testing carried out in the rock fill materials yielded “N values ranging between 8 and
118 biows per 0.3 metres of penetration indicating a loose to very dense state of packing.

Grain size distribution curves for selected samples of the rock fill recovered in boreholes K1 and
K6 are shown on Figures 12 and 14, The samples were obtained with the standard 35 millimetre
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inside diameter split speon sampler and as such, the gradation shown is not considered to be truly

representative of the coarser size materials existing in the rock fill.
4.2.2.2Fine Sand to Sandy Silt

Underlying the rock fill malerials, all of the boreholes encountered fine grained granular soils
ranging in composition from fine sand to sandy silt containing occasional sheils and organic
pockets/zones. The presence of occasional cobbles in the upper portion of the fine-grained
granuiar soils has been inferred based on the resistance to augering and/or sampling.

Measured "N’ values obtained in the [ine sand to sandy silt soils ranged from 3 to 42 blows per
0.3 metres of penetration with the values generally being in the 25 to 35 blows per 0.3 metre
range indicafing a compact to dense state of packing. The water content of selected samples of the
fine sand to sandy silt materials obtained in the borecholes varied between about 10 and

31 per cent.

Grain size distribution curves for selected samples of the fine sand to sandy sill materials
recovered in boreholes K1 and K6 are shown the Grain Size Distribution shect on Figure 13,

4.2.2.3 Clayey Silt

Layers of soft to very stil¥ clayey silt were encountered below the rock fill in borehole K3 and al
depth in Boschole K2, The thickness of the clavey silt varied between 0.9 and 1.6 metres at the
borehole locations. The measured “N” values obtained in the clayey silt ranged from 3 to 23
blows per 0.3 metres. The average water content of the clayey silt samples tested was about 28
per cent.

4.2.2.4 Sandy Silt Till and Clayey Silt Till

Except for Borehole K2 all of the boreholes drilled at the Kingsville site were terminated in very
dense sandy silt till or hard clayey silt till. Measured “N™ values obtained in the sandy silt/clayey
silt till materials ranged from 33 to 96 blows per 0.3 metres. The water content of samples of the
till materials tested varied from about 11 to 14 per cent.

4.2.2.5 Groundwater Conditions

Water fevels were noted during drilling and measured in the open boreholes upon completion of
the sampling/testing operations as detailed on the Record of Borehole sheets. The groundwater
levels measured in the boreholes and testpits varied between about elevations 173.9 and 174.1
metres or some 1.9 (o 2.1 metres below the top of the existing dock surface. The water level at
the site is considered to be directly influenced and governed by the level in Lake Erie. It should
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be noted that groundwater levels will fluctuate seasonally depending on the level of the water in
the lake.
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5.0 PRELIMINARY ENGINEERING RECOMMENDATIONS
5.1 General

Fhis section of the report provides our recommendations for the geotechnical aspects related to
the preliminary design of the rehabilitation works proposed at the Leamington, Kingsville and
Pelee Island ferry docks. The prelimirary engineering recommendations provided herein are
based on our interpretation of the factual information obtained during the investigation, project
data and relevant ferry dock design details (i.e. drawings and. information) provided to us. It
should be noted that the interpretation of our findings and the preliminary recommendations
provided herein are intended for use by the design engineer only. Where comments are made on
construction they are provided only to hightight those aspects of construction which could
potentially affect the design of the project. Contractors bidding on or undertaking any work at the
site(s) should examine the faclual results of the investigation, satisfy themselves as to the
adequacy of the information for construction and make their own interpretation of the factual data
as it alfects their proposed construction technigues, schedule, equipment capabilities, costs,
scquencing and the like.

Our professional services for this assignment address only the geotechnical (physical) aspects of
the subsurface conditions at the site(s). The geo-environmental (chemical) aspects, including the
consequences of possible surface and/or subsurface contamination resulting from previous
activities or uses of the site and/or resulting [rom the introduction onto the site(s) of materials
from off-site sources are outside the terms of reference of this report and have not been
investigated or addresscd.

It is understood that the present ferry dock systems at the Kingsville, Leamington and Pelee
Island sites were constructed in about 1993/1994. The construction comprised an expansion of
the original pier configuration for the purpose of improving the shipping operations. Review of
the availabie “as-built” and/or design drawings provided to us, indicates that the construction of
the Kingsville and Leamington ferry docks was carried out in substantially a similar manner and
essentially involved first constructing a rock fill berm around the periphery of the new dock,
followed by driving of a steel sheet wall along the outside toe of the berm and then infiliing the
area contained between the sheeting and the existing dock complex. The top of the steel sheet
piling is supporied by deadman anchors constructed in the backfill behind the wall. A concrete
cap (i.e. coping) has also been provided at the top of the steel shect piling to provide additional
reinforcing to the walk.

All indications are that the rock fill berm was constructed by placing quarry run rock on the lake
bed to create a working platform upon which the pile driving and/or other construction equipment
could operate to install the sheet piling.  Additional rock and/or crushed stone fill was used to
backfill the steel sheet piling, Crushed stone fill (i.e. clear stone sized} was used to top and cover
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the inland portion of the rock berm. At the Kingsville ferry dock site, mainly rock and crushed
stone fill was used to create the new ferry dock complex. At the Leamington ferry dock site, a
large portion of the remaining backfill comprised select sand fill, dredged and/or approved
materials.  Final construction at both the Kingsville and Leamington dock sites comprised
placement of 130 millimetres of asphalt and 150 millimetres of Granufar “A™ base materials laid
on the prepared crushed rock, select sand fill, dredged and/or approved [ill subgrade.

From discussions with Pelee Island Transportation Service (who are the present ferry dock
operators), it is understood that the newly constructed pavement directly behind the dock wall
experienced scltlement almost immediately after completion of construction. The areas of
seitlement were irregular in shape and generally occurred at random locations. The attached
Prgures 3 and 4 show the approximate locations of the present and formerly repaired settlement
areas at the Kingsville and Leamington ferry dock sites. The surface subsidence has resulted in an
uneven pavement which has required regular maintenance to fill the depressed arcas. TIndications
are that the movement was most pronounced during the early periods following construction.
The scttlement continues to the present although to a lesser degree and thus requires on-going
maintenance. Based on the preceding it has been requested that an investigation be undertaken to
investigale the probable cause(s) of the subsidence and to recommend potential remedial
measures to mitigate the problem. To assist the TPM in the overall investigation process, Golder
Associates Ltd. has been retained to carry out a prefiminary foundation investigation to determine
the subsurface soil and groundwater conditions at the site(s). The soils information obtained,
together with project data/drawings and our understanding of the project requirements has been
used to investigate the probable cause(s) of the subsidence and to provide preliminary
engineering recommendations to mitigate the problem.

5.1.1 Summary of Subsurface Soil and Groundwater Conditions

The subsurface soil and groundwater conditions encountered in the boreholes and testpits
advanced at the Kingsville and Leamington ferry dock sites were similar. To summarize, below
the existing pavement structure, the subsoils typically comprised of 0.7 to 2.1 metres of
granular/sand and/or crushed stone filt materials and some 1.6 to 5.0 metres of rock fill overlying
strata of very loose to dense fine grained granular soils. Two of the deeper boreholes at the
Leamington dock site were terminated in soft silty clay encountered below the fine grained
granufar soils, At the Kingsville ferry dock site, all of the boreholes, except one, were terminated
in very dense sandy silt till and/or hard silty clay tiil.

The groundwater fevel at the two sites investigated was typically at about elevation 174.0 metres

or some 2.0 metres below the dock pavement surface and basically corresponded to the water
level in Lake Erie at the time of the investigation.
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5.1.2 General Comments and Field Observations

The following summarizes some of the key features observed during excavation of the testpits.

The items are presented in point form below:

» The testpis excavated through and/or beside granular surfaced repaired  areas
characteristically encountered Granular *A” type materials underlain by a geotextile

?7 separation fabric.
L e The Granular “A” type fill materials are generally underlain by crushed stone (i.e. clear

stone sized) fill materials.

¢ Testpits excavated through the existing, unrepaired asphall pavement encountered
variable amounts of sand fill overlying crushed stene (i.e. clear stone sized) fill materials
down to approximately the lake water level, below which rock fill was found. The sand
fill thickness in the testpits was greatest furthest away from the steel sheet pile wall,
Correspondingly, the thickness of crushed stone fill decreased moving further away from
the walt. This detail is clearly visible from the attached Photographs 1 and 7.

* The presence ol'a geotextile separation fabric(s) was not observed in any of the tesipits
excavated In the original pavement arcas and it appears that the individual granular fill
layers (becoming coarser with depth} were placed directly on top of one another,

* A void was visible below the concrete cap of the steel sheet pile wall at each of the testpit
locations,

Based on preliminary information provided to us at the progress meeting(s), it is our
understanding that the existing steel sheet pile wall is presently in an overall stable condition
exhibiting no major openings of the interlocks (either at depth or directly below the concrele cap).
Also, there is no evidence of significant scour having taken place in front of the wall, Indications
are that the present steel sheet pile wall has performed satisfactorily to date.

§2 ldentification of Probable Cause(s) of Problem

The results of this investigation indicate that the present dock complex was created by the
placement of several, generally discontinuous, layers of fill materials on top of the originai Lake
bed. There is no evidence to indicate that a geotextile fabric was used to separate the materials to
avoid migration of fing materials into the underlying coarser grained clear stone and rock fill
layers. This migration of sand appears fo have occurred as the testholes showed signs of sand
accumulation in the clear stone and/or rock fill. Further, there is evidence that some of the rock
fill has penetrated into the loose, mainly fine grained granular soils, comprising the lake bed
bottom. The migration of the fine sand fill materials into the underlying coarser stone and rock
fill materials is considered fo be the prime cause of the observed surface settlement at the
Kingsville and Leamington ferry dock sites,

As detatled on the attached Figures 3 and 4, the most prominent areas of surface settlement are

confined to the areas directly behind the concrete cap wall of the stec! sheet piling. Indications at
the Leamington site are that further inland and farther away from the wall, the amounts of clear
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stone and rock fill reduces and the fill materials are expected 1o chiefly comprise select sand fill
and/or dredged fill materials. [n these arcas therefore there is less potential for settlement caused
by migration of the sand fili materials into the deeper coarser clear stone and rock fill. Also, the
areas further removed from the dock face, would be expected 10 be less prone to dynamic elfects
caused by ship docking operations and wave action compared to the arcas abutling the concrete
dock wall. All of the preceding indicators would suggest that the areas well removed from the
face of wall are less prone to seftlement and this is confirmed by the fact that there are no obvious
signs of surface seftlement here. It is our opinion therefore that fluctuations in the L.ake Erie
water level and dynamice loads (producing ground vibrations) induced by the ships during docking
and wave aclion, are the prime tfriggering mechanisms which have caused migration of the fincr
fill materials into the underlying clear stone and/or rock fill layers resuiting in the observed
surface settlement.

No mformation is currently available to indicate how the concrete cap was constructed on top of
the steel sheet piling. It is believed that after the arca was brought up to the design grade, the
concrete for the cap of the steel sheet pile wall was cast directly on top of the exposed fil! surface.
[t is quite concetvable that the fill materials used to support the concrete during casting of the cap
wall may not have been thoroughly compacted possibly as a result of space constraints, ground
water problems and the like. This would have contributed to the settlement problems being
experienced directly behind the wall and possibly also explains the reason why a void was
detected below the concrete cap in each of the tesipits excavated at the Kmgsville and
Leamington dock sites.

5.3 Potential Restoration Options
Several potentia restoration and/or upgrading options have been considered for implementation

at the two sites. The potential restoration options discussed at the December 3, 2002 progress
meeting are listed in point form below and discussed briefly in the following paragraphs:

a) carry out cosmetic repairs and patching to the settled areas,

b) reinstate the seltled areas by conventional excavating and backfilling techniques,
c) implement a grouting program to fill the voids and stabilize the fill materiais, and
d) construct a structural pier cap to bridge the settlement prone arcas.

Option a) could, depending on the operational requirements imposed by Pelee Isiand
Transportation Service, be considered. This option does not however, address and deal with the
cause of the problem but rather reacts to the occurrence of settlement. In principle this option
would be simtiar to that which is currently being carried out in that any areas which are identified
as warranting repair can be either filled with imported granular materials and/or topped with an
asphaltic concrete mix. This option would, depending on the severity of the setilements, require
regular future maintenance but takes away the need for major initial capital expenditures.
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Assuming only limited amounts of seltlement are taking place, then the use of an interlocking
brick surface fayer could be considered. This surface layer would be more resilient and better
able fo resist surface deformations compared to conventional bituminous layers such as used
previously al the site. Also, the brick could be removed to allow levelling of the area should

appreciable amounts of movement occur.

Option b) will require a considerable amount of earth work to implement. 1t is expected that a
strip, at least 3 metres wide, would need to be excavated behind the wall extending the full length
of the problem area(s) and will likely involve excavating along the entire length of the sheet pile
wall at both sites (or some 150 to 200 metres). This operation would entail removing the existing
pavement structure and underlying fill materials down to the rock il materials or to about a
depth of about 2 metres below the present dock surface. The materials removed would need o be
replaced with well compacted granular borrow surrounded by a geotextile separation fabric. To
avoid interference with the tie back anchors and the potential for damage to the geotextile laid
directly on the rock fifl, a well graded granular separation layer is recommended. This layer
should be at least 0.5 metres in thickness and comprise of 0.50 miilimetre crushed rock meeting
OPSS Granular ‘B’ - Type II materials. The remainder of the backfiil should comprise of
approved granular materials compacted to at least 98 per cent of standard Proctor maximum dry
density. This repair option will need to be properly staged to avoid disturbance/damage to the tic
back anchors, Also, the void below the concrctc'cap of the steel sheet pile wall will need to be
effectively backf{ilied.

Option ¢ the use of a grouting pregram to fill the veids and to stabilize the fill materials behind
the wall has also been considered. This repair option is considered to be not only very difficult to
impiement effectively but may also be cost prohibitive. This method of stabilization requires
specialized equipment and an experienced qualified construction team. Although a conscientious
effort can be made te properly grout the subsurface, there is no guarantee that the work can been
successtully carried out due to the large number of variables involved. A major concern is that
the grout will flow from the repair area fo the pervious fill throughout the dock resulling in
excessive quantitics of grout. If this repair method is to be considered further then it is
recommended that a trial grouting program be carried out to defermine the practicality and
cffectiveness of the grouting work.

To avoid continued operational problems being experienced by Pelee Island Transportation
Service due to the development of new seltlement areas and/or existing ones continuing,
consideration could be given to Option d) by constructing a structural concrete slab (i.e. pier cap)
to bridge the settlement prone areas directly at the rear of the wall. The pier cap could be
supported on either conventional foundations and/or mini piles. if this repair option is to be
considered further, we would be pleased to provide geotechnical engincering design
recommendations for the work once the actual pier cap founding details have been established
(such as the type, location and founding depth).
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To summarize, only Option d) would provide some reasonable assurance that the rehabilitated
areas would not be prone to any appreciable amount of future settlement, The draw back of this
option though is that the rehabilitation work would be quite costly and potentially difficult to
construct. The remaining options, although less expensive to implement, strictly represent a
cosmetic fix and do not guarantee that the completed works will not be prone to any future
settlement.

From a geotechnical perspective, Option b) would be the recommended course of action as it
would reduce the potential for future subsidence caused by infiltration of fine materials above the
former rock berm into the coarse stone matrix. Tt does not, however, eliminate the potential for
movement associated with the fine lake bed materials moving up into the rock fill and/or the rock
fill materials being pushed into the soft/loose lake bed sediments.
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on each "Record of Borehole”, on the figures and in the text of the report,
are as follows:

L SAMPLE TYPES 1H. SOILL DESCRIPTION
AS  auger sample (2} Cohesionless Soils
€S chunk sample "NT
DO drive open Blows/(0.3 m
DS Denison type sample Relative Density or Blow/fi,
ES  foil sample
RC  rock core Very loose 0tod
ST slotted tube Loose 4 1o 10
TO  thin-walled, open Compact 10 to 30
s TP  thin-walled, piston Dense 3010 50
% WS wash sample Very dense over 50
H. PENETRATION RESISTANCES (b} Cohesive Soils
Dynamic Penetration Resistance: "Cy"
The number of blows by a 63.5 kg Consistency kPa pst.
(140 by hammer dropped 760 mm
(30 in.) to drive uncased a 50 mm Very soft Ot 12 O to 250
(2 in,) diameter, 60° cone attached Soft 121w 25 250 to 500
to "A" size drili rods for a Firm 25 t0 50 500 o 1000
distance of 0.3 m (12 in.). Stift 50 10 100 1000 to 2000
Very stiff 100 to 200 2000 to 4000
Standard Penetration Resistance, N: Hard over 200 aver 4000
The number of blows by a 63.5 kg
{140 ib) hammer dropped 760 mm kv, S0O1L TESTS

(30 in.) required to drive & 30 mm
{2 in.) drive open sampler for
a distance of 2.3 m (12 in.).

consolidation test

hydrometer analysis

sieve analysis

H  combined analysis, sieve and hydrometer *
undrained triaxial *

conselidated undrained triaxial?

drained triaxial

uncontined compression

field vane test

Chem chemical analysis

WH  sampler advanced by static weight-
weight, hammer

PH  sampler advanced by hydraulic force

S OnI™OETE IO

PM  sampler advanced by manual force

NOTES;

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

= 3.1416

e = base of natural logarithms 2.7183
log, aor In a, natural logarithm of a
log,, a or log a, logarithm of a to base 10
' time

acceleration due to gravity
volume

weight

mass

moment.

factor of safety

TEE g <N "

|
vy
>

STRESS ANT) STRAIN

pore pressure
normal stress

a a =

normal effective siress (o is also used)
shear stress
linear strain

LU

shear sirain

™
E

Poissen's ration {u is also used)
modutus of linear deformation (Young's
moduius)

moduius of shear deformation

12

modutus of compressibility

R )

coefficient of viscosity

{il. SOIL PROPERTILES

(@) Unit weight

¥ amit weight of soil (bulk density)

s unit weight of solid particles

Yo  unit weight of water

Y unit dry weight of soil (dry density}

v unit weight of submerged soil

G, specific gravity of solid particles G, =
VY

e void ratio

" porosity

w water content
S, degree of saturation

(b)

HIAY

oo o =

(d)

B

e 0

LEST OF SYMBOLS

Consistency

liguid limit

plastic Hmil

plasticity index

shrinkage limit

liquidity index = (w - w)1,
consistency index - (wy - w)/1,
void ratio in loosest staie

void ratio in densest state

relative density = (e, - €)/(e,, - €

miu)

Permeability

hydraulic head or potential
rate of discharge

velocity of flow

hydraulic gradient

coefficient of permeability
seepage force per unit volume

Conysolidation {one-dimensional)

coefficient of volume change

= -Ae/(1 +e)As’
compression index = -Ae/Alog,,o
coefficient of consofidation
time factor = c /@’ {d, drainage path)
degree of consolidation

(¢} Shear strengih

d]u

T
S

[

shear strength ]

effective cohesion | .
intercept l of effective

effective angle of . [ stress
shearing resist- l 1y = ¢ o
ance, or friction J

apparent cohesion® 1

in terms of

apparent angle of l otal stress

shearing resist- ] T = cu-botan

ance, or friction j

coefficient of friction
sensitivity

*For the case of a satrated cohesive soil, ¢, = 0 and the undrained shear strength T, = c, is taken as half the undrained

compressive strengih.
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Windsor, Ontario

PROJECT _a214216

Gwe

DIST

01-33-001

#31 HWY _NiA

DATUM _Geodetic

LOCATION

RECORD OF BOREHOLE No L1

4B5ITEIN, IGTI6TE

BOREHOLE TYPE __POWER AUGER {SOLID STEM, HOLLOW STEM)}

September 13 2007

METRIC

ORIGINATED BY ¢
COMPILEDBY _ T,
CHECKEDBY __ 4D

DYNARIC GONE PENE TRATION

s
i

7
o

5

ON_MOT 021-4296.G8) DN_MOT.GDT 224/03 DATA INPLIT:

S0M. PROFILE SAMPLES ™ W BESISTANCE PLOT - REMARKS
Ee| 3 e e %
T w |=5| & 20 A4 B0 B0 100 CONTE 28
ol WixEl z el S 4 | GrRaNsize
ELEV Flo| & | 3 195]| 2 [SHEARSTRENGTHKPa ; o 2 | GisTRIBUTION
FEET DESCRIFTION Z = N § X {0 UNCONFINED  + FIELD VANE ¥ (%}
Ele z ]z D |e QUICKTRIAXIAL x LABVANE | WATER CONTENT (%}
175.95) GROUND SURFACE u 2r 40 B0 B0 100 k' |GR A s oCL
000 FILL, granutar base, with filter fabric :
Loase to campact
Grey Brown to Brown 11 A3 -
2{ss | s 175
3 85 26
173,87 1 ?4 ............
213 FILL rock (cobble size}, some sand
layers! inclusions
Compact 4 35 168
17305 Grey o Brown
2.80 FILL, siity sand, some rack 173
17260 iflr_'lagmlents. G, grey to black crganic 5| ss 50
clusions
3.35 \Very dense
172.14 Grey Brown
381 FHLL, rock {cobble size}, some sand 172 }eere
Very Dense ss | s E D 85 10 5
L=
FINE SAND to SIETY FINE SAND,
trace gravel
Loase to compact
Brown Gray o Grey g8 1o 1744
1?0 T—
85 4
169
58 1 168
167
58 23
166
164 .92 85 4 165 .
173 SILTY CLAY, some sand
' Saft
£y Brown
Eridt of Borehole
MNOTES:
Water tevel in Borahole
at about sley. 173.87m
upon corrplelian of driling on Sept.
13, 2002,
Borehole diled in repaired area.

+ 3, w3, Numbers refer to

Sensitivily

0¥ STRAIN AT FAILURE
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2
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OW_MOT 021-4216.GP) ON MOT.GOT 2:24/03 DATA INPUT.

der

YWindsar, Gntario

PROWEGT 0214215 RECORD OF BOREHOLE No L2 1 OF 1 METRIC
GWPR 91334401 LOCATION AB5373EN, IETIHE ORIGINATED BY GG
ST #31 HAWY WA BOREHOLE TYPE _ POWER AUGER (HOLLOW STEM and WASH BORING} COMPILED BY T.M.
DATUM _Geodetic DATE September 13, 2002 - September 16, 2002 CHECKED BY H.OD.
SOIL PROFILE SAMPLES o w E\égf}sh#fN%CE}NPELSENHMTEON
& Z pLagTic MNATURAL o0 = REMARKS
9 3 MOISTURE -
&1, g (28] 2 L2 % & o o [T cowaw i) 20 8
= =z i = GRAIN S{ZE
ELEV Z18| ¢ | 3 |25] & [srEARSTRENGTHPa R S Pyt
DESCRIFTION =1z Z z2] & ON
BEPTH 13 P = 8 8 z 0 UNCONFINED + FIELE VANE ¥ %)
£l z |g B | @ QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
175.92| PAVEMENT SURFACE - A . . I k' [GR SA SE CL
£1.00 ASFHALT
9.4 Fil b ax
0.33 FILL, fine sand, trace silt, sorma | As
crushed rock at depth o
Loose
17485~ Brown 2] ss| s 175 SO N I E— A N A
107 FiLL, crushed rock {elesr stone),
same sand
Loose to dense
Grey 2| ss | m
17382 174 ”
240 FHL, fine sand, trace silt, cobhies in e
sand layers, with some black organic
tricisiones 4] 88 | 52 o 38 48 14 Q
Very dense 1o dense
n 73—
7272
.20 FILL, rack {cakbie size), wih ity 5188
sand layers
¥rL.28 Dense
368 v
FINE SAHD fa 1TV FINE SAND, ss | o L S e e ey I
ot black organic inclusions, trace
gravet, oo, shels
Loose {o very Inose
Grey Brown to Grey as 3
(=]
1?‘1 ..............
170
55 ]
169 -
38 | & 168¢- o
C Ty S N U W S R W N S S
83 a o
5515
975 End of Borehole
NOTES:
Water seepage into borehole
encountered at bk eleyv, 173.63m
diring drilfing on Sept. 16, 2002,
Barehole drilled in exisling setied
pavement ares.
Encountered buried gectrical wires
at & depth of about 1.5m during
drilfing.
4+ 3‘ w0 3. Numbers refer to o 3% STRAIN AT FAILURE

Sensitivity




S50
Yiindsor, Ontaro

%
é‘%‘»‘

ON_MGT 021-4216.GP1 ON_MOT.GDT 22403 DATA INPUT:

Sensttivity

BROJECT 4214216 RECORD OF BOREHOLE No L3 1oF1  METRIC
G.W.P. 133001 LOCATION AGE3T2IN, 367353 ORIGINATED BY c.C.
ENST #3t HWY _nis BOREHOLE TYPE _ POWER AUGER [HOLLOW STEM and WASH BORING) COMPILED BY __ T.M.
DATUM _Geodetic Septernber 16, 2002 CHECKED BY ____HO.
S0IL PROFILE SAMPLES |, | w |SYNAMIC CONE PENETRATION
& 2 suagTic NATURAL - inenf = | REMARKS
EL2l O e Y B yd - 3
E x @ g 5 w 04 &0 8 10 : ComMTENT Z %
= Fi 4 W, W W, GRAIN SiZE
ELEV S Ll 8|2 |28 2 [SHEARSTRENGTHKPa o = S TRIBUTION
BEPTH RIPTION |51 &} 32|35} £ |0 UNCONRINED  + FIELDVANE ] ¥ )
£z Z{ECL H [e QuoekTRAXAL x LaBvANE | WATER CONTENT (%)
175.96! PAVEMENT SURFACE w 20 40 80 80 0 o2 30 kWm® |GR SA S CL
Qoid.. . ASPHALT
T?giég FILE, grarular pase AS i o
043 FULL, fine sand, trace sift, oce. gravel <
061
FILL, crushed rock {clearstone), el ¢+ F 1 ) 4ogb ¢ b 4 oL
with somea sand fayers/ Intermixing 85 4 175 h
174.59]  Loose
VI T, ook (cobbie sla), Wil seme
sant kayers! inclusions 85 | =30 °
Compact {o dense - 174
Grey Brown to Grey
a5 21 a
| PN EEUCRUUSS WSS ORI N A S S S —
85 3z 4] 93 3% 8 0
17245 %
3.8t FILL, fine sand to sity fina sand, with o 17— fer ], i
rock fragments, oce. black organic ¥ 855 4 o
17163 inclusions b4 =
4.33 Loose o
FINE SAND 1o SILTY FINE SAND, 85 11 <]
oo, fack organic packets! staining 171
Lose ko compact
Grey ta Black
170
88 5
16g .....
8% & ;7| M S S ) o
[y Emm— S -
&8 ] o
166
16488 85 5 165} o]
1113 Endl of Borghole
MOTES:
Water feved in borshola
at gbout ebev. 174.00m
upon complelians gf drifling on Sept,
16, 2002,
Borehote drilled in (sound} exlsting
pavement arga.
+3 3¢ 3. Numbers refer o o 3% STRAIN AT FARLURE
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ON_MOT 021-4216.GP) ON_MOT.GDT 2/24/03 DATA INPUT:

PROJECT  ozianis RECORD OF BOREHOLE No L4 1or 1 METRIC
C.W.P. 01-33-001 LOCATION 48B3725N, 367338E ORIGINATED BY _cc.
DIST #31 HWNY  NA BOREHOLE TYPE _ POWER AUGER {HOLLOW STEM and WASH BORING} COMPILED BY T.M,
DATUM _Geodehic DATE Beptember 11, 2007 - September 16, 2002 CHECKED BY H.D,
DYRAMIC OONE PENETRATION
SON. PROFILE SAMPLES % ﬁ RESBISTANCE pLOT-E‘_ masmc NATURAL |0 - REMARKS
R I e« moisture  HOHOL | E A
b « @ g‘::c} 3 04 80 8 100 COMTENT z%
= = = GRAIN SIZE
|8 w2 [25| & [SHEARSTRENGTHkPa " v " =
ELEY DESCRIPTION 182 2|z = - DISTRIBUTION
DEPTH ISl & | 5 [38] £ {0 unconemen  + FELDvANE Y i)
El* £ 9| L |e cuickTRIAXAL x LABVANE | WATER CONTENT (%)
176.86| PAVEMENT SURFACE “ 20 4 s 8 o0 wow W khim® JGR SA St ClL
{00 ASFHALT
.18 FHLL. granular base
.33 FILL, flne sand, trace sit, some rock 1 AS N
#ragments
Compact 175
s
iragel BN L -
1.18 FILL, rock {cablbla size)
174.34 Compact
152 W I
168 FILL, fing sand, frace sik, some rock 388 | 2 Y7 .
fragrments A
Compact
FH.L, rock {cobbls size), sums sand 4] 58 25 o
layers, poe. grey black orgarnic
pockats( staining 173
Compact
Grey to Brown
172
a 85 20 o
171.44
4.42 FINE SANEY to SILTY FINE SAND,
trace silt, sorme rock fragrments near
swfarce, oce. black organic 6| 58 i 171
inclusionss pockets
Vary loose to campast
Grey brivwn to gray
170 .
T 35 7 el
169 -
8 55 10 1 68 ............. -
167
] 85 3
186.11 7
875 End of Borehote
NOTES:
Initigt Borshole L4 terminated at
about elevation 173.9m upan
encountering bured electrcal
conduit,
Water seepage info borghale
encaurterad at about elev. 175.18m
during drifling an Sapt. 16, 2002,
+ 3‘ w3, Mumbers rafer lo 3% STRAIN AT EAILURE

Sensitivity




PROJECT  ar14nte RECORD OF BOREHOLE No L5 1or 1+ METRIC
GWP, 01-33-001 LOCATION 4B5370SN, 3673276 ORIGINATED BY C.G.
PIsT #31 HWY NA BOREHOLE TYPE _ POWER AUGER [HOLL OW STEM and WASH BORING] COMPILED BY _ T
DATUM _Geodelic DATE Septermber 16, 2002 CHECKED BY 5383
EYNAMIC COME PENETRATICN
SO PROFILE SAMPLES z é RESISTAMCE PLOT pLasm NATURAL o - REMARKS
=21 O tar  MASTURE Yoaal B E &
= w |£5] @ 20 4r & B0 400 CONTENT F4
il u|=zE] z : : 4 i " w w | S | cransize
Elmp| ¥ 2| 82a 2 |SHEAR STRENGTH kPa
ELEV ESCRIPTION L. o T =z = e DISTRIBUTION
SRR 0 IPTIO % 2l | = 28] = o unconeneD -+ FIELDVANE ¥ %)
S Z [EC] © [ QUCKTRIAGAL x LABVANE | WATER CONTENT (%)
175.95{ PAVEMENT SURFACE w 20 43 B0 80 400 1020 30 km® [GR SA St CL
000 ASPHALT
1?3:%3 FIEL, gramufar base i | as i
043 FILL, fine sand, trace silt, some o
175.18 gravedf rock fragments
0,76 B -
FILL, crushed rock (ciear stane) 2| ss 9 175 a0 17 3 O
174 58 somie sarid
Tar] N\ bpose
FILE, rack {cobble size), some sand 5| 55 20 o
layers! inclusions a3 174 -
Compar! ko loose
Grey i Brown
4 55 15
173 I
3| 8% g
G 55 13 172
171.53
442 FINE SAMD (o SIETY FINE SAND,
sotme rack fragments near surface,
ori. black peatf organic sit seams! 58 8 171 . 9
layars
Compac) to lngse
Griy to Brown Gray
170
55 4
169 ............ g it
88 3 168]--
167
85 5
166 | PP
. 88| 3 =
E] 154 185
o IR End of Barehole
L
e
& NOTES:
2] Water levet in borehole
F at about slev. 74.02m
ﬁ upen completion of drifing on Sept.
i 18, 2002.
[}
S Borehole drilled in paved, repairad
g area.
£
Z
fad
&
@
&
23
[
=3
=
Z
a3

+3 33, Mumbers refer to

3%
Sensitivity ¥ STRAIN AT FAILURE




ON_MOT 021-42168.GP) OM_MOT.GOT 22403 OATA INPUT:

Gol

Windsar, Cniario

PROJECT  0o1.4216 RECORD OF BOREHOLE No L6 1oF 1 METRIC
[ER R 01-33-001 LOCATION 4553688N, 3673Z0E ORIGINATER BY gC.
DIST #31 HWY WA BOREHOLE TYPE __POWER AUGER (HOLLIWY STEM and WASH BORING) COMPILED BY  TM.
DATUM  Goodatic DATE September 17, 2002 CHECKED BY H.L.
. LYMNAMIC CONE PENETRATION
SOl PROFILE SAMPLES o W RESISTANCE PLOT
Wyl 3 - PLasTIc AGHESE  Loup| | & | REMARKS
& N @ g % 2 20 4 @ & 100 LT oo 2y = % &
= 4 = GRAHN SIZE
ELEV s18l 8| 2 |28] & [SHEARSTRENGTHPa e = | mstRmuTion
DESCRIPTION £ = = Z| &
DEPTH § 5 ﬁ = 8 5 § O UNCONFINED + FIELD VANE "( (%}
Bz Z [EC] & [e QUCKTRANAL X LABVANE | WATER CONTENT (%)
175.88] PAVEMENT SURFACE * 040 g0 w1 W@ W KN’ |GR SA St CL
0.06 ASPHALT
1 ?g: lg FILL, granular base 1 AS . a
048 FILL, fire sand and gravel
81
FILL fing s6rd , bace s, 0o, gravel 2| ss | 17 175 ¥
174.72 Campact
1.16
137 FILL, crushed rock {clear stone),
some sand
Compatt 37 53 E i 174}
FILL, rock {cobble size), some sand
layers! inclusions
Lompact to dense 4 55 10
Gray Brown to Grey
173
5 33 18
172
g 55 0 a1 7 2 0
7 o
17085 5] . 17
5.03 FIHE SAND to SILTY FINE SAND,
trace silt, some rock fragmants rear
surface, oee. gray black organic
pockels! zones
Very loase o compact 170 _
Grey to Grey Brown
85 E
169
55 2 168}
167
55 4 [¢]
166.13
9.75 End of Borehole
HOTES:
Wafter level in borehole
at about elev. 173.95m
upan completion of drlling on Sept.
17, 2002,
Borehote drilled in existing pavement
ared ([nonrepaired).
+9, %3, Nombersreferto 8% oo T FAILURE

Sensiivity




(o
Windsor, Ontario

PROJECT 0214216 RECORD OF BOREHOLE No 1.7 1or1  METRIC

GW.P. 01-33-001 LOCATION AB53BEEN, 3673148 ORIGINATED BY _G.C.
ST #1 HWY  NiA BOREMOLE TYFE _ POWER AUGER (HOLLOW STEM and WASH BORING) COMPILEDBY _ TM
DATUM _Geodetic BATE September 17, 2002 CHECKED BY H.D.

DYNAMIC CONE PENETRATICN

SOH. PROFILE SAMPLES & Lj:éJ RESISTAMCE PLOT -::i_‘ NATURAL - REMARKS
Hal 3 ST wosTuRe Bl
51, w|{£8] 3 2 4 60 & 10 CONTENT Z 2 &
P z = GRAIN SIZE
Eiev e8| @ | 3 ]1g5]| & [SHEARSTRENGTHKPa e . I
DESCRIPTION IR AEREY I Tt DISTRIBUTION
DEPTH S 135 L | UNCONFINED + FIELD VANE ¥ u
E1Z Z {ZC| D [® QUIKTRIAMAL x LABVANE | WATER CONTENT (%) '
175.91| PAVEMENT SURFACE w 2640 B0 B0 100 1 20 W kMim® JGR SA SI GL
47543 . grarutar basa 1} oas i o
048 FHL, fine sand, mixed with clear
stong and gravet 175
boose REEA L e )l 2o | 17—t
s 174.72|  Brown 2138108
o 1,19 FILL, sand and gravet, with asphalt @
wa/ﬁ 1.37 fragments
oo Groy and Black
3 55 10
FIEE, rack {eohble size), some sand + 174
layerss inclusions
Compact o dense
Grey Brown o Gray 4 55 4
173
5 1 8% 13
g 55 180 172 &
7 55 30
g 171
17042
G789 FINE SAND to SANDY SILT, tace 170
clay, oo, grey black oroanic zonesd
inclusions
Lonse o very lonse 35 7
Grey
169
35 3 168
16? P S PO -
85 5
165
165.12
i 0.7 SILTY CLAY, trace sand a
it R Soft i il 165
{1 NBrown
= End of Borehole
& NOTES:
= Water seapage into borehole
g encountered at about eley. 173.96m
3 during driling on Sept. 17, 2002,
o
8 Borehals drilled in exisling setted
= pavament area.
g
d.
-
S
o
@
=3
b
hi
&
B
[+}
E{
-
sl

28 X 3. Numbers refer to

%%
. Sensltiviy 8] STRAIN AT FAILURE




G _MOT 021-4216.GFF ON_MOT.GDT 22403 DATA INPUT;

dder
Associates
Windsar, Onéaro

PROJECT 0214216 RECORD OF BOREHOLE No L8 101 METRIC
GW.E. 0133001 LOCATION 4653654N, 3673108 ORIGINATED BY _CC.
DIST #31 HWY N BOREHOLE TYPE _ POWER AUGER (HOLLOW STEM and WASH BORING) COMPILEDBY _ TM.
DATUM _Geodetic DATE September 13, 2002 CHECKED BY H.0,
EYNAMIC COME PENETRATIORN
S0IL PROFILE SAMPLES - W IRESISTANCE PLOT NATURAL REMARKS
dyp b X - PLASTIC AR oip &
= " 2 g Z 4 P 4 8 s 10 bt SSTENT U *2" % &
= Z e w, - GRAIN SIZE
ELEY S EIE: 2 (25| 2 [SHEARSTRENGTH kPa A = | bistREUTION
BETH DESCRIPTION 1316 | 3 |28 & lo unconnmeD  + mELDVANE ¥ %)
=12 Z [EC] O [e QUCKTRIAGAL X LABVANE | WATER CONTENT (%)
176.93| GROUND SURFACE - W M 80 &0 w0 w30 kb’ IGR SA 81 CL
o.00 FHL, granular base, with fiter fabric
Loose to compact
Gray Brown to Brown 1| A8 )
z|ss ! m 175
3] 8% § 22 c
173,80 - 174
FEE] FEL rock {nobble size), some sand
fayers! inclusions
Loose o compant 41 38 5
Grey Brown to grey
-1?'3 .........
5155 [ 10
683 | 1 RE
7|85 24 @
17044
5.44% SIETY FINE SAND, with some rock
fragmenis, ace. gray black organic
rohes! inclusions 170
Loose
Grey Browe 8 55 8
169.38
6.85 End of Soil Sampting
168
168,00 168l
T3 Starl of Dynamic Cone Fest
167
166
165.26
1067 End of Borehole
NOTES:
Vater seepage into borehafe
encountered &t about elev. 173.90m
during driling an Sept. 12, 2002,
Borehote drifled in repaired area,

+ 3‘ « 3. Numbers referto

3%
Sensitivity G

STRAIN AT FAILURE




; [
Windsor, Ontario

ON_MOT 031-4216.GP) ON_MOT.GOT 2/24/03 DATA INPUT:

PROJECT  optazts RECORD OF BOREHOLE No L9 101 METRIC
GW.P 61-33-001 LOCATION 465IGITN, J6T296E ORIGINATED BY cCc
BST #31 HWY N BOREHOLE TYPE _ POWER AUGER (HOLLOW STEM and WASH BORING) COMPILED BY __TM.
DATUM  Geodetic September 11, 2007 - Sepfember 18, 2002 CHECKED BY H.DL
SOl PROFILE SAMPLES |, | w [BENAMIC CONE PENETRATION .
ATLIRAL ™ REMARKS
Lol 3 _ RASTIC pAlris waunf | b
g | e ol ERY I A S conrenT T 28 GRAi: SIZE
ELEV 2 E| 4w | 2|25 & [SHEARSTRENGTH KPa e " “' S '
e DESCRIPTION =gl 212 lz21 £ e G DISTRIBUTION
DEPTH ERIE [ > 28| = |o unconmneD Y o
£z z |[g° @ ® QUICK TRIAXIAL X WATER CONTENT (%)
175,97} GROUND SURFAGE “ 20 40 80 woow3 sm” [BR sA s oo
0.60 FILL, granuiar base i
176.54 AS 1 -
0.43 Fld, fine sand, raca sit, oo, gravel
175.21 Brown
172:58 f;lz.lg,egranular subbase ss R 175 i
1407 o
174.51 FIL.L, fine sand, oce. gravet! rock
148 fragmenis
Louse 88 3
FILL i he 174} 7
, trushed rock {cobble size),
same sand layeras! inclusions
Dense ta lonse 55 16
Grey Brown to Grey
173
88 24
o
2%
S
T
5 ss | s 172
.’Q"
o
4’0..
e
...’0
s 58 | 2
betet! 474 foe
A
S
170,48 s
540 FINE SAND to SHL.TY FIMNE SAN(,
frace silt, oco, grey black organic
zones) inclsiong 170}
Comipact fo very locse
Girey Brown to Browr s5 it 4 e 14 7
169
85 )
168
167
35 2
166.22
a.75 End of Borehole
NOTES:
Water leval in torehole
at about elev, 174.01m
during drilling on Sept, 18, 2002.
Borehole drifled it repaired area.

+3 38, Numl?grls refer to
Sensitivity

0% STRAM AT FALURE




pCiades
Windsor, Ontario

PROJECT 07116 RECORD OF BOREHOLE No K1 10F 1 METRIC
GWP 01-33-001 EOCATION AB53836N, 366683E ORIGINATED BY CC.
DIST #31 WY A BOREMOLE TYPE _ POWER AUGER (HOLLOW STEM) COMPILED BY ___T.M.
DATUM _Geodetic DATE September 18, 2002 CHECKED BY H.E.
EYNAMC CONE PENETRATION
SOIL PROFILE SAMPLES im
& S RESISTANCERLOT o pasTic NATURAL - yeupl B | REMARKS
S LraT - MOETURE T
5| o a |s8| @ 20 40 6p 80 190 coneent U7 z2 &
= 4 - GRAIN 51
ELEV Z|8 ¢ | 2 |ok| & [SHEARSTRENGTHKPa " . el .
DESCRIPTION = = R - HSTRIBURION
DEFPTH é 5 E = 8 o g O UNCONFINED + FHELD VANE ']( (%)
A Z |EC| © |o ouckTRuAL x LABVANE | WATER CONTENT (%) ’
175.96 | GROUND SURFACE . 204 B0 80 0 020 3 kem® |GR SA 81 GL
0.00 FILEL, granular base, with layers of
brown sifty fine sand, geotextile at
about 0.9 m depth TAS | - @
Very dense
Gray Brown
17480 2| 55 | =50 175
118 FILL, rock [cobble size}, some sand
tayers! inchusions
Compact to very dense
Grey Brown 3] 85 118 . o
1?4 ..... i S e
4| 85§ 11 o
R £ S e S L I W R atts S )
51ss | 1 o
6588 ] 23 172
K 85 8 3] 33038 &8 0
1?1 SPJUYPY R S S S —— S
170.47
5.43 SILTY FItE SAND to SANDY SILT
Bense io vary dense
Grey Bronan 170 —
88 eiz| o 9 62 38 0
W e
88 30
168 ........ S e o
167
35 5% o
155.90 166 e
10.06 SANDY SILT TILL, trace ta some
clay and gravel, ooc. cobbles
Vary dense
Gray
S R bl 165 .
SV 193] TEnd of Borenols
i
3
o
g NOTE:
o Water level in Borehole
: at about elev. 174,13m
2 during driling Sept. 18, 2002
§ Borehdde drilled In repairad area,
zI
[a]
Y
o
=
b
=]
5
=
ZI
o)

43 33, Mumbers refer to

3%
Sensithity 0¥ STRAIN AT FAILURE




Golder

Associates
Windser, Onlaria
PROJECT 6214216 RECORD OF BOREHOLE No K2 1ofF 1 METRIC
GW.P. 0133001 LOCATION 4653829MN, 356E7IE ORIGINATED BY _gw.w.
DIST #31 HWY _Nia BOREHOLE TYPE _ POWER AUGER (HOLLOW STEM) COMPILEDBY __ T
BATUM _Geodetic BATE September 19, 2002 CHECKED BY HD.
SOIL PROFILE SAMPLES | y  |EYNAMIC CONE PENETRATION
& 4 = piagmic NATURAL b o | REMARKS
Eg] 3 Lher | MOSTURE Do & 5 3
o . @ g 51 @ 20 40 8) 80 00 CONTENT 13 %
[ = w i, GHEAIN SIZE
ELEV {8 w | 3 |a5| & [sHEARSTRENGTHKPa b : E
LE DESCRIFTION w3 & 2 |£8] & Ot DISTRIBLITION
DEPTH § 5 E = :OJ o g O UNCONFIMED + FIEELD VANE ’Y %)
El- Z|EC| 4 | olckTRAXAL * (ABvANE | WATER CONTENT (%)
175.95! GROUNE SURFACE » 0 4 Bt 80 o oo 3 K’ JGR $A S oL
0.6 FILL, grarular hase, with geotextite
@ 0.3m 1 AS B o
175.34 Girey Brown
.61 FILL, fine sand to silty fine sand a
1 ﬂ;: mnixed rock fragments s | ss 20 75— fae SRR S NN
?j' 55 FILL, erushed rock (clear stona),
- with tayers of silty fine sand, with
gentextie
Compact 3| 88 23 [+
n.te Grey | T 174
FHLL, rock {cobbla size), with layers! -
pockets of sty fine sand
Compact
Gray Brown 4)ss| 3 o
173
5t 88 1 a
3] 55 12 72 =
o
7 85 18 o
171
17015
579  SILTY FINE SAND 3 LT t] ———
WVery loose -
168.64 Gray Brawn a8 3 B
6.31 CLAYEY SILT, some sand, acc. grey a
black prganic inclusions
Soft to very stiff
Girey 169
168.09 ss 1 2 °
786 SKTY FINE SAND to FINE SAND, 168
ace. grey black organic pockets
Compact
Grey
167
35 25 sl
166,20
/.75 End of Borshote
£
&
£
-
b=y
=]
[}
g MNOTES:
2] Water lovel in Borehole
- at about slav, 173.92m
8 dusing drifing on Sept. 19, 2002
'S Borahote drliled in a repaired area.
al
[+]
2
o
=
¥
d
&
5
Zz
[+

_*,S‘XS: Numbers refer ta 03%

Sensiivity STRAIM AT FAILURE




ON_MOT 0214216.GPF ON_MDT.GOT 22403 DATA INPUT:

b #3
Yvindsor, Ontaric

PROJECT 0214216 RECORD OF BOREHOLE No K3 1 OF 1
GW.P. §1-33-001 LOCATION 4R535845N, 356658E ORIGINATED BY _RW.W.
DIST #31 HWY A BOREHOLE TYPE _ POWER AUGER (HOLLOW STEM) COMPILEDBY _ TM.
DATUNM _Geodetic September 19, 2002 HD.
SOIL PROFILE SAMPLES | o T il G S .
Wl % - PLASTIC - MARKS
ke o 221 8 0 40 B0 &0 LT Z08 a
Qg w|[3F] 2 T v 58 | eransiee
aitgt ¥ {2 5] 2 {SHEAR STRENGTH kPFa
ELEY DESCRIPTION [ B =< s [ pr—————— HSTRIBUTION
DEFTH é = = 8 el [ 0 UNCONFINED + FHELD VANE (%)}
El=Z 2 |g° G [e cuick TRIAXAL > LABvANE | WATER GONTENT (%)
175.97] GROUND SURFACE “ a0 40 &) &b 10 GR SA I CL
Q.00 FIEL, granular base, with geotextile .
17563 S e @? 1148 °©
0.34 FILL, silty fine sand, some rock 2 AS - o
175.30 fragments
067 i}
FILL, rack {cobbie size), with some aiss | 28 175 -
sand inclusions! lavers
Logse to dense
Gray Brown
4 ] 58 8 s
1 ?4 ....................
5 58 Kl
1?3 R .
3] 55 12 L]
7]ss| e 172 e
g [ S5 8 =]
171
170.48
5.49 CLAYEY 5ILT, some sand partingss
seams, with oo, grey biack organic
inchigions 170 oo
Soft
169.57 Grey Brown ss |3
6,40 SANDY S4LT to SIETY FINE SAND
Very byose o dense
Grey Brown
¥ 169 -
88 32
168 ......
167
85 36 3
1e6b—F—F— -+ e
165.61
16.36 SANDY SIET TILL
Very dense
Grey Brown
S8 96 165
164.63
t1.28 End of Borehole
NDTES:
Water seapage into borshole
engolrtered
at about slev, 173.94m
duting drifting Sept, 19, 2002
Borehole drilled in 2 repaired area.

+3 ><3: Murmbers refer to

Sensitivity

0 %% srrAM AT EAILURE




Golder

Winndsor, Ontarig

PROJECT 621425 RECORD OF BOREHOLE No K4 1 OF 1 METRIC
GWP 0133001 LOCATION AG53866N, 3566728 ORIGINATED BY GG
BIST #31 HWY  hiA BOREHOLE TYPE _ POWER AUGER (HOLLOW STEM) COMPILED BY TM.
BATUM _ Geadetic DATE September 20, 2002 CHECKED BY H.D,
DY NAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o u [RES e FE TR REMARKS
el = PLASTIC (e me  LIGRAD o
= Z2Z| B 20 4c 60 80 100 [MAT 58 &
=g i o Ll L il S8 | cransee
W
ELEV g{g| w | 3 lgk| & [sHEARSTRENGTHEKPa v w i g
e DESCRIPTION =] T IZ%] = e DISTRIBUTION
BEFTH SIS £ 5 [2&| £ |0 UNCONFINED  + FIELDVANE ¥ %)
£1Z F4 EC] L ]e QUICKTRIAXAL X LABVANE | WATER CONTENT (%
176.00] PAYEMENT SURFACE w 20 4 B0 80 100 wow 3 knen® fGR SA St CL
GO0 ASPHAIT
0.16 FILL, grarular base B
175,49 o t | As R
.51 FILL, fine sand, some mck % o
R fragmants 3
C::mpact / 4 2] s3] 24 [/} NS P N S S T S —
%‘% Fl4., rock (cobbie size}, some sand
gé inclusions/ layers
& Compagt 4 d
£ Gren;pg 0 very dense 31 ss " . o
174
173 -
4] 885 | 2t o
54188 ] 28 172
6 ] 35 58 [+
17 oot
170.21
579 SANDY SILT TIL, some sand and TH
ograved, coc. silt seams ERN LY4Y
Corpact A H]
Gray Tl &8s poazv
168 93
7.01 FINE SAND, trace it 169
Pensa
Grey
8 88 rd o]
168
1B7.47
. 8.53 CLAYEY SH.T TILL, sorme sand and ;
%@f gravel
| Hard fee 167 -
Grey
HE 9 | 53 63 43
166.25 Szl
X End of Borehole
"
i
=
o
=
&
g NOTE;
o Water loved in Barghole
- at about efev. 174.07m
2 dezring drilling Sept. 20, 2002
5 Borehole drifed in a settied
= pavement ares.
8
o
&
g
¥
bt
-
o
]
=
[}

43 33, Numbers refer to o 3%

Sensitivity STRAIN AT FAILURE




Windsor, Ontario

ON_RMOT 021-4215.600 ON_MOT.GDT 202403 DATA INFUT:

PROJECT 518 RECORD OF BOREHOLE No K5 1oF 1 METRIC
G.W.P. 01-33-B0H LOCATION A653000N, 3566TEE ORIGINATED BY C.C.
DIST #31 HWY _NA BOREHOLE TYPE _ POWER AUGER 4SOLID STEM, HOLLOW STEM) COMPILED BY 7M.
DATUM _Geodetic PATE Soptember 14, 2062 CHECKED BY H.O.
$OIL PROFILE SAMPLES | o w [BESAMIC CONE PENETRAHON . AEMARKS
ul = PLASTIC LI =
£21 5 1 MOBTURE bl - E
ks v o g 51 & 20 ; 80 80 0 MT - conTENT 3 % &
o z = GRAIN SIZE
Sl w2 |g5] & [sHEARSTRENGTH P2 * . i ES
ELEV DESCRIFTION e L4 28] E bt DISTRIBUTION
DEFTH g 21 =R E § < |0 UNCONFINED + FIELD VANE ¥ )
=< z & G {e QUICKTRIAXAL > LABvaNE | WATER CONTENT (%}
175.98] PAVEMENT SURFACE “ XM W e &0 10 020 3 kNim® |GR SA S CL
- FUL., crushed rock, mixed with i | as
17500 brown sily fine sand, sluminum can - @
.76 anit pieces of clay brick z
: Compact s 175 -
FILL., rock (cobble size), occ. back 2| 35 21 fs
fragments, seme sand
Compact to Loosae
Grey Brown 3| 88 8
) 174
4 | 88 18 [+
173
a 55 24 a
17232
3.BE SIETY £#INE SAND to FINE SAND,
some rock fragments near surface, S—
o, grey black organic inclusions 8% 14 172 E
Compact
Grey Brown
S5 21
1At :
170.48
549 SILTY FINE SAND to SANDY SILT
Blenze
Grey 170
35 37
168
55 42
168
167.44
8.53 CLAYEY SILT TILL, some sand and
gravel
Hard 167
Grey
83 63
166.23
8.75 End of Borehole
NOTES:
Water levet in Borehaole
at ghout efev, 173.97m
during drillieg on Sept. 18, 2002
Borehole drilled in a settled
pavement area.
+3 %3, Numbers refer ta o 3% STRAIN AT FAILURE

Sensitivity




Golder

Windsor, Ontario

OM_MOT 021-4216.5P) ON_MOT.GDT 2/24/03 DATA INPLIT,

PROJECT 0214216 RECORD OF BOREHOLE No Ké 1 OF 1 METRIC
GWP 33001 LOCATION 4653922N, IGEETEE ORIGINATED BY GG
DIST #31 HWY WA BOREHOLE TYPE __ POWER AUGER [HOLLOW STEM) COMPILED BY TM.
DATUM _Geodetic DATE Sepiember 20, 2002 CHECKED BY HD.
DYRAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 4 E RESISTANCE PLOT NATURAL - REMARKS
Hofl 3 T mopTyRE HQUD| & 5
§ s B3¢ z o S w ! 55 | cransze
= ")
ELEY r sid| &) 3|25]| & [SHEARSTRENGTHKPa " ; . * | pisTRIBUTION
BEFTH BESCRIPTION AR EREE: < |o UNCONFINED  + FIELDVANE y ol
El= 2 1E°| § |o quckTRIAUAL x LABVANE | WATER CONTENT (%)
176.01] GROUND SURFACE w 2 40 80 BR 100 10w 3 ki JGR SA 81 CL
0.00 FILE, granutar base, with silty fine
sand layers and asphalt fragments,
filter fabric: at 0.3m T AS e
Compact
qrey
2188 [ 18 175 .
174.64
137 FHL, rock {cobble size), with sand
layers! incluslons
Compact to dense 3188 | 3¢ = °
Grey Brown 174 |
4 55 11 o
173
) 55 14 [u]
172
B 55 18 o M 42 17 0
171
170.52
545 SHTY FINE SAND to SANDY SILT
Compact
Gray 170
7 35 25 Q 2 3 g4 ¢
1e—-t-eep—t e L L
o
34 85 az o
168
16745
B8.53 SILT fo SANDY SILT
Dense
Gray B T e e e s S — S— —
166.56 G 58 X3 ]
945 CLAYEY ST TIL, some sand and o
gravel
Hard 1]
grey . 168 ]
it
0] 55 a1 o
164.88 165
1113 End of Borehole
MNOTES:
Watar levat in Barghola
at about sley, 174.09m
during driffing an Sept. 24, 2002
Borehole detiled in a repaired ares.

+ 3‘ w8, Numbers refar to

3%
Sensitivity ©

STRAIN AT FAILURE




021-4216 TEST FITS.GPJ ON_MOT.GDT 22403 DATA INPUT:

ON_WOT_ TP

F

Sansilivity

i ASS
Wlreel Laro
PROJECT 0214216 RECORD OF TEST PIT No TP L1 1oF 1 METRIC
GW.P. {1-33-001 LOCATION 4653640M, 3673G0E ORIGINATED BY Rw
DIST #31 HWY _tya BOREHOLE TYPE _ BACKHOE DUG 1,27 x 2.44 x 2.13m COMPILED BY __BG
DATUM _Geodetic DATE September 13, 2602 CHECKED BY
SO PROFILE SAMPLES |, w [RERAMIC CONE FENETRATION
& stagric MATURAL oo = REMARKS
k2 3 pmit | MISTURE Tl e X 5
5| 123t 2 PP TR o Zg GRAIN SIZE
ol B4
ELEV I8 w2 )e5| & [sHEARSTRENGTHkPa N EN Py
e BESCRIPTION =l 3 g Z| 5
BEPTH s & > 28| £ |0 UNCONFRED + FIELD VANE Y o
El* z [E® D |& QUOKTRIAXIAL X (ABVANE | WATER CONTENT (%) '
176.43| PAVEMENT SURFACE “‘ 20 40 B0 B0 100 W2 3 wim’ |GR SA 81 oL
Q.4a {ASPHALT)
17628
015 {FILL), Granular base
17612 Grey, brown t 1 Cs @
0.30 {FILL}, Crushed rock (Clear stone),
sarme sand inclusions! layers ]
Gray, brown 176
21 Cs a 8 8 3 0
1?5 .......
174.91
1.52 (FILL), rock {Cobble slze)
Grey. brown
I CE
g
174.30
213 END OF TEST P17
MOTES:
Water seepage inta Test pit
encourtersd at about afev. 174 5m
during ewcavation on Sept. 13, 2002
Test Pit sides caving belaw slev,
476.1m during excavation.
25 to S0mm void below asphalt in
east half of test pif
Void below eancrele cap
West half of test pit encountered
some 0.8m of sand {FILL} averhying
clear stone.
See figurs § for grain size of sand &I
s 3, W 3‘. Numbers refer to 0¥ STRAIN AT FAILURE




Winsor. Cntaria

PROJECT  o1azth RECORD OF TEST PIT No TP L2 10F 1 METRIC
G.W.P. 1-33-001 LOCATION 465ITOEN, 3673435 ORIGINATED BY Rw
DIST #31 HWY WA BOREHOLE TYPE _ BACKHOE DUG 0.91x 1.83 x 188m COMPILED BY BG
DATUM  Geodetic DATE September 13, 2002 CHECKED BY
SOT. PROFILE SAMPLES w |DYNAMIC CONE PENE THA TION
@m g RESISTANCE PLOT = PLaSTIC %@#ﬁﬁe oD - REMARKS
51 B EXL B 240 80 B0 300 M7 ooymey U E% &
g =1 =2 > GRAIN SIZE
ELEY DESCRIPTION Zla| 8| 2|25 & [sreArsTRENGTHKPa S S = | bistRIBUTION
DEFTH e 2181 e 1335 5 |ouwcowmen  + FELDvARE Y (%)
£12 2 JZC| @ | oUckTRIAAL x Lagvang | WATER CONTENT (%) }
175,90} PAVEMENT SUREACE * 20 4 s 80 o I kNm® [GR SA St Gt
17208 {ASPHALT)
0.409 {FILL}, Granuiar base
Grey, brown
1] cs °
175.41
043 (FILL}, Crushed rack (Clear stane},
with black geotextila surround
Gray, brown
175
2§ cs o 4 8 5 ¢
s 172,38
fﬁj 1582 {FILL), Crushed rock, {Cobbile size)
o 17420}  Brown-grey o i

§

163 END OF TEST PIT

MOTES:

Test pit dry during excavation on
Sapt, 13, 2002

Test Pit sides caving below about
elev. 175.4m during excavation,

Vaid below concrete cap.

Picatke Prall Of best pit encountered
some t.0m of sand (FILL} overlying
the crushed rock {cobble size)
material

See Flgurs 11 for grain sise,

QM_MOT_TP 021-4216 TEST PITS.GPJ ON_MOT.GDT /2403 DATA INFUT,

+3,X3? MNurnbers refer to

3%
Sensitivity Q STRAIN AT FAILURE




Windsor, Ontario

PROJECT ot RECORD OF TEST PIT No TP K1 1or 1 METRIC
G.wW.P. 01-33-009 LOCATION A6K384IN IBEEABE ORIGINATED BY _RW
CIST #31 HWY  MA BOREHOLE TYPE _ BACKHOE OUG 1.71 x 368 % 2.99m COMPILED BY BG
DATUM _Geodatic DATE September 19, 2002 CHECKED BY
DYNARIC CONE PENE TRATION
SO PROFILE SAMPLES © Y |RESISTANCE PLOT =__ pLagric MATURAL | b = REMARKS
E2l 3 PLASTC womTuRe £
B m {28] 9 W4 60 B0 1 content MMM Z 8 &
gl 2 . 3 GRAIN SIZE
ELEV o sl8l 8| 3125 & [sHerrsTRENGTHKPS Y. 5 | ersuton
DEPTH DESCRIETION 22| 2| 3125 £ |o unconemen  + rEvANE| ¥ )
El= 2 E°| @ |o ouickTRIAMAL % LaBvaNg | WATER CONTENT (%)
175.97] GROUND SURFACE u 2 40 80 80 109 1020 30 Wi’ JGR SA St oL
2 06.00 {FILL), Granutar bass, geolextie at
o 0.2m and 0.8m
%“3@ Grey, brown
11 cs a
17521
G768 {FILL}, Cruzhed rock, {Clear stone)
Gray, brows 2| s o 85 12 3 ¢
174.95 175 :
1.61 {FILL}, rack, [Cobble size}
Gray, brown
a [ o
h 174
17368

228 END OF TEST PIT

NOTES:

Water seepage into test pit
eneminterad at about elev. 174.0m
during excavetlon on Sspt. 19, 2002

Tast Pit sides caving balaw about
elev 175.7m during excavation

Vold present belaw concrete cap

East partion of lest pit sncountered
asphalt af ground surface,
underaying by (.2m of granular base
and some 0.7m of sand (FILL}
overiain Lhe clear stona il ino
gactextile present)

See Figure 16 for grainsize of sand
fHE.

OM_MOT_TP 021-4216 TEST PITS.GRJ ON_MOT.GDT 2/24/03 DATA INPUT-

43 % 3, Numbers referto

I
Sensitivity O STRAIN AT FAHLURE




FFA o
Windsor, Ontario

PROJECT  oot.azis RECORD OF TEST PIT No TP K2 1oF 1 METRIC
GW.R. 0133001 LOCATION 485392 1N, A566T4E ORIGINATED BY _Rw
DIST #31 HWY N BOREHOLE TYPE  BACKHOE DUS 0.91x 2.20 x 2.44m COMPILED BY BG
E%; DATUM _Geodetic DATE Seprember 19, 2002 CHECKED BY
: SOfl. PROFILE SAMPLES | . W R B DENETRATION
HATURAL [ REMARKS
LIP-J W 6 FLASTIC MOISTURE BRI MY I
51, o g% @ 20 40 60 8 190 [UMT gourgr UMY ¢ GRAIiSIZE
o = = Wr w W,
ELEY BESCRIPTIO Sl 8 | 3{25] & [SHEARSTRENGTHKPa N = DISTRIBUTION
BEPTH RIPTION g R 35| = o uncowrmeD  + FiELDvANE ¥ %)
’ E1< E|EC] @ (9 QUOKTRIAKAL X LABVANE | WATER CONTENT (%)
176.04 | PAVEMENT SURFACE - 26 40 &) & WO Wwoow 30 kN JGR SA 8 L
000f  (ASPHALT)
175,88
0158 {FILL}, Gramutar base, gectextie
Grey, brown 1 Fol:d o
175,58
0.33 {FILL}, fine 5and, oee. rock
v fragments
-
2 | cs a 292 8 0
175.03
0.38 {FIEL}, Crushed rock [Clear stone) 175
Grey, brown
3| cs 9 9 2 0
174,56
143 {FILL}, rock {Cobbie size}
Grey, brown
4| cs
"g' 1?4 ..........
17357 %

2.44 END OF TEST PIT

NOTES:

Water seepage into fest pit
encountered at about elev, 174.0m
during excavation on Sepl. 19, 2002

Test P sides caving below about
ebev. 175.0m during excavafion

Void presant below coherste cap

East partion of test pit excavated in
repaired areg and encountered some
1.04m of granutar fit, overlying the
clear stone ll

OMN_MOT_TF 021-4216 TEST PITS.GPJ ON_MOT.GDT 2/24/03 DATA INPUT:
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DIMENSIONS ARE IN METRES
AND/OR MILLIMETRES
UNLESS OTHERWISE SHOWHN

DIST No. 31 HWY. N/A
CONT. No.
WP No. 01-33-001

LEAMINGTON FERRY DOCK E=al
LEAMINGTON, ONTARIO
TEST HOLE LOCATIONS
Booras: | Culzsisemie

REFERENCE

DRAWING SUFPPLIED BY MORRISON HERSHFIELD ENTITLED

SITE SERVICES

LEGEND
$ Borehole
Bd  Test Pt
No ELEVATION LOCATION
: {metras)
NORTHING EASTING
L1 175.95 4653791 367367
(=74 175.92 4653738 367361
L3 175.06 4653721 367353
L4 175.86 4653725 367338
LS 175.95 4653709 367327
L6 175.88 4653698 367320
{7 175.91 4653663 367314
L8 17593 4653654 367310
L9 175.87 4653637 367296
B 176.43 4653645 367309
TP L2 175.90 4653705 367343
HOTES
The boundaories between soil strata hove been established
only ot Borehole Iocations. Between Boreholes the
boundaries are ossurned from geological evidence.
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METRIC

DIMENSIONS ARE IN METRES
AND/OR MILLIMETRES
UNLESS OTHERWISE SHOWN

10

METRES

DIST No. 31 HWY. N/A
CONT. No.
WP No. 01-33-001

KINGSVILLE FERRY DOCK LA
KINGSVILLE, ONTARIO

TEST HOLE LOCATIONS

o
! Golder Associates Ltd.
‘ gﬁ (g ;'[} g ici\rtes WINDSOR, ONTARIQ, CANADA
REFERENCE

DRAWING SUPPLIED BY MORRISON HERSHFIELD ENTITLED
SITE SERVICES

LEGEND
$- Barehole
B Test Pt
o ELEVATION eyl
0. e SO N 1L
(metres)
NORTHING EASTING
Ki 175.96 4653836 356683
K2 e 4653829 356673
K3 175.97 4653845 356668
K4 176.00 4653866 356672
K5 175.98 4653300 356678
K& 176.01 4653822 356676
TP K1 175.87 4653843 J56669
TP K2 176.01 4653921 356674
HOTES
The boundaries between soil strata have been established
only at Borehocle iocotions. Between Boreholes the
beundories are assumed from geclogicol evidence.

NO. DATE B8y REVISION
Geocres No.
HWY. No. [PROJECT O 021-4216
SUBMD. - CHKD: - DATE: OCT. 2002 ]
DRAWN:  T.M. CHKD. H.D. APFD. DWG. 2




F TR/C |DIST No. 31 HWY. N/A
ME b Eg CONT. No.

AND/OR MILLIMETRES

w UNLESS OTHERWISE SHOWN WP NO. 01.. 33... 001

LEAMINGTON FERRY DOCK 1,230
LEAMINGTON, ONTARIO

PAVEMENT SETTLEMENT LOCATIONS

A Golder Golder Associates Lid.
5 ssoc iates WINDSOR, ONTARID, CANADA

i REFERENCE
- : — : DRAWING SUFPLIED BY MORRISON HERSHFIELD ENTITLED
| g 1 1 - | SITE SERVICES

LEGEND

Es

Baorehole
Test Pit

Gronulor Repoired Surface

d

Kepaired Asphaolt

Depressed Asphalt

ELEVATION LOCATION
{metres)
; NDRTHING EASTING
175.95 4553751 367367
175.92 4653738 367361
175.96 4653721 367353
"'l 175.86 4653725 367338
g 175.95 4653709 367327
¥ 175.88 4653698 367320
-T‘]_ 175.91 4653660 367314
| 175.93 4653654 367310
L) 175.97 4653637 367296
. \ e A gl . AN e e L Pt £ St e . ™ L 176.43 4653645 367309
1 i R - e I Y S e ' : P12 | 17590 4653705 367343
|
NOTES

- The toundaries between soil stroto hove been estoblished
only ot Berehcle lacotions, Between Boreholes the
boundaries are assumed from genlogicel evidence.
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METRIC

DIMENSIONS ARE IN WMETRES
AND/OR MILLIMETRES
UNLESS OTHERWISE SHOWN

METRES

DIST No. 31 HWY. N/A
CONT. No.
WP No. 01-33-001

KINGSVILLE FERRY DOCK SHEET
KINGSVILLE, ONTARIO

PAVEMENT SETTLEMENT LOCATIONS

Golder Associates Lid.
WINDSCR, ONTARID, CANADA

@Golder
‘Associates

REFERENCE
DRAWING SUPPLIED BY MORRISON HERSHFIELD ENTITLED
SITE SERVICES

LEGEND

Borehole
Test Pit

&
="
Gronular Repoired Surfoce

Repaoired Asphalt

Depressed Asphalt

o ELEVATION | Lol
e
NORTHING EASTING

K1 175.96 4653836 I56683
Kz 175.95 4653829 356673
K3 175,97 4553845 JoE6E8
K4 176.00 4E53B66 356672
kS 175.98 4653300 356678
K& 176.01 4653922 356676

TF Kt 175.97 4653843 35E66S

TP K2 176.01 4653921 356674

NOTES

The boundaries between soil strata hove been established
only ot Borehcle locolions. Between Boreholes the
boundaries ore gssumed from geclogicol evidence.

NG DATE BY REVISION

Geocres No.

HWY. No. [PROJECT MO 021-4218

| SUBM'D. - CHKD: - DATE: OCT. 2002
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L85, Sieve Siza. meshessnch Jize of openings, inches
106 BOS0 40 30 20 16 108
1 Il . | " L

B i

341 14 I 4005
L I

00T T

70

50

PERCENT FINER THAN

40 ————

10

0 e Pt S Lo N ; b
0.0001 0.001 0.01 0.1 1 14
GRAIN SIZE, mm,

| . 3

fine ! readicm ! LOArss fing ; CoArss
CLAY AND SILT "

SAND SIZE GRAVEL SIZE Size

LEGEND
SYMBOL BOREHOLE SAMPLE  ELEV {m)
. L1 ] 172.0
L Lo 8 169.7
PROUEST

LEAMINGTON FERRY DOCK
LEAMINGTON, ONTARIC

§ GRAIN SIZE DISTRIBUTION CURVE

) SILTY FINE SAND to FINE SAND

% PRGJECT Na. D2t-42165 :i.\;l:u. M\:2!:1--421]6}.::2J
;' Goldcr DRAWN | TM. | 101102 .
z Associates [~= 147! e IFIGURE 5
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U355, Seeve Sige, meshesinch

20 1?0 G50 40 30 ZZIO 6 t0d
i L L 1
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Size of apenings, inches

1.5

34 8

100 T
80
70 cee | — b Ll e
&0
40
30
20—
o iz
0.0001 .60t 0.0 0.1 1 10 160
GRAIN SIZE, mm | |
fine medilm | GUErsE fine COATEE .
CLAY AND SIT - e
SAND S1ZE GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEV {m}
] L2 4 173.5
4] L3 5 1728
FROJECT
LEAMINGTON FERRY DOCK
|LEAMINGTON, ONTARIQ
TTLE

GRAIN SIZE DISTRIBUTION CURVE
FIL.L, rock with sand

PROJEST Na. 0714216 |FLENa = (214216.GP.
BCME g frev.
crawh | 1 10-41-02
CHECK 101102
/i FIGURE 6
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LLE.5. Sieve Sire, meshesinh Size ot apenimgz, inches
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SAND SIZE GRAVEL S1ZE e
N _
2% LEGEND
SYMBOL BOREHWOLE SAMPLE  ELEV {m)
» L5 2 175.0

FHILECT

LEAMINGTON FERRY DOCK
LEAMINGTON, ONTARIO

THLE

GRAIN SIZE DISTRIBUTION CURVE
FILL., crushed rock (clear stone)

PROJECT fip. 214218 { FLE Mo P25-4216.GPJ

. SGALE WA | wev
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CHECK 104902
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s SAND SIZE GRAVEL SIZE Fize

s

LEGEND
SYMEOL BOREHOLE SAMPLE ELEY {m}
- TP .1 2z 175.1

PROJECT

LEAMINGTON FERRY DOCK
LEAMINTON, ONTARIO

TITLE

GRAIN SIZE DISTRIBUTION CURVE
FILL, crushed rock (clear stone)

PROJECT Mo, {121-4218 | FILBBE4218 TEST PITS.GPJ

EW GLOR_LON.GDT

SEALE wa FREv.
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CHECK 161102 FIGURE 8
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FILL, sand some crushed rock
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PRCJECT
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GRAIN SIZE DISTRIBUTION CURVE
FILL, crushed rock (clear stone)
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SCALE NI, | REV.
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1#.%.5. Sieva Size, meshestineh Size of apenings, inches
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SYMBOL BOREMOLE SAMPLE ELEV {m)
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Lo i
LEAMINGTON FERRY DQCK
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e GRAIN SIZE DISTRIBUTION CURVE
[}
& FILL, sand, some crushed rock
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& Gol SCALE MA FREV.
o : T orane | tw {1010z
= AT e W/ = IFIGURE 11
g WINDSOR, QNTARID

i —




U85, Sieve Size, meshesinch Gize of openings, inches
00 fIOD BIDGD Ailﬂ 3 ZID ‘IIE 10? '.3 3.:'8 hl? 3::4‘} fi5 . 3 4 GI
go ERIRR N B
80
< '
'“ N
& 60 )
=
£ /
g A VA
& o '
.
& 40 _//
a0 // _
{ i ; i i ' ,"r’;
1af - ! //
0 : fld ; ‘ E i :
0.0001 0.001 . 0.1 1 10
_GRAIN BIZE, mm, | _ |
fire | medium l Coarse fina l Coarse Co
GLAY AND SILT ' i
SAND SIZE GRAVEL SIZE
. [ LEGEND
SYMBOL BOREHOLE SAMPLE ELEY {m)
o » Kt 7 1712
|
KINGSVILLE FERRY DOCK
KINGSVILLE, ONTARIO
g GRAIN SIZE DISTRIBUTION CURVE
3
& FiL.L., rock with sand
g PROJECT Mz 214218 | FIRLE He. 021-4218,GPJ
% SGALE  MA JRev
o : ‘;Qldcr DR | TM. | 104602
. Associates [~ lm vz IFIGURE 12
A ND3OR VAR




U.8.5. Sieve Size, mestesinch Sice of npenings, inches

200 180 8050 4B 30 30 45 108 4 2 B2 WAl i3 4 B
; ] ] H i
T " ¥ J

100

a0

0

50

PERCENT FINER THAN

30 ... .

20

0.0001 .01 0.0t 0.1 1 100

GRAIN SIZE, mm

fire i meadium ! codrse fine ! CUATSE
CLAY AND SILT
SAND SHE

Copble
GRAVEL SIZE Bize
b

LEGEND
SYMBOL BOREHOLE SAMPLE ELEY {m)
» K1 8 1648
v 4} K& Fi 171.2

KINGSVILLE FERRY DOCK
KINGSVILLE, ONTARIO
GRAIN SiZE DISTRIBUTION CURVE
q
g SILTY FINE SAND to SANDY SILT
% - ::imo. KA I r-!gv.
ﬁ’l WINDSO& ONTARID es — @. 2 F]GURE 1 3




L

¥
e

LON_MTO NEW GLDR_LON.GDT

PERCENT FINER THAN

LI5S, Sieve Sixe, meshesinsh

Size of apenings, inches

200 1||:r€| EID‘SIZI «1'0 an 2ICI llﬁ 10§ 4 3 3.;'31.:’2 3-;4 1 i85 304 ?
100 : g 1 ;
80
70
50
40
30 -
203
101
0
0.0001 0.001 0.01 g.1 1 10 100
GRAIN SIZE, mm | |
fine ! medim ! COATSS fine GOETEE Cahbl
CLAY AND SET e _ ;izee
SAND S|ZE GRAVEL SIZE
LEGEND
SYMBOL BOREHGLE SAMPLE  ELEV (m)
» K8 8 172.0
PROZECT
KINGSVILLE FERRY DOCK
KINGSVILLE, ONTARIO
TTE

GRAIN SIZE DISTRIBUTION CURVE

FILL, rock with sand

WINDSOR. ONTARIG
it

HROJECT No. 0214216 { FilE Na. 121-4216.GPJ
BGALE  NA | REV.
TRANN 101102
SHECK vk (FIGURE 14
Vd




February, 2003

1 021-4216
Test Pit Photographs

X < a"‘.#--_} £ i’_ba. l& % ) I'C"'.
0 ¥ P »’ A% . 5

TEST PIT 1 - LEAMINGTON FERRY DOCK

- ‘ b ] ‘{'.\'.":

a L]
. 3 Tt B
R * P

Golder Associates



February, 2003

2
Test Pit Photographs

TEST PIT 1 - LEAMINGTON FERRY DOCK

021-4216

TEST PIT 1 - LEAMINGTON FERRY DOCK

Golder Associates



February, 2003 . 021-4216
Test Pit Photographs

TEST PIT 2 - LEAMINGTON FERRY DOCK

i N~ T
{tfﬁ" 4

%

TEST PIT 2 - LEAMINGTON FERRY DOCK

Golder Associates



February, 2003

4
Test Pit Photographs

TEST PIT 1 - KINGSVILLE FERRY DOCK

Golder Associates

021-4216



February, 2003

5
Test Pit Photographs

Golder Associates

021-4216



February, 2003

6
Test Pit Photographs

TEST PIT 2- KINGSVILLE FERRY DOCK

Golder Associates

021-4216



February, 2003 7 021-4216
Test Pit Photographs

TEST PIT 1 - LEAMINGTON FERRY DOCK

Golder Associates






