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PART A

FOUNDATION INVESTIGATION
HIGHWAY 401 EMBANKMENT WIDENING
CATARAQUI WETLANDS
KINGSTON, ONTARIO
G.W.P. 78-99-00
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1.0

INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by McCormick Rankin Corporation on behalf of the Ministry
of Transportation, Ontaric (MTO) to carry out a foundation investigation associated with the Highway 401
expansion in Kingston, Ontaric. The section of Highway 401 included in this assignment (G.W.P. 78-99-00)
extends from just west of Montreal Street to about 1.8 km east of the CNR structure.

Foundation investigation services are required for the following components:

CNR bridge rehabilitation/widening;

Highway 401 embankment widening — Cataraqui wetlands;
Montreal Street Underpass replacement:

Overhead signs (total of 2); and,

Noise Barrier Wall,

This report addresses the Highway 401 embankment widening component at the Cataraqui wetlands.

The terms of reference for the original scope of work are outlined in the MTO's Request for Proposal (RFP) dated
April 2008. The work was carried out in accordance with Goider's Quality Control Plan dated November 2008.
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2.0 SITE DESCRIPTION

The Highway 401 embankment widening is proposed for about 1.8 km of the highway, extending easterly from
the existing CNR bridge structure (Mile 171.10 of the Kingston Subdivision) at Station 26+700 to just west of the
existing Cataraqui River Bridge at Station 28+450.

The highway grade in the vicinity of the site generally declines from about elevation 84 m at the CNR bridge
structure to about elevation 78 m east of Station 27+350, and increases back to elevation 84 m at the Cataraqui
River bridge structure.

The existing Highway 401 embankments are constructed of rock fill and range in height from about 11 m at the
east approach to the CN Rail overpass (26+700) to 3 m high or less between 27+500 and 28+000. Where
slopes are greater than 3 m in height, the existing side slopes are at between 1.25H:1V and 1.5H:1V. In areas
where slopes are less than 3 m high, existing side slopes are as shallow as 4H:1V. No signs of embankment
instability were observed at the time of the fieid investigation, although some evidence of historic slope
instability was observed in air photographs.

Within the site boundaries, Highway 401 is currently 2 lanes wide in each direction (4-lane highway). The
proposed widening of the existing embankments to accommodate a 6-lane highway will require placement of up
to about 3.5 m (vertical thickness) of new fill on the existing side slopes. Widening will only be required for the
embankments located within the higher portions of the highway (i.e., elevations of greater than 79 m. liis
understood that the embankment widening will be within the area of the Cataraqui wetlands.

The following table summarizes the approximate locations of the proposed embankment fills:

Fill Area Station
Westbound Widening Stations 26+700 to 27+400
Eastbound Widening Stations 26+700 to 27+500
Eastbound Widening Stations 28+200 to 28+450

October 2012
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3.0 INVESTIGATION PROCEDURES

A subsurface investigation was carried out at the proposed embankment widening locations between February 2
and March 10, 2009, at which time 38 boreholes (numbered W1 to W15 for the northern widening, and E2 to
E24 for the southern widening, inclusive) were advanced about 4 m away from the toe of the existing westbound
and eastbound embankment siopes at roughly 50 m spacings. An additional 4 boreholes (numbered S1 to S4)
were advanced through the existing embankment at the north and south shoulders of Highway 401 between
February 8 and 11, 2010. In February, 2011, excavation of test pits at 19 locations was attempted at the toe of
the eastbound and westbound slopes. The borehole and test pit locations are shown on Drawings 1 to 3.

The boreholes put down near the toe of the existing embankment were advanced using portable/manual drilling
equipment supplied and operated by OGS Drilling Services of Appleton, Ontario. These boreholes were
advanced to depths ranging from 2.1 to 14.0 m below the existing ground surface. Boreholes W5, W8, and E5
were advanced past the sampling depth using dynamic cone penetration techniques to assess the approximate
bedrock surface (i.e., refusal) reached at depths ranging from 19.9 to 21.5 m below ground surface.

The boreholes put down through the existing embankment at the north and south shoulders of the highway were
advanced using a truck-mounted hollow-stem auger drill rig supplied and operated by Marathon Drilling. These
boreholes were advanced to depths ranging from 9 to 15 m below the existing road surface to assess the
characteristics of the embankment fill and the extent of organic deposits beneath the roadway.

Soil samples were obtained nearly continuously, using a 50 mm outer diameter (O.D.) split-spoon sampler in
accordance with Standard Penetration Test (SPT) ASTM D1586 procedures. In-situ vane testing (N vane) was
carried out within the cohesive deposits, where possible. Relatively undisturbed, 75 mm diameter thin-walled
Shelby tube (ASTM D1587) samples of the cohesive soils were retrieved using a fixed piston sampler, where
possible.

In addition, borehole E6A was advanced to obtain two Shelby tube samples of an organic clayey silt layer,
and borehole E23B was advanced by continuous sampling to assess the probable shallow bedrock surface
(i.e., refusal). Furthermore, boreholes E14C1, E14C2, E23A, E24A, and E24B were extended beyond sampling
using dynamic cone penetration techniques to assess the probable shallow bedrock surface (i.e., refusal).

The boreholes were backfilled with bentonite pellets, mixed with native soils, and the site conditions restored
following completion of work.

Test pits dug into the toe of the existing embankment slope were advanced using an 8 ton Kubota KX080
excavator operated by TWD Roads Management Inc. of Kingston, Ontario. Where possible, these test pits were
advanced to depths ranging from 0.5 to 3.4 m below the existing ground surface. Of the 19 locations selected by
MTO, four of the test pit locations on the south side (western-most test pits) were inaccessible due to open
water. On the north side of the embankment, frozen ground conditions combined with the presence of large rock
slabs limited the advance of five test pits. Grab samples were obtained from test pits.

The field work was supervised throughout by members of our engineering and technical staff, who located the
boreholes, supervised the drilling, excavation, sampling and in-situ testing operations, logged the boreholes and
test pits, and examined and cared for the soil samples.
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The soil samples were identified in the field, placed in labelled containers and transported to Golder's
Mississauga and Ottawa laboratories for further examination and laboratory testing. Index and classification
tests consisting of water content determinations, Atterberg limits testing and grain size distribution analyses were

carried out on selected soil samples.

specimens of the silty clay deposit from boreholes W3, E5, E10, $3 and S4.

Laboratory cedometer consolidation testing was carried out on five

The borehole locations and ground surface elevations were determined by Golder personnel at the site using a
Trimble R8 GPS unit. The borehole locations, including MTM NAD83 northing and easting coordinates and
ground surface elevations referenced to geodetic datum, are summarized in the following table and are shown
on Drawings 110 3.

Borehols | poruolg Location | Approx. | MTMINADSS | MTMNADED | GUfl,
g (m) | Easting (m) | glevation (m)
W1 Toe of westbound embankment 264725 4904355.6 307285.1 75.8
W2 Toe of westbound embankment 26+750 4504361.4 307310.1 75.8
W3 Toe of westbound embankment 26+800 4904375.9 307356.4 76.0
W4 Toe of westbound embankment 26+850 4904389.5 307407.6 76.5
W5 Toe of westhound embankment 26+900 4904404 .0 307451.1 75.6
W Toe of westbound embankment 26+950 49044179 307497.2 75.5
w7 Toe of westbound embankment 27+000 49044321 307544.5 75.4
w8 Toe of westbound embankment 27+050 4904446.9 307585.5 75.5
W9 Toe of westbound embankment 27+100 4904462.0 307639.8 75.4
W10 Toe of westbound embankment 27+150 4904475.4 307687.8 75.6
W11 Toe of westhound embankment 27+200 4904492.0 307735.9 756
w12 Toe of westbound embankment 27+250 4904507.7 307785.2 75.5
W13 Toe of westbound embankment 27+300 4904522.7 307834.5 76.6
w14 Toe of westbound embankment 27+350 4904536.9 307880.7 773
W15 Toe of westbound embankment 27+400 4904551.7 307926.3 77.2
E2 Toe of eastbound embankment 26+720 4904279.4 307296.6 75.5
E3 Toe of eastbound embankment 26+750 4904291 .4 3073303 75.1
E4 Toe of eastbound embankment 26+800 4904307.2 307374.7 75.3
E5 Toe of eastbound embankment 26+850 4904328.0 307424.2 76.0
E6 Toe of eastbound embankment 26+900 4904341.7 307466.8 75.5
E6A Toe of eastbound embankment 26+900 4904340.9 307467.0 75.6
E7 Toe of eastbound embankment 26+950 4904360.8 307513.4 7.7
E8 Toe of eastbound embankment 27+000 4904378.9 307564.6 75.1
E9 Toe of eastbound embankment 27+050 4904389.8 307612.8 75.3
October 2012 Golder
Report No. 08-1111-0044-4 4 sis? Associates

[

R—



FOUNDATION INVESTIGATION - GWP 78-99-00

Borehole | 5t le Location Approx. | MTH NADE3 | MTM NADSS | 0
g (m) { Easting (m} | glgyation (m)

E10 Toe of eastbound embankment 27+100 4904408.0 307654.3 75.5
E11 Toe of eastbound embankment 27+150 4904429.0 307709.2 751
E12 Toe of eastbound embankment 27+200 49044437 307753.6 75.4
E13 Toe of eastbound embankment 274250 4904461.3 307804.2 75.2
E14 Toe of eastbound embankment 27+300 4904473.4 307848.6 751
E15 Toe of eastbound embankment 27+350 4904490.0 307901.8 75.0
E16 Toe of eastbound embankment 27+400 4904505.2 307944.3 75.0
E17 Toe of eastbound embankment 27+450 49045242 307992.5 75.0
E18 Toe of eastbound embankment 27+500 4904527 .8 308038.5 75.4
E19 Toe of eastbound embankment 28+200 4904744 .9 308704.2 75.8
E20 Toe of eastbound embankment 28+250 4904771.2 308753.9 75.1
E21 Toe of eastbound embankment 28+300 4904783.0 308797.6 75.0
E22 Toe of eastbound embankment 28+350 4904801 .4 308850.1 771
E23 Toe of eastbound embankment 28+400 4904814 .1 308903.4 76.6
E23A Toe of eastbound embankment 28+400 4904813.3 308903.6 76.6
E23B Toe of eastbound embankment 28+400 4904813.3 308902.0 78.7
E24 Toe of eastbound embankment 28+440 4904820.5 308930.1 75.1
E24A Toe of eastbound embankment 28+440 4904819.9 308931.4 751
E24B Toe of eastbound embankment 28+440 4904818.7 308929.8 75.1

31 Right shoulder of westhound lanes 26+850 4904370.0 307410.0 83.0
S2 Right shoulder of westbound lanes | 26+950 4904400.0 307503.2 81.3
S3 Right shoulder of eastbound lanes | 27+150 4904443.0 307704.1 78.8
S4 Right shoulder of easthound lanes | 28+250 4904788.9 308748.0 81.4

The test pit locations were selected and laid out by MTO. The depths of the different stratigraphic units shown
on the test pit logs are relative to the ground surface at the toe of the slope. The offsets of the test pits from the
centreline of Highway 401 were estimated based on the nearest embankment cross section provided by MRC,
or, in fiatter areas, were measured relative to stakes provided by MTO. The approximate locations of the test
pits are shown on in plan on Drawings 1 and 2.
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4.0 SITE GEOLOGY AND STRATIGRAPHY
4.1 Regional Geological Conditions

The site is located in the southern portion of the physiographic region known as the Napanee Plain, and just
west of the Leeds Knobs and Flats, as delineated in The Physiography of Southern Ontario”.

The Napanee Plain is flat to undulating, and is characterized by relatively shallow soil deposits overlying bedrock.
Geologic mapping® indicates that the bedrock within the Napanee Plain consists of grey limestone/dolostone
of the Gull River Formation (of the Trenton-Black River Group), which contains some shale partings and seams.

The overburden soils within the Napanee Plain generally consist of glacial till, although alluvium is present in
river and stream valleys and, in the southern portion of the Plain, low-lying areas are typically covered with
deposits of stratified clay. Well records indicate that the average depth to bedrock within the Napanee Plain is
approximately 2 m. However, in many areas bedrock outcrops exist at ground surface, while deeper soil
deposits (on the order of 10 m) are present in the northern and southern portion of the Plain, and within and
adjacent to river valleys throughout the Plain.

The Leeds Knobs and Flats are characterized by knobs of Precambrian rock surrounded by clay flats. The clay
is grey in colour, and very weakly calcarecus.

In particular, the study area lies within the western limits of the Cataraqui River. The Cataraqui River is
characterized by a number of lakes joined by the river. This river flows southerly towards Kingston and is one of
fwo major rivers in the area.

4.2  Site Stratigraphy

The detailed subsurface soil and groundwater conditions as encountered in the boreholes advanced during this
investigation, together with the results of the laboratory tests carried out on selected soil samples, are given on
the attached Record of Borehole and Record of Test Pit sheets. The stratigraphic boundaries shown on the
Record of Borehole sheets are inferred from non-continuous sampling and in-situ vane testing and, therefore,
represent transitions between soil types rather than exact planes of geological change. The subsoil conditions
will vary between and beyond the borehole locations.

In general, the subsurface conditions in the area beyond the existing toe of the highway embankment consist
of up to about 1.7 m of fill material and/or up to 4.6 m of peat overlying up to about 4.8 m of organic deposits of
silt, silty clay, clayey silt or silt, where present. The peat, fill and/or organic deposits are generally underlain by
up to about 14.0 m of silty clay, clayey silt and/or clay. The silty clay/clayey silt/clay deposit is underlain by a thin
silty sand till deposit, and auger refusal was encountered at depths of 1.8 to 21.5 m below existing ground
surface {i.e., elevations of 54.1t0 73.4 m).

A more detailed description of the subsurface conditions encountered in the boreholes and test pits put down at
each embankment fill location is provided in the following sections, and stratigraphic profiles along the
embankments are shown on Drawings 1 to 3.

! Chapman, L.4. and D.F. Putnam. The Physiography of Southern Onlario. Ontario Geological Survey Special Volume 2, Third Edition, 1984. Accompanied by Map P.2715, Scale $:600,000.
2 Map 2544, Ministry of Norihem Development and Mines, 1991.
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4,21 Westbound and Eastbound Embankments, Stations 26+700 to 27+500

The borehole locations and ground surface elevations for boreholes W1 to W15, inclusive, as well as the soil
stratigraphy section projected along the proposed westbound embankment from Stations 26+700 to 27+400 are
shown on Drawing 1. The borehole locations and ground surface elevations for boreholes E2 to E18, inclusive,
as well as the soil stratigraphy section projected along the proposed eastbound embankment from Stations
26+700 to 27+500 are shown on Drawing 2. The borehole locations for boreholes S1 through S3 and for test
pits attempted along the north and south toe of slope are shown on Drawings 1 and 2.

4.2.1.1 Pavement Structure

At boreholes 81, S2, and S3 put down on the right shoulder of the eastbound and westbound lanes, 0.4 m of
road base consisting of crushed grey sand and gravel was encountered. At boreholes S1 and 53, the road base
was underlain by 1.1 and 0.8 m, respectively, of subbase consisting of brown sand with some gravel. At S1, the
subbase contained cobbles.

4.2.1.2  Embankment Fill

The pavement structure at boreholes S1 through S3 is underlain by embankment fill which increases in
thickness as the highway approaches the CNR bridge structure. The embankment fill primarily consists of fine
rock fill, with coarser rock fill and larger rock siabs encountered at test pits advanced at the toe of the slope.
At borehole S2, the upper portion of the embankment fill is sand with some fine rock fill. At borehole S1, the
middle partion of the fine rock fill from 7 to 11.5 m depth has a silty matrix. Sample recovery within split spoons
in the embankment fill was generally poor (ranging from 8% to 54%, but generally less than 25%) and recovered
rock fill samples comprised broken rock fragments {predominantly limestone) ranging in particle size from a
coarse sand to gravel. The results of grain size distribution testing on two samples of this material are provided -
on Figure 1. It is important to note that the size of the samplers used during the field investigation limits the
maximum retrieved particle size to about 35 mm diameter. Careful examination of the larger diameter gravel
sampiles within the split spoon suggests that much of the gravel component of these samples represent
fragments of larger gravel, cobbles and possibly boulders broken up during advancement of the spoon. Rough
augering and grinding, deflection of the augers, and refusal to penetration (e.g., at 3.4 m depth at borehole S1),
together with gravel-sized limestone rock fragments within the split spoon sampler indicate the presence of
cobble and possibly boulder-sized material within the embankment fills. Coarser rock fill and larger rock slabs
were encountered at test pits advanced at the toe of slope, as is evident on the embankment side slopes.

The Standard Penetration Test (SPT) “N* values measured within embankment fill above elevation 74.5 m
typically range from 3 to 15 blows per 0.3 m of penetration, indicating that the fill has a very loose to compact
refative density. Locaily higher SPT “N” values of 25, 36, 39 and 50 blows recorded in the upper portions of §1,
52, and 83 may be indicative of cobbles or boulders present within the embankment fil. The SPT “N” values
measured in embankment fills below about elevation 74.5 m range from about 12 to 31 blows per 0.3 m of
penetration, indicating that this portion of the fill is generally compact.

4.2.1.3 Grade Fill

Grade fill was encountered at ground surface at the toe of the embankments at boreholes W1, W4, W13 to W15,
E3, and E7, inclusive, with a thickness between about 0.3 and 1.7 m. The grade fill consists of variable amaounts
of sand, silty sand, sandy silt, silty clay, and/or clayey silt.
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The Standard Penetration Test (SPT) “N” values measured within the cohesionless fill range from 3 to 8 blows
per 0.3 m of penetration, indicating that the fill has a very loose to loose relative density. The SPT “N” values
measured within the cohesive fill layers range from about 3 to 14 blows per 0.3 m of penetration, indicating that
this portion of the fill has a soft to very stiff consistency.

4.2.1.4 Peat, Silty Peat and Sandy Peat

Peat was encountered at ground surface or below waterfice or fill at boreholes W2, W3, W5, W6, W8 to W12,
and E2 to E18, inclusive, with a thickness that ranges from about 0.5 and 4.2 m. Peat was also encountered
beneath the embankment filis at boreholes S1, S2 and S3. At S1 the peat was not fully penetrated, but was at
least 0.1 m thick. At S2 and S3, the peat ranged in thickness from 0.6 to 1.0 m. Woest of Station 27+350 at all
locations where test pits were advanced beyond the surficial rock fill, peat was encountered and ranged in
thickness from 0.1 to 1.8 m in thickness {average thickness 0.9 m). The peat is generally fibrous and, at times,
contains rootlets, decomposed wood fragments, shells, and traces of organics, clay, silt, sand, and/or gravel.
Silty peat was encountered at boreholes W4, E5, E6, and E15 with thicknesses ranging from about 0.5 to 4.6 m.
Sandy peat was encountered at borehole W7 with a thickness of about 1.2 m.

The measured SPT “N” values in the peat, silty peat and sandy peat ranges from ‘weight of hammer. to about
60 blows per 0.3 m of penetration, indicating a very soft to hard consistency. However the SPT “N” values more
generally range from ‘weight of hammer' to about 12 biows per 0.3 m of penetration, indicating a very soft to stiff
consistency. The measured natural water content of the peat, silty peat and sandy peat ranges from
approximately 55 to 2,644 percent, but more generally ranges from approximately 220 to 685 percent.

The percentage of organic matter was measured in several samples of the peat. The measured organic content
ranges from about 4 to 78 percent, but more generally is in excess of 15 percent.

4.2.1.5 Organic Silty Clay, Organic Silt, Organic Clayey Silt, and Organic Clay

Organic silty clay was encountered at ground surface or below the fill and peat at boreholes W2, W13, W15, E9,
E13, and S2 with thicknesses ranging from about 0.4 to 4.8 m. Mar] of 2.2 m thickness was encountered in
borehole E6 and at test pits advanced along the westbound toe of slope at Stations 26+850 and 26+900, where
it was proven for 0.3 to 1.0 m thickness. The measured SPT “N” values in the organic silty clay generally range
from about 2 to 8 blows per 0.3 m of penetration, indicating a very soft to stiff consistency. One SPT “N” value of
43 blows per 0.3 m of penetration was measured at borehole E9; however this value is not considered
representative of the entire deposit. The results of Atterberg limit testing on five samples of the organic silty clay
indicate a plasticity index which varies from about 22 to 29 percent and a liquid limit which varies from about
49 to 88 percent, as shown on Figure 2, indicating a high to very high plasticity. The measured natural water
content of the organic silty clay ranges from about 38 to 216 percent. The measured organic content in six
samples of the organic silty clay ranges from about 6 to 14 percent. The measured organic content of a marl
sample was 6 percent, with water contents ranging from 117 to 196 percent.

Organic silt was encountered below the fill and/or peat at boreholes W4 and W10, with a thickness of about
0.9and 0.4 m, respectively. The measured SPT “N” values in the organic silt were approximately 9 and
3, indicating stiff and very soft consistencies, respectively. The results of grain size distribution testing on one
sample of this material are provided on Figure 3. The results of Atterberg limit testing on two samples of the
organic silt indicate plasticity index values of about 17 and 29 percent and liquid limit values of about 63 and
103 percent, as shown on Figure 2, indicating a high to very high plasticity. The measured natural water content
of the organic siit was about 95 and 132 percent, which is in excess of the measured liquid limit.
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Organic clayey silt was encountered below the peat at boreholes W5, W7, E2, E5, and EBA, with thicknesses
ranging from about 1.2 to 1.3 m. The measured SPT “N” values in the organic clayey silt range from about
‘weight of hammer' to 7 blows per 0.3 m of penetration, indicating a very soft to firm consistency. The resuits of
Atterberg limit testing on two samples of this deposit indicate a plasticity index ranging from about 7 to
30 percent and a liquid limit ranging from about 72 to 112 percent, as shown on Figure 2, indicating a high to
very high plasticity. The measured natural water content of the organic clayey silt ranges from about 139 to 282
percent, which is in excess of the measured liquid limit. The measured organic content in two samples of the
organic clayey silt was about 6 and 9 percent.

Finally, organic clay was encountered below the peat at borehole E14, with a thickness of about 0.5 m. One
measured SPT “N” value in the organic clay was about 11 blows per 0.3 m of penetration, indicating a stiff
consistency. The results of Atterberg limit testing on one sample of the organic clay indicate a plasticity index of
about 33 percent and a liquid limit of about 54 percent, as shown on Figure 2, indicating a high plasticity. The
measured natural water content of one sample of the organic clay was approximately 38 percent, which is below
the measured liquid limit. The measured organic content in one sample of the organic clay was about 8 percent.

Many of the Atterberg limit results plotted below the “A-line on Figure 2, typical of organic samples.

4.2.1.6 Silty Clay, Clayey Silt and/or Clay

The fill, peat and organic deposits are underfain by a refatively thick deposit that ranges from silty clay to clayey
silt to clay. The silty clay, clayey silt, and/or clay was encountered at all of the borehole locations with the
exception of borehole E9. The silty clay/clayey silticlay deposit was fully penetrated at boreholes W13 and E17
to depths of about 9.6 and 6.7 m below the existing ground surface level, respectively. The silty clay/clayey
silt/clay deposit was not fully penetrated in the other boreholes, but proven for depths that range from about
2.7t0 14.0 m below the existing ground surface level (i.e., elevations of 72.3 to 61.6 m, respectively) at
boreholes put down at the toe of the existing embankment. At boreholes S2 and S3 put down through the
existing embankments, the depth to the top of the siity clay/clayey silt/clay deposit was 9.2 and 6.3 m below
existing ground surface (i.e., elevations of 72.2 and 72.6 m, respectively).

The silty clay/clayey silt/clay deposit is unweathered and typically grey to brown in colour. The measured SPT
"N” values within this deposit ranged between ‘weight of hammer’ and about 171 blows per 0.3 m of penetration,
but more generally from ‘weight of hammer' to about 80 blows per 0.3 m of penetration. In situ vane testing in
this material measured undrained shear strengths varying widely from about 6 to greater than 120 kilopascals.
Very soft to soft silty clay {with undrained shear strength of 6 to 20 kPa) was encountered at boreholes W4, W5,
E5 and EB. Along the remainder of the embankment in this section, results indicate a generaily firm to very stiff
consistency. The results of grain size distribution testing on samples of the silty clay, clayey silt and clay are
provided on Figures 4 to 8.

The resuits of Atterberg limit testing on samples of the silty clay indicate a plasticity index which varies from
about 17 to 29 percent and a liquid limit which varies from about 35 to 55 percent, as shown on Figures 9A, 9B
and 10, indicating the silty clay deposit to generally have a moderate plasticity. The measured natural water
content of the silty clay ranges from about 23 to 72 percent, but more generally ranges from about 25 to
45 percent, and is generally below the measured liquid limit,
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The results of Atterberg limit testing on samples of the clayey silt indicate a plasticity index which varies from
about 12 to 18 percent, and a liquid limit which varies from about 28 to 33 percent, as shown on Figure 11,
indicating the clayey silt deposit to have a low plasticity. The measured natural water content of the clayey silt
ranges from about 22 to 37 percent, and is generally below the measured liquid limit.

The results of Atterberg limit testing on samples of the clay indicate a plasticity index which varies from about
28 to 41 percent, and a fiquid limit which varies from about 50 to 84 percent, as shown on Figure 12, indicating
the clay deposit to have a high plasticity. The measured natural water content of the clay ranges from about
29 to 57 percent, and is generally below the measured liquid limit.

Oedometer consolidation testing was carried out on five thin-walled Shelby tube samples of the silty clay. The
results of that testing are provided on Figures 13 to 17, inclusive, and are summarized in the table below. Test
results indicate that the siity clay at the toe of the existing embankment is close to normally consolidated, with a
preconsolidation pressure ranging from about 25 to 35kPa and an overconsolidation ratio ranging from
approximately 1.1 to 1.4. Consolidation testing results on samples of silty clay from beneath the embankment
are overconsolidated, with preconsolidation pressures ranging from 350 to 450 kPa and an overconsolidation
ratio of 2.5 10 3.9.

Sample ;

"o | o | wa | of | ol | oo | e | o | e foor |
Number | BIVEON | (ym?) | (KkPa) | (kPa) | (kPa) (em’ls)
W3/9 6.4/686 18.5 35 25 10 0.12 0.057 1.0 1.4 | 0.0014
ES/10 6.4/69.6 17.9 25 17.5 75 0.34 | 0.065 1.2 1.4 0.0007
E10/7 477708 17.5 25 22.5 2.5 0.34 0.081 1.2 1.1 0.0013
S3/8 7.0/71.8 201 450 116 335 0.13 | 0.0066 | 065 | 3.9 0.015

S4/6 7.8/736 19.3 350 142 208 0.22 0.017 083 | 25 0.0053

Notes: For boreholes W3, E5, E10, at the toe of slope, ¢, is for stress range 10 <6, < 100 kPa

For boreholes S3, $4, beneath embankment, ¢, is for stress range 70 < o/ = 500 kPa

of - Apparent preconsclidation pressure

ovo' - Computed existing vertical effective stress
Ce - Compression index

Cr - Recompression index

8o - Initial void ratio

OCR - Overconsolidation ratio

Cy - Coefficient of consolidation

4.2.1.7 Silty Sand Till

At boreholes E17 and W13, the silty clay/clayey siiticlay deposit is underlain by a deposit of silty sand which is
inferred to be glacial till. The silty sand was proven to depths of about 6.9 and 9.8 m, below the existing ground
surface (i.e., elevations of 68.1 and 66.8 m) at boreholes E17 and W13, respectively. The results of grain size
distribution testing on one sample of the silty sand till from borehole E17 are provided on Figure 18.
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The deposit was only penetrated for a thickness of about 0.2 m before encountering spoon refusal or terminating
the borehole. Standard penetration testing could not, therefore, be effectively carried out.

The measured natural water content of two samples of the silty sand was 12 and 22 percent.

4.2.1.8 Spoon/Dynamic Cone Refusal

Practical refusal to spoon advancement or refusal to penetration of the dynamic cone was encountered at
boreholes W2, W5, W11, W14, ES, E14, and E17. The depth to refusal and refusal elevations are summarized
in the following table:

Ground Depth to Spoon/DCPT
Berehole Surface Spoon/DCPT Refusal

Number Elevation Refusal Elevation
{m) (m) {(m)
w2 75.8 11.7 64.1
W5 75.6 21.5 54.1
W11 756 6.5 69.1
W14 77.3 8.3 71.0
E9 75.3 56 69.7
E14 75.1 2.7 72.4
E14C1 75.1 3.1 72.0
Et4C2 75.1 2.9 72.2
E17 75.0 6.9 68.1

4.2.1.9 Groundwater Conditions

Ice and/or water was encountered at the ground surface at boreholes W7 to W9, E2 to E4, E15, E17, and E18,
with thicknesses ranging from about 0.1 to 1.7 m.

Upon completion of the drilling at the toe of the embankment in February, 2009, the groundwater levels in the
boreholes at the toe were measured at between ground surface and about 2.9 m (about elevation 75.5 m) below
the existing ground surface, during the short time they remained open prior to backfilling. At boreholes S1, 82,
and S3, advanced through the existing embankment in February, 2010, groundwater levels measured at the time
of drilling were at about 74 m efevation.

It should be noted that groundwater levels in the area are subject to fluctuations both seasonally and with
precipitation events.

4.2.2 Eastbound Embankment, Station 28+200 to 28+450

The borehole locations and ground surface elevations for boreholes E19 to E24, inclusive, and boreholes E23A,
E23B, E24A, and E24B, as well as the soil stratigraphy section projected along the proposed eastbound
embankment from stations 28+200 to 28+450 are shown on Drawing 3.
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4.2.2.1 Pavement Structure

At borehole S4, 0.2 m of road base consisting of grey crushed sand and gravel was encountered. The road
base was underiain by 0.5 m of subbase consisting of grey-brown sand and gravei.

4.2.2.2 Embankment Fill

The pavement structure at borehole S4 is underlain by embankment fill. The upper 2.4 m of fill consists of moist,
brown sand with some gravel. This fill is underlain by 3.8 m of fine rock fill. Sample recovery within split spoons
in the embankment fill was generally poor (ranging from 25% to 33%) and recovered samples comprised broken
rock fragments (predominantly limestone) ranging in particle size from a coarse sand to gravel. Within 0.5 m of
the fillipeat interface, the rock fill contains traces of organic material. It is important to note that the size of the
samplers used during the field investigation limits the maximum retrieved particle size to about 35 mm diameter.
Careful examination of the larger diameter gravel samples within the split spoon suggests that much of the
grave! component of these samples represent fragments of larger gravel, cobbles and possibly boulders broken
up during advancement of the spoon. Rough augering and deflection of the augers, together with gravel-sized
limestone rock fragments within the split spoon sampler indicates the presence of cobbles and possibly boulders
within the embankment fills.

The Standard Penetration Test (SPT) “N" value measured within the upper embankment fill at borehole S4 was
21 blows per 0.3 m of penetration, indicating that the fili is compact. The Standard Penetration Test (SPT)
“N" values measured within the fine rock fill at borehole S4 range from 6 to 26 blows per 0.3 m of penetration,
indicating that the rock fill is loose to compact.

4.2.2.3 Grade Fill

Grade fill was encountered at ground surface at boreholes E23 and E23B put down at the toe of the proposed
embankment slope, with a thickness of about 0.6 m. The fill consists of clayey silt with trace to some sand
and rootlets.

The result of two Standard Penetration Test (SPT) “N” values measured within the fill was about 3 blows per
0.3 m of penetration, indicating that the fill has a soft consistency.

4.2.2.4 Peat

Fibrous peat with a trace of sand was encountered at ground surface or below waterfice at boreholes E20 and
E21, with a thickness of about 1.5 and 0.6 m, respectively. About 0.3 m of fibrous peat was also encountered
beneath the embankment fill at borehole S4.

The measured SPT “N” values in this deposit at the toe of the existing embankment ranged from ‘weight of
hammer’ to 5 blows per 0.3 m of penetration, indicating a very soft to firm consistency. At borehole 54, the
measured SPT “N” value was 14 blows per 0.3 m of penetration, indicating a stiff consistency. The measured
natural water content of three samples of the peat ranged from 110 to 375 percent.

4.2.2.5 Organic Clay and Organic Clayey Silt

Organic clay was encountered below the peat at borehole E20 and S4 with a thickness of about 2.8 m and 0.5 m
respectively. The measured SPT “N” values in the organic clay at E20 range from 2 to § blows per 0.3 m of
penetration, indicating a very soft to firm consistency. Beneath the embankment at 54, the measured SPT
"N” value was 23 blows per 0.3 m of penetration indicating a very stiff consistency. The results of Atterberg limit
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testing on three samples of the organic clay indicate a plasticity index of 31 to 57 percent and a liquid limit of
60 to 89 percent, as shown on Figure 19, indicating a high plasticity. The measured natural water contents of
three samples of the organic clay were approximately 52 to 73 percent. The measured organic content in one
sample of the organic clay was about 9 percent.

Organic clayey silt was encountered below the peat at borehole E21 with a thickness of about 1.2 m. The
measured SPT “N” vaiues in the organic clayey silt were about 4 to 7 blows per 0.3 m of penetration, indicating
afirm consistency. The measured natural water content of one sample of the organic clayey silt was
approximately 46 percent. The measured organic content in one sample of the organic clayey silt was about
6 percent,

4.2.2.6 Silty Clay, Clayey Silt and/or Clay

Silty clay, clayey sift and/or clay was encountered at the ground surface at borehole E22 and below the
ice/water, fill, peat, and/or organic clayey siit at the other borehole locations in this section. The silty clay/clayey
silt/clay deposit was fully penetrated at borehole E24 to a depth of about 1.9 m below the existing ground surface
level. The silty clay/clayey silt/clay deposit was not fully penetrated in the other boreholes, but proven for depths
that range from about 3.1 to 7.3 m below the existing ground surface level at boreholes put down at the toe of
the embankment and at 7.5 m depth below the embankment fill at borehole 54,

The silty clay/clayey sili/clay deposit is unweathered and typically grey to brown in colour. The measured SPT
“N" values within this deposit ranged between about 12 and 165 blows per 0.3 m of penetration. In situ vane
testing in this material measured undrained shear strengths varying widely from about 54 to 98 kilopascals.
These results indicate a firm to hard consistency. The results of grain size distribution testing on samples of the
silty clay and clayey siit are provided on Figures 20 and 21, respectively.

The resuits of Atterberg limit testing on samples of the silty clay indicate a plasticity index which varies from
about 21 to 29 percent, and a liquid limit which varies from about 39 fo 49 percent, as shown on Figure 22,
indicating the silty clay deposit to have a moderate plasticity. The measured natural water content of the silty
clay ranges from about 30 to 41 percent, and is generally below the measured liquid limit.

The results of Atterberg iimit testing on samples of the clay indicate a plasticity index which varies from about
30 to 33 percent, and a liquid limit which varies from about 53 to 58 percent, as shown on Figure 23, indicating
the clay deposit to have a high plasticity. The measured natural water content of the clay ranges from about
28 to 40 percent, and is generally beiow the measured liquid limit.

4.2.2.7 Silt

The silty clay at borehole £24 is underlain by a thin deposit of silt. The silt was proven to a depth of about 2.1 m,
below the existing ground surface (i.e., elevation 73.0 m).

The deposit was only penetrated for a thickness of about 0.2 m before encountering spoon refusal or terminating
the borehole. Standard penetration testing could not, therefore, be effectively carried out.

The results of Atterberg limit testing on one sample of the silt indicates a plasticity index of about 2 percent and a
fiquid limit of about 15 percent, as shown on Figure 24, indicating a low plasticity. The measured natural water
content of one sample of the silt was approximately 13 percent.
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4.2.2.8 Spoon/Dynamic Cone Refusal

Practical refusal to spoon advancement or refusal to penetration of the dynamic cone was encountered at
boreholes E23, E23A, E23B, E24, E24A, and E24B. The depth to refusal and refusal elevations are
summarized in the following table:

Ground Depth to Spoon/DCPT
Borehole Surface Spoon/DCPT Refusal

Number Elevation Refusal Elevation
(m) (m) (m)
E23 76.6 3.2 73.4
E23A 76.6 32 73.4
E23B 76.7 3.1 73.6
E24 75.1 2.1 73.0
E24A 75.1 1.8 73.3
E24B 75.1 2.0 73.1

4.2.2.9 Groundwater Conditions

lce and/or water was encountered at the ground surface at boreholes E19 and E21, with thicknesses of about
0.0 and 0.6 m, respectively.

Upon completion of the drilling, the groundwater levels in the boreholes put down at the toe of the embankment
were between ground surface and 2.1 m (about elevation 75) below the existing ground surface, during the short
time they remained open prior to backfilling. The groundwater level measured in open borehole S4 put down
through the existing embankment was at elevation 75.5 m.

It should be noted that groundwater levels in the area are subject to fluctuations both seasonally and with
precipitation events.
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5.0 CLOSURE

This report was prepared by Ms. Kim Lesage, EIT and Ms. Erin O'Neill, P.Eng., under the direction of the Praject
Manager, Mr. Michael Snow, P.Eng. Mr. Fintan Heffernan, Golder’s Designated MTO Contact for this project,
conducted a technical and independent quality control review of the report.
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PART B

FOUNDATION INVESTIGATION
HIGHWAY 401 EMBANKMENT WIDENING
CATARAQUI WETLLANDS
KINGSTON, ONTARIO
G.W.P. 78-99-00
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6.0 DISCUSSION AND ENGINEERING RECOMMENDATIONS

This section of the report provides an interpretation of the geotechnical data obtained during the investigation
and recommendations on the foundation aspects of design of the proposed works.

The recommendations provided herein are based on interpretation of the factual data obtained from boreholes
advanced during a subsurface investigation at the toe and, to a lesser extent, at the crest, of the existing
Highway 401 embankment across the Cataraqui wetlands. The interpretation and recommendations provided
are intended to provide the design engineers with sufficient information for geotechnical design of the widened
embankments. Where comments are made on construction, they are provided to highlight those aspects that
could affect the design of the project, and for which special provisions or operational constraints may be required
in the Contract Documents. Those requiring information on aspects of consfruction should make their own
interpretation of the factual information provided as it may affect equipment selection, proposed construction
methods, scheduling and the like.

Section 6.1 provides a summary of the existing embankment geometry, available subsurface information and the
proposed widening. For each design section, this information is also summarized in Table 1. Section 6.2 1
outlines the stability and settiement analysis methodology, parameter selection, and performance requirements
used for the widened embankment, together with recommendations for stable embankment geometry and
embankment fills. A summary of foundation engineering parameters for each design section is provided in
Table 2. Section 6.3 provides a general discussion and recommendations related to potential alternatives for
mitigating stability and settlement-related design and construction problems. A summary of applicability/feasibility,
advantages and disadvantages, reiative costs and risks/consequences for each mitigation option is provided in
Table 3. The results of the analyses and recommendations on mitigating stability and time-dependent settlements
are presented by design section in Section 8.4. A summary of the preferred mitigation options for each design
section is provided in Table 4. Section 6.5 provides a discussion on the non-standard embankment geometries
and construction methodologies selected by the design team to meet the overall project constraints. Subgrade
preparation requirements and embankment construction recommendations are provided in Sections 6.6 and 6.7.

6.1 General Discussion

Golder Associates Ltd. (Golder) was retained by McCormick Rankin Corporation (MRC) to provide design
recommendations on foundation aspects for the proposed widening of Highway 401 embankments over
swamp/wet ground areas in the Greater Cataraqui Marsh between 20 m east of the CN Rail overpass (Station
26+720) and the Cataraqui River (Station 28+450), near Kingston, Ontario. The scope of work includes stability
and settlement analyses, recommendations for stable embankment geometry and embankment fill materials, and
imptementation of ground improvement techniques that may be required as a means to minimize settlements and
to improve stability (if necessary). The work also includes addressing specialized construction concerns and
potential geotechnical problems associated with embankment construction, including sub-excavating soft/organic
materials and placement of new fill materials.

6.1.1 Existing Embankment Geometry

The existing Highway 401 embankment was constructed through the Cataraqui Marsh in the 1950's. The
embankment ranges in height from about 11 m at the east approach to the CN Rail overpass {Station 26+720) fo
3 m high or less between Stations 27+500 and 28+000. Where slopes are greater than 3 m in height, the existing
side slopes are at between 1.25H:1V and 1.5H:1V. In areas where slopes are less than 3 m high, existing side
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slopes are as shallow as 4H:1V. Between Station 28+000 and the Cataraqui River Bridge (Station 28+450), the
embankment height increases from 3 to 8.5 m and the embankment slopes are at about 1.25H:1V. The highway
throughout the study area is currently 4 lanes wide.

A summary of the height and side slopes of the existing embankment within each design section is presented in
Table 1.

6.1.2 Summary of Subsurface Conditions

A series of boreholes put down at the eastbound and westbound toe of the proposed embankment indicate that
the subsurface conditions outside of the existing embankment within the proposed area of widening generally
comprise fibrous peat and fine organic deposits typically less than 3 m, but in places up to 5.5 m, thick overlying
generally stiff to very stiff, but locally soft, silty clay and clayey silt. At boreholes put down between Stations
26+825 and 26+925, referred to herein as Section B, the upper 2 to 3 m of the clayey soils are very soft to soft
(undrained shear strengths of 6 to 20 kPa) and may have been remoulded by some historical slope instability in
the area. At depth, these deposits are underlain by glacial till and bedrock. Boreholes put down at select
locations along the existing Highway 401 shoulder indicate that the embankment is constructed of fine rock fill
underlain by a thin zone of organics over stiff to very stiff silty clay to clayey siit. The presence of20.3to 1.3 m
thick layer of peat beneath the embankment fill indicates that organic deposits were not completely removed
prior to construction of the existing embankment.

The highway embankment through the Cataraqui wetlands was originally constructed in the 1950's. We
understand from discussions with current and former MTO engineers that construction practice for embankments
on swamps at that time was to dig out the organic deposits to firm ground or to the maximum reach of backhoes
employed at the time, which ranged from about 3.5 to 4.5 m below ground surface. If organics or soft ground
extended beyond the reach of excavation equipment, a rolling surcharge was sometimes used to create a mud
wave and displace additional soft material as the embankment was built. The footprint of the excavation was
typically extended laterally to the crest of the embankment plus an additional distance equal to the height of the
embankment beyond the crest in both directions.

Attempts to obtain additional information on the lateral extent of rock fill (and the extent of compressible
organics) beneath the toe and sideslopes of the existing embankment were made via a supplementary test pit
investigation. Along the toe of the westbound lanes {the north slope) where excavations were possible, peat and
organics (0.6 to 1.8 m thick) were encountered beneath the toe and sideslopes of the embankment west of
Station 27+350. At Station 27+350 and east, no peat was encountered beneath the sideslopes. Along the toe
of the eastbound slopes (south slopes), no additional information was obtained west of Station 27+020, because
of accessibility issues. In the remaining testpits to the east, 0.8 m of peat was only encountered at one of the
four locations (i.e., peat was likely removed at the other locations).

A summary of the relevant boreholes for each design section, and the simplified stratigraphy at the toe of slope
within the design section, is presented in Table 1.

6.1.3 Proposed Widening of High Fill Embankments Over Swamps

The existing embankment is to be widened by up to 5 m on each side to accommodate the additional travel lane,
fully paved shoulder and 4 horizontal to 1 vertical rounding, requiring ptacement of up to 3.5 m (vertical thickness)
of new fill on the existing side slopes. Note that the stability and settiement mitigation options presented in
Section 6.3 and the resuits of analyses presented in Section 6.4 were carried out using a road platform geometry
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(with 4H:1V roundings) based on standard MTO embankment widening techniques. To meet the overall project
constraints, the embankment geometries were later changed (overall widening reduced) and some non-standard
construction methodologies infroduced. The implications of the changes in the embankment geometry and
construction methodoiogies to the resuilts of the settlement and stability analyses are provided in Section 6.5.

A summary of the proposed widening along each design section, for the original and modified embankment
geometry, is presented in Table 1.

A high pressure gas main crosses beneath the existing embankment near Station 274758, in an area of the
highway which does not require widening. In addition, this section of high fill embankment crosses three culverts.
Geotechnical recommendations for these culverts was previously provided in the Draft Foundation Investigation
and Design Report for the Proposed Culvert Extensions at Stations 27+340, 27+675 and 28+037 under W.P.
78-99-00 (Golder Report No. 08-1111-0044-4800, dated October, 2012). Geotechnical recommendations for the
approach embankments within 20 m of the CN Rail bridge structure were previously provided in the Foundation
Investigation and Design Report for the CN Rail Overpass Structure under W.P. 78-99-00 (Golder Report
No. 08-1111-0044-2, dated January, 2011).

6.2 Engineering Analysis Methodology and Parameter Selection

Section 6.2.1 provides recommendations for stable embankment geometry and embankment fills. Sections
6.2.2 and 6.2.3 of this report summarize the methods used for analysis of embankment stability and settlement
resulting from the placement of additional fill for the embankment widening for critical sections of the
embankment. A summary of foundation engineering parameters for each design section is provided in Table 2.

6.2.1 Embankment Fill Types and Benching Requirements

Different embankment fill alternatives (i.e., rock fill, granular fill and earth fill) provide relative advantages and
disadvantages in terms of availability, weight (i.e., driving force and applied load to founding subsoils/bedrock),
construction cost and time, ease of construction and post-construction performance.

It is understood that rock fill (generated from widening of the adjacent portion of Highway 401 in this contract
section) is the preferred embankment fill material for this project. As such, the stability and settlement analyses
discussed below have been carried out on the basis that the majority of the roadway embankments will be
constructed of fine rock fill.

6.2.1.1 Rock Fill

The main advantage of constructing embankments using rock fill is the ability to achieve steeper side slopes
(1.25H:1V), thus reducing the overall quantity of material required for the widened embankment and the
amount of material placed in sub-excavated areas under water. Rock fill will also likely be available locaily,
either from widened excavations in adjacent bedrock cuts or from rock borrow areas close to the project limits.
At this site, the added advantage of using rock fill in the widened sections is that the existing embankment is
also constructed of rock fill, and using similar materials in the widened sections will minimize the need for
chinking or special transition layers where the two materials meet. The disadvantage of using rock fill for the
construction of high embankments is that some post-construction settlement of the embankment fill itself will
occur, although mostly within about the first year of construction. Settlement of the rock fill is discussed further
in Section 6.2.3.3.
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For rock fill embankments, the incorporation of a 2 m wide bench into the uniform side slope profile is required
wherever the embankment will exceed a height of 10 m (in accordance with MTO guidelines). With the
exception of immediately adjacent to the CN rail overpass (from Station 26+720 to 26+760), embankments are
less than 10 m in height and benches are not required.

6.2.1.2 Earth Fill

The main advantage of constructing embankments with earth fill (ie., sand and gravel) is the ease of
construction and negligible post-construction seftlement within the embankment fill itself. However, this option
would require a larger volume of fill and wider right-of-way because the side slopes of earth fill embankments
(2H:1V} are flatter than those of rock fill. In sections with high embankments and marginal stability, this would
also result in larger driving forces and potentially less stable slopes requiring additional sub-excavation and
ground improvement.

For earth fill embankments, MTO guidelines require the incorporation of a 2 m wide bench into the uniform side
slope profile wherever the embankment exceeds a height of 8 m.

6.2.2 Embankment Stability Analysis

The following sections outline the methodology used to evaluate embankment stability at the various
embankment sections and the parameters used in the analyses. The results of the analyses, provided based on
the original embankment widening geometry and assuming standard MTO construction practices, are presented
in Section 6.4. For each design section, the analysis results are discussed in combination with recommendations
regarding possible design and construction mitigation alternatives. Section 6.5 provides a discussion of the
non-standard embankment geometries and construction methodologies subsequently proposed, and the
implications of the changes on the results of the stability analyses provided in Section 6.4.

6.2.2.1 Methodology and Performance Requirements

Stability analyses were performed for the critical sections of the proposed high fill embankment widening. For
this report, the critical sections were assumed to correspond to the highest embankment height and/or the
maximum thickness of soft, grey, compressible clay.

The global stability of the embankment slopes was assessed using the commercially available program
SLOPE/MW produced by Geo-Slope International Ltd., employing the Morgenstern-Price method of analysis.
For all analyses, the factor of safety of numerous potential failure surfaces was computed in order to establish
the minimum factor of safety. A target factor of safety of 1.3 against deep-seated, global failure that would affect
the operation of the highway is normally used for the design of embankment slopes under static conditions.
This factor of safety is considered adequate for the embankment widenings at this site considering the design
requirements and the field data available.

Pseudo-static seismic slope stability analyses for the above configuration were also carried out assuming a
seismic coefficient of 0.05g (k, = 0.5 A). The minimum target factor of safety used for seismic loading conditions
was 1.1.

In all areas, the analysis assumes that the peat and near-surface organic soils (encountered at or below the
ground surface during drilling operations) of significant thickness (i.e., greater than 0.1 m thick) will be removed
from below the footprint of the widening as part of the embankment construction. For design purposes, the
groundwater level is based on the piezometric conditions observed during drilling. In general, the groundwater
level is at about the level of the original (i.e., swamp} ground surface.
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6.2.2.2

For cohesionless soils, effective stress parameters were employed in the analyses assuming drained conditions
for the soils. The effective stress parameters (effective friction angle and cohesion) for these soils were
estimated from empirical correlations using the results of in situ Standard Penetration Tests (SPT), in
conjunction with engineering judgement considering experience in similar soil conditions.

Parameter Selection

For cohesive deposits, total stress parameters were employed in the analyses assuming undrained conditions
for these soils. The total stress parameters for the clayey silt to clay deposit were assessed based on the
undrained shear strengths from vane shear strength tests, as well as shear strengths calcuiated from oedometer
(consolidation) tests results based on the formula s, = 0.22 op', where s, is the average mobilized undrained
shear strength (kPa) and o' is the preconsolidation pressure (kPa). For the cohesive deposits beneath the
embankment it was assumed that the minimum total stress parameters corresponded to a normally consolidated
clay (preconsolidation pressure equals existing effective stress), unless information from drilling at the
embankment or toe indicated stiffer soils.

Drained (effective stress) parameters were used to model the jong-term frictional resistance of the peat. Fibrous
peats are frictional materials with high peak friction angles resulting from the interlocking of fibres within the
deposit. Typical values of effective stress friction angles in fibrous peats from triaxial compression tests are in
the range of 40 to 60 degrees (Mesri, 2007), but large shear deformations are required to mobilize the maximum
frictional resistance. Measurements of at rest earth pressure in fibrous peat deposits are typically in the range of
0.30 to 0.35 (Mesri, 2007), corresponding to an at rest friction angle of between 40 and 44 degrees. As such, a
value of 40 degrees for the effective friction angle of peat was used for the virgin peat deposits at the toe of
slope and beyond the existing embankments for most of the slope sections. In Section B, the friction angle of
the peat (48 degrees) was estimated from back analysis assuming an existing factor of safety of about 1.3.

The table below summarizes the soil parameters that have been used in the stability analyses. A more complete
description of the foundation engineering parameters used for the slope stability analyses at each section is
found in Table 2 appended to the end of this report.

Material Ur}::f::s?ht Frifgzstx’rfgle Shlt-e,::l galsll";le'lcéth

{kPa)

Rock Fill for Embankment Widening 21 40°

Existing Embankment Fill 21 40°

Peat 96-10.7 40° - 48° 290

Organic Silt/Clay 12 - 14 27°

Silty Clay to Clayey Siit to Clay 17.4-18.3 6 — 100*

Till 22 impenetrable by failure surface

Bedrock 24 Impenetrable by failure surface

* As per Section 6.5.1, undrained shear strength equivalent to a short term friction angle of 29 degrees.
** A breakdown of the undrained shear strength for the cohesive soils with depth within each design section is provided in Table 2.
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6.2.3 Settlement Analysis

The following sections outline the methods used to conduct the settlement analyses at the various embankment
widening sections. In addition, the parameters used in the analyses for each of the critical section(s) are also
presented. The results of the settlement analyses, provided based on the original embankment widening
geometry and assuming standard MTO construction practices, are presented in Section 6.4. For each design
section, the analysis results are discussed in combination with discussions regarding potential settiement
mitigation measures. Section 6.5 provides a discussion of the non-standard embankment geometries and
construction methodologies subsequently proposed, and the implications of the changes on the results of the
settiement analyses provided in Section 6.4.

6.2.3.1 Methodology

To estimate the magnitude of the expected settlements that will occur along the Highway 401 embankment as a
result of widening between Stations 26+700 and 27+500 and Stations 28+200 and 28+450, analyses were
carried out on critical sections of the widened fill embankments using the commercially available program
Settle3D (Version 2.0) produced by Rocscience Inc. and/or hand and spreadsheet calculations. Critical sections
correspond to the greatest new embankment height and/or the maximum thickness of soft, compressible clay
soils. The rate of settlement/consolidation of the cohesive foundation soils was assessed using Terzaghi's
one-dimensional consolidation theory.

New loads imposed on the underlying foundation soils resulting from the proposed widening include:
# Increases in grade at the edge of the new fully paved shoulder (0.5 to 1.6 m of grade change),
B Increases in grade along the widened side slopes (1.0 to 3.8 m grade change);

m Increases in grade at the toe of the existing slope {up to 3.8 m grade change); and,

m Increases in loads from subexcavation of 1.8 to 5.5 m of peat and organic soils and replacement with
heavier rock fill.

The sources of settlement resulting from the imposed loads which were considered to include:

m Primary time-dependent consolidation of soft cohesive deposits within the footprint of the proposed
embankment (predominantly at the toe of the slope in the area 1o be widened),

m Recompression of the stiff cohesive deposits within the footprint of the widened embankment;

m Primary time-dependent consolidation of approximately 0.3 to 1.3 m of peat and organic soils remaining
beneath the existing embankment fills which cannot be removed using OPSD 203.020;

B Secondary time-dependent {(creep) consolidation of the cohesive deposits and, where present, peat and
organic deposits (long-term) within a 10 year period following completion of construction;

m Immediate settiement of the existing embankment fills; and,

m Self-weight compression of the new embankment fill materials (rock fill) placed at the crest, side slopes and
toe of the existing embankment slope.
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The thickness of the compressible foundation soils and the height of the embankments vary along the length of
the proposed embankment widening and as such the settlements along the length of a given alignment will
similarly vary. Given that the analyses were carried out in the critical portions of each section, the settlements
estimated will generally represent the upper bound value along a given section of the alignment.

Settlement estimates are provided for the various slope sections at the edge of the fully paved shoulder and at
the toe of slope, and are divided into during-construction settlement (within about 2 to 3 months of fill placement}
and post-construction settlement (for a 10-year period following the completion of construction). The settiement
analyses assume that any surficial or near surface organic soils of significant thickness (i.e., greater than about
0.1 m thick) will be removed in their entirety from the footprint of the widening prior to construction of the new
embankments (as per OPSD 203.020) and that rock fill will be used for replacement of subexcavated material.
The piezometric conditions required in the analyses were based on the groundwater levels noted during drilling
which was essentially located at about the level of the natural ground surface at most locations.

6.2.3.2 Parameter Selection

The general settiement parameters used in the analyses, including the simplified stratigraphy and associated
deformation and time-rate consolidation parameters employed for the different native soil types and
embankment fills for the critical sections in each section are given in Table 2. The settlement analyses were
carried out using the Boussinesq method for distribution of stresses in the foundation soils.

The immediate compression of existing embankment fills was modelled by estimating an elastic modulus of
deformation based on the SPT ‘N'-values and using correlations proposed by Das (2002). These estimated
values were compared with the typical range of expected values for similar soil types, as outlined in CHBDC
(2006) and adjusted, if necessary.

The consolidation settlement of the cohesive deposits was assessed using the results of the laboratory
consolidation test andfor in situ field vane tests to estimate the deformation parameters for the cohesive
deposits. In addition, the results of the laboratory index testing were also employed to further assess
deformation parameters {i.e., recompression and compression indices} using the following empirical correlations:

C. = 0.009 (w - 10)
C.=0.5x Gs (P1/ 100)
Cc = 0.75 (€, — 0.5)

C:,=C./10
Where: C. = Compression index (kPa),
w, = Plastic limit (%),
Gs =  Specific gravity of the soil solids;
Pl = Plasiticity index (%)
29 = Void ratio of the clayey silt to clay deposits; and,
C; = Recompression index (kPa).
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The preconsolidation pressure profile beneath the existing embankment and used in the settlement analyses
was established using the results of the oedometer testing as well as correlations with the results of the in situ
vane tests, based on a relationship between field vane shear strength and preconsolidation pressure proposed
by Leroueil (1990) of:

oy =8,/025
Where: Sy = Undrained shear strength (kPa); and,
o, = Preconsolidation pressure {(kPa)

Where the preconsolidation pressure of the cohesive deposit exceeds the applied effective stress (i.e., where the
deposit is being recompressed), it was assumed that the subgrade settlements resulting from recompression of
the cohesive deposit would occur quite rapidly, likely almost entirely during embankment construction. Primary
consolidation of softer clayey deposits takes longer because pore pressures in the deposit must dissipate before
settlement can occur. The rates of primary consolidation of these softer deposits were established using the
coefficient of consolidation, ¢, (cmzls), obtained from the results of the consolidation testing.

In addition to primary consolidation and recompression within cohesive deposits, secondary compression may
also occur. Secondary compression is referred to as creep settlement and occurs over a long period of time,
after full dissipation of excess pore pressure under a constant stress. The following relationships have been
employed for estimating the magnitude of creep settlement per the design life following the completion of primary
settlement at each location.

Ssecondary = Lo &Lulog 2
148, €, ty
Where : Seecondary = Secondary consolidation (creep} setttement (mm);
Ce = Compression index (kPa);
&g = Void ratio of the clayey silt to clay deposits;
Cu = Secondary compression index of soil (C, = 0.04 C,);
Lo = Initial thickness of compressible clay deposit (mm);
¢ = Post-construction period (10 years for this project); and,
tp = Time to reach end of primary consolidation (years).

The consolidation settlement of the thin peat deposit beneath the existing embankment fill was assessed using
the results of the laboratory index testing to estimate the deformation parameters for the organic deposits.
The following empirical correfations proposed by Mesri (2007) were used:

Ce=w,/ 100
C./Cs=0.06
Where: C. =  Compression index (kPa);
w, =  Natural water content (%); and,
C, = Secondary compression index of soil.
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For purposes of the settlement analysis, it was assumed that the peat beneath the embankment is normally
consolidated {preconsolidation pressure equal to existing effective stress) and laterally constrained (i.e., vertical
settlement only, no lateral deformation). For time-rate settlement analysis, it was assumed that consolidation of
the peat would take place quickly and that the time to "End of Primary” cansclidation would be within the typical
2 to 3 month construction window.

6.2.3.3 Settlement of Embankment Fill

Where rock fill is used for the construction of the proposed embankment widening, there will be settlement due
to compression of the rock fill itself under self weight, in addition to the settlement of the underlying foundation
soils as described above. The magnitude of settiement of the rock fill depends on the following factors:

@ Type of rock/strength of particles;

® Size and shape of rock particles;

m  Gradation of rock fill;

m Total height/thickness of rock fill (stress level); and,

m Method of construction and sequence of placement (including, lift thickness, compactive effort, and state
of packing).

Both immediate (i.e., during construction) and post-construction (i.e., creep) settlement of rock fill occurs as
aresult of re-arrangement of rock particles under load due to wetting and as a result of crushing of rock
particles at point contacts (i.e., local crushing and degradation). The magnitude of both the immediate and
post-construction settlement have been shown to be approximately a linear function of the fill height, the value of
which depends on the method of placement (i.e., compacted versus dumped rock fill} as discussed below.

Compacted Rock Fill

_ Rock fill should be placed, wherever possible, in a controlled manner (i.e., not end dumped) in accordance with

Special Provision 206503 Earth Excavation, Grading. Blading, dozing and ‘chinking’ the rock to form a dense,
compact mass will be required to minimize voids and bridging and should be used to construct rock fill
embankments above the existing groundwater table. The immediate settlement of new granitic rock fill placed in
this manner is expected to be nominal and the magnitude may be estimated as a function of the final fill height
(i.e., conservatively up to about 0.5 percent of the fill height for fills up to 5 m high, up to about 0.75 percent for
fills between 5 m and 10 m high (per “Post-Construction Rock Fill Settlement and Guidelines for Estimating Rock
Fill Quantity”, prepared by the MTO Research and Development Branch, dated 2010). For this project, it is
assumed that limestone bedrock will be used for the widening of the high fill embankments. The self weight
compression of compacted limestone fill is not expected to exceed the values predicted for granitic rock fill. This
settliement is expected to occur during construction, In addition, some post-construction time-dependent
settiement may occur but is expected to be negligible for compacted rock fill and can be estimated as a function
of the fill height per log-cycle of time (i.e., less than 0.1 percent of the fill height per log-cycle time).

Pumped Rock Fill

Rock fill that is end dumped into place with little or no control over the lift thickness and compactive effort would
be used when backfilfing sub-excavated areas below the groundwater table. The immediate settlement of rock
fill placed in this uncontrolled manner may be greater than that described above (i.e., about 1 percent for filis up
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to 5 m thick, about 2 percent for fills beiween 5 m and 10 m thick and about 3 percent for fills between 10 m
to 15 m thick). This settlement is expected to occur during construction. In addition, post-construction
time-dependent settlement of dumped rock fill will likely occur but is expected to be relatively small although
greater than that of compacted rock fill (i.e., up to 0.3 percent of the fill height per log-cycle time).

6.2.3.4 Settlement Performance Reguirements

The following criterion was used as a guide for assessing the mitigation requirements for the design of
embankments. Allowable settlements reflect post-paving settlements at the edge of the new fully paved shoulder,

Distance Behind
Abutment

Allowable
Settlement

Omto30m

10 mm to 25 mm

I0mto70m

25 mm to 50 mm

70mto170m

50 mm to 100 mm

Greater than 170 m

100 mm to 200 mm

This performance criterion forms part of the overall design performance for each section of the embankment
widening. In general, the recommended mitigation option for each site has been selected such that the
remaining primary consolidation settlement and secondary consolidation (creep) settlement is limited to the
above criteria over a 10-year period following completion of construction. 1t has been assumed that construction
will take place over a 2 month period. Because of the limited amount of new rock fill being placed at the road
level, post-construction settlement due to compression of the rock fill under self weight has only been included in
predictions of settlement along the side slopes and at the toe of the embankment.

6.3  Stability and Settlement Mitigation Options

Along the length of the high fill embankment/swamp crossing, the settlement and stability of the widened
embankment has been assessed based on existing subsurface conditions and the proposed widening. [f left in
place, weak, compressible peat and organic-rich soils along the toe of most of the embankment are expected to
lead to the potential for instability or unacceptably large settlements with the placement of fills. In some areas,
the presence of very soft cohesive soils at the toe of the slope also contributes to instability and large predicted
settlements. Settlement at the crest of the embankment is largely controlled by the presence of a thin horizon of
peat and organics beneath the existing embankment fills and recompression of the underlying stiff to very stiff
cohesive deposit which, in places, is up to 18 m thick.

There are a number of options for mitigating the potential for settlements and/or instability along the widened
embankment. A brief general discussion on these alternatives is given below. The various alternatives to
mitigate or reduce the magnitude of settlement and increase the stability of the slopes are also presented in
Table 3, which provides a comparison of the advantages, disadvantages, and relative costs for the options.
Based on a review of issues, it is considered that mitigation of post-construction settlements by subexcavation
and replacement of surficial arganic deposits is the most feasible alternative for most of the embankment
sections. Where identified, settlement resuiting from compression of "trapped” organics can be mitigated with
preloading of the embankment widening areas, provided that there is sufficient time available during construction
before the final paving.
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In areas where the foundation soils consist of stiff clayey soils only, embankment stability issues are not
anticipated, provided that all significant compressible organic layers at the toe of the siope (i.e., greater than
about 0.1 m thick) are removed prior to construction, and that the MTO requirements for mid-height berms are
incorporated into the design, as necessary. In areas where very soft cohesive soils are present at the foe of
the slope, additional measures will need to be taken to improve both the temporary and long-term stability of
the slopes.

A summary of the proposed works, the recommended embankment fili type and side slope, maximum
depth of organics encountered, the assumed mitigation option for analysis, and the estimated settiement
(during construction and post-construction) is provided in Table 4. Depending on the area, one alternative or a
combination of alternatives may be more advantageous than others. The selected mitigation options, as per
Section 6.5, are also listed.

6.3.1 Full Sub-Excavation of Compressible Organic Soils

Full sub-excavation of the weak and compressible organic soils underlying the footprint of the proposed widened
embankment in advance of the placement of rock fill is a viable option for improving the stability and controlling
long-term settlement of the widened embankments along much of this site. The removal of the organics in
accordance with OPSD.203.020 would result in improved long-term stability and significantly reduce settlements
at the toe of the slope. Given the thickness of the underlying cohesive deposit at this site (up to 18 m in some
sections), and its generally stiff to very stiff consistency, it is not considered necessary or practical to fully
subexcavate and replace the deposit as a means of reducing long-term settliement or improving settlement.

This option has the advantage that, along most of the corridor, construction of the above-grade widening could
proceed upon completion of sub-excavation and replacement of compressible organic soils without concerns for
short-term instability. However, sub-excavation will produce a large volume of spoil material for disposal and will
require a large volume of rock fill replacement.

Based on the results of this subsurface investigation, the depth to the bottom of the soft, compressible organic
soils within the widened swamp crossings varies across the project site, ranging from about 0.6 m to 5.5m
below existing ground surface, but typically less than about 4 m. We understand that, based on MTO field
experience on similar highway construction projects, the practical maximum depths that can be reached with
conventional and long-stick excavator equipment is about 6 m and 12 m, respectively. As such, sub-excavation
of organic deposits and replacement with rock fill is considered a generally feasible option for construction of the
roadway embankments and would result in enhanced long-term stability and reduced long-term settlement of the
widened embankments.

This option is most suited to areas where there is a limited thickness of soft, compressible soils underlying the
footprint of the proposed embankment widening, provided that the requirements for setbacks and adequate
right-of-way are available, and there are no conflicts with encroachment on existing adjacent features. In areas
where the depth of subexcavation exceeds about 4 m and the existing embankment heights are greater than
4.5 m in height, special precautions will need to be taken to improve the stability of the temporary excavation at
the toe of the slope and protect the existing roadway from failures due to temporary loss of toe support.

The advantages of this option are:

B Reduced total settlements of the embankment side slopes and toe;

Octobher 2012
Report No. 08-1111-0044-4 26




FOUNDATION INVESTIGATION - GWP 78-99-00

m Reduced total settlements of travelled portions of the highway for future widening; and,

@ Improved long-term embankment stability.

The disadvantages of this option are:

@ Risk of instability of existing embankment slopes without appropriate temporary protection measures or
limitations on the size, staging, and methodology of the excavation,

m Generation of a large volume of excavation spoil requiring disposal/management;

m Some increase in settlement of existing embankment due to additional loads at toe resulting from
replacement of light organic soils with heavier embankment fills;

B The need for a larger corridor of land acquisition; and,
m Greater quantities of rock fill required.

6.3.2 Partial Sub-Excavation of Soft Cohesive Soils

In areas where the organic deposits at the toe of the slope are directly underlain by very soft, relatively thin
cohesive deposits which pose a significant stability or settlement concern, consideration could be given to their
removal (i.e., partial sub-excavation) and replacement in addition to the full sub-excavation and replacement of
overlying organic soils.

Partial sub-excavation would be most appropriate at the western end of the embankment, from about Station
26+825 to 26+925 (Section B), where the soft clays extend to a depth of 8.5 to 9.5 m below ground surface at
the toe of the embankment and embankment are high (between 6.5 and 8.5 m in height). In these locations, the
width of partial sub-excavation may need to extend beyond the toe of the 1.25H:1V slope to achieve the required
minimum factors of safety for global long-term stability of the embankment.

The advantages of this option are:

B Improved long-term stability of widened embankment;

m Reduced requirement for ground improvement, minimizing need for additional right-of-way,
B Reduced total settlements of the embankment side slopes and toe; and,

m Reduced settlements of travelled portions of the highway for future widening.

The disadvantages of this option are:

m Reduced stability of existing embankment during temporary excavation of soils at toe of slope without
appropriate and considerable temporary protection;

@ Significant difficulties in working below the water table to install temporary excavation support;

m Added costs associated with temporary shoring and dewatering (which may be required during installation
of shoring);

m Increased delay in construction associated with excavating the soft cohesive soils;
@ Increased quantity of rock fill required; and,

@ Increased generation of excess excavation spoil.
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6.3.3 Stabilizing Toe Berms

in areas where thick and/or soft clayey deposits (which cannot practically be removed) coincide with high
embankment fills, resulting in embankment stability or settlement issues, it may be possible to construct stability
berms along the embankment toe and/or to place the embankment fill in stages in layers of limited thickness to
ensure that the stablfity of the widened embankment is maintained. Toe berms consist of rock filf placed along
the toe of the widened embankment fill. These berms could be constructed as berms above the ground surface
buttressed against the toe of the slope, or as an extended zone of subexcavation and replacement of organic
deposits beyond the toe of the embankment. These configurations produce a similar effect (i.e., increased
stability) to using flatter embankment sfopes but often require less fill material and apply less load (subsequently
inducing less settlement) at the crest of the embankment. Depending on the subsurface conditions and the
existing embankment height, toe berms will typically be on the order of about one third to one half of the height
of the final embankment. The lateral extent (width) of toe berms will vary depending on the results of the stability
analyses, but could range from one-half to one times the highway embankment height or greater.

Where strength gain is required within the underlying clayey soils before the full embankment can be constructed,
consideration could be given to applying a preload or surcharge {see Section 6.3.5) to the toe berm and allowing
a suitable time interval to allow pore pressures to dissipate and strength gain to occur in the underlying clayey
soils while limiting the potential for instability of the embankment. In some cases, where fightweight organic soils
beyond the toe of the slope provide minimal resisting load and, where the foundation soils are very soft, toe berms
may contribute additional driving forces to the slope and result in further instability. In these cases, toe berms are
not a feasible way of mitigating stability issues.

The advantages of this option are:
B Improved long-term stability of existing embankment if new geometry with toe berm is stable;

B Improved temporary stability of existing embankment (excavation depth less than with excavation and
removal of soft cohesive soils at depth);

m Requires less fill than using flatter slopes; and,

m Reduced post-construction settlements of travelled portions of the highway for future widening.

The disadvantages of this option are:

m Potential reduction in fong-term stability of existing embankment in cases where toe berms add additional
driving forces which cannot be resisted by lightweight organic soils and soft cohesive soils;

m Increased generation of excess excavation spoil if toe berm is placed as an extended zone of
subexcavation and replacement below existing grade;

8 Increased quantity of rock fill required for toe berms;

@ Small increase in settlements of the toe and lower side slopes of the embankment due to added load
of berm,

m Construction is delayed to allow for primary consolidation to be completed and possibly for staged
construction (if required); and,

m  Additional right-of-way may be required to accommodate the berm.
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6.3.4 Preloading

In addition to sub-excavation and replacement of the compressible organic soils (and possibly soft cohesive
soils) at the toe of the existing embankment, preloading may be considered for reducing post-construction
settlements of the proposed embankments both at the crest and toe of the slope. Preloading refers to the
placement of rock fill to the proposed height of embankment (in one or more stages) in advance of pavement
construction in order to preconsolidate the underlying compressible soils. Preloading reduces the magnitude of
long-term, post-construction settlements by promoting such settlements to occur under embankment fill loads in
advance of final grading of the embankment. It also increases the strength of the clayey subsoils underlying the
embankment footprint, thereby improving stability and may be used in combination with staged construction to
improve the strength of underlying weak cohesive deposits.

Preloading may also be advantageous as a means of identifying and mitigating the additional settiements
resulting from the potential presence of a "trapped” wedge of organics beneath the embankment (see Section
6.6.4). To mitigate settlement of these potentially highly compressible materials, the embankment could be
constructed and allowed to sit with appropriate monitoring for a period of time equal at least the expected "End of
Primary” for the underlying soft clayey soils at the toe (i.e., about 1 to 2 months). Given the permeability of
highly organic soils, it is expected that settlement would take place relatively quickly. if significantly more
settlement is realized at the end of this time frame than would be expected from compression of the soft silty
clay deposits alone, it is likely that such a trapped zone exists, and that additional preloading may be required to
minimize post-construction settlement.

Preloading requires placement of embankment fill and monitoring of settlements, and possibly pore pressures,
for a period of time corresponding either to approximately the ‘End of Primary’ (EoP) consolidation of clayey
subsoils or, where primary consolidation occurs quickly, a time period sufficient to reduce secondary settlements
to within allowable tolerances. Required preloading times will vary depending on the properties of the clayey
subsoils, the thickness of the clayey deposits, and the degree of the embankment widening. Once the estimated
EoP consolidation (or target settlement) has occurred, final grading for construction can proceed. Long-term
secondary consolidation (creep) settlements will still continue to occur over the design life of the embankment,
however, such setflernents would be less than primary consolidation setflements. Where secondary
consolidation (creep) settlements are considered to be large enough to effect the long-term performance of the
roadway, these can be further reduced by surcharging as discussed in Section 6.3.5.

Preloading is most suited for areas where “trapped” organics are observed at the toe of the slope which cannot
be removed safely prior to embankment construction. This option can also be considered for areas where
post-construction settlements are in excess of acceptable tolerances but where, with sufficient time, settlements
could be reduced to within acceptable levels, or where increases in shear strengths are required in underlying
clays to meet stability requirements. Delays to the construction schedule will need to be accommodated,
where necessary.

The advantages of this option are:

m Reduced magnitude of long-term, post-construction settlements by promoting such settlements to occur
under embankment fill loads in advance of final grading of the embankment;

m Cost effective method of dealing with settlements; and,

m Improved strength of underlying cohesive soils at the toe, resulting in improved short and long-term stability
of the widened embankment.
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The disadvantages of this option are:

m Construction is delayed to allow for primary consolidation to be completed and possibly for staged
construction (if required};

@ An instrumentation and monitoring program would be required to assess when EoP consolidation is
reached (as discussed in Section 6.3.7}; and,

m Regrading is required to account for settiement prior to construction of the final pavement structure.

6.3.5 Surcharging

Similar to preloading, surcharging refers to the placement of embankment fill in advance of final pavement
construction to reduce long-term, post-construction settlements (including creep). The difference between
preloading and surcharging is the amount of fill placed and the time required for consolidation to be achieved.
With surcharging, the preload is placed as described above, followed by an additional lift of fill (the surcharge)
above that required to construct the final embankment geometry. This additional lift of fill applies greater stress
to the underlying clayey soils and increases the rate of primary consolidation over that achieved by preloading
only, resulting in over-consolidation of the underlying compressible foundations soils. At the EoP consolidation,
the portion of the surcharge fill remaining above the required embankment height (sub-base level) is removed.
The surcharge fill can also be left in place for a Jonger duration to reduce the long-term, secondary consolidation
(creep) settiements.

If surcharges are placed at the crest of the slope, it may be necessary to construct toe berms or stage the
placement of preload and surcharge to limit the potential for instability. Upon completion, the removed
surcharge may be re-used on other parts of the site.

Surcharging is most suited to those areas considered appropriate for preloading, but where sufficient time for
primary consolidation settlements to occur under preload filt loads alone is not available. Surcharging is most
effective in shorter embankments where the increase in load resulting from the surcharge felt by the
compressible soils at depth is significant and where the stability of the higher surcharged embankment can be
practically maintained by reasonably sized toe berms or staged construction. Surcharging is also suited to the
toe of the slope, where strength gain in the clay away from the toe of the embankment is required to improve the
embankment stability before the widened embankment can be constructed.

The advantages of this option are:
m Reduced magnitude of long-term, post-construction settlements;
m Decreased delay time for construction over preloading alone;

m Improved stability of embankment resulting from improved strength of soft cohesive soils at the toe of slope,
if surcharge is placed at the toe; and,

m Reduced width of toe berm (if required) if toe berm is surcharged, and associated reductions in excavation
spoil, quantity of rock fill and time to construct toe berm.

The disadvantages of this option are:

B Ineffective in higher embankments with narrow widenings;
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Construction is delayed, albeit less than for preloading, to allow for primary consolidation to occur:
Longer construction time if staged construction is required;

Larger quantity of rock fill if toe berms are required for stability, as compared to preloading alone;

An instrumentation and monitoring program would be required to assess when EoP consolidation is
reached (as discussed in Section 6.3.7); and,

® Increased handling of rock fill (or Granular ‘B’) to remove the surcharge.

6.3.6  Lightweight Fill

Another alternative for reducing the magnitude of long-term settiement and improving stability in areas of soft,
compressible foundation soils is to use lightweight fill, such as expanded polystyrene {EPS) or slag, for
embankment construction.

The use of lightweight fill reduces the load applied to the foundation soils due to the low density of the fill
materials. This in turn reduces the magnitude of post-construction settlement and reduces the potential for
instahility.

Lightweight fiil is not considered a practical option for general use over large areas due to the expense and/or
shipping costs for the supply of these types of fills. It is also not considered a practical option for use below the
water table (EPS) or in environmentally sensitive watersheds (slag). Rather, lightweight fill is most suited where
existing structures (e.g., culvert beneath the embankment) cannot tolerate differential settlement, or for areas
underlain by deep compressible subsoil conditions, where sub-excavation is not practical or feasible, and where
there is no available time in the construction schedule for a preload or surcharge period.

The advantages of this option are:

B Improved stability;

B Reduced total settlements at the crest and toe of slope;
m No significant delay in construction; and,

m  Elimination of the need for stabilizing foe berms.

The disadvantages of this option are:
B Significant additional expense of lightweight fill (depending on the volume required);

@ Not feasible to install in low height embankments (due to minimum conventional soil cover requiremeants
over EPS); and,

B Cannot be used below the water table or in environmentally sensitive watersheds.

6.3.7 Instrumentation and Monitoring

For some areas where the preloading andfor surcharging options are adopted and in all areas where staged
construction is adopted, the magnitude and time rate of settlement as well as dissipation of pore pressures during
and after construction of embankments should be assessed with monitoring instrumentation. Such monitoring
could consist of installing settlement pins (SPs} and/or settlement rods (SRs) within the existing embankment (and
at the toe) and taking regular measurementsireadings at given intervals of time during and after construction of
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the widened embankment for the duration of the preloading/surcharging period. In addition, standpipe
piezometers (SSPs) may be required and are usually installed to provide background pore pressure readings for
the vibrating wire piezometers. This monitoring instrumentation is particularly important where it is considered
necessary to carefully monitor the stability of the subsoils during staged placement of fill.

In areas where slope stability is a concern, slope inclinometers can be used to monitor relative horizontal
movement of soil fayers.

The extent of instrumentation and the frequency of monitoring required will depend on the foundation treatment
alternative chosen for a given section and the height of the embankment. Specifications for the type, number
and layout of the instrumentation, together with the supply, installation, protection and monitoring should be
included as Special Provisions in the Contract Documents.

6.3.8 Ground Improvement

In areas where more conventional stabilization methods are not feasible, consideration could be given to ground
improvement as a means of stabilizing the widened slope and reducing excessive settlement at the toe of the
slope. Various ground improvement alternatives (e.g., driven timber piled foundations, rammed aggregate piers,
stone columns, jet grouted columns, deep soil mix columns) could be considered as a means of improving the
strength and stiffness of the weak and compressible soils.

This option is most suited for areas where weak and/or compressible soils result in unstable slopes and these
soils cannot be removed without significant temparary shoring to stabilize the existing embankment. This option
can also be considered for areas where post-construction settiements are in excess of acceptable tolerances.

The advantages of this option are:
m Improved long-term stability of existing and widened embankment;
m  Minimal risk to the existing embankment during construction of the improved zone;

B Improved temporary stability of existing embankment by reducing (or eliminating) the depth of subexcavation
and replacement at the toe;

m Reduced magnitude of long-term, post-construction settlements by shedding loads to stiffer members
(where column-supported ground improvement is used}; and,

B Minimal impact on construction schedule, as work could be completed in advance of the larger scale
embankment widening operations.

The disadvantages of this option are:

B Depending on the selected method of ground improvement, this option may be more costly than temporary
shoring;

@ Additional investigation, testing and design will be required to develop the most cost-effective design;
| A specialty contractor would need to be retained to carry out ground improvement works; and,

® A separate instrumentation and monitoring, and testing program would be required to verify the results of
the ground improvement.
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6.4 Results of Analysis (Original Embankment Geometry and Standard
Construction Practices)

The results of the stability and settlement analyses for the high fill embankment widening through the Cataraqui
wetlands based on the original embankment widening geometry and assuming standard MTO construction
practices are provided in Section 6.4 below. Section 6.5 provides a discussion of the non-standard embankment
geornetries and construction methodologies subsequently proposed, and the implications of the changes on the
stability and settlement analyses results and proposed mitigation measures provided below.

For ease of assessment, the embankment has been divided into six sections from west to east. A summary of
the embankment widening, including the existing embankment height, side slopes and proposed widening,
relevant boreholes and simplified subsurface conditions for each section is presented in Table 1.

Where the results of stability or settlement analyses indicate that standard embankment design and construction
practices will not adequately meet performance requirements, the options and recommendations for achieving
the target factor of safety for embankment stability and/or for minimizing the time dependent, post-construction
settlements to within acceptable tolerances are also discussed. The advantages, disadvantages, relative costs,
and risks/consequences for these mitigation options are summarized in Table 3. A summary of the preferred
stability and/or settlement mitigation option, as augmented by the discussions presented in Section 6.5, for each
design section is provided in Table 4.

In areas where the foundation soils consist of stiff to very stiff cohesive deposits only, it is anticipated that there
will be no significant risk of long-term instability associated with widening of the embankments. Similarly, the
settlement of the foundation soils resulting from placement of additional fills in these areas is expected to occur
predominantly as recompression during or shortly after construction, with some time-dependent secondary
settlement (creep) over time. In some of these areas, the presence of weak/soft cohesive deposits at the toe of
slope constitutes zones of potential instability and large time-dependent settiement of the propased
embankments. In these areas, consideration must be given to an enhanced design and/or to follow a
construction sequence that will achieve the minimum target factor of safety of 1.3 for the proposed new
embankment height and geometry and limit the post-construction settlements and subsequent maintenance on
the new roadway pavement structure.

For embankments widened with rock fill, or where organic soils are subexcavated and replaced with rock fill,
settlement of the rock fill is also expected due to compression of the rock fill itself (see Section 6.2.3.3). The
thickness of new fills at the crest of the embankment slope is generally negligible and as such, post-construction
settlements of rock fill at the road level are expected to be negligible. Post-construction rock fill settlements are
expected to be greatest along the embankment side slopes near the existing toe of slope, where up to 3.5 mof
widening rock fill and up to 5.5 m of new rock fill {for peat replacement) will be placed.

6.41  Highway 401 STA 26+720 to 26+825 WBL and EBL (Section A)

In Section A, along Highway 401 westbound and eastbound from about STA 26+720 to 26+825 (immediately
east of the CN Rail Overpass Structure), the existing embankment is between about 9 and 11 m in height with
side slopes of about 1.25H:1V. The embankment is to be widened by about 2 to 5 m along the westbound lanes
(WBL) and by about 1 to 3 m along the eastbound lanes (EBL). The increase in grade at the new edge of fully
paved shoulder is between 1.2 and 1.6 m WB and 0.8 to 1.0 m EB, with maximum increase in fill heights on the
side slopes of between 2.5 and 3.8 m.
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The subsoils in this area at the toe of the existing embankment consist of about 1.8 to 4.6 m of peat and
organics (generally increasing in thickness fo the east) overlying silty clay. Mo additional information was
obtained on the amount of peat beneath the side slopes at Station 26+800 in Section A, because the south side
of the embankment was inaccessible, and excavations were unable to penetrate the large rock slabs near
surface an the north side. The underlying silty clay is stiff to hard in the western portion of Section A, but the
upper 1 to 3 m is very soft to firm towards the east end of the section at W3 and E3. At borehole W1 near the
existing bridge and railway, 1.2 m of loose silty sand and stiff clayey silt fill was encountered directly overlying
hard silty clay. The clayey silt stratum is inferred to be at least 7 m thick based on spoon refusal which was met
at W2 at 11.7 m depth, possibly indicating the glacial till or bedrock surface at depth. At borehole B1, put down
through the embankment as part of the neighbouring CNR Bridge Widening investigation, the fine rock fill
extended to a depth of 4.1 m below ground surface and was underlain by generally stiff to very stiff silty clay
overlying glacial till at a depth of about 11.4 m. The lower 1.2 m of the silty clay is firm, with an undrained shear
strength of about 40 kPa.

In keeping with Section 6.2.1 on embankment fill types, the widened embankment was analysed assuming a
rock fill composition and 1.25H:1V side slopes. The stability and settlement analyses assume that the organic
soils encountered at or below ground surface have been removed (in accordance with OPSD 203.020) prior to
construction of the widened embankment. Because of the proximity to the CNR overpass structure, allowable
settlements within this section were limited to less than 25 to 50 mm at the west end and 50 to 100 mm further
east. The simplified stratigraphy and the associated unit weight, strength, deformation and time-rate
consolidation parameters employed for the different soil types encountered in this area are summarized in
Table 2. The piezometric condition used in the analyses was a water table at ground surface at the toe of the
slope, based on groundwater levels noted during drilling.

6.4.1.1  Stability

Based on the results of the subsurface investigation and review of the profile drawings, the critical section
(i.e., greatest embankment height and/or maximum thickness of soft, compressible foundation soils) in Section A
is located at STA 26+800. The stability analysis performed indicates that after the completion of construction
{including removal and replacement of the organic deposits), the embankment at the critical section will have a
factor of safety (FoS) of greater than 1.3 against deep-seated, global failure surfaces that would impact the
operation of the roadway.

Results of pseudo-static seismic slope stability analyses for the above configuration also indicate that the
embankment side slopes will have factors of safety of greater than 1.1.

6.4.1.2 Settlement

To estimate the magnitude of the anticipated settlements due to new construction, analysis was carried out on
the critical section(s) representative of the subsurface conditions within the area, at about STA 26+720, 26+740
and STA 26+800. Because of the adjacent CNR overpass abutment, allowable post construction settlements at
STA 26+720 are limited to 10 to 25 mm. Allowable post construction settiements at STA 26+740 are limited to
25 to 50 mm, increasing to 50 to 100 mm east of STA 26+770.

Based on the results of the analysis of the critical sections at STA 26+720 and 26+740, the total amount of
settlement of the foundation soils during construction resulting from widening of the embankment by about 4 m
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and excavation and replacement of up to 4.6 m of peat and organic soils is predicted to be about 55 mm at the
edge of the new fully paved shoulder (FPS). This settlement is comprised of:

B About 35 mm of primary consolidation of peat and crganics beneath the embankment:
m  About 10 mm of recompression of the stiff to very stiff cohesive deposit; and,

B About 10 mm of inmediate settlement of the embankment fills.

The total amount of post-construction settlement of the foundation soils resulting from widening, excavation and
reptacement of peat is predicted to be about 25 mm at the edge of the new fully paved shoulder. This settlernent
is comprised of:

B Up to about 25 mm of secondary compression {creep) of the cohesive deposit in the 10 year period
following construction.

The amount of settlement within the existing and new traveiled lanes is expected to be significantly less than that
estimated at the edge of the fully paved shoulder during and within the 10 year period following construction.

Settlement of the foundation soils in the lower portions of the side slopes near the toe of the embankment is
predicted to be significantly more than that at the crest of the slope. This is in large part due to the presence of
layer of firm cohesive soils at the toe of the existing slope and the substantially larger relative increase in
effective stress due to widening and replacement of peat with rock fill immediately above these soils. The total
amount of predicted settlement at the toe of the slope is about 260 mm, comprised of;

B Up to 45 mm of primary consolidation of the soft cohesive soils at toe of slope;

m  Up to about 85 mm of immediate self-weight compression of the rock fill at the toe;

B About 40 mm of recompression of the underlying stiff to very stiff cohesive deposit;

m  About 30 mm of secondary compression (creep) of the cohesive deposit during construction;

m About 40 mm of secondary compressicn (creep) of the cohesive deposit after construction; and,

m  About 40 mm of rock fill settlement within the 10 years following construction.

Based on an average coefficient of consolidation {c,) of about 0.002 cm?s estimated for the cohesive deposit for
the imposed loading conditions and assuming two-way drainage of the approximately 1.6 m thick firm cohesive
deposit, it is estimated that 90 percent of the primary consolidation settiement at the toe of the slope will be
completed in about 2 to 3 months and, as such, will likely be largely completed during construction. It is
assumed that the recompression of the cohesive deposit will take place largely within the construction window.

Rock fill settlement during construction is estimated to be up to about 85 mm at the critical section(s) based on
placement of up to 3.8 m of rock fill on the side siopes and up to an additional 4.6 m at the toe after removal of
the organic deposits. The magnitude of post-construction settlement of the rock fill is estimated to be about
20 mm per log-cycle of time for this area and as such, approximately 40 mm of rock fill settlement is expected to
occur over a 10-year period following completion of construction. Little to no rock fill settiement is expected near
the crest of the slope, given the limited thickness of fills being placed at the road level.

As such, about 180 mm of the predicted settlement is expected to take place within the construction window,
with about 80 mm of post consfruction settlement remaining in the 10 years to follow.
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Settlements at the north east portion of Section A are expected to be greater than those presented above, but
less than those predicted in Section 6.4.2.2 (Section B). However, because of the increased distance to the
CNR overpass abutments, post-construction settlement at the edge of the fully paved shoulder in this portion of
Section A are expected to be less than the aliowable tolerances of 50 — 100 mm.

6.4.1.3 Mitigation of Stability Issues and/or Time Dependent Settlements

Within 30 to 70 m of the existing bridge, the presence of an up to 1.2 m thick firm cohesive deposit and 6.1 m
thick stiff clayey silt to silty clay deposit beneath the existing embankment fills influences the magnitude of
post-construction settliement of the widened embankment. Predicted settlements at the edge of the fully paved
shoulder and within the existing roadway are just within the allowable post-construction settlement tolerances as
outlined in Section 6.2.3.4 for the section which is 30 to 70 m from the CNR overpass abuimenis. Larger
settlements are expected at the toe of the slope (particularly where organics at the toe wiil be excavated and
replaced), but are largely expected to take place during construction.

The alternatives have been evaluated on the basis of the advantages, disadvantages, relative costs and
risk/consequences and, in this section, the preferred mitigation method is the full sub-excavation of organics at
the toe. Provided the up to 4.6 m thick organic deposits at the toe of the slope are removed and replaced with
rock fill prior to embankment widening, no additional stability or seftlement mitigation measures are required.
However, considering the depth of the organic deposits and proximity of the excavation to the existing highway
embankment, staged excavation will be required to maintain temporary stability and to protect the existing
roadway and temporary protection systems may be required. Details regarding the recommendations for staged
excavation of organics are provided in Section 6.8,

Full Sub-Excavation of Compressible Organic Soils

Prior to the construction of the embankment, the removal and replacement with rock fill of up to 4.6 m of organic
deposits will be required. Considering the depth of the organic deposits and proximity of the excavation to the
existing highway embankment, staged excavation will be required to maintain temporary stability and to protect
the existing roadway. Temporary protection systems are recommended along the WB toe where removal depths
are greater than 4 m in thickness. Details regarding the recommendations for staged excavation of organics are
provided in Section 6.8.

The cohesive deposit beneath the embankment is stiff to very stiff and extends up to about 7.3 m below existing
ground surface within the proposed embankment footprint at this location. Full sub-excavation of the cohesive
deposit to this depth in this area is not considered feasible and is not considered as suitable settlement
mitigation option.

Partial Sub-Excavation of Soft Cohesive Soils

The cohesive soils within the new embankment footprint are generally stiff to very stiff and the widened
embankment required no additional stability mitigation aside from removal of organics at the toe of the slope,
The cohesive soils are sufficiently stiff that the imposed loads resulting from the widening generally do not
exceed the preconsolidation pressure of the cohesive deposit except for the lower 2.6 m of the deposit. As such,
partial sub-excavation of a portion of the silty clay is not practical and would only result in a decrease of
post-construction settlements of about 30 mm.
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Preloading

The cohesive soils beneath the travelled portion of the embankment footprint are generally stiff to very stiff.
Recompression of these deposits due to additional loading is expected to take place quickly and predicted
settlements at the crest are expected to be within allowable tolerances.

Surcharging

Given the absence of stability or settlement issues associated with the western portion of the proposed
embankment geometry, surcharging is not considered appropriate for this section.

Lightweight Fill

Given the absence of stability or settlement issues associated with the proposed embankment geometry, the
use of expensive lightweight fill (i.e., expanded polystyrene (EPS)) is not considered necessary or practical for
this area.

Ground Improvement

Given the absence of stability or settlement issues associated with the proposed embankment geometry, ground
improvement is not considered necessary or practical for this area.

6.4.2 Highway 401 STA 26+825 to 26+925 WBL and EBL (Section B)

In Section B, along Highway 401 westbound and eastbound from about STA 26+825 to 26+925, the existing
embankment is between about 6.5 and 8.5 m in height with side slopes of about 1.25H:1V to 1.5H:1V. The
embankment is to be widened by about 3 to 4 m along the eastbound and westbound lanes. The increase in
grade at the new edge of fully paved shoulder is about 1.2 m WB and 0.6 to 0.8 m EB, with maximum increase in
fill heights on the side slopes of about 3.2 m.

The subsoils in this area at the toe of the existing embankment consist of about 4.3 to 6.1 m of peat and
organics overlying silty clay. At boreholes W4 and E5, the peat was overlain by 0.6 m of sandy fill. At test pits
advanced at the base of the north (westbound) slopes, 0.3 to 1.2 m of peat and greater than 0.3 or 1 m of marl
was encountered below the sideslopes, although further advance below 2.1 and 3.0 m depth was limited by the
presence of rock slabs near surface. Along the south (eastbound slopes), the base of the embankment side
slopes could not be accessed due to open water. The upper 3 to 4 m of silty clay underlying the peat and
organics at the toe is very soft to soft (undrained shear strengths between 6 and 20 kPa), becoming stiff to very
stiff (undrained shear strengths greater than 60 kPa) with depth. The clayey silt stratum is inferred to be some
16 m thick at the toe of slope based on dynamic cone penetration testing (DCPT) at boreholes W5 and ES.
The DCPT met refusal at 21.5 m depth at W5, possibly indicating the glacial till or bedrock surface at depth.
At borehole S1 put down through the embankment in Section B, the embankment was found to be underlain by
7.5 m of additional embankment fill below the adjacent ground surface elevation. The depth of embankment fill
beneath the existing ground surface is significant and the elevation of the base of the fills corresponds well with
the base of the soft silty clay at the EB and WB toe of slope in this section. This indicates that both the
compressible organics and the underlying soft cohesive soils were subexcavated and replaced during the
original construction of the embankment. At borehole S1, the embankment fill is underfain by peat which was
not fully penetrated but, based on the results of similar boreholes through the embankment; we have assumed is
1 m in thickness. Below the peat, we have assumed that the silty clay beneath the embankment is stiff to very
stiff, with undrained shear strengths in excess of 100 kPa. The total thickness of the silty clay beneath the
embankment is inferred from DCPT refusal at W5 to be 13 m thick.
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In keeping with Section 6.2.1 on embankment fill types, the widened embankment was analysed assuming a
rock fill composition and 1.25H:1V side slopes. The stability and settlement analyses assume that the organic
soils encountered at or below ground surface have been removed (in accordance with OPSD 203.020) prior to
construction of the widened embankment. The allowable settlements within this section were limited to no more
than 50 to 100 mm along the northwestern portion of this section and 100 to 200 mm along the remainder of the
section. The simplified stratigraphy and the associated unit weight, strength, deformation and time-rate
consolidation parameters employed for the different soil types encountered in this area are summarized in Table 2.
The piezometric condition used in the analyses was a water table at ground surface at the toe of the slope,
based on groundwater levels noted during drilling.

6.4.2.1  Stability

Based on the results of the subsurface investigation and review of the profile drawings, the critical sections
(e., greatest embankment height and/or maximum thickness of soft, compressible foundation soils) in Section B
are located at STA 26+850 and STA 26+900.

The existing stability of Section B is also thought to be marginal (FoS 1.25 to 1.37), but is largely contingent on
the assumptions made about the location of the soilfrock interface beneath the embankment sideslopes. The
lower FoS indicated by the results of stability analysis (for both the existing and widened slopes Section B} is
further supported by evidence of previous stability issues at this location, including:

m Very soft, and potentially remoulded clay encountered at the toe of slope beneath the thick organic soils in
this area;

m  The significant overexcavation of the subsoils beneath the embankment and replacement of the upper zone
of the silty clay (which corresponds in elevation to the same zone of very soft clay encountered at the toe of
slope north and south of the existing embankment), as indicated by borehole S1; and,

B A bowl shaped section of raised peat at the toe of slope, which is visible in air photographs dating back to
about the time of construction of the original highway, but is not visible before that time.

The stability analysis performed on the critical section(s) indicates that after the completion of construction
(including removal and replacement of the organic deposits), the widened embankment will also have a factor of
safety (FoS) of less than 1.3 or greater for deep-seated, global failure surfaces that would impact the operation
of the roadway.

As such, special mitigation measures will need to be taken to improve the stability of the widened embankment.

6.4.2.2 Settlement

To estimate the magnitude of the anticipated settlements due to new construction, analysis was carried out on
the critical section(s) representative of the subsurface conditions within the area, at about STA 26+850.
Because of the adjacent CNR overpass abutment, allowable post construction settlements between STA 26+770
and 26+870 are limited to 50 to 100 mm, increasing to 100 to 200 mm east of STA 26+870.

Based on the results of the analysis of the critical section, the total amount of settlement of the foundation soils
during construction resulting from widening of the embankment by about 4 m, excavation and replacement of
5.5 m of peat is predicted to be about 85 mm at the edge of the new fully paved shoulder (FPS). This settlement
is comprised of.

®  About 25 mm of primary consolidation of peat and organics beneath the embankment;
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m  About 30 mm of recompression of the stiff to very stiff cohesive deposit; and,

m About 10 mm of immediate settlement of the embankment fills.

The total amount of post-construction settlement of the foundation soils resulting from widening, excavation, and
replacement of peat is predicted to be about 90 mm at the edge of the new fully paved shoulder. This settlement
is comprised of:

m  About 50 mm of secondary compression (creep) of the peat and organics beneath the embankment in the
10 year period following construction; and,

m  About 40 mm of secondary compression (creep) of the cohesive deposit in the 10 year period following
construction.

The amount of settlement within the existing and new travelled lanes is expected to be significantly less than that
estimated at the edge of the fully paved shoulder during and within the 10 year period following construction.
At the edge of pavement of the outside travelled lane, seftlements are predicted to be about 60 percent of those
at FPS (40 mm during construction and 55 mm post-construction). At the centres of the three travelled lanes,
settlement is predicted to decrease from about 45 percent at the centre of the outside lane to about 20 percent at
the centre of the inside lane (i.e., 30 to 15 mm of settiement during construction, and 40 to 20 mm in 10 years
following construction).

Settlemnent of the foundation soils in the lower portions of the side slopes near the toe of the embankment is
predicted to be significantly more than that at the crest of the slope. This is in large part due to the presence of
soft compressible cohesive soils at the toe of the existing slope and the substantially larger relative increase in
effective stress due to widening and replacement of peat with rock fill immediately above these soils. The total
amount of predicted settlemnent at the toe of the slope is about 550 mm, comprised of:

m Up to 250 mm of primary consolidation of the soft cohesive soils at toe of slope;

® Up to about 75 mm of immediate self-weight compression of the rock fill at the toe;

About 75 mm of recompression of the underlying stiff to very stiff cohesive deposit;

About 20 mm of secondary compression {creep) of the cohesive deposit during construction;

About 90 mm of secondary compression {creep) of the cohesive deposit after construction; and,

About 40 mm of rock fill settlement within the 10 years following construction.

Based on an average coefficient of consolidation (c,} of about 0.006 cm?/s estimated for the cohesive deposit
for the imposed loading conditions and assuming two-way drainage of the approximately 2.4 m thick soft cohesive
deposit, it is estimated that 90 percent of the primary consolidation settlement at the toe of the siope will be
completed in about 1 to 2 months and, as such, will likely be mostly completed during construction. It is assumed
that the recompression of the cohesive deposit will also take place largely within the construction window.

Rock fill settlement during construction is estimated to be up to about 75 mm at the critical section(s) based on
placement of up to 3.2 m of rock fill on the side slopes and up to an additional 5.5 m at the toe after removal of
the organic deposits. The magnitude of post-construction settlement of the rock fill is estimated to be about
20 mm per log-cycle of time for this area and as such, approximately 40 mm of rock fill settlement is expected to
occur over a 10-year period following completion of construction. Little to no rock fill seftiement is expected near
the crest of the slope, given the limited thickness of fills being placed at the road level.
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As such, about 420 mm of the predicted settlement is expected to take place within the construction window,
with about 130 mm of post construction settlement remaining in the 10 years to follow.

The settlement predicted above is considered to be the upper bound for the section, as the critical section takes
into account both the greatest amount of widening and thickest organic zone to be subexcavated and replaced.
Settlements along the remainder of the section should be less than those indicated.

6.4.2.3 Mitigation of Stability Issues and/or Time Dependent Settlements

The presence of the 3 to 4 m thick layer of very soft to soft silty clay (undrained shear strengths between 6 and
20 kPa) at the toe of the slope, in combination with the added loads imposed by the widened embankment and
replaced organic soils, results in an unstable slope configuration which does not meet the minimum required
factor of safety against failure of 1.3 under static loading conditions.

The presence of an up to 1 m thick organic deposit and 13 m thick stiff clayey silt to silty clay deposit beneath
the existing embankment fills influences the magnitude of post-construction settiement of the widened
embankment. Predicted settlements at the edge of the fully paved shoulder and within the existing roadway are
near the upper limit of allowable post-construction settlement tolerances as outlined in Section 6.2.3.4 for the
eastern limits of the section within 170 m of the new bridge abutments, and within tolerances for the remainder of
the section. Significant settlement is expected at the toe of the slope, but it is largely expected to take place
during construction.

In order to achieve a safe slope geometry and minimize post-construction settiements, the alternatives presented
below can be considered. The alternatives have been evaluated on the basis of the advantages, disadvantages,
relative costs and risk/consequences. In order to improve the stability of the slope and minimize post-construction
settlements at the toe within this section of the embankment, the preferred mitigation method is the ground
improvement of the weak silty clays and full-subexcavation or improvement of the organics at the toe of the slope.

Full Sub-Excavation of Compressible Organic Soils

Prior to the construction of the embankment, the removal and replacement with rock fil of up to 5.5 m of organic
deposits will be required. Considering the depth of the organic deposits and proximity of the excavation to the
existing highway embankment, staged excavation will be required to maintain stability and to protect the existing
roadway. Where excavation depths exceed 4 m, temporary protection systems are recommended. Details
regarding the recommendations for staged excavation of organics are provided in Section 6.6.

While full sub-excavation of the compressible organic soils within the widened section will minimize settlements
at the toe of the slope, full sub-excavation of organics alone will not increase the factor of safety of the widened
embankment sufficiently to meet the minimum required factor of safety.

Partial Sub-Excavation of Soft Cohesive Soils

The cohesive soils within the new embankment footprint are generally stiff to very stiff, however, the presence of
a 3 to 4 m zone of soft cohesive at the toe of the slope contributes to the instability of the slopes in this section
which will require additional stability mitigation in addition to the standard removal of organics at the toe of the
slope. Partial sub-excavation of the soft portion of the silty clay at the toe of the slope (to an elevation of about
67 m} would significantly reduce the amount of predicted settlement at the toe of the slope and would improve
the stability of the slope to meet the specified targets, however, a deep excavation (up to 9.5 m deep) adjacent
to an embankment which is 6.5 to 8.5 m in height would be required.
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In order to carry out this excavation safely without impacting the existing highway, temporary shoring will be
required to maintain an adequate temporary factor of safety against failure of the existing embankment.
Temporary shoring within this 100 m section on both the east and west side of the highway would likely comprise
sheet piling driven to refusal at depth within the stiff to very stiff silty clay or underlying glacial till soils. Given the
high lateral loads imposed by the existing embankment and the depth of excavation required in front of the
temporary shoring, at least one and possibly two rows of tie-back anchors will be required to secure the sheet
piling. Anchors would need to be extended into the bedrock, which is expected at about 21.5 m depth (based on
DCPT refusal at boreholes W5 and £5). In addition, vertical members {e.g., steel H-piles) may need to be driven
in front of the sheet piles to provide added stiffness. To maximize the resisting forces on the downslope side of
the shoring, it is recommended that partial sub-excavation of the soft cohesive soils be carried out in-the-wet. To
facilitate installation of the tie back anchors, some temporary dewatering of slot-trenches may be required
(particularly for the lower row, if required).

Prior to subexcavation and replacement of the organic and soft cohesive soils, we recommend that the slope be
instrumented {see Section 6.3.7) and that regular monitoring be carried out for movements along the existing
embankment,

Preloading

The cohesive soils beneath the travelled portion of the embankment footprint are generally stiff to very stiff.
Recompression of these deposits due to additional loading is expected to take place quickly and predicted
seftlements at the crest are expected to be within allowable tolerances.

At the toe of the slope, the soft cohesive deposit contributes much of the settiement at the toe. With an
estimated coefficient of consolidation (c, about 0.006 cm?/s) for the deposit, it is estimated that 90 percent of the
predicted 250 mm of primary consolidation settlement of this deposit will be completed in about 1 to 2 months
(i.e., within the construction window), and settlements resulting from secondary consolidation of the deposit are
relatively small (about 50 mm in 10 years). As such, preloading within this deposit is not necessary to control
post-construction settlement.

In this section, where slope stabilization measures are required, preloading could serve to improve the shear .
strengths of the underlying cohesive soils, thus improving the overall stability of the embankment. However, the
required increase in shear strength of the underlying soils is such that preloading alone (or even widening in
stages) would not be sufficient to improve the overall stability of the slope.

Stabilizing Toe Berms

As discussed above in Section 6.4.2.1, the stability of the widened embankment within Section B does not meet
the minimum target factors of safety outlined in Section 6.2.2.1. The low factor of safety in this section is largely
controlled by the presence of 3 to 4 m of weak cohesive soils (S, of 6 to 20 kPa) beneath up to 5.5 m of peat at
the toe of the slope. Also contributing to the stability issues are the relatively high embankment heights (6.5 to
8.5 m), steep existing side slopes (1.25-1.5H:1V) and the relatively large widening (3 to 4 m).

Analyses were carried out to develop a suitable toe berm geometry which would improve the stability of the
slope to meet the minimum target factors of safety. Models were developed for toe berms consisting of an
extended zone of subexcavation of the peat and organic deposits below ground surface for a length of up to
about 30 m beyond the toe of the new embankment, as well as for above-grade toe berms up to half the
embankment height and extending 30 m or more beyond the toe of the new embankment. Based on the results
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of the analyses it was determined that, due to the presence of lightweight organic soils at the toe of the slope
and weak cohesive soils at and beyond the toe of the slope, any berm placed at the toe of the slope would act as
an added driving force, further destabilizing the slope. As such, it was concluded that, toe berms would not
provide a suitable method of mitigating the stability of the widened embankment.

Surcharging

In view of the minimal settlement at the crest of the slope and the relatively short duration required for end-of-
primary consolidation of the clayey deposits at the toe, surcharging is not considered to be the most appropriate
mitigation option for reducing settlements in this section.

Consideration was given to surcharging the weak clayey soils at the toe of the slope as & means of improving
the shear strengths of the underlying cohesive soils, thus improving the overall stability of the embankment
before it is constructed. However, the analysis indicates that the increase in shear strength required within the
weak clayey soils at the toe of the slope cannot be reasonably achieved with surcharging and that application of
surcharge loads could cause further instability of the existing slope. As such, surcharging is not considered a
suitable method for mitigating stability issues within Section B.

Lightweight Fill

Given the extensive area requiring stabilization, it is not considered practical to use expensive lightweight fill
(i.e., expanded polystyrene (EPS)) as a means of mitigating stability issues in this section.

Ground Improvement

Analysis indicates that the 3 to 4 m of weak cohesive soils beneath the organic soils at the toe of the slope in
Section B creates an unstable slope when this 100 m section is widened by 3 to 4 m. As discussed above, the
presence of weak cohesive soils at depth make more conventional means of slope stabilization (toe berms,
preloading/surcharging) ineffective and subexcavation of these soils up to 9.5 m deep adjacent to the existing
embankment will require extensive temporary shoring to maintain a safe slope.

An alternative to these more conventional stabilization methods which could be considered for this 100 m section
of highway is improvement of the shear strength of the 3 to 4 m of weak silty clay deposit by ground
improvement. Given the constraints at this site (e.g., thick overlying organic deposits, high water table, weak
silty clays extending to up to 9.5 m below ground surface), we have reviewed the various ground improvement
alternatives (e.g., driven timber piled foundations, rammed aggregate piers, stone columns, iet grouted columns,
deep soil mix columns) and consider deep soil mixing to be the preferred mitigation strategy for this portion of
the embankment.

Deep soil mixing (DSM) involves the additions of binders (most commonly combinations of cement, lime, and
gypsumj to the in situ soils to create a chemical reaction product which bonds the soil particles together and
results in improved soil mass consistency, strength and deformation characteristics. Because DSM methods are
fast, clean, flexible, and have minimal impact to the surroundings, such methods are being used in a growing
number of civil applications. The improved soil strength and stiffness within the DSM zone can improve the
factor of safety against failure resuiting from widening of the Highway 401 embankment under both static and
seismic loads.
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Deep soil mixing methods (DSM) rely on the physical mixing of in place soils with binders using mixing shafts or
other means to form in situ columns or panels of strengthened soils. Traditional column-type deep mixing
machines, are constructed with mixing shafts consisting of auger cutting heads, discontinuous auger flights and
mixing paddles, and can vary from single to 8-shaft configurations depending on the purpose of the deep mixing.
The machines lower augers from the surface into the existing ground, the augers are turned and binders are
added to the soil in situ, forming a strengthened column of ground. Other technologies allow for the installation
of rectangular-shaped panels using cutter wheels to mix the in situ soil with binders. The main advantage of
rectangular panel installations over traditional column type installations is the reduced amount of overlap
between panels and increased effective width of improvement. The advantage of the cutter over auger soil
mixers is the improved ability to key the improved zone into stiffer underlying soils.

The composite strength of the deep soil mix zone is a function of the obtainable field soil-cement strengths and
the layout of the columns or panels within the improvement zone (which changes the replacement ratio). For
slope stabilization such as that required in this section, treated zones could be constructed using a cellular box
pattern involving the construction of a continuous line of DSM columns or panels connected with perpendicular
“rib” or “web” segments, as a single wall with perpendicular support members at regular spacings, or as
individual barrettes evenly spaced across the area to be improved.

Depending on the layout of the treated zone, the achievable strength of the improved columns or panels, and the
replacement ratio required to achieve the required minimum factor of safety, the improved zone would likely
span about 10 to 15 m in width from the 1H:1V toe of the existing embankment (similar to that required for
standard subexcavation and replacement treatment), and would extend to the base of the weak clays (at about
elevation 67 m). To provide basal fixity, the DSM should be embedded a minimum of 1.0 m into the underlying
very stiff cohesive soils. Consideration could be given to removing the organics deposits above the weak clays,
or to extending the improved zone to the existing ground surface and placing a geogrid above the improved
section to span the improved columns and transfer the loads imposed by the widening onto the stiffer members,
thus minimizing settlement of the untreated peat and clayey soils and avoiding costs related to removal and
replacement of these organics. A schematic section is provided in Drawing 4.

To optimize the design of the improvement zone, additional field and laboratory testing, together with more
detailed numerical modelling and analysis would need to be carried out. Golder has previously been involved in
design and construction of similar deep soil mix stabilization walls in Canada and has the expertise in house to
carry out this work.

6.43  Highway 401 STA 26+925 to 27+075 WBL / 27+025 EBL (Section C)

In Section C, along Highway 401 westbound and eastbound from about STA 26+925 to 27+075 WBL and
27+025 EBL, the existing embankment is between about 4.8 and 6.5 m in height with side slopes of between
1.25H:1V and 2H:1V. The embankment is to be widened by about 4 m along the westbound lanes (WBL) and
by about 3 to 5 m along the eastbound lanes (EBL). The increase in grade at the new edge of fully paved
shoulder is about 1.2 m WB and 0.6 to 0.8 m EB, with maximum increase in fill heights on the side slopes of
between 2.6 and 3.2 m.

The subsoils in this area at the toe of the existing embankment consist of about 1.8 to 4.1 m of peat and
organics {generally decreasing in thickness to the east) overlying silty clay. Of the two test pits advanced at the
base of the westbound (north) embankment side slopes, one met refusal in frozen ground, and one encountered
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1.8 m of peat beneath about 0.5 m of rock fill. On the south (eastbound) side of the embankment, the testpit at
Station 26+960 was inaccessible due to open water, and the testpit at 27+020 indicated that all but about 0.1 m
of peat had been removed. The underlying silty clay is typically stiff to hard, with undrained shear strengths (s,)
typically greater than 60 kPa. At W6, the upper 1 m of the silty clay is firm (s, = 20 to 35 kPa). At borehole E7,
0.3 m of firm silty clay fill was encountered overlying the peat. The clayey silt stratum is inferred to be up to 18
m thick based on dynamic cone penetration refusal met at 20 m depth at borehole W8 and at 21.5 m depth at
borehole W5. The clay is likely underlain by glacial till and/or bedrock. At W7, the top of the peat was 1.2 m
below water and ice. Borehole S2, put down at the WB shoulder of the existing embankment at the west end of
Section C indicates that the embankment fill extends to about 2 m below the elevation of the toe of slope and is
underlain by 1.3 m of firm to stiff peat and organic silty clay overlying very stiff silty clay.

In keeping with Section 6.2.1 on embankment fill types, the widened embankment was analysed assuming a
rock fill composition and 1.25H:1V side slopes. The stability and settlement analyses assume that the organic
soils encountered at or below ground surface have been removed (in accordance with OPSD 203.020) prior to
construction of the widened embankment. Allowable settiements within this section were limited to no more than
100 to 200 mm. The simplified stratigraphy and the associated unit weight, strength, deformation and time-rate
consolidation parameters employed for the different soil types encountered in this area are summarized in
Table 2. The piezometric condition used in the analyses was a water table at ground surface at the toe of the
slope, based on groundwater levels noted during drilling.

6.4.31  Stability

Based on the results of the subsurface investigation and review of the profile drawings, the critical section
(i.e., greatest embankment height and/or maximum thickness of soft, compressible foundation soils) in Section C
is located at STA 26+950. The stability analysis performed on the critical section(s) indicates that after the
completion of construction (including removal and replacement of the organic deposits), the embankment will
have a factor of safety (FoS) of 1.3 or greater for deep-seated, global failure surfaces that would impact the
operation of the roadway.

The results of pseudo-static seismic slope stability analyses for the above configuration indicate that the
embankment side slopes will have factors of safety of greater than 1.1 under seismic loading.

6.4.3.2 Seitlement

To estimate the magnitude of the anticipated settlements due to new construction, analysis was carried out on
the critical section(s) representative of the subsurface conditions within the area, at about STA 26+950.

Based on the results of the analysis of the critical section, the total amount of settlement of the foundation soils
during construction resulting from widening of the embankment by about 5 m and excavation and replacement of
4.1 m of peatis predicted to be about 95 mm at the edge of the new fully paved shoulder (FPS). This settlement
is comprised of.

m About 40 mm of primary consolidation of peat and organics beneath the embankment;
m About 10 mm of secondary consolidation of the peat and organics beneath the embankment;
m About 35 mm of recompression of the stiff to very stiff cohesive deposit; and,

m  About 10 mm of immediate settlement of the embankment fills.

October 2012

{ 50F Golder
Report No. 08-1111-0044-4 a4 .

& Associates



FOUNDATION INVESTIGATION - GWP 78-99-00

The total amount of post-construction settlement of the foundation soils resulting from widening, excavation and
replacement of peat is predicted to be about 110 mm at the edge of the new fully paved shoulder. This
settlement is comprised of;

M About 75 mm of secondary compression (creep) of the peat and organics beneath the embankment in the
10 year period following construction; and,

@ About 35 mm of secondary compression (creep) of the cohesive deposit in the 10 year period following
construction.

The amount of settlement within the existing and new travelled ianes is expected to be significantly less than that
estimated at the edge of the fully paved shoulder during and within the 10 year period following construction,
At the edge of pavement of the outside travelled lane, settlements are predicted to be about 35 percent of those
at FPS (35 mm during construction and 42 mm post-construction). At the centres of the three travelled lanes,
settiement is predicted to decrease from about 20 percent at the centre of the outside lane to about 6 percent at
the centre of the inside lane (i.e., 20 to 6 mm of settlement during construction, and 25 to 7 mm in 10 years
following construction).

Settlement of the foundation soils in the lower portions of the side slopes near the toe of the embankment is
predicted to be significantly more than that at the crest of the slope. This is in large part due to the presence of
soft compressible cohesive soils at the toe of the existing slope and the substantialiy farger relative increase in
effective stress due to widening and replacement of peat with rock fill immediately above these soils. The total
amount of settlement at the toe of slope is predicted to be about 265 mm, comprised of:

B8  About 120 mm of recompression of the underlying stiff to very stiff cohesive deposit;

m  Upto 15 mm of primary consolidation of the soft cohesive soils at toe of slope;

@ About 5 mm of secondary compression (creep) of the cohesive deposit during construction:

m  Up to about 80 mm of immediate self-weight compression of the rock fill at the toe:

®  About 35 mm of secondary compression (creep) of the cohesive deposit after construction: and,

B About 30 mm of rock fill settlement within the 10 years following construction.

Based on an average coefficient of consolidation (c,) of about 0.002 cm?/s estimated for the cohesive deposit
for the imposed loading conditions and assuming two-way drainage of the approximately 0.6 m thick soft
cohesive deposit, it is estimated that 90 percent of the primary consolidation settlement at the toe of the
slope will be completed in about 1 to 2 months and, as such, will likely be mostly completed during construction.
It is assumed that the recompression of the cohesive deposit will also take place largely within the
construction window,

Rock fill settiement during construction is estimated to be up to about 60 mm at the critical section(s) based on
placement of up to 3.2 m of rock fill on the side slopes and up to an additional 4.1 m at the toe after removal of
the organic deposits. The magnitude of post-construction settlement of the rock fill is estimated to be about
15 mm per log-cycle of time for this area and as such, approximately 30 mm of rock fill settiement is expected to
occur over a 10-year period following completion of construction. Immediate settiement of new rock and/or
roadway fills at the edge of the new fully paved shoulder is expected to be negligible given that the grade change
in this section at the edge of pavement is minimal.
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As such, about 200 mm of the predicted settlement is expected to take place within the construction window,
with about 85 mm of post construction settlement remaining in the 10 years to follow.

The settiement predicted above is considered to be the upper bound for the section, as the critical section takes
into account both the greatest amount of widening and thickest organic zone to be subexcavated and replaced.
Settlements along the remainder of the section should be less than those indicated.

6.4.3.3 Mitigation of Stability Issues and/or Time Dependent Settlements

The presence of an up to 1.3 m thick organic deposit and 18 m thick stiff clayey silt to silty clay deposit beneath
the existing embankment fills influences the magnitude of post-construction settlement of the widened
embankment. Predicted settlements at the edge of the fully paved shoulder and within the existing roadway are
within the allowable post-construction settiement tolerances as outlined in Section 6.2.3.4 for the section more
than 170 m from bridge abutments. Settlement is expected at the toe of the slope, but it is largely expected to
take place during construction.

The alternatives have been evaluated on the basis of the advantages, disadvantages, relative costs and
risk/consequences and, in this section, full sub-excavation of organics at the toe is recommended. Provided the
up to 4.1 m thick organic deposits at the toe of the slope are removed and replaced with rock fill prior to
embankment widening, no additional stability or seftlement mitigation measures are required. However,
considering the depth of the organic deposits and proximity of the excavation to the existing highway
embankment, staged excavation will be required to maintain temporary stability and to protect the existing
roadway. Details regarding the recommendations for staged excavation of organics are provided in Section 6.6.

Full Sub-Excavation of Compressible Organic Soils

Prior to the construction of the embankment, the removal and replacement with rock fill of up to 4.1 m of organic
deposits will be required. Considering the depth of the organic deposits and proximity of the excavation to the
existing highway embankment, staged excavation will be required to maintain temporary stability and to protect
the existing roadway. Details regarding the recommendations for staged excavation of organics are provided in
Section 6.6,

The cohesive deposit beneath the embankment is stiff to very stiff and extends up to about 18 m below existing
ground surface within the proposed embankment footprint at this location. Full sub-excavation of the cohesive
deposit to this depth in this area is not considered feasible and is not considered as a suitable settlement
mitigation option.

Partial Sub-Excavation of Soft Cohesive Soils

The cohesive soils within new embankment footprint are generally stiff to very stiff and the widened embankment
required no additional stability mitigation aside from removal of organics at the toe of the slope. The cohesive
soils are sufficiently stiff that the imposed loads resulting from the widening generally do not exceed the
preconsolidation pressure of the cohesive deposit except for the upper 0.5 m of the deposit. As such, partial
sub-excavation of a portion of the silty clay would only reduce the amount of predicted settlement at the toe of
slope by about 15 mm.
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Preloading

The cohesive soils beneath the travelled portion of the embankment footprint are generally stiff to very stiff.
Recompression of these deposits due to additional loading is expected to take place quickly and predicted
settlements at the crest are expected to be within allowable tolerances.

Surcharging

Given the absence of stability or settlement issues associated with the proposed embankment geometry,
surcharging is not considered appropriate for this section.

Lightweight Fill

Given the absence of stability or settlement issues associated with the proposed embankment geometry, the
use of expensive lightweight fill (i.e., expanded polystyrene (EPS)} is not considered necessary or practical for
this area.

Ground Improvement

Given the absence of stability or settlement issues associated with the proposed embankment geometry, ground
improvement is not considered necessary or practical for this area.

6.44 Highway 401 STA 27+075/025 to 27+175 WBL. and EBL (Section D)

In Section D, along Highway 401 westbound and eastbound from about STA 27+075/025 to 27+175 WBL and
EBL, the existing embankment is between about 4.0 and 4.8 m in height with side slopes of between 1.25H:1V
and 1.75H:1V. The embankment is to be widened by about 4 to 5 m along the westbound lanes (WBL) and by
about 3 to 4 m along the eastbound lanes (EBL). The increase in grade at the new edge of fully paved shoulder is
less than 0.5 m WB and EB, with maximum increase in fill heights on the side slopes of between 2.0 and 2.6 m.

The subsoils in this area at the toe of the existing embankment consist of about 2.4 to 4.0 m of peat and
organics overlying silty clay. On the north side of the embankment, test pits were attempted between Stations
27+120 and 27+137, but could not be advanced because of refusal in frozen ground. On the south (eastbound)
side of the embankment, testpits advanced in close proximity to culverts indicated that peat had been removed
from the sideslopes in these areas. The silty clay ranges in stifiness from very soft to hard, with undrained shear
strengths as low as 10 kPa in the upper 1 to 2 m, increasing in stiffness to greater than 60 kPa with depth. The
clayey silt stratum is at least 4 to 6 m thick, but is likely substantially thicker (17 m thick) based on dynamic cone
penetration testing carried out in Section C. At W8, the top of the peat was 1.7 m below water and ice.

In keeping with Section 6.2.1 on embankment fill types, the widened embankment was analysed assuming a
rock fill composition and 1.25H:1V side slopes. East of STA 27+075 WBL, the slopes were analysed using
2H:1V side slopes, as drawn in the sections provided by MRC. The stability and settlement analyses assume
that the organic soils encountered at or below ground surface have been removed (in accordance with OPSD
203.020) prior to construction of the widened embankment. Allowable settlements within this section were
limited to no more than 100 to 200 mm. The simplified stratigraphy and the associated unit weight, strength,
deformation and time-rate consolidation parameters employed for the different soil types encountered in this
area are summarized in Table 2. The piezometric condition used in the analyses was a water table at ground
surface at the toe of the slope, based on groundwater levels noted during drilling.
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6.4.41  Stability

Based on the results of the subsurface investigation and review of the profile drawings, the critical section
(i.e., greatest embankment height and/or maximum thickness of soft, compressible foundation soils) in Section D
is located at STA 27+100. The stability analysis performed on the critical section(s) indicates that after the
completion of construction (including removal and replacement of the organic deposits), the embankment will
have a factor of safety (FoS) of 1.3 or greater for deep-seated, global failure surfaces that would impact the
aperation of the roadway.

The results of pseudo-static seismic slope stability analyses for the above configuration also indicate that the
embankment side siopes will have factors of safety of greater than 1.1 under seismic loading

0.4.4.2 Settlement

To estimate the magnitude of the anticipated settlements due to new construction, analysis was carried out on
the critical section(s) representative of the subsurface conditions within the area, at about STA 27+100.

Based on the results of the analysis of the critical section, the total amount of settlement of the foundation soils
during construction resulting from widening of the embankment by about 4.5 m and excavation and replacement
of 4.0 m of peat is predicted to be about 110 mm at the edge of the new fully paved shoulder (FPS). This
settlement is comprised of:

m  About 80 mm of primary consolidation of peat beneath the embankment:
B About 10 mm of secondary consolidation of the peat beneath the embankment;
m  About 30 mm of recompression of the stiff to very stiff cohesive deposit; and,

@ About 10 mm of immediate settlerment of the embankment fills.

The total amount of post-construction settlement of the foundation soils resulting from widening, excavation and
replacement of peat is predicted to be about 80 mm at the edge of the new fully paved shoulder. This settlement
is comprised of:

m  About 50 mm of secondary compression (creep) of the peat beneath the embankment in the 10 year period
following construction; and,

m About 30 mm of secondary compression (creep) of the cohesive deposit in the 10 year period following
construction,

The amount of settlement within the existing and new travelled lanes is expected to be significantly less than that
estimated at the edge of the fully paved shoulder during and within the 10 year period following construction.
At the edge of pavement of the outside travelled lane, settlements are predicted to be about 50 percent of those
at FPS (55 mm during construction and 40 mm post-construction). At the centres of the three travelled lanes,
seltlement is predicted to decrease from about 33 percent at the centre of the outside lane to about 11 percent at
the centre of the inside lane (i.e., 35 to 15 mm of settlement during construction, and 26 to less than 10 mm in
10 years following construction).

Settlement of the foundation soils in the lower portions of the side slopes near the toe of the embankment is
predicted to be significantly more than that at the crest of the slope. This is in large part due to the presence of
soft compressible cohesive soils at the toe of the existing slope and the increase in effective stress due to
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widening and replacement of peat with rock fill immediately above these scils. The total amount of settlement
predicted at the toe of the slope is about 345 mm, comprised of:

m About 75 mm of recompression of the underlying stiff to very stiff cohesive deposit;

a Upto 130 mm of primary consolidation of the soft cohesive soils at toe of slope;

@ About 10 mm of secondary compression (creep) of the cohesive deposit during construction;

m Up to about 80 mm of immediate self-weight compression of the rock fill at the toe;

m About 40 mm of secondary compression (creep) of the cohesive deposit after construction; and,

@ About 30 mm of rock filt settlement within the 10 years following construction.

Based on an average coefficient of consolidation {c,) of about 0.004 cm%s estimated for the cohesive deposit for
the imposed loading conditions and assuming two-way drainage of the approximately 1.6 m thick soft cohesive
deposit, it is estimated that 90 percent of the primary consolidation settlement at the toe of the slope will be
completed in about 2 months and, as such, will likely be mostly completed during construction. It is assumed
that the recompression of the cohesive deposit will also take place largely within the construction window.

Rock fill settlement during construction is estimated to be up to about 60 mm at the critical section(s) based on
placement of up to 2.6 m of rock fill on the side slopes and up to an additional 4.0 m at the toe after removal of
the organic deposits. The magnitude of post-construction settiement of the rock fill is estimated to be about
15 mm per log-cycle of time for this area and as such, approximately 30 mm of rock fill settlement is expected to
occur over a 10-year period foliowing completion of construction. |Immediate settlement of new rock andfor
roadway fills at the edge of the new fully paved shoulder is expected to be negligible given that the grade change
in this section at the edge of pavement is minimal.

As such, about 275 mm of the predicted settlement is expected to take place within the construction window,
with about 70 mm of post construction setflement remaining in the 10 years to follow.

The settlement predicted above is considered to be the upper bound for the section, as the critical section takes
into account both the greatest amount of widening and thickest organic zone to be subexcavated and replaced.
Settlements along the remainder of the section should be less than those indicated.

6.4.4.3 Mitigation of Stability Issues and/or Time Dependent Settlements

The presence of an up to 17 m thick clayey silt to silty clay deposit and 1.0 m thick peat deposit beneath the
existing embankment fills influences the magnitude of post-construction settlement of the widened embankment.
Predicted settlements are below allowable post-construction settlement tolerances as outlined in Section 6.2.3.4.
Settlement is expected at the toe of the slope, but it is [argely expected to take place during construction.

The alternatives have been evaluated on the basis of the advantages, disadvantages, relative costs and
risk/consequences and, for this section, the full sub-excavation of compressible organic soils is recommended.
Provided the up to 4.0 m thick organic deposits at the toe of the slope are removed and replaced with rock fill
prior to embankment widening, no additional stability or settlement mitigation measures are required. However,
considering the depth of the organic deposits and proximity of the excavation to the existing highway
embankment, staged excavation will be required to maintain temporary stability and to protect the existing
roadway. Details regarding the recommendations for staged excavation of organics and weak/soft deposits are
provided in Section 6.6.
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Full Sub-Excavation

Prior fo the construction of the embankment, the removal and replacement with rock fill of up to 4.0 m of organic
deposits will be required. Considering the depth of the organic deposits and proximity of the excavation to the
existing highway embankment, staged excavation will be required to maintain stability and to protect the existing
roadway. Details regarding the recommendations for staged excavation of organics are provided in Section 6.6.

The cohesive deposit beneath the embankment is stiff to very stiff and extends up to about 17 m below existing
ground surface within the proposed embankment footprint at this location, Full sub-excavation of the cohesive
deposit to this depth in this area is not considered feasible and is not considered as suitable settlement
mitigation option.

Partial Sub-Excavation

The cohesive soils within new embankment footprint are generally stiff to very stiff and the widened embankment
required no additional stability mitigation aside from removal of organics at the toe of the slope. The cohesive
soils are sufficiently stiff that the imposed loads resulting from the widening generally do not exceed the
preconsolidation pressure of the cohesive deposit, except for the upper 1.6 m of the deposit at the toe of the
slope. Partial sub-excavation of this soft portion of the silty clay could significantly reduce the amount of
predicted settlement at the toe of slope by about 130 mm, however, removal would extend the depth of
excavation to some 6 m adjacent to the embankment which, without appropriate roadway protection, could lead
to potential instability of the existing embankment during excavation.

Preloading

The cohesive soils beneath the travelled portion of the embankment footprint are generally stiff to very stiff.
Recompression of these deposits due to additional loading is expected to take place quickly and predicted
settlements at the crest are expected to be within allowable tolerances. Settlements at the toe are predicted to
be significant, however, primary consolidation settlements are expected to take place quickly (based on ¢, about
0.004 cmzfs) and post-construction settlements are expected to be relatively smail. Given the time to realize
most of the seftlement at the crest and toe, preloading te minimize settlement is not required.

Surcharging

Given the absence of stability or settlement issues associated with the proposed embankment geometry,
surcharging is not considered appropriate for this section.

Lightweight Fill

Given the absence of stability or settlement issues associated with the proposed embankment geometry, the
use of expensive lightweight fill (i.e., expanded polystyrene (EPS)) is not considered necessary or practical for
this area.

Ground Improvement

Given the absence of stabifity or settiement issues associated with the proposed embankment geometry, ground
improvement is not considered necessary or practical for this area.
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6.4.5 - Highway 401 STA 27+175 to 27+500 WBL and EBL (Section E)

In Section E, along Highway 401 westbound and eastbound from about STA 27+175 to 27+500 WBL and EBL,
the existing embankment is between about 3 and 4 m in height with side slopes range between 1.25H.1V and
4H:1V. Along the westbound lanes, the embankment is to be widened by 3 to 4 m between STA 27+175 and
274275 at slopes ranging from 1.25H:1V to 2H:1V,and reducing to less than 1 m of widening at 4H:1V west of
STA 27+300. Fastbound lanes in this section are to be widened 3 to 4 at a side slope of 1.25H:1V between
27+175 and 27+300, and up to 6 m at a side slope of 4H:1V east of STA 27+300. The increase in grade at the
new edge of fully paved shoulder is less than 0.5 m WB and EB, with maximum increase in fill heights on the
side slopes of between 0.2 and 2.2 m.

Drawings provided by MRC indicate that a rigid frame open culvert (RFO) crosses perpendicular to the highway
at about STA 27+340 m. According to the drawings, the culvert dimensions are 1.83 m x 1.22 m x 38.27 m.
Based on the proposed widening, the existing culvert will likely need to be Jengthened by about 4 to 6 m on the
EB toe of slope and by about 2 m on the WB toe of slope. No information was provided on the elevation of the
culvert, but it is assumed that the outlet is near ground surface at the toe of the existing embankment. The
design of this widened culvert is provided in a separate report.

The subsails in this area at the toe of the existing embankment consist of fill and/or peat and organics overlying
silty clay. Surficial fill encountered at the toe of the WBL (boreholes W13 through W15) ranges in composition
from sandy clayey silt to silty clay. The surficial fills are underiain by up to 1 m of firm organic silty clay, which in
turn are underlain by inorganic silty clay to clayey silt. Along the remainder of the section, the subsoils typically
consist of about 1.7 to 2.4 m of peat, underlain by silty clay which, near the peat/silty clay interface, is frequently
organic. At borehole E16 and E17, the peat is underlain by a 0.6 m thick zone of soft to firm clay. The silty clay
along the remainder of this section of embankment of ranges from firm to hard, but is typically very stiff, with
undrained shear strengths of 100 kPa or more. The silty clay stratum is at least 4 to 8 m thick in most locations,
although at E14, refusal to spoon and dynamic cone penetration was met at about 3 m. From borehole W12, it
is inferred that the silty clay is about 8 m thick and is likely underlain by glacial till or bedrock. On the north
(westbound) side of the embankment, test pits were advanced at three locations to observe the subsurface
conditions beneath the embankment sideslopes. At the testpit advanced as Station 27+240 WB, 1.3 m of peat
was encountered beneath the rock fil. East of Station 27+350, no peat was indicated. On the south
(eastbound) side of the embankment at Station 27+350, 0.8 m of peat was encountered beneath the side slopes.
No peat was encountered at Station 27+600 (EB).

In keeping with Section 6.2.1 on embankment fill types, the widened embankment was analysed assuming a
rock fill composition. Because the design slopes range in steepness from 1.25H:1V to 4H:1V, the siability
analyses were carried out for the steepest slopes, while setlement analyses were carried out for the largest
grade increase. The stability and settlement analyses assume that the organic soils encountered at or below
ground surface have been removed (in accordance with OPSD 203.020) prior to construction of the widened
embankment. Allowable settlements within this section were limited to no more than 100 to 200 mm. Within
25 m of the culvert, differential settlement should be limited to 26 mm. The simplified stratigraphy and the
associated unit weight, strength, deformation and time-rate consolidation parameters employed for the different
soil types encountered in this area are summarized in Table 2. The piezometric condition used in the analyses
was a water table at ground surface at the toe of the slope, based on groundwater levels noted during drilling.
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6.4.5.1 Stability

Based on the results of the subsurface investigation and review of the profile drawings, the critical section
(i.e., greatest embankment height and/or maximum thickness of soft, compressible foundation soils) in Section E
is located at STA 27+250. The stability analysis performed on the critical section(s) indicates that after the
completion of construction (including removal and replacement of the organic deposits), the embankment will
have a factor of safety (FoS) of 1.3 or greater for deep-seated, global failure surfaces that would impact the
operation of the roadway.

The results of pseudo-static seismic slope stability analyses for the above configuration also indicate that the
embankment side slopes will have factors of safety of greater than 1.1 under seismic loading.

6.4.5.2 Settlement

To estimate the magnitude of the anticipated settlements due to new construction, analysis was carried out on
the critical section(s) representative of the subsurface conditions within the area, at about STA 27+300.

Based on the results of the analysis of the critical section, the total amount of settlement of the foundation soils
during construction resulting from widening of the embankment by about 4 m and excavation and replacement of
2.4 m of peat is predicted to be about 70 mm at the edge of the new fully paved shoulder (FPS). This settlement
is comprised of:

m  About 40 mm of primary consolidation of peat beneath the embankment;
m About 5 mm of secondary consolidation of the peat beneath the embankment;
m About 15 mm of recompression of the stiff to very stiff cohesive deposit; and,

B About 10 mm of immediate settlement of the embankment fills.

The total amount of post-construction settlement of the foundation soils resulting from widening, excavation and
replacement of peat is predicted to be about 65 mm at the edge of the new fully paved shoulder. This settiement
is comprised of,

m About 50 mm of secondary compression (creep) of the peat beneath the embankment in the 10 year period
following construction; and,

m About 15 mm of secondary compression (creep) of the cohesive deposit in the 10 year period following
construction.

The amount of settlement within the existing and new travelled lanes is expected to be significantly less than that
estimated at the edge of the fully paved shoulder during and within the 10 year period following construction.
At the edge of pavement of the outside travelled lane, settlements are predicted to be about 50 percent of those
at FPS (35 mm during construction and post-construction). At the centres of the three travelled lanes, settlement
is predicted to decrease from about 25 percent at the centre of the outside lane to about 5 percent at the centre
of the inside lane (i.e., 20 to 5 mm of settlement during construction, and 15 to less than 5 mm in 10 years
following construction).

Settlement of the foundation soils in the lower portions of the side slopes near the toe of the embankment is
predicted to be more than that at the crest of the slope due in large part due to the increase in effective stress
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due to widening and replacement of peat with rock fill immediately above these soils. The total amount of
predicted settlement at the toe of the slope is about 115 mm, comprised of;

B About 45 mm of recompression of the underlying stiff to very stiff cohesive deposit;
B About 15 mm of secondary compression {creep) of the cohesive deposit after construction;
B Up to about 35 mm of immediate self-weight compression of the rock fill at the toe; and,

@ About 20 mm of rock fill settlement within the 10 years following construction.

Recompression of the stiff cohesive deposit at the toe of slope and immediate self-weight compression of the
rock fill is expected to be completed within a 2-month construction window.

Rock fill settlement during construction is estimated to be up to about 35 mm at the critical section(s) based on
placement of up to 2.2 m of rock fill on the side slopes and up to an additional 2.4 m at the toe after removal of
the organic deposits. The magnitude of post-construction settlement of the rock fill is estimated to be about
10 mm per log-cycle of time for this area and as such, approximately 20 mm of rock fill settlement is expected to
occur over a 10-year period following completion of construction. Immediate settlement of new rock and/or
roadway fills at the edge of the new fully paved shoulder is expected to be negligible given that the grade change
in this section at the edge of pavement is minimal.

As such, about 80 mm of the predicted settlement is expected to take place within the construction window, with
about 35 mm of post construction settiement remaining in the 10 years to follow.

The settiement predicted above is considered to be the upper bound for the section, as the critical section takes
into account both the greatest amount of widening and thickest organic zone to be subexcavated and replaced.
Settlements along the remainder of the section should be less than those indicated.

6.4.5.3 Mitigation of Stability Issues and/or Time Dependent Settiements

The presence of an up to 1.0 m thick peat deposit beneath the existing embankment influences the magnitude of
post-construction settfement of the widened embankment. However, predicted settlements are below allowable
post-construction settlement tolerances as outlined in Section 6.2.3.4. Settlement is expected at the toe of the
slope, but itis largely expected to take place during construction.

In order to minimize post-construction settlements and differential settliement between new and existing lanes,
the alternatives presented below can be considered. The alternatives have been evaluated on the basis of the
advantages, disadvantages, relative costs and risk/consequences and, in this section, full sub-excavation of
compressible organic soils is recommended. Provided the up to 2.4 m thick organic deposits at the toe of the
slope are removed and repiaced with rock fill prior to embankment widening, no additional stability or settlement
mitigation measures are required.

Full Sub-Excavation of Compressible Organic Deposits

Prior to the construction of the embankment, the removal and replacement with rock fill of up to 2.4 m of organic
deposits will be required. Details regarding the recommendations for staged excavation of organics are provided
in Section 6.6.
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The cohesive deposit beneath the embankment is stiff to very stiff and exfends up to about 8 m below existing
ground surface within the proposed embankment footprint at this location. Full sub-excavation of the cchesive
deposit to this depth in this area is not considered feasible and is not considered as suitable settiement
mitigation option,

Partial Sub-Excavation of Soft Cohesive Soils

The cohesive soils within new embankment footprint are generally stiff to very stiff and the widened embankment
required no additional stability mitigation aside from removal of organics at the toe of the slope. The cohesive
solls are sufficiently stiff that the imposed loads resulting from the widening do not exceed the preconsolidation
pressure of the cohesive deposit. As such, no partial sub-excavation is required in this section.

Preloading

The cohesive soils beneath the travelled portion of the embankment footprint are generally stiff to very stiff.
Recompression of these deposits due to additional loading is expected to take place quickly and predicted
settlements at the crest are expected to be within allowable tolerances.

Surcharging

Given the absence of stability or seltlement issues associated with the proposed embankment geometry,
surcharging is not considered appropriate for this section.

Lightweight Fill

Given the absence of stability or seftlement issues associated with the proposed embankment geometry, the
use of expensive lightweight fill (i.e., expanded polystyrene (EPS)) is not considered necessary or practical for
this area.

Ground Improvement

Given the absence of stability or settlement issues associated with the proposed embankment geometry, ground
improvement is not considered necessary or practical for this area.

6.4.6 Highway 401 STA 28+200 to 28+450 WBL/EBL (Section F)

In Section F, along Highway 401 eastbound from about STA 28+200 to 28+450 EBL, the existing embankment is
between about 5.8 and 8.5 m in height with side slopes range between 1.25H:1V and 2H:1V (and as shailow as
4H:1V at the west end of the section). Along the westbound lanes, the embankment is to be widened by up to
0.5 m at slopes of 1.25H:1V or 4H:1V, depending on the existing embankment slopes. Eastbound lanes in this
section are to be widened by 1 to 4 m at side slopes of 1.25H:1V. The increase in grade at the new edge of fully
paved shoulder is up to 0.9 m, with maximum increase in fill heights on the side slopes of between 1 and 3.5 m.

The subsoils in this area at the toe of the existing embankment consist of fill and/or peat and organics overlying
silty clay. At boreholes E20 and E21, the subsoils consist of between 1.8 and 4.3 m of peat and organics and up
to 0.6 m of soft clay (at E20) overiying generally stiff silty clay (undrained shear strengths > 80 kPa). Boreholes
put down west and east of E20/E21 indicate very stiff to hard silty clay at surface. At the eastern portion of this
section (E23, E24 near the Cataragui River Bridge), 0.6 m of surficial fill consisting of clayey silt or peat is
underlain by very stiff to hard silty clay. The silty clay stratum is at least 3 to 4 m thick in most locations.
At borehole E23, refusal to spoon and dynamic cone penetration was met at about 3 m, likely indicating the top
of glacial till or bedrock. Borehole S4 put down at the crest of the embankment in Section F indicates that the
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embankment is underlain by about 1 m of rock fill, overlying 0.3 m of peat and 0.5 m of organic clay. These
potentially compressible deposits overlie very stiff silty clay extending to a depth of about 4 m below original
ground surface.

In keeping with Section 6.2.1 on embankment fill types, the widened embankment was analysed assuming a
rock fill composition and 1.25H:1V side slopes along the EBL and between 1.25H:1V and 4H:1V along the WBL,
as drawn in the sections provided by MRC. The stability and settlement analyses assume that the organic soils
encountered at or below ground surface have been removed (in accordance with OPSD 203.020) prior to
construction of the widened embankment. Allowable settliements within this section were limited no more than
50 to 100 mm for most of the section, decreasing to between 10 to 25 mm immediately adjacent to the existing
Cataraqui River Bridge. The simplified stratigraphy and the associated unit weight, strength, deformation and
time-rate consolidation parameters employed for the different soil types encountered in this area are
summarized in Table 2. The piezometric condition used in the analyses was a water table at ground surface at
the toe of the slope, based on groundwater levels nated during drilling.

6.4.6.1 Stability

Based on the results of the subsurface investigation and review of the profile drawings, the critical section
(i.e., greatest embankment height and/or maximum thickness of soft, compressible foundation soils) in Section F
is located at STA 28+200. The stability analysis performed on the critical section(s) indicates that after the
completion of construction (including removal and replacement of the organic deposits), the embankment will
have a factor of safety (FoS) of 1.3 or greater for deep-seated, global failure surfaces that would impact the
operation of the roadway.

The results of pseudo-static seismic slope stability analyses for the above configuration also indicate that the
embankment side siopes will have factors of safety of greater than 1.1 under seismic loading.

6.4.6.2 Settlement

To estimate the magnitude of the anticipated settlements due to new construction, analysis was carried out on
the critical section(s) representative of the subsurface conditions within the area, at about STA 28+250.

Based on the results of the analysis of the critical section, the total amount of settlement of the foundation soils
during construction resulting from widening of the embankment by about 4.5 m and excavation and replacement
of 4.3 m of peat and organics is predicted to be about 70 mm at the edge of the new fully paved shoulder (FPS).
This settlement is comprised of:

m  About 40 mm of primary consolidation of peat and organics beneath the embankment;
B  About 5 mm of secondary consolidation of the peat beneath the embankment;
m  About 15 mm of recompression of the stiff to very stiff cohesive deposit; and,

@ About 10 mm of immediate settlement of the embankment fills,

The total amount of post-construction settlement of the foundation soils resulting from widening, excavation and
replacement of peat and organics is predicted to be about 45 mm at the edge of the new fully paved shouider.
This setlement is comprised of:

B About 35 mm of secondary compression (creep) of the peat and organics beneath the embankment in the
10 year period following construction; and,
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m  About 10 mm of secondary compression (creep) of the cohesive deposit in the 10 year period following
construction.

The amount of settlement within the existing and new travelled lanes is expected to be significantly less than that
estimated at the edge of the fully paved shoulder during and within the 10 year period following construction. At
the edge of pavement of the outside travelled lane, settlements are predicted to be about 10 percent of those at
FPS (less than 10 mm during construction and less than 5 mm post-construction). At the centres of the three
travelled lanes, settlement is predicted to be less than 5 percent of seftlements at the FPS (i.e., less than 5 mm
during and foliowing construction).

Settlement of the foundation soils in the lower portions of the side slopes near the toe of the embankment is
predicted to be more than that at the crest of the slope due in large part due to the increase in effective stress
due to widening and replacement of peat and organics with rock fill immediately above these soils, and in places,
the presence of up to 0.6 m of soft clay beneath the replaced organics. The total amount of predicted settlement
at the toe of the slope is about 135 mm, comprised of:

m  About 5 mm of primary consolidation settlement of the soft cohesive soils;

@  About 20 mm of recompression of the underlying stiff to very stiff cohesive deposit;

B Up to about 80 mm of immediate self-weight compression of the rock fill at the toe;

B About 10 mm of secondary compression (creep) of the cohesive deposit after construction; and,

B Up to about 40 mm of rock fill settlement within the 10 years following construction.

Based on an average coefficient of consolidation (c,) of about 0.004 cm?%s estimated for the cohesive deposit for
the imposed loading conditions and assuming two-way drainage of the approximately 0.1 m thick soft cohesive
deposit, it is estimated that 90 percent of the primary consolidation settlement at the toe of the slope will be
completed in about 1 month, as such, will likely be mostly completed during construction. Recompression of the
stiff cohesive deposit at the toe of slope and immediate self-weight compression of the rock fill is expected to be
completed within a 2-month construction window.

Rock fill settlement during construction is estimated to be up to about 80 mm at the critical section(s) based on
placement of up to 3.8 m of rock fill on the side slopes and up to an additional 4.6 m at the toe after removal of
the organic deposits. The magnitude of post-construction settlement of the rock fill is estimated to be about
20 mm per log-cycle of time for this area and as such, approximately 40 mm of rock fill settlement is expected to
occur over a 10-year period following completion of construction. Immediate settlement of new rock and/or
roadway fills at the edge of the new fully paved shoulder is expected to be negligibie given that the grade change
in this section at the edge of pavement is minimal.

As such, about 85 mm of the predicted settlement is expected to take place within the construction window, with
about 50 mm of post construction settlement remaining in the 10 years to follow.

The settlement predicted above is considered to be the upper bound for the section, as the critical section takes
into account both the greatest amount of widening, thickest organic zone to be subexcavated and replaced, and
softest foundation soils. Settiements along the remainder of the section should be less than those indicated.
Immediately adjacent to the existing bridge structure, settlements associated with the widening are expected to
be minimal (< 26 mm) given the limited amount of widening and the very stiff to hard foundation soils beneath
the embankment.

Octoher 2012
Report No. 08-1111-0044-4 56




FOUNDATION INVESTIGATION - GWP 78-99-00

6.4.6.3 Mitigation of Stability Issues and/or Time Dependent Settlements

The presence of an up to 1.3 m thick layer of compressible organics beneath the embankment influences the
magnitude of post-construction settlement at the crest of the widened embankment. Predicted settlements are
below allowable post-construction settlement tolerances as outlined in Section 6.2.3.4.

In order to minimize post-construction settlements, the alternatives presented below were considered. The
alternatives were evaluated on the basis of the advantages, disadvantages, relative costs and risk/consequences
and in this section, full subexcavation and replacement of the organics at the toe of slope is recommended.
Provided that the up to 4.3 m thick layer of peat and organic deposits are removed and replaced with rock fill prior
to embankment widening, no additional stability or settlement mitigation measures are required. However,
considering the depth of the organic deposits and proximity of the excavation to the existing highway
embankment, staged excavation will be reguired to maintain stability and to protect the existing roadway in
portions of this Section. Additional temporary protection is recommended where excavations exceed 4 m depth.
Details regarding the recommendations for staged excavation of organics and weak/soft deposits are provided in
Section 6.6.

Full Sub-Excavation of Compressible Organic Deposits

Prior to the construction of the embankment, the removal and replacement with rock fill of up to 4.3 m of organic
deposits will be required. Considering the depth of the organic deposits and proximity of the excavation to the
existing highway embankment, staged excavation will be required to maintain stability and to protect the existing
roadway in portions of this Section. Details regarding the recommendations for staged excavation of organics
are provided in Section 6.6.

The cohesive deposit beneath the embankment is stiff to very stiff and extends up to about 7.5 m below existing
ground surface within the proposed embankment footprint at this location. Full sub-excavation of the cohesive
deposit to this depth in this area is not considered feasible and is not considered as suitable settlement
mitigation option.

Partial Sub-Excavation of Soft Cohesive Soils

The cohesive soils within new embankment footprint are generally stiff to very stiff and the widened embankment
required no additional stability mitigation aside from removal of organics at the toe of the slope. The cohesive
soils are sufficiently stiff that the imposed loads resulting from the widening generally do not exceed the
preconsolidation pressure of the cohesive deposit. As such, no partial sub-excavation is required in this section.

Preloading

The cohesive soils beneath the travelled portion of the embankment footprint are generally stiff to very stiff.
Recompression of these deposits due to additional loading is expected to take place quickly and predicted
settlements at the crest are expected to be within allowable tolerances.

Surcharging

Given the absence of stability or settlement issues associated with the proposed embankment geometry,
surcharging is not considered appropriate for this section.
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Lightweight Fill

Given the absence of stability or settlement issues associated with the proposed embankment geometry, the
use of expensive lightweight fill (i.e., expanded polystyrene (EPS)) is not considered necessary or practical for
this area.

Ground Improvement

Given the absence of stability or settlement issues associated with the proposed embankment geometry, ground
improvement is not considered necessary or practical for this area.

6.4.7 Settlement of the Gas Main at Station 27+756

The existing gas main at Station 27+756 is outside of the area of widening for this project and, as such, no
construction induced settiements are expected.

6.4.8 Settlement of Existing Culverts

Foundations input to the design and extension of the three existing structural culverts at Stations 27+340,
27+675 and 28+030 is provided in a separate report.

6.5 Results of Analysis (Non-Standard Embankment Geometries and
Construction Methodologies)

In a meeting with MTO, MRC and Golder, the impacts and costs of following standard MTO design and

construction practices were discussed and it was concluded by MTO and the design team that alternate non-

standard embankment geometries and non-standard construction methodologies should be considered for the

construction of the embankment through the Cataraqui wetlands. This decision to consider non-standard

methodologies was driven by a number of issues, including:

@ The large volumes of peat that would need to be removed as per OPSD 203.020 (high cost);
B The high cost and complexity of mitigating the stability issues in Section B:

B The depth of peat removal which, in some places, exceeds 3 to 4 m and would require temporary shoring
and possible lane closures during construction:

B The challenges associated with staging the shaving of existing side slopes to 1H:1V to accommodate
subexcavation and backfill in accordance with OPSD 203.020, which is made more challenging because of
access issues (the toe of the siope can only be accessed from the east), materials management and
adjacent land owner issues; and,

@ The changes made to the embankment geometry (roundings changed from 4H:1V to 3H:1V}) to minimize
the footprint into the fisheries compensation areas.

The non-standard construction methodologies considered by the design team included:

m  Staged construction of widened embankment with no removal of peat at toe of slope, to eliminate all
subexcavation of organics at the toe of slope and beneath the embankment sideslopes:

m  Construction of the widened embankment with only partial removal of peat at the toe of slope, by:

" Limiting depth of removals to a maximum depth of 3 m to eliminate the need for temporary shoring and
minimize the risks of instability to the existing embankment sideslopes; and/or,
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® Leaving a section of trapped organics beneath the existing sideslapes (i.e., changing the requirement
for removals from OPSD 203.020 to 203.030); and/or,

= |imiting the width of swamp excavation to extend only to the toe of the widened embankment slope, but
not beyond (i.e., modification to OPSD 203.020, as shown on Drawing 5).

m Modifying the slope geometry to minimize the footprint of the widening such that only' minimal new fill
would be placed on the existing embankment slopes (particularly in Section B where the existing slope
stability is marginal).

A summary of the advantages and disadvantages of these non-standard construction methodologies and
embankment geometries have been added to Table 3.

Based on the resuits of that meeting, the modified embankment widening sections with 3H:1V roundings in
Sections C through F, and 3 or 2H:1V roundings in Sections A and B, were assessed with respect to settlement
and stability, and a summary of the findings is provided below.

6.5.1 Embankment Stability

The long-term stability of slopes with the original embankment geometry (4H:1V rounding slope) or modified
3H:1V slopes with peat removals at the toe of slope are stable in all sections but Section B, which is underlain by
the thickest peat deposits and an underlying very weak clay layer. With further reductions of the slope geometry
in Section B (i.e., a 2H:1V rounding), the amount of fill being placed on the existing side slopes (and in particular
at the toe of the slope) is significantly reduced and there is only a slight reduction in the existing long-term slope
stability of the slopes (1.24 o 1.28, compared to the existing conditions FOS 1.25 to 1.37).

To assess the short-term stability of the embankments constructed on peat (without subexcavation and
removal), the undrained shear strengths of the material must be considered. Because the fill at the toe of slope
is being placed on virgin peat deposits that are under low existing effective stresses and have not previously
been compressed, these deposits have very low initial undrained shear strengths. Mesri (2007) provides a
correlation between undrained shear strength and existing vertical consolidation pressure of about 0.55 for
fibrous peat deposits with water contents of around 500 percent, which corresponds to an equivalent short-term
friction angle of about 29 degrees.

Stability modeling of the proposed widening constructed to full height without peat removals using undrained
shear strengths results in very low factors of safety (less than 1) and will result in significant lateral displacement
(i.e., spreading type failures) of the peat in Sections C through F. In order to successfully construct on virgin
peat without encountering significant stability problems, the widened embankments would need to be
constructed in very short lifts (likely no more than 1 m of fill placed at a time), and each lift would need to be left
in place until pore pressures dissipated (likely for 1 to 3 months per lift). Instrumentation would need to be
installed to monitor pore pressures and lateral movements of the peat to reduce the risk of failures within the
new embankment fill. Even if constructed in stages, the peat would undergo significant settlement and lateral
displacement (both during and after construction) and significant amounts of extra rock fill will need to be placed
below swamp grade as the peat is compressed or displaced laterally.

In Sections A and B, where there is limited fill being placed at the toe of slope in areas with peat and organics
and where the widened fill will be placed above a geogrid-reinforced temporary access road at the toe of slope
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{refer to Section 6.8), very little load will be transmitted to the underlying peat and the short term factor of safety
against instability is predicted to be about 1.2, and would increase in time as pore pressures within the underlying
peat, organic and clayey soils dissipate.

6.5.2 Embankment Settlement

The settlement analysis presented in Section 6.4 above was carried out based on the original embankment
widening geometry with a 4H:1V roundings and assuming full removal of peat beneath the side slopes and at the
toe of slope as per OPSD203.020. Results indicated that the settlement at the edge of the fully paved shoulder
was generally expected to be within acceptable ranges.

The following discussion provides a summary of the relative changes in predicted settlement outlined in
Section 6.4 based on the following changes: ’

® The change in slope widening geometry from 4H:1V roundings to 3H:1V or 2H:1V roundings;
m The reduction (limitation) of the depth of subexcavation in Sections C to F to no more than 3 m;

® The incorporation of a minimum of 6 months preload period allowed for between construction of the
widened embankment and final paving;

m The elimination of subexcavation and replacement of peat and organics with rock fill in Sections B and A;

B The construction of a 1 to 1.5 m high georid-reinforced construction access road at the toe of slope in
Secfions B and A;

B The potential for limiting the removals to beyond the existing toe of slope (OPSD 203.030), rather than
cutting the existing slope at 1H:1V from the crest of slope, as specified in OPSD 203.020; and,

m The modification to OPSD 203.020 to limit the width of widening to extend only to the toe of the widened
embankment slope.

The change in slope widening geometry from 4H:1V roundings to 3H:1V or 2H:1V roundings results in a
significant reduction in the amount of material being placed on the side slopes (see Table 1 for summary of
widths of widening with the 4H:1V and 3 or 2H:1V}, and thus a reduction in the overall load being applied to the
embankment, which would result in a reduction of the amount of predicted settiement, both at the toe of slope
and at the edge of the paved shoulder.

At the toe of slope, settlement predictions provided in Section 6.4 were estimated assuming that all peat and
organics were removed and replaced with rock fill. Sources of settlement included recompression or
consolidation of the cohesive deposit under the added loads imposed by replacing the peat with rock fill, by
constructing the widened embankment, and by the settlement of the rockfill itself. No settlement of the peat at
the toe or side slopes was considered because it was to be removed. The reduction in the maximum
subexcavation depths to 3 m along the toe of the embankments will remove most of the compressible organics
from the toe of slope, however, in a few areas, would result in some compressible organic deposits being left in
place beneath the new embankment fills at the toe of slope. As a result, some additional settlement of the
embankment side slopes and toe (both during and post-construction) should be expected, although this
additional settlement is unlikely to impact the performance of the road platform given that the new travelled lanes
are entirely within the existing embankment width. Where not fully removed, ongoing “creep” settiement of the
underlying peat/organic materials will occur following paving, and ongoing future maintenance of the sideslopes
for the widened portions of the highway in these areas may be required.
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Constructing the widened embankment as a preload (i.e., the full height of the embankment is constructed and
allowed to sit for a period of at least 6 months to a year before paving) will further reduce the amount of
post-construction settlement predicted in Section 6.4 at both the crest and toe of slope, and will allow additional
settlement resulting from compression of any trapped organics to take place prior to paving. It is recommended
that settlement be monitored over time using settlement pins placed at regular intervals along the widened
embankment near the crest of slope. An NSSP for settlement pins is provided.

In Sections A and B, by incorporating a 2H:1V rounding to minimize the amount of additional load being placed
on the existing sideslopes, the embankment widening is reduced considerably at the toe of slope (to a sliver
widening in most locations underlain by peat and organics). In these sections, leaving some or all of the peat at
toe of slope is thought to have minimal impact on predicted settlements at crest of slope because of the
steepness and height of the slopes and the limited widening. ‘

With a 1 to 1.5 m high tempoerary construction road constructed along the toe of slope in Sections A and B, the
added |oading from temporary construction road is about equivalent to the added load from subexcavation and
replacement of the peat with rock fill, resulting in no increase in stress. No new loads added means no change
in the predicted settlements at the edge of pavement in these sections as presented in Section 6.4.

Beneath the side slopes, settlements are expected to be between those expected at the edge of the fully paved
shoulder and at the toe of slope and will be highly dependent on the amount of trapped organics left in place
beneath the side slopes. If slopes are excavated as per OPSD 203.030C rather than OPSD 203.020, there is an
increased risk of trapped organics beneath the side slopes, and additional settlement (both during and’
post-construction) should be expected. Increased post-construction settlement of the toe and side-slopes could
result in some oversteepening of the embankment side-slopes. Even with preloading of the embankment
widening areas, ongoing “creep” seftlement of the underlying peat/organic materials would occur following
paving, which may result in potential softening of the embankment shoulders, for which ongoing maintenance
will likely be required. If the embankment were widened in the future, the future removal of these additional
“trapped” organics would be more difficult and, if left in place, additional settlements of these “trapped” organics
would impact the future travel lanhes.

6.5.3 Conclusions

The results of the updated settlement and stability analyses were presented to MTO in a meeting with the design
team, and the following conclusions were drawn:

® It was decided that standard subexcavation and replacement procedures in accordance with OPSD
203.020 should be followed in Sections C through F, but that subexcavation depths and lengths should be
fimited to 3 m or less to avoid the need for temporary shoring and reduce the risk of instability to the
existing highway embankments. It was further decided that the width of subexcavation should be limited to
the widened toe of slope and that steeper, near-vertical excavation sideslopes be used to accommodate
property constraints.

m In Section B, where the subexcavation depths exceed practical excavation limits without significant
temporary shoring and where the existing stability of the slope is marginal, it was decided by MTO that they
could accept a lower factor of safety (around 1.2) to avoid the costs, staging issues and construction risks
associated with standard construction practices, and that Section B could be constructed with 2H:1V
roundings, without subexcavation of the organics at the toe of slope.
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B Similarly, in Section A, where subexcavation of the organics would be challenging to stage and where the
embankment widening in areas with peat and organics are of limited width, it was decided that, to avoid the
costs, staging issues and construction risks associated with standard construction practices, this area could
also be constructed without subexcavation of the organics at the toe of slope.

® To minimize the risk of post-construction settlement {particularly due to trapped organics beneath the side
slopes), MTO Foundations requested that a minimum of 6 months preload be allowed for between
construction of the widened embankment and final paving.

6.6  Subgrade Preparation Requirements

Surficial peat and organic soils are present along the majority of the proposed embankment widening, as
discussed in Sections 4.2 and 6.4 of this report. [t is not normal practice to carry out topsoil and organics stripping
from below embankments that are greater than 1.2 m in height {OPSS 2086 only requires stripping of topsoil below
embankments of less than 1.2 m in height), however, if the peat/organic soils were left in place below these
embankment widening areas, significant primary consolidation settlement of the peat would occur, followed by
ongoing secondary (‘creep”) settlement would result in poor performance and onhgoing maintenance of the
widened portions of the highway. Even with preloading and/or surcharging of the embankment widening areas,
ongoing “creep” settlement of the underlying peat/organic materials would occur following paving, again resulting
in poor performance and ongoing maintenance for the widened portions of the highway in these areas. if the
embankment were widened in the future, significant additional settlements should be expected from these -
“trapped” organics. The peat/organic soils are generally unsuitable for support of the proposed embankment
widening and, therefore, it is recommended that the peat and organic soils be subexcavated (to a maximum depth
of 3 m) from within the footprint of the new widening areas and replaced with embankment fill. In Sections A and
B, where widenings are limited to slivers in areas with peat and organics, these deposits will remain in place.

The following sections address subgrade preparation (peat removal) requirements, including depth of
excavation, subexcavation procedures, and associated construction concerns (suppiemented with appropriate
Operational Constraints) for the proposed embankment widening work.

6.6.1 Depth of Subexcavation

The depth of subexcavation of the topsoil and peatiorganic soifs, as encountered in the boreholes at the toe of
the embankment slope and based on the approach discussed in Section 6.5, is summarized in Tables 5a and 5h
following the text of this report for each of the embankment widening areas. As discussed in Section 6.5.3, the
depth of subexcavation has been limited to 3 m,

6.6.2 Excavation and Subexcavation Procedures

Construction procedures for the widening of the existing Highway 401 embankment should implement the
guidelines of OPSD 203.020, which require that the side slope of the existing Highway 401 embankment be
temporarily excavated to a 1H:1V profile to allow subexcavation and replacement of peat/organic material from
below the existing embankment fill. As per the discussions in Section 8.5.3, OPSD 203.020 should be modified
such that the width of subexcavation should extend only to the widened toe of slope (see Drawing 5) and
steeper, near-vertical excavation sideslopes should be used to accommodate property constraints. Following
these guidelines may still result in some organic deposits remaining in place below the transition area between
the existing and widened embankments; further discussion on this aspect is provided in Section 6.6.4 of this
report. Subexcavation and removal of organics is proposed for Sections C through F to a maximum depth of
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3m. Based on the results of the subsurface investigation, peat and organics extend up to approximately 5.5 m
below the original ground surface. Peat and organics at the toe of slope in Sections A and B (areas of sliver
widening) will be left in place, and in some locations in Sections C and F.

The groundwater table/surface water level is at or near the original ground surface along most of the existing
embankment. The subexcavation works could be carried out sub-aqueously below the groundwater/surface
water level; alternatively, dewatering of the groundwater/surface water could be carried out prior to and during
subexcavation and backfiling works. The use of subaqueous excavation will increase the factor of safety
against instability and against excavation base heave as compared with unwatered conditions, and will be
less expensive than unwatering/dewatering of the lengths of excavation associated with the embankment
widening work. Although a greater level of compaction could be achieved on the backfill with the use of
dewatering, it is considered that acceptable performance of the backfill material will be achieved provided that
the recommendations provided herein are followed. As such, subaqueous excavation is recommended for
this contract.

In order to maintain an adequate factor of safety against instability of the existing Highway 401 embankments,
special excavation and subexcavation procedures will be required. An operational constraint has been
developed for inclusion in the Contract Documents to address these items, as follows:

~m Excavation of the existing embankment fill to a 1H:1V slope within the embankment widening footprint will
have to be carried out in sections. For embankment fill heights exceeding 5 m and 7 m, the excavation
length (as measured paraliel to the highway direction) should not exceed 200 m and 100 m, respectively,
for periods not exceeding 6 weeks.

B Where subexcavation depths are greater than 1 m below the original ground surface at the embankment
toe, subexcavation of the peat and organic soils within the embankment widening footprint will have to be
carried out in short sections perpendicular to the highway alignment, with the subexcavation length
{(as measured parallel to the highway direction) not more than 3 m at any time.

m Subexcavation and backfiffing operations will have to be carried out simultaneously such that the
subexcavation is not left open for more than 3 m in length at any given fime.

® Subexcavation depths should be limited to 3 m.

m Subexcavation works should be carried out in accordance with the guidelines outlined in the latest edition of
the Occupational Health and Safety Act (OHSA) for Construction Activities. In this regard, any existing
embankment fill or soils above the water table would be classified as Type 3 scil. Temporary excavation
through the existing embankment fill shall be made, where required, with side slopes no steeper than
1H:1V from the crest of the existing highway embankment to the toe of slope.

m The width of subexcavation should extend only to the widened toe of slope (see Drawing 5) and steeper,
near-vertical excavation side slopes should be used below the native ground surface to accommodate
property constraints.

B Some distress to the existing highway embankment may occur during excavation and subexcavation;
provisions for traffic control measures shall be included to maintain the safe operation of Highway 401
during excavation and backfilling operations. [t is recommended that visual monitoring be completed each
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day for any sections of highway embankment adjacent to active subexcavation/backfilling works. This
visual monitoring could be completed as part of the Contract Administrator assignment. Provided that
excavation depths and sizes are limited as outfined above, it is unlikely that temporary lane closures will be
required, however this should be revisited once excavation works have begun and the performance of the
embankment side slopes during excavation is observed.

An operational constraint entited “Swamp Excavation” for the staged subexcavation and subaqueous
replacement of the peat and organics as described above, is appended to the report. As part of the Contract
Administrator's terms of reference, a Foundations Specialist should be retained by the CA to oversee the
subexcavation and replacement operations,

6.6.3 Backfill of Subexcavated Areas

Subexcavation of up to approximately 3 m below the original ground surface will be required in Sections C
through F. The groundwater table/surface water level is at or near the original ground surface at all of the
swamp/wet ground crossing sites addressed in this report. As discussed in Section 6.6.2, it is recommended that
the subexcavation backfilling works will be carried out below the groundwater/surface water level.

Because of the wet conditions, it is recommended that the subexcavation areas be backfilled using Granular "B”
Type Il fill. This fill material contains limited fine soil particles, and will not tend to segregate during placement:
in addition, because this fill material is from a crushed source, the angular particles will perform better than
non-crushed (i.e., rounded) soil particles during compaction of subsequent lifts of embankment fill above the
water tabie.

Alternatively, end-dumped rock fill could be used for backfill of the subexcavated areas. There is potential for
loss of fine soil particles from the native soils below into voids within the rock fill. A minimum 0.3 m thick
“transition layer” of Granular “A” or Granular “B" Type I fill could be placed at the base of the subexcavation as a
transition between the native soils and the rock fill. If this transition layer is not placed, allowance should be
made for an average of about 0.5 m of rock loss due to punching of the rock fill into the underlying cohesive
soils. Long-term settlements which might result from the slow migration of fines from the native cohesive soils
into the coarse rock fill are not expected to affect the overall performance of the embankment,

Because of the significant difference in unit weight between Granular “B” or rock fill and peat/organic soils being
replaced, the placement of these materials will apply additional load to the underlying fine-grained soils beneath
the subexcavated areas and will result in additional consolidation settlement of the underlying silty clay soils over
and above that of the embankment fill placed for the widening. These loads have been taken into account in the
results of the analyses presented in Section 6.4, based on replacement of peat with rock fill.

6.6.4 Preloading to Mitigate Settlements Resulting from “Trapped Organics”

As discussed in Section 6.1.2, we understand that construction practices when the existing embankment was built
included removal of organic deposits within the footprint of the excavation, which was defined by the line which
extended down from the edge of granulars at a 1 horizontal to 1 vertical slope. Similatly, as discussed above in
Section 6.6.2, the subexcavation and repiacement of peat and organics deposits at the toe of the existing slope
for the proposed widening will also begin at a line drawn a 1H: 1V profile. If the new and old subexcavation limits
do not match or overlap, there is potential for a “trapped” wedge of organics beneath the embankment to exist.
The presence of such a zone of organics may be able to be observed during subexcavation of the organics by
monitoring the conditions at the face of the excavation nearest to the embankment.
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It is not advisable to oversteepen the existing side slopes of the embankment beyond the recommended TH:1V
side slopes. As such, if organic deposits are present, these deposits will remain trapped beneath the toe
(and side slopes) of the widened embankment. Organic deposits are likely to be highly compressible, and as
such, are expected to contribute to additional settlement of the embankment fills along the side slopes and toe
are of the new widening. While such settiements are not expected to directly affect the total settiements
predicted at the crest of the slope, differential settlement between the crest and toe of the slope could lead to
oversteepening and ravelling of the side slopes and, in severe cases, loss of ground or softening of the shoulder
at the crest of the slope.

To mitigate potential settiement of these highly compressible materials we recommend that, where “trapped”
organics are observed, the embankment be constructed and allowed to sit at full height (except where stability
issues require staged construction) with appropriate monitoring for a period of 6 months or longer following
construction to allow for settiement of the underlying trapped organics. Given the permeability of highly organic
soils, it is expected that most of the primary settlement (and some secondary setflement) of organic soils would
take place within this time frame and that post-construction settlements at the toe would be sufficiently minimized
to mitigate the potential for ravelling and loss of ground at the crest of slope.

6.7 Embankment Construction

The embankment fill for the widening areas should be placed and compacted in accordance with MTO's Special
Provisions 206503 and 105S10. Benching of the existing embankment side slopes should be carried out to “key
in” the new fill materials for the widening, in accordance with OPSD 208.010. Commonly in embankment
widening construction, the fill material cut from the existing embankment side slope for creation of these benches
is re-used for the embankment widening below/adjacent to each bench area. Additional fill for construction of
the embankment widening above the level of the original ground surface (i.e., above the groundwater level)
could consist of clean earth fill, granular fill or rock fill.

From a geotechnicalifoundations perspective, granular or fine rock fill is preferred for the construction of the
embankment widening above the level of the original ground surface (i.e., above the groundwater level), as it will
provide better compatibility with the existing embankment fill materials — both those fill materials remaining
in-place in the existing embankment side slope, and any existing embankment fill that is re-used for the widening
after being cut from the benches. At this site, we understand that rock fill generated from the widening of
Highway 401 west of the wetiand will most likely be used as embankment fill.

If rock fill is adopted for the embankment widening areas, the native soils beneath the rock fill should first be
covered with a minimum 300 mm thick sand and grave! blanket (OPSS 1010 Granular "B" Type Il or similar). It
is assumed that the new rock fili for the widening generated from the adjacent limestone cuts will be similar in
gradation o the fine rock fill within the existing embankment. As such, it is likely that the new fill can be placed
adjacent to the existing embankment fill without the need for special grading or separation layers between the
new and existing materials. If the new rock fill proves to be significantly coarser than the existing rock fill or the
pavement structure, the filter compatibility of the two materials will need to be checked to avoid the potential for
migration of soil particles into voids of adjacent layers. If the materials are sufficiently dissimilar, there is a
potential for migration of finer particles which could resutt in settliement/sinkholes propagating to the ground
surface and the surface of the rock fill layer will need to be carefully graded and “chinked” or a separation layer
placed, before placing any granular fill for the pavement structure.

Qctober 2012
Report No. 08-1111-0044-4 65

£ =t Golder
Ass?)cieates




FOUNDATION INVESTIGATION - GWP 78-99-00

if earth fili or granular fill is used, placement of topsoil and seeding or pegged sod is recommended to reduce
surface water erosion on the widened embankment side slopes.

6.7.1 Sliver Fills

The 2H:1V roundings create sliver fills in Sections A and B which will be challenging to construct using
conventional methods. To accommodate the sliver fills, the gradation of the rock fifl placed in Sections A and B
will need to be limited to 200 mm minus and will need to be benched in to the existing slope using a modified
OPSD 208.010. At the toe of slope beneath the placed fill, it is recommended that a biaxial geogrid be placed to
improve the [ocal stability, limit punching of the rock fill into the underlying organic depaosits, and even out
differential settlements along the toe of the slope. This geogrid would also form part of the temporary access
road {Section 6.8).

In Section B, where the stability is marginal and where placement of additional fills at the toe proposed
cross-section is not recommended, rock fill material should not be end-dumped (e.g. to avoid overspill at the
toe), but instead placed using a long reach excavator or bucket placed from the toe of slope.

Alternatively, in areas where the geometry of the existing slope is such that additional fills are only required
within the upper 4 m of the slope (e.g. Sta. 26+875 and 26+900 EB in Section B), consideration could be given
to excavating a temporary bench from surface to allow for conventional placement of the material. With a slight
reduction in the widening (possibly by median narrowing), this could also be achieved along most of the southern
slopes of Section B (i.e., from Station 26+825 to 26+925), which are the most critical slopes from a stability
perspective.

An NSSP for construction of sliver fills has been prepared for inclusion in the contract documents and is attached
in Appendix B.

6.8 Temporary Access Road Construction

A 5 to 7 m wide temporary access road is planned on the north and south sides of the embankment in order to
access the toe of slope at the east pier of the CNR overpass structure. Based on the 60 percent drawings
provided by MRC, the temporary access roads will cut down through the existing embankment starting at Station
274050 in Section C and proceed down the slope to the west at a grade of about 4 to 5 percent to Station
26+950 (start of Section B). West of Station 26+950 (in Sections B and A), the temporary construction road is to
be constructed approximately 1 m above the existing ground surface at the toe of slope. In this area, the toe of
slope is underlain by surficial organic deposits about 4 m, and as much as 5.5 m thick. These surficial deposits
are underlain by an extensive silty clay deposit up to 21 m thick. The upper portion of the silty clay consistency
ranges from very soft to soft. The water table is at or very near ground surface.

ft is understood that the road will likely need to be capable of supporting loads imposed by concrete trucks, pile
driving/caisson equipment, or possibly large cranes needed to construct the superstructure, although the exact
loading and configuration of the load is unknown at this time.

The sub-excavation of organics for the construction of a temporary access road is not a viable option for a
number of reasons described in the previous sections, including impact to the environment. Other options
such as timber crib support for the access road may not be economical and will further impact the wetlands.
The removal of timber may not provide a satisfactory solution since it will be slow, tedious work and would
cause much more damage to the existing natural ground.
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Using lightweight materials such as styrofoam or slag could also be considered for this project. The styrofoam
lightweight fill requires special construction techniques because the material cannot be placed directly on the
ground covered with water in the wetland. The buoyancy effect has to be counterbalanced with an adequate '
amount of earth cover. This styrofoam material is also very expensive due to its high supply cost. Use of
lightweight stag in place of Granular B or rock with geotextile/geogrid is a viable alternative but obtaining slag
material from far away sources to the project site is very expensive. If slag is used, its environmental impacts in
this wetland have to be evaluated.

The most feasible method of support of the temporary access road over the sensitive wetlands is by the use of
reinforced geogrid/geotextile combination with Granular B, Type Il material. Depending on the equipment
loading on the road, one or two layers of uniaxial grid and one layer of stiff biaxial geogrid should be sufficient to
support and reinforce the fill for the access roads. Each layer of grid requires a minimum of 0.5 m spacing
between each lift to function properly. 1t should be noted that this option will not prevent settlement but is
designed to distribute the applied loads and prevent shear failure of the soft organic and silty clay layers.

The installation should be as follows:

m Trees and shrubs or other large vegetation greater than 25 mm in diameter that may interfere with the
placement of geosynthetics should be close cut and cleared.

B Placement of a layer of bi-axial geogrid fo act as reinforcement and separation
® Placement of an initial layer of Granular B, Type |l with a minimum thickness of 300 mm.
B Placement of at least one layer of uni-axial geogrid to act as reinforcement.

@ Placement of additional layers of uni-axial geogrid, as necessary, and Granular B, Type |l to achieve a final
above grade thickness of 1.0 m.

@ Placement of at least 150 mm of Granular A to provide a suitable driving surface.

@ Placement of additional Granular A material, as required, to maintain trafficability and grades during
construction, particularly in consideration of the presence of the underlying compressible peat deposits.

The anticipated settlement should be about half the fill thickness. The strength and the type of geogrid and
geotextile should be designed by the manufacturer once the loading conditions and type of fill are known. The
combination of the geotextile and geogrid should prevent any contamination of the underlying soils and facilitate
the removal of the fill afterwards, if required. The environmental impact is also minimized.

It is understood that, to provide turtle habitat, the temporary access road will be left in place.

The design of the temporary access road is dependent on the nature of the heavy equipment that will use it.
As such, the design of the temporary access road should be developed by the contractor/specialist supplier, in
accordance with the general guidelines provided in the attached NSSP for the “Construction of Geogrid
Reinforced Temporary Access Road” {Appendix B), and submitted to MTO for review and approval.

Gold_er
Wi Associates

October 2012
Report No. 08-1111-0044-4 67




FOUNDATION INVESTIGATION - GWP 78-99-00

7.0 CLOSURE

This report was prepared by Ms. Erin S. O'Neill, P. Eng., under the direction of the Project Manager, Mr. Michael
Snow, P. Eng. Mr. Fintan J. Heffernan, P. Eng., Golder's Designated MTO Contact for this project, conducted a
technical and independent quality control review of the report.
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Table 1

Summary of Embankment Widening Sections
Highway 401 — Kingston, Cataraqui Embankments
G.W.P. 78-99-00

. Approx. iy Proposed
Dess?crt::t?on Highway 401 Eﬁ':itigf EEZEF;m:Snt Width of Relevant Boreholes Simplified Stratigraphy at Toe of Slope
9 Station (STA) gnt, P Widening®
STA 26+720 to b _ W1, W2, W3 4 to 5 m of peat and organics (WB), 2 to 4 m of
Section A | 26+825 WBL g.rgb'sﬁ'e'ght_' 18'255 11;;’1\/ z) gf tg_g.o ™1 E2,E3, E4 peat and organics (EB), over generally firm to
and EBL lae slopes: 1.20-1.31: )0t08:0m |54 gy B1o very stiff or hard silty clay.
STA 26+825 to . _ W4, W5 4 to 6 m of peat and organic clay or marl, and 2
Section B 26+925 WBL grgb Sklierght_. ,?255 18:';'_:]\/ :) g :0 : ? E5 E6 to 3 m very soft to soft silty clay over stiff to
and EBL Ide Slopes: 1.25-1.3H: J0to15m | oy very stiff silty clay.
STA 26+925 to W6, W7 W8
Section C 27+075 WBL Emb. Height: 4.8-6.5m aj3todm E7 ’E8 ' 2 to 4 m of peat and organics overlying
STA26+925 to | Side Slopes: 1.25-1.3H:1V b)15to3m S5 generally firm to hard silty clay.
27+025 EBL
STA 27+075 to W9 W10
Section D 27+175 WBL Emb. Height: 4 —4.8 m ay28todm E9 ’E‘IO E11 1to 3 m of peat and 2 to 3 m of soft to firm silty
STA27+025to | Side Slopes: 1-1.25H:1V b}1.8to3m ' ! clay over stiff silty clay.
S3
27+175 EBL
. STA27417510 | b Height: 3—4 m a)2toem | ML WIZ WIS WILWIS |0 o ot sity olay fill 110 3 m of peat or
SectonE | 27+500 WBL | ¢ie Siopes: 1.254HV | b) 2 10 3. E12, £13, E14, E15, organics over generally stiff to hard silty cl
and EBL lde Slopes: 1.25-4H:1 Y21035m | 545 £17 E1g 53 ganics over generally stiff to hard silty clay.
STA28+200to | Emb. Height. 5.8 -85 m E19, E20, E21, E22, ' .
Section F | 28+450 WBL | Side Slopes: 1.25-4H:1V :; 1 :g j'g E E23, E23B, E24, g\fgr;‘ ir:QOf;':!eSaff’ ‘; o fc‘: g‘;f; 235' Organies
and EBL Widening: 1t0 4.5 m ' S4 ying generally y ciay Y-

% Width of widening is measured horizontally from the existing sideslopes based on a) original 4H:1v

reundings geometry and b) revised 3H:1V reundings in Sections G to F and ZH:4V roundings in Sections A and B
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Table 2

Summary of Foundation Engineering Parameters used in Analyses

Highway 401 ~ Kingston

G.W.P. 78-99-00
Embankment Section Top. Thickness v ¢ ¢’ Sy a'p Cv
) _ Stratigraphic Unit Elevation s - Cc Cr 2
{Approximate Station) (m) {m}) (kN/m*) ) {kPa) | (kPa) (kPa) {cm’/sec)
Highway 401 Below existing | EMbankment Fill 84.2 12.3 21 40
embankment | g Clay 71.9 7.3 18.8 42-100 | 168400 | 0.94 | 0.34 | 0.05 | 6x10°
EBLAWB
LAVBL Peat 75 2.7-46 10.5 40 1 Replaced with embankment fill
STA 26+720 to Silty Clay 72.4 19 18.8 30 120 {094 | 034 | 005 | 2x10°
26+825 At toe of slope
Silty Clay 70.5 35 18.8 40 160 094 | 034 ] 0.05 | 2x10°
(Section A) p
Silty Clay 67 29 18.8 80 320 094 | 0.34 | 005 | 2x10
Embankment Fill 83.2-82.2 21 40
Below existing |, 68.0 1.0 112 | 40 1 NC | 527279 wa nfa
. embankment
Highway 401 - 3
Silty Clay 67 12.9 18.3 100 400 094 | 034 | 005 | Bx10
EBLAVBL Peat 755 40-5.5 10.7 48 1
- i b i
STA 264825 to O_rganlc clayey 34713 0921 13 57 Replaced with embankment fil
26+925 silt/marl ) : i
) Attoe of slope | Siity Clay to clay 71.3-70.0 25-4 18.3 35-6 25 094 | 034 | 005 | 5x10°
(Section B)
Silty Clay 68-67.3 1-2 18.3 6-100 { 25400 | 0.94 { 034 {1 005 | 5x10°
Silty Clay to clay 67.6-66.5 18.3 80-100 | 400 094 | 034 | 005 | 5x10°
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Embank.ment Sect.ion Stratigraphic Unit El ;;Zfi on | Thickness Y . 3 ¢ S, o'p e c. . :v
(Approximate Station) (m) (m) {kN/m") } (kPa} | (kPa) {kPa) {cm/sec)
Embankment Fill 81.5 8.0 21 40
Highway 401 Below existing Peat 735 0.8 11.2 40 1 NC 527 | 279 | n/a n/a
STA 26+925 to embankment o 0onic Silty Clay 72.9 0.7 16 27 72 288 | 3.0 | 275 °'§7 n/a
2707 (e Silty Clay 72.2 6.3 18.9 80-95 | 320-380 { 0.94 | 0.34 § 0.05 | 5x10°
STA26+925 to 50 )
27+025 (EBL) Peat 75.5 4.3 10.2 40 1 Replaced with embankment fill
(Section C) Attoe of slope | gity Clay 71.2 0.9 18.9 35 004 | 034 | 005 | 2x10°
Silty Clay 70.3 44 18.9 70 0.94 | 034 § 0.05 | 2x10°
Embankment Fill 80.0 6.5 21 40
Below existing Peat 73.5 1.0 11.2 40 1 NC 527 | 2.79 n/a n/a
Highway 401 embankment | gjity Clay 72.5 1.5 18.4 450 094 | 034 | 005 | 4x10°
STA 27+075 to Silty Clay 71.0 6.4 18.4 95 380 094 | 034 | 005 | 4x10°
274175 (VL) Peat 75.0 25 9.6 40 1
gﬁ %?%255130 3?2,. r(.:i::ay' slightly s s oa o Replaced with embankment fill
(Section D) Attoe of slope | silty Clay 71.0 0.4 18.4 6-10 25 094 } 034 | 005} 4x10°
Silty Clay 69.6 2.0 18.4 10-95 | 25-380 | 0.94 | 034 | 005 | 4x10°
Silty Clay 67.6 12 184 95 380 0.94 | 034 { 0.05 | 4x10°
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: Top . , ,
Embankment Section . Thickness ’ c S ? c
men . Stratigraphic Unit Elevation Y . ¢ N P ep C. c. 2
(Approximate Station) (m) (m) {(kN/m~) (°} (kPa) | (kPa) {kPa) (em“/sec)
Embankment Fill 79.5 7.4 21 40
Highway 401 Below existing Peat 73.5 1.0 11.2 NC 527 1 279 | n/a n/a
EBLAVBL embankment | ity Clay 725 1.5 19.3 95 450 | 094 [ 034 | 0.05 | 4x10?
i . . 19, : . 0 N
STA 274175 to Silty Clay 71.0 6.4 9.3 95 380 094 1034 J 005 4x10
27+500 Peat 75.5 24 96 40 1 Replaced with embankment fill
{Section E) Attoe of slope | Organic Silty Clay 731 1.0 12 27 54 216 0.94 1 034 | 005§ 2x10°
Clayey Silt 72.1 7.5 193 100 400 094 ] 034§ 005 2x10°
Embankment Fill 814 6.9 21 40
Highway 401 Below existing Peat 74.5 0.3 10.2 40 1 NC 527 | 2.79 n/a n/a
embankment | 5-nic Clay 74.2 0.5 16.4 27 95 NC | 30 ) 275 na nfa
EBL/WBL
Silty Clay 73.7 5.7 18.6 95 380 094 | 034 | 0.05 5x10°
STA 28+200 to Peat 75.1 15 10.2 40 1
28+450 Replaced with embankment fill
Organic Clay 73.6 28 16.4 27
(Section F) At toe of slope
Silty Clay 70.9 - 0.6 18.6 15-100 1 60-400 ) 0.94 | 0.34 § 005 | 4x10°
Silty Clay 70.3 26 18.6 100 400 084 { 034 | 005§ 4x10°
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Table 3

Stability/Settlement Mitigation Options
Highway 401 — Kingston Cataraqui Embankments

G.W.P. 78-99-00
Stability /
s:i::;i:t Afzgla':?tz;:'t?l Advantages Disadvantages Relative Costs Con?tieztse:lces
Option
Full Sub- Applicable where Reduced total settlements of the Generation of large volumes of Additional costs Risk of instability of

excavation of
Compressible

compressible organic
deposits are located at

embankment side slopes and toe.
Reduced differential settiements

excavation spoil requiring
disposal/management.

associated with sub-
excavation, disposal

existing embankment
slopes without

Organic Soils the foe of the slope. between the crest of the widening Some increase in settiement of and rep]agement of approp.riate temporary
Feasible where and the toe of slope, which could existing embankment due to compfessrble . protection measures in
deposits do not extend result in distortion and potential additional loads at toe resulting | °f9@nic deposits. place, particularly where
beyond about 9 m progressive shallow failures of the from replacement of light organic | Additional temporary degp cuts are required
below ground surface. embankment side slopes. soils with heavier embankment | shoring and adjacent to high

, fills. protection costs embankments.
Reduced potential for settlements L
of travelled portions of the The need for a larger corridor of where depths Sta_:ged e?ccgvatlop in
highway with future widenings, by land acquisition. exceed X m. stzpsbgf :ém:}ﬁg;wdth
eliminating *trapped” organics Greater quantities of rock fill may quirec.
below the embankment. required.
Improved long-term embankment
stability.

Partial Sub- Applicable where soft Improved loeng-term stability of Increased delay in construction Costs associated Risk of instability of

excavation of soils at the toe of the widened embankment. associated with excavating the with additional sub- existing embankment

Soft Cohesive | slope result in unstable Reduced requirement for soft cohesive soils. excavation, disposal slopes without

Soils slopes or excessive stabilizing toe berms, minimizing Increased quantity of rock fill and replacement of appropriate temporary
g:ft\ir:g;'at;]zef::;:z::j need for additional right-of-way. required to replace soft cohesive soils. plrotectlo?_tfnelaslureiln
oo, Reduced total settlements of the subexcavated cohesive soils. Additional temporary gsgglcﬂfs ;cr:areraguvivre?jre

. embankment side siopes and toe. Increased generation of excess shoring and adjacent to high

Feasible where ) excavation spoil protection costs J g

deposits do not extend Reduced potential for settlements : where depths embankments.

beyond about 9 m of travelled portions of the exceed 4 m. Potential requirement

below ground surface. highway with future widenings, by for temporary lane
eliminating “trapped” organics closures or speed
below the embankment. reductions.
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Stability /
Settlement
Mitigation
Option

Applicability /
Feasibility

Advantages

Disadvantages

Relative Costs

Risks /
Consequences

No removal of
peat (or partial
removal) at toe
of slope

Applicable where
geometric
maodifications to slope
mean no new fills
being placed on virgin
peat deposits.

Feasible only there is
time to construct
embankment in slow
stages.

Reduced construction costs
associated with effort to
subexcavate peat.

Slight reduction of rock fill
quantities below grade if filling is
controlied and no significant
failures occur during construction.

In areas where only partial
removal is carried out, no need for
temporary shoring during
subexcavation.

Non-standard construction.

Embankment must be
constructed in many stages over
time to avoid risk of instability of
the widened embankment during
construction.

Compressible peat deposits left
in place beneath embankment
which will continue to settle over
time.

Compressible organics will
become trapped under the
widened embankment
sideslopes and will be difficult to
remove in the future.

Increased costs
associated with
lengthened project
schedule and
additional monitoring
during construction.

Cost reductions
trucking and
disposal of peat, and
potentially in totat
rock fill placed.

Increased long-term
costs for
maintenance of side
slopes.

Risk of instability of
widened embankment
during construction,
unless constructed in
many stages.

Delays to construction
depending on ground
response.

Ongoing long term
settflement of organic
deposits and potential
for future performance
issues.

Stabilizing Toe

Applicable where soft

Ihproved long-term stability of

Additional right-of-way may be

Additional costs

Toe berm may act as an

Berms soils at the toe of the widened embankment. required to allow for placement associated with sub- additional driving load
slope cannot be Improved temporary stability of of toe berm. excavation, disposal and further destabilize
remaved and thus existing embankment (excavation Increased generation of excess | 21d replacement slope.
result in unstable depths less than with excavation excavation spoil in toe berm is with rock fill of
slopes. and removal of soft cohesive soils placed as an extended zone of | 2dditional
Feasible where at depth. subexcavation and replacement compr_essnble .

_sufﬁcignt right—of—wgy Reduced post-construction below existing grade. orégamc degosnts'
is available to permit - . where toe berm is
setflements of travelled portions Increased quantity of rock fill structed as an
placement of toe £ hi P : et - con a
berms. of highway fo.r uture widening required for toe berms. extended zone of full
(from preloading effect). Small increase in settlements at | sub-excavation.
the toe and side slopes of
embankment due to added load
of berm.
Construction is delayed to allow
for primary consolidation to be
completed and possibly for
staged construction (if required).
October 2012
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Stability /
Settlement
Mitigation

Option

Applicability /
Feasibility

Advantages

Disadvantages

Relative Costs

Risks /
Consequences

Preloading

Applicable where
predicted settlement at
crest of slope exceeds
tolerances.

Feasible where rate of
consolidation is fast
enough to allow for
further consolidation
within a reasonable
time period.

Reduced magnitude of long-term,
post-construction settlements by
promoting such settlements to
occur under embankment fill
loads in advance of final grading
of the embankment.

Improved strength of underlying
cohesive soils (at toa), resulting in
improved short and long-term
stability of widened embankment.

Provides a means of identifying
and mitigating the additional
settlements resulting from the
potential presence of a “trapped”
wedge of organics beneath the
embankment.

Construction is delayed to allow
for primary consolidation to be
completed and possibly for
staged construction (if required).

An instrumentation and
monitoring program would be
required to assess when end of
primary consolidation is reached.

Regrading will be required to
account for settlement prior to
construction of the final
pavement structure.

Additional costs
associated with
delays to
construction and
remobilization to
regrade before final
pavement structure.

Additional costs
associated with
instrumentation and
monitoring.

Preload time could be
reduced by
instrumenting
embankment and
monitoring actual rate of
settlement.

Surcharging

Applicable where
predicted settlement at
crest of slope exceeds
tolerances and where
rate of consolidation
too slow {o achieve the
desired reductions
within an acceptable
timeframe.

Feasible where there
is sufficient room to
permit placement of
surcharge (at crest)
and where
embankment is short
encugh that additional
load is felt by
compressible deposits
at depth.

Reduced magnitude of long-term,
post-construction settlements by
promaoting such settlements to
occur under embankment fill
loads in advance of final grading
of the embankment and at a
faster rate than with preloading
alone.

Decreased delay time for
construction over preloading
alone.

Reduced width of stabilizing toe
berm (if required) if toe berm is
surcharged because of increased
strength of surcharged cohesive
soils, and associated reductions
in excavation spoil, quantity of
rock fill, and time to construct toe
berm.

Construction is delayed, albeit
less than for preloading alone, to
allow for primary consolidation to
occur.

Longer construction time if
staged construction is required.

Larger quantity of rock fill if toe
berms are required for stability,
as compared with preloading
alone.

An instrumentation and
monitoring program would be
required to assess when end of
primary consolidation is reached.

Increased handling of rock fill (or
Granular ‘B) to remove the
surcharge.

Additional costs
associated with
additional fill
placement and
handling.

Additional costs
associated with
instrumentation and
monitoring.

Reduced risk of slope
instability if soft
cohesive soils near toe
of slope are surcharged
and strengths
increased.

Qctoher 2012
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FOUNDATION INVESTIGATION - GWP 78-99-00

Stability /
Settlement Applicability / . . Risks /
Mitigation Feasibility Advantages Disadvantages Relative Costs Consequences
Option
Lightweight Fill § Applicable where Improved long-term stability of Significant cost for procurement. | Significant additional
reducti_on in loading widened embankment. EPS type fills can only be placed | €XPense of
would improve slope Reduced settlements at crest and above the water table and below | 1ghtweight fi
stability or mitigate toe of slope. frost levels. (depending on the
settlements in excess o . volume required).
of allowable limits. No significant delay in Slag type fills may not be
. construction; and elimination of suitable for placement in
Feasible orj]y for_ the need for stabilizing toe berms. environmentally sensitive
placement in limited watersheds.
areas above the water
table and below frost
levels for EPS-type fills
{e.g., near existing
culvers).
Ground Applicable where more Improved long-term stability of Additional investigation, testing = Depending on Minimal risk to existing
Improvement traditional means of existing and widened and design will be required to the selected embankment during
slope stabilization are embankment. develop the most cost-effective method of improvement and
not feasible. Improved temporary stability of design. ground construction, compared
Feasibility of individual existing embankment by reducing A specialty contractor will need |rT!prove_5ment, to _deep excayat;ons
methods of ground (or eliminating) the depth of to be retained to carry out this option may adjacent to high
improvement depend subexcavation and replacement ground improvement works. ;ea:wn?er:'\:g?;?y ?éngba:};nr;'i‘:]?t siopes
f::;p o?f:g“?htg st;)lip o at the toe. ) A separate instrumentation and shoring for subexcavation).
' Reduced magnitude of long-term, monitoring, and testing program partial
geome“y‘ and the . post-construction settlements by would be required to verify the b ti f
required strength gain. : . subexcavation o
shedding loads to stiffer members results of the ground deep cohesive
{where column-supported ground improvement, soils.
improvement is used).
Minimal impact on construction
schedule, as work could be
completed in advance of the
larger scale embankment
widening operations.
October 2012
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FOUNDATION INVESTIGATION - GWP 78-99-00

Stability /

Settlement

Mitigation
Option

Applicability /
Feasibility

Advantages

Disadvantages

Relative Costs

Risks /
Consequences

Modified
Geometry

Applicabie where
avoiding placement of
fills at toe can
eliminate or reduce
stability or settlement
concerns.

Feasible only if
modifications to the
road platform design
can be
accommodated.

Reduced loading on side slopes
and toe of slope resuits in
reduced seitlement and brings the
factor of safety of widened
embankments closer to existing
conditions.

Where slope geometry is modified
such that no (or limited) additional
fill is placed at the toe of slope,
subexcavation of organics at toe
can be eliminated.

Increased potential for instability,
erosion, cr reduction in shoulder
width of near-surface fills where
roundings are steepened.

Creation of sliver widening which
are more challenging to
construct.

Additional settlement and
potential for oversteepening of
toe of slope where organics are
left in place.

Potential for
increased long-
term
maintenance
costs associated
with shoulder
maintenance.

Minimizes risk to
existing embankment
during widening by
reducing new fills on
sideslopes and
eliminating deep
excavations adjacent to
high embankment
slopes.

October 2012
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FOUNDATION INVESTIGATION - GWP 78-99-00

Table 4

Summary of Preferred Foundation Mitigation Options

G.W.P 78-99-00

Highway 401 Kingston — Cataraqui Embankments

Added fill height

Existing Proposed Assumed Stability / Estimated- Post-
Highway Section and | Embankment Embankment Fill, A) at edge of FPS Settlement Mitigation Estimated Settlement (§) | Construction Settlement {5 Selected Settlement /
. (8) Stability Mitigation Option
Approximate Station | Height and Side | Side Slope and Width B) mid-slope Option for Settlement During Construction with Full Subexcavation of N
Slopes of Widenin Calculations Organics at Toe (as per Section 6.5)
P 9 C) peat removal at toe g
At Edge of FPS At Edge of FPS
A)08to16m FUIL?;:E::?:? ttgzn of S cray (pr) = 35 mm 8 cLay (sec) = 25 mm Modified Slope Geometry
Section A 85-11m . Rogk1F2i“5H'1V o 2-5t 3.8 (OPSD 203.020) BSCLAY(REC):=11OOnTrT Sliver fills with geogrid-reinforced
26+720 0 26+825 1 251V ropose 1. : }251t03.8m +2-4 month preload where FILL (M) . At toe of slope temporary access .road at toe of
: : Widening: 1to 5 m C)18tc4.6m trapped organics are —”—“—D—S 80 slope. No organics removals
identified At toe of slope ToE = S mm & month preload
S1oe= 180 mm
Ground improvement of weak At Edge of FPS At Edge of FPS
clays and full subexcavation
or improvement of the- 8 ore PRy = 25 MM 8 ore sec) = 50 mm Modified Slope Geometry
. ) organics at toe = = . ' . . . :
Section B 65— 85 m Rock Fill A)06to1.2m (OgSD 203.020) S cLay (Recy = 30 mm 8 cra sec) = 40 mm Sliver fills with geogrid-reinforced
264825 to 264925 1 951 EHAY Proposed 1.25H:1V B) 3.2 S Fi gy = 10 mm temporary access road at toe of
9o Widening: 3to 4 m C)4.3t05.5m + 2-4 month preload where At toe of slope slope. No organics removals
trapped arganics are At toe of slope 870e = 130 mm 6 month preload
& TOE = 420 mm
. At Edge of FPS At Edge of FPS -
Full subexcavation of
organics at toe 5 ore pr) = 40 mm 8 ore (secy = 76 mm
Section C OPSD 203.020 | = 8 ctay (secy= 35 mm it
26+925 to 27+075 Rock Fil A)06to1.2m ( ) 9 oro (sec) = 10 mm CLAY(SEG) Modified OPSD 203.020
(WBL) 48-85m Proposed 1.25H:1V B)261t032m 8 cLavreg) = 35 mm At oy Staged Excavation in strips of limited
25-2H: idening: - - At toe of slope Wi
26+925 to 27+025 1.25-2H:14Y Widening: 3 to 5 m C)18to41m et s e 8 FLL gy = 10 mm length, width and depth
rapped organics are S 1o = 65 mm 6 month preload
(EBL) identified '
At toe of slope
B 1oe= 200 mm
At Edge of FPS At Edge of FPS
Full subexcavation of _
_ organics at toe 8 ora (pr) = 60 mm 8 or (sec) = 50 mm
Section D Rock Fil A) 031005 (OPSD 203.020) 8 orG (secy = 10 mm 8 cLay se) = 30 mm OPSD 203.020
27+075 to 27+175 4—4.8m P o4 2H1Y )0.3t2 0.5m 5 =30 mm ion in strips of fimi
(WBL) . ropose MV B)2.0t0 2.6 m CLAY(REC) = Staged Excavation in strips of limited
1.25-1.75H:1V Proposed 1.25H:1V + 2-4 month preload where 8 ELL gmwy = 10 mm At toe of slope length, width and depth
27+025 to 27+175 Widening: 3to 5 m C)23t04.0m trapped organics are
(EBL) entified 8 10e = 85 mm 6 month preload
At toe of slope
O 1oe= 275 mm
October 2012
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FOUNDATION INVESTIGATION - GWP 78-99-00

Highway Section and
Approximate Station

Existing
Embankment
Height and Side
Slopes

Proposed
Embankment Fill,

Side Slope and Width

of Widening

Added fill height

A) at edge of FPS

B) mid-siope

C) peat removal at toe

Assumed Stability /
Settlement Mitigation
Option for Settlement

Calculations

Estimated Seftlement (5)
During Construction

Estfimated- Post-
Construction Settiement () _
with Full Subexcavation of

Organics at Toe

Selected Settlement /
Stability Mitigation Option

(as per Section 6.5)

Section E
27+175 to 27+500

3-4m
1.25-4H:1v

Rock Fill
Proposed 4H:1V
Proposed Z2H:1V

Proposed 1.25H:1V
Widening: 3to 4 m

A)0tc0.5m
B)0.2to2.2m
C)0to24m

Full subexcavation of
organics at toe
{OPSD 203.020)

+ 2-4 month preload where
trapped organics are
identified

At Edge of FPS
8 ora PRy = 40 mm
8 ore (seg) = 5 mm
8 ctavreey = 15 mm
S FiLL gy = 10 mm

At toe of slope
dtoe= 80 mm

At Edge of FPS
8 ore (sec) = 50 mm

& CLAY (SEC) = 15 mm

At toe of siope
d10e= 30 mMm

OPSD 203.020

Staged Excavation in strips of limited
length, width and depth

6 month preload

Section F
28+200 to 28+450

58-85m
1.25-4H:1v

Rock Fill
Proposed 4H:1V
Proposed 1.25H:1V
Widening: 110 4.5 m

A)0to0.9m
B)10t03.5m
C)0to43m

Full subexcavation of
organics at toe
(OPSD 203.020)

+ 2-4 month preload where
trapped organics are
identified

At Edge of FPS
8 ora (pR) = 40 mm
8 ore (sEC) = 5 mm
8 cLay regy) = 15 mm
S i gumy = 10 mm

At toe of slope
o TOE = 85 mm

At Edge of FPS
3 orG (sec) = 35 mMm
6 cLay sy = 10 mm

At toe of slope
) Tor = 30 mm

OPSD 203.020

Staged Excavation in strips of limited
length, width and depth.

6 month preload

October 2012
Report No. 08-1111-0044-4




FOUNDATION INVESTIGATION - GWP 78-99-00

Summary of Subexcavation Requirements

Table 5a

WESTBOUND LANES — NORTH SIDE OF EMBANKMENT

Highway 401 Kingston Cataraqui Embankments

G.W.P. 78-99-00
Embankment Section Approximate A%)f;z):tn;?te g;(:fuar;g Depth of Base Elevation
. . Borehole Hwy 401 Borehole . Subexcavation | of Subexcavation
{Approximate Station) Stati Elevation
ation from Hwy 401 (m) {m) (m)
Centreline
. Wi 26+725 36.0 75.8 * *
Highway 401 WBL
STA 264720 to 26+825 W2 26+750 349 75.8 * *
(Section A)
W3 26+800 34.1 76.0 * *
Highway 401 WBL w4 26+850 31.0 76.5 * >
STA 26+825 to 26+925
{Section B) W5 26+900 31.1 75.6 * *
W6 26+950 25.8 75.5 3.0 72.5
Highway 401 WBL
STA 26+825 to 27+075 W7 27+000 28.3 75.4 3.0 72.4
{Section C)
W8 27+050 28.3 75.5 1.8 73.7
Highway 401 WBL w9 27+100 26.8 75.4 23 73.1
STA 27+075 to 27+175
{Section D) W10 27+150 245 75.6 2.4 73.2
W11 27+200 251 7586 1.7 73.9
W12 27+250 24.5 75.5 2.2 73.3
Highway 401 WBL
STA 27+175 to 27+500 W13 27+300 232 76.6 0.0 nfa
(Section E)
W14 27+350 22.2 77.3 0.0 nfa
W15 27+400 219 77.2 0.0 n/a
Notes: ! lce/Water was present above the top of the peat at the time of drilling.

? Includes thickness of fill encountered above the peat/organic deposits.

* No subexcavation or removals of peat, constructed as sliver widening with temporary access road af toe of

existing slope.

October 2012
Report No. 08-1111-0044-4
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FOUNDATION INVESTIGATION - GWP 78-99-00

Summary of Subexcavation Requirements

Table 5b

EASTBOUND LANES — SOUTH SIDE OF EMBANKMENT

Highway 401 Kingston Cataraqui Embankments

G.W.P. 78-99-00

Embankment Section Approximate AFgfﬁ):trﬁ?te (835%1;2: Depth of Base Elevation
(Approximate Station) Borehole Hwy 401 Borehole Elevation Subexcavation | of Subexcavation

pp Station from Hwy 401 ) (m) (m)

Centreline
+720 . 75.5 * *

Highway 401 EBL STA E2 26+7 387

264720 to 26+825 E3 26+750 37.9 75.1 * *

(Section A) E4 26+800 36.9 75.3 * *
Highway 401 EBL/STA E5 26+850 326 76.0 * *

26+825 to 26+925 -
(Section B) E6 26+900 33.0 75.5 * *
Highway 401 EBLAWBL E7 26+950 29.5 75.7 3.0° 72.7
STA 26+925 to 27+025
(Section C) E8 274000 28.5 75.1 2.1 73.0
Highway 401 EBLABL E9 27+050 33.3 75.3 2.5 72.8
STA 27+025 to 27+175 E10 27+100 29.1 75.5 3.0 725
(Section D} E11 27+150 26.3 75.1 3.0 72.1
E12 27+200 26.3 75.4 2.4 73.0

E13 274250 25.5 75.2 1.8 73.4

Highway 401 EBLABL E14 274300 28.0 75.1 2.0 73.1
STA 27+175 to 27+500 E15 27+350 29.0 75.0 1.7! 73.3
(Section E) E16 27+400 97.9 75.0 18 73.2

E17 27+450 25.0 75.0 1.2 73.8

E18 27+500 36.0 75.4 0 nia

E19 284200 39.1 75.8 0.0 n/a

E20 28+250 29.8 75.1 3.0 72.1

Highway 401 EBL E21 28+300 32.3 75.0 1.8 73.2

STA 28+200 to 28+430

(Section F) E22 28+350 31.3 77.1 0 n/a

E23 28+400 36.1 76.6 0 n‘a

E24 28+440 38.3 75.1 0 nfa

Notes: ' lceMater was present above the top of the peat at the time of drilling.

% Includes thickness of fill encountered above the peat/organic deposits.

* No subexcavation or removals of peat. Constructed as sliver widening, temporary access road constructed at toe
of existing slope.

-October 2012 a5 F Golder
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Site Location

Cataraqui River

N
_ﬁa]o Canadia
lilr OF Kmngsto
Montreal Street CNR Overpass
Interchange
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Proposed Embankment

Widening
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Existing Embankment:
- rock fill, side slopes: typically 1.25H:1V to 1.5H:1V
- height: 11 m at CNR , < 3 m in middie, 8 m near Cataraqui River

New Embankment:

- widening Hwy 401 from 4 to 6 lanes (~ 5 m laterally)
- preferred embankment fill: Rock Fill (availability)

- side slopes 1.25H:1V, with 3H:1V rounding

November 12, 2010 3




Field Investigation

Toe of Slope Boreholes

- put down 4 m from toe of existing
embankment at ~50 m spacing

- 38 BHs, 6-10 m depth (typ) or refusal

Crest of Slope Boreholes
boreholes put down at shoulder
4 BHs, 9-15 m depth

fill beneath original ground?
organics beneath embankment?

1

November 12, 2010 4




Borehole Locations and

Stratigraphic Section
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Existing Embankment

Construction

BH
Minimum embankment slope Road
Rock fill 1.25H:1V
Typ T
o’ 7
Top of swamp BH 7 /S,
Typ i S AT |
E:i\sf\“ A AL SSA S S Rock fill
b= S LV Ay N s
F L lnd fokd k£ LS E Existing embankment
-«. Limit of excavation .~ ./ -
ORGANICS (0—-6m) RV RS AVIVNY AP /1 Rock fill
e e - bbbl sl mliblmlimimeni .

\ I Minimum —<—|
9 Width of swomp excovation

Section B — rock fill 8 m thick
(organics and weak clay removed)

CLAY (stiff to hard)
overconsolidated

Section B — upper 3-4 m: very soft to soft (Su < 20 kPa)
TILL /
BEDROCK

November 12, 2010 &




Subsurface Conditions

Toe of slope (Native ground conditions):
- peat and organic deposits

- thickness varies across site (0 - 6 m) but thickest in Section B
- fibrous, very soft to stiff, water contents 220 to 685 % (typ.)

- clay
- firm 1o very stiff or hard (overconsolidated) along most of alignment
- in Section B, upper 3to 4 m: very soft to soft (Su < 20 kPa)

- 1ill, bedrock, auger refusal

- thin veneer (0.2 m) of till over limestone or sandstone bedrock
- inferred bedrock depth ~ 14-22 m near bridge, shallower to the east

Existing Embankment;
- primarily fine rock fill, contains obstructions (cobbles and boulders);

- fill up to 2 below 0.g. in Sections C,D,F (subexcavation of peat)
- fill 8 m below 0.g. in Section B (subexcavation of peat and weak clay)

- native soils
- up to 1 m of organics over very stiff clay

November 12, 2010 7
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Typical MTO Practice
Widening Embankments over Swamps

Minimum embankment slope .]I?ounding breakpoint Rosd

Earth fill 2H:1v .y

Rock fil 1.25H:1v X_yp W'_f’fi”f__’ .

Typ A TomTSTTmTT TS -~ OPSD 203.020

T ., " Subgrede R 2\ Linay Slope commences at

el =770 K\ existing edge of granuier  Slopes cut to 1H:1V

Top of swamp

~ . . " . T U
A CLETT s S A
Typ 0, Qo = N : P, SO S i P .
o NONTERE E L OIS R e 874 Excovation
NGt r et e e T AT -~ Existing embankment
] ) TR O ARV WAV 4]

= x&umit of excavation, Typ —7 .« /. 1 Depth
Z

b—— T NGy S AL G kP PRI S o
r A SN WS S AW Y /\_\/ Qs specitied
AN Width of swamp excavation ——| \\
Temporary siope \,_ WIDENING ™ Probabl

e extent of previous removals

varies Minimum embankment slope
Select subgrade material 2H:1V
Area to be backfilled Rock fill 1.25H:1y
with swomp material Typ
Minirum embankment slope Rounding breakpoint Widening Road
Earth fill 2H:1v ; ¥ [ o
Rock filf 1.25H:1v e eongie g g
OPSD 203.030 Typ et — - /-/,’ Subgrade '_T
tods T f e - s
EXxisting slopes N | P es 3 T f\-’v@ e " P
LA RO Nl ) & . e
. . o bl s Existing embankment
maintained AT ey ZeEE _ e , 9
\ = Limit of excavation é
7;/.'/- sr 7 Typ /'/T/;(? _ f

[} Width of swarmp

' excavation ' W’DEN”;\C\;\ Possible T?’ap;ﬁ@d @?’gﬁfﬁc&
Minimum embankment slope
Selet subgrode material 2H:1v
Rock 1,25H:1V, Typ
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Settlement Analysis

Results

Highway Section and
Approximate Station

Distance from

CN Bridge Abutment

Estimated Settlement
during construction

Estimated Post-
Gonstruction Settlement
with Full Subexcavation of
Organics at Toe
after 10 years

Post Constuction
Setilement Criteria

Meets Settlement Criteria
at Edge of FPS

0-30m" 5 05 10-25 mm*
Section A depg =55 mm Fps= <2 MM
30-70m 25-50 mm es
264720 to 26+825 S10e= 180 mm 81oe = 80 mm y
70-170m 50 - 100 mm
Section B 70-170 m (NW corner) Sepg = 65 mm 8rpg = 90 mm 50- 100 mm
es
26+825 to 26+925 ~170m B o= 420 mm 8o =130 mm 100 - 200 mm y
Section C 170 m Brpg = 95 mm Sepg =110 mm 100 - 200 mm o
> -
26+925 to 274050 Broe = 200 mm 8 rog = 65 mm y
Section D SFPS =110 mm SFPS =80 mm )
27+050 10 274175 >170m 8108 = 275 mm S1oe= 85 mm 100 - 200 mm yes
Section E BFPS = 70 mm SFPS: 65 mm
27+175 10 274500 > 170m 8 1ee= 80 mm S vor =30 mm 100 - 200 mm yes
8epg= 45 mm
Section F 30-70m 8rpg = 70 mm (#PS 25 - 50 mm o5
28+200 to 28+450 20-170m 8rog= 85 mm S roe=30 mm 50-100 mm

Novembar 12, 2610
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Stability Analysis Results

Highway Section and
Approximate Station

Meets Global Stability Criteria

Subexcavation Procedures

OPSD 203.020

Section A os staged excavation in strips of limited width
26+720to 26+825 y temporary protection system
required where organics > 4m thick
Section B NEES STAE§L§?Y
26+825 to 264925 MITIGATION
Section C OPSD 203.020
S
26+925 to 27+050 ye staged excavation in strips of limited width
Section D os OPSD 203.020
27+050t0 27+175 4 staged excavation in strips of limited widih
Section E s OPSD 203.020
27+175 to 27+500 y staged excavation in strips of limited width
OPSD 203.020
Section F yes staged excavation in strips of limited width
28+200to 28+450

temporary protection system
required where organics > 4m thick

November 12, 2010
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Subexcavation Procedures
Typical Section
Full sub-excavation of compressible organic soils (OPSD 203.020)

.
HwY 401
MEDIAN EXISTING
E£DGE OF

GRANUEAR
I \ . : . EXISTING SLOPE
A
VWIDENED EMBANKMENT
MINIMURS EMBANKMENT SLOPE
H 0 ROCK FILL 125H:1Y
EXISTING 1
EMBANKMENT AREA TO BE BACKALLED
WITH SWAP MATERIAL
EXCAVATION
X AS PEROPSD 203.20
iy /
SUBEXCAVATION
DEPTHAS SFEB&FTEN BACKFILL WITH
D GRANULAR B TYPE
DR ROCK FiLL,
TEMPORARY SLOPE
N/

1.5HV

- sub-aqueous excavation, backfilled with rock fill

- H > 5 m: excavation of embankment to 1H:1V limited to 200 m long for 6 weeks
- H > 7 m: excavation of embankment to 1H:1V limited to 100 m long for 6 weeks
- D >1 m: staged excavation in short sections < 3 m wide

- D > 4 m: temporary protection system needed

November 12, 2010 11




Stability Mitigation Options
Section B

Partial sub-excavation of soft cohesive soils under organics
- carried out during original embankment construction

- would require extensive temporary shoring to support 6.5 - 8.5 m embankment
and 8.5 m deep cut

Modified geometry (flattened slopes, toe berms)
- not effective in improving global stability (adds more driving force)

Staged construction (with or with/out wick drains)
- not enough load to strengthen weak clays and improve stability

Lightweight Fill
~ expensive, would still need extensive temporary shoring to excavate and replace organics

Ground Improvement
- preferred stability mitigation option
- limits risks to existing highway by eliminating below grade excavation

November 12, 2010 12




Typical Section
Section B

i L3
] HWY a0
WELIAN
EXISTING
ENGE OF
i GRANULAR
1
EXISTING SLOPE
WIDENED
MINIMUM
ROCK FLL 1.25H1V
EXISTING L
EMBANKMENT T
EXCAVATION
AS PER OPSD 2003.20

Ground improvement of
organics and weak clay

ORGAMICS

-
_ ///// -

APPROKIRATE WIDTH 16-150) —rrmasscssomm oo oo

November 12, 2010
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Ground Improvement Techniques

Rigid inclusions

Deep soil mix columns or panels
(barrettes or below grade wall)

November 12, 2010
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Next Steps
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GRAIN SIZE DISTRIBUTION FIGURE 1

FINE ROCK FILL
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GRAIN SIZE DISTRIBUTION
Clay

FIGURE 8
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FIGURE 13

CONSOLIDATION TEST
VOID RATIO VS. LOG PRESSURE
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FIGURE 14

CONSOLIDATION TEST
VOID RATIO VS. LOG PRESSURE
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FIGURE 15

CONSOLIDATION TEST
VOID RATIO VS. LOG PRESSURE
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FIGURE 16

CONSOLIDATION TEST
VOID RATIO VS LOG PRESSURE
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FIGURE 17

CONSOLIDATION TEST
VOID RATIO VS LOG PRESSURE
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GRAIN SIZE DISTRIBUTION
Silty Sand

FIGURE 18
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GRAIN SIZE DISTRIBUTION

Silty Clay

FIGURE 20
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GRAIN SIZE DISTRIBUTION

Clayey Silt FIGURE 21
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APPENDIX A

List of Abbreviations and Symbols

Record of Borehole Sheets
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LIST OF ABBREVIATIONS

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

L SAMPLE TYPE
AS Auger sample

BS Block sample

CS Chunk sample

Do Drive open

DS Denison type sample
FS Foil sample

RC Rock core

sC Soil core

ST Slotted tube

TO Thin-walled, open
TP Thin-walled, piston
WS Wash sample

DT Dual Tube sample
1. PENETRATION RESISTANCE

Standard Penetration Resistance (SET), N:
The number of blows by a 63.5 kg. (140 1b.)
hammer dropped 760 mm (30 in.) required
to drive a 50 mm (2 in.) drive open
Sampler for a distance of 300 mm (12in.)
DD- Diamond Drilling

Dynamic Penetration Resistance; Ng:
The number of blows by a 63.5 kg (140 1b.)
hammer dropped 760 mm (30 in.) to drive
Uncased a 50 mm (2 in.) diameter, 60° cone
attached to “A” size drill rods for a distance
of 300 mm (12 in.).

PH: Sampler advanced by hydraulic pressure

PM: Sampler advanced by manual pressure

WH: Sampler advanced by static weight of hammer
WR: Sampler advanced by weight of sampler and

rod

Peizo-Cone Penetration Test (CPT):
An electronic cone penefrometer with
a 60° conical tip and a projected end area
of 10 cm?® pushed through ground
at a penetraiion rate of 2 om/s. Measurements
of tip resistance (Qy), porewater pressure
(PWP) and friction along a sleeve are recorded
Electronically at 25 mm penetration intervals.

111, SOIL DESCRIPTION
(a) Cohesionless Soils
Density Index . N
{Relative Density) Biows/300 mm
Or Blows/ft,
Very loose Otod
Loose 4t0 10
Compact 10 to 30
Dense 30to 50
Very dense over 50
W] Cohesive Soils
Consistency Cpor Sy
Kpa st

Very soft 0to12 0 to 250
Soft 12t0 25 250 to 500
Firm 25 to 50 500 to 1,000
Stiff 50 to 100 1,000 to 2,000
Very stiff 100 to 200 2,000 to 4,000
Hard Qver 200 Over 4,000
Iv. SOI1L TESTS
W water content
Wp plastic limited
W Tiquid limit
C consolidaiton (oedometer) test
CHEM chemical analysis {refer to text)
CID consolidated isotropically drained triaxial test’
CIU consolidated isotropically undrained triaxial test

with porewater pressure measurement
Dy velative density (specific gravity, Gs)
DS direct shear test
M sieve analysis for particle size
MH combined sieve and hydrometer (H) analysis
MPC modified Proctor compaction test
SPC standard Proctor compaction test
ocC organic content test
SOy concentration of water-soluble sulphates
ucC unconfined compression test
uu unconsolidated undrained triaxial test
v field vane test (LV-laboratory vane test}
¥ unit weight
Note:

1. Tests which are anisotropically consolidated prior
shear are shown as CAD, CAUL

Golder Associates'



LIST OF SYMBOLS

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

L. GENERAL
n =3.1416 w
In x, natural logarithm of x Wi
logig x orlog x logarithm of x to basge 10 Wp
g Acceferation due to gravity I
t time Wy
F factor of safety Iy
v volume L
W weight €max
Emin
1. STRESS AND STRAIN Ip
Y shear strain
A change in, e.g. in stress: Ag'
£ linear strain
&y volumeiric strain h
| coefficient of viscosity q
v Poisson’s ratio v
) total stress i
o' effective stress (6" = o"-u) k
&' initial effective overburden stress ]
G003 principal stresses (major, intermediate,
minot)
et Inean stress or octahedral stress
=(otorto;)/3 C.
T shear siress C;
u porewater pressure Ce
E modulus of deformation C,
G shear modulus of deformation m,
K bulk modulus of compressibility Cy
T,
II. SOIL PROPERTIES U
o'y
(a) Index Properties OCR
Pl bulk density (bulk unit weight*)
PalYa) dry density (dry unit weight}
oY) density (unit weight) of water T
Pslvs) density (unit weight) of solid particles ¢'
¥ unit weight of submerged soil (Y'=y-Yu) 8
Dy relative density (specific gravity) of H
solid particles (Dg=py/p,.) formerly (G;) c
€ void ratio €45y
n porosity p
8 degree of saturation p'
q
* Density symbol is p. Unit weight GQu
symbol is ¥ where y=pg(i.e. mass S,

density x acceleration due to aravity)

Golider Associates

(a) Index Properties (cont’d.)

water confent

liquid limit

plastic linit

plasticity Index=(w,-w,,)
shrinkage linit

liquidity index—(w-w,)/1,
consistency index=(w;-w)/I,
void ratio in loosest state
void ratio in densest state
density index-(Cmax-e)(Enax-Cmin)
(formerly relative density)

(b) Hydraulic Properties

hydraulic head or potential

rate of flow

velocity of flow

hydraulic gradient

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

(¢} Consolidation (one-dimensional)

compression index (normally consolidated ran 2e)
recompression index (overconsolidated range)
swelling index

coefficient of secondary consolidation
cocfficient of volume change

coefficient of consolidation

time factor (vertical direction)

degree of consolidation

pre-consolidation pressure

Overconsolidation ratio=g’/o',,

{(d) Shear Sirength

peak and residual shear strength
effective angle of internal friction
angle of inferface friction
coefficient of friction=tan &
effective cohesion

undrained shear strength (§=0 analysis)
nean total stress (o, +65)/2

mean effective stress (o' +o')/2
(01-63)/2 or (6"-5;)/2
compressive strength (o,-a3)
sensitivity

Notes: 1. 1=¢'s" tan |
2. Shear strength=(Compressive strength)/2



LITHOLOGICAL AND GEOTECHNICAL ROCK DESCRIPTION TERMINOLOGY

WEATHERING STATE
Fresh: no visible sign of weathering

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

Slightly weathered: penetrative weathering developed on
open discontinuity surfaces but only slight weathering of rock
material,

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

Highly weathered: weathering extenids throughout rock
1nass and the rock material is partly friable.

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

BEDDING THICKNESS

Bedding Plane
Description Spacing
Very thickly bedded >2m
Thickly bedded 0.6 mto2m
Medium bedded 0.2mtod6m
Thinly bedded 60 mmto0.2m
Very thinly bedded 20 mm to 64 mmn
Laminated 6 1mn to 20 mm
Thinly laminated <6 mun
JOINT OR FOLIATION SPACING
Description Spacing
Very wide >3m
Wide 1-3m
Moderately close 03-1m
Close 50 — 300 mm
Very close <50 mm
GRAIN SIZE
Term Size*
Very Coarse Grained >60 mm
Coarse Grained 2— 60 mm

Medium Grained 60 microns - 2mm
Fine Grained 2 — 60 microns
Very Fine Grained <2 microns

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

O\ TemplatesiRock Description
Terminology

CORE CONDITION
Total Core Recovery

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

Solid Core Recovery (SCR)

The percentage of solid drill core, regardless of Jength,

recovered at full diameter, measured relative to the length
of the total core run.

Rock Quality Designation (RQD)

The percentage of solid drill core, greater than 100 mm length,
recovered at full diameter, measured relative to the length of the
tatal core run. RQD varies from 0% for completely broken core
100% for core in solid sticks.

DISCONTINUITY DATA
Fracture Index

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

Dip with Respect to {W.R,T.} Core Axis

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

Description and Notes

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

Abbreviations

B- Bedding Ca- Calcite

FO- Foliation/Schistesity ~ P- Polished

CL- Cleavage S- Slickensided

SH - Shear Plane/Zone SM- Smooth

VN- Vein R- Ridged/Rough

F - Fault ST- Stepped

CcO- Coniact PL- Planar

J- Joint FL- Flexured

FR- Fracture UE- Uneven

MF - Mechanical W- Wavy

A- Angular C- Curved

BP- Bedding Plane H- Hackly

BL- Blast Induced SL- Sludge Coated

i Parallel To TCA-  To Core Axis
Perpendicular To STR- Siress Induced
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PROJECT 0611110044 RECORD OF BOREHOLE No E2 1 oF 1 METRIC
GWP, 789801 LOCATION N 49042794 :E 307296.6 ORIGINATED BY _JEB
DIST HWY 401 BOREHOLE TYPE _ Poriable Equipment, Centinuaus Sampling COMPILED BY AT
DATUM _Geaodelic DATE February 25, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o & IRESISTANCE PLOT L MATURAL - REMARKS
Wep| < PLASTIC LiQuID
== 5] LIRAIT MOISTURE LT E Gt a
5 m L5 @ 20 40 €0 8§ 100 GONTENT 9
= N - il we w w | 54 | cRAINSEZE
i w | 3 Jg5] & ISHEARSTRENGTH kPa =
ELEY DESCRIPTION el etz 28] E ———o——— DISTRIBUTION
DEPTH A E c | >1381 2 |o UNGONFINED + FIELD VANE ¥ (%)
B z [2°] & |e QUOKTRIKGAL X REMOULDED WATER CONTENT (%)
755 ICE SURFACE w 20 40 BIO BP 100 25 EP 75 km® JGR SA Sl CL
T L
4 PEAT (Fibrous), trace gand, frace E==
74.9 clay, containing rootlsts = 75— —
0.6 Scft to frm Eoz \v
Black = 85 5 = 0C=8.2%
Wet é:::.g—
Grganic CLAYEY SILT, trace F==
SFEi:‘r::‘ contalning rootiets ::-Eé 3 35 7 74—
737 Watl ==
18] BT LAY, race sard,
conlzlning peal and roollets ] 4 S8 B
Very sliff to hard
Grey 73 7
Most 5] ss | 65
Brown between depths of 3.1 m
and 3.7 m 6§ 85 | 171 B
72
7 55 114
f 8| ss | 60 71
70.8 Limestone layer at & depth of
4.9 4.7 m
CLAY, frace sand 9 fss ™ I -
Hard
7D
g5\ ey 70 —
o1 ot 1| ss | 17
SILTY GLAY, trace gravel, Irace
sand, containing sitt layers
Vety stiff
Grey 1] 88 | 17 e o0 1 35 64
Maist 89— m—
12} S8 14 [s]
nss| e 68
[ +
67 T
Sand seams encountered al a E 14| 85 | 14 b
66.1 depthof 9.1 m
9.5 END OF BOREHOLE
NOTE:
1. Water level In open borshole at
a depth of 0.9 m below ice surface
{Efev. 74.8 m) upon complefion of
drilling.
G'XS. Numbers refer lo 03% STRAIN AT FAILURE



MIS-MTO 061 08~1111-0044.GPJ GAL-MISS.GDT 10/23/12 DO

Foundation Design

)= Golder
L/Assoclates
PROJECT 0841110044 RECORD OF BOREHOLE No E3 1 OF 1 METRIC
GW.P. _ 78-93-01 LOCATION N 48042914 ;E 307330.3 ORIGINATED BY _JEB
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Confinuous Sampling AT
DATUM _Geodetic DATE March 3, 2009 KSL
DYNAMIC CONE PENETRATION
S0It. PROFILE SAMPLES E IZ;:.U RESISTANCE PLOT - REMARKS
“ - L
- w 122! 3 M 40 60 &g 50 &
= w2 2z L L 1 S 2 | craNszEe
ELEV S_- o | B 2 25 8 SHEAR STRENGTH kPa o A BISTRIBUTICN
DEPTH DESCRIPTION 15| ¢F | 2|22 £ | O UNCONFINED  + FiglD vaNE )
El= £ |5°[ © [e QucKTRIAXIAL X REMOULDED| WATER CONTENT (%)
75| _ICE SURFACE u D 4 e a0 GR SA S| CL
0.0 ICE, containing organics 75—
0.2 PEAT (Fitrous) 118 || ¥
Very soft o hard
Dark brown to black
Wet 2|ss| 3
Becoming soft below a depth of
0.6m
3 88 2
4 58 3 | 1 T 71—
5 Ss 4
8 85 2
71.4 Trace olay al a depth of 3.4 m
3.7 SILTY CLAY, irace sand,
cenlaining shell fragmenis 71585 [ wH
between depths of 3.7 m and T R I e
4.0m
Very soft to soft
Grey &) 88 4
0.2 Moist
4.9 SILTY CLAY, lrace sand
Hard b¢ +
Grey
Moist
9 88 38
] ss 59
11| ss 55 —_t
12| &8s 51
13| 88 48
14| 88 50
65.9 S S —
9.F END CF BOREHOLE
NOTE:
1. Water lavel in open barehole at
adepth of 2.3 m balow ice surface
(Elev, 74.8 m) upon complelich of
drilling.

Numbers refer to 0%
Sensitivity

STRAIN AT FAILURE

H
H
1




’ Foundalion Design
FGGolder .
’ Associates

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

T

== 55%.5

PROJECT 041110044 RECORD OF BOREHOLE No E4 1 oF 1 METRIC
GW.P. 789901 L.LOCATION N 45043072 ;€ 307374.7 ORIGINATED BY _JEB
DIST HWY 461 BOREHOLE TYPE _ Portable Equipment, Continuzaus Sampling COMPILED BY AT
DATUM _Goodstic DATE March 3 and 4, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES e W |RESISTANCE PLOT NATURAL REMARKS
Wl = _ PLASTIC LIGUID &
EZ| @ Lpar | MOBTURE “huqp) B &
= w |28 @ 20 40 B0 8G 109 CONTENT zQ
Six w |EF) 2 L : L L L W w w, | 2 WU I GRAINSIZE
2|9l w | 3 Jog| & [SHEARSTRENGTHKPa ° : £
ELEV = a e Zz 0 E p—— DISTRIBUTION
SEPTH DESCRIPTION 5]z | 5 |38] 5 |o unconsinen 4 FIELD VANE Y %)
ez 2 |EO| § |e QUCKTRIAXAL X REMOULDED| WATER CONTENT {%0)
753 \CE SURFAGE 0 20 40 60 80 100 25 50 75 wim® |GR 5A S1 CL
. ICE, containing organics
23 : 7
0.3 PEAT {Fibrous) s=E 1788 |60 - s
Hard =]
Black E,E.E 766
wet =oZl 2 [ s | 5
Becoming firm below a depth of it
0.6m === 74
BiZi s | ss | 5

Containing wood fragments
petween depihs of 2.1 m and

o2 73

nsl AT " s ss )6
2.7 SILTY CLAY, trace gravel, lrace
sand
Very stiff to hard 72
Grey 6| 85| 38 FK—1
Maist
7
7 58 32
71
8 85 20 o
9 S8 16 70
Conlaining clayey sill seams
betwean depths of 5.5 m and 40| 88 24 o
64m
11} 88 20 99
12 88 | 27 Ho—1
68
13| 88 26
67.4
78 END OF BOREHOLE
NOTE:

1, Water level in open borehole at
a depih of .3 m below ice surface
(Flav, 75.¢ m} upon completion of
drilling.

+ 3' %3, MNumbets tefer to

et 03% STRAINAT FAILURE
Sensitivity



MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GOT 10/23/12 DD

GOl
%&%&s

Foundation Design

RECORD OF BOREHOLE No E5

1 oF 2 METRIC

Sensitivity

PROJECT _08-1111-0044
GWP,  78-99:01 LOCATION N 4904328.0 :E 307424.2 ORIGINATED BY DM
DIST HWY 401 BOREHOLE TYPE _ Porable Equipment, Continuous Sarmpling, BW & NW Caslng, Wash Boring and DCFTOMPILED BY AT
DATUM _Geodelic DATE March 4 and 5, 2009 CHECKED BY KsL
SOIL PROFILE SAMPLES |, w | RERRMIC CONE PENETRATIGN VAR
i PasTic BATOREE  toun| | & | REMARKS
51, o |55] & 20 40 60 80 100 (UM ooureur uwm 0 Ii o
pu] = = W, W GRAIN 512
EtEV e8] 3 28]| & [SHEARSTRENGTHKPa o | % {ostraunon
DEPTH DEECRIPTION A 28| £ |o UNCONFINED  + FIELD VANE ¥ %)
ElZ 2 [£°] § |e auickTRIAXIAL x RemoutDED] WATER CONTENT (%)
76.0]  GROUND SURFACE w 0 40 €0 80 100 i kNim® JGR SA St CL
4.0 Sand, containing roots {FILL) J
Soft 1 ss a3 \vi 6149
75.4 Black =
0.6 Wet
PEAT (Fibrous), containing s8 2
decomposed waad fragments 75
Soft fo firm
Black
Moist S3 3 4
74.2
1.8 Silty PEAT {Fibrous) 74
Firm 58 5
Dark brown
Wet
SS 7 497,54
73
88 6
72.0
- ss | 7 72 112
4.0 Organic GLAYEY SILT, some = - 5
sand, containing shell fragments 0C=f4.6%
Vetry soff to firm
Brawn 85 5
Wet
70.8 ss | wh & b—i 0 1 41 58
52 SILTY CLAY, trace sand
Soft to hard
Grey
Wel e
70 y
0] TO | PM H—— 16.8
1] 10 | PM 69 o
g
B8k
B +H
g 67 h
66.9 .
9.1 GLAY, some sill, frace sand >120¢
g:’rg;o very stiff i3] 85 | 20 — 0 ¢ 29 71
Malst
14{ 88 | 18 66
= i | 88 15 { |
65
16 { 88 "
64.4
1.6 END OF BOREHOLE S
64
63
62 AN
Continued Next Page 3 U3 Numb for | .
7T TUMDemIERerlo 3% orraIN AT FAILURE




Foundaticn Design
=Golder
SAssOCIAteS
PROJECT 08411150044 RECORD OF BOREHOLE No E5 2 oF 2 METRIC
G.W.P._ 78-99-01 LOCATION N 4904328.0 :E 3074242 ORIGINATED BY DM
DIST HWY _401 BOREHOLE TYPE _ Portable Equipment, Continuous Sampling, BW & MW Caslng, Wash Boring and DCFEOMPILED BY AT
DATUM _Gecdetic DATE March 4 and 5, 2009 CHECKED BY KSL
DYNAMIC CONE PENE TRATION
S0IL PROFILE SAMPLES o L_lli RESISTANCE PLOT a— NATURAL REMARKS
ol I PLASTIC plccipe LUl =
5 R EE B 20 43 63 8 100 [MT contenr PMEl Z O &
§ Sleg| o |9 15E] B bt e w w | 5L | cramsize
; ELEV PTIO 'E o o &1 % = E SHEAR STRENGTH kPa o : BISTRIBUTION
! PEFTH DESCRIPTION 5 =i | 51358 £ |o unconmmen FIELD VANE v %)
El= z |ZO} © | QUICKTRIAXIAL X REMOULDED WATER CONTENT (%)
— CONTINUED FROM PREVIOUS PAGE -— a 20 40 60 83 100 2% 80 75 kNim® |GR SA S| CL
60 (
59
58
57 K
559 56 ,>
20.1 END OF DCPT
NOTE:
1, Water level in open borehole al

a depth of 0.4 m below ground
surface (Elev. 75.6 m) upon
completion of drilling.

MIS-MTO 001 08-1111-0044.GPJ_GAL-MISS.GDT 10/23/12 jujs]

n 3‘ % 3. Numbers refer lo

3%
: o}
1 Sensitivity STRAIN AT FAILURE




MIS-MTO 001_08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

=Golde
%A&s%ci&t@s

Foundation Design

Sensitivity

PROJECT 841140014 RECORD OF BOREHOLE No E6 10F 1 METRIC
GW.P,  78-99-01 LOCATION N 4804341.7 ;£ 307466,8 ORIGINATED BY DM
DIST HWY 401 BOREHOLE TYPE __Portable Equipment, Continuous Sampling, BW Casing, Wash Boring COMPILED BY AT
DATUM _Geodetic DATE March 2, 2009 CHECKED BY KSL
SOIL PROFILE SAMPLES | o i |BYNAMIC CONE PENETRATION
woe | 2 pLagTic MATURAL )y E REMARKS
= (5] MOISTURE = I
5 o 281 & 240 60 83 qop  PMT Lonelr  uwtf B &
e wizgl = e : L W, w w | 58 | cramsize
ELEY . . EBlo | B | J 125]| 2 |SHEARSTRENGTH kPa - S— DISTRIBUTION
PTICN E1E] >~ <z 2 =
DESCRI 2|3 < [0 UNCONFINED  + FIELD VANE
DEPTH é 5 (- E a0 o 'Y (%)
Elz 2 160| @ |e quckTRIAGAL x REMOULDED| WATER CONTENT (%)
75.5 GROUND SURFACE w 20 40 60 8¢ 100 25 50 75 kN/m® |GR SA SI CL
0.0 PEAT (Fibrous), conlaining
rootlets S8 | 2 A4
Very soft fo soft =
?gg Black 75
- Wel 408,
Sty PEAT (Fibraus) 55 | 1
Very soft io soft
Dark brown
Wat S5 3 74
734 2169 _ .
2.1 Clayey silt, some sand, containing 85 2 OC = 16.9%
white shell fragments (MARL)
Soft 73 134.6
Light brown fo brawn 88 3 ’ CC=7.3%
Wel e 17 73 10
85 2 |__1ma.
72
88 2 119
71.3
4.3 SILTY CLAY
Very soft fo saft 8] 55 | wH 71
Grey
Wet 7
_!_
70 &
9| TC | PM |
69
+
2 +
68—
&7.6
7.9 CLAY, same silt, frace gravel, < +
trace sand 10 ] ss 12
5tiff to hard
Grey 67
Woet
> 1408
=140
11§ 88 | 35 56
121 88 39 0
13| 588 28 65
64.6
11.0 END OF BOREHCLE
NOTES:
1. Water level in open borehsle at
a depth of .4 m below ground
surface (Elev, 75.1 m) upon
completion of drifling.
2. An additional borehole was
drilled 0.8 m South of Barehale
EGBA to obtain Shelby tube
sampies botween depth of 2,4 m
and 3.8 m, See Record of
Borehole E6A for details.
+ 3, s 3. Numbers refer to 3% STRAIN AT FAILURE




%

Foundation Design

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

Golder
'Assoclates
PROJECT  08-1111-0844 RECORD OF BOREHOLE No E6GA 1 0F 1 METRIC
G.W.P, 789901 LOCATION N 4904340,9 ;E 307467.0 ORIGINATED BY _DM
DIST HWY 401 BOREHOLE TYPE _ Poriable Equipment, 51 mm Diamster Confinuous Sarpling, BW & NW Casing, WasiDRMRILED BY AT
DATUM _Geodetic DATE March 5, 2009 CHEGCKED BY KSL
DVNAMIC GGNE PENETRATION
0 LE! Ll
SOIL PROFILE SAMPLES | N RESISTANCEPLOT "= pLasTic JATURAL jqun) | REMARKS
£ w 125] @ o 4p 60 8 00 M7 cowewr M| =D &
9= w |2l =z L L ! L L w, w w § S0 | crAaINSIZE
glusw [ 3 |g%]| © |SHEARSTRENGTHkPa g - E
ELEV Blmia | 22| E ————— DISTRIBUTION
TePTH CESCRIPTION 51218 5|3 2| & fo unconrmen  + FiELDVARE ¥ pos
A z |E0| § |e QUoKTRIAXIAL X REMOULDED] WATER CONTENT (%)
756]  GROUND SURFACE - 20 40 61 80 10 % 8 78 kum® [GR SA 81 CL
0.0 See Record of Borehole EB for
subsurface conditions
75
74 amm—
732
24 Organic CLAYEY SILT, cantaining Eos 73
shell fragments, trace sand E=21 1 { TO | PM
Soft F2z
Light brown o=
Wat et 1289
=zzl 2 | TO | PM i 0C=57%
72.0 E=Z 20
36 END OF BOREHOLE =
+ 3,>< 3. Numbers refer o 03% STRAIN AT FAILURE

Sensitivity



Foundation Design

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GOT 10/23/12 bD

Sensitivity

PROJECT 0841110044 RECORD OF BOREHOLE No E7 1 OF 1+ METRIC
G.W.P. _ 78.99-01 LOCATION N 4904360.8 ;F 3075134 ORIGINATED BY DM
DIST HWY 409 BOREHOLE TYPE  Porzble Equipment, Continuous Sampling, BW Casing, Wash Boring COMPILED BY AT
DATUM _Geodetic DATE February 26 and 27 2008 CHECKED BY KsL
SOIL PROFILE SAMPLES |, | w [DENAMIC CONE PENETRATION
] g = plastic NATURM. o] ) REMARKS
E2( 5 Ly MOISTURE  Hhp it - T &
5 « 9 ‘é | @ 20 40 60 8o 00 CONTENT g g N
Flw = E{ & wp w w, GRAIN SIZE
ELEV. DESCRIFTION & a & 2|23 £ |SHEAR STRENGTH kPa . 2 DISTRIBUTION
DEPTH 313 & > 12 51 2 |o uncoNFineD + FIELD VANE i ¥ (%)
El= ¥ ES| B e QUICKTRIAKAL x RemouLbeo| WATER CONTENT (%)
75.7] __ GROUND SURFAGE w A 4 B B0 100 » 5 75 km' |BR SA I cL
gg Silty clay (FiLL)
| 704 Firm 88 4 Avi
€3 Brown fo grey =
Moist 75 ]
PEAT (Fibraus), contalning 85 1 o
desomposed wood fragments
Very soft to firm
Wel
88 3
74 ]
SS 4 441,49
8s | 4 ] I
727
3.0 SILTY CLAY, trace sand,
3.0:’:“:1'“]"9 rooftlels fo a depth of 6 | s5 7 o
Soft to very stiff ol i
Grey
Maist ¢ 4
Becoming wet af a depth of 4.3 m #
7 55 5 71
3
+
70 hd
8]s8s{ 2 He
2 e | To | PMm
S ] e T m—
.i.
10 ] 88 19 (57:] e—— N ]
1t | 88 27
67 p—— i
g 12| ss | o5 o
s i3] 88 3
65.9 66— —
9.8 END OF BOREHOLE
NOTE:
1. Water fevel in open borehole at
a depth of 0.4 m below ground
surface (Elev. 75,3 m) upan
corpletion of drilling,
+ 3, X 3. Numbars refer to o¥% STRAIN AT FAILURE



Foundation Design

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 1042312 DD

(Fh-Golde
JAssociates
CROJECT 0841150044 RECORD OF BOREHOLE No E8 1 oF 1 METRIC
GW.P.__78-99-01 LOCATION N 4904378.9 ;€ 307564.6 ORIGINATED BY _DM
DIST HWY 401 BOREHOLE TYPE _ Parlsble Equipment, Gontinucus Sampling COMPILED BY AT
DATUM Geodelic DATE February 26, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES e W IRESISTANCE PLOT -;2~_ NATURAL - REMARKS
Wt X PLASTIC grcriee  LOUIDL | %%
= w |22 8 20 40 6o &0 oo [T cowtens  UMTI Z O &
o | & ulzel = : : : ! 1 W w w | DU ] GRAINSIZE
. . mra|ow 2 |e5] 2 ISHEAR STRENGTH kPa ———O———— DISTRIBUTION
DESCRIPTION == T |5z| &
DEPTH (31 ]>13al =2 [° UNCONFINED ~ + FIELD VANE ¥ (%)
ElE z |EC| © |e QUICKTRIAXAL X REMOULDED| WATER CONTENT (%)
754 GROUND SURFACE - w 20 40 &0 80 100 25 sk 75 wm® lGR sA 81 CL
0.0 PEAT {Fibrous), conlaining = BYA 75 =
roctlets =2l 1§ 8S 4 b
Very soft to soft EZZ
Black fo dark hrown =
Moist Co=
F=Z] 2 | s | wH
= 74
FZZl 3 | ss | wh
73.0 =
21| GILTY CLAY, race and 41859 1 3
Firm lo hard
Greenlsh grey
Moist >120-}
72 426
5 55 47 le—
g ss | 4 le—
71
7 85 21
0.2
4.9 GLAYEY SiLT, trace sand
Very stiff g 185 | 2 70 °
Grey
Wet
2] 85 26
69.0 &0
6.1 END OF BOREHGLE e
NOTE:
1, Water level in open borehole at
a depth of 0.1 m below ground
surface (Elev, 75.0 m) upon
completion of drilling.
3,)(3' Numbers refer lo 03% STRAIN AT FAILURE

Sensitivity



@G . Foundation Design
=Golder
'Associaies

MIS-MTO 001_08-1111-0044.GPJ GAL-MISS.GOT 10/23/12 DD

PROJECT  08-4411.0044 RECORD OF BOREHOLE No E9 10F 1 METRIC
GW.P.  78-95.51 LOCATICN N 4904389.8 ;E 307612.9 ORIGINATED BY KL
DIST HWY 401 BOREHOLE TYPE  Porlatle Equipment, Continuous Sampling COMPILED BY AT
DATUM _Geodetic DATE February 25, 2009 CHECKED BY KSL
SOIL PROFILE SAMPLES | o i [FENAMIC SONE PENETRATION
i T _ pLAGTIC NATURAL )\ = REMARKS
E9 MOISTURE [
= o 22| 8 20 40 B0 a0 o0 [T Solrenr  umm| B § &
9 e w |22 2 L 1 2 L L W, W w | 3T { GraNsizE
Alai #1323 (25| & [SHEARSTRENGTHKPA ‘ : g
ELEY DESCRIPTION cElSE] & 12 [22] £ ————— DISTRIBUTION
DEBTH sls| e | 3 281 £ [o unconFneED + FIELD VANE Y %)
=2 2 [£9] © |e QuokTRIAKAL x REMouLDED| WATER CONTENT (%)
753]  GROUND SURFACE v M 4 80 80 W % %0 75 kMm® [GR SA SI G
0.0 PEAT (Fibrous), cantaining -
raollels ss | 7| ¢ 75 :
Very stiff s
745 Brawn (o black
0.8 Organic SILTY CLAY, frace 88 1
gravel, trace sand, containing
waod fragmenis 74
Soft to sliff
Grey X+
< +
55 [ 4 - o 0C=19.9%
55 | 6
SS ? 72 05,
55 | 8
Contalning cobbles balow a deplh 71
of41m
+
>< +
85 | 43 70
£9.6 === | S5 {00j0.% I o
58 END OF BOREFIOLE
SPOON REFUSAL
NGTE:

1. Water lavel in open borehola at
a depth of 9.4 m below ground
surface (Elev. 74.9 m) upon
camplation of driling,

+ 3’ 3. ANumbers refer to 03%

Sensitivity STRAIN AT FAILURE



Feundation Dasign
Golder
Associates
CROJECT  to1111.0084 RECORD OF BOREHOLE No E10 1 oF 1 METRIC
GW.P.  78-98-01 LOCATION N 4504408.0 ;£ 307654.3 DRIGINATED BY _DM
DIST HWY 401 BOREHOLE TYPE _ Portable Egquipment, Gontinuous Sampling, BW Casing, Wash Boriag COMPILED BY AT
DATUM _Ggodetic DATE February 24 and 25, 2008 CHECKED BY KSL
DYNAMIC GONE PENETRATION
SOIL PROFILE SAMPLES ® W IRESISTANCE pLUTE—- NATURAL - REMARKS
w| < PLASTIC uguip
21 0 e MOBTURE Syl b 5 a
= m |£5] @ 20 40 80 83 100 CONTENT z 9
=l w |22 = Y L ! L L "R w w | 78 | eRAINSIZE
g @ | w| 3 o5 & |SHEARSTRENGTIHK a E
ELEY DESCRIPTION 2t eE ]l T |E2) K 1 DISTRIBUTION
H DEPTH FHE ot > 38] £ |© LINCONFINED + FIELD VANE N ¥ )
El= z |20} & |e quokTRimal X REMOULDED| YWATER CONTENT (%)
, 75.5|__ GROUND SURFACE . L . 25 50 75 ki’ |oR sA S CL
| 0.0 PEAT (Fibrous), containing =
decomposed wood fragments E==] 1] ss [ o
Soft to firm Eoo 75
Weat Ers
==l 2 | ss | 2 ¥
1 Eo2l 3 | ss | 4 74 4
! 2= ENIECN
| = 73
e i681.3
FEEl 5 ] 85 5 4
72.5 e
3.0 SiLTY CLAY, slightly organic
Firm & S5 &
Greenish gray 72
Wel
< 4
71.0 +
4.4 SILTY CLAY, frace sand - 71
Very soft to sliff 737710} PM +H— 0 1 4% 50
Grey s
Wat
70
+
+
1 8 s8 5 B9
"
X +
? 68
| 9§88 | M °
. | ss | 10 67
i 11] 85 9 4
66
1z | 88 9
654
101 END OF BOREHOLE
[=]
o NOTE;
; &
& 1. Water level in open borehole al
} g a depth of 0.9 m balow ground
- surface (Elev. 746 m} upon
E completion of dritling.
&
o
]
s
|
=
@
-
[+N
y <]
I 3
E 8
1 -
&
(=]
3
i 0
; =
=
2}
=

a ., 3. HNumbers refer fo 3%
X g ensitivity 0 3% SIRAIN AT EAILURE




%Go Foundation Design
=Golder
'Associates

MIS-MTO 001 08-1111-0044.GPJ CAL-MISS.GDT 10723112 DD

PROJECT  om11ra0m RECORD OF BOREHOLE No E11 1 0F 1 METRIC
G.W.P. 789901 LOCATION N 4804429.0 ;E 307709.2 ORIGINATED BY DM
DIST HWY 401 BOREHOLE TYPE  Porabie Equipment, Continuous Sampling, BW Casing, Wash Boring COMPILED BY AT
DATUM  Geodetic DATE February 23 and 24, 2009 CHECKED BY KSL
SOIL PROFILE SAMPLES |, w  [RTNAMIC CONE PENETRATION
i 2 - pustic JATURAE youp| | = | REMARKS
=21 & MOISTURE =T
1y @ |25] 2 P4 B s 00 UMT O ourenr  Lea z2 &
gl 2 w GRAIN SIZE
BLE slg|wl 2 |25| 8 [sherrsirernaring: b v ' E
A4 DESCRIPTION AR EER: P DISTRIBUTION
DEPTH é 5 ﬁ > 8 5 § O UNGONFINED + FIELD VANE ‘Y (%)
£z 2 29| 0 {e qUickTRIAXIAL X REMOULDED WATER CONTENT (%)
75.1 GROUND SURFAGE B 20 40 &0 8 100 25 50 75 kNm® |GR SA Si cL
0.0 PEAT (Flbrous) =] 75
Very soft to firm ezl 1 lss | 5 | ¥ e
Black {o dark brown ==
o
EzZl 2 | ss | wh
== 74—
Fi7 s | ss | o
E2fl 4 | 85 | 2 73— =
;gg 5 ss 3 356.4
72.1 Eo2
3.1 SILTY CLAY, frace sand 7 72
Soft to very stiff 6 | 53 3
Greenish grey
Wel
K 4
’ 71
< =4
710 | PM 70— =
X +
69.0 % . X 4
6.1 CLAY, some sllt, frace sand 6
Siff 5 85 8
Grey
Wet
661 —] u
1Y +
9 55 ] } |
67.2
7.9 END OF BOREHOLE
NOTE:
1, Walet ievsl In open borehole at
a depth of 0,3 m below ground
surface (Elev, 74.8 m) upon
campletion of driling.

+ 3' % 3. Numbers refer to O 3%

Sensitivity STRAIN AT FAILURE



Foundation Design

MIS-MTO 004 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

=Golder
Associates
CROJECT 064111004 RECORD OF BOREHOLE No E12 10F 1 METRIC
G.W.P.__ 78-99-01 LOCATION N 4904443.7 ;E 307753.6 ORIGINATED BY _DM
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Conlinuous Sampling COMPILED BY AT
DATUM _Geodelic DATE February 23, 2069 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES r W |RESISTANCE PLOT NATURAL REMARKS
We,{ = PLASTIC Liquin =
EZ| 9 o MOSTURE . Tl £ &
= o |25]| & 20 40 60 BO 100 CONTENT z e
9y w =] 2z L L L 1 : W, w w | 38 | craNsiZzE
(Wl w| 3 loE| © SHEARSTRENGTHKPa : y 2
ELEY DESGRIPTION Fl8t s | 2128} E p———o——— DISTRIBUTION
DEPTH <stS| ¢ | > (3 Z| = |o UNCONFINED  + FIELDVANE Y (%)
£z z [0 § |e QUOCKTRIAXIAL X REMOULDED WATER CONTENT (%)
754|  GROUND SURFACE “’ 20 49 80 B0 100 % 50 75 KNim® |GR SA 81 CL
2.0 PEAT (Fibrous) ]
Very soft to soft =22 1| ss | 2 ¥ i
Dark brown to black = 75
Wet ===
EEZ 2 | 88 [ 1
—E.é 74 (1%
St 3 55 3
E2Z) 4| ss | 3
72.9 EEZ 73
24 SILTY CLAY, trace sand
Very siiff to hard 5| 88 7 Ho—
Greenish grey
Moist
72 1
7.7
a7 CLAY, some silt, trece sand =140
Siiff to very stiff 6| ss 28
Crey
Moist 71
7] S8 21
8js5 | 18 I —
70
9| S8 40
69.3
6.1 END OF BOREHOLE
NOTE:
1, Water lavel in open borehole al
a depth of 0.3 m below ground
surface (Elev. 75,1 m} upon
completion of driling.
£33, Mumbersreferto 3% grpaw AT FAILURE

Sensitivity



Foundation Design

Sensitivity

PROECT  oB4111.0044 RECORD OF BOREHOLE No E13 1 OF 1 METRIC
G.W.P.  78-99-01 LOCATION N 4904461.3 :E 307804.2 ORIGINATED BY DM
DIST HWY 401 BOREHOLE TYPE _ Porable Equipment, Continugus Sampling COMPILED BY AT
DATUM _Geodstic DATE February 19, 2009 CHECKED BY KSL
SOIL PROFILE SAMPLES |, w [AYERMIC CONE PENETRATION N REMARK
Wi 2 PlasTic pOIURSS  Laup| | & s
[ m |ZE] ® 20 4 6 80 100 M7 Goprenr  wMT B &
= g1zl z I e K We W w | S8 | cramsize
Ata| B 3|25 © ISHEAR STRENGTH kPa 2
ELEY DESCRIPTION slz|l 812 |28 & ————— DISTRIBUTION
DERTH 2|5 T =133 £ | O UNCONFINED + FIELD VANE . v (%)
B4 £ |2°] O le QUCKTRIAXIAL % REMOULDED| WATER CONTENT (%)
752|  GROUND SURFACE w 0 4 e 80 Moo % 50 75 kNim® [GR SA SI oL
a.0 PEAT (Fibrous), containing v 75 e
rootfets 1 ss 2 -
Very soft
Black to dark brown
Wet
2|85 [ WH
74
3188 | 1 lar.
733
1.8 Orgahic SILTY CLAY, Iraca sand
Firm to hard 418 | 5 73 0C =5.7%
Greenish grey
Wet
=140
72.1
3.1 CLAYEY SILT, trace sand 72 44
St to very stiff 4 5 | s 24
Brown la grey
Moist
6| 85| 25 e 0 4 §1 35
71
788 | 10
8| ss 8 70 q
>14()
69
5] 85| 13 — 0 1 65 34
68.5 14
6.7 END OF BOREHOLE
NOTE:
1. Water level in open borehole at
a depth of 0.2 m below ground
surface (Flev. 75.0 m) upon
compledion of drilling.
[m}
[=]
o
&
&
=]
=
0
@
0
@
s
-
=
o
-
o
Q
3
2
&
o
=
(=]
2
=
®
=
+3,><3: Numbers refer to 03% STRAIN AT FAILURE




Foundation Design

GW.P.
DIST

PROJECT

08-1111-0044

78-99-01

HWY _401

DATUM Geodetic

RECORD OF BOREHOLE No E14

LOCATION

N 4904473.4 :E 307848.6

1 OF 1

METRIC

ORIGINATED BY _JEB

BOREHOLE TYPE _ Pertable Equipment, Confinuaus Sampling

DATE

COMPILED BY ___AT

February 19, 2009

CHEGKED BY HsL

SOIL PROFILE

SAMPLES

ELEV

DEPTH

5.4

DESCRIPTION

GROUND SURFACE

STRAT PLOT

NUMBER

TYPE

"N" VALUES
GROUND WATER
CONDITIONS

ELEVATION SCALE

DYNAMIC GONE PENETRATION
RESISTANCE PLOT

20 43 60 86 10]0

1 1 1 1
SHEAR STRENGTH kPa
O UNCONFINED + FIELDVANE
@ CUICK TRIAXIAL > REMOULDED
20 40 60 80 10|0

NATURAL
PLASTIC rsTURE
CONTENT

— 1

WATER CONTENT (%) Y

REMARKS
&
GRAIN SIZE
DISTRIBUTION
(%)

LQulb
LIMIT

w W,

UNIT
WEIGHT

50 78 GR SA S! CL

0.0

73.1

PEAT (Fibrous), lrace sand
Very soft

Black

Wel

L EERRRRRANNNAAA

58

Kl

§8

WH

T ASANANAAASARERAAAN

NN

1

88

WH

2.0
72.6

72.3

2.7

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

Grey
Moist

Organic CLAY, trace sand,
centaining roollets
SHff

TULLLL 11111111111111111111111111{111111

TN
SRRANNRLNNS

s8

1

_/

SIiLTY CLAY, lrace sand
Hard

Black

Moist

END OF BOREHCLE
SPOON REFUSAL

NOTES:

1, Waler levet in open borehole at
a depth of 0.3 m helow ground
surface (Elev. 74,8 m} upan
completion of driling.

2. Twa Dynamic Cone Penefration
Test were advanced 2 m South
and 2.8 m Southwest of Borehole
E14, refusal encountered at a
deplhof 28 mand 3.1 M below
ground sutface (Elev. 72.2 manrd
72.0 m) upan completion of drifing.

See Record of DCPT E14G1 and
E14G2 for further delails.

=

88

SUNALE

]
7

74

73

4609

1 oCc=7.7%

0 3 45 42

3

0

+

3, MNumbers referto
Sensitivity

0 3% STRAIN AT FAILURE



MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

Golde;
%dﬁft&

Foundation Design

PROJEGT  0mt111.0040 RECORD OF PENETRATION TEST No E14C1 1 0F 1 METRIC
GW.P,  78-99.01 LOCATION N 4904471.5 ;E 307845.2 ORIGINATED BY JEB/DM
DIST HWY 401 BOREHOLE TYPE  Portable Equipment, Dynamiz Cone Penatration Test COMPILED BY AT
DATUM _Geodelic DATE February 23, 2009 CHECKED BY KSL
SOIL PROFILE SAMPLES | . W |RENAMIC CONE PENETRATION
14 7 pLasTIc NATURAL = REMARKS
E21 3 Ly MASTURE Brpnt o T Fy
5 - o g & 2 20 40 60 89 100 CONTENT Z % GRAIN SIZE
ELEV (8 e 3|25] 8 [srearsTrencTHiFa o . ST E | omrmmnn
R oA DESGRIPTION Ll N I ST
BEPTH 2515 2G| € {0 UNCONFINED  + FIELD VANE ¥ (%)
= z |g° G | QuickTRIIAL x REMOULDED| WATER CONTENT (%)
75.1 GROUND SURFAGE 1y 20 40 60 BP GO 25 50 75 kNm®* |GR SA S1 cL
0.0 Slart of Dyramic Cone Penetralion [£5)
Tesl {DCPT) (>
74—
73 —
72.0 72
3.1 END OF DCPT
Refusal to futther penetration
(30 blows/.1 m)
NOTE:
1. The Dypamic Cane Penetration
Test is located 2 m South of
Borehole E14.
+ 3' x 3. Numbers refer to o¥% STRAIN AT FAILURE

Sensitivity



MIS-MTO 007 08-1111-0044.GPJ GAL-MISS.GCT 10/23/12 DD

=Golder
%Assochtes

Foundation Design

Sensitivity

CROUECT  ahA1110044 RECORD OF PENETRATION TEST No E14C2 1 0F 1 METRIC
GW.P,__78-99-01 LOCATION N 4904470.9 :E 307847.3 ORIGINATED BY _JEB/DM
DIST HWY 401 BOREHCLE TYPE _ Porisble Equipmeant, Dynamic Cone Penetration Test COMPILED BY AT
DATUM _Geodetic DATE February 23, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATICN
SOIlL. PROFILE SAMPLES ¥ g RESISTANCE PLOT NATURAL L REMARKS
Rl ' MOISTURE vt I A
P w |25 & 26 40 & 80 100 CONTENT 28
= 5 151 ES © = L L 1 L 1 We W W, Sy GRAIN SIZE
£l ¥ | 3 |2a| & [SHEARSTRENGTHkPa o ) =
ELEY DESCRIPTION = g < = = DISTRIBUTION
SEPTH ( 5 z|r 13 &1 « |0 UNCONFINED + FELD VANE . ¥ (%)
£z z |EC B | QuickTRIAXAL x REmouLDED| WATER CONTENT (%)
75.1 GROUND SURFACE L 20 40 60 80 100 25 50 75 wim®* JGR sA 81 CL
0.0 Start of Dynamic Cone Penetration 75
Test (DCPT) >>
74
73 \\
72.2 \\
29 END OF DCPT
Refusat fo further panetralion
{45 blows/0.15 m}
NOTE:
1. The Dynamic Gone Penelration
Test is located 2.8 m Southwest of
Barehole E14.
43, %3, Numbersreferta 3% grpan AT FAILURE



% Foundgation Design
Golder
Associates

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

PROJEGT 0811110044 RECORD OF BOREHOLE No E15 1 oF 1 METRIC
GWZP, 789901 LOCATION N 4804490.6 ;E 307901.8 ORIGINATED BY _JEB
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Continuous Sampling COMPILED BY AT
DATUM _Geodetic DATE February 23, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SO PROFILE SAMPLES u Ei
@ o g' RESISTANCE POT == puasTIc WALEAL  Launf | £ REMARKS
5 o [22] 8 20 40 60 w0 0 |V CONTENT  LMT[ = @ &
2|5 O = = Ll 1 - w w | 52 | oransize
ELEV olz| B J |25 @ [SHEAR STRENGTH kPa o DISTRIBUTICN
= DESCRIPTION ] 2|52 E
DEPTH IS5 T | > (28] 2 |o unconrmen  + FELDVANE Y %)
£l = £ [£°] © e auckTRIAXIAL x REmOLiDED| WATER CONTENT (%)
750 ICE SURFACE ut 20 4 @0 81 10 25 B0 75 kN/m® |6R SA SE GL
0.0 1ICE
0.2 PEAT (Fibrous), trace sand 1| ss8 22 g
Very soft
Wet
2| ss | wn ]
73.8 74
1.2 Slity PEAT, trace sand
734 glc;;l;k 3 ss z 0C = 24.8%
7]\ wel
CLAYEY SILT, race sand, 73
containing rooflets and slightly 488 |17 ©
oiganic to a depth of 1.6 m
Vely siiff to hard
Grey to brown 51 8s | 70
Moist
72
6| ss | 74 (=N 0 2 63 35 .
i
7| ss | 52 74
8| ss i a3 o
70.2
4.9 END OF BOREHOLE
NOTE:

1. Water level in open borehole at

a deplh of 1.3 m below ice surface
{Elev, 79,7 m) upon complelion of

drilling,

!
i
i

+ 3 X 3. Numbers refer to o 3%

Sensitivity STRAIN AT FAILURE




Foundation Design

MIS-MTO 801 08-111%-0044‘GPJ GAL-MISS.GDT 10/23/12 DD

Golder
Associates
PROJECT (841110044 RECORD OF BOREHOLE No E16 1 of 1 METRIC
GW.P._ 789901 LOCATION N 4804505.2 ;€ 307944.3 ORIGINATED BY _JEB
DIST HWY 401 BOREHOLE TYPE _ Portabls Equipment, Confinuous Sampling COMPILED BY AT
DATUM _Geadetic DATE February 23 and 24, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © LjZ'J RESISTANCE PLOT-a_ epsne MATURAL o - REMARKS
=50 Tar - MoisTURE Pl £ &
= m [ZE5| @ 26 40 60 80 100 CONTENT z 0
Slx w =] 2 L L 1 1 i W w w | 58 | GRAINSIZE
1ol w | 3 o5} & [SHEARSTRENGTHKPa i g S
ELEV. DESCRIFTION elgletd 28] E ——— DISTRIBUTION
DEBTH A 1% |28 < jo UNCONFINED -+ FIELD VANE Y %)
E|= z jg° G |e GUICKTRIAXIAL X REMOULDED, WATER CONTENT (%)
750 GROUND SURFACE . 0 40 60 80 0 s 8 78 kNim' |GR SA S| Cb
o.c PEAT (Fiorous}), Irace sand =
Very soft F=Z1 1 | S8 1 S_Z
Black Eez
Wel £
EEE 3 58 WH 1542.7)
== 74
FiZia | ss | wH
73.2 ===
1.8 GLAY, some sill, race sand, 73
conlaining reollels 4| ss8 6
728 g:;"y
24 \ Maist /
SILTY GLAY, seme sand 5 58 33 Fe—i
Very stiff fo hard 72—
Grey to brown
Moist [ 38 0002
7] 88 60 71 ¢ | |
8 88 32
70 ——]
9 SS 21 3
69.5
5.5 END OF BOREHOLE
NOTE:
4. Water level in open borehole at
a depth of 0.3 m below ground
surface (Elev. 74.7 m) upan
completion of drilling.
+3' 3, Numbers refer io 03% STRAIN AT FAILURE

Sensitivity



MIS-MTO 001 08-1111-0044,GP) GAL-MISS.GOT 10/23/12 DD

Foundation Design

Golder
%ﬁaﬁs
PROJECT 0541110044 RECORD OF BOREHOLE No E17 1 oF 1 METRIC
GW.P, 789931 LOCATION N 4904524.2 .E 307992.5 ORIGINATED BY JEB
DIST HWY 401 BOREHOLE TYPE  Ponable Equipment, Conlinuous Sampling COMPILED BY AT
BATUM _Geodstic DATE February 24, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © Y [RESISTANCE PLOT NATLIRAL REMARKS
We |l = PLASTIC | e LIQUID E
gzl d LT ISTURE o] £ 5 &
'6 " o § o %] 2]0 4P GP Blo i?ﬂ CONTENT Z 5 RAIN SI2
pu] = 2 W, w w, Gl SIZE
ELEV SCRIPTION cle| &) 3 )25]| & [sHEARSTRENGTHRPa 4 L 3 P
DERTH DESCRIPTIO S R - 386 = [o unconrmvep  + FELDVANE . Y o
= £ |E°] @ e QUOCKTRIAXAL x RemouLpED| WATER CONTENT (%)
75481 IGE SURFAGE v | " 20 40 80 80 10D 25 80 75 k' |6R sA s1 oL
6.0 ICE - s
0.2 PEAT (Fibrous), trace sand S5 2 E
Very soft
Black
Wet sS | wh 74
73.8 e
1.2 CLAY, some sill, trace sand
Soft 3|85 3 e
73.2 Grey
T8 Moist
SILTY CLAYICLAYEY SILT, frace 41ss| 1 73
gravel, frace sand
Firm to hard
Grey
Moist 5| 88| 28 —
22—t
6| 85 | 47 (] ¢ 4 54 42
7 88 21 b4 || —
8| ss ] 43 H-e
00—
2158 | 8
tied 1a | ss | s o
69— ]t — |
it 11] s | s
68.3
Sllty SAND, trace 1o some gravel, [1127 S8 ko4 s 1143 30 16
6.9 trace to some clay
Very dense
Grey
Moist
END OF BOREROLE
SPOON REFUSAL
NOTE:
1. Waler level in open horehole at
ice surface {Elzv. 75.0 m) upon
completion of drilling.
+3.X3.‘ Numbers refer to 03% STRAIN AT FAILURE

Sensitivity




MIS-MTO 001 08-11711-0044.GPJ GAL-MISS.GDT 10123/12 DD

%&}ld@r
Associales

Foundation Design

Sensilivity

PROJECT 9641110044 RECORD OF BOREHOLE No E18 1 oF 1 METRIC
GW.P. 789901 LOCATION N 4804527.8 ;E 3080385 ORIGINATED BY _JEB
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Continuous Sampling GOMPILED BY AT
DATUM _Geodetic DATE February 24 and 25, 2009 CHECKED BY Kst
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES M W [RESISTANCE PLOT MATURAL REMARKS
i —__ pLastic NATURAL - pou| | &
E - 0 40 60 83 100 (BT conrent M S O &
Sikx wi=g| = L.l e W w | 58 | cransiE
ELEV Ll & 3 les| 2 ISHEAR STRENGTH kPa A N—! z
DESCRIPTION =1z & < Z = E DISTRIBUTION
DEPTH <13 [ R UNCONFINED ~ + FIELD VANE . Y %)
Bz z |g° @ o QUICK TRIAXIAL X REMOULDED| WATER CONTENT (%)
75.4 IGE SURFACE — w 20 49 6[0 80 100 25 50 i whim® |GR sA S5l CL
44—~ ICE S *
) PEAT {Fibrous), race sand Eoy 1| ss | 20 75
74.8 Hard o
0.6 Black /
Wel Jo—14
SILTY CLAY, trace lo some sand 2] %8 w
Very sliff to hard
Grey lo brown 74
Molst 3 SS 43
73.5
1.8 GCLAYEY SILT, trace sand
Hard 4% ss | B8 e 0 4 6% 35
Grey lo brown 73
Maist
5 85 61
&8s | & 72 &
71.7
3.7 END OF BOREHCLE
NOTE:
1. Water level in open borehole at
a depth of 0.1 m below ice surface
(Elev. 75.3 m) upon completion of
drilling.
+3’ 3.  Mumbers refer to 03% STRAIN AT FAILURE



MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GET 10/23/12 DD

>

ASsociates

Foundation Design

PROJECT
GW.P,
DIsT
DATUM _Geodetic

RECORD OF BOREHOLE No E19

LOCATION

N 4804744.9 :E 308784.2

1 0f 1

BOREHOLE TYPE _ Ponable Equipment, Continuous Sampling

February 25, 2009

METRIC

ORIGINATEDBY JEs
COMPILED BY __ar
CHECKEDBY __ ksL

Sensilivity

DYMAMIC CONE PENETRATION
SAMPLES [ o Y [RESISTANCE PLOT NATURAL REMARKS
|"'—" v S PLASTIC mOISTURE LlouiD| =
51, o |55 & 2040 60 a0 g0 [UMT O Goure L 22 &
hw = = W, w W, GRAIN SIZE
ELEV Elel i3 ])es 2 [SHEAR STRENGTH kPa ——— = | bistrisuTion
DEPTH g S > 133 L | O UNCONFINED  + FIELDVANE Y (%)
El= Z [E°] © [e QUICKTRIAXIAL x REmouLDED| WATER CONTENT (%)
758 (V4 o 26 40 60 80 100 % 5075 k/m® |[GR SA SI cL
GA[N\_ICE B
CLAY, trace gravel, trace sang 1| ss %5
rd
5
2188 | a8 7 I )
3] 88 | 120
74
4| 85 | 165 o
5| 88 {118 73
72.7
31 END OF BOREHOLE
1. Water fevel in opan borahole at
ica surface (Elev, 75.8 m) upor:
completion of drilling,
% 3. Numbers refer fo o3% STRAIN AT FAILURE

i
|
i




Foundation Design

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23112 DD

=Golder
FAssociaies
PROJEGT 0811110044 RECORD OF BOREHOLE No E20 METRIC
GW.P,__ 789301 LOCATION N 49047742 ;E 308753.9 ORIGINATED BY JEB
DIST HWY 401 BOREHOLE TYPE _ Porlabls Equipment, Continuous Sempling COMPILED BY AT
DATUM Gecdelic CHECKED BY KSL
SOIL PROFILE SAMPLES | w DYNAMIC CONE PENE TRATION REMARKS
Wt 4 __ PLASTIC Liauin =
=2 G MOISTURE | E Xz 2
E %] < o 7] 20 40 &0 80 100 FO
9lgi L LY |ZE] 2 A w | 2L | oransie
ELEV DESCRIPTION & BE: o E:' % % g SHEAR STRENGTH kPa o DISTRIBUTIGN
BEPTH 213 £l > |38l = |° UNCONFINED ~ + FIELD VANE . Y @)
ElZ z |g© G e QUICKTRIAXIAL X REMOULDED WATER CONTENT (%)
75.1 GROUND SURFACE — u 25 50 75 x/m* JGR SA SI CL
0.0 PEAT (Fibrous), trace sand > 75
Very soft to firm 4+ 1 88 5
Black
Wel
375.4
2 88 1
74
735 EoC
1.8 Crganic CLAY, some sill, race Eo= 33 ss 2
sand, containing roottets Eo=
Very soft to firm ez
Gray to black EZzl 4 [ 88 ) 5 73 B QC = 8.5%
Maist ==
FEZ| 5 | ss | 9 1 d
= 72
Fz2] 6 | 88 | 2
71.5 E=2
3.7 Organic CLAY, trace sand oo
Soft eoo| 7| 88 2 k —+
70.9 Grey/black = 71
43 Moist
SILTY GLAY, race sand
Gray Pl
Siitf ta very sliff L
Muoist
8| 58] 18 70
9 S8 17 [
69
10 | S8 18
11] 88 16 o
67.8 68
73 END OF BOREHGLE
NOTE:
1. Water level in open borehole at
a depth of 0.1 m balow ground
surface (Elev. 750 m) Upon
complation of drilling.
3 0 3% STRAIN AT FAILURE



% Foundation Design
Golder
Associates

MIS-MTC 001 08-1111-0044.GFJ GAL-MISS.GDT 10/23M12 DD

PROJECT  08.1111.0004 RECORD OF BOREHOLE No E21 1 OF 1 METRIC
GW.P. _ 78-99-01 LOCATICN N 4904783.0 ;E 308797.6 ORIGINATED BY _JeB
DIST HWY 451 BOREHOLE TYPE  Portable Equipment, Continugus Sampling COMPILED BY AT
DATUM _Geodetic DATE March 5, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOl PROFILE SAMPLES x Y IRESISTANCE PLOT u REMARKS
i 2 PLasTic MATURAL ) oy = E
E21 8 LT MOBTURE  MReR| - T a
5 o (25| & 20 40 80 80 100 CONTENT z9
el Ll 928! = L . . L L W w w | 2 ¥ [ GRANSIZE
ELEV ESCRIPTION plafp @ 3 85 g SHEAR STRENGTH kPa —_— DISTRIBUTION
BEPTH DESCRIPTIO! 23] F 1 5 |338] 5 [o unconemep  + Fiein vane Y %)
- z {EC [ | QuCKTRIAMAL x AEMOULDED| WATER CONTENT (%)
75.0 ICE SUREACE 7 o 26 40 60 8 100 2]5 50 75 kN [GR SA SI oL
X ICE -
A9
SS | wH
744 WATER
0.6 PEAT (Fibraus), trace sand s "
Vaty soft =25l 2 | ss | we 7 .
73.8 Black £ 4
15 Wat ===
’ Organic CLAYEY SILT, containing E=n _
roollets Lo 3 s8] 4 c 0G=5.7%
Firm égg
Gray et
Moisl ) 222l 4 | ss | 7 73
72.5 =
24 CLAY, some slt, frace gravel,
trace sand X +
Firm to stiff "
Grey to brown 72
Moist
5| 88 14 -
6 85| 16 71
7 588 18 o
70
8 85 15
9 358 13 1
69
10 % 88 12
68.3
6.7 END OF BOREHOLE
NOTE:
1. Waler fevef in open barehole at
Ies surface (Elev. 75.0 m) upon
completion of drilling,
2T Juren e 0% srnan AT FAILURE




Golder
FAssociates

Foundation Design

PROJECT _ 08-1111-0044

GW.P__78-96-01

DIST HWY _401

DATUIM Geodetic

RECORD OF BOREHOLE No E22

LOCATION

N 4004801.4 ;€ 308858.1

BOREHOLE TYPE _ Portable Equipment, Continusus Sampling

March 5 and €, 2009

METRIC

ORIGINATED BY _JES/DM
COMPILED BY __ AT
CHECKED BY KSL

MIS-MTC 001 08-11171-0044,GPJ GAL-MISS.GDT 10/23112-0D

NOTE:

1. Waler level in open borehcle at
greund surface (Elev. 77.1m)
upan completion of driling,

DYNAMIC CONE PENETRATICN
SOIL PROFILE SAMPLES o w  |RESISTANCE FLOT
= REMARKS
Eol 3 N S A
5 ol @ 20 40 60 80 108 3
Slel L |9 13E]| 2 w | 54 | cransize
o o 5| 2 |SHEAR STRENGTH kPa
ELEV DESCRIPTION 1= g £ = = —— DISTRIBUTION
HEPTH A E had =13 Z 1 T Jo UNCONFINED + FIELD VANE i ¥ %)
1 z |g© § | qucktriaxa x RemouLpe| WATER CONTENT (%)
77.1|  GROUND SURFAGE v " 20 40 60 80 0D 75 kim® |GR SA S1 CL
0.0 CLAY, trace gravel, trace sand N 77
Very siiff to hard 1 85 26
Brown
Moist
2| s8 a1
76
3| s8 | 88 d
4t 85 73 75
74.7
24 SILTY CLAY, trace gravel, frace
sand sy85 | 75
Very stiff to hard
Brown and gray
Maist 74
[ 88 73
7 &85 45
73
8 55 18
Becoming grey at a depth of 4.9 m 72
9 85 22
16| 88 16 0 5 45 50
71
1| 58 70
70.4
8.7 END CF BOREHOLE

Numbers refer to
Sensilivity

3% STRAIN AT FAILURE



MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 15/23/12 ja)a]

Faundation Design

=Golder
Associates
PROJECT 0811110004 RECORD OF BOREHOLE No E23 1 0F 1 METRIC
G.W.P,  78-99.01 LOCATION N 4904814.1 ;E 308903.4 ORIGINATED BY DM
DIST HWY 4ot BOREHOLE TYPE  Ponabie Equipment, Continuous Sampling COMPILED BY AT
DATUM _Geodelic DATE March §, 2009 CHECKED BY KsL
SOIL PROFILE SAMPLES | w o [RYRMIC CONE PENETRATION .
We [ 2 pLasTic JATORAL  joup] | £ | REMARK
22| © i MOISTURE Ml - x &
5 w |25 & 20 40 60 80 oo GONTENT z2
=l 41| = L w, w w | 3T | oramsize
ELEV oLimi W o185 S |SHEAR STRENGTH kPa
R DESCRIPTION =z &1 2 [2 [ 0 DISTRIBUTION
DEPTH I EIRREN Y £ | © UNCONFINEG  + FIELD VANE Y (%)
£l= Z [E°| © e QUICKTRIAXIAL % REMOULDED] WATER CONTENT (%)
76.6 GROUND SURFACE w 20 40 60 80 100 25 50 75 kN/m® |GR SA sI GL
0.0 Clayey siit, Irace sand, containing
raollets (FILL) 1| 88 3 o
Soft
?gg Brown 76
- Moist
SILTY CLAY, trace sand 2 88 18
Very stift to hard
Brown to grey
Moaist 3 858 35 75 I — 0 4 48 48
4 55 83 2
5]ss|as 74 el
734 B S5 {00md
3.2 END OF BOREHOLE
SPOON REFUSAL
NOTES:
1. Water level In open borehale at
adepth of 2.1 m below ground
surface (Elev, 74.5 m} upon
campletion of drilling,
2, A Dynamic Cone Penetration
Tesl was advanced 0.8 m South of
Borehole £23, refusal encountered
at a depth of 3,2 m below gound
surface (Elev, 73.4 m),
3. An addilional borehole was
advanced 2 m West of Barehole
E23, refusaf encountered of a
depth of 3.1 m below ground
surface (Elev. 73.5 m),
43 X 3: Numbers refer to o 3% STRAIN AT FAILURE

Sensitivity




MIS-MTO 004 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 oD

Foundation Design

Golder
y Associates
CROJECT 0641110044 RECORD OF PENETRATION TEST No E23A 1 0oF 1 METRIC
GW.P.__ 789901 LOCATION N 480483.3 ;E 308903.6 ORIGINATED BY DM
DIST HWY 401 BOREHOLE TYPE _ Purtable Equipment, Dynamic Cone Penefration Test COMPILED BY AT
DATUM _Geodelig DATE March 6, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SO PROFILE SAMPLES 5 é RESISTANCE PLOT rLASTIC NATURAL | o - REMARKS
2 MCISTLURE eI
= w 221 8 a0 a0 6 B0 e MT O courent  UMTp 2 O &
=R wizgl z e e P v W w w | 24 | eramsize
a@l¥| w |3 jo5]| & |SHEARSTRENGTHkKPa E
ELEY DESCRIPTION = < z = —— O DISTRIBUTION
DEPTH C < Z| g | £ |35] £ |o UNCONFINED  + FIELD VANE Y %)
H z |g° i | QUICKTRIAXIAL X REMOULDED WATER CONTENT (%)
76.6 GROUND SURFACE w 20 40 60 80 100 25 50 75 wm® GR SA Sl CL
0.0 Slart of Dyramic Cone Penelration
Test (DCPT)
76
75 L\
h \\\~
3.4
3.2 END OF DCPT
Refusal lo further Penetration
{436 blows/0.3 m)
+ 3’ w3 Numbers refer to 03% STRAIN AT FAILURE

Sensitlvity



MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 [a]s]

Foundation Design

PROJECT  0B-4411-0044 RECORD OF BOREHOLE No E23B 1 0F 1 METRIC
GW.P, 789991 LOCATION N 4804813.3 ;E 308502.0 ORIGINATED BY pMm
DIST HWY 4p1 BOREHOLE TYPE _ Porable Equipment, Conlinuous Sampling COMPILED &Y AT
DATUM _Geodetic DATE March 9, 2008 CHECKED BY KSi.
SOIL PROFILE SAMPLES | o w [RENAMIC CONE PENETRATION NATURAL REMARKS
W f 2 _ posszc WATUER:  vaunf | &
e w2z 8 20 40 60 g0 pp [umr HORTURE M sa &
ol A ! : 1 L t W, w w, :g GRAIN SIZE
ELEV Cle| £ ] 3 )25( & [sHEARSTRENGTHKPa ;. DISTRIBUTION
DEPTH DESGRIPTION AR 28| T [o UNCONFINED  + FIELD VANE ¥ %)
=< z |g© @ | QUICKTRIAIAL x REMOULDED| WATER CONTENT (%)
76.7|  GROUND SURFAGE ‘ “ 0 40 60 80 100 % 8 75 km® [GR SA 81 GL
o0 Clayey silt, some sand, containing
rootlets (FILL) 1] ss 3 o
76q) St
¥ Brawn 76
0.8 Maist /
STLTY CLAY/CLAYEY SILT, iraca 2188} 14
1o same sand, frace gravel
Firm to hard ¥
Brown 3{ss| 18 He—p 0 3 51 48
Maist v 75
4| ss | 40
5| 85| 3 74 jme— 0 6 48 45
73.6 "
31 END OF BOREHOLE
SPOON REFUSAL
NOTE:

1. Water level in open borehofe at
a depth of 1.8 m below ground
surface {Flav.74.9 m) upan
completion of drilling.

+3 3. Numbers refer to o 3%

' Sensitivity STRAIN AT FAILURE




MIS-MTC 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DO

%Golder
Associates

Foundation Design

PROJECT _ 08-1111-8044

GW.P.  78-99-01

DIST HWY _401

DATUM _Geodetic

DATE

RECORD OF BOREHOLE No E24

LOCATION

N 4904820.5 ;E 308830.1

1 OF 1

METRIC

ORIGINATED BY _DW

BOREHOLE TYPE _ Portable Equipment, Continuous Sampling

COMPILED BY __AT

March 10, 2009

CHECKED BY __ sl _

S01. PROFILE

SAMPLES

ELEV

GERTH DESCRIPTION

75.1 GROUND SURFAGE

STRAT PLOT

TYPE

NUMBER
"N" VALLES

GROUND WATER
CONDITIONS

ELEVATION SCALE

CYNAMIC GONE PENETRATION

RESISTANCE PLOT _2_‘

20 40 60 Blﬁ 190

1
SHEAR STRENGTH kPa
© YUNCONFINED + FIELD VANE
® QUICK TRIAXIAL X% REMOULDED
20 40 B0 89 100

FLASTIC
LT MOISTURE

Wp

——

WATER CONTENT (%)

25

NATURAL REMARKS
&
GRAIN SIZE
DISTRIBUTION

£%)

LIQUID
LIMIT

W

CONTENT
w

umIT
WEIGHT

-

60 75 kNim* |GR BA 81 CL

0.0
containing rootiets and

745 decomposed wood lragments

{FILL)

Hard

Black to brown
Wat

Peat {Fibrous), trace sand,
0.6 \

/i

29

SILTY CLAY, Irace lo some sand,
trace gravel
Very stiff

73.2 Brown lo grey

Wet

27

00/0.41

|

-]
i3]

74

0 B8 47 45

2.4 SILT, some sand, irace gravel
Very dense
Brown

Wel

END OF BOREHOLE
SPOON REFUSAL

NOTE:

1. Water leve! in open borehoie at
grotnd surface (Efev.75.1 m) upen
completion of drilling.

2. Twa Dynamic Cone Penettation
Tests were advanced 1.6 m East
and 2.8 m South of Borehole £24,
refusal encountered ai a depth of
1.8 m and 2.0 m below gound
sutface (Elev.72.3 mand 73.1 m).

+

3

3,

Numbers refer to
Sensitivity

3%
9] STRAIN AT FAILURE



MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 CD

=Golder
'Associates

Foundation Design

PROJECT _ 08-1111-0044

RECORD OF PENETRATION TEST No E24A

1 0F 1 METRIC

GWPF. 789901 LOCATION N 4804819, ;£ 308931.4 ORIGINATED BY DM
DIST HWY 401 BOREHOLE TYPE  Poriable Ecuipment, Dynamnic Cone Penetration Test COMPILED BY AT
DATUM _Geodetic DATE March 10, 2009 CHECKED BY KSL
DYNAMIC CONE PENE TRATION
S0IL PROFILE SAMPLES 2 ;l-' RESISTANGE PLOT piastic NATURAL (o e REMARKS
2 MOISTURE W
I o [2Z2| 8 40 80 80 10 MT Lopoer o B &
25 Ll1zEl 2 L— 1 1. W, w w | 58 | eransize
L im W 2 185 & [SHEARSTRENGTH kPa
ELEV HESCRIPTIO i [ Z = e _—— DISTRIBUTION
DEPTH N g El x| 2 35 L | O UNCONFINED  + FIELD VANE . Y %)
El= Z |EC| © e QUICKTRIAGAL x REMOULOED| WATER CONTENT (%)
75.1 GROUND SURFACE C 29 40 60 80 100 25 50 75 kim* JGR sA SI CL
0.0 Ster! of Dynamic cone Penetration \
Test {NCPT) -
74 \
73.2 N
1.8 END OF BCPT
Refissal to further Penetration
(Hammer Bouncing}
+ 3! w 3. Numbers refer to 0% STRAIN AT FAILURE

Bensitivity
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MIS-MTO 001 _08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

Foundation Design

Sensitivity

Golder
Associales
PROVECT  0b.1114000a RECORD OF BOREHOLE No S-1 1 0F 2 METRIC
GW.P.  78.99-01 LOCATION N 4904370.0 ;£ 307418.0 ORIGINATED BY DwWM
DIsT HWY 401 BOREHOLE TYPE _ Power Auger, 200mm Siam, Hollow Siem COMPILED BY JM
DATUM _Geodetic DATE February 8, 2010 CHECKED BY EC
DYNAMIC CONE PENETRATION
S0IL PROFILE SAMPLES e YW |RESISTANGCE PLOT NATURA REMARKS
gl 2 PLASTIC e Laun| R
5l @ (28] @ P40 B0 B0 10 JUMT O Cogtent LT z8 I& |
E = W GRAIN SlZ&
ELEV =y 3 125] & [sHEARSTRENGTH kP A S o - DISTRIBUTION
DEPTH DESCRIPTION 21317 ] = [328] & |o unconemen 4 mELD VANE ¥ %)
ElF z |E° B |e quickTRAxAL x REMOULDED] WATER CONTENT (%)
83.0 GROUND SURFACE s 20 40 80 80 100 25 50 75 kN/m® [GR 8A S CL
0 Sand and gravel (BASE)
82.6 Grey
0.4 Frazen
Sand, trace gravel and cobbles
{SUBBASE) a2
Compacl T 1
Brown 1 58 28
815 Maist
1.5 Fine Rock FILE, contains cobbles
and houlders 2 | ss 11
Loose lo compact 81— ——
Grey
Dry to moist
3 SS 39 s} 54 40 (6)
80fF—1——
4 85 po/o.ag
5 88 8 79
6 | s8 10 78
7 S8 5
T s e S F——
8 88 &
76.0 76—
7.0 Fine Rock FILL, with silty mairx a| ss 6
Compact
Grey-brown
Moist
- Wet below 8.4 m depth 10| 88 9 4] Se—— S
¥
1] 85 14
74— F——
i2| 88 26
3
i3} 88 12
ta| 55 | 19 [ s S e — 5 31 {19)
715
1.5 -Fine Rack FILL
Compact 51 88 22
Grey N
Wal 71
6] S5 28
70—
i7 | 88 19
W) ss | 16 B9——
1 13
68.0 9| 88
Continued Next Page 3.3, Nurb B o
FIXT I Elero %% SiRAIN AT FAILURE




: Foundation Design
=Golder
. Assoclates

BROJECT  08-111.0044 RECORD OF BOREHOLE No 5-1 2 ofF 2 METRIC
% G.W.P.__ 7899 LOCATION N 4904370.0 ;F 3074108 ORIGINATED BY _DWM
DIST HWY _401 BOREHOLE TYPE _ Power Auger, 200mm Diam. Hollow Stem COMPHLEDBY __JM
DATUM Geodelic DATE February 9, 2010 CHECKED BY EQ
DYNAMIC GOUNE PENETRATION
SOIL PROFILE SAMPLES @ W |RESISTANCE PLOT NATURAL REMARKS
W | & _— PLASTIC Liaulo E
E21 o i MOSTURE Ml £ &
= o |25 @ 20 40 60 80 100 CONTENT e
3y wl=g| = L . - L 1 W w w | 5@ | cRANSEE
ELl 14| o | 3 JoF} & jsHEARSTRENGTHKPa S 2
ELEV DESCRIPTION £l g 21281 & DISTRIBUTICN
DEPTH 33 r L3 |28 £ |o UncoNFmED -+ FIELD VANE i v %)
EiZ z |g° G e QUICKTRIAXIAL X REMOLLDED WATER CONTENT (%}
- CONTINUED FROM PREVIOUS PAGE — o 20 40 60 80 100 25 50 15 wym?® YGR SA SI CL
=T PEAT
Brown
Wel

End of Borehole

Note:

g Waler level in opan borehole

H al 8.5 m depth delow ground

% surface upon completion of driling

[

i
s
!

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

+3’ 4. Numbers refer lo

I%
o
Sensitivity STRAIN AT FAILURE



@ 1 * Faundation Design
=(older ‘
#ASsOCates

MIS-MTO 001 08-1111-D044.GPJ GAL-MISS.GET 10/23/12 DD

PROJEGT _ 0811110044 RECORD OF BOREHOLE No S-2 1 OF 1 METRIC
G.W.P,  78-89.01 LOCATION N 4804400.0 ;E 307503.2 ORIGINATED BY _pwM
DIST HWY 401 BOREHOLE TYPE  Power Avger, 200mm Diam. Hollow Stem COMPILED BY M
DATUM _Geodelic DATE Fobruary 8, 2010 CHECKED BY EQ
SOIL PROFILE SAMPLES |, i |RYSAMIC CONE PENETRATIGN .
ATURAL = REMARKS
e | T —_ PLASTIC erone  Uaup| | &
E o g zl & P 40 s0 e w0 [P oopeyr  LMn] 5 e &
A EIERER = 8 |SPEARSTRENGTH W W w | 5% | oramsize
ELEV DESCRIPTION =gl e[ Z |z 8 EAR STRENGTH kPa —_—y DISTRIBUTION
DEPTH 5 b > 128 L | O UNCONFINED + FIELD VANE ¥ %)
ElZ 2 [59] @ e auckTrmeal x Remoulpen| WATER CONTENT (%)
313]  GROUND SURFACE u 2 40 s 80 1m0 ® 5 75 kNim® JGR SA SI CL
4.0 Sand and gravel (BASE}
80.9 Grey 81
0.4 Sand, some fine rock Il (FILL)
Loose
Brown
Moist 1 (3] 25
80—
2 55 7
78—
3 55 4
78.3
i Fine Rock FILL, some silty sand,
contains cobbles and boulders 4 S8 3 78— ]
Loose to very loose
Grey-brown
Maist to wet
5 S8 8
77
5 S8 7
76
7 88 3
8 88 B 75
- Trace organics below 6.7 m |
depth !
9 85 3
74
73.7 AV i
Silty clay (FILL) % |
(& Grey Ez=l10| ss | 5 e
Wet E== H
72.9 PEAT, some decomposed wood s 73 I
8.4 Firm E==
Brown to black St f
Molst / £25 11} 88 8 L
72.2 Organic SILTY CLAY, some mat, = i
6.1 trace rootlels i 72 i
: Stiff
Grey-brown 2 12 &8 9 ke
Maist :
SILTY GLAY, trace sand, frace
clayey silt seams 1
Very sliff 7 + ’
Grey
70.6 Muolst +
10.7 SILTY CLAY, trace silty sard
seams 13§ 88 1 =
Vety stiff %
Gray 70 i
Moist
!
69 ]
4] 85 10 ls—]
68.5
128 End of Borehole i
Note: H
Wailer level in open borehole L
at 7.6 m depth below ground

stiface upon completion of drifling

i
H
i
i

+3 % 3. Numbars referto o3%

’ Sensitivity STRAIN AT FAILURE




MIS-MTC 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

%Gomer
'Associates

Foundation Design

X 3. Numbers refer te

3%
Sensitivily O~ STRAIN AT FAILURE

PROJECT 0841410044 RECORD OF BOREHOLE No S-3 1 oF 1 METRIC
GW.P,  78-88-01 LOGATION N 4904443.0 ;E 3077041 ORIGINATED BY _DWM
pIST HWY 401 BOREHOLE TYPE _ Power Auger, 200mm Diam. Hellow Stem COMPILED BY Ja
DATUM _Geodelic DATE Febsuary 10, 2010 CHECKED BY EQ
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ® W [RESISTANCE PLOT 2* NATURAL - REMARKS
B oo Z PLASTIC piicTope YU T
el o 28] @ 20 40 €0 B2 100 M7 content  MMT) 2 O RA& |z
P z w, w W GRAIN SIZE
@8] w3 gkl & [SHEARSTRENGTHKPa b g z
ELEY DESCRIPTION -l = T |2 = b —— 1 DISTRIBUTION
DEPTH 15| =12 |8 5| & |© UNCONFINED FIELD VANE ¥ %)
1= 2 |g0f G |e quokTrRimaL X REMOULDED] WATER CONTENT (%)
78.8 GROUND SURFACE w 20 40 60 80 109 25 50 75 kN/m' 1GR SA SI CL
0.2 Sand and gravel (BASE}
78.5 Grey
0.4 Frazen
'Sand, same gravel (SUBBASE)
Brown 2] ER SR e e e
77.6
1.2 Fine Rook FILL, contains cobbles
and boulders
Loose to corpact
Grey-brown 1 88 5 77 — 1
Dry to wet
2 588 9
76—
3 S8 15
75
4 88 36
VA
5|85 | 8 74
73.5
5.3 PEAT, some fibers e a
Firrm EzZl e | 85 | & )
Dark brown et — I A DE——
et ™
726 =2
6.3 SILTY CLAY
Very stiff 7 S8 5
Grey
Wet 72
8 ™ PH
sl T —
+
g S5 14 b—i 0 2 49 49
69.9 70
9.0 End of Borehole
Nole:
Water lavel in open borehole
at 4.6 m depth below graund
surface upon completion of drilling
3



MIS-MTO 001 08-1111-0044.65PJ CGAL-MISS.GDT 10/23/12 DD

GOl

Foundation Design

RECORD OF BOREHOLE No S-4

1 OF 1 METRIC

Sensitivity

PROJECT _ 08-1111.0044
GW.P. 789901 LOCATION N 4804788.9 ;£ 308748.0 ORIGINATED BY Dwwm
DIST HWY 401 BOREHOLE TYPE Power Auger, 200mim Diam. Hollow Stem COMPILED BY JM
DATUM _Geedstic CHECKED BY EQ
SOIL PROFILE SAMPLES | w  [RENANIC CONE PENETRATION NATURAL REMARKS
m} I PLASTIC LI
E21 8 tnr  MOISTURE - Tt - &
51 @ |£8] @ i 190 T content = GRAIN SIZE
e =4 w, w W,
ELEV AR 325 2 |SHEAR STRENGTH kPa —_—— DISTRIBUTION
BEFTH DESCRIPTION 13171 2 128( & [o unconrned  + Fiewovane %)
1= z |g© e Quick TRIAXIAL  x REMOULDED] WATER CONTENT (%)
814]  GROUND SUREACE w W 4 &0 8 o % & 75 GR sA sl CL
0.0 Sand and gravel (BASE)
02 Grey 81 -—
Sand and gravel (SUBBASE]
80.7 Grey-hrown
0.7 Sand, same grave), containg
cobbles (FILL)
Compact
Red browr: _— ]
Moist
85 21
78.3
31 Fine Rock FILE, conlains cobbles
and boulders 55 9 )ttt |
Loose to compact
Grey-brown
Dry
- Bouilder at 4.0 m depth
- Wel below 5.9 m depth
- Trace organics below 6.4 m Ss 6
depth
Ava
88 26 R
74.5
)
w2 EEAT ss | 12
72 Wet 85 1 12 _ } & b=—te—q
737 Organic CLAY
77 SILTY CLAY, trace silty sand, TP | PH
trace sl seams
Very stiff
Grey 1 e S e S R—
Moist
+
88 Pl _i%‘ho
71.6
9.8 End of Borehale
Note:
Water level in open borehale
at 5.9 m depth below ground
surface upan complation of drilling
Numbers refer o o 3% STRAIN AT FAILURE




MIS-MTO 001 08-1111-0044.GFJ GAL-MISS.GOT 10/23/12. DD

Foundation Dasign

Golder
Associates
CROECT 511110004 RECORD OF BOREHOLE No W1 1 0F 1 METRIC
G.W.P,  7899-01 LOCATION N 4904355.6 ;E 3072856.1 ORIGINATED BY _BM
DIST HWY _401 BOREHOLE TYPE _ Poriehle Equipment, Continugus Sampling COMPILED BY __ AT
DATUM _Geodelic DATE February 11, 2009 CHECKED BY KsL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES el
R RESISTANCEPLOT == pLastic JATURAL - oupt | & REMARKS
EZ2| o iy MOISTURE il b5 2
b w |25 @ 20 40 60 80 100 CONTENT z 9
AL L lZE) = A W w w | 58 ] oramsizE
ELEV cith | B S jog| © |SHEAR STRENGTH kPa
LE DESCRIPTION -2 |2 [2E] E ———— DISTRIBUTION
DEPTH é = [ > 8 o < © UNCONFINED + FIELD VANE . ‘Y (%)
E1Z z |g° G |e QUICKTRIAXIAL X REMOULDED WATER CONTENT (%)
75.8 GROUND SURFACE w 20 40 &0 80 100 25 50 75 ke |oR sA st CL
0.0 Silly sand to sandy sit, some
gravel, some clay (FILL) 4] ss 8 o
Loose
752 Brown
08} "\ alst 7
2 S5 12 5
Cayay sil, trace to some gravel,
748 trace to some sand, containing
1.2 woad fragments (FILL)
Siff 3| 88| 34 le—
Brawn
Maist 74
Eelllr_";\’ CLAY, trace gravel, trace 4 sg 7 4q ¢ 3 53 44
Hard
Brown to grey
Maist 5 8S 62 73 le—1
728
3.4 END OF BOREHCLE
NOTE:
1. Open borehale dry upon
completion of driting,
+ 31 % 3. Numbers refer to Oa% STRAIN AT FAILURE

Sensitivity



=Golder
- Assogieates

Fourdation Desigr:

PROJECT _ 08-1111-0044

RECORD OF BOREHOLE No W2

1 0F 1 METRIC

MIS-MTO 001 08-1111-0044.GP) GAL-MISS.GDT 1 0/23/112 DD

GW.P, 78-99.04 LOCATION N 4904361.4 ;€ 307310.1 ORIGINATED BY DM
DIST HWY 401 BOREHOLE TYPE  Porable Equipment, Centinuous Sampling, BW Casing, Wash Boring COMPILED BY AT
DATUM Geodetic DATE February 5 and 6, 2409 CHECKED BY KSL
SOIL PROFILE SAMPLES |, | w [RYRAMICCONE PENETRATION
il 2 uaup| & | REMARKs
[
e w |22 3 20 40 s 80 100 wir] £ & &
ale 41zE|l =z 1 w | O¥ | cramsize
Etev ala W 2|28 ?_ SHEAR STRENGTH kPa — DISTRIBUTION
DEPTH DESCRIPTION A ER RN 28| £ |o unconemED  + FiELD vANE ¥ (%)
ElZ 2 |29 & [e quockTriaxal x REMOULDED] WATER CONTENT (%)
@ TR w W 4 B0 8y 100 75 s
75.8 GROUND SURFACE \vi ) kNfm® 1GR SA 81 GL
0.0 PEAT (Fibrous) -
Very soft to firm s§ 3
Dark brown fo black
at 75
88 | 2 ‘ 0C=77.8%
Becoming reddish brown al a
depthof 1.2 m 88 1
. 74
Contalning decomposed wood
fragraents at a deplh of 1.8 m ss [ a4 28
55 6
72.8 73
3.0 Organic SILTY CLAY =
Soft ==
Grey to greenish brown =) 8 88 | 2
Moist =5
= 72
:Hg 7 58 4
712 = v +
4.6 SILTY CLAY, trace sand, trace 71
grave| I« +
Firm to stiff
Grey 8 88 10
Moist to wet
9|85 | 12 70
10} 88 3]
69
7 % 4
X 4
11 88 8
68
2| 88 9
4
7 87
13| 88 5
66> +
5!
65.1
10.7 CLAYEY SILT M TO | PM 65
Firm
Grey
Wet 4 4
64.1 +
M7 END OF BOREHOLE
SPOCN REFUSAL.
NOTE:
1. Water level at ground surface
(Elev. 75.8 m) upon completion of
drilfing

% 3. Numbers refer to o 3%

Sensitivity

STRAIN AT FAILURE



%Golder
’ Associales

Foundation Design

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

PROJECT 0811140044 RECORD OF BOREHOLE No W3 1 oF 1 METRIC
GW.P__ 7889301 LOCATION N 4904375.9 5E 3073564 ORIGINATED BY DM
DIST HWY 401 BOREHOLE TYPE _ Pertable Equipment, Conlinuous Sampling, BW Casing, Wash Boring COMPILED BY AT
DATUM _Geodslic DATE February 11 and 12, 2008 CHECKED BY KSL
DYMANMIC CONE PENETRATION
SOIL PROFILE SAMPLES ® W |RESISTANCE PLOT_::_:;.% NATURAL - REMARKS
W | & FLASTIC LiQuie
EZ2F 2 T moisTuRE “ryel B .2
= m |28] @ 20 40 60 80 00 CONTENT z 0
2|5 w=g]| z ' : ! : L We w w | 28 | oramsiE
ELEV Elw| ® 2 log] @ jSHEAR STRENGTH kPa
L DESCRIFTION o Z 1z E p————— DISTRIBUTION
DEDTH |35 s = |3 F3 z |o UNCONFINED + FIELD VANE Y (%)
£l z |EC] @ |e QUCKTRIAXIAL X REMOULDED WATER CONTENT (%)
76.0 GROUND SURFAGE i w 20 40 &0 80 100 25 5‘0 75 kv |GR sA sl GL
0.0 PEAT (Fibrous} == - s
Very soft to firm EZ2] 1] ss 2 3
Black to reddish brown Eze
wel =
Fezf2 ) 88 | 1 75
FZE[ s | ss | @ 4
s Ta2l e ===
138 Silty PEAT {Fibrous) E=Z 74
Firm c==] 4 55 7
Brown ggE
Wet EEE
Containing wood fragments EZz 54g
between depths of 2.4 m and E=2) 5 88 | 7
agm == 73 E—
=
=1 85 4
724 E==1 6B 0C =3.9%
36 SILTY GLAY, frace sand, A
cortaining shell fragmenrts ta a N
depth of 5.Bm 72
Firm to very siiff
Grey < +
Wet 7iss| 7 —el 0 0 38 62
71
8 85 3
+
[ < +
a TO PM — 204 g 1 32 67
59 frdv)
»1204
1037 88 | 20 | 0 2 34 84
68
41| 85 16
&7.6
8.5 CLAY, some silt, trace sand
éen;.sﬁff 12] ss | 17 67 I 1
e
s Wel
) END OF BGREHOLE
NOTE:
1, Waler levet at ground surface
(Elev. 76.0 m} upon cempletion of
drilling.
+3' 3. Numbers refer to o¥%h STRAIN AT FAILURE

Sensitivity



MIS-MTC 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

Gol

Foundation Design

PROJECT _ 08-1111-0044

GW.P._ 78-99.01

DIsT HWY _4p1
DATUM  Geodetic

RECORD OF BOREHOLE No W4

LOCATION
BOREHOLE TYPE  Pariable Eguipment, Gentinueus Sampling,

N 490438%.5 :E 307407.6

T OF 1 METRIC

BW Casing, Wash Boring

February 12 and 13, 2069

ORIGINATEDBY oM
COMPILED BY _ AT
CHECKED BY __ ksl

1. Water level in open borehols at
a depth of 9.6 m below groung
surface (Elev. 75.9 m) upon
completion of driling,

DYNAMIC CONE PENETRATION
S0IL PROFILE SAMPLES [ 5 RESISTANCE PLOT REMARKS
ik g = vounf
= m [S£] 9 20 4 & a0 100 LM = & &
dlel o]zl 2 . L 2 1 L w | 2% | cramsize
ELEV 12| & 228 & [SHEARSTRENGTH kPa —_— DISTRIBUTION
DEPTH DESCRIPTION 51312 | % 23 £ [0 UNCONFINED  + FIELDVANE . ¥ %)
=z 2 1E°] @ le quickTriaxaL x REMOULDED] WATER CONTENT (%)
® i i 20 40 6 8 100 75 :
765)  GROUND SURFAGE ; h A ; KM’ IGR SA SI L
0.0 Sandy silt to silly sand, trace e
gravel, trace clay (FILL) 1 55 3 g
Very loose S I SR N L
159 Dark brown to brown E 76
| TbTOUS], coRminng
shell and wood fragments 7
Soft to stiff
Biack fo reddish brown 50
Wet 5 mwhﬁ“H — OC = 44.3%
3
, j%“—"_“_ ]
5 u
]
1 A | 7
71.3 14 109
&2 Organic SILT, some sand, trace to = 1 18 72 1
some clay, race gravel, canteining 1t L — ]
shell fragments
Stiff 9
70.4 Light brown
[ 5.1] Wet
SILTY CLAY, trace sand 1
Very soft 1o very stiff o 7 T T ———— 1
Grey
Wet
X +
+
1221 1O PM N R A T S ]
f%
13| 88 6
% | TO PM — 1 i I .__L\
’(__;q_‘___d'__ S
5| 88 6
6] 85 [ 13
785 [ 12
64.3
122 END OF BOREHOLE
NOTE:

Numbers refer to
Sensitivity

O%% srram AT FAILURE




Foundation Design
FGolder
k Associaies

% PROJECT 811110044 RECORD OF BOREHOLE No W5 1 oF 2 METRIC
4 GW.P, 769301 LOCATION N 4904404.0 :E 307451.% ORIGINATED BY DM
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Contintious Sampling, BW Casing, Wash Boring and DCPT COMPILED BY AT
_é DATUM _Geodelic DATE February 17 and 18, 2009 CHECKED BY ___ KSL
DYNAMIC GONE PENETRATION
! SOIL PROFILE SAMPLES w
PROF x - RESISTANCE PLOT = euastic NATURAL o - REMARKS
2] o o MaSTURE Pl B &
= w |25 @ 20 40 80 80 100 CONTENT z e
‘ = R = =Rl z Y . L L L W w w | 28 | GRANSIZE
LEV alulw | 3 |oa5] & {SHEARSTRENGTHKPa B
E DESCRIPTION clels| = |2 = e DISTRIBUTION
i DEPTH <[5 T > i3 Z| = [o uNCONFINED + FIELD VANE Y %)
EZ z g B e QUICKTRIAXIAL X REMOULDED WATER CONTENT (%)
756 GROUND SURFACE w 20 40 60 80 100 25 50 75 wim® lor sA s1 CL
! 0.¢ PEAT (Fibrous), trace sand oz
Soft to firm =t -3 3 E
Black to dark brown EZE
Wet = 75
geyar) 604,
Fis 2 88| 2
i = R 74
égé a S5 2 42149
l Conialning decomposed wood égé
i fragments below a depth of 24 m EZs 5| ss 2 73
==Zle | ss | o K 0C=T5.3%
=22 72
EeZi 7 ss | 5
714 )
; 4.2 Organic CLAYEY SILT, trace lo S
' some sand, containing shall =2 1204
} fragmenls == 8 | 88 5 r|
: Firm S
WEt ':-‘EE 140.3
Eoz{ 9585 | 4 ‘ o 8 74 21
70.1 Eo2
1 85 CLAY, some sill, irace sand 70
"[ Soft io sliff 0| 88 | wH
+ Grey
Wet
K +
1 cof— |-
| 11| TO | PM 68
}
+
1 57K +
12iss| 7 )
{ 66
i o i
g X +
o 13l ss | 8 85
3 &
i o
=]
b k 4] 88 | 1 11
[G) 64
o
¢ 1] 151 88 9
i 3
-}
g
= B ss | 12 63
Ul
! g 17} 85 | 10 o 1 32 67
' = 62
by 18] s | 12
; °1 518
! gl 140 END OF BOREHOLE
] g
b4 61
]
s

Gontinued Next Page
© d +3 % 3. Nuimbers refer to

3%
Sensitivity O™ STRAIN AT FAILURE




MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

FGol
%Ass%ddc{tes

Foundation Design

Sensitivity

PROJECT  08-4+11.0044 RECORD OF BOREHOLE No W5 2 OF 2 METRIC
G.W.P. 78-99.1 LGCATION N 4904404.0 :E 307451.4 ORIGINATED BY DM
RIST HWY 401 BOREHOLE TYPE  Portable Equipment, Continuaus Sampling, BW Gasing, Wash Boring and DCPT  COMPILED BY AT
DATUM _Geodetic DATE February 17 and 18, 2059 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SCIL PROFILE SAMPLES o Y |RESISTANCE PLOT NATURAL REMARKS
) s PLASTIC MoIsTURE  LiauiD| =
= w |S2[ 8 20 4 €0 80 o |UMT Gogrenr  uwwm B S &
Sle wl=z| = P e—— — we w w | 58 | cramsize
ELEV &la w = o5 E SHEAR STRENGTH kPa _— DISTRIBUTION
PERTH DESCRIPTION 237 ¢ | 2 281 2 [0 UNCONFINED 4 EELD vaNe Y %)
= £ 9| @ |e auckTRIAMAL x RemouLDED| WATER CONTENT (%)
— CONTINUED FROM PREVIOUS PAGE — w 2 40 80 80 100 26 50 75 kN/m® |GR SA SI oL
60
59
58
57 %
56 \
l/>
55 L
54.1 \‘\
215 END GF DCPT
Refusal to furthar penetration
(Hammer bouncing}
NOTE:
1. Waler lavef in open borshole at
2 gepth of 0.3 m blow ground
surface (Elev. 75.3 m) upon
completion of drilling,
+3.x 3 Nombersreferto 3% cpoul sl e



E Foundation Design
i Golder
' TAssociates

1 PROJECT  08-1111-0044 RECORD OF BOREHOLE No W6 1 oF 1 METRIC
GW.P.  78-99-0i LOCATION N 49044178 ;E 307497.2 ORIGINATED BY _JEB
i —
DIST HWY _401 BOREHOLE TYPE _ Partable Equipment, Continueus Sampling COMPILED BY __AT
DATUM _Geodetic DATE February 18, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SO0IL PROFILE SAMPLES o ﬂ RESISTANCE PLOT‘E‘ NATURAL - REMARKS
Ea| & PLASTIC poisTURE Ry 2
= w 15| @ 20 40 60 80 100 CONTENT 28
215 g 12l = L L L A L W w w | 38 | cransize
a|d|w| 3 |oE] & [SHEARSTRENGTHKPa e
ELEYV DESCRIPTION = a |z = O DISTRIBUTION
. |perTH G g =l ) 2158 5 |o vwconrmen  + FELDVANE ¥ )
el 2 |E8] £ |e auckTrixaL x RemouLDED WATER CONTENT (%}
75.5 GROUND SURFACE (i w 20 40 60 80 100 2% 53 75 wim® IGR SA Sl CL
! 0.G PEAT (Fbrous), trace sand E=z a o
Very soft lo firmn EZ=] 1+ § ss 2
Hlack et
wet == 75
c=°{ 2§83 | 4
Clayey silt layer at a depth of Efc
11m e
Eol 3 | ss | wH 74 =
1 Eifla | ss | 2
£2E 73
/ FozZ) 53 88 | 6
Contains decomposed wood Egg
| between depths of 3.1 m and E2Z] 6 | 55 | 4
1 36m == 72
714 EEEl 7 [ ss | 7

CLAYEY SILT, containing peat

' 43 Firm 1
[ Grey 83iss | B 7 s
i Wet
o BILTY CLAY, trace sand %

Firm lo hard

Grey < +
i Maist TOp— }
{ 9 85 24

101 S8 42 D

| 69
t‘ 1] s8] 70
} 2| 85 | 104 68 —l
H 67.6
! 79 END OF BOREHOLE

NOTE:
1 +_ Whatar lavel In open borehole at

ground surface (Elev. 75.5 m)
i upon completion of drilling.

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 1023112 DD

i +3 3. Numbers refer to

3%
. Sensitivily ) STRAIN AT FAILURE




MIS-MTO 001 08-1111-0044.GRJ GAL-MISS.GDT 10/23/12 DD

Foundation Design

PROJECT 0611110044 RECORD OF BOREHOLE No W7 1 0F 1 METRIC
GW.P._ 78-99-01 LOCATION N 4904432.1 ;E 307544.5 ORIGINATED BY _JrB
DIST HWY 401 BOREHOLE TYPE _ Portable Eguipment, Continuous Sampling COMPILEDBY _ AT
DATUM _Geodeatic DATE February 18, 2008 CHECKED BY KS5L
SOIL PROFILE SAMPLES (. | o [RYNaMICCONE PENETRATION
= NATURAL . REMARKS
E 2} <€ PLASTIC MOISTURE LIQuID
I w 281 8 B 40 B0 80 g0 FEMT oy wm| B 5 &
=g L1ZE| = el .} Wy w w | S8 | cramsize
ELEY A 2185 £ [SHEAR STRENGTH kPa —_—— DISTRIBUTION
DEPTH DESGRIPTION AR EREE < | O UNCONFINED  + HIELD VANE ¥ o) "
El= Z [EC] @ le QUICKTRIAXAL X REMOULDER] WATER CONTENT (%)
75.4 ICE SURFACE v u 20 40 60 80  1oe 25 50 75 kN/m* |GR SA S cL
By ICE B
WATER 1|88 2 75
2185 | wH
74.2 :
1.2 Sandy PEAT (Fibrous) F==
Very soft bo firm =225 3 | s8 | wH 7 o 0C = 51,8%
Black ==
Wet =
EZ=] 4 { ss | wh
729 e 73
24 Qrganic CLAYEY SKL.T oz 251
Soft to firm == 5 | 55 2 ’
Black ==
Wt =
EZZ 6 | ss | 6 72
7.7 =
37 SILTY CLAY, frace sand, slighlly 7
arganic 7188 4 —d 0C = 3.5%
Soft to stiff H
Grey
708 Mokt 71
48 SILTY GLAY, trace sand < *
Stif to hard +
Grey
Moist 8] ss | 10
70
X +
+
9| 85 [ 34 69 i i
18| 85 | 24
68
1185 [ 6o o
§7.5
79 END OF BOREHOLE
NOTE:
1. Water fevel ir apan borehola at
Ice surface {Elev, 75.4 m} upor
completion of drilling,

+ 31 % 3. Numbers refer to o 3%

Sensilivity STRAIN AT FAILURE



Foundation Deskin
=Golder :
FAssOciafes
CROJECT  op-ti1100M RECORD OF BOREHOLE No W8 1 of 2 METRIC
G.W.P. _ 78-89-01 LOCATION N 4904446.9 ;E 307585.5 ORIGINATED BY _JEB
DisT HWY _401 BOREHOLE TYPE _ Parlabte Equipment, Coniiauous Sampling, ang DCPT COMPILED BY AT
DATUM _Geodelic DATE February 12 and 13, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES u o i
ol 2 RESISTANCEPLOT Z= piasTic NATURAL oupl b | REMARKS
=23 0 T woisTURE “rr| = 5 &
= o |25 @ 20 40 60 80 100 CONTENT )
; Sk wl=E2| =z 1 1 i h I w w w | 50 | GRAINSIZE
dlu| w| 3|2kl & [SHEAR STRENGTHKPa " ¥ =
ELEV. DESCRIPTION El2 R (22| E ——— DISTRIBUTION
DEPTH S E = 1z Z| = |©o UNCONFINED + FIELD VANE Y (%)
£z z |§S| § |e ouokTRAXAL x ReMOULOED WATER CONTENT (%)
755]  GROUND SURFAGE vl 20 49 €0 80 100 25 80 75 km® |GR SA 81 CL
1 0.0 PEAT (Fibrous}, race sand Exz - s
EzEl 1| 88 | 82
| 748 E22 75— S
746 ICE and WATER ‘ . ss )
0.9 SILTY GLAY, containing peat
! {Flbrous)
[ Soft
i Black 3} 88 4 TAl—T1——T1T ]
73.7 Wel
i8 SiLTY CLAY, trace sand
_ Siif to hard alss| 16 b
l Grey to brown
] Muoist 73
) s | ss| 12
i 61655 | 23 o
i 72—
7188 | 4
\ g | ss| 40 71 F—1 o
Trace grave! below a depth of
49m g | ssj 3
1 "
1] 85 | 34 He—]
1] 88 | 4
ﬁ sofb—F—"T—T— 1
| 12] 85 | 19
‘{ 137 85 ] 16 68 F g 2 133 65
i4| 88 | 28
er—t ——————1—
\ 5] 85 | 25
6] 85 7 24 66 o S
i 171 85 | 16
-8
o 18| s | 17 85 o
‘ &
o
=4
5 9] ss | 13
8 el ———t+—F"T—"1—"7 "7 | |
@
| 243 +
\ =
g' I +
> g3—f—1 e
Q 26| 85 | 18 | - |
| 3
<
= 21| ss | 16
=] 618 62
81 137 END OF BOREROLE
E =
5 a
i 2
@0
s
k Cantinued Next Page 4 _3. Numb B 3"
+3,x 8 Humbee weler o 3% gTRAIN AT FAILURE
; ensilivity




% Foundation Design
Golder
Associntes

MIS-MTC 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

PROJECT 0814110014 RECORD OF BOREHOLE No W8 2 OF 2 METRIC
G.W.P.  78.99.01 LOCATION N 4504446.9 ;E 307595.5 ORIGINATED BY _jER
DIST HWY a1 BOREHOLE TYPE  Portable Equipment, Continuous Sampling, ane DCPT COMPILED BY AT
DATUM _Geodetic DATE February 12 and 13, 2009 CHECKED BY KSL
SOIL PROFILE sAMPLES |, 1 [RENAMIC CONE PERETRATION AroRaL REMARKS
i] 3 _ PLAsTIC NATU LOUD £ MA
21 35 L MOISTURE “yom| £ X &
I m <351 & 20 46 B0 80 100 T CONTENT Z0
Sle g 1=ze| 2 1 ] e w w ] 58 | gramsie
Ela| |3 )25 & [sHEARSTRENGIH kPa =
ELEV DESCRIPTION sl &1 2 (28] & ———— DISTRIBUTION
BERTH 213l S 38 £ lo UNCONFINED  + FiELD vane ¥ %)
E]2 2 [E°| © |e QUcKTRIXIAL x REMOULDED WATER CONTENT (%)
— CONTINUED FROM PREVIOUS PAGE — w 20 40 60 80 100 ¥ 8 75 kNm® |GR sA s8I cL
ot |
59 _LWH“‘_ 1 |
st 1 | |
7 Jiﬁ_ﬁx__ﬁ%l&
56 Mx‘_mﬁuq“H
55,6
19.9 ENG OF DCET

Refusal to Further Penetralion
(6C blows/0,1 m)

NOTES;

1. Water level in open borehole at
ground surface (Elev. 75.5 m)
upon campletion of drilling.

2. Open berehole caved at a depth
of 13.4 m balow ground surface
(Elev. 61.5 m) upon completion of
drilling.

+ 3_ % 3. Numbars refer to o 3%

Sensitivity STRAIN AT FAILURE



Foundation Design

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 18/23/12 DD

Golder
JAssociates
SROJECT  oetti1.00 RECORD OF BOREHOLE No W9 1 oF 1 METRIC
G.W.P._ 78-89-01 LOCATION N 4804462.0 ;E 307639.8 ORJGINATED BY _JEB
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Confinuous Sarmpling COMPILED BY AT
DATUM Geodetic DATE February 17, 2009 CHECKED BY WSL
SOIL PROFILE SAMPLES  { o w DYNAMIC CONE EENETRATION CATURAL CEMARKS
We | T e pLasTIc YA Laun |
ke w 122] 8 20 40 60 80 00 [T content UMF| Z O &
% 8221 z Lt v w w | 58 | cramsize
ELEV g W w |3 gl & |SHEARSTRENGTHKPa E
DESCRIPTION Cl2l el 32 22 & ————t DISTRIBUTION
DEPTH i3 >138 £ 1° UNGONFINED ~ + FIELD VANE ¥ %)
£z z (29 @ |e QUICKTRIAXIAL X REMOULDED WATER CONTENT {%)
75.4 |CE SURFAGE Lv; w 20 40 B0 30 100 25 50 75 knim® IGR SA sl CL
82 |CE IR -
. WATER 35 | WH
75
55 | WH
74
73.8 5
17 PEAT (Fibrous), frace sand e .
Very soft E==] 3 1 s5 | wH
Black =5
73.1 ZEE
2.3 Wel 73
SILTY CLAY, trace io some sand 4 a8 4
Soft to hard
Grey
Moist
Containing rootlels to a depth of 5| 88 10
29m 72
>140)
6 88 28 He—i
71
7lses| 7
Bjs8s i 3 ;
70
9| ss | 18
0] 85 | 15 69 &
68.7
6.7 END OF BOREHCLE
NOTE:

1. Water level In open borehole at
ice surface (Elev. 75.4 m) upoh
campletion of ditlling.

3 ., %. Numbers referto 3%
FU KT Sensitivity Q STRAIN AT FAILURE



MIS-MTO 001_08-1111-0044.GPJ GAL-MISS.GOT 10/23/12 BD

% Foundation Design
Golder
Associales

PROJECT 0841110044 RECORD OF BOREHOLE No W10 1 0F 1 METRIC
G.W.P. 78.99-01 LOCATION N 4904475 4 ;E 307687.8 ORIGINATED BY JER
DIST HWY 401 BOREHOLE TYPE  Poniable Equipment, Continuous Sampling COMPILED BY AT
DATUM _Geodetic DATE February 12, 2008 CHECKED BY KSL
SOIL PROFILE SAMPLES | . W (RERMIC GONE PENETRATION .
i = _ PLASTIC NATURAL E REMARKS
=21 3 Laar  MOISTURE BRAR] - X &
= o |25 8 20 40 80 80 100 f CONTENT Z9
= i ga1=2| 2 L ! L . L W w wo | 2% | cramesize
1 oimf W 125 9 ISHEAR STRENGTH kPa
ELEY DESCRIPTION =ls| & T | Z o ———— DISTRIBUTION
BEPTH z|s| e ] 2 28 g | © UNCONFINED  + FIELD VANE Y (%)
i Z |E°] @ [e QUGKTRIAXIAL x REMOULDED| WATER CONTENT (%)
75.6 GROUND SURFACE 7 uf 20 40 60 80 1006 25 50 75 kNim* JGR SA SI Gb
0.0 PEAT (Fibrous), trace sand =B - o
Very soft to stiff =22l 1| ss 12 :
Black E==
Wl 75
E=Zf 2 [ ss | 3
F=21a |l ss | 2 74
736 ==
20 g;g:‘anic SILT, irace sand, irace ggg 4| ss R L o
731 Seoft P
2.4 Black E 73
Maist ] 5 | ss i 13
SILTY CLAY, frace sand ]
Sliff lo hard
Grey and brown [ 88 18 Heo—
Maist 72
Containing rootlats lo a depth of
31m
Becoming grey at a depth of 3.7 m 718 ] 4
28| ss | &7 71 tre—i
70.7
49 CLAYEY SILT, trace sand
Very stiff 9 88 2
Grey
Maist 70
10 85 | 20 o
69.5
6.1 END OF BOREFOLE
NOTE:

1. Water leve? in open borehola at
ground surface {Elav. 75.6 m)
Lipan completion of drifling.

i
i
!

3 . 3. Numbars refer to 3% i
+7 KT Sensitvity O STRAIN AT FAILURE



MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

Foundation Design

CROECT  08-1111.0044 RECORD OF BOREHOLE No W11 1 0F 1 METRIC
GW.P__ 788501 LLOCATION N 4904482.0 ;E 3077359 ORIGINATED BY _JES
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Confinuous Sampling COMPILED BY AT
DATUM _Geodetis DATE February 11, 2008 CHECKED BY K5L
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w A
Bt = RESISTANCE PLOT o prasTic MATURAL - niin E REMARKS
EZ] o Lr  MOSTURE Tl B &
= w |[£8] @ 20 40 60 80 100 CONTENT Z09
=Rk w 2] 2 ‘ . L L L W w w | 5T | GRANSIZE
Elg] ¢ 3 |g 5] 8 |SHEARSTRENGTHkPa
ELEY DESCRIPTION =l = & G =z 3z = " DISTRIBUTION
DEPTH é S ﬁ > 8 S g C UNCOMFINED + FIELD VANE . ’Y (%)
el = z [E©]| @ |e QUOCKTRIAXIAL X REMOULDED WATER GONTENT (%)
756 GROUND SURFACE w 20 40 60 80 100 25 50 75 kNt |GR SA Sl CL
0.0 PEAT (Fibrous), irace sand, trace === Y
sift, trace clay =1 { | g5 | 4 =
Very soft o soft o
Black = 75
Wet === 466.)
o2 2 | 88 1
739 = RN 74
1.7 CLAY, some sill, irace sand,
sontalning raalleis
Firm 4188 | 9 I
Black to grey
128 Moist 73
27 CLAYEY SILT, trace gravel, race 140
sand =149}
Very siiff io hard
Grey {o brown 5| 85 54
Maist 72
B 88 38
7155 | 48 71 it
8 88 20
70
9 55 19
§9.3
SILTY CLAY, some sand, race

1T 4 /a0 14

gravel ¥
85 Hard
Grey

END OF BOREHOLE
SPODN REFUSAL

NOTE:

1. Water level in apen barehole al '
a depth of 0.2 m below ground
surface (Elev. 75.4 mj} upon
completion of driling.

3 o8, Numbers rafer to 03%

EEP S Senslthity STRAIN AT FAILURE



Foundation Design

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 10/23/72 DD

EGolder
'ASsOciates
PROJECT  01111.00i4 RECORD OF BOREHOLE No W12 1 0F 1 METRIC
GW.P._ 789301 LOCATICN N 4004507.7 ;£ 307785.2 ORIGINATED BY DM
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Continuous Sampling COMPILED BY AT
DATUM  Geodelic DATE February 4, 2009 CHECKED BY KSL
SOIL PROFILE SAMPLES |, | w [REHAMIC CONE FENETRATION AR
i o e pragTic NATURAL | ) = REMARKS
£21 5 LT MOISTURE  Tret b T &
= w 25| & 20 40 B0 80O 100 CONTENT ze
=N gzl z L1 We w w, | SE | sransize
L Cle| B ] 2125 & |SHEARSTRENGTHkPa S
_ELEV. DESCRIPTION E o4 lz = —y DISTRIBUTION
DEPTH 2151 r | 3 |33] 5 |o unconrmen & mELDVANE Y %)
El= g fg® G [® QUICKTRIAXIAL % REMOULDEC| WATER CONTENT (%)
755 GROUND SURFACE (v w 20 43 60 80 100 25 50 75 kom® ler sa st oo
0.4 PEAT (Fibrous) = -
Very soft to very stiff E=2l 1 | ss | 40
Dark brown S
Wel 22 75
2 2)ss] 9
Zla]ssi 2 74 =
73.3 4i 88| 1
SILTY GLAY, slightly organic
24 Grey 73
Wel 585 | 13
SILTY CLAY to CLAY, trace 1o
some sand
Very sliff to hard 1
Grey greenish brown 6 88 31 72 1 0 9 35 55
Moist
) 7|ss | 15
71 =170
0.7
4.9 CLAYEY SILY, frace sand ! >14()
Stiff to very stiff 8 | =5 14
Grey
Maist to wat 70
9|85 | 9 |18l 0 0 67 33
§ 10| ss 9
69
>140
>14()
Wi 1] ss | 18 68 5
12| s5 { 18
67
13| 88 | 15 4 0 1 66 33
141 88 [ 10 66
=140}
>120¢
15] 88 8 65 o
64.6 %
11.0] - "END OF EDREHOLE
NOTE:
1, Water level in open borehcle at
ground suiface (Elev. 75.5 m)
upon completion of drilling,
+3,x3: Numbers refer to 03% STRAIN AT FAILURE

Sensitivity



Foundation Design

MIS-MTO 061 08-1111-0044.GPJ GAL-MISS.GDT 10/23/12 DD

Sensilivity

PROJEGT 0044110044 RECORD OF BOREHOLE No W13 1 0F 1 METRIC
G.W.P.__ 780901 LOCATION N 4904522.7 ;E 307834.5 ORIGINATED BY _DM
DIST HWY 401 BOREHOLE TYPE _ Porable Equipment, Cominuous Sampling COMPILED BY AT
DATUM  Geodetic DATE February 3, 2089 CHECKED BY KSE
DYNAMIC GONE PENETRATION
SOIL PROFILE SAMPLES w
g1 2 RESISTANCEPLOT —— eiasic NATURAL oo . REMARKS
Fz| ¢ e MOSTURE  “pee &
b m |25] @ 20 40 60 B8O 100 CONTENT z0
21k g 2| = ! . ! 1 L W w w | 5L | cramsiZE
LE 2|9 w |2 |o5] 2 {SHEARSTRENGTHKPa s
ELEV DESCRIPTION P I = - i = [ ——— DISTRIBUTION
DEPTH 2|51 F| > 1|3 Z1 5 [0 UNCONFINED  + FIELDVANE ¥ ()
5= z [&° & |e qucKTRIAXIAL X REMOULDED, WATER CONTENT (%)
76.6 GROLUND SURFACE w 20 40 60 80 100 25 50 5 wim® |GR sA SI CL
0.0 Clayey silt, some sand, frace
gravel, contalning rootlets (FILL) 91 55 14
Firm to very stiff
Dark brown to brawn 76
Maist
2 85 7
75.2
1.4 Organic SILTY CLAY =1 I 58 5 75 o 0C =9.2%
747 Firm =
. Gray to brown
18 Maist .
GLAY, containing raoilels 4| ss 9 i
74.1 Siff
24 Grey fo brown 74
Moist 5§55 4§ 18 v
CLAYEY SILT, trace sand =
Firm fo very stiff
Brawn
6 | 85 18 o
Molst
73
7 85 15
8| ss | 72 ret o 1 62 37
9 S8 1%
71
10§ S8 -] °
Becoming grey below a depth of
&1m 41| S8 8
70
X €
>140)
12| ss | 13 69 =" g 1 8 30
131 S8 7
68
X +
P< -+
67.0 4| 85 | 12 67 o
Sty SAND, irace gravel EAE
98 END OF BOREHOLE
NOTE:
1. Water level in open borehola al
a depth of 2,9 m below ground
surface (Elev, 73.7 m) upon
completion of drilling.
+ 3' 3, Numbers refer to o3% STRAIN AT FAILURE



MIS-MTO 001 08-1111-0044,GPJ GAL-MISS.GDT 10/23/12 DD

=Golde:
%dﬁes

Foundatien Design

PROJECT  0-1111.0044 RECORD OF BOREHOLE No W14 1 0F 1 METRIC
GW.P._ 789901 LOCATION N 4904536.9 :E 307680.7 ORIGINATED BY DM
DIST HWY _4p1 BOREHOLE TYPE _Portable Equipment, Conlinuous Sampling COMPILED BY AT
DATUM _Geodetic DATE February 2, 2009 CHECKED BY KSL
SOIL PROFILE SAMPLES | o w Ry CONG PENETRATION AATURAL o
o o PLASTIC MOISTURE LIQLAD = I
= 2| 9 20 40 66 80 g0 jLMT Nt LTS 5 &
5 o [£5| @ : ! ; i 0 CONFENT =0
i B A I Ey Z We w wo | 58 | oransize
ELEV BESGRIPTION f: o [ & 3 25 g SHEAR STRENGTH kPa —_— o DISTRIBUTION
DEPTH CR = 21z > |32 5 < | O UNCONFINED + FIELD VANE Y (%)
El= 2 |E°] U e quickTRiIaXIAL X REMOULDED| WATER CONTENT (%)
77.31  GROUND SURFACE . 2 40 60 80 100 25 86 75 km' |GR A S1 CL
0.0 Silty clay, containing reoflsts, trace
gravel (FILL) i|ss | 12 77 =
BT Brownto darkb
rown to dark brown
061\ ois /
SILTY CLAY, frace sand 2 58 9
Sliff fo very stiff
Brown fo gray 76
Moist 3)ss | 12 e
4185 | M4
75
s|ss) | XM
6| ss | 12 74 o
788 | 14
73.0 73
43 CLAYEY SILT/SILTY GLAY, trace
sand 8fss | 13 el 0 1 62 37
Firm to stiff
Brown to dark brown
Molst 9] ss | 15
72
0] ss i 6 o 0 1 44 55
71.0 1| 85 | 8
6.3 END OF BOREHOLE
SPOON REFUSAL
NOTE:
1. Water level in open borshole at
a depth of 2.7 m below ground
surface {Elev. 74.6 m) upon
completion of drilfing.
+3,x3; Numbers referto 3% grpai AT FAILURE

Sensitivity




% Golder
'Associates

Foundation Design

MIS-MTO 001 08-1111-0044.GPJ GAL-MISS.GDT 1042312 DD

X

Sensitivity

3%
&} STRAIN AT FAILURE

PROJECT 0841110044 RECORD OF BOREHOLE No W15 1 oF 1 METRIC
G.W.P.__ 785901 | OCATION N 4904551.7 ;E 307926.3 ORIGINATED BY _DM
DIST HWY 40t BOREHOLE TYPE _ Poriable Equipment, Continuous Sampling COMPILED BY AT
DATUM _Geodetic DATE February 2, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w |RE &
@m 3 [RESISTANCEPLOT == pLasic NATURAL - aun) & REMARKS
= w J2E| B 20 40 B0 80 100 coNTENT  WMIT[ 5 O 3
ale wEE 2 ! : L L . w w | P& | orAnszE
ELEV ElE R | 2 |2g g [ STRENGTH kPa i DISTRIBUTION
BEPTH DESCRIPTION 25| 2} 5 138 2 |o unconrmen ¢ FIELD VANE . Y (%)
EiZ z [EC| @ | QUICKTRIAXIAL X REMOULDED WATER CONTENT (%)
772]  GROUND SURFACE . 20 40 B0 B0 100 B0 78 kNim® |GR sA §1 GL
0.0 Sandy clayey sill, containing 77
yootiets (FILL) 1] 8st 7
765 L o dark b
rown lo darl rawn
067 N\ Moist /
Silty clay, trace gravel, conlaining 2| 88 7 @
roollets (FILL) 76
Firm
75.5 Brown to dark brown 3 58 6
To] ~Mlst e
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FOUNDATION INVESTIGATION - GWP 78-99-00

Record of Test Pits (Eastbound Toe of Slope}

Report No. 08-1111-0044-4

26+800 Rt
26+850 Rt i . . .
Test excavation locations inaccessible due to open water
26+900 Rt
26+960 Rt
0.0-24 Grey fine to medium rock fill, some sand and gravel, occasional
27 + 020
large rock slab (FILL)
20.5m Rt
2.4 End of test pit
Note: Excavated up to 2.5 m inward from the toe of slope.
Moved to excavate 1.0 m inward from the toe of slope
(see 27+020, 23m Rt)
27 + 020 0.0-1.0 Grey fine to medium rock fill (FILL}
23m Rt 1.0-1.1 Black fibrous PEAT
1.1-20 Grey brown SILTY CLAY, trace rootlets
2.0 End of test pit
Note: Excavated up to 1.0 m inward from the toe of slope.
Large limestone rock slabs at toe of slope.
Test pit located +/- 5m east of small CSP culvert.
Sample #1. 1.0-1.1m
W, = 291%, o.c. =53%
Sample #2: 1.1 =14 m
W, = 57%
27 + 120 00-34 Grey fine to medium rock fill, occasional rock slabs (FILL)
22m Rt 3.4 Unstable test pit walls
End of test pit
Notes: Excavated up to 2.5 m inward from the toe of siope.
Water seepage at about 2.9 m depth.
Test pit located +/- 5-10m east of concrete box culvert.
QOctober 2012
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27 + 350 0.0-17 Grey fine rock fill, trace to some sandy silt and gravel (FILL)
20.4m Rt 1.7-1.9 Brown fo black fibrous PEAT
1.9-25 Brown to black fibrous to amorphous PEAT, some silt, trace white
shells
25-26 Grey SILTY CLAY
2.6 End of test pit
Note: Excavated up to 2.0 m inward from the toe of slope.
Test pit dry upon completion.
Sample #1: 1.7-1.9m
W, = 327%, 0.c. = 61%
Sample #2: 1.9~21m
W, = 333%, 0.c. =60%
Sample #3: 2.1 ~25m
wn = 144%, o0.c. = 27%
27 + 600 0.0-0.3 Grey crushed stone (FILL)
16m Rt 0.3-0.53 Brown fine to medium sand, some gravel (FiLL)
0.53-0.38 Brown SILTY CLAY, trace sand (possibie FILL)
C.8 End of test pit
Notes: Excavated up to 1.1 m inward from the toe of slope.
Test pit dry upon completion.
October 2012
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FOUNDATION INVESTIGATION - GWP 78-99-00

Record of Test Pits (Westbound Toe of Siope})

Depth
Test Pit Station nﬁ; Description
26 + 800 0.0-05 Fine to coarse rock fill (FILL)
29m Lt 0.5 Large rock slab at 0.5 m below ground surface. No advancement.
Excavator refusal,
26 + 795
29 m Lt End of test pit
26 + 850 00~-15 Grey fine to medium rock fill, occasional large rock slabs. {FILL}
27mlt 15-18 | Dark brown to black fibrous PEAT
1.8-21 Light brown silty MARL, trace shells
2.1 Embedded rock slab near surface limits excavation depth to 2.1 m
End of test pit
Notes: Excavated up to 1.5 m inward from the toe of slope.
Water seepage about 1.0 m depth.
Due to water, difficult to see if peat/marl extended under
rock fill and under side slopes.
Sample #1; 1.6-1.8m
Wy, = 456%, 0.c. = 79%
Sample #2: 1.8 -2.1m
w, = 117%, 0.c. = 6%
26 + 900 0.0-0.8 Grey fine to coarse rock fill (FILL)
26m Lt 0.8-2.0 Dark brown amorphous PEAT, contains fibres.
20-3.0 Light brown silty MARL, some sand, trace shells
3.0 Embedded rock slab near surface limits excavation depthto3m
End of test pit
Note: FExcavated up to 1.2 minward from the toe of slope.
Water inflow from drainage channe! along the toe of slope.
Sample #1: 0.8 - 1.3 m
W, = 455%, o.c. = 60%
Sample #2:2.0-2.3m
w, = 1986%
October 2012 { ' Golder
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—
Dept
Test Pit Station r-n—zt;l:hs Description
26 + 960 0.0 Large rock slabs.
26m Lt Excavator Refusal
End of test pit
Note: Could not excavate past frozen rock fill and large rock
slabs at toe of slope.
27 + 020 0.0-05 Grey fine rock fill, some sand and gravel (FILL)
23m Lt 05-23 Brown to black fibrous PEAT, with rootlets
23-25 Grey SILTY CLAY
2.5 End of test pit
Note: Excavated up to 1.2 m inward from the toe of slope.
Sample #1: 0.5-10m
W, = 497%, o.c. = 84%
Sample #2: 1.0~2.0m
Wn = 518%, o0.c. = 87%
Sample #3:2.3~24m
W, = 49%
27 +137 6.0-05 Grey rock fill (FILL)
22m Lt 0.5 Excavator refusal in frozen rack fill
End of test pit
Note:  Old rock dump at 27+120. Test pit moved 17 m east.
Frozen material encountered from ground surface to about
0.5 m depth. Multiple attempts made. No advance.
October 2012 It Golder

Report No. 08-1111-0044-4
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Depth

Pit Stati ibti
Test Pit Station metres Description
27 + 240 0.0-1.3 Grey fine to medium rock fill, some silty sand and gravel (FILL)
21m Lt 13-26 | Black to dark brown fibrous PEAT '

26-29 Black siity PEAT, traces of sand, clay and roots
2.9~-341 Grey SILTY CLAY

3.1 End of test pit

Notes: Excavated up to 1.3 m inward from the toe of slope.
Test pit dry upon completion.

Sample #1: 1.3-1.5m

W, = 323%, 0.c. =67%
Sample#2:1.8-2.1m

W, = 366%, 0.c. = 53%
Sample#3:26-2.9m

w, = 140%

Sample #4: 2.9 — 3.1 mw, = 42%

97 + 350 0.0-02 Black to grey silty sand, some gravel, trace organic matter (FILL)
16.5m Lt 02-07 Brown fine to medium sand, trace gravel and cobbles (FILL)
0.7-0.9 Brown SILTY CLAY

0.9 End of test pit

Notes: Excavated up to 1.7 m inward from the toe of slope.
Test pit dry upon completion.

27 + 400 0.0-03 Grey to black silty sand, trace gravel and organic matter (FILL)
16.5m Lt 0.3-05 Brown sand and gravel, some silt (FILL)
0.5-08656 Brown, SILTY CLAY

0.65 End of test pit

Notes: Excavated up to 1.8 m inward from the toe of slope.
Test pit dry upon completion.

;

=" Gold
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October 2012
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. . Depth L
tP D
Test Pit Station metres escription
27 + 600 0.0-01 Grey crushed stone (FILL)
16m Lt 0.1-0.5 Brown silty sand, frace gravei (FILL)

0.5-07 Brown SILTY CLAY, trace sand
0.7 End of test pit

Notes: Excavated up to 1.1 m inward from the toe of slope.
Test pit dry upon completion.

October 2012

Golder
Report No. 08-1111-0044-4
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APPENDIX B

Non-Special Standard Provisions

Construction of Sliver Fills

Swamp Excavation

Construction of Geogrid Reinforced Temporary Access Road
Settlement Pins

§ Z50F Golder
wd# Associates

October 2012
Report No. 08-1111-0044-4




CONSTRUCTION OF SLIVER FILLS
- Item No.

Special Provision

This NSSP pertains to the placement of sliver fills over the existing embankment slopes, where
the horizontal width of the fill beyond the existing embankinent slopes is less than 2m.

The contractor shall place embankment fill in general accordance with OPSS 209, OPSS 501 and
OPSD 208.010 unless indicated otherwise herein.

Benching into existing embankments shall be required for all sliver fills as indicated in OPSD
208.010. The bench width shall extend no less than 300mm and no more than 1.5m into the
existing embankment,

Eill material shall consist of rock fill with a maximum particle size of 200 mm. Fill material shall
be placed from the base of the slope (i.e. from temporary access road) or from the crest of the
embankment using an excavator or equivalent. Fill material placed in sliver fills shall not be end-
dumped from a height greater than 2m. Fill material placed in sliver fills shall be compacted
using the excavator bucket or better, until the subgrade elevation is reached or the width is
sufficient for conventional compaction equipment to work.

At and above the subgrade elevation, the fill material shall be compacted using conventional
heavy roller compactors.

Basis of Payment

The contract price for embankment rock fill shall include the cost for placement of sliver fills,
including all labour, equipment, and material.

END OF SECTION

1ofl SP No.



SWAMP EXCAVATION
Item No.

Operational Constraint

This NSSP pertains to the removal of peat deposits at the toe of both existing eastbound and
westbound embankment slopes between Stations 26+950 and 27+500 and between Stations
284200 and 28+440. The work shall be performed in accordance with OPSS 209 and OPSD
203.020, unless otherwise indicated herein.

In these areas, native peat deposits shall be removed from the toe of the embankment cut (defined
by a line drawn downwards at one horizontal to one vertical (1H:1V) from the crest of the
existing highway to the swamp clevation at the toe of slope) to the toe of the proposed new
embankment fill, as indicated on Drawing 5.

For embankment fill heights exceeding 5 and 7 meires, the excavation length of the 1T:1V
embankment slopes (as measured paraliel to the highway direction) should not exceed 200 m and
100 m, respectively, for periods not exceeding 6 weeks,

'The removals shall be completed to a maximum depth of 3m below ground surface at the toe of
the existing embankment.

The contractor shall consider that the peat removals shall largely be completed in submerged
conditions. Temporary drainage of excavations is not permitted.

For subexcavation depths greater than 1 metre depth below the original ground surface at the
embankment toe, the excavation shall, at no time, be longer than 3m, as measured at the base of

the excavation and parallel to the roadway.

Fxcavation slopes below ground surface will be carried out near vertical to remove as much

organics as possible within the footprint of the widening while maintaining a stable excavation.

Excavation and backfilling operations should be carried out simultaneously in a manner that the
excavation is not left open for more than 3 m in length at any given time.

The excavation shall be backfilled with rock fill materials in accordance with OPSS 209.
Some distress to the existing highway embankment may occur during the staged excavation.

Provisions for traffic control measures must be included in the Contract to maintain the safe
operation of Highway 401 during excavation and backfilling operations.

END OF SECTION
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CONSTRUCTION OF GEOGRID REINFORCED TEMPORARY ACCESS
ROAD FROM STATION 26+700 to 261925
Item No.

Special Provision

This NSSP pertains to the design and construction of the temporary access road over peat
deposits left in-place in Sections A and B (Station 26+700 to 26+950) at the toe of both the
eastbound and westbound lane embankment slopes.

In these areas, removal of the existing peat is not permissible as it adversely impacts the stability
of the existing roadway embankment.

The work included in this bid item shall be:

e Surficial removal of trees and stumps greater than 25mm in diameter.

e Placement of a layer of bi-axial geogrid to act as reinforcement and separation

¢ Placement of an initial layer of Granular B, Type II with a minimum thickness of
300mm. ‘

e Placement of at least one layer of uni-axial geogrid to act as reinforcement.

e Placement of additional layers of uni-axial geogrid, as necessary, and Granular B, Type Il
to achieve a final above grade thickness of 1.0m.

e  Placement of at least 150mm of Granular A to provide a suitable driving surface.

e  Submittal of a design and supporting calculations for the temporary access road. The
design shall outline key assumptions on material properties and equipment loads, method
of analysis, thickness of layers, and types and characteristics of geogrids. The design
shall be stamped by a professional engineer in Ontario and submitted 14 days prior to
commencement of work.  The design shall consider the geometric requirements of the
temporary access road based on the specific operational considerations of the
construction equipment.

e Placement of additional Granular A material, as required, to maintain trafficability and
grades during construction, particularly in consideration of the presence of the underlying
compressible peat deposits.

Basis of Payment

Payment at the lump sum conract price for this tender item shall be full compensation for all
labour, equipment and materials for completion of work.

END OF SECTION
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SETTLEMENT PINS — Item No.

Non Standard Special Provision

1.0 SCOPE
1.61 General

This non-standard special provision contains the requirements for the supply and installation of the following
geotechnical instruments:

s Setilement Pins (SP);
¢ Survey Benchmarks (BM);

1.02 Purpose
The purpose of the seftlement pins and survey benchmarks is to directly monitor settlement of the widened
embankment along preload area. Settlement is measured by survey of the top of the pin with reference to

stable, non-settling and non-moving benchmarks.

The wait time before pavement construction in the preload embankment area will be controlled by the
instrumentation readings.

The requirement for preloading of the embankment is specified elsewhere in the contract documents. The
completed embankment shall remain undisturbed until such time as the monitoring shall indicate that a
sufficient degree of consolidation of the foundation soil has been achieved. The minimum consolidation
period shall be specified elsewhere in the contract. No pavement construction work shall take place until
sufficient consolidation has been achieved as determined by the Contract Administrator.
2.0 REFERENCES
2.01 Subsurface Conditions
A Foundation Investigation Report that describes the subsurface conditions for the embankment preload area
is available, as specified elsewhere in the Contract. The Ministry warrants that the information provided in
the Foundation Investigation Report can be relied upon with the following limitations and exceptions:
Any interpretation of data or opinions expressed in the reports is not warranted.
2.02 Drawings
Reference shall be made to the following drawings:

e Monitoring Instrument Detail — Settlement Pins

3.0 DEFINITIONS

For the purposes of this specification, the following definitions apply:
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Embankment Fill: All fill material placed above the original ground surface or above the existing
embankment side slope.

Or Equal: The term, ‘or equal’ shail be understood to indicate the equal product is the same or better than
the specified product in function, performance, reliability, quality and genetral configuration.

4.0 SUBMISSION REQUIREMENTS

4.01 Submissions

The Contractor shail submit to the Contract Administrator details of the proposed installation schedule and
installation methods, including locations and types of survey benchmarks, a minimum of 15 working days
before the start of settlement pin installation.

4.02 Reporting

The Contractor shall record and report relevant instrumentation installation details to the Contract
Administrator, These include, but are not limited to, the following:

* Settlement pin and benchmark Jocation, casting and northing and elevation;
* Dates of installation and reference benchmark descriptions for elevation and position;
¢ Installation notes / sketches; and
Description of settlement pin and benchmark.
5.0 MATERIALS
5.01 General

The Contractor shall supply all materials and equipment required for the installation of the settiement pins.

All materials shall be capable of withstanding the range of temperatures possible for their location.
Monitoring should be assumed to be conducted year-round as arranged for by the Contract Administrator.

5.02 Concrete

The Contractor shall supply concrete (OPSS 1350) with strength and set time sufficient to secure the
settlement pin within two days of placing.

5.03 Pins

The Contractor shall supply a 25.4 mm minimum diameter reinforcing steel bar (OPSS 905) cut to a length of
0.4 m. The top of the reinforcing steel bar shall be angled or rounded in such a way that a single survey point
can be clearly identified and repeated.

6.0 EQUIPMENT

6.01 Survey Equipment

The elevation, northing, and easting of the top of the setilement pins shall be surveyed by an experienced,
registered surveyor, retained by the Contractor, to provide the datum readings. The surveyor shall provide
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suitable equipment capable of surveying settlement rod or pin elevations to an accuracy of +2 mm or better
and position (i.e. northing, easting) to an accuracy of +4 mm or better, after installation of the settlement
pins (after any cement grout or other bonding agent has set and the settlement pins are firmly secured).

7.0 CONSTRUCTION
7.01 Survey Bench Marks

The Contractor shall provide a minimum of two non-yielding, deep-seated survey bench marks, located
outside of the embankment preload area, and shall establish the geodetic elevation and position of each such
benchmark.

The number and locations of bench marks shall be such that direct sighting is possible from all settlement pins
to at least one bench mark.

7.03 Settlement Pins (SP)
7.03.01 General Procedure

The settlement pins shall be cast into concrete at the top of the widened embankment, as per the attached
drawings. The concrete shall be cast in-situ in a hole dug into the Granular ‘B’ at the following locations.
7.03.02 Location

The approximate Jocations of the settlement pins are given in Table 1, below, and shown in the Contract
Drawings.

Table 1 - Approximate Settlement Pin (SP) Locations

Location Station Offset* Remarks
) 261680 to Right 10 m spacing within 35 m of
Highway 401 26+710 £ bridge east abutment (4 pins)
Fastbound - —
Lanes 26+725 to Right 25 m spacing within area of
26+800 g widening (4 pins)
26+850 to Richt 50 m spacing within area of
274500 £ widening (14 pins)
28+200 to Right 50 m spacing within area of
28+450 £ widening (6 pins)
26+720 to Left 10 m spacing within 25 m of
_ 26+740 bridge east abutment (3 pins)
Highway 401 26+750 to 25 m spacing within area of
Westbound Left P .
L 274825 widening (4 pins)
anes
261850 to Left 50 m spacing within area of
27+300 widening (10 pins})
Total 45 Settlement Pins

Notes: (*) Offset distance from centerline will depend on the width of the widened embankment; pins to be
located 1 m north (EB lanes) or south (WB lanes) of the crest of the widened fill slope.
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7.03.03 Installation
"The Contractor shall install settlement pins as per the detail provided.

Settlement pins are to be installed immediately after the widened embankment has been constructed {o the top
of the Granular ‘B’ pavement structure.

7.03.04 Marking and Labelling

Settlement pins shall be clearly labelled in the field, each instrument having a unique identifier. Labelling
shall remain legible for the entire period of monitoring,

The location of settlement pins shall be made clearly visible to nearby traffic before, during, and after
embankment construction. Marking shall be of sufficient size to be visible from a reversing vehicle and after
heavy snow falls.

7.63.05 Surveying of Instruments

Within 2 days of installation, the elevation, easting and northing of the centre of the top of the settlement pins
shall be surveyed by a registered surveyor, retained by the Contractor.

7.03.06 Protection of Instruments

The Contractor shall adequately protect all settlement pins and benchmarks such that they are not damaged
during construction or by vandalism or construction traffic, throughout the monitoring period. Any
instrument damaged by the Contractor’s work shall be immediately replaced at the Contractor’s cost.

7.04 Ongoing Settlement Monitoring By Others
7.04.01 Personnel/Access

After completing installation of the instruments, the ongoing data collection, interpretation and reporting shall
be conducted by others, under the direction of the Contract Administrator. However, the Contractor shall
provide access to and assistance to others reading all s during the on-going monitoring. This may include, but
not necessarily be limited to, the following: safe access to each instrument location, snow clearing (if
required), a stable platform to support the technician and equipment to access instrumentation during
construction.

7.04,02 Monitoring Program

The Contractor shall meet with the Contract Administrator and staff responsible for the ongoing monitoring
immediately after installation of the struments, At this meeting, the Contractor shall hand over to the
Contract Administrator all records pertaining to the installation of the instruments and any equipment to be
supplied by the Contractor.

Monitoring by others for the baseline readings shall commence within seven working days after the “hand-
over” meeting. The monitoring shall continue on a schedule to be determined by the Contract Administrator
throughout the completion of the embankment preload and for approximately six months following the
completion of construction of the preload.
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8.0 MEASUREMENT FOR PAYMENT

Measurement of the item, “Settlement Pins”, including all appurtenances, is by quantity. The unit of
measurement is each.

9.0 BASIS FOR PAYMENT

Payment of the contract price for the item “Settlement Pins” shall be full compensation for all labour,
equipment and material to do the work, including the establishment of the required benchmarks and surveying

required to establish the locations and initial base line elevations for each settlement pin, and the required
reporting.
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