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Technical Memo

To: Mir Talpur, Environmental Planning

From: Dirka U. Prout/Nazmur Rahman, Geotechnical

Date: May 2, 2024

File: IM20104013.2002.7

Re: Geotechnical Desktop Study
Ojibway Wildlife Crossings: Municipal Class Environmental Assessment -
Schedule ‘/C’

Ojibway Parkway, Windsor, Ontario

1.0 INTRODUCTION

WSP Canada Inc. (WSP, formerly Wood Environment and Infrastructure Solutions Canada Limited),
was retained by City of Windsor (the “City”) to conduct a Schedule ‘C’ Municipal Class Environmental
Assessment (Class EA) for a proposed ecological connection between the Black Oak Heritage Park
and Ojibway Park. As part of the Class EA, WSP’s geotechnical team was requested to conduct a
geotechnical desktop study for proposed wildlife crossings of Ojibway Parkway and the Essex
Terminal Railway (ETR) tracks in Windsor, Ontario. The geotechnical desktop study examined the
subsurface conditions at the proposed crossing locations and assessed each currently proposed
alternative for feasibility, and technical and other related constraints from a geotechnical
perspective. This information is required by WSP’'s EA team in order to fully evaluate the alternative
solutions (Phase 2).

WSP understands that the City’s goal is to provide a safe, attractive, fiscally responsible and minimally
environmentally impactful wildlife crossing. The purpose of this structure is to facilitate the safe
traverse of the animals and reduce the collisions between vehicles and animals along the busy
Ojibway Parkway. The subject section of the parkway is surrounded by a complex of parks and nature
reserves that are notable for its high diversity of plants and animals including over 160 provincially
rare species. Due to a high wildlife vehicular collision rate, an animal crossing is proposed.

The general limits of the Study Area are shown in Figure 1-1. The Study Area initially included a portion
of the Ojibway Park and Ojibway Parkway south of Broadway Boulevard. However, the Study Area
was expanded to span across ETR tracks and lands, and a portion of the Black Oak Heritage Park
(Black Oaks Woods) to consider a Wildlife Crossing across Ojibway Parkway as well as ETR tracks.
The limits of the study area are shown on Figure 1-1. The original study area is delineated by a yellow
line and the expansion area is bounded by the red line.
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Figure 1-1 Study Areas

A rendering of the proposed crossing and preferred structure type is provided in Figure 1-2.
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Figure 1-2 Rendering of preferred structure type and location

As per the communications, the alternative planning solutions for consideration includes three
options listed below;

1. Do Nothing
2. Underpass Wildlife Crossing
3. Overpass Wildlife Crossing

Due to the environmental constraints, Alternatives 2 and 3 for crossing Ojibway Parkway have sub-
alternatives A (North Option) and B (South Option) associated with two specific locations within the
study area. The North and South Options are situated approximately 475 metres (m) and 670 m south
of Broadway Street, respectively. Alternative B with an overpass is the preferred crossing location.

This geotechnical memo provides a summary of the subsurface conditions based on previous
geotechnical investigations carried out in the region, and a comparison of the different structural
alternatives for the proposed wildlife crossing locations. The comparison accounted for the
geotechnical constraints that may affect each structure type.

2.0 SITE DESCRIPTION

The site is generally located along the stretch of Ojibway Parkway extending approximately 950 m
south from its intersection with Broadway Street in Windsor, Ontario. The main ETR right-of-way has
up to eight (8) tracks and runs parallel to the west side of Ojibway Parkway along the entire stretch.

Ojibway Wildlife Crossings: Municipal Class EA — Schedule ‘C’ WSP
IM20104013-M01 May 2024
City of Windsor Page 3



Geotechnical Memo - Wildlife Crossing

Ojibway Parkway is a four-lane roadway with a pair of northbound and southbound lanes. There is a
grassed centreline median and a multi-use pathway along the west side of Ojibway Parkway. The
Titcombe Road Drain runs east-west across the entire site. Ojibway Park Drain and Susan Drain also
run east-west along the northern side of Ojibway Park. The site generally has little relief. The ground
surface elevation is near Elevation (El.) 180 m. The Study Area is well covered with trees and other
vegetation.

The Study Area includes a portion of Ojibway Park and Black Oak Heritage Park south of Broadway
Boulevard. In between the two parks, the Study Area also includes Ojibway Parkway, a boulevard
area, the ETR tracks and a 90m wide stretch of ETR-owned lands. The northern boundary for the
Ojibway Park section is the Ojibway Park Drain and the southern boundary is the southern extent of
the park’s trail system (Wildlife Trail) near the southern boundary of Lot 49, Concession 1, Petite Cote
Sandwich Township. The Study Area includes the eastern portion of Black Oak Heritage Park
extending from the northern park boundary adjacent to Ojibway Parkway to about 610 m south. Spur
lines of the ETR extend across the southern part of Black Oak Heritage Parks. Much of the eastern
and southern parts of the Black Oak Heritage Park has been mapped as wetland.

3.0 REGIONAL SURFICIAL GEOLOGY

According to the Ontario Geological Survey, Map 2556, the site is located within an area of coarse
textured lacustrine deposits comprising glaciolacustrine deposits of silt and clay with minor sand as
well as basin and quiet water deposits.

According to Map 24412 the Palaeozoic (bedrock) geology of this area consists of Detroit River Group
referred to as the Onondaga Formation in the Niagara Peninsula. The most common deposit
associated with the bedrock unit in the area is limestone and dolostone.

4.0 PREVIOUS GEOTECHNICAL INVESTIGATIONS

Previous investigations carried out on the subject site were provided to WSP by the City. It should be
noted that with the exception of boreholes advanced for Golder Report 07-1130-207-0, the majority
of the boreholes referenced for this report were advanced along the Ojibway Parkway right-of-way.
The geologic mapping indicates that the surficial soils are the same across the western and eastern
study areas. As such, the subsurface conditions have been presented without distinction between
the two study areas. Subsurface information pertinent to the stretch of Ojibway Parkway was
obtained from the reports listed below. No additional boreholes were advanced as part of this design
memo. Descriptions of the subsurface conditions are provided in the following reports:

o Report titled “Geotechnical Investigation, Proposed Sanitary Sewer Replacement, Ojibway
Parkway, City of Windsor, Ontario”, by Golder Associates Ltd. (Golder, now part of WSP Canada
Inc.), Project Number 07-1140-0023, dated March 30, 2007. A total of six (6) boreholes BHL! to
BH6 were advanced to depths ranging from 1.2 to 50 m below grade. Additionally, to

! Barnett, P.J,, Cowan, W.R. and Henry, A.P.1991. Quaternary geology of Ontario, southern sheet; Ontario
Geological Survey, Map 2556, scale 1:1 000 000.

2 Freeman, E.B. 1979. Geological highway map, southern Ontario; Ontario Geological Survey, Map 2441, 1:800
000.
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supplement the investigation for this report, the subsurface information obtained from two

relevant boreholes during the earlier investigations in the study area were also studied.

o The Geotechnical Data Report prepared for the Windsor-Essex Parkway (WEP) by Golder with
Project No. 07-1130-207-0. The City provided the relevant Record of Borehole sheets from this
report for boreholes drilled along the WEP in close proximity to the subject site. This data

report included boreholes carried out for other Golder projects.

Borehole location plans and Record of Borehole sheets for the Golder boreholes cited for this desktop
study are presented in Appendix A. The above-mentioned information provided by the City was
supplemented with information from the Ontario Geotechnical Boreholes database belonging to
the Ontario Geological Survey (OGS).2 The information was obtained from a total of seven (7)
boreholes situated within the study areas. The logs of each borehole are presented in Appendix B.

5.0 SUBSURFACE CONDITIONS

This section presents a summary of the subsurface soil conditions encountered as per the previous
investigation reports. The detailed description of the subsoil is presented on the Record of Borehole
sheets in Appendix A The subsurface soils in the region generally comprise silty sand/sandy silt
deposits overlying an extensive silty clay layer, which is in turn underlain by limestone bedrock.

A summary of the available borehole details are shown in Table 5-1 below.

Table 5-1 Summary of Borehole Details
SOURCE/PROJECT GROUND = BOTTOM
BOREHOLE NUMBER DEPTH ELEVATION ELEVATION
NUMBER
(M) (M) (M)

1 5.03 179.10 174.07
2 5.03 179.10 174.07
3 152 179.00 177.48

Golder/07-1140-0023
4 5.03 178.80 173.77
5 152 178.80 177.28
6 122 178.90 177.68
Golder/754002 1 5.64 178.73 173.10
Golder/764112 2 15.24 178.86 163.62
Golder/07-1130-207-0 164 27.48 179.06 15158

3 Ontario Geological Survey, 2023. Ontario Geotechnical Boreholes database. Accessed through OGSEarth

(gov.on.ca) on May 12, 2023.
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GROUND BOTTOM

SOU;R\I%I:;\//IPBF;?:ECT BOREHOLE NUMBER DEPTH ELEVATION ELEVATION
(M) (M) (M)

164A 12.19 179.06 166.87

166 26.92 179.00 152.08

166A 15.39 179.00 163.61

620803 9.0 177.2 168.2

620758 14.8 175.8 161.0

620773 41 179.0 174.9

OGS/- 620775 41 178.8 174.7
620767 41 177.8 173.7

620768 41 178.8 174.7

620769 41 179.1 175.0

5.1 TOPSOIL

Topsoil was encountered at the surface of boreholes 164, 166, 1 (754002), 2 (764112) and all seven of
the OGS boreholes. The topsoil was 100 to 760 mm thick. The fill in borehole 5 was underlain by 0.7
m of buried topsoil.

5.2 PAVEMENT STRUCTURE

Boreholes 1 to 6 (07-1140-0023) were drilled through the Ojibway Parkway pavement structure. The
asphalt thickness varied between 200 and 300 mm. The asphalt at boreholes 1 and 2 (07-1140-00230),
and 6 were underlain by 160 to 230 mm of granular road base. The asphalt in boreholes 3, 4 and 5
was underlain by concrete 180 to 360 mm thick.

5.3 FILL

The concrete at borehole 5 and the pavement structure at boreholes 2 (07-1140-0023) and 6 was
underlain by 20 mm to 0.5 m of granular fill.

5.4 SANDS AND SILTS

Beneath the surficial topsoil, deposits of silty sand, sand, sandy silt, silt and sand and gravel were
noted boreholes 1 to 6 (07-1140-0023), 1 (754002), 2 (764112) and OGS Boreholes 620803, 620758,
620773,620775,and 620767 to 620769, extending to depths of 2.3 to 4.4 m below the ground surface
(mbgs). Where fully penetrated, the sands and silts were 1.7 m to 3.7 m thick. Boreholes 3, 5 and 6
were terminated in a sand deposit. The measured ‘N’ values from Standard Penetration Test ranged
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from 4 blows to 26 blows per 0.3 m penetration, indicating a very loose to compact state. The
moisture content of these deposits ranged from approximately 9% to 30%.

55 SILTY CLAY/CLAYEY SILT

Silty clay/clayey silt deposits were encountered beneath the sands and silts in all boreholes except 3,
5 and 6. These deposits were found to extend to depths of 23.3 to 23.5 mbgs in the deepest boreholes
(borehole 164 and 166). The remaining boreholes were terminated in the silty clay/clayey silt.

In situ field shear vane tests completed in the firm to very stiff clayey deposits indicate the undrained
shear strength ranges from approximately 35 to greater than 144 kPa typically decreasing with depth
to approximate elevation 164 m. Below this elevation, the shear strength generally increases from 50
to greater than 95 kPa. SPT N values in the silty clay/clayey silt ranged from O (weight of hammer) to
9 blows per 0.3 m penetration, indicating very soft to stiff consistencies.

5.6 LIMESTONE BEDROCK

Boreholes 164 and 166 encountered limestone bedrock underlying silty clay till at depths of 23.5 and
23.7 mbgs, respectively. The composition was described as grey, medium strong, very fine to fine
grained limestone with whitish, light grey and brown zones. The measured ‘RQD’ values in the
bedrock ranged from 62 to 100 indicating fair to excellent quality rock.

5.7 GROUNDWATER CONDITIONS

Details of the water levels observed in the open boreholes at the time of drilling are presented on the
Record of Borehole sheets in the original investigation reports and summarised in the table below.
Groundwater conditions will vary subject to weather and seasonal fluctuations. Groundwater
conditions were not reported for any of the OGS boreholes.

It should be noted that previous geotechnical studies in the area (for example at the Highway 401
bridge over the Ojibway Parkway, Golder Project No. 13-1132-0053-1000-R0!1* and Luczaj et al.®) have
encountered hydrogen sulphide and methane dissolved in the groundwater. Where encountered,
hydrogen sulphide was typically found near the overburden/bedrock interface and in boreholes
where artesian groundwater conditions exist. Flowing artesian conditions were encountered at the
overburden-bedrock interface during drilling for some WEP boreholes and during rock coring for
borehole BH-166 (Golder 2016, Geocres No. 40J6-71).

4 Golder Associates Ltd. 2016. Foundation Investigation and Design Report, Ojibway Parkway/ETR Overpass,
Sites 6-600/1 & 2 (Bridge B-1), Highway 401 (Rt. Hon. Herb Gray Parkway), GWP 3028-14-00, Ministry of
Transportation, Ontario, West Region. Geocres No: 40J6-71.

5 Luczaj et al 2006. Fractured hydrothermal dolomite reservoirs in the Devonian Dundee Formation of the
central Michigan Basin. AAPG Bulletin, V. 90. No. 11 (November 2006) pp 1787-180L.
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Table 5-7 Summary of Groundwater data

ELEVATION OF WATER LEVEL

GROUNDWATER MEASURED IN
GROUND UPON THE
SURFACE COMPLETION MONITORING DATE
ELEVATION  OF DRILLING WELL
BOREHOLE NO. (M) (M) (M) (MM/DD/YYYY)
01 (07-1140-0023) 179.10 176.97 - 02/28/2007
02 (07-1140-0023) 179.10 177.73 - 02/28/2007
03 179.00 Open & dry - 02/28/2007
04 178.80 177.43 - 02/28/2007
05 178.80 Open & dry - 02/28/2007
06 178.90 Open & dry - 02/28/2007
1(754002) 178.73 177.36 177,52 01/22/1975
2 (165112) 178.80 177.03 Standpipe dry 10/23/1976
164 179.06 Open & dry - 08/28/2008
164A 179.06 Open & dry 179.96 09/19/2009
166 179.00 180.6* - 09/17/2008
166A 179.00 - 178.43 01/28/2009

* Artesian water flow during rock coring measured at 1.6 m above ground surface.

6.0 IMPACT OF SUBSURFACE CONDITIONS ON PROPOSED WORKS

The stratigraphy beneath the surficial topsoil, pavement structure and fills along the subject section
of Ojibway Parkway generally consists of 2.0 m to 4.4 m of very loose to compact sands and silts
overlying an extensive soft to very stiff silty clay/clayey silt layer. Bedrock is at approximately 23 mbgs.
The sands and silts are partially saturated with the ground water level within 1.2 to 2.1 m of the ground
surface.

The ground conditions along Ojibway Parkway are relatively uniform within the project’s limits. In
the absence of a site-specific investigation, the geological mapping and our experience in this area
suggests that no significant difference in subsurface conditions between the areas at west and east
of Ojibway Parkway are anticipated. As such, there are no geotechnical constraints on the locations
of the proposed wildlife crossings across Ojibway Parkway or the ETR tracks. In the absence of site-

Ojibway Wildlife Crossings: Municipal Class EA — Schedule ‘C’ WSP
IM20104013-M01 May 2024
City of Windsor Page 8



Geotechnical Memo - Wildlife Crossing

specific boreholes advanced at the locations of the North and South Options for the Ojibway Parkway
crossing, there is currently no geotechnical reason to prefer one option above another.

Geotechnical conditions that will affect the proposed works are:
1. the presence of very loose to compact surficial sands and silts that are partially saturated;

2. arelatively high groundwater level. In addition to a groundwater level at or very near to the
ground surface, wetland areas within the Black Oak Heritage Park may contain surficial
deposits of peat, organic soils and other wet, soft and unconsolidated deposits;

3. an extensive deposit of silty clay/clayey silt which is normally consolidated to slightly over
consolidated for most of its depth. This deposit is considered to be of moderate to moderately
high compressibility;

4. artesian groundwater pressures at and below the overburden/bedrock interface; and
5. presence of hydrogen sulphide and methane gases near the bedrock interface.

The table below presents an overview assessment of geotechnically feasible structure and
foundation options based on the available information about the subsurface conditions and wildlife
crossing alternatives. It should be noted that the definitions of underpass and overpass adopted for
this assessment were in accordance with Wildlife Crossing Structure Handbook, Design and
Evaluation in North America (Publication No. FHWA-CFL/TD-11-003; March 2011). An underpass is
defined as the structure that goes under a road (Ojibway Parkway) or railway, while an overpass is
defined as the structure that is built over a road/railway. The type and minimum dimensions of the
proposed underpass and overpass structures are taken from the same reference. Where tunnelling
(trenchless) options has been provided as an underpass option, a comparison of suitable tunnelling
methodologies has been provided in Table 6-2 in Section 6.1 below.

Table 6-1 Evaluation of the Alternative Solutions
ALTERNATIVE SOLUTION STRUCTURE DISCUSSION OF VARIOUS FOUNDATION
DIMENSIONS OPTIONS
1. Do Nothing N/A No disruption to groundwater regime.

Cut & Cover Tunnel
e May not be permissible for an undercrossing
of the ETR tracks.
e Disruption of traffic along Ojibway Parkway
may be reduced using staged construction.
e Temporary and permanent walls must be
2. Underpass Wildlife Width -7 m internally braced since the relatively low
Crossing shear strength of surficial soils precludes use

(Large Mammal Underpass) Height-4m of earth anchors/tie-backs.

e Most of the earthworks is in cut and
eliminates settlement related problems with
use of approach embankments.

e Temporary dewatering during construction
and permanent drainage measures
required.

Ojibway Wildlife Crossings: Municipal Class EA — Schedule ‘C’ WSP
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STRUCTURE

ALTERNATIVE SOLUTION DIMENSIONS

DISCUSSION OF VARIOUS FOUNDATION
OPTIONS

e Depending on the elevation of the
excavation base, vertical members of the
excavation support structure may need to
extend to bedrock. In this case, precautions
need to be taken to mitigate against
artesian flows and gases emanating from
the overburden/bedrock interface.

e In comparison with cut and cover underpass
in depressed roadway, the magnitude of
earthworks will be confined to the crossing
location.

Trenchless Tunnel

e ‘Shallow’ foundation option with lowest
bearing pressure due to efficiency of
structural form.

e Suitable methods include jacked box
tunnelling, and sequential excavation
method (SEM).

e Underpass option for ETR and Ojibway
Parkway offering least impact on traffic.

e Most suitable method for undercrossing of
the ETR tracks as owner may not permit cut
and cover tunnelling.

e Internal bracing of temporary and
permanent walls limited to entrance/exit
shafts only. Internal bracing required due to
the very low shear strength of surficial soils
precludes use of earth anchors/tie-backs.

e Settlement related problems with use of
approach embankments avoided.
Depending on selected tunnelling method,
settlement and heave may still occur.

e Temporary dewatering during construction
and waterproofing or permanent drainage
measures required.

e Approach involving the least amount of
earthworks.

e Method with least impact on the
environment.

Width - 50 m
Height-55m

3. Overpass Wildlife Crossing
(Large Wildlife Overpass)

Bridge founded on Shallow Foundations
with approach embankments with sideslopes
of 3 horizontal (H) to 1 vertical (V) maximum
approach grade 5H:1V (17%) or flatter
e Suitable for spanning both Ojibway Parkway
and ETR tracks.
e Excavations adjacent to ETR tracks may
have more stringent permitting and shoring
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STRUCTURE

ALTERNATIVE SOLUTION DIMENSIONS

DISCUSSION OF VARIOUS FOUNDATION
OPTIONS

requirements compared to Ojibway
Parkway.

Compared to overpass for Ojibway Parkway,
embankments for the ETR track overpass
may need to incorporate more costly
lightweight fill and other settlement
mitigation measures as railway tracks are
more settlement sensitive.

Strip/spread footings not feasible due to
relatively low shear strength of surficial soils
and shallow groundwater conditions
particularly if large structure required.
Presence of moderately to moderately high
compressible soils means ettlement
mitigation measures will be required for
approach embankments including use of
staged construction and ground
improvement.

Bridge founded on Deep Foundations

with approach embankments with sideslopes

of 3H:1V maximum approach grade 5H:1V (17%)

or flatter

Deep foundations feasible.

Suitable for spanning both Ojibway Parkway
and ETR tracks.

Compared to overpass for Ojibway Parkway,
embankments for the ETR track overpass
may need to incorporate more costly
lightweight fill and other settlement
mitigation measures as railway tracks are
more settlement sensitive.

Option requiring least dewatering effort.
Deep foundations such as steel driven piles,
micropiles or caissons extending to the
bedrock can be used to support the
structure.

Due to artesian groundwater conditions and
methane and hydrogen sulphide gases at
depth, precautions need to be implemented
when using driven steel pipe piles or H-piles
as groundwater could migrate along the
annuli. Use of caissons and micropiles are
not preferred as these require open holes
which may present stabilization difficulties
in addition to groundwater and gas
migration concerns.

Mitigation measures needed for driven steel
H-piles to limit artesian flow to surface.
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STRUCTURE DISCUSSION OF VARIOUS FOUNDATION

ALTERNATIVE SOLUTION DIMENSIONS OPTIONS

Settlement mitigation measures required
for construction of approach embankments.

e Approach with most extensive earthworks
and longest construction time due to need
for settlement mitigation.

e Presence of moderately to moderately high
compressible soils means that that
downdrag must be considered for deep
foundations and settlement mitigation
measures will be required for approach
embankments including use of staged
construction and ground improvement

Depressed Roadway with cut and cover
overpass structure at wildlife crossing

e This option is suitable only for crossings of
Ojibway Parking and operational
requirements for trains favour grade
restrictions.

e Temporary and permanent walls must be
internally braced since the relatively low
shear strength of surficial soils precludes use
of earth anchors/tie-backs.

e Most of the earthworks is in cut and
eliminates settlement related problems with
use of approach embankments.

e Temporary dewatering during construction
and permanent drainage measures
required.

e Depending on the elevation of the
excavation base, vertical members of the
excavation support structure may need to
extend to bedrock. In this case, precautions
need to be taken to mitigate against
artesian flows and gases emanating from
the overburden/bedrock interface.

e Approach with second most extensive
earthworks but less construction time than
a bridge with deep foundations and
approach embankments.

6.1 Tunnelling (Trenchless) Methodologies

Trenchless methodologies considered suitable for installing underpasses beneath either Ojibway
Parkway or the ETR tracks are jacked box, and tunnelling using the Sequential Excavation Method
(SEM). Geotechnical conditions that will present challenges for trenchless operations are:

1. the presence of very loose to compact surficial sands and silts that are partially saturated;

Ojibway Wildlife Crossings: Municipal Class EA — Schedule ‘C’ WSP
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2. relatively high groundwater level; and
3. the presence of very soft to soft silty clay.

Dewatering of the saturated surficial sands and silts will be required for construction of the entry and
exit pits based on conditions 1 and 2 noted above. Where the cover of the tunnels is quite low, partially
saturated sands and silts will be encountered in and along the tunnel roof. This means that the
tunnel alignment may need to be dewatered prior to and during tunneling activities to enhance the
face stability of the granular deposits. In addition, where very loose and loose granular deposits exist,
the tunnel roof may have to be stabilized using forepoling/spiling, or ground improvement
techniques. Sand tables or breasting boards will have to be employed to enhance face stability in the
granular deposits. If the loose granular deposits are inadequately stabilized the railway
tracks/roadway could be disturbed. No significant problems with respect to stability of the face or
crown are anticipated with tunneling though the firm to very stiff silty clay to clayey silt deposits.
Stability problems within the tunnel face and crown will occur if very soft to soft silty clays are
encountered. In this case, pre-support measures such as spiling, forepoling and the like will have to
be executed to support soft cohesive soils in the crown and face stabilization measures such as face
bolts, wedges and shorter round lengths will be required during advancement of the tunnel.

6.1.1 Jacked Box

Jacked box tunnelling is similar to pipe jacking but uses a box-shaped tunnel. The span of a jacked
box could be in excess of 20 m. The front of the lead box section is typically fitted with a tunnelling
shield. Shield tunnelling techniques are used to control ground loss and maintain face stability. Spoil
is removed manually or with the assistance of an excavator or road header within the box. The
reinforced concrete boxes are designed to carry the dead and live load. They can be manufactured
in an offsite pre-cast site or cast on site.

Operations begin in a jacking pit with a jacking base slightly longer than the selected box sections.
The jacking base provides the reaction needed for the jacking rig to push the box forwards. High-
capacity jacks are placed at the back of the lead box and the box is pushed into the ground.
Advancement is through repeated cycles of excavating the face in small increments, typically 150
mm, then jacking the box forward by an equal length. Anti-drag systems (ADS) must be employed
to counteract dragging of ground at the box underside which could cause the box to dive, and
displacement of the ground above the box roof which could disrupt infrastructure above and
adjacent to the jacking operations.

The size of the entry/jacking pit is a function of the box size. While an undercrossing of a single ETR
spur line is short enough to employ a single box, undercrossing of Ojibway Parking and the main
ETR right-of-way may require a series of box sections due to their lengths. Multiple box sections can
be used to where space is limited, or to reduce the footprint of the jacking pit and base for
environmental reasons. A berm or portal structure is constructed at the reception area to stabilize
the ground. Once the box is in the final position, the interface between the box and the ground are
grouted. The shield and jacking arrangement are removed permitting construction of portals and
approach roads and final box finishes.
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6.1.2 Sequential Excavation Method

Tunnels have been historically constructed between two shafts by excavating soil from the front
cutting face and installing a liner to form a continuous ground support structure. The size of the
access pit varies between 2.7 m and 7.5 m. Additional space will be required for material storage.

Excavation during conventional tunnelling typically occurs within a protective shield using hand-
mining or open-face mechanical excavation. Alternatively, the New Austrian Tunnelling Method
(NATM), also known as SEM, could be used. The SEM is a modification of conventional tunnelling
which utilizes a flexible tunnel support system that permits the surrounding ground to deform just
enough to permit mobilization of its shear strength. This method has been defined as ‘a support
method to stabilize the tunnel perimeter by means of sprayed concrete, anchors and other support,
and uses monitoring to control stability’®. Throughout the entire tunnelling process the ground and
support system is continuously monitored and visually observed. Ground improvement must be
implemented where the ground is not self-supporting for the length of time required to install the
ground support. The typical construction process according to Chapman et. al (2018) consists of:

1. Excavation. The face is generally subdivided to provide better control of face stability,
convergence and settlement.

2. Sealing the exposed ground.

3. Mucking.

4. Installation of lattice girders and the first layer of reinforcing bars or mesh reinforcement.

5. Potential installation of a second layer of reinforcement and application of more sprayed
concrete.

6. Installation of anchors (if necessary) and tightening of anchors one day later with spray

concreting of the anchor heads.
7. Construction of the inner lining.

The SEM technique has been used to construct tunnels as long as 5 km or more and can be used to
create non-circular geometries or caverns. Some of the largest openings created used SEM to date
have been in the order of 12.5 m to 13.7 m wide.

Table 6-2 Comparison of Trenchless Methodologies

TRENCHLESS METHODOLOGY ADVANTAGES DISADVANTAGES

Jacked Box e Temporary and .
permanent tunnel

support installed in a
single step (one pass .

system).

Higher costs than other
tunnelling methods due
to need for skilled crews.
Excavation face must be
self supporting or ground

e Low cover in the order of

a couple of metres can be
used.

improvement
implemented where
loose or soft soils are

e Pre-excavation of jacking present.
pits not required. Unsuitable for curved
alignments.

8 Chapman, D., Metje, N. and Stark, A. 2018. Introduction to Tunnel Construction, Second Edition. CRC Press,

Boca Raton, Fl. Pg. 185.
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Geotechnical Memo - Wildlife Crossing

TRENCHLESS METHODOLOGY

ADVANTAGES

DISADVANTAGES

Often faster than
conventional cut-and-
cover methods.

Good method for
protection of the
environment.

Few specialist
contractors available in
Ontario.

Specialized operation
requiring great deal of
planning and
coordination.

Can be difficult to control
line and grade especially
if invert is relatively hard
or soft relative to material
in tunnel face.

Steerable shields
ineffective for large
boxes.

Sequential Excavation Method .
(SEM)

Ideal for large spaces or
caverns.

Ideal for complex
geometries creating
tunnel that can change
diameter or shape along
its length.

Cost competitive with cut
and cover construction if
tunnel depth is not more
than one and a half times
the tunnel height.
Depending on proposed
geometry of
undercrossing, launch
and exit pits may not be
required.

Good method for
protection of the
environment.

Design and construction
monitoring and
supervision must be
carried out by SEM/NATM
specialists.

Slowest progress due to
high need for
coordination, cooperation
and communication with
designers and tunnelling
contractor.

6.2 Site-Specific Investigation

The scope of the Class EA for the Ojibway Parkway Wildlife Overpasses requires development and
assessment of various alternative designs, selection of a preferred alternative and completion of a
preliminary (30%) design of the preferred alternative. The preliminary design is based on
geotechnical desktop studies only. A site-specific geotechnical investigation should be completed
for the detailed design phase under a separate design assignment.
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Sincerely,
WSP Canada Inc.

Prepared by: Reviewed by:

7},
i/

U. Prout, P.Eng., Nazmur Rahman, M.ASc., PE, PEng,
Lead Geotechnical Engineer Senior Principal Engineer - Geotechnical

Enclosure:  Appendix A - Borehole Locations and Record of Borehole Sheets (Golder)
Appendix B - OGS Boreholes

DUP/NR/dup
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Ojibway Wildlife Crossings: Municipal Class EA — Schedule ‘C’ WSP
IM20104013-M01 May 2024
Page 16

City of Windsor


Prout, Dirka (wds_dirka.prout)
Stamp

Rahman, Nazmur (wds_nazmur.rahman)
Stamp


APPENDIX

A BOREHOLE
LOCATIONS AND
RECORD OF
BOREHOLE
SHEETS cooer



.m.n—\_\ \

a\\\\m\

\

ey %./aw -

ProEcTHE CORPORATION OF THE CITY OF WINDSOR

!.N -—
Y
S E
g 3
< 5. &
w ME;
0 2|8
VI ~
m i
NS
= A
< m LT
%) 5 m%
> o |-
< > |8[z]s]x]z
S N HEEE
m K
o
>
<
=
o
ﬂ
@]

REHABILITATION - PHASE 4, WINDSOR, ONTARIO

TIME

wozpiol - £00Z

‘CL JON

Bmp LOOPCZ000Y L LLO 31y Bumoug



W PUTIND TR
€ 3unoid =4 [
0L | e vy
0 A [ HMOME SY TWOS NOI530

B QOOTZ0007 L 140 'CK TN | CRO0-OrLL-00 'ON LI3F0Md

NV7d NOILVDO1

Juu

OIYVLNO "HOSANIM ‘¥ 3SWH - NOILYLITIgvHIY
HIMIS ALVLINYS AVMMEYD AVMEIrO
HOSANIM 4O ALID FHL 40 NOLLYHOJdHOD IH dearcus

Wd 6E°Z L00Z/E0/60 U4 '03AIFOTY

NOISINIQ S2ILYINOID

SLO3M0Yd 3LVHOHE0D ¢ ONIHIINIONT
HOSANIM 40 ALID IHL 40 NOILYHOdHE0D 3HL
A8 d3NddNS NYId avd

SIONIHIHATY

FLVIIXOEddY SNOILYIOT 1TV

. “LHOJ3Y ONIANYIINOOOV
HLIM NOLLONNPNOD NI OV3¥ 38 OL SI ONIMVHA SIHL
S31ON
S3413N 0002: 3738
—
or 0 or

(€ IUNDI4 338) v-¥ INIT HOLYW

18v0L Jequiny poday
( uopeBysau) snoinesd ) NOILYIOT I10H3HOE

Z00¥SL 10qunN Lodey
( uoneBiysanu) notald ) NOLLYI01 310H3HOE

BELFSL Jequiny poday
( uoyefipsasu) snolnald ) NOLLYDO1 I10HIHOE

2hhpaL Jequiny poday
( uonefipgsanu) snoinald ) NOILYDOT I10HIHOE

(ueqeBysanu) jueund ) NOILYI0T I10HIHOE

LR SR

anN3oa

aATE AYMOYOHE

¥

s HLoz

1

&
e

ﬁ;\_‘_
g 8
|
i1
J
)
|
1
il
|

i
{

{€ 3UNDI4 338) ¥-¥ NI HOLYIN
|
|
|
|
|
|

aATE AVMAYONE

Bmp* LOOPSZO0OYLLLO 1oy Bumosg

"GLodoH

wegEol - L00Z




MIATY

€ 3¥N9I4 S s
cofirsam | w | aov

D agH[WMOHS SY 3OS NOIS30
Bag-LODOCZ000Y L LLO O T4 | £200-0k11-£0 ON 1030US

BICIUG SR

NVd NOILVIO1

OlYVLNO "HOSANIM ‘' 3SYHd - NOILYLITIgYHIY
HIMIS AHVYLINYS AYMMEYd AYMBIrO
HOSANIM 40 ALID FHL 4O NOILLYHOJHOO IH Lo

S3dL3IN

000Z: 4 :3WIE

e

oF

0

o

‘Od HIAYIM

Wd 6E°Z L00Z/EOVE0 14 'a3NIT03Y

NOISIAID SOLLYINOTD

S103r0¥d 3LVHOdHOD 7 ONIHIINIDONT
HOSANIM 40 ALID FHL 40 NOILLYHOJHOD 3HL
A8 d3NddNS NYd OV

e EEEED.]

BLVWIXOEddY SNOILYDO0T TV

IHO43H ONIANYdNODOY
HLIM NOLLONNFNOD NI Ov3d 38 OL S| ONIMYHd SIHL

S310N

LEP0L ssquiny poday
( uonebnsaau| snomesd ) NOILYD0T 3T10HIHOA

200¥SL J8quny poday
( vogebgsaau snomadd ) NOLLYD0T 31043404

BELYEL Jequiniy poday
( usgefilsasy| snowald ) NOILY20T S10HIHOE

ZLLFAL JBqWnN poday
( uogeBysaau| snomeld ) NOILYIOT 3T0OHIHO8

( uogefigssauy uaung ) NOILYD0T S10HIHOE

LR R

anN3o3a1

Tz 3unN9I4 3351 v SINA HOLWW

1S HIL0Z

|

T 12 3uN91d 3357 VY aNITHOLYIN

Emp* LOOPEZOOOY LLLD 31y Bumosg

‘G dow

WogdioL = L00Z




RECORD OF BOREHOLE 1

BORING DATE: FEBRUARY 28, 2007

PROJECT: 07-1140-0023 SHEET 1 OF 1

LOCATION: SEE LOCATION PLAN DATUM:

SAMPLER HAMMER, 63.5kg; DROP, 760mm PENETRATION TEST HAMMER, 63.5kg; DROP, 760mm

DYNAMIC PENETRATION N\ HYDRAULIC CONDUCTIVITY, -
w | 8 SOIL PROFILE SAMPLES RESISTANCE, BLOWSI03m & k, cmis Lo
20| £ = % \ ) = INSTALLATION
oW | o [s] El & 20 40 80 8O w10t w10t &5 AND
Qx| = el Blulg] 2 ; ; L - L : . L Ei]  GROUNDWATER
gl @ DESCRIPTION < A8 |¥i5| 7 |SHEARSTRENGTH natv. + Q- @ WATER CONTENT PERCENT ar OBSERVATIONS
az| £ s EHEHER LS remV.® U- O o
a i1 I = ] wp b——a <3
o = (m} =
17 20 40 60 80 10 20 30 40
o PAVEMENT SURFACE 178.10/
0
ASPHALT 17890] | 79
CONCRETE 020 1 |as o
0.38!
1 2 |ss|21 (e}
178
Compact, brown, FINE SAND, some 1
silt
3 |ss|22 o
’ w1 | z
El= : waler
a|E ] | seepage
2|2] Loose, grey, FINE SAND, some silt Ie)
813 weag] ¢ %] °
HE :
212 2671 o Water seepage into
borehole encountered
3 | at about elevation
Loose, grey. SILT, some clay, trace 176 176.97m during drilling
sand 5|ss!| 8 o] on February 28, 2007,
175.44] |
366
| ||
4 6 |ss| 4 oo o]
Firm, grey, SILTY CLAY, trace sand, [ |
numerous silt seams/partings H
d 7|85 5 D
5 174.07

END OF BOREHOLE 5.03

7 DATA INPUT: Brent Gusba

R_CAN.GDT 27/3/0

LDN_BHS 07-1140-0023.GPJ GLD
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PROJECT: 07-1140-0023
LOCATION: SEE LOCATION PLAN
SAMPLER HAMMER, 63.5kg; DROP, 760mm

RECORD OF BOREHOLE 2 SHEET 1 OF 1
BORING DATE: FEBRUARY 28, 2007 DATUM:

PENETRATION TEST HAMMER, 63.5kg: DROP, 760mm

enl Gusha

CAN.GDT 27/3/07 DATA INPUT: Br

LDN_BHS 07-1140-0023.GPJ GLDR

o SOIL PROFILE SAMPLES DYMAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,
w =] TAl WSIO.
s |2 _ z RESISTANCE, BLOWSI03m K, cmis I 22 NSTALLATION
puly s} @ El E 20 40 80 &0 ¢ 10t 10t 10° &h AND
o < L 1 I} 1 1 1 = R AT
Eul| o SCRIPT e lEEv (B IS 2 | SHEARSTRENGTH natv. + Q- @ WATER CONTENT PERCENT = GROUNDWATER
= = DESCRIPTION = = 21 Q OBSERVATIONS
] 5 = loerth| S | £ =] Cu, kPa remV. & U-O W oo
=] B Wp b———&——Wm <5
[=] 8 E (m) = ~ P ]
w @ 20 40 60 80 10 20 30 40
- PAVEMENT SURFACE 178.10] i
n 0.00 179 !
. ASPHALT 178.82 .
B 0.28 i
i Crushed, granular road base { FILL ) 178.59 T
- 0.5 B
R Brown, sand, some gravel { FILL ) e g ]
- [o] MH —
N 178 ]
- Compact, brown, FINE SAND, some =~ "
[~ silt water fevel i
- © 7 ]
L / |
- 2 water N
- 177 seepage 1
5 : ]
N 1 ]
- < Compact, grey, SILTY SAND to -
= & % SANE!Y 3|‘i;|_-|-"r o Water level in borehole
L % 2 encountered at about
- afT elevation 177.73m upon
[ o completion of driling on ]
B 176 February 28, 2007. ]
L 5 |ss|13 8] J
- - \Water seepage into ]
K Compact to loose, grey, SILT, layered borehole encm_mterect g
[ with clayey silt seams at about elevation b
- — 177.19m during drilling 7]
I on February 28, 2007. ]
S
- E[ss)18] 475 o ]
i 17468] | ]
L 4.42 .
- Firm, grey, SILTY GLAY, trace sand, ]
- occ. silt seams/partings 1/1 7Tlss| 8 o 1
L 5 174.07 _
- END OF BOREHOLE 5.03 1
| & .
L 9 i
L ]
5 i
L 1 N
DEPTH SCALE LOGGED: B.G.
1:50 CHECKED: B




PROJECT: 07-1140-0023 RECORD OF BOREHOLE 3 SHEET 1 OF 1
LOCATION: SEE LOCATION PLAN BORING DATE: FEBRUARY 28, 2007 DATUM:
SAMPLER HAMMER, 63.5kg; DROP, 760mm PENETRATION TEST HAMMER, 63.5kg; DROP, 760mm
a SOIL PROFILE SAMPLES DYNAMIC PENETRATION \ HYDRAULIC CONDUCTIVITY,
g |2 - , | ResisTakcE. Blowsan komis I 22 INSTALLATION
2|k g .| [8] B | _= o A S S |17 Ao
il < . ! =4 GROUNDWATER
Ewlg DESCRIPTION S |EEv B || S [ SHEARSTRENGTH natv & Q- @|  WATERCONTENTPERCENT |G| gaservarions
as| £ = = S| cu kP mv. & U- 0 ad
& z 2 Joermh|S|EE] @ u, kFa e W ———o w1 <5
(= O o (m) =z “ P I
o = m -
® 20 s0___ 80 10 20 30 40
—
L, PAVEMENT SURFACE |
- ASPHALT ]
- CONCRETE ]
3 5 Borehole dry during E
i Sk drilling on February 28,
a 2 i
S E ]
L g = E
- 1|5|2| Brown. FINE SAND, trace silt Ll ol I IR VL .
- END OF BOREHOLE 152 .
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- 3 —
L . ]
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s
1 ]
sk ]
mg i
L E
2 =
o 8
=1 .
<p -
o ]
aC ]
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PROJECT: 07-1140-0023 RECORD OF BOREHOLE 4 SHEET 1 OF 1

NPUT: Brent Gusba
|]]lll|Illl]lllllllll]lllllillI||IIIlfllll[lillllllil]lll|lli|.]]|II|li|}|]ill|||l|

LDN_BHS 07-1140-0023.GPJ GLOR_CAN.GDT 27/3/07 DATAI

LOCATION: SEE LOCATION PLAN BORING DATE: FEBRUARY 28, 2007 DATUM:
SAMPLER HAMMER, 63.5kg; DROP, 760mm PENETRATION TEST HAMMER, 63.5kg; DROP, 760mm
a SOIL PROFILE SAMPLES DYNAMIC PENETRATION N\ HYDRAULIC CONDUCTIVITY, -
o
Iém 2 — 5 RESISTANCE, BLOWS/0.3m K‘ k, em/s 1 &‘(7;-_? INSTALLATION
Qu| y g o gl & 20 40 80 80 0t 10 10° w0t~ &5 AND
a £ . . . . =] ROUNDWATER
L3l T DESCRIPTION o leev |8|w|8| 3 [Seearsmenctn naiv. + 0- @]  WATER CONTENTPERCENT | 5~ oS
e= z = |DEPTH % Pl % a Cu, kPa remV. & U- O W 9{‘1‘
o fe] o = 9 Wp b———&——Wi %
@ = (m) m
0 20 40 80, 80 10 20 30 40
° PAVEMENT SURFACE 178.80 T i
0.00 B
ASPHALT 178.55 i
v Q.25 1
CONCRETE ]
178.18 ]
061 ]
| 178 -1
1 1fss|12 8] -1
Compact to loose, brown, FINE SAND, X ]
some silt, trace clay || water level E
20ss| 7| 477 L4 v 3
3 _— water N
176.67 seepage i
gl= 213 | ]
9|a -
= Water level in borehole
g é Compact, brown to grey, fine o s = encounleref: atabout o
£| 3| medium, SAND L elevation 177.43m upon 7
ol E 178 completion of drilling on ]
3 -4 175.75 February 28, 2007. _
3.05! ]
Loose, grey, SILT, tra L tra 4|ss| 9 o ) i
c::aa:rse grey, SILT, trace sand, trace Water seepage into i
berehole encountered 7]
175. 14 at about elevation ]
366 | 175 176.97m during drilling |
on February 28, 2007. 4
* 1/ 5|ss| 8 ] 7]
Firm, grey, SILTY CLAY, trace sand, | R
occ. to numerous silt seams/partings H ]
1/ 6|ss|s| 174 e ]
5 ) J« 173,77 E
END OF BOREHOLE 5.03 .
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PROJECT: 07-1140-0023 RECORD OF BOREHOLE 5 SHEET 1 OF 1
LOCATION: SEE LOCATION PLAN BORING DATE: FEBRUARY 28, 2007 DATUM:
SAMPLER HAMMER, 63.5kg; DROP, 760mm PENETRATION TEST HAMMER, 63.5kg; DROP, 760mm
a SOIL PROFILE SAMPLES DYNAMIC PENETRATION \ HYDRAULIC CONDUCTIVITY.
‘éw g — 5 RESISTANCE, BLOWS/0.3m \‘ k. cmis i 2 INSTALLATION
Su|u S . El £ 20 40 80 B0 L A 35 AND
a < . . . L - L—— S w ROUNDWATER
ful o DESCRIFTION Sleev B8 | 8| § |[SHEARSTRENGTH natv. + Q- @ WATER CONTENT PERCENT i Gssemmnous
51 2 A EHEHER R remV.® U- O w Ba o
i g 2|79 ® Wp &t <3
B . = (m) a
2] 20 40 60 80 10 20 30 40
|, PAVEMENT SURFACE 178.80 ]
i 0.00 ]
i ASPHALT 178.57 ]
i CONCRETE 025 ]
[ & | =NBrown. sand (FILL ) g.:; Borehole dry during .
- 2|5 g drilling on February 28, 7]
- 2|2 1 s 2007 ]
- § S Black, sandy TOPSOIL | 178 T
B 2 .
- TIR|E 177.68] | i
- 1.12 E
- Brown, FINE SAND, some silt, trace A 2 |as| - le) ]
_ clay s Rrer B ]
- END OF BOREHOLE 1.52 ]
[ . ]
L 3
[, ]
L 2
L 6 ]
- 3
g : i
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PROJECT: 07-1140-0023 RECORD OF BOREHOLE 6 SHEET 1 OF 1

LDN BHS 07-1140-0023.GPJ GLDR_CAN.GDT 27/3/07 DATA INPUT: Brent Gusba

LOCATION: SEE LOCATION PLAN BORING DATE: FEBRUARY 28, 2007 DATUM:
SAMPLER HAMMER, 63.5kg; DROP, 760mm PENETRATION TEST HAMMER, 63.5kg: DROP, 760mm
o SOIL PROFILE SAMPLES DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY, -
i
; " ']O-: - % RESISTANCE, BLOWS/0.3m t\‘ k, cmis i :(,g INSTALLATION
Ow | w o El = 20 40 80 80 w0t 10t 10t 10t T35 AND
exl = T & al = - . - - : - ' ' 28 GROUNDWATER
Fulg DESCRIPTION Y |EEv |8 |8 |G| & |SHEaRSTRENGTH natv + Q- @ WATER CONTENT PERCENT g SERVATION
= = S|z12l 2 |cukra emV. & U- O B OBSERVATIONS
o} E Z |oEPTH| S sl @ . 3 w ; " 3%
= 18 Elm |2 |2 b e !
w @ 20 40 &0 80 10 20 30 4D
[, PAVEMENT SURFACE 178.90 ]
i 0.00 E
B ASPHALT —— i
[ e|= 2 i
- § Z] Crushed. granular road base ( FILL ) 0.300 1 [as| - o] orele dhy E
N 2 048] 2 |as| - o orehole dry during 1
N ; % Brown, sand, some gravel { FILL ) e drilling on February 28,
B ‘g =| Brown to black, sand, trace gravel, clay “alas| - fo] 2007 1
B 9 9| brick fragments { FILL ) 177.99 178 i
L, I 0.91 n
L Browm, silty, FINE SAND ] areal 1751 o .
- END OF BOREHOLE 1.22 b
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I N
- N
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- 10 E
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Form G.A.-D-1|

754002

Project No. oo e

See Figure |
SAMPLER HAMMER WEIGHT 140 LB., DROP 30 IN.

LOCATION

BORING DATE JANUARY

RECORD OF BOREHOLE

@, 1975,

DATUM

SEODETIC

PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.

SAMPLES

E

SOIL PROFILE

DYNAMIC PENETRATION “s,,
RESISTANCE, BLOWS/FT. ¢

20 40 ]

L i r

\
80"~

COEFFICIENT OF PERMEABILITY,

K., CM./SEC.

110 Ix10

x10

-3

:

DESCRIPTION

i

TYPE

BORING METHOD

STRAT. PLOT

ELEVATION
SCALE

NUMBER

SHEAR STRENGTH
Cu.,LB/SQ.FT.

500|000

NAT.V.= 4+ Q.~@
REM.V.- @ U-0O
1500 2000

WATER CONTENT, PERCENT
" w [

e

[ —" —
20 30

40

ADDITIONAL
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INSTALLATION

‘ =l [

51>
i
o

12 | LooSE DAMP 'Lw] ' s
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ANTLY

'i + !
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GROUND
_SURFACE
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JARL 2 5
[UaM 16 /TS -

[ TUBING
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ISTANDRIFE |

[ ]

B7e

|

9 - |
END OF HOLE

STIEF . GREY
- SILTY  SLAY,
SOME  SAND,

?M’.E eRA?L.
T TILL- LIKE

SeS

WATER L EVEL
FIN. L OPEN

WATER LEVEL|
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AT ELEV,S824
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Form G.A.~D~—1. Project No. 22 fr=_
RECORD OF BOREHOLE 2
LOCATION  See Figure | BORING DATE T, 4 & 5, 1376 DATUM GEODETIC
SAMPLER HAMMER WEIGHT 140 LB, DROP 30 IN. PENETRATION TEST HAMMER WEIGHT 140 LB., DROP 30 IN.
o SOIL PROFILE SAMPLES DYNAMIC PENETRATION .. COEFFICIENT OF PERMEABILITY, © i
2 g RESISTANCE,BLOWS/FT. (“— CM./ SEC. :tj z PIEZOMETER
E 5 t Ow 20 40 60 8o - 1X10 IxI0 10 Ix10 zh OR
= g & wl S : ; . k - - . N - =] |'i' STANDPIFE
@ |ELEV'N]  DESCRIPTION gl@la|g] 20 [T TLRENST™ Nat v+ o.e | WATER CONTENT, PERCENT E7 | insTaLLaTION
& |DEPTH z|3(E/8] 37 P EROET REMV.-® U0 LS , S { od
2 S @ w ... Soo /oo 1S00 Rooo f[=] zZo ZBo 4o | 4
(E
u?‘,}
526 ﬁw,ﬂ: GROUND
| '0' | SumFace
i | : .
] 1
]
Sl Ra——— 0 === N
| . roPsoi S5 ;
s5843| ]
T 25 Tommeer emown o |
__EFINE TD R ]
Im=oim eransD |5 | i L
e F— M
isaLolTRACE =0T g e i
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L BAND i }
= A
s Sy = o |
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1 H—p {124
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APPENDIX

B OGS

BOREHOLES



Borehole ID 620758

Completion Year : 1968
Elevation (DEM) : 1758 m
Total Depth:14.8 m
Static Water Level : m

Borehole Log (metres)

0 ~0.2m sail

0.2 ~ 2.4 m sand, silt, gravel, yellow, loose

2.4 ~3 m sand, silt, green, compact

3 ~5.6 m clay, silt, sand, green, firm

5.6 ~13.3 m clay, silt, sand, gravel, green, firm
13.3 ~14.8 m clay, silt, sand, gravel, green, firm

Borehole ID 620767

Completion Year : 1970
Elevation (DEM) :177.8 m
Total Depth: 41 m
Static Water Level : m

Borehole Log (metres)

0~ 0.2 m sail

0.2 ~ 1.8 m sand, brown, compact, coarse grained
1.8 ~ 2.9 m sand, green, compact, coarse grained
2.9 ~ 41 msilt, clay, green, firm

Borehole ID 620768

Completion Year : 1970
Elevation (DEM) :178.8 m
Total Depth: 41 m
Static Water Level : m

Borehole Log (metres)

0~ 0.2 m sail

0.2 ~ 1.4 m sand, brown, compact, coarse grained
1.4 ~ 2.3 m sand, green, compact, coarse grained
2.3~ 41 msilt, clay, green, firm

Borehole ID 620769

Completion Year : 1970
Elevation (DEM) :179.1 m
Total Depth: 41 m
Static Water Level : m

Borehole Log (metres)

0 ~ 0.2 m soil

0.2 ~1.4 m sand, brown, loose, coarse grained
1.4 ~ 2.4 m sand, green, compact, coarse grained
2.4 ~ 41 m silt, clay, green, stiff
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Borehole ID 620773

Completion Year : 1970
Elevation (DEM) :179 m
Total Depth: 41 m
Static Water Level : m

Borehole Log (metres)

0 ~0.2m sail

0.2 ~2 m sand, compact, coarse grained

2 ~ 2.9 m sand, green, compact, coarse grained
2.9 ~ 31 msilt, green, loose

3.1~ 41 msilt, clay, green, firm

Borehole ID 620775

Completion Year : 1970
Elevation (DEM) :178.8 m
Total Depth: 41 m
Static Water Level : m

Borehole Log (metres)

0~ 0.2 m sail

0.2 ~ 1.6 m sand, brown, loose, coarse grained
1.6 ~ 2.9 m sand, green, compact, coarse grained
2.9 ~ 41 msilt, clay, green, firm

Borehole ID 620803
Completion Year : 1969
Elevation (DEM) :1772m
Total Depth:9 m
Static Water Level : m

Borehole Log (metres)

0 ~ 0.1 m soil

0.1~ 2.7 m sand, gravel, silt, brown, compact
2.7 ~ 3.8 m sand, gravel, brown, compact
3.8 ~9 m clay, silt, green, firm
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