Technical Memorandum

Date: March 27, 2012
Subject: Permanent Remediation of Cut Slope Instabilities on Highway 89 near 5" Line, Essa
Township.

W.0. 2012-11010
GEOCRES No. 31D-537

1. INTRODUCTION

MERO Pavements and Foundations Section was requested by Central Region (CR) Geotechnical
Section on March 6th, 2012 to provide recommendations for the embankment instabilities that
occurred at the westbound embankment of Highway (Hwy) 68, approximately 100m east of 5th Line
intersection.

Mr Dave Theissler from CR contract office contacted MTO Foundation office and indicated that
there is a slope instability issue on the westbound embankment of Hwy 89 near 5th Line intersection
(See Figure 1) in the township of Essa.

According to the background given to us, the slope was cut in April/May 2010 originally; the cut
material was sandy with large seams of silt running through it. Once the silt was exposed to the air,
the water began to escape and the earth material began seeping out of the slope. As time was of
the essence a decision was made by the Ministry to stabilize the slope by means of installing rip rap
underlain by geotextiles in these areas. These areas were large and extensive enough that virtually
the entire slope was covered. The treatment was successful and has remained stable until
recently. On March 5th, Dave Theissler was notified about the problem and made a site visit. The
material from the slope had washed out and filled the ditch so that it was at the same elevation as
the asphalt on Highway 89. The ditch, which runs towards the river, crosses under the township
road and connects to another ditch which outlets directly into the river. There is a silt fence at the
ultimate outlet into the river. Subsequently, the contractor was called to the site on March 5th
afternoon and they controlled the silt flow by means of hydro vacuuming, and placing sand bags on
top of the slope.

MTO Foundations office received a request from the CR to visit the site on March 6th and
conducted a site visit on the subsequent day (March 7th) by Alper Turan, Project Foundation
Engineer. Alper Turan met with Dave Theissler (MTO CR) and contractor’ representatives in the site
and received an introduction to the problem and conducted a walk-over. The following are
observations that are made during our site visit,

The slope instabilities took place in a cut section of the slope in the area of Essa 5th Line and
Highway 89 for the section along the Highway from about Station 16+300 to Station 16+400. The
slope is approximately 10 m high and constructed in cut. The cut slope is constructed with a 2 m
wide mid-height berm. The slope inclination is 2:1 from the toe to the mid-height berm and 2.5:1
from the mid-height berm to the crest. The lower portion of the slope is covered using geotextile and
riprap. The bold lines in Figure 1 depict the extent of riprap application. No drainage ditches exist on
the crest of the slope. It was observed that the farm land beyond the crest of the slope was gently
sloping towards the cut slope. The Nottawasaga Riveris the lowest pointin the area from a drainage



perspective. The slope instability was observed to be approximately 75 m east of the intersection of
Highway 89 and 5th line, which coincides with the middle of the portion where riprap is present. The
location of instability is approximately shown with dotted lines in Figure 1. Figures 2 to 4 show some
views from the slope instability. Sand bags had been placed to control the run-off from the slope by
the contractor after the incidence took place. However, they were not observed to efficiently control
the run off (see Figure 5).

2. EVALUATION
The following provides the evaluation of the slope instability.
2.1. Subsurface Conditions

The subsurface conditions in the cut slope are given in “The Foundation Report — HWY 89
Nottawasaga River Bridge & Retaining Wall and Cut Slope at Essa 5th Line”. The following
subsections summarize the subsurface information given in the foundation report in the cut slope
area. Figure 6 gives a cross-section of the cut slope with the representative subsurface conditions.
Appendix-A show the borehole plan for the cut slope and the logs for BH 09-1 and BH 09-2.

211 Top Soil
A 0.3 m thick deposit of topsoil was encountered at the ground surface in Borehole 09-1.
2152 Fill

Fill consisting of silty sand, some gravel, trace organic matter was encountered in Borehole 09-2 at
the ground surface and extends to a depth of 0.8 m below ground surface (i.e.Elevation 210.9 m).

2.1.3. Sandy Silt

A deposit of sandy silt was encountered immediately below the topsoil at the location of Borehole
09-1 and extends to a depth of 4.7 m below ground surface (i.e. Elevation 216.2 m). The thickness
of this deposit is 4.4 m. Measured SPT “N” values within the sandy silt deposit range from 4 blows to
23 blows per 0.3 m of penetration, indicating a loose to compact relative density. The lower “N”
values were encountered within the upper 2 m of the deposit below the existing ground surface. The
deposit was found to contain trace to some clay. The water contents on five samples selected in this
deposit range between 15 percent and 18 percent.

2.1.4. Silty Clay and Clayey Silt

Deposits of silty clay and clayey silt were encountered underlying the deposits of sandy silt in
Borehole 09-1 and underlying the fill in Borehole 09-2, at Elevation 216.2 m and Elevation 210.9m,
respectively. In Borehole 09-1, the silty clay deposit extends to a depth of 5.6 m below ground
surface (i.e. Elevation 215.3 m). In Borehole 09- 2, the clayey silt deposit extends to a depth of 1.4
m below ground surface (i.e. Elevation 210.3 m). The thickness of this depositis 0.9 m in Borehole
09-1 and 0.6 m in Borehole 09-2.

A measured SPT “N” value within the silty clay deposit was 16 blows per 0.3 m of penetration
indicating a very stiff consistency. An SPT “N” value of 4 blows per 0.3 m of penetration was
measured within the clayey silt deposit in Borehole 09-2, indicating a firm consistency. Water
contents on a selected sample of the silty clay and clayey silt deposit were about 23 percent. The




liquid limits are about 32 percent and 37 percent, the plastic limits are about 16 percent and 20
percent, and the corresponding plasticity indices are about 16 percent and 17 percent. These results
indicate that these deposits consist of clayey silt and silty clay of low to intermediate plasticity.

2.1.5. Silty Sand

A deposit of silty sand was encountered underlying the silty clay deposit in Borehole 09-1 at
Elevation 215.3 m. The silty sand deposit is 5.7 m thick and extends to Elevation 209.6 m.
Measured SPT “N” values within the silty sand deposit range from 43 blows per 0.3 m of penetration
to 113 blows for 0.3 m of penetration, indicating a dense to very dense relative density. The water
contents of the silty sand depasit range from about 6 percent to 14 percent.

2.1.6. Silt and Sand to Silt

Deposits of silt and sand to silt were encountered underlying the silty sand deposit at depths of 11.3
m below ground surface in Borehole 09-1 and 1.4 m below ground surface in Borehole 09-2.
Borehole 09-1 was terminated within the silt and sand deposit at a depth of 15.9 m below the
existing ground surface (i.e. Elevation 205.1 m). Borehole 09-2 was terminated within a silt deposit
at a depth of 5.2 m below the existing ground surface (i.e. Elevation 206.5 m). Measured SPT “N”
values within these deposits range from 20 blows per 0.3 m of penetration to 128 blows for 0.3 m of
penetration, indicating a compact to very dense relative density. The silt and sand deposit was found
to contain trace clay. The silt deposit was found to contain some clay. The water contents of the silt
and sand deposit range from about 13 percent to 16 percent, and the measured water contents of
the silt deposits range from about 16 percent to 19 percent. Atterberg limits tests carried out on two
samples of the silt deposit indicate that the silt is non-plastic.

2.2 Groundwater Conditions

The foundation report indicates that the groundwater seepage was observed at a depth of 1.5 m
below ground surface during drilling of Boreholes 09-1 and 09-2. The groundwater level in the
monitoring well installed in Borehole 09-1 was measured on May 8, 2009 at a depth of 10 m below
the present ground surface (i.e. Elevation 210.9 m). The water level observed in the open Borehole
09-2 upon completion of drilling was at a depth of 2.1 m below ground surface (i.e. Elevation 209.6
m). The groundwater levels are depicted on the cut slope cross-section given in Appendix A.
Generally, the groundwater seeps through the slope at approximately mid height, probably
transferred through more permeable seams in the soil.

2.3. Surficial Erosion

The foundation report indicated that the surficial failures could be observed on the upper portion of
the existing 2H:1V slope about 25 m to 30 m east of Borehole 09-2, The report indicated that similar
slope instabilities are expected to occur in the slope and recommends the construction of the upper
portion of the slope with 2.5:1 inclination. The foundation report also recommended the construction
of an interceptor ditch on top of the upper slope to minimize the surface flow over the slope and
control surficial erosion.

24. Conclusion
Based on our field observations and the review of the foundation investigation and design report, it

is our opinion that the slope instabilities are surficial in nature and global stability of the cut slopes
are not compromised. The instabilities stem from pore pressures from seepage that intercepts the
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cut slope aggravated by uncontrolled surface runoff on the slope. It was observed during our site
visit that the interceptor ditch was not constructed as shown in contract drawings {See Figure 6).
The geotextiles that cover the lower portion of the cut slope are believed to be clogged by silty
material which potentially contributed to instabilities by raising the ground water table and increasing
the pore pressures acting against the slope.

3. REMEDIATION STRATEGY
3.1. Temporary Remediation

The construction of the interceptor ditch on the crest of cut slope as per the contract drawings are
recommended during the site visit. The interceptor ditch is also a part of the permanent remediation.

3.2. Permanent Remediation
The permanent remediation strategy for the cut slope comprises three steps;

s Construction of interceptor ditch on the slope crest as shown in contract drawings

o The clearing of the disturbed material at the location of failure and reinstating the slope to
original design geometry.

e The construction of armoured vertical ditches and removal of geotextiles/riprap at these
locations.

3.21. Interceptor Ditch

The foundation report recommended that the construction of an interceptor ditch on top of the upper
slope is necessary in order to minimize the surface flow over the slope and control surficial erosion.
Thus, construction of interceptor ditches as shown in contract drawings are recommended as the
first step. The details of the interceptor ditch are provided in contract package. The minimum
dimensions of the interceptor ditch are given in Figure 7.

3.2.2. Reinstating the Slope

At the instabilities, the disturbed soil shall be cleared before reinstating the slope to original design
geometry. The soil shall be excavated to a minimum of 1m beyond the horizontal limits of failure and
to a minimum of 500mm below the vertical extent of failure. Hypothetical lines that represent the line
of failure and the line of clearing are depicted in Figure 8. The slope shall be rebuilt using granular A
fill material in steps or if lifts not exceeding 500mm and compacted after each step or lift with an
appropriate sized static roller (see OPSS 1004: Material Specification for Aggregates -
Miscellaneous). Reconstruction shall proceed from bottom to top and granular material shall extend
to base of overlying topsoil. Geotextiles-riprap cover shall not be reinstated at repaired sections. The
reinstated sections shall be covered with a minimum 600 mm topsoil with appropriate seeding and
mulching/protection. The East-West extent of the repair sections shall include the areas, where
sloughing and erosion exist (which may be only one massive location unless others have occurred
since the noted site visit) .Please refer to Figure 9 for illustration.
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3.2.3. Construction of Armored Vertical Ditches and Local Replacement of
Geotextile/Riprap.

After reinstating the slope to original geometry as shown in Figure 8, vertical armoured ditches shall
be constructed at three locations as shown in Figure 10 by re-excavation of trenches. The depth of
the ditch shall be minimum 1m from the slope design surface and a minimum of 2m wide. The
trenches shall be filled with Rip-Rap R-10 grading aggregate fill. The existing drainage ditch at the
toe of the cut slope shall also be armoured with Rip-Rap R-10 grading aggregates (minimum
thickness 300mmy). All Rip-Rap R-10 grading aggregates shall be placed using rock protection
construction method from the bottom up (i.e. machine place and randem manner and without
geotextile separator). Compaction is not required. Refer to the following Ontario Provincial Standard
Specifications for construction method and material selection:

OPSS 511: Construction Specification for Rip Rap, Rock Protection and Gravel Sheeting
OPSS 1004: Material Specification for Aggregates - Miscellaneous

The construction of armoured vertical ditches shall be performed at three locations in total with one
at the center of the repaired area and one at 30m to the east and west of the centreline. The
geotextiles underlying the riprap is considered to be clogged and resulting in a raise in ground water
table. However, the removal of the entire geotextile-riprap zone is considered impractical. Thus,
geotexile shall be removed at the locations of the armoured vertical ditches. This operation shall
proceed as follows:

Excavate drainage ditches removing geotextiles/riprap
Backfill with R-10 aggregate
Connect vertical drains to toe drain

Connect vertical drains to interceptor ditch last through channels in order to avoid flooding
from runoff during construction

If you have any questions, please do not hesitate to contact us.

av ndas, P. Eng.

Senior Foundations Engineer

MNre




Figure 2: Slope Instability from the crest, towards south.



Figure 4: Slope Instability, towards south-east.



Figure 5: Sand bags placed after the instability took place.
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Cut slope general arrangement.

Figure 6
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Figure 7. Design geometry of cut slope and interceptor ditch.
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Figure 8. Repair of the failed sections.



Figure 10. Locations of armoured vertical drainage ditches.

Figure 10. Intermittent replacement of geotextiles-riprap with granular toe berm.




APPENDIX A — SUBSURFACE INFORMATION
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