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 Index No.:  052DOC  
 GEOCRES No.:  42A-75 
 
Mr. Mike Trader, P.Eng. 
Senior Associate, Transportation 
Stantec Consulting Ltd. 
1400 Rymal Road East 
Hamilton, Ontario 
L8W 3N9 
 
Dear Mr. Trader 
   
Technical Memorandum 
Meadow Creek Bridge Replacement 
Mitigation Procedures for Widening Section 
Highway 577, Site No. 39E-077 
Approximately from Sta. 19+938 to 19+970 
G.W.P. 181-92-00 
 

Further to MTO/Stantec meetings (September 22 and September 30, 2010), this memorandum 

provides our assessment of the slope failure and the suggested mitigation procedures to restore the 

stable condition of the northeast embankment widening at the Meadow Creek bridge replacement 

project. 

The following three options are presented to discuss suggested mitigation measures and 

reconstruction of the embankment fill.  All mitigation measures should be carried out between 

approximate Sta. 19+938 and 19+970. 

Option 1:  Excavate alluvium in water and construct toe stabilization berm and use of rockfill in road 

widening section 

This option 1 requires excavation of alluvium soils below water to construct a toe stabilization berm. 

The construction of the toe stabilization berm should be carried out in 3 m wide panels in accordance 

with OPSS 206 and 209 progressing from north to south as shown on the Drawings 1 to 3.    

Details of construction of the toe stabilization berm are presented in Appendix A. 

165 Cartwright Avenue, Toronto, Ontario  M6A 1V5 
Tel:  (416) 785-5110   Fax:  (416) 785-5120 

E-mail: toronto@petomaccallum.com 
BARRIE, HAMILTON, KITCHENER, TORONTO 
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Option 2:  Construct toe stabilization berm with rockfill and no excavation below water level and use 

of Light Weight Fill (EPS) above water in road widening section  

This option 2 requires removal of the upper 3.5 m thick existing rockfill and construction of a toe 

stabilization berm with rockfill without any excavation below water.  The construction of the toe 

stabilization berm should be carried out in 3 m wide panels in accordance with OPSS 206 and 209 

progressing from north to south as shown on Drawing 4.  EPS should be used to the required level 

and a minimum of about 0.7 m above water level (approximate elevation 248.3).   

Further details of this option are provided in Appendix A. 

The design and construction of the EPS should be in accordance with MTO Special Provision 

“Expanded Polystyrene Embankment” attached in Appendix B.   An earth cover of 1.0 m should be 

incorporated over the EPS on the side slopes.  

In addition, a 0.3 m thick Granular A levelling pad below and 125 mm thick concrete cover over the 

EPS should be incorporated in design. 

The general design requirements for EPS design are as shown on the attached Figure B-1 in 

Appendix B. 

Option 3:  Use of EPS above water level in new northbound lanes without any excavation in water or 

toe stabilization berm construction 

This option requires removal of the upper 2.5 m thick existing rockfill from the top of the 

embankment.  Continue to remove the existing rockfill to the required level noted on Drawing 5 but 

not below elevation 248.3 that is about 0.7 m above water level.  In addition, the existing 

embankment clay fill should be excavated under the new northbound lanes to the same level to 

provide benches for EPS block placement, as shown on Drawing 5.  A roadway protection system 

will be required at the centreline of the Highway 577.  EPS should be used to the required level but 

not below approximate elevation 248.3, which is about 0.7 m above water level. 
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The design and construction of the EPS should be in accordance with MTO Special Provision 

“Expanded Polystyrene Embankment” attached in Appendix B.   An earth cover of 1.0 m should be 

incorporated over the EPS on the side slopes.  

In addition, a 0.3 m thick Granular A levelling pad below and 125 mm thick concrete cover over the 

EPS should be incorporated in design.   

Because the water level in the creek is at elevation 247.85 and constant for 2-year to 100-year 

storms being controlled by dam of the Iroquois Falls Generating Station and the underside of the 

EPS is higher than elevation 249.0 for a vertical separation of about 1.1 m, the provision of 

anchorage for uplift conditions is not required.  

The general design requirements for EPS design are as shown on the attached Figure B-1 in 

Appendix B. 

Further details of this option are provided in Appendix A. 

Based on a revised computer model (*), the stability of the slopes was analyzed during the suggested 

mitigation measures listed above and following the reconstruction of the embankment fill.  The results 

are summarized in the following table. 

OPTION 

FACTOR OF SAFETY 
(FOS) 

EXISTING 
CONDITION 

DURING 
MITIGATION 

FINAL CONFIGURATION 
SHORT-TERM CONDITION 
(Total Stress Parameters) 

FINAL CONFIGURATION 
LONG-TERM CONDITION 

(Effective Stress 
Parameters) 

1 1.1 (Fig. 1) 1.5 (Fig. 2) 1.1 (Fig. 3) 1.7 (Fig. 4) 
2 1.1 (Fig. 1) 2.1 (Fig. 5) 1.5 (Fig. 6) 1.6 (Fig. 7) 
3 1.1 (Fig. 1) 2.0 (Fig. 8) 1.4 (Fig. 9) 1.5 (Fig. 10) 

 

The computed factor of safety is considered to be low for Option 1 in the short-term condition. 

The factor of safety of 1.3 for short-term condition and 1.5 for long-term condition is normally 

considered for design. 
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A summary of options, their advantages and disadvantages is provided in the following table. 

OPTIONS ADVANTAGES DISADVANTAGES 
Option 1 – Excavation below water and 
toe stabilization berm construction. 
Use of rockfill in road widening section  

• Use of rockfill 
• Conventional method 

• Turbidity curtain required 
• Requires underwater 

excavation (DFO approval) 
• Requires disposal of 

excavated material 
• Extra rockfill will be required 

Option 2 – No excavation below water. 
Toe stabilization berm construction. 
Use of EPS above water level in 
shoulder of new northbound lanes 

• Use of rockfill  
• No underwater 

excavation 
• Requires lesser 

amount of EPS than 
option 3   

• Specialized equipment and 
installation procedures 
required 

• Requires filling in creek (DFO 
approval) 

Option 3 – No excavation below water 
or toe stabilization berm required. 
Use of EPS above water level in new 
northbound lanes.  Extend one layer of 
EPS into SBL 

• No/minimal rockfill 
required 

• No DFO approval 
required 

• No underwater 
excavation required 

• Filling in creek not 
required 

• Specialized equipment and 
installation procedures 
required 

• Requires larger volume of 
EPS than option 2 

• EPS pavement required for 
stages 1 and 2 of roadway 
construction 

 

Based on our analyses, options 2 and 3 are considered feasible and recommended from the 

foundation perspective.  The selection of the mitigation option depends on other parameters or facets 

that are being considered by MTO/Stantec. 

Upon consideration of schedule and to avoid further construction into the creek, option 3 was 

considered to be the preferred alternative in consultation with Stantec and was further illustrated in 

Drawings 5 to 7. 

It is considered that a monitoring program based on a total station survey of points selected at 10 m 

intervals between Sta. 19+940 and 19+970 about 4 and 10 m Rt. offsets will be sufficient to provide 

an early warning of any movements caused by the construction of the toe stabilization berm.  The 

surveys should be obtained at least three times daily (early morning, early afternoon and end of day) 

while the operation is in progress.  The relative movements of the road and fill surfaces between 

readings should be obtained. Where the movements exceed 5 mm vertically and/or horizontally, the 
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FIGURE 1 

Condition after failure 
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FIGURE 2 

Option 1: 
• Excavation in water 
• Toe stabilization berm construction 
• Rockfill in road widening section 

Step 1: During Mitigation :Excavation and toe stabilazation berm  construction completed 
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FIGURE 3 

Option 1: 
• Excavation in water 
• Toe stabilization berm construction 
• Rockfill in road widening section 

Step 2:  Final configuration (Pavement embankment in place) with  short-term condition (total stress parameters) 
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FIGURE 4 

Option 1: 
• Excavation in water 
• Toe stabilization berm construction 
• Rockfill in road widening section 

 Final configuration (Pavement embankment in place) with  long-term condition (effective  stress parameters) 
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FIGURE 5 

Option 2: 
• No Excavation in water 
• Toe stabilization berm construction 
• EPS in road widening section 

Step 1: During Mitigation :Remove existing rockfill to elevation 248.5 and toe stabilization berm  construction 
completed 
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FIGURE 6 

Option 2: 
• No Excavation in water 
• Toe stabilization berm construction 
• EPS in road widening section 

Step 2:  Final configuration (Pavement embankment in place) with  short-term condition (total stress parameters) 
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FIGURE 7 

Option 2: 
• No Excavation in water 
• Toe stabilization berm construction 
• EPS in road widening section 

 Final configuration (Pavement embankment in place) with  long-term condition (effective  stress parameters) 
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FIGURE 8 

Option 3: 
• No Excavation in water 
• No Toe stabilization berm construction 
• EPS in new northbound lanes 

Step 1: During Mitigation :Remove existing rockfill to elevation 248.5  
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FIGURE 9 

Option 3: 
• No Excavation in water 
• No Toe stabilization berm construction 
• EPS in  new northbound  lanes  

Step 2: Final configuration (Pavement embankment in place) with  short-term condition (total stress parameters) 
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FIGURE 10 

Option 3: 
• No Excavation in water 
• No Toe stabilization berm construction 
• EPS in  new northbound  lanes  

 Final configuration (Pavement embankment in place) with  long-term condition (effective stress parameters) 

1.451

CL HWY 577 (Existing)
CL HWY 577 (New)

Limit of widening

Name: Clay Fill 
Unit Weight: 19 kN/m³
Cohesion: 8 kPa
Phi: 28 °

Name: Silty Clay (Native) 
Unit Weight: 18.5 kN/m³
Cohesion: 8 kPa
Phi: 28 °

Name: Sand and Gravel Fill 
Unit Weight: 21 kN/m³
Cohesion: 0 kPa
Phi: 32 °

2H:1V

Name: EPS 
Unit Weight: 0.5 kN/m³
Cohesion: 14 kPa

3.5 m

Existing Rockfill slope

Name: Peat and organic silt 
Unit Weight: 12 kN/m³
Cohesion: 5 kPa
Phi: 2 °

Distance
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

El
ev

at
io

n

224

226

228

230

232

234

236

238

240

242

244

246

248

250

252

254

256

258

260

 



Technical Memorandum 
Meadow Creek Bridge Replacement, North Approach Embankment 
GWP 181-92-00, Index No.:  052DOC 
PML Ref.:  08TF009, November 5, 2010 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 

 
Mitigation Procedures 



Technical Memorandum 
Meadow Creek Bridge Replacement, North Approach Embankment 
GWP 181-92-00, Index No.:  052DOC 
PML Ref.:  08TF009, November 5, 2010 

 

Appendix A, Page 1 of 3 

APPENDIX A 
Meadow Creek Bridge Replacement 

North Approach Embankment 
Mitigation Procedures for Widening Section 

Site No. 39E-077 
Approximately from Sta. 19+938 to 19+970, Highway 577 

 
The procedures described in this Appendix are considered to mitigate the slope failure which 
occurred during construction of the widening of Highway 577 for the new approach embankment on 
the north margin of the Meadow Creek and east of the existing bridge. 

Option 1 – Excavation in water, toe stabilization berm construction and Rockfill in road 
widening section 
A toe stabilizing berm should be constructed over the toe of the existing rockfill slope after removing 
any organic soils present at the level of the creek bed as outlined in the table below. 

The excavated organic soils should be removed and discarded off-site.  Excavated rockfill found over 
the organic soils may be incorporated into the toe berm construction. 

The excavation and placement of the rockfill for this berm should be carried out using a backhoe 
capable of reaching the estimated maximum excavation depth of 6 m below the top of the toe berm. 
The material should be placed in layers and not end-dumped.  The placement of the rockfill must 
follow expeditiously the removal of soils from the creek bottom. 

Step 1 
Cross Section A 

Starting from the north edge of the water about Sta. 19+670, remove 
any loose or organic soils from the bottom of the creek to about 1 m 
depth within offsets ranging from about 19 to 24 m Rt. and replace with 
rockfill to elevation 248.0 (about 0.4 m above the creek level). 

Step 2 
Cross Sections B to F, 

Drawings 2 and 3 

Continue the same procedure in a southerly direction.  The width of 
the excavated soils at the toe of slope of the stabilizing berm is shown 
at each of the cross sections B to F and the off-sets and excavation 
levels are listed below at each of 6 additional stations: 

Sta. O/S Top of Berm O/S Toe of Berm 
 19+968 19 to 24 Rt. 26 Rt. 
 19+963 19 to 24 Rt. 30 Rt. 
 19+955 19 to 27 Rt. 38 Rt. 
 19+950 19 to 29 Rt. 40 Rt. 
 19+947 18 to 28 Rt. 37 Rt. 
 19+942 16 to 25 Rt. 32 Rt. 

Step 3 Only after construction of the toe berm, complete the placement of 
rockfill for the construction of the top of the approach embankment to 
the design elevation. 

Step 4 If it is required, remove the rockfill placed for the toe stabilizing above 
the creek water level.  The level of the toe stabilizing berm below the 
water level should remain at elevation 247.0, about 0.6 m below water 
level. 
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Option 2 – No excavation in water, toe stabilization berm construction and EPS in road 
widening section 
A toe stabilizing berm should be constructed over the toe of the existing rockfill slope as outlined in 
the table below. 

The placement of the rockfill for this berm should be carried out using a backhoe capable of reaching 
the estimated maximum excavation depth of 6 m below the top of the toe berm. The material should 
be placed in layers and not end-dumped.   

Step 1 
 

Starting from Sta. 19+380 northerly about Sta. 19+970, remove upper 
2.5 m layer of existing rockfill from top of embankment.  Continue 
removing rockfill to level as required but not to below 0.7 m above 
water level (elevation 248.3).  

Step 2 
Cross Section  at 

19+950 
(Drawing 4) 

Construct toe stabilizing berm, starting from the north edge of the 
water about Sta. 19+670. Continue the same procedure in a southerly 
direction in 3 m wide panels.  The typical section of the stabilizing 
berm is shown on Drawing 4, minimum width of 5.5 m at Sta. 19+950.   

Step 3 Only after construction of the toe berm, EPS installation procedures 
should be carried out in accordance with MTO Special Provision for 
the construction of the top of the approach embankment to the design 
elevation. 

Note that this option was not further developed because option 3 was selected as the preferred 
alternative. 

Option 3 – No excavation in water, No toe stabilization berm construction and EPS in new 
northbound lanes 
A. Stage 1 Roadway Construction 

Step 1 
 

Starting from Sta. 19+380 northerly about Sta. 19+970, remove upper 
2.5 m layer of existing rockfill from top of embankment.  Continue 
removing rockfill to level as required but not to below 0.7 m above 
water level (elevation 248.3).  Contractor to verify the adequacy of 
using the previously installed roadway protection along centreline of 
realigned Highway 577. 

Step 2 
Cross Sections A to F, 

Option 3,  
Drawings 6 and 7 

Remove the existing clay fill under new northbound lanes (roadway 
protection will be required) to a benched configuration to facilitate the 
EPS installation. 
For this removal refer to the design levels for EPS installation provided 
in Drawing 5. 
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Step 3 
Cross Sections A to F, 

Option 3,  
Drawings 6 and 7 

EPS installation procedures should be carried out in accordance with 
MTO Expanded Polystyrene Material Special Provision for the 
construction of the embankments.  The typical sections are shown on 
Drawings 6 and 7. 
The upper layer of EPS should be 1.2 m thick and made with 0.6 m 
thick blocks placed at 90 degrees with respect to their long dimension. 
The EPS should be placed to a maximum 10.5 m Rt offset from the 
centreline.  From the bridge north abutment to Sta. 19+944, the EPS 
should extend to the wing wall of the bridge north abutment. 

Step 4 For frost treatment taper EPS northerly in two steps from Sta. 19+965 
to Sta. 19+970.  North of Sta. 19+970 taper using OPSS Granular A 
material placed at a 12H:1V slope.   

Step 5 Complete stage 1 roadway construction. 

B. Stage 2 Roadway Construction 

Step 6 Starting from approximate Sta. 19+944 to Sta. 19+970 remove existing 
pavement and underlying clay fill to approximate elevations as follows 
at centreline. 

 Sta. Elev. Sta. Elev. 
 19+968 251.6 19+950 250.9 
 19+963 251.4 19+947 250.8 
 19+955 251.1 19+944 250.7 

Step 7 Place the EPS to an offset of 7.0 m Lt.  The EPS should be a single 
layer 1.2 m thick made with 0.6 m thick blocks placed at 90 degrees 
with respect to their long dimension. 

Step 8 Complete stage 2 roadway construction.  Northerly from Sta. 19+970 
include a frost treatment taper of the subgrade matching the stage 1 
roadway construction taper described in Step 4. 
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APPENDIX B 
Meadow Creek Bridge Replacement 

North Approach Embankment 
Mitigation Procedures for Widening Section 

Site No. 39E-077 
Approximately from Sta. 19+355 to 19+970, Highway 577 
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FIGURE B-1 
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