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1. INTRODUCTION 

This report presents the factual findings obtained from the geotechnical investigation carried out 

for the proposed replacement of culvert located at the crossing of Burying Creek and Highway 129 

(Sta. 10+000) in the Township of Langlois, Algoma District, Ontario. 

The fieldwork was carried out on December 12, 2014 and January 15, 2015. The purpose of the 

investigation was to explore the subsurface conditions expected to influence the preliminary 

design of the Burying Creek culvert replacement and to aid the designer in selecting the suitable 

type of replacement structure.  

AECOM Canada Ltd (AECOM) has retained Peto MacCallum Ltd. (PML) on behalf of the Ministry 

of Transportation Ontario (MTO) to provide preliminary foundation engineering services for the 

replacement of seven culverts on Highway 129. The scope of this project involves providing 

subsurface information for the preliminary design of the proposed Burying Creek culvert 

replacement. 

2. SITE DESCRIPTION  

The proposed replacement culvert is located approximately 71.5 km north of the intersection of 

Highway 129 and Highway 556. The topography of the project area is generally flat, except for the 

highway embankments. Burying Creek flows from Weshaygo Lake on the west side to Chene 

Lake on the east side of the Highway 129. Generally, the site surrounding the culvert is covered 

with bushes and grass. The area along the highway on both north and south sides is heavily 

wooded. 

The existing culvert is a 3.66 m span and 22 m long corrugated steel pipe arch structure with a fill 

height of 1.2 m above the crown. This culvert was constructed in 1982 and the road 

accommodates two lanes of vehicular traffic. The inlet and outlet of the culvert were snow covered 

during the fieldwork and the conditions of the embankment or culvert could not be assessed.   
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3. FIELD INVESTIGATION PROCEDURES  

The staff of PML visited the site on December 11, 2014 and January 14, 2015 to mark out the 

borehole locations. The underground services at the borehole locations were cleared by the 

respective utility companies. Public and private utility authorities were informed and all the utility 

clearance documents were obtained before the commencement of drilling work.  

The location of boreholes in the field were established by portable GPS device. Subsequently, exp 

Geomatics under contract to AECOM carried out the survey of the borehole locations and 

elevations, and provided the co-ordinates for locations in MTM NAD 83 northing and easting. PML 

used the survey data provided by AECOM for preparing this report. All elevations reported in this 

report are referred to Geodetic datum and expressed in meters. 

The equipment used for drilling was owned and operated by Landcore Drilling of Chelmsford, 

Ontario. Landcore Drilling is a specialist drilling contractor was working under the full time 

supervision of a PML field supervisor. The investigation included advancing four (4) boreholes 

numbered BC-1, BC-2, BC-3 and BC-4 to maximum depths ranging from 4.8 m to 7.6 m (El. 439.4 

to El. 436.2).  Boreholes BC-2 and BC-3 were located on the paved area of the road and these 

boreholes were advanced using solid stem augers aided by a truck-mounted D-53 drill rig. 

Boreholes BC-1 and BC-4 were located at the inlet and outlet of the culvert, respectively. These 

two boreholes were advanced using a tripod drill rig employing 75 mm diameter casings and wash 

boring method.  Location of boreholes is shown on the attached Drawing No. BC-1. 

Representative soil samples were recovered from the boreholes at 0.75 m intervals using a 

conventional 51 mm O.D split spoon sampler in accordance with the Standard Penetration Test 

(SPT) procedure. Standard penetration tests were conducted simultaneously with the sampling 

operation to assess the strength characteristics of the substrata.  

The groundwater conditions at the borehole locations were observed during the drilling by visual 

examination of the soil samples, sampler and drill rods as the samples were retrieved.  In addition, 

water level measurements were taken in open boreholes. Upon completion of drilling, the 

boreholes were backfilled with bentonite/cement grout in accordance with the MTO guidelines and 

MOE Regulation 903 for borehole abandonment procedures.  
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The recovered soil samples were returned to our laboratory for detailed visual examination, and 

index tests.  

4. LABORATORY TEST PROCEDURES 

Laboratory tests on representative SPT samples recovered during the fieldwork were carried out 

by the laboratory owned by PML, located in Toronto. The laboratory testing program included the 

following: 

 Natural moisture content determinations (23) 

 Grain size distribution analyses (5) 

The laboratory tests to determine the index properties were performed in accordance with the 

MTO test procedures, which follow American Society for Testing Materials (ASTM) test 

procedures, with the exception of hydrometer test (LS-702). The results of the grain size 

distribution analyses tests are presented in Figures BC-GS-1 to BC-GS-3. All of the test results 

are summarized on the attached Record of Borehole sheets. 

5. SITE GEOLOGY AND SUBSURFACE CONDITIONS 

5.1 Site Geology 

The project site lies in a deep valley located within Pre-Cambrian rock formations, which in this 

area consist mainly of granite and other intrusive rocks such as tonalite to granodiorite foliated to 

gneissic with minor supracrustal inclusions. During the last ice age, continental glaciers eroded 

much of the bedrock and laid down a shallow mantle of glacial debris that covered the area. 

Based on the Quaternary Geology map published by Ontario Ministry of Northern Development 

and Mines, the surface conditions in the project area consist of Glaciofluvial outwash deposits, 

which includes gravel and sand. 

5.2 Subsurface Conditions 

The subsurface conditions encountered during the course of the investigation, together with the 

field and laboratory test results are shown on the attached Record of Borehole Sheets. The 

borehole locations and stratigraphic profile sections are shown on Drawing BC-1. The boundaries 

between soil strata have been established at the borehole locations only. The boundaries of soil 

strata between and beyond the boreholes are assumed and it may vary from location to location.  
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In general, the subsoil conditions consist of 1.7 m to 2.3 m sand fill, followed by 0.9 m to 2.2 m 

peat, in three of the boreholes. Peat deposit was observed immediately below the surface in 

BC-4. This is followed by sand deposit, which extends to the maximum depth of investigation of 

7.6 m (El. 436.2). For classification purposes, the soils encountered at this site can be divided into 

four distinct zones. 

a) Pavement Structure 

b) Silty Sand, Trace to Some Gravel, (Granular Fill) 

c) Peat 

d) Sand, Trace Silt 

 Pavement Structure 

Asphalt layer, approximately 230 mm thick, was encountered in two of the boreholes (BC-2 and 

BC-3) located on the paved area. Pavement structure consists of very dense gravelly sand with 

varying proportions of sand and gravel (base). The thickness of this granular base was observed 

to be about 370 mm and extends to a depth of 600 mm (El. 443.6 to El. 443.2). The moisture 

content of the granular base layer ranged from 5% to 11%. 

 Silty Sand, Trace Gravel, (Fill) 

This granular fill layer was encountered in three of the boreholes (BC-1, BC-2 and BC-3). This fill 

layer was encountered immediately below a thin layer (200 mm) of topsoil in BC-1 and in 

Boreholes BC-2 and BC-3; it was encountered immediately below the pavement structure. This fill 

layer ranges in thickness from 1.7 m to 2.3 m, and extends to a maximum depth of 2.9 m (El. 441.3) 

below the existing grade. The SPT values in this fill layer varies from as low as 1 blows/300 mm 

to 10 blows/300 mm, indicating very loose to compact state of denseness. 

The moisture content of this fill material varies from 5.8% to 25.2% with an average value of 

18.7%. The results of the grain size distribution analyses performed on two representative 

samples from this fill layer are shown on Figure BC-GS-1. The test results reveal that the sand fill 

consists of 8% to 19% gravel, 63% to 79% sand, 12% to 17% silt.   
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 Peat 

This peat deposit immediately underlies the fill layer in Boreholes BC-1, BC-2 and BC-3.  In BC-4, 

peat deposit was encountered immediately below the surface. Peat deposit in BC-2 is laminated 

with thin seams of sand. The thickness of this peat deposit range from 0.9 m to 2.2 m, and extends 

to a maximum depth of 4.5 m (El. 439.3) below the existing grade. The SPT values in this deposit 

range from 1 blow/300 mm to 5 blows/300 mm. As expected, moisture content of this deposit varies 

widely from 32% to as high as 327%.    

 Sand, Trace Silt 

The peat deposit is immediately underlain by this sand layer, which extends to the maximum depth 

of investigation of 7.6 m (El. 436.2). The SPT values in this deposit range from as low 

as 1 blow/300 mm to 27 blows/300 mm, indicating very loose to compact state of compaction. 

Presence of organics near the top of this layer were also observed. Occasional cobbles were 

encountered near the termination depths of the boreholes, which is reflected by the high SPT 

values.  

The moisture content of samples tested from this layer varied from 13.7% to as high as 65.9%. 

The results of the sieve analysis test performed on two representative samples from this deposit 

are provided on Figure BC-GS-2. The test results indicate that this deposit consists of 0% gravel, 

77% to 98% sand, 2% to 23% silt.   

 Groundwater 

The groundwater was observed during and upon completion of drilling. The groundwater levels 

were measured at a depth of 2.0 m to 2.1 m (El. 442.1 to El. 441.8), below the existing grade of 

the road.  However, it was observed at a depth of 600 mm (El. 441.2) below the ground surface of 

the inlet and outlet.   

The groundwater level may fluctuate due to the influence of precipitation and seasonal changes. 
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Photograph P1: Looking south-east at the location of Borehole BC-1.  
(January 15, 2015)  

 

Photograph P2: Looking south-west at the location of Borehole BC-2. The outlet 
of the existing CSP culvert is visible. (December 12, 2014)  
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Photograph P3: Looking north from Highway 129 northbound lane shoulder. 
Borehole BC-3 advanced using a truck-mounted drill rig. (December 12, 2014)  

 

Photograph P4: Looking southeast from Highway 129 northbound lane shoulder. 
Borehole BC4 was drilled at northeast of the culvert outlet. (January 15, 2015) 
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APPENDIX B 

Borehole Locations Plan and Soil Strata at Burying Creek Culvert 

Explanation of Terms Used in Report 

Record of Borehole Sheets  

Results of Grain Size Distribution Analyses – Figures BC-GS-1 and BC-GS-2 
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7. INTRODUCTION 

This report provides preliminary foundation design recommendations based on interpretation of the 

geotechnical data presented in the factual report (Part A) to assist the design team in the selection of 

a suitable type of foundation for the culvert replacement at the crossing of Highway 129 and Burying 

Creek in the Township of Langlois, District of Algoma.  

This foundation design report with the interpretation and recommendations are intended for the use 

of AECOM Canada Ltd on behalf of the Ministry of Transportation, and shall not be used or relied 

upon for any other purposes or by any other parties including the construction or design-build 

contractor. The contractors must make their own interpretation based on the factual data in Part A of 

the report. Where comments are made on construction, they are provided only to highlight those 

aspects, which could affect the design of the project. Contractors must make their own interpretation 

of the factual information provided in Part A of the report, as it may affect equipment selection, 

proposed construction methods and scheduling. 

8. PROJECT DESCRIPTION  

8.1 General   

The discussions and recommendations presented in this report are based on the GA received by 

PML and the factual data obtained during the preliminary geotechnical investigation carried out by 

PML.  Based on the General Arrangement drawings (GA) provided by AECOM, it is proposed to 

replace the existing culvert with a 4.2 m wide and 3.0 m high precast concrete box culvert. 

8.2 Existing Culvert 

The proposed culvert to be replaced is located at the crossing of Burying Creek and Highway 129 

(Sta. 10+000). The existing culvert is a 3.66 m span and 22 m long corrugated steel pipe arch 

structure with a fill height of 1.2 m above the crown. Based on the GA drawing provided by AECOM, 

the invert of the existing culvert at the centerline of Highway 129 (Sta. 10+000) is located at 

approximate elevation of El. 439.21 and the embankment above the creek bed is approximately 
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4.7 m high. There is no riprap on either side of the creek, i.e., inlet or outlet, to protect against scour 

or erosion. A review of the Google Earth Map indicates that the toe of the embankment on both 

sides of the culvert is eroded and undermined. The inlet side of the culvert has been eroded 

severely, which appears to be resulting in flow of water through the embankment fill.       

8.3 Proposed Culvert 

The RFP specifies that the viability of the following three options required to be evaluated for 

replacing the existing culvert along the same vertical and horizontal alignments: 

 Replacement with a precast concrete box culvert, 

 Replacement with a cast-in-place concrete box culvert, and  

 Replacement with a three sided open footing concrete culvert. 

The GA drawing provided by AECOM indicate that the proposed replacement structure will be a 

24.0 m long precast concrete box culvert with an opening size of 4.2 m in span, 3.0 m in rise and a 

wall thicknesses of 300 mm. The proposed replacement culvert is 2.0 m longer than the existing and 

does not include headwalls or wing walls on the GA provided to PML. The proposed invert of the box 

culvert slopes from about El. 439.37 at the inlet to an elevation of El. 438.97 at the outlet. The 

founding level of the subgrade at the inlet and outlet is proposed to be at El. 438.77 and El. 438.37, 

respectively. It is proposed to construct the replacement culvert along the same vertical and 

horizontal alignment and grade of the road at the culvert location will be maintained at the existing 

elevation of El. 444.07, which will result in fill height, including the pavement structure, of 1.8 m 

above the box culvert.   

We understand that there is no local detour available to divert the traffic and the construction of the 

replacement culvert will be carried out in two stages by allowing the traffic to use one side of the 

highway.  A properly designed temporary roadway protection along the centerline of the road will be 

required.   

8.4 Structure Foundation 

In summary, the subsurface stratigraphy at the proposed culvert generally consists of 1.7 m to 2.3 m 

sand fill, followed by 0.9 m to 2.2 m peat, in three of the boreholes. Peat deposit was observed 

immediately below the surface in Borehole BC-4 located near the outlet. The peat in BC-4 is 

followed by sand deposit, which extends to the maximum depth of investigation of 7.6 m (436.2). 
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The groundwater level was observed between El. 441.2 and at El. 442.1 during the fieldwork.  

However, the GA drawing indicate an approximate creek water level of El. 440.0 in September 2014, 

which is about 1.2 m to 2.1 m lower than the groundwater level observed during the investigation.   

Considering the subsoil conditions, the recommendations for the replacement culvert are provided 

below in the order of preference. A comparison of the technical advantages and disadvantages for 

the replacement culvert are presented in Appendix D. The discussions with AECOM suggests that 

option of using a pipe culvert need not be considered. Therefore, this report does not include any 

discussion on the option of using a pipe culvert.  

 Option 1: Precast Concrete Box Culvert 

Based on the GA drawing, it is assumed that the precast box culvert will be placed at about elevation 

El. 438 6±. The subsoil conditions below the proposed founding level is capable of supporting a 

concrete box culvert. The option of a precast box culvert will require at least 75 mm of levelling 

course meeting the requirement of OPSS 422.07.08 and bedding material as specified in 

OPSS 422.05.13. The bedding for the replacement culvert should be placed in accordance with 

Section 422.07.07 of OPSS 422. 

As required by Clauses 1.9.5.6 and 1.9.11.6.5 of Canadian Highway Bridge Design Code (CHBDC, 

2014), cut-off walls at both ends of the culvert shall be provided. Cut-off walls shall be in accordance 

with OPSD 812.010 or made of precast concrete with similar dimensions to prevent washout of 

granular bedding with provision to protect the loose sandy subgrade material below invert.  For the 

design of the 4.8 m wide precast box culvert, a maximum geotechnical resistance of 180 kPa at ULS 

and 120 kPa at SLS is recommended. The design of cut-off wall shall meet the requirements of 

Clauses 1.9.5.6 and 1.9.11.6.5 of CHBDC, 2014.  

The grade of the road is expected to be maintained at the existing elevation. Therefore, there will be 

no additional load on the culvert to induce settlement. Considering the thickness (1.6 m to 2.4 m) of 

sandy material and the probable bedrock below the invert, the total settlement induced by the 

bearing resistance at SLS recommended will be about 15 mm to 20 mm and most of the settlement 

will occur upon completion of construction. Continuing settlements to cause any differential 

settlements will be negligible.     



Part B – Preliminary Foundation Design Report 
Burying Creek Culvert Replacement, Highway 129, Township of Langlois, Algoma District, Ontario  
GWP 5222-05-00, WP 5225-05-01, Site No. 46-002/C, Index No.:070FDR 
PML Ref.: 14TF038, September 27, 2016, Page 10 
 

 

 

 Option 2: Cast-in-Place Reinforced Concrete Box Culvert  

The existing sandy material below the proposed founding surface will require a cut-off wall to prevent 

washout. In addition, the weight of the cast-in-place concrete culvert will induce substantial 

settlement compared to precast concrete box culvert and construction under 3.5 m of ground water 

will impose greater difficulties for construction in dry conditions. If this option is considered, the 

overburden material above the probable bedrock requires excavation and replacement with 

approximately 3.5 m thick lean concrete from the probable bedrock elevation (El. 436.2) to the 

founding level of the box culvert. The precast concrete box culvert may be designed using a 

maximum geotechnical resistance of 500 kPa if the structure is founded on a concrete working slab 

placed on the probable bedrock. For poor constructability reasons, this option is not preferred.  

 Option 3: Three-Sided Open Precast Concrete Culvert on Strip Footing  

The loose sandy material encountered below the proposed founding level of the replacement culvert 

is susceptible for scour. Section C1.9.11.1 of the Canadian Highway Bridge Design Code 

commentary (CHBDC, 2014) suggests avoiding placing open footing on material that is susceptible 

to scour. Same as in Option 2, all the loose sandy material above the probable bedrock within the 

width of the strip footing need to be removed and replaced with lean concrete to the elevation of 

founding level. This will allow maintaining part of the streambed compared to Options 1 and 2. It is 

recommended that the footings for the open culvert be placed at or below El. 438.6 on a concrete 

working slab placed on probable bedrock at El. 436.2, and designed using a maximum geotechnical 

resistance of 500 kPa at ULS.  

Geotechnical resistance or the bearing pressure at SLS will not govern because of the material at 

the founding elevation as recommended and the load expected from the proposed culvert. The load 

required to produce detrimental settlement of the structure will be much larger than the 

recommended value for factored geotechnical resistance at ULS. If Options 2 and 3 are considered, 

additional investigation will be required to establish the bedrock elevation.   
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 Recommended Option for Culvert Replacement 

From a geotechnical perspective and based on the subsurface conditions, precast concrete box 

culvert placed at about El 438.6 is the preferred option for the replacement of the existing culvert.  

Option 2 and 3 are technically feasible. However, considering the construction difficulties and cost of 

replacement of loose sandy material with concrete, these options are not recommended.    

  Lateral Earth Pressure 

Earth pressure for the concrete structure should be computed as per the Clause 6.12.2 (b) of Canadian 

Highway Bridge Design Code (CHBDC, 2014). Sufficient movement of the structure wall may not be 

permitted for all three options and “at rest” conditions may be assumed for the calculation of earth 

pressure. The earth pressure calculation should include maximum water level expected in the creek. 

The lateral earth and water pressure, p (kPa), may be computed using the equivalent fluid pressures 

presented in Section 6.12 of the CHBDC, 2014 or employing the following equation assuming a 

triangular pressure distribution. 

 P = K (h1 + 'h2 + q) + wh2 + Cp + Cs 

Where, P  = lateral earth pressure (kPa)  

 K = lateral earth pressure coefficient 

  = unit weight of backfill material above design water level (kN/m3) 

 ' = unit weight of submerged backfill   ( - w) material below design water level (kN/m3) 

 w = unit weight of water (9.8 kN/m3)  

 h1 = depth below final grade (m), above design water level 

 h2 = depth below design water level (m) 

 q = surcharge load (kPa) 

 Cp = compaction pressure (refer to Clause 6.12.3 of CHBDC, 2014) 

 Cs = earth pressure induced by seismic events, kPa (refer to Clause 4.6.5 of CHBDC, 

2014) 

Where  Ø = angle of internal friction of retained soil (35º for Granular A or 30º for Granular B Type II) 

  = angle of friction between soil and wall (24º for Granular A or B Type II) 

The seismic site coefficient for the conditions at this site is provided in Section 10 of this report.  

Granular ‘A’ or ‘B’ should be utilized as backfill material and should be carried out in accordance with 

the requirements specified in the OPSS 902. The following parameters are recommended for the 

granular backfill:  
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Table 8.4.5: Recommended Geotechnical Parameters 

Geotechnical Parameter Granular ‘A’  Granular B Type II 

Angle of Internal Friction, degrees 35° 30° 

Unit Weight, kN/m3 22.5± 0.3 21.5 ± 0.3 

Coefficient of Active Earth Pressure (Ka) 0.27 0.33 

Coefficient of Earth Pressure at Rest (Ko)  0.43 0.5 

Coefficient of Passive Earth Pressure (Kp)  3.69 3 

Backfill shall be placed simultaneously behind both sides of the culvert, maintaining the height of backfill 

approximately the same. At no time should the difference in backfill elevation from one side to the other 

be greater than 500 mm.  

8.5 Approach Embankment 

The height of the existing approach fill is approximately 4.7 m above the creek bed. PML 

understands that there will be no increase in the profile grade of the road and it will be maintained at 

El. 440.07. No major instability problems are anticipated for the embankment constructed with 2H:1V 

side slope. Considering the high water level, the fill should consist of well compacted granular 

material, preferably Granular B Type II. Any spongy or soft area observed within the base of the 

embankment should be removed before placing the fill.  Rip-rap should be provided on both the 

upstream and downstream sides of the creek to protect the toe of the embankments and to prevent 

erosion of creek bed in the proximity of the culvert. Rip-rap shall be in accordance with 

OPSD 810.010 and provided to a minimum height of 1.0 m above the high flood level expected in 

the creek. 

9. FOUNDATION FROST DEPTH 

In accordance with OPSD 3090.101, a minimum of 2.3 m earth cover is required to protect against 

the foundation frost penetration in the area where the site is located.   

Frost tapers within the granular backfill should be constructed in accordance with OPSD 3101.150. 

The frost penetration depth, f, is measured from the top of the grade to the bottom of the footing. 
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10. SEISMIC CONSIDERATIONS  

The reference Peak Ground Acceleration (PGA) for the project site is 0.036 based on the Town of 

Chapleau, Ontario (National Building Code of Canada, 2015). The soil at this site for seismic design 

purposes is classified as Type D in accordance with Clause 4.4.3.2, CHBDC 2014.  

10.1 Cover and Backfill   

Backfill materials shall meet the requirements of Group I, or Group II specified in OPSS 422.05.14, 

Table 1 and placed according to the procedures described in Section 422.07.11.  It shall be placed 

in layers not exceeding 200 mm in thickness before compaction and compacted in accordance with 

OPSS 501. Backfill on each side of the box culvert shall be completed simultaneously and at no 

time, the levels on each side of the culvert exceeds more than 400 mm.  Restrictions on compaction 

near the culvert shall be as specified in OPSS 902.07.06.02.     

Cover material shall meet the requirements of OPSS 422.05.14 and placed in accordance with 

OPSS 422.07.12.   

11. CONSTRUCTION CONSIDERATIONS 

11.1 Excavation 

Staged construction with a roadway protection system will be required to remove the existing culvert 

and to install the new culvert while maintaining traffic on Highway 129. Surface water should be 

diverted away from open excavations and all excavations should be carried out in accordance with 

the Occupational Health and Safety Act (OHSA) and MTO Regulations for Construction Projects. 

The protection system for excavations should be in accordance with OPSS 539, Construction 

Specification for Temporary Protection Systems, and OPSS 902, Construction Specifications for 

Excavating and Backfilling – Structures. Excavated material shall not be stockpiled on top of the 

excavation 

Based on the record of boreholes, the excavations for the construction of replacement culvert will be 

advanced through existing granular fill material underlain by native sandy deposit. For OHSA 

classification purposes, the fill materials and loose sandy deposit should be classified as Type 3 

soils. For excavations through multiple soil types, the side slope geometry is governed by the soil 

with the highest number designation. 
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11.2 Staged Construction 

The construction of culvert replacement is expected to be carried out in two stages. The subsoil 

conditions encountered at this site and probable bedrock at shallow depth will impose greater difficulty 

to design and construct a shoring system to maintain traffic on Highway 129. A shoring system 

consisting of sheet pile wall may not be feasible and the soldier piles with timber lagging may have to 

be used.  The soldier piles will have to be lowered in pre-augured boreholes to adequate depth to 

provide lateral resistance and to minimise the lateral movement. Alternatively, shoring system 

consisting of soldier piles may be supported by rock anchors. This type of shoring system will be very 

costly for the type of proposed structure.  

Temporary roadway protection shall be designed to meet a Performance Level of 2 and constructed 

in accordance with OPSS 539 (Temporary Protection Systems).  

12. GROUNDWATER CONTROL 

The groundwater level was encountered between El. 441.2 and El. 442.1 and the excavation to the 

founding level will have to be carried out under 3.5 m high water level The groundwater level should 

be lowered to a minimum of 0.5 m below the proposed founding levels to allow for construction in the 

dry and to place bedding materials. 

The creek may have to be temporarily diverted and a cofferdam may be required due to the 

relatively pervious nature of the subsoil. Coffer dam with sheet pile may not be feasible at this site. 

Therefore, coffer dam consisting of sand bags and clay puddle may be constructed by damming the 

upstream and downstream of the culvert. Dewatering may be carried out from the sumps located 

along the periphery of the coffer dam. If any environmental restrictions are imposed on placing clay 

puddle in the lake, the culvert replacement may have to be constructed under the prevailing water 

level. If the construction is carried out under water, the backfill material shall consist of Granular B 

Type II containing particle sizes not finer than 75 µm. 

The contractor shall be responsible for the selection, performance and detailed design of the 

dewatering system including the cofferdam. The dewatering system should be designed to conform 

to the requirement of OPSS 517 (Construction Specification for Dewatering of Pipeline, Utility, and 

Associated Structure Excavation) and OPSS 518 (Construction Specification for Control of Water 

from Dewatering Operations) in addition to the NSSP provided in Appendix E. 
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APPENDIX C 

General Arrangement Drawing 
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APPENDIX D 

Comparison of Alternate Culvert Options
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Comparison of Alternate Culvert Options 

Option 1: Precast Concrete Box Culvert 
Option 2: Cast In-Place Concrete Box 

Culvert 
Option 3: Three-Sided Open Culvert 

Advantages: 
1. High degree of quality and uniformity, 

design flexibility, superior strength and 
durability 

2. Reduced weather dependency during 
installation 

3. Reduced impact on traffic interruption 
4. Ease of construction and installation in wet 

conditions is possible 

Advantages: 

1. Reduces uneven settlement 

2. Reduces water leakage and deterioration 

of culvert 

3. Ability to withstand differential settlements 

4. Longer life span of the structure 

5. Degradation of subgrade can be avoided  

6. Replacing of overburden with concrete can 

be done under water using tremie     

Advantages: 
1. Generally, allows for natural streambed to 

remain intact 
2. Less accumulation of sediments in the 

upstream of channel  
3. Permits the removal of overburden within 

the width of footing  
4. Lower cost than other options for removal 

of overburden and to replace with lean 
concrete 

5. High geotechnical resistance available to 
support the culvert on strip footings 

6. Ease of installation for precast open culvert 
7. Natural stream bed may be maintained   

Disadvantages: 
1. Natural stream bed will not remain intact 
2. Cause sediment accumulation in the 

upstream of the channel 

3. Higher cost for removal of overburden 
below groundwater level 

4. Possibility for degradation of subgrade  
 

Disadvantages: 
1. Natural stream bed will not remain intact 
2. Cause sediments accumulation in the 

upstream of the channel 
3. Higher cost for removal of overburden and 

replace with lean concrete  
4. Weather dependent during construction 
5. Major dewatering scheme is required to 

construct the floor slab under 3.5 m high 
water 

 

Disadvantages: 
1. Increased impact on commuting and 

longer interruption of traffic 
2. Weather dependent during construction 

 

Cost of Construction: 
Total Cost $ 13,000/m    

Cost of Construction: 
Total Cost $ 15,000/m    

Cost of Construction: 
Total Cost $ 14,000/m    

Recommended 
Technically Feasible but Not 

Recommended 
Technically Feasible but Not 

Recommended 
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APPENDIX E 

List of Standard Specifications Relevant to Report  

Non-Standard Special Provisions (NSSP) 
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LIST OF STANDARD SPECIFICATIONS RELEVANT TO REPORT 

DOCUMENT TITLE 

OPSS 422 
Construction Specification for Precast Reinforced Concrete Box Culverts 
and Box Sewers in Open Cut 

OPSS 501 Construction Specification for Compacting 

OPSS 511 
Construction Specification for Rip-Rap, Rock Protection, and Granular 
Sheeting 

OPSS 517 
Construction Specification for Dewatering of Pipeline, Utility, and 
Associated Structure Excavation 

OPSS 518 
Construction Specification for Control of Water from Dewatering 
Operations 

OPSS 539 Temporary Protection Systems 

OPSS 902 Excavation and Backfilling of Structures 

OPSS.PROV 1010 
Material Specification for Aggregates - Base, Subbase, Select Subgrade, 
and Backfill Material 

OPSS.PROV 1004  Material Specification for Aggregates - Miscellaneous 

OPSS1860 Material Specification for Geotextiles 

OPSD 810-010 General Rip-Rap Layout Sewer and Culvert Outlets 

OPSD 3090.101 Foundation, Frost Penetration depths for Southern Ontario 

OPSD 3121.150 Walls, Retaining, Backfill, Minimum Granular Requirement 
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NON-STANDARD SPECIAL PROVISIONS (NSSP) 

NSSP – Surface Water Control and Dewatering (Addition to OPSS 518)  

The Contractor shall take measures for necessary surface water diversions and drainage and to 

lower the prevailing groundwater level a minimum of 0.5 m below the base of the excavations for 

work in-the-dry in overburden and to the bedrock surface for work in-the-dry in bedrock, if 

applicable.  

In view of the relatively pervious subsoil conditions encountered at this site, the dewatering design 

and the implementation should prevent unsafe conditions, such as sloughing and boiling under 

unbalanced groundwater conditions.  Although the Contractor shall be responsible for designing 

and implementing measures for surface water control and dewatering, the Contractor is also 

advised that damming of the drain and diversion of the flow by pumping through temporary 

conduits for construction staging will likely be required at this site.   

NSSP – Installation of Shoring Of Roadway Protection (Addition to OPSS 539) 

The Contractor is advised that cobbles and/or boulders may be encountered during the installation 

of shoring elements and during excavation of the embankment.  The Contractor shall select and 

use the appropriate methods for shoring installation and excavations to account for such possible 

obstructions. 
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