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FOUNDATION INVESTIGATION REPORT 

For 

G.W.P 3055-03-00 

 

Highway 24 – Alder Creek Culvert Partial Replacement and Rehabilitation 

Station 11+650 

Site No. 33-489/C 

Township of North Dumfries 

1.0 Introduction 

Stantec Consulting Ltd. (Stantec) was retained by the Ministry of Transportation, Ontario (MTO) 

to undertake the detailed design for resurfacing of Highway 24 from 0.3 km north of Glen Morris 

Road northerly to 0.33 km south of Footbridge Road and from 0.23 km north of Footbridge Road 

northerly to the south limits of Cambridge.  This project also includes the partial replacement 

and rehabilitation of the existing Alder Creek Culvert (Site No. 33-489-C) at approximate Station 

11+650 on Highway 24, south of the Town of Cambridge, in the Township of North Dumfries, 

Ontario. 

This Foundation Investigation Report has been prepared specifically and solely for the partial 

replacement and rehabilitation of the Alder Creek Culvert. 

2.0 Site Description and Geology 

Site Location 

The site location is shown on the Key Plan inset to Drawing No. 1, provided in Appendix A.  The 

existing Alder Creek Culvert crosses beneath Highway 24 at Station 11+650, approximately 100 

m south of Maple Manor Road East.   

General Site Description 

It is noted that Highway 24 runs approximately north-south at the project location with chainage 

increasing from south to north.  In the vicinity of the culvert, Highway 24 has a two lane rural 

cross-section with approximately 3 m wide shoulders (see Photo 1 in Appendix A).   

Alder Creek flows to the Grand River which is located approximately 80 m west of Highway 24.  

A recreational trail (part of the Grand River Trail System) runs along a former railway 

embankment approximately 25 m west of and parallel to Highway 24.  The top of the trail 

embankment is approximately 4 m wide and has a gravel surface (Photo No. 2 in Appendix A).  

The trail embankment has side slopes of approximately 2H:1V. 
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The Alder Creek Culvert extends in an east-west orientation from the east side of Highway 24 to 

the west side of the recreational trail. 

Drainage of the highway is provided via ditches leading to the culvert at the inlet and to an 

opening in the side of the culvert between Highway 24 and the recreational trail. 

At the inlet of the culvert (east end), the Highway 24 paved surface is approximately 3.8 m 

higher than streambed and the embankment has 2.5H:1V side slopes.  At the west side of 

Highway 24, the embankment is approximately 1.1 m high above the top of the culvert with a 

side slope of 2H:1V.    

The area between Highway 24 and the recreational trail is covered with brush and small trees 

(see Photos No 1 and 3 in Appendix A).  

Existing Culvert 

The existing culvert consists of three sections:  

1. The original culvert constructed to support the former railway and consisting of a 27.1 m 

long rigid frame open footing concrete culvert with encased steel beams. This section 

extends beneath the trail embankment and terminates approximately 1.5 m west of the 

centerline of Highway 24.  This section has an approximate span of 3.1 m and a height 

of approximately 1.8 m.  It is understood that the footings for this culvert are at elevation 

252.1 m.  This section of the culvert has been identified as requiring replacement. 

2. The first extension consisting of an 8.7 m long non-rigid frame open footing concrete 

culvert which abuts the east (inlet) end of the original culvert. 

3. The second extension consisting of a 7 m long concrete rigid frame box culvert 

constructed in 1990 at the east (inlet) end of the first extension. It is understood that the 

second extension has a span of 3.05 m and an interior height of 1.85 m. 

The approximate alignment of the existing culvert is shown on Drawing No. 1 in Appendix A.  

Flow in the culvert is from east to west, toward the Grand River. 

The outlet of the culvert is visible at the base of the trail embankment on the west side, 

approximately 2.1 m below the trail surface (see Photo 4 in Appendix A).  Signs of erosion and 

concrete deterioration of the underside of the culvert are visible on the south side of the outlet.  

A concrete headwall is present at the outlet. 

Physiographic Description 

The site is located within a physiographic region known as the Waterloo Hills Region (Chapman 

and Putnam, 1984).  In this region, the surface is generally composed of sandy hills, some of 

them being ridges of sandy till.  The extensive area adjoining the hilly regions forms the alluvial 

terraces of the Grand River spillway. This area is relatively flat and contains similar but more 

uniform sandy and gravelly materials.  
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Drainage is generally toward the west toward the Grand River.  In the immediate vicinity of the 

site, drainage is provided via drainage ditches and culverts. 

3.0 Method of Investigation 

3.1 DRILLING INVESTIGATION 

A field investigation consisting of five boreholes was carried out for this assignment. The 

boreholes were designated BH10-1 through BH10-5 and their locations are shown on the 

Borehole Location Plan, Drawing No.1 in Appendix A.   

Prior to carrying out the investigation, Stantec contacted the public utility authorities to clear the 

borehole locations of public utilities.  

The field drilling program was carried out from November 30 to December 2, 2010.  Three 

boreholes (BH10-1, BH10-2 and BH10-4) were advanced with solid-stem augers using a truck 

mounted Dietrich D-90 drill rig equipped for soil and bedrock sampling.   BH10-3 was advanced 

with the same drill rig but with a hollow-stem auger.  BH10-5 was advanced using portable 

drilling equipment having drive and flush casing.  Both drill rigs were owned and operated by 

Walker Drilling Ltd. of Utopia, Ontario.   

The subsurface stratigraphy encountered in each borehole was recorded in the field by an 

experienced Stantec Field Technologist. Split spoon samples were collected at regularly spaced 

intervals (typically every 760 mm) during the course of Standard Penetration Testing (ASTM 

D1586).  All samples recovered were returned to Stantec’s Ottawa laboratory for detailed 

classification and testing.  Boreholes were backfilled with auger cuttings mixed with bentonite 

and road holes were topped with cold patch asphalt. 

3.2 SURVEY 

Borehole locations were established in the field by Stantec personnel relative to the centerline of 

the existing alignment and the existing culvert. The ground surface elevation at each borehole 

location was surveyed by Stantec personnel with reference to a Geodetic Benchmark provided 

by MTO.  The benchmark was located at the top of the northwest concrete headwall of the 

outlet at Station 11+650.4, approximately 28.5 m west of Highway 24 centerline. The Geodetic 

elevation of this benchmark is reported to be 256.029 m.   Table 3-1 summarizes the borehole 

information. 
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Table 3.1:  Borehole Summary 

 Boreholes 

BH10-1 BH10-2 BH10-3 BH10-4 BH10-5 

MTM Zone 10 Coordinates 

Northing 

Easting 

 

4796848.1 

239160.1 

 

4796840.1 

239152.9 

 

4796841.1 

239134.2 

 

4796851.0 

239134.3 

 

4796851.5 

239125.7 

Station 11+651.4 11+643.3 11+643.9 11+654.5 11+655.0 

Offset 2.0 m RT 5.3 m Lt 24.7 m LT 24.4 m LT 33.2 m LT 

Ground Surface Elevation, m 257.5 257.1 256.9 256.9 254.6 

Total Depth Drilled, m 9.4 9.8 9.1 8.9 2.9 

End of Borehole Elevation, m 248.1 247.4 247.7 248.0 251.7 

Depth Augered, m 9.4 9.8 9.1 5.2 2.9 

Number of Soil Samples 10 11 10 6* 5 

Depth Cored, m 0 0 0 3.7* 0 

*Three NQ-size cores were retrieved from a boulder(s) in addition to the six soil samples within 

the overburden. 

3.3 LABORATORY TESTING 

All samples were taken to our Ottawa laboratory where they were subjected to a detailed visual 

examination by a Geotechnical Engineer. Selected soil samples underwent plasticity testing (2 

samples), gradation analysis (16 samples) and moisture content testing (21 samples).  Two 

samples were submitted to Parcel Laboratories of Ottawa for analysis of pH, soluble sulphate 

content, chloride content and resistivity.    

Samples remaining after testing will be placed in storage for a period of one year after issuance 

of the final report. After the storage period, the samples will be discarded unless we are directed 

otherwise by MTO. 

4.0 Subsurface Conditions 

4.1 SUBSURFACE PROFILE 

The subsurface conditions observed in the boreholes are presented in detail on the Borehole 

Records provided in Appendix B.  An explanation of the symbols and terms used to describe the 

Borehole Records is also provided.  

In general, the subsurface stratigraphy consisted of a pavement structure over a silty sand with 

gravel fill material overlying a silty sand with gravel to silty gravel with sand till deposit. 
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Borehole location plans and stratigraphic sections of the soils encountered within the boreholes 

are provided on Drawing No. 1 and 2 in Appendix A.  

4.1.1 Pavement Structure 

The pavement structure observed in Borehole BH10-1 consisted of the following 

HM Asphalt  200 mm 

PCC Concrete  150 mm 

Base Gravel  none observed 

The shoulder granular fill material observed in Borehole BH10-2 was 0.9 m thick.  A grain size 

distribution test was carried out on a sample of the shoulder granular fill, indicating the following 

composition 

 32% Gravel 

 58% Sand 

 10% Fines (silt and clay size particles) 

 

This material is classified as a well graded sand with silt and gravel (SW-SM); a grain size 

distribution curve is presented on Figure 1 in Appendix C. 

4.1.2 Highway Embankment Fill 

The highway embankment fill extends to 4.0 m below the road profile (to elevation 253.1 m to 

253.4 m) and generally consists of a silty sand with gravel (SM). 

The results of moisture content and grain size distribution tests carried out on the highway 

embankment fill are summarized below. 

 0 to 34% Gravel 

 42 to 51% Sand 

 24 to 55% Fines (silt and clay size particles) 

 Moisture Content 8 to 27% 

 

The higher moisture content and fines content observed are associated with a sandy silt pocket 

noted in BH10-2.  The grain size distribution curves are plotted on Figure 2 in Appendix C. 

Standard Penetration Test (STP) N-values observed within the highway embankment fill ranged 

from 4 to 35 blows per 0.3 m  suggesting variable states of compactness ranging from loose to 

dense. 

Atterberg limits tests on one representative sample from the embankment fill indicated that the 

fill was non-plastic. 
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Organic Layer 

It is noted that an approximately 100 mm thick layer of organic material consisting of dark brown 

sandy silt with plant remains was encountered beneath the shoulder granular fill in BH10-2 and 

immediately beneath the embankment fill in BH10-1 and BH10-2.  Moisture content testing on 

one sample of this material yielded a value of 48%.  The latter organic material was likely left in 

place during the placement of the embankment. 

4.1.3 Granular Railway Ballast 

Approximately 1.0 m of granular fill associated with the former railway was encountered beneath 

the recreational trail in BH10-3 and BH10-4 (extending to elevation 255.7 m to 256.0 m).  One 

SPT N-value measurement in this layer indicated 39 blows per 0.3 m, suggesting a dense state.  

One representative sample obtained from this layer revealed the following:   

 59% Gravel 

 33% Sand 

 8% Fines (silt and clay size particles) 

 Moisture content 4% 
 

According to USCS, the material can be classified as poorly graded gravel with silt and sand 

(GP-GM).  The grain size distribution test result for this material is provided in Figure 3 in 

Appendix C.  

4.1.4 Recreational Trail Embankment Fill 

Embankment fill material was encountered immediately beneath the railway ballast in BH10-3 

and BH10-4.  The thickness of the embankment fill was 1.4 to 2.2 m (extending to elevation 

253.8 m to 254.3 m).  The SPT N-values for this layer ranged between 5 and 17 blows per 0.3 

m suggesting a loose to compact state.  Three representative soil samples retrieved from this 

layer revealed the following results: 

 0% to 4% Gravel 

 20 to 36% Sand 

 61 to 80% Fines (silt and clay size particles) 

 Moisture Content 14 to 18% 
 

The material can be classified as sandy silt with gravel (ML). The grain size distribution test 

results for this material are provided in Figure 4 in Appendix C.  

 An Atterberg Limits test conducted on one cohesive sample from this fill layer indicated a 

plasticity index of 8% suggesting low plasticity (Figure 6 in Appendix C). 

4.1.5 Topsoil 

Approximately 300 mm of brown sandy silt topsoil was encountered at the ground surface in 

BH10-5.  The bottom elevation of the topsoil was approximately 254.3 m.  A 100 mm thick 
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sandy silt with organic material was noted beneath the fill in BH10-3.  Testing on samples from 

BH10-3 revealed: 

 0% Gravel 

 44% Sand 

 56% Fines (silt and clay size particles) 

 Moisture Content 21 to 24% 
 

4.1.6 Silty Gravel with Sand to Silty Sand with Gravel Till 

A deposit of silty gravel with sand (GM) to silty sand with gravel (SM) was encountered beneath 

the fill layers in BH10-4 and beneath the topsoil and organic layers in BH10-1, BH10-2, BH10-3 

and  BH10-5.  The top elevation of this deposit ranged between 253.0 to 254.3 m.  The 

boreholes penetrated into the till to depths ranging from 2.6 m (BH10-5) to 6.3 m (BH10-4).  It is 

noted that drilling was terminated in this layer at all borehole locations at elevation between 

251.7 m and 247.4 m and hence the actual thickness for the till deposit was not established.  It 

is further noted that frequent cobbles and boulders were encountered within this deposit. 

The SPT N-values for this deposit ranged between 16 blows per 0.3 m to well over 100 (split-

spoon refusal) suggesting a compact to very dense state.  Testing on seven representative 

samples obtained from this layer revealed the following: 

 18 to 56% Gravel 

 31 to 63% Sand 

 12 to 51% Fines (silt and clay size particles) 

 Moisture Content 8 to 14%  

Representative grain size distribution plots for this material are indicated on Figure 5 in 

Appendix C. 

Two soil samples retrieved immediately beneath the existing fill at the site were submitted to 

Paracel Laboratories in Ottawa, Ontario, for analysis of pH, water soluble sulphate and chloride 

concentrations, and resistivity.  The analysis results are provided in Table 4.1. 

Table 4.1: Results of Chemical Analysis 

Borehole No Sample No. 
Depth 

(m) 
pH 

Chloride 

(µg/g) 

Sulphate 

(µg/g) 

Resistivity 

(Ohm-m) 

BH10-2 SS6 3.8 to 4.4 7.69 264 9 20.4 

BH10-4 SS4 3.1 to 3.7 7.89 30 7 55.6 

 

4.2 BEDROCK 

Bedrock was not encountered within the depth of exploration of this investigation.  
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4.3 GROUNDWATER 

Groundwater was encountered in all the boreholes at the time of drilling, between November 30 

and December 2, 2010.  The observed groundwater levels are summarized in Table 4.2 as 

“inferred” groundwater level.   

Table 4.2: Inferred Groundwater Levels (time of drilling) 

Borehole No 
Ground Surface 

Elevation (m) 

Groundwater 

Depth (m) Elevation (m) 

BH10-1 257.5 4.9 252.6 

BH10-2 257.1 4.0 253.1 

BH10-3 256.9 3.2 253.7 

BH10-4 256.9 3.4 253.5 

BH10-5 254.6 1.5 253.1 

 

Fluctuations in the groundwater and culvert water level due to seasonal variations or in 

response to a particular precipitation event should be anticipated. 

The water level elevation in the culvert at the inlet (east) and outlet (west) was 254.00 and 

253.96 m, respectively, as surveyed on December 3, 2010. 
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