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FOUNDATION INVESTIGATION REPORT
for

Phase 3 Culverts
FA-4 (Site No. 44-547) Station 12+347 (Forest access Road)

SX (Site No. 44-562/C1 and 44-562/C2) Station 19+000
C7-1 (Site No. 44-556/C1 and 44-556/C2) Station 19+378

Mowat Township
Highway 69 Four-Laning

From 3.5 km North of Hwy 522 to 10.7 km North of Hwy 522
G.W.P. 5203-06-00 (Part of G.W.P 5378-02-00)

Sudbury Area, Ontario

PHASE 3: Sta. 13+100 to 21+500 (Township of Mowat)

1. INTRODUCTION

Four-laning of a 7.2 km long section of Highway 69 that extends from 3.5 km north of

Highway 522 to 10.7 km north of Highway 522, about 70 km south of Sudbury, is planned.

Peto MacCallum Ltd. (PML) prepared this report for McCormick Rankin Corporation (MRC) on

behalf of the Ministry of Transportation of Ontario (MTO).

This report summarizes the results of the foundation investigation carried out for three

proposed culverts within the Phase 3 limits that were added to the original scope of culverts

identified for foundation investigation. The proposed culvert FA-4 will underlie the proposed

Forest Access Road at Sta. 12+347 and the proposed Snowmobile Culverts (SX) and culvert C7-1

will be situated under the new southbound and northbound lanes of Highway 69 at Sta. 19+000

and Sta. 19+378. Reported under separate cover are the four proposed wildlife culvert sites

(PML Ref.: 06TF035C-1) located on 14 Mile Island between the Pickerel River and the Ojibway

Canyon, culverts C8a (PML Ref.: 06TF032K) and C8 (PML Ref.: 06TF035C) located at the

southern edge and within the Ojibway Canyon and the five proposed culverts C3, C4, C4A, C7

and C6-1 (PML Ref.: 06TF035C-2) located within the proposed Highway 69 northbound lanes

between Sta. 15+632 and Sta. 19+100 and within the existing Highway 69 embankment

(culvert C6-1). The foundation engineering for culvert C6-1 has been deleted from the scope of

work.

The installation of a total of thirteen box culverts is planned within Phase 3 of the Highway 69

Four-laning project. The total excludes the deleted foundation engineering for culvert C6-1. For

the purpose of this report, the remaining three culverts outside of the original scope will be
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referenced as culvert FA-4 at Sta. 12+347 (Forest Access Road), culvert SX (snowmobile culverts)

at Sta. 19+000 and culvert C7-1 at Sta. 19+378, Mowat Township. The subsurface conditions for

the remaining culverts in Phase 3 of the project are reported in the Pavement Design Report under

separate cover.

This report summarizes the results of the subsurface field investigation conducted at the three

culvert locations.

All elevations in this report are expressed in metres.

2. SITE DESCRIPTION AND GEOLOGY

The 7.2 km long section of the existing Highway 69 to be realigned and four-laned is situated

about 70 km south of Sudbury in a wooded region with open swampy areas. The proposed

Highway 69 will utilize the existing road platform for the new northbound lanes from the southern

Phase 3 limit to about 6.6 km north of Highway 522. The new alignment will diverge to the west of

the existing Highway 69 within Bucke Lake at around Sta. 16+200 and will not intersect the

existing alignment until Sta. 21+300, close to the northern limit of the Phase 3 (Sta. 21+500). The

proposed alignment of the new Forest Access Road will run parallel at 200 to 300 m west of the

new highway alignment, cross the Nisbet Creek at approximate Sta. 12+347 and terminate at the

new Pickerel River Road interchange near Sta. 17+320.

Land use of the study section comprises the existing Highway 69 corridor and tourism and

recreation industries near Bucke Lake and Pickerel River. The tourist establishments include

fishing and hunting lodges, camps, marinas and hotels along the alignment.

The study area is located in the Precambrian Laurentian Peneplane. The topography of study

area is irregular with shallow bedrock sections and deep swamp deposits, particularly near

Bucke Lake. The ground cover comprises grasses and typical swamp vegetation, bushes and

stands of trees.
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Metasedimentary rocks of the Huronian Supergroup and gneisses of the Grenville Province

underlie the alignment. The area has undergone considerable folding, intrusive activity, regional

metamorphism and faulting. The bedrock outcrops at many locations throughout the project

section.

3. INVESTIGATION PROCEDURES

The field work for the three culvert sites included in this study was carried out during the period of

February 24 and March 2 to 11, 2010. A total of 12 sampled boreholes and 2 auger probes were

conducted for the study. The boreholes and the auger probes for proposed culverts C7-1 and SX

were drilled to depths of 0.7 to 10.5 m, elevations 172.5 to 179.6, down to refusal on probable

bedrock, excluding boreholes C7-1-1 and C7-1-AP-2, which contacted bedrock at the surface.

The boreholes for the proposed culvert FA-4 were extended to 25.0 and 29.6 m, elevation 161.3

and 156.4, into competent cohesionless soils.

The locations of the test holes put down along each of the culvert sites are shown on the attached

Drawings FA-4-1, SX-1 and C7-1-1.

The borehole locations were established in accordance with the MTO requirements indicated in

the RFP and in general accordance with the requirements of the MTO Northeastern Region

Pavement Design Practices and Guidelines (May 20, 1997). Callon Dietz Inc., Ontario Land

Surveyors, laid out the reference lines of the new highway in the field and these lines in

conjunction with staking along the proposed culvert alignments were used by PML. The ground

surface elevations at the boreholes were provided by Callon Dietz Inc.

The boreholes were advanced using continuous flight hollow and solid stem augers and by using

wash boring techniques, powered by a track-mounted D-50 and D-25 drill rigs. Manual sampling

equipment was utilized for the investigation of the proposed culvert C7-1 due to the varying quality

of the ice conditions. The equipment was supplied and operated by a specialist drilling contractor

working under the full-time supervision of members of PML engineering staff. The culvert

boreholes were taken into competent native soils or to refusal on probable bedrock.
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Representative soil samples were recovered at frequent depth intervals using a conventional split

spoon sampler during drilling. Standard penetration tests were conducted simultaneously with the

sampling operation to assess the strength characteristics of the substrata. Penetrometer and

in-situ vane shear testing (using the MTO ‘N’ vane) were also performed to further assess the

shear strength of the cohesive soils encountered. The penetrometer test results are typically less

than the actual values due to sample disturbance. The results of the field tests and observations

are reported on the appended Record of Borehole sheets.

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

examination of the soil, the sampler and drill rods as the samples were retrieved and, when

appropriate, by measurement of the water level in the open borehole. Upon completion of drilling,

all the boreholes were backfilled with a bentonite/cement mixture in accordance with the MTO and

MOE Reg. 903 guidelines for borehole abandonment procedures.

Soils were identified in the field in accordance with the MTO Soil Classification procedures. The

recovered samples were returned to our laboratory for detailed visual examination and

classification. The laboratory testing programme consisted of moisture and organic content

determinations, Atterberg plasticity limits tests and grain size distribution analyses. Atterberg

plasticity limits were not attempted on samples deemed to be non-plastic by visual and tactile

examination.

The results of the laboratory Atterberg plasticity limits and grain size distribution analyses are

presented on the appended plasticity charts and grain size distribution figures, which were

identified with the respective codes PC and GS.
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4. SUMMARIZED SUBSURFACE CONDITIONS

Reference is made to the appended Record of Borehole sheets for details of the subsurface

conditions including soil classifications, inferred stratigraphy, soil boundary elevations, standard

penetration resistance values, in-situ vane shear and penetrometer test data and groundwater

observations. The results of laboratory Atterberg plasticity limits testing, grain size distribution

analyses and moisture content determinations are also shown on the Record of Borehole sheets.

The borehole locations are shown on Drawings FA-4-1, SX-1 and C7-1-1. The boundaries

between soil strata have been established at the borehole locations only. Between and beyond

the boreholes, the boundaries are assumed and may vary.

A description of the subsurface stratigraphy at each culvert location is summarised in the following

subsections of the report.

4.1 Culvert FA-4 (Site No. 44/547) at Sta. 12+347 (skewed) (Forest Access Road),

Mowat Township

Reference should be made to the previous boreholes conducted in swamp 314 (boreholes 314-9

to 314-13, including the dynamic cone penetration tests 314-10 and 314-12) that are within

proximity to the proposed Forest Access Road FA-4 culvert, particularly borehole 314-11 located

3 m north of the centreline of the culvert. The boreholes revealed consistent soil conditions with

some 4.7 to 5.1 m thick combined deposits of peat and organic clay/ silty clay extending to

elevation 180.5 and 180.9, overlying a combined 3.2 m thick cohesionless sand and sandy silt

deposit in borehole 314-9 and a 2.7 m thick silt deposit in borehole 314-13, which in turn overlaid

extensive layered cohesive deposits of clayey silt/ silty clay/ clay extending to depths of 23.2 to

25.0 m, elevation 161.0 to 163.2, penetrating into the underlying cohesionless silt deposit below.

Refusal on probable bedrock was encountered at depths of 29.7 and 34.4 m, elevation 156.3 and

151.7 in boreholes 314-9 and 314-11, respectively.

Two boreholes designated FA-4-1 and FA-4-2 were drilled along the skewed alignment of

proposed culvert FA-4 at Sta. 12+347 (Forest Access Road) in March 2010. The subsurface
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stratigraphy revealed below the surficial 300 mm thick layer of ice in the boreholes included peat

and organic clayey silt, underlain by very loose sand, silty sand and silt deposits, which in turn

overlaid extensive silty clay and clayey silt deposits, underlain by cohesionless silt.

Boreholes FA-4-1 and FA-4-2 contacted the cohesionless silt deposit at depths of 25.5 and

22.4 m, elevation 160.5 and 163.9 and were terminated within the silt deposit at depths of 29.6

and 25.0 m, elevation 156.4 and 161.3, respectively. Groundwater was contacted just below the

ice during drilling at 0.3 m depth and at the surface upon completion of drilling at elevation 186.0

and 186.3.

4.1.1 Peat

Fine fibrous peat measuring 3.7 and 3.8 m in thickness was encountered at 0.3 m depth below the

ice surface in boreholes FA-4-1 and FA-4-2 at elevations 185.7 and 186.0, respectively. A

moisture content determination of representative sample of the peat deposit was 813% in

borehole FA-4-1. The peat deposit was penetrated at the underlying organic clayey silt at 4.0 and

4.1 m depth, elevation 182.0 and 182.2.

4.1.2 Organic Clayey Silt

Underlying the peat deposits in boreholes FA-4-1 and FA-4-2, a 2.0 to 2.1 m thick organic clayey

silt stratum was contacted at 4.0 and 4.1 m depth, elevation 182.0 and 182.2. The organic clayey

silt was very soft in consistency. The split spoon sampler penetrated the deposits with the weight

of the drilling rods. One sample obtained from the deposit was tested to determine the organic

content, the test found 6.6% organic content. The organic clayey silt stratum was penetrated at

6.1 m depth, elevation 179.9 and 180.2 in boreholes FA-4-1 and FA-4-2, respectively.

The results of Atterberg plasticity limits tests and grain size distribution analyses conducted on a

representative sample of the organic clayey silt deposit is presented on Figures PC-FA-4-1 and

GS-FA-4-1, respectively.



Phase 3 Culverts FA-4, SX and C7-1
Highway 69 Four-Laning, Phase 3
G.W.P. 5203-06-00 (Part of G.W.P. 5378-02-00), Index No.: 2470FIR
PML Ref.: 06TF035C-3, December 14, 2011, Page 7

The liquid limit and plastic limit of the organic clayey silt was 63 and 25, respectively, with a

plasticity index value 38. The moisture content of representative samples of the organic clayey

silt ranged from 169 to 175%.

4.1.3 Sand and Silty Sand

A sand and silty sand deposit was contacted below the organic clayey silt at 6.1 m depth,

elevation 179.9 and 180.2 in boreholes FA-4-1 and FA-4-2, respectively. The very loose

cohesionless deposits were 1.5 m thick and contained trace amounts of clay. The split spoon

sampler penetrated the sand deposits with the weight of the drilling rods. The moisture content of

the deposits ranged from 29 to 38%. The sand and silty sand deposits were penetrated at 7.6 m

depth, elevation 178.4 and 178.7.

The results of grain size distribution analyses conducted on a sample of the silty sand deposit is

presented on Figure GS-FA-4-2.

4.1.4 Upper Silt

Underlying the silty sand deposit at 7.6 m depth, elevation 178.7 in borehole FA-4-2, was a 1.4 m

thick silt deposit. The deposit comprised some clay and trace sand. Slight plasticity (plasticity

index of 5) was noted due to the clay content. The silt deposit was very loose in density. The split

spoon sampler penetrated the deposit with the weight of the drilling rods. The silt was penetrated

at 9.0 m depth, elevation 177.3.

The results of Atterberg plasticity limits tests and grain size distribution analyses conducted on a

representative sample of the silt deposit are presented on Figures PC-FA-4-2 and GS-FA-4-2,

respectively.

The liquid limit and plastic limit of the silt was 21 and 16, respectively, with a plasticity index value

of 5. The moisture content of silt was 63%.
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4.1.5 Silty Clay and Clayey Silt

Underlying the sand and silt deposits at 7.6 and 9.0 m depth, elevation 178.4 and 177.3 in

boreholes FA-4-1 and FA-4-2 were 17.9 and 13.4 m thick cohesive deposits of silty clay and

clayey silt, respectively. The upper portion of the deposit comprised silty clay measuring 7.4 and

6.0 m in thickness extending to the underlying clayey silt at 15.0 m depth, elevation 171.0 and

171.3. The clayey silt measured 10.5 and 7.4 m in thickness and extended to 25.5 and 22.4 m

depth, elevation 160.5 and 163.9 in boreholes FA-4-1 and FA-4-2, respectively.

Both of the deposits comprised trace amounts of sand. Clay layers were observed within the silty

clay deposit in borehole FA-4-2 and silty clay layers were observed within the clayey silt deposit in

both of the boreholes. The consistency of the silty clay was soft to firm and the clayey silt was

firm to stiff. In-situ vane testing conducted in boreholes within the silty clay deposit indicated

shear strength values from 22 to 40 kPa, with sensitivity values ranging from 2 to 3. In-situ vane

testing conducted in boreholes within the clayey silt deposit indicated shear strength values from

32 to 58 kPa, with sensitivity values ranging from 2 to 4. The N values recorded within the

deposits ranged from 0 (the split spoon sampler penetrating the deposits with the weight of the

drilling rods or weight of the drilling rods and the hammer) to an N value of 3.

The results of Atterberg plasticity limits tests and grain size distribution analyses conducted on a

representative samples of the silty clay and silty clay/ clay layers are presented on

Figures PC-FA-4-3 and GS-FA-4-3, respectively.

The liquid limit and plastic limit of representative samples of the silty clay and silty clay/ clay layers

ranged from 41 to 52, and from 17 to 22, respectively, resulting in plasticity index values of 24

to 30. The water content of representative samples of the silty clay and silty clay/ clay layers

ranged from 29 to 96%.

The results of Atterberg plasticity limits tests and grain size distribution analyses conducted on a

representative samples of the clayey silt are presented on Figures PC-FA-4-4 and GS-FA-4-4,

respectively.
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The liquid limit and plastic limit of representative samples of the clayey silt ranged from 26 to 28,

and from 15 to 16, respectively, resulting in plasticity index values of 11 and 12. The moisture

content of representative samples of the clayey silt ranged from 33 to 59%.

4.1.6 Lower Silt

Underlying the clayey silt deposit at 25.5 and 22.4 m depth, elevation 160.5 and 163.9, was a

cohesionless silt deposit in boreholes FA-4-1 and FA-4-2, respectively. The deposit comprised

trace to some clay and trace sand. The silt deposit was very loose and loose in density. The

N values recorded within the deposit ranged from 0 (the split spoon sampler penetrating the

deposits with the weight of the drilling rods and the hammer) to an N value of 7. The boreholes

were terminated after 4.1 and 2.6 m depth of sampling within the deposit down to 29.6 and 25.0 m

depth, elevation 156.4 and 161.3 in boreholes FA-4-1 and FA-4-2, respectively.

The results of the grain size distribution analyses conducted on representative samples of the silt

deposit are presented on Figure GS-FA-4-2. The moisture content of representative samples of

the silt ranged from 26 to 37%.

4.1.7 Groundwater

Groundwater was observed in both of the boreholes during the course of the field work in

February 2010. Water was contacted below the ice surface at 0.3 m depth, elevation 185.7 to

186.0, within the boreholes during the investigation. Upon completion of drilling the groundwater

level was observed at the ice surface at elevation 186.0 and 186.3.

The groundwater level observed during the investigation in March 2008 for boreholes 314-9 to

314-13 within swamp 314, contacted similar groundwater levels at 0.4 to 0.5 m depth below the

ice surface at elevation 185.6 to 185.9, and observed at the ice surface afterwards at

elevation 186.0 to 186.4.

The groundwater levels at the site are subject to seasonal fluctuations and precipitation patterns.
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4.2 Culvert SX (Site No. 44-562/C1 and 44-562/C2) at Sta. 19+000, Mowat Township

Reference should be made to the previous boreholes conducted in swamp 301 (boreholes 301-1

to 301-5, including the dynamic cone penetration test 301-4) that are within proximity to the

proposed culvert SX, particularly boreholes 301-1 and 301-2 located near the centreline of the

southbound and northbound culverts. The boreholes revealed consistent soil conditions with thin

surficial layers of peat and topsoil overlying 0.8 to 6.6 m thick cohesive deposits of clayey silt, silty

clay and clay, extending to elevation 174.6 to 180.9, underlain by 1.2 to 3.9 m thick cohesionless

deposits of silt and locally sand. Refusal on probable bedrock was encountered at depths of 2.3

to 8.1 m, elevation 173.4 to 179.7.

Four boreholes designated SX-1 to SX-4 and two auger probes designated SX-AP-1 and SX-AP-2

were drilled along the southbound and northbound alignment of the proposed culvert SX at

Sta. 19+000 in February and March 2010.

The subsurface stratigraphy generally revealed in the boreholes comprised a thin layer of surficial

topsoil and silty sand fill extending to 0.2 to 1.1 m depth, locally with fill extending to 2.4 m depth

in auger probe SX-AP-2, underlain by deposits of cohesive silty clay, clay and clayey silt, which in

turn were underlain by cohesionless deposits of silt and locally, sandy silt, gravelly sand/ sand and

gravel deposits. Probable bedrock was contacted below the cohesionless deposits at 2.3 to

10.5 m depth, elevation 172.5 to 181.3. Groundwater was measured during drilling at 3.1 to 9.1 m

depth, elevation 173.4 to 178.5, and upon completion of drilling at 1.8 to 5.2 m depth,

elevation 176.4 to 180.7.

4.2.1 Topsoil

A 200 to 400 mm thick topsoil layer was encountered surficially in all the test holes except

borehole SX-4. The topsoil was underlain by silty clay, clayey silt and fill at elevation 181.3 to

183.4.
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4.2.2 Fill

Contacted at the surface in borehole SX-4 and underlying the topsoil in borehole SX-3 and both of

the auger probes at elevation 181.7 to 182.4, a 0.3 to 2.0 m thick fill layer was encountered. The

fill comprised silty sand in borehole SX-3 and in the auger probes and comprised clayey silt with

topsoil inclusions and plastic bags in borehole SX-4. The fill was loose to compact in density

within the boreholes. The N values recorded within the boreholes ranged from 7 to 25 (with the

upper portion of the fill being frozen in borehole SX-3). The moisture content of representative

samples of the fill ranged from 18% for the silty sand fill and 63% for the clayey silt fill. The fill

layers extended to the underlying silty clay, locally to the silt in auger probe SX-AP-2, at depths of

0.3 to 2.4 m, elevation 179.7 to 182.7

4.2.3 Silty Clay

Underlying the topsoil and/ or fill layers in all of the test holes, except borehole SX-2 and auger

probe SX-AP-2, at 0.3 to 1.1 m depth, elevation 181.3 to 182.7 was a 0.4 to 2.6 m thick silty clay

stratum. The silty clay was typically firm in consistency, locally firm to soft in borehole SX-4. The

N values obtained within the deposit ranged from 2 to 8 (with the upper portion of the silty clay

being frozen in borehole SX-1). An in-situ vane test conducted in borehole SX-1 within the silty

clay deposit indicated a shear strength value of 40 kPa, with sensitivity value of 4. The silty clay

stratum was penetrated at 1.5 to 2.9 m depth, elevation 178.7 to 181.5, within the test holes. The

moisture content of representative samples of the silty clay ranged from 31 to 46%.

4.2.4 Clay

Contacted at depths of 1.5 to 3.7 m, elevation 177.9 to 181.5, a 2.0 to 4.4 m thick clay deposit

was encountered underlying the silt or silty clay deposits in all of the test holes, except

borehole SX-2 and auger probe SX-AP-2. The clay was generally soft to firm in consistency,

locally stiff upon contact in borehole SX-3. Silty clay layers were contacted within the deposit in

boreholes SX-3 and SX-4 and in the auger probe SX-AP-1. The split spoon sampler penetrated

the deposit with the weight of hammer and the drilling rods in borehole SX-1. The N values

recorded within the other boreholes ranged from 1 to 4. In-situ vane testing conducted within the
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boreholes indicated a range in shear strength from 24 to 56 kPa. Penetrometer testing on

samples of the clay deposit indicated a range of shear strength from 13 to 38 kPa. The clay

deposit was penetrated at 3.8 to 5.9 m depth, elevation 179.0 to 175.8.

The results of Atterberg plasticity limits tests and grain size distribution analyses conducted on a

representative samples of the clay are presented on Figures PC-SX-1 and GS-SX-1, respectively.

The liquid limit and plastic limit of a representative sample of the clay deposit was 62 and 23,

respectively, resulting in plasticity index value of 39. The moisture content of representative

samples of the clay ranged from 38 to 70%.

The results of Atterberg plasticity limits tests and grain size distribution analyses conducted on a

representative sample of the silty clay layer contacted within the clay deposit in borehole SX-4 are

presented on Figures PC-SX-1 and GS-SX-3, respectively.

The liquid limit and plastic limit of a representative sample of the silty clay layer contacted within

the clay deposit was 41 and 20, respectively, resulting in plasticity index value of 21. The

moisture content of this representative sample of the silty clay was 54%.

4.2.5 Clayey Silt

A cohesive firm 0.5 to 2.8 m thick clayey silt layer was encountered below the clay deposit at 4.1

to 5.9 m depth, elevation 175.8 to 178.9 in boreholes SX-1, SX-3 and SX-4 and below the topsoil

layer at 0.2 m depth, elevation 183.4 in boreholes SX-2. The clayey silt was firm in consistency.

The split spoon sampler penetrated the deposit with the weight of hammer and the drilling rods in

boreholes SX-1 and within the lower portion of the deposit in borehole SX-4. The N values

ranged from 1 to 5 within the other locations. In-situ vane testing conducted within the boreholes

indicated a range in shear strength from 28 to 32 kPa. A single penetrometer test on a sample of

the clayey silt deposit from borehole SX-1 indicated a shear strength of 13 kPa. The clayey silt

deposit was penetrated at 0.7 to 7.9 m depth, elevation 173.7 to 182.9.



Phase 3 Culverts FA-4, SX and C7-1
Highway 69 Four-Laning, Phase 3
G.W.P. 5203-06-00 (Part of G.W.P. 5378-02-00), Index No.: 2470FIR
PML Ref.: 06TF035C-3, December 14, 2011, Page 13

The results of Atterberg plasticity limits tests and grain size distribution analyses conducted on a

representative sample of the clayey silt are presented on Figures PC-SX-1 and GS-SX-2,

respectively.

The liquid limit and plastic limit of a representative sample of the clayey silt deposit was 34 and

21, respectively, resulting in plasticity index value of 13. The moisture content of representative

samples of the clayey silt ranged from 28 to 41%.

4.2.6 Silt/ Sandy Silt

Cohesionless silt deposits measuring 1.4 to 4.8 m in thickness were contacted in all of the test

holes, underlying the clayey silt deposit at 0.7 to 7.2 m depth, elevation 175.4 to 182.9 in

boreholes SX-2, SX-3 and SX-4 and underlying the silty clay, clay and fill at 2.9, 3.8 and 2.4 m

depth, elevation 178.7, 179.0 and 179.7 in borehole SX-1 and in the auger probes SX-AP-1 and

SX-AP-2, respectively. The deposits comprised some clay and trace to some sand, locally with

trace amounts of gravel. The silt deposits were loose in density. The N values recorded within

the deposits ranged from 4 to 50 blows for 3 cm sample penetration. The N value reflects the

sampler bouncing at 2.3 m depth, elevation 181.3 on the underlying probable bedrock after 3 cm

of penetration in borehole SX-2. The deposit extended to refusal on probable bedrock at 2.3 to

10.5 m depth, elevation 172.5 to 181.3 in boreholes SX-2 and SX-4 and in the auger

probe SX-AP-2. The deposits were penetrated at 3.7 to 8.6 m depth, elevation 174.0 to 177.9

within the other test holes.

The results of the grain size distribution analyses conducted on representative samples of the silt

deposits are presented on Figure GS-SX-4. Atterberg plasticity limits tests were attempted on

samples obtained from borehole SX-2 and the auger probe SX-AP-2, the tests could not be

conducted due to the non-plastic nature of the silt. The moisture content of representative

samples of the silt ranged from 26 to 37%.

A localized sandy silt deposit was contacted below the clayey silt in borehole SX-1 at 7.9 m depth,

elevation 173.7. The 0.6 m thick deposit was compact in density. An N value of 11 was obtained
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within the deposit. The sandy silt mantled probable bedrock at 8.5 m depth, elevation 173.1. A

moisture content of 28% was obtained.

4.2.7 Sandy Gravel/ Sand and Gravel

Underlying the silt deposit at 8.5 and 8.6 m depth, elevation 174.0 and 174.2 in borehole SX-3

and auger probe SX-AP-1, respectively, deposits of sandy gravel and sand and gravel measuring

1.3 and 0.3 m in thickness were contacted. The sandy gravel deposit in borehole SX-3 was

compact in density. An N value of 22 was obtained within the deposit. The deposits mantled

probable bedrock at depths 9.8 and 8.9 m, elevation 172.7 and 173.9. A moisture content of 12%

was obtained within the sandy gravel deposit in borehole SX-3.

4.2.8 Bedrock

Probable bedrock was contacted at 2.3 to 10.5 m depth, elevation 172.5 to 181.3. The probable

bedrock surface is generally sloping downwards to the west and east sides from the proposed

southbound culvert centreline.

4.2.9 Groundwater

Groundwater was observed in all of the test holes during the course of the field work. Water was

contacted 3.1 to 9.1 m depth, elevation 173.4 to 178.5 within the boreholes during the

investigation and upon completion of drilling at 1.8 to 5.2 m depth, elevation 176.4 to 180.7.

The groundwater level observed during the investigation in March 2007 for boreholes 301-3 to

301-5 within swamp 301, contacted similar groundwater levels, ranging from the surface,

elevation 181.5 in borehole 301-3, down to 3.7 m depth, elevation 178.8 in borehole 301-5. No

groundwater was observed in borehole 301-1 and the groundwater level observed in

borehole 301-2 upon completion of drilling was at 0.6 m depth, elevation 182.4, some 1.7 m

greater than the highest measured level in 2010.

The groundwater levels at the site are subject to seasonal fluctuations and precipitation patterns.
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4.3 Culvert C7-1 (Site No. 44-556/C1 and 44-556/C2) at Sta. 19+378, Mowat Township

Reference should be made to the previous boreholes conducted in swamp 301 (boreholes 301-34

to 301-38, including the dynamic cone penetration tests 301-35 and 301-37 and the preliminary

borehole D6-9 and dynamic cone penetration test D6-11) that are within proximity to the proposed

culvert C7-1, particularly borehole 301-36 and the dynamic cone penetration tests 301-35 and

301-37 located 3.0 m south of the proposed culvert alignment along Sta. 19+375. The boreholes

revealed consistent soil conditions with shallow and exposed bedrock in boreholes 301-34 and

301-38 at elevation 180.9 and 183.0. Deposits of peat and organic silt were contacted under the

ice and water at 2.8 and 3.6 m in depth, elevation 178.7 and 177.0, in borehole 301-36 and the

preliminary borehole D6-9, measuring 2.0 and 3.4 m in thickness. In the preliminary

borehole D6-9, underlying the organic silt at 7.0 m depth, elevation 173.6, a 2.9 m thick silt

deposit was revealed. Refusal on probable bedrock was encountered at depths of 2.2 to 4.8 m,

elevation 176.7 to 179.3 in borehole 301-36 and the dynamic cone penetration tests 301-35 and

301-37 and at 9.9 and 1.5 m depth, elevation 170.7 and 179.1, respectively in the preliminary

borehole D6-9 and dynamic cone penetration test D6-11.

A total of six boreholes were put down along the southbound and northbound alignment of the

proposed culvert C7-1 at Sta. 19+378 in March 2010. Due to the varying quality of the ice

conditions along the culvert alignment manual sampling equipment was utilized.

The subsurface stratigraphy generally revealed below the 0.2 m thick layer of ice to 3.1 m thick

combined layers of ice and water in the boreholes included peat underlain by organic silt and

locally, by organic clayey silt. Exposed bedrock was encountered at the west end of the proposed

southbound culvert and near the centreline of the proposed northbound culvert in

boreholes C7-1-1 and C7-1-AP-2 at elevation 180.8 and 180.3. Probable bedrock was contacted

below the peat, organic silt or organic clayey silt at 0.7 to 6.9 m depth, elevation 179.6 to 172.2.

Groundwater was contacted just below the ice surface during drilling and was observed at the ice

surface upon competition of drilling at elevation 179.1 to 180.3.
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4.3.1 Peat

Fine fibrous peat measuring 0.4 to 1.8 m in thickness was encountered at depths of 0.2 to 3.1 m

below the ice or ice and water layers in all of the boreholes at elevation 176.2 to 180.0, except

boreholes C7-1-1 and C7-1-AP-2. A moisture content determination of a representative sample of

the peat deposit was 286%. The peat deposit mantled probable bedrock in borehole C7-1-4 at

0.7 m depth, elevation 179.6 and was penetrated at the underlying organic silt or clayey silt at 1.8

to 4.9 m depth, elevation 178.1 to 174.7 within the other boreholes.

4.3.2 Organic Silt

Organic silt was encountered below the peat at 3.7 and 4.9 m depth, elevation 175.4 and 174.7 in

boreholes C7-1-2 and C7-1-AP-1, respectively. The organic silt was very loose in density. The

split spoon sampler penetrated the deposit with the weight of the drilling rods. One sample

obtained from the deposit was tested to determine the organic content, the test found 17.3%

organic content. The organic silt was underlain by probable bedrock at 5.6 m depth,

elevation 174.0 in borehole C7-1-AP-1 and was penetrated at 6.0 m depth, elevation 173.1 in

borehole C7-1-2. A moisture content of a representative sample of the organic silt was 161%.

4.3.3 Organic Clayey Silt

Underlying the peat or organic silt deposits at 6.0 and 1.8 m depth, elevation 173.1 and 178.1 in

boreholes C7-1-2 and C7-1-3, respectively, was an organic clayey silt deposit. The organic

clayey silt was very soft in consistency. The split spoon sampler penetrated the deposit with the

weight of the drilling rods. The organic clayey silt extended to probable bedrock at 6.9 and 2.0 m

depth, elevation 172.2 and 177.9 in boreholes C7-1-2 and C7-1-3, respectively.

The results of Atterberg plasticity limits tests and grain size distribution analyses conducted on a

representative samples of the organic clayey silt deposit are presented on Figures PC-C7-1 and

GS-C7-1, respectively.
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The liquid limit and plastic limit of the organic clayey silt was 75 and 55, respectively, with a

plasticity index value 20. A moisture content of a representative sample of the organic clayey silt

was 119%.

4.3.4 Bedrock

Exposed bedrock was encountered at the west end of the proposed southbound culvert and near

the centreline of the proposed northbound culvert in boreholes C7-1-1 and C7-1-AP-2 at

elevation 180.8 and 180.3. Probable bedrock was contacted below the peat, organic silt or

organic clayey silt at 0.7 to 6.9 m depth, elevation 179.6 to 172.2, within the other boreholes.

4.3.5 Groundwater

No water was observed overlying the exposed bedrock in boreholes C7-1-1 and C7-1-AP-2.

Groundwater was observed in all of the other boreholes during the course of the field work in

March 2010. Water was contacted just below the ice surface at 0.2 to 0.4 m depth,

elevation 178.7 to 180.0 within the boreholes during the investigation and was observed at the ice

surface upon completion of drilling at elevation 179.1 to 180.3.

The groundwater level observed during the investigation in March 2007 for boreholes 301-34 and

301-36 and the preliminary borehole D6-9 within swamp 301, contacted similar groundwater

levels just below the ice surface during drilling at depths of 0.3 to 0.6, elevation 180.0 to 181.2.

The groundwater level observed in the preliminary borehole, D6-9, in March 2004 was at the ice

surface at elevation 180.6 upon completion of drilling. It is inferred, although not noted, that a

similar pattern occurred within boreholes 301-34 and 301-36 with the water level rising to the ice

surface upon completion of drilling to elevation 181.5.

The groundwater levels at the site are subject to seasonal fluctuations and precipitation patterns.







Culvert FA-4 (Site 44-547) at Sta. 12+347 (skewed)
(Forest Access Road), Mowat Township

Figures PC-FA-4-1 to PC-FA-4-4 – Plasticity Charts
Figures GS-FA-4-1 to GS-FA-4-4 – Grain Size Distribution Charts
Record of Borehole Sheets
Drawing FA-4-1 – Borehole Locations and Soil Strata
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Culvert SX (Site No. 44-562/C1 and 44-562/C2)
at Sta. 19+000, Mowat Township

Figure PC-SX-1 – Plasticity Chart
Figures GS-SX-1 to GS-SX-4 – Grain Size Distribution Charts
Record of Borehole and Auger Probe Sheets
Drawing SX-1 – Borehole Locations and Soil Strata
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Culvert C7-1 (Site No. 44-556/C1 and 44-556/C2)
at Sta. 19+378, Mowat Township

Figure PC-C7-1 – Plasticity Chart
Figure GS-C7 -1 – Grain Size Distribution Chart
Record of Borehole Sheets
Drawing C7-1-1 – Borehole Locations and Soil Strata
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