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February 19, 2007  06-1189-519 

Dillon Consulting Limited 
440 Park Avenue West 
Chatham, Ontario 
N7M 1X2 

Attention:  Mr. Tim Oliver, P.Eng. 
 Project Manager 

RE: GEOTECHNICAL INVESTIGATION 
PROPOSED SOUTH INNISFIL CREEK DRAINAGE IMPROVEMENTS 
TOWN OF INNISFIL, COUNTY OF SIMCOE, ONTARIO 

This report presents the results of a geotechnical investigation carried out at three separate sites, 
as shown on the Key Plan, Figure 1, as part of the above referenced project.  The purpose of the 
investigation was to determine the subsurface soil and shallow groundwater conditions at the 
three sites by means of a limited number of shallow boreholes.  Based on our interpretation of the 
borehole data, this report provides geotechnical input for use in the design of the containment 
berms and the farm crossings of the creeks proposed at these sites.   

The scope of the geotechnical investigation was outlined in our Proposal No. P61-8936 dated 
December 8, 2006.  Authorization to proceed with this investigation was given by Mr. Tim Oliver 
of Dillon Consulting Limited (Dillon) in our sign back letter on December 13, 2006. 

The factual data, interpretations and recommendations contained in this report pertain to a 
specific project as described in the report and are not applicable to any other project or site 
location.  If the project is modified in concept, location or elevation, or if the project is not 
initiated within twelve months of the date of the report, Golder Associates Ltd. (Golder) should 
be given an opportunity to confirm that the recommendations are still valid.   
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This report should be read in conjunction with the “Important Information and Limitations of 
This Report” included in Appendix A.  The reader’s attention is specifically drawn to this 
information, as it is essential for the proper use and interpretation of this report. 

PROJECT AND SITE DESCRIPTIONS 

The project involves modifications to the existing South Innisfil Creek/Drain channel and/or 
floodplain areas at three sites (designated as Site Nos. 1 to 3) in the Town of Innisfil, Ontario.  
The approximate locations of these sites are displayed on Figure 1.  The proposed works at Site 
Nos. 1 and 3 consist of the excavation of soils from within the existing floodplain areas and the 
construction of berms around the perimeter of portions of the sites to provide for increased water 
storage during creek/drain overflow/flood events.  Based on preliminary information provided to 
us by Dillon, the berm at Site No. 1 will typically be less than 1 m in height while the proposed 
berm at Site No. 3 is understood to have a crest elevation of approximately 237 m requiring a 
maximum berm height of about 4 m.  We further understand that if deemed suitable, the berms 
will be constructed out of on-site materials and the berms will have minimum crest-to-crest 
widths of 6 m to allow for vehicular access on top of the berms.  The creek will outlet through 
culverts constructed through the berms and spillways will be provided for emergency overflow.     

A total of four (4) farm bridges are proposed to be constructed over an approximately 700 m long 
length of the creek/drain at Site No. 2.  Based on preliminary information, each crossing structure 
is planned to be a low profile 8350 mm span x 3300 mm rise corrugated steel pipe bottomless 
arch that would be supported on a concrete slab extending 600 mm wider than the culvert spans.  
The culverts are to be set within a 0.45 m thick reinforced poured concrete slab which is 
approximately 8.9 m wide by 9 m long.  The culvert base slab is proposed to be embedded a 
minimum of 600 mm below the creek/drain bottom and will impose an unfactored bearing 
pressure of about 21 kPa on the supporting soil. 

Site No. 1 comprises approximately 5 hectares of undeveloped land.  The site is located at the 
northwest corner of Simcoe Road 89 and 5th Sideroad approximately 1 km west of Highway 400.  
The site is bounded to the north by an existing residential property, to the west by a highway 
works maintenance yard, to the east by 5th Sideroad and to the south by Simcoe Road 89.  A 
creek/drainage channel area traverses through this site in an approximate northeast to southwest 
direction.   

Site No. 2 is located on the north side of 2nd Line in Lots 8 and 9 approximately 1 km east of 
Highway 400.  The site is bounded to the east, west and north by primarily undeveloped 
agricultural land and to the south by 2nd Line.  The majority of the site is currently utilized as 
agricultural land.  A creek/drainage channel area cuts through this site in an east/west direction. 
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Site No. 3 comprises approximately 26 hectares of undeveloped land.  The site is located on the 
south side of 5th Line, approximately 800 m east of 10th Sideroad.  The site is bounded to the east, 
west and south by primarily undeveloped land, used partially for agricultural purposes, and by 5th 
Line to the north.  A hydro transmission corridor is located immediately east of the site.  At the 
time of drilling, an abandoned residence was situated along the northern portion of the site.  A 
drainage channel area cuts through the middle of this site in an approximate north/south direction.  
The existing ground surface slopes gently towards the creek with an overall slope towards the 
south.    

INVESTIGATION PROCEDURE 

The field work for this investigation was carried out on January 15th and 16th, 2006, at which time 
13 boreholes, designated as Boreholes 06-1 to 06-13 were advanced at the three sites at the 
locations shown on the Borehole Location Plans, Figures 2 to 4, for Site Nos. 1 to 3, respectively.  
The borehole locations were selected by Dillon personnel.      

The boreholes were drilled using a track mounted drill rig supplied and operated by Walker 
Drilling Ltd., under our supervision.  Standard Penetration Testing (SPT) and sampling were 
carried out at regular intervals of depth in each of these boreholes using conventional 35 mm 
internal diameter split spoon sampling equipment.  All of the soil samples obtained during this 
investigation were brought to our Barrie and Mississauga laboratories for examination, natural 
water content testing and selective classification testing.   

The shallow groundwater conditions were noted in the open boreholes during drilling.  Standpipe 
piezometers were installed in Boreholes 06-1, 06-3, 06-4, 06-6, 06-8, 06-9, 06-12 and 06-13 to 
allow for further monitoring of the groundwater levels at those locations.  All of the boreholes 
were sealed with bentonite upon completion of drilling and/or installation of the piezometers. 

The field work for this investigation was monitored by a member of our engineering staff who 
also logged the subsurface conditions encountered in the boreholes and cared for the samples 
obtained.  The elevations and locations of stakes located at the boreholes drilled as part of the 
preliminary investigation were surveyed by Dillon personnel.  Due to the presence of ice and 
snow at ground surface at the time of drilling, the exact distance between the top of stakes and 
ground surface was not determined.  Therefore, the borehole elevations contained on the Record 
of Borehole sheets and discussed in the text of this report are considered accurate only to about 
the nearest 0.1 m.    
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SUBSURFACE CONDITIONS 

The subsurface soil and shallow groundwater conditions encountered in the boreholes, as well as 
the results of the field and laboratory testing, are shown in detail on the Record of Borehole 
sheets and Figures 5 to 10 following the text of this report.  Lists of abbreviations and symbols 
are provided to assist in the interpretation of the borehole records. 

It should be noted that the boundaries between the strata have been inferred from drilling 
observations and non-continuous samples.  They generally represent a transition from one soil 
type to another and should not be inferred to represent an exact plane of geological change. 
Further, conditions will vary between and beyond the boreholes.  The following is a summarized 
account of the subsurface conditions encountered in the boreholes drilled during this 
investigation, followed by more detailed descriptions of the major soil strata and shallow 
groundwater conditions. 

Overview Of Subsurface Conditions 

Fill materials and possible fill materials comprised of clayey silt and sandy silt/silty sand were 
encountered at ground surface and extended to a depth of slightly greater than 2 m at the location 
of Borehole 06-1 drilled at Site No.1.  All of the remaining boreholes at Site No. 1 encountered a 
surficial layer of topsoil extending to depths of about 0.2 m to 0.6 m below ground surface.  The 
topsoil was typically underlain by sandy soils containing varying amounts of silt, except in 
Borehole 06-2 where a 1.4 m thick layer of organic silt was encountered.  The upper portion of 
the sandy soils often have a dark brown colour inferred to be a result of organic staining and also 
contain rootlets and pockets of organics.  Zones/interlayers of clayey silt were also encountered 
sporadically within the sand deposits. 

Site No. 2 contained a surficial layer of topsoil and/or peat varying from approximately 0.7 m to 
1.4 m in thickness at ground surface at all of the borehole locations.  The topsoil was generally 
underlain by interlayered deposits of silty clay and sand/silty sand. 

Boreholes 06-9, 06-11 and 06-12 at Site No. 3 encountered a surficial layer of topsoil extending 
to depths of about 0.3 m to 0.7 m below ground surface.  The predominant soil strata at this site is 
comprised of clayey silt containing varying amounts of sand and gravel which contains zones of 
sand and pockets of topsoil. 
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SUBSURFACE CONDITIONS – Site No. 1 

Topsoil 

A surficial deposit of sandy topsoil with a thickness of approximately 0.2 m to 0.6 m was 
encountered at ground surface at all of the boreholes, except Borehole 06-1.  A Standard 
Penetration Test (SPT) ‘N’ value of 3 blows per 0.3 m of penetration was measured in the topsoil 
materials at the location of Borehole 06-3. 

 Fill and Possible Fill Materials 

Fill materials and possible fill materials comprised of grey to brown clayey silt to sandy silt/silty 
sand containing varying amounts of sand, clay and organic matter were encountered at ground 
surface at the location of Borehole 06-1.   

Materials varying in composition from clayey silt to silty sand containing pockets of organic 
matter and trace gravel were encountered in Borehole 06-2 beneath the surficial layer of topsoil.  
These clayey silt to silty sand materials encountered are inferred to represent either fill materials 
or reworked native soils.   

The reworked native and/or possible fill materials were encountered to depths of approximately 
1.4 m and 2.1 m below existing ground surface.  SPT ‘N’ values ranging from 2 to 4 blows per 
0.3 m of penetration were measured within the fill/possible fill materials suggesting these 
materials are soft or very loose.   

A gradation of the silty sand fill materials is displayed on Figure 5.  Laboratory testing indicates 
that the natural water content of the reworked native/possible fill samples ranges from 16 to 
125 percent, expressed as a percentage of the dry weight of the soil, with the higher water 
contents associated with samples containing organic matter.   

Organic Silt 

An approximately 1.4 m thick layer of organic silt was encountered below the fill materials in 
Borehole 06-2.  Standard Penetration Test (SPT) ‘N’ values measured within the organic soils 
were 3 blows per 0.3 m of penetration indicating these materials are very loose.   

Laboratory testing indicates that the natural water content of these organic soils varies from 
approximately 37 to 97 percent.   
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Sand to Silty Sand/Sandy Silt 

The topsoil, fill and organic silt materials are typically underlain by native deposits of sand 
containing variable amounts of silt to sandy silt/silty sand.  The upper portion of the sandy soils 
often have a dark brown colour, inferred to be a result of organic staining, and also contain 
rootlets and organic matter.   

All of the boreholes were terminated within the sandy materials at a depth of approximately 3.5 m 
below ground surface. 

Standard Penetration Test (SPT) ‘N’ values measured within the sandy soils varied from 3 blows 
to 55 blows per 0.3 m of penetration indicating these materials are very loose to very dense.   

Laboratory testing indicates that the natural water contents of the sandy soils typically range from 
about 10 to 20 percent although higher natural water contents in the order of 40 percent were 
measured on some samples.  A gradation analyses of a sample of the sandy soils from Borehole 
06-5 is displayed on Figure 6. 

Groundwater Conditions 

Groundwater was encountered during drilling at every borehole at depths typically varying from 
1.5 m to 2.4 m below grounds surface.  Piezometers were installed in Boreholes 06-1, 06-3 and 
06-4 to permit monitoring of the groundwater levels at Site No 1.  Piezometer installation details 
and groundwater conditions encountered during drilling are shown on the attached Record of 
Borehole sheets.  Groundwater levels measured in the piezometers are presented in the table 
below. 

Borehole 
No. 

Water Level Measurements (February 1, 2007) 
Depth Approximate Elevation (m) 

BH06-1 1.0 223.8 
BH06-3 1.1 223.9 
BH06-4 2.3 223.6 

 
It should be noted that the groundwater levels at the site are anticipated to fluctuate with seasonal 
variations in precipitation, runoff and variations in the water level in the adjacent creek.  Perched 
groundwater conditions are expected to develop within and above fine-grained materials 
especially during and following periods of sustained precipitation. 
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SUBSURFACE CONDITIONS – Site No. 2 

Topsoil 

A surficial deposit of silty topsoil with a thickness of approximately 0.7 m to 1.4 m was 
encountered at ground surface at all of the borehole locations.  The natural water contents of 
samples of the topsoil were all greater than 40 percent.  SPT ‘N’ values measured within the 
topsoil varied from 4 to 12 blows per 0.3 m of penetration. 

Peat 

An approximately 1.2 m thick layer of black, amorphous peat was encountered beneath the 
topsoil at the location of Borehole 06-7.  The natural water contents of samples of the peat varied 
from 96 to 340 percent.  SPT ‘N’ values of 2 blows per 0.3 m of penetration were measured 
within the peat suggesting this material is very loose. 

Interlayered Silty Clay/Clayey Silt and Sand/Silty Sand/Sandy Silt 

Native deposits consisting of interlayered cohesive silty clay/clayey silt deposits and cohesionless 
sand to sandy silt deposits were encountered beneath the topsoil and peat at the locations of 
Boreholes 06-6 and 06-7.  The thickness of the silty clay/clayey silt and sand/sandy silt 
interlayers were highly variable both between borehole locations and at varying depths in 
individual boreholes.     

Standard Penetration Test (SPT) ‘N’ values of between 3 and 14 blows per 0.3 m of penetration 
were measured within these soils indicating they are generally very soft to stiff or very loose to 
compact.  Laboratory testing indicates that the natural water contents of samples of these soils 
range from approximately 15 to 26 percent.  A gradation of a sample of one of the silty sand 
zones is displayed on Figure 7. 

Clayey Silt/Silty Clay 

Deposits of clayey silt/silty clay containing trace sand were encountered beneath the topsoil in 
Borehole 06-8 and the interlayered native strata described above in Borehole 06-7.  Zones of sand 
were encountered within the clayey soils at the locations of Boreholes 06-7. These clayey 
silt/silty clay materials extended to depths of greater than 7 m below ground surface.  A deposit of 
compact silt and sand was encountered beneath the silty clay at the location of Borehole 06-8.    
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SPT ‘N’ values ranging from 2 blows to 9 blows per 0.3 m of penetration were measured within 
these clayey soils suggesting these materials are very soft to stiff.  An in situ shear vane test 
carried out at depth of approximately 3 m in Borehole 06-8 indicates that the clayey soils at that 
location have an undrained shear strength of about 31 kPa and a remoulded shear strength of 
approximately 12 kPa.   

Laboratory testing indicates that the natural water content of these clayey soils varies from 
approximately 7 to 10 percent.  A gradation of a sample of the silty clay is displayed on Figure 8. 

Groundwater Conditions 

Groundwater was encountered during drilling in every borehole at depths typically varying from 
2.1 m to 3.0 m below grounds surface.  Piezometers were installed in Boreholes 06-6 and 06-8 to 
permit monitoring of the groundwater levels.  Piezometer installation details and groundwater 
conditions encountered during drilling are shown on the attached Record of Borehole sheets.  
Groundwater levels measured in the piezometers are presented in the table below. 

Borehole 
No. 

Water Level Measurements (February 1, 2007) 
Depth Approximate Elevation (m) 

BH06-6 1.1 225.0m 
BH06-8 0.7 225.7 m 

 
The water levels measured in the piezometers are above the base of the creek at these locations 
indicating there is likely an upward hydraulic gradient at this site.  The groundwater levels at the 
site are anticipated to fluctuate with seasonal variations in precipitation and runoff as well as 
fluctuations in the water level in the adjacent creek.  Perched groundwater conditions are 
expected to develop within and above fine-grained materials especially during and following 
periods of sustained precipitation. 

SUBSURFACE CONDITIONS – Site No. 3 

Topsoil 

A surficial deposit of sandy topsoil with a thickness of approximately 0.3 m to 0.7 m was 
encountered at ground surface at Boreholes 06-9 to 06-12.  SPT ‘N’ values of between 2 and 5 
blows per 0.3 m were measured within the topsoil materials. 
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Silty Clay to Clayey Silt with Sand 

Deposits of silty clay to clayey silt with sand were encountered in every borehole advanced at 
Site No. 3 as part of this investigation.  The silty clay/clayey silt soils contain varying amounts of 
sand as well as trace gravel in some areas.  Interlayers of silty sand and silt were encountered 
within these materials at some of the borehole locations.     

SPT ‘N’ values of between 4 and 23 blows per 0.3 m of penetration were measured within these 
soils suggesting the consistency of these soils varies from soft to very stiff.  The soft portions of 
the deposits, where encountered, are typically located directly beneath the topsoil and these 
deposits become firm to very stiff at depth.   

An Atterberg Limit test carried out on a sample of the clayey soils from Borehole 06-13 indicates 
that the sample tested had a Plastic Limit of about 15 and a Liquid Limit of 26.  Laboratory 
testing indicates that the natural water contents of samples of these soils ranged from 13 to 
26 percent.  The results of gradation analyses of these materials are displayed on Figures 9 and 
10. 

Groundwater Conditions 

Groundwater was encountered during drilling at every borehole at depths typically varying from 
0.2 m to 1.8 m below grounds surface.  Piezometers were installed in Boreholes 06-9, 06-12 and 
06-13 to permit monitoring of the groundwater levels at Site # 3.  Piezometer installation details 
and groundwater conditions encountered during drilling are shown on the attached Record of 
Borehole sheets.  Water levels measured in the piezometers are presented in the table below; 
however, given the fine-grained nature of the site soils, these readings may not represent 
stabilized water levels. 

Borehole 
No. 

Water Level Measurements (February 2, 2007) 
Depth Approximate Elevation (m) 

BH06-9 1.5 231.5 
BH06-12 0.5 233.4 
BH06-14 0.2 233.6 

 
It should be noted that groundwater levels at the site are anticipated to fluctuate with seasonal 
variations in precipitation and runoff and the adjacent creek.  Perched groundwater conditions are 
expected to develop within and above fine-grained materials especially during and following 
periods of sustained precipitation. 
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GEOTECHNICAL DESIGN COMMENTS 

This section of the report provides preliminary recommendations regarding geotechnical design 
aspects of the proposed drainage improvements.  The geotechnical recommendations provided are 
based on our interpretation of the available subsurface information and on our understanding of 
the project requirements.  The geotechnical input contained herein will need to be reviewed and, 
if necessary, revised once additional details on the development (e.g. final site grades, berm 
geometries, farm crossing locations etc.) become available.  Where comments are made on 
construction, they are provided only in order to highlight aspects of construction which could 
affect the design of the project.   

We note that the investigation has been carried out to provide initial information on the 
subsurface conditions for use in the design of the proposed works.  Additional investigation 
would be required to provide sufficient information for determining earthworks volumes (e.g. to 
better define the extent and thickness of topsoil and/or fill materials at the site).  In this regard, 
contractors bidding on or undertaking any work at the site should examine the factual results of 
the investigation, satisfy themselves as to the adequacy of the information for construction and 
make their own interpretation of the factual data as it affects their proposed construction 
techniques, schedule, equipment capabilities, costs, sequencing and the like. 

Our professional services for this assignment address only the geotechnical (physical) aspects of 
the subsurface conditions at this site.  The geo-environmental (chemical) aspects, including 
consequences of possible surface and/or subsurface contamination resulting from previous 
activities or uses of the site and/or resulting from the introduction onto the site of materials from 
off-site sources, are outside the terms of reference for this report.  

Proposed Drainage Improvements - Site No. 1 

The proposed works at Site No. 1 consist of the excavation of soils from within the floodplain of 
the creek and the construction of a perimeter berm around the site to provide for increased water 
storage during creek overflow/flood events.  Based on preliminary information provided to us by 
Dillon, the majority of the storage capacity at this site is proposed to be generated by lowering of 
site grades and, as such, the berm at Site No. 1 will typically be less than 1 m in height.   

Impact of Subsurface Conditions on Design 

The surficial soils encountered at boreholes advanced at Site No. 1 consist of topsoil and fill 
materials varying in composition from clayey silt to silty sand/sandy silt which contain pockets of 
organic matter.  A deposit of organic silt containing trace to some sand and shells was 
encountered beneath the fill materials in Borehole 06-2.  The remainder of the native soils 
generally vary in composition from sand to silty sand but contain interlayers of clayey silt.  
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Pockets of peat/organic matter were encountered within the native sandy soils and/or fill 
materials at the locations of Boreholes 06-2 and 06-3.  The water levels measured in the 
piezometers varied from 1 m to 2.3 m below ground surface corresponding to a groundwater 
elevation of about 223.5 m to 224 m.  This water level is anticipated to rise during/following the 
spring freshet. 

Due to the sandy nature of the site soils, the water level within excavations below the water table 
will rapidly stabilize with the surrounding groundwater level.  In this regard, the maximum 
depth/amount that the site grade can be lowered to create excess water storage capacity is 
effectively limited by the depth to the water table.  

The organic silt deposit encountered in Borehole 06-2 is considered to be highly compressible 
when subjected to new loads.  Similarly, the native sandy soils in Boreholes 06-3 were noted to 
contain organic matter and settlement of these soils will also occur following the application of 
new loads.  In this regard, although the berm height at this site is relatively small, construction of 
the berm over topsoil, organic silt or other organic materials would result in compression of the 
organic soils and subsequent settlement of the berm.  In order to reduce post-construction 
settlements of the berm, consideration could be given to subexcavating the highly organic soils 
from beneath the berm and replacing them with engineered fill materials.  However, the lateral 
extent of the highly organic soils (i.e. the organic silt deposit) is not known at this time.  
Furthermore, given the depth to which the organic soils were encountered in Borehole 06-2, 
subexcavation of these soils beneath the entire plan area of the proposed berm would require 
dewatering and may not be practical from a cost perspective.  As an alternative, the crest of the 
berm could be raised above its required design height to provide for an allowance for potential 
settlements.  A settlement allowance equal to 100 mm is recommended for preliminary 
assessment purposes assuming a maximum berm height of 1 m constructed over the maximum 
thickness of organic soils encountered in the boreholes.  However, the magnitude of settlement of 
the berm may be highly variable and, therefore, if this option is selected, the crest of the berm 
should be surveyed the year following construction to identify areas where significant settlements 
have occurred and provision for future maintenance (e.g. placement of additional fill materials on 
areas of the berm which have settled) should be allowed for. Complete subexcavation of the 
organic soils should be carried out if they are encountered beneath localized portions of the berm 
that are highly sensitive to settlement (e.g. proposed outlet culvert, emergency spillway etc.). 

Although portions of the native sandy soils encountered at the site are considered suitable for 
reuse as engineered fill as described below, these materials have hydraulic conductivities 
estimated to be in the range of 1x10-3 cm/s to 1x10-4 cm/s and, as such, will allow for seepage 
through the berm during the flood/storage events.  The quantity of seepage is also dependent on 
the hydraulic gradient that will develop through the berm during peak storage periods.  Given the 
limited height of the berm/water retained and the proposed width of the berm at this site, the 
hydraulic gradient is anticipated to be relatively low.  Consideration could be given to placing 
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materials with lower hydraulic conductivities (e.g. clayey soils) within the core of the berm or as 
an upstream blanket on the berm face in order to reduce the seepage through the berm.   
Additional details can be provided if this option is considered.    

Re-Use Of Native Soils as Engineered Fill Materials 

Based on our understanding, consideration will be given to using the native site soils as 
engineered fill materials in the berm construction.  Topsoil, organic silt and other soils containing 
significant amounts of organic matter are not considered suitable for the construction of berm. 
Similarly, materials containing debris or other deleterious materials are also not considered 
suitable for reuse as engineered fill.    

The native sandy soils encountered beneath the topsoil at the locations of Boreholes 06-4 and 06-
5 are considered to be suitable for use as engineered fill materials for berm construction.  We note 
that organic soils were encountered sporadically within the subsurface soils encountered at the 
locations of Boreholes 06-1, 06-2 and 06-3.  Where such soils are encountered during 
construction, segregation/selective excavation under the guidance of experienced geotechnical 
personnel will be required to generate predominantly organic-free soils for use in the berm 
construction. If the organic matter is widespread throughout the excavated materials such that 
segregation is not possible, imported fill materials may be required for berm construction.  
Alternatively, consideration could be given to reusing portions of soils containing limited 
amounts of organic matter provided that these materials can be adequately compacted and that 
long-term settlement of the berm, together with periodic regrading, is considered acceptable.     

The water contents of the native sandy soils are considered to be above their optimum water 
content for compaction.  Therefore, some adjustment of the water content of these materials (e.g. 
drying of the soils, mixing with drier materials) is expected to be required during placement and 
compaction if these soils are proposed to be used as engineered fills in the berm construction. 

Excess materials including peat and organic soils may be generated during stripping/subgrade 
preparation activities.  These materials are not considered suitable for re-use in the construction 
of the central portion of the berm structure which will support vehicular traffic.  However, in 
order to reduce costs associated with disposal of these materials, consideration could be given to 
placing such materials on/adjacent to the downstream portion of the berm outside of the area of 
the spillway discharge provided that the potential for erosion/sloughing of these materials and the 
associated requirement for maintenance is deemed acceptable.  Vegetative cover should also be 
established above any materials placed in this area to limit erosion.    
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Berm Geometry and Construction 

Based on our understanding, the proposed berm at Site No. 1 will typically be less than 1 m in 
height and is proposed have a minimum crest-to-crest width of 6 m.  For preliminary planning 
purposes, we recommend that the overall slope angle of the berm slopes should not be steeper 
than about 2.5H:1V.  Although, it may be possible to construct berms with steeper sideslopes, the 
use of a 2.5H:1V sideslope angle will help to reduce the potential for erosion and sloughing of the 
surface of the berm in comparison to steeper berm slope angles. 

The surficial topsoil deposits, other soils containing significant amounts of organic matter and/or 
soft, loose or highly disturbed native soils and/or fill materials that are not considered suitable for 
the subgrade support of the proposed berm should be stripped from beneath the plan area of the 
proposed berm prior to fill placement.  The prepared subgrade should then proofrolled under the 
observation of qualified geotechnical personnel.  Any soft/loose/disturbed soils or other areas that 
perform poorly should be subexcavated and replaced with engineered fill materials.    

The berm fill should be placed in thin lifts of not more than 300 mm in thickness and uniformly 
compacted to a minimum of 95% of the materials’ Standard Proctor Maximum Dry Density 
(SPMDD).  Full-time monitoring and compaction testing should be carried out during placement 
of the fill materials.  The embankment materials should be adequately benched/keyed into 
existing subgrade soils to prevent the formation of preferential failure planes. 

The native soils encountered at depths greater than about 2 m below ground surface at the 
majority of the boreholes drilled at the site consist of compact sand, silty sand/sandy silt or silt.  
These materials are considered to provide suitable subgrade support for the outlet culvert 
provided that these soils are not disturbed during construction.  In order to limit the potential for 
disturbance of these soils, a temporary dewatering system should be installed to lower the water 
level to a minimum of 0.5 m below the base of the excavation prior to initiation of excavation.  
Proper silt control measures will be required to reduce soil erosion and the discharge of silt laden 
runoff from the construction area.  If dewatering at the site results in removal of greater than 
50,000 L per day of groundwater, a Permit to Take Water (PTTW) from the Ministry of 
Environment (MOE) would be required.  Obtaining MOE approval for a PTTW can take up to 
several months; therefore, an allowance for this time should be included for in the overall 
planning process.  As indicated above, if organic or otherwise unsuitable soils are encountered at 
the base of the proposed culvert, these materials should be subexcavated and replaced with 
engineered fill materials. 
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Proposed Drainage Improvements - Site No. 3 

The proposed works at Site No. 3 consist of the excavation of soils from within the floodplain of 
the creek and the construction of a containment berm around the southern portions of the site to 
provide for increased water storage during creek overflow/flood events.  Based on preliminary 
information provided to us by Dillon, the elevation of the crest of the proposed berm will be 
approximately 237 m.  The ground surface elevation at the south end of the site is in the order of 
233 m and therefore a maximum berm height of approximately 4 m is required in this area.   

Impact of Subsurface Conditions on Design 

The surficial soils encountered at boreholes advanced at Site No. 3 consist of a surficial layer of 
topsoil extending to depths of about 0.3 m to 0.7 m below ground surface that are generally 
underlain by deposits of clayey silt containing varying amounts of sand and gravel.  The water 
levels measured in the piezometers varied from 0.2 m to 1.5 m below ground surface 
corresponding to a groundwater elevation of about 223.5 m to 224 m.  These readings may not 
represent stabilized water levels due to the fine-grained nature of the site soils.    Water levels at 
the site are anticipated to rise during/following the spring freshet. 

As the permeability of the clayey soils is expected to be relatively low, excavating below the 
water table within these soils can be carried out without the use of an external dewatering system 
(e.g. well points or eductor wells).  Therefore, lowering of the site grades below the water levels 
measured in the piezometers is considered feasible without dewatering.  However, we note that 
this is expected to result in long-term modifications to the local groundwater regime (i.e. lowering 
of the water table in the cut area) and that permanent upward seepage through the clayey soils 
would result.  Greater quantities of seepage may occur if zones of coarser soils are encountered.  
The design of the project should take into account these factors (e.g. an assessment of the 
potential magnitude of seepage should be carried out) if this option is selected.      

The topsoil and any soft or disturbed portions of the clayey soils are not considered suitable for 
the subgrade support of the proposed berm.  The firm to very stiff clayey soils that were generally 
encountered at depths of less than 1 m below existing ground surface are considered suitable to 
provide subgrade support for the proposed berms.  As described above, the native clayey soils 
encountered at this site have relatively low hydraulic conductivities.  As such, these materials are 
considered to provide for an effective barrier to seepage below and through the berm, provided 
the berm is constructed out of these materials, during the flood events.   

The construction of the berm will result in compression/consolidation of the underlying clayey 
soils.  Based on their consistency, the site soils are inferred to have been previously 
overconsolidated to a stress level greater than that which will occur as a result of the construction 
of the berm.  Therefore, settlements of the underlying soils will be primarily be governed by their 
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recompression characteristics.  For preliminary assessment purposes, the design of the berms at 
this site should take into account a settlement allowance of approximately 75 mm to 100 mm for 
the maximum berm height. 

Re-Use Of Native Soils as Engineered Fill Materials 

Based on our understanding, consideration will be given to using the native site soils as 
engineered fill materials in the berm construction.  Topsoil and other soils containing significant 
amounts of organic matter are not considered suitable for berm construction.  Similarly, materials 
containing debris or other deleterious materials are also not considered suitable for reuse as 
engineered fill. 

The native clayey soils encountered at the locations of all boreholes advanced at Site No. 3 are 
considered to be suitable for use as engineered fill materials provided that they are at a suitable 
water content for compaction.  Based on the results of an Atterberg Limit test carried out on a 
sample of the clayey soils, the optimum water content for compaction of these soils is estimated 
to be in the range of 13 to 16 percent, although some variation in the optimum water contents of 
the site soils should be expected.  Laboratory testing indicates that the soils present within about 1 
m of ground surface have natural water contents that are significantly above their optimum water 
content for compaction whereas the site soils present at greater depths have water contents that 
are estimated to be at or slightly above their optimum for compaction.  Therefore, adjustment of 
the water content of the fill materials (e.g. drying of the soils, mixing with drier materials) may be 
required during placement and compaction, if these soils are proposed to be used as engineered 
fills in the berm construction.  Drying of the site soils is not considered to be practical during 
periods of sustained precipitation and/or cold weather; therefore, the construction of the berm 
should be scheduled during the summer months when warmer and drier conditions are more 
likely to prevail.  

The water contents of the site soils tend to decrease slightly with depth.  As noted above, only 
minor groundwater seepage is expected to occur through excavations carried out within the 
clayey site soils.  As such, if the water contents of the near-surface soils are too high at the time 
of construction, consideration could be given to subexcavating soils from greater depths as a 
source of fill for berm construction. 

Berm Geometry and Construction 

Based on our understanding, the proposed berm at Site No. 3 will have a maximum height in the 
order of 4 m and is proposed have a minimum crest-to-crest width of 6 m.  For preliminary 
planning purposes, we recommend that the overall slope angle of the berm slopes should not be 
steeper than about 2.5H:1V provided that the materials can be compacted to a minimum of 95 
percent of their SPMDD.  If the moisture contents of the clayey materials at the time of 
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construction are too high (i.e. more than about 3 to 4 percent above their optimum water content 
for compaction), it will not be possible to achieve this compaction level and the shear strength of 
these soils will be reduced.  Consideration could still be given to using these materials with a 
reduced compaction level of 90 percent of their SPMDD; however, the berm sideslopes may need 
to be flattened to reduce the potential for instability of the berm and additional post construction 
settlement of the berm should be expected.  Soils that cannot be compacted to a minimum of 90 
percent of their SPMDD should be wasted and drier fill materials used.  Additional stability 
assessments would be required if this option is considered.   

The surficial topsoil deposits, soft clayey soils such as those encountered near ground surface in 
Borehole 06-11, and/or soft, loose or highly disturbed native soils and/or fill materials are not 
considered suitable for the subgrade support of the proposed berm.  In this regard, all unsuitable 
surficial soils should be stripped from beneath the plan area of the proposed berm prior to fill 
placement.  The prepared subgrade should then heavily proofrolled under the observation of 
qualified geotechnical personnel.  Any soft/loose/disturbed soils or other areas that perform 
poorly should be subexcavated and replaced with engineered fill materials.   

The berm fill should be placed in thin lifts of not more than 300 mm in thickness.  The clayey 
soils at this site should be compacted using a heavy sheepsfoot compactor.  Full-time monitoring 
and compaction testing should be carried out during placement of the fill materials.  The 
embankment materials should be adequately benched/keyed into the existing subgrade soils to 
prevent the formation of preferential failure planes. 

Other Design Considerations - Site Nos. 1 and 3 

The materials surrounding the culverts that pass through the berms will be subjected to freezing 
temperatures.  Softening of frost susceptible materials surrounding conduits placed through 
dams/berms as a result of freeze/thaw cycles can lead to piping problems.  Therefore, the culverts 
should be surrounded on all sides by a minimum thickness of 2.0 m of free-draining granular 
materials that have a fines content of less than 5 percent.  Special attention is required to ensure 
that these materials are properly compacted.  In addition, seepage collars around the culvert or 
other means of controlling seepage through the granular material should also be provided.      

Suitably sized rip rap or other appropriate erosion protection measures should be provided on the 
spillways and at their outlets to the existing creek(s) and any other areas where high flow 
velocities will occur.   The erosion protection must also be extended over the entire spillway areas 
including the discharge channels on the downstream face of the berms and a sufficiently long 
distance downstream of the berms to permit for dissipation of flow energies.  The selection of the 
final spillway configuration and erosion protection measures, including erosion protection 
requirements downstream of the outlet culverts should be carried out during the detailed design 
stage of the project, once final berm configurations and flow conditions are determined.  At Site 
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No. 3, the creek parallels the downstream toe of the berm to the west of the outfall structure.  Rip 
rap or other suitable erosion protection should be used to protect the downstream face of the berm 
in areas where the creek is located in close proximity to the berm. 

The sideslopes of the berms are considered to be susceptible to surficial erosion (particularly at 
Site No.1 given the nature of the silty/sandy soils at that site) as a result of precipitation, freeze-
thaw cycles and fluctuations in the water level on the interior of the pond.  Therefore, appropriate 
erosion protection should be provided over all surfaces of the berms.  Erosion protection may 
typically consist of suitable topsoil and vegetation cover.  Such cover should be established as 
soon as practical after construction of the berms and, in this regard, hydroseeding should be 
considered.  Erosion control blankets (e.g. mats typically comprised of straw and/or coconut 
fibers) can also be installed in areas where hydroseeding will be carried out in order to both 
promote seed germination and to protect the underlying soils against erosion until the vegetation 
cover has been established.  As indicated above, the sandy soils present at Site No. 1 are highly 
susceptible to erosion and the use of the erosion control blankets or other suitable temporary 
erosion control features at that site is recommended.  Trees should not be planted or allowed to 
grow on the berm.   

In order to limit potential for blockage of the outlet culvert, all brush and trees present in the base 
of the storage/reservoir areas at the sites should be removed at the time of construction and a trash 
screen/guard should be installed immediately upstream of the culvert to block debris from 
entering the outlet.   

Monitoring of the berms by qualified geotechnical personnel (e.g. observing the berms for signs 
of erosion, cracking, settlement etc.) should be carried out the year following construction.  Given 
the size of the berm at Site No.1, it is recommended that the berm at that site be inspected on an 
annual basis.  In addition, inspections by personnel responsible for maintenance of the facility 
should be carried out on a more frequent basis (e.g. quarterly and/or following major storm 
events).  The items to be monitored during these inspections should be identified during the 
detailed design phase once the final configuration of the berms are determined.  Provision for 
maintenance work should be allowed for in preparation of the project budget to ensure the long-
term serviceability of the berm structures.  

Proposed Farm Crossings - Site No. 2 

A total of four (4) farm crossings are proposed to be constructed over an approximately 700 m 
long length of the creek/drain at Site No. 2.  Based on preliminary information provided to us by 
Dillon, each crossing structure is proposed to consist of a low profile 8350 mm span x 3300 mm 
rise corrugated steel pipe bottomless arch that would be supported on a concrete slab extending 
600 mm wider than the culvert spans.  The culverts are to be set within a 0.45 m thick reinforced 
poured concrete slab which is approximately 8.9 m wide by 9 m long.  The culvert base slab is 
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proposed to be embedded a minimum of 600 mm below the creek/drain bottom and will impose 
an unfactored bearing pressure of about 21 kPa on the supporting soil.  The bottom of the base 
slabs are proposed to be founded at elevations of approximately 222.9 m to 223.2 m 
corresponding to depths in the order of 3 m to 3.5 m below existing site grades.  We have 
assumed that the creek/drain will either be temporarily diverted or dammed and pumped in order 
to permit construction of the proposed farm crossings.  

Foundation Design Considerations 

Boreholes 06-6 to 06-8 were drilled at Site No. 2 as part of the current investigation.  We note 
that the boreholes were not advanced at specific structure locations.  These boreholes encountered 
very soft to soft or very loose to loose near-surface soils consisting of topsoil, peat and silty clay.  
At the locations of Boreholes 06-6 and 06-7, these materials are underlain by interlayered sand to 
silty sand/sandy silt and silty clay materials.  At Borehole 06-8, the underlying materials were 
comprised primarily of silty clay.  At depths of greater than about 3 m to 4 m below ground 
surface, the native soils typically become firm to stiff or compact.  Water levels in piezometers 
installed at the site were measured to be in the order of 1 m or less below existing ground surface.  

The firm to stiff or compact native soils encountered at depths of greater than 3 m to 4 m below 
ground surface are considered suitable for the subgrade support of the proposed base slabs for  
culvert crossings designed with allowable bearing pressures of up to 50 kPa.   However, the 
proposed founding elevations for the base slabs are located at or near the interface between these 
soils and the overlying soft/loose materials.  Furthermore, given the composition and interlayered 
nature of the site soils, these materials are considered to be highly susceptible to softening and 
disturbance as a result exposure to adverse weather conditions and/or construction equipment and 
foot traffic.  As such, it is recommended that the native materials be subexcavated a minimum of 
0.5 m below the proposed founding elevations and replaced with compacted granular fill 
materials (e.g. 50 mm minus Crusher Run Limestone materials) in order to provide for protection 
of the subgrade soils.  In order to further reduce the potential for disturbance of the subgrade 
soils, heavy construction equipment should not be used in the base of the excavations. 

The placement of the granular fill materials should be carried out immediately following 
inspection of the subgrade soils by qualified geotechnical personnel.  If the soils present at the 
base of the excavation are soft or disturbed, the depth of subexcavation and thickness of the 
granular working pad will need to be increased.      
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Temporary Excavations and Dewatering Requirements 

The subsurface conditions encountered at depth in the boreholes advanced at Site No. 2 are highly 
variable and often consist of sandy/silty soils interlayered with silty clay soils.  Where the 
sandy/silty soils are present a temporary dewatering system should be installed to lower the water 
level to a minimum of 0.5 m below the base of the excavation prior to initiation of excavation in 
order to limit the potential for disturbance of these soils.  For preliminary assessment purposes, 
we recommend that provision for the installation of a dewatering system should be allowed for at 
each of the proposed crossing locations.  As the boreholes were not advanced at the specific 
structure locations, a ‘public dig’ should be carried out at each crossing location during the tender 
stage in order to determine the extent of the granular soil zones at the actual crossing locations so 
that prospective bidders can assess their method of construction and the type of groundwater 
control required, consistent with their equipment capabilities and the existing groundwater 
conditions at that time. 

Proper silt control measures will be required to reduce soil erosion and the discharge of silt laden 
runoff from the construction area(s).  If dewatering at the site results in removal of greater than 
50,000 L per day of groundwater, a Permit to Take Water (PTTW) from the Ministry of 
Environment (MOE) would be required.  Obtaining MOE approval for a PTTW can take up to 
several months; therefore, an allowance for this time should be included for in the overall 
planning process.   

Care should be taken to direct surface water away from the open excavations and all temporary 
excavations should be carried out in accordance with the Occupational Health and Safety Act and 
Regulations for Construction Projects.   The very soft to soft or very loose near-surface soils are 
classified as “Type 4” soils under the Act.  Granular soils present below the water table would 
also be classified as “Type 4” soils unless appropriate dewatering activities are carried out to 
lower the water table a minimum of 0.5 m below the base of proposed excavations.   Native firm 
to stiff or loose to compact native soils present above the level that dewatering is carried out 
would be classified as “Type 3” soils under the Act.   

As noted above, the soils present to depths of 3 m or more below the current ground surface at the 
site are typically very soft and/or very loose.  For preliminary assessment purposes, the sideslopes 
of temporary open cut excavations carried out within these materials above the groundwater table 
should not be steeper than 1.5 horizontal to 1 vertical (1.5H:1V).  However, depending upon the 
construction and groundwater control procedures adopted by the contractor and weather 
conditions at the time of construction, the use of flatter sideslopes may be required.  Excavated 
materials should not be stockpiled adjacent to the crest of the excavations. 



Dillon Consulting Limited  February 19, 2007 
Mr. Tim Oliver, P.Eng. - 20 - 06-1189-519 

 

Golder Associates 
 

The majority of the excavated materials are anticipated to consist of topsoil, peat and/or soft to 
very soft, remoulded clayey materials that are significantly above their water contents for 
compaction.  These materials are not considered suitable for providing support to vehicles 
traveling over the culverts.  Free-draining imported fill materials approved by the geotechnical 
engineer should be used to backfill around and above the culverts.          

Decommissioning of Piezometers 

The piezometers installed at the sites have been left functional in order to allow future monitoring 
of the groundwater level at the site.  However, these piezometers may provide a conduit for 
groundwater flow and should be abandoned as part of the construction of the project or if the 
project is put on hold.  In this regard, abandonment of the piezometers should be included as part 
of the contract for this project.  Ontario Regulation (O. Reg.) 903 amended by O. Reg. 128/03 of 
the Ontario Water Resources Act identifies required decommissioning procedures and requires 
that monitoring wells/piezometers are properly abandoned/decommissioned by qualified 
personnel. 

Closure 

Once additional information on the design of the proposed works including berm geometries and 
outfall details is available, the geotechnical aspects of the proposed works  should be reviewed by 
this office.  Also, prior to tendering, the geotechnical aspects of the final design 
drawings/specifications and proposed construction methodology should be reviewed by this 
office to confirm that the intent of this report has been met. 

During construction, sufficient subgrade inspections and in-situ and laboratory materials testing 
should be carried out to confirm that the conditions exposed are consistent with those encountered 
in the boreholes and to monitor conformance to the pertinent project specifications.  
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IMPORTANT INFORMATION AND LIMITATIONS 
OF THIS REPORT 

Standard of Care:  Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with 
that level of care and skill ordinarily exercised by members of the engineering and science professions 
currently practising under similar conditions in the jurisdiction in which the services are provided, subject 
to the time limits and physical constraints applicable to this report.  No other warranty, expressed or 
implied is made. 

Basis and Use of the Report:  This report has been prepared for the specific site, design objective, 
development and purpose described to Golder by the Client.  The factual data, interpretations and 
recommendations pertain to a specific project as described in this report and are not applicable to any other 
project or site location.  Any change of site conditions, purpose, development plans or if the project is not 
initiated within eighteen months of the date of the report may alter the validity of the report.  Golder can 
not be responsible for use of this report, or portions thereof, unless Golder is requested to review and, if 
necessary, revise the report. 

The information, recommendations and opinions expressed in this report are for the sole benefit of the 
Client.  No other party may use or rely on this report or any portion thereof without Golder’s express 
written consent.  If the report was prepared to be included for a specific permit application process, then 
upon the reasonable request of the client, Golder may authorize in writing the use of this report by the 
regulatory agency as an Approved User for the specific and identified purpose of the applicable permit 
review process.  Any other use of this report by others is prohibited and is without responsibility to Golder.  
The report, all plans, data, drawings and other documents as well as all electronic media prepared by 
Golder are considered its professional work product and shall remain the copyright property of Golder, who 
authorizes only the Client and Approved Users to make copies of the report, but only in such quantities as 
are reasonably necessary for the use of the report by those parties.  The Client and Approved Users may not 
give, lend, sell, or otherwise make available the report or any portion thereof to any other party without the 
express written permission of Golder.  The Client acknowledges that electronic media is susceptible to 
unauthorized modification, deterioration and incompatibility and therefore the Client can not rely upon the 
electronic media versions of Golder’s report or other work products. 

The report is of a summary nature and is not intended to stand alone without reference to the instructions 
given to Golder by the Client, communications between Golder and the Client, and to any other reports 
prepared by Golder for the Client relative to the specific site described in the report.  In order to properly 
understand the suggestions, recommendations and opinions expressed in this report, reference must be 
made to the whole of the report.  Golder can not be responsible for use of portions of the report without 
reference to the entire report.   

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended 
only for the guidance of the Client in the design of the specific project.  The extent and detail of 
investigations, including the number of test holes, necessary to determine all of the relevant conditions 
which may affect construction costs would normally be greater than has been carried out for design 
purposes.  Contractors bidding on, or undertaking the work, should rely on their own investigations, as well 
as their own interpretations of the factual data presented in the report, as to how subsurface conditions may 
affect their work, including but not limited to proposed construction techniques, schedule, safety and 
equipment capabilities. 

Soil, Rock and Groundwater Conditions:  Classification and identification of soils, rocks, and 
geologic units have been based on commonly accepted methods employed in the practice of geotechnical 
engineering and related disciplines.  Classification and identification of the type and condition of these 
materials or units involves judgment, and boundaries between different soil, rock or geologic types or units 
may be transitional rather than abrupt.  Accordingly, Golder does not warrant or guarantee the exactness of 
the descriptions. 
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IMPORTANT INFORMATION AND LIMITATIONS 
OF THIS REPORT (cont’d) 

Special risks occur whenever engineering or related disciplines are applied to identify subsurface 
conditions and even a comprehensive investigation, sampling and testing program may fail to detect all or 
certain subsurface conditions.  The environmental, geologic, geotechnical, geochemical and hydrogeologic 
conditions that Golder interprets to exist between and beyond sampling points may differ from those that 
actually exist.  In addition to soil variability, fill of variable physical and chemical composition can be 
present over portions of the site or on adjacent properties.  The professional services retained for this 
project include only the geotechnical aspects of the subsurface conditions at the site, unless otherwise 
specifically stated and identified in the report. The presence or implication(s) of possible surface and/or 
subsurface contamination resulting from previous activities or uses of the site and/or resulting from the 
introduction onto the site of materials from off-site sources are outside the terms of reference for this 
project and have not been investigated or addressed. 

Soil and groundwater conditions shown in the factual data and described in the report are the observed 
conditions at the time of their determination or measurement.  Unless otherwise noted, those conditions 
form the basis of the recommendations in the report.  Groundwater conditions may vary between and 
beyond reported locations and can be affected by annual, seasonal and meteorological conditions.  The 
condition of the soil, rock and groundwater may be significantly altered by construction activities (traffic, 
excavation, groundwater level lowering, pile driving, blasting, etc.) on the site or on adjacent sites.  
Excavation may expose the soils to changes due to wetting, drying or frost.  Unless otherwise indicated the 
soil must be protected from these changes during construction.  

Sample Disposal:  Golder will dispose of all uncontaminated soil and/or rock samples 90 days following 
issue of this report or, upon written request of the Client, will store uncontaminated samples and materials 
at the Client’s expense.   In the event that actual contaminated soils, fills or groundwater are encountered or 
are inferred to be present, all contaminated samples shall remain the property and responsibility of the 
Client for proper disposal. 

Follow-Up and Construction Services:  All details of the design were not known at the time of 
submission of Golder’s report.  Golder should be retained to review the final design, project plans and 
documents prior to construction, to confirm that they are consistent with the intent of Golder’s report.   

During construction, Golder should be retained to perform sufficient and timely observations of 
encountered conditions to confirm and document that the subsurface conditions do not materially differ 
from those interpreted conditions considered in the preparation of Golder’s report and to confirm and 
document that construction activities do not adversely affect the suggestions, recommendations and 
opinions contained in Golder’s report.  Adequate field review, observation and testing during construction 
are necessary for Golder to be able to provide letters of assurance, in accordance with the requirements of 
many regulatory authorities.  In cases where this recommendation is not followed, Golder’s responsibility 
is limited to interpreting accurately the information encountered at the borehole locations, at the time of 
their initial determination or measurement during the preparation of the Report. 
 
Changed Conditions and Drainage:  Where conditions encountered at the site differ significantly 
from those anticipated in this report, either due to natural variability of subsurface conditions or 
construction activities, it is a condition of this report that Golder be notified of any changes and be provided 
with an opportunity to review or revise the recommendations within this report.  Recognition of changed 
soil and rock conditions requires experience and it is recommended that Golder be employed to visit the 
site with sufficient frequency to detect if conditions have changed significantly. 
 
Drainage of subsurface water is commonly required either for temporary or permanent installations for the 
project.  Improper design or construction of drainage or dewatering can have serious consequences.  Golder 
takes no responsibility for the effects of drainage unless specifically involved in the detailed design and 
construction monitoring of the system. 
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0.15Compact, brown SAND, some silt. Upper
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Note:  Borehole elevation is approximate
only.
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Dark brown silty TOPSOIL. Contains
pockets/ interlayers of soft to firm clayey
silt, some sand
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Note:  Borehole elevation is approximate
only.

Firm to stiff, grey SILTY CLAY. Contains
sand interlayers
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Note:  Borehole elevation is approximate
only.
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of sand
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interlayers of SILTY CLAY

Loose, wet, grey SAND, some silt

Soft, grey CLAYEY SILT, some sand

Very loose, black amorphous PEAT

Dark brown silty TOPSOIL (frozen)
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Stiff, grey SILTY CLAY
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Compact, wet, grey SILT and fine SAND.
Contains interlayers of silty clay.
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Becoming firm below 3 m depth
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Note:  Borehole elevation is approximate
only.
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LOCATION PLAN - SITE Nos. 1 to 3

Dillon Consulting Ltd.
South Innisfil Creek Drainage Improvements

Town of Innsifil, Ontario

FIGURE 1

Base map by Microsoft Streets & Trips 2006
Microsoft Corp. and/or its suppliers, 1988- 2005;
NAVTEQ, 2004; and TeleAtlas North America,
Inc., 2004

SITE No. 1

Approximate Location of
SITE No. 2

SITE No. 3



BOREHOLE LOCATION PLAN - SITE No. 1

Dillon Consulting Ltd.
South Innisfil Creek Drainage Improvements

Town of Innsifil, Ontario

FIGURE 2

Note:  Borehole locations surveyed by Dillon
Consulting personnel.

NOTES

REFERENCE

Base plan by Dillon Consulting entitled "Proposed
Borehole Locations, South Innisfil Creek Drain
and Branches", Project No. 05-4787, Jan. 8/2007

LEGEND

BOREHOLE LOCATION IN PLAN
06-1
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3184 2ND LINE

Dillon Consulting Ltd.
South Innisfil Creek Drainage Improvements

Town of Innisfil, Ontario 3

BOREHOLE LOCATION PLAN - SITE No. 2
Mississauga, Ontario, Canada

APPROXIMATE BOREHOLE LOCATION

1. MAPPING BASED ON AUTOCAD FILE NAMED 'OVERFLOW AREAS_borehole
locations.dwg' PROVIDED BY DILLON CONSULTING ON FEB. 6, 2007.

REFERENCES:

LEGEND:

06-1189-519

AS SHOWN

FEB 2007
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BOREHOLE LOCATION PLAN - SITE No. 3

Dillon Consulting Ltd.
South Innisfil Creek Drainage Improvements

Town of Innsifil, Ontario

FIGURE 4

REFERENCE

Base plan by Dillon Consulting entitled "Proposed
Borehole Locations, South Innisfil Creek Drain
and Branches", Project No. 05-4787, Jan. 8/2007

LEGEND

BOREHOLE LOCATION IN PLAN

Note:  Borehole locations surveyed by Dillon
Consulting personnel.
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 GRAIN SIZE DISTRIBUTION 
Silty Sand (Possible Fill) FIGURE 5

Date: 13-Feb-07

Project Number: 06-1189-519

Checked By: Golder Associates
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 GRAIN SIZE DISTRIBUTION 
Sand, some silt FIGURE 6

Date: 13-Feb-07

Project Number: 06-1189-519

Checked By: Golder Associates
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 GRAIN SIZE DISTRIBUTION 
Silty Sand FIGURE 7

Date: 13-Feb-07

Project Number: 06-1189-519

Checked By: Golder Associates
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 GRAIN SIZE DISTRIBUTION 
Silty Clay FIGURE 8

Date: 13-Feb-07

Project Number: 06-1189-519

Checked By: Golder Associates
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 GRAIN SIZE DISTRIBUTION 
Clayey Silt FIGURE 9

Date: 13-Feb-07

Project Number: 06-1189-519

Checked By: Golder Associates
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 GRAIN SIZE DISTRIBUTION 
Clayey Silt with Sand FIGURE 10

Date: 13-Feb-07

Project Number: 06-1189-519

Checked By: Golder Associates
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