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1.0 INTRODUCTION 
 
AMEC Environment & Infrastructure, a Division of AMEC Americas Limited (AMEC), has been 
retained by Rowswell and Associates Engineers Inc. (Rowswell) to complete an Additional 
Geotechnical Test Hole Investigation for the Parks Canada Agency’s (PCA), as a follow up to 
the original Request for Proposal 10120583 (RFP), dated 19 September 2012, regarding the 
structural stabilization of Stores Building in Sault Ste. Marie, Ontario (see Figure 1).  Previously, 
AMEC completed a geotechnical investigation for this same project (original report included in 
Appendix A), which presented various options to stabilize the foundation of the Stores Building.  
Rowswell, in consultation with PCA, selected grouting as the preferred option to stabilize the 
foundation.  To ensure grouting is in fact the most suitable option, PCA wanted to reduce the 
risk of implementing this option by completing an additional geotechnical investigation. 
 
The scope of work for this additional geotechnical investigation also included a hydrogeological 
analysis, evaluation of a concrete curb within the building, and consultation with a grouting 
expert. 
 
The purpose of this additional geotechnical investigation was to determine the subsurface 
conditions and relevant soil properties at a number of test locations in order to augment the 
subsurface information and develop recommendations for the geotechnical aspects of the 
proposed repair design. 
 
The anticipated construction conditions are also discussed, but only to the extent that they may 
influence design decisions.  The feasible construction methods, however, express our opinion 
and are not intended to direct contractors in how to carry out construction.  Contractors should 
also be aware that the data and their interpretation presented in this report may not be sufficient 
to assess all factors that may have an effect upon construction. 
 
We assume that the work will be carried out in accordance with good engineering practises and 
all applicable standards and regulations.  Environmental considerations were not part of the 
scope of work for this geotechnical investigation. 
 
There should be an ongoing liaison with AMEC during both the design and construction phases 
of the project to ensure that the recommendations in this report have been interpreted and 
implemented correctly.  Also, if any further clarification and/or elaboration are needed 
concerning the geotechnical aspects of this project, AMEC should be contacted immediately. 
 
1.1 Background 
 
Through a review of background information included within the RFP package, AMEC 
understands that the existing Stores building foundation, built circa 1896, is continuing to 
undergo duress contributing to the ongoing deterioration of the structure.  Previous investigation 
reports by Geocon Inc. (Geocon), dated September 1984 and November 1985 (included in 
Appendix B), have suggested that one possible source for the ongoing settlement issue may be 
related to the flow of water through the existing blast rock fill washing fine soil particles from 
below the footings. 
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A Stores building condition assessment (BCA), commissioned by Public Works and 
Government Services Canada, was issued in December 2010 and indicated the condition of the 
foundation exposed in a test pit at the south east corner of the building was in very poor 
condition.  A further detailed description of the findings in the test pit, including comments and 
assessment based on a comprehensive evaluation of the main interacting building components 
(structure, materials, envelope, site features, etc.) of the entire building condition is provided in 
the quoted report.  
 
The report went on to suggest that additional geotechnical investigation was required in order 
to: 
 

1. Confirm the soil / bedrock conditions below the entire building;  

2. Monitor foundation movements to determine whether the suspected movement is 
ongoing; 

3. Investigate the source and extent of the groundwater flow; 

4. Investigate and confirm the as built condition of the foundation walls; and, 

5. Develop feasible options for the stabilization of the foundation. 

Based on the Geocon report dated September 1984 (Geocon 1984), in the available 
background information, the St Mary’s Islands was a series of smaller islands joined by infilling 
gaps with rock blasted from the construction of the locks.  It is believed the Stores building was 
built on fill deposits and has experienced differential movements and cracking of the blocks and 
mortar.  Previous excavations have uncovered voids beneath concrete sidewalks, indicating 
probable washing away of supporting fill. 
 
Cracking has only been noted in the southern portion of the Stores building, along with 
differential settlement of the concrete slab adjacent to the Stores building.  The adjacent 
Pumphouse building, thought to be built on bedrock, has not undergone noticeable movements. 
 
During spring thaw, it has also been observed that sink holes form that cause pedestrian 
hazards.  A dye test confirmed a relatively high groundwater flow within the island of 0.05 to 0.1 
m/sec. 
 
2.0 GEOLOGICAL SETTING 
 
The primary, surficial geology of the area is glaciolacustrine deposits consisting of either silt and 
clay, minor sand, basin and quiet water deposits or glaciolacustrine deposits of sand, gravelly 
sand and gravel, near shore and beach deposits. 
 
The bedrock geology on St. Mary’s Island is comprised of Proterozoic-aged Jacobsville Group 
and Oronto Group sandstone, shale, and conglomerate rocks of the Southern and Superior 
Provinces. 
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3.0 INVESTIGATION PROGRAM 
 
The additional fieldwork for this project was carried out on 11 to 16 December 2013, when three 
(3) sampled boreholes (BH13-04 to 13-06) were advanced adjacent to the building, while two 
(2) were advanced inside the building (BH13-07 and 08).  Two test pits (TP1304 and 05) were 
also excavated along the west side of the building.  All test hole locations are shown on the Test 
Hole Location Plan (see Figure 2). 
 
BH13-04 was a large 200 mm diameter borehole, advanced with a track mounted soils drill rig 
and was intended to serve as the pump well for the hydrogeological evaluation.  At this location, 
there was a reinforced concrete slab that required a jack hammer to penetrate, to provide 
access for the drill augers (see Photo 1, below).  The other four sampled boreholes; 2 inside the 
building and 2 along the slope, west of the building were advanced using hand drilling 
equipment because of location limitations.  The borehole logs are presented in Appendix C.  All 
borehole locations were determined in the field based on a drawing provided to our office. 
 

 
Photo 1: Jack hammered hole for pump well installation. 

 
The pump well BH13-04 was advanced using hollow stem augers and conventional soil 
sampling methods.  A 150 mm diameter test well was installed to a depth of 4.1 m and equipped 
with 1.5 m of #10 slot sized screen.  The well was installed at the bedrock/overburden interface 
within a moderately permeable sand and gravel unit with some silt and clay.  The location of test 
well BH13-04 is shown in Figure 2. 
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After a short resting period to allow the effects of drilling to dissipate a complete set of water 
level readings was taken prior to initiation of the pump test. 
 
Soil samples were collected at predetermined depth intervals in accordance with Standard 
Penetration Testing procedures (ASTM D-1586) utilizing a mechanical hammer.  The other 
holes were advance with hand drilling equipment utilizing core barrels with diamond drill bits 
because of the numerous cobbles/boulders. 
 
Field drilling observations are recorded on the Borehole Logs (Appendix C), including 'N'-values, 
where appropriate.  These values provide an indication of the various soil strata’s condition with 
respect to compactness or consistency.  The samples were field logged by an experienced soil 
technologist, placed in plastic bags and delivered to our office for further examination and 
testing. 
 
The boreholes were surveyed by our field staff using a temporary benchmark (garage bay door 
to the east of the stores building) with an assigned elevation of 100 m.  Borehole locations were 
also geo-referenced to UTM co-ordinates using a portable Global Positioning System (GPS).  
Elevations and GPS co-ordinates on the borehole logs can be found in Appendix C. 
 
Two test pits (TP13-03 and 04) were excavated along the western wall, at the north and south  
ends.  The test pit data is included in Table 1, with details presented on Figure 3.  The test pits 
were excavated with a small Bobcat machine. 
 

 
Photo 2: View of TP13-03 excavated at northwest corner of the building. The northern 

portion of the building does not appear to be moving, so this test pit was for 
comparative purposes. 
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Table 1 – Test Pit Data 

Test Pit 
No. 

Co-
ordinates 

NAD 86, 16T 
Depth (m) Soil Description and Comments 

TP13-03 
0703312 E, 
5154504 N 

0 – 0.33 
 

0.33 – 0.51 
0.51 – 0.81 
0.81 – 0.97 
0.97 – 1.83 

 
 

1.83 

dark brown FILL, mostly sand, some gravel, trace  
silt, wet 
CONCRETE SLAB 
WATERMAIN (600mm Diameter) 
black FILL, mostly sand and gravel, trace silt, wet 
brown / red SAND with GRAVEL, some cobbles,  
trace silt and clay, moist-wet  
(water at 1.45 m from grade) 
END OF TEST PIT 

TP13-04 
0703300 E, 
5154522 N 

0 – 0.33 
 

0.33 – 0.51 
0.51 – 0.71 

 
0.71 – 1.83 

 
 

1.83 

black FILL, mostly sand, some gravel, trace silt  
and organics, wet 
CONCRETE SLAB 
dark brown / black FILL, mostly sand, some  
gravel, trace silt, wet 
dark brown / red SAND with GRAVEL, some silt, 
trace clay, wet  
(water at 1.12 m from grade) 
END OF TEST PIT 

 
Additional information was required of the make-up of the foundation wall, so two (CH13-01 and 
02) horizontal cores were advanced from within the basement area, outwards through the 
foundation wall.  The holes were advanced in an area where a concrete “curb” had been poured 
abutting the foundation wall.  The curb appears to be some type of buttressing to support the 
stone foundation wall. 
 
4.0 FIELD CONDITIONS 
 
A summary of the subsurface conditions encountered in the boreholes and test pits are 
presented below. 
 
4.1 Surficial Layer 
 
The pump well borehole (BH13-04) and the two boreholes advanced through the interior floor 
slab (BH13-07 and 08) encountered a surficial concrete slab that ranged from 300 to 400 mm in 
thickness.  A concrete slab was also encountered in TP13-03 and 04, buried approximately 0.36 
m.  Historic drawings indicate buried, abandoned services along the western side of the building 
and this slab was likely installed to protect the services or to deflect percolating surface water. 
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Photo 3: View of CH13-01 advanced through foundation wall. 

 
As is the case at this site, concrete slabs and the perimeter of buildings are usually backfilled 
with granular fill.  The fill comprises mostly sand and gravel mixed with varying clay, silt, 
cobbles, boulders and organics, along with some debris.  The fill around the building is not as 
free draining as it should be.  The fill was measured to be between 0.6 to 2.4 m in thickness but 
is expected to range in thickness and quality across the site.  Two grain size distributions of the 
fill are shown on Figures 4 and 5.  It is probable that the fill material was taken from construction 
activities elsewhere on the island. 
 
4.2 Sand and Gravel 
 
Underlying the fill layer is a red to brown, moist to wet, sand and gravel with some silt and trace 
clay. This soil layer is moist to wet and compact to dense.  It is likely this layer represents a 
glacial till layer that extends to the bedrock surface. 
 
4.3 Bedrock 
 
Bedrock was encountered and cored in BH13-05 to 08 at depths ranging from 2.4 to 3.7 m 
below grade. The bedrock coring was extended to between 3.1 and 6.4 m in depth and 
comprised sandstone that generally increased in quality with depth.  Total core recovery (TCR), 
which is a measurement of how much core was recovered compared to how much was actually 
cored, ranged from 33 to 100%.  Solid core recovery (SCR), which is a measurement of the total 
length of solid rock core compared to the total length, ranged from 8 to 96%.  The Rock Quality 
Designation (RQD), which is the total length of pieces over 100 mm in length compared to the 
total length, ranged from 0 to 75%, indicating a very poor to fair rock quality, but generally poor. 
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4.4 Coring 
 
As indicated earlier, the floor slab and the foundation walls were cored.  The basement slab 
concrete was intact and appears to be in good condition.  Understandably, it is bonded to the 
underlying subsoil, which appear to absent of fine soils, although they may have been washed 
away by the water used during coring.  As can been seen in Photo 4, it is obvious a new slab 
has been poured over the original slab.  The original slab (the top of the core in the photo) has 
coarser aggregate and indicative of older standards in concrete manufacturing.  The upper, 
lighter in colour concrete has smaller, more uniform aggregate, typical of good quality concrete. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Photo 4: Core of floor slab. Photo 5: Core of interior concrete 
curb and foundation wall. 

 
The cores taken of the foundation wall indicate the concrete curb inside the building is of good 
quality, but the large aggregate size would indicate it is of an older vintage.  The cobble 
foundation wall behind the concrete section is difficult to evaluate, however, it should be noted 
the mortar appeared to be deteriorated, although that may be in part due to the coring 
procedure and use of water for drilling. 
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The Stores building foundation contain large pieces of a red to red-brown inter-bedded 
sandstone characterized by a poorly sorted, clastic texture and random, isolated spherical 
leached spots (0.2 mm to 7.5 mm in diameter) that appear in sharp contrast.  Generally, the 
grain size ranged from 0.2 mm to 0.6 mm.  The composition of the specimens provided for hand 
sample examination included individual crystal grains of rounded quartz (55% to 60%), 
individual crystal grains of angular feldspar (25% to 30%), individual crystal grains of angular 
amphibolites (5% to10%), and irregular mafic rock types or metallic minerals (3% to 5%). 
 
A series of approximately 11 inter-beds were observed in one specimen.  The fine grained (0.05 
mm to 0.5 mm) feldspar-rich bedding planes were associated with six open fractures that 
measured less than 0.1 mm to 0.75 mm were observed at the concrete interface and traversing 
along these planes of weakness within the sandstone.  Overall, the sandstone is of a good 
quality.  When tested with a metal blade the sandstone is hard to medium hard showing high 
strength with edges and corners able to be plucked with some difficulty. 
 
More detailed composition of the sandstone specimens and micro-fracturing within this 
sandstone would require detailed thin section examination.  This type of rock is typical to the 
area and should be available from local quarries. 
 
A cross-section of the foundation wall is depicted on Figure 3. 
 
4.5 Groundwater 
 
Groundwater was encountered in all boreholes and test pits on completion and was measured 
following a period of stabilization in BH13-04 to 06 and 08 on 17 December 2013 to be between 
0.8 and 1.4 m below grade.  However, in general the water level was observed to be 
approximately 0.5 to 0.9 m below the top of the Stores building concrete floor slab. 
 
During the test pit excavation, and once a depth of approximately 1 m below the concrete slab 
was reached, groundwater began to fill the excavation. 
 
It should be noted that water level readings are subject to the local ground water regime and in 
particular, operations in and around the St. Mary’s River.  In addition, and as noted during the 
pump test, the sump pump within the building was observed to lower the water level by as much 
as 0.6 m outside the building footprint, inside the test well. 
 
5.0 GEOTECHNICAL CONCERNS 
 
Based on the available background information, and previous and current investigations and 
inspections, several geotechnically related concerns have been identified.  They include the 
following: 
 

1. The actual foundation walls are old and possibly structurally deteriorated by aging and 
decaying mortar. 
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2. The founding conditions and supporting soils are variable and possibly deleterious in 
some areas. 

3. Foundation backfill material is variable and deleterious in areas. 
4. Groundwater is shallow and flows readily through the area. 
5. Groundwater levels may fluctuate considerably over the year. 
6. The west foundation wall located along the toe of a slope may be subjected to a lateral 

unbalanced earth pressure. 
 
5.1 Foundation Walls 
 
The foundation walls are constructed of cobble and boulder sized stones which were originally 
held together with mortar.  The quality of the mortar, the effects of freeze-thaw cycles, poor 
founding conditions, and probable movement of the foundation walls has resulted in a 
weakened and deteriorated structure. 
 
The coring was terminated prior to penetrating the exterior building facade and as such, no 
sample of the facing was collected.  However, as noted in Section 4.3 (pg. 16) of the ‘Stores 
Building Condition Assessment’, dated December 2010, “The exterior walls are load bearing 
masonry construction and feature coursed squared rubble sandstone for both the exterior and 
interior wythes.  The sandstone was quarried from the excavation for the canal.”  The red 
sandstone observed in the foundation wall and facing is similar to the rock cored at the base of 
the boreholes. 
 
5.2 Founding Conditions and Supporting Soils 
 
The development of the site, and the backfilling techniques, with varying backfill materials has 
resulted in variable founding conditions and differing frost susceptibility.  Valleys filled with 
apparently random coarse and fine blast rock have provided erratic groundwater flow paths. 
Subsequently, these background factors likely have affected the buildings constructed above 
these materials. 
 
Depending on placement techniques, the blast rock is susceptible to movement through shifting 
or consolidating due to vibrations, forces from groundwater flow, etc.  Placement of materials 
beside each other that are not filter graded compatible could cause finer soil to flow into voids of 
adjacent, coarser material, and cause movements/settlement.  If foundations were placed on 
organic soils, these soils may be undergoing decomposition or consolidation.  The 
decomposition and consolidation would be affected by fluctuations in the groundwater level. 
 
No subfloor gaps were encountered in the test holes advanced through the interior concrete 
slabs, so it is possible the slab is in intimate contact with the supporting soils.  A probe hole 
investigation or geophysical survey could be completed to confirm this assumption.  In this light, 
no remedial actions at this time are required for the interior slabs.  The slabs should be 
monitored during construction and if affected, they may require consideration, which may 
include pressure grouting of any gaps formed under the slabs, etc. 
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5.3 Foundation Backfill Material 
 
Similar to the discussions pertaining to the fill material under the foundations, backfill around the 
foundations is also variable, and contains deleterious or frost susceptible material. 
Organic or frost susceptible soils used as backfill in direct contact with foundation walls could 
detrimentally affect drainage and cause frost adhesion to the already weak foundation wall and 
cause movements. 
 
5.4 Groundwater Considerations 
 
The consistent and steady supply of groundwater actively aggravates problems caused by 
freeze-thaw of founding and backfill materials.  In addition, these movements and fluctuations 
can help mobilize and transport fine material from their original area of placement. 
 
To aid in deciding if grouting would be a viable option, a pump test was required to establish 
groundwater conditions and permeability of the underlying soils.  Results of the pump-test 
conducted at the newly installed BH13-04, located adjacent to the Stores Building, were 
analyzed using the AQTESOLV (version 4.5) software developed by Glenn M. Duffield, 
HydroSOLVE Inc. (Duffield, 2007). 
 
Test well BH13-04 was pumped at rates ranging from 3 litres per minute (L/min.) to 6.5 L/min. 
over a period of 9.75 hours on 20 December 2013.  Drawdown and recovery data were 
monitored in the pumped well only. 
 
Pumping rates and observed drawdown measured in the well during the test are shown in 
Figures 6 and 7, respectively.  Maximum drawdown observed in the pumping well was about 2.4 
m, after about 6.4 hours of pumping.  At the end of pumping, water levels in the pumped well 
recovered to about 90% of the pre-pumping level after 35 minutes of recovery measurements. 
 
During the course of the pump test, the dewatering sump in the Stores Building was active.  
Discharge data is not available for this building sump dewatering system but it is inferred that 
the sump pumping influenced water levels observed within the pumped well, as noted by the 
changes in water level, which do not align with prescribed changes in pumping rate, i.e., 
increases in drawdown observed at 100, 150, 240 and 415 min.  Due to this, drawdown data 
after 100 min were not used to estimate transmissivity.  Recovery data did not appear to be 
influenced by the sump pump operation as the sump pump did not cycle on during well 
recovery, so these data were also used to estimate formation transmissivity. 
 
Cooper-Jacob (1946) solution was used to analyze drawdown observed within the pumped well 
from 30 min. to 100 min. of the pump test.  Early-time data, i.e., prior to 30 min. was excluded 
from analysis to avoid influence of well bore storage effects.  Analysis of the drawdown 
observed in the test well is shown in Figure 8 and yielded an estimated aquifer transmissivity of 
1.2x10-5 m2/s. 
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Theis (1935) analysis of recovery observed in BH13-04 after cessation of pumping is shown on 
Figure 9 and yielded an estimated aquifer transmissivity of 3.8x10-6 m2/s.  
 
Utilizing a sand thickness of 1.5 m, coinciding with length of well screen, estimated results in 
hydraulic conductivity are 2.5x10-6 m/s to 8x10-6 m/s, with a geometric mean value of 4.5x10-6 
m/s. 1.5 m was used as the sand thickness, as this represented the minimum saturated 
thickness of formation over which the estimates were made i.e., data observed when water level 
was drawn below top of well screen were not used in the analysis. 
 
It should be noted that our estimated hydraulic conductivity are not in line with previous dye test 
flow results (converted to approximate hydraulic conductivity), which is roughly 3 orders of 
magnitude different than our pump test results.  The dye test was completed before the cut-off 
wall was installed, and likely represents a preferential (easiest) flow path, possibly through 
coarse rock fill voids.  The pump test results have been determined from a test done within a 
specific screened section, with a proper sand filter, and installed within the native sand and 
gravel soils.  Water would therefore flow “faster” through blast rock fill, as compared to a 
“tighter” sand and gravel. 
 
As noted in our original report, it is probable that groundwater flow paths are forcing water 
beneath the building, within the foundation walls, but is becoming trapped because of lower 
permeability fill along the downstream walls.  Repairs should consider measures to allow for 
groundwater to flow freely from beneath the building, such as drainage pipes through the 
foundation wall, etc. 
 
5.5 Excavations 
 
Above the groundwater table, temporary shallow excavations in soil (expected to generally be 
Type 3 soils) should be stable at 1H: 1V side slopes in accordance with the Ontario Health and 
Safety Regulations.  Seepage from a surface water source should be moderate and if 
necessary can be handled by gravity drainage and pumping (properly filtered) from open 
sumps. 
 
However, due to the high groundwater table observed in the test pits (1.1 to 1.5 m below grade), 
most excavations will likely penetrate the groundwater table and engineered shoring and 
dewatering will be required. 
 
All excavations should be carried out in accordance with the Occupational Health and Safety 
Regulations of the province.  A qualified geotechnical engineer should be retained to review the 
proposed excavation procedures. 
 
As a side note, piezometer readings are only valid for the time of year they are read.  Typically, 
to have a thorough understanding of groundwater levels, numerous readings need to be taken 
throughout various seasons.  The readings taken during the two investigation periods may not 
be entirely representative for the time of year when construction will be undertaken.   
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Considering the groundwater level was relatively shallow during both investigations that both 
were conducted during relatively “drier” periods of the year, groundwater rushed quickly into all 
test pits, and groundwater was being pumped regularly by the sump pump system, it is likely the 
contractor will be challenged controlling groundwater during repairs.  Dewatering and pump 
water discharge, along with a Permit to Take Water, will require serious considerations.  During 
dewatering, the Stores and surrounding buildings must be monitored for movements. 
 
6.0 GROUTING EVALUATION 
 
As indicated earlier, Rowswell, in consultation with PCA, selected grouting as the preferred 
option to stabilize the foundation.  To ensure grouting is in fact the most suitable option, PCA 
wanted to reduce the risk of implementing this option by completing an additional geotechnical 
investigation.  As part of this scope of work, a grouting specialist, Multiurethanes were retained 
to review available reports, supervise this recent investigation and its result and comment on the 
viability of grouting the native soils.  There report is included in Appendix D.  In summary, they 
feel grouting is not a viable option of the foundations due to the fines content and permeability of 
the native soils. 
 
7.0 FOUNDATIONS TO BEDROCK 
 
AMEC understands that the current preferred option is grade beams to reinforce the foundation 
wall and to be supported by piles installed to bedrock.  AMEC is in agreement with this option. 
 
The depth to bedrock, as measured in our test holes, ranged from 2.4 to 4.1 m depth below 
existing grade.  Foundation loads will be transferred to bedrock via piles.  Support beams or 
foundation wall reinforcement will be required in conjunction with this option.  The reinforced 
foundation will be tied into foundation elements that will be installed down to the bedrock 
surface.  All foundation to bedrock options will require pre-drilling to penetrate the 
cobbles/boulder and lined holes, to install the foundation elements. 
 
Foundations directly on the bedrock surface can utilize a conservative bearing capacity of 500 
kPa.  Total and differential settlements will be negligible. 
 
7.1 Micro-Piles 
 
The use of proprietary foundation systems can be considered, generically described as 
“micropiles”, such as helical piers, etc.  These micropiles/helical piers will be installed within a 
lined hole, likely installed by a percussion drill, such as a water well rig.  The actual foundation 
system capacity depends on the specific installation method, size, and spacing, and should be 
specified by the specialty supplier and proven by field tests.  Consideration should be given for 
compressive, uplift and lateral testing. 
 
These type of piles should be grouted into place and attached to the modified foundation.  Also, 
and if necessary, the building can be lifted back to its original location.  Windows and doors 
would likely have to be removed during this operation and the openings reinforced. 
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We will be happy to assist with further details once the foundation system is finalized.  However, 
the final design should be based on the confirmation of the system’s capacity, on the basis of 
field load tests. 
 
7.2 Drilled Piles 
 
Drilled piles, which include either having a drill shoe on the end of the pile or utilizing a 
collapsible bit that is passed through the pile, may be considered.  These piles will be socketed 
into the bedrock, tapped into place and grouted.  The required sockets should be at least 1 m in 
depth. 
 
The most suitable pile type will probably consist of heavy walled, high stress steel piles.  In 
principle, the geotechnical capacity of such piles should be close to their allowable structural 
capacity.  As an example, pipe pile with an outside diameter (OD) of 240 mm O.D. x 19 mm wall 
thickness, with a yield strength of 350 MPa will give a factored ultimate geotechnical resistance 
of 1850 kN.  The actual mobilised pile capacity should be demonstrated by adequate field testing 
such as pile dynamic analysis (PDA) testing or static load testing.  The anticipated allowable 
geotechnical capacity of a pile driven into a socket in the rock, without structural damage, 
should be in the order of 0.3Fy times the steel area.  The settlement of the pile will be generally 
negligible and limited to the elastic shortening of the pile. 
 
It may be preferable to only state the required pile capacity in the construction tender to potentially 
take advantage of readily available, lower priced piles. 
 
The piles should be designed with increased tolerances for deviations from plumb and location, 
as piles may deviate due to obstructions in the overburden.  As such, normally accepted 
tolerances in the piling industry of 2% out of plumbness and 75 mm out of location should be 
increased to larger tolerances. 
 
Once the pile type is chosen and the hammer type/energy are known, a preliminary pile `set 
criteria' should be selected for achieving the required capacity, when tapping the pile into the 
bedrock socket.  The preliminary `set criteria' should be reviewed by this office and should be 
confirmed in the field by load testing or the use of a PDA during pile driving.  An independent full-
time piling inspector must confirm the `set criteria’ on each pile.  Pile driving should preferably 
follow O.P.S.S.903 guidelines, particularly during final `seating' procedures. 
 
Consideration should be given to conducting PDA testing early on the program to confirm design 
pile capacities.  For past projects, PDA testing was conducted initially and during the project, which 
has allowed for a reduction in the applied factor of safety due to the comfort level of the civil and 
geotechnical consultant. 
 
8.0 CLOSURE 
 
The Limitations of Report, as presented in Appendix E, forms an integral part of this report. 
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EXPLANATION OF BOREHOLE LOG

This form describes some of the information provided on the borehole logs, which is based primarily on
examination of the recovered samples, and the results of the field and laboratory tests. Additional description
of the soil/rock encountered is given in the accompanying geotechnical report.

GENERAL INFORMATION
Project details, borehole number, location coordinates and type of drilling equipment used are given at the top
of the borehole log.

SOIL LITHOLOGY
Elevation and Depth
This column gives the elevation and depth of inferred geologic layers.  The elevation is referred to the datum
shown in the Description column.

Lithology Plot
This column presents a graphic depiction of the soil and rock stratigraphy encountered within the borehole.

Description
This column gives a description of the soil stratums, based on visual and tactile examination of the samples
augmented with field and laboratory test results.  Each stratum is described according to the Modified Unified
Soil Classification System.

The compactness condition of cohesionless soils (SPT) and the consistency of cohesive soils (undrained shear
strength) are defined as follows (Ref. Canadian Foundation Engineering Manual):

Soil Sampling
Sample types are abbreviated as follows:

SS Split Spoon TW Thin Wall Open (Pushed) RC Rock Core GS Grab Sample
AS Auger Sample TP Thin Wall Piston (Pushed) WS Washed

Sample
AR Air Return

Sample

Additional information provided in this section includes sample numbering, sample recovery and numerical
testing results.

Field and Laboratory Testing
Results of field testing (e.g., SPT, pocket penetrometer, and vane testing) and laboratory testing (e.g., natural
moisture content, and limits) executed on the recovered samples are plotted in this section.

Instrumentation Installation
Instrumentation installations (monitoring wells, piezometers, inclinometers, etc.) are plotted in this section.
Water levels, if measured during fieldwork, are also plotted. These water levels may or may not be
representative of the static groundwater level depending on the nature of soil stratum where the piezometer tips
are located, the time elapsed from installation to reading and other applicable factors.

Comments
This column is used to describe non-standard situations or notes of interest.

Consistency of Undrained Shear Strength
Cohesive Soils kPa psf

Very soft 0 to 12 0 to 250
Soft 12 to 25 250 to 500
Firm 25 to 50 500 to 1000
Stiff 50 to 100 1000 to 2000

Very stiff 100 to 200 2000 to 4000
Hard Over 200 Over 4000

Compactness of
Cohesionless

Soils
SPT N-Value

Very loose 0 to 4
Loose 4 to 10
Compact 10 to 30
Dense 30 to 50
Very Dense > 50



GROUP SYMBOL

GW

GP

GM

GC

SW

SP

SM

SC

WL < 50% ML

WL < 50% MH

WL < 30% CL

30% < WL < 50% CI

WL < 50% CH

WL < 50% OL

MODIFIED * UNIFIED CLASSIFICATION SYSTEM FOR SOILS                                                                                                                                                                                                              

*The soil of each stratum is described using the Unified Soil Classification System (Technical Memorandum 36-357 

prepared by Waterways Experiment Station, Vicksburg, Mississippi, Corps of Engineers, U.S Army. Vol. 1 

March 1953.) modified slightly so that an inorganic clay of "medium plasticity" is recognized.
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1.0 INTRODUCTION 
 
AMEC Environment & Infrastructure, a division of AMEC Americas Limited (AMEC), has been 
retained by Rowswell and Associates Engineers Inc. (Rowswell) to complete a Geotechnical Test 
Hole Investigation for the Parks Canada Agency’s (PCA) Request for Proposal 10120583 (RFP), 
dated 19 September 2012, regarding the structural stabilization of Stores Building in Sault Ste. 
Marie, Ontario (see Figure 1). 
 
The purpose of this geotechnical investigation was to determine the subsurface conditions and 
relevant soil properties at a number of test locations in order to augment the subsurface information 
and develop recommendations for the geotechnical aspects of the proposed repair design. 
 
The anticipated construction conditions are also discussed, but only to the extent that they may 
influence design decisions.  The feasible construction methods, however, express our opinion and 
are not intended to direct contractors in how to carry out construction.  Contractors should also be 
aware that the data and their interpretation presented in this report may not be sufficient to assess 
all factors that may have an affect upon construction. 
 
We assume that the work will be carried out in accordance with good engineering practises and all 
applicable standards and regulations.  Environmental considerations were not part of the scope of 
work for this geotechnical investigation. 
 
There should be an ongoing liaison with AMEC during both the design and construction phases of 
the project to ensure that the recommendations in this report have been interpreted and 
implemented correctly.  Also, if any further clarification and/or elaboration are needed concerning 
the geotechnical aspects of this project, AMEC should be contacted immediately. 
 
1.1 Background 
 
Through a review of background information included within the RFP package, AMEC understands 
that the existing Stores building foundation, built circa 1896, is continuing to undergo duress 
contributing to the ongoing deterioration of the structure.  Previous investigation reports by Geocon 
Inc. (Geocon), dated September 1984 and November 1985 (included in Appendix A), have 
suggested that one possible source for the ongoing settlement issue may be related to the flow of 
water through the existing blast rock fill washing fine soil particles from below the footings.  
 
A Stores building condition assessment (BCA), commissioned by Public Works and Government 
Services Canada, was issued in December 2010 and indicated the condition of the foundation 
exposed in a test pit at the south east corner of the building was in very poor condition.  A further 
detailed description of the findings in the test pit, including comments and assessment based on a 
comprehensive evaluation of the main interacting building components (structure, materials, 
envelope, site features, etc.) of the entire building condition is provided in the quoted report.  
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The report went on to suggest that additional geotechnical investigation was required in order to: 
 

1. Confirm the soil / bedrock conditions below the entire building;  

2. Monitor foundation movements to determine whether the suspected movement is ongoing; 

3. Investigate the source and extent of the groundwater flow; 

4. Investigate and confirm the as build condition of the foundation walls; and, 

5. Develop feasible options for the stabilization of the foundation. 

Based on the Geocon report dated September 1984 (Geocon 1984), in the available background 
information, the St Mary’s Islands was a series of smaller islands joined by infilling gaps with rock 
blasted from the construction of the locks.  It is believed the Stores building was built on fill deposits 
and has experienced differential movements and cracking of the blocks and mortar.  Previous 
excavations have uncovered voids beneath concrete sidewalks, indicating probable washing away 
of supporting fill. 
 
Cracking has only been noted in the southern portion of the Stores building, along with differential 
settlement of the concrete slab adjacent to the Stores building.  The adjacent Pumphouse building, 
thought to be built on bedrock, has not undergone noticeable movements. 
 
During spring thaw, it has also been observed that sink holes form that cause pedestrian hazards.  
A dye test confirmed a relatively high groundwater flow within the island of 0.05 to 0.1 m/sec.   
 
2.0 GEOLOGICAL SETTING 
 
The primary, surficial geology of the area is glaciolacustrine deposits consisting of either silt and 
clay, minor sand, basin and quiet water deposits or  glaciolacustrine deposits of sand, gravelly sand 
and gravel, near shore and beach deposits. 
 
The bedrock geology on St. Mary’s Island is comprised of Proterozoic-aged Jacobsville Group and 
Oronto Group sandstone, shale, and conglomerate rocks of the Southern and Superior Provinces. 
 
3.0 INVESTIGATION PROGRAM 
 
The initial fieldwork for this project was carried out on 9 to 10 January 2013, when three (3) 
sampled boreholes (BH13-01 to 13-03) were advanced to a maximum depth of 8.7 m depth below 
ground surface.  All borehole locations are shown on the Test Hole Location Plan (see Figure 2).  
The amount of test locations was limited due to the slope on one side of the building, existing 
concrete slabs around the building and uncertainties pertaining to the location of buried services. 
 
The boreholes were advanced with a track mounted soils drill rig and the logs are presented in 
Appendix B.  All borehole locations were determined in the field based on a drawing provided by the 
client. 
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The sampled boreholes were advanced using hollow stem augers and conventional soil sampling 
methods.  Soil samples were collected at predetermined depth intervals in accordance with 
Standard Penetration Testing procedures (ASTM D-1586) utilizing a mechanical hammer. 
 
Test results are recorded on the Borehole Logs (Appendix B) as 'N'-values.  These values provide 
an indication of the various soil strata’s condition with respect to compactness or consistency.  The 
samples were field logged by an experienced soil technologist, placed in plastic bags and delivered 
to our office for further examination and testing. 
 
The boreholes were surveyed by our field staff using a temporary benchmark with an assumed 
elevation of 100 m.  Borehole locations were also geo-referenced to UTM co-ordinates using a 
portable Global Positioning System (GPS).  Elevations and GPS co-ordinates on the borehole logs 
can be found in Appendix B. 
 
As a follow-up to the borehole investigation, a test pit was excavated and supervised by Rowswell.  
The test pit (TP13-01) was advanced adjacent to BH13-02, with details presented on Figure 3.  The 
surficial concrete slab was cut and removed and the test pit excavated with a small Bobcat 
machine. 
 

 
Photo 1: View of TP13-01. Poor quality fill, foundation wall to the right and infiltrating groundwater. 
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4.0 SOIL CONDITIONS 
 
A summary of the subsurface conditions encountered in the boreholes and test pit are presented 
below. 
 
4.1 Surficial Layer 
 
Beneath the surficial concrete slab is a layer of fill comprising sand and gravel mixed with varying 
clay, silt, cobbles, boulders and organics.  Other debris is noticeable in the test pit, such a 
reinforcing bars, etc.  The fill is thought to be as deep as 2 m, based on the borehole sampling.  The 
fill is expected to range in thickness and quality across the site.  A grain size distribution of the fill is 
shown on Figure 5.  It is probable that the fill material was taken from construction activities 
elsewhere on the island. 
 
4.2 Sand and Gravel 
 
Underlying the fill layer is a red to brown, moist to wet, sand and gravel with some silt and trace 
clay. It is likely this layer represents a glacial till layer that extends to the bedrock surface.  A grain 
size distribution analysis is presented as Figure 4. 
 
4.3 Bedrock 
 
Bedrock was cored in all 3 boreholes.  The bedrock is a sandstone and generally increases in 
quality with depth.  Total core recovery (TCR), which is a measurement of how much core was 
recovered compared to how much was actually cored, ranged from 42 to 100%.  Solid core 
recovery (SCR), which is a measurement of the total length of solid rock core compared to the total 
length, ranged from 0 to 93%.  The Rock Quality Designation (RQD), which is the total length of 
pieces over 100 mm in length compared to the total length, ranged from 0 to 93%, indicating a very 
poor to excellent rock quality, but generally poor. 
 
4.4 Groundwater 
 
Groundwater was encountered within the boreholes and recorded to between 0.3 to 0.6 m below 
existing grades.  It is possible these levels are reflective of the bedrock coring process, which uses 
large amounts of water to cool the drill bit.  If this drill water was trapped and/or not permitted to 
dissipate, it would have given a higher water level.  During the test pit excavation, and once a depth 
of 1 m was reached, groundwater from beneath the building began to fill the excavation.  It is 
probable that groundwater flow paths are forcing water beneath the building, within the foundation 
walls, but is becoming trapped because of lower permeability fill along the downstream walls.  
Repairs should consider measures to allow for groundwater to flow freely from beneath the building, 
such as drainage pipes through the foundation wall, etc. 
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The long term groundwater level is expected to fluctuate, being lower during extended dry periods 
and higher during wet periods and directly related to the operation of the locks and the water levels 
around the island. 
 
5.0 GEOTECHNICAL CONCERNS 
 
Based on the available background information, and previous and current investigations and 
inspections, several geotechnically related concerns have been identified.  They include the 
following: 
 

1. The actual foundation walls are old and not constructed of the most preferred components. 

2. The founding conditions and supporting soils are variable and possibly deleterious in some 
areas. 

3. Foundation backfill material is variable and deleterious in areas. 

4. Groundwater is shallow and flows readily through the area, at a relatively high rate. 

5. Groundwater levels may fluctuate considerably over the year. 

6. The west foundation wall located along the toe of a slope may be subjected to a lateral 
unbalanced earth pressure. 

5.1 Foundation Walls 
 
The foundation walls are constructed of cobble and boulder sized stones which were originally held 
together with mortar.  The quality of the mortar, the effects of freeze-thaw cycles, poor founding 
conditions, and probable movement of the foundation walls has resulted in a weakened and 
deteriorated structure.   
 
It is also possible the wall structure is failing or slowly deteriorating, also causing structural 
deformations. 
 
5.2 Founding Conditions and Supporting Soils 
 
The development of the site, and the backfilling techniques, with varying backfill materials has 
resulted in variable founding conditions and differing frost susceptibility.  Some structures are 
founded directly on bedrock, or properly compacted blast rock, and have not undergone 
movements.  Other structures have been constructed on poor quality fill and/or poorly placed fill. 
 
Valleys filled with coarse blast rock have provided a preferred groundwater flow path and have 
subsequently affected the buildings constructed above these paths. 
 
Depending on placement techniques, the blast rock could be susceptible to movement through 
shifting or consolidating due to vibrations, forces from groundwater flow, etc.  Placement of 
materials beside each other that are not filter compatible could cause finer soil to flow into voids of 
adjacent, coarser material, and cause movements/settlement. 
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If foundations were placed on organic soils, these soils maybe undergoing decomposition or 
consolidation.  The decomposition and consolidation would be affected by fluctuations in the 
groundwater level. 
 
5.3 Foundation Backfill Material 
 
Similar to the discussions pertaining to the backfill under the foundations, backfill around the 
foundations is also variable, and contains deleterious or frost susceptible material. 
 
Organic or frost susceptible soils used as backfill in direct contact with foundation walls could 
detrimentally affect drainage and cause frost adhesion to the already weak foundation wall and 
cause movements. 
 
5.4 Groundwater Effects 
 
The consistent and steady supply of groundwater actively aggravates problems caused by freeze-
thaw of founding and backfill materials.  In addition, these movements and fluctuations can help 
mobilize and transport fine material from their original area of placement. 
 
6.0 RECOMMENDATIONS 
 
Considering the above information, three remedial options have been considered: 
 

1. Grouting 

2. Conventional Underpinning 

3. Foundations to Bedrock 

 
For all three options, the foundation must be backfilled with free draining material, properly placed 
and compacted.  In addition, the foundation and founding soils should be protected from frost 
penetration. 
 
6.1 Grouting 
 
Grouting would involve the injection of a grout (fine aggregate and cement, with additives) into the 
underlying voids to solidify the supporting fill.  Additional field work by a specialty contractor 
comprising test grouting will be required to determine the location of the porous fill and its density 
and the optimum injection solution and methods.  Once detailed subsurface conditions are known, a 
program of sequential grouting could be carried out, where an initial series of holes would be drilled 
and grouted to “cut-off” the flow of subsequent injections of grout.   
 
This option is weather dependent (use of water in the process is susceptible to freezing), likely to be 
costly because of the volume of grout required, challenging due to excessive groundwater in the 
voids, and there will be some uncertainty regarding the complete and consistent treatment of the 
foundation soils.  
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An option to control the spread of the grout is provided by sheet pile cutoffs.  However, driving 
sheet piles may not be effective due to the bouldery fill till and uneven bedrock surface and 
conditions.  In these conditions it would be difficult to create adequate sealing on the bedrock 
surface.  In addition, the vibrations during installation may negatively affect the building structure. 
 
6.2 Underpinning 
 
Underpinning consists of small excavations advanced to competent foundation material beneath a 
predetermined section along the existing foundation, followed by the casting of a concrete 
block/column to provide future support of the old footing.  An equal amount of foundation wall is 
skipped over and another column poured.  Once the new support columns have cured adequately, 
the sections of soils skipped are replaced with concrete columns.  Depending on the condition of 
the existing footings, temporary bracing may be necessary during the underpinning operations. 
 
Underpinning columns founded on undisturbed native till soil, possibly as deep as 2 m, can be 
designed using an allowable bearing capacity of 150 kPa.  Total and differential settlements will be 
limited to 25 mm and 19 mm, respectively. 
 
This option is not preferred because of the aerial limitations (proximity of adjacent buildings and 
other infrastructure) to accommodate deep excavations and obstructions such as existing structures 
and buried services.  Not to mention the masonry structures are very sensitive to differential 
movement and the foundations walls are suspected to be in an advanced level of deterioration.   
 
The largest challenge with this option is groundwater control.  It is anticipated there is a large 
volume of groundwater and the removal of a large volume, if even possible (as it may be 
hydraulically connected to the adjacent water bodies), and may detrimentally affect other structures. 
 
Driving sheet piles to control excavation slopes and groundwater may not be effective due to the 
bouldery fill till and uneven bedrock surface and conditions.  In these conditions it would be difficult 
to create adequate sealing on the bedrock surface.  In addition, the vibrations during installation 
may negatively affect the building structure. 
 
6.3 Foundations to Bedrock 
 
The third option includes installing foundations to bedrock to support the structure.  The depth to 
bedrock, as measured in our test holes, ranged from 2.8 to 3 m depth below existing grade.  In fact, 
the solution is similar to underpinning but instead of open-cut excavations to accommodate 
concrete block, the foundation loads will be transferred to bedrock via drilled piles.  Support beams 
or foundation wall reinforcement will be required in conjunction with this option.  The reinforced 
foundation will be tied into foundation elements that will be installed down to the bedrock surface.  
All foundation to bedrock options will require pre-drilling to penetrate the cobbles/boulder and lined 
holes, to install the foundation elements. 
 
Foundations directly on the bedrock surface can utilize a conservative bearing capacity of 500 kPa. 
 Total and differential settlements will be negligible. 
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6.3.1 Micro-Piles 
 
The use of proprietary foundation systems can be considered, generically described as “micropiles”, 
such as helical piers, etc.  These micropiles/helical piers will be installed within a lined hole, likely 
installed by a percussion drill, such as a water well rig.  The actual foundation system capacity 
depends on the specific installation method, size, and spacing, and should be specified by the 
specialty supplier and proven by field tests.  Consideration should be given for compressive, uplift 
and lateral testing.  The depth to bedrock, as measured in our test holes, ranged from 2.8 to 3 m 
depth below existing grade.   
 
This type of piles could be installed in drilled cased hole, grouted into place and attached to the 
modified foundation.  Also, and if necessary the building can be jacked into place.  Windows and 
doors would likely have to be removed during this operation and the openings reinforced. 
 
We will be happy to assist with further details once the foundation system is finalized.  However, the 
final design should be based on the confirmation of the system’s capacity, on the basis of field load 
tests. 
 
6.3.2 Drilled Piles 
 
Drilled piles, which include either having a drill shoe on the end of the pile or utilize a collapsible bit 
that is passed through the pile, may be considered.  These piles will be socketed into the bedrock, 
tapped into place and grouted.  The depth to bedrock, as measured in our test holes, ranged from 
2.8 to 3 m depth below existing grade.  The required sockets should be at least 1 m in depth, 
resulting in a final depth of around 4 m. 
 
The most suitable pile type will probably consist of heavy walled, high stress steel piles.  In principle, 
the geotechnical capacity of such piles should be close to their allowable structural capacity.  As an 
example, pipe pile with an outside diameter (OD) of 240 mm O.D. x 19 mm wall thickness, with a 
yield strength of 350 MPa will give a factored ultimate geotechnical resistance of 1850 kN.  The 
actual mobilised pile capacity should be demonstrated by adequate field testing such as pile dynamic 
analysis (PDA) testing or static load testing.  The anticipated allowable geotechnical capacity of a pile 
driven into a socket in the rock, without structural damage, should be in the order of 0.3Fy times the 
steel area.  The settlement of the pile will be generally negligible and limited to the elastic 
shortening of the pile. 
 
It may be preferable to only state the required pile capacity in the construction tender to potentially take 
advantage of readily available, lower priced piles (pipe and/or H-piles). 
 
The piles should be designed with increased tolerances for deviations from plumb and location, as 
piles may deviate due to obstructions in the overburden.  As such, normally accepted tolerances in 
the piling industry of 2% out of plumbness and 75 mm out of location should be increased to larger 
tolerances. 
 
Once the pile type is chosen and the hammer type/energy are known, a preliminary pile `set criteria' 
should be selected for achieving the required capacity, when tapping the pile into the bedrock socket.  
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The preliminary `set criteria' should be reviewed by this office and should be confirmed in the field by 
load testing or the use of a PDA during pile driving.  An independent full-time piling inspector must 
confirm the `set criteria’ on each pile.  Pile driving should preferably follow O.P.S.S.903 guidelines, 
particularly during final `seating' procedures. 
 
Consideration should be given to conducting PDA testing early on the program to confirm design pile 
capacities.  For past projects, PDA testing was conducted initially and during the project, which has 
allowed for a reduction in the applied factor of safety due to the comfort level of the civil and 
geotechnical consultant. 
 
6.4 Frost Protection 
 
For foundations elements on soil, as well as, for pile caps (grade beams) it is recommended that 
exterior foundations or footings for the building be provided with at least 1.8 m of earth cover (or 
equivalent rigid insulation) for frost protection.  Where the insulating effect of snow cover is 
removed on a continuing basis, e.g., access routes it is recommended this frost cover be increased 
to 1.95 m. 
 
6.5 Earthquake Considerations 
 
For foundations on native soils, the project sites can be classified as “Site Class D – Dense Soils”.  
The four values of the Spectral response acceleration Sa (T) for different periods and the Peak 
Ground Acceleration (PGA) can be obtained from Table C-2 in Appendix C, Division B of the NBC 
(2005).  The design values of Fa and Fv for the project site should be calculated in accordance to 
Table 4.1.8.4 B and C. 
 
Consideration may be given to conducting an earthquake site classification assessment with the 
use of in-situ testing of the seismic characteristics which may lead to an improved earthquake site 
classification. 
 
6.6 Excavations 
 
Above the groundwater table, temporary shallow excavations in soil (expected to generally be Type 
3 soils) should be stable at 1H: 1V side slopes in accordance with the Ontario Health and Safety 
Regulations.  Seepage from a surface water source should be moderate and if necessary can be 
handled by gravity drainage and pumping (properly filtered) from open sumps. 
 
However, due to the high groundwater table observed in the test holes, most excavations will likely 
penetrate the groundwater table and engineered shoring and dewatering will be required.  All 
excavations should be carried out in accordance with the Occupational Health and Safety 
Regulations of the province.  A qualified geotechnical engineer should be retained to review the 
proposed excavation procedures. 
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6.7 Reuse of Excavated Soil 
 
The soils that will be removed from excavations around this structure may not be free draining and 
should not be used where free draining soils are required.  However, select native soils and fills that 
are clean and compactable may be used as structural fills. 
 
6.8 Lateral Earth Pressures 
 
For preliminary design purposes, or for simple retaining structures, the lateral earth pressure, ‘p' 
(kPa), at any depth, ‘h' (m) of a permanent earth retaining wall is given by the following expression: 
 
  p = K (γh+q) + γwh 
 
where:  p = lateral earth pressure in kPa acting at depth h; 
  K =  the applicable earth pressure coefficient (see the following table); 

  γ =  bulk unit weight above the groundwater table. 

  h =  depth to point of interest in m; 

  q =  equivalent value of any surcharge load in kPa, if any, acting adjacent  to 
the wall at the ground surface; and, 

  γw = unit weight of water is 9.81 kN/m3. 

 
Typical Unfactored Soil Properties for Compacted Fills 

 

Soil Type Angle of Internal 
Friction Φ 
Degrees 

Soil Unit 
Weight () 

kN/m3 

Earth Pressure Coefficients 

K (note 2), 3) 

Active 
(Ka) 

Passive 
(Kp) 

At Rest 
(Ko) 

Well Graded Sand & Gravel 
(Granular B Type I) (1) 

31 21.2 to 22 0.32 3.1 0.49 

Well Graded Crushed 
Granular (Granular A, or 
Granular B Type II) (1) 

34 22 0.28 3.5 0.44 

 
Notes: 

1) Backfill compacted to > 100 % SPMDD 
2) The calculated earth pressures caused by compacted fill, under no circumstances, 

should be taken as less than 12 kPa in any section of the retaining structure. 
3) The provided earth pressure coefficients apply to level ground conditions. In the 

case of sloped ground backfill (like along the west side of the building) increased 
earth pressure coefficient will be required.  Preliminarily, a multiplication factor of 
(1+sin β/Φ) may be considered (β is the slope angle). 
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The above expression includes a term for hydrostatic pressure from surrounding groundwater.  A 
qualified geotechnical engineer should be retained to evaluate design lateral earth pressures. 
 
Earth pressures for temporary shoring structures are calculated differently, in accordance with the 
applicable methods specific to the type of shoring used.  Our office would be glad to assist with 
detailed geotechnical recommendations on a case-by-case basis. 
 
6.9 Subdrainage 
 
Subdrainage should be installed at the base of the foundation wall, if the effects of fluctuating 
groundwater levels is a concern, i.e., depending on the remedial option selected.  The Subdrainage 
system should include standard drainage tile wrapped in filter sock, embedded in filter gravel and 
connected to proper outlets (catch-basins, manholes, ditches, etc.).  It is essential that the drainage 
outlet be open and operational at all times (i.e., free of ice blocking, debris, etc.). 
 
7.0 CLOSURE 
 
The Limitations of Report, as presented in Appendix C, forms an integral part of this report. 
 
Given the unique nature of the project and complexity of the cauyses for the structural distress, the 
subsurface information and geotechnical recommendations provided in this report may not be 
sufficient to optimize the remedial solution for the building rehabilitation.  
 
Before selection of the foundation repair, a detailed condition survey including intrusive methods 
and close monitoring of the movement spanning over sufficient length ot time should be 
implemented.   
 
The recommendations included in this report, although site specific, have a general nature.  Once 
the intended design details and construction methods are available, we recommend a geotechnical 
consultant be retained to review this information to ensure conformance with the assumptions and 
limitations considered.  This is particularly important when it comes to the review of the preferred 
remedial option, etc. 
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EXPLANATION OF BOREHOLE LOG

This form describes some of the information provided on the borehole logs, which is based primarily on
examination of the recovered samples, and the results of the field and laboratory tests. Additional description
of the soil/rock encountered is given in the accompanying geotechnical report.

GENERAL INFORMATION
Project details, borehole number, location coordinates and type of drilling equipment used are given at the top
of the borehole log.

SOIL LITHOLOGY
Elevation and Depth
This column gives the elevation and depth of inferred geologic layers.  The elevation is referred to the datum
shown in the Description column.

Lithology Plot
This column presents a graphic depiction of the soil and rock stratigraphy encountered within the borehole.

Description
This column gives a description of the soil stratums, based on visual and tactile examination of the samples
augmented with field and laboratory test results.  Each stratum is described according to the Modified Unified
Soil Classification System.

The compactness condition of cohesionless soils (SPT) and the consistency of cohesive soils (undrained shear
strength) are defined as follows (Ref. Canadian Foundation Engineering Manual):

Soil Sampling
Sample types are abbreviated as follows:

SS Split Spoon TW Thin Wall Open (Pushed) RC Rock Core GS Grab Sample
AS Auger Sample TP Thin Wall Piston (Pushed) WS Washed

Sample
AR Air Return

Sample

Additional information provided in this section includes sample numbering, sample recovery and numerical
testing results.

Field and Laboratory Testing
Results of field testing (e.g., SPT, pocket penetrometer, and vane testing) and laboratory testing (e.g., natural
moisture content, and limits) executed on the recovered samples are plotted in this section.

Instrumentation Installation
Instrumentation installations (monitoring wells, piezometers, inclinometers, etc.) are plotted in this section.
Water levels, if measured during fieldwork, are also plotted. These water levels may or may not be
representative of the static groundwater level depending on the nature of soil stratum where the piezometer tips
are located, the time elapsed from installation to reading and other applicable factors.

Comments
This column is used to describe non-standard situations or notes of interest.

Consistency of Undrained Shear Strength
Cohesive Soils kPa psf

Very soft 0 to 12 0 to 250
Soft 12 to 25 250 to 500
Firm 25 to 50 500 to 1000
Stiff 50 to 100 1000 to 2000

Very stiff 100 to 200 2000 to 4000
Hard Over 200 Over 4000

Compactness of
Cohesionless

Soils
SPT N-Value

Very loose 0 to 4
Loose 4 to 10
Compact 10 to 30
Dense 30 to 50
Very Dense > 50



GROUP SYMBOL

GW

GP

GM

GC

SW

SP

SM

SC

WL < 50% ML

WL < 50% MH

WL < 30% CL

30% < WL < 50% CI

WL < 50% CH

WL < 50% OL

MODIFIED * UNIFIED CLASSIFICATION SYSTEM FOR SOILS                                                                                                                                                                                                              

*The soil of each stratum is described using the Unified Soil Classification System (Technical Memorandum 36-357 

prepared by Waterways Experiment Station, Vicksburg, Mississippi, Corps of Engineers, U.S Army. Vol. 1 

March 1953.) modified slightly so that an inorganic clay of "medium plasticity" is recognized.

MAJOR DIVISION TYPICAL DESCRIPTION LABORATORY CLASSIFICATION CRITERIA
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CLASSIFICATION IS BASED UPON PLASTICITY CHART

 (SEE BELOW)
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AMEC Environment & Infrastructure                                                                                                                                                                   

131 Fielding Rd.                                                                                                                                                                                               

Lively, ON P3Y 1L7                                                                                                                                                                                     

Ph: (705) 682-2632                                                                                                                                                                                         

Fax: (705) 682-2260                                                                                                                                                                       

www.amec.com
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FINES (SILT OR CLAY BASED ON 

PLASTICITY)

ROUNDED OR SUBROUNDED: COBBLES 75 mm to 300 mm                                                                                     

BOULDERS > 300 mm

OVERSIZED MATERIAL

AND

Y/EY

SOME

TRACE

NOT ROUNDED:                                                                                   

ROCK FRAGMENTS > 76 mm                                                                            

ROCKS > 0.76 CUBIC METRE IN 

VOLUME

Note 1: Soils are classified and described according to their engineering properties 

and behaviour.                                                                                                   

Note 2: The modifying adjectives used to define the actual or estimated percentage 

range by weight of minor components are consistent with the Canadian Foundation 

Engineering Manual ( 3
rd

 Edition, Canadian Geotechnical Society, 1992.)                      

Rev. March 2012
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Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and requires interpretative assistance from
a qualified Geotechnical Engineer. Also, borehole information should be read in conjunction with the geotechnical report for which it was commissioned
and the accompanying'Explanation of Borehole Log'.
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RECORD OF BOREHOLE No.   BH13-01  Co-Ord. 0703309 E, 5154487 N

Scale: 1 : 50

Logged by:Existing Stores Building - Southwest Corner
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Cave in depth recorded  1/9/2013 4:45:00 PM at a depth of   0.4 m.Groundwater depth recorded on 1/9/2013 4:45:00 PM at a depth of   0.3 m

Groundwater depth on completion of drilling:  2.1 m.
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Cave in depth recorded on completion of drilling at   1.0 m.Groundwater depth on completion of drilling:  0.4 m.
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Cave in depth recorded on completion of drilling at   1.6 m.Groundwater depth on completion of drilling:  0.6 m.
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LIMITATIONS OF REPORT 
 
The conclusions and recommendations given in this report are based on information determined at 
the test hole locations.  The information contained herein in no way reflects on the environmental 
aspects of the project, unless otherwise stated.  Subsurface and groundwater conditions between 
and beyond the test holes may differ from those encountered at the test hole locations, and 
conditions may become apparent during construction, which could not be detected or anticipated at 
the time of the site investigation.  It is recommended practice that the geotechnical engineer be 
retained during construction to confirm that the subsurface conditions throughout the site do not 
deviate materially from those encountered in boreholes. 

 

The design recommendations given in this report are applicable only to the project described in the 
text and then only if constructed substantially in accordance with the details stated in this report.  
Since all details of the design may not be known, we recommend that we be retained during the 
final design stage to verify that the design is consistent with our recommendations, and that 
assumptions made in our analysis are valid. 

 

The comments made in this report on potential construction problems and possible methods are 
intended only for the guidance of the designer.  The number of test holes may not be sufficient to 
determine all the factors that may affect construction methods and costs.  For example, the 
thickness of surficial topsoil or fill layers may vary markedly and unpredictably.  The contractors 
bidding on this project or undertaking the construction should, therefore, make their own 
interpretation of the factual information presented and draw their own conclusions as to how the 
subsurface conditions may affect their work.  This work has been undertaken in accordance with 
normally accepted geotechnical engineering practices.  No other warranty is expressed or implied. 

 

Any use which a third party makes of this report, or any reliance on or decisions to be made based 
on it, are the responsibility of such third parties.  AMEC accepts no responsibility for damages, if 
any, suffered by any third party as a result of decisions made or actions based on this report. 
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BOREHOLE LOGS 



0.4

2.3

4.1

- spoon refusal

- spoon refusal

1

2

3

4

CONCRETE
steel reinforced

brown / black
FILL
mostly sand, some gravel, silt and clay
occasional cobbles / boulders
damp to wet, very dense

brown to red
SAND and GRAVEL
some silt and clay
moist, compact to dense

END OF BOREHOLE
(monitoring well installed at inferred bedrock
surface)

99.6

97.7

95.9

SS

SS

SS

SS

70

21

44

51

0

75

64

Sault Ste. Marie, Ontario

 250 mm (10") mm  Hollow Stem AugersDrilling Method:

Drilling Machine:

Compiled by:

11 Dec 13 3, 07/02/14

Roswell & Associates Engineers Inc.

NHSC Stores Building Additional Investigation

MAT

Revision No.:Date Started: Date Completed:

Reviewed by: DMB

Project Client:

12 Dec 13

Track Mounted DrillProject Name:

Project Location:

(m
)

DESCRIPTION

Li
th

ol
og

y 
P

lo
t

SOIL SAMPLING

S
am

pl
e 

T
yp

e

S
am

pl
e 

N
um

be
r

LITHOLOGY PROFILE

WP

COMMENTS

W

Passing 75 um (%)
Moisture Content (%)

Remould
Intact

Nilcon Vane*

D
E

P
T

H

* Undrained Shear Strength (kPa)

IN
S

T
R

U
M

E
N

T
A

T
IO

N
IN

S
T

A
L

LA
T

IO
N

E
L

E
V

A
T

IO
N MTO Vane*

15 30 45 60 Local Ground Surface Elevation:  100.0 m

Remould

PenetrationTesting

DCPTSPT

(m
)

LAB TESTINGFIELD TESTING

R
ec

ov
er

y 
(%

)

S
P

T
 'N

' V
al

ue

1 riser pipe in bentonite

1 riser pipe in sand

1 slotted pipe in sand

Intact

Plastic

Atterberg Limits

20 40 60 80

WL

Liquid

AMEC Environment & Infrastructure
A Division of AMEC Americas Limited
131 Fielding Road
Lively, Ontario
Canada P3Y 1L7
Tel +1(705) 682-2632
Fax +1(705) 682-2260
www.amec.com

Project Number: Drilling Location:

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

ARM

99.5

99.0

98.5

98.0

97.5

97.0

96.5

96.0

Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and requires interpretative assistance from
a qualified Geotechnical Engineer. Also, borehole information should be read in conjunction with the geotechnical report for which it was commissioned
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RECORD OF BOREHOLE No.   BH13-04  Co-Ord. 16T 0703316 E, 5154509 N

Scale: 1 : 35

Logged by:E Side Middle - Outside Stores Building

Groundwater depth on completion of drilling:  1.7 m.

Groundwater depth recorded on 17/12/2013 at a depth of   0.9 m

Cave in depth recorded on completion of drilling at   3.8 m.
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Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and requires interpretative assistance from
a qualified Geotechnical Engineer. Also, borehole information should be read in conjunction with the geotechnical report for which it was commissioned
and the accompanying'Explanation of Borehole Log'.
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RECORD OF BOREHOLE No.   BH13-05  Co-Ord. 16T 0703313 E, 5154504 N

Scale: 1 : 35

Logged by:NW Side - Outside Stores Machine Shop

Groundwater depth on completion of drilling:  1.2 m.

Groundwater depth recorded on 17/12/2013 at a depth of   1.2 m

Cave in depth recorded on completion of drilling at   4.0 m.
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Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and requires interpretative assistance from
a qualified Geotechnical Engineer. Also, borehole information should be read in conjunction with the geotechnical report for which it was commissioned
and the accompanying'Explanation of Borehole Log'.
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RECORD OF BOREHOLE No.   BH13-06  Co-Ord. 16T 0703300 E, 5154522 N

Scale: 1 : 35

Logged by:SW Side - Outside Stores Building

Groundwater depth on completion of drilling:  1.4 m.

Groundwater depth recorded on 17/12/2013 at a depth of   1.4 m

Cave in depth recorded on completion of drilling at   2.2 m.
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a qualified Geotechnical Engineer. Also, borehole information should be read in conjunction with the geotechnical report for which it was commissioned
and the accompanying'Explanation of Borehole Log'.
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RECORD OF BOREHOLE No.   BH13-07

Scale: 1 : 35

Logged by:NE Side - Inside Shop Building

Groundwater depth on completion of drilling:  1.7 m.
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Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and requires interpretative assistance from
a qualified Geotechnical Engineer. Also, borehole information should be read in conjunction with the geotechnical report for which it was commissioned
and the accompanying'Explanation of Borehole Log'.
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RECORD OF BOREHOLE No.   BH13-08

Scale: 1 : 35

Logged by:SE Corner - Inside Stores Building

Groundwater depth on completion of drilling:  0.8 m.

Groundwater depth recorded on 17/12/2013 at a depth of   0.8 m

Cave in depth recorded on completion of drilling at   2.6 m.
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MULTIURETHANES REPORT



 

 

Memo 

5245 CREEKBANK RD, MISSISSAUGA, ON L4W 1N3  
CELL: 416-919-1878  TEL: 905-564-7650   FAX: 905-564-7998   TOLL FREE: 1-800-663-6633 

EMAIL: peter.white@multiurethanes.com   multiurethanes.com/ hydrotite.ca 

 

T o: 
 
Dan Cacciotti, P.Eng. 

From: 
 
Peter White, P.Eng. 

Date: 
 
January 15, 2014 

Re: 
 
Sault Ste. Marie Canal NHSC Stores Building Foundation 

  
 

 
1. Project correspondence with AMEC and Rowswell in March 2013 related to 

grouting of rubble stone foundation walls to a depth of 1.5 m, as well as 
consolidation of anticipated voids within the granular substrate from bottom of 
foundation walls to bedrock. 

 
 Prior investigations (AMEC/FENCO) encountered a few voids within boreholes and 

mentioned the potential for blast rock fill beneath the building foundations. 
 
2. Recent borehole investigations (AMEC) indicate the existence of compact to dense 

silty sand and gravel from bottom of foundation walls to bedrock, as reported in 
previous investigations. 

 
 Relatively high SPT "N" values (where reported) within this material indicate soil 

conditions that are not amenable to cement grouting. 
 
 Significant proportions of silts and clays (approximately 20%) contained within this 

material matrix prohibit homogeneous penetration by cement grouting. 
 
 Recent pump test (AMEC) within the silty sand and gravel material encountered low 

hydraulic conductivity values (typical for a silty sand).  The relatively low water 
pumping rate of 3 to 4 litres per minute indicates soil conditions that would not 
readily accept cement grout. 

 
3. Based upon the recent geotechnical investigation and pump test results, it is 

concluded that cement grouting is not a viable alternative for stabilization of the 
substrate beneath the foundation walls, even if microfine cements are considered. 

 
 The relatively low permeability of the compact to dense silty sand also precludes 

practical grouting operations with a low viscosity chemical grout. 



 

 

Memo 

5245 CREEKBANK RD, MISSISSAUGA, ON L4W 1N3  
CELL: 416-919-1878  TEL: 905-564-7650   FAX: 905-564-7998   TOLL FREE: 1-800-663-6633 

EMAIL: peter.white@multiurethanes.com   multiurethanes.com/ hydrotite.ca 

 

 
4. It is recommended that alternate means and methods be considered to provide 

long-term foundation support for the stores building. 
 
5. Please contact me at your convenience by calling 416-919-1878 for any additional 

information that is required. 
   
 Regards 
 

   
 
 Peter White 
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AMEC ENVIRONMENT & INFRASTRUCTURE 
 

LIMITATIONS OF REPORT 
 
The conclusions and recommendations given in this report are based on information determined 
at the test hole locations.  The information contained herein in no way reflects on the 
environmental aspects of the project, unless otherwise stated.  Subsurface and groundwater 
conditions between and beyond the test holes may differ from those encountered at the test 
hole locations, and conditions may become apparent during construction, which could not be 
detected or anticipated at the time of the site investigation.  It is recommended practice that the 
geotechnical engineer be retained during construction to confirm that the subsurface conditions 
throughout the site do not deviate materially from those encountered in boreholes. 
 
The design recommendations given in this report are applicable only to the project described in 
the text and then only if constructed substantially in accordance with the details stated in this 
report.  Since all details of the design may not be known, we recommend that we be retained 
during the final design stage to verify that the design is consistent with our recommendations, 
and that assumptions made in our analysis are valid. 
 
The comments made in this report on potential construction problems and possible methods are 
intended only for the guidance of the designer.  The number of test holes may not be sufficient 
to determine all the factors that may affect construction methods and costs.  For example, the 
thickness of surficial topsoil or fill layers may vary markedly and unpredictably.  The contractors 
bidding on this project or undertaking the construction should, therefore, make their own 
interpretation of the factual information presented and draw their own conclusions as to how the 
subsurface conditions may affect their work.  This work has been undertaken in accordance with 
normally accepted geotechnical engineering practices.  No other warranty is expressed or 
implied. 
 
Any use which a third party makes of this report, or any reliance on or decisions to be made 
based on it, are the responsibility of such third parties.  AMEC accepts no responsibility for 
damages, if any, suffered by any third party as a result of decisions made or actions based on 
this report. 
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