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1. INTRODUCTION 

This report summarizes the results of a geotechnical investigation carried out by Thurber 

Engineering Ltd. (Thurber) for the Town of Canmore (the Town), at the Cougar Creek alluvial 

fan. The work was conducted as part of the “Options Analysis” phase of the Cougar Creek Long 

Term Mitigation (CC LTM) project.  

The work was originally conducted for ISL Engineering and Land Services Ltd. (ISL), under the 

terms of the contract between Thurber and ISL. As requested by ISL, this final report has been 

updated to reflect Thurber’s new contract with the Town of Canmore. 

The geotechnical investigation was aimed at assessing the subsurface conditions over a 

relatively wide reach of Cougar Creek, to a level suitable for selection of the most appropriate 

location of a debris flood retention structure, from a geotechnical perspective. 

The investigation was planned and conducted with consideration given to protection of the 

environment (e.g., access to all test locations was selected so as not to damage vegetation). An 

implicit assumption is that a more detailed final investigation will be conducted at the selected 

location of the structure, during the design phase. 

This report describes the work performed, discusses the anticipated stratigraphy at the currently 

proposed structure locations, and presents preliminary design parameters for the structure 

foundation. 

This report is subject to the Statement of Limitations and Conditions included at the end of the 

text. The reader’s attention is specifically drawn to these conditions as it is considered essential 

that they be followed for the proper use and interpretation of this report. 

1.1 Background 

Following a forensic analysis conducted by BGC Engineering Inc. (BGC), and an assessment 

and implementation of short-term risk mitigation measures, the Town retained alpinfra 

consulting+engineering gmbh (Alpinfra), based in Austria, to conduct an initial assessment of 

the options available for long term mitigation. 

Three debris flood retention structure options were proposed by Alpinfra and presented at a 

meeting with representatives of the Town, ISL and Thurber on June 24, 2014, and at a 
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workshop including several stakeholders on June 25, 2014. Three possible locations for the 

structure were presented, termed Options A, B and C. The structures considered are rockfill 

embankments with a thin reinforced concrete core, as well as a central concrete/steel rake 

component for debris retention. The structures ranged in height from about 11 m to 38 m above 

the current creek bed, and span the width of the valley. More detaiIs are included in Alpinfra’s 

Interim Report 03, dated August 20, 2014. The axes of the structure in the three options, as 

provided by Alpinfra, are shown in Figures 1 and 2 in Appendix A. 

It is understood that the options will also include additional smaller structures such as check 

dams, and in one case (Option C), will incorporate an additional gravel retention structure 

located more than a kilometre downstream of the main structure. No investigations were carried 

out at these other locations, and the recommendations provided herein should not be 

considered applicable to design of these ancillary structures. 

1.2 Scope of Work  

The scope of work for this investigation was outlined in our proposal to ISL dated July 10, 2014. 

A summary of the key tasks performed is as follows. It should be noted that due to the fast-track 

nature of this project, most of the tasks were conducted simultaneously and not necessarily in 

the order shown below. 

 A site reconnaissance of the project area, to ascertain logistics for the field programs. 

 A desk study, including a review of published and unpublished geological and 

geotechnical information. 

 Surficial geology mapping of the project area. 

 A geotechnical test hole drilling and test pitting program, to log overburden stratigraphy 

and depth to bedrock, and obtain samples for laboratory testing. 

 Installation of groundwater monitoring wells at select locations, and completion of 

hydraulic conductivity tests. 

 A geophysical survey program, to map depth to bedrock and, where possible, 

stratigraphic boundaries within the overburden soils. Vertical shear wave velocity profiles 

were also established near test hole locations. 
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 Preparation of a preliminary memorandum, to summarize the results of this investigation 

(issued on August 18, 2014), as well as a draft report (issued on September 22, 2014), 

followed by this final report. 

Authorization to proceed with the work was provided by Mr. Félix Camiré, E.I.T., of the Town of 

Canmore via email message, dated July 11, 2014. 

2. METHODOLOGY 

2.1 Field Reconnaissance and Planning 

On June 27, 2014, a detailed field reconnaissance of the project area was undertaken by Mr. 

Lucas Barr, P.Eng. and Dr. Heinrich Heinz, P.Eng. of Thurber to assess logistics requirements 

for the field drilling and test pitting programs. 

2.2 Desk Study 

Published and unpublished geotechnical and geological reports were collected and reviewed to 

help interpret the soil and bedrock conditions, and help establish preliminary design parameters 

for the various deposits. These included historic site investigations conducted to assess the 

subsurface conditions of proposed residential and commercial developments, and of sand and 

gravel resources in the Canmore corridor area. Recent records of anchor installation at the 

debris net installed near the location of Option A, and the test pitting information collected by 

BGC, as part of their debris flood hazard assessment of Cougar Creek, were also reviewed. 

The desk study included geo-referencing all collected information. Table 1 lists the reports 

reviewed and the relevant geotechnical information extracted from each of them. The location of 

all historic and recent test holes and test pits is shown in Illustration 4, presented subsequently 

in Section 3.2 of this report. 

Table 1. List of reports summarizing site investigations conducted near the study area 

Reference Report Title Information Relevant to this Report 

Edwards 
(1979) 

Sand and Gravel Deposits in the 
Canmore Corridor Area, Alberta 

Regional surficial geology map; one 60 m 
deep bore hole near Elk Run Blvd 

O’Connor 
(1980) 

Geotechnical Evaluation – Proposed 
Canmore Residential Subdivision and 
Commercial Area 

Test hole and test pit log information; 
groundwater levels; water content; grain size 
distribution 
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Reference Report Title Information Relevant to this Report 

EBA (1996) Geotechnical Evaluation – Eagle Terrace 
Development Phase 1, Canmore, Alberta 

Test hole log information; groundwater levels; 
BPT data 

Sabatini 
(1997) 

Geotechnical Design Report. Eagle 
Terrace Phase 2, Canmore, Alberta 

Test hole log information; groundwater levels 

Sabatini 
(2000) 

Geotechnical Design Report. Eagle 
Terrace Phase 6, Canmore 

Test hole log information; groundwater levels; 
BPT data 

Keller (2014) Various installation reports (field sheets) Test hole log and test anchor reports 

BGC (2014) Cougar Creek – Debris Flood Hazard 
Assessment (Final) 

Test pitting information 

Notes:  

1) The full references are listed at the end of the text of this report. 

2) Mr. Félix Camiré provided the unpublished geotechnical reports and images for the area, available in the Town’s 
archives. These reports are listed in the “references” section at the end of this report (refs. 3, 10, 12 and 13). 

 

2.3 Surficial Geology Mapping 

Geological field mapping was carried out to supplement the interpretation of the subsurface 

conditions based on limited drilling and geophysics. It also provided background for estimating 

ranges of properties based on geological origin of some of the deposits. 

The work was conducted over a two-day period on July 21 and 22, 2014 by University of 

Calgary graduate student Ms. Mary Kruk, G.I.T., with support from Prof. Gerald Osborn, P.Geol. 

and Thurber’s Ms. Rebecca Korolnek, E.I.T. Following a review of available published maps and 

reports for the general Canmore area, systematic field observations were conducted over the 

project area, including geo-referenced mapping and photographing of the various landforms, 

soil deposits and bedrock outcrops, as well as limited sampling. The resulting map is presented 

in Figure 1 in Appendix A. 

2.4 Field Drilling and Test Pitting Programs 

The program consisted of drilling five test holes and seven test pits at the locations shown in 

Figure 2 in Appendix A, and summarized in Table 2. Test holes TH14-2 to TH14-5 were drilled 

in the floodplain, and TH14-1 was drilled in the upper “kame terrace”. The depth of the test 

holes ranged from 3.7 m to 24.4 m. All test pits were dug in the floodplain. The depth of the test 

pits ranged from 2.7 m to 5.8 m. 
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The locations of the test holes and test pits were established in the field by Thurber, and 

subsequently surveyed by ISL. All locations were cleared of underground utilities by Alberta 

One-call and a private locator prior to drilling. The test holes were located based on availability 

of access for a truck-mounted rig, with consideration given to minimizing impact to the 

environment (e.g., access to all locations was selected so as not to damage vegetation). 

Table 2. Summary of test hole drilling and test pitting conducted by Thurber 

Test ID 

UTM NAD83 
Ground Elev. 

(m) 

Hole/Pit 
Depth 

(m) 

Observation 
Well 

(see Table 4) 
Easting 

(m) 
Northing 

(m) 

TH14-1 617376.0 5661244.0 1416.2 3.7 No 

TH14-2 617452.0 5661164.0 1393.0 24.4 No 

TH14-3 617434.1 5661321.7 1399.5 12.2 Yes 

TH14-4 617496.7 5661467.7 1406.1 15.2 No 

TH14-5 617561.2 5661618.0 1413.2 21.3 Yes 

TP14-2 617450.4 5661173.0 1393.3 5.8 - 

TP14-3 617427.5 5661308.4 1398.8 4.6 - 

TP14-4 617494.1 5661499.6 1407.6 4.3 - 

TP14-5 617552.4 5661606.9 1412.3 4.6 - 

TP14-6 617421.0 5661260.8 1397.0 4.3 - 

TP14-7 617464.6 5661310.1 1399.1 3.5 - 

TP14-8 617544.8 5661467.7 1406.9 2.7 - 

 

A truck-mounted dual rotary (“Barber”) drill rig supplied by Earth Drilling Co. Ltd. was used to 

drill in the floodplain. The Barber rig was used for its superior ability to penetrate the dense 

deposits with cobbles and boulders expected at the site. However, it should be noted that the 

dual rotary drilling method uses a percussion method to advance double walled drill pipe into 

the ground. Air is injected down the hole, forcing all cuttings to rise to the surface between the 

pipe walls and are discharged through a cyclone. As a result, only relatively small pieces of the 

overburden soils and bedrock are collected. 

A small track mounted Fraste ML rig equipped with coring capabilities, supplied by Mobile 

Augers & Research Ltd., was used to drill in the “kame terrace”.  It should be noted that coring 

of these soils was not entirely successful, as circulation water and vibrations dislodged the 



Client:  Town of Canmore Date: November 9, 2015 

File No.: 19-598-440 Page 6 of 22 

E file: H:\19\598\440 Cougar Creek Debris Flood Mitigation\Deliverables\Final Report [November 2015]\Cougar Creek LTM - 

Thurber Phase 1 Geotechnical Report - Final rev.docx 

gravels and cobbles from the walls of the test hole, jamming the core barrel and limiting the 

depth of the hole to about 3.7 m (compared to a target of 8 m to 10 m). 

The test pits were excavated using a John Deere 350D LC backhoe excavator operated by 

Bremner Engineering and Construction Ltd. The test pits were excavated within Cougar Creek 

floodplain; some were situated near the test hole locations and were used to enhance the 

assessment of the near surface conditions. 

Representative samples from the major lithological units were obtained from cutting returns. All 

samples were logged in the field and then returned to Thurber’s Calgary laboratory for further 

classification and testing. Samples of groundwater were also collected from the creek 

(immediately east of TP14-5), for chemical testing required as background for some of the 

geotechnical laboratory tests. In addition, a bulk soil sample was obtained from the wall of the 

“kame terrace” using the bucket of the excavator. 

Observation wells were installed in test holes TH14-3 and TH14-5 to allow measurement of 

groundwater levels and performing in-situ hydraulic conductivity (permeability) tests. 

Supervision of the drilling and testing programs was undertaken by Mr. Lucas Barr, P.Eng., Ms. 

Sarah Bryant, E.I.T., and Mr. Chris Murray, E.I.T. of Thurber. Field drilling and test pitting on the 

floodplain alluvium were undertaken from July 17 to 20, 2014, and on the “kame terrace” on July 

29, 2014. The in-situ hydraulic conductivity (permeability) tests were performed by Mr. David 

Gorling, P.Geol. and Dr. Mauricio Pinheiro, P.Eng., on August 7, 2014. 

Soil lithology and conditions encountered during drilling and test pitting (e.g. seepage, ease/ 

difficulty of drilling), as well as results of some laboratory tests performed, are summarized in 

the test hole and test pit logs presented in Appendix B. A summary of symbols and terminology 

used on the logs, as well as the Modified Unified Soil Classification System used in Alberta, is 

also included in Appendix B. 

2.5 Geophysical Program 

Geophysical surveys were carried out in July, 2014 by DMT Geosciences Ltd. The surveys 

consisted of three components: seismic refraction (SR), ground penetrating radar (GPR), and 

multispectral analysis of surface waves (MASW). 
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The objectives of the SR and GPR surveys were to map depth to bedrock, and where possible, 

map stratigraphic boundaries above the bedrock. A secondary objective of these surveys was to 

identify the location of possible paleo-channels along the west and east banks of Cougar Creek. 

The main objective of the MASW survey was to provide vertical profiles of shear-wave velocity 

at various test hole locations, to estimate elastic moduli for the modern alluvium and bedrock 

materials. 

A report was prepared by DMT Geosciences summarizing the results of their investigation and 

interpreted surficial geology along the surveyed lines, and is included in Appendix D. 

2.6 Laboratory and In Situ Testing Programs 

Upon completion of the drilling and test pitting, a laboratory program was undertaken to 

characterize the alluvial fan and “kame terrace” deposits, and assess their potential for use as 

engineering materials. Potential degradation and erodibility of the “kame terrace” deposits when 

exposed to water were also assessed, on a preliminary basis. 

Table 3 summarizes all the laboratory testing conducted by Thurber for this project. 

Table 3. Laboratory and in situ testing conducted by Thurber for the Cougar Creek project 

Test Reference Method 
Sample/Test 

Location 
Purposes 

Water Content 
Determination 

ASTM D2216-10 TP14-2 Aid identification of various soil 
horizons. 

Grain Size 
Distribution 

ASTM D6913-04 
(sieve and 
hydrometer 
analyses) 

TP14-2, 3, 4 and 5 
(see Illustration 5) 
and bulk sample 

(see Illustration 6) 

Characterize the alluvial fan and “kame 
terrace” deposits, and estimate design 
parameters for these materials. 

Crumb Testing ASTM D6572-13E TP14-6 and bulk 
sample 

Indicator of resistance to erosion of the 
“kame terrace” deposit when exposed to 
water. 

Jar Slake 
Testing 

Santi (1998) TP14-6 and bulk 
sample 

Indicator of potential for degradation of 
the “kame terrace” deposit when 
exposed to water. 

Creek Water 
Analysis 

Various (see 
Appendix C) 

East of TP14-5 Routine potability, pH and background 
for jar slake testing. 
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In addition to the laboratory testing described above, falling head and raising head permeability 

tests were performed in situ, in general accordance with ASTM D4044-96, on the observation 

wells installed on test holes TH14-3 and 5. 

3. GEOLOGY 

3.1 Bedrock Geology 

The project area is situated in the Front Ranges of the Southern Rocky Mountains. The 

mountains in the area were formed as once-horizontal sedimentary beds were thrust from west 

to east during tectonic events, stacking up in a system of thrust faults and folds, as shown 

schematically in Illustration 1. 

 

Illustration 1. Geological cross-section immediately east of project area – Looking west (adapted 
from GSC Structure Section No. 1, Map 1265A and 1266A, 1970). Colours illustrate different 

bedrock formations, and arrows denote location of thrust faults 

 

Near Canmore, the faults are aligned in an approximate northwest to southeast direction. The 

bedrock on the southwest facing slopes of the Cougar Creek valley, located on the left-hand 

side of Grotto Mountain in Illustration 1, dips to the southwest. 

Glacial and fluvial action within the Bow Valley resulted in erosion of the valley walls, cutting 

steep slopes across the layers on both valley walls. As a result, unsupported rock slabs dipping 

into the valley on the right side (looking west) slid down, with the rockslide debris carried away 

by further glacial and fluvial action. Within the Cougar Creek area, it is believed the rock surface 



Client:  Town of Canmore Date: November 9, 2015 

File No.: 19-598-440 Page 9 of 22 

E file: H:\19\598\440 Cougar Creek Debris Flood Mitigation\Deliverables\Final Report [November 2015]\Cougar Creek LTM - 

Thurber Phase 1 Geotechnical Report - Final rev.docx 

was subsequently buried with glacial and post-glacial soil deposits, including those associated 

with fan deposition, as shown schematically in Illustration 2. 

Illustration 2 helps explain why the bedrock in the test holes drilled within the project area was 

found to be alternately shallow and deep, with jagged edges outcropping in a few locations. The 

bedrock between the TransCanada Highway and Elk Run Boulevard appears to be very deep, 

in excess of 60 m below ground surface (based on Edwards, 1979 – log of test hole DH-76-4 – 

and anecdotal evidence). 

 

Illustration 2. Possible profile along Cougar Creek drainage near project area showing bedrock 
“slabs” overlain by mostly granular deposits – Looking west 

 

Bedrock has been mapped at various locations within the project area shown in Figure 1 in 

Appendix A. Based on Map 1266A published by the Geological Survey of Canada (GSC) in 

1970, and as part of the surficial geology mapping conducted for this project, the following 

bedrock formations have been identified in the area: 

Mississipian Etherington Formation (Met) 

Light grey limestone, cherty limestone and calcarenitic limestone, dolomite, cherty dolomite, 

green and red shale, siltstone, breccia. 
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Permian and Pennsylvanian Rocky Mountain Group (PPrm) 

Light grey quartz sandstone, dolomitic sandstone, silty dolomite, chert. 

Triassic Sulphur Mountain Formation (Trsm) 

Dark grey and brown, thin bedded siltstone, silty mudstone, shale and dolomitic siltstone. 

The approximate boundaries between these formations are shown on the surficial geology map 

in Figure 1, Appendix A. 

3.2 Surficial Geology 

Descriptions of the glacial history of the area, as well as the naming of the various glacial 

deposits in the Bow Valley corridor, have been traditionally based on Rutter (1972). For this 

project, however, the mapping and nomenclature utilized by Edwards (1979) have been 

adopted, as these were prepared for gravel resource development and contain soil properties of 

interest to design. Edwards’s glacial history appears consistent with Rutter’s; however, his 

surficial geology map (shown in Figure 3, Appendix A) is a better match of the topography 

encountered in the vicinity of Cougar Creek than that published by Rutter. 

Both Edwards and Rutter recognized multiple Pleistocene glaciations in the Canmore area, with 

some differences in the interpreted origin and naming of the various deposits (e.g., Rutter’s 

“kame terrace” deposits in the general area are termed “dirty outwash” by Edwards). Both 

authors indicate that the subsurface conditions of the area are complex, with multiple layers of 

glacial till, glaciofluvial sands and gravels, and glaciolacustrine silts and clays underlying the 

present ground surface. 

Into the Holocene (an epoch that began 11,700 years ago at the end of the Pleistocene and 

continues to the present), Cougar Creek began to cut into the Pleistocene deposits on the 

northwest side of the Bow Valley. The creek reworked the older deposits and added debris from 

the creek catchment, with consequent redistribution of sediment out onto the alluvial fan to the 

southwest. There were also episodes of aggradation, when gravel was deposited along the 

creek instead of being eroded from it, eventually reaching the modern day flood plain level. 

Illustration 3, derived from the 2013 post-flood LiDAR provided by the Town, gives an insight 

into these glacial and postglacial geologic processes. 
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The surficial geology mapping carried out specifically for this project involved a review of the 

2013 LiDAR imagery, a review of Edwards’s glacial geology map (incorporated in Illustration 4), 

and field mapping for identification of the various units. The following is an abbreviated 

description of the glacial and bedrock deposits identified in Figure 1 in Appendix A. 

Modern Cougar Creek Alluvium (Qma) 

This unit consists of moderately well to well-sorted gravels, cobbles and boulders. Clasts are 

typically sub-rounded to rounded and are mainly quartzite, carbonates (probably both limestone 

and dolostone), and quartz-rich sandstone. Most of the gravels appear to have been affected by 

recent anthropogenic activity (i.e., caused or influenced by humans), particularly since the 2013 

flood event. 

Cougar Creek Colluvium/Alluvium – Lower and Upper Bench (Qc/a-l and Qc/a-u) 

This material is found within “lower” benches straddling both sides of the creek and situated one 

to two metres above the modern flood plain, and an “upper” bench five to seven metres higher 

than the lower benches. This unit is highly variable, consisting mostly of a poorly sorted diamict 

but with lenses of sorted gravels. Clast content is up to 70% and clast sizes range from gravel to 

boulder. There is some cementation, but not sufficient to provide significant mechanical 

strength. In the upper bench, there are fewer exposures of the unit but available indications are 

that the sediment there is similar to that in the lower benches. 

Glaciofluvial Dirty Outwash – “Kame Terrace” (Qgf) 

This clast-supported deposit has massive unsorted beds alternating with well-sorted outwash 

gravel to cobble beds with distinct imbrication of clasts. Clast content is high (up to 80%) and 

clasts are sub-angular to rounded, and are mostly limestone, dolostone, quartzite and 

sandstones. Edwards (1979) stated that this unit carries between 5% and 10% fines. This unit 

displays varying degrees of cementation. 

Till (Qt) 

This massive, unsorted diamict unit is matrix-supported with approximately 40% clast content. 

The matrix is a silty fine sand with low to moderate cementation, judging from mechanical 

strength, but is highly effervescent when tested with HCl acid, indicating a calcite-dominant 

matrix. The clasts are of mixed lithology, but mainly quartzite. Clasts range in size from coarse 
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sand to cobble and are angular to sub-rounded. The till overlies the glaciofluvial dirty outwash 

deposits. 
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Illustration 3. 2013 post-flood LiDAR imagery provided for the Town of Canmore. Note erosion of 
the glacial deposits by Cougar Creek (boxed area) 
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Illustration 4. Glacial geology map by Edwards (1979) and location of historic site investigations. 
Note very limited historic investigations were carried out within the project area 
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4. SUBSURFACE CONDITIONS WITHIN PROJECT AREA 

4.1 Stratigraphic Sections 

Preliminary stratigraphic sections are presented in Figure 3, Appendix A. These were drawn 

based on the geology mapping, test hole drilling, test pitting and geophysical surveys; however 

the information collected for Option A was augmented with the records of installation of anchors 

for the temporary debris flow net which exists at that location. The stratigraphic boundaries 

between the Cougar Creek geological units Qma (modern alluvium) and Qc (older 

colluvium/alluvium), and the top of bedrock were interpreted primarily on the basis of the 

geophysical seismic refraction and GPR surveys. 

These stratigraphic sections are considered adequate for a discussion on selection of the 

structure option from a geotechnical perspective, and for identification of areas requiring further 

investigations. They are not recommended for design purposes. 

4.2 Subsurface Conditions 

The results of the drilling and test pitting program, in conjunction with the historic data, 

geological mapping and geophysical surveys, allow a preliminary characterization of the main 

soil deposits of interest to this project. These were augmented by the limited laboratory testing 

conducted for the various soil deposits. 

For the level required for the present assessment, and following the geological descriptions 

included in Section 3 (and shown on the stratigraphic sections), the characteristics of the key 

units are as follows: 

Modern Cougar Creek Alluvium (Qma) and Colluvium/Alluvium (Qc/a) Deposits 

These soils occupy a large proportion of the proposed structure foundations, are of local origin 

(mostly quartzite and limestone), and predominantly well graded gravels and gravel-sand 

mixtures with little fines; however they include horizons with higher (> 60%) fines content, and a 

significant (up to 50%) component of cobbles and boulders.  

Grain size testing was performed on six samples collected from the test pits excavated within 

the modern flood plain. Five of the samples were truncated at a maximum grain size of 100 mm. 

For one sample (from TP14-03 at 1.6 m depth), the maximum size was set at 300 mm. 
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Illustration 5 shows the grain size distribution curves for these materials, together with grain size 

curves reported by Edwards (1979), O’Connor (1980) and the range given by BGC (2014) for 

debris flood deposits in this area. 

 

Illustration 5. Grain size curves for the Modern Cougar Creek Alluvium (Qma) and 
Colluvium/Alluvium (Qc/a) deposits 

 

Becker hammer blow counts measured in other areas of the Cougar Creek fan were mostly in 

the 40 to 120 range within the upper 10 m. These deposits are therefore considered to be 

generally in a dense to very dense state. Moisture contents measured during this investigation 

were usually under 10%, and occasionally up to 20% in the horizons with higher fines content. 

These appear to be higher than those measured within the fan, outside the project area, where 

the sand and gravel deposits were essentially dry. 

Shear wave velocity measurements in these deposits vary widely, and based on a review of the 

data collected by DMT (Appendix D), result in dynamic shear moduli (Gmax) in the 100 MPa to 

500 MPa range. 
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An important observation concerns groundwater inflows into the test pits. Major water inflow 

was encountered during excavation of test pits TP14-3, 5 and 8. Most of the seepage was noted 

below a depth of approximately two metres; however, in test pits TP14-7 and 8, the seepage 

was shallower and caused significant sloughing of the excavation walls. These field 

observations indicate very pervious soils, and are consistent with hydraulic conductivities in the 

order of k = 10-2 m/s to 10-3 m/s, estimated from the grain size curves. The range calculated 

from the in situ tests, screened below 2 m depth, is lower and between 4·10-5 m/s and 10-4 m/s, 

suggesting either a decrease in hydraulic conductivity with depth, or a high variability within 

these deposits. Because of the high significance of water inflows for design and construction of 

the structure’s foundations, additional testing will need to be considered in the final 

investigation. 

Glaciofluvial Dirty Outwash – “Kame Terrace” (Qgf) 

These deposits are encountered primarily on the right (west) abutment of Options B and C, as 

illustrated in Figures 1 and 3, Appendix A. They display a high gravel and cobble content and 

varying degrees of cementation, and are able to stand at essentially vertical slopes. Though not 

apparent at this location, these deposits can include clean outwash sand horizons, which could 

be more permeable and of potential concern due to a higher permeability. Moreover, while the 

steep exposed slopes indicate a high shear strength, it is not known how much of this shear 

strength is dependent on the cementation bonds, which in similar cemented soils have been 

observed to degrade when subject to wetting or groundwater seepage. 

A grain size analysis was conducted in a sample collected by Thurber from an exposed terrace 

face. The grain size distribution curve for this material is presented in Illustration 6, together with 

a curve reported by Edwards (1979) for a sample of Bow Valley “ice proximal outwash dirty 

sand gravel” (exact location unknown). Both samples display up to about 80% gravel size and 

under 10% fines, which is consistent with Edwards’s observations. It should be noted that some 

breaking of the smaller clasts was induced during sample preparation. 

Test holes drilled using a Becker hammer drill rig in the residential subdivisions located 

immediately to the east displayed variable but high blow counts, generally between 50 and 200. 

These are indicative of the very dense state of these soils. Moisture contents were generally 

under 5%. 
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Jar slake tests and crumb tests were conducted on the bulk soil sample obtained from the 

terrace wall and on a “buried” sample obtained from TP14-6 at 4.3 m. These tests were 

conducted with both distilled water and creek water, with a maximum immersion time of 

24 hours. The results of these tests, summarized in Appendix C, indicate these materials 

present a surficial “fines” phase, with high potential for degradation and erodibility, and a deeper 

“coarse” phase, which is cemented and less prone to degradation and erosion. It should be 

noted that a significant portion of the cementation bonds were broken due to washing of the bulk 

sample, suggesting a relatively high potential for erodibility of these deposits when exposed to 

flowing water. 

 
Illustration 6. Grain size curves for the Glaciofluvial Dirty Outwash (“Kame Terrace”) 

 

Till (Qt) 

These soils could be encountered in the abutments of all three structure options currently being 

considered, but appear to be more prominent on the left (east) abutment of Option B. Although 

these “mountain tills” are generally mechanically strong, no testing was conducted and more 

investigations may be required for final design, depending on the option chosen. 
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Bedrock (PPrm and Trsm) 

No bedrock coring was conducted during this initial investigation. Inspection of some outcrops 

was conducted, and the identified outcrops are mapped in Figure 1. The bedrock outcrop at the 

north end of the project area, near the Option A alignment, appears to be limestone, with strike 

and dip 140°/30° (SW). The outcrops near Options B and C were identified as brown siltstone, 

with strike and dip 140°/45° (SW). 

Qualitative strength testing, based on the number of blows required to break a sample using a 

geologist’s hammer, suggests unconfined compressive strengths ranging from medium strong 

to strong (25 MPa to 100 MPa). These strengths are approximate and likely representative of 

weathered rock only (i.e., less than the strengths anticipated in deeper, less weathered 

horizons). 

4.3 Groundwater Conditions 

Depth to groundwater in the observation wells was recorded in July 2014 on completion of the 

test holes, and again in August 2014, before performing the slug tests. Table 4 provides a 

summary of this information. 

Table 4. Summary of recorded groundwater elevations 

Test Hole 
Ground 

Elevation (m) 
Screen Depth 

(m) 
Average Water 
Elevation (m) 

Recorded Season 

TH14-3 1399.5 2.7–4.5 1397.7 July-August, 2014 

TH14-5A 1413.2 4.0–5.8 1409.6 July-August, 2014 

TH14-5B 1413.2 11.0–14.2 1408.9 July-August, 2014 

 

The groundwater table was also inferred from the geophysical SR surveys, based on the 

velocity contrast between saturated and unsaturated sediments (see Appendix D). The inferred 

water table is shown on the stratigraphic sections in Figure 3, Appendix A. 

It should be noted that groundwater levels fluctuate seasonally and in response to climatic 

conditions. They are expected to be lower in the fall and winter, as compared to spring and 

summer; however since no recorded measurements exist at this location, it would be necessary 

to conduct measurements over at least one or two years to assess the potential variability of the 

water table. 
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5. GEOTECHNICAL PARAMETERS FOR PRELIMINARY DESIGN 

Due to the coarse nature of the soils at this site, and the short time frame in which the 

investigations were conducted, no testing that could yield density and strength parameters was 

conducted. To establish the preliminary design parameters given in Table 5, emphasis was 

placed on an analysis of index tests and correlations with the results of in situ tests conducted in 

nearby sites, categorized geologically as described in Section 4.2. 

The properties suggested in Table 5 are based on visual descriptions made during the field 

investigations, analysis of limited laboratory testing, grain size tests, rising head permeability 

tests conducted in the wells installed in TH14-3 and 5, and correlations with deposits identified 

in the area (e.g. Edwards, 1979; O’Connor, 1980; EBA, 1996; Sabatini, 1997 and 2000). 

6. CLOSURE 

The following key observations and findings of this investigation should be considered in the 

preliminary design, and in the planning of subsequent investigations. 

 Major water inflow was encountered during excavation of test pits TP14-3 and TP14-5 to 

TP14-8. Most of the seepage was noted below a depth of approximately two metres; 

however, in TP14-7 and 8, the seepage was shallower and caused significant sloughing 

of the excavation walls. 

 The surface of the bedrock is believed to be located at variable depths, and is likely 

irregular (“jagged”), due to the nature of the geological formations. The bedrock stiffness 

could also be significantly higher than that of the surrounding coarse-grained soils. 

There is a moderate concern with positioning of the structure components in order to 

reduce the risk of differential settlements after construction. 

 The coarse-grained soils in the floodplain are, in principle, adequate for use in the 

structure shells. Consideration will have to be given, during the next phase of the 

investigation, to establish the compaction properties and construction specifications for 

these soils. 

 For Options B and C, there is moderate concern with degradation and erodibility of the 

“kame terrace” material in the presence of flowing water. While this does not appear to 

be an obstacle for any of these two option locations, consideration may have to be 
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given, in the final design, to some form of protection of the terraces against flowing 

water. 

 For Options B and C, there is also a moderate concern with an increase in underground 

seepage, due to the impoundment of water, towards the western portion of the site and 

potentially under residential areas. This seepage could occur through more pervious 

horizons occurring within the “kame terrace” deposits, or underneath these deposits.  

 Based on the anticipated consequence category and regional seismicity, the structure 

should be designed to withstand earthquake loading. On a preliminary basis, it is 

recommended that an Earthquake Design Ground Motion (EDGM) of 0.15 g be used in 

the designs. 
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Table 5. Preliminary geotechnical properties of soils encountered in the study area  

 
Soil Properties/ 

Parameters 
Alluvial Fan 

(Qma) 
Colluvium/ 

Alluvium (Qc/a) 

Glaciofluvial 
“Kame Terrace” 

(Qgf) 

Till 
(Qt) 

Remarks 

Unified Soil 
Classification 

ML, GP-GM, GP, 
GW-GM, GW 

Assume 
properties equal 

to Qma for 
preliminary 

design purposes 

GP-GM  Based on the grain size curves presented in Section 5 

Particle Shape sub-angular to 
sub-rounded 

sub-angular to 
rounded 

angular to 
sub-rounded 

Based on visual observations 

Water Content (%) < 5 < 5  Based on historic data, and water content determination tests presented in Appendix B 

Relative Density dense to very 
dense 

dense to very 
dense 

 Based on BPT data* 

Bulk Unit Weight (kN/m3) 17.7–21.6 

– 

– 

17.7–20.6 

 Heinz (1988) 

Fookes et al. (1975) 

 20 20  Recommended 

Cohesion (kPa) 0 

– 

– 

10 

 Uncemented cohesionless material 

Conservative estimate for cemented gravels (close to lower values published by Sitar, 1990 and other authors) 

 0 10  Recommended 

Friction Angle (degrees) 45–47 

– 

44–46 

>45 or >41 

– 

– 

– 

44–48 

– 

>45 or >41 

36.6 

– 

 

 

 

 

 

37 

Terzaghi et al. (1996) – Fig. 19.4 and Tab. 19.3 (Class C or R5 grade†) 

Terzaghi et al. (1996) – Fig. 19.4 for n = 0.30–0.35 

Leps (1970) – Fig. 1 for normal pressure: 126–210 kPa‡ (data augmented by Duncan, 2004) 

Kulhawy & Mayne (1990) – Tab. 4-3 (NSPT > 50)* 

Fookes et al. (1975) 

Sabatini (1997) – Adopted for slope stability assessment 

 42 37 37 Recommended 

Young’s Modulus (MPa) 60–400   MASW tests 

 100   Recommended 

Hydraulic Conductivity 
(m/s) 

1·10-2–3·10-2 

1·10-3–6·10-3 

4·10-5–1·10-4 

8·10-5 

4·10-4 

– 

 Based on grain size distribution provided by Edwards (1979)¥ 

Based on grain size distribution curves for TH14-3¥ 

Based on slug tests conducted by Thurber for this project (observation wells installed on test holes TH14-3 and TH14-5)£ 

 10-3 4·10-4  Recommended 

Notes: 

* Becker penetration test (BPT) data from EBA (1996) and Sabatini (2000). NSPT assumed equal to NBPT (Thurber, 2007). 
† R5 grade: very strong rock (qc = 100–250 MPa)  
‡ Vertical effective stress within the range 126–210 kPa (for a 12–20 m high embankment with an average bulk unit weight of 21 kN/m3). 
¥ Estimated values based on Hazen’s equation: k = C/1000·(D10)2; where: D10 (in mm), C is a constant, typically equal to 100 for preliminary estimation (Somerville, 2005). 
£ Slug test results interpreted using Hvorslev Time Lag method (Hvorslev, 1951). 
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STATEMENT OF LIMITATIONS AND CONDITIONS 
 

1.  STANDARD OF CARE 

This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction. 
No other warranty, expressed or implied, is intended or made. 

2.  COMPLETE REPORT 

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report, which is of a 
summary nature and is not intended to stand alone without reference to the instructions given to Thurber by the Client, communications between 
Thurber and the Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein, 
all of which together constitute the Report. 

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE MUST BE 
MADE TO THE WHOLE OF THE REPORT. THURBER IS NOT RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE 
TO THE WHOLE REPORT. 

3.  BASIS OF REPORT 

The Report has been prepared for the specific site, development, design objectives and purposes that were described to Thurber by the Client. The 
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided 
herein, are only valid to the extent that the Report expressly addresses proposed development, design objectives and purposes, and then only to the 
extent that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is specifically 
requested by the Client to review and revise the Report in light of such alteration or variation. 

4.  USE OF THE REPORT 

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the Client. NO OTHER 
PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT THURBER’S WRITTEN CONSENT AND SUCH 
USE SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Ownership in and copyright for the contents 
of the Report belong to Thurber. Any use which a third party makes of the Report, is the sole responsibility of such third party. Thurber accepts no 
responsibility whatsoever for damages suffered by any third party resulting from use of the Report without Thurber’s express written permission. 

5. INTERPRETATION OF THE REPORT 

a)  Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials 
and quantities have been based on investigations performed in accordance with the standards set out in Paragraph 1. Classification and 
identification of these factors are judgmental in nature. Comprehensive sampling and testing programs implemented with the appropriate 
equipment by experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an 
inherent risk that some conditions will not be detected and all documents or records summarizing such investigations will be based on 
assumptions of what exists between the actual points sampled. Actual conditions may vary significantly between the points investigated and the 
Client and all other persons making use of such documents or records with our express written consent should be aware of this risk and the 
Report is delivered subject to the express condition that such risk is accepted by the Client and such other persons. Some conditions are subject 
to change over time and those making use of the Report should be aware of this possibility and understand that the Report only presents the 
conditions at the sampled points at the time of sampling. If special concerns exist, or the Client has special considerations or requirements, the 
Client should disclose them so that additional or special investigations may be undertaken which would not otherwise be within the scope of 
investigations made for the purposes of the Report. 

b)  Reliance on Provided Information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in 
evidence at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations, 
information and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept responsibility for any 
deficiency, misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts 
of the Client or other persons providing information relied on by Thurber. Thurber is entitled to rely on such representations, information and 
instructions and is not required to carry out investigations to determine the truth or accuracy of such representations, information and instructions. 

c)  Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued 
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction 
to confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report’s recommendations and the 
final design detailed in the contract documents should be reported to Thurber immediately so that Thurber can address potential conflicts. 

d)  Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing sufficient and 
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those 
interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance, 
in accordance with the requirements of many regulatory authorities. 

6. RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES 

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the 
potential to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the 
escape, release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and 
accurately identified to Thurber by the Client prior to the commencement of Thurber’s professional services. 

7. INDEPENDENT JUDGEMENTS OF CLIENT 

The information, interpretations and conclusions in the Report are based on Thurber’s interpretation of conditions revealed through limited investigation 
conducted within a defined scope of services. Thurber does not accept responsibility for independent conclusions, interpretations, interpolations and/or 
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in 
the Report. This restriction of liability includes but is not limited to decisions made to develop, purchase or sell land. 
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APPENDIX B 

Test Hole and Test Pit Logs 

 

  



1. VISUAL TEXTURAL CLASSIFICATION OF MINERAL SOILS

CLASSIFICATION APPARENT PARTICLE SIZE

Boulders Greater than 200 mm
Cobbles 75 mm to 200 mm
Gravel 5 mm to 75 mm
Sand Not Visible to 5 mm
Silt Non-Plastic particles, not visible to the naked eye
Clay Plastic particles, not visible to the naked eye

2. TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY)

DESCRIPTIVE TERM APPROXIMATE UNDRAINED SHEAR STRENGTH

Very Soft Less than 10 kPa
Soft 10 - 25 kPa
Firm 25 - 50 kPa
Stiff 50 - 100 kPa
Very Stiff 100 - 200 kPa Modified from
Hard 200 - 300 kPa National Building
Very Hard Greater than 300 kPa Code

3. TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY)

DESCRIPTIVE TERM STANDARD PENETRATION TEST (SPT)
(Number of Blows per 300 mm)

Very Loose 0 - 4
Loose 4 - 10
Compact 10 - 30
Dense 30 - 50 Modified from
Very Dense Over 50 National Building 

Code

4. LEGEND FOR TEST HOLE LOGS

SYMBOL FOR SAMPLE TYPE

Shelby Tube A- Casing
 

SPT Grab

No Recovery Core

MC - Moisture Content (% by weight) as determined by sample
    ___ Water Level
CPen   - Shear Strength determined by pocket penetrometer
Cvane - Shear Strength determined by pocket vane
Cu       - Undrained Shear Strength determined by unconfined  compression test

SYMBOLS AND TERMS USED ON TEST HOLE LOGS





NR-1

NR-2

NR-3

NR-4

Flushed top 0.75 m of material setting
casing

Flush is relatively free of cuttings
Minor loss of flush water

Increasing loss of flush water

Decrease in loss of flush water

Probable terrace material

- core barrel jammed by dislodged cobble
- probable boulder
- some undisturbed gravel in core barrel

- some undisturbed gravel in core barrel

- no sample recovery

END OF HOLE at 3.7 m
- backfilled with cutting mud and bentonite to
surface
- core barrel jamming at 3.7 m (refusal)
- cave in at 1.8 m after removal of core barrel
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CLIENT: Town of Canmore TEST HOLE NO:  TH14-1

 COMPLETION DATE:  29/07/2014

DRILLING CO.: Mobile Augers & Research Ltd.

INSPECTOR: CAM/LAB

RIG TYPE: Fraste ML

DRILL METHOD: Core Rig
Page  1 of 1

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

No Recovery

COMPILED BY:  CAM

PROJECT: Cougar Creek Debris Flood Mitigation

COMPLETION DEPTH:  3.7 m

ELEVATION: 1416.17 mUTM 11 NAD 83, Northing: 5661244 m, Easting: 617376 m

REVIEWED BY:  HKH



G-1

G-2

G-3

G-5

G-4

G-6

G-7

G-8

COBBLES, gravelly, well graded, dense, grey, dry,
limestone
SAND, trace silt, fine to medium grained, brown,
moist

- cobbles and boulders at 0.9 m

- damp at 3.0 m

- some gravel at 6.7 m

GRAVEL, sandy, some silt, dense to very dense,
grey, damp
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CLIENT: Town of Canmore TEST HOLE NO:  TH14-2

 COMPLETION DATE:  17/07/2014

DRILLING CO.: Earth Drilling Co. Ltd.

INSPECTOR: LAB

RIG TYPE: Foremost DR-24

DRILL METHOD: Dual Rotary
Page  1 of 3

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

COMPILED BY:  CAM

PROJECT: Cougar Creek Debris Flood Mitigation

COMPLETION DEPTH:  24.4 m

ELEVATION: 1392.95 mUTM 11 NAD 83, Northing: 5661164 m, Easting: 617452 m

REVIEWED BY:  HKH



G-9

G-10

G-11

G-12

G-13

G-14

- boulders at 9.8 m

BEDROCK, strong, grey, dry, alternating limestone,
shale, sandstone

- change to dark grey shale at 12.2 m

BR

Shear Strength (kPa)
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CLIENT: Town of Canmore TEST HOLE NO:  TH14-2

 COMPLETION DATE:  17/07/2014

DRILLING CO.: Earth Drilling Co. Ltd.

INSPECTOR: LAB

RIG TYPE: Foremost DR-24

DRILL METHOD: Dual Rotary
Page  2 of 3

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

COMPILED BY:  CAM

PROJECT: Cougar Creek Debris Flood Mitigation

COMPLETION DEPTH:  24.4 m

ELEVATION: 1392.95 mUTM 11 NAD 83, Northing: 5661164 m, Easting: 617452 m

REVIEWED BY:  HKH



G-15

END OF HOLE at 24.4 m
- backfilled with cuttings to 0.9 m, bentonite chip
seal to 0.3 m, cuttings to surface

Shear Strength (kPa)
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CLIENT: Town of Canmore TEST HOLE NO:  TH14-2

 COMPLETION DATE:  17/07/2014

DRILLING CO.: Earth Drilling Co. Ltd.

INSPECTOR: LAB

RIG TYPE: Foremost DR-24

DRILL METHOD: Dual Rotary
Page  3 of 3

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

COMPILED BY:  CAM

PROJECT: Cougar Creek Debris Flood Mitigation

COMPLETION DEPTH:  24.4 m

ELEVATION: 1392.95 mUTM 11 NAD 83, Northing: 5661164 m, Easting: 617452 m

REVIEWED BY:  HKH



G-1

G-2

G-3

G-4

G-5

G-6

COBBLES, grey, damp

GRAVEL, cobbly, trace sand, grey, damp

BEDROCK, (shale), fresh, strong, dark grey
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Shear Strength (kPa)

    Cpen

    SPT (N) Blows/300 mm    

S
A

M
P

LE
 ID

S
P

T
 (

N
)

10 20 30 40

PL LLW.C. (%)S
A

M
P

LE
 T

Y
P

E

10 20 30 40

50 100 150 200

10 20 30 40

REMARKS DESCRIPTION

M
U

S
C

S
 / 

IS
R

M

S
O

IL
 S

Y
M

B
O

L

10

0

D
E

P
T

H
 (

m
)

1

2

3

4

5

6

7

8

9

D
E

P
T

H
 (

m
)

1

2

3

4

5

6

7

8

9

0

10

CLIENT: Town of Canmore TEST HOLE NO:  TH14-3

 COMPLETION DATE:  17/07/2014

DRILLING CO.: Earth Drilling Co. Ltd.

INSPECTOR: LAB

RIG TYPE: Foremost DR-24

DRILL METHOD: Dual Rotary
Page  1 of 2

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

COMPILED BY:  CAM

PROJECT: Cougar Creek Debris Flood Mitigation

BENTONITE SAND

COMPLETION DEPTH:  11.3 m

ELEVATION: 1399.49 mUTM 11 NAD 83, Northing: 5661322 m, Easting: 617434.10 m

REVIEWED BY:  HKH



G-7 END OF HOLE at 11.3 m
- monitoring well installed

Shear Strength (kPa)
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    SPT (N) Blows/300 mm    
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CLIENT: Town of Canmore TEST HOLE NO:  TH14-3

 COMPLETION DATE:  17/07/2014

DRILLING CO.: Earth Drilling Co. Ltd.

INSPECTOR: LAB

RIG TYPE: Foremost DR-24

DRILL METHOD: Dual Rotary
Page  2 of 2

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

COMPILED BY:  CAM

PROJECT: Cougar Creek Debris Flood Mitigation

BENTONITE SAND

COMPLETION DEPTH:  11.3 m

ELEVATION: 1399.49 mUTM 11 NAD 83, Northing: 5661322 m, Easting: 617434.10 m

REVIEWED BY:  HKH
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G-1

G-2

G-3

G-4

G-5

G-6

G-7

Quicker drilling

COBBLES AND GRAVEL, grey, damp
- boulders ( >1000 mm) noted at surface

- some sand at 1.5 m

GRAVEL, grey, damp, potential cobbles and
boulders

- sandy at 3.1 m

- light grey from 3.7 m to 4.6 m (potential boulder)

- water noted coming up casing

- dry at 6.1 m

SAND, silty, dense to very dense, reddish brown,
damp

- lighter brown at 8.5 m

BEDROCK, (shale), strong, dark grey
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Shear Strength (kPa)
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CLIENT: Town of Canmore TEST HOLE NO:  TH14-4

 COMPLETION DATE:  18/07/2014

DRILLING CO.: Earth Drilling Co. Ltd.

INSPECTOR: LAB

RIG TYPE: Foremost DR-24

DRILL METHOD: Dual Rotary
Page  1 of 2

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

COMPILED BY:  CAM

PROJECT: Cougar Creek Debris Flood Mitigation

COMPLETION DEPTH:  15.2 m

ELEVATION: 1406.11 mUTM 11 NAD 83, Northing: 5661468 m, Easting: 617496.70 m

REVIEWED BY:  HKH



G-8

END OF HOLE at 15.2 m
- seepage at 4.6 m
- backfilled with cuttings to 0.9 m, bentonite chip
seal to 0.3 m, cuttings to surface

SH

Shear Strength (kPa)
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CLIENT: Town of Canmore TEST HOLE NO:  TH14-4

 COMPLETION DATE:  18/07/2014

DRILLING CO.: Earth Drilling Co. Ltd.

INSPECTOR: LAB

RIG TYPE: Foremost DR-24

DRILL METHOD: Dual Rotary
Page  2 of 2

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

COMPILED BY:  CAM

PROJECT: Cougar Creek Debris Flood Mitigation

COMPLETION DEPTH:  15.2 m

ELEVATION: 1406.11 mUTM 11 NAD 83, Northing: 5661468 m, Easting: 617496.70 m

REVIEWED BY:  HKH



G-1

G-2

G-3

G-4

G-5

G-6

G-7

Casing set to 9.1 m, seepage
below 9.1 m

COBBLES AND GRAVEL, trace sand, brown, dry

- possible boulder at 1.5 m

GRAVEL AND COBBLES, sandy, brown, dry to
damp
- possible boulder at 2.8 m

- becoming sandier at 4.3 m

POSSIBLE ROCK SLAB (limestone)

- clayey at 9.1 m
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CLIENT: Town of Canmore TEST HOLE NO:  TH14-5

 COMPLETION DATE:  20/07/2014

DRILLING CO.: Earth Drilling Co. Ltd.

INSPECTOR: LAB

RIG TYPE: Foremost DR-24

DRILL METHOD: Dual Rotary
Page  1 of 3

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

COMPILED BY:  CAM

PROJECT: Cougar Creek Debris Flood Mitigation

BENTONITE SAND

COMPLETION DEPTH:  21.3 m

ELEVATION: 1413.21 mUTM 11 NAD 83, Northing: 5661618 m, Easting: 617561.20 m

REVIEWED BY:  HKH



G-8

G-9

G-10

G-11

G-12

Seepage stopped with casing
to 9.8 m

Seepage at 11.0 m GRAVEL, occasional clay bed

- less clay at 12.8 m, size of gravel increasing

CLAY  (TILL), trace gravel, trace sand, medium
plastic, brown, moist

BEDROCK, (shale)

COAL, black

BEDROCK, (shale), dark grey, dry, occasional
sandstone layer
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Shear Strength (kPa)
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CLIENT: Town of Canmore TEST HOLE NO:  TH14-5

 COMPLETION DATE:  20/07/2014

DRILLING CO.: Earth Drilling Co. Ltd.

INSPECTOR: LAB

RIG TYPE: Foremost DR-24

DRILL METHOD: Dual Rotary
Page  2 of 3

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

COMPILED BY:  CAM

PROJECT: Cougar Creek Debris Flood Mitigation

BENTONITE SAND

COMPLETION DEPTH:  21.3 m

ELEVATION: 1413.21 mUTM 11 NAD 83, Northing: 5661618 m, Easting: 617561.20 m

REVIEWED BY:  HKH
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END OF HOLE at 21.3 m
- seepage at 5.8 m
shallow monitoring well
   - water level = 3.66 m below ground surface on
     20/07/2014
   - water level = 3.64 m below ground surface on
     30/07/2014
deep monitoring well
   - water level = 4.27 m below ground surface on
     20/07/2014
   - water level = 4.44 m below ground surface on
     30/07/2014

Shear Strength (kPa)
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CLIENT: Town of Canmore TEST HOLE NO:  TH14-5

 COMPLETION DATE:  20/07/2014

DRILLING CO.: Earth Drilling Co. Ltd.

INSPECTOR: LAB

RIG TYPE: Foremost DR-24

DRILL METHOD: Dual Rotary
Page  3 of 3

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

COMPILED BY:  CAM

PROJECT: Cougar Creek Debris Flood Mitigation

BENTONITE SAND

COMPLETION DEPTH:  21.3 m

ELEVATION: 1413.21 mUTM 11 NAD 83, Northing: 5661618 m, Easting: 617561.20 m

REVIEWED BY:  HKH
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G-1

G-2

G-3

G-4

G-5

G-6

G-7

G-8

G-9

G-10

Difficult excavation due to presence of
large boulders

Non plastic
Hydrometer Analysis
Gravel = 1.8%
Sand = 44.9%
Silt = 49.5%
Clay = 3.9%
Seepage

Non plastic
Hydrometer Analysis
Gravel = 4.4%
Sand = 39.3%
Silt = 48.2%
Clay = 8.1%

COBBLES AND GRAVEL, sandy, trace silt,
subangular to subrounded, brown, dry to moist

- boulders up to 800 mm

- 1000 mm boulder

- 900 mm boulder
SAND AND SILT, trace gravel, poorly graded, loose
to dense, brown, moist, occasional cemented sand
layers

- occasional cobbles up to 200 mm
- boulders up to 500 mm
- occasional pieces resembling terrace material

- occasional boulders up to 250 mm

- occasional boulders up to 300 mm
END OF HOLE at 5.8 m
- backfilled with excavated material
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REMARKS DESCRIPTION
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CLIENT: Town of Canmore TEST PIT NO:  TP14-2

 COMPLETION DATE:  18/07/2014

INSPECTOR: SKB Page  1 of 1

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

PROJECT: Cougar Creek Debris Flood Mitigation

EXCAVATION CO.: Bremner Engineering and Construction Ltd.

EXCAVATION METHOD: Excavation

COMPLETION DEPTH:  5.8 m

ELEVATION: 1393.34 m

EXCAVATOR TYPE: John Deere 350 DLC

UTM 11 NAD 83, Northing: 5661173 m, Easting: 617450.40 m

COMPILED BY:  CAM

REVIEWED BY:  HKH



G-1

G-2

G-3

G-4

G-5

G-6

G-7

G-8

Heavy seepage

Hydrometer Analysis
Gravel = 77.6%
Sand = 16.6%
Silt = 4.3%
Clay = 1.5%

Decreased inflow

COBBLES AND GRAVEL, sandy, trace silt,
subangular to subrounded, brown, dry to wet,
frequent boulders

- boulders up to 500 mm

- boulders up to 1300 mm

trace clay, some sand, trace silt, frequent cobbles
and boulders up to 1000 mm

- fines content increases

- boulders up to 900 mm

- boulders up to 750 mm
END OF HOLE at 4.6 m
- sloughing of near surface material
- backfilled with excavated material
- refusal on probable bedrock
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CLIENT: Town of Canmore TEST PIT NO:  TP14-3

 COMPLETION DATE:  18/07/2014

INSPECTOR: SKB Page  1 of 1

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

PROJECT: Cougar Creek Debris Flood Mitigation

EXCAVATION CO.: Bremner Engineering and Construction Ltd.

EXCAVATION METHOD: Excavation

COMPLETION DEPTH:  4.6 m

ELEVATION: 1398.77 m

EXCAVATOR TYPE: John Deere 350 DLC

UTM 11 NAD 83, Northing: 5661308 m, Easting: 617427.50 m

COMPILED BY:  CAM

REVIEWED BY:  HKH



G-1

G-2

G-3

G-4

G-5

Seepage

Hydrometer Analysis
Gravel = 42.4%
Sand = 30.0%
Silt = 20.4%
Clay = 7.2%
Seepage, high recharge/flow rate

COBBLES AND GRAVEL, some sand, medium to
coarse grained, subangular to subrounded, brown,
dry to wet, frequent boulders

- 1200 mm boulder

sandy, trace clay (medium plastic), frequent
boulders

trace silt, trace sand, medium to coarse grained

- fines content decreasing
trace silt, trace sand, coarse grained
- boulders up to 600 mm

END OF HOLE at 4.3 m
- backfilled with excavated material
- refusal on probable large boulders
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CLIENT: Town of Canmore TEST PIT NO:  TP14-4

 COMPLETION DATE:  19/07/2014

INSPECTOR: SKB Page  1 of 1

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

PROJECT: Cougar Creek Debris Flood Mitigation

EXCAVATION CO.: Bremner Engineering and Construction Ltd.

EXCAVATION METHOD: Excavation

COMPLETION DEPTH:  4.3 m

ELEVATION: 1407.56 m

EXCAVATOR TYPE: John Deere 350 DLC

UTM 11 NAD 83, Northing: 5661500 m, Easting: 617494.10 m

COMPILED BY:  CAM

REVIEWED BY:  HKH



G-1

G-2

G-3

G-4

G-5

G-6

Hydrometer Analysis
Gravel = 69.5%
Sand = 23.7%
Silt = 5.2%
Clay = 1.5%
Heavy seepage below 2.7 m

GRAVEL, sandy, coarse grained, loose, subangular
to subrounded, brown, damp, frequent cobbles and
boulders up to 400 mm

COBBLES AND GRAVEL, some sand, coarse
grained, subangular to subrounded, brown, damp to
wet, frequent boulders

- boulders up to 1300 mm

sandy, trace clay, trace silt, coarse grained

- boulders up to 500 mm

trace sand, trace silt

- boulders up to 250 mm

- boulders up to 800 mm

- boulders up to 600 mm

END OF HOLE at 4.6 m
- backfilled with excavated material
- refusal on possible bedrock
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CLIENT: Town of Canmore TEST PIT NO:  TP14-5

 COMPLETION DATE:  19/07/2014

INSPECTOR: SKB Page  1 of 1

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

PROJECT: Cougar Creek Debris Flood Mitigation

EXCAVATION CO.: Bremner Engineering and Construction Ltd.

EXCAVATION METHOD: Excavation

COMPLETION DEPTH:  4.6 m

ELEVATION: 1412.33 m

EXCAVATOR TYPE: John Deere 350 DLC

UTM 11 NAD 83, Northing: 5661607 m, Easting: 617552.40 m

COMPILED BY:  CAM

REVIEWED BY:  HKH



G-1

G-2

G-3

G-4

G-5

G-6

Heavy seepage

COBBLES AND GRAVEL, trace sand, subangular
to subrounded, brown, damp, frequent boulders up
to 900 mm

- 1000 mm boulder

- 1000 mm boulder

- boulders up to 900 mm

GRAVEL, trace sand, trace silt, brown, moist,
frequent cobbles and boulders up to 900 mm

COBBLES AND GRAVEL, trace sand, subangular
to subrounded, brown, moist to wet, trace clay
pockets (low plastic)`

- fines content increasing
- boulders up to 400 mm

- pieces of cemented sand and gravel, no defined
layer visible
END OF HOLE at 4.3 m
- backfilled with excavated material
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CLIENT: Town of Canmore TEST PIT NO:  TP14-6

 COMPLETION DATE:  18/07/2014

INSPECTOR: SKB Page  1 of 1

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

PROJECT: Cougar Creek Debris Flood Mitigation

EXCAVATION CO.: Bremner Engineering and Construction Ltd.

EXCAVATION METHOD: Excavation

COMPLETION DEPTH:  4.3 m

ELEVATION: 1396.97 m

EXCAVATOR TYPE: John Deere 350 DLC

UTM 11 NAD 83, Northing: 5661261 m, Easting: 617421 m

COMPILED BY:  CAM

REVIEWED BY:  HKH



G-1

G-2

G-3

G-4

Heavy seepage

COBBLES AND GRAVEL, trace sand, trace silt,
subangular to subrounded, brown to grey, moist to
wet, frequent cobbles and boulders up to 900 mm

- boulders up to 1000 mm

- boulders up to 700 mm

- boulders up to 800 mm

- frequent cobbles and boulders up to 500 mm

END OF HOLE at 3.5 m
- significant sloughing of surface material
- backfilled with excavated material
- refusal on probable bedrock
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CLIENT: Town of Canmore TEST PIT NO:  TP14-7

 COMPLETION DATE:  18/07/2014

INSPECTOR: SKB Page  1 of 1

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

PROJECT: Cougar Creek Debris Flood Mitigation

EXCAVATION CO.: Bremner Engineering and Construction Ltd.

EXCAVATION METHOD: Excavation

COMPLETION DEPTH:  3.5 m

ELEVATION: 1399.11 m

EXCAVATOR TYPE: John Deere 350 DLC

UTM 11 NAD 83, Northing: 5661310 m, Easting: 617464.60 m

COMPILED BY:  CAM

REVIEWED BY:  HKH



G-1

G-2

G-3

G-4

Heavy seepage

Sloughing

COBBLES AND BOULDERS, some gravel, trace
sand, trace silt, coarse grained, subangular to
subrounded, grey, dry

COBBLES AND GRAVEL, some sand, subangular
to subrounded, brown to grey, moist to wet,
frequent boulders up to 500 mm

- boulders up to 700 mm

- boulders up to 800 mm

- boulders up to 800 mm
- 900 mm boulder

- boulders up to 600 mm
END OF HOLE at 2.7 m
- unable to progress past 2.7 m due to sloughing
- backfilled with excavated material
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CLIENT: Town of Canmore TEST PIT NO:  TP14-8

 COMPLETION DATE:  19/07/2014

INSPECTOR: SKB Page  1 of 1

PROJECT NO: 19-598-440

SAMPLE TYPE:

BACKFILL TYPE:

Grab Sample

PROJECT: Cougar Creek Debris Flood Mitigation

EXCAVATION CO.: Bremner Engineering and Construction Ltd.

EXCAVATION METHOD: Excavation

COMPLETION DEPTH:  2.7 m

ELEVATION: 1406.88 m

EXCAVATOR TYPE: John Deere 350 DLC

UTM 11 NAD 83, Northing: 5661468 m, Easting: 617544.80 m

COMPILED BY:  CAM

REVIEWED BY:  HKH



 

APPENDIX C 

Laboratory Tests on Dirty Outwash (“Kame Terrace”): Summary Table, Lab Sheets and Photos 

Water Creek Analysis 

 

  























































 

APPENDIX D 

DMT Geosciences (Geophysics) Report 

 

 




























































































