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1.  INTRODUCTION AND BACKGROUND 

This report documents the findings and recommendations of a geotechnical site investigation 

performed by SweetTech Engineering Consultants (SweetTech) on the existing and proposed Dike 

D footprint in Drumheller. This investigation was undertaken to inform the detailed dike design and 

forms a key component of the Drumheller Dike D Preliminary Design Process.  

 

Dike D is an approximately 1,200 m long earth fill dike located in Central Drumheller along the right 

bank of the Red Deer River. Dike D protects the Civic Heart of the Valley, Downtown Drumheller. 

Critical infrastructure located within Downtown Drumheller including the Fire Department, City 

Hall, Police Station, the Badlands Community Facility, the Arena, Aquaplex, and vital historical, 

cultural, and tourism facilities. 

 

The current Dike D was conceived from a provincial Flood Abatement Work Group (FAWG) and 

was constructed in three phases between 1987 and 1991.  In addition, extensive riverbank 

reconstruction work was completed along Riverside Drive in the late 1960s and 1970s.  

 

This present scope of work involves designing improvements and upgrades to Dike D to reduce 

flooding risks and protect Drumheller into the 22nd century (for the design flow).  Dike D is planned 

to be upgraded to a design flow of 1,850 m3/s along the Red Deer River with consideration for 

adaptive emergency response management allowing for an emergency dike raise to manage flows 

of 2,100 m3/s and greater.   

 

Utilizing the 1,850 m3/s design flow rate, it was determined that the existing dike would need to be 

raised about 0.8 to 1.25 m along most of the alignment (which includes a 0.75 m freeboard).  A 

portion of the existing dike situated along Riverside Drive, currently has a 0.75 m high concrete 

jersey barrier that is considered part of the existing flood protection system situated on the crest of 

the dike and in this area the jersey barrier will be removed and replaced with an earth fill dike and 

possibly a retention system.  Upwards of 2.1 m of earth fill will be required to construct the dike 

upgrades in this area along Riverside Drive.  This area can be seen on Figure 1 in Appendix 1.   

 

This geotechnical assessment was performed to determine requirements and recommendations for 

raising the dike up to 2.1 m with select earth fill and widening the dike as needed to provide a 

minimum 6 m top width and 3 horizontal to 1 vertical (3H:1V) side slopes.   

 

The following reports were reviewed in preparation of this geotechnical report: 

• SweetTech Draft Concept Design and Feasibility Study (Feb 2021) 

• Drumheller River Hazard Study – Open Water Hydrology Assessment Report – Northwest 

Hydraulic Consultants (2020); 

• Drumheller Community Facility – Geotechnical Investigation – Thurber (2006); 

• Drumheller Dike D Construction – Field Reports – EBA (1987); 

• Landale Development Corporation – Soils Report – Palm Engineering (1999); and 

• Geotechnical Investigation - Proposed Hotel and Restaurant Development Lot 2, Block 34, 

Plan 991 1179, Drumheller Alberta – ParklandGeo (2014). 
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2. SITE LOCATION AND DESCRIPTION  

The existing alignment and proposed Dike D alignment and extents are shown on Figure 1.  The 

existing Dike D is a 1200 m long, earth filled dike topped with a paved asphalt trail for approximately 

2/3 of its length, from the Gordon Taylor Bridge to Riverside Drive. The southern portion of the 

dike along Riverside Drive consists of a concrete pathway and jersey barrier situated on the existing 

dike crest. The height of the existing dike varies from approximately 0.5 m to 2 m above the adjacent 

ground for most of the entire length of Dike D.   

 

The existing vegetation around the proposed dike footprint consists primarily of grass, shrubs 

(willows) and local trees, primarily poplars. The shrubs (and same trees) are on the river side of the 

dike, between the existing dike and the Red Deer River. The existing dike side slopes have been 

vegetated with grass and in the park areas the grass was observed to have been trimmed along the 

dike. Between Riverview Terrace and the Badlands Community Facility the toe of the dike on the 

land side has been constructed around 4 trees, where timber crib retaining walls have been 

constructed into the dike to protect the trees.  

 

Some tree and brush clearing was previously performed in fall 2019 along Dike D, primarily at the 

south end and along Riverside Drive. The river side of the concrete jersey barrier flood wall had not 

been maintained and there was extensive growth of shrubs and trees.  When the geotechnical 

drilling program was performed, this vegetation had mostly been cleared and was in the process of 

being removed. 

 

The general topography around Dike D, is a steep riverbank which levels off around Dike D and 

continues to rise at a shallow slope into the downtown core. Dike D has been constructed on the 

crest of this bank, a short distance away from the active river channel. In the north, around 

Centennial Park, the floodplain is broad and has a shallow slope before dropping to the River, and 

downstream of Centennial Park, the riverbank is steep and is near vertical in some areas due to 

active riverbank erosion.  At the south end of the proposed dike alignment (adjacent to the lift 

stations), the land slopes down to a lower flat shelf beside the river. This area will require 

approximately 5 m of fill to construct the dike. There are several large trees and shrubs in this fill 

zone that will need to be removed. 

 

During recent flood events in 2005 and 2013, Dike D is understood to have been temporarily 

topped up with extra fill material in a rapid fashion.  With exception to the poor performance of the 

asphalt pathway surface (longitudinal and lateral cracking), no known performance issues have been 

observed in the past with Dike D.  

 

As seen in Figure 1, the proposed typical dike detail, minimum 6 m top width and 3H:1V side slopes, 

are suitable for most of the areas along the dike, however there are several areas where the design 

may need to deviate from this typical detail. These areas are at the northwest corner of the Aquaplex 

building, a portion of the northeast property line of the Riverview Terrace Condominiums and along 

Riverside Drive, as identified in Figure 1 in Appendix 1. These areas may need to vary from the 

typical detail due to space constraints with existing and proposed infrastructure and proximity to 
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the river. The flood barrier along Riverside Drive is currently constructed of concrete jersey barriers 

with a narrow (<2 m wide) walking path beside it.  The portion of the dike alignment with jersey 

barriers is located between dike station D 0+806 to station D 1+100.  If the typical dike detail 

(trapezoidal 3H:1V side slopes) is utilized in this area and instream river work is to be avoided, the 

entire width of Riverside Drive falls within the proposed dike footprint.  As such, preliminary options 

for the Aquaplex and Riverview Terrace Condominiums involves the construction of a retention 

system on the landside of the dike to reduce the proposed footprint.  Along Riverside Drive 

preliminary options include the construction of retaining walls, a combination of retaining walls and 

reconfiguring Riverside Drive and complete removal of a portion of Riverside Drive to allow for the 

typical dike section to be constructed.  The specific layout, design details and materials for these 

areas have yet to be selected and further design and decision making from IBI Group and the DRFM 

is required prior to proceeding with the detailed design for these specific areas.  

Image 1 - Riverside Drive Conflict Area 

 

3. GEOTECHNICAL INVESTIGATION 

SweetTech performed a geotechnical field drilling investigation and associated lab testing to inform 

the ongoing pre and detailed designs, allow for transmissivity of the existing dike soils to be 

addressed, assess the quality and quantity of existing fill soils, define the specific areas groundwater 

conditions and to verify competency of the underlying soils.  The details of the subsurface 

investigation program are discussed and defined below. 

 

  SURFICIAL GEOLOGY  

Based on a review of available surficial geology for the Drumheller area (A. Stalker, Geological Survey 

of Canada Memoir 370, 1973), the Dike D areas will generally consist of quaternary fluvial deposits 

(gravels, sands, silts and clays) which overlie cretaceous bedrock from the Edmonton Formation.  

The bedrock consists of grey, green and brown clay shale, argillaceous siltstone, and sandstone with 

coal beds and visible ironstone partings. 
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  FIELD INVESTIGATION  

A site reconnaissance was performed on February 19, 2021 by Andres Ocejo, P.Eng., and Thomas 

Schaepsmeyer, M.Eng., E.I.T. The site reconnaissance was used to plan the drilling investigation, 

identify potential conflicts with the typical 3H:1V dike section and inform our ongoing design efforts. 

 

On March 17, 2021, 10 boreholes were drilled along the proposed Dike D footprint. The boreholes 

were spread out along the length of the alignment. The location of these boreholes is shown on the 

Location Plan, Figure 1. The following sampling and testing procedures were followed during the 

field program: 

• SweetTech completed an Alberta One Call planning application along the entire Dike D 

footprint to reduce the potential for underground utility conflicts prior to selecting borehole 

locations. 

• The borehole locations were staked out in the field and provided for client review prior to 

drilling.  

• Prior to mobilizing the drilling rig, SweetTech completed an Alberta One Call and cleared 

the proposed borehole locations of underground utility conflicts. 

• A private locate was performed by Line Hunter Locates and cleared the proposed borehole 

locations of underground utilities. 

• Borehole BH-02’s location was adjusted based on site conditions and concurrent tree-

clearing operations prior to drilling to minimize disturbance to existing flood infrastructure 

(jersey barrier system). 

• The boreholes were drilled by All Service Drilling using a track mounted auger drilling rig 

(Geoprobe DR7822) using solid stem augers. 

• Drilling operations were monitored by SweetTech’s geotechnical staff. The soil 

encountered was visually examined during drilling and logged according to the Modified 

Unified Soil Classification System. 

• Standard Penetration Tests were performed at selected depth intervals in all boreholes. 

• At the completion of drilling, 50 mm hand-slotted PVC standpipes were installed in select 

boreholes.  The remaining boreholes were backfilled with auger cuttings and bentonite 

chips. 

• Nested PVC standpipes were installed at two boreholes (BH-04 & BH-05) to allow for in-

situ testing of hydraulic conductivity of the existing dike fill. 

• Samples were taken in boreholes at 1.0 m intervals or with changes in stratigraphy to 

determine the soil/moisture profile. 

• Soil samples were obtained off the solid stem auger flight (grab samples), from the split 

spoon sampler, and in 3 Shelby Tubes. 

• Selected soil samples were bagged, numbered and delivered to Solum Consultants Ltd. for 

laboratory testing. All other soil samples were retained and stored at SweetTech’s Calgary 

office for possible further testing. 

• Groundwater levels were recorded on the day of drilling (March 17, 2021), one week later 

(March 25, 2021), and two weeks later (March 31, 2021). 
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• The location of the completed borehole locations was surveyed by Hunter Wallace Surveys 

Ltd. using a Trimble GPS receiver and a pole mounted Trimble GPS antenna. UTM 

coordinates and ground elevations are provided on the borehole logs in Appendix 2. 

 

The area located between Dike D Station D1+080 and D1+195, was not accessible during the 

March 17th geotechnical investigation due to excessive vegetation.  Once this area had been cleared 

of vegetation, two historical resource test pits were performed in this area on July 16, 2021.   

TP-01 was excavated at Dike D Station D1+101 and TP-02 was excavated at Station D1+166.  

During the historic resources assessment, SweetTech performed a bearing capacity assessment to 

a depth of 2 m utilizing a static cone penetrometer.  The location of these test pits is shown on the 

Location Plan, Figure 1. 

 

  SOIL CONDITIONS 

The soil profile along Dike D consisted of varying compositions of sand, silt and clay fill soils, with 

underlying deposits of fluvial silt and sand with random silty clay partings. Bedrock was not observed 

in this location and auger refusal was not encountered. Detailed soil conditions encountered for 

each borehole are described on the borehole logs attached in Appendix 2. The following is a 

description of the soil types encountered along the proposed and existing dike alignment. 

 

 EXISTING DIKE AND UNDERLYING FILL SOILS 

The existing surficial soils around the Dike D site are believed to have been filled, recontoured, and 

changed over the past 100 years, and as such, the existing Dike D has not been constructed on 

native ground. Thurber reports anecdotal evidence of a landfill and filling of an old side channel of 

the Red Deer River (Thurber, 2006), while Palm Engineering reported that the elevation of the 

ground where Centennial Park is located had previously been filled in with 0.9-1.5 m of soil in the 

1940’s (Palm, 1999).  In addition, Palm Engineering investigated the Riverview Terrace property and 

found that the fill in this area ranged from 1 m to 3.6 m in thickness and generally consisted of a 

sandy silt fill material. 

 

Boreholes 2, 2A, 3, 3B, 4, 4C, 5, and 6 were all drilled through the existing dike, and were drilled 

approximately 0.3 m offset from the pathway located along the crest.  The dike fill material was 

found to generally consist of varying mixtures of silt and sand with a low to high plastic clay fraction.  

Hydrometer testing of samples taken during drilling found clay contents in the material that varied 

from 21.8% to as high as 28.9%, the silt content varied from 34.3% to 46.3%, and the sand content 

was predominantly fine grained, varying from 21.3 to 41.3%.  Gravel was found in all samples tested 

and ranged from 2.6 to 4.8% of the grainsize distribution.  Liquid limits of the samples also ranged 

from 27% to 77% in the existing dike fill, with clay shale nodules being found in many of the samples.  

These results suggest that the fill was randomly mixed with high plastic, highly weathered clay shales 

and a moderate degree of variability in the fill materials hydraulic conductivity and plasticity is to be 

anticipated. A thin clay seam was observed in Borehole 2 within the dike fill material, further 

confirming the variability of the previously utilized fill materials for dike construction.  SPT “N” values 

ranged from 14 to 68 blows per 300 mm penetration, indicating existing dike fill material is stiff to 

hard.  In addition, one Unconfined Compression Test was completed on a sample recovered from 
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BH-04 at a depth of 0.76 m and resulted in an unconfined compressive strength of 145 kPa. Based 

on these results, the consistency of the existing dike fill material strongly indicates that the existing 

dike fill has been placed with an engineered compactive effort and based on a review of the 

construction information available from 1987, the dike fill material was compacted to ≥98% 

Standard Proctor Maximum Dry Density (SPMDD).  The moisture content of the dike fill material 

ranged from 4.3 to 23%, with most of the values ranging from 18 to 21%.  The moisture contents 

are indicative of the material being placed at ±3% of the materials optimum moisture content (OMC).  

The presence of shale in the samples suggests that the dike fill was partially constructed from a 

reworked shale, which was used for the dike fill construction. This is consistent with field reporting 

from a 1987 EBA Engineering materials report from the field during construction of Dike D. 

 

The underlying fill material below the existing dike fill was encountered at surface in Borehole 1 & 

7 and below surface in Boreholes 2, 3, 4, 5, and 6. The thickness of the underlying fill material varied 

throughout the Dike D alignment.  The underlying fill thickness in the north area of the Dike 

(Approximately Dike D Station D 0+000 to Station D 0+664) ranged from 1.2 m to 2.0 m.  In the 

south area of the Dike (Dike Station D 0+664 to Station D 1+211) underlying fill thicknesses ranged 

from 1.8 m to 5.2 m with fill thicknesses increasing as one progresses south on the dike alignment. 

The underlying fill generally consisted of sand and silt with trace to some quantities of clay.  

Hydrometer testing of samples taken during drilling found clay contents in the material that varied 

from 8.3% to as high as 23.5%, the silt content varied from 31.8% to 48.2%, and the sand content 

was predominantly fine grained, varying from 34.3 to 54.1%.  Gravel was found in some samples 

tested and ranged from 0 to 3.2% of the grain size distribution.  The underlying fill soils were found 

to predominantly have a low plasticity with random medium to high plastic partings noted. Two 

Atterberg Limit test were performed on this material and resulted in liquid limits of 27% and 47% 

with corresponding plastic limits of 21% and 24%, respectively.  SPT “N” values ranged from 4 to 

49 blows per 300 mm penetration, indicating underlying fill material ranges from soft to hard.  The 

majority of the SPT “N” vales were found to range from 4 to 14 and provides a strong indication 

that these materials were not placed with compaction testing performed and that the degree of 

compaction attained on these soils is highly variable.  The moisture content of the underlying fill 

soils was found to range from 8.5% to 35.2%, providing further verification of the variability of the 

fill materials composition and condition at the time of placements.  

 

 SILT & SAND 

Deposits of silt and sand were encountered below the underlying fill in Boreholes 3, 6 and 7. This 

soil was composed of silt and fine grained sand, with trace to some clay.  The material was found to 

generally have a slight plasticity and was found to have a highly variable consistency/density in its 

in-situ condition. The SPT “N” values for the material ranged from 3 to 19 indicating a very loose/soft 

to compact/very stiff material condition.  The material was generally found to be in a loose condition 

along the north half of the dike alignment and improved to be in a compact condition for the 

southern half of the dike. The moisture content of the silt and sand ranged from 14.4% to 30.3%.  
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 SILT 

Deposits of silt were encountered in Borehole 1, 4 and 7 below the underlying and dike fill materials 

at a depth of 5.2, 4.3 and 2.6 m respectively. The silt was found to be sandy with trace to some clay 

and generally had a low plasticity in its in-situ condition. Three SPT “N” values were attained within 

the silt material and resulted in blow counts of 7, 9, and 32 indicating the material was generally 

firm to stiff, with the deposit having a hard consistency at the south extent of the dike alignment. 

The moisture content of the silt was found to range from 8.2% to 26%. 

 

 SAND 

Deposits of sand were encountered in Borehole 2 and 7 underlying the existing native material, with 

a depth of 5.3 m to 4.4 m below existing ground surface, respectively.  The sand was moderately 

graded between fine and coarse grained sand and was generally silty and gravely.  One SPT “N” 

value was attained for the sand and resulted in a blow count of 25, indicative of a compact soil. The 

moisture content of the sand was found to be from 4.2% to 7.9%.  This gravely sand layer generally 

coincides with the river elevation and is assumed to be an extension of the rivers fluvial channel 

sands and gravels.   

 

 CLAY 

A deposit of clay was encountered below the underlying fill in Borehole 5 with a depth of 3.4 m 

below the ground surface elevation. The clay encountered was silty, with some sand, trace gravel 

and was observed to have a low to moderate plasticity.  One SPT “N” value was attained in the 

material and resulted in 5 blows per 300 mm penetration, indicating a firm relative consistency. The 

moisture content of the clay was found to range from 17.5 to 23.6%.  

 

  LABORATORY TESTING  

Obtained soil samples were organized and select soil samples which covered the different 

stratigraphic layers observed onsite were submitted to Solum Consultants Ltd. Geotechnical and 

Material Testing Laboratory in Calgary, Alberta, for index soil testing. Soils laboratory index testing 

included: 

 

• 33 moisture content tests (ASTM D2216); 

• 7 particle size analysis (ASTM D422);  

• 7 Atterberg limits tests (D4318); and, 

• 1 unconfined compression test (D9728). 

 

Natural moisture contents were provided with particle size analysis and Atterberg limit tests. 

 

The laboratory test results are discussed in this report and are attached in Appendix 3.  
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 MOISTURE CONTENT (ASTM D2216) 

Moisture contents were performed on 33 samples.  The test results are summarized in Table 1.  

 

Table 1 – Moisture Content 

Sample 
Depth 

(mbgs) 

Moisture 

Content 

(%) 

Sample 
Depth 

(mbgs) 

Moisture 

Content 

(%) 

Sample 
Depth 

(mbgs) 

Moisture 

Content 

(%) 

01-02 0.3-0.9 8.9 03-01 0.3-0.8 4.3 06-02 0.8-1.2 19.9 

01-04 1.7-2.0 21.1 03-05 2.4-2.7 17.6 06-03 1.2-1.5 20.3 

01-05 2.4-2.7 17.5 03-06 3.0-3.5 30.8 06-04 1.5-2.0 12.7 

01-06 3.0-3.5 35.2 03-08 4.0-4.3 30.3 06-06 2.4-2.7 14.4 

01-08 4.3-4.6 21.0 03-09 4.6-5.0 14.7 06-07 3.0-3.5 14.4 

01-09 4.9-5.2 28.5 04-06 3.0-3.5 14.4 07-04 1.5-2.0 7 

01-11 6.1-6.6 17.3 04-08 4.0-4.3 30.2 07-07 3.0-3.5 8.2 

02-1A 0.8-1.2 23.3 04-10 4.6-5.0 26.0 07-09 4.3-4.6 4.2 

02-03 1.5-2.0 27.4 05-01 0.3-0.6 19.7 07-10 4.6-5.0 7.9 

02-05 2.4-2.7 20.1 05-02 1.1-1.4 17.9    

02-06 3.0-3.5 21.5 05-06 3.0-3.5 15.4    

   05-08 4.1-4.4 17.5    

   05-09 4.6-5.0 23.6    

 

 PARTICLE GRADATION RESULTS (ASTM D422) 

Particle size analysis was performed on seven soil samples to determine the materials gradational 

characteristics.  Moisture content was also completed on the samples. The test results are 

summarized in Table 2. 

 

Table 2 – Particle Size Analysis 

Sample Depth (mbgs) Cobble (%) Gravel (%) Sand (%) Silt (%) Clay (%) 
Moisture 

Content (%) 

02-2A 0.8-1.2 0 3.7 21.1 46.3 28.9 24.6 

02-08 4.3-4.6 0 3.2 22.8 47.2 15.8 28.3 

03-04 1.5-2.0 0 0 43.5 48.2 8.3 18.2 

04-03 1.5-2.0 0 2.6 41.3 34.8 21.8 15.2 

05-03 1.5-2.0 0 4.8 34.3 37.4 23.5 17.4 

07-02 0.8-1.2 0 0 54.1 31.8 14.1 4.8 

07-06 2.6-2.9 0 0 21.8 59.2 19 8.5 
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 ATTERBERG LIMITS TESTS (ASTM D4318) 

Atterberg Limit tests were completed on seven soil samples to determine plastic and liquid limits. 

The test results are summarized in Table 3.  

 

Table 3 – Atterberg Limit Test Data 

Sample Depth 

(mbgs) 

Moisture 

Content (%) 

Liquid 

Limit (%) 

Plastic 

Limit (%) 

Plasticity 

Index (%) 

02-09 4.9-5.2 31.5 38 21 17 

03-2B 0.6-1.2 8.0 27 21 6 

04-01 0.3-.06 21.7 68 39 38 

04-02 0.9-1.4 14.1 66 29 37 

04-05 2.4-2.7 17.3 77 30 47 

05-04 1.7-2.0 13.3 47 24 23 

 

 UNCONFINED COMPRESSION TEST (ASTM D2166) 

An unconfined compression test was performed on the Shelby Tube Sample, from BH-04. The test 

results are presented in Table 4. 

 

Table 4 – Unconfined Compression Test – Sample BH-04 

Sample Test Results 

Diameter (cm) 6.00 Moisture Content (%) 23.4 

Height (cm) 14.53 UCS qu (kPa) 145.03 

H/D Ratio 2.42 Shear Strength (kPa) 72.52 

Mass (g) 798.4 Axial Fal. Strain (%) 9.45 

 

  GROUNDWATER CONDITIONS 

Groundwater seepage and sloughing conditions were only observed in Borehole 2 during drilling. 

Groundwater levels were measured in the four boreholes with water levels measured at three 

different times. The recorded groundwater measurements are provided in Table 5 below.  

 

Table 5 – Groundwater Conditions 

Borehole/ 

Piezometer 

Surface 

Elevation (m) 

Depth to Groundwater (m) 

March 17, 2021 March 25, 2021 March 31, 2021 

BH-02 681.9 5.5 5.0 4.8 

BH-04 682.1 Dry Dry Dry 

BH-05 683.1 Dry Dry Dry 

BH-07 682.9 Dry Dry Dry 

 

As the boreholes drilled were close to the river, within 6 to 25 m of the top of bank, it is expected 

that the measured groundwater table is hydraulically connected to the Red Deer River. Groundwater 



DRFM                                                                                                                                September 17, 2021 
Dike D – Geotechnical Investigation Report  D-RPT-GEO-20210917-01 

 10/21 

elevations are expected to fluctuate on a seasonal basis and will be highest after extended rainfall 

periods or snow melt.  Based off the observations during drilling and from our review of previously 

performed geotechnical investigations in the area, the estimated static groundwater table elevation 

on the landside of the dike typically ranges from 677 m to 678 m.  The groundwater elevation should 

generally be expected to fluctuate seasonally and with the level of the Red Deer River.  

 

The piezometers installed in Boreholes 4 & 5 are to be utilized to perform field tests of the hydraulic 

conductivity of the existing dike fill material, with a slug test. These piezometers were installed by 

drilling to 5 m below the existing ground surface and then backfilling with bentonite to the bottom 

of the existing dike fill.  A 1.5 m length of slotted PVC pipe was then installed with sand backfill 

extending above the slotted section of pipe for 0.15 m.  A solid PVC pipe was then installed to 

surface, with a 1 m bentonite cap above the sand backfill.  Hydraulic conductivity of the existing 

dike fill can then be tested in the field at these two locations. Given the placement of the two 

bentonite caps, these piezometers should not be influenced by the existing groundwater table and 

it was anticipated that they would remain dry. 

  

A further discussion of hydraulic conductivity of the existing soils is presented in section 3.6 below. 

 

  SOIL PERMEABILITY CONDITIONS  

The DRFM was to provide hydraulic conductivity of the existing and proposed dike fill materials, 

however as of the date of this report, this information has not been provided.  As such, permeability 

of soils was examined empirically to estimate a range of hydraulic conductivity values for the existing 

dike fill and underlying fill materials. Given the variability observed in the existing dike fill materials, 

several different hydraulic conductivity equations were used to generate an estimate for hydraulic 

conductivity values. These equations use the grain sizes to estimate the saturated hydraulic 

conductivity of the fill material. The existing dike fill material was generalized as sandy silt with some 

clay. The results of this analysis are presented in the table below. 

 

Table 6 – Hydraulic Conductivity of Existing Materials 

Material Hydraulic Conductivity (m/s) 

Existing Dike Fill 6.0x10-8 to 1.4x10-5 

Underlying Fill Material 1.2x10-8 to 1x10-5 

 

Generally, results for the existing dike fill had saturated conductivity values around 2x10-6 m/s and 

only one model was an outlier with a far lower hydraulic conductivity. To confirm that the estimated 

hydraulic conductivity values calculated are within a reasonable range, these values were compared 

against typical hydraulic conductivity values (Heath, 1983) and were found to be within a reasonable 

range, as shown in Table 7 below. 
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Table 7 – Typical Hydraulic Conductivity (Heath, 1983) 

Material Hydraulic Conductivity (m/s) 

Fine Sand 2x10-7 to 2x10-4 

Silt, loess 1x10-9 to 2x10-5 

Till 1x10-12 to 2x10-6 
Clay 1x10-11 to 4.7x10-9 

 

The piezometers installed within BH-04 and BH-05 were constructed to allow for in-situ hydraulic 

conductivity testing to be completed on the existing dike fill soils.  At the time that this report was 

prepared, this in-situ testing was not conducted and may be completed once the final design 

alignment layout is available for the section of dike situated along Riverside Drive.  The section of 

dike along Riverside Drive may require the side slopes of the dike to be steeper than 3H:1V and 

may be the critical design case to be assessed.  Once the layout for this portion of the dike alignment 

has been finalized, in-situ hydraulic conductivity testing on the dike fill soils may be completed.  

 

4. GEOTECHNICAL ASSESSMENT 

This geotechnical assessment considers the existing dike fill soils and foundation soils in terms of 

strength, permeability, and density.  Seepage/transmissivity and waterside slope stability of the dike 

were also assessed.   

 

  PREVIOUS FLOOD CONDITIONS AND DURATIONS 

Drumheller has experienced at least 11 major flooding events on the Red Deer River since 1900. 

Recent flood events in 2005 and 2013 provide the only flood events with recorded flow rates and 

water levels throughout the event. In 2005 the flood waters peaked at a flow of approximately 

1,450 m3/s while in 2013, flows peaked around 1,322 m3/s. Northwest Hydraulic Consultants (nhc) 

has modelled flooding on the Red Deer River and estimated that in a flood event of 1,100 m3/s, 

failure of the Dike D along Riverside Drive at Second Street would cause inundation of properties 

(nhc, 2020).  During our modeling of the proposed dike and riverbank for transmissivity and slope 

stability, it was assumed that elevated water levels would be considered and flood conditions 

present, when flows are greater than 850 m3/s, which corresponds to an elevation of approximately 

681 m at Borehole 6, which is approximately the base of our existing dike. In the 2005 and 2013 

event, elevated water levels remained for approximately 2.5 days during both events.  

 

nhc constructed a synthetic hydrograph with different flood events along the Red Deer River at the 

Town of Drumheller, including flows of 1,870 m3/s, 2,090 m3/s, and 3,050 m3/s. As seen in the 

annotated figure below, flood flow levels are estimated to remain elevated for approximately 3.4 

days for a flow of 1,870 m3/s, approximately 3.5 days for a flow of 2,090 m3/s, and approximately 

5 days for a flow of 3,050 m3/s.  During modeling, SweetTech has assumed that flood flow levels 

remain elevated for 7 days to provide a conservative estimate for the risk of failure due to rapid 

drawdown and to allow for the transmissivity of the dike structure to be assessed.  A summary of 

flood flows and elevated water level durations is provided in Table 8 and can be seen on nhc’s 

hydrograph Figure 44. 
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Table 8 – Flood Flows and Elevated Water Level Duration 

Flood Event  Peak Flow (m3/s) Days of Elevated Flood Duration (> 850 m3/s) 

2005 1,450 2-5 

2013 1,322 2-5 

Simulated Design Flood 1,870 3-4 

Simulated Design Flood 2,090 3-5 

Simulated Design Flood 3,050 5 

 

 
 

  SOIL DESIGN PARAMETERS 

The following material parameters were utilized throughout the seepage and slope stability 

assessment.  During the assessment, cohesion of the soils was neglected. 

 

Table 9 – Material Parameter Summary 

Material  Friction Angle (ɸ) Bulk Unit Weight (γ) Saturated Hydraulic 
Conductivity (Kx) 

New Dike Fill Soil 25˚ 18.5 kN/m3 2x10-6 m/s 

Existing Dike Fill Soil 25˚ 18.5 kN/m3 2x10-6 m/s 

Underlying Fill Soils 27˚ 18 kN/m3 9x10-6 m/s 

Sand/Silt 27˚ 17.5 kN/m3 9x10-6 m/s 

Sand and Gravel 36˚ 19.5 kN/m3 5x10-5 m/s 
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Through discussions with the DRFM and Parkland Geotechnical Consulting Ltd., SweetTech was 

informed to model, assess and design Dike D using a fill soil with a 25˚ friction angle.  Upon drilling 

the existing dike, it has been estimated that the existing Dike D fill soil friction angle is predominantly 

≥25˚.  Based off laboratory testing and observations made during drilling and test pitting, high plastic 

soils were only encountered within BH-04, indicating that most of Dike D was constructed using 

low to medium plastic materials.  Once the proposed fill soil has been selected, direct shear testing, 

hydraulic conductivity, plasticity and dispersity (Crumb) testing is to be performed to confirm the 

material parameters.  For Dike D construction, SweetTech recommends using a fill material with a 

friction angle ≥25˚ and with a low to medium plasticity.  If the materials friction angle is found to be 

below 25˚, the slope stability assessment will need to be revisited to confirm that the safety factors 

are within the “Minimum Design Factors of Safety for DRFM Dikes” found within the Geotechnical 

Design Basis Memo for the DRFM System, issued April 21, 2021, by the DRFM.  If a reassessment 

of the dikes slope stability is required due to the proposed fill materials parameters, it is 

recommended to complete this reassessment once the final dike alignment has been selected along 

Riverside Drive.  The area along Riverside Drive currently has several design layout options including 

retaining walls and dike side slopes steeper than 2.5H:1V, and depending on the option selected, 

additional geotechnical engineering assessment and design details may be required for this dike 

section.  

  SEEPAGE AND PIPING 

Seepage through the existing dike was considered using the estimated hydraulic conductivity values 

for soils with a predicted flood event duration described in Section 4.1.  The seepage analysis was 

performed at one critical section using finite element methods and was performed utilizing SEEP/W 

software (Geo-Slope, 2021).  In a flow event of 1,870 m3/s, the flood duration is estimated to be 

approximately 3.5 days.  To allow for some conservativism in the modeling of the seepage 

conditions, a flood duration of 7 days was utilized, with design flows being maintained for 1.5 days.  

The flood condition was defined as being a flow rate of 850 m3/s to 1850 m3/s.  Using a hydraulic 

conductivity of 2x10-6 m/s for the existing and new dike fill soils, with the specified 7-day flood 

duration, it was determined that seepage of the flood waters through the typical dike section will 

not be a significant risk along the understood Dike D alignment.  It should be noted that the existing 

dike material was found to be constructed of moderately variable fill soils and that a range hydraulic 

conductivity was assessed for the existing and proposed dike fill soils.    

 

Utilizing the estimated hydraulic conductivities of the underlying fill and native soils beneath the 

subject dike and extending the flood event for a 7-day duration, piping and seepage from under the 

dike structure was also determined to not occur at the assessed critical section.  The groundwater 

table was found to extend to within 0.5 m from surface on the landside of the dike but did not 

extend to the ground surface.  As the underlying soils are anticipated to have a highly variable fine 

grained sand content, there is the possibility that piping under the dike will occur where the 

underlying soils contain a greater than a 50% sand and gravel fraction and higher hydraulic 

conductivities are present.  Additionally, during a flood event, stormwater collecting and runoff from 

the land side could impact the assumed conditions on the landside of the dike.  
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Based on the results from the field investigation, laboratory testing, and SweetTech’s analysis, 

transmissivity of the flood waters through the dike should not be a concern unless the defined flood 

condition (850 m3/s to 1850 m3/s) is extended for longer than a 7 day period.  Based on the 

hydrographs from nhc and available historical flood information, these prolonged conditions are not 

anticipated to occur.  

 

To reduce the risks of under dike seepage, cut-off trenches and sheet-piling have been evaluated 

by the DRFM and it is understood that these approaches are not currently being considered and 

that an assessment of these methodologies was not to be performed.   

 

It is to be understood that the provided fill soils for the construction of Dike D must have a maximum 

hydraulic conductivity of 4x10-6 m/s as transmissivity of the flood water through and beneath the 

dike will become a concern when the dike fill soils have a hydraulic conductivity greater than  

8x10-6 m/s.  As such, soils containing a high sand and gravel fraction and relatively high hydraulic 

conductivity will not be a suitable dike fill material.  

 

Additional seepage analysis will be required during detailed design if a retention system is utilized 

along Riverside Drive.  

 

  SLOPE STABILITY  

SweetTech performed a slope stability analysis at the critical section specified on Figure 1 (Station 

D 0+687).  Slope/W geotechnical software (GEOSLOPE, 2021) was utilized to perform the slope 

stability assessment.  The Morgenstern-Price, limit equilibrium method was utilized, and produced 

circular failure surfaces along the assessed critical section.  The circular failure surface was 

prevented from developing at a depth shallower than 0.8 m below grade as these small failures are 

difficult to assess due to the variable riverbank topography and can be easily repaired if they happen 

to occur under rapid drawdown conditions.     

 

The existing dikes constructed with local borrow materials around Drumheller have been 

constructed to slopes varying from 3H:1V to 2H:1V with varying performance.  Steeper slopes in 

the 2H:1V range have been observed to have surficial cracking (Dike B), while the existing Dike D 

has only been observed to have longitudinal cracking on the asphalt surface.  This cracking of the 

asphalt surface is attributed to either the condition of the asphalt at the time of placement, 

volumetric changes from the medium to high plastic soils situated beneath the pathway and possible 

vehicle traffic loads on the pathway that were beyond the design load and the underlying soils 

bearing capacity.  Some consolidation and fill settlement may have also contributed to the noted 

damage on the asphalt path but upon reviewing the construction sequence timing of the existing 

dike, most of this settlement is anticipated to have occurred before the pathway was constructed.   

 

The stability assessment was performed utilizing a dike with 3H:1V side slopes and a 6 m wide dike 

crest.  Cohesion was neglected in the assessment, surcharge loads were not modeled and the flood 

condition time period was maintained at a total of 7 days.  As the worst-case condition for stability 

of the riverbank and dike is under rapid drawdown conditions, the initial and peak flood condition 
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were maintained for 6 days and then the flood waters were rapidly drawn down over a period of 1 

day.  This allows for some conservatism in the assessment as the nhc hydrographs show a longer 

drawdown period during flood events. 

 

Table 10 – Summary of 3H:1V Dike Sideslope Stability 

Model Scenario Factor of Safety of Entire Escarpment 

After 1.5 Days at Flood Peak 2.30 
Rapid Drawdown (Midway) 1.34 

Rapid Drawdown (End) 1.92 
Approximate Steady State 2.56 

 

Based on the performed stability assessment, it was determined that the 3H:1V dike surface was at 

or slightly above a factor of safety of 1.3 under rapid drawdown conditions.  Along much of the 

alignment of Dike D, the lower portion of the riverbank has become over steepened to a near 

vertical condition from river flow erosion (in high flow events).  This over steepened toe area along 

the edge of the river was found to typically range from 0.8 m to 2 m in grade change.  These over 

steepened toe conditions were found to impact the resulting safety factors and generally resulted 

in safety factors under 1.1 when rapid drawdown occurs at the toe of the riverbank.  These toe 

stability safety factors are summarized below on Table 11.  

 

Table 11 – Toe of River Valley Slope Stability 

Model Scenario Factor of Safety 

After 1.5 Days at Flood Peak 1.28 
Rapid Drawdown (Midway) 1.19 

Rapid Drawdown (End) 1.02 
Approximate Steady State 1.45 

 

To avoid these lower safety factors, undercutting of the proposed dike and to avoid further over 

steepening along the toe of the river valley wall, it is generally recommended to grade and protect 

the toe of the riverbank utilizing a competent rip-rap material.  Where the dike is built within 3 m of 

the crest of the riverbank, the over steepened bank is to be graded to a 2H:1V and is to be protected 

with a 1 to 2 m thick layer of keyed-in rip-rap along the toe of the riverbank. This was found to 

increase the drawdown safety factor to approximately 1.2.  This rip-rap placement will allow for the 

safety factor to increase to above 1.1 under rapid drawdown, as per the “Minimum Design Factors 

of Safety for DRFM Dikes” found within the Geotechnical Design Basis Memo for the DRFM 

System.  Where the typical dike section is constructed above the riverbank and within 3 m of the 

crest, The Town of Drumheller could accept the risks of a drawdown induced instability along the 

toe of the dike and perform critical repairs after a flood event.  As the typical dike section consists 

of a minimum 3H:1V side slopes and a 6 m crest, a complete breach of the dike is not likely with 

this wider dike section as long as failures are addressed rapidly.  Where the typical section is not 

achieved and is built within 3 m of the crest, keyed-in rip-rap will be required to attain the “Minimum 

Design Factors of Safety for DRFM Dikes”. 
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Table 12 – Graded and Armored Toe of River Valley Slope Stability 

Model Scenario Factor of Safety 

After 1.5 Days at Flood Peak 1.54 
Rapid Drawdown (Midway) 1.34 

Rapid Drawdown (End) 1.20 
Approximate Steady State 1.46 

 

It is to be understood that the stability assessment performed for Dike D utilized estimated new 

dike fill material parameters of 18.5 kN/m3 for the bulk unit weight, 2x10-6 m/s for saturated 

hydraulic conductivity and a 25˚ friction angle.  The assessment performed assumed that the dike 

embankment construction materials consist of a low to medium plasticity, nondispersive clay. If the 

provided materials friction angle is found to be below 25˚, the slope stability assessment will need 

to be revisited to confirm that the safety factors are within the “Minimum Design Factors of Safety 

for DRFM Dikes”. 

 

  SEISMIC STABILITY 

The seismic hazard of the Drumheller area is anticipated as low by the Geological Survey of Canada.  

Due to the low-risk susceptibility of seismic instability of the dike, the risk of soil liquefaction is low 

and no further assessment or consideration for seismic stability was considered in this analysis.  

 

  FOUNDATION BEARING CAPACITY AND SETTLEMENT 

The two types of settlement that are typically assessed include immediate and consolidation 

settlement. It is assumed that immediate settlement would occur during construction as the loads 

from the construction equipment and fill occur. Consolidation settlements would occur over a longer 

period as the underlying soils respond to the fill soil placement loads.   

 

The geotechnical investigation confirmed that along the entire Dike D alignment, previously placed 

fill soils will be situated below the dike structure.  Some of these fill soils were found to be placed 

in an uncontrolled manner with no compaction testing performed.  This can be seen from the range 

of N values attained from Standard Penetration Testing.  In addition, the silt and sand layer as well 

as the localized clay partings encountered beneath the underlying fill soils were found to have a 

highly variable in-situ consistency and undrained shear strength.  The material was generally found 

to be in a loose condition along the north half of the dike alignment and improved to be in a compact 

condition for the southern half of the dike.  These variable in-situ strength parameters will result in 

varying degrees of consolidation settlement upon placement and construction of the new dike 

structure.  Settlement of the dike is expected to be primarily caused by compression of the 

foundation soils, with some settlement of the newly placed fill soils.  It should be expected that 

settlement of new or replaced fill will occur due to “self-weight”, particularly where thick fills are 

placed.  For clay fill compacted to 98 percent of the Standard Proctor maximum dry density, the fill 

settlement is expected to be in the range of 0.5 to 1 percent of the fill height, with most of the 

settlement occurring during the first freeze thaw cycle. 
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Along the north half of the proposed dike, consolidation settlement is anticipated to be on the order 

of approximately 90 mm in the first year with additional settlement of less than 20 mm predicted 

over the next 10 years.  As the underlying fill soils in this area were found to have a highly variable 

in-situ consistency, differential settlements along the dike alignment from the Aquaplex building to 

the Badlands Community Facility may be observed within the first year after construction.  Along 

the south portion of the alignment (approx. D0+600 to D1+080), conditions were found to improve 

slightly and settlements are anticipated to be approximately 75 mm in the first year with additional 

settlement of less than 20 mm predicted over the next 10 years.  Where proposed fills are greater 

than 2.5 m and where bearing soils encountered are less than those found during the field 

investigation, settlement magnitudes may exceed the estimates provided above.   

 

From approximately dike station D 1+080 to D 1+195, the topography drops down to a lower 

elevation along the dike alignment and approximately 4 m of fill is anticipated to be required in this 

area to complete the dike construction. At the time of the field investigation, this lower area was 

not accessible to the drilling equipment due to the varying of the topography and the density of the 

treed area.  Upon completion the tree and vegetation clearing in this area, two test pits were 

excavated and tested for consistency to a depth of 2 m below the current grade elevation.  It was 

determined that this area has a minimum ultimate bearing capacity of 240 kPa.  Based off the 

performed test pit bearing capacity assessment and the results from BH-01, settlement of this area 

is not anticipated to be a concern for general dike stability.  From the two test pits performed in this 

area, it should be anticipated that approximately 0.75 to 1.0 m of surficial soils will need to be 

stripped prior to fill placement.  This stripping has been accounted for within the 4 m fill thickness 

estimate.  At a minimum, this area is to have the organics and unsuitable surface stripped, and the 

subgrade is to be scarified to a depth of 200 mm and re-compacted to at least 98% SPMDD.  As fill 

soils in this area are anticipated to be approximately 4 m in thickness, settlements are anticipated to 

be approximately 80 mm in the first year with additional settlement of less than 20 mm predicted 

over the next 10 years. 

 

If placement of an asphalt pathway on top of the dike is desired, it is recommended that asphalt 

placement occur after the dike goes through two freeze and thaw cycles (2 winters) to reduce the 

risk that settling of the dike causes damage and failure to the asphalt pathway.  Alternatively, the 

pathway surface could be graveled for this initial time period, or a base course of asphalt could be 

placed with a final asphalt layer placed after two freeze thaw cycles has occurred.  High plastic clay 

fill soils should be avoided beneath the pathway to minimize the risks associated with shrinkage and 

swelling related movements.  Additional measures to ensure that precipitation easily sheds off of 

the dike materials (and does not get trapped under the pathway) is important to minimize risks of 

swelling and/or shrinking of the dike fills.    

 

  STRUCTURES IN AND THROUGH DIKE 

There are currently electrical utilities, and stormwater outfalls that pass under the existing dike.  It 

is understood that electrical utilities in all areas except by the Gordon Taylor Bridge are planned to 

remain in place.  There are 5 known stormwater cross-drains that extend under the 

existing/proposed dike alignment.  Three of the stormwater cross-drains were found to extend and 
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daylight at or near the rivers typical surface elevation and are out of the anticipated dike footprint.  

Based off the observations from the time of the field investigation, the remaining two stormwater 

cross-drains may need to be extended to allow for dike construction.  One of the stormwater cross-

drains is situated at the west corner of the Drumheller Aquaplex and the other stormwater cross-

drain is situated at the southern extent of Dike D, near dike station D 1+174.  As the condition of 

the riverbank is near vertical and heavily eroding for much of the alignment, it is generally 

recommended to armor the toe of the slope with rip-rap, and this may dictate that additional 

stormwater outfalls may require extension and or improvements. 

 

  PROPOSED DIKE FILL SOIL REQUIREMENTS 

During the slope stability and seepage assessment, it was determined that transmissivity of flood 

water through the dike would generally not be a concern assuming that the provided fill soils are 

very similar to the existing dike fill soil and flood durations do not extend beyond a 7-day period.  

During our assessment it was determined that transmissivity of the flood water through and beneath 

the typical dike section would be a concern if the fill soils were of a hydraulic conductivity of  

8x10-6 m/s or greater.  Based off these findings, SweetTech strongly recommends that the fill 

material being provided has a maximum hydraulic conductivity of ≤ 4x10-6 m/s.  

The slope stability assessment assumed that the proposed dike fill soils would have material 

parameters of 18.5 kN/m3 for the bulk unit weight, 2x10-6 m/s for saturated hydraulic conductivity 

and a 25˚ friction angle.  The assessment performed assumed that the dike embankment 

construction materials consist of a low to medium plasticity, nondispersive clay.  Once the proposed 

fill soil has been selected, laboratory testing is to be performed to confirm the materials friction 

angle, saturated hydraulic conductivity, plasticity, compacted unit weight and dispersivity.  

SweetTech recommends using a material with a friction angle ≥25˚ and with a low to medium 

plasticity.  If the materials friction angle is found to be below 25˚, the slope stability assessment will 

need to be revisited to confirm that the safety factors are within the “Minimum Design Factors of 

Safety for DRFM Dikes”.  If some dispersive clays are proposed to be utilized, SweetTech can 

provide recommendations regarding blending of this material, where to use the material within the 

dike section and techniques that can be employed to significantly reduce the potential risks of 

internal and external erosion due to dispersive soils (e.g., non-dispersive clay soil cover, vegetation 

and geotextile utilization).  

  RETAINING WALL RECOMMENDATIONS 

The local fill material utilized to construct the existing dikes is not suitable or sufficient for 

construction of retaining walls in the areas identified in Figure 1. These areas will require material 

with a tighter tolerance for their hydraulic conductivity and a higher residual friction angle.  The 

minimum friction angle (ϕ) for this material is ϕ >= 28o and the maximum hydraulic conductivity for 

this material is 2x10-6 m/s.  A reworked clay till fill would be ideal for the construction of the retaining 

wall backfill areas.  It is generally recommended to construct the retaining walls utilizing Mechanically 

Stabilized Earth (MSE) construction methods and materials.  Most facing units are anticipated to be 

adequate for the height of wall anticipated, although the emergency response loading condition may 

require the use of a larger retaining wall block product.  Large block facing units generally can 
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accommodate higher live loads and loading conditions situated closer to the back of the retaining 

wall block.  As it is understood that we are to exercise consideration for adaptive emergency 

response management allowing for an emergency dike raise to manage flows of 2,100 m3/s and 

greater, it is anticipated that large trucks transporting fill soils would be traveling on the surface of 

the dike during a flood event.  Large retention blocks should allow for these emergency response 

live loads to be situated relatively close to the back of the wall with minimal displacement to the 

facing units.  When surficial live loads are situated behind a smaller block retaining wall, pull-out of 

the upper geogrid layers can occur, and subsequent failure or displacement of the wall system.   

 

5. DISCUSSION 

Based on the findings of this geotechnical assessment, it is SweetTech’s opinion that the proposed 

Dike D embankments evaluated generally meet the slope stability, seepage, and settlement 

requirements.  Near the river elevation, lower toe stability safety factors were observed and where 

the typical dike section is constructed above the riverbank and within 3 m of the crest, these lower 

safety factors should be addressed.  If the toe of the riverbank is graded and is adequately armored 

with rip-rap, safety factors along the toe of the riverbank could be raised to above 1.1 under rapid 

drawdown conditions, as per the “Minimum Design Factors of Safety for DRFM Dikes”.  Once the 

DRFM has selected the fill material for the construction of Dike D, SweetTech may need to re-

evaluate the geotechnical aspects of this project if the material parameters do not meet the 

requirements outlined within this report.  

 

SweetTech based this report upon the project and documents as described and the information 

obtained from the exploratory borings and test pits performed during the geotechnical field 

investigation.  The findings and recommendations in this report were based upon data obtained 

from a limited number of borings, test pits, laboratory testing, observations and information from 

reports performed by others.  Differing geotechnical or geological conditions can occur within small 

distances and the information attained during our investigation was specific to each location 

explored.  The explored locations may not completely define the subsurface conditions throughout 

the dike alignment.  SweetTech may re-evaluate the conclusions and recommendations presented 

in this report if the Town of Drumheller or its representatives finds geotechnical conditions that 

differ from those described herein.  This report was prepared only for use by those parties named 

or described within this report.   

  



DRFM                                                                                                                                September 17, 2021 
Dike D – Geotechnical Investigation Report  D-RPT-GEO-20210917-01 

 20/21 

6. CLOSURE 

 

We trust this geotechnical report meets your present requirements. This report incorporates and is 

subject to our attached conditions and limitations.  Should you have questions or concerns, or 

require any additional information, please do not hesitate to contact our office at 587-329-6655. 

 

SweetTech Engineering Consultants 

APEGA Permit to Practice #P13638 

 

Prepared by:   

 

 

 

 

 

Scott Sutherland, E.I.T.  Andres Ocejo, P.Eng. 

Civil Engineer-in-Training  Senior Geotechnical Engineer 

 

Reviewed By:  

 

 

 

 

 

Eric Sweet, M.Eng., P.Eng. 

Principal Engineer 
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This report incorporates and is subject to these conditions. 

 

1.0 USE OF REPORT AND OWNERSHIP 

This geotechnical report pertains to a specific site, a specific development, and a specific scope of work.  It is not applicable to any other sites nor should it be relied upon for 

types of development other than that to which it refers.  Any variation from the site or development would necessitate a supplementary geotechnical assessment.  

 

This report and the recommendations contained in it are intended for the sole use of 1963401 Alberta Ltd. o/a SweetTech Engineering Consultants (SweetTech) Client.  

SweetTech does not accept any responsibility for the accuracy of any of the data, the analyses or the recommendations contained or referenced in the report when the report 

is used or relied upon by any party other than SweetTech’s Client unless otherwise authorized in writing by SweetTech.  Any unauthorized use of this report is at the sole risk 

of the user. 

 

This report is subject to copyright and shall not be reproduced either wholly or in part without the prior, written permission of SweetTech.  Additional copies of the report, if 

required, may be obtained upon request. 

 
2.0 ALTERNATE REPORT FORMAT 

Where SweetTech submits both electronic file and hard copy versions of reports, drawings and other project-related documents and deliverables (collectively termed 

SweetTech’s instruments of professional service); only the signed and/or sealed versions shall be considered final and legally binding.  The original signed and/or sealed version 

archived by SweetTech shall be deemed to be the original for the Project. 

 

Both electronic file and hard copy versions of SweetTech’s instruments of professional service shall not, under any circumstances, no matter who owns or uses them, be altered 

by any party except SweetTech.  SweetTech’s instruments of professional service will be used only and exactly as submitted by SweetTech. 

 

Electronic files submitted by SweetTech have been prepared and submitted using specific software and hardware systems.  SweetTech makes no representation about the 

compatibility of these files with the Client’s current of future software or hardware systems. 

 

3.0 ENVIRONMENTAL AND REGULATORY ISSUES 

Unless stipulated in the report, SweetTech has not been retained to investigate, address or consider and has not investigated, addressed or considered any environmental or 

regulatory issues associated with development on the subject side. 

 

4.0 NATURE AND EXACTNESS OF SOIL AND ROCK DESCRIPTIONS 

Classification and identification of soils and rocks are based upon commonly accepted systems and methods employed in professional geotechnical practice.  This report 

contains descriptions of the systems and methods used.  Where deviations from the system or method prevail, they are specifically mentioned. 

 

Classification and identification of geological units are judgmental in nature as to both type and condition.  SweetTech does not warrant conditions represented herein as exact, 

but infers accuracy only to the extent that is common practice.  

 

Where subsurface conditions encountered during development are different from those described in this report, qualified geotechnical personnel should revisit the site and 

review recommendations in light of the actual conditions encountered. 

 

5.0 LOGS OF TESTHOLES 

The testhole logs are a compilation of conditions and classification of soils and rocks are obtained from field observations and laboratory testing of selected samples.  Soil and 

rock zones have been interpreted. Change from one geological zone to the other, indicated on the logs as a distinct line, can be, in fact, transitional.  The extent of transition is 

interpretive.  Any circumstance which requires precise definition of soil or rock zone transition elevations may require further investigation and review. 

 

6.0 STRATIGRAPHIC AND GEOLOGICAL INFORMATION 

The stratigraphic and geological information indicated on drawings contained in this report are inferred from logs of testholes and/or soil/rock exposures.  Stratigraphy is known 

only at the locations of the testhole or exposure.  Actual geology and stratigraphy between testholes and/or exposures may vary from that shown on these drawings.  Natural 

variations in geological conditions are inherent and are a function of the historic environment.  SweetTech does not represent the conditions illustrated as exact but recognizes 

that variations exist.  Where knowledge of more precise locations of geological units is necessary, additional investigation and review may be necessary. 

 

7.0 PROTECTION OF EXPOSED GROUND 

Excavation and construction operations expose geological materials to climatic elements (freeze/thaw, wet/dry) and/or mechanical disturbance which can cause sever 

deterioration.  Unless otherwise specifically indicated in this report, the walls and floors of excavations must be protected from the elements, particularly moisture, desiccation, 

frost action and construction traffic. 

 

8.0 SUPPORT OF ADJACENT GROUND AND STRUCTURES 

Unless otherwise specifically advised, support of ground and structures adjacent to the anticipated construction and preservation of adjacent ground and structures from the 

adverse impact of construction activity is required. 

 

9.0 INFLUENCE OF CONSTRUCTION ACTIVITY 

There is a direct correlation between construction activity and structural performance of adjacent buildings, ground, and other installations.  The influence of all anticipated 

construction activities should be considered by the contractor, owner, architect, and prime engineer in consultation with a geotechnical engineer when the final design and 

construction techniques are known. 

 

10.0 OBSERVATIONS DURING CONSTRUCTION 

Because of the nature of geological deposits, the judgmental nature of geotechnical engineering, as well as the potential of adverse circumstances arising from construction 

activity, observations during site preparation, excavation and construction should be carried out by a geotechnical engineer.  These observations may then serve as the basis 

for confirmation and/or alteration of geotechnical recommendations or design guidelines presented herein. 
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11.0 DRAINAGE SYSTEMS 

Where temporary or permanent drainage systems are installed within or around a structure, the systems which will be installed must protect the structure from loss of ground 

due to internal erosion and must be designed so as to assure continued performance of the drains.  Specific design detail of such systems should be developed or reviewed by 

the geotechnical engineer. Unless otherwise specified, it is a condition of this report that effective temporary and permanent drainage systems are required and that they must 

be considered in relation to project purpose and function. 

 

12.0 BEARING CAPACITY 

Design bearing capacities, loads and allowable stresses quoted in this report relate to a specific soil or rock type and condition.  Construction activity and environmental 

circumstances can materially change the condition of soil or rock.  The elevation at which a soil or rock type occurs is variable.  It is a requirement of this report that structural 

elements be founded in and/or upon geological materials of the type and in the condition assumed.  Sufficient observations should be made by qualifies geotechnical personnel 

during construction to assure that the soil and/or rock conditions assumed in this report in fact exist at the site. 

 

13.0 INFORMATION PROVIDED TO SWEETTECH BY OTHERS 

During the performance of the work and the preparation of the report, SweetTech may rely on information provided by persons other than the Client. While SweetTech endeavors 

to verify the accuracy of such information when instructed to do so by the Client, SweetTech accepts no responsibility for the accuracy or the reliability of such information which 

may affect the report. 
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Appendix 2: Borehole Logs 

 



(SM) SAND & SILT (FILL), fine grained, trace clay,
loose/firm, poorly graded, light brown, trace pottery
(orange/red) noted, damp

...from 1.8m, silt content increased, trace clay, dark
brown, moist

...from 2.4m, some gravel, trace - no clay, loose/firm

(ML) SILT (FILL), sandy (fine grained/poorly graded),
some clay, firm, low plasticity, light brown, trace
pottery (orange/red), moist

...from 3.7m, medium plastic, light brown

(ML) SILT, sandy (fine grained/poorly graded), trace
clay, hard, low plasticity, brown, damp

End of borehole at 6.60 m.
Hole was backfilled with cuttings and capped with
0.9m of bentonite.
No seepage observed while drilling.
Dry at completion.

GB
01-01
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01-02

SPT
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SPT
01-06

GB
01-07

GB
01-08

SPT
GB

01-09

GB
01-10

SPT
01-11

2-3-4
(7)

3-3-2
(5)

3-3-5
(8)

13-16-
16

(32)

Fill soils have
varying
degrees of
compaction in
this area.
Adjacent
ground surface
elevation
~683m.

COMPLETED 3/17/21DATE STARTED 3/17/21 HOLE SIZE 152 mm

DRILLING CONTRACTOR All Service Drilling Inc.

DRILLING METHOD Solid Stem Auger

NOTES Sanitary Lift Station (River Station 39+500)

GROUND ELEVATION 684 m

LOGGED BY T. Schaepsmeyer CHECKED BY A. Ocejo

GROUND WATER LEVEL:

AFTER DRILLING ---AFTER DRILLING ---_
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PROJECT NUMBER 21.2311.002

CLIENT Drumheller Resiliency and Flood Mitigation Office (DRFM) PROJECT NAME Drumheller Dike D - Geotechnical Investigation

PROJECT LOCATION Drumheller, AB
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(ML) SILT (FILL), sandy (fine grained/poorly graded),
trace to some clay, trace gravel, soft to firm, medium
plastic, brown, random clay shale nodules & trace
pottery (orange/red) noted, damp

...at 1.5m clay seam encountered (0.3m thick)

...from 1.8m to 2.4m, firm, mottled orange and brown

...from 2.4m, increasing sand fraction, stiff, low
plasticity, light brown, damp

(ML) SILT (FILL), sandy (fine grained/poorly graded),
trace to some clay, trace gravel, firm, low plastic,
dark brown, moist

...from 4.3m, firm to stiff, medium plasticity

(SM) SAND, fine grained, silty, trace clay, some
gravel, loose, poorly graded, dark brown/black, trace
pottery (orange/red) noted, saturated

End of borehole at 6.10 m.
Slough at 5.5m.
50mm PVC standpipe installed to 5.5m.
3.0m slotted pipe.
Backfilled with 4.6m of cuttings, followed by 0.6m of
bentonite, followed by 0.3m of sand to surface.
Water at 5.5m at completion.
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02-07
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02-08

SPT
GB

02-09

1-1-3
(4)

3-5-7
(12)

3-3-5
(8)

Fill soils have
varying
degrees of
compaction in
this area.
Adjacent
ground surface
elevation
~681m.

Gravel = 3.2%
Sand = 33.8%
Silt = 47.2%
Clay = 15.8%

LL = 38%
PL = 21%

COMPLETED 3/17/21DATE STARTED 3/17/21 HOLE SIZE 152 mm

DRILLING CONTRACTOR All Service Drilling Inc.

DRILLING METHOD Solid Stem Auger

NOTES Riverside Drive (River Side of Dike)

GROUND ELEVATION 681.9 m

LOGGED BY T. Schaepsmeyer CHECKED BY A. Ocejo

GROUND WATER LEVEL:

14Days AFTER DRILLING 4.75 m / Elev 677.15 m14Days AFTER DRILLING 4.75 m / Elev 677.15 m_
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PROJECT NUMBER 21.2311.002

CLIENT Drumheller Resiliency and Flood Mitigation Office (DRFM) PROJECT NAME Drumheller Dike D - Geotechnical Investigation

PROJECT LOCATION Drumheller, AB
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(ML) SILT (FILL), sandy (fine grained/poorly graded),
trace to some clay, trace gravel, soft to firm, medium
plastic, brown, trace pottery (orange/red) noted,
damp

End of borehole at 1.20 m.
Hole was backfilled with cuttings.
No seepage observed while drilling.
Dry at completion.
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02A-01

SPT
02A-02

10-8-6
(14)

Fill soils have
varying
degrees of
compaction in
this area.
Adjacent
ground surface
elevation
~681m.

Gravel = 3.7%
Sand = 21.1%
Silt = 46.3%
Clay = 28.9%

COMPLETED 3/17/21DATE STARTED 3/17/21 HOLE SIZE 152 mm

DRILLING CONTRACTOR All Service Drilling Inc.

DRILLING METHOD Solid Stem Auger

NOTES Riverside Drive (River Side of Dike)

GROUND ELEVATION 681.9 m

LOGGED BY T. Schaepsmeyer CHECKED BY A. Ocejo

GROUND WATER LEVEL:

AFTER DRILLING ---AFTER DRILLING ---_
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CLIENT Drumheller Resiliency and Flood Mitigation Office (DRFM) PROJECT NAME Drumheller Dike D - Geotechnical Investigation

PROJECT LOCATION Drumheller, AB
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(ML-SM) SILT & SAND (FILL), fine grained, trace to
some clay, trace gravel, very stiff to hard/compact to
dense (well compacted fill), low plastic, poorly
graded, light brown, random clay shale nodules
noted, damp

...from 1.2m, soft to firm/loose (poorly compacted fill)

...from 2.4m, damp

...from 3.3m, firm

...at 3.4m, clay seam (0.3m thick)

(ML-SM) SILT & SAND, fine grained, trace to some
clay, trace gravel, very stiff/compact, low plastic,
poorly graded, dark brown, random oxidized pockets
noted, damp

...from 4.6m, coal/carbonaceous inclusion noted, wet

End of borehole at 5.00 m.
Hole was backfilled with cuttings and capped with
0.9m of bentonite.
No seepage observed while drilling.
Dry at completion.
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9-43-25
(68)

3-1-3
(4)

2-2-3
(5)

11-11-8
(19)

Fill soils have
varying
degrees of
compaction in
this area.
Adjacent
ground surface
elevation
~681m.
SPT bouncing
on rock.

Gravel = 3.2%
Sand = 43.5%
Silt = 48.2%
Clay = 8.3%

Anticipated
groundwater
table at 4.5m.

COMPLETED 3/17/21DATE STARTED 3/17/21 HOLE SIZE 152 mm

DRILLING CONTRACTOR All Service Drilling Inc.

DRILLING METHOD Solid Stem Auger

NOTES Riverside Drive (Beside Riverside Drive)

GROUND ELEVATION 681.9 m

LOGGED BY T. Schaepsmeyer CHECKED BY A. Ocejo

GROUND WATER LEVEL:

AFTER DRILLING ---AFTER DRILLING ---_
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PROJECT NUMBER 21.2311.002

CLIENT Drumheller Resiliency and Flood Mitigation Office (DRFM) PROJECT NAME Drumheller Dike D - Geotechnical Investigation

PROJECT LOCATION Drumheller, AB
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(ML-SM) SILT & SAND (FILL), fine grained, trace to
some clay, trace gravel, very stiff to hard/compact to
dense, low plastic, poorly graded, light brown,
random clay shale nodules noted, damp

End of borehole at 1.40 m.
Hole was backfilled with 0.9m of bentonite, followed
by cuttings to surface.
No seepage observed while drilling.
Dry at completion.

GB
03B-01

SPT
03B-02

13-33-
35

(68)

Fill soils have
varying
degrees of
compaction in
this area.
Adjacent
ground surface
elevation
~681m.

LL = 27%
PL = 21%

COMPLETED 3/17/21DATE STARTED 3/17/21 HOLE SIZE 152 mm

DRILLING CONTRACTOR All Service Drilling Inc.

DRILLING METHOD Solid Stem Auger

NOTES Riverside Drive (Beside Riverside Drive)

GROUND ELEVATION 682 m

LOGGED BY T. Schaepsmeyer CHECKED BY A. Ocejo

GROUND WATER LEVEL:
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CLIENT Drumheller Resiliency and Flood Mitigation Office (DRFM) PROJECT NAME Drumheller Dike D - Geotechnical Investigation

PROJECT LOCATION Drumheller, AB
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(CH) CLAY (FILL), sandy (fine grained/poorly
graded), silty, trace gravel, high plastic, stiff, light
brown, trace pottery (orange/red) noted, damp

...from 1.5m, increasing sand and silt fraction, very
stiff

...from 2.4m, stiff, dark brown

...from 3m, stiff, abundant medium plastic partings
noted, moist

(ML) SILT, sandy (fine grained/poorly graded), trace
clay, stiff, low plastic, coal/carbonaceous inclusion
noted, damp

End of borehole at 5.00 m.
50mm PVC standpipe installed to 2.8m.
1.5m slotted pipe.
Backfilled with 1m of cuttings followed by 1m of
bentonite, followed by 1.7m of sand, followed by
0.9m of bentonite, followed by 0.3m of sand to
surface.
Dry at completion.

GB
04-01

ST
ST-01

GB
04-02

SPT
04-03

GB
04-04

GB
04-05

SPT
04-06

GB
04-07

GB
04-08

GB
04-09

SPT
04-10

10-13-
11

(24)

7-9-4
(13)

2-5-4
(9)

Fill soils
appear to be
well compacted
in this area.
Adjacent
ground surface
elevation
~680.5m.
LL=68%
PL=30%
LL=66%
PL=29%

Gravel = 2.6%
Sand = 41.3%
Silt = 34.3%
Clay = 21.8%

PL = 77%
LL = 30%

COMPLETED 3/17/21DATE STARTED 3/17/21 HOLE SIZE 152 mm

DRILLING CONTRACTOR All Service Drilling Inc.

DRILLING METHOD Solid Stem Auger

NOTES Beside Riverside Terrace Condos (River Side of Dike)

GROUND ELEVATION 682.9 m

LOGGED BY T. Schaepsmeyer CHECKED BY A. Ocejo

GROUND WATER LEVEL:

14Days AFTER DRILLING ---Dry14Days AFTER DRILLING ---Dry_
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OTHER TESTS
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CLIENT Drumheller Resiliency and Flood Mitigation Office (DRFM) PROJECT NAME Drumheller Dike D - Geotechnical Investigation

PROJECT LOCATION Drumheller, AB
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(CH) CLAY (FILL), sandy (fine grained/poorly
graded), silty, trace gravel, high plastic, stiff, light
brown, trace pottery (orange/red) noted, damp

End of borehole at 1.40 m.
Hole was backfilled with cuttings.
No seepage observed while drilling.
Dry at completion.

GB
04C-01

ST
ST-02

Fill soils
appear to be
well compacted
in this area.
Adjacent
ground surface
elevation
~680.5m.

COMPLETED 3/17/21DATE STARTED 3/17/21 HOLE SIZE 152 mm

DRILLING CONTRACTOR All Service Drilling Inc.

DRILLING METHOD Solid Stem Auger

NOTES Beside Riverside Terrace Condos (River Side of Dike)

GROUND ELEVATION 682.9 m

LOGGED BY T. Schaepsmeyer CHECKED BY A. Ocejo

GROUND WATER LEVEL:

AFTER DRILLING ---AFTER DRILLING ---_
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PROJECT NUMBER 21.2311.002

CLIENT Drumheller Resiliency and Flood Mitigation Office (DRFM) PROJECT NAME Drumheller Dike D - Geotechnical Investigation

PROJECT LOCATION Drumheller, AB
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(ML-SM) SILT & SAND (FILL), fine grained, some to
trace clay, trace gravel, stiff, low plastic,
stiff/compact, light brown, moist

...from 1.1m, coal/carbonaceous seam (0.3m thick)

...from 1.4m, clayey, medium plastic, stiff/loose,
brown

...from 2m, trace to some clay, low to medium plastic,
firm to stiff

...from 3m, high plastic clay parting within fill (0.4m
thick)

(CI) CLAY, silty, some sand (fine grained/poorly
graded), trace gravel, medium plastic, firm, dark
brown, random high plastic clay partings noted, moist

...from 4.6m, medium plastic clay parting, dark grey,
trace coal specs (0.4m thick), damp

End of borehole at 5.00 m.
50mm PVC standpipe installed to 2.4m.
1.5m slotted pipe.
Backfilled with 0.4m of cuttings followed by 2.2m of
bentonite, followed by 1.8m of sand, followed by
0.3m of bentonite, followed by 0.3m of sand to
surface.
Dry at completion.

GB
05-01

ST
ST-03

GB
05-02

SPT
05-03

GB
05-04

GB
05-05

SPT
05-06

GB
05-07

GB
05-08

SPT
05-09

4-8-6
(14)

3-2-3
(5)

2-3-3
(6)

Fill soils
appear to be
poorly
compacted in
this area.
Adjacent
ground surface
elevation
~681.5m.

Gravel = 4.8%
Sand = 34.3%
Silt = 37.4%
Clay = 23.5%
LL = 47%
PL = 24%

COMPLETED 3/17/21DATE STARTED 3/17/21 HOLE SIZE 152 mm

DRILLING CONTRACTOR All Service Drilling Inc.

DRILLING METHOD Solid Stem Auger

NOTES Badlands Community Facility (Land Side of Dike)

GROUND ELEVATION 683.1 m

LOGGED BY T. Schaepsmeyer CHECKED BY A. Ocejo

GROUND WATER LEVEL:

14Days AFTER DRILLING ---Dry14Days AFTER DRILLING ---Dry_
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CLIENT Drumheller Resiliency and Flood Mitigation Office (DRFM) PROJECT NAME Drumheller Dike D - Geotechnical Investigation

PROJECT LOCATION Drumheller, AB
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(ML-SM) SILT & SAND (FILL), fine grained, trace to
some clay, low to medium plastic, very stiff to
hard/compact to dense, poorly graded, brown,
random clay shale nodules noted, damp

...from 0.9m, mottled orange and brown

...from 1.2m, some clay, medium plastic, hard/dense,
light brown

...from 1.8m, low plastic, hard/dense, trace pottery
(orange/red) noted

...from 2.4m, trace clay, soft/loose, traces of
coal/carbonaceous inclusion noted

(ML-SM) SILT & SAND, fine grained, trace to some
clay, low plastic, loose/soft, poorly graded, brown,
damp

End of borehole at 3.50 m.
Hole was backfilled with 2.6m of cuttings, followed by
0.6m of bentonite, followed by 0.3m of cuttings to
surface.
No seepage observed while drilling.
Dry at completion.

GB
06-01

SPT
06-02

GB
06-03

SPT
06-04

GB
06-05

GB
06-06

SPT
06-07

16-19-
16

(35)

33-32-
17

(49)

1-2-1
(3)

Fill soils have
varying
degrees of
compaction in
this area.
Adjacent
ground surface
elevation
~681.5m.

COMPLETED 3/17/21DATE STARTED 3/17/21 HOLE SIZE 152 mm

DRILLING CONTRACTOR All Service Drilling Inc.

DRILLING METHOD Solid Stem Auger

NOTES Curling Rink (River Side of Dike)

GROUND ELEVATION 683.3 m

LOGGED BY T. Schaepsmeyer CHECKED BY A. Ocejo

GROUND WATER LEVEL:

AFTER DRILLING ---AFTER DRILLING ---_
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PROJECT NUMBER 21.2311.002

CLIENT Drumheller Resiliency and Flood Mitigation Office (DRFM) PROJECT NAME Drumheller Dike D - Geotechnical Investigation

PROJECT LOCATION Drumheller, AB
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(SM) SAND (FILL), fine grained, silty, trace to some
clay, loose, poorly graded, dark brown, trace of
coal/carbonaceous inclusions noted, damp

...from 0.9m onwards, trace pottery (orange/red)
noted

(SM) SAND, fine grained, silty, trace to some clay,
loose, poorly graded, light brown, trace of
coal/carbonaceous inclusions and rootlets observed,
damp

(ML) SILT, sandy (fine grained/poorly graded), trace
to some clay, firm, fine grained, low plasticity, poorly
graded, light brown, moist

(ML-SM) SILT & SAND, coarse and fine grained,
some clay, firm/loose, low plastic, moderately graded
graded, light brown, moist
...at 3.7m, coal layer (0.6m thickness)

(SM) SAND, fine to coarse grain, silty, gravely, trace
clay, compact, moderately graded, grey, moist

End of borehole at 5.00 m.
50mm PVC standpipe installed to 5m.
3m slotted pipe.
Backfilled with 4.2m of cuttings followed by 0.6m of
bentonite, followed by 0.2m of cuttings to surface.
Dry at completion.

GB
07-01

SPT
07-02

GB
07-03

SPT
07-04

GB
07-05

GB
07-06

SPT
07-07

GB
07-08

GB
07-09

SPT
07-10

2-3-2
(5)

3-2-2
(4)

3-3-4
(7)

12-11-
14

(25)

Fill soils
appear to have
poor
compaction in
this area.
Adjacent
ground surface
elevation
~683m.
Sand = 54.1%
Silt = 31.8%
Clay = 14.1%

Sand = 21.8%
Silt = 59.2%
Clay = 19.0%

COMPLETED 3/17/21DATE STARTED 3/17/21 HOLE SIZE 152 mm

DRILLING CONTRACTOR All Service Drilling Inc.

DRILLING METHOD Solid Stem Auger

NOTES Aquaplex (River side of Path)

GROUND ELEVATION 682.9 m

LOGGED BY T. Schaepsmeyer CHECKED BY A. Ocejo

GROUND WATER LEVEL:

14Days AFTER DRILLING ---Dry14Days AFTER DRILLING ---Dry_
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CLIENT Drumheller Resiliency and Flood Mitigation Office (DRFM) PROJECT NAME Drumheller Dike D - Geotechnical Investigation

PROJECT LOCATION Drumheller, AB
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GB

GB

GB

GB

FILL (SILT), sandy, lumber pieces, roots, mulch, firm
to stiff, non to low plastic, light brown, dry

SILT, trace to some fine sand, roots, stiff to very stiff,
non to low plastic, thinly bedded (< 1mm), light
brown, damp to dry

@1.1 m ... trace clay, no roots, very stiff to hard, low
plastic, damp

@1.6 m ... hard

SAND, trace silt, fine grained, uniformly graded, light
brown, damp

@2.7 m ... medium grained, random very stiff thinly
bedded (< 1 mm) silt pieces, damp to moist

SAND, trace gravel, trace cobble, medium to coarse
grained, grey, moist to wet
END OF TESTPIT @ 3.4 m
- Sloughing sand from 2.2 m
- No groundwater encountered
- Backfilled with excavated material and bucket
packed in place

PP: 150 kPa

@1.1m...
PROBE: 30

kg/cm2

PP: 250 kPa

PP: 450 kPa
@1.6m...

PROBE: 35
kg/cm2

COMPLETED 7/16/21DATE STARTED 7/16/21 TEST PIT SIZE

EXCAVATION CONTRACTOR

EXCAVATION METHOD Excavator

NOTES Dike D Bearing Inspection   N: 5703807m E: 90317m

GROUND ELEVATION 680.8 m

LOGGED BY J. Clark CHECKED BY A. Ocejo

GROUND WATER LEVEL:

AFTER EXCAVATION ---AFTER EXCAVATION ---_
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CLIENT Drumheller Resiliency and Flood Mitigation Office (DRFM) PROJECT NAME Drumheller Dike D - Geotechnical Investigation

PROJECT LOCATION Drumheller, AB
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GB

GB

GB

GB

FILL (SILT), sandy, roots, mulch, firm to stiff, non to
low-plastic, light brown, dry
SILT, some fine grained sand, firm, non-plastic,
brown, dry to damp

@0.5 m ... sandy, damp to moist

@1.5 m ... 5 cm thick layer of silt, no sand, trace clay,
stiff, thinly bedded (< 1 mm)
@1.6 m ... trace clay, moist

CLAY, silty, trace sand, stiff, medium to high plastic,
brown, moist

SAND, trace silt, medium to fine grained, grey, damp

END OF TESTPIT @ 3.3 m
- No sloughing
- No groundwater
- Backfilled with excavated material and bucket
packed in place

@0.4m...
PROBE:
10kg/cm2

@0.7m...
PROBE:
15kg/cm2

PP: 80 kPa
@1.0m...
PROBE:
12kg/cm2

PP: 130 kPa

@1.8m...
PROBE:
15kg/cm2

COMPLETED 7/16/21DATE STARTED 7/16/21 TEST PIT SIZE

EXCAVATION CONTRACTOR

EXCAVATION METHOD Excavator

NOTES Dike D Bearing Inspection   N: 5703757 E: 90360m

GROUND ELEVATION 681.5 m

LOGGED BY J. Clark CHECKED BY A. Ocejo

GROUND WATER LEVEL:

AFTER EXCAVATION ---AFTER EXCAVATION ---_
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Appendix 3: Lab Test Reports 

 



Revision # 0

Report Date:

Client:

Address:

Attn:

Project No:

Project Name:

Solum Job No.:

Sample Received Date:

Sample Quantity:

Quantity

33

6

7

1

President: Saad Farag

Test ASTM Destination

Geo-Lab Report

March 26, 2021

Sweet Tech Eng.

100, 1929 10 Ave. SW, Calgary, AB T3C 0K3

Thomas Schaepsmeyer

21.2311.002

Drumheller Dike D

09401210322(46)

March 22, 2021

5 pails, 1 ST

WATER CONTENT D2216

ATTERBERG LIMITS

PARTICLE-SIZE ANALYSIS (FULL GRADATION)

UNCONFINED COMPRESSIVE STRENGTH FOR SOIL

D4318

D422

D2166

S   LUM
TM

GEOTECHNICAL & MATERIAL 
TESTING LABORATORY

CONSULTANTS LTD.

#9-3620 29 St. NE, Calgary, AB T1Y 5Z8
Phone: (403)250-3035 Cell: (403)619-7250
Prime email: solum@mymts.net
2nd email: solumconsultantsltd111@outlook.com
www.solumconsultantsltd.com
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Solum Job No.:
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BH-02 02-2A 24.6 --- --- --- --- 0.0 3.7 21.1 46.3 28.9

BH-02 02-08 28.3 --- --- --- --- 0.0 3.2 33.8 47.2 15.8

BH-02 02-09 31.5 38 21 17 CL --- --- --- --- ---

BH-03 03-2B 8.0 27 21 6 CL-ML --- --- --- --- ---

BH-03 03-04 18.2 --- --- --- --- 0.0 0.0 43.5 48.2 8.3

BH-04 04-01 21.7 68 30 38 CH --- --- --- --- ---

BH-04 04-02 14.1 66 29 37 CH --- --- --- --- ---

BH-04 04-03 15.2 --- --- --- --- 0.0 2.6 41.3 34.3 21.8

BH-04 04-05 17.3 77 30 47 CH --- --- --- --- ---

BH-05 05-03 17.4 --- --- --- --- 0.0 4.8 34.3 37.4 23.5

BH-05 05-04 13.3 47 24 23 CL --- --- --- --- ---

BH-07 07-02 4.8 --- --- --- --- 0.0 0.0 54.1 31.8 14.1

BH-07 07-06 8.5 --- --- --- --- 0.0 0.0 21.8 59.2 19.0

** Note: Soil classification is for the whole sample. Soil classification uses the Atterberg Limits results and the percent fines, percent sand and percent gravel as described in ASTM D2487.
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Atterberg Limits Particle Size Analysis

  Laboratory Analysis Summary Sheet

21.2311.002  /  Drumheller Dike D

Sweet Tech Eng.

09401210322(46)

*  Note: Soil classification is for material less than 0.425 mm (material used for Atterberg Limits), this includes the fine sand, silt and clay fraction of the sample.
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Borehole ID Sample ID Depth
Wet soil wt 
+ Tare (g)

Dry soil 
wt + Tare 

(g)

Wt of 
water (g)

Tare (g)
Dry soil 
weight 

(g)

Moisture 
content 

(%)

BH-01 01-02 --- 91.74 85.40 6.34 14.05 71.35 8.9

BH-01 01-04 --- 67.24 57.49 9.75 11.39 46.10 21.1

BH-01 01-05 --- 83.35 72.65 10.70 11.65 61.00 17.5

BH-01 01-06 --- 62.88 49.43 13.45 11.24 38.19 35.2

BH-01 01-08 --- 83.74 71.74 12.00 14.62 57.12 21.0

BH-01 01-09 --- 103.20 83.20 20.00 13.05 70.15 28.5

BH-01 01-11 --- 94.57 82.26 12.31 11.05 71.21 17.3

BH-02 02-1A --- 81.92 68.52 13.40 10.99 57.53 23.3

BH-02 02-03 --- 78.41 63.83 14.58 10.55 53.28 27.4

BH-02 02-05 --- 77.61 66.42 11.19 10.76 55.66 20.1

BH-02 02-06 --- 95.19 81.04 14.15 15.14 65.90 21.5

BH-03 03-01 --- 144.18 138.86 5.32 15.71 123.15 4.3

BH-03 03-05 --- 83.43 72.65 10.78 11.27 61.38 17.6

BH-03 03-06 --- 82.94 65.88 17.06 10.44 55.44 30.8

BH-03 03-08 --- 88.40 70.30 18.10 10.62 59.68 30.3

BH-03 03-09 --- 91.52 80.99 10.53 9.22 71.77 14.7

BH-04 04-06 --- 70.14 62.70 7.44 10.97 51.73 14.4

BH-04 04-08 --- 74.79 60.22 14.57 11.94 48.28 30.2

BH-04 04-10 --- 89.08 73.78 15.30 14.89 58.89 26.0

BH-05 05-01 --- 88.23 76.00 12.23 13.94 62.06 19.7

BH-05 05-02 --- 84.52 73.95 10.57 14.81 59.14 17.9

BH-05 05-06 --- 64.59 57.44 7.15 11.01 46.43 15.4

BH-05 05-08 --- 88.15 77.06 11.09 13.58 63.48 17.5

BH-05 05-09 --- 89.62 75.15 14.47 13.89 61.26 23.6

BH-06 06-02 --- 82.06 70.60 11.46 13.05 57.55 19.9

                          Water (Moisture) Content (ASTM D2216)
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Borehole ID Sample ID Depth
Wet soil wt 
+ Tare (g)

Dry soil 
wt + Tare 

(g)

Wt of 
water (g)

Tare (g)
Dry soil 
weight 

(g)

Moisture 
content 

(%)

                          Water (Moisture) Content (ASTM D2216)
S   LUM

TM

GEOTECHNICAL & MATERIAL 
TESTING LABORATORY

CONSULTANTS LTD.

BH-06 06-03 --- 71.24 61.21 10.03 11.87 49.34 20.3

BH-06 06-04 --- 102.73 93.03 9.70 16.63 76.40 12.7

BH-06 06-06 --- 69.08 61.77 7.31 11.01 50.76 14.4

BH-06 06-07 --- 75.05 67.33 7.72 13.60 53.73 14.4

BH-07 07-04 --- 87.24 82.46 4.78 14.25 68.21 7.0

BH-07 07-07 --- 80.90 75.82 5.08 13.68 62.14 8.2

BH-07 07-09 --- 119.23 114.93 4.30 13.36 101.57 4.2

BH-07 07-10 --- 90.62 85.01 5.61 14.38 70.63 7.9



Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-02        02-09            

WWet Soil + Tare (g)

WDry Soil + Tare (g)

WWater (g)

Tare (g)

WDry Soil (g)

38 21 17 CL

3.35

5.58 5.59

14.90 16.19

Water Content (%) 20.9 20.7

Average Mc (%) 20.8

Plastic Limit Results
Container ID 4 5
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23.60 25.13

20.48 21.78

3.12

31.5
Water Content (%) 41.4 38.2 36.1

WDry Soil (g) 12.91 13.42 15.95
Water Content (%)

WWater (g) 5.34 5.12 5.75

Tare (g) 5.61 5.63 5.59

WWet Soil + Tare (g) 23.86 24.17 27.29

WDry Soil + Tare (g) 18.52 19.05 21.54

                           Atterberg Limits  (ASTM D4318 - Method A)

Atterberg Limits - ASTM D4318 (Method A)

Liquid Limit (Air-Dried) - Multipoint Method
Water Content Received

Container ID 1 2 3

Number of Blows 12 24 37

35

36

37

38

39

40

41

42

43

1 10 100

W
at

er
 C

o
n

te
n

t 
(%

)

Number of Blows on LL Device

S   LUM
TM

GEOTECHNICAL & MATERIAL 
TESTING LABORATORY

CONSULTANTS LTD.

0

10

20

30

40

50

60

70

0 10 20 30 40 50 60 70 80 90 100

P
la

st
ic

it
y 

In
d

ex
 (

%
)

Liquid Limit (%)

CH or OH

CL-ML

CL or OL MH or OH

ML or OL



Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-03        03-2B            

WWet Soil + Tare (g)

WDry Soil + Tare (g)

WWater (g)

Tare (g)

WDry Soil (g)

27 21 6 CL-ML

                           Atterberg Limits  (ASTM D4318 - Method A)

Atterberg Limits - ASTM D4318 (Method A)

Liquid Limit (Air-Dried) - Multipoint Method
Water Content Received

Container ID 1 2 3

Number of Blows 10 23 34

WWet Soil + Tare (g) 24.95 30.30 29.27

WDry Soil + Tare (g) 20.60 24.98 24.29

WWater (g) 4.35 5.32 4.98

Tare (g) 5.57 5.55 5.58

8.0
Water Content (%) 28.9 27.4 26.6

WDry Soil (g) 15.03 19.43 18.71
Water Content (%)

Plastic Limit Results
Container ID 4 5
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19.37 23.14

2.94 3.73

5.62 5.61

13.75 17.53

Water Content (%) 21.4 21.3

Average Mc (%) 21.3
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-04        04-01            

WWet Soil + Tare (g)

WDry Soil + Tare (g)

WWater (g)

Tare (g)

WDry Soil (g)

68 30 38 CH

4.19

5.59 5.62

9.81 14.03

Water Content (%) 29.8 29.9

Average Mc (%) 29.8

Plastic Limit Results
Container ID 4 5
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18.32 23.84

15.40 19.65

2.92

21.7
Water Content (%) 71.4 67.3 65.5

WDry Soil (g) 13.57 12.94 12.56
Water Content (%)

WWater (g) 9.69 8.71 8.23

Tare (g) 5.64 5.59 5.57

WWet Soil + Tare (g) 28.90 27.24 26.36

WDry Soil + Tare (g) 19.21 18.53 18.13

                           Atterberg Limits  (ASTM D4318 - Method A)

Atterberg Limits - ASTM D4318 (Method A)

Liquid Limit (Air-Dried) - Multipoint Method
Water Content Received

Container ID 1 2 3

Number of Blows 14 27 37
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-04        04-02            

WWet Soil + Tare (g)

WDry Soil + Tare (g)

WWater (g)

Tare (g)

WDry Soil (g)

66 29 37 CH

4.76

5.60 5.57

11.83 16.50

Water Content (%) 29.0 28.8

Average Mc (%) 28.9

Plastic Limit Results
Container ID 4 5
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17.43 22.07

3.43

14.1
Water Content (%) 69.4 67.0 64.7

WDry Soil (g) 12.18 11.40 11.04
Water Content (%)

WWater (g) 8.45 7.64 7.14

Tare (g) 5.56 5.62 5.68

WWet Soil + Tare (g) 26.19 24.66 23.86

WDry Soil + Tare (g) 17.74 17.02 16.72

                           Atterberg Limits  (ASTM D4318 - Method A)

Atterberg Limits - ASTM D4318 (Method A)

Liquid Limit (Air-Dried) - Multipoint Method
Water Content Received

Container ID 1 2 3

Number of Blows 13 22 39
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-04        04-05            

WWet Soil + Tare (g)

WDry Soil + Tare (g)

WWater (g)

Tare (g)

WDry Soil (g)

77 30 47 CH

3.58

5.58 5.63

9.54 11.84

Water Content (%) 30.3 30.2

Average Mc (%) 30.3

Plastic Limit Results
Container ID 4 5
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18.01 21.05

15.12 17.47

2.89

17.3
Water Content (%) 82.2 77.5 74.4

WDry Soil (g) 11.51 9.29 9.75
Water Content (%)

WWater (g) 9.46 7.20 7.25

Tare (g) 5.59 5.62 5.63

WWet Soil + Tare (g) 26.56 22.11 22.63

WDry Soil + Tare (g) 17.10 14.91 15.38

                           Atterberg Limits  (ASTM D4318 - Method A)

Atterberg Limits - ASTM D4318 (Method A)

Liquid Limit (Air-Dried) - Multipoint Method
Water Content Received

Container ID 1 2 3

Number of Blows 13 24 38
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-05        05-04            

WWet Soil + Tare (g)

WDry Soil + Tare (g)

WWater (g)

Tare (g)

WDry Soil (g)

47 24 23 CL

3.31

5.62 5.54

13.16 13.83

Water Content (%) 23.6 23.9

Average Mc (%) 23.8

Plastic Limit Results
Container ID 4 5
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21.89 22.68

18.78 19.37

3.11

13.3
Water Content (%) 51.1 47.8 44.7

WDry Soil (g) 13.67 12.27 12.87
Water Content (%)

WWater (g) 6.99 5.86 5.75

Tare (g) 5.58 5.61 5.58

WWet Soil + Tare (g) 26.24 23.74 24.20

WDry Soil + Tare (g) 19.25 17.88 18.45

                           Atterberg Limits  (ASTM D4318 - Method A)

Atterberg Limits - ASTM D4318 (Method A)

Liquid Limit (Air-Dried) - Multipoint Method
Water Content Received

Container ID 1 2 3

Number of Blows 14 23 37

43

44

45

46

47

48

49

50

51

52

53

1 10 100

W
at

er
 C

o
n

te
n

t 
(%

)

Number of Blows on LL Device

S   LUM
TM

GEOTECHNICAL & MATERIAL 
TESTING LABORATORY

CONSULTANTS LTD.

0

10

20

30

40

50

60

70

0 10 20 30 40 50 60 70 80 90 100

P
la

st
ic

it
y 

In
d

ex
 (

%
)

Liquid Limit (%)

CH or OH

CL-ML

CL or OL MH or OH

ML or OL



Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-02        02-2A            

Cobbles Gravel Sand Silt Clay
--- 300.000 100.00 (75-300mm) (4.75-75mm) (0.075-4.75mm) 0.002-0.075mm <0.002mm

3" 75.000 100.00 0.0 3.7 21.1 46.3 28.9
2'' 50.000 100.00

1.5'' 37.500 100.00

1'' 25.000 100.00

0.75" 19.000 100.00

0.375" 9.500 100.00

No. 4 4.750 96.26

No. 10 2.000 94.74

No. 20 0.850 88.55

No. 40 0.425 85.71

No. 60 0.250 83.14

No. 100 0.150 80.29

No. 140 0.106 77.52

No. 200 0.075 75.14

0.0422 70.92

0.0303 66.71

0.0195 62.50

0.0156 59.34

0.0115 56.18

0.0083 49.87

0.0060 43.55

0.0043 37.23

0.0031 33.02

0.0022 28.81 *Note: Criteria for clay is based on D7928; sieve sequence is based on D6913.
0.0013 24.60
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                          Particle Size Analysis (ASTM D422 ) & (D6913 & D 7928)*

SIEVE SIZE
PARTICLE-
SIZE (mm)

PERCENT 
FINER (%)

Test Results
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-02        02-08            

Cobbles Gravel Sand Silt Clay
--- 300.000 100.00 (75-300mm) (4.75-75mm) (0.075-4.75mm) 0.002-0.075mm <0.002mm

3" 75.000 100.00 0.0 3.2 33.8 47.2 15.8
2'' 50.000 100.00

1.5'' 37.500 100.00

1'' 25.000 100.00

0.75" 19.000 100.00

0.375" 9.500 97.84

No. 4 4.750 96.85

No. 10 2.000 96.44

No. 20 0.850 94.32

No. 40 0.425 92.08

No. 60 0.250 89.49

No. 100 0.150 82.49

No. 140 0.106 74.67

No. 200 0.075 63.01

0.0458 46.67

0.0333 38.44

0.0216 30.21

0.0172 28.15

0.0126 26.09

0.0090 24.03

0.0064 21.98

0.0045 19.92

0.0032 17.86

0.0023 15.80 *Note: Criteria for clay is based on D7928; sieve sequence is based on D6913.
0.0013 13.75
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                          Particle Size Analysis (ASTM D422 ) & (D6913 & D 7928)*

SIEVE SIZE
PARTICLE-
SIZE (mm)

PERCENT 
FINER (%)

Test Results
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-03        03-04            

Cobbles Gravel Sand Silt Clay
--- 300.000 100.00 (75-300mm) (4.75-75mm) (0.075-4.75mm) 0.002-0.075mm <0.002mm

3" 75.000 100.00 0.0 0.0 43.5 48.2 8.3
2'' 50.000 100.00

1.5'' 37.500 100.00

1'' 25.000 100.00

0.75" 19.000 100.00

0.375" 9.500 100.00

No. 4 4.750 100.00

No. 10 2.000 100.00

No. 20 0.850 98.26

No. 40 0.425 96.33

No. 60 0.250 94.10

No. 100 0.150 85.24

No. 140 0.106 69.78

No. 200 0.075 56.49

0.0474 39.84

0.0344 30.82

0.0221 24.06

0.0176 21.81

0.0129 19.56

0.0092 17.31

0.0065 15.05

0.0046 12.80

0.0033 10.55

0.0023 8.29 *Note: Criteria for clay is based on D7928; sieve sequence is based on D6913.
0.0014 6.04
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                          Particle Size Analysis (ASTM D422 ) & (D6913 & D 7928)*

SIEVE SIZE
PARTICLE-
SIZE (mm)

PERCENT 
FINER (%)

Test Results
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-04        04-03            

Cobbles Gravel Sand Silt Clay
--- 300.000 100.00 (75-300mm) (4.75-75mm) (0.075-4.75mm) 0.002-0.075mm <0.002mm

3" 75.000 100.00 0.0 2.6 41.3 34.3 21.8
2'' 50.000 100.00

1.5'' 37.500 100.00

1'' 25.000 100.00

0.75" 19.000 100.00

0.375" 9.500 100.00

No. 4 4.750 97.39

No. 10 2.000 73.90

No. 20 0.850 67.93

No. 40 0.425 64.83

No. 60 0.250 62.89

No. 100 0.150 60.42

No. 140 0.106 58.62

No. 200 0.075 56.08

0.0442 47.48

0.0319 43.19

0.0205 38.91

0.0163 37.19

0.0120 35.47

0.0086 32.04

0.0062 28.61

0.0044 25.18

0.0031 23.47

0.0022 21.75 *Note: Criteria for clay is based on D7928; sieve sequence is based on D6913.
0.0013 20.04
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-05        05-03            

Cobbles Gravel Sand Silt Clay
--- 300.000 100.00 (75-300mm) (4.75-75mm) (0.075-4.75mm) 0.002-0.075mm <0.002mm

3" 75.000 100.00 0.0 4.8 34.3 37.4 23.5
2'' 50.000 100.00

1.5'' 37.500 100.00

1'' 25.000 100.00

0.75" 19.000 100.00

0.375" 9.500 100.00

No. 4 4.750 95.18

No. 10 2.000 94.48

No. 20 0.850 92.97

No. 40 0.425 91.62

No. 60 0.250 86.77

No. 100 0.150 74.05

No. 140 0.106 66.87

No. 200 0.075 60.89

0.0446 53.69

0.0320 49.66

0.0205 45.64

0.0163 43.63

0.0120 41.62

0.0086 37.59

0.0062 33.57

0.0044 29.54

0.0031 26.52

0.0022 23.50 *Note: Criteria for clay is based on D7928; sieve sequence is based on D6913.
0.0013 19.48
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-07        07-02            

Cobbles Gravel Sand Silt Clay
--- 300.000 100.00 (75-300mm) (4.75-75mm) (0.075-4.75mm) 0.002-0.075mm <0.002mm

3" 75.000 100.00 0.0 0.0 54.1 31.8 14.1
2'' 50.000 100.00

1.5'' 37.500 100.00

1'' 25.000 100.00

0.75" 19.000 100.00

0.375" 9.500 100.00

No. 4 4.750 100.00

No. 10 2.000 100.00

No. 20 0.850 96.27

No. 40 0.425 86.67

No. 60 0.250 70.36

No. 100 0.150 59.18

No. 140 0.106 51.71

No. 200 0.075 45.86

0.0474 37.30

0.0339 33.08

0.0217 28.86

0.0173 26.75

0.0127 24.64

0.0090 22.53

0.0064 20.42

0.0046 18.31

0.0032 16.20

0.0023 14.09 *Note: Criteria for clay is based on D7928; sieve sequence is based on D6913.
0.0013 11.98
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH-07        07-06            

Cobbles Gravel Sand Silt Clay
--- 300.000 100.00 (75-300mm) (4.75-75mm) (0.075-4.75mm) 0.002-0.075mm <0.002mm

3" 75.000 100.00 0.0 0.0 21.8 59.2 19.0
2'' 50.000 100.00

1.5'' 37.500 100.00

1'' 25.000 100.00

0.75" 19.000 100.00

0.375" 9.500 100.00

No. 4 4.750 100.00

No. 10 2.000 100.00

No. 20 0.850 99.56

No. 40 0.425 97.28

No. 60 0.250 92.07

No. 100 0.150 88.48

No. 140 0.106 84.53

No. 200 0.075 78.15

0.0442 60.29

0.0320 53.76

0.0208 45.04

0.0166 40.69

0.0123 36.33

0.0089 29.80

0.0063 25.44

0.0045 23.26

0.0032 21.08

0.0023 18.91 *Note: Criteria for clay is based on D7928; sieve sequence is based on D6913.
0.0013 16.73
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Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

Sample Info: BH3        U1      5.0-5.6 m      

Diameter (cm) 6.00 Height (cm) 14.53 H/D Ratio 2.42 Mass (g) 798.4
Shear Rate
(mm/min)

1.5

Sample Area 
(cm^2)

28.27 Assumed Gs 2.70
Initial Void 

Ratio
0.71

Initial  Sat. Degree 
(%)

88.4

MC (%) 23.4
Wet BD

(kg/m^3)
1943

Dry BD
(kg/m^3)

1575

Vert. Displ. (cm) Load Cell (kN) ε 1
Corrected

 Area (cm 2 )
σ1 (kPa) σ1/2 (kPa)

0.00 0.05 0.00 28.27 0.00 0.00

0.08 0.09 0.52 28.42 12.81 6.40 UCS qu (kPa) 145.03

0.15 0.11 1.05 28.57 21.73 10.86

0.30 0.18 2.10 28.88 43.99 22.00 72.52

0.46 0.23 3.14 29.19 62.38 31.19

0.61 0.31 4.20 29.52 86.62 43.31 Axial Fal. Strain (%) 9.45

0.76 0.36 5.25 29.84 104.53 52.26

0.92 0.42 6.30 30.18 120.56 60.28 Failure Mode Shear

1.07 0.46 7.35 30.52 132.66 66.33

1.37 0.51 9.45 31.22 145.03 72.52 ~ 65°

1.68 0.46 11.54 31.96 127.85 63.93

1.90 0.41 13.11 32.54 110.16 55.08

2.15 0.39 14.77 33.17 101.64 50.82

                          Unconfined Compression Test (ASTM D2166)

Shear Strength su 
(kPa)

        Test Results

S   LUM
TM

GEOTECHNICAL & MATERIAL 
TESTING LABORATORY

CONSULTANTS LTD.

𝛽 = 45 +
𝜑

2



Project Info: 21.2311.002  /  Drumheller Dike D

Client: Sweet Tech Eng.

Solum Job No.: 09401210322(46)

                          Unconfined Compression Test (ASTM D2166)
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STANDARD LABORATORY TERMS AND CONDITIONS 
 

1.0 Description of Services to be Performed by Solum Consultants Ltd. (Solum) 
Solum shall provide geotechnical and material laboratory testing services on samples in accordance with these terms and conditions and executed 
Laboratory Testing Request Forms.  Solum shall perform its work in accordance with accepted laboratory standards and accepted standard operating 
procedures.  Solum reserves the right to modify methods as necessary based upon experience and/or current scientific literature.  If the Client requests a 
manner of analysis that varies from standard operating or recommended procedures, the Client shall not hold Solum responsible for the results.  Such 
variations of analysis will be noted on the reports.  Solum reserves the right to subcontract laboratory testing if a particular test cannot be performed by 
Solum. 
 
2.0 Reports, Confidentiality and Third Parties 
Laboratory reports provided by Solum will be composed of a cover page, tables and figures if applicable. Reports will be e-mailed in PDF format to the 
individual(s) specified on the Laboratory Testing Request Forms.  Laboratory reports may also be faxed or mailed to the Client upon request.  Except as 
required by law, Solum shall not disclose testing results or reports to any party other than the Client, unless the Client, in writing, requests information to be 
provided to a third party.  Solum shall abide by any additional confidentiality requirements requested by the Client provided that such requirements are 
provided to Solum at or before execution of the testing. 
Information provided by Solum is intended for Client use only.  Any use by a third party, of reports or documents authored by Solum, or any reliance on or 
decisions made by a third party based on the findings described in said documents, are the sole responsibility of such third parities, and Solum accepts no 
responsibility of damages suffered by any third party as a result of decisions made or actions conducted. 
    
3.0    Laboratory Testing Request Form (Chain of Custody) 
The laboratory testing request form must be completed by the Client and be accompanied with the samples. Other form of COC may be accepted; however, 
the condition of Solum COC is still applied. Testing will not commence until the laboratory testing request form has been completed.  If requested by the 
Client, Solum shall provide a copy of the laboratory testing request form with the report. 
No persons other than the designated representatives for each Laboratory Testing Request Form are authorized to act regarding changes to the testing 
request form.  Any changes or amendments of the laboratory testing request form must be in writing and be completed by the originator.   
 
4.0 Acceptance, Contamination and Disposal of Samples 
Loss or damages to samples remains the responsibility of the Client until Solum representatives acceptance of samples by notation on the laboratory testing 
request form. 
As to any samples that are suspected of containing hazardous substances, the Client will specify the suspected or known substance and level of 
contamination.  This information is to be stated on the laboratory testing request form and be accompanied with the samples before testing can commence.  
Solum may refuse acceptance of samples if it determines they present a risk to health and safety. 
Samples accepted by Solum shall remain the property and liability of the Client while in the custody of Solum.  Solum will discard all non-contaminated 
samples after two weeks of submitting lab report or a month from the date of receiving the samples without additional retention period at a fixed disposal 
charge, or if requested by the Client, samples may be returned to the Client at no cost to Solum.  If requested by client, Solum will store samples provided the 
client agrees to pay for the storage charge.  Contaminated material may be returned/shipped to the Client at the Client’s expense or Solum will discard 
samples with disposal rates varying for samples containing higher levels of contamination, refer to price list. 
Soil samples requested to be stored will be stored inside the lab up to the expiration of storage period. Soil samples will be discarded upon the expiration date 
of the storage period unless client requests either extending storage period or return samples back to client at no cost to Solum.  
 
5.0 Indemnification/Hold Harmless 
Solum shall protect, indemnify and save harmless Client, and its directors, officers, employees, agents, representatives, invitees and subcontractors, and at 
Client’s request, investigate and defend such entities form and against all claims, demands and causes of action, of every kind and character, without 
limitation, arising in favour of or made by third parties, on account of bodily injury, death or damage to or loss of their property resulting from any negligent act 
or wilful misconduct of Solum. 
The Client shall protect, indemnify and save harmless Solum, and its directors, officers, employees, agents, representatives, invitees and subcontractors, and 
at Solum’s request, investigate and defend such entities form and against all claims, demands and causes of action, of every kind and character, without 
limitation, arising in favour of or made by third parties, on account of bodily injury, death or damage to or loss of their property resulting from any negligent act 
or wilful misconduct of Client. 

 
6.0 Limitation of Liability 
The total liability of Solum or its staff whether based in contract or tort, will be limited to the lesser of the fees paid or actual damages incurred by the Client.  
Solum will not be responsible for any consequential or indirect damages even if caused by negligence of Solum.  Solum will only be liable for damages 
resulting form negligence of Solum.  All claims by the Client shall be deemed relinquished if not made within one year after the testing date.  No warranty is 
either expressed or implied, or intended by any agreement or by furnishing oral or written reports or findings. 
 
7.0 Termination of Testing Work Order 
The Client may order work suspended or terminated upon seven days advance written notice.  If work is suspended, Solum shall receive, upon resumption, 
an adjustment in the cost of services to compensate for additional costs incurred due to the interruption of services.  Upon suspension or termination, Solum 
shall preserve samples provided that the Client agrees to pay the sample storage charge. 
 
8.0 Pricing, Payments and Invoicing 
Invoices will be based on most current Solum laboratory testing rates; rates may change without notice.  Solum invoices shall be paid within thirty (30) days of 
receipt of the invoice.  Amounts not paid when due shall bear interest at the rate of 18% per annum from the date due until the date of payment. 
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Appendix 4: Stability and Seepage Analysis 
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