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0.0 EXECUTIVE SUMMARY

A geotechnical investigation was conducted on August 5, 2004 for Twin Valley Resort. The
investigation is for a proposed 480 acre residential development located at the Twin Valley Water
Reservoir. The legal description is:

W U4, Section 13, Township 15, Range 26, W4M and
NE ', Section 14, Township 15, Range 26, W4M.

Surficial formations include 1.28m to 5.94m, with an average of 4.07m thick silty, clayey and
gravely sands overlying clay till and/or bedrock.

Silty sands were found at all test holes with the exception of TH06, THO7, THOS, and TH10 where
clayey or gravelly sands only were encountered. The silty sands were described as light to medium
brown, dry to moist and wet at groundwater levels, loose to medium dense, soft to firm and stiff to
hard at lower elevations, fine-grained to coarse-grained at lower elevations, with iron oxide, coal and
gravel inclusions. Clayey sand was encountered at test hole TH10 and was described as medium
brown, damp and loose. Gravelly sands were encountered at all test hole locations with the exception
of THO1, TH11, TH12 and TH13. They were described as light to medium brown, dry to moist or

wet at lower elevations, fine to medium-grained, loose with occasional cobble inclusions.

Clay till was encountered at test holes THO1, TH02, TH04, TH05, TH06, TH07, and TH09. The clay
till was found to be between the sand layers and bedrock at all locations. Test hole TH02, however,
had an additional sand seam between the clay till layer and bedrock. The clay till was described as
medium brown to mottled grey-brown, dry to moist and wet at groundwater elevation, and firm to
hard.

The clay till, categorized as low plastic (Atterberg Limits, see Appendix 3), presented a significant
amount of sand and silt and is not likely suitable for clay liners. Further testing would be necessary
before any clayey soils are used as liner material.

Asilt layer was encountered from 3.96m to 4.88m below existing ground level at test hole THO8 and
was described as medium brown, damp and stiff.

Bedrock was encountered at all test hole locations with the exceptions of THO1, TH03, TH04, THO5
and TH12 where drilling was stopped at 6.10m below existing ground levels. Siltstone bedrock was
most common with minor amounts of sandstone and shale. Bedrock was recorded from 3.20m to
6.10m below existing ground levels. Bedrock was generally encountered at depths between 3.35m

and 4.88m. Refusal of the flight auger did not occur to a depth of 6.10m below existing ground.

Standard penetration tests yielded N values (blow counts) from 9 to over 90. Generally, N values
(blow counts) were over 35 suggesting a dense to very dense consistency.

Shallow footings based on the dense subsurface sands or clay till can be designed based on an
allowable bearing capacity of 150 kPa. If the foundations are within 1.0m from the water table, the
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allowable bearing capacity should be reduced to 100 kPa. The bearing capacity was calculated for an
allowable settlement of 25mm.

Laboratory testing on samples retrieved from all fifteen test holes indicated sulphate concentrations
ranging from 0.000% to 0.110%. Fourteen out of fifteen (93%) of the test holes had a sulphate
concentration less that 0.10 which is considered to present a negligible potential for sulphate attack
on the concrete. However, test hole TH12 at a depth of 1.52m resulted in a concentration of 0.110%
by weight which is considered to present a moderate potential for sulphate attack on concrete. For
this reason, it is recommended to use a Type 50 (sulphate resistant) Portland cement in the
manufacture of concrete that will be in contact with the soil. In addition, concrete in areas with a
moderate degree of exposure, (0.10 to 0.20%) should have a minimum compressive strength of
30MPa.

Groundwater ievels measured on September 8, 2004 were found to be at depths between 2.64 and
5.90m below the existing ground level. Groundwater levels ranged from geodetic elevation 964.58m
to 974.12m.

Slope stability calculations were conducted in three areas. The results of slope stability analyses
indicate that slope 1 has adequate stability with a setback of 19m to achieve a safety factor of 1.5 in
the worse case, which is the minimum for generally accepted engineering practice. Slope 2 and slope
3 are stable even in worse conditions.
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1.0 INTRODUCTION
1.1 Purpose of the Investigation and Site Description

As authorized by Mr. Bill Maher, of Twin Valley Resort Ltd., a geotechnical investigation was
conducted on the W % , Section 13, Township 15, Range 26, W4M and the NE %, Section 14,
Township 15, Range 26, W4M, otherwise referred to as Twin Valley Resort, to confirm site specific
soil and groundwater conditions for construction purposes.

The subject property borders the west side of the Twin Valley Water Reservoir approximately 10km
north of the Dam Site. The site is bordered on the south by Secondary Highway 529, which is
interrupted at the water reservoir. Secondary Highway 529 intersects Highway 2 on the south side of
Parkland, Alberta. A site diagram is attached in Appendix 1.

The subject property is composed of relatively flat hills which gently slope towards the south and
east. There is a low-lying wet area, which slopes from north to south, along the west portion of the
SW %, Section 13, Township 15, Range 26, W4M, and ends at Secondary Highway 529. There is
also a small valley in the middle portion of the W %, Section 13, Township 15, Range 26, W4M.
Excluding the low-lying area, the site is predominantly well drained. At the time of our investigation
the entire site was pasture land.

1.2 Methodology

A total of fifteen (15) test holes were drilled on August 5, 2004 to a maximum depth of 6.1m (20
feet) using a mobile auger rig supplied by Beck Drilling and Environmental Services Ltd. of Calgary.
Soil and groundwater conditions were logged during the drilling process and soil samples were
obtained for laboratory testing. All of the test holes were equipped with 25mm standpipes to monitor
groundwater levels and flow gradients. Figure 1 (Appendix 1) shows the test hole locations and
groundwater depths.

Standard penetration tests were performed in all test holes at 1.5m intervals. Laboratory testing on
soil samples consisted of moisture contents, grain size determinations and hydrometers, Atterberg
Limit tests and Sulphate content testing. The details of test hole logs are shown in Appendix 2.

2.0 SUBSURFACE CONDITIONS

2.1 Soil Conditions

7 i 3 il svarlidng ailée alasra oe gravallc: comde i nh Asrsels ac
The native soil profile consists oil overlying silty, clayey or gravelly sands which overlies
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glacial till formations and/or bedrock below. A silt layer was encountered at test hole THOS.

The topsoil is composed of approximately of 0.05 to 0.15m of loamy, medium brown to black
organic soil that was described as dry and loose. The average thickness of the topsoil was 0.13m.
No topsoil was observed at test holes TH 07 and TH 10. Alternatively, 0.61m of topsoil was
encountered at test hole TH 13.
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Thessilty, clayey and gravelly sands immediately underlying the topsoil, had thickness from 1.28m to
5.94m. The average thickness of the sands was 4.07m. Generally, thicknesses of the sands were
between 3.05m and 5.94m. Two locations, namely test holes TH6 and THO7, had thickness below
3.05m (ie. 1.28m and 1.74m respectively).

Silty sands, found at all test holes with the exception of TH06, THO7, THO8, and TH10 where clayey
or gravelly sands only were encountered. The silty sands were described as light to medium brown,
dry to moist and wet at groundwater levels, loose to medium dense, soft to firm and stiff to hard at
lower elevations, fine-grained to coarse-grained at lower elevations, with iron oxide, coal and gravel
inclusions. :

Clayey sand was encountered at test hole TH10 and was described as medium brown, damp and
loose

Gravelly sands were encountered at all test hole locations with the exception of THO1, TH11, TH12
and TH13. They were described as light to medium brown, dry to moist or wet at lower elevations,
fine to medium-grained, loose with occasional cobble inclusions.

Assilt layer was encountered from 3.96m to 4.88m below existing ground level at test hole THO8 and
was described as medium brown, damp and stiff.

Claytill was encountered at test holes THO1, TH02, TH04, THO5, TH06, THO7, and THO09. The clay
till was found to be between the sand layers and bedrock at all locations. Test hole TH02, however,
had an additional sand seam between the clay till layer and bedrock. The clay till was described as
medium brown to mottled grey-brown, dry to moist and wet at groundwater elevation, and firm to
hard.

The clay till was measured to be from 1.52m to 6.10m below existing ground levels. The layers had
athickness range from 0.61m to 3.35m. Test holes TH04 and THO5 thicknesses were not measured
because these layers were likely beyond the bottom of the test holes. The average thickness of the
measured clay till layers was 6.5m.

Bedrock was encountered at all test hole locations with the exceptions of THO1, THO3, TH04, THOS
and TH12 where drilling was stopped at 6.10m below existing ground levels. Siltstone bedrock was
most common with minor amounts of sandstone and shale. Bedrock was recorded from 3.20m to
6.10m below existing ground levels. Bedrock was generally encountered at depths between 3.35m
and 4.88m. Refusal of the flight auger did not occur to a depth of 6.10m below existing ground.

Moisture contents measured between 3.1% in the sand layer and 21.4% in the glacial till. Standard
penetration tests yielded N values (blow counts) from 9 to over 90. Generally, N values (blow
counts) were over 35 suggesting a dense to very dense consistency. Refusal of the flight auger did
not occur into the bedrock to a depth of 6.10m below existing ground.
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Sieve and hydrometer analyses indicated the following composition:

Gravel 0.0 to 18.6%
Sand 34.8 to 68.6%
Silt 13.4 t0 48.6%
Clay 3.2 t022.5%

2.2 Groundwater Levels

Groundwater levels were checked on September 8, 2004, thirty-four days after drilling to allow the
static level to reach equilibrium. Table 1 shows groundwater levels in each of the test holes.

Table 1 Groundwater levels measured at Twin Valley Resort
Groundwater level
Test hole Depth Geodetic elevation
# Below ground level (m) | above sea level (m)

THO1 5.06 965.18
THO02 5.04 965.73
THO3 5.42 964.61
THO04 3.56 967.82
THO5 Not found N/A
THO6 Not found N/A
THO7 Not found N/A
THO8 4.51 964.58
THO09 Dry Dry
TH10 3.56 964.76
TH11 3.13 967.91
TH12 5.90 971.06
TH13 5.43 974.12
TH14 Dry to 4.03 Dry to 965.35
TH15 2.64 966.06

The groundwater measurements indicated in this document reflect hydrogeological conditions at the
time of the investigation and may change with time, depending on seasonal variations in
precipitation and climate.

2.3 Percolation Testing

A total of two percolation tests were conducted at locations near test holes TH11 and THI12.
Percolation tests at TH11 consisted of 1 percolation rates at one borehole due to unreliable results at
the second borehole. Percolation tests at TH12 consisted of 2 percolation rates at boreholes
approximately 3.0m (10feet) apart. Each percolation rate was determined from the average of 3 trial
readings. All boreholes were saturated a minimum of 15 hours prior to testing as specified by
Alberta Environment Guidelines.
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The following table summarizes percolation test results conducted on September 27, 2004

Location Start/End Time Drop Rate of Percolation | Final Percolation Rate
(30 minutes) (mm) (minutes/25.4mm) (minutes/25.4mm)
TH11 Test A, 3:03:30 226 3.37
3:33:30
TH11 Test A, 3:36:06 193 3.95
4:06:06
TH11 Test A3 4:09:05 172 4.43
4:39:05
Final Rate TH11 3.92 minutes per inch
TH12 Test A, 3:18:10 398 1.91 i
3:48:10
THI2 Test A, 3:51:43 353 2.16
4:21:43
TH12 Test A3 4:25:06 351 2.17 Average of Test A
4:55:06 2.08
TH12 Test B, 3:22:30 409 1.86
3:52:30
TH12 Test B, 3:55:56 357 2.13
4:25:56
TH12 Test B; 4:30:20 347 2.20 Average of Test B
5:00:20 2.06
Final Rate TH12 2.06 minutes per inch

nda

tant vwith qiltv aa
Lo my 1€ Consistent wiln siity sanas

J
as described in Testhole logs (see Appendix 2, TH11 and TH12). The results indicated that the in-
situ soils are unsuitable for conventional septic fields.

The percolation rates of 3.92 and 2.06 minutes per inch, respectively a

3.0 GEOTECHNICAL EVALUATION AND RECOMMENDATIONS
31 Site Preparation
3.1.1 Grading

Test hole logs indicate that the topsoil ranges in depth from 0.05m to 0.61m. The average depth is
approximately 0.13m. The topsoil is characterized by elevated amounts of organic material. The
topsoil is very susceptible to volume changes in connection with moisture content variations.
Organic material decomposes with time which can lead to settlements on roads, sidewalks, footings,
piles, basement floors, driveways, etc. Any existing topsoil or organic materials should be removed
from underneath any roads or structures.

The sands and clay till layers are suitable for construction. Moisture contents of the samples taken
from glacial till indicate that the majority of the in-situ soils are under their estimated optimum
moisture levels (for compaction). Due to the granular and dry nature of the near surface soils, heavy
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use of a water truck in order to achieve density/moisture specifications is anticipated.

Recommended specifications for compaction of the soils deemed suitable for construction would
include a minimum of 97.0% of the laboratory determined maximum dry density and optimum to
+3.0% of the laboratory determined optimum moisture content (ASTM D698 Method A) for clayey
or fine-grained soils and a minimum of 97.0% of the laboratory determined maximum dry density
with +3.0% of the laboratory determined optimum moisture content (ASTM D698 Method C) for
granular material.

Large cobble or boulder sizes should not be incorporated into the fill as proper compaction around
these is difficult. Difficulties are compounded where a significant amount of clay is encountered.
Clay will separate immediately around larger stones as it dries, leaving air space which can
potentially collect water and create ice lenses.

The clay till, categorized as low plastic (Atterberg Limits), presented a significant amount of sand
and silt and is not likely suitable for clay liners. Further testing would be necessary before any
clayey soils be used as liner material.

3.1.2 Excavations

Standard backhoe trenching methods may be used in the sand and clay strata. Temporary slopes may
be inclined at 1 horizontal to 1 vertical. If wet saturated clay or clean uniform sand is encountered,
slopes of 2H:1V may be necessary.

Temporary surcharge loads, such as stocks of materials, should be kept back from excavated faces a
distance equal to at least one-half the excavation depth.

3.2 Foundation Systems
3.2.1 Soil Bearing Capacity

Shallow footings based on the subsurface sands or clay till can be designed based on an allowable
bearing capacity of 150 kPa. If the foundations are within 1.0m from the water table, the allowable
bearing capacity should be reduced to 100 kPa. The bearing capacity was calculated for an allowable
settlement of 25mm.

If site grading requires that footings be placed on fill material, the fill should be properly compacted
to a minimum of 100.0% of the Standard Proctor maximum density. An allowable bearing pressure
of 100 kP2 can be used for footings placed on compacted fill. Some settlement of the fill can be
expected even under proper compaction. The total amount of settlement and time required is
dependent on many factors, especially the total thickness of fill, the soil type, and the placement
moisture conditions. Compacted sands and clays can be expected to settle approximately 0.5 percent

of the total fill depth in the long term.

It is strongly recommended that shallow foundation systems have their own individual geotechnical
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clay component (16.6 to 65.2% with an average of 40.3%). To provide adequate frost protection,
exterior footings should be based at a minimum depth of 2.7m for unheated structures and 1.4m for
heated structures. The foundation soil should not be allowed to freeze or be disturbed by
precipitation either during or after construction. Care should be taken to prevent pavement damages
caused by frost action. Water should not be allowed to pond in colder seasons (fall or winter).
Trapped water, however, is not anticipated to present a significant long term danger to structures due
to the granular nature of the near surface soils.

The use of crushed gravel immediately under curb & gutter and sidewalks is not necessary to act as a
frost barrier or to act as a drain for any excess water build-up under concrete or asphaltic structures.

34 Concrete

Laboratory testing on samples retrieved from all fifteen test holes indicated sulphate concentrations
ranging from 0.000% to 0.110%. Fourteen out of fifteen (93%) of the test holes had a sulphate
concentration less that 0.10 which is considered to present a negligible potential for sulphate attack
on the concrete. However, test hole TH12 at a depth of 1.52m resulted in a concentration of 0.110%
by weight which is considered to present a moderate potential for sulphate attack on concrete.
Sulphates dissolve in water (or groundwater) and can travel considerable distances over time and
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