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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.

G Tech Earth Sciences Corp. Project No: 0407G054 19 October 2004



Twin Valley Resort Ltd. Geotechnical Investigation — Twin Valley Resort Page 7

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
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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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bearing capacity tests performed with recommendations made prior to installation.

In case of foundations on piles, they should be based in the dense layers found at or below 1.52m
depth. Piles based in the dense sand or clay till can be designed with an allowable end bearing
pressure of 300 kPa. Piles based in the bedrock can be designed with an allowable end bearing
pressure of 500kPa. Foundations on piles are expected to be within the water table. Skin friction
effects should be ignored.

During pile installation, full time inspection should be maintained to ensure that the bearing surfaces
are free of all loose material and that the base soil is hard. To prevent sloughing and caving of silty
clay strata, it may be necessary to use steel casings through these layers.

3.2.2 Preparation of Foundation Soil

During construction, water should not be allowed to pond at the base of the footing excavation, since
this will soften the foundation soil and may lead to increased settlements. The soil beneath the
footings should not be disturbed by construction activity. If organic soil or uncontrolled fill is present
at footing level, it must be replaced by suitable soil. Pit run gravel for deeper fills and crushed gravel
for shallow fills, compacted to a minimum of 100.0% of their respective Standard Proctor maximum
densities, is preferred and will provide a firm foundation base. It is critical that these granular
materials be watered properly during the compaction process.

33 Frost Protection

The silty and clayey sands encountered on site are likely moderate to high frost susceptible in the
presence of water at freezing temperatures. All tested soils included a significant combined silt and
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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collect in higher concentrations. 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.

Although no areas of severe or very severe levels of water soluble sulphates were identified or are
anticipated, if high sulphate concentrations are encountered, 32MPa concrete for areas having
concentrations between 0.2 and 2.0% and 35MPa concrete for concentrations over 2.0% would be
required (CSA A23.1-00, Table 12, page 53).

3.5 Weeping Tile

The highest groundwater level was found at 2.64m below ground level. A significant portion of the
site had groundwater levels at or below 4.5m below the existing ground. That is, at test hole
locations THO1, TH02, THO3, THO8, TH12 and TH13. The groundwater level may vary depending
on climatic conditions. A weeping tile should be installed to ensure drainage around the foundation
area, especially in case of seasonal groundwater rise where the foundation is designed to be within
2.5m of established groundwater levels. The weeping tile should have positive drainage to either a

storm runoff system or an internal sump with an automatic pump.
3.6  Lateral Earth Pressures

Basement walls or retaining walls can be designed based on a coefficient of earth pressure at-rest K,
0f 0.40. The lateral earth pressure force is given by:
2

P =0.5KoyH

where: P = lateral earth pressure force in kN
Ko = 0.4 (coefficient of earth pressure at-rest)
¥ = 20kN/m? (bulk unit weight)
H = height of wall in metres.

The above lateral force does not include surcharge loadings or hydrostatic water pressures. It is not
considered as necessary to add hydrostatic water pressures to the above earth pressures if appropriate
subsurface drainage is incorporated and maintained away from the walls. Groundwater control
behind underground walls can be accomplished with a layer of free draining gravel or geo-drain
behind the wall, connected to a weeping tile system.

3.7 Utility Trenches

Considerations of groundwater should be taken into account for the deep underground utility design,
construction procedures and scheduling.

Groundwater was encountered at depths between 2.64 and 5.90m below ground surface. These
water levels may.vary with seasonal fluctuations of precipitation, climate and development
considerations. Deep utilities may require the use of pumps during installation. Sloughing may

G Tech Earth Sciences Corp. Project No: 0407G054 19 October 2004



1

Twin Valley Resort Ltd. Geotechnical Investigation — Twin Valley Resort Page 12

occur in excavations below the groundwater. Proper slopes and/or shoring may be necessary for
safety.

Refusal of the flight auger did not occur to 6.1m below existing ground levels. Therefore, backhoes
should be able to dig into all encountered soils. Standard penetration tests suggest dense to very
dense soils. Increased effort may be a consideration for construction scheduling or equipment.

Recommended specifications for compaction of utility trench soils 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
0f97.0% of the laboratory determined maximum dry density and +3.0% of the laboratory determined
optimum moisture content (ASTM D698 Method C) for granular soils.

Recommendations regarding road structures and pavement designs are typically predicated on the
results of standard soil tests including grain size analyses and a California Bearing Ratio (CBR)
test(s). The CBR method is intended to provide the relative bearing value (CBR) of the sub-base
materials. Swelling or non-swelling characteristics are also noted in the test procedure.

It is recommended that a CBR test(s) be performed on representative samples taken from the sub-
base soils inside the project area to determine appropriate road structures and pavement designs.

Recommended specifications for compaction of road sub-base soils 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
0£97.0% of the laboratory determined maximum dry density and +3.0% of the laboratory determined
optimum moisture content (ASTM D698 Method C) for granular material.

Recommended specifications for compaction of road granular base pit run include a minimum of
98.0% of the laboratory determined maximum dry density and +3.0% of the laboratory determined
optimum moisture content (ASTM D698 Method C).

Recommended specifications for compaction of road granular base crushed gravel include a
minimum of 100.0% of the laboratory determined maximum dry density and +3.0% of the laboratory
determined optimum moisture content (ASTM D698 Method C).

3.9  Slope Stability Analyses
Two areas were selected for slope stability calculations (See topography map in Appendix1).
3.9.1 Slopel

The examination of the slope and surrounding areas indicated no signs of instability. The slope is
relatively steep, calculated at 22.22° or 40.86% from survey data. The total height of the slope is
7.0m. The geology of the slope as derived from test hole TH2 shows a 3.0m thick sandy silt till layer
in sandwich between two 1.5m thick sand and/or gravel horizons. The bedrock was found at 6.1m
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(20 feet). Standard penetration tests (SPT) indicated a blow count N between 42 and 58 suggestinga

dense and very stiff consistency for the sand /gravel and the clay layers. SPT values in surrounding
areas averaged N value of 50. Groundwater was 5.04m below grade at testhole TH2.

Based on field observations and laboratory properties of the formations involved, the safety factor
was calculated at F=1.4, which is safe in the current situation.

In the worse case, if the site gets saturated because of seepage or heavy rainfall, the factor of safety
was calculated at F=0.7. To have a safety factor F=1.5 in those conditions, the slope was calculated
at 11° or 19.6%, which results in a setback of 19m from the top of the slope.

3.9.2 Slope2

The examination of the slope and surrounding areas indicated no signs of instability. The slope is
relatively flat, calculated at 6° or 10.5% from survey data. The total height of the slope is 9.6m.

There are no boreholes close to the slope. The geology of the slope as extrapolated from data
obtained from boreholes TH11 and TH13 indicates about 3.0m of silty sand and sand layer on top of
bedrock. Standard penetration tests (SPT) indicated a blow count N of 10 to 20 at 1.5m depth and
values above 50 at greater depths. Groundwater levels were measured at 3.13m and 5.43m at test

holes TH11 and TH13.

Based on field observations and laboratory properties of formations involved, the safety factor was
calculated at F=5.5, which is safe in the current situation.

In the worse case, if the site gets saturated because of seepage or heavy rainfall, the factor of safety
was calculated at F=2.75, which is still safe. In this case, there is no need for setbacks.

3.9.3 Slope3

Slope 3 is located along the lake by Testhole TH3. The examination of the slope and surrounding
areas indicated no signs of instability. The siope was calculated at 6.5° or 11.3% from survey data.
The total height of the slope is 7.0m. The geology of the slope estimated from borehole TH3
indicates about 2.1m of gravel overlying sand. No standard penetration tests (SPT) were obtained at
test hole TH3. Groundwater levels were measured at 5.42m.

Based on field observations and laboratory properties of formations involved, the safety factor was
calculated at F=5.0, which is safe in the current situation.

In the worse case, if the site gets saturated because of seepage or heavy rainfall, the factor of safety
was calculated at F=2.5, which is still safe. In this case, there is no need for setbacks.

3.9.4 Slope Stability Recommendations

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. Slopes 2 and 3 are stable even in worse conditions.

The soil on the slopes is susceptible to erosion. To ensure continued stability, it is essential that
control of surface and subsurface water be maintained, and future developments on the site take into
consideration the erosion potential of the soil, particularly beside existing residential houses. The
most common way to control surface erosion is to ensure that a vegetative grass cover is maintained.
Excessive irrigation should be minimized along steep slopes. Runoff from building roofs and
existing storm drain should be directed away from the slopes. During the grading process, provisions
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should be made to provide for continued surface water drainage.

On steeper sloping areas, no addition of fill, excavation or other disturbance of the slope should be
allowed on individual lots, or any leveling / retaining structure construction, without the express
review and approval of a qualified geotechnical engineer.

Small localized sloughs and slides often develop on slopes due to formation of temporary perched
water tables from rainfall or snowmelt. Remedial action consisting of regarding and re-vegetation,
should be undertaken immediately on these local instabilities to prevent progressive failure of the
slopes.

40 CLOSURE

This report was prepared by G Tech Earth Sciences Corp. for the account of Twin Valley Resort
Lid., its engineers and financial agents. The material in it reflects the best judgement of G Tech
Earth Sciences Corp. in light of the information available at the time of preparation. Although every
caution was taken in gathering the information therein, the results obtained are only advisory for the
use of our client. The study was conducted in accordance with generally accepted practices. No other
warranty is intended or implied. Any use which a third party makes of this report, or any reliance on
or decisions to be made based on it, are the responsibility of such third parties. G Tech Earth
Sciences Corp. accepts no responsibility for damages, if any, suffered by any third party as aresult of
decisions made or actions taken based on this report.

Sincerely,

Date
PERMIT NUMEER: P 6176
The Association of Professional Enginsers,

cintote of Albada

Geologisis and Geophysicists of Alberta

G Tech Earth Sciences Corp. Project No: 0407G054 19 October 2004
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Penetration resistance N

Sulfate content
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Water table
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n/a
STATIC DEPTH: n/a

BOREHOLE AND WATER DATA! sy
DATE MEASURING: n/a
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SAMPLING TECHNIQUE: Split Spoon
DRILLING DATE:  August 5, 2004

DRILLING TECHNIQUE: Flight auger
TOTAL DEPTH:

DRILLING INFORMATION

CONTRACTOR:

e ) e e e e
- Ry g, g S
s E3=cfscpospsIoIgofzcpochoo-cds:
- m [ e e g J—
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g
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WATER CONTENT ¢

LIQUID LIMIT
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G Tech Earth Sciences Corp.

SITE INFORMATION

CLIENT: Twin Valley Resorts
PROJECT: Geotechnical Investigation
LOCATION: Twin Valley - Nanton, AB
FIELD SUPERVISOR: G. Sherwood
DEPTH |PLASTICLIMIT A
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Water table
Suifate content
Dry unit weight Y4

n/a
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BOREHOLE AND WATER DATA| SYMBOLS

STATIC DEPTH: n/a
DATE MEASURING:

NORTHING:
EASTING:

REPORT ON SITE INVESTIGATION

Beck Drilling

DRILLING INFORMATION
SAMPLING TECHNIQUE: Split Spoon

DRILLING TECHNIQUE: Flight auger
DRILLING DATE:  August 6, 2004

CONTRACTOR:

G Tech Earth Sciences Corp.

SITE INFORMATION
CLIENT: Twin Valley Resorts
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PROJECT: Geotechnical Investigation
LOCATION: Twin Valley - Nanton, AB
FIELD SUPERVISOR: G. Sherwood
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Standard Penetration [
Pocket Penetrometer pp

Bag sample
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S0,
MISCELLANEOUS
SAMPLE

TYPE

[

2]

BOREHOLE

FILE:

Water table

Sulfate content

Dry unit weight Yq
Penetration resistance N

n/a

n/a
nfa

BOREHOLE AND WATER DATA|

NORTHING:

EASTING:

STATIC DEPTH:

DATE MEASURING: nfa

REPORT ON SITE INVESTIGATION

TOPSOIL: Medium brown, loose, dry to damp

SILTY SAND: Light brown silty sand, dry, loose,

SILTY SAND: Medium brown silty sand, damp,
DROCK: Siltstone; brown and grey, moist,
ff, oxides

BEDROCK: Sandstone; fine to medium grained,

Beck Drilling

DRILLING TECHNIQUE: Flight auger
SAMPLING TECHNIQUE: Split Spoon
DRILLING DATE: August 6, 2004

DRILLING INFORMATION

CONTRACTOR:

(m)

G Tech Earth Sciences Corp.

CLIENT: Twin Valley Resorts
PROJECT: Geotechnical Investigation
LOCATION: Twin Valley - Nanton, AB
FIELD SUPERVISOR: G. Sherwood

SITE INFORMATION
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G Tech Earth Sciences Corp.

REPORT ON SITE INVESTIGATION

FILE:

0407G054 | 10OF 1

BoReHOLE:TH 15

SITE INFORMATION

DRILLING INFORMATION

BOREHOLE AND WATER DATA|

SYMBOLS

SAMPLES

CLIENT: Twin Valley Resorts
PROJECT: Geotechnical investigation
LOCATION: Twin Valley - Nanton, AB

FIELD SUPERVISOR: G. Sherwood

CONTRACTOR:  Beck Drilling
DRILLING TECHNIQUE: Flight auger
SAMPLING TECHNIQUE:  Split Spoon
DRILLING DATE: August 6, 2004

NORTHING: n/a
EASTING: na
STATIC DEPTH: n/a
DATE MEASURING: n/a

Waler table x

Unconfined compression QJ Undisturbed (Shelby) N

Sulfate content SO,
Dry unit weight g

Standard Penetration (g

Bag sample B
Pocket Penetrometer pp

TOTAL DEPTH:  6.10m Penetration resistance N
WATER CONTENT ¢
DEPTH |PLASTICLIMIT 4 SPT MISCELLANEOUS | cory,
m |uquoLmir g (BLOW COUNT) SOIL PROFILE AND DESCRIPTION {m)
(%) RO T SAMPLH OTHER
UNI VATION: n/;
& ¢ 83 & ¢ 8 8 i TYPE TESTS
o —1
TOPSOIL: Medium brown to black, loose, dry |
SAND AND GRAVEL: Light brown gravely fine -
grained sand, dry, loose E
1 —]
! ]
T 2 7
L g
i
10 .
U SAND AND GRAVEL: Light brown gravely i
1 :_: medium grained sand, wet, loose
HH ]
i Bl so4=0018% 1
i i
i
+ -1
(NN]
+H .
i
4 —1
| “ E
| - B i
i
| & E
_— “ BEDROCK: Siitstone; medium grey, hard, damp 5 —]
- A -
3 ﬂr— Tt E
Lannm
- ulakinbanl T
Rl ERREERE]
- s htnh gl T
— 6 | “ e - 6 —
- LA Tt End of hole @ 6.10m; 1 inch standpipe .
| EIEE RN installed, 10 foot screen R
ITOTOTT
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REPORT ON SITE INVESTIGATION

G Tech Earth Sciences Corp.
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APPENDIX 3

LABORATORY TESTING

. Sieve Analyses and Hydrometer Test Results

Atterberg Limits
Sulphate Contents

. Moisture Contenis
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Client: Twin Valley Resorts
G TECH EARTH SCIENCES CORP. Location  Twin Valley -Nanton AB
Project: Geotechnical Investigation
Atterberg Limits JobNo.:  0407G054
Date: September 7, 2003
Sample No: 04-039
Test Hole: 6 Depth: 15 Feet
29.0
LIQUID LIMIT TEST
Trial Number 1 2 3
No. of Blows 36 25 22
Tare Number PP QQ RR
M e 6.85 734 8.53
28.0 Wt. Dry Soil + Tare 5.67 6.02 6.92
B Wt. of Tare 130 129 129
K Wt. of Water 1.18 132 1.61
=
S Wt. of Dry Soil 437 473 5.63
g Moisture Content (%) 27.0 279 28.6
3
=
27.0 PLASTIC LIMIT TEST
Trial Number 1 2
Tare Number SS T
\ Wt. Wet Soil + Tare 5.41 4.50
‘Wt. Dry Soil + Tare 4.92 4.12
260 Wt. of Tare 1.29 1.30
R P 5 e W nws Wt. of Water 0.49 0.38
Wit. of Dry Soil 3.63 2.82
Number of Blows 3
Moisture Content (%) 13.5 13.5
Plasticity Chart Soil Description:
’ USCS Symbol: CL
50 3 .
2 40 5 e . Liquid Limit: G
= & o) Bl A
% 5 £ . ‘ci e~ Plastfc.Lmut. ’ 13
£ e BS Plasticity Index: 15
_%' 20 oy LA = Plasticity Description: Low Plasticity
g ) -
Z 10 = .
\ .- gg o s or Remarks:

0 10 20 30 40 50 60 70
Liquid Limit (WI)
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TECH EAR

WATER SOLUBLE SULPHATE CONTENT DETERMINATION

Client:  Twin Valley Resorts Project No: 0407G054
Location: Twin Valley - Nanton, AB Sample No: 04-039
Project:  Geotechnical Investigation Date Tested: August 19, 2004
* Tech: G.S.
Test Hole D(eé))t h Co:;;ziner Vo:vl:ei of o}/zzli?nn:lae R(;ading Dl:i;l;ﬁ;)rn lec::i(i:rtlegd Su:phate C9ntent
: (mL) (mL) pm) eit=1 | (ppm) (% by weight)
1 5 1 200 71 0 5 1 5 0.010
2 5 2 200 10 0 1 0 0.000
3 15 3 200 10 0 1 0 . 0.000
4 10 4 200 10 0 1 0 0.000
5 15 5 200 10 0 1 0 0.000
6 5 6 200 10 0 1 0 0.000
7 5 7 200 10 0 1 0 £ 0.000
8 10 8 200 10 0 1 0 0.000
9 5 9 200 10 6 1 6 0.012
10 7 10 200 10 0 1 0 0.000
11 5 11 200 10 15 i 15 0.030
12 5 12 200 10 55 1 55 0.110
13 5 13 200 10 0 1 0 0.000
14 5 14 200 10 8 1 8 0.016
71757 10 Jar 200 10 9 1 9 0.018

Remarks:




G TECH EARTH SCIENCES CORP.
Moisture Content Determination

Client: Twin Valley Resorts Project No. 0407G054

Location: Twin Valley - Nanton, AB Sample No. 04-039

Project:  Geotechnical Investigation Date Tested: August 18, 2004
Tested By: G.S.

TH No. 1 1 1 1 1

Depth 5 10 15 17 20

Tare No. Al A2 A3 A4 A5

Wt. Wet Soil + Tare 263 222 260 248 275

Wt. Dry Soil + Tare 251 203 232 223 236

Wt. Water 12 19 28 25 39
Wt. Tare 3 3 3 3 3
Wt. Dry Soil 248 200 229 220 233
Moisture Content (%) 4.8 9.5 12.2 11.4 16.7
TH No. 2 2 2 2

Depth 5 10 15 20

Tare No. A6 A7 A8 A9

Wt. Wet Soil + Tare 261 283 340 297

Wt. Dry Soil + Tare 233 256 309 274

Wt. Water 28 27 31 | 23
Wt. Tare 3 3 3 3
Wt. Dry Soil 230 253 306 271
Moisture Content (%) 12.2 10.7 10.1 8.5
TH No. 3 3

Depth 15 20

Tare No. | AlO All

Wt. Wet Soil + Tare 220 334

Wt. Dry Soil + Tare 212 292

Wt. Water 8 42

Wt. Tare 3 3

Wt. Dry Soil ) 209 289

Moisture Content (%) 3.8 14.5

TH No. 4 4

Depth 10 15

Tare No. Al2 Al3

Wt. Wet Soil + Tare 274 295

Wt. Dry Soil + Tare 260 259

Wt. Water 14 36
Wt. Tare 3 3
Wt. Dry Soil 257 256

Moisture Content (%) 54 14.1




Wt. Tare 3 3 3 3
Wt. Dry Soil 194 184 177 205
Moisture Content (%) 9.8 54 20.3 10.2










