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INTRODUCTION
General

MMM Group Limited (MMM) was retained by Red Deer Properties Developments Ltd. to
undertake the preparation of a Preliminary Servicing Report for the proposed Sylvan
Lake Residential Development in Lacombe County, Alberta. This report is submitted to
provide a preliminary overview of the design aspects relevant to Stage 1 of the
development.

Site Description

The proposed development is located on the northwest of edge of Sylvan Lake. The
entire development will occupy part of WEST Y2 SEC 34-39-2-W5M equaling
approximately 63.73 ha area. The subject land is bound by Rainy Creek Road, NE 34-
39-2-W5M to the east, NE 33-39-2-W5M to the west and Sylvan Lake to the south. See
Figure 1.1 for the location plan.

Existing and Proposed Land Use

The subject area is currently undeveloped and is characterized by open pasture in the
north and tree coverage in the south. Two (2) natural drainage courses transect the
property collecting the majority of the runoff from the site.

The proposed land use for Stage 1 is Single Family Estate Residential Development and
includes 59 single family lots (minimum 0.5 acre lot size), a municipal reserve and
designated environmental reserve, Stormwater Management Facilities, and roadways.
Figure 1.2 shows the proposed subdivision concept.

Other Reports and Plans

A Groundwater Evaluation of the site entitled Groundwater Evaluation, Palms Cove
Subdivision Within W.1/2-34-39-2-W5M, Stantec Consulting Ltd, May 2010 has been
prepared for the site. A Stormwater Management Report entitled Storm Water
Management Study, Skyy Country Golf and R.V. Resort, A.D. Williams Engineering Inc.,
2008, (Skyy Country SWM Report) has been prepared for the adjacent property to the
east.

MMM Group Limited | June 2010 | 5374537000
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2.0 EXISTING CONDITIONS

2.1 Topography/Physical Features

The existing site topography, as shown in Figure 2.1, is sloping generally from the
northeast to the southwest towards Sylvan Lake. The area proposed for development is
undulating with local depressions found throughout the south portion of the site. The
catchment for the development includes flows from the east and north adjacent areas as
shown in Figure 2.2. There are natural drainage courses from both the north and the
east which convey runoff through the site and discharge into Sylvan Lake. As outlined in
the Skyy Country SWM Report, the proposed development to the east will collect and
discharge stormwater to the natural drainage course running through the subject lands
from the east. Elevations on the site range from 970 m to 936.5 m (approximate lake
elevation).

2.2 Local Services

As the surrounding areas are generally undeveloped, services in the area are limited to
power in the Rainy Creek Road right-of-way. No water or sewer services are currently
available in adjacent or nearby areas.

2.3 Geotechnical Information

Parkland Geo completed a Geotechnical Investigation for the site in October 2008. Soll
conditions were generally noted to consist of topsoil underlain by silty clay which rested
on clay till. Geotechnical conditions were considered suitable for residential
development. The Geotechnical Report is included in Appendix A.

Sylvan Lake Development | Stage 1 — Preliminary Servicing Report 2
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3.0 WATER SYSTEM

3.1 Design Criteria

The Lacombe County Communal System Design Guidelines outline the design criteria
for the water system and is summarized as follows:

> Cistern systems require 9L/min restricted flow, with a minimum of 3,400L
capacity on each lot.

Each lot requires a separate service connection.

Well source groundwater treatment requires continuous disinfection, with
residual disinfectant concentration in the distribution system of at least 0.1mg/L.

> Water reservoir storage requires adequate volume to meet the disinfection
contact time.

Design is based on year-round unit occupation.

The design is to be in general accordance with the Lacombe County and Alberta
Environment design guidelines.

In addition to these parameters, a design value of 224 L/day/person is to be used in
calculating the volume requirement for water use in the proposed development.

3.2 Groundwater Evaluation

A Groundwater Evaluation of the site has been conducted to determine the suitability for
utilizing wells for the supply of water to the proposed development. The report entitled
Groundwater Evaluation, Palms Cove Subdivision Within W.1/2-34-39-2-W5M, Stantec
Consulting Ltd, May 2010, has conclusions and recommendations summarized as
follows:

> Based on the data obtained and interpreted according to accepted standards,
the well and aquifer at this location are adequate for a sustainable supply of 445
cubic meters per day. The per capita daily consumption of water in Edmonton,
AB is documented to be 224 L/day/person, or 0.224 m* /day/person.
Extrapolating this to Palms Cove and assuming 2.5 persons per family (Canada
Census, 2006), this supply is adequate for 445/0.224 = 1986 persons, or
1986/2.5 = 794 homes.

> Based on the laboratory analytical data, all groundwater parameters tested were
below the Guidelines for Canadian Drinking Water Quality.

> Based on the data obtained for this project, it has been concluded that Palms
Cove development would have little to no impact on nearby water well owners.

Sylvan Lake Development | Stage 1 — Preliminary Servicing Report 3
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This analysis assumes that pumping of the Palms Cove Subdivision well will be
continuous for 20 years. With no recharge and constant pumping, the maximum
impact on any other existing user would be about 42 to 52 cm after 20 years, if
these users have wells completed in the same horizon.

> The non-pumping water level in the Production Well PW1 was at 936.19 m at
the time of the test. Pumping could reduce the regional static groundwater
levels by about 0.4 to 0.5 m over a 20 year period, which is slightly below lake
level. In conclusion, since the Palms Cove Aquifer is under artesian pressure,
the aquifer is capable of meeting the needs of this subdivision without exceeding
the natural recharge rate and through-flow rate of the area or affecting the
natural lake levels.

> All groundwater supplies destined for municipal consumption must be evaluated
to determine if they are under the influence of surface water. According to the
GWUDI flowchart and screening process prepared by Alberta Environment
(Jan., 2006), this supply of groundwater is not GWUDI.

> It is recommended that the maximum daily discharge rate should not exceed
445 cubic meters per day, which was the discharge during the test.

> It is recommended that the owner measure and record the dynamic water level
weekly in both the Production and Observation wells.

> It is recommended that an inline cumulative water meter be installed at or near
the wellhead of the production well, and that cumulative discharge be recorded
each month. This should be done preferably at the same time as the water level

readings.

> It is recommended that an annual summary of monthly water levels and water
production be sent to Alberta Environment shortly after the end of each calendar
year.

> The well water should be chlorinated on a continuous basis starting at the time

when the facility opens to the public.

> It is recommended that an annual review of production and water levels be
carried out by a professional hydrogeologist at the end of each of the first two
years to ensure that aquifer performance is as expected. Further reviews
thereafter will depend on results of the first two years.

These conclusions and recommendations are based on the extensive well data in the
report, and typically indicate that the site should be suitable for accessing potable water
through the use of local wells.

Sylvan Lake Development | Stage 1 — Preliminary Servicing Report 4
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3.3

3.4
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Proposed System - Stage 1

The water distribution system for the proposed development will utilize well sourced
groundwater. Water supply wells will be located in the north east sector of the site as it
has the highest elevation. The system is planned to operate as “trickle-feed” system
comprised of 2 water wells, a communal reservoir with disinfection system, pump, and a
50 — 100 mm distribution system with service to each to each lot in Stage 1. The
proposed water distribution system is shown in Figure 3.1. The Stage 1 water system
will be designed to facilitate the future expansion of the ultimate system.

The Stantec Groundwater Evaluation study outlines the viability of utilizing water wells to
service Stage 1. The study suggests water wells will be acceptable for the development
and the proposed water design, and outlines additional criteria and recommendations.

Proposed System - Ultimate

The ultimate water system will be determined after an Area Structure Plan is adopted for
the area and proposed land use for the balance of the site and associated populations
are known. Consideration will be given to make the Stage 1 system expandable and to
ensure that it is compatible with a potential future regional waterline.

MMM Group Limited | June 2010 | 5374537000
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SANITARY SYSTEM

Design Criteria

The Lacombe County Communal System Design Guidelines outline the design criteria
for the sanitary system and summarized as follows:

> Minimum sewage generation rate of 320L/person/day, and 2.5 persons per
single family dwelling.
Tank storage (private) requires a minimum of three days storage.

The communal storage tank should provide a minimum of two days storage, or
approximately 95 cubic meters.

> Storage tanks are to be located to reduce the affects of freezing and the impacts
of potential leakage contamination.

Minimum depth of cover for mains is 2.75m to the top of the pipe.

Flushing pipes shall be located at the start of each collection main for
maintenance of low pressure mains.

Automatic air relief valves are required at all high points of low pressure mains.
Each lot requires a separate service connection.

All design is to be in general accordance with the Lacombe County Design
Guidelines.

Proposed System — Stage 1

For Stage 1 of the development, a Septic Tank Effluent Pumping (STEP) system is
proposed. With this system, each lot will be equipped with a septic tank and a pump.
Once the septic tank reaches a certain capacity, the pump will discharge the effluent to a
communal low pressure system. This 50 — 100 mm low pressure line will be constructed
throughout Stage 1, as shown in Figure 4.1, ultimately discharging to an underground
tank at the north end of Stage 1. This communal tank will be located adjacent to Lot 59
and the roadway. The communal tank will collect and store the sanitary waste pumped
by Stage 1 residents for collection and disposal by septic truck services. Based on a
minimum of two days storage requirement for the communal tank, the tank should have
a volume of approximately 95 cubic meters. The roadway and access to the tank site
will have to be designed to meet the needs of typical design vehicles for this use.

MMM Group Limited | June 2010 | 5374537000
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4.3 Proposed System — Ultimate

Completion of the Area Structure Plan will assist with the determination of an appropriate
method of sanitary treatment for the development’s wastewater. With the ultimate
development of a sanitary system, the proposed low pressure network will be utilized as
part of the ultimate sanitary network.

Similar to the water system, consideration will be given to ensuring that the proposed
design is compatible with the potential future development of a regional sewer system
and/or a regional treatment facility. Should neither a regional system or treatment facility
be proposed, the future stages of the site will require additional communal tanks for each
phase.

Sylvan Lake Development | Stage 1 — Preliminary Servicing Report 7
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STORMWATER SYSTEM
General

The Stage 1 Stormwater Management (SWM) system will be controlled in a manner that
is comprised of grassed swales and ditches that will convey runoff from the post-
development catchments to one of two Storm Water Management Facilities (SWMFs) as
shown on Figure 5.1. These SWMFs will provide detention storage and will have a
controlled discharge to Sylvan Lake via outfalls to the existing drainage courses that
transect the site. Water Quality has been identified as a primary design driver and will be
addressed through comprehensive implementation of Best Management Practices
(BMPs).

Design Criteria

The proposed stormwater management system is based on the Alberta Environment
Stormwater Management Guidelines. The design criteria are summarized as follows:

> The subject lands allowable release rate will not exceed the pre-development
discharge rate which is equivalent to 5 L/s/ha.

> The two proposed SWM Facilities will be designed to provide detention for the
1:100 storm events.

> For Water Quality puposes, the SWM Facilities will provide a minimum of 24
hour detention for a 25 mm rainfall event.

Suspended solids removal will exceed 85% of solids 75 microns and larger.

The minimum runoff coefficient for residential development is 0.3.

Existing Drainage Patterns

The predevelopment surface drainage patterns are shown in Figure 2.2. The
development area is within the Sylvan Lake watershed, with most surface water draining
into the lake through the use of two natural drainage channels. Surface areas in the
immediate vicinity of the lake discharge directly, along with a portion of the development
land in the northwest.

Proposed System — Stage 1

The stormwater collection system for Stage 1 of the development consists of a rural road
cross-section with grass swales and ditches, which convey surface runoff to the
proposed SWMFs. Figure 5.1 outlines the stormwater concept for the development of
Stage 1.

Wherever feasible, the proposed system directs drainage from the proposed lots and
road surface to the two (2) SWMFs. Due to topographic limitations, there are some
limited sections of roadway adjacent to the lake and natural drainage course crossings
along with the back-of-lots in a number of areas, where it was not feasible to route

MMM Group Limited | June 2010 | 5374537000
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drainage to the SWMFs. In these areas, BMPs and Low Impact Development (LID)
techniques will be implemented to encourage sediment removal (ie. Check dams, bio-
swales, etc.).

At a minimum, measures applied to back-of-lot areas not draining to the SWMFs will
include:

> Registration of a Conservation Easement to protect existing trees and
vegetation in the back-of-lot areas.

> Lot grading design to ensure that roof drainage and driveway runoff is directed
to the proposed SWMF via the roadway ditches.

5.5 Proposed Stormwater Management Facilities — Stage 1

Two (2) SWM facilities are proposed for the Stage 1 development. The facilities will be
developed to enhance the use of the natural depressions, and sized to handle the
additional flow for the major storm event while limiting the discharge to the allowable
release rate of 5 L/s/ha.

SWMF 1, the smaller of the two proposed ponds, is located in the south east corner of
the development. Road ditches south of the existing drainage course drain into SWMF
1, with outlet flows conveyed through a storm pipe under the roadway to an outfall at the
existing drainage course west of the facility.

SWMF 2 collects storm runoff from a significant portion of the development, including the
remaining Stage 1 flows as well as some flows from future stage areas. The outlet is
designed to discharge flows to the existing drainage course adjacent to the SWMF
through a piped connection.

SWMF sizing will provide active storage for the major storm event. A summary of the
preliminary SWMF major event storage parameters is provided below in Table 5.1 and

5.2.
Table 5.1 - SWMF 1 Summary
Drainage Area ha 4.5
Allowable Release Rate L/s/ha 5
Runoff Coefficient - 0.4
Storage Volume 1:100 year | m? 1050
(24hr) storm
Table 5.2 - SWMF 2 Summary
Drainage Area ha 245
Allowable Release Rate L/s/ha 5
Runoff Coefficient - 0.3
Storage Volume 1:100 year | m3 3500
(24hr) storm
Sylvan Lake Development | Stage 1 — Preliminary Servicing Report 9
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5.6

5.7

While a runoff coefficient of 0.3 is considered to be appropriate for this type of residential
development, a runoff coefficient of 0.4 was utilized for SWMF 1 due to a higher
percentage of impervious area relative to the SWMF 2 catchment area. The above
storage calculations are conceptual and will be further refined and confirmed though the
preparation of the SWM Design Report and Water Act application submission.

Water Quality and Environmental Protection

From the project planning outset, careful emphasis has been placed on creating a
development concept which protects important environmental features and which
minimizes environmental impacts. Based on initial input from Alberta Environment, the
Federal Department of Fisheries and Oceans, Lacombe County, and Alberta
Sustainable Resources Development (Public Lands), a number of concerns regarding
potential development impacts have been identified. Concerns related to stormwater
management include:

> Environmental impacts from harmful alteration, disruption or destruction of
habitat, as a result of vegetation removal, erosion, excessive siltation/
sedimentation in Sylvan Lake, or slumping of the lakeshore;

> Reduction of Sylvan Lake water quality via increased quantities of pollutants and
nutrients such as phosphorous;

Downstream flooding and erosion caused by increased peak runoff flow rates;

Reduced groundwater recharge resulting from lower surface water infiltration;
and,

> Impacts to the existing fisheries in Sylvan Lake.

These concerns will be address by the incorporation of BMPs and LIDs at the source, at
the lot-level, throughout the conveyance systems and within SWMFs.

Alberta Environment Guidelines indicate that SWM facilities should provide storage to
detain a 25mm rainfall event for a minimum of 24 hours. The specific BMPs and LIDs will
be addressed in the SWM Design Report.

Proposed System — Ultimate

The Ultimate SWM system preliminary design will be developed after the ASP is
adopted and the future land use is known. Based on topographic review it is anticipated
that the drainage from the majority of the future development area can be directed to
SWMF 2. As such, the lot configuration of Stage 1 has been set to facilitate the
expansion of SWMF 2. If the future development is assumed to be low-density for the
remainder of the parcel, the proposed active storage volume for the ultimate SWMF 2 is
estimated to be 17,000 m®. The associated footprint for this storage volume is shown on
Figure 5.1.

Sylvan Lake Development | Stage 1 — Preliminary Servicing Report 10
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6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

>

The water distribution system for Stage 1 of the proposed development will
utilize well sourced groundwater and will operate as “trickle-feed” system
comprised of 2 water wells, a communal reservoir with disinfection system,
pump, and a distribution system with services to each to each lot.

For Stage 1 of the development, a Septic Tank Effluent Pumping (STEP) system
is proposed for sanitary system. This system is to be connected to a communal
sanitary waste underground tank at the north end of Stage 1.

The Stage 1 Stormwater Management System will be comprised of grassed
swales and ditches that will convey runoff from the post-development
catchments to one of two Storm Water Management Facilities.

Water quality and environmental concerns related to stormwater will be
mitigated through the construction of two SWMF’s in addition to a
comprehensive implementation of Best Management Practices and Low Impact
Development Measures.

The proposed servicing design generally conforms to the Alberta Environment
and Lacombe County Standards.

6.2 Recommendations

> The Stage 1 planning approval process and design should proceed based on
the servicing concepts outlined in this report.

> The servicing concept for the ultimate development should be developed once
the ASP governing subject area has been adopted.

> The proposed water system design should follow the recommendations outlined
in the Stantec Groundwater Evaluation study.

> A separate SWM report should be prepared at the detail design stage to satisfy
regulatory approvals and provide specific Best Management Practices to
address water quality and environmental concerns.

Sylvan Lake Development | Stage 1 — Preliminary Servicing Report 11
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1.0 INTRODUCTION

EDS Group Inc. is proposing to develop a rural residential subdivision within the NW and SW quarters
of 34-38-2 WEM along the north east shore of Sylvan Lake In Lacombe County, Alberta The site
location ts shown on the Key Plan, Figure 1 in Appendix A Parkland Geotechnical Consulting Lid.
(ParklandGEQ) conducted a geotechnical investigation at the site. The scope of the work was outlined
n ParklandGEC s proposal dated August 16, 2007 (File# PRO1188) Authorization to proceed with the
mvestigation was glven by Mr. John Buchko of EDS Group Inc.

This report summarizes results of fisld and laboratory testing programs and presants geotechnical
recommendalions for the proposed subdivision Geotechnical recommendalions are provided with
respect to design and installation of underground services, residential foundations, roadway subgrades
and flexible pavement design for kght residential and collector roads  The slope assessment in thiz
report s intended 10 provide the developer with a reasonable expectation with respect to slope stability
and potential for slope movement, and to communicate the technical risks so that the developer can
make informed development decisions relating to the slope

2.0 SITE DESCRIPTION

The general lopography of the site is open pasture land with heavy rolling hills on the NW quarter The
south edge of the NW quarter is heavily treed with the [ake shore intercepting the south west cormer
There is 8 significant slope in this comer of the NW quarter sloping southwards towards the lake shore
with elevalion changes from 837.0 m ta 851.0m  The SW quarter is all heavily treed with the lake
shore running along the southern and western edge  The topography of the SW quarter is also rolling
hills but with smaller slopes than the large slope in the NW quarter. The elevations of the sile range
fram 937.0 m along the shorefine to 971.0 m in the NE comer. The present site development and
vegetalion at the site 13 shown on the Aerial Photograph provided in Figure 3. in Appendix A. The
contours of this site can be seen in the Contour Plan, Figure 4 in appendix A

3.0 FIELD AND LABORATORY PROGRAMS

COn September 13", 2007, twelve boreheles were drilled in the accessible areas of the NW quartarwith
a truck mounted auger drill. The borehole locations were Iaid oul on a 150 m grid (approximate)
Boreholes 13 to 20 were drilled al representative locations in the SW quarter on October 29, 2007
using a tracked drill ig  Boreholes 15 and 17 were drilled to a depihs of 16.5 and 11m respectively,
alang the crest of steeper slopes while the rest of the boreholes were drilled to a depth of at least Bm
or auger refusal. The locations of the boreholes are shown on the Site Flan, Figure 2 in Appendix A

The soll encountered was visually examined during excavation and legged accarding to the Modified
Unified Soil Classification System. Soil samples were taken at 1.0 m intervals in order lo determing
the soilfmoisture profile. Standard Penetration Tests were taken al selected depth Intarvals in all
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boreholes. Al soil samples were returned to the Red Deer laboratory for further testing to determine
the soll classification and strength properties

Standpipes were nstalled in all boreholes at the completion of drlling.  Groundwater levels were
measured al completion and after groundwater conditions stabilized The borehole ground surface
elevations were surveyed by Pals Survey and Associales Lid and referenced 1o a geodelic datum

4.0 SOIL CONDITIONS

The general soll profile encountered at the site consisted of, in descending order topsoil, sifty clay, and
clay ill. A layer of sand was encounterad in Boreholes 7, 13, 14 Bedrock was found below the till In
Boreholes 7, 10, 15 and 17 had bedrock present. The detalted soil conditions encountered at the
borehole locations are described on the borehole logs in Appendix A The soil test results and
definitions of the terminology and symbols used on the borehole logs are prowided on the explanation
sheets also in Appendix A The following Is a briel description of the soll types ercountered.

41 TOPSOIL

Surficial topsoll ranging from 100 to 300 mm thick was encountéred in all borehole locations. Based
on observations and experience, topsail thickness s expected to vary and may exist in greater
thickness between the borehole locations. The topsoil encountered was black and moderately organic
Local lopsail is cansidered to be weak and highly compressible when subjected o loads.

4.3  SILTY CLAY

The silty clay soils ranged from fow to medium plastic depending on the percentage of clay and silt at
the various depths. The silty clay deposits were of a firm to stiff consistency with moisture contents
ranging from 13 to 30 percent. The consistency generally Increased with depth. The estimated
Optimum Moisture Content (OMC) is about 18 to 21 percent, therefore the soil moisture contents of
these deposits is considered to be above OMC. The estimaled CBR value for these lacustrine silly clay
ig inthe range of 2.5 1o 5 in the soaked condition From local experience these fine grained soils are
frost susceplible and sensitive 1o disturbance when wet,

45 SAND DEPOSITS

A tayer of sity sand was encountered in Boreholes 7, 13, and 14 at depths of 1.510 5. 6m below grade.
The sand was fine grained and poorly graded with trace ¢lay, The moisture content of the sand ranged
from 5 lo 24 parcent, This is below the estimated OMC of 17 parcent

44  CLAY TILL

Clay till was encountered in 13 of 20 boreholes starting from 1.7 to 5.6 m below grade. The exceptions
were Boreholes 4, 7, 9, 10, 11, 12, and 14, starting from 1.7 to 5.6 m below grade. The local til hacd
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a variable mixture of clay, silt, sand with a trace amoun! of gravel and occasional inclusions of cobble
and coal fragmenl, In general, the proportions of sand, silt and clay are roughly equal in the clay till
and the plasticity of the till was low to medium and the consistency of 1l was stiff to very stiff. Moisture
cortents in the bill ranged from 11 to 22 percent The estimated OMC of the till is 14 percent

45 BEDROCK

Bedrock was encountered at 3.0 and 4.7 m in Boreholes 7 and 10 respectively. Boreholes 15 and 17
also had bedrock al 152 and 9.3m respectively. The predeminant local bedrock is a soft rock
composed of weathered clay shale that has the consistency of very hard soil  The bedrock typically
becomes stronger and more competent with depth

46 WATER SOLUBLE SULPHATES

Soil samples at a depth of 2.0 m from all boreholes al the sile were lested for soluble sulphates. The
concentrations of sulphates are expresses as a percent of the dry mass of soil The concentrations of
water soluble sulphate were between 0.04 and 0.08 which indicates a “negligible potential for sulphate
attack on buried concrete in direct contact with soil © The soil sulphate concentrations at the borehole
locations are shown on Figure 5, in Appendix A,
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5.0 GROUNDWATER AND PERCOLATION RATES

Far the fist phase of drilling, water lzvels ware measured al completion, on September 28", 2007 and
again on October 26", 2007 After the second phase of dnlling the water levels were measured on
November 6", 2007 and on November 137, 2007, The Table 1 summarizes the obsarved groundwater

conditions
TABLE1
GROUNDWATER LEVELS
Graund Elavatiaon {m] Groundwater Levels (mbg)
1 b L
2 85438 WET 12 1.4
3 95548 oY 13 15
L B5T.55 oRy DRY [y
5 G52 &7 DRy DRY ORY
G o R DRY DRY 5
T BT DRY ORY DRY
B L L] ORY oRY BRY
) B56.21 ORY Oy DR
0 [ Ay ORY Y
i W62 06 0"y ORY bR
T Q84 35 oRY LY 58
13 Qa8 62 DRy oRY DRy
e 230 49 oRyY 7 15§
13 e ORY E - 33 E
] 38 43 OoRY . = r X | 1%
ir st 24 nRY a a5 102
8 5114 DRY . ' BRY oRY
1] G5R8E Ry . - - ¥ 38
[ 20 a3 DEY : ] 0e _ a6

The alevation the groundwater table at the borenole locations s shown on Figure 6, in Appendix A
The groundwater contours on this figure are nferred between the borehole jocations These
groundwater levels are considered 1o be typical in this area The observed groundwater level 1s
considered to be near or below the seasonal average Groundwater elevations are expected to
fluctuate higher on a seasonal basis and will be highest after periods of heavy precipitation or snow-
melt. The volumes of groundwater encountered will be dependent on seasanal conditions and the size
and permeability of clay soil layers
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Field percolation testing could not be done al the site because the ground was frozen at the time of
the field investigation. Instead, the scil encountered in select boreholes at various depths was
categonzed by the SSC soill texture classification system, shown on the Soil Triangle (see Figure
T} The Table 2 summarnizes the observed soil conditions

TABLE 2
SOIL CLASSIFICATION AND SUITABILITY

Soll Clasaification

Borohala 8 Dlagthy (i) Clay Contont SSC Soll Texturg
Sand Content (%] (%) Classification

BH ; 13 506 Clay

BHS 24 131 394 Sy Clay Loam
BHE 16 15.3 271 Siity Loam
BH1S 15 18.1 a4 1 Clay

BHIT aE .3 N8 Clay Loam
BHZD 3 112 43 2 Silry Cla
= -~

Based on visual observations and soil testing, the classifications from each of the bareholes were
considered to be representative of the range of soll conditions at the site

6.0 SLOPE STABILITY ASSESSMENT

The upland area of fus subdivision is bordered by a slope overlooking the shoreline of Sylvan Lake
The slope heighl vanes from about 10 to 12 m along the southwest facing slope within NW 34-38-2-
W5M to aboul 4 to 6 m along the westward facing slope. The shoreline within SW 34-38-2-W5M is
low lying and has no significant siope {le.<15%), Lacombe County top-of-slopefescarpmant policy sets
an arbitrary default set-back of 30 m from all slopes within the county as is a buffer for developmant
riear slopes. Relaxation from the default set-back is possible, provided the reguest for relaxation is
supported by a detalled geotechnical assessment. Therefore, a slope stability assessment was
conducted to assess the sensitivity of the local escarpment to potential residential development in the
upland area al this site

Slope stabilily Is described in terms of a factor of safety (FS) against siope fallure which is the ratio of
total forces promoting fallure divided by the sum of forces resisting fallure. In general, a FS of less
than 1 indicates that failure is expecied and a FS of more than 1 indicates that the slope is stable. A
steepened slope will slump back over fime to establish a stable profile for the existing soil and
groundwaler conditions, The FS of a slope will Increase shightly as vegetation is established on the
face to protect the subgrade soil from weathering Given the possibility of soll variation, groundwater
fiucluation, ercsion and olher factors, slopes with FS ranging between 1.0 and 1,3 are considerad to
be marginally stable and a “long term” stable slope is considerad to have a FS of over 1.3,
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For lop-of-bank development a FS of at least 1,3 is desired for the cntical failure surface which failure
surface with the lowest calculated FS intersecting the proposed structure or private devalopment
Structures generally represent a higher risk and potential for loss of investment, therefore a FS of at
least 1.5 is recommended for the slope or the proposed structure s "sel back” a distance from the crest
to provide this additional factor of safety. The crest is dafined gs the line where there is a distingt break
m the grade at the top of the slope as delermingd by the inlersection of the slope angle with the
extension of upland surface grade. The sel-back provides a buffer zone which might be subject lo
siope mavement, but will provide warning to the Owner befora the structure |s impacted.

For land development above steeper slopes, the recommended practice is to provide two sel back
lings. The line behind the orest at which the F5>1.5 would provide the recommended set-nack for
permanent struclures (ie the Bullding Restriction Lina). The line above the crest ol which the FS>1.3
would apply lo private properly lines within the proposed subdivision {le. the Development Restriction
Ling). This dual sel-back practice recognizes that top of bank movements could result in loss of
useable property. but allows less risk sensitive development such as yard landscaping and temparary
struciures (decks, gazebos, elc ) between the Building and Development Restriction Lines. Under this
proposal it must be accepled yard features will be subject 1o a higher nsk of slope movement than the
house.

6.1 SITE OBSERVATIONS

The shoreline escarpment within the propoesed subdivision 15 8 mature slope with tree cover on the
slope face Geoclogically, the local slope was considered to be a remnant of glaciaion which has been
formed by old slope regressions into the local tll and bedrock formations followed by subseqguent wind
and water arosion  The crest area of the slope was generally rounded

Based on site obsarvations, a review of the survey infarmation, and a review of aerial photographs
there was no evidence of significant erosion or slope movement along the shoreline escarpment within
the proposed subdivision; A review of aenials indicated no signs of deep movement  During the she
wisils there was no signs of springs or seeps in the slope  However, although groundwater seepage
was nol observed in the slope face below the site, the possibility of springs or seeps cannol be totally
discounted under all conditions. No tilting trees were observed during the site visits, indicating that the
slope has not been subject to any recent movement

6.2 SLOPE PROFILES

Three escarpment profiles were surveyed as located on the Site Plan, Figure 2. The escarpment
profiles considered for the analysis are provided on Figures 8 o 10 in Appendix A, Profiles 2 and 3,
Figures 9 and 10 in Appendix A_ hava been intefpolated from the contour drawing

The soll profile encountered vared along the shore slope. The southwest facing slope (Profile 1)
consisted of lacustring soils in the upper portion of the slope, and stronger 1l material in the lower
portion of the slope. The westward facing slope (Profiles 2 and 3) consisted of only lacustrine solls.
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From local expenence 1s lacusirine soils typically regress to stable siopes angles in the order of 3.5H
to 4H:1V. Till slopes typically regress to stable slopes angles in the order of 2.5H:1V over ime.

From the survey Infermation the observed siope angles in the lacustrine deposits range fram 2.0H ta
31HV  The slope angles In the Wil deposits range from 3.0H to 3 3H:1V. The slope angles in the
low-lying area within SW 34-39-2-W5M are 10H:1V or flattar.

6.3 SLOPE SOIL PROFILE

Bareholes 14 to 17 were drilled near the crest of the siope  There were no boreholes drilled on the
slope face or at the tos of the siopes due to access issues  Boreholes 15 and 17 were deep boreholes
drilled into shale bedrock which was present at elevalions of 925.08 m and 941 21 m respectively
Three idealized soll profiles were used lor stabilty analysis.

1 Profile 1 was lacustrine clay 1o a depth of about 1.5 m below tha crest, and till to a depth of
about 8.2 m below grade, overlying shale bedrock  The water level in the design cross-section
was varied between 10,2 m below grade below the cresl Incation and abaut 2 m above grade
at the toe. The slope face was made up of lacustring clay and Il deposits

2. Profile 2 was lacustrine clay to a depth of about 7.0 m below the crest, and till to a depth of
aboul 16.8 m below grade, overlying shale bedrock. The water level in the dasign cross-
section was varied belween 4.8 m below grade below the crest location and about 2 m above
grade at the toe. The slope face was made up of lacustrine clay deposits.

i Profile 3 was lacustrine clay 1o & depth of about 8.0 m below the crest, and till to & depth of
aboult 17.8 m below grade, overlying shale bedrock. The water level In the design cross-
section was varied belwean 4.5 m below grade below the cres! location and about 2 m above
grade al the toe. The slope face was made up of lacustrine clay deposits.

A partially saturated slope face, representative of spring conditions, was also considered In the

analysis. The cross sechion profiles used for the modsl analysis is provided in Figure 7. Slope Profiles

In Appendix A,

G4  STABILITY ANALYSIS

A stability analysis was carried out using the Geostudio 2007 Slope/W computer program to evaluate
the slope model composited from the survey sections and cbserved soll/graundwater conditions. The
model parameters and analysls input are provided on the Slope Stability Model Figure, Figure 11 in
Appendix A. Based on local experience, the soll parameters cullined in Table 3 were estimated for the
clay, clay Hll and bedrock
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TABLE 3

SOIL PARAMETERS FOR STABILITY ANALYSIS
Unit Weight Cohesion, c' Phi'

{kN/m?) (kPa) (Degreas)
Clay 18 0-1 25
Clay Till 19 1-2 30

l Ehale Bedrock 21 5-10 38

For long term stabilily, effective soll parameters and a predicted likely long tarm pore
pressure/groundwater condition were used in the analysis. Pore pressure/groundwater condition
conditions were modeled by varying the groundwater table and by using the pore pressure ratio (Ru)
whare Ru = 0 represenis a fully drained slope whereas Ru = 0.5 represents fully salurated slope
tonditions, A parbally saturated slope face, representative of spring conditions, was also consderaed
in the analysis

The first stage of analysis was to model the slope stability under a saturated case which is considerad
10 be similar to the original formation conditions represented by a pore pressure ratio (Ru) of 0.5 Then
the current slope conditions were simulated with a relalively low groundwater level and partially
salurated pore pressure conditions In the clay till represented by a Ru < 0.2 For long term stability it
was assumed thal stability of the slope face wolld be adversely affected by a saluraied slope face
simulated by & Ru of 0.4 to 0.5 This saturated condition is lypical lo possible weather and
development impacts such as; heavy show meltiprecipitation, landscape watering and possible service
leaks or pipe breaks.

65 STABILITY ASSESSMENT

The findings of the slope stability analysis were in general agreement with local experience in the
Sylvan Lake area. which suggests that local lacustrine soil slopes regress over the long term fo about
3.5H to 4H:1V in the lacustrine clay, and to about 2.5H to 3.0H:1V in the till The slopes at this site
were considered to be natural and free from erest area fills and other development dislurbance

Saluration of the exposed clay andler 1l on the slope face, leading to a failure of the saturated mass
is considered to be the most likely mode of slope failure at his site, followed by possible regressive
slumping of over-steepened saclions of the face in localized areas. If a large movement ware to occur,
the failure in the slope s expected to be slow moving and would provide some warning in the form of
tensian cracks at the crest or on the slope face prior to fallure

The long term assessment at this site is that the slopes overlooking Sylvan Lake are marginally stable
(FS > 1.3} and the potential for a major slope movement is low under present normal conditions with
reasonable variation, The FS againsl a small shallow "slump-type" failure on the slope face is
estimated to be about 1, but it would take unusually wet conditions lo cause a shaflow slump in the

Parkland(GE ﬂ
L SAD2E00-ROTEATRORET T - Sytvan Laks Devotopmant - W & 5W 34-38-2W5  GECvwepon snd praleniROIETT Fingl Goo Report



EDE Group Ine. Frogect RD2ETT

Proposed Quakico Subdivisson Ctober 2008
NV & SV 34-38-2-WSM, Lacombe Counly, Alberta _Page 9 of 25

slope face. Under reasonably adverse soil moisture and groundwater conditions, the FS for a point
aboutl 15 m back from the crest of the slope oullined in Profile 3 (see Figure 10) was estimated lo have
a F5>1.5 for the assumed representative local slope profile on the escarpment.

7.0 DISCUSSION AND RECOMMENDATIONS

71 GEOTECHNICAL EVALUATION

The propased development will be a rural subdivision with large grean areas. Geotechnical conditions
at this sile are considerad to be similar to typical conditions found around Sylvan Lake The subsurface
conditions al this site are considered to be suitable for the proposed residential developmant. It is
understood that some site grading cul/fills may be undertaken to level and raise areas to smooth out
grades at the site. Other than slope ssues. the main geotechnical issues regarding subdivision
davalopment are:

¥ that the silty and sandy surficial soil is relatively sensitive 1o disturbance which can result in
patential prablems during grading and road construction depending on actual weather and
ground conditions. An observational approach based on the actual conditions al the time of
construction s considered ihe best way to opbimize costs by identifying problam areas bafore
construction activity leads to subgrade fallure

' that relatively loose and sensilive lacustrine soils may be encountered during site development,
depending on where the final grade is sel. The clay socils are considered to be marginally
suitable for use as road base, provided they can be dried fo-a workable soll moisture content
since these soils can be vary sensitive 10 disturbance when wet. Alternatively, wet solls should
be mixed or replaced with drier fill or selectively used for general site fill The till are considerad
1o be better suited lor use as an enginsered fil

. the sitier surficial soils will Be highly frost susceptible if they are given access to free water or
groundwater within the zone of seasonal frost (estimated to an average depth of 25 m) In
general, the deplh to the local water table for some of the site is relatively shallow and within
the patential depth of frost

. The general residential foundation conditions at this site are considered lo be good
Conventional foolings will be capable of supporting light loundation loads for houses. The site
15 also suiled to several pile options.
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7.2 SLOPE RECOMMENDATIONS
7.21 Shoreline Slope Setback

It is expected that the developer will expect to layout residential lots backing onlo the shorehne slope
area The minimum recommendad sel-back distance for the proposed nearest lot property lines to the
crest should be equal to the height of the slope with a minimum of 5 m, The minimum recammended
set-back distance for the proposed permanent structures on these lots I 15 m This recommended
sef-back will provide a buffer between the house and the slope in the event of slope movement along
the crest. The crest is defined as the lins where there is a distinct break in the grade at the lop of the
slope as determined by the Intersection of the slope angle with the extension of upland surface grade.

The natural slope in the vicinity of the propased residential area is considered to be relatively stable
The possible removal of soll from the basement excavations near the crest will have a net stabilizing
effect on the slope. Regressive slumping of the lacustrine slope is considered to be the most likely
mode of slope faillure. If a large or deep-seated slope movement were to occur, the failure in this
subgrade is expecled lo be slow moving and would provide some warmning in the form of cracks at the
crest of tipping of trees on the slope face prior lo fallure

7.2.2 Slope issues

General municipal development guidelines typically allow unrestnicted development on sloping sites
where slopes are no steeper than 15 percent or aboul 6.5H/1V. As & visual example, this limit 1s
reughly equivalent to the front to back side slope on a lypical house with a walk-out basement

Therafore, it should be undarstood that this limit is nol cansiderad to be an inflexible restriction. It is
s&l as a “threshold” to trigger a site specific geotechnical review of a proposed development based on
aclual soil conditions. The sile has several small knolls and siopes with typical slope angets flatter than
25 percent (4 5H:1V). Localized slope areas are expecied up to 3H:1V, The proposed site also has
many areas of grade flatter than 8.5H:1V, which would suppornt unrestricted develapment related to
slope concerns.

It is expected that new home Owners will want to make use of the local topography to improve views
and provide for walk-out structures. Some proposed buildings sites may incorporate areas with slope
greater than 15 percent, At this point in the development process, Parkland cannot provide detailed
recommendations 1o cover all development and construction contingencies, Howeaver, the averall
assessmen! remains thal slope tssues will not be a significant obstacle to safe construction of
residences on this property provided reasonable design and construction practices are followed The
soll conditions at the site are relatively stable stiff clay and parially overlying very stiff clay till deposits

Under normal dry conditions the local clay soils exhibit relatively high cohesive strength and can resull
insteep slopes. However, if disturbed andfor weflled, these clay soils lose cohesve strength leading
to siope movements in steepar faces. Under nermal long term groundwater conditions the slopes
around these small hills are expected to be stable up to angles of 3H:1V. Development around slopes
areas steeper than 3H: 1V is shill possible but will require measures such as regrading to fiatten slope
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angles or provision of sel backs protect permanent structures near the toe and crest areas of the
sleeper grades.

Further site specific assessment may be required depending on wheare future jot Owners want fo
situate their houses relative to the steeper slopes. It is recommended that proposed permanent
structures within 5 m of the loe or crest of a localized slope greater than 3H 1V should be subject to
site specific review by a qualified gectechnical engineer. It Is normal practice in cases llke this to have
& geotechnical review of the proposed house grading plan as part of the building permit process. The
intent of the review 13 to determine whether the Owners plans follow the general geotechnical
recommendations; and if they do not to provida site spacific geotechmical design input for the project
based on the location and proposed design configuration of the house structure relative to the local

slopes
7.2.3 General Slope Development Recommendations

The slope face may be subject to minor surficial failures, especially in locslized steepened areas
Slope face stability is influenced by precipitation, surface erosion, groundwater and soll molsture
conditions.  In arder 1o reduce Ihe possibilty of surficial slumping the siope should be kept well
vegelated It is also important that site devélopment does not initiate any delrimental changes to the
subsurface conditions and slopa geometry. For the slope face areas the following recommendations
are provided

1 Permanent removal of the vegetation frem the slope is not recommended and growth of new
vegetation on the slope should be encouraged, Any vegetalion that has to be removed should
be replaced as soon as possible. New vegetation for this site be selected from native types
with deep rool systems that can grow with a minimum of watering.

2 Erosion control measures should be implemented as necessary. Site grading camied out
should be designed to drain surface water due ta rainfall and snow-melt away from the slope
If required, features to carry concentrated flows over the crest should be engineered

| Permanent underground lawn sprinkiers, ponds or swimming pools should nat be permitted
within 15 m of crest areas without a delalied review by a qualified geotechmeal engineer. If
these fealures are proposed they should be properly designed In consuliation with qualified
engineers; and should be provided with leak detection and control systems.

4. One of the most common mistakes for tep of slope residential development Is for house
contractors to push basement flls onto sloped areas to level out back yard grades. Excess
material from basement excavations should be removed from the top of slope lots; and undsr
no circumstances be wasted over the slope face. No new fill should be imported to top-of slope
lots. Backyard fills around houses within 30 m of the crest should be placed on native inorganic
subgrade and should be kept to less than 1 m in thickness. Significant post development
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grading on proposed lots along the crest area should nol be undertaken without a detailed
engingering review

7.24 General Slope Care

The following general suggestions are intended as a guide to minimize the impact of developmant on
the stability of the slope

. Thinfills placed on flatter sloped areas should be placed on prepared inorganic soil, not topsoil
because the topsoll layer will provide a weak zone and possible failure slip plane

. Excessive walering of lawns and frees near the slope should be avoided

. Fill. grazs cutlings and/or construction dabris should not be disposed of over the slope crest
or on the slope face

: Discharge from roof leaders and possiblg weeping tile systems shauld be directed away from
the slepe. Walter should nol be allowed to pend on the ground surface causing increased water
infiltration into the slope.

. Unnecessary disturbance 1o the existing vegetation naar the crest. on the slope, or near the toe
of the slope should be discouraged. Removal of grass, trees, shrubs and undergrowth on the
slope will have a negative impact on the slope stability,

These general recommendations In this seclion are considered to be “common sensa” actions to
undenake or avold in crder 1o minimize potential disturbance to the slope. These recommendalions
are not considered to be essential to the safety of the proposed davelopment, but itis prudent 1o follow
thass recommendations lo malntaln a low risk to the proposed area. These recommendations and
guldelines above are considered 1o be general and may be subject to site specific modification
interpratation based on the review of a qualihed gectechnical engineer

7.3 PRIVATE SEWAGE DISPOSAL

The results of the soll classification system are commonly used to size disposal field systems. The
disposal field weeping lateral trench bottom area shall be sized so lhat the effluant laading rate per day
for soil classifications determined in the Soil Triangle, Figure 8, does nat exceed the amounts provided
in tha fallowing table for the four classifications of subgrade soll encountered al this site.
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TABLE 4
S5C EFFLUENT LOADING RATES
st Guidelinas Maximum Efffusnt Hareholes

Classification Loading Rate (Lim®)

nre

LAaly Lbam

Sty Loam faT2 ]
Siity Clay Loam ok suldnbles withoul furher leshing 5
Silty Clay not sultable withowut further teshing 20

Clay not suitable without fusthar tesling 1.18

As shown, only two of the six test sites (Boreholes 8 and 17) were classified as suitable for septic figld
without further testing. It should be noted that soil classified as nol sultable without further testing may
nave an infiltration rate that will accommodate a disposal field. Further testing such as a percolation
testing dunng the spnng and summer menths may indicate the soll is suitable. However, based on the
high clay contents and local experence, further testing Is not expected to significantly change tha
suitability assessment for most of these tesl locations,

Based onthe S5C soll texture classification system, and an the presence of reasonable solls and good
groundwater conditions, sutable field sites are expected to be present in some, but not all areas of this
property. In areas where subgrade soils do not meet accepted percolation crntena, the most prachical
option for private sewage disposal will be to madify the existing surface sail by mixing silt, sand and
clay soils to achieve an acceptable low to moderate permeability subgrade which would support a
normal septic field al proposed beld locations. According lo the Standard of Practice guidelines, other
acceptable options include: the construction of a seplic mound, construction of an engineered sewags
disposalitreatment systems or installation of a septic lank with a pump oul. In areas of shallow
groundwates, constructed fields or mounds will need to be built with raised grades to provide sufficient
soll cover above the groundwater table

Seplic disposal systams should be constructed in accordance with applicable regulations and should
be properly sized and installed by a licensed contractor based on normal testing and verification of
actual field conditions

74  SITE PREPARATION

I8 understood that the proposed development will iry to Incorporate the natural vegetation and
topography of the site, althogh tree clearing and site grading will occur within the proposed lots and
atong the proposed roadways. Topsoil could be slockpiled for future use at the site. Stockpiles should
be placed no closer to crest of the nearest slope than the height of the slope to a maximum of 30 m

Ideally, fill used lo bring the site up fo grade should be select sand, well graded coarse gravel, or low
to madium plastic, inorganic clay. Most of the native lacusinine siil and clay soils are considered to be
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marginalty suitable fill materials, which will reguire meisture adjustment (o allow compaction o desired
density lavels.

Enginecred fill placed dunng ste grading should be compacted to at least 95 percent of SPMDD.
Uniformity of compaction is most mportant, The lift thicknesses should be governed by the ability of
the selected compaction equipment o uniformly achieve the recommended density, It s
recommended that a maximum lift thickness of 200 mm for granular fill and 150 mm for clay fill be
utilized. Granular fill is best compacted with large smooth drum vibratory rollers.  Clay fill is best
compacted with large vibratory "padfoot” or "sheepsfoot” rollers: In areas which require higher
compaction, if & recommended that granular fill be placed at moisture contents zero to 2 parcent
belowOMC and that clay flll be placed at moisture contants aboult D to 2 percent above OMC. This will
help reduce compactive effort and potential risk of subgrade disturbance needed to achieve maximum
density.

Special consideration must be given to deeg fill areas al proposed residential lots (where fill is greater
than 1.0 m below final grade) The engineered fill placed below possible house sies should be
uniformly compacted to at least 98 percent of SPMDD at a moisture content within 2 percent of OMC
for fills 1.0.10 1.5 m deep. For deeper fill. the compaciion standards should be increased lo 100
percent of SPMDD. The control of moisture content is considered to be important for the relatively dry,
silty fill, because future wetting of these fill soils may cause significant setttement which could occur
long after onginal construchon depending on changes in the groundwater regime due to development
(ie. lawn watering, servicing, atc)

If these density levels cannol be achieved using commaon fill during site grading, the fooling bearing
surfaces should be sub cut and underlain with select granutar fills compactad to al least 98 percent.
The deplh of subcut should be determined at the time of construction and will depend on factors such
as, age of fill, initial compaction, depth of fill, water table, footing configuration and loads. To reduce
selllement polential and compactive effort needed to achieve maximum density, it Is recommended
that granular fill be placed at moisture contents zero to 2 percant below OMC

If subgrade condilions are soft, a thicker initial it may be required to form a working base for
subsequent construction, This condition s best addressed in the field at the time of conslruction. If
subgrade conditions warrant the use of subgrade improvement gravel, il 15 possible, for lower lifts, fo
use less expensive select coarse gravel with a maximum aggregate size of 150 mm

75 SERVICE TRENCH INSTALLATION

it 13 expected that deep buried services will be instailed to typical depths within 4.0 m of final ground
surface, with some potential for a few deeper trunks. It 15 expected that the majority of services
trenches will be based in lacustrine soils, but some excavation of stiffer till soil will be encountered
Conventional trenched excavations with sloping sides and/or moveable shiglds are considered to be
feasible,

Parkland(GEO
LIROEGO0-ROTEROIEIT « Bylvan Lake Davidlcpmant - B & 5W B-00-2W5  GEOVepon snd prédm\ROZETT Final Ges Ropord



EDS Group Inc Fropect RD2ZBAT
Proposed Qualiso Subdhnemn Dlobar 2008
WV & SW 34-38-2.WEM, Locombe County, Alberis Pape 15 of 25

7.51 Service Trench Excavation

The side slope of conventional unsupported trench excavations is dependent on the local soll
conditions at any given location, Where the deep excavations are proposed, conventional trenched
excavations with sloping sides and/or moveable shields are considerad to be feasible  Forexcavabions
in lacustrine soils greater than 1.5 m deep above the water table side slopes of 1H 1V, or flatter, are
recommended. Inhard tills, steeper sideslopes could be appropriate subject to site specific review by
aqualified Geotechnical Engineer. If saturated zones or perched water are encountered within the cut,
flatter side slopes andlor dewatering may be required.

The degree of stability of excavated trench walls directly decreases with time and, therefore,
censtruction should be direcled at minimizing the length of time service trenches are left open
Groundwaler seepage from the sides of the trenches and fram the base of the excavation is not
expected, except in seasonal condilions where perched water is encountered after preciplitation or
snow mell and possibly In low lying areas, if serviced. Base heave and/or boiling of the trench bottom
can occur where a significant differential hydrostatic head exists at the bottom of the excavation and
sails are nol cohasive (eg. sand lenses inthe till) Dewatering and ofher pressure relief measures are
avallable to minimize prablems with the stability of the trench bottom

Surface grading should be undertaken so that surface water is not allowed to pond adjacent to service
trenches.  Surcharge loads, including excavation spoll, should be kept back from the crest of the
excavation a minimum distance equal to the excavation depth. Monitonng and maintenance of the
slopes should be camied oul on a regular basis

Installation of underground services and ulilities requires an obsarvational approach be adopted which
should combing past local expenience, contractor's experience and geotechnical input. It wauld be
desirable for the selecled excavation contracltor to be expenenced n similar concitions andlor,
atarnatively, 10 axcavate tes! pits in advance of construction to familiarize field personnel with
subsurface conditions. Quality workmanship is essential, becauss disturbad wet, cohesionlsss solls
at depth are very expensive measures o rehabilitate.

7.5.2 Pipe Bedding

Minor deflections of the trench bedding are expected Underground ulility pipes should be of a type
which will maintain walertight joints (l.e. rubber gaskel) after minor shifting has occurred. Bedding
requirements are a function of the class of pipe and trench configuration, as well as site specific
gectachnical considerations. In general, granular pipe bedding should be relatively well graded sand
or sand gravel mixture which can be readlly compacted around the pipe to achieve a high frictional
sirangth Bedding solls must have an appropriate gradation so that migration of natural soils into the
granular system |s minimized. Uniferm or gap-graded sands and gravels should not be used as
bedding materials unless adequale provision is made o surround such soils with a filter fabric or
graded granular filter compatible with the existing subsoils.
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In the event of significant groundwater seepage or wet base conditions, additional measures may be
required  Typically these measures include placement of a warking mat of free draining gravel and
fiter cloth after lowaring of the waler table and removal of disturbed soils.  This layer of gravel is
Intended to be a safe working base and the thickness required will be based on keeping groundwater
below the working surface. The function of the geotextile in pipe bedding applications is to act as a
separalion barrier belween the coarse bedding materials and the native fine grained soils, therefore
it needs 1o be strong enough o withstand construction activity

7.53 Trench Backfill

Soll used for trench backfill should be free of frozen material, arganics, and any other undesirable
debris |l is expected that native solls will be used at the site for economic reasons. The native soils
are lypically siity clay malterial which are considered marginally suitable for use as french backfil|
Wetter lacustnine silts and clays are considered less than ideal due to the need to dry backfill for good
compaction. Till matenals are also considered well suited for use as trench backfill, bul the lill pieces
must be broken down into smaller pieces in order to allow proper compaction and avoid short term
bridging of backfill sails, which could resull in long term settlement.

To minimize fill settlement under self-weight, if is recommended to use soil with a moisture content
within 5 percent of OMC. When sxcavated soils are excessively wel, the material should be dried or
blended prior to use as trench backfill. Sutable replacement soils would include local of imported sand
borrow matenals with an appropriate moisture content ralative to OMC

Lift thicknesses for backfill should be governed by the ability of the selected compaction to achieve
specified density throughout the entire lift. Uniformity is of most importance  The nominal lifl thickness
for selact granular fill is 200 mm. Clay backfill should be placed in thin lifts with a nominal compacted
thickness of 150 mm. This i1s especially impertant when backfiling very stifi clay sails  The backfill
should be uniformly compacted to a minimum of 85 percent of the SPMDD. For road areas, the backdill
should be compacted throughout the depth of the fill to a minimum 97 percent of SPMDD.

Some seftlement of the compacted backflll in trenches under self-weight is expected to occur. The
magnitude and rate of settlement would be dependent on the backfill soil type, the meisture condition
of the backfill at the ime of placement, the depth of the service trench, drainage conditions and the
initial density achieved during compaction. Density monitoring of backfill placement is recommended
e encourage better attention to guality warkmanship in placement.

Fili matenals wilh variable moisture contents recompacted as trench backfill would not be expected to
provide uniform roadway subgrades for the support of pavement sections  If trench setflement in road
areas is a concem, It is suggested (e consider a deep subgrade praparation of the upper 0.5 10 1.0 of
the subgrade to help make the subgrade more uniform.  This construction procedure is used with
success on similar deep trench backfill situations in the City of Red Deer. Design considerations
required for roadway subgrade construction on recompacted and nalural materials in this subdivision
are discussed in tha following section of this report.
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To minimize the effects of potential settiements on completed roadway surfaces, it is recommended
thal staged asphall pavement construction be adopted and that placement of final asphalt concrele
surfacing matenals be delayed as long as possible, subsequent o completion of trench backfiling.

7.54 Concrete for Underground Structures

General Use Hydraulic (Type GU) cemeant may be used for all concrete in conlact with soil al the site
The recommended minimum 28-day compressive strength for subsurface concrete in underground
services 15 25 MPA. All concrete exposed to a freezing environment either during or after construction
should be air entrained.

7.6 BASEMENT FOUNDATIONS
7.6.1 Footings

Standard house basement foundations using strip and spread footings will generally be acceptable a
this site. Footings based on native lacustrine deposits or engineered fill uniformly compacted to at
least 98 percent SPMDD may be designed based on a maximum allowable bearing pressure of 100
kPa for footings placed on undisturbed inorganic soil free from loosened material. The design and
construction of residential foundations should cenform o Alberta Bullding Code In general,
excavalions should be protected against surface water runoff and ingress of groundwater, fooling
bases should not be aliowead to dry out excessively dunng construction; and the bearing soil should be
protected against freezing dunng and aftet construction

7.6.2 Grade Supported Slabs

Floor slabs should rest on at least 150 mm of well graded. free draining, granular base Sultable
matenats would include coarse sand or crushed gravel with less than 10 percent passing the 0.080 mm
sieve. The drainage layer below the siab should be compacted uniformly to at least 95 percent of
SPMDD

Small vertical subgrade movements may be experianced therefore, provisions should be made for
movements belwean partihons and adjoining columns or load bearing walls.  In addition, where
partitions are placed under structural members a space should be left at the top of the partition to aliow
vertical movemant (at least 25 mm), Columns In basements which support floor |oists should be
sdjustable. Water lines should be installed carefully to minimize the potential for breakage and leaks
below siabs. Heating ducts below grade should be insulated to prevent drying of the subgrade soils

7.6.3 Basement Subdrainage System

A permanent subdrainage system (weeping tite drain) Is recommended arsund the outside parimeter
of basements. Lateral drains below the house are recommended in areas where the average
groundwater table is within 1 m of the of the underside of slabs to reduce the hydrostatic pressures
agansi foundation walls and floor slabs. The weeping drain should be surrounded with granular

Farkland{GED
2 \RDZ000-RDZSANADIE1T - Sylvan Luke Developemant - W 5 SW 34-30-2W5  GEOvepan and pratmiRO2617 Faral Gao Report :



EDE Group Ine Prosect RD2BA7
Proposed Qualice Subdhagian Oclobear 2008
MW & SW 34-20-2.\WEM, Lacombe Counly, Alberts Page 18 of 25

material to prevent the fine grained native soil from being washed into the drain. The granutar filter
may consist of free draining crushed rock or washed rock placed around the perforaled drain pipe and
wrapped with a coarse concrete sand or suitable geatextile

Infiltration flows into most weeping lile drains are expectad lo be moderate fo high because the native
soil, particularly the sand, is relatively permeable  The largest flows will occur during periods of heavy
precipitation and will be greatest for basements excavated Into very sandy soils which are perched on
lower permeable clays. Groundwater infiltration flows can be significantly increased by poor site
drainage arcund houses, impropery directed roof leaders and poorly graced or compacted backfill

764 Basement Excavations

Basemen! excavations in the native silty clay soils are only expected to be able o stand near vertical
for shart periods of time. For excavations deeper than 1.5 m, side slopes should be cut back to 1H: 1V
If space does not permit the slopes to be cut back, some form of lemporary shoring must be installed
to protect workers in the excavation

The falest edition of the Construction Safely Regulations of the Occupational Health and Safety Act
of Alberta should be followed  All temporary surcharge loads should be kept back from the excavated
faces a distance of al least one-hall the depth of the excavalion All vehicles delivering matenals lo
the site should be kept back from excavated faces a distance equal to half the excavated height or at
gast 1.0m

For proposed basements excavated during wel weather or with elevabions close to the groundwater
table elevation, construction traffic from tractor dozer lype equipment could cause the disturbance of
the subgrade resulling in a significant weakening of the subgrade. In this case, excavation is best
carmed out with backhoe or “Gradall” eguipmant

765 Backfill

Backfill soils are capable of exerting significant horizonfal pressures onto a basement wall It is
recommended (he backlilling be delayed until the concrele has gained enough strength to support the
horzontal loads. The top and bottom of the wall should be braced prior to backfiling. Therefore, it is
recommended 1o place the basement floor slab and floor joists prior to backfilling around walls  Backfill
should be brought up evenly around the building penmeter to minimize differential horizonial pressures
on the basement walls

Rather than heavily compacting the backfili around the basements it is recommended to nominally
compact the backfill {90 - 85 percent of SPMDD) recognizing that settlement of the backfill will secur,
particuilarly after the first freezefthaw and moisture infitration cycle. Backfill around basemenrt walls
should be sloped lo shed water away from the structure with a recommended slope of at least 5
percent. The slope of the backfill should be checked periodically to maintain the slope of the ground
surface away from the wall. If possible, the upper 500 mm of backfill should be medium plastic clay,
to reduce potential surface water infiltration. Roof leaders from houses and garages may be

S
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discharged onto the ground surface well clear of the foundation walls to help reduce wel weather
Infillration of water inta the subdrainage weeping tile system

7.6.68 Foundation Concrete

General Use Hydraulic (Type GU) cement should be used for all concrete in contact with soil at the
site. The recommended minimum 28-day compressive strength for subsurface concrete in
underground services is 25 MPA. All concrete exposed to a freezing environment either during or after
construction should be air entrained.

7.7 ROADWAY SUBGRADE CONSTRUCTION

The native surficial soils were estimated to have CBR values in the order of 2.5 to 5 depending on the
lype of subgrade soll with a typical value of about 4 for the predominant silty clay soll. These estimated
CBR values are indicalive of a low level of subgrade support

The exposed roadway subgrade surface should be proof-rolled to identify soft areas. These areas
should be subout and replaced with suitable fill compacted lo 95 percent of SPMDD. The depth of
excavation should be sufficient to remove the soft material or to bridge over the soft material When
soft subgrade areas are encountered during construction, the typical local practice is to remove and
replace the weak solls with a thick layer of coarse granular fill for subgrade improvement. The
excavation of sensifive soils should be performed by a tracked backhoe rather than dozer equipment
to minimize disturbance 1o the subgrade

Fill required to bring the subgrade up to design grade should consist of low to medium plastic clay or
well graded granular ill. Il coarse granular fill is selected the recommended gravel would have a
maximum aggregate size of 150 mm as per the specification provided below

TAELE 5
150 mm COARSE GRADED GRAVEL

Sieve Size (mm) Percent Passing By Welght

Gravel subgrads improvement material is generally placed at the same time as the granular subbase
of the pavement section resulling in a thick lift of coarse granular material below the asphall and base
course gravel layers. Construction procedures should be designed to minimize disturbance to the
subgrade. If the subgrade is falled during construchion, it can lead to costly replacement of weakened
sails. The need for any special construction procedures is best determined based on abservations at
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the time of construction. Therefore, construction of roads will require careful monitoring by an
expenanced soils technician to avoid costly construction problems.

7.8 FLEXIBLE PAVEMENT DESIGN

Two flexible pavement designs are proposed for this residential subdivision: a moderate traffic section
for the local residential collector roads using a Design Traffic of 1 x 107 Equivalent Single Axle Loads
(ESAL's); and a light traffic section for the local residential streets using an Design Traffic of 1 x 10°
ESAL's

These design traffic numbers are based on a design period of 20 years. The proposed pavement
designsections for this subdivision are based on the assumption of a stable subgrade which meets the
criteria of CBR = 4, or a subgrade which has been improved to an equivalent level as described in
Section 6.5. The majority of surficial solls across this quaner section are expected to mest this
mimmum subgrade support condition and there is the potential for some additional localized soft or
sensitive areas. Based on these assumptions the following flexible pavemen| sections are proposed
on Table B

TABLE &
FLEXIBLE PAVEMENT DESIGN

Favemant Sections Local Residential Hasidential Collactor

Design Iraffic (ESAL's)

Asphall Concrate
20 mm Crushed Base Grava!
Subbase Gravel (minimum

The performance of the proposed pavement design sections will be, in part, dependent on achieving
an adeguate level of compaction in subgrade and pavament materials. The recommended levels of
compaction for the granular materials in the pavement section should be a minimum of 98 percent of
SPMDD  The asphall concrete should be compacted to a minimum of 87 percent of Marshall density
based on a 50 blow laboratory Marshall test for the local residential streets and a 75 blow Marshall test
for the collector roads.

Pavement materials should conform to the following recommended pavement specifications,

TABLE 7
ASPHALT CONCRETE
Stability (kN minimum) 54
Flow (mm) 24
Arr Voids (percent) 3-8
VMA (minimum percent) 14.5
Asphalt Cement (penatration grade) 150-200 (A)
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Aggregate malerials for base and subbase gravel should be composed of sound, hard, durable
particles free from organics and other foreign material  Allernate aggregate matenals includs the
following Alberta Transportation specifications

TABLE 8
RECOMMENDED AGGREGATE SPECIFICATIONS

ATU Specifications

Asphall Gravel Designation 1, Class 16
Crushed Base Grave| Designation 2, Class 20 or 25
_ Subbase Gravel Designation §, Class 80

Copies of these aggregate specifications are provided in Appendix A  Based on availability of local
matarials at the time of lendering or canstruction, alternate matenials could be considered upan review
by the geotaechnical engineer

The road surface should be sloped and graded to effectively remove all surface waler as rapidly as
possible. To minimize the occurrence of surface water ponding in the roadways, finished surface
grades and cross slopes in the order of two percent are recommended. Allowing water to pond on the
pavement surface will lead to infiltratioh of water into the subgrade which could resull in weakening of
the subgrade soils.

No special pre-design considerations are given o thickening the pavement section over backfilled
trenches. The settiement of renches i3 caused mainly by the long term self weight of the fill, not the
short term live loads from fraffic. The road sechion or the thickness of granular subbase placed m the
read bed should be determined by the level of suppont expected from the subgrade based on field
observations. To minimize distress to pavemen! sfructures, trench backfill should be compacledto the
higher density lavels as previously recommended. To minimize the effects of polential satflements on
completed roadway surfaces, it is recommended that staged asphalt pavement construction be
adopted and that placement of final asphalt concrete surfacing maternals be delayed as long as
possible subsequent lo completion of trench backfilling.
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7.9  FROST ACTION

The potential for frost heave is dependent on grain size, permeability and thermal properties of the sall
which govern the abilty to draw water from the surrounding subgrade and groundwater table if
available. Unsaturated sands gravels are non-frost susceptible since soll moisture water freeze and
axpand into the air volds belwean the aggregate particles resulting in no heave [f the granular soll is
saturated the frozen soll will heave uniformly 10 percent. Silty soils have a moderate permeability
which allows the movement of fres-water to ice lenses so silty soils are considered to be highiy
susceptible to ice lensing

The polential panetration of frost for a road setting is severe due to the presence of gravel in the profile
and lack of snow cover which acis as a insulator o reduce penelration.  The effects of frost action in
terms of pavemenl damage may be reduced by providing thick pavement sections which partially
remove frost susceptible subgrade. Other general recommendalions to minimize frost related problems
for road structures, nclude

. setting final road grades well above the waler table;

. replacing the frost susceptible solls with less frost susceptible fill such as coarser sands and
gravels,

. removing or smoothing out sand to sity soil transitions; and

. provision of sub-drainage system andfor capillary cut-off o restrict groundwater migration into

the road subgrade In areas of shallow groundwater table

Although thick gravel layers in these roads minimize damage to the pavement surface. a severely
distorted veriical profile in the winter is stlll undesirable. Inthese most severe cases, deep replacement
of frost susceplible materials and use of insulation malerials such as rigid insulation or light weight
aggregate (le. granu-lite) are options to minimize heave or restrict frost penetration Into frosi
susceptibie soils  Since these aptions are very costly itis recommended to try and identify areas which
require exiracrdinary measures pnor to subbase construction. |t is suggested to closely monitor all
service trenches and road beds for signs of sharp sand to clay transitions. 1t should be understood that
texture of local non frost susceptible sand and frost susceptible silty sand is very similar. Therefore,
il will be difficult to distinguish all problem situations prior to construction. Some repair of undetected
areas of differential heave should be expected after construction,
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7.10  STORM WATER DETENTION POND

it 18 understood that some areas of the site may be developed as a temporary storm water detention
pend to impound storm water during peak flows and ease the demand on storm sewers in this area,
The present groundwater table is located between 1 and & m below grade at most borehole locations
Ponds with bases below the groundwater elevation lable are usually designed as wet ponds. However,
It is feasible 1o provide sub-drainage lo creale a dry pond by slightly lowering the water table The
depth of the pand into the water table governs the feasibility and recommended spacing on the drains
80 costs Increase with depth below the water table. This type of “drained” dry pond would have a
tendency to lower Ihe local groundwater table. The storm pond will be drained shortly after major starm
events narmally within 24 hours of filling  Other design considerations for detention ponds at this site
include, the influence of impounded water on the local groundwater table, shoreline slope stability,
shoreline ercsion protection and drainage of the pond base.

Impounded water inside a detention pond, above the groundwater table elevation. will have a tendency
i0 raise the local groundwater table through seepage  However, the typical subgrade for the pond
base(s) in the area of interes! is expecled to be a silty clay of relatively low in-sifu permeability,
suggesting that seepage rates will be relatively low Since the local subgrade is low permeable and
the detention pariods will be very short, and the potential for long term impact on the groundwater tahle
will be minimal and will be limited to |he areas Immediately around the pond. The following
recommendations are provided:

1 Pond drainage will occur through overland flow to the pond outlet with some seepage through
the base il the base is above the water table The base of the pond should be graded to allow
positive drainage towards the pond outlet to minimize seepage  The recommended base slope
is at least 1.0 percent. Forlonger runs, steeper grades may be required or french drains could
be prowvided to direct Mow to the ocullet

2 For preliminary design purposes the slope angles on the proposed wet detention pand shouild
be at least 2H 1V below the static water level and 5H.1V for the partion of the slope above the
static water level. Atthese angles, slope below the water surface would be expected to flatten
naturally. For stabiity under normal “dry” conditions the groundwater table al the toe of dry
pond slopes should be maintained at least 0.6 m below the final grade. Recommendations for
steaper side-slopes may be possible for constructed slope faces upon review of actual soll
conditions and groundwater elevations A review of groundwater levels and slope stability
should be performed once the preliminary grades and pond geomealry are sel

3 Some resinctions might apply to pond operations, because fast draw-down rates will impact
slope stability. For safely reasons, municipal authonties such as the City of Edmenten, design
ponds with volumes to limit surface waler nses to less than 1,0 m for a 1:25 year rainfall event
and 2.5 m for a crisis avenl.
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£ The pond shore line should be protected against erosion from wave action, because shorefine
erosion may destabilize tha pand slopes. Side slopes should be vegelsted as soon as possible
after construction.

5 Adjacent development restricllons may ba required in relation to design groundwater levels.
Seepage from Ihe pond is not expected to significantly Impact adjacent structures, however,
Itis considered prudent lo set adjacent foundation elevations above the design high water level
in the pond.

8.0 LIMITATIONS

This report 15 based on local expenence and the findings at twanly borehole locations. IF different
subsall and groundwater conditions be encountered, this office should be notified and
recommendations submitted herein will be reviewed and révised as required. This report has been
prepared for the exclusive use of the EDS Group Inc., and their approved agents for zpecifiad
application 1o the proposed Qualico Subdivision in SW and NW 34-39-2-W5M, Lacombe County,
Alpberta. It has been prepared in accordance with generally accepted soil and foundation engineering
practices. Mo other warranty. expressed or implied. is made

Respectfully Submitted,
PARKLAND GEOTECHNICAL CONSULTING LTD.

APEGGA Parmit #07312

fo ¥ | fl=od
Daniel Yosl, EL.T Mark Bratherten, P.Eng
Geatechnical Engineer Principal Geatechnical Enginear
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APPENDIX A

Figure 1 - Key Plan
Figure 2 - Site Plan
Figure 3 - Aenal Photograph
Figure 4 - Contour Plan
Figure 5 - Sail Sulphate Concentrations
Figure & - Groundwater Elevations
Figure T - Soil Texture Classification
Figure 8 - Profile 1 Slope Section
Figure & - Profile 2 Slope Section
Figure 10 - Profile 3 Slope Section
Figure 11 - Slope Stabllity Model Figure

Borehole Logs 1 Through 20
Soll Test Resuils
Aggregate Specifications
Explanation Sheets
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BOREHOLE NO.: 01
CLIENT: QUALICO DEVELOPMENTS C/O EDS GROUP INC.
SITE: SYLVAN LAKE - NW & SW 34-38-2-W5  PROJECT NO.. RD2617

NOTES BH LOCATIOM:
SUBSURFACE PROFILE £
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-
LOGGED BY. DGY GROUND ELEVATION: 9853
CONTRACTOR: JED. ANCHORS AND ENVIRONMENTAL NORTHING
RIGMETHOD: TRUCK MOUNT SOLID STEM ALGER EASTING
DATE: 081307
CALIBRATION PAGE 1 of1




BOREHOLE NO.: 02
CLIENT: QUALICO DEVELOPMENTS C/0 EDS GROUP INC

SITE: SYLVAN LAKE - NW & SW 34-30-2.W5 PROJECT NO.: RD26B17
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NOTES BH LOCATION:
SUBSURFACE PROFILE g
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LOGGED BY: DGY GROUND ELEVATION: 859.28

CONTRACTOR JED ANCHORS AND ENVIRONMENTAL NORTHING

RIGIMETHOD: TRUCK MOUNT SOLID STEM AUGER EASTING

DATE: 0913107

CALIBRATION PAGE 1 of 1




BOREHOLE NO.: 03

ParklandGEO CLIENT: QUALICO DEVELOPMENTS CrO EDS GROUP INC
ardan SITE: SYLVAN LAKE - NW & SW 34-38-2-W5  PROJECT NO.: RD2617
NOTES B LOCATION
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LOGGED BY: DGY GROUND ELEVATION: 85549
CONTRACTOR: J E.D. ANCHORS AND ENVIRONMENTAL NORTHING:

RIGMETHOD: TRUCK MOUNT SOLID STEM ALGER EASTING

DATE: D8M30T

CALIBRATION: PAGE 1ol 1
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BOREHOLE NO.: 04
CLIENT: QUALICO DEVELOPMENTS C/0 EDS GROUP INC
SITE: SYLVAN LAKE - NW & SW 34-30-2-W5  PROJECT NO.: RD2617
HOTES BH LCCATION

SUBSURFACE PROFILE
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CONTRACTOR: JED. ANCHORS AND ENVIRONMENTAL NORTHING:
RIGMETHOD:. TRUCK MOUNT SOLID STEM AUGER EASTING

DATE: 09N 07
CALIBRATION:

PAGE 10f1




BOREHOLE NO.: 05

LOGGED BY: DGY

CONTRACTOR: JE.D. ANCHORS AND ENVIRONMENTAL
RIGIMETHOD: TRUCK MOUNT SOLIO STEM AUGER
DATE: 09/13/07

CALIBRATION:

GROUND ELEVATION. 952.57
NORTHING:
EASTING

o CLIENT: QUALICO DEVELOPMENTS C/D EDS GROUP INC
Parkland(GE: SITE: SYLVAN LAKE - NW & SW 34.38-2-W5  PROJECT NO.: RD2617
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CLIENT: QUALICO DEVELOPMENTS C/D EDS GROUP INC
SITE: SYLVAN LAKE - NW & SW 34.30-2-W5  PROJECT NO.: RD2617

BOREHOLE NO.: 06

NOTES E_H LOCATION
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7. - Ory on Septembar 36, 2007
| Water fervmd af B4 on Qctaber 26,
2007,
o
. ;
'HJ--H _J Ba1 15
e —
LOGGED BY: DGY GROUND ELEVATION. 95715
CONTRACTOR; J ED. ANCHORS AND ENVIRONMENTAL HORTHING:
RIGMETHOD. TRUCK MOUNT SOLID STEM AUGER EASTING
DATE: 0813107
CALIBRATION: PAGE 1 af 1




BOREHOLE NO.: 07

CLIENT: QUALICO DEVELOPMENTS C/O EDS GROUP INC.
Parkland(GEQ SITE: SYLVAN LAKE - NW & 5W 34-30-20W5  PROJECT NO RD2617
NOTES BH LOCATION
SUBSURFACE PROFILE =

= 2 @ =

E = : — Well Completion s

- Moisture = =

g & 1T (S & 5 -

o GROUND SURFACE - | 28T.00

Topsail H B 966,41

[\ moderatety organic, biack, mast

| Clay
iy, fracm annd, slitf, ke plastic;
{— o, tust slalns. copl mchesions
o Trafual

ol

= B0 & (0t

o |  GEiET

| Sand
.| sy, trace gravel, five grainad, pocly
graded, compach, Grown, moist

L
T
g

=
&
B—00mm SLOTTED FVE FMPE—=25mm SOLIO PYC PIPES=
- RACK P ED WITH U
|
it
=

'_E_“l‘d'msk

5 ={', Stata, weoatirend. hard, becm, maist

7 Auger rafesal of 4 5m

| 2w siandmpo wmatnlisd,
Baclibed with cutlings

1 Dry upon complation

€| Dry on September 2. 2007
Ory en Octobar 38, FOOT.

il 9511
e —
LOGGED BY: DGY GROUNMD ELEVATION: 987 01

CONTRACTOR: JED. ANCHORS AND ENVIRONMENTAL NORTHING:

RIGMETHOD: TRUCK MOUNT SCOLID STEM ALGER EASTING

DATE: 09M207

CALIERATION: PAGE 101




Parkland(GEO

BOREHOLE MO.: 08

CLIENT: QUALICO DEVELOPMENTS C/0 EDS GROUP INC

SITE: SYLVAN LAKE - NW & SW 34-38-2-W5 PROJECT NG RD2617

MNOTES BH LOCATION
SUBSURFACE PROFILE =
=} L] —
= =
E G Moisture z E Weﬂncgﬂlrp:aﬂm E
i et B~ gl BIE : i
) R = B R o i
GROUND SURFACE . | _weas
"1 Topeoil ighe vl B 3
'\ moderatoly organic, black. maois! -
o ‘ I cf
4 silly, trace sand, ST |ow plastic, |- "
i—| Dresan, fusd sinines. coal inclisons | . =y
Py | §
| Cormn Saze Anatysin S | 95078
Clay and Silt ’ ] ant | 11 g“*;;ﬁ;* E * B E
7| trace sana, soiff. mediiam plashc . -, Eﬂuﬂﬁ i =
browen, ol inclussans, maist -S04 = 0.04% 2
1 | G E 850 65
Tl - i e g
3+ clay, sity, sandy, 1race gravel, S, 2 ﬁ [
few plastic, becwn, fusl glaing, coal
inchmisna. o E 2 : i
J SH- B
i . LL on
| I=-
oo Hi BET 35
| End of hain at B.0m
Iemin atarpipe naaken
| Backhted with cuftings
1 Oy o Sopiamie 35, 2007
64 Dvyen Dicicbor 26 2007
H_
3
i - S35
LOGGED BY: DGY GROUND ELEVATION: 862,35
CONTRACTOR: JE D, ANCHORS AND ENVIRONMENTAL HNORTHING
RIGIMETHOD: TRUCK MOUNT SOLID STEM ALGER EASTING
DATE: Da/13/07
CALIBRATION! PAGE 10f 1




Parkland(GEO

SITE: SYLVAN LAKE - NW & SW 34-310-2-W5

BOREHOLE NO.: 09
CLIENT: QUALICO DEVELOPMENTS CI/O EDS GROUP INC

PROJECT NO. RD2617

NOTES BH LGCATIDN
SUBSURFACE PROFILE 3
rma 2 - aa
E . Moisiire g 5 Wall mmn %
£ Dascoption :..;-: i) g E - E §
a i i i = L [T}
o GROUND SURFACE 95621
\ modarately srgamnic, biack, mest
4 Clay £
Aify, Trace spng, a1, fow plastic. = 5 i
14 bdewn, mupk staing. cood inciimice. . i
1 mnisa E "
] 5 S04 0.04% E § 3
3- . 1 R
I N
EECET 52 44
4| +toce geavel i 3.8m u E;I G E [ § e
i . %
28K T -
5
: » B s 650,21
| Enll of bole 52 8.0m
25mm atandpipe meialisg
Backiing with culhings
1 Ory wpon compiation
Oy on Sepiembar 28, 2007
7+| Ciry o Octobet 26 2007
3_.
3
o Lo b2 B
LOGGED BY: DGY GROUND ELEVATION: 856.21
CONTRACTOR: JED. ANCHORS AND ENVIRONMENTAL NORTHING:
RIGMETHOD: TRUCK MOUNT S0OLID STEM AUGER EASTING
DATE: Dartamn?
CALIBRATION PAGE 10f 1




BOREHOLE NO.: 10

Parkl EO CLIENT QUALICO DEVELOPMENTS Ci0 EDS GROUP INC
arklan SITE: SYLVAN LAKE - NW & SW 34-30-2.W5  PROJECT NG RD2617
- MOTES: BH LOCATION
SUBSURFACE PROFILE £
[} e
E . ] - % Well Complation =
& Description Hﬁmr& o E‘ ? E i .
5 R 11 C
4] CROUNDEURFACE | SE 96505
Topsoil W BG5S T5
, Mcderaloly arganic, BBk, moist o I it
Clay BB
| =ity irape sand, sl kw asbc. i
Bresam, sl s, cool inclusiang, -
= “w -:- - HE)
. - ;-.; . z
% g =
£ . '_.'.:. i
it 5 = e
_ HE g
- . 504 = 0.04% E I e
- T §
3 : ‘ l il B
Bedrock ' voos | 28 recoe
', Shile, weathered, hasd, brown, maist | 2 | " s
Augar mfusal 1 3 1m,
¥Emm standpipe [neiaded
Backfited with cuttmngs
o Dy upon campheticn
Diry on Septiribe: 26, 2007
4~ Dryon Cciober 26, 2607
!._
H_
, _ssKes
g z
LOGGED BY: DGY GROUND ELEVATION; 98525
CONTRACTOR: JE.D. ANCHORS AND ENVIRONMENTAL NORTHIMNG:
RIGIMETHOD: TRUCK MOUNT SOLID STEM ALGER EASTING
GATE: 08113107

CALIBRATION| PAGE 1of 1




BOREHOLE NO.: 11
CLIENT: QUALICO DEVELOPMENTS C/O EDS GROUP INC
SITE: SYLVAN LAKE - NW & SW 34-38-2-W5 PROJECT NO. RD2617

HOTES BH LOCATHOMN
SUBSURFACE PROFILE 3
] a u -_—
E ' il © Well Completion
5 3| Mosure slg| # Coaie |
= Dascnption E -y E- =
E' = n oW N E (=% E ‘-E
L) i i i = |t W o
b GROUND SURFACE G106
| Topsoll iy f-j " e
'\ modarately seganic, black, maist ' ol B
| Clay and Siit g S
Trace sand, stiff, medsm pastic e i
i~ lboown, oowl ichesions, momd -+ =8 T
G B | s
Clay o
| sy, zandy, (rece gravel shiff, b ] 10 | 18 1
2 P mﬂm'ﬂ s -S04 #0.04% I B o
i B §
o [ o8
- . Sl g
. : = I
10 | 1 /s i
5 T - G8T 0
End of boly ai & 0m
Z5mm siandpipe insiadea
Backfiied with cuttings
F Dy upon complelion
Onj oh Seplemoer 26, 2007
6= Dy en Coipbes 26 2007
s
a_
g_
1 | 5208
V00— — —

LOGGED BY: DGY GROUND ELEVATION: 952 .06
CONTRACTOR: J ED. ANCHORS AND ENVIRONMENTAL NORTHING:

RIGMETHOD: TRUCK MOUNT SOLID STEM AUGER EASTING

DATE: 05013407

CALIBRATION

PAGE 1 of 1




BOREHOLE NO.: 12

- d CLIENT: QUALICO DEVELOPMENTS G0 EDS GROLUP INC.
arkland(GEO SITE: SYLVAN LAKE - MW & SW 34-38-2W5  PROJECT NO.. RD2617
MNOTES BH LOCATION:

SUBSURFACE PROFILE =
=] 8 a =
E —_ Well Complebon 5
— Motsture o ) oo
= Dﬂlﬁ:m“ﬂﬂ g |, TR H B | = g Details E
g "en B 8E 8 E

_#54.95
1 B D54 75
'\ midarately organic, tiack, most L
1 Clay 2 B
< Sy, trace sond, BiH, dokw B0 mpedium - E
1] Rt ‘ B B
] " 3 : I
. . < S04 = 0.04% -; _-
GIES TH BE
. g 2 B §
4 * e
'3:55 i
N » E A
. 12881 I e v
& ~ MR @ | Mees
| End of holp at 8.0m.
Jsmm stiircpipe matdllea
Fackfilled with cuttings
1 Ry upon complation
1 Walor lewal o1 5 Ben on Saptamber
7| 26,2007,
1 Wiser leval o 5 Ben on Oclaber 26
1 200,
]
it
0 _Seans
LOGGED BY: DGY _ GROUND ELEVATION. 954,95
CONTRACTOR: JED ANCHORS AND ENVIRONMENTAL NORTHING
RIGMETHOD: TRUCK MOUNT SOLI0 STEM AUGER EASTING
DATE 0aM 3107

CALIBERATION: PAGE 1 af1




BOREHOLE NO.: 13

CLIENT: QUALICO DEVELOPMENTS C/O EDS GROUP INC
Parkland{GEO SITE. SYLVAN LAKE - NW & SW 34-39-2.W5  PROJECT NO.. RD2617
' NOTES: AH LOCATION:
SUBSURFACE PROFILE £
- 2 2 =
£ g wewe | |5|g| §|wegome| g
g cewe 81 P 18 EE| :
(] EE‘ i i i |‘='I'- w w
GROUND SURFACE 1 - RET
i - ATz
_\rn_n;ln:nh organic, black, moint o
Clay T
silly, ece sand, B4N, kw plastic . Y s
i=|  biown ot s T
' e g £ | o442
1 Sand and Sk 1 - o B
cinyey, compact, fine grames. poory ||, o[ [ 120 =1
2=| pEaced. b, mblst L, - 504 = 0.04% § g
GIES o BE
l 1301 | 19 L E
.. o
g s o E
_
5 i 5
: g 043,32
T ) H 6
. ity 3 I il
L s g vy oo b : H B
staune, coal ineausions. ino 1apa | 18 B 42 42
T p— " e 4 e
1 Esed of hole at 6 5m
J5mm stardpgpe makalied
7~|  Backfiled with ctlings.
Dy upenir Cofrop bdiarn,
Dey 6in Mow 8, 2007.
Dy om New 13, 2007
ﬂ.
i_
m' i 3R 6
LOGGED BY: DGY GROUND ELEVATION: 848.92
CONTRACTOR: JED. ANCHORS AND ENVIRONMENTAL HORTHING
RIGMETHOD: TRUCK MOUNT SOLID STEM ALUGER EASTING:
DATE: 10728007

CALIBRATION: PAGE 1ot 1




BOREHOLE NO.: 14
CLIENT: QIUALICO DEVELOPMENTS CiD EDS GROUP NG

SITE: SYLVAN LAKE - NW & 5W 34-38-2-W5 PROJECT NG RD2617
HOTES BH LOCATION

SUBSURFACE PROFILE

Diepth fm)

Dascription

Well Compiebon

Mossture Details

oy
# = i

Symbal
Elgvation {mj

Type
Sampie Mo
EPT (N)
Cammanis

GROUND SLIRFACE

L=

| By, finoe sond, BHF, o plhals

e irnce rust piaing, mgist

5

, Irice sand, frace geaved, siil,
fow plastic. gooy, runl stpns, coal
InzhrtaOs, el
pary ulifl a0 4 Gin

End ol heds @ 8 Om

25mm slandpipe retaked
Eischdiliag with custings

Tiough ardutd pips 1o 3.0m

Dy wpon. complafion )

iWrakee haved Bt 1 7m on Mo 5. J00T,

4 Wkt leved at | fm an Moy 13, 2007

1

e AyE—

g
2

g
2

114{!1 7
= e pee] S04 & DAN

=&

Wy

(L

e Emm SLOTTED PVE PIPE——se———2umm SOLID PYVE PiPE——

o

21349

LOGGED BY: DGY

CONTRACTOR: J.E.D. ANCHORS AND ENVIRONMENTAL NORTHING.
RIGMETHOD: TRUCK MOUNT SOLID STEM AUGER EASTING

PATE: 10729007
CALIBRATION:

GROUND ELEVATION: 93% 40

PAGE 1ol 1




Pa r@@%ﬁ

CLIENT: QUALICO DEVELOPMENTS C/Q EDS GROUP INC

SITE: SYLVAN LAKE - NW & SW 34-30.2-W5

BOREHOLE NO.: 16

PROJECT N RD261T

LOGGED BY: DGY

DATE: 10729007
CALIBRATION

CONTRACTOR: J ED ANCHORS AND ENVIRONMENTAL
RIGMETHOD: TRUCK MOUNT SOLID STEM AUGER

NOTES BH LOCATICM
SUBSURFACE PROFILE =
= 2 | =
E Maisture = ermsmnun §
E Descrption % 1 | W E : o
" W (1]
3 GROUND SURFACE . 4029
N Topsoil B |
4\ modaratel seganic, tinzk, mosd % T
' Clay ' %
willy, race sand, Ul low plastic, 3 = .
2] b maisl . . S04 = 0.04% -
] : :H
¥ ] 1501 | 24 Em.';';‘u“?..':#m =1 ¥
. “ Sl =374 E_ ; A
3 . Sand * 10% E 3 B
54 : d P 93480
1 T "
6 cioy, sity, trnce aand, frace grael, ' ; 2w
| ey 5tiff, low plasbic. grey, rust ' IS L3 1+ ot
-o atseny, ool inclusinng, irdaiar " &
: = O
- . H 8=
; =
' ' § IEESIET 1 B g
10 . i 5
1" . g
174 v < f
: (W | 1504 | 23 | o meavery 7
|=_: ‘1.' J|I1.|" 1mT E =
|._- L. ' 3
5 . 825 06
-+ Bedrock _l V505 | &F =
ji—| Shalm, feard, geey, dame x
- 82371
| Ers ot hole at 16 Sm. m’
T Hern slardpips instniled
- Backlilled with cutimgs
i ey upan comgiedion
Wadal lawal i 3 3m o0 Now @, 2007,
o Wstar level st 3.0m oo Row 130 3007,
e~
20 _mm028
— = =L

GROUND ELEVATION: 940.29

NORTHING:
EASTING

PAGE 1of1




Parkland(GEO

BOREHOLE NO.: 16

CLIENT: QUALICO DEVELOPMENTS C/O EDS GROUP INC
SITE: SYLVAN LAKE - NW & SW 34-308-2-W5 PROJECT NO: RD261T

HOTES BH LOCATION
SUBSURFACE PROFILE E
o E
E : = = Wefl Compieton | §
- =] Akoist L] :
5 Descnption E g g| 8 E— E Detadls g
§ " SN = 5 7 G
o - GROUND SLIRFACE . | 63943
T i B R 230.23
1\ moderatedy ceganic. Black, mais! ;.:f 7
Clay
sy, 1roce sand, Trace grave], skT N o
j— e b readium plaskic, Browm. mosl . ::.'_ i
, af [
Ly : /5042 0.04% ofE BT
_Z. i Eg
e H OB =
1] et ‘W E
- —— H o
3= ] :_ Ij: E
- ) | IEIE BEE |
1 i B z
cluy. sily, trate sand. trace gravel = . =
A= vory sl madiim b high plasee, . i - %
browen, nist slaing, coal inchasinns % sI s ﬁ
mie? g I
5- - E &
_' [ | 152 4
- T ; f o b B33
grey at §.1m ] a0z | 1w H N
] pis A B
Endl &if hole at & Bm
25 sLarddpipe inuake
7| Backhilied with cultings
Dy upon complstion
| Wmsar level ol 2 3m on Nev 6, 2007,
Wibser lewnl al 18w om Moy 13, 307
-
o
1
- 929 43
- — E
LOGGED BY: DGY GROUND ELEVATION: 939.43
CONTRACTOR: J ED. ANCHORS AND ENVIRONMENTAL NODRTHING:
RIGMETHOD: TRUCK MOUNT SOLID STEM AUGER EASTING
DATE: 10028107
CALIBRATION: PAGE 1 of 1




Parkland{GED

BOREHOLE NO.: 17
CLIENT: QUALICO DEVELOPMENTS C/O EDS GROUP ING,
SITE SYLVAN LAKE - NW & SW 34.38-24N5  PROJECT NO.: RD2617

NOTES: B LOCATION:
SUBSURFACE PROFILE £
L] 4 —
= 2 = =
& Maistuire s | > Ve Fempioien :
5 Description v o et 3
5 m i " ﬁ 'E E E E
] L L] |_ m u lu
e SROUND SURFACE R 851 H
1, Topsoil Pl B
|\ modarately organic, biack; mais! il B
11 Clay 3 E T
- iy, frace sand, $If, ko (0 mpdiem -
1 plastic. brown, maoist opR
3 fda 41
24 T g -I--T?! iR - 504 » D.04% § -
T cay, sy, Iracs sand, TE0e gravel,
1 ey stetl, mediumn to bigh peastic. s
o ey sl staiem, cosl inclimions [ i Je
37 ool 1 11— ¥
1 " FEL7a1 ]| Grain stes Anuiynin CR
4 ; Clay = 32% R
; &in & 23% s M - E
Song = 3% s .
i 17 ] eid K Gravel = 0% H O
1 q E
) g [
8- H E @ 0
: off -
" A
& ' E W g
o " I 1703 | 38 : T
st - o . | oarm
1 Bedrock =
shiss, haed. groy. damp =0 Fiimes] |
10~ = =
1'I- YT I-—!E—EE- o 3 » o
w na
1 Famm standpipo nslalind
Brackfillad with ;umm
=4 [ fa]) ]
3 w"ﬁ"::ﬁ .5m on Mow &, 2007,
| Walet |gwel at 10:2m on key 13,
- 2T,
l!—_
-]
15 s
R T E R — =
LOGGED BY: DGY GROUND ELEVATION, 851,21
CONTRACTOR: J ED. ANCHORS AND ENVIRONMENTAL NORTHING:
RIGMETHOD: TRUCK MOUNT SOLID STEM AUGER EASTING
DATE: 10/22007
CALIBRATION: PAGE 10f 1




Parkland(GEO

MNOTES

BOREHOLE NO.: 18
CLIENT: QUALICO DEVELOPMENTS C/O EDS GROUP INC
SITE: SYLVAN LAKE - NW & SW 34-38-2-W5 PROJECT NO.: RD2617

BH LOCATION

SUBSURFACE PROFILE

Depth (m)

Descrption

Maisture

o TRt L
| L] L]

Type
Sampie Mo
SPT (M)

Commenis

Weil Completion
Details

Elevation (m)

GROUND SURFACE

Topsoil

" modarately egamc, black, maisl
Clay

ailly, trace sand, s, w [0 mediam
pasdld, Brown, fssl sisdng. moesd
apoil ihchesiond gt 1. 3m

=

dow; plastic af 2.2

Tl
clay, 88y, ace sand, trace gravel
alilf, low piaakc, Ergwn, nest sdaans,

| costinciusiona. moist

qrey at 5.1m

Endl af ol &t & m

Foprem stancpipi insdaded
Fackfilied with culbngs

=]

wfy

= B0 = D%

GIES

2&mm B0LI0 MO PIPE——=

oo

4

-3

# |

LOGGED BY DGY

CONTRACTOR: JED. ANCHORS AND ENVIRONMENTAL
RIGIMETHOD: TRUCK MOUNT SOLID STEM AUGER

DATE: 10030107
CALIBRATION.

F—25mm SLOTTED PVC FIPE

gls
E=

845, 04

4114

GROUND ELEVATION: 851 14
NORTHING:
EASTING

PAGE 1af 1




Parkland(GEO .

SITE: SYLVAN LAKE - NW & SW 34-38-2-W5  PROJECT NO.: RD2617

BOREHOLE NO.: 18
CLIENT: QUALICO DEVELOPMENTS C/D EDS GROUP |NC

ROTES BH LOCATION:

SUBSURFACE PROFILE =
= T s # -
4 3 Moistura s |z Wﬁﬂgnmﬂelmn g
& Descnption g e o =3l lal
3 gt v |2alk s §
ol B GROUND SURFACE | | . 845,68

4 T - & 508

', modarstedy negamz, biack, most I (o

1 Clay H B
1 ity trace sand. i, low plastic. B B
1| (rcwn, sl sladna, cosl cluslons - & 2
B
-t - off &
= 13 i
il I agn | ar 8 ] Y
2- v - 504 = 0/04% R
;
3 . [ E
H Q B2 18
| T a sl S T
A1 clay, efty, some sand, tnce grovel, ’ '.: 1]
w1 Krw plnatic, Drown, hasl shaine  E e
o conl mchessons, moih % i ; a
i litmzu
A . E o
& -~ I b L5 3088
| "End of haln ¢ 8 Bm
ZEam atasdnipe imalaliag
Bacutlled with culiings
1 Siough arand pipa to 3:0m
9 Diy upon camphaticn
=1 \Walr eval at 3 2m on Moy B, 2007,
5 Wier leval ot 3 B oan Now 13, 2007
B-
g-_
i 435, Ba
e —
LOGGED BY: DGY GROUND ELEVATION, 845 86
CONTRACTOR; JED ANCHORS AND ENVIRONMENTAL NORTHING:
RIGMETHOD: TRUCK MOUNT SOLID STEM AUGER EASTING
DATE: 10/30/0T
CALIBRATION: PAGE 1 of 1




BOREHOLE NO.: 20

" CLIENT: QUALICO DEVELOPMENTS CiO EDS GROUP INC.
Parkland(@E0 SITE SYLVAN LAKE - NW & SW 34-30-24W5  PROJECT NO - RDPA1T
' NOTES: BH LOCATION.
SUBSURFACE PROFILE 3
E | 3 Moisture = Wﬂllgnmphlm &
5' Desoription P R "l:' etaiks o
8 s v |xals 3 £
u____GH'ﬂLIHD SURFACE . B3y
| Topsoll bk i Bz B
'\ medarataly organic. back. morl [ 5
Clay Hl :
glity, bace sand, s5f, msdem { i
1~ plesfic, brown, mss ‘ | = :
| K &
_ o satin
=
5| wtnr ot 1 B -4 « B0 = Q4%
| [of 2001 | 135 _Ba07y
1 erust pimiiia b 3 dem e T i -Z:
m :
. ] Gaain Size Analysia A
: | 201|186 Clay=42% 3871
T . B N - il P
| cliy, silty. some sang, bace gravel i Gand = 11%
4| ¥OF. low plastc, brown, grey. st o -
| meming, cool moluesions mass o
.k
b- . E
| 1
. i ] w = . 8
1 Endod hale gl .5,
P sEandpipe Instaled
7| Backked with cultings
{ ' Dyy upon compsation
1 ater ieval 5t 0 6m on Now &, 2007,
| Whated et At O B on Mew 13, SHOOT
'_
o
i | 23311
_— —— ————————,—~——
LOGGED BY: DGY GROUNO ELEVATION 843 11
CONTRACTOR: LED. ANCHORS AND ENVIRONMENTAL NORTHING
RIGMETHOD: TRUCK MOUNT SOLID STEM AUGER EASTING:
DATE 10/30M07

CALIBRATION: PAGE 10of 1




PROJECT Syivan Lake Developmend - NW & 5W 34-30-205
PROJECT # RO2EY7
BOREHOLE 1 DATE Moy 28MT
DEPTH 0.7m TECH JB
Parkland(GEO SAMPLE 161
. LOCATION
GRAIN SIZE DISTRIBUTION
SAND GRAVEL
CLAY s CoBBLES
= s o - & il b
G A Ak @I W @ om W W ¥EN yan BN i
(5] L
&0
ae
m
o
z w
i
Z
Z W@
B
&
[
118 F
4
2
10
o
g al [8} 1 1] Lii]
GRAIN SIZE IN MILLIMETRES
SOMMENTS: SUMMARY
D) = GRAVEL {h00%
D3 = BAND 13,03%
% Rotamad on 2 mm v DG -= ST 5%
Soil Typee: Clay, andd ull2, [iatle sand oy = CLAY B0.55%
ce =




PROJECT# ROZEIT
PROJECT Syivan Lake Development - NWE:

BOREHOLE 1
DEPTH 0.7 m
Parkland(GEO SR
o DATE Mow 2807
TECH JB
SOIL PLASTICITY SUMMARY

LIGUID LIMIT (LL}
Trisd Na i 2
Mo, Blonws 22 23
Wi Sample Wel # Tare 38.501 §3.342
Wi Sample Ory + Tare 31 504 24848
Wi, Water T.a07 #4444
Tare Contalnes 16195 16191
Wit Dy Soil 15,389 18.707
Motstiore Confent 45633 45138
Corrected for Blow Cournl 441834 44 585
Liguld Limit Average 44.8
PLASTIC LINMIT (PL)
Triad Ma. i 2 3
WL Wet Warm + Tare 8708 A.3r0 B.3TT
WL Dy Worm + Tare Bav4 BoTT B.OT3
Wit Warter 0,334 0.263 0,304
Tare Container &.321 6324 g.283

Dy Worm 2.0583 17583 1784
Maotstiine Confan) 16260 16714 16.883
Plastic Limit Awrage 16.7
iFLAETIEIT‘I" INDEX (Pij = LL-PL _23.1 I

&0

50

40

ao

20

PLASTICITY INDEXdex

10

0 10 20 30 40 50 60 70 80 80 100
LIGQUID LIMIT

ZIRDAEKID-ALEGARRNIEDTY - SyWam Laks arviopamont « Ny & SW 34-35-0-W3  IGECMLAD RESULTSW e 10T



PROJECT# ROIETT
PROJECT Syivan Lake Development - MNVE

BOREHOLE 5
| DEPTH 24 m
Parkland(GEO | i
e DATE MNowv 2807
TECH JB
SOIL PLASTICITY SUMMARY
[LQUID LIMIT (LL)
Tnal Mo i 2
Mo Blows 24 20
Wi Sample Wel + Tare 43 545 A5 555
W, Sample Dy « Tam 368180 ar s5a
Wi Waler T.465 B.000
Tare Containef 16.150 16, 158
Wi Dry Seil 20,030 21402
Madgfure Conbent ar 2849 37 a0
Comacipd {or Blew Caunl 3T G444 28.213
Liguid Limit Average 38,1
PLASTIC LIMIT {PL)
Trisd Mo I 2 3
Wi Wat Woarm + Tara 8,383 83780 B515
W Dy Worm + Tare B 036 8378 B.232
Vil Water 0 545 041z 0.353
Tare Containey 8208 6296 .30
Dey Worm 742 2082 1.831
Majature Contend 10805 169,784 19,834
Plastic Limit Aunra!u 9.8
IFLAE‘FI::FI”I" INDEX (PI) = LL-PL 18.3 I
G0 - — — —
20
5
=
X 40
=
=
t k1]
5
% 20
o
0
0

0 10 20 30 40 50 60 70 80 80 100
LIGUID LIMIT

T ARCEG00- RS (R T+ Sybvan Lake Devslopran - Ny B SW 3302w GELAH RESLETSILimil 55



PROJECT Sylvan Lake Davelopman - N & SW 24-38-2W5
PROJECT # RO2ERIT
BOREHOLE A DATE New 28007
DEPTH 1.5 m TECH 18
Parkland(GEO SAMPLE AN
| LOCATION
‘GRAIN SIZE DISTRIBUTION
SAND GRAWE]
LAy s COBBLES
[T = s EEl B
MO o X 1 f AN R LTI T

PERCEMT PASSING

ap

A

i

01

TOMMERNTS;

% Halaned on 2 mm saeive

sh i Wk ecvE St

Boll Type: Sit, seme clay, Mile sand

GRAIN SIZE IN MILLIMETRES

B R SR o S e L L2 L

1w

SUMMARY

D1g
D30

cC

[T | T

=]

GRAVEL
SAND
SnT
oAy

0.00%
15, 25%

27 16%



PROUJECT Sylvan Lako Devalopmen) - NW & SW 3d.00.2.Wh
PROJECTA  RODBIT
BOREHOLE 15 DATE Moy 2807
DEPTH i5m TECH JB
Parkland(GE©O SAMPLE 1501
) LOCATION
GRAIN SIZE DISTRIBUTION
SAND QRAVEL
CLAY SilLY CiOHHLES

i TR T o W o oX

L

i FEH FaN T

L[] L L L L
)
98
m
E Lt}
5
E &
&
i
i &
0
m
i
i
[a i i [N} ] 1 i L[] RO
GRAIN SIZE IN MILLIMETRES
SOMMENTS: SUMMARY
oig = GRAVEL o0
03g = SAND TH.11%
o Retalned on 2 mm soive oed = SILT Av%
Soll Type: Clay, and s, ke sand Cu = CLAY &4 TA%
oL =



PROJECTH RDEGTT
PROJECT Sylvan Lake Deveiopment - NWE&:

BOREHOLE 15
landiGEQ DEPTH 3.5 m
PE Tk SAMPLE & 1501
DATE May 28007
TECGH JB
SOIL PLASTICITY SUMMARY
LIQUID LIMIT [LL)
Trnal Ma 1 2
Mo, Blows 29 an
Wi Sampla \Wel + Taie 45004  41.828
Wi Sample Oy + Tame 37a2z Manw
W Water T Ta2 7,408
| Tans Contamnod 18 504 16487
Wi. Dry Soil 20821  18.330
[Molsture Content 37 184 AR TES
Corrscted for Blow Courd J7.BST 30.6449
Litquiiel Limit Average J8.8
PLASTIC LIMIT {PL]
Tnal Wa 1 2 3
Wi Wist Worm + Tara E154 B.Yay B84
WL Dy Wi+ Tara Boga 8115 81548
WL Viater 0.0685 0.082 D.08s
Tare Contalned 8315 6255 5296
Wi Dry Worm 1,754 1.8E0 1803
Maolsture Canten| A 708 4400 4 487
Plastic Limit Awrage 4.2
|'1=|.As-ncn'~r INDEX (P1) = LL-PL 3.6 |
&0 —
50
g CH
=
E 40
= ch
30
z MH or OH
L
B 20 -
< cL i
o
10
- ~ MLorOL
o

0 10 20 30 40 50 60 70 80 &0
LIQUID LimIT

FUACEEon-ROPE TR T - Syfyin Liske Dervolommnmd - MWW L& SW 34-20.200  GEGULAN RESUL TSW ani 1609



PROJECT Syivan Lake Devalopmert - SYWENW 34-30-2.W5
PROJECT W RO2617

BOREHOLE 17 DATE Dac 4/07
DEPTH A8 TECH J8
Parkland(GEO SAMPLE 1761
) LOCATION
GRAIN SIZE DISTRIBUTION
EAMD GHAYEL
CLAY ST COBMES

- - = =-— o—
ua SlaRpbann it EiES H E_m I-‘:l i m m

i
1]
A
i
e
Z-
? B
E i
&
L
& wm
uh
P
i
4]
0001 oot B i [ 80
GRAIN SIZE IN MILLIMETRES
SOMBENTS: SUMMARY
o = GRAVEL B
D3 = SAMD 8.20%
% Fatainegd on 2 mim saive DED = SILT 23%
Soll Type: Snavd, someé clay, some 5l cu = CLAY 30.83%

cC



PROJECT#H ROZBTT
PROJECT Sylvan Lake Dev. - SWANW J4.3

BOREHOLE 17
Parkland(GEO OEFHH m
SAMPLE & 1731
DATE Dec 407
TECH JB
SOIL PLASTICITY SUMMARY
LIGUID LIMIT LL)
Tnal No. 1 2
Mo. Biows 20 Z1
Wi Sample Wel+ Targ 39565 40367
Wi, Sample Doy + Tore 35583 35.269
AL Water J.882 4,098
Tare Cantaines 16.311 18.173
Wi Dy Soll 19272 200098
IMoisture Conlent 20,852 =0:392
Corractad for Blow Cound 200112 18,566
Liquid Limit Avarage 20.0
PLASTIC LIMIT (PL)
Trial No. 1 2 4
Wi Wet Worm + Tare B.820 8624 B.738
Wi Dry Worm + Tare a4va 8305 B.256
Wi Watar 0341 D31e 0,343
Tane Container 6 285 6,323 6279
Wit. Dry Worm 2180 1.962 2417
Modsture Contant 15.642 16,085 16262
Plastic Limit Average 16.0
PLASTICITY INDEX {Plj = LL-PL 4.1
60 1 T
50
*
3
x40
(=]
=
E a0
]
B 20
E "
10
ML or OL
0 2

0 10 20 30 40 50 &0 70 B0 90 100
LIQUID LIMIT

FAFIRGI0-RUTEARRERNTT - Sytvan Loks Dewnopimsl - B & S8 3-16-20W0 . GECWAR RESUL TSALIme 17031



PROJECT Sylvan Lake Cevalopmeant - SWENW 34-38-2W5
PROJECT#  RD2BIT
BOREHOLE 20 DATE Dec 4107
DEPTH 10m TECH JB
Parkland(GEO SAMPLE 2001
‘ LOCATION
GRAIN SIZE DISTRIBUTION
AN AL
CLAY BILT EAEELES

0E ATAHEATD B WE SFEE

‘oA

FPERCENT PASSING
B

tn

Ly ] on

SOMMENTS

4 Belained on 2 mm séive
Sol Type: Sl and clay, lifle sand

[N |

1 hL1 L=

GRAIN SIZE IN MILLIMETRES

SUMMARY

FILE GRAVEL 0.00%

O30 = SAND 11.22%

0. = BILT 474%

cU = CLAY A2 16%
=



PROJECTH ROZE17
PROJECT Sylvan Lake Dav. - SWEANW 34-3

BOREHOLE 20
DEPTH 30 m

Parkland(GEO g EERTHAR

- DATE Dec 4107

TECH JB
SOIL PLASTICITY SUMMARY

LIQUID LIMIT (LL)
Tral Mo | i
ko, Blows 28 a7
Wt Sample Wet + Tare 38.955 43203
Wi Samipke Diry + Tare S3.2T2 36,343
Wit Watar 5683 G.a&0
Tare Containet 16:237 15,040
Wi. Dry Sail 17.035 20,354
Modsture Cortand 33,361 33637
Correcied for Blow Count 315149 33852
Liquid Limit Average 33.7
PLASTIC LIMIT [PL)
Trial Mo. i 2 3
Wi Wet Worm + Tare BGZ2B BEEN 82402
Wi Dry Worm # Tare 8250 L L 8079
Wi Water 0.338 0,377 0.523
Tare Cantainar G.a24 6.2 88 G235
Wi Dy Woemi 1.865 2168 1 Ba4
Mossture Content 17,1892 17405 17.516
Plastic Ll.-rnllﬁ.vﬁmin 17.4
PLASTICITY INDEX (Pl) = LL-PL 16.4

60 ————

ab

40

30

20

PLASTICITY INDEXdex

10

0 10 20 30 40 50 G0 70 1] a0 100
LiQuiD LIMIT

2ROFEME RORERRDANTT - Sylvan Ltd Dovelonmned - KW & 5W 34-09-2-W5  QECALAR RESUI, TS\ #00



ECT - Sybean Laks Dev - 5 & M 34-
PROJECT & ROZEIT DATE -  Mov 2207

Parkland(GEO SAMPLE SOURCE - SIEVE # |
PIT MAME -
; TECHMICIAM - JH
HIEVE 8Ly F"EI'IJ'I'EW’ WIEET TOTAL WT FEROENT EECEH CATEYN
ténm| HETANED | FINER el FASIING Ll L
eyl BD =l Qg
Elaael] El] gag (LT
it T e ] p [ g 18
e} o e ([ 4]
Lles) it gan [l ]
T2ICE] Ll 2] BEG T 0G0
lah s i [=] L. g 1l O
B0 B ST | O
1360 .35 or BB e w
Lo ] 9El a1 S4re wus
il GAks ar 3. -0 § #0.E
(1113 (i |- 67 13- e
o 0o ara Wira L i
SIEVE PAN BB
[MCHETUSE COMTENT SAMPME EEVE kAL TSI SAMFLE fC o W EALTLeL ATITRN S
AT WET SAMPLE = DAN | D0 2 o i O e s $ET
BT BRY RALMMLE « FAN VPR B L ke e el aEy
CANT OF SWATER AT A i Wt o wloss ) DT G4 L5
DU IOF PAN BEE Y| e g b T
E-WT OF TIRY SALEPL 60T
FMBETUAE CONTENT is
DESCRETTIN OF RAMLECOMMERTE B THOD OF PREPARATION WAHRRT
BHTS TOTAL WEKIHT Sl
{F ] [EELR T L.
I5m IFFEREMNCE -]
% FFERERCE 1]
o ™,
SIEVE ANALYSIS
1]
-
k1]
g' wr
A
g
a
"E w
E -
Wi
T
']
BIF W i &
GRAN SI7E 1N MLLIMETERS




PROJECT -

Sylvan Lake Dev. - SW & NW 34

PROJECT & ROXE1T DATE - New 2207
Parkland(GEO SAMPLE SOURCE - SIEVE # 2
PIT HAME -
TECHNICIAN =  JB
EEVE MO [FFERTG WERGFT TOTAL WT FERCENT RFEC TN TN
|| RETAMED | FHEREL PAESING M Llas
s m—
L] L 1i3a L0
400040 L[] FLEX 1000
F ] i 1134 yona
20000 a0 FTER 1000
LA il 1124 L]
K2500 125 23 FLIUR L
10000 0] ol L LA
6000 » e 3005 [
L1260 L35 F A T o
B sl [ o (8]
315 oy A b g ] &3
L1 (LR ] 13 E. LR 3
B0 0Bl 012 118.8 b ]
BEVE PAN 18, B
RS TLURE CONTENT SAMIM E BINTE ANALYSIS SAMPLE 0 W CALCULATIONS
AT WET SABPLE + PAN 197 d ot oo core gk 317.4
BT DIRY BALLPLE + RN VODE Al s i oy okl LR
C-WT OF WATER T Tl T OF walmirh DT s 2066
D-ANT, BF PAN ESl UL Y el i for
EaT OF DRY SapiTLE 1134
FiMBETIARE CONTENT it |
|I:I'I.EC:HFTI'DH fiF BAMIFLER ENTS |I|ETFHI'IJ|{'IT PREFARATH M WARHED
B4 FOTAL WERGHT MIg
e kL] BRY W1 s
1 8Hm [ FERENGE el
W% OIrFERERCE A0 0y e
i "
SIEVE ANALYSIS
e
-
L1l
g "
E gl
B
e
Gl
g =
&
]
&
fia L] t o1
GERAIN SIZE 1N MILLIBETERS




MOISTURE DENSITY RELATIONSHIP WORKSHEET

PROJECT SYLVAN LAKE DEV PROJECTS RD2617
Parkland(GEO CLIENT DATE SEPT18/07
SAMPLE NUMBER 1 ] 3 a DATE SAMPLED SEPT1507
E Wi Sample Wet + Mold | G008 | 5025 138 5107 CONTRACTOR
& W Moid 4174 | 4174 4174 4174 | 4174 SOURCELOCAT SYLVAN
W W, Sample Wet 1834 | 1921 | 1982 | 1933 | -4174 SAMPLED BY  DANNY
> |Volume Mola 845 | D45 945 845 | 945
& |Wet Density kgim3 1941 | 2003 | 2076 | 2048 | 4417 PROCTOR # POT-0050
Dry Dansily ka/m3 1718 | 1778 | 1788 | 1728 | #DIval
CONTAINER NUMBER | 12 14 16 18
w [Wt Sample Wet + Tare | 315 | 249 324 325
E WI. Sampie Dry ¢ Tare | 281 220 281 277
@ Wit Water 34 20 43 & 0
O | Tare Container 18 17 16 18
= lwit, Dry Sod 283 | 208 | @85 | 280 0
{MgiEure Content 1.8 14.3 16.2 185 | #DIVIDI
PREPARATION DRY/MOIST COMPACTION STANDARD ASTM D698 X
RAMMER TYPE AUTO /MANUAL ASTM DA657
1900
| | |
| | ] ]
o [ [ | B ‘ | 1 SOIL TYPE  SILTY CLAY
|| | |
1RO 1 ! +—4 R #
FEi' | | | sl | . | | COMMENTS
2 . | | | | .
E yreh i | 4 | i s i i
g |
L]
a8 | -i [ ] |
E 1?'m 1l L 4 - 3 . 1 - 1 | '
| ]
| ' [ | PERCENT RETAINED
1650 i ‘ B e e 4.75 mm SIEVE ]
19.0 mm SIEVE
SRR
650 | |
10 " 12 14 14 i6 16 7 18 16 b
Moisture Contant {%)
MAXIMUM DRY DENSITY 1795 ka/m3 OPTIMUM MOISTURE CONTENT 15.2 %
TECHNICIAN  JP CHECKED JP




Project: Sylvan Lake Dev - NW & SW 34.30-2.W5

Subject: Gealschnical Testing - Soll Sulphate Test Resulls

Project #: RD2&17 Date: Moy 22107
Soil Sulphate Test Results
|Laboratory:  Parkland Geotechnical
Sample®  MC2 Sample s  MC2Z
arehols. 1 Bomenhala, &
Deplh' Z0m Dapth 20m
esull (% Sulphatz) 004 Result (% Sulphate).  0.04
Sample # MC2 Sample #  MC2
Borehaole, 2 Borehole: 7
Depth 2.0m Depih: 20 m
Result (% Sulphats) 004 Resuft (% Sulphate): .04
Sample &  MC2 Sample # MG2
Borehole 3 Borehole 8
Depth 20m Depth- 20m
Resul (% Suiphate) 004 Resull (% Sulphate) .04
mple# MC2 Bample # MC2
Borehole: & Borenolg:: B
pth 20m Depth- 20m
Resull (% Sulphate) 0.04 Resulf (% Sufphata) 0.04
Sample #  MC2 Sample &  MC2
Borehola 5 Borehaole 10
Dapth: 20m Degith 20m
Resall (% Sulphate) 0.04 Resull (% Sulphate) 0.04

1Comrments

REQUIREMENTS FOR CONCRETE SUBJECTED TO SULPHATE ATTACK (CAN/CSA-A231-M04)

WATER. S0 LELE SHHL PHAT RO i i L SRS IPED LU T
HE DEGREE 0¥ EORTLAND CEMENT TO Be
BULPHA TE{BDu} = GROlUmn NATER B DAY COMPRETENS BN TENC DN TIRG
CLASSFIEATON EXFOSUNE 08, SAMPLE, % SAMPLES, s BThERGTI g RATERIALY HATIO e

. Yeiy Severs i 2 0 aver 10,008 - i HS

5.2 Soegin 02015 2.0 1500 1o 10 000 i3 045 HE

[ Modatain 0.0 o 0 20 150 b 4 500 8 i M5 or HE

Tech: JB Chbkd:




Parkland(GEO

Project: Syhvan Lake Dav. - NW & SW 34-38-2-W5

Subject: Geatachnical Testing - Saill Sulphate Test Resulls

Project 8 RO2817

Date: Nov 2307

Soil Sulphate Test Results
|Laboratory.  Parkland Geclechnical
Sample #  MCZ Sample & MC2
Borehole: 11 Borehole: 16
Depth 2.0m Depth 20m
Resalt (% Sulphata) 0.04 Result (% Sulphate) {04
Sample #  MC2 Sample # MC2
Borehole 12 Borehole 1T
Crepth: 20m Depth: 20 m
Result (% Sulphate). 0.04 Resulf (% Sulphata) 0.04
Sample & MC2 Sample®  MC2
Borehole 13 Borehale: 18
Depth 20m Depth: 20m
Result (% Sulphate) 004 Result (% Sulphats) 0.04
ample & MC2 Sample & MC2
Borehole: 14 Borehole:. 19
Crapth 20 m Depth: 20m
Resull (% Sulphate) 008 Result (% Sulphate); 0.0
Sample & MC2 Sampled:  MC2
Borehole 15 Borghole 20
Dapith 20m Depth: 20m
Resull (% Sulphate) 0.04 Result (% Sulphate) 004

ICommants:

REQUIREMENTS FOR CONCRETE SUBJECTED TO SULPHATE ATTACK (CANICSA-AZI1-M04)

FATERSOUUINE | SCUPHATERSOM M | Wi SPECESED A Ea
u.::mfﬁh b B, PHATE| S0 GHOUNDWATES | B0AYCOMPREGEVE |  WATERICEMENTSG m“"""“ﬁ:’” o
BORL BAMPLE % BAMPLES wapl STMERGTI. Mite MATERIALE RATIO
8-1 Viry Sevore aver 20 owvml 1000 35 04 HE
2.3 SR .l e 2 4300 10 161000 i 045 HE
23 Moderals G100 02 18015 1 500 34 (L5 S ot HS
Tech: J8 Chibud:
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EXPLANATION OF TERMS AND SYMBOLS

The terms and symbols used on the borehole logs to summariza the results of the field investigation and subsequent
laboratory testing are described on the following two pages

The barehole logs are 8 graphical mpresantation summanzing the soll prafile as determined during site specifio field
Investigation. The barehole logs may include test data from laboratary soll testing, If applicable. The matenals
boundares and conditions have been esisblished onlyal ihe borghole |ocations al the lime of drilling, The sail
condiions shown on the borehole [0gs arg nod necessanly representalive of the subsurface conditions elsawhers
across the site. The lransitions in solf profile ususdly have gradual rather than distinet unil Boundaries as shown on fhis
graphical repressntalion

1. PRINCIPAL SOIL TYPE - The major =oil type by weight of material or by behavior

THaterial Grain Size
Boilders Larger than 300 mm
Cobbdes TE mm 16 3] irem
Coprsd Gravel T8 mir ¥ T v
Firie Graval G.mm 1o 18 mm
Coarse Sanil £ i g 5 mEn
Mediaam Sand D425 mm fo 2 imim
Fine Sand 0TS mm do D425 mm
Bilt & Clay Bmaller than 0075 mm
8 DESCRIPTION OF MINOR SQIL TYPE - Mmor sod types are wenfified by weight of minor companant
Parcent Descrptor
35 bo- 50 and
200 b A5 foma
10 to 20 biftle
11a10 trace
3 RELATIVE STRENGTH OF COARSE GRAINED S0IL - The following terms are used relative to Standard
Penalralion Test (SPT), ASTM D1585, N value fof biows per 300 mm
Deseription H Value
Viry Loose Less than 4
L oose 4 fo 10
Comipact 10 1 30
Dense 30 1o 50
Yery Denss Civer 50
4, CONSISTENCY OF FINED GRAINED SOIL - The fallowing tarms are used relative to unconfmed strength in
kPa and Standard Penetration Test (SPT), ASTM D588, M valus for blows per 200 mm
Daseription Unconfined Compressive N Valug
Strenglh (kFaj
Very Soff less tham 25 Loss than 2
Eaf 2516 50 204
Firm 500 tor 100 4t
Sniff 100 8o 200 #in 15
Wary Shit 200 10380 15 10 30
Hard Crear 380 Orvar 30

Pa

rkland(GEO




MODIFIED UNIFIED CLASSIFICATION SYSTEM FOR SOILS

LABOHATORY
]
RASOR DIVIEIDN EI'WUIIEDL :IMWIEP;, TYPICAL DESCRIPTION CLASS|FRCATEDN
| — - | CRITERLA
POy
T WILL QRADED DIAYTLE LITTLE Oft HD) Gy = BgrC= (D) =il
CLEAM ﬁ' ’ﬁ:_ FiNED G 0. XD,
X GRAVELE

& “E! RO - GP o S FOORLY (RADED CRAVELS Gravy P W T AL OF THE ARCTOT

; Eh s - AR OUTIRRES WATH LTTTIE O el HECUFRFMENTS

-4 E - T :

7 g : oM . ,' : i Ty CRANEL S DAL L By | ATTERIE A LTS LD
E; f. DIRTY * o MERFLRES LT T W LB R TN W
= 8 e B i
Sk 5 GRAVELS : Sxeary
= E ST O ac . CLAYEY GMAVELE GRAVDL S0 LAY i AT TERBEHG LIETE ASCAE
£ ol !, MUATURER W LilE OF 1, W THa |
- x - -

EE 2 WIELL CRADE BAMINL CRATLLY CowBerCn (O w10l
- SANDE WWTHLITTLE OR 80 FREE . B, X Do
5 B i y | cuesssanos

? Es BPTTLE OF MG TR

i - 5P PO T CARDTD SARDE. DT 09 WOTT R TG AL DT TITE ABENE

; B 4 5 O VET R R AR TR

=

i
; é ;E ATTEREER LTS BELOW

W = &

z b LYY RAMOE BAMCLELTMMETINEE | somteni | & Lt OR P 1638 Tiam 4
; DIRTY SANDS CF FINER

E AT B0 e EXCEERS

[FL ATTERBERT LINETE AIOVE
AT IR BV GLAY T W LI G AR TRIAN

ORTANEC SLTE § VERY FINE SANDE
Ei ROON FLLOE 8Ty RANDE OF BL
& E:}E WFCLARE ST MICACETIE O
E EEE W, = S0 MH CATCRAAER LA 1ol SANETY 8 18 T
¥ L
| g [ | @ AR
g ﬁ’EiE INCSHCAN CLAYE OF R AR AT 15 A 1) O Trel
gé 5533}’; bttt Al o) e FLASTIEN Y QILTY CLAYE PLAETICITS CIIAINT BELEW
e bE
%‘i‘ ’ LR ] PSSR LR D B AT
E -E W sga oL } CFRGinens LT, AoW TR, SR 1Y
; ol 1 DLATOF LW P ASIIGTY
32 A
Ewey W, = 50 i v ',a-"_#f CHRANIC CLANE O HIGH PLASTICTTY
L 2
. . FEAT AMD O 1900 b Y CHIELANE at !
FOTSHLY CHGANIC S04 % ™ et T R L
HOTES ON S0IL CLASSIFICATION AND DESCRIPTION
L)
| - Soily are dossfed Bnd descrbed aocarding o el anginesing
H"' j popeties mnd bohaaou,
£ ! ! I | i Boundary classdicabions lor sois wilh characheriabos of beg groups Bie
ftvon combined growp symbole. ey W00 18 8 well graded gravel-
g" sEnd nalung with clay bindo bobwegn & and 13 %
| T Soll clasgificaticn & n sccordance wilh e Linied Soll Classificaiion
E - Bytlem, with the ecoaplion ihelon inomganic ciay of redium plasbely
Em (G1) i peoogneed,
E B Tha use of moditying slistives miy be employed o difing fhe
bl #xlimated porcentags range by woaghi of mings comipanents.
L. ]
L]
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