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GEOTECHNICAL INVESTIGATION

1.0 INTRODUCTION

This report presents the results of a supplemental geotechnical investigation carried out for the proposed Royal
Ridge Subdivision located south of Old Montreal Road, east of Trim Road, and north of Waiters Road in Ottawa,

Ontario.

The purpose of this investigation was to supplement the existing subsurface information by means of four
boreholes. Based on an interpretation of the factual information obtained, along with the existing subsurface
information available for this site, engineering guidelines are provided on the geotechnical design aspects of the
project, including construction considerations which could affect design decisions.

The reader is referred to the “Important Information and Limitations of This Report” which follows the text but forms
an integral part of this document.
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GEQOTECHNICAL INVESTIGATION

2.0 DESCRIPTION OF PROJECT AND SITE

Plans are being prepared 1o develop the Royal Ridge Subdivision which is located on lands south of Old
Montreal Road, east of Trim Road and north of Watters Road in Ottawa, Ontario (see Key Plan in Figure 1).

The site measures approximately 500 by 150 metres in plan dimension and is proposed for development with a
conventional suburban residential subdivision (Le., single family homes and iownhouse blocks). The ground
surface across the site siopes from south to north between about elevations 84 and 74 metres. Natural slopes are
aiso present along the northern boundary of the site, adjacent to Old Montreal Road, and the scutheast corner of
the site near Watters Road {along a tributary to Cardinal Creek).

An initial gectechnical investigation was carried out by Golder Associates for this site in 2004, The results of that
investigation were provided in a report to the Regional Group titled “Geotechnical Investigation, Proposed
Residential Development, Russell Finlay Lands, Trim Road, Queen Street, Watters Road, Ottawa, Ontario” dated
Septernber 2004 (report number 04-1120-146). A previous investigation for the proposed reconstruction of
Regional Road 57 was also carried out across this site in 1988, The results of that investigation were provided in a
report to  Kostuch Engineering Limited titled “Preliminary Geotechnical Investigation, Proposed Reconsiruction of
Regional Road 57, Cumberland, Ontaric” dated July 1988 (report number 881-2108),

Based on the results of the above repor, the subsurface conditions are expected to consist of an extensive
deposit of sensitive silty clay. Bedrock in the vicinity of the site is indicated to consist of shaile of the Bilings
Formation.

it is understood that the layout for the development has been updated, since the previous report was prepared, and
therefore this suppiemental investigation was undertaken ic provide revised geotechnical recommendations
specific to the new subdivision layout.
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GEOTECHNICAL INVESTIGATION

3.0 PROCEDURE

The field work for this supplemental investigation was carried out between November 26 and 30, 2008. At that
time, four boreholes {numbered 09-1 to 09-4, inclusive) were put down at the approximate locations shown on
the Site Plan, Figure 2. One additional borehole, numbered 09-1A, was advanced adjacent to borehole 09-1 to
obtain additional geotechnical information at depth. The borings were advanced using a track mounted hoilow
stem auger drill rig supplied and operated hy Marathon Drilling Company Lid. of Ottawa, Ontario. The boreholes
were advanced to depths ranging from about 7.9 to 10.7 metres below the existing ground surface.

Standard penetration tests were carried out in the boreholes at regular intervals of depihs and samples of the
soils encountered were recovered using drive open sampling equipment. In situ vane testing was carried out
where possible in the silty clay to determine the undrained shear strength of the deposit.

The field work was supervised by an experienced technician from our staff who located the boreholes, directed
the drilling operations, logged the boreholes and samples, directed the in situ testing, and took custody of the
s0il samples retrieved.

On completion of the drilling operations, samples of the soils encountered in the boreholes were transported to
our laboratory for examination by the project engineer and for laboratory testing. The laboratory testing included
natural water content and Afterberg limit tests.

One soil sample from borehole 09-1 was submitted to EXOVA Accutest L.aboratories Ltd. for basic chemical
analysis related to potential sulphate attack on buried concrete elements and corrosion of buried ferrous
elements,

The borehole locations were selected, picketed and surveyed in the field by Golder Associates prior to the
commencement of the field work using a Trimble R8 Global Position System (GPS) survey unit. The borehole
locations and elevations are referenced to Geodetic datum.
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GECTECHNICAL INVESTIGATION

4.0 SUBSURFACE CONDITIONS
4.1 General

The subsurface conditions encountered in the boreholes put down for the present investigation are shown on the
Record of Borehole Shesets in Appendix A. The subsurface conditions encountered in test pits and boreholes put
down for previous investigations by Golder Associates are shown on the Record of Boreholes and Test Pits in
Appendix B. The results of the laboratory water content and Atterberg limit testing or the selected soil samples
are given on the Record of Borehole Sheets. The resuits of the basic chemical analysis on soil samples are
orovided in Appendix C.

Note: Boreholes from previous investigations in the area by Golder Associates Lid. and others are also shown
on the Site Plan, for information purposes only, and are not discussed further in this report.

in general, the subsurface conditions on this site consist of an extensive deposit of sensitive silty clay.

The following sections present a summarized overview of the subsurface conditions encountered in the
boreholes and iest pits.

4.2  Topsoil

A layer of topsoil was encountered at ground surface at ail of the borehole and test pit locations, with the
exception of previous borehole 3. The thickness of the topseil ranges from 50 to 330 millimeires.

4.3  Sensitive Silty Clay

The topsoil is underlain by a deposit of sensitive silty clay. The upper poriion of the silty clay has been
weathered to a stiff grey brown crust. The weatherad zone generally extends to 8 to 9@ metres depth. Standard
penetration test N values between about 1 and 13 blows per 0.3 metres of peneiration were measured in the
weathered silty clay. In situ vane testing carried out in the iower portions of the weathered crust gave undrained
shear strengths ranging from 52 to in excess of 130, kilopascals indicating a stiff to very stiff consistency for the
weathered crust.

The results of Atterberg limit testing carried out on two samples of the weathered silty clay gave plasticity index
values of 35 and 40 percent and liquid limit values of 60 and 70 percent, indicating a highly plastic soil. Water
contents ranging from 30 to 48 percent were measured in the weathered silty clay.

At the boreholes 09-1A and 3 and test pit 04-6, grey silty clay is present below the depth of weathering (7.9, 5.2
and 3.7 metres, respectively). The grey silty clay at these locations was proven to depths of 10.7, 14.9 and 3.9
metres, respectively. The results of in-situ vane testing in this material typically gave undrained shear strengths
ranging from about 56 1o greater than 86 kilopascals, indicating a stiff to very stiff consistency.

The results of Atterberg limit testing carried out on one sample of the unweathered silty clay gave a plasticity
index vaiue of 18 percent and a liquid limit value of 43 percent, indicating a soil of intermediate plasticity. The
measured natural water contents of two samples of the grey silty clay were 50 and 64 percent.
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4.4 Groundwater

The groundwater levels in the standpipes at boreholes 09-1 and 09-4 were measured on January 15, 2010. At that
time the groundwater levet were 0.3 and 2.6 meies below the existing ground surface (i.e., elevations 74.1 and 81.1
metres).

ft should be noted that groundwater levels are expected to fluctuate seasonally. Higher groundwater levels are
expected during wet periods of the year, such as spring.
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GEOTECHNICAL INVESTIGATION

50 DISCUSSICN
5.1 General

This section of the report provides engineering guidelines on the geotechnical design aspects of this project
based on our interpretation of the borehole and test pit information as well as the project requirements, and is
subject o the limitations in the “important Information and Limitations of This Report” attachment which follows
the text of this report.

5.2  Site Grading

in general, the subsurface conditions consist of topsoll overlying an extensive deposit of stiff to very stiff
sensitive silty clay.

The unweathered silty clay at depth has potentially iimited capacity 1o accept additional load from the weight of
grade raise fill placed across the site and from the foundations of houses without undergoing significant
cansolidation settlement. To leave sufficient remaining capacity for the silty clay to support house foundations
with reasonable footing sizes, the thickness of grade raise fill on this site will need to be limited.

In making the site grading assessment, certain assumptions have been made regarding the footing depths,
width, and icads, as discussed subsequently in Section 5.3 of this report.

Based on the above, it is considered that the grads across this site should be raised no higher than 2.5 metres
above existing ground surface level. It is undersiood that the proposed grades for this site are within the limits of
this restriction.

As a general guideline regarding the site grading, the preparation for filling of the site should include stripping the
existing topsoil for predictable performance of structures and services. The topsoil is not suitable as general fill
and should be stockpiled separately for re-use in landscaping applications only. In areas with no proposed
structures, services, or roadways, the topsoil may be left in piace provided some settiement of the ground
surface following filling can be tolerated.

5.3 Foundations
It is considered that the proposed residences may be supported on spread footings on or within the silty clay.

As discussed in the preceding section, the silty clay deposit has limited capacity to accept the combined load
from site grading fill and foundation loads. The allowable bearing pressures for spread footing foundations at
this site are therefore based on limiting the stress increases on the compressible, grey silty clay at depth 1o an
accepiable level so that foundation settlements do not become excessive. Four important parameters in
calculating the stress increase on the grey silty clay are:

g [he thickness of soil below the underside of the foctings and above the unweathered grey silty clay;
m [he size (dimensions)} of the foolings;

m The amount of surcharge in the vicinity of the foundations due to landscape fill, underslab fill, floor loads,
etc., as daescribed in Section 5.2; and,

g The effects of groundwater lowering caused by this or other construction.
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Provided that the amount of fill material placed on this site is restricted to the permissible maximum grade raise
given in Section 5.2, spread footing foundations can be designed using a maximum aliowabie bearing pressure
of 75 kilopascais, for up to 1.0 metre wide footings.

The post construction total and differential settlements of footings sized using the above maximum allowable
bearing pressure should be less than about 26 and 15 millimetres, respectively, provided that the soil at or below
founding level is not disturbed during construction.

Further, the provided aflowable bearing pressure corresponds to a settlement resulting from consolidation of the
silty clay. Consolidation of the silty clay is a process which takes months or longer and, as such, results from
sustained loading. Therefore, the foundation foads to be used in conjunction with the allowable bearing pressure
given above should be the full dead load plus sustained live load.

Note: If the design of any house foundations to Part 4 (rather than Part 9) of the Ontario Building Code is
required, then the following parameters may be used (for footings up to 1.0 metre wide).

®  Serviceability Limit States bearing resistance = 75 kilopascals

e Ultimate Limit States factored bearing resistance = 150 kilopascals

5.4  Seismic Design

The seismic design provisions of the 2006 Ontario Building Code depend, in part, on the shear wave velocity of
the upper 3C metres of soil and/or rock below founding level. Based on the 2006 Ontario Building Code
methodology, the soil profite for this site would be a Site Class D (for any structures requiring Part 4 design).

55 Basement and Garage Floor Slabs

in preparation for the construction of the basement floor slabs, all loose, wet, and disturbed material should be
removed from beneath the floor slab. Provision should be made for at isast 200 millimetres of 19 millimetre
crushed clear stone to form the base of the basement floor slabs.

To prevent hydrostatic pressure build up beneath the basement floor siabs, it is suggested that the granular base
for the floor slabs be positively drained. This could be achieved by providing a hydraulic link between the under-
floor fill material and the exterior drainage system.

The backiill material inside the garage should be placed in maximum 300 milimatre thick lifts and should be
compacted to at least 95 percent of the standard Proctor maximum dry density using suitable compaction
equipment. The granular base for the garage floor slab should consist of ai least 150 millimetres of Granular A
compacted to at least 95 percent of the standard Proctor maximum dry density using suitable compaction
aquipment,

5.6 Frost Protection

All exterior perimeter foundation elements or foundation elements in unheated areas should be provided with a
minimum of 1.5 metres of earth cover for frost protection purposes. isolated, unheated exterior footings adjacent
to surfaces which are cleared of snow cover during winter months should be provided with a minimum of 1.8
metras of earth cover.
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GEOTECHNICAL INVESTIGATION

Insulation of the bearing surface with high density insulation could be considered as an alternative to earth cover
for frost protection. The details for footing insulation could be provided if and when required.

5.7 DBasement Walls and Foundation Wall Backfill

The soils at this site are highly frost susceptible and should not be used as backfill directly against exterior,
unheated or well insulated foundation elements. To avoid problems with frost adhesion and heaving, these
foundation elements should either be backfilled with non-frost susceptible sand or sand and gravel conforming to
the requirements for OPSS Granular B Type | or, alternatively, a bond break such as the Platon system shesting
could be placed against the foundation walls.

Drainage of the wall backfill should be provided by means of a perforated pipe subdrain in a surround of 19
millimetre clear stone, wrapped in geotextile, which ieads by gravity drainage to an adiacent storm sewsr or
sump pit. Conventionai damp proofing of the basement walls is appropriate with the above design approach.

Where design of basement walls in accordance with Part 4 of the 2006 Ontario Buiiding Code is required, walls
backfilled with granufar material and effectively drained as described above should be designed to resist lateral
earth pressures calculated using a friangular distribution of the stress with a base magnitude of KyyH, where:

Ko = The lateral earth pressure coefficient in the ‘at rest’ state, use 0.5;
= The unit weight of the granular backfill, use 22 kilonewtons per cubic metre: and,
H = The height of the basement wall in metres.

If Platon System sheeting or simitar water barrier product is used against the foundation walls, then hydrostatic
groundwater pressures should aiso be considered in the calculation of the lateral earth pressures.

5.8 Basement Excavations

Excavation for the basement constructions will be through weathered silty clay.

The weathered silty clay would generally be classified as a Type 3 soil in accordance with the Occupational
Health and Safety Act of Omtario (OHSA). Accordingly side slopes in this material should be cut back at 1
horizontal to 1 vertical,

No unusual probiems are anticipated in excavating in the overburden using conventional hydraulic excavating
equipment.

Some groundwater inflow into the excavations could potentially be expected. However, for the planned
excavation depths, it shouid be possible to handle the groundwater inflow by pumping from well filtered sumps in
the excavations.

59 Site Servicing

Excavation for the instaliation of site services will be within the siity clay.

As described above, the stiff to very stiff silty clay would generally be classified as a Type 3 soil in accordance
with the OHSA of Ontario. Accordingly excavations in the silty clay can be made with side siopes at 1 horizantal
to 1 vertical. Alternatively, excavations within the overburden could also be carried out within a fully braced steel
trench box, which would minimize the width of the excavation. The use of a trench box will not however
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efiminate the potential for disturbance outside the trench box limits. Good construction practices using trench
boxes can limit the potential zone of disturbance to within about 0.5 metres of the outside of the trench box walls.

Some groundwater inflow into the trenches should be expected. However, it should be possible to handle the
groundwater inflow by pumping from well filtered sumps established in the floor of the excavations, provided
suitably sized pumps are used,

At least 150 millimetres of OPSS Granutar A should be used as pipe bedding for sewer and water pipes. Where
unavoidabie disturbance to the subgrade surface does occur, it may be necessary to place a sub-bedding layer
consisting of compacted OPSS Granular B Type il beneath the Granular A or to thicken the Granular A bedding.
The bedding material should in all cases extend to the spring line of the pipe and should be compacted to at
least 95 percent of the standard Proctor maximum dry density. The use of clear crushed stone as a bedding
layer should not be permitted anywhere on this project since fine particles from the sandy backfill materials could
potentially migrate into the voids in the clear crushed stone and cause Ioss of lateral pipe support.

Cover material, from spring line of the pipe to at least 300 millimetres above the top of pipe, should consist of
OPSS Granular A or Granular B Type | with a maximum particle size of 25 millimetres. The cover material
should be compacted to at least 95 percent of the standard Proctor maximum dry density.

It should generally be possible to re-use the weathered silty clay as trench backfill. Where the trench will be
covered with hard surfaced areas, the type of native material placed in the frost zone (between subgrade leve!
and 1.8 metres depth) should match the soil exposed on the trench walls for frost heave compatibility. Trench
backfill should be placed in maximum 300 millimetre thick lifts and should be compacted to at least 95 percent of
the standard Proctor maximum dry density using suitable compaction equipment.

The high water content of the unweathered grey siity clay makes this soil difficult to handle and com'pact. It grey
silty clay is excavated during installation of the site services, this material should be wasted or should only be
used as backfill in the lower portion of the trenches to limit the amount of long term settlement of the pavement
surface,

Impervious dykes or cut-offs should be constructed in the service trenches at about 150 metre intervals to
reduce groundwater lowering at the site due to the “french drain” effeci of the granular bedding and surround for
the service pipes. It is important that these barriers extend from trench wall to trench wall and that they fully
penetrate the granular materials to the trench bottom. The dykes should be at least 1.5 metres wide and could
be constructed using relatively dry (i.e., compactable) grey brown siity clay from the weathered zone.

5.10 Pavement Design

In preparation for pavement construction, all topsoil, disturbed, or otherwise deleterious materials should be
removed from the roadway areas.

Pavement areas requiring grade raising to proposed subgrade level should be filed using acceptable
(compactable and inorganic) earth borrow or OPSS Select Subgrade Material. These materials should be
placed in maximum 300 millimetre thick lifts and should be compacted to at least 95 percent of the standard
Proctor maximum dry density using suitable compaction equipment.
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The surface of the pavement subgrade should be crowned to promote drainage of the roadway granuiar
structure. Perforated pipe sub-drains should be provided at subgrade level extending from the catch basins for a
distance of at least 3 metres longitudinally, paralie! 1o the curb in two directions.

The pavement structure for local roads without bus or truck traffic should consist of:

Pavement Component Thickness (millimetres)
Asphaltic Concrete 86
OPSS Granular A Base 150
OPSS Granular B Type il Subbase 400

The pavement structure for coliector roadways which will carry bus and truck traffic should consist of:

Pavement Component Thickness (millimetres)
Asphaltic Concrete 80 '
OPSS Granular A Base 150
OPSS Granuiar B Type Il Subbase 500

The granular base and subbase materials should be uniformly compacted as per OPSS 310, Method A. The
asphaltic concrete should be compacted in accordance with the procedures outiined in OPSS 310.

The composition of the asphaltic concrete pavement in collector roadways should be as follows:
Superpave 12.5 mm Surface Course - 40 millimetres
Superpave 19 mm Base Course - 50 millimetres

The asphalt cement should consist of PG 58-34 and the design of the mixes should be based on a Traffic
Category B for local roads and Gategory C for collector roads.

The above pavement designs are based on the assumption that the pavement subgrade has been acceptably
prepared {i.e., where the trench backfill and grade raise fill have been adequately compacted to the reqguired
density and the subgrade surface not disturbed by construction operations or precipitation). Depending on the
actual conditions of the pavemnent subgrade at the time of construction, it could be necessary to increase the
thickness of the subbase and/or to place a woven geotextile bensath the granuiar materiais,

in addition, # is understood that cuts up to about 3.7 metres are proposed for the roadways at the north end of
the site (i.e., portions of Antigonish Avenue and Challenge Crescent) which would expose the frost susceptible
native silty clay subgrade, below the existing frost depth, to frost penetration for the first time. if not protected
against frost penetration, the roadways in this area could heave severely in the winter and subsequently settle in
the spring. The freezing and thawing cycles will ultimately result in shrinkage of the clay. The resulting
pavement distortions could be severe and highly non-uniform. Therefore, the pavement subgrade in this area
should be insulated with high density insulation {Dow High Load 80).
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The insulation should extend laterally beneath ail hard surfacing (i.e., beneath the pavement, curbs and
sidewalks) in areas where the cut for the roadway is more than 0.3 metres in depth. At the longitudinal limit of
the insulation as well as at the lateral extent of the insulation adjacent to driveways, a special frost taper detail
will be required to avoid severe differential frost heaving of the pavement surface above the insulation. A
schematic of that detall is provided on Figure 3.

511 Vortechs Structures

It is understood that two vortechs structures are proposed to be installed at this site, the first of which is to be
focated just north of ot 1. The second is to be located within the easement area adjacent to Lot 31.

Excavation for the installation of vortechs structures will be within the silty clay. As mentioned previously, the stiff
to very stiff silty clay would generally be classified as a Type 3 soil in accordance with the OHSA of Ontario.
Accordingly excavations in the silty clay can be made with side slopes at 1 horizontal to 1 vertical. It would be
preferable for the excavation to be made and the structures backfilled prior to the foundations of the adjacent
houses being constructed. If that sequence is not feasible, the further assessment of the excavation side slope
stability will be required.

Some groundwater inflow into the excavations should be expected. However, it should be possible fo handle the
groundwater inflow by purmping from well filiered sumps established in the floor of the excavations, provided
suitably sized pumps are used.

Since the structures are essentially buried concrete tanks, it is considered that foundations can be designed as
raft foundations supported on or within the siity clay.

The raft foundations for the vortech structures founded within the silty clay may be design based on a gross
bearing resistance at Serviceability Limit States (SL.S) of 150 kilopascals and an Ultimate Limit States (ULS)
factored gross bearing resistance of 200 kilopascals. The design value for SLS is based on 25 millimeires of
total settlement and 15 millimetres of differential settlement.

The permissible SIS contact pressure and corresponding seltlement estimates are dependant upon the soil at or
below founding level not being disturbed during construction. The silty clay subgrade may be wet and sensitive
to disturbance. Consideration should be given 1o covering the subgrade with a mud slab of lean concrete
immediately following inspection and approval.

The SLS bearing resistance corresponds o a settlement resulting from consolidation of the silty clay.
Consolidation of silty clay is a process which takes months or longer and, as such, results from sustained
loading. Therefore, the foundation loads to be used in conjunction with the permissible SLS contact pressure
given above should be the full dead load plus sustained live load. The factored dead load plus full factored live
load should be used in conjunction with the ULS factored bearing resistance.

The SLS bearing resistance value and settlement estimates are based on the structure not resufting in a long-
term lowering of the groundwater level. These structures should therefore be designed to be watertight and the
backiill should not be provided with a drainage system.

The deflections and the resulting forces and bending moments in the vortechs raft slab foundations to be used in
its structural design could be determined by structural analysis using a modulus of subgrade reaction, ks, for the
subgrade. H should be noted however that the modulus of subgrade reaction is not a fundamental soil property
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and its value depends, in part, on the size and shape of the loaded area. For the analysis of the contact stress
distribution beneath a raft foundation, its value would depend on the size of the areas over which
increased/concentrated contact stresses are anticipated (analogous to equivalent footings beneath the walls)
and the size of these areas is in fumn related to the value the modulus of subgrade reaction, i.e., they are inter-
related.  Accordingly, the analysis of the raft slab shouid ideally involve an iterative analysis between the
determination of the contact stress distribution by the structurai engineer and the geotechinical determination of
the modulus of subgrade reaction value, untii the two are consistent with each other.

The modulus of subgrade reaction may therefore be assumed to be in the range of 3 to 30 megapascals per
metre. The structurat design of the slab at any location should be determined based on whichever value causes
the farger effect, since the maximum and minimum values may govern for different tocations and load effacis.

Once the foundation geometry and the actua! distribution ¢f load is known, then the resulting settlement can be
caiculated and the modulus value can be updated/refined.

To avoid ground settlements around the foundations, which could affect site grading and drainage, all of the
packfill materials should consist of sand or sand and gravel conforming to the requirements for OPSS Granular
B, Type |, placed in maximum 0.3 metre thick lifts, and compacted to at least 95 percent of the material's
standard Proctor maximum dry density.

Furthermore, the soils at this site are frost susceptibie and should not be used as backfill within the depth of
potential frost penetration (1.5 metres) to avoid problems with frost adhesion and heaving.

The vortechs structure waills should be designed to resist lateral earth pressures calculated using a trianguwar
distribution of the stress, which may be determined as follows:

oz} =Ko (yz+g)

Where:  oy(2) The lateral earth pressure at depth 'z’ (kPa);

[}

z = The depth below ground surface (m);
K, = The at rest pressure coefficient, use 0.5;
y = The unit weight of the backfill soil (kN/m?)

use 22 kilonewtons per cubic metre; and,
ol = The surcharge due 1o live foads on the ground surface above the structure (kPa).

The value of the surcharge due to live loading (gq) should consider the potential construction loads from
equipment or materials. A vaiue of no less than 15 kilopascals could be reasonabie.

Hydrostatic water pressures should be considered for the portion of the foundation wails below the measured
groundwater level (i.e., elevation 74.1 metres at Vortechs 1 and elevation 81.1 metres at Vortechs 2).

These lateral earth pressures would increase under seismic loading conditions. The earthquake-induced
dynamic pressure distribution, which is to be added to the static earth pressure distribution, is a linear distrioution
with maximum pressure at the top of the wall and minimum pressure at its toe (i.e., an inverted triangular
pressure distribution). The combined pressure distribution (static plus seismic) may be determined as follows:

7 Golder
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GECTECHRICAL INVESTIGATION

On(2) =Ko ¥ Z + (Kag — Ko} ¥ (H-2)
Where: Ky = The seismic earth pressure coefficient, use 0.8; and,

H

i

The total depth to the bottom of the foundation wall (m).

According to the National Building Code of Canada the site-specific zonal acceleration ratio for Ottawa is 0.42.
Since the structure wall would be essentially un-yielding, the horizontal seismic coefficient, kh, used in the
calculation of the seismic pressure coefficient is taken as 1.5 times the zonal acceleration ratio (i.e., kh = 0.63).
The corresponding value of the seismic earth pressure coefficient (KAE) would therefore be 0.8.

in addition, the potential hydrodynamic pressures from the groundwater should be considered under seismic
loading conditions for that portion of the foundation wali below the groundwater level. The additional
hydrodynamic pressure may be calculated using the following expression: '

p(2) = 1.5 Kn Yu (h2)"?

Where: p{z}] = The additional hydrodynamic water pressure, at depth z;
Kn = The design horizontal ground acceleration, use 0.42,
Vw = The unit weight of water, use 9.81 kM/m®, and,
h = The total depth of water.

All of the above lateral sarth pressure equations and parameters are given in an unfactored format,

5.12 Slope Stability Considerations

As mentioned previously, natural slopes exist at the north boundary of the site along Old Montreal Road as well
as at the southeast corner of the site adjacent to Watters Road (i.e., along the Cardinal Creek tributary). In
addition a cut slope section is also proposed along the western boundary of the site for the future realignment of
Trim Road. A slope stability assessment for these slopes has also been carried out by Golder Associates, the
results of which are presented in a separate report.

5.13 Above Ground and In Ground Pools

No special geotechnical considerations are necessary for the installation of in-ground pools, provided that the
pool {including piping) does not extend deeper than the house footing level.

Due to the additional loads that would be imposed by the construction of above-ground pools, these should be
located no closer than 2 metres from the outside wall of the house. In addition, the instakiation of an above-
ground pool should not be permitted to alter the existing grades within 2 metres of the house. Provided these
restrictions are adhered to, no further geotechnical assessment should be required for above-ground pools.

514 Cardinal Creek Qutlet

A storm sewer outlet is to be provided to Cardinal Creek along the north side of the embankment that carries Old
Montreal Road over the creek valley. 1f is understood that a series of drop structure manholes will be used to
convey the water to an outlet structure which outlets just downstream of the culvert that carries Cardinal Creek
through the embankment.

February 2010
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GEQTECHNICAL INVESTIGATION

The proposed arrangement is acceptabie from a geotechnical point of view, subject to the following guidance:

g Cardinal Creek is known to be a dynamic water course with a history of active erosicn and siope instability.
Erosion protection measures around the outlet structure, possibly including the opposite bank as well,
should be provided, as required,

g The embankment should be reinstated to match its existing geometry (which is presumably stable). The
backfill should be placed in maximum 300 mm thick lifts which are compacted to at least 95 % of the
material's standard Proctor maximum dry density. The surface should be protected against erosion, such
as with an erosion control blanket.

B The bearing surface for the outlet control structure should be inspected by qualified geotechnical personnel,
to confirm #s suitability 1o support the structure.

5.15 Corrosion and Cement Type

Soit samples from borehole 09-1 and previous borehole 3 were submitted 1o EXOVA Accutest Laboratories Ltd.
for basic chemicel analysis related to potential corrosion of buried steel eiements and potential suiphate attack
on buried concrete elements. The results of the testing are provided in Appendix C. The rasults indicate that
concrete made with Type GU Portland cement should be accepiable for substructures. The results aiso indicate
a potential for corrosion of exposed ferrous metal.

5.16 Trees

The silty clay on this site is highly sensitive to water depietion by trees of high water demand during periods of
dry weather. When trees draw water from the silty clay, the silty clay undergoes shrinkage which can result in
settiement of adjacent siructures. The zone of influence of a tree is considered to be approximately equal to the
height of the tree. Therefore trees which have a high water demand should not be planted closer o structures
than the ultimate height of the trees. Table 1 provides a list of the common trees in decreasing order of water
demand and, accordingly, decreasing risk of potentiai effects on struciures.

5.17 Test Pits

Where the iest pits for the previous investigation have been excavated within the zone of influence of the
propased buiiding footprints or adjacent to the building footprints, the disturbed backfill soils in the test pits are
unsuitable for vertical or lateral support of foundations or floor slabs. Foundations or floor siabs supported on
the backfill soils could experience unacceptable settlements. The backfili materials should therefore be removed
and replaced with compacted engineered fill. The engineered fill material used within the test pits should consist
of OPSS Granular B Type Il or Granular A. These materials should be placed in maximum 300 miflimetre thick
fifts and should be compacted to at least 95 percent of the standard Proctor maximum dry density using suitable
compaction equipment.

Based on the current development layout and the recorded test pit locations, this issue is a pariicular concemn for
Lots 14 and 15, adjacent to test pit 04-3. However careful inspection of the subgrades of all the lots in the areas
of the previous iest pits will be necessary. '

2V Golder
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GECTECHNICAL INVESTIGATION

6.0 ADDITIONAL CONSIDERATIONS

The soils at this site are sensitive to disturbance from ponded water, construction traffic and frost.

All footing and subgrade areas should be inspected by experienced geotechnical personnel prior to filling or
concreting 1o ensure that soil having adequate bearing capacity has been reached and that the bearing sutfaces
have been properly prepared. The placing and compaction of any engineerad fill as well as sewer bedding and
backfill should be inspected to ensure that the materials used conform to the specifications from both a grading
and compaction point of view.

The groundwater ievel monitoring devices (i.e., standpipe piezometers or wells) installed at the site will require
decommissioning at the time of construction in accordance with Ontario Regulation 128/03. However, it is
expected that most of the wells will either be destroyed during construction or can be more economically
abandoned as part of the construction contract. If that is not the case or is not considered feasible,
abandonment of the monitoting wells can be carried out separately.

Yours fruly,

GOLDER ASSOCIATES LTD.

Susan Trickey, EIT Mike Cunningham, P.Eng.
Associate

SATMIC/cg ,, |
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IMPORTANT INFORMATION AND LIMITATIONS
OF THIS REPORT

Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with
that level of care and skill ordinarily exercised by members of the engineering and science professions
currently practising under similar conditions in the jurisdiction in which the services are provided, subject
to the time limits and physical constraints applicable to this report. No other warranty, expressed or
unplied is made.

Basis and Use of the Report: This report has been prepared for the specific site, design objective,
development and purpose described to Golder by the Client. The factual data, interpretations and
recommendations pertain to a specific project as described in this report and are not applicable to any other
project or site location. Any change of site conditions, purpose, development plans or if the project is not
initiated within eighteen months of the date of the report may alter the validity of the report. Golder can
not be responsible for use of this report, or portions thereof, unless Golder is requested to review and, if
necessary, revise the report,

The information, recommendations and opinions expressed in this report are for the sole benefit of the
Client. No other party may use or rely on this report or any portion thereof without Golder’s express
written consent. If the report was prepared to be included for a specific permit application process, then
upon the reasonable request of the client, Golder may authorize in writing the use of this report by the
regulatory agency as an Approved User for the specific and identified purpose of the -applicable permit
review process. Any other use of this report by others is prohibited and is without responsibility to Golder.
The report, all plans, data, drawings and other documents as well as all electronic media prepared by
Golder are considered its professional work product and shall remain the copyright property of Golder, who
autborizes only the Client and Approved Users to make copies of the report, but only in such quantities as
are reasonably necessary for the use of the report by those parties, The Client and Approved Users may not
give, lend, sell, or otherwise make available the report or any portion thereof to any other party without the
express written permission of Golder. The Client acknowledges that electronic media is susceptible to
unauthorized modification, detertoration and incompatibility and therefore the Client can not rely upon the
electronic media versions of Golder’s report or other work products.

The report is of a sunumary nature and is not intended to stand alone without reference to the instructions
given to Golder by the Client, communications between Golder and the Client, and to any other reports
prepared by Golder for the Client relative to the specific site described in the report. In order to properly
understand the suggestions, recommendations and opinions expressed in this report, reference must be
made to the whole of the report. Golder can not be responsible for use of portions of the report without
reference to the entire report.

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended
only for the guidance of the Client in the design of the specific project. The extent and detail of
investigations, including the number of test holes, necessary to determine all of the relevant conditions
which may affect construction costs would normally be greater than has been carried out for design
purposes. Contractors bidding on, or undertaking the work, should rely on their own investigations, as well
as their own interpretations of the factual data presented in the report, as to how subsurface conditions may
affect their work, including but not limited to proposed construction technigues, schedule, safety and
equipment capabilities.

Soil, Rock and Groundwater Conditions: Classification and identification of soils, rocks, and
geologic units have been based on commonly accepted methods employed in the practice of geotechnical
engineering and related disciplines. Classification and identification of the type and condition of these
materials or units twvolves judgment, and boundaries between different soil, rock or geologic types or units
may be transitional rather than abrupt. Accordingly, Golder does not warrant or guarantee the exactess of
the descriptions,
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IMPORTANT INFORMATION AND LIMITATIONS
OF THIS REPORT (cont'd)

Special risks occur whenever engineering or related disciplines are applied to identify subsurface
conditions and sven a comprehensive investigation, sampling and testing program may fail to detect all or
certain subsurface conditions. The environmental, geologic, geotechnical, geochemical and hydrogeologic
conditions that Golder interprets to exist between and beyvond sampling points may differ from those that
actually exist. In addition to soil variability, fill of varable physical and chemical composition can be
present over portions of the site or on adjacent properties. The professional services retained for this
preject include only the geotechnical aspects of the subsurface conditions at the site, unless otherwise
specifically stated and identified in the report. The presence or implicarion(s) of possible surface and/or
subsurface contamination resuiting from previous activities or uses of the site and/or resulting from the
introduction onto the site of materials from off-site sources are cutside the terms of reference for this
preject and have not been investigated or addressed.

Soil and groundwater conditions shown in the factual data and described in the report are the observed
conditions at the time of their determination or measurement. Unless otherwise noted, those conditions
form the basis of the recommendations in the report.  Groundwater conditions may vary between and
beyond reported locations and can be affected by anmual, seasonal and meteorological conditions. The
condition of the soil, rock and groundwater may be significantly altered by construction activities {traffic,
excavation, groundwater level lowering, pile driving, blasting, etc.) on the site or on adjacent sites.
BExcavation may expose the soils fo changes due to wetting, drying or frost. Unless otherwise indicated the
soil must be protected from these changes during construction.

Sample Disposal: Golder will dispose of all uncontaminated soil and/or rock samples 90 days following
issue of this report or, upon written request of the Client, will store uncontaminated samples and materials
at the Client’s expense. In the event that actual contaminated soils, fills or groundwater are encountered or
are inferred to be present, all contaminated samples shall remain the property and responsibility of the
Client for proper disposal.

Follow-Up and Construction Services: All details of the design were not known at the time of
submission of Golder’s report. Golder should be retained to review the final design, project plans and
documents prior te construction, to confirm that they are consistent with the intent of Golder’s report.

During construction, Golder should be retained to perform sufficient and timely observations of
encountered conditions to confirm and document that the subsurface conditions do not materially differ
from those interpreted conditions considered in the preparation of Golder’s report and to confirm and
document that construction activities do not adversely affect the suggestions, recommendations and
opinions contained in Golder’s report. Adequate field review, observation and testing during construction
are necessary for Golder to be able to provide letters of assurance, in accordance with the requirements of
many regutatory authorities. In cases where this recommendation is not followed, Golder’s responsibility
is limited to interpreting accurately the information encountered at the borehole locations, at the time of
their initial determination or measurement during the preparation of the Report.

Changed Conditions and Drainage: Where conditions encountered at the site differ significantly
from those anticipated in this report, either due to natural variability of subsurface conditions or
construction activities, it is a condition of this report that Golder be notified of any changes and be provided
with an opportunity to review or revise the recommendations within this report. Recognition of changed
soil and rock conditions requires experience and it is recommended that Golder be employad to visit the
site with sufficient frequency to detect if conditions have changed significantly.

Drainage of subsurface water is commonly required either for temporary or permanent instailations for the
project. Improper design or construction of drainage or dewatering can have serious consequences. Golder
takes no responsibility for the effects of drainage unless specifically invelved in the detailed design and
construction monitoring of the system.

Golder Associates Page 2 0f 2



GEOTECHNICAL INVESTIGATION

TABLE 1

SOME COMMON TREES
iN DECREASING ORDER OF WATER DEMAND

Broad Leaved Deciduous

Poplar
Alder
Aspen
Willow
Eim
Maple
Birch
Ash
Beech

Oak

Deciduous Conifer

Larch

Evergreen Conifers

Spruce
Fir

Pine

February 2010
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l.ist of Abbreviationg and Symbols
Hecord of Borehole Sheets
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LIST OF ABBREVIATIONS

The abbreviations commeonly employed on Records of Boreholes, on figures and in the text of the report are as follows:

L SAMPLE TYPE IHIN SOIL DESCRIPTION
AS Auger sampile (@) Cohesionless Soils
BS Block sample
CSs Chunk sample Density Index N
DO Drive open (Relative Density) Blows/300 mm
DS Denison type sample Or Blows/fi,
ES Foil sample Very loose Oto4
RC Rock core Loose 4t0 10
sC Soil core Compact 10 to 30
ST Slotted tube Dense 30 to 50
TO Thir-walled, open Very dense over 50
TP Thin-walled, piston
WS Wash sample (b) Cohesive Soils
DT Dual Tube sample Consistency Cyor S,
. PENETRATION RESISTANCE Kpa Psf
Very soft 0w 12 010 250
Standard Penetration Resistance (SPT), N: Soft 121025 250 to 500
The number of blows by 2 63.5 kg, (140 1b.) Firm 25 t0 50 500 to 1,000
hammer dropped 760 mm (30 in.) required Stiff 56 to 106 1,060 to 2,000
to drive a 30 mm (2 in.) drive open Very stiff 160 to 200 2,600 to 4,000
Sampler for a distance of 300 mm (12 in.) Hard Over 200 Over 4,000
DD- Diamond Drilling
Dynamic Penetration Resistance; N: iv. SOI1. TESTS
The nomber of blows by 2 63.5 kg (140 1b.)
hammer dropped 760 mm (30 in.) to drive W water content
Uncased a 50 mm {2 in.) diametez, 60° cone W plastic limited
attached to “A” size drill rods for a distance Wy liquid limit
of 300 mm (12 in.). C congolidaiton (oedometer) fest
CHEM chemical analysis (refer to text)
PH: Sampler advanced by hydraulic pressure CiD consolidated isotropically drained triaxial test
PM: Sampler advanced by manual pressure C1g consolidated isofropically undrained triaxial test
WH: Sampler advanced by static weight of hammer with porewater pressure measurement”
WR: Sampler advanced by weight of sampler and Dy relative density (specific gravity, G,)
rod DS direct shear test
M sieve analysis for particle size
Peizo-Cone Penetration Test (CPT): MH combined sieve and hydrometer (H) analysis
An electronic cone penetrometer with MPC modified Proctor compaction test
a 60" conical tip and a projected end area SpC standard Proctor compaction test
of 10 cm” pushed through ground oC organic content test
at a penetration rate of 2 cm/s, Measurements SO, concentration of water-soluble sulphates
of tip resistance (), porewater pressure ucC uncenfined compression test
(PWP) and friction along a sleeve are recorded  UU unconsolidated undrained triaxial test
Electronicaily at 25 mm penetration intervals. v field vane test (LV-laboratory vane test)
e unit weight
Note:

1. Tests which are anisotropically consolidated prior
shear are shown as CAD, CAU,

Golder Associates



LIST OF SYMBOLS

Unless otherwise stated, the symbols employed in the report are as follows:

I GENERAL
i =3 1416 W
In %, natural logarithm of x W,
logyp x orlog x_logarithm of X to base 10 Wy
g Acceleration due to gravity I,
t time Wy
F factor of safety I
A% volume I
W weight Eona
Crmin
Ik STRESS AND STRAIN Iy
¥ shear strain
A change in, e.g. in stress: A
£ linear strain
g, volumetric strain h
n coefficient of viscosity q
v Poisson’s ratio v
o fotal stress 1
c' effective stress (o' = g™u) ' k
Ay initial effective overburden stress
162G pfincipal stresses (major, intermediate,
minor)
Sout mean siress or octahedral stress
= (b oy boa)l3 Ce
T shear stress C,
u porewater pressure Cs
E modulus of deformation C,
G shear modulus of deformation my
K bulk modulus of compressibility Cy
T,
111, SOIL PROPERTIES 3
o'
{2} Index Properties OCR
ply) bulk density (bulk unit weight*)
Palva) dry density (dry unit weight)
PV density (unit weight) of water 1,1,
25(vs) density (unit weight) of solid particles &
¥ unit weight of submerged soil {y'=y-v,) 8
Dr relative density (specific gravity) of n
solid particles (Dyp= py/py,) formerly (G.) c'
& void ratio Cy Sy
n porosity P
8 degree of saturation P
q
* Density symbol is p. Unit weight Gu
symbol is vy where y=pg(i.e. mass 5

density x acceleration due to gravity)

Golder Associates

(a) Index Properties (cont’d.)

waler content

liquid limit

plastic limit

plasticity Index=(w,-w,)
shrinkage Hmit

Hquidity index=(w-w, /I,
consistency index=(w;-w)/L,
void 1atio in loosest state
void ratio in densest state
density index-{&n.¢)/{(Cpuy-Cmin)
{formerly relative density)

(b} Hydraulic Properties

hydraulic head or potential

rate of flow

velocity of flow

hydravlic gradient

biydraulic conductivity {coefficient of permeability)
seepage force per unit volume

{c) Consolidation (one-dimensionat)

compression index {normally consolidated range}
recompression index (overconsclidated range)
swelling index

coefficient of secondary consolidation
coefficient of volume change

cocificient of consolidation

time factor (vertical direction)

degree of consolidation

pre-consolidation pressure

Overconsolidation ratio=c'y /o'y,

{d) Shear Strength

peak and residval shear strength
effective angle of internal friction
angle of interface friction
coefficient of friction=tan &
effoctive cohesion

undrained shear strength (¢=0 analysis)
mean totat stress {(o;+G3)/2

mean effective stress (o' +a'3)/2
(o1-63)/2 ot {c'1-03)/2
compressive strength (o-G3)
sensitivity

Notes: 1. 1=¢'c" tan 1’ |
2, Shear strength=(Compressive strength)/2



PROJECT: 09-1121-0163 RECORD OF BOREHOLE: BHM 09-1 SHEET 1 OF 1

LOCATION: See Site Plan BORING DATE. Nov. 27, 2009 DATUM: Geodetic
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PROJECT: 09-1121.6163 RECORD OF BOREHOLE: BH 09-1A SHEET 1 OF 14

MES-BHS 001 0911210163 .GPJ GAL-MIS GDT 12810

LOCATION: See Site Pian BORING DATE: Nov. 30, 2008 DATUM: Geodefic
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PROJECT: 09-1121-0163
LOCATION: See Site Flan

SAMPLER HAMMER, 64kg; DROP, 760mm

RECORD OF BOREHOLE: BH 09-2

BORING DATE: Nov, 26, 2008

SHEET 1 OF 1
DATUM: CGeodstic
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PROJECT: 08-1121-0163

RECORD OF BOREHOLE: BH 09-3

SHEET 1 OF ¢

LOCATION: See Site Plan BORING DATE: Nov. 26, 2008 DATUM: Geodetic
SAMPLER HAMMER, 84kg; DROP, 760mm PENETRATION TEST HAMMER, 84kg, DROP, 760mm
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PROJECT: 08-1121-0163 RECORD OF BOREHOLE: BH 09-4 SHEET 1 OF 1

LOCATION: See Site Plan BORING DATE: Nov. 26, 2009 DATUM: Geodetic
SAMPLER HAMMER, 84kg; DROP, 760mm PENETRATION TEST HAMMER, 64kg; DROP, T60mm
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GEOTECHNICAL INVESTIGATION

Record of Boreholes and Test Plis
Previous Investigations by Golder Associates Lid.

February 2010
Report No. 09-1121-0163-3000
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September 2004

Test Pit
Number Elevation
TP H4-1 0.00 - 0.05
(Elev. 73.98)  (.05-3.50

150

TP 4-2 0.00 - 0.03
(Elev. 75.34)  0.05-3.80
3.80
TP 04-3 0.60 - 0.08
(Elev. 82.67)  0.08 - 2.40
240 - 345
345
TP 04-4 0,00 - 0.05
(Elev, 84.58)  0.03 -~ 350
350 -390
3.80

RECORD OF TEST PITS

Description

TGPSOIL

Very stiff red brown SILTY CLAY
{weathered crust}

End of test pit

No free water

Cu > 130 kPa throughout

TOPSOIL

Very stiff red brown SILTY CLAY
{weathered crust), trace gravel to 3.0 meires
End of test pit

No free water

Cu > 130 kPa throughout

TOPSOIL

Very stiff red brown SILTY CLAY, trace
small cobbles, cccasional grey silly sand
pockets {weathered crust)

Very stiff red brown silty clay (weathered
crust}

.End of test pit

No free water
Cu > 130 kPa throughout

TOPSOIL

Very stiff red brown SILTY CLAY,
occasional grey silty sand pockets. trace
gravel (weathered crust)

Stiff red brown SILTY CLAY, occasional
grey silty sand seams {weathered orust)
End of test pit

Na free water

Golder Associates

(4-1120-146

Cu > 130 kPa throughout

Cu=90kPa @ 3.7 m
Cu=00kPa@3%m



September 2004
Test Pit

Number Elevation
TP. 04-5 0.00 - 0.30
(Elev. 8291y  0.30--3.50
350
TP 04-6 0.00 - 016
{(Elev. 85,80y 0,16 -3.70
3,70 -390
3.90

RECCORD OF TEST PITS {continued}

Description

TOPSOLL

Very stiff red brown SILTY CLAY,
occasional grey silty sand pockets below
3.3 metres (weathered crost)

End of test pit

No [ree water

Cu = 120 kPa throughout

TOPSOIL

Very stiff to stiff red brown SILTY CLAY,
occasional grey silty sand pockets,
{weathered crust)

Stiff grey SILTY CLAY
End of test pit
No free water

04-1120-146

Cu>130kPa@ 2.l m
Cu=110kPA @24 m
Cu=100kPa@ 2.8 m
Cu=86kPa@3.1m
Cu=110kPa @34 m
Cu=56kPA @ 3% m



GEOTECHNICAL INVESTIGATION

Resuits of Chemical Analysis

February 2010
Report No. 09-1121-0163-3000
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