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RE PRELIMINARY SOILS REPORT

GEOTHERMAL and GEOTECHNICAL STUDTES

PROPOSED SECONDARY and MTDDLE SCHOOLS

835 8 STREET NEW WES1NIINSTER BC

10 INTRODUCTION

In accordance with a letter of authorization dated May 21 2004 signed by Ms Kerry Magnus on
the behalf ofNew Westminister School Board Centennial Geotechnical Engineers Ltd CGE
completed a geothermal and geotechnical studies for a proposed secondary and a middle schools
located at the subject proprty as shown in Figure 1

The geotherrnal and geotechnical stndies are completed in general accordance with the scope of
work outlined in our proposal PO4128 dated May 10 2004

The purpose of the investigation was to identify subswrface conditions at the proposed schools
sites and based on the findings provzde preliminary recommendations for the geotechnicai
aspects including site preparation earthwork foundation design lateral earth pressures drainage
and pavement structure design as well as present the pzeliminary hydrogeology and groundwater
information for geothermal considerations

This soils re ort resents the r sue lts of the initial sp p ubsurface investigatton and provides our
preliminary recommendations for the geothermal and geotechnical studies

Centennial Geotechnical Engineers Ltd
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20 PROPOSED NEW SCHOOL BUILDINGS

As indicated in the preliminary architectural drawings prepared by Grant Sinclair Architects

Ltd CGE understands that the proposed development will include construction of a new

secondary school a middle school and other sport facilities in the following areas

The proposed secondary school will be located near the northeast sector of the school
property The proposed building is Irshaped 3 stories high with 1 level ofunderground
parking over the majority of thesructure The final floor grade of the underground
pazking structure will be established at Elev 888m geodetic datum However portions
of the building will bewithout the underground parking siructure

The proposed middle schooi will be situated near the southwest corner of the school
property The proposed building would most likely consist of a twostorey structure
without a basement

The proposed sport facilities including two soccer fietds and two basketball courts vcrill
be constructed between the west side of the secondary schoal and the north side of the
middle school

The general layout and approxunate locations of the proposed buildings and sport facilities are
shown in Figure 2

At the time of preparing the preliminary soils report structural loading conditions foz the two
proposed buildings are not available

30 SITE DESCRTPTIONS

General

The parcel of land slated for construcionofthe two new schools is partly owned by the School
Boazd ofNew Weshninster and City ofNew Westminster This block ofland is bounded on the
west by Tenth Avenue on the north by Street on the east by Eighth Avenue and on the south
by 8 Street

The parcel of iand owned by City ofNew Westminster occupies the northwest quarter ofthe site
This site is currently occupied by an oval track and field two grass soccer fields a baseball
diamond a skateboard park and a park

Centennial Geotecfnical Engineers Ltd
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The parcei of iand owned by the New Westminster School Board occupies the south halfof the
i

f site There are three major blacks ofbuildings including the east wing with the Massey Theatre
the west wing with the Adult Academy Learning Centre and a detached building between the
two wings several asphaltpaved parking lots a basketball coart and a main driveway along he

i

north end ofthe site extendingbetween Tenth Avenue on the west and Eight Avenue on the east

The northeast quarter ofthe block ofland is occupied by the Royal City Community Church and
the Moody Park Arena operates by City of New VVestminister

The locations ofthe existing huildings main driveway parking Iots park and sport facilities are
shown in Figure 3

31 Proposed Secondary School Site

The proposed secondary school site is currently occupied by the skateboard gark the pazk the
baseball diamond a soccer field a small part of the east wing the detached building the main
driveway and at least three parking lots

The general site grade of the proposed redeveloped school site is relatively level and stopes
gently down from soutl to north towards the soccer fields There is a slight difference in grade
ranging from about 12 inches to 4 feet 03 to 12m between the soccer fields and the main
driveway The site grades of the soccer felds and the baseball diamond are relatively level
However there is a difference in grade of about 3 feet between thegrass soccer fields and the
park at the north

According to the City ofNew Westminister Parksmanager the site grade ofthe park was raised
during the latest renovarion work that was performed several years ago The area currently
occupied by the park was once a local depression and was subsequently filled with random fiIl
ranging from about 6 to 10 feet18 to 3m thzck obtained from regrading the oval track and feld
and the soccer fields Beneath the grassy soccer fields the area is underlain by about 12 inches
300mm ofriver sand fill An irrigation system is installed beneath the soccer fields

The skateboard park mainly consists ofa concrete lined depression with a concrete apron around
the perimeter

According to the Operation Manager of School Board ofNew Westminister numerous saxutary
and storm drain pipes an underground electrical cable a steam tunnel water and gas Iines are
Iocated beneath the developed areas of the school site However there are no accurate records
pertaining to the locations of these underground utilities

Centenniai Geotechnical Engineers Ltd
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32 Proposed Middle School Sitei
i

The proposed middle school site is currently occupied by the west wing ofthe existing building
and the front lawn between Eight Street and the school building

i

The existing site grades siopes gently down from the sidewalk along 8 Street for a distance of
about 60 feet 18m to the edge of a slope about 5 to 7 feet lS21m in height The slope has
an average gradient of about 3H1V Between the toe of the slope and the south side of the
school building the area is relatively flat

i

The main service gas Iine to the school property is located near the main entrance to the existing
secondary school

33 Proposed Sport FaciEities

The two new soccer fields aze currently occupied by the grass playing fields the basketbali court
a parking iot he west end ofthe main driveway and a portion ofthe west wing ofthe classroom
block

The general site gradeof the grassy soccer fields is relatively level However there is a slight
difference in grade of about 12 inches to 4 feet 03 to 12m between the playing field and the
main driveway at the west and eat ends respectively

Centennial Geatechnical Engineers Ltd
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PART 1 GEOTHERMAL EVALUATION

i
i

General

The geothermal evaluation was completed jointly by CGE and our subconsultant PCA
Consultants Ltd PCA of Richmond The results of the hydrogeology and groundwater

assessment as performed by PCA are presented in a report Hydrogeology and Groundwater
Asessment 835 8 Street New Westrninister BC dated July 20Q4 which is included in
Appendix 1 af this report

The following sections provide a brief description of the fietd investigationtesting program
geology of the general area the condition of two aquifers and a summary of the test results

including groundwater level hydraulic conductivity and transmissivity of an aquifer and
groundwater quality indicator parameters

i
i

41 Field Investigation

The geothermal investigationwas cpnducted usingaBecker Hammer drill rig provided by
Dynamic Drilling under the supervision of the CGE field engineer on 7uly 5 2004

The field investigation program included drilling of two test boreholes MW 1 and MW 2 at
the proposed soccer fields at tle approxixnate lacations as shown in Figure 3 The test horeholes
were terminated at the depths of about 47 to 60 feet 143 to 183m below existing ground
surfaces where groundwater was encountered The logs of the test boreholes are presented in
Appendix 1

42 Monitoring Wells

A2inch SOrnm dia monitoring well was installed in each test borehole The well includes a
15foot46zxa long screen at the bottom and a blank section above The vvell was backfilled
with pea gravel to at least 5 feet1Sm above the screen Above the gravel backfill a2foot
600mm thick bentonite plug was installed Cutting was used to backfill the hole to a depth of
about 5 feet1Sm below ground surfaces The remaining section was backfilled with bentonite
chips Details of the screen the gravel backfill and bentonite sealing plug are presented in the
Iogs of monitoring well Figures A1 and A2 in Appendix 1 of tlus report

The monitoring wells were developed by removing all or as much as possible the groundwater
andor sediment by bailing and a submersible pump

Centennial Geatechnical Engineers Ltd
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43 Geology
1

In accordance wih a surficial geology map M1464A1976by Geological Survey ofCanada the
surficial geology at the general area of the site comprises of Vashon Drift and Capilano
sediments

Vashon glacial drift including Iodgment and minor flow till lenses and interbeds ofsubstratified
glaciofluvial sand to gravel and lenses and interbeds ofglaciolacustrine laminated stony silt up
to 80 feet 24m thick but in most places less than 25 feet76m thick overlainby glaciomarine
and marine deposits similar to Capilano deposits normally less than 10 feet 3m but in places
up to 30 feet 9m thick

i

The Capilano deposits are mazine and glaciomarine stony to stoneless silt loam and clay loam
with minor sand and silt noxnally less than 10 feet 3m thick but up to 100 feet 30m thick
containing marine shells

44 General Snbsurface Conditions

Soil Conditions

A detail description ofthe shallow soil conditions as encountered in the seventeen test boreholes

performed for the geotechnical investigation at the school property is presented in the Section
521

In general the school property is underlain by a surficial layer of sand overlies very dense sandy
tilllike soils The sandy tilllike soil was encountered extencling to the depths of about 40 and
36 feet122and 11 m below existing ground surfaces at monitoring wells 1 and 2 respectively

At monitoring well1MW1below the sandy till a stratum ofgrey silty finegrained water
bearing sand was encountered between the depths ofabout 40 and 44 feet 122 to 134m below
ground surfaces Underlying the waterbearing sand is a stratum of grey clayey silt soils

At moxutoring we112 MW 2 below the sandy till the grey silty finegrained water bearing
sand was encotultered between the depths ofabout 36 and 40 feet 11 and 122m below grounid
surfaces Underlying thewaterbearing sand is a stratum oftannish brown clayey silt soiis about
5 feet ISm in thickness A second Iayer of waterbearing silty finegrained sand was
encountered beneath the clayey silt stratum between the depths ofabout 45 and 57 feet 137and
174m below ground surfaces Below the water bearing sancE is a stratum of clayey silt soils

Centennial Geotechnical Engineers Ltd
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I Groundwater Level
i

i I
e static groundwater levels in the monitoring wells were measured using a DipperTWater
Level Meter manufactured by Heron Instruments by PCA

At MW 1 a static groundwater table was measured at a depth of about 36 feetIlm below
the existing ground surface or Elev 91046 mgeodetic datum on July 9 2044 The
groundvaater level at MW 1 was much higher than that of MW 2 We suspect that the high
groundwater elevation might have been the result of perch water in the upper sand layers In
addition very high inflow of groundwater was observed when MW 1 was being developed

At MW2 a static groundwater table was measured at a depth ofabout 265 feet808m below
the existing ground surface or Elev 86616mgeodetic datum on 7uly 9 2a04 The position
of the groundwater table indicates that the lower aquifer is canfined and is under a pressure of
about 20 feet61m ofwater or 1200 pounds per square foot 58 kPa

i In sumrnary the aquifers encountered in the two monitoring wells appear to be under confined
flow

4S Hydranlic Conductivity and Transmissivity
i

The conductivily assessment activities Bait tests for the site were performed during the period
of July 13 to July 15 2004 by PCA

Several bail tests were attempted at MW 1 Extremely high water infiltration rates were
encountered at MW 1 during the trials The tests did not generate conclusive results and NIW
1 was abaudoned for any further assessment

Monitoring Well MW 2 was selected as the initial assessment location for the determination
of the transmissivity and hydraulic conductivity at the site The recovery water level

measurements from each of the assessment event in MW 2 were subsequently analyzed by
using the Hvarslev method

The bail test results indicated that the hydzaulic conductivity K ofAquifer 2 ranged from about
297E07msec to 372E07msec with an averaged value of335 E07msec The calculated
hydraulic conductivity values are within those reported in many of the engineening literatures
ranging from 1E03msecto 1E07msecfor unconsolidated deposits ofsiltyfinegrained sand

Centennial Geotechnical Engiuneers Ltd
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Based on the averaged hydraulic conductivity of337E07msec071 us gallonsdayft2 and
the average aquifer thickness of 12 feet366m the calculated transmissivity of the confined I

aquifer 2 was about 122E06m or 85 us gallonsdayper lineal foot ofaquifer widthI

46 GroundwaterQualityIndicatorParameters

Groundwaterqualityindicatorparametersincluding pH temperature conductivity and turbidiry
from each bail test were recorded at MW 2 over the two days of testing and aze presented in
the following sections The following pieces ofdata are extracted from he PCA report

Temperature

The groundwater temperatures ranged from 149 to 16 degrees Celsius The average
groundwater temperature was estimated to be about 155 degrees Celsius

i

The groundwater temperature of 15 degrees Celsius was typical for the Lower Mainland during
the summer months

pH valae

The pH values of the groundwater ranged from 574 to587 averaging 58 standard unit The
groundwater is considered slightly acidic

Conductance

The conductance of the groundwater ranged from 285 to 264 averaging 275 S

Turbidity

The turbidity of the groundwater ranged from 143 to 131 ppm averaging 137 ppm

Centennial Geotechnical Engineers Ltd
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PART 2 GEUTECHNICAL STUDIES
1

i

GeneraE
i

The geotechnical studies included performance of a soils investigation and a laboratory testing
program Based on the results of the fieldlaboratory tests liquefaction assessment of the
subsurface soils was completed In addition preliminary recommendationsincluding dewateriizg
and drainage excavationshoring earthwork foundation design Iateral earth pressures and
pavement structure design are developed

The follovving sections provide a summary of the soil conditions encountered at the proposed
buildings sites and sport facilities as well as our discussions on the results of the liquefaction
assessment and preliminary recommendations on geotechnical aspects for the development

S1 Field Investiation

The geotechnical investigation was conducted using atrackmounted auger drill rig provided by
Dawnrite Drilling under the supervision ofour field engineer on June 3 2004

The soils investigation program included drilling of a total of 17 test boreholes and 4 dynamic
cone penetration sounding tests at the proposed buiidings sites The terminated depths of the
est bareholes ranged from about 85 ta 25 feet 26 to76m below existing ground surfaces
The approximate locations of the test boreholes are showninFigure 3

i

Adjacent to some of the test boreholes A3 A9 A13 and A16 dynamic cone penetration tests
DCPTs were perfoxmed to determine the relativedensityconsistency of the soils The DCPTs i

were completed by advancing a 214 inch 57mm dia cone attached to a string of1inch
25mm dia drill rods using a 140pound 636kg hammer falling 30 inches 760mm The
DCPTs were terminated in a very dense stratum where the total number of blows per foot
exceeds at least 60

The stratigraphy in each test borehole was logged and representative soil samples were obtained
from the auger flights by the field engineer The recovered soil samples were returned to our
laboratory for further visual examination moisture content tests and unconfined compressive
stxength measurements using a pocket penetrometer

The logs ofthe test boreholes the resuits ofthe dynamic cone penetration tests moisture content
tests and unconfined compressive strengtl values are presented in Figures B 1 to B17 Appendix
2 of this report

Centennial Geotechnicat Engineers Ltd
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52 Subsurface Conditions

521 Soil Conditions

Subsurface conditions encountered in the test boreholes are presented in details in the Logs of
Test Borehole in Appendix 2 af this report The following sections provide a summary
description of generalized soils profile encountered at the test boreholes However soil

conditions could vary between tlie test boreholes and across the proposed building sites

Soil Unit 1 Below theecisting ground surfaces a layer of Ioose random filI consisting of a
mixture of silty sand and gravel with some organic was encountered in the park
area A2 A3 the grassyplaying fields A4 A5 A6 the east end of the Massey

i

Theatre Al2 A13 and the west wing of the Classroom Block A7 A17

The thickness of the random fill is not uniform ranging from about 65 to 8 feet
2 to24m in the park 4 to 8 feet 12 to24m in the grassy playing fields 35
to 7 feet 11 to22m by the Massey Theatre and 25 to 45 feet 76 to 14m at
the west wing

Soil Unit 2 Below the topsoil a layer of loose silty finegrained sand stratum was encoun
tered extending to the depths of about 4 to10 feet 12 to 3m below ground
surfaces The upper 2 to 3 feet 06 to09m of the sand genera11y has a rusty
bzown colour but grades to tannish bzown thereafter

The silty sand stratum was encountered at several test boreholes Al Al2 A13
AI4 A5 A6 A8 A7 A9 However the thickness of the sand stratum is not
uniform

Soil Unit 3 Beneath the sand stratum a layer of tannish grey clayey finegrained sand with
a trace of small pebbles andlinch gravel was generally encountered at the north

and east ends of the site Al A3 Al2 A13 A14 and A5 A6 A8 The clayey
sand is tilllike and has a compact relative density

The thickness of the clayey sand is not uniform ranging from about 3 to 4 feet
09 to 12m

At test borehole A6 small seashells were found in this stratum

Centennial Geotechnical Engineers Ltd
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iSoit Unit 4 Beneath either Soil Unit 2 or 3 is a stratum of grey brown medium plasticity
clayey silt with a trace of small pebbles about 4 to feetI2 to24m thick

This stratum was encountered in several test boreholes A1 A2 A4 A15 A16
A9 A10 The consistency of the silt varies from firm to stiff

Soil Unit 5 The clayey silty tilllike soils Soil Unit 4 generally grade to very stiff with
depth and without the sma1l pebbles and fine gravel The clayey silt stratum is
generally 2 to 4 feet 6 to 12m thick Hawever it is slightly thicker at Al2
about 65 feet 2m

The clayey silt stratum was encountered at test tioreholes A1 A3 Al2 A13i

A14 A17 A5 A6 A7 A9 A10 and has a very stiff consistency

Soil Unit 6 A layer of very dense grey silty finegrained sand with small pebbles tilllike
i soils was encountered at the bottom of all the test boreholes

Proposed Secondaey Building Site

A total ofeleven test boreholes inciuding A1 A2 A3 A4 A1 I Al2 A13 A14 AIS A16 and
A17 were performed around the fooiprint ofthis building site A preliminary snbsurface profile
through the northsouth and eastwest directions is shown in Figures 4 to 6 inclusive

Soit Unit1random fill was encountered at the north end A2 A3 west middle A4 A17 and
the east end Al2 A13 of the site Near the north end of the site A2 A3 the random fill
appears to he thicker varying from abou 6 to 8 feet 18 to24m Near the west middle A4
A17 the thickness ofthe random fill varies from about 45 to 8 feet14to24m Near the east
end of the site the random fill ranges from about 35 to 7 feet 11 to22m tluck

Soil Unit2silty sand was encountered at test boreholes Al A14 A13 and Al2 At test
boreholes A1 and A14 the silty sand was encountered either beneath a layer of topsoil or the
existing ground surface and extending to the depths of about 7 and 35 feet 22 and llm
respectively However at test boreholes Al2 and A13 this soil unit was encountered beneath
the randonn fill extending from the depths of about 85 to 55 feet 26 to 17m below existing
ground surfaces respectively

Soil Unit3clayey sand was encountered at test boreholes Al A3 A14 A13 and Al2 This

soil unit extends from the depths of about 7 to 14 feet 21 to42m below existing ground

Centennial Geotechnical Engineers Ltd
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surfaces At test borehole A14 the clayey sand was encountered at a slightly higher depth of
about 35 feetllm

Soit Unit4clayey silty titl was encouztered at test boreholes AI A2 A4 A16 and AIS This
soil unit extending fxom the depths of about 8 to 10 feet 24 to32m below existing ground
surfaces However at test boreholes A15 and Alb the clayey silty till was encountered at the

ground surfaces and extending to the depths ofabout 45 to 55 feet 14to 17m respecdvely

Soil Unit5clayey silt was encountered at test boreholes AI A3 A4 A17 A16 A15 A14
f A13 and Al2 At test boreholes A1 A2 and A3 this soil unit was encountered at the depths of
j about 12 to 18 feet36 toSSm below existing ground surfaces At test boreholes A4 A17 and
i A14 the clayey silt was encountered at the depths ofabout 45 to 85 feet 14 to26m At test

boreholes Al2 and A13 this soil unit was encountered at the depths ofabout 12 to 135 feet36
i to41m At test boreholes A15 and A16 the clayey silt was encountered at the existing ground

surfaces At test borehole AI 1 this soil unit was not encountered

i Soil Unit6sandy till was encountered at all the test horeholes At test boreholes A2 A4 A14
and A13 the sandy till was generally encountered at the deplis of about 11 to15 feet 33 to
46m Hawever at test boreholes Al A3 and Al2 the till was encountered at the lower depths
ofabout 18 to 21 feet 54 to64rn below existing ground suzfaces At test boreholes A15 A16
and A17 this soil unit was encountered at the depths of about 45 to 7 feet 13 to21m below
existing graund surfaces At test borehole Al l the sandy till was encountered at the ground
surface I

Proposed Middle School Site

A total of four test boreholes including A7 A9 A10 and A11 were perfonmed adjacent to the
footprint of this building site A preliminary subsurface profile in the easfJwest direction is
shown in Figure 7

Soil Unit1random fill about 25 feet076m thick was encountered at test borehole A7

Sail Unit2silty sand was encountered at test boreholes A7 and A9 At test borehole A7 this
soil unit was encountered beneath the random fill extending to a depth of about 4 feet12m
below existing ground surfaces However at test borehole A9 the silty sand stratum was
encountezed at the existing ground surface and extending to a depth of about 25 feet076m

Soil Unit3clayey sand was not encountered in these test boreholes

Centennial Geotechnica Engineers Ltd
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j Soii Unit4clayey silty till was encountered at test borehole A9 but not at the other three test
boreholes This soil unit extends from the depths of about 25 to 6 feet 76 to 18m below
existing ground surfaces

I z
Soi1 Unit5clayey silt was enconntered at test boreholes A7 and A10 but not the other two testf

Iboreholes At test borehole A7 this soil unit extends from the depths of about 4 to 6 feet 12
i to 18m below existing ground surfaces However at test borehole A10 this soit unit was

encountered from existing ground surface to a dephof about 25 feet076m

Soi1 Unit6sandy ti11 was encountered at every test borehole At test boreholes A1 and A9 this
soil unit was encountered at a depth of about 6 feet18m below existing ground surfaces
However at test boreholes A10 and A11 the sandy till was encountered at a depth ofabout 25

i feet076m and at the ground surface respectively

Proposed Spor Facilitiesi

j A total of six testbozeholes including A4 A5 A6 A7 A8 and A17 were performed around the
footprint of the soccer fieds and baskethall courts

Soil Unit1random fili was encountered at all these test boreholes except A8 The thickness
of the random fill varies from about 25 0 8 feet 076 to24m I

Soil Unit2silty sand was encountered at test boreholes A5 A6 A7 and A8 beneath the randoxn
flI with the exceprion of test borehole A17 This soil unit extends from the depths of about 3
to105 feet09 to32m below existing ground surfaces However at test borehole A8 the silty
sand stratum was encountered from the existing ground surface to a depth ofabout 3 feet09m

Soil Unit3clayey sand was encountered at test borehotes A5 AG and A8 beneath the silty sand
stratum with the exception of test boreholes A7 and A17 This sail unit extends from the depths
ofabout 6 to9 feet18 to27m belaw existing ground surfaces However at test borehole A6
this stratum was encountered between the depths ofabout 105 and 16 feet 32 to48m

Soil Unit4clayey silty till was encounered at test boreholes A4 and A5 This soil unitexends
fronn the depths of about 8 to14 feet 24 to43m below existing ground surfaces

Soil Unit5clayey silt was encountered at test boreholes A5 A6 A7 and A17 This soil unit
extends from the depths ofabout 135 to 185 feet 41 to56m below existing ground surfaces
at AS and A6 However at test boreholes A7 and A17 this straturr was encountered from about
4 to7 feet 12 to21m

Centennial Geotechnicai Engineers Ltd
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i

1 Soil Unit6sandy tiIl was encountered at a11 the test boreholes Near the north end of the site
A4 AS and A6 this soil unit was encountered at the depths of about I1 to185 feet 33 to
Sbm below existing ground surfaces Near the sauth end of the site A7 A8 and A17 this soil
unit was encountered at the depths of ahout 65 to 9 feet 2 027m

522 Perched Groundwater Level

A perched groundwater table was encountered in the tan finegrained sand stratuna Soil Unit 2
at the depths ofabout 5 to 8 feet 15 to24m belaw existing ground surfaces at the fime of the
soils investigation

Where the tan sand stratum is presence CGE anticipates that a perched water table would

normally be encountered on the surface of the clayey siltsandy tilllike soils at the depths of
i

about 4 to 5 feet 12 to 1Sm below existing ground surfaces

The perch groundwater tevel will flucivate witlx seasonalprecipitation In addition concentrated
groundwater flowseepage could occur in pockets of sandy granular soil typically encountezed
in tillIike soils

53 Seismic DesinCriteria And Liquefaction Evaluation

Seismic Design Criteria

The subject properly is located within Seismic Zone 4 as defined in the maps contained in the
Supplement to the current 1995 edition of the Commentary to he National Biailding Code

The earthquakeresistantobj ectives ofthe code require that structures including foundations be
designed in such a manxier to remain functional if subject to moderate earthquakes usually 1 in
a 100year return period and not collapse to endanger the occupants when subject to the major
design earthquake However in the process the building may he extensively damaged and may
not be useful following the earthquake A major earthquake is generally taken as that having a
10 probability of exceedance in 50 years Magnitude 7 1 in a 475year reEurn period

In the absence of a site specific seismic hazard calculation the 1995 NBCC recommends a
design peak firm ground horizontal accelerarion of021 g for the Crreater Vancouver area for the
majoz earthquake with a pzobabiliry ofexceedence of 10 in 50 years 1 in 475year recurrence
interval

Centennial Geotechnical Engineers LtcL
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Liqnefaction Assessment

Based on the soil candirions encountered in the test boreholes and at this level of shaking CGE
completed a liquefaction assessment using the methodalogy pzoposed by NCEER199bi

The results of the analysis indicated thax the unsaturated random fillltopsoil materials firm
clayey sand stiff clayey silt and very dense sandy tilllike soils are not susceptible to
liquefaction under the current design criteria

I

The submergedprtion ofSoil Unit 2 Ioose silty sand between the depths ofabout 4 and 8 feet
12 to 24m at Al A5 A6 AI2 A13 and A14 would have a moderate risk of liquefaction

i during the design earthquake We estimate that the post seismic settlements ofSoil Unit 2 would

i be about 2 inches SOmm

Foundation Factor

In accordance with the 1998 edition ofthe British Columbia Building Code where the subgrade
consists of rock dense and very dense coarsegrained soils very stiff and hard finegrained
soils conpactcoazsegrained and firm and stifffinegrained soils from 0 ta 15m deep the code
recommends a foundation factor F of 10 Table4190and Clause419111

54 Discussions and Preliminarv Recommendations

General

Due to the presence oftwo confined aquifers depressurization and dewatering would most Iikely
be required forexcavation ofthe1level underground parking structure In addition shoring will

i be required for supporting the vertical cut slopes of the bulk excavation for construction of the
underground parking structure of the proposed secondary school

Foundation design for the proposed secondary school will most likely include spread and strip
footings and piles The floor slab of the proposed building will eitber be a slabongrade or
structural slab For the proposed middle school foundation design will include spread and strip
footings and slabongrade construction

541 Groundwater Control

As discussed in Section 44 Groundwater Condition of this soils report and Section 522
Perched Groundwater Level a perched water table was encountered in the silty sand Soil Unit

Centennial Geotechnical Engineers Ltd
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2 stratum at the depths ofabout 5 to 8 feet I 5 to24m and elevated hydraulic heads ofabout I

i 36 and 20 feet 11 and61m ofwaterwere measured in MW 1 and MW2 respectively in the
conined aquifers The hydraulic heads of 36 feet and 20 feet of water 11 and 61m are
equivalent ta uplift pressuxes in the order of2 200 and 1200 pounds per square feet 105 and
S7 kPa respectively

To investigate the presence ar absence of the confined aquifers heneath the proposed secondary
i school CGEreconnends that at teast 3 to 4 test boreholes be performed to a depth of about 60

I
feet 18m below existing ground surfaces Standpipe piezometers should be installed in the test
boreholes to monitor the groundwater Ievel and hydrostatic pressure of the aquifers

In order to minimize the potential impact of the uplift pressures to the temporary excavation and
permanent foundation design of the proposed secondary school a temporary and a perxnanent
dewateringdepressurization system are most likely required CGE will provide recommenda
tions on the groundwater contral systems upon completion of the field investigation

5411Construction DewateringDepressarization

Depending on the magniude ofthe hydrostatic uplift pressure of the confined aquifers and the
depths ofthe bulk excavation either a dewatering system with reliefwells or a depressurization
system with deep wells aud pumps would be required j

The purpose of the groundwater control system is to reduce the uplift pressure and contral
upward seepage such that relatively dry and stable foundation subgrade can be achieved during
construction of the underground parking structure

Groundwater from the reliefwells should be collected by perforated drain pipes installed below
the floor slabothe underground parking structure and directed to sumps for discharge into the
City ofNew Westminister stormwater system

5412Permanent Drainage System

For the proposed secondary school the foundation and the floor slab ofthe underground parking
structure will be below the perched groundwater table unless a permanent drainage system is
installed The permanent drainage system should consist of perimeter drain pipes and an
underslab drainage network with a pumping facility to prevent groundwater seepage into the
underground parking structure In addition the subgrade structure should be waterproofed to
prevent groundwater penetration

Centennial Geotechnical Engineers Ltd
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i

Underslab Drainage System
i

An underslab drainage system consisting ofa granular drainage layer rninimum 18 inches thick
450mm and underslab drain pipes should be installed beneath the floor slab ofthe underground
parking structure

The subfloor drain pipes should be installed at a mtaximum horizontal spacin of 3 Q feet lOm
beneath the basement floor to remove water that could otherwise pond under the slab The
underdrains will also reduce hydrostatic pressure uplift below the floor slab The drains should
consist ofa minimum6inch 150mm dia perforated rigid PVC pipes bedded in a minimum of
I8 znches 450tnm surround of34inch 19mm drain rocks Cleanouts should be provided II
to altow for periodic flushing of the underslab drains

i The pipes should be installed such that their top is located within the gravel drainage blanket
The drain pipes should discharge into a sump which should be designed so as to prevent the
possibility ofwater backing inta these drains Permission from City of New Westminister for
discharge of storm water to the storm sewer is required

Perimeter Drainage System

Perimeter drains should consist of6inch 150mm dia perforated rigid PVC pipes placed at or
below the footing level around either the inside or outside perirneter of the basement structure
The drain pipes shouid be placed in a minzmuxn 12inch 300mm surround of34inch 19mm
drain rocks The drain pipes should be connected to a sump with permission from City ofNew
Westminister for discharge to the storm sewer

Throughwall drain holes4inch 100mm dia should be used to connect the exterior backfili
with the interior perimeter drains if an internal drainage system is chosen The drain rocks
should be placed to at least 12 inches 300mm above the weep holes Approved filter cloth
should be placed ateachtkroughwall dxain hole to prevent loss ofsoils The drain holes should
be located at amimum horizontal spacing of 4 feet12m

In areas where vertical excavation is carried out it maybe necessary to cast subgrade walls using
he shotcrete face as a permanent shutter Hydrostatie pressure should be included in the design
of such walls Otherwise a geocomposite drainage blanket should be placed against the
shotcrete face extending fram the final ground surface to the footing level This drainage
material would provide a path by which groundwater seeping from the soil behind the shotcrete
face can flow vertically downward to be collected for discharge The synthetic drainage blanket
should have a minimum overlap of at least 6 inches 150mm

Centennial Geotechnical Engineers Ltd
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iAroundthe base ofthe elevator pit a perforated drain pipe should be installed to prevent ingress
of groundwater into the pit if it is not designed to be waterproof Where the pit is designed to
be waterproof a drain pipe should be placed around theperimeter ofthe pit immediately below

theslabongrade to prevent upward migration ofwater seepage to the baseznent
i

542 Site Preparation

iitial site preparation will include demolition ofthe pavement structure ofthe existing parking
lot and driveways stripping ofvegetation and topsoil and retocation ofany existing underground
utilities encountered within the footprint of the proposed schools The excavated soils should
be disposed in approved landfill facilities

i I
i AIl random fill and topsoil shouid be stripped to expose the native soiis Stripping should extend
j at least 5 feet 1Sm beyond the footprint of the proposed buildings sport facilities fire

accessservice roads and parking lots

Additional stripping would be required where subgrade soil is damaged or softened due to
surface ponding or precipitation or where unsuitable soils are encountered The expased
subgrade surface should be either sloped or crowned to allow draining ofinfilirated ground water
and to prevent softening of subgrade The subgrade surface should be exaxnined and approved
by the Geotechnical Engineer prior to filI placement or pouring of footings

The finegrained soils such as the native clayey silt and sandy till soils are sensitive to
dishtrbance by construction traffic when saturated and in wet weather condition The subgrade
surface must he dry free of ponding water and frozen soils prior to placement of any fill
materials or footings In addition a layer of 34 clear crushed gravel minimum 6 inches
150mm thick should be placed on the fmal subgrade surface for protection against disturbance
or softening

Prior to any fili placement the final subgrade surface should be proofrolled using a heavy
compactor Where softdisturbed soils are encountered these soft materials should be

overexcavated and backfilled with structural fills compacted to at least 95 modified Proctor
maacimum dry density MPMDD ASTM Di 557 as per recommendations discussed in Section
543 of this report

Underground utilities will be encountered in the proposed buildings sites Where encountered
these utilities should be removed and relocated as per the ProjecY requirements AlI utility
backfill materials and sludge should be stripped to fihe subgrade approved by the Geotechnical

Centennial Geotechnical Engineers Ltd
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Engineer The voids should be backfilled with site grading fill and structural fill as per our
design recommendations

3

543 Earthwork

i It is a good practice to conduct apreconstruction condition survey of all the existing buildings
located adjacent to the proposed development prior to the excavation

i

Excavation

i As a safety measure hoardings should be installed around the perimeter of the bulk excavation

i

Excavation for the underground parking structure of the proposed secondary school should not
proceed beyond the first stage of shoring soil anchor Ievel typically 3 to 4 feet below ground

k surfaces without prior instailation ofpressure reliefwells if required

Any excavation deeper than 4 feet12m must be carried out in accordance with the Industrial
Health and Safety Regulations prepared by the Workers Compensation Board

For temporary slopes ofbulk excavation completed above the groundwater table and away from
any adjoining buildings in random fiils topsoil and granular soils the slopes should not be
steeper than IH1V horizontal vertical For excavation in dense tilllike soils temporary
slopes of excavation should not exceed 1H2V The above recommended slope configurations
should be flattened where seepage is encountered or under wet weather condition

The excavated slopes should be protected by plastic sheets to minimize erosion due to surface

runoff and precipitation The stability of the slopes should be examined and approved by the
Geotechnical Engineer prior to any rovorkers entering the site

Construction for the underground structure of the proposed building is expected to extend about
12 to 15 feet 36 to46m below existing site grades Based on the results of the subsurface

investigation excavation would be carried out through the random fill silty sand clayey sand
silt and sandy ti11 soils It is anticipated that it will be possible to excavate these soils using
convenrional methods such as ripping and excavating with a lazge excavaEor However large
boulders are lrnown to be presence in the ti11 soils and may require drillingsplitting

I

Centenniat Geotechnical Engineers Ltd
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j
Shoring System

i

For the proposed secondary school the finished floor grade of the1level undergraund parking
structure would range from about 12 to15 feet 3b to4bm below existing ground surfaces If
the above recommended cut slope configurations cannot be achieved due to lack of space the

i excavation will be completed vertically and supported using a shoring system

A conventional shotcrete and soil anchors shoring system can be considered for support of
vertical cut slopes where encroachment of soil anchors is pertnitted by the adjacent private and
public properties owners If encroachment permission is not granted by these properties
owners an internat shoring system using steel soldier piles with either timber or shotcrete
laggings and steel rakers will be required However the soldierpilelagging system will require
additional space of about 1 to 24 inches 450 to 600mm

For excavation in close vicinity of any exist7ng buildings extreme care must be exercised to
prevent undenmirung the foundation of the structures Figure 8 shows the genezal guidelines for
excavation adjacent to existing structures The perimeter footing of the west exterior wall of the
Massey Theater is Iocated within the excavated zone where underpinning of the footing is
required

Regardless of what type of shoring system is used for support of excavation minor ground
movementssettlements in areas adjacent to the excavation will occur due to stress release from

excavation The ground adjacent to the excavation should be monitored on a regular basis for
potential movements

CGE will prepare excavation and shoring drawings for tenderigand construction ofthe1level
underground parking structure in a later day

Structnral Fills
i

Structural fills will be required for backilling areas of overexcavation beneath the footprint of
the proposed buildings fire accessservice roads parking lots and soccer fields

The fill materiais should consist of freedraining 3inch 75mm minus sand or gravel
containing less than 5 passing theNo200 sieie The fi11 materials may be placed to within 12
inches 300mm of the underside of footings 8 to 18 inches 200 to 450mm of the underside
of floor slabs and to theuzderside of the pavement structuze

Centennial GeotechnicalEagineers Ltd
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i

Beneath the footings the finall2 inches 300mm of structural fill should consist of34inch
19mm crushed sand and gravel road mulch

Beneath he floor slabs the fill materials should consist of34inch clear crushed gravel

The fill materials should be placed in horizontallifts uot exceeding 12 inches 300mm in Ioose
tliickness Each lift should be compacted to at least 95 MPMDD

The onsite random fills topsail and imported recycled asphalt and concrete are not suitable as
structural fill nor as backfill for the basements walls Clean native granular soils may be reused j
as general site grading fill provided the materials can be compacted to achieve at least 95 I
MPMDD i

BackiIl behind Basement Walls

Backfll behind the basement walls should consist of clean freedraining sand and gravel with
i less than 5 fnes passing No200 sieve size The fill materials should be placed in maxiaauxn

12 inches lift with each lift compacted to a minimum of95 MPMDD

If there is not suffcient room to operate a small plate tamper behind the basement walls the
backfill should consist of either clean birdseye gravel or pea gravel The gravel should be
placed in2foot 600mm Iift and compacted using a concrete pen vibrator

544 Fonndatioiu Design

The proposed secondary school may be supported by a combination of shallow footings where

it includes the1level underground parking structuzeandpiles for the non basement portion The
spread and strip footings may be ptaced on compacted structural fill overlying Soil Units 5 or
Soil Unit 6 directly on Soil Unit 5 or on Soil Unit 6 The piles would consist ofcloseended
steel pipe piles driven in the very dense Soil Unit 6 Potential differential settlements shall be
expected between the buiiding supported on piles and shallow footings The magnitude of
differential settlements would depend on the structural loading conditions

The proposed middle school may be supported using spread and strip footings founded either in
Soil Unit 5 or Soil Unit 6

CGE recommends that the shallow faotings be placed below the potential frost penetration depth
of 18 inches 450mm

Centennial Geotechnical Engineers Ltd
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I

Adjacent footings should be located far enongh to prevent stress influence Figure 9 shows the
general guidelines to prevent siress interference between adjacent footingsi

i

Construction joint between the slab basement walls and stnp footings should be provided with
waterstops to prevent groundvvater seep into the underground parking structure if these
structural components aze poured separately

When final structural loading condinons are available CGE shall review the information
together with our design recommendations for foundation design and settlement estimates

Proposed Secondary School

Shailovv Fonndation

Conventional shallow foundation including spread and strip footings can be used to support
columns and loadbearingwalls ofthe proposed building with iie1level underground structure
The footings may be placed in compacted structurai fill overlying theurdisturbed very stiff
clayey silt Soil Uni 5 or very dense sandy till Soil Unit 6 the very stiff clayey silt Soil Unit
5 or the very dense sandy titllike soils Soil Unit 6

Far footings placed in compacted structural fill CGE recommends that a maximum allowable
soil bearing pressure of2500 psf 120 kPa be used for design For footings placed directly in

very stiff clayey silt a maximum allowable soil bearing pressure of4000 psf 190 kPa can be
used for foundation design For footings placed directly in the undisturbed very dense sandy till
like soils a maximum allowable soil bearing pressure of6000 psf290 kPa can be used for
foundation design

The recommended allowable soil bearing pressures can be increased byonethird to account for
temporary transient loads due to wind and seismic

Deep Foundation

Due to the presence of the loose random fill silty sand and the depths to tlie very dense sandy
till stratum the portions of the buildiung which do not include the underground parking structure
may be supported on endbearing pites

CGE recommends that columns loadbearing walls and the floor slab for these portions of the

proposed building be supported on closeended steel pipe piles The piies would beendbearing

Centennial Geotechnical Engineers Ltd
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driven into the very dense sandy tilllike sails to the depths ofabout 20 to 25 feet 61 to76m
i below existing ground surfaces

The following table provides general design guidelines for different sizes of steel piles and

allowable axial compressive capacity for piles driven in the very dense sandy till stratum

Pile Diameter Allowable Axial Pile

and thiclaiess Compressive canacitv Drivin Enerv

858 by0277 70 kips 20000ftpound
10 by0365 90 kips 30000ftpound
1234 by0375 I 10 kips 40000ftpond

i

The piles shall consist closeended steel pipe piles filled with concrete consisting of Type 10
Portland cement with a minimum compressive strength of 2S MPa The piles may be driven
using a static hammer with energy not exceeding those presented in the above table

i

Final set of at least 02 inches per blow 5 blows per inch should be achieved for the last 6
ISOmm consecutive inches of driving The minimum pileenbedment lengths would range
from about 20 to 25 feet 61 to76m below existing ground surfaces It is possible thatpiles
could penetrate a few feet in the very dense till stratum

Due to the natural variability of the soilsactual pile penetrations may vary from the estimates
provided above It is recommended that at leastl0test piles be driven at various locations across
the site to assess the driveability and approximate length ofpiles required to satisfy the final set
Provided these test piles meet thereconmendations above and free ofdefects which could affect
their load carrying performance they may be used as part of the pile foundation system for the
proposed building

To avoid heaving ofpiles during driving each pile should space at least 3 times thedianeter of
the pile Pile caps should be siructurally connected by grade beams to minimize Iateral
displacements during earthquake events

If permanent site grading fill is to be placed in and around the proposed building longtenn
aerial settlements will occur Iexible connections to and from the proposed building should
be provided for utility services such as gas line water line sanitary and storm pipes to handle
differential settlements due to different types offoundatian system Services inside the foofiprint
ofthe proposed building should be suspended to the pile caps for support In addition some long i

term maintenance of the areas surrounding the proposed building will be required

Centennial Geotechnica Engineers Ltd
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Proposed Middle School

Conventional shallow foundation including spread and strip footings can be used to support
columns and loadbearing walls of the proposed building

The footings of the proposed building would most likely be placed either in the very stiff clayey
silt Soil Unit 5 or in the very dense sandy ti11like soils Soil Unit 6

For footings placed in the very stiffclayey silt soils a maximum allowable soil bearing pressure
of4OOQ psf 190 kPa can be used for design For footings placed in the very dense sandy till
like soils a maacimum allawable soil bearing pressure ofb000 psf 290 kPa can be used for
foundation design The recommended allowable soil bearing pressures can be increased by one

i third to account for tennporary transient loads due ta wind and seismic

545 Foundation Subgrade Preparation

Foundation subgrade preparaionwill include excavation of the existing random fills tapsoil
the stratum of ioose native silty sand the compact clayey sand stratum the firm clayey silt
stratum where encountered and any frozen soils in subzero temperature ice and snow

The edges of the excavation should extend at least the same distance as the depth of
overexcavation beyond the footprint of the proposed buildings The excavation shall be

backfilled with structural fill as per design recommendations presented in Section543 ofthis
report

The naive clayey silt and sandy tilllike soils aze susceptible to softening if exposed to rainfall
and construction activities To prevent the softening of the footing subgrade and to provide

j stable working surfaces CGE recommends that a skim coat of lean concrete be applied at the
footings locations For protecting the subgrade surface of the floor slab CGE recommends that
at least 6 inches 150mm of34 19mm clear crushed gravel be placed on the final stripped
surface as soon as possible after the excavation

Ifthe subgrade native soils are allowed to soften prior to placement of the protective cover the
softened materials should be removed and the areas of overexcavation backfilled with lean

concrete

Centennial Geotechnical Engineers Ltd
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t 546 Floor Slabs

For theslabongrade construction the final stripped surface should be proofrolled to deternune
presence ofloose zones Where softIaose soils are encountered the soils should be overexcav

ated to expose the dense native sand The azeas of overexcavation should be backfilled with
struchual fill materials as specified in Section543 of this repvrt

For the proposed secondary school the fmal 18 inches 450 mm of the structural fill beneath
the floor slab of the1level underground parking structure should consist of34inch 19mm

i clear crushed gravel For thenonbasement portion of the proposed secondary school and the
i middle school at least 8 inches of34clear crushed gravel should be placed beneath the floor

slab The fill materials should be compacted to at leas 6 passes using a 1000pound 450 kg
heavy plate tamper

A vapour barrier consisting of a 6mil plastic sheet should be placeci on the gravel drainage
I blanket to prevent upward migration ofmoisture to the floor The concrete floor should be cast
j on the plastic sheeting overlying the gravel drainage blanket

I 547 Lateral Earth Pressures

i

The subgrade walls for the 1level underground parking stncture of the proposed secondary
school building should be designed to withstand lateral earth pressures due to static seismic and

i surcharge conditions

Static Condition

For rigid nonyielding basement walls where practically no wall movement is possible the
static earth pressure triangular distribution should be computed using an atresY pressure
coeffcient K value of047 corresponding to a friction angle of 32 degrees We recommend
that a total unit weight y of120 pcf 1920 kgm3 be assumed for the native soils

Seismic Condition

Based on Wood 1973 and the MononobeOkabe methods of analysis for rigid nonyielding I

basnent walls the dynamic seismic lateral pressure per unit width ofwall equals to2y
where y is the average total unit weight of native soils 120 pcfl H is the wall heiglit and A
is the peak horizontal ground acceleration021g The corresponding dynamic thrust equals to
yacs at a height of06H above the base of the wall

Centennial Geotechnical Engineers Ltd
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Snrcharge Load
i

Campaction ofbackfill adjacent to he subgrade walls will induce a transient load to the walls
If a500pound 225 kg compactor is operating at a distance ofat least 2 feet 600mm from the
subgzade walls an additional uniform lateral pressure of 100 psf48 kPa extending to a depth
af 5 feet1Sm would be induced ta the adjacent walls

548 Fire AccessServices Roads and Parking Lots

CGE understands that final grade of the proposed fire truck accessservice roads will be
i established close to the existing site grade

Subgrade Preparation

Subgrade preparation for the fire accessservices roads and parking lots will include removal of
the existing pavement structure random fills and topsoil to expose the stratum of native silty

E sand soil unit 2 or the other strata including soil units 3 4 5 and 6 The limit of subgrade
preparation should extend at least 5 feet 1Sm beyond the edges of the proposed fire
accessservice roads For earthwork requirements refers to recommendations discussed in
Section 543 of this report

Underground utilities could be encountered in the school ground Where encountered these
utilities should 6e removed and relocated as per the Project requirements All utility backfill
materials and sludge should be stripped to the subgrade approved by the Geotechnical Engineer
The voids should be backfilled with compacted site gading fill

Drainage

The long term performance of the pavement struciure is highly deperxdent on the subgrade
support conditions The need for adequate drainage cannot be over emphasized The finished
parementsttand the underlying subgrade must be free ofdepressionsand sloped minimum
slape of20or crovcmed to provide effective surface drainage

Surface water should not be allowed to pond adjacent to the outside edges ofthe pavement areas
If groundwater is encountered at the subgrade a subdrain pipe should be installed at least 12

inches 300mm below the subbase course The subdxain pipe should be discharged to the on
site storm water system

Centennial Geotechnical Engineers Ltd
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Pavement Structure Designi

Following subgrade preparation as per our recommendations the pavement structure for the fire
truckaccessserviceroads should consist ofa minunum of 3 inches 75mm ofasphalt concretei

8 inches 200mm of34inch 19mm dia crushed sand and gravel road mulch base course
and of 12 inches 300mm of3inch 75mm minus pitrun sand and gravel subbase course

i

For general parking areas the pavement structure should consist of a minimum of 3 inches

75mm ofasphalt concrete 6 inches 150mm of34inch 19mm dia crushed sand and gravel
road mulch base course and of 8 inches 200mm of3inch 75mxn minus pitrun sand and
gravel subbase course

The base subbase and site grading fill materials are to be compacted to at least 95 MPMDD
t

Recycled asphalt blends and concrete blends are not recommended as site grading fill nor for
constructionothe pavement structure ofthe fire accessservice roads and parking lots without
a formal approval by a professional engineer registered in the Pravince ofBritish Columbia

60 CLOSURE

This preliminary soils report was prepared for the exclusive use ofNew Westminster School
Board the Architect and Engineers involved in the design of the proposed secondarymiddle
schools in New Westminister It should be made available to prospective confiractors andor the
Contractor for information on factual data only and not as a warranty of subsurface conditions
such as those interpreted from the test borehole logs and discussions of subsurface conditians
included in this report

Any use which a third party makes ofthis soils report or any reliance on or decisions to be made
based on this preliminaty soils report aze the responsibilities ofsuch third parties CGE accepts
no responsibility for damages if any suffered by any third party as a result of decisions made
or actions based on this preliminary soils report

The analyses conclusions and preliminary recommendations presented in this report are based
on the site conditions as they presently exist and assume that the explorations are representative
of the subsurface conditons throughout the site ie the subsurface conditions everywhere are
not significantly differ from those enclosed by the explorations

Centennia Geotechnical Engineers Ltd
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i

i When the fuial soils investigation is completed and structural loading conditions are available
i CGE will review the initial findings complete settlement analysis and revise the preliminary

recommendations where necessary

The scope of our services did not include environmental assessments or evaluations regarding
the presence or absence of vvetlands or hazardous or toxic substances in the soils subsurface
water groundwater on or below this site

We trust that this preliminary soils report meets your current requitrements If there are any
questions regarding this soils report please do not hesitate to contact our office

Yours very truly

CENTENNTAL GEOTECHNICAL ENGINEERS LTD

per
w

Louis P n

Princi a

i
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i Hydroqeology end GroundwaterAssessment8358 Street New Westminster SC

i

i 1 Executive Summary

PCA Consultants Ltd PCA completed a preliminary groundwater hydrogeological
assessment for the property at 8358 Street New Westminster BC Site The

scope of work included a hydrauic conductivity assessment af the groundwater at
the Site Assessment findings and conclusions are summarized as follows

Findings and Conclusions

The drill logs of Monitoring Wells MW 1 and MW 2 revealed that the
statigraphy of the Site in the vicinity of the monitoring wells consisted of a top
layer of asphalt follawed by 5 layers of grey sand meclium to finegrained
mixed with gravel silt seashells clay and boulders a total thickness of
12Om a layer of low to medium plasticity silt1Om to 1Sm and a layer of
tannish brown silty fine to medium grained sand 35m

ln MW 2 a layer of grey brown low plasticity tilllike silt 1m was found
below the tannish brown sand layer MW 1 was terrninated before reahing II
the lower tiltlike silt layer

Since MW 1 and MW 2 were in close proximity and with similar soil profiles
the geolagical stratigraphy in the vicinity af these two boreholes could assume to
be the same andor identical Based on this assumption the dril logs inferred a
confined aquifer between 2 silt layers at approximately 12m below grade The
approximate thickness of the canfined aquifer was365m

High infiltratiort rate of groundwater was encountered during the development
and subsequent bail tests af Monitoring Well MW 1 1he cause for the high
inflow of groundwater could be from the perch water in the upper sand layers
The groundwater elevation in MW 1 was found to ie much higher than that of
MW 2 more than 4m Perch water andor irnproper seaf ing of MW 1 might
be part of the reasons for the significant difference in groundwater elevations
between the 2 monitoring wells

Based on the bail test results of MW Z the calculated hydrauicconductivity far
the confined aquifer ranged from298E07msec to372E07msec

The caiculated conductivity values for monitaring welf MW 2 were within
those reported in many of the engineering literatures ranging from i E03 msec
to 1 Ea7 msec for unconsolidated deposit of silty sand
Based on an averaged hydraulic conductivity of 335E07 rnsec 071 us

gallonsdayft and the average aquifer thickness of 3b5m the calculated
transmissivity of the confined aquifer was 122E6m or 85usgailonsday
per linear foot of aquifer width

Page 1 of 8
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Hydroqeology and GraundwaterAssessment
8358 Streef tVew Westrninster 8C

iRecammendation
A minimum of 2 additional monitoring wells shauld be installed to characterizei
the groundwater low direction and hyc4raulic gradient at the Site

i Because hydraulic conductivity varies spatiaily within and between aquifers and
baiisug test results reflect aquifer conditions only in the immediate vicinrty of
the tested well additiona bail tests should be conducted in as many wells as
possible to confirm the hydrogeologica information of the identified aquifer at
the Site

Groundwater chemistry or characteristics including the various dissoved
metals should be deterrnined to facilitate future HVAC designs

2 Introduction

n 1une 28 2004 Centennial Geotechnical Engineers Ltd CGE retained PCA
Consultants Ltd PCA to conduct a preliminary groundwafier hydrogeologica
characterization program at the property with the civic acldress of 8358 Street
New Westminster British Columbia Site The Site is currently occupied by the
New Westminster Secondary School The primary objectives of the project were

To determine the graunciwater hydraulic conductivity at the Site and
To obtain the general chemical and physical characteristics of the

groundwater at the Site
i PCA scope of work included

Arranging for the rentals of groundwater monitoring instruments

Conducting a graundwater hydraulic conductivity assessment by using the
BaiSlug Testing methodology

Analyzing the bailslugtesting data by the Hvorslev method
Preparation of a project memorandurr on the technical findings

This project memorandum summarizes the groundwater hydrogeological
assessment findings and conclusions for the Site

3 Groundwater Hydrology Assessmenf

31 Background

CGE retained Downrite Driling to advance several borehoes at the Site for the
geotechnica assessment of the Site Subsequently Dynamic Drilling fnc was
instructed by CGE to install a 50mm QS PVC piezometer in 2 designated boreholes
for groundwater characterization Drill fogs of these 2 monitoring wells were
prepared by CGE and are attahed in Appendix A Approximate iocations of these
monitoring wells are shown in Drawing 2418100001 in AppendixB

Page 2 of 8
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i

32 Groundwater Hydrology Assessment Methodofogy

I Groundwater elevation surveys were canductec during the period of July 9 2004 to
i July 15 2004 A DipperTWater Level Meter by Heron instruments was used to

measure the static water level in the rnonitoring wells The water meter employed a
high accuracy NfST traceable nonstretch flat Tefzel coated steel tape

permanently markect in 1 mm and 1100 feet lengths The meter was equipped with
a shrouded stainless steel probe which served as a switch closing upon contact
with the water

Various BailSlug Testing methods have been used over the years to obtain a cost
effective quick estimate of the hydrauEic properties of aquifers Theories and

assumptions for these testing methodologies are presented in many grotndwater
references and will not be repeated in this report Conductivity assessment activities
for the Site were perfarmecf during the period af July 13 2004 to July 15 2004 and
the procedures used in this assessment program were as follows

Review drifl log of the monitoring wells to establish the conductivity assessment
program

Obtain general information about the monitoring wells including total depth
location of screen diameter height of water column above the screen and well
cornpletion information In addition to the information presented in the drill
iogs CGE and SDS were coniacted for data on auger size and other relevant
groundwater monitoring wei placement pracedures

Arrange the rental of a data logger and a pressure sensor suitable for the
graundwater assessment activities Water level measuring anc recording
equipment used in this assessment pragram was a BH1000 Datatrapper cw a
18mpressure sensor supplied by RST Instruments lnc Caiibration of the

pressure sensor was conducted at RST lnstrument Inc laboratory prior to taking
to the fieEd

Set up the data logger to colect groundwater level inormation at a

predetermined time interval In this assessment the data logger was pre
programmed to collect data in every 4 or b seconds and for a continuous
monitoring period of approximately 15 to 25 hours

Remove the monitoring we11 cap and take a static water ievel measurement

Remove all or as much as possibe the groundwater andor sediment in the
monitoring well by Ioailing or by a submersible pump If possible the initial
groundwater level ie prior to the starting of a monitoring event should be
below the tip of the pressure sensor

Lower the pressure sensor into the monitoring well and initiate the data logger to
collect the data on the recovery of the water level in the monitoring well I

Record the static water level measurement at the end of each of the monitoring
event Compare the initia and finaf static water levels far each event

Page 3 of 8
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i Repeat the manitoring activities for a second time to make sure the data behave
similarfy

Replace rnonitaring welf cap and security coveri
Download the collected water level measurements from the data iogger

Use the Hvorslev method to determine the hydraulic conductivity at each of the
selected monitoring we11s used in the assessment program I

4 Hydrogeological Assessment Results

41 Groundwater Level Survey Resuls

j Results from the groundwater level survey event are summarized in the following
table The groundwater elevations presented in the summary tables are referenced
to Universal Transverse Mercator UTM Monuments 89H5543 94201 m
89H5542 86311 m 89H6031 98778 89H6032 98134m and 89H5541
91438m AEI measurements are reported in meters

i

Date of Groundwater Elevation Survey
j Moniforing u1y9 July 9 July 13 July 13 Jttly 44 July i5

WeIIID
96107700 19301945 1230 1830 Q9251030 17551205

i MW1 9I 046 91037 91045 91035 91035 91029

MW2 86616 86695 86700 86686 86685 86673

The groundwater level measurements revealed that the groundwater level at MW 1
was much higher than that of MW 2

However this inding should not be used to establish the hydraulic gracient
because MW 1 was not probably sealed and the higher groundwater elevation
might have been the result of perch water sn the upper sand layers Furthermore I
very high inflow of groundwater was observed when MW 1 was being developed

42 Groundwater Hydraulic Conductivity Assessment Results

Monitoring Well MW 2 was selected as the initial assessment location for the
determination of the hydraulic conductivity at the Site Bail tests for MW 2 were
canduciec on July 13 2004 and July 14 2004

Each of the testingassessrnent events generated over 14000 data points For easy
comprehension and trending presentation of the results selected recovery water
levels from each of the 2 conductivity assessment events at MW 2 are prsented in
the following tables Key information and records of the field logs are attached in
Appendix C

Page 4 of 8
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i

MW2 Bail Test Recoverv Data uly 13 2004 o lulv 14 2004 I

Time Water Elevation mm Time Water Elevation mm

17OQ00 60776 18OOOQ 115773

170100 67538 19Od00 118606

70200 72367 20OOQO 118928

17300 76811 29 0000 19379

174400 80224 220000 11799

i 170500 83122 230000 118992

i 170800 90592 000000 118799

171000 94134 Q10000 118671

171200 967 4 0 020000 118413

171400 99351 030000 118606

171600 101476 050000 118542

i 171800 103029 080000 118413

173000 109912 090000 1I8799

MW2 Bait Test Recovery Data luly 14 2004 to fufy 15 2004

Time Water Elevation mm Time Water Elevation mm

i 0 9000 75781 114000 114549

101100 79838 1200 d0 117705

14i200 82992 130000 118606

101300 85956 14000 1f9186

1014OQ 88403 150000 119508

10500 90657 160000 119508

101600 92460 170000 119508

101800 95809 180000 119636

f02000 98449 19000 120023

102500 10340 210000 119572

103000 106628 00000 118735 i

903500 f Q9075 05Q000 118477

1Q4040 110620 100000 117962

104500 111844 114500 117640
i

Figures D1 and D2 in Appendix D are the graphical presentatian of the baii test
field recovery results for MW 2 i

Severa bail tests were aiso attempteci at Monitoring Well MW1 Extremely high
infiltratidn rate was encountered at MW 1 during the trials The tests did not

generate conclusive resu4ts and MW 1 was abandoned for any further assessment
I
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The recovery water level measurements from each of the assessment events in MW
2 were subsequently analyzed by using the Hvorslev method The Hvorslev

analytical and evaluation procedures involved the following steps

Determine the initial and final water levels during the assessment eventi
Normalize the instantaneous water level measurements with the difFerence of

the finaf and initial water levels

Plot the normalized water level clata versus time on semilogarithmic paper

Determine graphically the time for complete equalization of the head difference
t in the assessment event Te graphically derived data were subsequently

compared with the digita results generated frorr the field recovery data

Calculate the groundwater hydraulic conductivity by using the time of complete
equalization

Figures E1 and E2 in Appendix E are the Hvorslev plots of the groundwater
iydraul ic conductivity assessment events for the Site

43 GroundwaterQuafityndicatorParameters
t

Groundwaterqualityindicator parameters pH Temperature Conductivity and
Turbidity from each baif test were recorded and summarized in the foliowing
tables

Bail Test luly 13 2004

Time pH Temperafure Conductance Turbidity
Standard Unit C NS ppm

i632 558 179 282 145

i637 5J4 159 257 129

1639 581 153 261 129

1641 584 152 282 14 i

i656 571 158 345 172

Average 574 160 285 143
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Bai Test fuly 14 2004

Time pH Temperafure Conductance Turbidity
Standard Unit C uS ppm

930 605 161 280 136

940 591 149 226 113

950 581 146 228 113

955 575 145 268 135

3 QQO 581 145 317 158

Average 587 149 2b4 131

5 Data Interpretations and Discussions

The current groundwater characterization investigatian revealed the following
findings

The calculated groundwater hydraulic conductivity for the Site were summarized
and presented in the olEowing table

Monitoring Well
Date quatization Time Conductivity

T in sec K in msec

MW 2 713 to 714 758 372 E07

MW 2 7i 4 to 715 945 29E07

MW 2 Averaged Values 852 335 E07

The average groundwaterquaityindicator parameters af the groundwater a
MW 2 were as follows

pH Temperature Conductance Turbidity
Standard Unit C p

58 155 275 137

The groundwater was slightly acidic

The groundwater temperature was around 15C and was typical for the Lower
Mainland during the summer months

I
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6 Conclusions and Recommendations

Based on the information obtained rom the current groundwater characterization
program PCA derives the following conclusions and recommendations for the Site

The average graundwater hydraulic conductivity for the confined aquifer within
the 2 silt layers was calculated to be335E07msec

The calculated conductivity values for monitoring well MW 2 were within
those reported in many of the engineering literatures ranging from 1 E03 msec
to 1 E07 rnsec for unconsolidated deposit of silty sand

Based on an averaged hydraulic conductivity of 335E07 msec 071 us

gallonsdayft and the average aquifer thickness of 365m the calculated
transmissivity of the confined aguifer was 122E6m or 85usgalonsday
per linear foot af aquifer width

A minimum of 2 additional monitoring wells should be installed to characterize
the groundwater fEow direction and hydraulic gradient at the Site

Because hydraulic conductivity varies spatially within and between aquifers and
baiVslug test results reflect aquifer conditions only in the immediate vicinity of
the tested well additional bail tests should be conducted in as many wells as
possible to confirm the hydrogealogicaf infar of the identified aquifer at
the Site

Groundwater chemistry or characteristics including the various dissolved
metals should be determined to facilitate uture HVAC designs

7 Ciosure

Information presented in this report is based on the findings from this preliminary
groundwater hydrogeoiogica assessment project The report has been prepared for
the exclusive use of Centenniaf Geotechnical Engineers Ltd which includes
distribution as required for the purposes for which this assessment was

commissioned

This assessment project has been conducted in accordance with generally accepted
engineering practices and in accordance with the intended scope of the project No
other warranty is made either expressed or implied Reference should alsa be

made ta the Terms and Conditions for Environmental Services in Appendix F

PCA trusts that this report satisfies the present requirements of Centennial
Geotechnical Engineers Ltd

Page 8 of 8
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DATE DIZILLED Jaly 5 2004 INSPECxOR RY AUGER FCOLE MW 1

DRILL METHOD AUGER SURFACE ELEVATION 9222m SHEET 1 OF 1

SAMPLE DYNAMIC CONE PENETRATION

EPTH DESCRIPTfQN OF SIL Soil TES

ft A1VDOSERVATIONS Class Sample BLpWS FOOT

Symbol Typc
0 10 20 30 40 50

O
SAND Grey sandy gravel GIVI

SAND Grey silty finegrained Sivf

14 SAND Grey clayey some seashells SC

SAND Grey silty finegrained some 2 to 3 gravel tilllike SM1GM

grades to dense at 16 feet

20

some boulders at 26 feet

30

40

SAND Grey silty fine to mediumgrained SM

SIIT Grey ctayey low to medium plasticity ML

50

BOTTOM OF MW AT 47 FELT

60

I

ao

90
I

i

I
1

I

100
I i

I

GRAB SAMPLE x WATER TABLE Q

PROJECT No VO4IZl

PROJECT PROPOSED SECONDARX MIDDLE CENTENNIAL GEOTECHNICAL ENGINEERS
SCHOOLS

LOCATION 835 8THSTREET MONITORING WELL LOG

NEW WESTNIINISTER BC DATE DItAWN BY FIGURE
JULY 12 2004 CL Al
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DATE DRILLED July 5 2004 I INSPECTOR RY AUGER HOLE MW 2
j DR1LL METHOD AUGER SJRFACE ELEVA7ON 9494m SHEET 1 OF 1I

SAMPLE DYNAMIC CONE PEIYETRATOIY
EPTH DESCRIP7ON OF SOIL Soi 7T

ft AND OBSERVATIONS Class Samplc LOVSS FOOT

Symbol Type
0 10 20 30 40 50

i
p

SAND Grey sandy gravel GM

SAND Grey silty finegrained SM

f 0 SAND Grey clayey some sea shells SC
i

SANA Grey silty finegrained some 2 to 3 gravel tilllike SMGM

grades to dense at l6 feet
I

20

I
some houlders at 29 feet

30

SANb Grey silty fine to mediumgiained SM
4b

SIIT Tannish brown clayey low plasticity tilIiike ML

SA1II Tannish brown silty fine to mediumgrained M
50

SILT Grey brown clayey low plasticity tillike ML
GO

j

BOTTOM OF MW AT 60 FEET

i 70

80

90

I

I00

GRAS SAMPLE x WATER TABLE
PROJECT No VO421

PROJECT PROPOSED SECONDARY MIDDLE CENTENNIALGEOTECHNICAL ENGINEERS
scxoos

LOCATION 835 STHSFREET MONITORING WELL LOG
NEW WESTMTNISTER BC DATE DRAWN BX IGUT2E

JULY 12 2004 CI A2
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APPENDiX C

Fieldlog Summaries



i
I

s

i 1
i

i

I

I
N

i
ac
v

i
C O O 00 O

ti O O O Q
ONcaOM
cF sn OO

i

H y m Ia
t N V

m

i y
C

0 d Q d ti
i OO OO C7 O O QO

eDQtO p O

ooF C
Q tl

NCiN
0i Q Q

i N

1 OONOtt7dQOstOp0 O

C NE
p r r r r M U E U

o r vEEE u1 tl

a
ti

ca

U

mC

UO C

U 3

Q

d 3

i

U

L
r 0 V

L

v d J y V

m o Nz a oai E o dt c S
N vttic a C9

cs p J Gy O O p1 CS
O L

N m a 4 V p
3

m op Ea a Xa ov y
2

uoac iw F I
i

I



f

i

i

i
i
E

i
t

i

I

i C7 1 V 0D O

i i tt N 1t CV 1
e 1

Q

LQ

i

M

i d d
j

W ti QEi I

IOOtiNeO a st Iat
1 000

i O 111i11iLl O

O a MtiN
T

M M
O

l0
C

M

r

ti uE E y E
6i6ioM u E E E cn

o oovo ii ir

m d c rnco
G

ti

i

0 I
C0

i
d

oO ic
V
d a

o
a
3

7 U
L a
o o a

m
U

L
ta c

ca s

m t a Z v d m o
F es

OGd R 9
V

N aCcn m o m
O N U Q C N aC O 3

3 p
Q

E n J w V K C d a
N O p U f0 If C p 16 G1 l4 i O
n J a fA Cn O F Q Q EL J t F I

I



i

f i
I

f
i

j

I

i

I

APPENDIX D

Field Recove Drawings

Figbre D 1
Figure D 2
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APPENDIX E

Hvorsled Method Drawings

igure E 1
Fgure E 2
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TERMS AND CONDITtUNS

FOR

ENVIRONMENTAL SERVICES

I

1 PCA shall provide and exercise the degree of slcill care and diligence required by customarily
accepted professional practices anc procedures normally provided in the performance of the
services contemplated at the time and the location in which the services are performed

i 2 PCA shall use reasonable efforts to perform the services within prescribed time schedules PCA
i shal not however be responsible for any delays caused by circumstances beyond its control

3 PCA may engage as subconsultants any person firm or corporation with appropriate recognized
professiona status or with special skills or knowledge to assist in performing the services

4 The Client acknowledges and agrees that PCA shall not and in any event is not able to give any
warranties express or imply about the existence or alosence o any contaminants or hazardous
materials on the site If PCA is required to give the CEient an opinion ACA shall provide an
opinion based on the evidence available to PCA within the scope of investigation authorized by
the Client

5 The Client shalE obtain aI the permits authorizations or consents and give any required notices
necessary to enable PCA to perform the services including but not limited to any consents
necessary to ailow PCA its agents employees and eqcaipment the necessary access to and use
of the Site

6 Any ciocuments provided by the Client to PCA shall be deemed to the property of the Client and
on the written demand of the Client PCA shall as soon as practicable return all of the ClienYs
documents to him Any information collected and documents prepared by PCA while
performing the services shall be deemed to be the property of PCA

7 Both PCA and the Client shall take reasonable care to prevent disclosure of any reports or
documents prepared by PCA or information obtained for or contained in any reports or
documents to any person except those persons who require access to such information to
discharge their responsibilities in relation to the services performed by PCA

8 If PCA becomes aware of any contamination or hazardous materials on the site which could
damage property or endanger health or lives PCA shall notify the Client as soan as possible and
appropriate authorities as required

9 The Client shall provide PCA witF accurate and complete delineations of the location of all
subsurfaestructures and utifities at on or near the site except as otherwise may be agreed

10 Where the services to be performed require taking samples from the Site the Client shall be
responsible for payment of appropriate storage and disposal for any contaminated samples taCen
from the Site The Client shalf be responsible for alI costs incurred to deconfaminate any
equipment used by PCA or his agents in the performance of the services which is
contaminated by conditions encountered at the Site

11 PCA shall not be responsible for any costs damages or loss suffered by any person including the
Client its employees agents or related companies as a result of

a any decisions taken by the Client without the advice of PCA or contrary to the advice of
PCA pertaining to activities during or subsequent to the services being performed by PCA

bf any subsurface exploration or sampletaking on the site by PCA including cross
contamination
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i

c the disclosure as permitted or required by law af any opinion information or report
prepared by PCA

dJ the faifure of the Client or other agencies to accurately identify the iocation of all
subsurface structures or utilities

Nor shall PCA be responsible or liable for any indirect or consequential losses damages costs or
expenses incurred by any person including the Client relating to or as a result of services
provide by PCA

12The Client shall assume the defence of and indemnify and save harmless PCA its agents and
empkoyees from ail claims or liability by any third parties relating to or arising out of the
perfarmance of the services except where the laim or liability arises out of negligence or willful
misconduct of PCA and the Client whenever it is bound to indemnify PCA shall reimburse PCA
for time spent and expenses incurred by PCA in defence of any such ciaims
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Logs of Test Borehole for Geoteclanical Studies



i
DATE ARILLED June 3 2004 INSPECTOR LL AUGER 1IOLE A1

ARILL METHOD AUGER SURFACEEYEVATION 9lm SHEET 1 OR i i
SAMPLE DYNAMIC CONE PEN@1RATION

DPTH DESCRIPTION OF SOIL sot rESr

ft AND OBSERVATIONS Ciass 5ample Mosture BLOWS FOOT

Symbol Type Content

0 f 0 20 30 40 50

0
TOPSOiL Dark brown silty sand some organic matters ioose SM

II
I

I
E SAND Tannish brown sitty finegrained loose S I

25 n 235

I

I

gades to tan grey mottled C
f
233

5 i 5

I
1

75 SAND Tan grey mottfed clayey finegrained trace pebbles 1 grave SC 236

med plasticity compact
i

i

o j o

SIYT Grey clayey med pIasticity trace small pebbles 1 gravel firm ML x 327

125

1

15 I 15

i

175

SILT Grey clayey medium plasticity very stif ML x 24

unconfined compressible strength pp 4 tsf I

20 i 20

i

SAPiD Grey silty finegrained small pebbles occ 152 gravel SM 103

j tilllike very dense j I
225 i

i
Note unconfined compressible strength for disturbed sample PP tsf i I

I
i

TEST BOREHOLB TERMINATED AT REFUSAL 25 PBET 0 I 103 i
25 i

j 25

PP TSF GRAB SAIPLE x WATER TABLE

PROJECC No VO4121

PROJECT PROPOSED SECONDARY MIDDLE SCHOOLS CENTENNIAL GEOTECHNICAL ENGINEERS I

LOCATTON 835 8th STREET NEWV1STMiNSTER BC BOItEHOLE LOG

DATE DRAWN BY FGURE

June 17 2a041 CL Bl

i



i

I
i

i

DATE DRILLED June 3 2004 INSPECTOR LL AUGER iOIE A2

DRILI ME1kIOA AUGER SURFACE ELEVATION 97mt SHEET 1 OF E

i
T

SAMPLE DYPlAMIC COIVE PENETRATION

EPTH DESCRIPTIOIV OF SOII soil TEST

ft A1VD OBSERVATIONS Class Sample Maisture BLOWS FOOT

i Symbal Typc Content j

U 10 20 30 40 5a
I i p

FILL Random brown silty sand gravel some organic matters Ioose Sivt

J
J

zs
I203

5 s

1
x 248

75 s

SLT Tan grey mottled clayey occ small pebbles rred plasticity ML x 256

crumbly tilllike pp 2tsf stifl
i

t0 10

I

125
i

SITI Grey clayey meci plasEiciry trace pebbles 1 gravel ML Ox 159

tiiilike pp 4tsf very srif
i

SAND Grey silty finegrained sma pebbles occ 152 gravel SM 0 129

5 titllike very danse 15
I

17S x 87

i

TEST BOREHOLE TER3vIINATED AT REFUSAL 18 FEET
i

20 I 20

I
225

see note on Fire B1

25

5
PP TSF GItAB SAMPLE WATER TABLE

PROJECT No VOA12

tUrCZ PROPOSED SECONARY MIDDLE SCHOOLS CENTENNIAL GEOTECHivICAL ENGINEERS

LOCA7IOIV 835 8th STREET NEW WESTMINSTER BC BOREHOLE LOG

DATE DRAWN BY FIGURE

June 17 20041 CL B2



I

i

j i

AATE DtYLLED June 3 2004 INSPECTpR LL AUGER HpIE A3
DRILL NIETHOA AUGER SURFACE ELEVA1ION 907m SHEET I OF 1

SAMPLE DVRAMIC COtVE PENETRATION I
t DEPTtI DESCRIPTION OF SOIL sa Tsr

ft AiVD OBSERVATIONS Clau Sampte Moisture SLOWS FOOTi I
Symbol Type Content i

0 10 20 30 40 50
0

FILL Random brown silty sand gravel some organic ma8ers loose SM

i y

25

x 233

i
s

I 5

SILT Tan grey mottled clayey occ small pebbles med plasticiry ML Q 304
75 crumbly pp 1tStsfFrm

10
SANA Grey clayey fnegrained trace pebbles iow to med plasiicity SC 221

J
crumbly pp 22Stsf rililike compact

i2s
i

SIIT Grey clayey med plasticity Pp 4 tsf v stif ML x 23
15

15

i 17S

SAND Grey silty finegrained small pebbles occ 152 gavel SM 1 I3

tiUfike very dense
J

20
Zo

TEST BOREHOLE TERMINATED AT REFUSAL 20 FEET

i
225

f
l

J
see nate on Figure B 1

25 f
25

i

PP TSF GRAB SAMPLE CI WATER TABIE A
PROJECT iVo VO4I21

PROJECT PROPOSED SECONDARY MiDDLE SCHOOLS i CENIENNIAL GEOTECHNICAL ENGINEERS

LOCATION 835 8tE STREET iVEW WESTMINSTER BC BORIOLE LQG
DATE DRAWAI BY FIGURE

June 17 ZOQ4 CL B3
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T

DATE DRILLED Juue 3 2004 INSPECTOR LL AUGER HOLE A4
DRILL METHOD AUGER SUILFACE ELEVATION 918mf SHEET 1 OF 1

SAMPLE DYNAMiC CONE PEiVETRqT10iV

i DEPTFT DESCRIPTIOIV OF SOEL sau I TEST

ft AND OBSERVATIONS Cass Sampe Masture BLOWS FOOT

Symbol I Type Coatent

9 10 20 30 40 50
0

ILL Random brown siity sand gravel some organic matters 3oose SM
I i

a
j I
i 25

II

r za

i
5

E 5

75

SILT Tan grey mattled clayey occ smal pebbtes med plasticity ML x 273

crumbly pp 1 15 tsf finm

IO IO
I

SAND Grey silty finegramed small pebbles occ 152 gravel SM Q 93

tilllike very dense
125

TBST BOREHOLE TET2MTNATED AT REFUSAL 13 FEET

15

I75

20
20

I

j i

225

i
i J

see note on Figure B I J
25

25
i

PP fSF GI2AB SAMPLE x WAT TABLE
PROJECT No VQ4121

PT20JECT PROPOSED SECONDARY MTDDLE SCHOOLS CENTENNIAL GEOTECHNICAL ENGINEERS

LOCATON 835 8th STREET NEW WESTMINSTER SC BOREHOTE LOG
DATE DRAWN SX l FIGURE

Junel7 2004 CL l B4

1
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I
DATE DRILLED Juae 3 2004 INSPECTOR LL AUGER HOLE A5

DI2IIL METHOD AUGER SLJRACE ELEVATION 921m SHEET 1 OF 1

i SAMPLE DYNAMCCONE PENEFRATIOR

i DEPTH bESCRCPTION OF SOIL soil TEST

i ff AND OBSERVATIOPIS Class Sample Moisturc BLOWS FOOT

i SymhW Typc Contcnt

0 10 20 30 40 50

f 0
FILL Random dazk bmwn silry sand some organic matters loose SM

i
25 x I03

Ginch topsoi3
i

t
y

SAND Tannish brown siity finegrained laose SM n 31

i S 5

SAND Tan grey mottled clayey finegrained trace pebbles crumbly SC x 231

75 low to med plasticity tililike pp 2 25 tsfcompact

I
SILT Grey brown mottled clayey med plasticity pp I5 2 tsf firm ML 298

io ia

zs

SIIT Grey clayey med plasticity pp 4 tsf very stif ML Ox 222

15 15

SAND Grey silty finegrained small pebbles ocaI52 gavel SM Qx 12
i

tillike v dense

175 TEST BOREHOLE TERMfNATED AT REFUSAL IS FEET

20 20
i

j
225 1

I

see note on Figure B 1
25

I
25

PP TSF GRAB SAMPLE x WATER TABLE

PROJECT Pto VO4121

PROJECT PROPOSED SECOIVDARY MIDDLE SCFTOOLS CENTENNIAL GEOTECHNICAL ENGINEERS

LUCATION 835 Sth STFtET NEW WESTMfNSTEIt BC

T

BOREHOLE LOG

DATE DRAWN BY FIGURE

June 17 2004 CL BS



f

AATE DRILLED June 3 20Q4 INSPECTOR LL KUGER HOLE Ab

DRILL 1VIETFIOD AIfGER 15URFACEELEVATION 92Im SHEET 1 OF i

i SAMPLE DYNAMIC CONE PENETRATIOlV

i DEPTH DESCRIPTION OF SOIL j Soil TEST

ft AND OBSERVATIONS Class Sam Ic Moisture B1OWS FOOTP

j Symbo Type Content

0 10 20 30 40 50

j 0 0

i FITL 12 inches of river sand over Sivi

Random fill dark brown silty sand gravel some organrc loose Cx 303

I
25

i

i SAND Rusiy brown silty finegrained ioose E SM 269 I
I I

5 I
5 IIt

SAATA Tannish grey mottled silty finegrained loose j SM 0 242

7S

l
i

0 occfinegrave j x 204 0

1 SAND Grey ctayey finegrainad trace pebbles seashell SC Qx 207

med plasticity pp 2 tsfcompact

125

1
I

1S I IS

SIIT Grey clayey med plasticity pp 4 tsf very stif IviL Q 221

I

175

i

SA11b Grey silty fngrained small pebbles occ 152 gfavel STvi x 14

tilllike very dense
20 2p

TEST BOREHOLE TERMINATED AT REFi3SAL 20 FEET i
I

225

see note on Figure B 1
25 25

i

W

PP TSF GRAB SAIVIPLE x WATER TABLE
PItOJECT No VO4I21

PROJECT PROPOSED SECONAARY MIDDLE SCAOOLS CENTENNIAL GEOTECHNICAL ENGINEERS

LOCAiIO1V 835 8th TREET NEW WESTMIlYSTER BC BOREHOLE LOG

DATE DRAWN BY FIGUiE

Jane 17 20U4 CL B6
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DATE DRILLED June32604 INSPECTOR LL AUGER HOLE A7

A2ILL METHOD AUGER SURFACEELEVATION 942m SHEET l OF i

SAMPLE DYNAMICCONEPENE7RAPION

EPTH DESCRIPTION OF SOIL sou i TEST

ft AIYA OSSERVATIONS Class Sampte Maisture BLOWS FOOT

Symbot I Type Contcnt

0 10 20 30 40 50

i 0

i FILL Random dark brown silty sand some organic matters oose SM
I
i

f

I
25

SAND Tannish brown silty finegrained compact SM

i

i

SILT Tan grey mottledcayey mad plesticity pp 4 tsfvery stif ML 249

5
5

SAfID Grey clayeysiity finegrained small pebbtes occ 152grave SMSC
tiliiike very dense O 139

75

f TEST BOREHOLE TERMINATED AT REFUSAL 8 FEET

10
0

I
I

125 l

15
15

I75

20
20

I

225

I
see note on Figure B

25 25

PP SF GRAB SAMPLE x WATER TABLE

i PROTCT No VO4121

PROJECT PROPOSEA SECOIVDARY MIDALE SCHOQLS CENTENNIAL GEOTECiICAL ENGINEERS

LOCATIOIt 835 8th STREE NEW WESTMIiYSIR BC BOREHOLE LOG I

DATE DRAWN SY FiGlRE

June l7 Z004 CL B7

i
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i

DATE DRIILED June 3 2404 INSPECTOR LL AUGER HOLE AS

i DRTLL METFIOD AUGER SURFACE ELEVATON 931m SFIEET 1 pF 1
T

SAMPLE DYIYAMCCONE PENETRATOlY

j EPH DESCRIPTION OF SOIL sot TFST

E ft AND OBSERVATIONS Class Sample Moisture LOWS FOOT

i Symbol Type Content

ii 0 10 20 30 40 50
O

i SAND Tannish brown silty fingrained wmpact SM

f 0 s

25

SAND Tan brown mottled clayey small pebbles crumbly SC c 191

low plasticity tilllike pp 2 25 tsf compact
i

5 5

I

1
75 1

J

SAND Grey silty finagrained smali pebbles tiltlike v dense SM Ox 8J

10 10

TEST BQREHOLE TERMINATEB AT REFUSAL i0FET

i

125

IS IS

I
J

175

20 20

225

lI
see note on Figure B i

25 25

pP TS GRAB SAMPLE x WATER TABLE

PR03ECT No VO4121

PROJECT PROPOSD SECONDARY 1VIIDALE SCHOpLS CENTEMIIAL GEOTECHNICAL ENGINEERS

LOCATCON 835 8th STREETIHEW WESTMINSTEIi BC B012EHOLE LOG

DATE DRAWN BY FIGURE

June 17 2004 CL B8
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f I

I DATE DRILLED June 3 20Q4 I1ISPECTQR LL AUGER HOLE A9

DRILL METHOD AUGER SURFACE ELEVATIOIV 954m SHEET 1 OF 1

SAMPLE DYIYAMIC CONE PENBTRATIOIY

i EPTH DESCRIPTION OF SOIL I soi TEST

ft AND UBSERVATiO1IS Class Sample Motsturc BLOWS FOOT

f
Symbot Type Content

0 40 20 30 40 50

SAND Rusty brown silty finegrained compact f SM

x 226

25

SiLI Tan brown mottled clayey crumbly occ small pebbles ML O 305

low plasticity tilllike pp 2tsstif II
5 S I

grades to grey not crumbly med plasticity pp 4 tsf very stiff x 226 I
SAID Grey silty finegiained sma1E pebbles tiltlike v dense SM 0 99a

75

TEST BORBHOLE TERMIIVATED AT REFCISAL 8 FEET

10

1

10

125 i

Ii

i5 15

175

i

20 20

I

225 I I

i I

i

see note on Figure B 1

i25 l I
25

PP TSF GRAS SAMPLE Qx WATER TABLE

PROJECT PEo VO4i21

PROJECT PROPOSED SECONDARY MIDDLE SCHOOLS CENTENNTAL GEOTECHNICAL ENGTNEERS I

LOCATION 835 8th STCtEET NEW VESTMINSTER BC BOItEHOLE LOG

DATE DRAWIV BY FIGLIRE
June 17 2004 CL B9
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I
i

I DATE DRILLED June 3 2004 ISPECTOR LI AUGER HOLE AiQ

i DRILL METAOD AUGER SURFACE ELEYATION 956m SHEET 1 OF 1

SAMPLE DY3VAMIC COIVE PENETRATION

I DEPTH DESCRIPTION OF 30IL Soil TEST

ft AND OBSERVATIONS Class Sample Moisture BLOWS FOOT

I Symbol Type Content

O 10 20 30 40 5Q

0 6 topsoii
SILT Tan brown mottlad clayey tilllike pp 4 tsf very stif ML

249

i i

25

SAND Grey silty finegrained smallpsbies ti11like v dense SM

Q 0

5
5

FEST BOREHOLE TERMINATED AT REFUSAL 5 FEET

i 75

i

i

i
ia

o

2s

i 1
1

i5

175

20
ZD

1 i

I

225

see note on Figure B I i
25 25

PP TSF GRAB SAMPLE x WATER TABLE s

PROJECT No VO4121

PROJECT PROPpSED SECOrIDARY MIDDLE SCHOOLS CENTENNIAL GEOTECINICAL ENGINEERS

LOCAEOAi 835 8th STI2EET NEW WESTMINSTER BC BOREROLE LOG

DATE DRAWN BY FIGL3RE

June 17 2004 CL BIO

i
I



i

I
I
t

DATE AEtiLLED June 3 2004 I INSPECTOR LL

AUCER
HOLE Al 1

DWLL METHOD AUGER 1SURkACE ELEVATON 956m SHEET 1 O 1

SAMPLE DYNAMIC CONE PENETRATION
EPTH DESCRIPTION OF SOIL Sotl TEST

ft AEVA OBSERVATIdNS Ciass Sample Moisturc BLOWS FOOT
Symbol Type Content

0 10 20 30 40 SO
0 6 topsoil 0

SAND Grey silty finegrained small pebbles tilllike v dense SM 0 84

J

i E

25

O 7G

i

5 5
I

TEST BOREHOLE TERMIIVATED AT REFUSAL 5 FEET

75

i

I
J

O

7
Q

125

35 15

175

20
20

225
J

f I

25
I

t 25

GRAB SAMPLE x WAERTABLE s
PROECT No VO412i

PR03ECT PROPUSEA SECONDARY MEDDLE SCHOOLS CENTENITIAL GEOTECHNICAL ENGINEERS

LOCATION 835 8th STREETIVEWWESTMINSTER BC BOREHOLE LO
BACE DRAWN BY FIGCJRE

Jane 17 2004 CL BI



j
i

DATE DILILLED June 3 2004 NSPECTOlt LL AUGER HOLE Al2

DRILL METHOD AUGER SURFACE ELEVATION 926m SHEET 1 bF i

SAIVIPLE DYNAMiC CONE PENETRATIOIV

EPTH DESCRIPTIOIIOF SOIL sos IEST

ft AND OBSERVATIONS Clau Sampie Maisture BLWS FOOT

Symboi Typc Content

0 10 20 30 40 50

O O
FILL Dark brown silty sandsome grave organic matters loose SM

I iI

I

7

i I
25

223 i i

5 5

75 SAND Tannish brown sitty finegrained saturated oose SM x 256 j
i

I
i

SAND Tan brown mottled clayey finegrained trace pebbles 1 grave SC 272 i
crumbly compact 1

10 10

125

j

SIIT Grey brown mottled clayey med plasticity pp 2 25 tsf srif ML 255

15 lS

175

grades to grey very stiff
0 24s

zo 20

SAND Grey silry finegrained small pebbles occ 152 gavei SM Ox 109

tilllika very dense I

225 I

I

TEST BOREHOLE TERMINATED AT REFUSAL 23 FEET I

25 see note on Figure B 1 f 25

PP TSF GRAS SAMPLE x WATER TABLE I

PROJECT No VO4I21

PROJECT PROPOSED SECONDARY MIDDLE SCHOOIS CENTENNIAL GEOTECHNICAL EAIGINEERS

LOCATIQN 835 8th STREET NBW WESTIINSTER BC BOREFIOLE LOG

DATE DRAWN BY FiGURE
June i7 2004 CL B12
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ti

DATE DRILLED June 3 2004 J INSPECTOIt LL AUGER HOTE A13

DRILL METHOD AUGER SURFACEELVATION 916mSHEET l OF 1

SAMPLE DYNAMIC CO1EPENETRATfON

EPTH DESCWPTlON OF SOIL son TESr

ft AND OBSERVATONS Gau Sempte Ntoisture BLOWS FOOT

Symbof Type Content
i
i 0 10 2Q 30 40 50

0 0
FILL Dark brown silty sand some gravel organic matters toose SM

Ix7 j 799

l1It I
25

SAPID Tannish brown silty finegrained saturated loose SM 0 296

5 5

SAND Tan brown mottled clayey finegrained trace pebbles 1 grave SC x 224

crumbly tilllike pp 335 tsf compact

75I j

i

1010 I
J

1

125 SILT Grey brovm cIayey med plasticity very stif ML x 24b

J
I
i

1
5 s

SAND Grey silty finegained small pebbles occ 152 gravei SM x 104

i tilllike very dense

j
ts

I

TEST BOREHOLE TERMINAiED AT REFt1SAL 18 FEET i
20 20

J
s

I
I
f

see note on Figure BI
25

I
25

PP TSF CRAB SAMPLE x WATER TABLE

PROJECT No VO4121

PR03ECT PROPOSED SECONDARY MIDDLE SCHOOLS CENTENNIAL GEOTECHNICAL ENGINEERS

LOCATION 835 8th STREET NEW WESTMINSTER BC BOREHOLE LOG
DATE DRAWN BY F7GURE

June 17 2004 CL Bl3



i
i

DA7E DI2ILLED June 3 20a4 INSPECTOR LL AUGR HOLE Al4

DRiLL METFIOD AUGER SURFACEELEVAIION 914m SHEET 1 OF

SAMPLE DYNAMIC CONE PENETRATION

i DEPTH DESCRIPTION OF SOIL sai rsr

ft j AND OBSERVATIOPIS Ciass Sample Moisture BLOWSlFOOT

Symbol Type Content

i
0 10 20 30 40 50

0 3 asphalt concrete 2 giave
S1

SAND Tannish brown silty ftngrained loose x 208

I

2S

a SAND Tan brown mottled clayey finegrained trace pebbles SC

crumbly pp 3 tsf Nlltike compact O 229

51 5

i

i

i 75

i

j

SILT Grey brown mottled clayey med plasticity pp 3 35 tsf ML O 2

10 very stif 1

tSAND Crrey silty finegrained small pebbles occ 152 gravel SM

tilllike very dense i125 i

TEST BORETIOLE TERMINATEAATREFU5AL 125 FEET

15 15

175

20 20

J
J

225

j
1 R

see note on Figure B I j
a

25 j 25

i

i PP TSF GRAB SAMPLE C WATER TABLE

PROJECT No VO4121

Pl20JECT PROPOSEA SECONDARY MIDDLE SCHOOIS CENTENNIAL GEOTECHNICAL ENGI1iEERS

LOCAION 835 8th STREET NEW WESTMIAISTER BC BOREHOLE LOG

DATE DRAWN BY FIGURE

Junel7 2004 CL B14



I

11

i DAiE DItILLEB June 3 20Q4 1NSPECTOR LL AUGEIi Ti01E A15

DRILL METHOD AUGER SURFACE ELEVATION 92Im SHEET I UF l
SAMPLE DYNAMIC CONE PENETRATION

EPTIi DESCRIPFION OF SOIL I Soii TEST

ft AND OBSERVATIONS C1ass Sample Mnisture BLOWS FOOT
i

Symbol Type Cantent

0 10 20 30 40 50

p 4 asphalt concrete over 4 gravel 0

SILT Tan brown mottled clayey med pIasticitytilllike ML

pp 4 tsfvery stifl

L 182

25

II
5 I 5

SA1VD Grey silty finegrained small pebbles tillfikev dense I SM Q 237

i

75

TEST BOREiIOLE TERMINATBD AT REFUSAL 8 FEET

i0 10

i

I
125

i

i
5 15

i

E
i

17

II
2 20 I

1 i

I
i

zzs

see note on Figure B l
25 25

1

PP TSF CRAB SAMPLE x WATER TABLE

PROJECT No VO4121

PROJECT PROPOSED SECONAARY 1VIIDDLE SCAOOLS CENTENNIAL GEOTECHNICAL ENGTNEERS

LOCATION 835 8th STREET NEW VESTMINSTER BC BOREHOLE LOG I
DATE DRAWN BY FIGURE

June 17 20Q4 CL B15



f

DATE DRILLD June 3 2004 INSPECTOR LL AIJGER HOLE A16

DRILL METIiOD AUGER SURFACE ELEVATION 92Im SHEET i OF 1
SAMPLE DYiVAMIC CONE PENETRATION

EpTH DESCRIPTIOPi OF SOIT Sol TEST

ft ANA OBSERVATIONS Class Sample Moisturc BLOWS OOT

Symboi Typc Content

0 10 20 30 40 SQ

0 3 asphalt concrete over 3 gravel p

SLT Tan brown mottled clayey med plasticity tilflike ML i
pp 4 tsfvery stif I

i

2

0 Zp

5 I 5

SAND Grey siity finegrained small pebbles tillSike v dense SM 91

f t
75

TEST BOREHOTETERMfNATED AT REFUSAL 8 FEET

i

10 C 10

i
I
i

t2s

1
15 15

t75

I I

20 20

1

I225

isee note on Figure B 1
25 2S

GRAB SAMPLE x WATER TABLE

PROECT No Vfl4121

pRacT PROPOSED SECONDARY MIDDLE SCHOOLS CENTENNIAL GEOTECHNICAL ENGINEERS

LOCATION 835 8th STTETiiEW WESTMIIVSIEi BC BOREHOLE LOG

DATE DRAWN BY FIGURE

June 17 2004 CL B16



i
DATE DRILLED June 3 2004 INSPECTOR LL AUGER HOLE A17

DRILL 11ETHOD AUGER SURFACE ELEVATON 944m SH 1 OF 1

SAMPIE DYNAMIC CONE PENETRATION

EPTH DESCRIPTION OF SOIL Soil TEST

ft AND OBSERVATIONIS Class Samp2e I Moisture LOWS FOOT

Symbol TyPe j Content
0 10 2Q 30 40 50

Q i Q

i FIIL Random bruwn silty sand gravel some organic matters Eoose SM

I
I Ox 20

i

i 2S

i

j 5 SILT Tas gey moEtled clayey med plasticity very stif ML 5

i I
j
I

i I I

i 75 SAND Grey silty finegrained small pebbtes occf52 gravel Sivi Ox 7

i tilllike very dense ii
I

10 IO

IEST BOREHOLE TERMINAIEDAT REFTSAL 10 FEET

125
I

I
j i

I

IS 15

I

I

175

I
20 20

1

I
i

i
225

I
f

I

25 25

PP TSF GRAB SAMPLE WATER TABLE

PItOdECT No VO4121

PROJECT PROPQSED SECONDARY MIDALE SCHOOLS CENTENNIAL GEOTECH1vICAL ENGINEERS

LOCATIOIV 835 8th STREET NEW WESTMYNSTER BC BOREIiOLE LOG

a DATE DRAWN BY FIGURE

June 17 2004 CL Bl7

fi


