
COUNTY OF LETHBRIDGE
IN THE PROVINCE OF ALBERTA

BY.LAW NO. I3O8

A BY.LAW OF THE COUNTY OF LETHBRIDGE
BE|NG A BY-LAW PURSUANT TO SECTION 633(r) OF

THE MUNICIPAL GOVERNMENT ACT, CHAPTER M.26.1

WHEREAS Bluestone Developments wish to develop a Grouped Country
Residential Subdivision on a portion of the North East Section 18, Township 9,

Range 22, West of the Fourth Meridian;

AND WHEREAS an application to reclassify the above land for Country
Residential has also been submitted to County Council;

AND WHEREAS the Developer has submitted the "Seiller Estates Area
Structure Plan" which will provide a framework for subsequent subdivision and
development of the area;

NOW THEREFORE BE lT RESOLVED that the Council of the County of
Lethbridge does hereby adopt the "Seiller Estates Area Structure Plan" attached as
Appendix "A".

GIVEN first reading this 21st day of February, 2008

County Ma r

GIVEN second reading this 3rd day of

County Ma

GIVEN third reading this 3rd day of

unty Man

April

2008

. 2008
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ARBA STRUCTURE PLAN FOR SEILLER ESTATES
SUBDIVISION

A PORTION OF'NE y4t8-9-22-4

Submitted to
County of Lethbridge

Environmental
Agricultural
Structural

Civil
Municipal

PREPARED X'OR:
Bluestone l)evelopments
Box474
Lethbridge, ABTII-3ZI

PREPARED BY:
Hasegawa Engineering

A Division of 993997 Alberta Ltd.
1220 - 3l't Street North

Lethbridge, AB T1H 5J8



HASEGAWA ENGINEERING
Gonsulting Professional Engineers

A Division of 993997 Alberta Ltd

Q2O 3F Street North, Lethbridge, AB T1H 5J8
Bus: 328-2686 Fax: 328-2728 E-mail: hasgm@telusplanet.net

Our File #:07-295

Re: Seiller Estates Subdivision Area Structure Plan

Environmental
Agricultural
Struc{ural

Civil
Municipal

February 4, 2008

Bl uestone Developments
Box 474
Lethbridge, Alberta
T1J 321

Dear Sir:

Attached please find the Area Structure Plan submitted for the proposed Seiller Estates
subdivision located in the County of Lethbridge.

Please review this document and contact our office with any questions or comments
This document was prepared under my supervision.

Yours

ü 'o cT'cE il
I,

ng.
EERING

Gonsulting Professional Engineers
MAH/dd

Attachment

cc:
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1 INTRODUCTION

This document outlines the Area Structure Plan for the proposed Seiller Estates
subdivision of NE % 18-9-22-4 located in the county of Lethbridge No. 26. The27-acre
parcel under consideration cuffently is used as native grassland (refer to Figure l). A
Land Use zoning change application has been filed with the County of Lethbridge No. 26
to meet the by-law requirements for this Area Structure Plan. The proposed subdivision
is surrounded by county land that is currently used for agricultural purposes.

The proposed land use is country residential with a 1 acre minimum lot size. This is
intended to match the County's land use bylaw requirements.

The client is proposing to subdivide the property into 20 lots each being equal to or
greater than I acre in area. The enclosed conceptual plan, survey data, engineering
analysis, and architectural controls are designed to assure a quality subdivision.

2 PLANS AND DRAWINGS

In order to illustrate the location of the property, site drainage, and the proposed
subdivision layout, seven figures have been prepared. The figures are provided in
Appendix A and are as follows:

1. Location map
2. Contour map of subject property
3. Conceptual site plan of subdivision
4. Water tie into existing services
5. Existing north-south profiles
6. Existing east-west profiles I
7. Existing east west profiles 2

These maps are conceptual in nature and to be used for planning purposes only. Upon
ASP acceptance design drawing and plans will be prepared and submitted for review.
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3 SERVICING

3.1 Sanitary Sewq System

Sanitary sewage will be handled individually on each lot with a private sewage disposal
system. The soil characteristics, as detailed in the Geotechnical Evaluation of slope
stability Report (Refer to Appendix B; EBA 2008), verifies the suitability of the soil for
this type of a disposal system and supplies the base design criterion for the required
septic fields. All septic designs must comply with the criteria set forth in Appendix B
and County and Alberta Environment Criteria. AENV requirements indicate that the
soil within the septic field foot print must be tested in two locations prior to installation.

3.1.1 Septic Systems

Five boreholes were advanced and percolation test performed on site (refer to Figure 2
and Appendix B for locations). The observed soil type was sandy, silty, stiff, brown
plastic clay. The percolation results are shown in Table 1.

Table 1: Percolation Test Results
Percolation test

location
Results

(min/cm)

Safety Codes Council
acceptable values

(mir/cm)
P00l J 2 -25
P002 a

J 2 -25
P003 10 2 -25
P004 l0 2 -25
P005 15 2 -2s

These results indicate that the surface soils in this area generally satisfu Safety Code
design standards (Alberta Private Sewage System Hand Book).

EBA also verified the depth to groundwater which cannot be within 1.5 meters below the
septic field. The test holes were advanced to a depth of 3 m and no groundwater was
observed in any of the holes. This indicates the water table is at levels conforming to the
Alberta private sewage standards.

There will be no requirements for a sewer system since all treatment will occur within
each lot.

a
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3.2 Water System

The developer will provide a water main for water delivery to the property line of each
lot within the development. This water system will be for potable water.

3.2.1 Potable'Water

The source of water will be Monarch Shared V/ater Users Co-op. The access point to the
Co-Op line location is shown on Figure I and 4. Bluestone Developments has purchased
60 water shares from the Coop (refer to attachment). There is adequate supply in the
water system to supply water to the 20 lots proposed in this development.

The developer will provide a water main for water delivery to each lot within the
development. Since the water supply line is low pressure and called a o'drip system"
onsite storage will be required to support fire flows and daily residential usage. As a

result, Residents will use cistems and pumps on their property to store water adequate
water supply and provide pressure to their homes. The water to the Coop line is fed from
the City of Lethbridge infrastructure and is already treated.

The developer will provide a 150 mm main from the water Coop turn out to the water
line servicing the development as shown on Figure 3 and 4. The water main will also
feed the lagoon designate to store water to support fire flow. The water distribution
system within the development will be designed with 150 mm water mains to
accommodate pressure flow if that service ever became available to the development.
The water lines will be installed to meet County, City of Lethbridge and AENV standard.

3.2.2 Fire Protection & Landscape V/ater

The developer will ensure fire protection capability is provided for the property. This
water will be provided from a water lagoon located onsite, as shown in Figure 3. The
lagoon will be equipped with a County approved and properly designed dry hydrants that
pull from the bottom of the lagoon. Separate water lines will be provided to service the
two hydrants proposed for the development (refer to Figure 3)

The lagoon has been designed to accommodate 2-lr f:.le at a flow rate of 2000 lpm. The
lagoon will hold a minimum of 350,000 I with a minimum depth of 3.5 m (refer to Figure
3). The lagoon will be properly fenced.

Landscape water will be provided through the Coop water shares. This will also allow
the water to be used for inigation and to water the lots.

4
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ATCO will supply natural gas to the development. The existing line is located south of
the property (refer to Figure 4) and has sufficient pressure for the subdivision. The
developer will bring natural gas to each property line.

3.4 Electrícøl Power

Fortis will provide services to the proposed subdivision and underground services to each
property line. An overhead power service is located south of the property and is shown
on Figure 4.

3.5 Telephone

Telus will provide services to the lots, but each individual owner must apply for the
service when building. There is an existing service in County road east of the property
but it is not adequate in size to service 20 homes. An additional line will be required to
allow for adequate service.

4 ROADS

Access to all lots will be from a new road created within the development (refer to Figure
3). The road onsite will meet County of Lethbridge No. 26 design criteria and will have a
20 meter right of way. Minimal area disturbance and natural drainage will be
emphasized. The road surface will be paved with sides seeded to grass. The roadway
will be adequate in width to accommodate local traffic and meet County requirements.
An example of a design cross-section is included in Figure 4.

Each lot will have direct access, with culverts being the responsibility of each property
o\ryner. The road will be paved but there will be no curb and gutter but ditches on each
side of the road. A cross-section of the proposed road structure is shown in Figure 4. In
addition EBA has proposed Street sub grade preparation criteria to be used in road design
(refer to Appendix B).

The developer also may propose to add surface pavement to County Range Road 22-5
from the entrance of this development to the intersection with Highway 509. This may
not occur until after the development is mostly complete and more information on road
design requirements will be reviewed prior to making the final decisions as to when and
if this will occur. All design and construction will conform to County Standards and
requirements.

5
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5 SITE DRAINAGE AND GRADING

As can be seen in Figure 2, according to area topography information, the drainage on the
site generally flows towards the northwest corner. All drainage onsite must confonn to
County, and Alberta Environmental requirements. Documents referred to when
completing this analysis included the Alberta Environment Storm Water Management
Guidelines (1999). This document also includes descriptions of Best Management
Practices (BMPs) which are used to mitigate peak runoff values over the entire
development and to minimize the need for centralized mitigation measures such wet
ponds and dry ponds.

5.1 Síte Drøìnøge Results

A detailed drainage analysis was performed on this property to compare pre and post
development surface runoff. Detailed results of the surface runoff analysis are provided
in Appendix C.

This analysis was conducted using the "TR-55 Urban Hydrology for Small Watersheds"
which is a model approved by AENV. Based on these results there should not be an
increase in peak flow from pre to post development. Although this development is
expected to result in approximately 20Yo impermeable surface, the overall peak runoff
flow is mitigated due to increased flow paths, lowered grade on the lots as compared to
pre-existing slopes, maintaining ditch grade at lYo or less and storage in the ditch system.
Based on this analysis it appears that there is no need to create a retention pond.

As a precautionary measure, runoff from this development will also be chanelled to an
existing storm pond located at the bottom of the coulee This pond was utilized for storm
water retention during gravel mining activities.

5.2 Grødíng ønd Best Mønøgement Practices

Since the proposed land use is country residential, impact to the existing land will be kept
to a minimum. As a result, grading will be kept to a minimum on this property. All
developed areas with impermeable surfaces (or concentrated flows) and from the back
edge of the house to the front of the lot, must be designed to flow toward the proposed
road right of way. Areas of the back yards that are permeable and do not yield
concentrated flows may be allowed to flow to the coulee crest. In addition, driveways
designed to access the lots must be designed with a swale or culvert that will not restrict
storm water flow in the ditch. Culverts must be properly designed by an engineer and
will be constructed of reinforce concrete.

6
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The following BMPs will also be implemented to minimize peak runoff from the
property and to keep water quality of runoff within acceptable parameters.

l. Grading within 4 m of a structure must be at least 2o/o grade away from the
structure.

2. All flow from developed areas where concentrated flow occurs (from the back of
the house to the front of lot) must be designed to flow to the road right of way at a
grade of no greater than2Yo.

3. The slope of the road ditch is to be kept below 1%
4. The ditch system and discharge point is to be designed to allow for the storage of

1280 m3 of storm water during alarge storm event

6 SOLID WASTE DISPOSAL

As part of the codes and covenants of the subdivision, regular trash disposal will be a
requirement.

7 GEOTECHNICAL TESTINGAND SLOP STABILITY

Geotechnical testing was conducted by EBA Engineers and Consultants. They also
evaluated the soil for slope stability purposes. An overview of their results is presented
in this section and the detailed report included in Appendix B.

The allowable development setback line is shown on Figure 3. This safe setback is also
used as the property lines for lots adjacent the Coulee. The detailed results of the
analysis are shown in Appendix B. The City of Lethbridge has completed extensive
studies on slope stability adjacent the Oldman River Coulee. This work is summarized in
the River Valley Area Redevelopment Plan (RVARP). EBA used this criteria in
completing the analysis for this site.

Also included in the Geotechnical report are design considerations (as related to soil
testing) for:

1. Shallow foundation design
2. Slab on grade design
3. Excavation and trenching backfill design
4. Concrete type and surface work
5. Frost protection
6. Seismic design

V/hen preparing the design of the subdivision, these criteria are to be followed and EBA
or Hasegawa to be consulted when appropriate.

7
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8 ARCHITECTURAL CONTROLS

The following controls are designed to ensure an aesthetically pleasing environment. The
intent is to create the subdivision such that it enhances the natural beauty of its
sunoundings. The following criteria will apply:

1. Earth tones and/or neutral colors, as determined by the Development Officer, are

to be used on all physical structures.
2. Wire fences, chain link excepted, are not permitted.
3. Fences in front yards of residences need to be limited to one metre in height or

less.

4. Each residence is to be a minimum of 1500 square feet on the main floor and is to
be constructed on site. Mobile homes are not permiued.

5. Each property owner is to be responsible for upkeep of utility right-of-way along
property frontage.

rJ
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llris report presenrs the results of a
(bnsultanm Ltd. (EBA) for the pro
located near C.oalhl¡rst, Alberra.

geotechnical evaluadon conducred EIIA Engineeringby
posed Grouped füuntry Residential Subdivision, ro be

'Ihe scope of worlç f<lr dre .geotechnical evaluarion was described in a proposal issued rcMr' Iùrndy Idrruner, of .Ibüãsmp (i>nstruction in.. þoì[îÀpl. 'ihe objccrive of thisevaluation u¿âs to deten¡ine. the general subsurface .o"¿irionrin the arca of uhe proposecldevelopment and to provide geãte.hnicd.,..o*n"r;;;,*; specifically with respecr; rodevelopment setbach ãisunces"from the tr"p.r *ir-rri" ä"lib".enr ro the subdivision as*'e ll as tlre suitability of the site soils fo. sepric field dird;;J oi'r.sid.nual wasrewarer. .rhis
Itporl also addrcsses ge-otechnical issrls wirh t'Åp;;; ; dre ge'cral subclivisiondeveloprncnt pe*aining t. for¡ndations, gmcri*g, *ra..,rrl, ;iliri.r, *t..
Authorization rc proceed wirh tliis cvaruari,n *,as providecl byMr. I{inr¡'er.

Based on discussions with 'Ibllestrup, ir is tillA's u'denmnding thar the major cornponeruof the proposed devclcr-prncnt inch,åás rirgËf;iü;;;id;;r*ii-'sing acrcss rnost of rhe
Property iirnim. 'Ihe foundation s¡ntem ior rhe ;rriJ;;;;;il fikely be shallow spreaclfootings and .a grade suppon d 'lo*., 

. 
r*.r.r frr;; :i;ú, qari.rt of other residenriardevelopments in the n..n. Ìi is undersrood that rh;ilri'Ët niou* and road accesses willincoqporate the developrnenr serback distrn..s f.*lt ;;p'"r o"rr. 

"i-;hr;;-;";., ,,ttcommenclecl in r:his rcp9*.. 
.The repon also i'r.tua.r-r-þìi,rrin'y assessrænr of rhefcasibility of scptic disposal ficlcJs whicli are under.onri,l.,nrån io. rhc sr¡bclivision.

'Ihc proposed strect cicveioptnents will be clesigned anci consrrucrccl ro rhe currenr ciry ofI'ethbridge Inftastructt¡re serviccs.Iìngineeriirg sr:andarJr, 
-ã, 

,quivalenr, as deernedappropriate, for each area. A dctailed-paän-,ent design ror rlrå ..rpe.tiue srreer sections hasnot been rcquested as parr of rhis evaùarion ,na *ul.t. ."n pf.*U at a later date, penclingrrview of any traffic studies cornpleted.

r.lÌ 
=eþo
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Givcn the proxirnity of the-adjaccnt slopes, rhe scope of u,ork for this evaluation included
vlsttal slte teconnaissance of the acljacent slope's.stabiliry, ol well as a detailed slope stability
anaþsis, wir:h cornpurer. rnodering sofrwaie (Georloþ/sbpe/sQ. R.;;;;rlarions
developnrent setbacl{ limits from uÉe Top of nànkt oi itr* ,-ton., were developcd ancl arercponed in strbsequent sections. Thã slope stabiliry .rralrotion was conducted in
accorda.nce with,guideliT_r.{:.p"q by city of iethbridge'tty-lr* # s277,,Idver Valley Area
Iìedevelopment Plan' (Ily$Ð, adopted án July zo, zoô+. îÀ. ..quir.men$ of this Bylaw
arc deemed relevant to úis propos.å de"elopment.- As parr 

"] 
rh. itAnÞ'guidäi;.r, ,t.

evaluation considered the ràcomrnendationi penainingî"rnfe d.,reloprt.,ir r.iurcls as
detailed. in the study by AMEC Earth ancl Ënuì.on,r,"r."tal Umired (AÀ/ßq entitled, ,,Ciry
of Lethbridge Phase 1I l)evelopmenr Seùack Assessment. ol¿*rì Ri;r-îilryîop.r,,,
issued in November 2002 containecl therein.

'Ihe agreecl work scope for this evaluation also consisted of a review of exisLing
geotechnical data for the properry, as well as a review of hisrorical ,rr*, *orkùgr-(¡UnÏ
and historical aerial photofraphs. 

-

'Ihe scope of u'orlç also incluclecl the insmllation.of seven (Z) geotechnical boreholes (for the
gencral propcrry dcvelopn:crrt ancl slope smbiliry *urlruùánj. A hborarory ¡;;;;', *",
complerecl to assist in classiffng the strbsurhce soils and this repon provides rhe fcrllorving
clcsign and constnrction recornlne nclar:ions.

' Recomntetrdations for develclp¡nent restricdons in consideration of the adjacent slopes,
specifically including recommended developmenr serbaclc distances,

. Recommendarions for the feasibiliryof septic disposal fields

' Iìecommendations for shallow footing foundations for rhe proposed residences.

. I{ecommendations for lot gracling, bacldill rnaterials ancl cornpaction.

' IìccornmcrrcJadons for udlity line insr:allar:ion, inclucling trcnch excavarion, bac¡fill, ancl
con"rpaction sta ndarcls.

' Reco¡nmendations for subgrade preparatio' for street pavemen$.

' Iìecornmended design and construction provisions for conrol of groundwarer.
. Iìeconrmendations for concrere rype.

I 'lbP of lla¡rlr lnca'ns the line u'helc thc gcneral trcncl <¡f thc slope changcs from grearer rhan 15 perccnr ro less rhan
15 pclcent, as dcrermined byfield sruvey.

iiüi::.ii

lÀ-
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3,1 SURFACE DESCRIPTION

t :lt:-*" o,1 Figure 1, the propefTwls noted-m.be predominarelyundeveloped at the d'reof fieldwork Based ,¡n rùnt knowledge 
"r 

irr;r pr"pr"yt ¡¡ro.y, i".i,idiü'"n aerialphotograph review from.the.1960s ,o prãr.nt da¡ ii irirni.o,ood that the area has beenr¡tilized mainly for agricultural pu.por.r.
'lhc prnpcrty at thc tilne of fieklwork was surfacecl in mosr areas v¡idr stubblc crop. 'Ihc
grouncl surhce uas norecl to be genenlly fìat to ,ligh;Ç urrJuhrlrrg, o,tL ;;;rj;;j doinng.towads the olclman Riverby way ol: r:he tributary;""í.r;;ll"ys. "îhe uppe, p.oirie leve I ofthe propcny apPea$ to hive å grouncl *urface c.o.l.ii.'Elerradoå',rnfinf i.*..napproxìmarely932 m and 936 m.

'Ib the ''ves[ of the site is the east wall of the oldman River valley and ar rhe u,esr,
northwest and southeast, thrce tribtrtary coulee slopes drain inro the ,nain u*Lf Ii is theseslopes adjacent to the developrnent aiea thrt ro th. fo.us-of rhis evaluatioí. Figure 2depicts profiles of rhree q,piðar sections of rho,d;G;: B-B' and GC, shown onirigure 1).

Iìor this.property, the height of the adjacent slopes ro rhe wesr (shown on Figure 2) appears
p,ynv b_gr,ween approxirnarely 40 rn to 45 m. 'Ihe base elevàtion, ,brt ¡ï;;Jáe of rheOldman River appears to be at approxinrarcly lìlevario" g30 *. For the-pur?"J; of thisevaluarion, rhe slope secdons are described as iollows
Âcljaccnr ro uhe west peri'eter of rlie properry (profiles A.A, and Il-B), the slopes arecornprise a coulee draw which enends f-* thå ìu.. u"u.y i"l#;;*;rd, rrì. .lri. .n*
roacl access to tlre river vallcy is locared wfuhin rhe base ãi"trit coulee draw. Tlre .,pp.,ponion of slope Ilrofile .t\-A' appears to average approximately 4.5 horizontal to 1 venical
clown to an clcvatiorr, of approxirnately 918 d báco,oir',g ,,.áp., than 3I-[1V below rhiscle'atiott, wherc¿rs, slopc Itrofilc Iì-d' âppca.s to generally a'erage approxinrate ly 2.5horizontal rc I 

'enical. 
'l'lic rivcr is Incoi*ri seveml Ëunar*ã meürs to rlie west of rhese

slope secrions. 'lhe slopc faccs are srnoorhly u.g*ror..l*irr, gårr*, and u,eecls.
'l'here is an inclication of an historical slope 

.insrabiliry along a ponion of the slopeapproximateþ 200 rn west of Profile B-B'. 'Ihe rlid. *"rí.o*p;r., a back-scarp and slide

'rass 
on the face of ,\. slope, qzpical of a roationaL/rranslati""ãirl¡J.lH.+iãîí¿.ä'on 

""intenglacial geologic deposition ia¡er references as the Lenzie silrs (discussed in subseqr"re.r
sections of this reporr:). Th9 un¡er ponion of 

.Projile B-Bão*" io indicare relativelywet
s,rface conclirions, as a resuh of"ppor.nt overland aoirr"g.."'
'lhc. other slope.sectiol type is illustnted by Pnrfile CC, acljacent ro rhe nonhwesr portion
<lf. the proposed clevclopmcnt siue . 'Ihis siope sectio-; fñ;. overall in relaticln ro rhe
other.slope.s" a'alysed. l'l-re.lo*er_ponion är rn¡, secrion oi ,top. i, d..;lt;;ried inctllluviurn (slope wash or slumped' soil mass) do*n ,o- rhe river le,rel. Therefore , forProfile Gc, the uPper porrion of th. slope is giu*r, *or. ,.l"uun.. for-rhis evaluarion. ïre

'I



L1 21 01 239
January 2008

4
rì':+ "

3.2

slope face is covered wfuh colluvium, with a profile in rhe order of approximarely 5I{1V
overall within che upperpofl;ions of the ¡bpËs. several ,*llirurfn.. ;il;;;'re not.clwithin dre slope facã, the course of whicir ir lil;.ly ;;riurr.a ,u nrruãî gro,-.l*nt*.
seepage.

HISTORICAL AEBIAL PHOTOGRAPHIC REVIEW
fu pan of the cvaluation, iiBÂ, reviewecl aerial photographs talcen of the projecr area
bctu'cen 1961 ancl 1991, (1()()1., rg7s, lg}4,19g5 and uilj. treuvanr obseruarions frcrn
these acrial photognphs and recent site reconnaissance .r. p'r.r.nr.d in this section.

' 1961' .* Ttre 
-subject 

proPeny is undeveloped ar this time. There appears rc be rnu¡þle
locations of drainage ou.tilolv oue, tl',å edges of ,h. ,lop.r. Tïì... is evidence of
several shallow sur{ace ¡lurnp¡ noted. rbnf the face of slopes. ft. ,tf.-loltu,.
prcvior-rslv noted west of Profile I]-13' is pi.r.nt. 'There is sorne cviclencå o[ r.¡acl
co¡rstn¡ction within the c<lr.rlee i:rverl at tliis rime. No odrer eviclence oi-rlignifi.nnt
instability is norccl.

' '1975 * Sinril¿rr to that notccl abovc. 'l'hc shallow sbpe face failures are clearìy eviclent
anc{ appcar to bc ongoirrg. 'lhe slopc failure wesr of ftof¡1. IJ- I}' is ,-,ro.e clea,ly eyiclenr.

. 1984 - Similar ro thc 1920 phoro

' 7999 to Present Dty - F'igure 1 approxirnately represen$ cuffenr conditions, as lirnited

-9-ha1ge¡ 
t9 the propenyare noted. Except f* Utå single slope i"rrobiliryioir,. *.r, of

Profile Iì-B', there is no evidence of othei significanr itistabilicyof th" ,lop.r. 
-

'ihe initial fieldworl< for r:his evaluarion was carriecl out on Ocuober 19,2007, usmg a tnrck
mounrcd drill rig contracted frorn Chilako Drilling Services Ltd. of füaldale, Alberta. 'lhe
rlg \ì/âs cquripped with 150 uun diameter solid srem conrinuous fliglrt augen. ElìÂ's ficlct

of buricd utiliries was first
rcPresentatlves ìÃ/as Mr. Jaclaon Meadows, C.E.'f. The location
carried out through Alberra Fint Gll.
Se-ven (z) boreholes in total were drilled âcross the properry area. Tïese inclucle mo
rclative ly deep borelroles (8I{006 ancl BI-I002) drilled nioni rtr. slope cresr 0..n, ,o a.prt,
of approxinrar:ely30.1 m and 30.5 rn below grouncl surf^..,"*rf..dveiy. The renraining five
boreholes wcre drillcd ac'oss. the general"subdivision nrår iå d.prlr or :.0 n", 1rr-roorthnrgh lill005). 'Ihe borehole locaii.ns arr: ciepictec{ on lìigure L
In all of rhe boreholcs, clisturbecl grab sa:npics wcre obtained at 600 nrm inrervals. A solicl

ttit ¡ori$ techniquc was utilized for IIFI006, ,All soii sarnples were visually classifieJ in thc
fielcl and úe individual soil strata and the inrerfaæt bãrr..n thcm were noted. 'lhe
borehole logs are presenred.in Âppendix Il. An explanation of ih. ,.rr* unJ r1n,¡ãl ur.¿
on the borehole logs is also incluðãd in Appendix B.

:lì;:r,;



112101239
January 2008

5
.:t t,.:;

5.1

Slottccl 25 mm <Jiametm PVC standpipe was installed in all of the bor-eholes in order to
¡Ïoniuorthc grouncfivaler levelat each location. Augercuttürgs rr,cre usecj to baclçfill arourrcl
thc stanclpipe's anclthcyu,cr"e sealeclar rhc grouncls.l¡rfac. *itiib.nrunite chips.
'I1e bcatio¡rs of thc borcholcs \\¡ere irritially selected based c¡n a proposecl subclivision
concept proviclcd by.'Ibllesurup. 'lhe locations and Geodetic Iìlevådons of the existing
ground surface at the borehole locations were subsequenrly dercnmneJ b/ à.rnif.ã
surveying byFlasegawa. The borehole elevations are indicaied on rh. borehole lo[s.
Classification tests, including natural moisrure conrenr! Atterberg Limits, and soluble
zulphate content were subsequently performed in rhe labor¿rory on íamples collecred from
the boreholes, to aid in che 

-cletermination 
of engineering prop*rci.r. 

^The 
resulrs of the

laborarory Lesrs âre presented on rhe borehole logs-in eppJnåi* tt.
't'hc.clrilling pl'ognìltr also incltrdeci five percolation tcstholes (200 m¡r ¿ianrercr) <Jrillecl ro
clcpd"rs of approxirnar;ely 900 rnm (P001,'tlu-ough P005) in cbìe pr-oximity ro di bor.eholc
locations, on October 19,2007. "lhe k¡catiJns of íh"se bo.eiolcs ará aho shorvn on
Fig're 1 and rhe testhole logs included in Appendix B of rhis repon.

l'he pcrcolation test conducted at each iocarion included half filling the percolation tesrhole
rvitlr water and allowing the testhole Lo saturâre for a period of appäxirna tely 24 ho.,À. On
october 20,20a7, the pertolation holes (Root rhrough P0o5) ïere refilleá wirh v/arer ro
approximately 0.45 m bclow existing grouncl surfacã and mainrained at 0.45 m below
cxisting ground surhce for 2 hours. C¡rnmencing clirecr:ly afrer this, the subsiclence of dre
\vatcr was lïcastìt?d vetsus tinrc by IiBA (r"efillinf r"o rhe-sarrrc leueievery 30 minures ancì
mcasuting rhe drop in^ water level). 'l"hc resuhs uf tl're percolation restin[ are cliscussed in
subscqucnr secdclns of this repoft.

GEOLOGY

llA 1* reviewed published. reports regqding the geological hisrory of the Lerhbricl ge âyea,
A bricf slrnrmary, in descending order, õf rhe [.n..i st.aiigraphy is þresented be low,"

' T-acusürine l)eposit;a fine-grained lacusrrine deposit overlies the Buffalo Iake Tll, u,it¡
thickncss varying fron"l non-exisrent to g m.

' I3r-rffalo Lake 'ITll; characrcrize{ bI r laclç of cohesion which ofien leads ro slurnping of
dris cleposit. A single period of consolidarion has resulted in the a.u.lofi,i.ni of
vcnical srress cracls, well oxidizæd, with some lirnited bedding.

' Lenzie Sihsi unit consists of buff, strarified, calcareous silt and silry sand. ^I"lie deposit
includcs blacli or grey varved clays and poorly sonecl dll-like coil.,vium with coarsc
fragmcnts' 'lhis is,a glacìal lake deposit thåt foÁ.tect in a peri-glacial (prior to ,lcfosition
of llr'¡ffalo 'l'ill) lakc etrvitonmcnt as conrincnral icc n,lron.ãd. oierlying lhi'.,orr-
bedclcd scdir:rents are l¿rlc cLry; clcpositccl in Lhin, wcll-beclcle<i lar¡inae fãmring gr,c

,aÀ -eþo
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rythmites. 'lhe.claydeposit may have developecl as â glacier unclerwenr a minor halt
afrer advancing into the area.

' Laburna'fill; columnaE massive dll, which is hard as a result of consolidarion pressurr
from overlying ice, deposited during Laurendde graciation.

. Basal'ITII; massive rill, hard, brown ro grey.

' sasì<atclìervall Sands ancl (ìravels; cle an, well-sonecl ancl bedcled, rorurclecl ro
subroundccl river gravel deposit wir:h a ,"n,iy marrix. it is noted thar rilis layc. is not
expected as dris arcâ u/as not rhc sire of a prc-glacial river valley.

" Oldlnan. Fonnation Bedroclq relatively massive, seclimentary deposir in both braclçish
and freshwarcr environments þon_.marine), lighr grey ro üght Uro*rish grey in colour,
contains, cross bedded. 

¡ilry clay shales, i;hrån.i, ialcarräus sandstonãs,'irorrsrones,
benroniric clay and coal layen.

5,2 MINING ACTIVITY

l(escarch was conclucred ro review the exisrence of n¡ine workings rvirhin the bounc.lary of
the subject site , 'Ihe literaturt search included documents contained within EBA,s in-houselibrary incltrcling^publications by Ell()i (19ss) (now EUIì) *na u"¡o* o,tr". tlocumcnrs
contained in Ël]¡\'s liþ*ry rcgarding the òoal miìing indusíry i" ¡"t" i.itruridg. ,..r. ,th.
lircraturt does nou indicate thai the arcã was t¡nder-r,rted *itúin thc subiiuisLn foorprinr.

5,3 SOIL STRATIGRAPHY

specific cletails of the su.aligraph_y encountered at each borehole location are presenred onthe bore hole logs. In addiiion, 6ased on the information garherea J"""f rrr;s evaluadon
and from EIIA's. geotechnical expcrience in the area, the ie".*l *ii-r-i*igophy frr'
P*lit leve.l to bclow the base of ti.te slopes of significance to this evaluarion is srunrnarizeci
ln [n$ scctlon.

it shoulc{ be noted that gcological conclitions are ilrnately variable. Glacial deposits inpanicular are scldom-spatially urifomr. At the ume tf prepo"orion oi rlrii r.pu*,
infon¡ation on subsurfaðe smatigraphy is availabie onþ ar discrete borehole locations. In
order to develop recommendttioni from the informarion, it is necessary ro make some
assumptions conccming conditions other than thar at úorehole loc"rfuns. Adequate
moniroring should be provided during consrrucrion ro check thar rhese æru*prion, ur.
reasonable.

Uppe r Stratigraphig De oos its

I'gclcnl, the nraj<lrit¡'of the site nas open and sr¡rfaced with srubble crop ar the ri¡re ofthc ficldworlç. 'Ihc topsoil thicrcress n.1or¡ rhe property u,as genemn), d.trrminecl rc be
appnrxinratcly 100 mm to 150 mnt, Underllng ,^n tp*it tny."r, Uru*n rruin.A inorga¡ic
clay (i3 Florizon) is commonþ encounré..i in this nren, rypically for a deprh of
approxirnatcly 150 nrm. In addfuion, wind blown ropsoil depositJfi från,.r rtri.hÅ, *oy

::rl:i ì
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exist iu areas downwind of topographic high areas. variable r:hiclmess of ropsoil shoulcì becxpected âcross rhe site.

It is irnponâut to note thaü based on the proposed stripping methodology (i.e. equipmentusage) the r:hickness of stripping ,noyuory. iÏ.,n thJd'of"stripping should rherefore betakcn inro o..ouï_:,len-¿ìt."tmining ririppìng "oi;;;- In addirion, mo'iroring bygeotechnical persornel to er$ure apprãued'r"bgä¿. r"#ah are srrippecl ro may reclucethe riskof overstripping volu¡nes ¿lä rc r*.ruorion *.'hodobgf 
- --'^rr*-.

underlfrrg the topsoil, a layer of lacustrine clay were encounrered at the boreholes, to
Srths varying between appioximately 3.0 - oni+.0 m below the presenr ground surface.'rhe..clay 

laler was,d.t.tib.,l as silt¡.with sorne rnnJ io^rrnd¡ damp ro rnoìsr, Iow tomediu¡n planic, and very stiff in consistency. The results of Anerberg Linrit testì¡rg (onetcst) carriecl out on 1.11ysoil sa-rnple indicate<i a ltlasric ii*i, or li percent ancl a l-iquicli'imit ol:-29 pcttent, indicativc of Iåw plasticiry. M";r;;;;nr.n,, within rhe near surfaccclâ1, 11,sp bcnvce n ó arrcl Z pcl.ccnr.

Ât iìI-'n05, 8I".1006, ancl I}I-I007, itrchsions <lf sand wcre norcd within the lac'strine ¿cposit,witli thicknesses of approxi'rately 0.2 nl ro 1.0 rn,. cxtending r:o depths of approximarely4 ¡n below gror.rnd sntfu.*. The"sand was siit¡ *rr., rÀ.. åry, ffi-;; ,*åií- s*i".a,damp, and cotnpact to dense. Moisture contents in rhe sand were between 4 and 5 percent.
underllng the lacustrine soil. Iaye^rs, glacial clay till (Buffalo Lake Till) was gencrnllyencountered, exænding to depths of_pnrgxiq^t iyzi ,.,.-mJls.e rn below ground srrfaccat Ili'I006 and BI-I007, respeciively. lhe claytiil hyr;*;;äåi.¡t.d n, ,;tt¡.,iirìr ro,rr. ron¿ro sancl¡ racc gra'el,.clatnp ,teai grounci rurrr99,'in.r.*lö;; rnoisr with clepth, meclirunplasdc u'ith high pìastic clay laycm"ancl very sriff in .onrirtirr.y. füd and oxide parriclcsucrc.¡roted tllroughout mt¡ch of rhis depoíir. Thin *.t troJ searns and lenses u,erc alsonoted in sornc zones in this laycr.

'flre results of Au;erberg Limit rcsting (fou1 æsts) carried our on clay till soil sa'rplesinclicated Plasdc Lirnirs-varying b.toä.r, tz. to í9. p.r..n, orrd Liquid u¡nirs varyingbetween 40and.60 percent, ¡ndiãative of mediurn r" high;i;;;iciry. Soil moisrure conrenrswjthin fg ch¡ dll t¡:ically variecl between approximate iyi 
^rrd 

2opercenr wirhin tl.re uppcr10 m of the cleposit, with higher moisture conrenrs aruiúutecl ,o t iglr., fl*i. ,"*, url¡"thc clay ¡ill.

lJrrclcrþng thc clay ri.ll a laycr ol clay, unclcrlain by a laycr of sand was encounrercd,cxtcrcling ro rhc bo'eholc tc''inariori dcprhs. .'il .lt;;.,.J ,rnd ùy; *-p.ir. ,n.

l;tTil:.t"" 
deposit. 'Ihis geologic cleposit is discussed in *o* deraíl i' rhe iollowing

Lowe r Stratigrap_hic Ðe pos its
']he previous. descriptions of the upper soil layen are presenred for consideradon of thegerreral subdivision developrnent. ö..p., ,oil infonooìion lr ,*ilrble from BI-i006 anciI]LI007 from this evaluatiòn as well ,, frurn egAb-b..lrgrour,.l review (inclucling the

j
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+MIic rcpoft)' 'Ihe followitg stratigrâphic profile was used in rhe cross-secüion models forthe slt>pc stabiliry ar.ralysis.

' Uppcr clay'lìll (lluffalo l,ake 'lrl);.siltr,, so're san<J ro sanc{1,, trace of gmvel, 
'recliumplasuic, brown, moist, coal sl'rsçs nnA n*ia. ;i".;: ì"rfi.i*l layen of mediru' plasticIacusrine..clay (encount r.d t<l less than 4 ur uãlu*'.xisting grade) consiclercd asgeologically si'riar to ril mareriars wiuh...rp..r;;;h, ìor på'rrî*rr., *"J'in *rop.stability anaþis (i.e. prri, c). The Anerberg ii",ii irrrr, .o'aucrcd on burk sampresfrom this layer duringìhis euuluarion confirrñeJ; ;dñ to high plasdc soil. 'l.he claytill was encountered-to depths below ground surface áf approxirnately 16 m ü. 22 rr(approxirnare base Elevadon of gOg ,, ro lD ,r¡.

' Lacustdne l)cpos.it (Lenzie silts); tlpically clescribecl as inter.beclcled layers of sand, claya'<J silt with r'edir¡m to high pirrtii..toy h;;;; ;;;lÇ.n.ounr...á n.". the top ofthis deposir' specificalty, aitii-too6 in paruicuhç irr. i.ízie layercomprised ân upperzone with high plastic cray inclirsion, ,nä h¡n oi . a.f,:r'or 
"píro-i,"r,.ly ã ä u.u*ground s*rface' Based on the ficld data and re,riew oi il,.-lir.*rure, ûhe upper boundaryof the r'enzie silm layer is estimated to b. *lthin th; ;g. of approximately Elevadon905 rn to 9i0 nr' Based on llFI006, the top of the L.nrË Lapr is raken as 909 rn, forthis cvaL¡ation' Anerberg Linit tests confimrecl , ,oil tr medium plasticity (typicali'l':30 to sjo/o *,pI. 

]g 1cl 
:-sy9 *), rrowever, some pockets andlor lenses of .roy *.,.clescribecl as bei'g of high plasdci{, rrr* rr"ruirt-,u;i;tìì" hbonmry resr. .Ihe 

l,rve rpclnion of Lcnzie. silts ìaycr at BÍLo0e, and below ,1,. upp., clay till at IìI-I002, wascomprisccl of 'sancl rc dcpth o.1' approxiriot*ly lo ,tì b.lu*,'gruuncl surface (clevation of905 m). 'Ihe lower sancr ponion'*as.<Jcscrilr.¿ ,rlilrv,ïrñ ,*.. .lry, rîàî åediun,grained, wirli silr and clayincltuions, don p ond co,"p;;;;.,rr.,
' Lower Clay'fill (Laburra 'fill); r:he lower dll unit was üor encountered dirri'g thisdrilìing prograrn at depths 9Í æpro*;-orely rom bãlo* gå""a surface. Flowever, rhislavcr wo'ld be e*pectãd within ån additioii;;",åìä,Tìi.prt, based on infonnarionreviewed in geotechnical lircra¿ure. The lo*.r unir ;, .-p..,;a ro be describ.Jì, ,it y,somc sanc{ to sand¡ occasional to some gravel, rnoist to ,i.ry,ooirr, medium plastic, ancìstiff to very stilf in consisücncy.

' oldrnan l;irnnation l3eclroclq the elevation of the bedrock is cstirnarcd to beapproxirnately 87Q m to 890 rn in this area. The bedrock within the upper zone lil<elycornprise weathe red clay share (cla¡nrone), ,l r, hirhl, *.ort.r.a, on¿ .,rJ.ui. in *i.ngr¡,,wirh sandsrone layen/siringers ìt råugiro; rhÉ ioy.-' 
-*"

It is noted that the elevation of conract ,¡,ith the r,enzie silrs layer, as u,ell as drcstratigraphic information below tlre deepest borehole Jiu.¿ 
-by 

EBA for dris st*clycornparccl favourablv with the 2002 
^MIiÖ 

tmay (s*.ir" ì.ô.'m. rop of rhe lrnzie silmlaycr c'c<.rt'tttcrecJ by IiB,t is consisrent ñh"il :Ï;;ä,r';;ges inclicated in rhe tu\411crllPor-t' I?unhcmxrrc, thc ¡\MIì(ì stucly proviclccl rcfcrence ,u ,[. base of rlr. t-o6u,* 'till,tlie laclç <lf a saskatcheu'alr Gravels lnyar, o, well as ,loru o., th. beclroc¡ conucr elevarion

,.åE
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5.4

for this area' whiclr generally.ag'ees with EIJA's assessment of rhe local geology notecl inrhis and previous scciion, of thJr.po,r. 
--

It is notcd that give'thc ciepth r¡f the valley (40 rn) 
3nd the geomerryof t¡e coulee valìeys,thc bcch<rck strata cloes not infl'enc. rio ,L¡mry åt ,n. ,ioiã. odjo..nt ro the sire (i.e., asthe bectrock appears rc be d..pÇ il;j'";;; ;;;r,.dí"ìo ,h. deveropment lùnirsrcconrmended in r:his repon.

stratigraphic closs sections of the soil srratigraphy represcnting rhe condfuions analwecl arep*se'red on Iìisure 2 for pr.ofiles A_A,, n_lli.i,a ildi 'i.ìi.";jc.',,,ii;J 
ï,ìï#","*a

.ffiirJ:ifcl 
in this secti." ha'c becn ;'rctd.J-;n'th; rl;;. smbitiry anatysis of rhis

A mote detailecl description of the subsurface stratigraphy encountered on rhis specific siteis provided on the borehole logs includeã in Appendix ts,

GROUNDWATEN CONDITIONS

Seepage and sloughing was generalþ not encountered during rhe borehole drilling progft¡m.The groundwater level wâs measured wirhin uhe standpipes on October 20, 2007. 'thefollowing tal¡le sunlrari:æs rhe gror.rndwarcr monitoring daca.

Borehole

Number

Deplh of
Standpipe

(m)

Ground
Elevation of

Borehole

{m}

Groundwater Monitoring Data

Octobèr 30, 2002

Depth to
Groundwaler

(m)

Eleuation of
Groundwater

(m)
001 1.0 934.19 Dry
002 3.0 914.45
003 3.0 932.38 I)ty
004 1.0 934.16 Dry
005 t.0 935.36 Dry
006 30. I 935.82 I)r¡'
Q07 30.s 934.29 f)ty

Ilasecl on uhe groundwarer clata monirored.ancl..reponed above, sig'ificant grounclwaterproblerns are not cxpected for the nrajority of rhrlù;;;;;oållr. excavarions expe cæcl lor
:Hffå:r,n:Xï,,*"#:*0,,,.onäiti'oi, hnu. 

"k" ù;;;;,u*.a ø,,r,. ,r-o-f. ,tob;riry

iÌ
:.1

¿+^ ::
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I;urther comnents regarding groundwarcr issues are provided in subsequenr sections.

6.1 GENERAL

6.2 PRESENT SLOPE STABIIITY

IìBA* slope stabìriry evaruation for rhis pr*.l cornprised an anarysis of dre presenrstabilirv of rhc co'ree sropes 
"b,nting 

rh; *;::iir;;" 
,;i,å; ,1e¡ancr prain of the subjåcr sire,an anal;'sis of the i'ipaciof clevelof'r.n, on rhe stabiütyofllr. sìopes, and an onâlysis olthc i'rpact of anv uoiem;ial.srop- i;:iuùlñy on rrre d;gäp.;;q i.e. setbacrr requirc'renrs.'lllcsc aspccts aó ileuilecl i,, th. r"lå*i"g secrions. t.înirrr'r' Iracror of safety (ps)used ro deren¡ine rhe setbacrr yg*Á."rs was 1.5, This FS is rypicaily usec{ for

fffi'nü:îî,S ;i;llru;Í-ì' .î"i".n, *;,-r'-,r'. 
",.iui,.*.nt,'or 

ril. c*y or

'Ihc n:com¡ne'ciations-[or stability^analyscs.and appropriatc clevclop¡ncnt setbac¡ limirs, asprcscntccr in thc AMIì(ì repor-r 1'.r",=n.rà.i""s.Jj;;iäj""ìi. 
^r." 

re'iewed by EBÂ ancr

äiffiüi::î,oi;:1"'"*""å"a ì' p'"'ãr i'Bn', 
^"'Þ';;: iì,. ,n,ry,r i, ¿i,c.,l.,..r ln rh.

'lhe prtsent stability of the slopes of r;his study has been evaiuaæd based on siüereconnaissance and anaryticar techniques 
.usTg ,n* ão*pur.. progfr¡m stope/w(Morgenstem-price and Bishop MJffi ro, circurar and brock fairures.

visual observations o,f the slopes i' the projecr area indicare rhe slopes are currendy stable,

i:ïii'?îüo*I*îiï* or 
'eccnt 'top' 

ìnl'uúirt;vi;;r.;îåi'*l ii''' Ë"'",^"rï',r.,vor

soil sre'gth Þararneters asst¡mccl. by {ts1 were based on the resul$ of moisture conrcnrand Atterberg Lirnit.tests conducred by EBr;;*il'ïirrrpr.s recoverccr from rhcdcvclopment site and frorn other r;r.r *irrun ,l* u""r¿rö 
"iirr. ciry of l.erhbriclge widrinsirnilar <icposits. 'rhc hisroricrr d;;;"ir; ür.ü;";.*^.i;iä; dara obrained by È'R ancrorl:cm for orhcr *t::.r it, tr',. r"uru¡ãi. ,r.n ancr docrrm""*î"u",rr.'îüäð'r.oo,r.()ror'¡ndwatcr condiriors. þorc pr.rr,,.."p"ramercrs), ,.rr"rr^try expected from rrrc craracollcctecl in thc fieldrvork, la.t."*1rõ nr"gnr:r, ancl fro,, infomration revieu,ecl fnrm pasr'sitc stuclics werc rhcn scrccrccr by Iìúii;:arisfy rrre observeci conditio's.

'lhc s<lil sLrcngth anclgrotrnclwatcr parâmeters selecred for the analy;es, moclelling cu*enrconc{itions' are as Íï:[rx*s. rr r¡å,,ìJ 
'ùe 

nored ,t *, ,¡.r. parâmere$ are in seneralasreemenr with trrose assr¡med in rrre y*::lËilil"rryäã'À""."uä., ,r.rir"p..ifrom a collaboration of local. g*;h*.al experience. The order presentec{ is thestratigraphic profile from grou'd ,"urfo.. ro lr.lo.,'lheï-* 
"¡ 

rt. ,iop., being analyzecl.

.,.ii,.:'

¿lÀ *
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. Material: UpperLacusrrine Soils and ClayTill

Urrit \Xlcight: 18 lòtr/rul

fühesive Inrcrcepr c': 10 ltpa

ìrriction Angle þ': 27"

Pore \Øater Pressure Parameter r,,: 0.1

. lvfarerials: Lenzie silrs Deposit (inrerbedded layers of cla¡ sik, and sand)

Top layerr Clay (ü-CFI)

Unit \X/eight: Ig lçÌ.tr/nrl

Cohesive Intercepr c': 0 lipa

Irriction Angle {u'þealt): 1,9"

Porc Vater Pressure Paramcrcr q,: 0.2

Subsequent layers of Sih and Sand

Unir \feight: 21 lòtr/mi
(bhesive Inrcrcepr c': 0 kpa

Irricrion Anglc $': jj"
Pore \ù7atcr Pressulre Pararnetcr ri,: 0.1

It is noted thau it ìÃ/âs not, necessary to include the lower clay till and the bedrock in rlre
slope stability analpis as they were dee¡ned to be deeply buried below the slopes in rhis
area.

T'he curent.s3biliry of 
.r;he 

slopes adjacent rc rhe project sire has been evaluared by rneans
of limit equilibrium analpes conducted on three ciosisections of the slope (Sectio* A-A,,
B-13', and GC)' It is note<J that moclerate failures on rhe top of the Lenzie'Silrs la¡aer was
assumed as the goveming slope failure condition. As noted, deep seated failures o¡ rhe
bedroch surface are not considered relevant ar rhis location ás th. slope geomerry nrakes
this failure mechanism unlilrely. 'Ihe slope profiles for the cross-secrionr .,i.r. rrken fro,o
topographic elcvation data provided to EBA by Flasegawa. Figure 1 depicts rhe location of
the cross-sections and the slope elevation contoun and srãtigraphic cross secdons are
showr on Figure 2.

Slopc stability analpes o¡i the cross-sections, using the above pârâmer.ers, illdicare rhat rhe
existing slopes arc "tucta-stable". Factors of Safery for shallo* slope face failures are
slightþ higher uhan 1.0 fgr.the slopc arcas. Viuh iespect to mo,Je.are deptlr i¡stabiliry
affccting the slope cresu (within dre l.enzic Silrc layer), ìh. [".rol" of safety varies ber:*een
i.0 ancl 1.2. lìrom this analysis, it is confirmcci rhar a dreoretical slopc failure o¡: rhe Lenzie
Sih:s layer âppeârs to be the governing slope failure rnechanism fo, tËe slopes of dris stucly.

r1

,,^
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6,3 IIÌ4PACT OF DËVELOPMENT ON SLOPË STABILITY
'rhe reladvely steep.river^valley slopes,in the 

-Ler;hbridge area rely upon low degrees of soilsatur¿tion for stabiliry. Any increaìe in the level of räil rniu*r¡on rcduces une'stnuü;ry orthc slopes.

I)evelopment of dre site will bring abouu changes in rhe facrors which conrrìbute ro drcpre$cnr stability of the,slope¡. 
lyaporarion of sôi ,r,oisru.e wrllbe ;J;;.;ï;;j;.'i,"r.n..ol: gr?und cc¡r'er such is builipgs ancl r"-".l',"nf ñ;;;r sepric fielcl clisposal ofwa'çtc\\/atcr, inigation, ancì possiblc lcahegc of *uater frclnr 

'nderg.orurd 
uJ;ri.rlnl¿¿iuonto thc wâter rctention rvithin slonrìwater',rln,rage,r.nt faciliries will increase rhe am<lunr o[water infilrating rhe site subsoils. 'l'his comËinarion of reduced e.'"po*tion of subsoilmoisture and increased infilradon of water to the subsoils is consiclered ro be dre mosrsignificant influence. of development on rhe fncto., ril;.;r*Ëure ro the present stabiliry ol:the slopes' Increasing soil moisture conrent produces a reduction in rhe toml cohesion asthe apparent cohesion is reduced or losr ,nd un ir-,cr.rs. ;"-rir. por. pressure ratio reclucestlle effective stress' The result is a corresponding decrear. i"-rir. fo.rJ. or ror.r¡--- 

'

For post-developrncnt analyses, the pore pressrJre paramercr r,, rr'Jas revised to sr¡ita'ticipated incrcascs in soil ¡noisturc a,icl a ,ecli,cri"n iriì-r*-.ohesiån u the ,6;. tíll, forrnocicratcly dcep failure surfaces wiuhin rhe i-enzie Silrs layer. 'Ihe rcvisions to thepâr:ìmctcrr clcvelopccl in Scction 6.2 wcrr:

' (bhesion in thc upper till layer was rcvised to 0 lcPa for post-development analysis.
. 'lhe r,, value in rhe upper rill was revised to 0.20.

. 'lïc r,, value in the 
'ppe. 

clay rayer of the Lenzie sihs was revised to 0.3.

CITY BYLAW SËTBACK REQUIREMENTS

l{::::T"":iadons. prescntecl in thc AMIic rcporl (incorporarecl inro rhe upclar,cd cìryl{vAiu guidelìnes) rvhicti affect this clevebprttån, 
"r! ,.i.iJ'r" slope instabilities slic{ingalong dre Lenzie Silts layer. Ilasecl on rhis r*,1¡ it *n, .l.ro-inecl úrat in the *ånr .are,slopes abo'e rhe Le'zie silts lapr wil tend. ó' ;.;;.;;;-tn* * an urtir:rate 1top. orapproxirnately 4F[1V. 'Iherefore, minir¡um devebffit r.r¡o.t li.r.s snárrt¿-in.árpoor.

a line drawn at a slope of +Fltv from the point -here this deposir exirc rhe face of rhe

lige uach into the propefty. The repon concludes rrt" iiì. point where this 4I{1v linc
mtercepLs tne ground surface at uPPer prairie level should be raken as the developrnent
setback line with rcspecr to rhe feniiã Silis deposit

This 4I-[1v line ba's been shown for reference purpose on rhe secdons consiclerecl anclpresented on Iìigure 2 (in section) ancl on lrigure 1 (where rh. lin. ;rr.*.fr, ìn. irai.ielcvcl). It is norcd rhat the c'reren:iinarion of tlie 4rlrù ü;;;rrì,r,., ,1,. rcf l,ir**å sim
cleposir elevation ol 909 m, <Jetenlined fiom *ti, .url*ti""." l" addirion, a reasonableassurnpdo. of the thickness of colluvium coveri'g tltr rùpe face rvas ,..ldr.Jìr. ,u-.
câscs) as shown on Iìigure 2.

6.4

rl:t:::i:
rr-:l\ lt..
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6.5

\x/ith the assulnptions noted in this repcn, a developmenr serbâcl( line, generally in
accordance with those noted in the GtyBfawdocu;;;ri""'*rs decen¡inecj. Secdon 7.0
prescnrs the rcsults of this analysis.

IMPACT OF SLOPE INSTABILITY ON THË DEVELOPMENT (SETBACK LINËS)'lhc long-tcr"ni stability of rhe 
¡lopes adjaccnu ro rhc pruject sire has also been evaluatecl by

¡1learls of limit cquilibriurn anal¡*ii co,rd'uctecl on rhe .rorr-r..rions of the slopes 
"ri.¿.The approach used iX thc lability analpis was ro fint esrablish dre exisuing Factor of safery

against slope instabiliry using thé strengrh paramerers indicated in Sectioñ e.z. 
-Suc..ssiu.

points set back from the cråst of the ilopes were dren selected and minim*rn factors of
safety were calculated modelling curïenr .åhti"ely dry -1"p. .""¿irions. This was followedby additional analysis uo detenriine Facrors of s;fe;i;-rrrip,"ra.u.lop*.nr grã.,nå*rr.,
levels and panially saturatcd siopc conclitions, rcspectiueþ *ere assumecl (refcr Section 6.3).
As notcd above, thc l)eve lop¡ncnt Setback.l-inc. prcscntecl on Figr-ur 1 was establishecl b¡,
using the ciuy of .I.ctltl:riclgc iìVAiìP guidclines l,r nyta* /szzi ancl basccì on the clara andasrumptions of this gcotccìrnical evalùation. Ilasedln rhe stabilir;y analysis conductecl byEI]Â' it is cclrifi''red_that.the dcvelopmenr serbacl, line establisláa pro,rla., 

^,r-,irlrrru,r,Iractor.of safety 9f i'5 ,ffinìl slope failure for the orruÀJ, î"$r case, post developrnenrgroundwater condition. The limim of the proposed a.u.ioptr.nr serback ûne estabüsËed byEBA are described in Section 2.0.

Änalysis of the presen[ stabiliry of the slopes indicares a factor of safery against slopeinstabiliry affecting the propeny at the "Ibp of Bank, of between 1.5 (deep seated - LenzieSilts), t.2 (nroderatc seated) ancl 1.0 (shallow seated). Tris ¡nodels the currenr condition of
slopcs.

iìor post-clevclopment conditions, the recommendecl 'Development Setbaclç Line,, is as
l!:yt ry Fig1ry 1. Figure.2 presents the cross-secrion models ior sections À-af g-g'nna
GC'' Ge'enll¡ the development setbach clistance h* il;; detennined lry pïo¡.ti,.,g ,4I-L1v line back frorn wherã rhe r*nzie silts laler i, ;.p;; at rhe ,rrp. bi.*rnvruu,(ìuidelines).

In suntmatl', thc rccommcnclccl clcvelopmenr serback lines arc preserrtecl in Figure 1, anclare basecl on the vad<¡us analysis tecËniqr,es described in ilrc preceding sections. 'l'he
setbaclç clisra'ces have aJso been transirioned.arong ;h; p;*;;rér of rhe'sropc, based onthrec dirrrensional cffects. It is recommended rËut rhi J*.up,o.nt setback lines beestablished byfielct surveygiven the setbackdistances d.t.""i".d rry*te r"pÇ;;-il'mocl.l

D$'elopltrent Sctbaclç Line: cstablishecl b¡, survcy which subsequentþ is regisreied orr a pla' oI
'subclivjsion rvhich clfiermiucs thc crtent of ã.u.rop,n.nr in..roriori ro 

-tj*'rop 
of Banli,

tll
eþo
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cicrivccl for dris sir:e. by EI)Â. EIIA slio'lcl then be conracrecl ro re'ie* ancl confin, rhcl<¡cation of the cle'e lopment sctback li,re prìor to any cleve loprnent of the proposecl lancl.
Prccautio¡raly nleâsurts wlrich shoul<J bc i¡icluclecl in the clesign of the proposeclc{evelop'rcnt (rvirh *specr ro srope stabirity iJ;j;;;;"rli,r;l as foilowsr

' Any fill t*t':Tt:l_.during development shoulcl nor be disposed of rvithin rhedeveloprnent restriction zone unlesi directed 
"rrr.r*ir. afær ,a review by the projectgeotechnical engineer' 

,The development restriction zone is rhe area of land betweenrhe developmenr se[bach line ancl the top of b¿nk

' Positive grading shouid be provided to ensure surface drainage from dre clevelopment isdirr:cted as either sheet flow over the crest of rh; rl;;;; 
"r 

away from the slopes intodre sronnwarcr management faciliry.

' AII r¡tilities a'd plumbing shoulc.l be carefrrlly ìnstallecl and inspectecl ro ensure rhey arcin good worl<ing order.

' septic field should be liept a nrinimum of 10 m frorn lbp of Banlc and not l.rave anydischarge towards o, on ti* slopes in any.ur,..r,**i^*"n,r...

ili:H;:,î:*"' 
design and consurrcdon procedures should bc foilor.e<J ctur.ing

" jllrî,.j|,r'ciopmcnr rcconrmcndarions of this georcchnical repon shoulcl be closely

'Ihc uppcr coullcc slopes shoulc{ bc trcarec{ as a resrricre<J devcloprnenr zone. 'lhis i*r,olves:
' No exca'atio' o¡r uhe valrey slope without review by a geouechnical er:gineer.
. No clearing of vegetation.

. No fill ro be placed on the crest of the slopes.

. lvfainmin vegetation cover along rhe cresr and on the slope .

Notwithstanding the setback dismnccs recorunended, some sloughi'g and slopcmovernents nmy occur' 
,'lire dcvcloptrent tnay resr.rlt in-a general in.r.oJ. in"rt.'åig... orsattrmtion ol' tllc sitc strbsoils which ntoy.^ur. minor slo.r'gl-,-g of the top portion of rhcsìopc' rre sctl¡ack distance is not irtcíd.,i to p.eue;; f;i;;; of rhe slope bur rather roprcvenr such failures from direcrryaffecdng deveråp.¿ ur.o, Jrn. ,io.

8.1 GËNERAL

Specific rccommendations that apply to diis projec are provided in rlie followir.rgst¡bsecrions for shalkrr¡, footings,'ûor.,rr.n, constn,ction oni floo. slabs, ge'eral sitcclcvclopmcllt ancl lot graciing, !rouncl, ate ,' issues, tre nch .*.ouori,rn ancl bacl<fìll, an¿

¿âa
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concretc rype (incltrding commentaty on concrete surfacing). Pavemenr srrucrures for rhisdeveloprnent should bËdesig'ed onâ .onrr*cted to ,h, ðrry of Lerhbridge Infiastnrcturescrvices Enginecri'g standafus ancr as :*h, lf. ;gt p*ä*¿ in this reporr. I-Iorvever,rcconrmendarions forsubgradc preparadon within,l,.i;õ;*d,sprrort cå;;; sr"¡rfacedroacluays arc discussed.

I)cvclopment in cl<isc' proximity to slopes has been discussed elsewliere in this reporr andthe developmcnt ¡cstrio:ions mrist bc corrsiclered.

z\ graurclwauer stucly lras not been requestccl as pan of this eyaluarion. It is EBA,sundcrctariding drat weeping tiles for rhe residences'will ,nosr liLely include de-irrs to thesuo'n sewer uúliw or to a surface clischarge. Any discharg. *ust nor be direcred uowarclsthe crcsr of the súp.s.
'Ihe initial mpsoil surþing j..pÊ is of panicuJar. imponance. For such a devekrpmcnt,iollowing rcmoval of.thã .*fi.ål.or_ganicìopsoil,.rhg ,i;ñ;ryof anyunderly,ng B l_Iorizonlayer (organic stained, but essentiaqr *,",."úi. .l-, ;-li-l*íly r,ernain in place during sitesrrþping and incorporated inro rÉe fiil","or,- í,1,*g ñ;*r sire ;*åi";. iì*ri,rr.tlonitoring by experienced perconnel is rccommended å årde. to avoid o'er-srripping ancito ensurc appropriarc matedal nrixing ancl placemenl

subgrade preparation is rtquirecl in all subdivisjon developmenr areas, inclucling lot gracling,as well as all paved areas io.,city of Lethbridg. sunJriJr'î, nor.¿ in rhis repon. lhisincl'des 
¡ftipping of topsoil aád delererious" fill *;;;;h, scarficarion and moist*rconditioning and cornpacìion- The native.medium pl;,ti.;üy soils should be acceprablefor site grading putpotèt in all areas, The claysurfa..'"pp;;" be variable *ith'r*spe.r toits opri'rum mcisrure conrenr and as such, rnoisr"*:;;;i.rry ¡;ñ;,'ä,.i;r, .ractr'¡ilg as. ncccssary).rvill be reqr,rirecl ,u ,.iu..-ih;r*.!;tg"potential of r;his soil ancl toachicvc thc. compaction stanclarcls rccomulenclccl. lì-oof-rotî,ìg rvithin riracl*ays to clerecrsolt irr-eas is also rcconrnrcnclccl. 'l'hc conuacuor shoulcl *"fä., s<¡il moisr'ré variabilityaround thc propcrry.

shallow footings are considerecJ feasiblc for residenriai developments in rhe subdivision,most. Iiliely in conjunction with f'll or panial bnr.*.rrrr,- nu.r¡.,. recommendarions areprovided in Secdon 8.7.

Slabs-on-grade for this project must consider the precautions recornmended. For slabs-on-grade' including the subgrâde preparation measures intended to irnprove slab perfonna'ce,
Á'll forrndadon design recommendations presented in dris repon are base¿l on rheassrtntption that an acleqtrate levcl of monitoring ririu. p.åììaed'¿uring .onrr-,-r,.r¡n onaLhat all construction wil be ca'riec{ out by ,uiäuty qrri;hrJ .onrra*ors, experiencec{ infoundatioll a¡ld canhwot'ks construction. ¿r, oa.quá* i"u.ior ,ooniroring is considerecl robe:

' for shallow foundations,and.slabs; ir:spe,ction of bearing surfaces prior to placemenr ofconcrere or mudslab and design review during .oorr*.rtn,

¿.^ 
=eþo
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' for earthu'orlc; full-tirne nronitoring and cornpaction testing.

All such monitoring shot¡ld be cartied out by suitably qualified persons, indepe'clcnr of rhecontractor' one of the purposes.of providing un.rá.quote kuål 
"f 

,*"i;;-ri"g i, ìã .h..t
flat 

recomrlndations, blseà on dara obtaineiar clisc.e're Uo.rtot. locations, are relevant rootner areas ot thc srte.

SËPTIC DISPOSAL TIELDS

Percolation Test results

'lhc Jollorving table provicles the resulm of the field program and percolation tesr resçlß.

Percolation
Tesl

Subsurface Stratigraphy
(0,3 m to 0,9 m)

Percolation Test
Result (min/cm)

i)001 .sihy, sonrc saml ro iunr pliutic,
vcl)¡ stifl', b¡)u,¡ 3

P002 Cl"y, soluc sancl to sancl¡ damp,
verystiff; brown 3

p003 CI.y, sihy, sonre to sandy, medíurn plæric,
verysriff, brown 10

1)004 silt¡ sornc to damp,
verystiff; browrr 3

lì005 0a;', s;¡* some sand to sand¡ plasdc,
ver¡' stiff, br<rn ¡ 15

8,2

8,2,1

8,2,2 Septic Disposal Field Design

'I"he Safety (bdes (buncil's, Albena Private Sewage Sysrems Smndard of pracr:ice 1999,
states that a subsurface,effluent disposal system uhatîses rhe absorprion of efflueni irrto dresoil for ffeaurenr and disposal, sho,rld absorb the effruent ;"roit. soil ar a rare of:
r r()r fastcr t]ra' 5 minutes per 2,s cm (2 rni'utes / crn); and

r .rot slorver than 60 r'ìirlrtcs pcr 2.5 cm (24 nri'utes ,/ c'r),

ïr*:i:'lll::lbf I 
pcrcolation tcst. ln aclclition, the narural scparation bctwee n uhe point of

ctf lt¡cnt rnfrltntiotr into the s<¡iland thc gror.rnciwarershoulcl bå a nlinim¡n, uf 1.5 ,rrl
'ihe percolation test resulm ranged between 3 and 15 minutes/cm. .ifrese 

resuhs indicarethat the surface soils. for desigrand consrrucdon. gf r.p* ilposal fields g.*;ily rorirrythe requirements of the safery-Code füuncil's suia.ri".rl 
-

Groundwater \Mas not encountered wfuhin the standpþes insralled during rhe ge<ltechnical
evaluarion ab9v.e depths of 3 m. Therefore, ir is ååsider.J ihr, ,r.. ir,.."ri".. ,rrrr.. ;,generally a mini¡num 1.5 m belou. the clispoial field *l.uri¡onr, which satisfies the Safety(bdes C¡ur¡cil guidc lines.

lj;ílìì
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IJasecl on the rcsults of this assessrrenr, rhe use of septic disposal fields for r¡e countryrcsidcnuial clevcioprnents.is gcncnrll),. c.onsicier",l f*;,.bî:- lio*.u.r, it is notecl th¡rr rhc'spccific site sclcction of dre p,opot..t ficlcls neecls .;r'.frl consic{e,adon by the sepric fielclinstallcr to sâtisfy thc rcq.rin,,i.nm ui rrt. n t"rni;;'i-Lri;g Jurisdicrion (Mrrnìcþaliu¡
'AllNV' Albena I-abour)' 'lhis reqrtiremenr is ir, ä.co.drnc. wirh the provincial regularior.s,u'hich state that rtvo peholatior, Ësts a,-e required within rhe final foorprint of drã field bythc installer with testi results sotisfyi.,g rhe recommended percolation lìmits. Foüo*;ng,1.,.site-specific tesdns, the septic airpá..iri"ta;h;"H'ilä!ii"iä*a sized accordinsly byrrredisposal field desi[n., o, åh*-r,å airpr*r sysrem .onriJ.?Jï¡ere uhe narive soils are norconsidered suitable' l: is fun;her t .o**rded thar * *rt*" footprint of r1re resiclencesbe clerermined once trre finardisposul fiui;il;r.;;ä,ä.;ri,:;rhe appropriate gnvityfrowor pumping rcquirements are satìsfiecl.

During installatìon ol thc" y.ePtnq trcnches, the installer should pay close atrcntion to thcsoilconditiorls et'Icôuntcrcd, to cJeii'e the extent.of anysilror r.rra poclrets (areas s'bjcct rofaster percolation rates) or rirecfium pi*r" clal {rl(areåt-;¡;ù;. percolarion rates). ,Ihcse
shoulcl bc inrmediately-reponed ,o ,ir" a¡porál ri.rà a.r;f"*ior r.ui.* prior ro cor'plerionof thc sepdc clisposalfield. -r

'Ihc informadon ,rovicle'd hercin is iritencied t<i be a prelirninary âssessrnenr of thefcasibility.of septic'clisposal fi.la, ro, th. propor.d resideni¡aiìot de'elopmenrs âs per theprovirrcial rcgrrlad'ns. sir;e specific n*,ni.ìpuf.,=g;i"*;:;l;;ï. fi;iJ;t;;;;;;ií;*.r,guidelincs with rcspect tc¡ the local health .,nir, il -ppli.-uil, iruå nu, been addressecl.

8.3 LOT GRADING

In general lenns, Iot grading shoulcl be designed and carried out ro [he currerü Gry o{Lethbrìdge Infrastruciure slrvices enginee;'nf s;;;ü;." ,.Ihe 
panicuran for thisdeveloprnent arc discussed as follows. '

All lots should be initiaìly graded for drainage ar a. minimurn gradienr of 2.0 perce't. .Ihe
existing surficial site soils-cãrnprising rnediuri plastic .hy il åay dll, are suirable for use as'landscape fill' mar;erials or for ur. ir :g.n.*i .ngin.r;Jlilli'*rr.r¡als for lot grading, asdefined in Appendix c. 'lïe rnoisture Junr*,r, ofîhe ,ir" roil marerials ar surface generallyappeân to be both above an<J below the anricipa;J Ñ;; moisrure conrenr for rhesesoils in mo$ âreas' It is.anr:icipaued therefore, rhrt ,ooiriur. .***oning consisring of bothwctting ancl drying wil.be åquired at tfe til-¡;;;;;;.r*.o-pr.rior,. Although soirmoisture variabilitv should be 

.áxpected, rhe eafthwo.i. .ä"r*.ror should, howe'er, makehis own esd'rate 
'of 

th. *qui*rir.n*"and should ;;"rù;;;;cir facton as weadrer andcorìstructiorl proceciurcs,

I;inai ¡;r:rcling for lots bacl<i'g o' to thc crcst of rhe slopes mrsr ensul"e no concenratccl

Ii:Xi;.:j::=.,]*", 
is ctidcrcct .,u*. ir,,. slopes *i,i,J;;;ìb.r enginc;.ins ,..;*, ro,.

.l

I

I
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8,4

(ìcrreral-enginecrcd fiJl nlaterials for lor graciing should be moisture conclitionecl to within a
range of.*l percent of optimunl to.+2 p...:ñ of the opdn u* moisrure conrenr prior ro
compa*ion and cornpacred to a rninimum of gg percenr år spn.
I;'urther reconrmenclar:ions regarding baclçfill marerials and compacrion are conrainecl in
Appendix C.

STREËT SUBGRAÐE PRËPARATION

\Mthin all asphalt concrete surfacecl pavccl arcas, rhe upper 300 mm of narive clay soils orprcp$ecl general c'rgi'eered fill suÙgradc shoulcl be scanfiecl 
^r.1 

,;f;;dy 1r.,oirn r*
conclitionccJ rc betwec.n minus 1 p.t .,ìt of optimunr and 2 pe rcent o\Ìer optimurn moisrure
colllct]t. 'lÏe subgradc slrould tÀen be unifomily.o,npo.råd to a minimu,. of 9g p.r..n,
of SPD,

based on Ë'IJA's local experience, the contractor should be made aware uhat subgra<ie
difficulties often arise at moisture contenm uf I p.r..ri ouå, opriro,r,n, o, ,ror*j in the
cun'ent City of Lethbridge Standards, u¿here sihiËr soils are encbuntered. Therefore, in
practice, the moisture content withi¡r proposed paved areas should be lirnited ro no more
than 2 pe rcenr o'er optirnutn for acceprabi. ,ubgraar rrppo" .onditions.
I3ackfili to mise tircsc a.reas to subgrade level should be general engineerecl cohesivc fill
tnatedals' as defined in the report te*t or. Appendix C, rnoisiure condirtned ancl co¡rpagecl
as noteci.prcviously. 'Ihc subgrade shoultife.preparecl and graded to orlo* ã*¡og. inru
catchbasins or crowncd to clrain to thc roacJ'shãul<Jen. p'r"oof'rolling of ,i. l,:.pa,",jsruface is rccomurended to ídentify localized soft areæ and for an in<Jicarion of over¿lì
subgrade suppon characterisuics.

It is imperative that positivc surface drainage be provided ro prevenr ponding of water
rvithin the roacluay stn¡ctl¡rc. and subscque.nrioít.ning .nJ ìos of ,r..ngrh .¡ r# subgrra.
matcrials, Sun'otrndirtg la'cl.scaping..shor¡lcl bc .suchihat nrnoff *nr.r'i, pouìniJ non1
poncling bcsiclc paved ,rtr:a.s iri ui.i.t to avoicl sofrening ancl pr.rl-,n,r,r. failu.c of rhe
pavement surfacc.

'lhc soil moisture rcgirrre shoulcl be considere<J in achieving the above reconrmended
stanclarcls for constntction of 

.the 
sr.rbgrades. If localized rr.oi of roft r.rng*J.-ruil, ur.

encountered, provisions rnay be required to subcut each area ancl replace ïi f .nn.rlu.,
cngineerecl fill, or altemativel¡ with granular þir-run) fillwith rhe use oi o g.or.*rile fdcl orgeotextile fabric to *tt:Flryl. thã subgraà. rlppql characteristics. Funher lerign
infonration can be prolide{ folìowing iniiial prooflr"ili"g 

"¡'ìh. 
subgrade ,o;ir, J, slputrt

be norcd that the use of red shale to itabil# sofr areas ;i no'ià"g.. recomrnended in rhe
Lerhbridge area.

^"^ ¡=
eþo
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8.5 EXCAVATIONS AND TRENCH BACKFILL
Excavations should be canied out in âccordance wirh rhe Albena occupationall-Iealdi ancl
Safery (OI-kS) Regulations,

I;or this project, thc depdrs of cxcavatioìls âr€ anticipated to be shallow to mocJer¿te for
such conrp<)rle¡lts as service trenches, ancl de-ins 1< å.0 m¡. Ë,xcavations which arc m bc
clecpcr than 1.5 rn should have tl'¡e sicles shorecl oni Uo..J ä, rh. slopes ,houta U. .ut baclt
ûou steePer r:han 1'.0 horizontal to t.7 venical for periods up ro one monlfi. Wherr
excavations âre open for longer than one. nanrh, the ,ìop., should be cut bach so they are
not sreeper rhan 1.0 horizonual to 1.0 venical.
'Ihe maximum allowable sideslopes for utiliry ffenches mây nor be govemed by OI-I6Cì
regulatiotts,.but by constntction nrethoclologi fy ensuring'oppropriate rransition lengths
from bacltfill soils to nati'c soils. As ¡rn cinmplc, 

^n 
oppioi.iate rrarsirion of 1rl1v isnorrlally t'ecollrmcrlclecl ro.avoid abnrpt chanfes';n rubg*à. stiffness anci 5ubscqucnt

corlsoliclation,/cracl<irrg of thc puu"r",',.ni stnrctr-¡lt. I-Ìowe"vcr, ¿u-câs of rnultiplc ucrrches,t'alling trcnch tlcpth, ancl position of trenches þarallel u, p.rp.n.licular ro roacìrvay
alignrÌcnus) nccd to be conJidcrtci. EIìÄ would Ëe pleased to provicle furrher spccific
reco'rmendadons, once final roadway/ utiliry confþo,ion, are known.
It is considered unlilieþ that signifìcant groundwakr seepage will occur where consrrucrion
is less than 2.5 m below the exisring 

"ground 
surfur.. hrerefo.e, ¿.**r..irä-ïf *og

excavations should not.be necessary. Foithe main utility-rrenches (deeperullnn zi.s ,o¡, uny
seepage encountered, should be directed touards a sump'for r"rrrorril frorn the .*.o.,ution.
'I'emporarysurcharge loads, such as spill piies, shoulcl nor be allowed wir;hin a clisrance frcm
an un'sLtppoftecl excavation face equal co the. c{epth of excavation. Mobile equþÀelrs¡oulci
b-c kept back at least 2.0 n. Ail excavationi should be checkecl ,egulrrly for signs of
sbughing,. especially aftcr rainfall periods. Small eanh frlh i,o- ;;;';iã.;bp.r* 0," ,,,
porcnrial clanger ro $<>ilencn and rnust be guarded against.
'I"he rnoisttlre content of the claysoils encountered across rhe site is generallyvariable wirh
rcsPect to the estimated Standard Proctor optirnum moisture conrenr for rhe rnar:erials. It is
cxpectecl that such soils woulcl be satisfacìory as rench baclçfill marcria! ho;;;;; ,"^y
rcquit-c moisture conciirioning prior to reworking. Ir is anr:icípared therefore, thar moisture
conc{itioning consisting of both wetting ancl clriing o, rnixing'will be r.l"ir.a f". irop.,compaction. 'lhe eanhworlc contrâctor' should, hä*errer, ,n"rlr* hi, o*ri estimar. uf ,h.
requirements and shor¡ld consider such factors as weather and construction procetjrrres.
'licnches rnust be baclçfilled in such a way as to minimize rhe potenrial diffcrenrial
seüleûlcnt and/or frost heave nrovemen$. A minirnurn densicy of lb perce"r of ipu ¡
rccomrnended for all crench baclcfill, at a moisrure conrenr oí b.*.*i, ji p*o.* 

"r¿+-2,percent of optimum. the compacted thiclmess of each lift of bacldill shalinor, ."...d
15i.*T' The upper i,5 m of se*ice trenches should be cur back ar a maximum slope of
1'0 horizontal to 1.0 vert-icalto avoid an abnrpr transition berween u.lruiu 

""¿1" 
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8.6

8.6,1

It shor'rlcl bc notecl_rlrtr,dtl tiltirnatc per{omrance of the trench backfill is clirectþrclateel tothe.unilb'nity of thc,backfill co'rpaction. In orcler ro olni.u. rh¡r,";rã""íy; th. l;rt
thickncss ancl compaction critcr"ia ruusr bc srrictly e'forced.
I:or fiost ptotection, pipcs buriecl with less rhan 2.0 m of soil cover (above top of pipe)should be ptotected with insulati<ln to avoid frost effecm rhat mþht àrur. arnirge ro orbreakage 9f t: pÞes. Rigid insuladon placed ;J;;* subjecr m vehicular wheel
Ioadings should be provided with a minimum rhickness or Àôo mm of compacted granular
base.

General reconrmendations regarding construction excavation, baclifill marerials a¡rd
compacrion arc conrained in Appendix C

CONCRETE ISSUES

Concrete Type
'Ibe water soluble 'sulphate content of two representative soil samples recoverccl fiorn thesitc (cletennined in a laboratory) were in .*.*r, of 0.2 p;r;*r" For this development, basedon IìlJA's experience and CSA Az3'1-04, the ,ecorrunË*d.J .on*r.re exposure classificationfor general ,sage should be crass s-á 1csÀ az3.i-ü, fout :¡. For this exposureclassification, alternatives include the usage "f l'to; r-rb lb"çni. n rirt^n$ óonlanc{
ceurent, or blencls of cernent and supplcmentnry..*urrt;ng À"t ;olr, ,onfonrtig to ,lþc
r\4Sb ancl,/or'þe I-ßb ccmenr,s (CS¡,"^3001_0i). a

I'ìor all concretc. exposcci to.soii ancl/or groun<iwater' (i.e., including all buildurg foundationconcretc' all belou' g3dt concrere, ând surfaà 
'worls 

åncrerd, a' ,naximumrvatery'ccmenting marerials (!ü/c[4 rado of 0.45 is ,eco,rr*ended. Based on EBA,s
experience with All¡ena aggregates, a lü/Cxtzl ratio of o.+s normally corresponds ro a 2g-day
cornpressive strength of 2g Mpa or grearer (32 Mpa ar 56_days).

Air entninrnent of 4 to 6.percent by volume is recommended for all concrere exposecr þfreezing re^mperarures, natirre soils and,/o, groundwater. Thi, ,h;;; ñïä,jio s ,o
Z pcrcent for exterior flatworlc

Concrete Surface Works
with respect to s'rface.Y":1" concrete (i.e ., specifically concrere curbs and siclewalls), rhe

:::Tï:,*11y ¡rovided 
in rhis report for subg;de preparation, ;,r.h,alrg *å;rru."

condttlontng and compaction, are intended m provide relaìive uniformity in the" subgnde.'rhe inrcntion of unifolmir¡ with respect to maierialrp. -rà moisture conrenr, is ro reclucethe rislç of differential concrete *óu.-.nt due to ioil volurne changes n, , ,.*lt offluctuating nroistr¡re content' Iìor these rlipes of a.u.ropnl *s, a gradual increase int"¡roisturc corlren[ is comnron,- r,esurting fro* precipitntion, ,*clucej *"rf"*rËo *airrigation' I-Iowever, some diffcrential'moverrrent und subsequcnr cracking of concpte
stu-facc rvorls shor-rld bc andcipatccr, r'ypical for rhe r,.trrulJf" ,r.*.

8.6.2

'åEebo



l

I

L1 21 01 239
January 2008

21

tTr.!.'

8,7

Mth rcspect to provìding a. layer of granular rnaterial beneath surface works concrcre, rhere
are b<¡th positive and negativc-.onr.{.,.n.es. In ttt* porltiu. ,.nr., it musr be assr¡¡neclrhat
the subgrade will be unifonnly gmäed properry Jrh ;h; a,ry',rroisrure gr;ning acccss
l¡encath rhe concrete within thl i"anulai hir *o;H il ã;*á ,*ry q"ií+]o'nn o,"n
clcsigncc{ to âçcol¡rnoclatc cxcess rnoistr¡rc (i..., rooJ*oy 

"*pi"g rile tiecl i¡lro dre sro,.*t.{ltnl' if rvcll clrained,- the provision of þnnuir, roá.rinl'alsã se*es to ,.du.. ,on,e
cliffcrr:rrtial clistottions, whcn washcd matcrîak arc usecl, ancl has been clocu¡renrccl ashclping to ¡cch¡cc longituclinal cracking.

on. thc negativc sidc, if frec drainage of the gnanr,ilar layer is nor designed, consrnrcred, andmaintained, grantdar mate rials ptoui.l. .ory ã...r, {or'excess nloistrî.. ,o ponJ ú.lo* ,h.concrete' causilg ..swellin8 of tlre medium to high plasric ruUgraä r"ifr and/ orconsolidation of fill soils. There is also a risk of iorrån*g .rf thî ,J;r.Ã, roadway
pavement edges.

'Ihe risk of dif{erential movement of the subgracle soils and rhe economic consequence for
either oprio' slior.rld be given due conside o,iä by the *r"1.ç"r engineer. 

¡

SHALLOW FOUNDATIONS

Shallow founclatio¡rs, if consiclerecl, should be consrructed approxirn awly l,4m below rhcfinal design exterior ground sr¡rface (frost protection- require*"rrr¡. ii rrrir- ããprn th,foundation subgrade..ioil generalþ.oÀirm of u.rl.rriff;d:ñ ro moisr, rnedium to high
plastic, clay or claytill.
"Ihe net allowable static bearing pressure for the design of strip and spread foodngs forresidcntial construction at this ãeph rnay be taken orTs irrt", oì nati'oË, undisturbed clay
soìls, subjcct to odrer recotnmencJadons iá-uhis repon. 'r¡,. ¡lo*oule static u.ffipr.rr,.,,=
is basecl o¡r cot'rclation betrvcen Stanclarcl Pcncrmric¡n 'I'est 'N'values. 't'be factolïåf safety
usccl Itrcrllr t¡ltinrate lrearìng capacity*,as 3.0. I'k>oring cliÀcnsions shoulcl be in accordancer'r'ìth rlrc minitlrtrrr rr:c'¡uircnicnts <¡l' the Ahcr-ra B"if.i;"/ il, clc Lg97 (S;.ri;,, 9.1s.3Iirotings)' Iìcaring ccrtification is rcco¡nrænc{ccl r<l elrsure il.,ar rhe fooripgs are Þiacccl oncomPetent soils, satistfng the design bearing requirements 

"f .p¡lËúr. .ããä, nramunicipal bylaws.

It is recommended to use a s¡nooth edge-trimming bucker or Grade-All for final excavarion
to the foundacion subgrade elevation Io minimizã dismrbance of the f"""ai"g *i-l* ,Ihe
foundation concretc should be placed irrunediareþ rãl-"*irg excavarion ro ensr¡re r¡c
bearing claysoil does nou dryour io below the plastic ü;ir '
'lTrc anticìparccl fot¡nclation. clay soils are expected to be prone ro volune changes (bot6
lrca'e ancl co,soliclari<>n) with yaying ,'<¡isrur. .ur,r.nr. .it.oro,=,.a 

pemlaneniweeping
tilc s¡'5¡s¡1 is also ttccllnmcnclecl'a¡<luncl thc outsicle p.ri,na*r of thc srl..rcrrrrr at thcfounclation clcvation to maintain a corrsisrcnr moisr,ure profile of the f*",j"rg ,;;lr,' ,llr;,will rcduce the potential of differcntial rnov€menr (h..;; or consolidation) of uhefoundations, weepi'g tile drainage is discussed in subseàtion s,to,

+fu
eþo
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Senle¡nent of foodngs. 
.designed and construcred in accordance rrirh the above

recornme.ndations.should be well rvithin the nonnallytolerated values of zs m,n ioral ancltu ¡t'un ûilteìentlâI.

Iìecornmendations fo1 ry¡iytrm depth of cover for foodngs are presenred under rheheading 'Frost Protection'below. Funher recornrnendadons regarding shallow foundario¡s
are given in Äppendix C

FLOOR SLABS.ON.GRAÐE

Constnrction of floor slabs-on-grade for rhis projec musr consider the surficial lacustrine
soils noted wiuhin the developr*nr ur., nr *áü 

^r 
rrr- fr".ãt .ng*.;r.d illilry." placeddtuing site grading' constnrcdon may be considereå-rãrriUr., provided the following

prccautions and consrrucüion rccornme'âatic¡ns ,re follo*ed. 
-

IIr ¡r¿rtivc soils arcas,-following rcrn<¡val of topsoil, the subgracle shoulcl be scarified ro ar'i'irrrunr clcpdr of ¡oo mt t, oñd nroisrurt corùitioilcc{ ,o o ång. of optimum ro 2 Þercenrover opri'nunr rnoisrurr conLenr. wirhin ar.ca,s of .ngln..r",J"r;il, ji'ö;; ;rilñ;slior'lid be scarifiecl fo¡a minimum clepth of 6oo r",",i""riãerìng thc engineered clay fill
T]\ (ttt containing delercrious rnate.ials) ,nd ,ooiri,',* .à"diuorr.u as nored above. 1helì]lnünuul compacdon in each case should be.98 percent of Smndarcl Procror **r"u* a,ytiensiry (spD). The prepared subgrade shourd b. ñ;i-;;rtJ;;J ,;y;f;", r""rå^i".r,.*
detected should be iecónditio'ed'as recomrnendäd ubo,r. or over-excavaæd and replaceclwith general engineerecl fdl.

As required, all general engineered fill needed ro bri.ng the developmenü area to designs,bgracie clevatìon sho'ld be 
-*nifonnly 

rnoisrnre co'dirion.ã o*r*..ï *iiúin ïp."r..n. uroptir,ut'moistt¡re contenr. Itecom'iándarions.fo.g.".ãi.rgir..r.d f;ii 
".. 

pio"ìa.a;nAppe'dix c 'Ilre tninimum compaction shoulci b. ;t;;; of spD. fhe sirc soils aregenerally considered acccptable i¡, us. as general etgirr..r"d fill, provi¿cd they areacceptably moísture condirioned.

Â levelling course of clcan.well.gradecl cnrshed. gravel, at leasr 150 mm in compacæclthiclmess, is recornmenclecl directli beneath the ,1"'bs-o.r"*al, urless a rhiciçer coume isrequired for structuralpurposes. 'Ihe subgnde beneathsk"u"ãr-g*a. ,lrorrli ü. j*r..r"aat all rimes from moisutre or exposure *h;.1", *rt;;";;;ofi"ni'g or disturbance o[ the
strlrgraclc soils' 'lhis app.lies. clurìng ancl after ,1 . .órrr'*.rioî p.,ioa (ancl before ancl aftertc'¡rlacctncnt o[ thc rcq.uirccl g.'l.,äl cnginccrr:cl fill). slluila i6. exposc¿ srrface 6ec'rnc
satttrralcd or cJismrbccl, ir sl-ror-rlcl bc rer<¡rls.ccl to a.hLue ,h.-olrou* smncjarcls.

I.f lht, subgraclc 'is properly prcparecl as note<J above, floor slab movenænrs sho*ld beIt'rrlted to less rhan approximately 25 mnl . Slabs-on-grade shoulcl b. ,*po*i.,¡ fro,r,bearing members rc allow some 
'differendal 

¡novem.í,. lr this range ár'Jif*r.nurl
rnovemenr is unaccepuble, the ownershould consider a srructurallyruppJ..Jfl;-

.'l '
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B.$,1

llecomrncncled ptocedures for 
. proof'rolling ancl bacldill marerials ancl f*rthert"ccolnrncnclation.s for slabs-on-g,aclc constn¡crioir are incluclecl in Appenclix C.

BASEMËNT CONSTRUCTION

Basement Floor Slabs
slab-on-grade consüruction for basements is considered feasible providing cerrainprtca'tions are undenalren. All excavation should be caoi"Jout remotely using a smoot¡-mouth bucket or Grade-A]l.at final grade in o;.;;-;i"dr"jre disturbance of rhe base.IJasement floor slabs should.be supioned uy r u"it"rr"îi rso 

"ì*-.årrp".,"å, .r.-",free- draining granular material.

In areas wlrere floor slabs.b.ul.gn a 
-ciay 

subgnde, the clayat rhis,sire rnay su,ell followingcontplcri.n of drc f.loor slabs. 
.'lhe rn[,:'.c, sorne move me't shoiild be anticþate<i. Any tightcohmrns in dre b*iïîl.lesrgned ,o ,,,ppo* the main ftoor shor,rd ù;i;ì;;acfusmbr.'relep.osr" uype. If parririons are consrrucùo t ,h. ù;;;ir, p.ouirion musr bc niade sothat, if the basernent.floor srab heaves, rt. prrurio;;;;;, raise the main floor. Aurini¡num allowance of 25 mm shor¡ld ¡.'r.i.' uãrr.;; ;. ü';htes of basemenr pan:iriorrsa'cl tlrc floor abovc them to accommodare h.o,ring- ;f til floor slab. r't lr' lì.nuingallo*'irncc is lcss applicabre for inrcdor corunrns founded on spread footirrgs.

'Ihe slab subgraclc sf,}lc{ bc slopccl.to p'ovide posirive clrainage to ilre eclge of rhe .^lab(r'vhe.c drc native soils art cohesive). h rninim.,rn clrainage gradienr. of 0.5 percenr isrecolnmended.

slabs-on-grade should be separated from bearing members ro allow some differentialmovernenr' If differential movement is unacceptab"le, a stnotu"ally,.,pporr.Ji;;;;","
or crawlspace rnay be considered.

General recomrnendations regarrding floor slab consrruoion âre presenred in Appenclix c.
8,9.2 Basement Walls

Âll base'rent walls slrould be designed to rcsist lateral eanh pressures in an ,,ar-rest,,
condition" 'I'his condition asst¡Ines a"triangular pr;;;;;ìw¡u*.tri"" and may be calcularcdusing the folJowing:

-...: .1æ
eoo
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where:
I)It, lateral eâfth pressure "at^lest" condition (no rvall movclnent

occurs at a girren depth)
co-efficient of earth Dressur€ ,,ar_rest,, co'dition (usc 0.5 for
silt or clay backti' rri ò.;lio;r"d;"d ;;"vet backfilt)
bulk t¡nir wciglrr-of backfiil soil (rse tg oí zt krrtr/nrr for crayor granular bacldill, respecriuely)
depth below final grade (rrr)
sr"itcharge pressure at ground level (kPa)

It is assumed that drainage is provided for all basernenr walls through the installation ofwecping rile and hydrosuùc p.Årur., *i¡lno, b.;;;.r*;*är¿r,
Backfill around concrete base¡nent walls- should not cornmence before the concrere hasrcachecl a ¡ninimum two-thircJs or fur zelàryjr;;;grhïã'ri"rr'noo,. fra'rirrg are in place orthe rvalls are lareraüy brac¡{. o"ry rrì"a 

"p.;;;J-;";;cüon eq.rpnrenr shourcr becmplovcd wirhin 600 inm of rhe ."".;;; ;;il;."î;;;;ir,írr¿ u. urËà il,.n'.åì,ìpr.,i"sbackfitl ro avoid hiqh rarc.or ron¿r .n,o.i br;"..J;;';#Å,* ;ä;J"ï.'o'å'lr.,iunstandarci of 95 oercãnt uf sr^ndrrd P';";r r.n-11iryurn dry dònsiry (spD) is recorr:menclecl.'tb avoi<j diffcrentiar *r[ ;';;;;;, ,nïir.ru¡il ,t uurJï.ïäugh, up evenly an:und drewalls, A minirnurn 600 mm thick'enfneered cray ;;; ,h;;ìd be praced at thc grouncr.sr¡rf¿rcc ro nrininrize the infiltration of ,Jrfu.e vyarer.

FOUNDATION PERTMETER DRAINAGË REAUIRËMENTS
It is r'rnclerct<iod that all rcsiclcnuial *acping tiles will be tiecl inro rhe sronn .sewer slsrenratdl<>r will have arràngemenrc for rurfn.e*ciischarye,-i;;;prabre weeping t¡e sysre'rsh.uld co'sis! of a 

'rciorat.a r^*pirtf-r-il, ,u.rorñd.d ridr a rninimum of 150 
'rm 

thiclçblanlçcr of rvashccl rock ('raxim,,,rir¡å"io-,r¡, *iil,-rt.'ä*in rock sunouncie4 by'on-woven geotextile. 'Ihe weeping tile srrourd ho.,rJ'n øri-r*'ö., p.r.*n, srope reacring uo asump ro then discharg.,, nät ã above.

FFOST PROTECTION

Iior protection agains.t frost action, pedmeær footings in hearcd srruc*res s¡oulcl beextcncled ro such cierrrhs as ro prouii*i,r.,ini,rrurr,*iü;r;;oir.+ rrr. IsorarecJ orencrior
ffil':å:,ru'*;:::3"ìîï¡;'"''h";Ë ffi;, minimum sol.oue, or z.i, munress provicred

All piies in unhcated arcas shoulcl have full deprh steel reinforcemenr anc¡ should be drjlleclto a Ininimum depth of 6 ¡n' Grade b.n*r spanning concrcre piles shoulcl have a mi¡:irnurn100 rrlnl void space on the undenjde of rhc gïade b".arn rrJri"*¿ the pile caps ro recluce

::ir:ru 
of inreraction rvirh trre underrying ruir", *ro.tr.d;,rh i;"sr heaving or.r<i/orswe¡i'g

I("
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8.12 sËtsMlc DEstcN
Ïre site CIassification recomrnended for s.]r-i. site fusponse is classificarion D, as noredin 'rable 4.r.8.4.a of the National Building code of Gil;¡Nriðc¡ zoos.

Iì.ecommer:ded general design and
u¡'rcler rhe following hcadingsl

consürucuion guidelines are provided in Appenclix (l

. Shallow Foundations

. IrloorSlabs-on-Grade

. (bnstn¡ctionExcavations

. liaclçfill lvfarcrials anc{ Conrpaction

. Proof-Iìolling

'ürese gr.riclelines are intcndcd 
^ro. .plrscnr sta¡rdar<is 

.?f. good practice, Âlthoughsupplerrcnual uo dre.:r:^r:-::ll of rhii repo.t trrey shorrcr be' inr.,prcted as pan .f rhercpon' f)esign recotnmendations preseniecl le.ein ; b;r; on the prenrise rhat theseg,iclclines will be followcd. 
. 
The-design *n¿ .o"rr*",i"" ä"i¿.lines are nou intendecJ torepreseffr detailed. specificarions for tLe worla ,hh;ùh ,il;; *ry prove usefur in rheprcparation of such specificatioris. In the evenr of *yäir;í*cyberween the main rexrof r:his repo* and Appendix Ç the main texr should goí.*. 

--'"

EIIA should be given drc opponr.u.rity to
relarcd to georechnical aspects of *ris projc

review derails of rhe clesign
ct, prior to construction.

and specificarions,

Ilearìng sutfaces' foundation installation, ancl deep excavarions shoulcl be monirored byqualificc{ geotcchnical penonnel cluring .onrr*.riorr. EBA will províde rhese services, ifrtqucstccl.

,aì
eoo



'lhis rcport has bccn.prtparccl for the exchri'c use of 'lbllesr;nrp c¡'struction Inc., anc{their agc'rs., for spcciiic applicari<rn ,u iiì. devclopmenr described in secrion 2.0 of rhisìtpoll' It has bccn prcparecl in accorclance *;trr g.ti.rruy ....p"a s<¡il ancJ fo'ndationengineering pracrices. Nå rvarranry is either cxpressed or impriecr.
For funher limitations, reference should be ¡nade ro rhe General fündirions in Appendix Aof this reporr.
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- GENECI'lN

'fhis report incorporates and is subject to these ..General 
Conditions,,

j}:,q:",*.Mcâl reporr perrains to a speciûc sire, a specificqevetopment and a specìf,rc scope of work. It is not
appl.tcable to âny other sites nor should it be relied upon for
types of development other than that to wlrrch it ..f.rr.
dny vartauon fr.om the site or developmcnt would
necessitate a supplementary geotechnical ass.ssÀerrt.

þs r.ep91 and the recommendadons contained in it are
intended for the sole use of EI],\,s .ti..ri. AgÃ-do; ro,
accept any responsibilry for the accuracy of any of the data,
lhe ânâlyses of rhe recommendauons conta_rneá or
referenced in the report when rhe report is 

"..ã áì *fi.¿
up_on qy 

^!y 
p^fiy other rhan EB.A.'s client unless otherwise

âurnorlzect r{ì wfl!fig by EB,t. Any unauthorized use of thereport ls at the sole risk of the user.

This report is subject to copyright and shall not be
reproduced either wholly 

"i i"þart wrthour rhe prior.
yrrttel permission of EB¡\. _A.ãdidonal copies Jf the report,if required, may be obtained r',pon requ.s

Classification and identification of soils and rocks are based

Ì.P]" îT-"Íy accepted sysrems and methods employed
rn protessronal geotechnical prâctice. This report coit^in.
crescnpflons of the systems and methods l'r..ã. ,Jøh.r.

Tti:"i: from the sysrem or merhod prevarJ, they are
speotrcally mendoned.

Classificatron ancl identiûcation of geological uruts are
judgmental in narure as to both rypã and-conJaìn Èsa
d¿res not warrant conditions r.epresented hereitr as exact, but
rnfers accuracy oniy to the exteìt that i, .o--o., ìr, 

'
prâcttce.

lü/here subsurface conditions encountered durins
development are different from rhose ¿.".riU"a?, tni,
report, qualified geotechnical personnel should revisit the
slte and revlew recorrurendations rn üght of the actual
conditions encountered.

The srratrgraphic and geolo¡lcal information ìndicated on
drawrngs contâ.ined in this r:eport are inferred fiom logs of
test holes and/ or sotl/ rcck exposures. Stratieraohv ls

þow1 onl¡ ar rl.re locarions <¡f the test h"l;;il;;år*".
Âcuai geology and stratìgraphy berween ,..a¡"i.', 

^ï¿2".:il::i:: *iI vaÍy from thar shown on råese drawings.l\atuzl vaflaüons in geological conditìons are i¡hereni and
âre a functlon of the historic environment. EBA does not
represent the conditions illustrated as exâct but recoeilzes
that vanations will exst. \X/here knowleag. ãiÅffir..o.
locauons ofgeological rnits is necessary, ãddiuonol '
rnvesúgatron and review may be .r"...r-rry.

Sutface and groundwater conditjons mentioned in this
report are those observed at the times r.corded in the
report. These conclitions vary with geologrcat detJ
between.observation sites; annual, .Ë".""å r"J rä"t
meteorologic conditions; and with d.rr.lop-..,tä.tirity.
Interptetation of water conditions fr"- 

"ir..*^¿ã". ."arecords is judgmental and constitutes 
^n 

."uluuoon-ãi
clfcumstances as influenced by geology, meteoroloqy and
development â:u\.1ry DeviatiâÀ's fr"ä'r¡.* 

"lr.ïi^o.".may occr¡r during the course of deveþment 
^.o"itte;.

Excavation and construction operations expose geological
materials to climatic elemenrs (fr..eze / rh^rì.*.;¡d_î
andlor mechanical disnubancè *hi.h .; ;";;'r;JJr.
deteriorarion. Unless othelwis. .p..ifi.dlyirdi.^i.ãL U",repott, the walls and floors of excivations'."r, U"-- 

-

protected from the elements, particularly -oi.n r"-
desiccation, frost act¡on and ct.,.trucuo',l ;;¡fu -

Uniess otherwlse specihcally aclvised, support of ground andstructures adiacent to the anticipat.d .orr.t*.tion'rnJ
preservation of adjacent gro.r.rá and stnrctures fr.oÃ-rh.
âoverse rmpact of constructjon activity is required.

The testhole logs are a compilation .,¡[ condi¡ons and
classrfrcaüon ofsoils and rocks as obtained from field
observations and iaboratory tesung ofselect.a .rÃpÌ... S"rl
and rock zones have been interyreied. Chu.e. ¡;,i.-.rrr.
g.foiogcal zone to the other, rndtcated 

"n thJl"g.-r. 
^dist.inct üne, can be, in fact, transit_ional. f¡" ."Lrrt of

:1":to"i rj Tj.tpt.o".- ,{ny crrcumstance whìch requires
prectse defumüorr of soil or rock zone transiuon .lerraàon,
may require fruther investìgadon and review

5,0
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il;rÌ'Jr-- ri,i:,..:i:r.!i¡r.:,.l,i,i.iltl.iS:j¡i.llt;'ì.f(:ìl¡7trli,i\r1,.,

There is a dlrect cor¡elation between constÍuctìon activrty
3nd stmctural perfonnance of adjacent burtclings and other
lnstallaúons. The influence of ail anticipatecl cãrrsrnrcuon
actìvities should be considered by the cåntractor> owner,
architect and prime engineer in corrsultation with a
geotechnical engineer when the final clesign and
constmction techniques are known.

i*.]i.,'' -. rati:,.rji*, f[{Ejtr:]sx1lp,ili$;-!1.¡.i[!"1 ,111;j1¡{j":f : 
¡

Because of the narure of geological cleposits, the judgmental
nature olgeotechrúcal engineenng, ,, *"[ o. the þotentìaÌ
o F advc rs e circums tanc"s á.i srng fTom cons t_tuc tiJn ac tlviry,
observatrons during site pr.p^rãt o.,, excavation ancl
constrtction shotild be carried out by a geotechnical
englneer. 'Ihese ol¡servatìons may thenlerwe as the basis
for conftmahon andf or alteratioá of geotechnical
recommendations or design gurdelines presented hereln.

''t{¡ìii, i.:ti,t,Jii,¡r.{. i. ri.ì,fjìj I :ji1ii

\X/herc temporary or permanent dr.aìnaqe syst-erns ar-e
rnstallcd wìthrn or around a stlucnrre, rËe systcms which wdl
be installed musr protect the structure from loss of qround
due to lntcrnal erosion and must be dcsigned .o u. io 

^.rr.o"continued perfornance of the dr.ains. Sõecihc desisn cletail
of such systems should be cleve lopcd or'reviewecl l¡ov the
geotechrucâl englneer. Unless otherwise speci[ccl, ií is a
condition of this report that effective t.mporory and
Petmanent dr¡1nag9 sysrems are required â"d thut they must
De consldered rn relatton to projecl purpose and funciion.

:|ú:- r.,j:i{ji'.i1i'ii t;/rr]n;!û;r,,i

Desìgn bearing capacities, loads and allowable stresses
quoted in this report relate to a specific sod or rock tlpe and
condition. Constr-uction actìvìty ànd envlonmen tal
circumstances can materially chãnge the condit_lon of soiÌ o¡
rock. The elevation at which 

" 
.oI o, rock type occurs is

variable. lt is, a requirement of this repofi th;ì structural
elements be founded in ancl/or upon geological materials of
the type ancl ln the conditron assr¡medl Sulircient
obserwations shouid be made by qualiFted geotechnical
personnel durrrrg constnrctrorr t,, àr.*.. thãt the soil anrl/or
rock condrtrons assumed n this teport rn fact exist at the
site.

. :'' 
/i ¡l ;,r, ' t 1: l'

EB,{ will retain all soil ancl rock samples for 30 days
after this repor.r is issucd. Further sråragc or transfer
ot 

¡lmptcs can be m:rde ar thc client's .ip.n.. r',pon
wlltten reqì"test, otherwise sxmples wil bê discarded.

i 't. .. r:: ;:,trj.ij;¡:ji.{.r€li ú:/iìl,iil

Services performed by EBÀ for tlus reÞort hâve been
conducted in a mannér consisrenr witlithelevel of
skill ordinarily exercisecl by members olrh"-
prolesslon currentiy practising under similar
condltrons rn rhe jurisdictjon in rvhìch thc sen¡ices
are provtded. Engrneering jrrdgement has been
applred m d.eveloping the concl-usions and/or
recommendatons provided in t}us report. No
w^tanty. or guarantee, express or implied, is made
concerning_the test resulti, .orn-.nËr,
recornmendations. or ân)¡ other portion of this
fepoft.

'1.,' ,,',,'i::i:;l,i;,, if: li ¡,,'a 1,., 1...j ll,,,j;ì :1.1r;jrf.¡: i

Unless stìpulatecl in the report, EBÅ has not been retalned
to. rnvestigate, address or consider and has not investjgated,
addressed or considered any environmerrtai or reg.Jatory
issues associated wìth develnpment on the ,rb¡e.i site.

:i"'.i, ^ì 
' . r'.itl'lr', ,:,: ir;,)1.t r,.i,¡.i'.-.1¡¡,.'

\X/here EBÀ sul¡mrts both electroruc file and harcl copy
versions ofreports, drawings and other project_related
documenrs and deliverableJ (collectìveþ t..r".¿ náÀ,.
instr-uments of professional service), thå Cii.nt ,s.e.s that
only the signed and sealed hard .opy .,ersion, ,üX b"
considered ûnal and legatly brncling.' The harcì cop\r versions
submitred_by EB.\ shall be the origrnal documentr'[o,
reco¡d and working pur?oses, andlìn the event of a dispute
or drscrepancres, thc hard copy versions shall govern over
the electronic versions. F.,.tirårmor., the Cheit agr;es and
waives all furute rrghr ?{dT:,: thar rhe origrnal hïd .opy
srgned. versron_ archived by EBA shall be deäed to be the
overau ongrral tor the ptoject.

The Client^agrees that both elecrronic f,le and harcl copy
versions of EBÀ's instruments of professional seryice shall
not, under.any circumstances, no Àatter who owns or uses
Lnem, De 

^tlcred 
by ârry pârry except EB,\. The Cüenr

waffânts that EBA's insrruments óf ptofessìonal service rvdl
be used onlv anci exactl)¡ âs submitteä bv EBA.

The Client recogrr:zes and agtees that electronic files
submltted þf En;f have l¡een prepared and submittecl usinE
specific software and ha¡drvare systems. EB,{ makes no 

o

represenrarion about rhe compâdbiliry of these files wirh the
Client's cuffent or fuftrre sofrware onã h^r..i* ." .u.*-r.

,tÀ -
eþGl:\(: c¡"r.dùìicil ¿oc
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TERMS USED ON BOREHOLE LOGS

coARsE GRA,NED -pj:9'öå{iåii':1"',iî3.i{'?3lffi'],3,î*,Jl:iïïr""n 
s..u",s and sands,

ffi1f[:ii,ïtiñi1årti*rd anäsåno'.öLîo¡r¡on ¡r 
'"r.åäåäärär"ns,o 

rerarrve dens*y, as rnre*ed rrom
DESCRIPTIVE TËR[4 RËLATIVE DENSITY

Very Looso
Loose

Compact
Dense

Very Dense

DESCNIPTIVE TERM

Very Soft
$oft
Flrm

st¡ft
Very Stlf

Flard

N (blows per o.gm)

0to4
4to10
10 to 30
30 to 50

grealorthan 50

UNCONFINEÐ COMPHËSSIVE
STRENGTH (kpa)

Less Than 25
25 to S0

50 to 100
100 to 200
200 to 400

GreaterÏhan 400

0to 20%
20la 4Ùo/o

4O lo75%"
75 to 90%

90 to 100o/o

]ff 1iffi,',i,31"Jili1""åîiJifr,?;3;l'Ht:ï;å#:rer or a 6o.5ks weisht ra'rns 0.26m, requrred ro

FINE GRAINED sollS (maJor.portion passing 0.o75mm sieve): incrudes (1) inorganic and organic si,ts and
:ilffiü,fl.ä:iüi'"i#lt*i;#jln:;l*jfiJ*X'fi:ffi:"ä;J[iåncv,s iareo ä;";d¡ü ro shear,ns

Sllckensided
Flssured

Lamlnated
lnterbedded
Calcareous
WellGraded

lf?iiå,?f 5"li'.5;Í*tr1n':î.$i-.,1"å"osåll3::Jly"J,"&:i:'yi1
weaknass or cracks-ln lh,

GENERAL ÐESCRIPTIVE TEFMS

- 
llulng inctined ptanes of weakness that arc

å:Tf ffiiiii i:ö;cracks,r,"q,åirivìil,"'¿iililå::ïiåliñf f:î'å[*åo.,"o,
- composed ol thln layers of varying colour and lexlure.- composed of qltemale tayers of difierent,olt typ"..- contain¡ng appreciable quanütes ot catcium carbonate.'lavino wide range in graln stzes anosu¡iranuat a*ounrs of intermêd¡ate pârr¡crê

- predomlnanily of one grarn srze, or having a range or sizes wilh soms intermediateslze missing.

2252

Poorly graded



GROUP
sYttlBOLS

TYPICAL
NAMÊS

GW Well-gradod gravtls €nd omvst-
sgnd mlxturos, lllltE ol nohnej.9

qä
o6

GP Poorly grâded gravels end orav6t-
sand mhturð6, lit{e or no flñes

GM S¡lty gra\rols,
gråvêl-Band-sill mlxfures At{orburg l¡mils plot bslow .A" 

line
or ptaslic¡ty índex less lhan 4

q
o
ÞI o

o
a
t

o
eoI oz
ô co

9
l¡¡

c(!l eo
E
o

Ëo
Ê'õ
E*o6 #ss

(9
GC Clayey graveþ.

gravol-sånd.clay mixlurês Atlerðurg l¡mlts plot above ",{ line
or plasl¡cìg ¡nd€x gfoaler lhan z

sw Woll€radEd sends and o¡avÉltu
sand$,llllle orno linâs -

x

2.n<c¡u¡z
at,à{

SP Poorly
sands.

graded sandg and qravoltv
linl6 or no finês

SM Silty sands, sand-s¡ll mixlurôs Altorburg limils plot below 1{" line
ol plðsl¡city ¡ndex loss then 4

Ë.Ëoø
S.+

s3*
ãËË

$Ë äss
sc Clayey sands, sandday mixlu¡€s

t
ra#
gäs

ãitã

'Ë säo ,go o

E åFã

Ë äÉã
" fË$

€5:
3-Þ¡s

I
b
6It

å
ô

6
È
o
I5

Attoôurg limils plo{ ¿bove "A" line
or plasticity index graåter than z

ML horganb sllls, very fino sands-
rocx Íour, sllly or clayey fine sånds

CL

o,

3(t
ct2{
at

b
6

.E -C

eä
ðs'1 0

OL 9iiJf,:l'it"ilt "rûanic 
sirtv erâvs

MH
lnorganic sllts, mìcaooot¡s or
d!.atomac6ous fn6 sands or
sill6, olaslic sills

ÔH lnorganlc clâys of hloh
plasticily, latõtays -

o,
ìË
o Êcgäs
< E-hg =E
60¡

OH Organlc chys of medlum
to high ptast¡caty

PT Peat, muok and othor hlohfv
organic soils

SIEVË SI¿E
OF

ÞASSING RËTAINED PERCENTAGE DESCRIPTOR

7ã mm
l8 mm

l9rxm
4.76 mm ROCKFRAGMENTS >25 mmROCKS > 0.76 cubic metr€ tn votuns

Not roundsd

{.75mm
2.00mm
425 Fm

2.00mm
426 ¡m
75 ¡m

>35 %

21 to 35 o,6

10 lo 20 aÃ

>0 to Í0 o/o

'and.

'Fadjectìve'

"somg"

'trace.

II'IODIFIED UNIFIED SOIT CLASSIFICATION T

MAJOR otvtstoNs
CTASSIRCAflON CRITERIA

cs = o/o* Groator than 4

""=#* BetwÊen I and 3

ô
¡¡o

.AP
:=N

8saa
r¡¡ ô
dq

ff€pË
<a¡oÈl,E

*i
Ð
ô

Nol mastfng bolh crit€ria fo¡ GW

l¡mits
Plotllng
hatchêd afoa å16
ûordedire
classitlôatlons
roqülnhg uso of
duat syÍnbolg

Cu = DJD,o GrÊalorthan ô

Cu= 86hfleen I and 3

Nol meeting both oritütìa forSW

Atlôrburg lim¡ts
plotfing ¡n
halcfiod ar€a ar€
boderlinÈ
cläss¡l¡calions
requiring uso of
dual symbols

PLÂSTICÍTY CHART

o
o
øslo

õ-R{, <iÃzU6

=gSE
ÞË
¡¡t õzE
l¡- !o

à3èb

s

Sdls pa$tno ¡tzs prn

€qùqlon ot .¡t lirBr p ¡ - O.?B {tL . ¿0}

CH

,P
cl

CL
MH & OH

d--¡ Þ\)ì- ML OL

r0
I

0
t0 m 4050ø

UOUID LIMIÌ
ro 8lt o0

HIGHLYORGANIC

;i"-i,fl &$n'i,il:t'#il?3,',XîÍ,l$Jlå,ilHJål?",""o,0,,
sotl cotrtPoNÊt{TS

OVERSIZ€ MAIERIAL
FRACTION

Roundod o¡ subroundod

COBBTES tS mm to200 mm
BOULDËRS >Z0Omm

GRAVEL

coarse
ñne

SAND

00ars9
modium
fine

SILT (non pfast¡c)
or
CLAY (plastle)

75 ,¡m Às âbov6 bul
by bshâvior

aaa
eoo2046 - Revised July 07.cdr



tNc.
CLIENTT

CITY: DRI[t
150mm SOLID STEM AUGFR

ÏYPË NO: L 12101235JIM RYANNO
TYPE sPt EIEVATION: 934. l9mA.CASINGpËA GRÂVÊt SHE[BY ÏU8ESLOUGH CORÊ

GROUT DRItt
SANO€

€t¡.
(l.¡
(f,

so,L
DESCRIPTION e

Êo€(û
o)
utvery

-. damp

80me

Þßcipilate

.,. dampto mobt
2

3

4

5

6

7

I

I

10

11

12

f3

14

f5

0r
Slofted Ptp6 lo 3.0mÊorehob

OctÐry 30, 2007
.:. ..:

¡'. ,i,. i

:. . .:. .'t

i.. ,:.

i' '.:.

i "::" :

,i. .i

':...t..i.

:' j ' .!'.i'

'. i...i,

.f.. 'i

i" ,i. ,

Engineering Consultants Ltd.
EBA#



PROJÊCT: GROUPED COUNTRY SUBDIVISION CLIENT: TOILESTRUP CONSTRUCTION lNc, BOREHOLE N0: BH 002LOCATION: 1t4NE sEcl8- 9-22-W4M ÐRILL METHOD: SOLID150mm STEM AUGER PROJECT N0:112101239CITY: ALBERTA PROJECT ENGINEER: JIM RYAN ELEVATI0N: 934.45mg{MPLE TYPE DISTURBED NORECOVERY SPT A4ASING SHELBYTUBE COREBACKFILL TYPE BENTONITE P€A GRÀVËI SLOUGIT GROUT DRItt SANO

E
€
CL
c)
Õ

sotL
DESCRIPTION

t-2
r¡.l

à()
(J

PtAsTtc M.C, LtoutÐr__--{-__¡

E
Ë()
ttr

-gtu

... moisl, brorvn

s0,n0 very
preciplitates

I

l0

11

12

t3

l4

t5

2

3

4

5

6

7

I

0r
Slolled lo 3.0m
Bo¡ehole 0ôt, 2007Dry 30

' t. '.i.

.:. .'j . .:' , .;. , 'i." i

93r

9n

ft een Engineering Oansultants Ltd.



PROJECT: GROUPED COUNTRY SUBDIVISION CLIENT: TOLLËSTRUP tNc.CONSTRUCTION NO:BOREHOLE BH 003NELOCATION: sËc18.1t4 9-22-W4M DRILL METHOD: 1 50mm STEMsouD AUGER PROJECT NO: 1t 0'l21 239CITY; ALBERTACOALHURST,
ENGINEER:PROJECT JIM RYAN ELEVATION: 932.38mSAMPLE TYPE DISTURBED NORECOVËRY sPr A.CASING SHELBY TUËË COREBACKFILL WPE BENTONITË PEA GRAVËL SLOUGH GROUT DRILL SAtIO

Ë
€a.
o,o

sotL
DESCRIPTION

M.C, LIQUID

E
Êo
toÞ
d,fr

.., damp lo molst, bþwn, hin sand lenses

s0m0 vefy

15

2

3

4

5

6

7

I

14

I

JO

11

12

13

of
Slotted to 3.0mPlpo

Measured9orchole Orl,0ry 200730,
-:' . .i . . t. .:...¡. .i

'i' ': ' .l' ,.;. . .: ' .i

927

$g fen Engineering Consuttants Ltd.
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PROJECT: GROUPED COUNTRY SUBDIVISION CLIENT; TOLLESTRUP CONSTRUCTION NC. BOREHOLE NO:8H 0ùtLOCATION: 1t4NË sEc18- 9¿2-W4M DRILL METHODT 1 SOmm STËMSOLID AUGER PROJECT N0: L12t0l2g9AtEERTACITY: COATHURST PROJECT ENGINEER: JIM RYAN ELEVATION: 9t4.i6mSAMPLE TYPE DISTURBED NORECOVERY SPT A.CASING SHELBYTUEE COREBACKFILL WPE BENTONITE PEA GRAVET STOUGH GROUT DRILT SAND

ë
Õ-
{l)
Íf

SOIL
DËSCRIPTION

Eutt-z.oó

P|-AST|C M.C. LtoutD
F---{r------|

Ë
E(t
{It
dtû

brclln, $hilo prrdpilat€s
some very

... moist
2

3

4

5

6

7

I

I

10

t1

12

13

14

15

Slottgd 3.0mto
8oæhole Oct.Dry 200730,

i..i. i.,.i .i i,.i,..:..i.

i..l'.i...:...1..:

Í' . .:. .t' .':.'.]. . 
I

':...:--i...i..-¡

i.'.¡.. i...:...i.. i,.,i..¡

.:'.'1.' t'. {..,)..t"':...)

'i . -i.. i...i..i.. i.
927

92t

fr Ae¡ Engineering Consuttants Ltd"
I
l

"t

.l



PROJECT: GROUPED COUNTRY SUBDIVISION CLIENT: TOLLESTRU P CONSTRUCTION tNc BOREHOLE N0: BH 00GLOCATION: NE 1t4 sËc18- 9.22-W4M DRILL METHOD: CORECONTINOUS PROJECTNOT 112101239
CIW:COALHURST ALBERTA PROJECT ENGINEER: JIM RYAN ELEVATION: 935.82m
SAMPLE TYPE DISTURBED NO RECOVERY spT A-CASINß SHETBYTUBE CORE
BACKFILT WPE BENTONITË PEA GRAVEL SLOUGH GROUT DRILL SAND

Ë

CL(l,o
sotL

DESCRIPTION ul
É.
¡-
U)
õE

PTASTIC M.C. LIQUID}--*..{_-{

E

o
ft

-etl¡

... somo sånd, hacs grav€[ med¡um plaslig dark brown

... high plÀstic

lighl
layem

clay lndusions &

s0m6 ve¡y
lonâgssill & pock€h, hrsh

grBy

22

23

24

25

26

27

17

t8

l0

2A

21

28

29

30

31
No 9l

Eorehols
Slotted lnsatlled to 30.1m

0çt 30,2007

812

813

s14

s1¡

810

817

819

82û

s21

823

824

818

28,1

6.5

7.?

n.2

n

23.2

23.3

21.S

14.7

15.8

21.3

f6.5

j.'.:.l}...i...:..r...:...:

';..'1.. t.. f...1.. t...:''.1

j.+-_i=-i..1.. ;...;..,;

t:::
a,'.r"1

lf*'

4..i...i

gT1

907

30,fr fAe Engineering Consultants Ltd"
1



PROJECT: GROUPED COUNTRY SUBDIVISION OLIËNT: TOLLESTRUP tNc,CONSTRUCTION BOREHOLE NO: BH 002
NELOCATION: 1t4 sEcl8- $22.W4M DRILL METHOD: 150mm SOLID AUGER8TËM PROJECT N0: 112f01 23S

ALBERTACITY: COALHURST PROJËCT ENGINEER: JIM RYAN ËLËVAT|0N: 934.29mSAMPLE TYPE DISlURBED NO RÊCOVERY SPT A.CASING SHELSY TUBE COREBACKFILL WPE EENTONITE PEA GRAVEL SLOUGH GROUT DRILL SAND

E

CL
o)o

SOIL
ÐESCRIPTION tuu:)

F.aô
PLASTIC M,C. LIOUID€_*¡

E
co
(!
d)
ü¡

,., damp to moist

very v€fy

hown, whne predpltalos
80m0 v8ry

ûne
compaci

very

very-s$f,^metlfum plastic, lþhl brown wilh dad< brown motüing, ürin
tens€s

... coaf and ox¡dê specks

... silt pocl(€t to 200nrm @ i2,0m

80me

white predpitalos,wlthþ¡own browndâ* molüim,
hinplas$c lndusions, lensessilt

t0

1t

12

T3

14

1S

2

â

4

5

6

7

I

I

somg

daywiül da* brou monlirg, lenses, hþh

B1

B2

B3

94

B5

BO

s7

B8

B9

810

Btl

812

Bt3

814

815

810

817

818

819

820

82't

822

823

824

825

19

19,6

19.6

fl.8

7.1

17.6

5.3

6.?

18.9

12.3

t
...

r . ' . r . . 1 . ' .. ' . ¡ ' . i

:l

ii
.i...r

.':,.,i,.i

.t..1'..:..)

927

g2r

1
ffi fen Engineering Consultants Ltd.



PROJECT: GROUPED COUNTRY SUBDIVISION CLIENT; TOLLESTRUP CONSTRUCTION rNc. BOREHOLE NO: BH 007
LOCATION: NE 1/4 sËc18- 9-22-W4M DRILL METHOD: 1 50mm SOLID STEM AUGER PROJECT NO: 11210f239
CITY: COALHURST ALBERTA PROJECT ENGINEER: JIM RYAN ELEVATION; 934.29m
SAMPLE TYPE DISTURËEÐ NO RECOVERY sPl A.CASING SHELBY 1U8Ê CORE
BACKFILL TYPE BENTONITg PËA GRAVEL SIOUGH GROUT DRILL SAND

E

ct(l}ô
sotL

DESCRIPTION o
(E

-ssul
PI.ASTIC M.C. LIQUÍD|--.-*...-e-_l A

, üâce
compacl to dsnss, 9t

17

18

l9

20

21

,,. grcylsh

827

828

829

830

ô.9
9r7

t;iìs.8

... brcwnygrey 831

Ht2

dt3

834
,,, medium to coaßs grained, denso

835

836

837

838

2.4

22

23

24

25

26

9lt

839

840

84f

842

843

27

28

I

30

31

844

845

84ô

847

r.6
s07

.,. damp to moist, æalspecks

848

849

850 t.?

Slotted Pipe to 12.2n
Bor€hole Measu¡ed Dty Orl. 30, 2007

ft eA,+ Engineering Consu/fanfs [fd.



PROJECT: GROUPED COUNTRY SUBDIVISION CLIENT: TOLLESTRUP CONSTRUCTION tNc. BOREHOLË NO: PH 002
LOCA TION: NE 1t4 sEclB- 9-22.W4M DRILL METHOD: 1 50mm SOLID STEM AUGER PR0JECT NOr 112101239
CITY: COALHURST, ALBERTA PROJËCT ËNGINEER: JIM RYAN
SAMPLE TYPE OISTUREED NORECOVËRY SPT A4AStt'¡G SHEIEY TUBE CORE
BACKFILL TYPE BENTONITË PEA GRAVEL srouGH GRO{JT DRILL SAND

k

o
o)ê

sotL
ÞESCRIPTION

g
c
CL(l)ôpl-AsTrc M.c. LtoutD

€l

g0m0
very

whne prêdpitates

.:.,-t.. i.. i,,.ì.. ì...i,.j..i._

I
0t

ffi eea Engineering Consuttants Ltd,
92

I

I
i
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Shallow Foundations

Page 't of I

SHALLOW FOUNDATIONS

3n:l,rrnÎr.constn¡cdon 
of shallow for-urdations shor¡lcl cornply with relevant l]uilcling (i,de

'lhc tct'r "shallorv founclations" inc]r¡cles strìp ancl sprcacl footings, ¡1ar slab and raft lourrdations.

X;:m,j:oting 
clir:re'sions i' plan shoul<J be 0.45 m and 0.9 m for strþ and square footings,

No loosc' clistt¡r"bcd or sloughed nraterial shoulcl be allowed üo remain in open foundadoncxca'ati'ns' I.hn¿l clcarri'g should u. ur,J.*oL"-;";;örre an acceprable bearing s'rface.Iìccompacrion of clisrr.rr-bccl oi loosenccr beanng surtace rnay be required.
IlotlrlcJation cxca'atiol't- a*cl beal"ing s'rfaces shor¡lcl bc 

.protec-recl fronr min, snow, frcezi'gtc¡llpcnlur?'s, chyi'¡; a'cl thc irr¡;rcss òf lr.. wiìrcr, ciuring nn,l'.ft.,. foutinglonri*.¡ur.,,
Irooting cxcavations shoulcl bc car'iecl cklwn inro rhc clcsignatcd bearìng su?ru'1.
A[te r thc bearing sur'face is approvecl, a ntucl slab should be ¡roure<i ro prorecr the soil a'cl provi<ie aworking surface for constntciià", rhoul,l immediate f"r"J;i;;-consrrucdon not be inrencJed.
¡il| construcued foundations. should be placed on unfrozen soils, which should be ar all tirnesproucctcd from frost penetration

All foundation excavations and bearing surfaces should be observed by a qualified geotechnicalenginecr to confimr that thc ,=.ort,r,*,räarìons conrair-J i" rrr¡ reporr have been followecl ancl dratsoil condirions are consistent witrr rrrose assumed i" dr.-J.;ù;"'"
\x4rcre over-excavâti<¡ll has been ca*ied out. thror"rgh a weak or unsuitable stra.tum ro reach into ast¡itablc beari'g strittrtm or wherc a for¡ndadon poå ìr-ro 

-u.'pjr."¿ 
above stripped na*ral grounclsurfacc, such over-cxcavatio¡r may be br;kfi1il;å;ü#;ffition utilizing e ither srrucmral fill orlean-mix corlcrete' "Ihese tonr.rål* are defined ;;J;ru;rô;rare heading ,,Backfill 

lvfar:erials and(brnpaction."

ì: i.: .;

,rà:
eþo

I

Jlrilù\ l¡auilLùiorudN



I BACKFILL MATERIALS AND OOMPACTION

Maximum clcnsit¡ as tred in this scction, lneans Stanclarci procr;or lvlaximum Dry Density (,a,sîM'l'cst D6e8) r"rnless specificallynotcd orherwise. oprimum;;;;.ä;Ïir'.riä".¿ in dris text.
"(ìcrlcrll cnginccrtcl fill" ¡nateriais should corlprise ciean, weil-graded_ gnnular soils 

'r inorganic,brT^plastic c<¡hcsivc soils. sr¡ch 
'rarcrial 

rhourdi. fil;;ì;';"r"pacrecl lifm nor exceeding 200 nr'rand compacted to not less than 98"/o of r:r:rxinrunr i.r;i ; o, , n*iru,r. conrent at or sliglitly ab.r,côptlmunì

"structt¡ml fill" nratcilals shoi¡lcl cornprise cle.an, well-graded inorga'ic granular soils. Such f,illshot¡ld be placecl in compactcd lifts noi exceeding rso ,frr ana .";;î;;r.j; no, t"r, than 98% of
'raxir,um 

density, at a nroisture contenr near or trighriy ;il; optimum.
"Landscape fill" nlaterial rnay ggrnprise soils,withour regard to engineering quaìity. such soilsshould be placed in cornpacted lifts not exceeding 30ó td;;d compacrccl rc a c{ensity of 

'ot lessthan 9096 of maximum dånsiry.

Ilaclcfill ac{jacent to and abo'e footings, abutmenr walls, basemenr walls, grade bea'rs and pile capsor belo$' higlru'ay, strccl or parkirrg iui p^u.nl.rrr scctions should comprise ge'eral engi'eerccl fillrnatcrials as cicfinccl abovc.

Ilacldiil sr"rpporr;ing stn¡ctural krads shor¡ld comprise srnrcrumlfill materials as clefined above.
llacltfill acljacent to, exterior footings, foundation walls, grade beams a'd pile caps anc.l wiuhin300. nrnr of final gradc sho'lcl comprise lowplasdc ."t";;;J;;eral engineered fill as define d above.such baclil:ill sho'ld provide a relaiively impårvious ,,,rfo.. lfilr to reduce seepage inro rhe sLrb-s.il.
Ilaclçfill should not be. placeci agai'st a fou'clarion srn¡crure unril the srn¡crL¡rc has s'fficienu strengthto rvithstancl thc car-th pt rt,,,ã, resulti'g-fi'oy ph..r;;r;; cornpacti.n. During cor'pactio',carcful obscrvation ol'tlic foiurdation *ali'fo, defhcuion srrå'.ìiJ rr. ca*iecl ;;, ;;;"ously. lvhen
cleflcction is apparcnt, thc cornpacti'c cffor-r shoulcl rr. ..¿ìt..4 accordi'gly. In orcJer ro reducepote'tial. cotnpaction.incl'cccl ,ti.rr.r, only hand_ h.kl ;;*;;;,;on .quç,r,rirí ,n""1ã be used in rhecorrpaction of fill within 500 mm of reraining walls or uu*ü."i*¡rr.
llackfill t'aterials should not be placed in a froze' srare or placed on a frozen subgrade. Alì lumpsof maærials should be bn¡ken doim during placernent.

$7hcrc dre tlaximum-sizecl particlcs in any backfill nrarerial exceed 50?o of the lift rhiclc.css orminimutrt dimcnsiÔrl of the iross-section io be brcLfilbà, ,uch panicles should be remove¿ an.lplaced at the other more sr.rirable locarions .n site or..r."rrád-;ff p;;;r;;.riî.Ð.r" ,1r..
llonc{ing siroulcl be providecl betu'ecn baclifill lifts, if dre previous lift ¡as become desiccate<J. I,rorthc fine-grainecl nuie.r'ials, dre pr*lá* l,lt ,ho.,ld b;;å;ï; ro 25 mm in deprh f.llowcd byprcpe r moisu.rre condirioning and reco,npacrion.

Backf ill Materials and Compaction
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llccommendations for dre specifications for various baclçfill rypes arc prcsenrecl belou,.
"Pit-nrn gravel" sìrould conlbn. ro rhe follorving gracli'g:

Any gnding variation frorn the above shoulcl be at the discretion of the Engineer; however, thepercent o{ mate-rial passing the 0.075 mm sieve should ,rot .*..ed 2/i af ,¡r.ï"..¡nl passing rhe0'6 ¡nm sieve' 'Ihe pit-nur gravel should be. freg.of ony ror,r, ãr coâring and r"fÇr.r containingcla¡ loarn or odrer deleterious nraterials shot¡ld U. i.;*.i.ã. No oversized marcrial should betoleratecl.

"Crushed gravcl" shoulclconfomr ro rhc following gracling:

Backlill

\

¿ôa

eoo

Sieve Sizes

{Square Openings) Percent Passing By Weight

200 nu¡r

150 r:tnr

25 rl¡n
25 mm

4.75 ¡nlrr

1.1I m¡¡
0.(:0 ¡nm

0.15 mm

0.025 ¡¡r¡.n

100 of lbralsanrple

96 - 100 of 'Iomlsample

60 - 80 of 'lbtal Sarnpie

70 - rcA of À4arcúai Pæsirrg 25 mn Sievc

25 " 6l ol N4atcrial Passing 25 mnr Sicve

14 - 41 of Mirrcrial l)assing /5 nrnr Sicvc

7 - l0 of MaLcrial Passirrg 25 urrl Sicvc

3 - 18 ol Marer.ial Passi¡rg 25 nrm Sieve

2"9olMarerial i¡assing 75 nun Sieve

Percent Passing by Weight
(Nominal Gravet Size)

Sieve Sízes
(Square Openings)

I00 mm 50 mm 25 mm
100 nlnr

25 nrnr

50 ltrr¡r

40 nln
25 urnl

20 nrm

10 urm

4,75 mur

2.J6 nnr
0,(r0 nrm

0.30 nlm

0,15 ¡l¡rr

0.075 nr¡n

60 - fì0

100

90 - 100

4A-66

25-54
15-43

i0- ls
5-23

3-12
2-10

75

52

2

1,

14

i0

100

90 - 100

50

25

15"40

10-13

5-23

100

95 - 100

60- 80

40-60
28-48

13-29

9-21
6- 15

4- 10

l:,ì¡llill.t¡iÌ



Backfill Malerials and Compaction ., '

Pasesots ii,

(ìravel:

100 mm Crushed Gravel: At leasu L3Vo by weight of the rnarerial reminecl on rhe 4.25 mm sicve
should have two more fiacrured faces,

50 rnrn Cmshecl Gravel: A.t least 1,3o/o by weight of the rnaterial retained on rhe 4,25 mrn sicve
sirould have rwo nrore fracrurcd faccs.

25 ¡ü¡n (itlshed Gravel: At least 50o/o by weighr of rhe marerial rerainecl on the 4.25 ¡::l¡n sicve
sh<¡r.¡lcl havc twcl mon: fmcrul.ccl faces.

A'¡' gravel co'raining clclercriours ¡:utcriar shor¡rcr bc rejected.

"C¡lattc gravel" for bedcling and drainage should confonn to the following graclirg:

Steve Sizes
(Square Openings)

50 mm

50 ¡¡nr

40 lnln

25 lnnr

20 lunr

15 nurr

10 rnnr

4.75 rl¡r'r

2.36 m¡:r

100

90 - 100

35-70

10 30

0 5

100

95 - 100

25-60

0- 10

0- 5

"(batre sand" for beclding and chainage shoulcl confonn to the following gradingr

Sieve Sizes
{Souare Ooeninosl Percent Passing By Weight

10 mrn

4.75 rurrr

2,36 mm

1.18 nr¡n

0.60 ltln
0.J0 mm

0.15 m¡tr

100

95 - 100

80 - 100

50- 85

25-60
10-30

2- 10

"I-cân-lllix concrcte¡' shoiilcl be lorv srcngtil concrctc having a minimunr 28-clay cornpressive
srrengrh of 3.5 MI:a.

ì;,rì!i::Ì'
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Proof-Holling
Page 1 of 1

ìjìr',

PROOF.ROLLING

Pro.f-rrllling is a urcthotl,of dcrcctin¡¡ s<lfr arras ir an "as-cxcAvatcc],' s*lrgracie for fill, pâvcrnerlt,fk¡or or founcJati<¡ns or cletecting n,i,r"unifu'irìry 
"r.*rprctecl cmbanlcne'r. ,I]re 

i*tenr is rodetect sofr areas or âreas of low ,li.o, ,r,r=ngrh noí orher*irã,=.*nr.d b)r,;;r;; of rcsthor.s, densitytesti,g or visual examination of the site suri"ce r".l ;;h..L that any fill placed or subgradc meersthe neccssary design strength require ments.

Pr.of- r olling sho'ld be observecl by q'arified georechnical penonner.
P¡ool'rclling is. generally accornplished by the use of a heavy (15- 60 uonne) rubber-rirecl rollerhaving four wheels n*T:_:n."indepenienr.n"t.r.;rî^'ùgìí Jono.r-;Ã;;i;ä*rres finflatio,p*ssu*s ranging from 550 ld)a (80 psl up to 1,030 ripa (rs0!s)1, -- r--

Â hcavily-lonclecl tmclt may be uscd i'r licr¡ of the eqr.rip'ænt describecl in the paragraph a6o'e. ,Ihc
t*¡ch 'should be loacled to approxi'rar:ely ro .n"Å.i þi,óö rug p., o*t'on¿" a minirnum tir.cpressure of SSO ld)a (80 psi).

(ìrot¡nd speed to be 
'raximum 

of I kn{^lir-(i::. rnlrni') (5 mph) (a00 frlmin). Iìeco'r¡'enc{eclspccc{ is 4 lcn/hr (65 nrlniin) (2.5 rnph) (200 ftlrnin). 
-----7 \-

'l'hc rcconrl¡cnc{cd proccclrtrc is two complete covcûrgcs rviú the Proof-rolli'g eq'ip'rent in orreclir"cction a¡rcl a scioncl .scr-ics of t\\() cover?g., nrrìi. at right ar:gles to drc firsr series; onc"covcrägc" nlcans tlrat cvcry point <ll-the prr:of-x>llcd su,facc Àn, bc.n subjcctecl ro rhc rirc presslurof a knclccl whccl' I-css rigoror,.s pr^occd,ìr"cs rxay be acccprnble .,nc{e, ccnain conclirions s,bject rorhe approval of an cugineei

Any areas of sofi;, ru1t1d or ciispìacetl ¡narerials derecrecl should 6e either recornpa*ed withadditional fill or the existing toatetiìl rernoved r"¿..phïJ'urirt g.n.ol engineered fill or pr.opcrl¡,rnoisttur conditioned as rr.rrssury.

'ihe surhce of the grade un'der the acuion of rhe proof-r<illing shouid be obse¡vecJ, nori'g visible

fl:ff:fWj;:?ru':, .r the surrace o, sL*u, roil,,,e i";ü;;"* 
"r 

gå",,lri"roits as rictgi'g

If arry part of an afea inclicates 
-significantly ¡nore clisuess than orher pans, rhc cause should 6einvestigatec{, b¡ f<lr example, shallñ auger lioles.

In thc case <¡f gnnular subgrades, clistress will 
.genenlly consisr of either compression clue roi'sufficicnt co.rnpaction or stearing under the riies. r.í ,t.- ri.rr case, prcof-rotting shou¡l beconti.r'red r¡ntil no funher .o,op..åion occurs. In the second .orr, ilrl;;;;."... should bcrtcluced to_ a poinr; 

,wþere the*subgr:ad. fn-carr¡r ¡þ* load u,ithout significant deflecrion ancJs'bseq'cntly, gradr'raily increased to ils specifi.a p..rr*-;;il subgracle inîoar.i in ,h.u, srrcngth
tu nclcr this cclmpaction.

,tÂË
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1. INTRODUCTION

On behalf of Bluestone Developments, Hasegawa Engineering (HE) has completed this
hydrological analysis at the subject site. The site is located as shown in Figure 1 ànd 2. The
hydrological analysis includes the following major aspects:

l. Overall site layout and conditions
2. Site topography and runoff
3. Rainwater retention design (if required)

2. SITE CONDITIONS

The site is located directly west of the Town of Coalhurst, Alberta (refer to Figure l). The site is
adjacent Range Road 22-5 on the west, farm land to the north and south and the Oldman river
valley to the west. The site surrounds a coulee access road and drains toward this access. The
average grade from the south side of the access road is l.5o/otoward the northwest and on the
north side of the property flow is generally to the south west at 2.6%. W'ater does not appear to
accumulate onsite at all. Most drainage from the site funnels to the access road and flows into the
coulee. There is a small portion on the north side of the development that runs north onto the
field.

According to the Alberta Geological survey, surficial soils consist of primarily Stream/slope
wash, but portions of the development may be underlain by Fluvial- fine or Lucustrine - Fine.

In addition septic testing was performed for this site to determine the infiltration rates for septic
design. The results of this analysis indicated that surfical soils onsite had a permeability of i to
15 min/cm (Appendix B; EBA 200S). This information was used to determine infiltration rates
used in predicting surface runoff.

3. OX'FSITE DRAINAGE

At this point there does not seem to be any major offsite runoff through the property. The land
east of the property is separated by Range Road 22-5 and does not readily n-ow itrough the
property. If offsite drainage was an issue, provisions would be made for a culvert to bypãss the
development and drain the land east into the coulee through the coulee access road. The land
located north and south of the property appears to drain directly to the coulee and not pass
through the proposed development.

4. SURX'ACERT]NOFX'DESIGNCRITERIA

The total area of the onsite basin is 27 aqes. In order to determine the volume of runoff from the
subject site, surface runoff analysis was performed. Rainfall intensity data was obtained for the
City of Lethbridge from the Atmospheric Environment Service, which is part of Environment
Canada. The input data for each basin was determined using the site information. Runoff

2
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estimations were developed using the "TR-55 Urban Hydrology for Small V/atersheds" runoff
model' The basin was divided into sheet flow, shallow concentrated flow and stream flow
regions. The model utilizes the information from each sub-basin area to develop a time of
concentration. The model then calculates the peak flow and total runoff based on thiJ input.

Inputs used to calculate runoff are included in Table Al and A2 below. Analysis was conducted
for both pre- and post- development conditions. The curve number used fór pre-development
flow was 69, which represents poor grassland for moderate Class B soils. The pãst-development
curve number was 68, which represents urban development at I acre lots and pooì soil
classification. Key input data used for this analysis is included in Table Al and A2. Ñote that
the post development slope is half of the predevelopment slope. The road and drainage of the
development will be designed to have more gradual slopes and as a result flatten peik runoff
values. In addition the flow paths observed for post development conditions are longer since the
water is forced to follow the ditch system and not flow directly to the coulee.

Table A1: Runoff Data

Table A2: Additional Information

5. SURF'ACE RT]NOX'F RESULTS

The results of the surface runoff analysis are provided in this section. Based on these results
there should not be an increase in runoff from pre to post development (refer to Table A3). This
is due to, longer flow paths, the low curve number of the country residential develápment,
storage in the ditch system and lowered grade on the lots. Based on this analysis it appeárs thai
there is no need to create a retention pond

Since there will be minimal grading as part of this development, lots adjacent the coulee will not
be altered significantly from pre-development conditions. It is estimated that S0o/o of the

a
J

Drainage
Basin
(acres)

2year 24
hour
storm

(inches)

100 year 24
hour storm

(inches)

Average
SIope

$tnt)

Curve
number

(CN)

Percent
impervious

area

Pre-
development

27 2 4.25 0.02 69 0%

Post-
development

27 2 4.25 0.01 68 20%

Overland
flow length

M

Shallow
concentrated
flow length

M

Channel
flow length

M

Average
slope

Soil type

Pre-
development

30 150 80 0.02 B

Post-
development

20 150 180 0.01 B
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drainage from these lots will flow to the coulee. Lots not adjacent the coulee will be designed to
drain to the ditch on the proposed road.

Table A3: Runoff Data

6. DRAINAGE STRUCTURE DESIGN AI\D GRADING

There should be no requirement to build additional drainage structures as a result of this
development. Since this is a rural development, grading should be kept to a minimum. Grading
on the lots adjacent the coulee should be designed to have development in the front of the
proposed structure to flow to the right of way. Grading on the other roads should ensure
drainage either flows to the proposed access right of way or the county ditch system. The ditch
system in the road will be designed to not exceed an average slope of lo/o and channel runoff to
natural drain paths into the coulee.

In addition, the volume of water retention in the ditch creates storage during a rain event. In this
case there is 1000 m of road and a ditch on each side. Using a 4:1 slope for the ditch and a depth
of water of 0.4 m, there will be 1280 M3 of storage in the ditch system.

7. CONCLUSIONSANDRECOMENDATIONS

Surface runoff analysis was conducted on the subject property. The runoff from the property
appears to not increase due to low density residential development. It is recommended that all
development with impervious surfaces (i.e. structures and driveways) be design to drain to the
proposed access road. In addition, driveways designed to access the lots must be designed with
a swale or culvert that will not restrict storm water flow in the ditch.

In order to minimize peak runoff values the design of this development should also include
BMPs listed in the Alberta Environment Storm Water Management Guidelines (1999) and the
Area Structure Plan.

4

Time of
concentration

(Hours)

Peak
flow
(cfs)

Runoff
volume

(Inches per
acre)

Runoff
volume
(Acre ft)

Volume of
retention
provided

Pre-development 0.25 7 r.4 3.15 NA
Post-development 0.2 6 r.4 3.15 NA
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