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PREFACE

Granular materialsare a strategic and valuable resource and should be used in a
sustainable manner. For this reasodme tGovernment of théNorthwest Territories
(GNWT) has prepared a Granular Resource DirectGfgD) as part of a territorialide
granular strategy committed the conservation, sustainabiliyd effective management

of granular resources within theoNhwest Territories (NVV).

The Directoy is designed to provide guidanicetheidentification,acquisition, usage and
management of granular neafls. The conservation and effective management of
granular reserves are important for future territorial and community infcasteu
development throughout the NWThe GNWT continues to implement initiatives and
strategies to ensure a sustainable granular supply for the benefit of future generations of
northerners.

The objective of the Directory is to provide a uf@ndly way for territorial
governments and the public access granular resource information. The Directory can
be accessed dime and acts as an information managemdatabaseA series of
guidelines are available related to the ownership, regulatory requignastitification,
inventory, procurement, productioand use of granular materials within the NWT.
Information about the availability of granular resources, supply and demand models, pit
operdions, environmental managemearid the sustainability of thisesource are also
covered.

Guidelines are supplemented by a comprehensive bibliography, selected websites and
appendices related to granular resource development and management within Federal,
Commissioner and private landsthe NWT.

The NWT Granudr Resource Directory is divided into five ckexs, photo and website
directories bibliography and appendices.

Chapter 1: Introduction

Chapter 2: Granular Resource Overview
Chapter 3: Granular Supply and Demand
Chapter 4: Granular Acquisition and Protan
Chapter 5: Granular Resource Management

Photo Directory
Website Directory
Bibliographyand Reference Directory

The Appendices A through E contain relevant PDF and Word documents that are
hypetinked to each chaptevithin the directory.
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1.0 INTRODUCTION

1.1 Backgroundi Territorial Granular Strategy

Granular materialarenecessary for government and municipdélastructure projects in

the NWTanda strategic and valuable resourtbe GNWT has a responsibility to ensure
that granular materials will be available for future generations of northerners, where
requred and ata reasonable pricét is imperative that the needs of a wide array of
stekeholders and interest groups amnsidered in order to properly develop and manage
this important resourcen January 2007, the Interdepartmental Gran@ammittee
(IGC) was taked with implementing a two part Territoridbranular Strategy by
preparing a Olerritorial Granular Resource Forecast(TGRF and developinga
ranular Resource Directod(GRD).

The Granular Resource DirectoifGRD) represents Part @f the Territorial Granular
Strategy.In September 20Q6indian and Northern Affairs CanaddNAC) hosted a
workshop in Yellowknifeentit | eTde NOWT Granular Users Foruin Participants
included representatives from Aboriginal organizations, governments, regulators,
industry, resource management bodies, and consultants. The forum identified that there
was a conigerable amount of datan ganularresource management in the NWT Hut

was widely unknownwhere andhow to access the informatios well, it was
acknowledgedhat the quality and quantity of informati@m granular resourceis the

NWT neededo be improved. Participasmformeda consensus on the necessutybetter
access tgranular resourceformation onthe identification, acquisitioand management

of granular resources in the North.

The GNWT has a role to play in ensuring tkatitorial governmentsire able to meet
this need by improvinghe availabilitygranular resource informatioifhe GRD, as part
of a comprehensive Territorial Granular Strategy, is intended to assist ak lefvel
territorial governments and the publicaccess and utilizgranular resource infmation.

1.2 Scope

The objective of thd®irectoryis to provide a usdriendly meango access infonation
about theidentification, acquisition, productionysageand managemendf granular
resourcesn the Northwest Territorieswith a critical regard toa sustainable granular
supply forcommunity and territorial infrastructure development.

Current nformation about the availability ofranular resourcesincluding source
evaluations granularinventoriesand the sustainability of this resoee are reviewed
Guidelines to thacauisition, methods of extracticemd transporting @rular materialsn
the NWT are also covered, including the environmental aednomic inpacts of
developing thisnonrenewable resourcdhe use of granular materials all types of
constructionis also examinedncluding competinglemands for granular resources.
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1.3 Information Management Tool
Accessiblequality information on theprocurement, developmeaind management of
granular resorces in theNWT needsto be a indamentapart of a TerritoriaGranular
Strategy. he Granular Resource DirectorGRD) was prepared as an information
managementool to assistall levels ofterritorial governments, private sectand the
public to:

. Acces granular resource information;

. Planfor the provision of granular materials;

. Determine granular inventories;

. Prepare a granular demand forecast assessmenb assist in the timely
acquisition of granular materials;

« Ensure granular materials are available when requiredand at reasonable
Ccost;

. Deal with environmental and regulatory issues;

. Provide sound management practices and standards for the extraction tfis
non-renewable resourcesand

« Implement management planning techniques to ensure thgeustainability of
this resource including Geographic Information Technology

1.4 Territorial Granular Strategy Initiative
1.4.1 Interdepartmental Granular Committee

To meet the challenges of granular acquisition within the NWT, especially the high costs
of obtaining granular mateis, the GNWTprepareda Territorial Granular Strategthat
involves a coordinated systematic approach to granular acquisition that ensures an
economic, reliable, accessible, and sustainable granular soppiget the continual and
increasing demaniwr this resourcéAppendix A" Granular Strategy Repoxt

In November 2006, an Interdepartmental Granular Committee (IGC) was established to
implement the Territorial Granular Strategy under the direction of the Deputy Ministers
of PWS, MACA, DOT and the President of the NWTHC. The Committee was tasked
with the preparation of two separate but mutually inclusive documehts Territorial
GranularResource Forecast (TGRF) and the Granular Resource Directory (GR®).
Department of Public Works and Services chairs the IGC.
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The TGRF is used as the basis for consultation with community governments, and
potentially other stakeholders, who may wantcbordinate with the GNWT to achieve
economies of scale. The TGRF updates territorial granular supply and demand forecasts
biannually (tables are updated and forward internally withirGN&VT and circulated to
territorial governments in April and Octobeto facilitate the coordination of granular
supply opportunities and assess project required material vol#pesr(dixA i TGRF

May 2009Updates.

The Granular Resource Directory (GRD) acts as a publentedinformation tool that

compiles information on the supply, acquisition, conservation, sustainability, and

effective management of granular resources withinNWéT for the benefit of future

generations of northerners. The GRD can be accesskde by all levels of territorial
governments, NGOO6s, private sector and north

The Committee meets regularly to review the status of territorial and comynguanular
acquisition in the NWT.As of March 2009inquiries to the IGC as to the acquisition and
management of granular resources within the NWT can be directed to:

Fred Collins

Projects and Geotechnical Officer

Asset Management Division
Departmenbf Public Works and Services
Government of the Northwest Territories
PH: 8679206923

FAX: 867-8730226

Email: Fred_Collins@gov.nt.ca

1.4.2 Current StattisMarch2009

. The Territorial Granular Resourc e Forecasth main report was tabled in the
May 2007 sessin of the 15" Legislature Assembly In June 2007, MACA
circulated the first forecast tablesfrom the report to municipal governments

. Territorial Granular Resource Forecast tables areupdated biannually to
reflect new territorial granular supply and demand information and
circulated to territorial governments, to facilitate potental granular supply
operations.

. The latest version of theTGRF was circulated to municipal governmentsand
GNWT departments and corporations in May 2009 and is available on the
GNWT/PWS website

. The Granular Resource Directory GRD) can be found as a PDF document
on the PWS home pagevith its own hyperlinks and access protocols.

Granular Resource Directory Northwest Territories 9
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2.0 GRANULAR RESORUCE OVERVIEW

2.1Challenges

Territorial governmentare faced with unique challenges with respect to the provision of
accessible and adedaasupplies of granular matergal Inequities exist between
communities that have access to granular material sspgtid those who do not. h&
conservation and effective management of granular resereesnaortant for future
territorialwide infrastricture and development projects throughout the NWT.

The lack of an adequate supply of granular materials for commanity territorial
infrastructure private sector projects and transportatielated demands are rgmis
challengesThe degree of chalhlge varies according to geographic location, community
production and management capabilities, the high costs to supply granular materials on a
projectby-project basis and the a@going competition for granular materials.

Access to adequate supplidggoanular materials is ather challenge for many territorial
governmentsThere are eight communities that do not haves@dien access to granular
sourcesand are required to obtain gravel through seasonal sopghationgesultingin
higher projectoss. Other municipalitiegace issues associated with local capacity, long
distance supply or lack of private sector capacity to obtain gravel.

The cost of granular supply in the NWT is highd dependent on availabilityOnce a
proven source has beeéepleted, access and development of an alternatives feen
difficult and costly.Any significant reduction in granular reserves availableetatorial
governmentsand other users will result in higher costs to aceess develop potential
sourcesSomemunicipalitiesalready require long distaneecesgo borrow pits to meet
demand The following summarizes the challenges related to the acquisition,
development and management of granular materials in the:NWT

. Deposits are limited in occurrence ad essentially norrenewable

. Adequacy and accuracy of existing inverries for supply and forecasts of
demand

. Sources can be remote from established communities

« High development and production costs

. Seasonal access often required

. Reconciling conflicts uses between industry and communities equitablgnd

. Sustainability of existingreserves

Granular Resource Directory Northwest Territories 10


http://www.pws.gov.nt.ca/pdf/grd/ch5/Paper%20To%20JRP%20-%20NWT%20Granular%20Sustainability.pdf

Territorial Granular Strategy

2.2 0Ownership, Acts and Regulations
2.21 Ownership

Ownership of land in the north generally includes ownership of granular resources. In the
NWT there are five categories of land ownership.

1. Crown Lands

« Federal lands administered bthe Department of ndian and Northern
Developmen{Appendix B Northern Land Use Guidelings

2. Commi ssliamdner 6 s

. Federal lands administered Ihetterritorial governmer{Appendix B Quarry
Administration- Commissioney Land.

3. Private Lands

In the NWT, there are three settled lacidims collectively referred to as private
lands.

« Under the Inuvialuit Final Agreement (IFL), Inuvialuit have ownership of 90,649
square kilometres of land, including 13,000 square kilometres wittsigtitice
rights to oil, gas, and minerals. The fournwaunities in the region are
Ulukhoktok, Paulatuk, Sachs Harbour and Tuktoyaktuk.

. The Sahtu claim area covers 280,238 square kilometres. The five communities in
the region are Colville Lake, Fort Good Hope, Tulita, Deline, and Norman Wells.

. The G w iSettrerdantn Area avers 56,935 square kilometreShe four
communities in the region are Aklavik, FéttPhersonTsiigehtchic and Inuvik.

4. Tlicho Lands

. The Tlicho Agreement was negotiated by the Dogrib Treaty 11 Council, the
Government of Northwest Trtories, and the Government of Canada. The Tlicho
agreement is the first combinémhd claim and selfgovernment agreementn
the territories.

« The Tlicho received approximately 39,000 sq. km of land in a single bloc
surrounding the four Tlicho communisieof Bechcho, Wha Ti, Gameti, and
Wekweti of the North slave Region of the NWT. On their lands the Tlicho own
both the surface and subsurface resources.

5. Municipal Lands

. Lands administered by the territorial government municipality.

Granular Resource Directory Northwest Territories 11
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2.22 Ads and Regulations

The regulations #&bcting the developmendf granular resources and the pss for
obtaining authorization vary across the NWT and depanthnd ownership.Land-use
guidelines, garying rights and permittingdiffer on privateand gowernmentiands alsq
it is necessary to obtain access agreements fronatidewner.

The followingActs and Regulationapply to pit and quarry development in the NWT:

1. Mackenzie Valley Resource Management Act (MVRMA) and Mackenzie
Valley Land Use Reguhtions

Territorial Lands Act, Land Use Regulations andQuarrying Regulations
Fisheries Act

NWT Waters Act

NWT Waters Regulations

Mine Safety Ordinances and Rules

S o

The following regulatory agencies receive and review applications for activitiedredate
the development and removal of granular materials on any lands within the NWT.

Mackenzie Valley Land and Water Board (MVLWB)

Sahtu Land and Water Board (SLWB)

Gwichdéin Land and Water Board (GLWB)
Inuvialuit Land Administration (ILA)

Municipal ad Community Affairs (MACA)

Wekdeezhi.i Land and Water Board (WLSB)
Indian and Northern Affairs Canada (INAC)

NoOkwNE

- The Mackenzie Valley Resource Management Act (MVRMA) through its Mackenzie
Valley Land Use Regulations (MVLUR) empower & LWB to regulate the @sof
land by issuing, amending, extendimgnd suspending land use permits the
unsettled (Crown) land claimreas of the Mackenzie Vallefhe MVLWB also
maintains a public registry that contains aggiions received by the Board

- Land use permitd.UP) related to granular resource development for all private lands
in the Sahtu, Gwichdédin and Tlicho geograph
Wat er boar d (sLwB) , the Gwichoin Land an
Wekdeezhi i Land and Water Board (WLSB

- The Inuvialuit Land Administration (ILA) is empowered under the Inuvialuit Final
Agreement (ILF) to process and issue permits for any land use activity on Inuvialuit
Lands.

- The GNWT is responsible for the administration of gravel quarries and pits on
Commissioners land within the NWT (Appendix B — Quarry Administration). Under
the Commissioner’s Land Act and regulations, the Department of Municipal and

Granular Resource Directory Northwest Territories 12


http://www.pws.gov.nt.ca/pdf/grd/ch2/Quarry%20Administration%20-%20Commisssioner's%20Land.pdf

Territorial Granular Strategy

Community Affairs (MACA/GNWT) provides regulatory control for maintaining
sound environmental practice for any land use activities associated with the planning,
development and operation of any quarry and/or gravel pits on these lands. These
lands are usually in and around communities and also include highways and roads on
public lands. They comprise less than one percent of the Northwest Territories.

- Lands administered by the TlglGovernmentare e gul at ed by t he Wek ©6:
and Water Bard (WLSB); however, the WLWB is currently in the process of
developing their guidelines for applications for land use permits and water licenses.
Until these are completgpplicants are advised to contdot Mackenzie Valleyand
and Water Board

2.23 Application Process

Applications for land use and quarry permits are submittetidogiéveloper at the same
time. Generally, the application and review process for all of the above regulatory
agencies can take up 4& daysto reach a decisioA deweloper must obtain a land use
permit from the various Land and Water Bads) and a quarry permitrom the
appropriate regulatory agen¢NAC), depending on the geographic location of the
quarry or pit, befre any development can occlrand use permit gpications are
available odine through the various regulatory websit€guary permit applications are
availableoAd i ne t hr ough Not&NAMEedds B foredl sUPtaed.Quarry
Permit templates and the website directoryfor related information.

Both permits will have conditions upassuance thateed to be followedAlso, a land
use permit must be iplace before a quarry permit can be issu@doperations cannot
commence until a valid land use peramidquarry permit havéeen obtained.

Furthemore ground truth reconnaissagprogramselated to granular investigations and
advanced exploration of identified granular deposits such as test pits or drilling may
require a landise permit dependent on the type and amount of equipment to be used and
the scope of the landise actiity.

Land Use PermifLUP): Authorizes temporary use of land for activities associated with
granular resource development for periods of less than three ydegare designed to
minimize environmental disturbances and can contain conditions regarding
environmental protection, location and area constraints, timing of operations, type and
size of equipment, abandonment and clepnOften, a security deposit is read A

LUP can be extendddr oneyear upon review.

The entire lifecycle of a pit or quarry from site development to reclamations, single or
multiple uses, the scope and level of pit operations all need to be considered when
applying for a laneuse @rmit.

Also, a spill contingencgnd responsplan must be submitted with the LUP application.
Guidelines are available atvw.enr.gov.nt.ca/eps/pdf/spill_contingency.pdf
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Quarry Permit Authorizes the removal of a specific amount of material fram
designated quarry or pitNAC requires a monthly quarrying report during pit operations.
The permit expires when the quantity of material stated in the permit has been removed
or on the expiry of one year from the date of issue. Often the pemmitres royalties

based on themaount of material to be removed here are no extensiorsd operat®
cannot exceed the material quantities authorized during pit operadoidal Quarry

Pit Retur® f o sulbmittedswherthe existingpermitexpires or when total material is
quarried
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2.3 GuidelineReferences

The following terms and definitions are provided for quick and easy reference and
warrant a brief explanation, as they are important terminolodetier understand the
Directory:.

Active Layer the layer of ground in permafrgsthich thaws eachusnmer andefreezes
each fall; acts amsulation that keeps the underlying permafrost frozen.

Blend: A type of granular material, usually within the sasides containing over 10%
fines, which is used in the processing of select grade materials to improvesigeain
gradation and compaction.

Bore Hole A small diameter hole drilled from the ground surface to collect granular
samplegPhoto 37).

Boulder:A subrounded to rounded rock with a diameter exceeding 250 mm (ten inches).
Common Grade Normally refers to naturally occurring pitrun within an identified

borrow source that can be used for various types of construction suighrap, general
fill, structural fill or embankment, or for use in the processing select g(Bdeso 4.

Concrete Aggregat&ranular material that meets the specifications for the production of
cement (clean, hard, freef &6f i nesd or contaminates).

Fines: Very fine particles such as silts and clays, which can pass through a standard No.
200 sieve. Normally, material that consists of over 15 % fines is undesirable for
construction but a lower limit of 5 % or lessaisceptable to aid in compaction.

Granular ExtractionThe physical act of removing pitrun material from the undisturbed
ground, as part of develmg a granular deposit forming a borrow giPhoto 6 and
Photo 17).

Gravel Haul: The physical act of transporting granular materials, normally from the
borrow source to the project site. The haul distance is a major consideration in the total
costs of acquiring gravel for a specific construction prdjebbto 21).

Granular MateriatsOften used to describe sands and gravels but technically granular
materials include natural sizingofn silts to sand, gravel, and cobbles to boulders.

Boulders | Cobbles Gravel Sand Silt Clay
(rip -rap) Coarse| Fine | Coarse| Medium | Fine
300 75 19 5 20 0425 0.075 0.005  (mm)

Note: When comparing the granular particle sizes within a grain size curve, the No 4 size
(5 mm) represent the separation of gravel and sand percentages passing. Similarly, the
No 200 (0.075mm)showst he separ at iicmesdf (ssand amd &fl ay s )
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Ground Penetrating RaddBPR is a technique used to delineate subsurface features by
passing electromagnetic energy into the ground and back to a receiving antenna.

Groundtruth Reconnaissarc The physical act of acquiring information on the ground
to assess or prove geotechnical assumptions, especially with respect to determining the
suitability of an identified granular deposit for future developniEhbto 9 / Photo 10).

In-Situ: Refers to the natural, undisturbed position and characteristics of granular
materials in which they were originally formed or deposi{t&aoto 17).

Permafrost Defined as ground thatays below OC for more than one year. There are
discontinuous and continuous zones throughout the NWT. Discontinuous permafrost
may or may not be underlain by permafrost. Special operating techniques are required
when developing a gravel deposit enldin by permafrost.

Pit: A land location(Photo 1) where granular materials, not including consolidated rock,
is being or has been extraci@hoto 6) (often interchangeable with quajry

Pitrunt Raw, extracted, granular materials accessed directly from a naturally occurring
source/depositThe term is generic and not associated with material gradation or quality.

Poorly GradedThe granular borrow source material has an excess of some patrticle sizes
a shortage or lack of others, or has nearly all particles the same size. This type of material
is less stable than well graded materials and should not be used in projects where load
bearing or structural support is required. It is suitable for backBim construction or
landscaping.

BedrockQuarry:An open excavatiorelated to extraction of bedro¢Rhoto 2.

Select GradeMaterial that has been processed from raw pitrun to specific;gnaalied

granular sizes requiredbr a specific usei.e. 50 mm minus, 20 mm minus, etc.

Specialized equipment is needed: grizzly screener, power screener, or crusher to process

the pitrun material. Materi al often referre
(Photo 5).

SlumpindSolufluction A type of landslide owing to the downward slipping of a mass of
debris/material into an irregular shaped pile at the bottom of an incline; often occurs
along borrow pit walls ihot sloped/contoured correctlyaft be slow moving or sudden

Thermokarst:The undulating, irregular, surface topography due to differential thaw
settlement or caving of the ground because of the melting of grou(@ho® 29.

Well GradedAn important magrial engineering term indicating that the granular deposit

has an equal amount of each gravel and sand
are referred t o ansqudiy haetalséfocanstrdctioa pugosesx cel | e
especial whereold bearing or structural support is requifiedoto 3.
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2.4 GRD INFORMATION FLOW CHART

As outlined by the following flow chart, chapters three through five of the GRD
discuss issues relate to accessing information on the iddmation, development,
acquisition, and management bgranular resources in the NWT.

IDENTIFICATION

Granular Inventory

v

EVALUATION
Optimum use
REGULATOR Y
Permitting
v OPTIONS
DEVELOPMENT <+«—— SUPPLY & DEMAND
COSTS Granular Needs
v (t];?engtézsg rade
ACQUISITION < MANAGEMENT PLAN
Pit Operations 4 Sustainability

RESTORATION

Environmental

v

GIS / DATABASE

Monitoring
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3.0 GRANULAR SUPPLY AND DEMAND

3.1 Granular Supply

3.1.1 Granular Inventory

A comprehensive granulaesource inventory for the NWT is not curtlgravailable in

terms of a territorialvide geographic information system digital integratedsuface
mapping However, granular inventories are available throughe collection of
subsurface data frormumerous geotechnical reports and granular investigaion
especially aroun®lWT communities. A number of resource databases and bibliographies
are available that review and summarize the granular resources studies undertaken in the
NWT (Bibliography Directory.

In the past granular procurement and managemeate linked to the GNWcapital
programs and maintenance requirememtsa projechby-project basis. The changing
roles and responsibilés of territorial governmentshe impact 6 large scale, mult

phase resource development projects, the growth of communities, GNWT granular
programs and strategy initiatives, the emphasis on land use planning and resource
maragement havall contributed tothe extensiveexplaration, regulationdevelopment

and management of granular resources m MWT. As a result, a larggumber of
granular sources have been identified for use in commbaged and territoriakide
infrastructure projectsMuch of this@r anul ar informationt is alyady
available within varioudut separat&eographic Information Syster{GIS).

A @Granular Resource Inventory6 includes a review of d pertinent geotechnical
information onexisting and potentiagranular sources and matdrevaluations(eitheron
alocal, regional or territorial level)lo prepare granularresourceanventory, arecord of
all depleted, activeand potentialgranular sourcesis cataloguedn terms of material
guantity and qualityA resource inventorysithe fist step in preparingpcal toterritorial
wide granular supply and demand maslel

Quantity:

The availability of granular materials throughout the NWT is extremely variable,
especially high quality materialGeotechnical methods are used to determinetdies

of useablegranularmaterials associated with specific identifieshdforns. To prepare a
community or regionalgranular resource inventgryhe quantities of material are
determined for a number of granular sources/deposits around a commuwityiara
specific land arealhe quantityinformationis thenusedin supply and demand modeis

part of agranular management plan for a&fie community or region.
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Quality:

Deposits of materi al may b e u npits lutinnthe o r
NWT mostgranular deposits are composed of combinations of material. typesthe
proportion of these types within a granular source that make it suitable or high quality
for a specific use during constructian Different uses requira different type or quality

of material. For most construction purposasthe NWT, a mixture of grain sizes is
preferred rat her Matdrid guality informatiordetermideethe @ersdi t .
use of the material and issed in supply andlemand mdels aspart of a granular
management plan for a specific community or region.

As a large number of granular investigations and iteraaalysis have been completed
around NWT municipalities and regions, a reviewawhilable information ighe first
stepin preparing a granular resource inventory by:

1. Accessing geographic information systems and databases
2. Reviewing northern granular resources bbliographies and references
3. Considering local and traditional knowledge

3.1.2 Granular InvestigatiorAppendix G Termsof Referenck

A granular investigation is conducted to determgristing and potential granular sources
near a specific communityor over amuch larger land area involving a number of
communities. Kisting sources are reviewed to determine remaining reserves before
abandonment is necessary. Potensalirces are identified through a detailed terrain
analysis and air photo interpretatistudythat deéect specific land forms thatommonly
contain granular materials anteevaluated in terms of aterial quantity and quality

The identification of potential granular sources employs a number of different techniques
using air photogPhoto 8, topographical athsurgicalgeologi@al maps, satellite imagery

and Ground PenetratingaBar(GPR) information Also, acces$o an identified potential
gravelsoure is an important consideratiam terms of distance and difficulty asses
potential developmenand isdetermined from the same techniques.

The composition and quality of a gravel source can be directly related to specific land
forms and their mode of originwhich is a specific physical science referred to as
@eomorpholgyd .Some typical northern landforms that can be identified on
topogaphial maps and aiphotos that arprovensources of granular materiass

1. Alluvial Fans

An outspread, genty sloping mass of fluvial (sand and grave))deposited by
a stream Viewed onan airphoto it has the shape of an open fan
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. Eskers(Photo 7)

On an airphoto, noted as a serpentinenarrow ridge of stratified gravel and
sand. Eskers are very common in the north and an excellersource of
granular materials. On a topographical map, indicated by linear closdy
spacedcontours. Length can range fromless than 100 metres to more than
500 km, and in height from 3 metres to more than 300 metres.

. Raised Beaches/Terraces

Are ancient beaclesoccurring above thepresent shoreline of an existing or
ancient lake or ocean, eithecausedby local uplift of the land or lowering of
sealevel. A series of raised beaches form a terraced or stdike landscape
easily identified on topographical maps or airphotos.

. Outwash Plain (Photo 17

A broad gently sloping sheet of sand and gravel size material deposited from
meltwater streams flowing in front of or beyond a retreating glacier.

. Kames

A mound, knob or short irregular ridge on an air photo or small, dense,
circular contours on a topographical map; composed of stratified sand and
gravel.

. Moraines

Rolling mounds or ridge like accumulation of glacially deposited materials
that often cover a large laterd area; composed of glaciktill (nonsorted,
shallow, bony angular gravelsize material mixed with sand, silt and clay).

. Drumlins

A low, smoothly rounded, elongated hill (or chain of hills) composed of
gladal till. The average sizes 30 metres in lengthand from 8 i 60 metres in
height.

. Bedrock Ridge

A massive, solid, irregular shaped bedrock that lies abovethe ground
surface. Associated with rock quarry (Photo 2 drill, blast and crush
operations to obtain all size of granular materials from rip -rap (blast rock)
to select grade (screening or crushing of blast rock)
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3.1.3 Ground Truth Reconnaissance

The suitability of agranular sourcéor developmentd based on thiellowing ground
truth reconnaissanoguidelines:

. Determine lateral size and depthof depositand evaluatesite conditions

. Preparetest pitting grid/layout (Photo 15;

. Estimate recoverable quantity volume (Photo 12;

. Obtain material samples for engineering testingPhoto 13;

. Estimate development costs based on site conditigns

. Determine environmental concernsrelated to site conditons; and
. Verify optimum access routes

Material samples are obtained and subjected to a number of engineering tests to
determine the type, quality, and optimum use of the source matehato 14). Also,

GPR can be used tietermine the extent and depth of a dep&stzelopment options are

then considereds par of an overall granular management based on availaloess,
optimum use of material, processing required, recoverable volumes and costs.

3.1.4 Investigatioin Test PittingBore Holes

Typically a potential borrovgourceis located througla terrain analysis and/air photo
interpretation This is followed ly a grounetruth reconnaissance: grid @attern of test
pits is positionedver the source ard®hoto 15). Surveyor or field person with a hand
held GPS locates the test pits in the fielin excavatoror drill completesa test pitor
bore holeat each locationwherea technician classifies the different soil encountered,
logs the test pitor bore hole and grabs bulk sartgs for testingTypically atest pit is
photographed upon completion with a cloth tape over one of the sides to indicate depth of
soil layers(Photo 19. Depth of termimtion is typcally around éGmeres below gradeof

as far as excavator can reamhto the water tabje In some instances using a shovel to
dig atest pit(Photo 10 is acceptable; however, the deeper tib& pitthe better the
volume edtnate can be

When all the test piter bore holesare completed the information is reviewed. Each test
pit log provides a depth to where each different soil type was encediiighoto 37).
From recordediepths and lateraf@aarecoverablezolume can be estimated.

Equipment needed D4 or larger for clearing and accessedium size excavatar drill
for subsurface investigatimanda GPS
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If the investigation showthata granular deposiis suitablefor developmenin terms of

quantity engineerindaboratoriescan conductests to determine the apum use of the

source materia{Note Section 4.3: Basic Material Test)jngaboratory testing consists

mostly of sieveanalysis ad moisture contenfA sample is often crushed to a certain size

to determine the material 6s suitability for

3.1.5 Quantity Estimates

Granular material quantity estimates related to inventory studies are classifiedes, pr
probable or pryspective.Often, prospective and probable quantity estimate information
are available within the geotechnical reports for a given borrow source.

A provenvolume is one where extent, thickness, and quality is supported by grotimd
information such agestpitting, exposed stratigraphisections, bore hole logs, and
sampling(Phato 11 and Photo 12).

A probablevolume is one where extent, thickness and qualiginferred o the basis of
direct and mdirect evidence such as airphoto interpretation, geophysical data, terrain
analysis, and limited sampling.

A prospectivevolume is one where existence, extent, thickness and quality is inferred on
the basis of limited direct evidence such as airphotrpngétation or satellite imaging but
without sampling or grountfuth reconnaissance.

3.1.6 Source Evaluation Guidelines
Once a granalr source has been identified:

. Site conditions areused to determine pit planning and designA site-specific
invedigation determines any topographical constraints with regard to pit
development and a visual inspection of source material. Permafrost
distribution, slope,groundwater conditions,depth to bedrock vegetationand
drainage areexaminedthat may impact on urce development.

. The site area is staked and flagge(Photo 9 to delineate the pit development
boundaries to contain operational activities and limit the amount of land that
IS to be disturbed.

. The evaluationinvolves excavations of test pits,sampling, and material tests
to determine the extent and construction potential of the granular materials
within the deposit. Representative samples at different depths are required
(Photo 13.

A granular source can contain material ranging in size fromlders to clay. The
evaluation willdetermineif the source material is well graded or pooghaded, which
impacts on the end use of the material. Well gradatkrialis easier to compact.
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« A well graded granular deposit contains equal amounts of each gravel and
sand sizgPhoto 3.

« A poorly graded granular deposit contains all particles the same size or a
lack of certain particle sizes, have more voids and are thuessstable.

In geotechnical reports, a borrow source evaluation is often discussed in terms of five
classes of materials, as noted'able 1 (INAC referencg

Table 1: Classification of Granular Resources

Classification | Quality Gradation Use/Typial

Class 1 Excellent Cleani less than 5 % surfacing
fines materials/roads/airstrips
Well graded sands and concrete aggregate and asphalt
gravels production

Class 2 Good Well graded sands and Road base and sutbhase
gravels with fines Structure supporting fill

Class 3 Fair Poorly graded sands and General fill for roads,
gravels with fines foundation pads and staging

areas

Class 4 Poor - Poorly graded, sands and | -  non-structural general fill such
gravels with high as berms and coering material
percentage of fines (silt)

Class 5 Bedrock | - rip-rap, armour rock - Erosion control

- broken rock - Potential for quarry and crush

3.1.7 Material Testing

Test pitting displayshe stratified gravel layers of the souf&hoto 11) and locaes the
water table. Normally a front end loader is used to excavate a test pit but hand
excavation is prevalerfPhoto 6 and Photo 10). Material samples are taken at various

test pit locationgPhoto 12.

Geotechnical tests are used to classify granular materials, based on material
characteristics and the enginegri properties of the materialThe Unified Soil
Classification (USQ system isused to identify various types atranular magrials
through a visual irsitu desciption andengineering testAppendixC i USC Systein
Classificationin this manner ultimately determindgetvarious end use of tipg material

and thus the acquisition and production options of the source.

The followingmaterialengineering testprovideall the information about the quality and
suitability of granular materials sampledr a borrow pit orock quarry:

1. Grain size analysis
2. Atterberg L imits
3. Proctor
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4. Specific Gravity

5. Petrographic Analysis

6. Percent Crushed

7. Natural Moisture Content

8. Fractured Face Count

9. Flat and Elongated Particles
10.Colour Test

However the followingthreetestsprovidea signifiant evaluation about the suitability of
a borrow sourcenaterialfor construction purposes

Washed Sieve Analysis

The WSA usesspecific rack of sieves from 4.75 mm (No 4 Sieve) to 0.075 mm (No 200
Sieve).Test results are prepared on a standard .faitms test gives the actual particle
size distribution of each dhe size ranges in the sample. ipercentage of gravel, sand
and O0finesd (silts and clays).

Proctor Test:

A proctor test determineshe moisturedensity relationship of the materialThis
information is the criteria upon which compaction specifications are based. Ultimately
the test represents the lebdaring capacity of the material, which is especially important
for road construction and structural pads.

Colour Test:

Specificdly relatesto the production of asphalt and concrete aggregate. Five standard
colours are useidthe colour number should not exceed (3) for use as concrete aggregate.

Granular Resource Directory Northwest Territories 24



Territorial Granular Strategy

3.2Granular Demand

Note Strateqy Report in Appendix A

3.2.1 Omngoing Demand

A wide range of projects requiring granular materials are initiated by GNWT
departments, cwen corporations, municipalitieand the private sectofThere is an on
going granular demand for:

Public I nfrastructure
Transportation | nfrastructure
Housing Lots/Building Pads
Industrial D evelopment
Resource ®velopment

arwnNE

3.2.2 Forecast Analysis
Granular demand forecaa$sessmestssistterritorial governments

. To plan and implement granular acquisition operations to ensure granular
materials are available in a timey manner and at reasonable cost;

. To focus coordination of a granular supply where gravel shortages exist, as
future infrastructure and O&M needs are identified on an annual and/or
five-year basis

. To act as a basis for consultation with all potential stakeholders to achieve
economies of scaleand

. To assist in the preparation of a granular management plan
Teritorial and communitgrandar demand forecastssessments are based on:
. The fiGranular_Material Breakdowrd of capital projects (Table 2), now a

responsibility of community governments, is used to obtain the gnular
needs of a given asset or project for any given year,

. Include O& M granular materials for highways, roads, land fills, and general
requirements;

. Both commonand select graderequirements in cubic metres;

« All project quantity estimates a r dulk &/olumesd t hedléct maximum
granular material requirements and earliest project initiation;
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« Analysis of theGNWT 2008- 2011Infrastructure Acquisition Plan;
« Review of the NWTHC Affordable Housing Initiative ;
« GNWT 20-year Needs Assessment

. Granular estimates related to territorial resource development pojects
where appropriate; and

. Granular requirements based on theMunicipal Government Capital Plan.
3.2.3 Granular Material RequiremebisAsset

Table 2 represents the volume of granular materials required for various assets or
construction projects normally associated with community infrastructure. Municipalities
can estimad granular requirements by project annually or over & $ear time horizon.

This information is especially useful to communities that are notssaéitient in
granular materials and require seasonal and/or long distance granular supply operations to
meet project needs.

Estimatng granular material quantitiehen becomes a simple calculati@i total
volumes based on the number and type of project/asset proposed over a given year.
However, it should be noted that the granular quantities as nofeable 2are6 b u | k
vol umesaod

A bulk volume is the quantity of granular material that has to be extracted from a
pit/quarry to meet the i-pnl a watuthe for ay given construction projecBulk
volumes are up to 30 % higher to account for losses duevading, shrinkage,
compaction, side slope, etc.

Bulk volumes should be used for

. Estimated calculation of granular quantities for construction projects and
not for design, and

. For pit managementto monitor the removal of recoverable materiak from a
borrow pit or rock quarry.
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Table2: Granular Material Requirements by Asset - Bulk Volumes

Bul k volumes are for Class O0DO6 budget est
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Granular Material Requirements by Asset (continued)
Project Common Select Conc Agg. Rip-Rap
m® m® m® m®
Visitor Center 500 375 0 0
Above Ground Pool 500 375 0 0
Wharf 0 0 0 650
Breakwater 0 0 0 7,500
Curling Rink (4 sheets) 350 250 0 0
ATB Expansion 250 100 0 0
Lagoon Upgrade 5,000 0 0 0
Water Treatment Plant 675 425 0 0
Airport Lighting Rehab 0 100 0 0
Airport Maintenance $ickpile 0 5,000 0 0

Granular demand information can be projected (in this case a ¢ie chartd and used as a
planning tool to provide a territorial, regional or municipal overview of the estimated,
total, granular demand quantities over time, within a specific geographic or political
region of the NWT. The Inuvik region is used in the following example.

51,425 m
33,350 m 2007/08
2009/10

46,180 m:
2008/09

CHART 1: INUVIK REGION

Regional Granular Material
Forecast Estimates

2007- 2010
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3.2.4 Table 3: Territorial Granular Demand Estimates 2008 2011

Community/Region GNWT Municipal Municipal Total 3-Year
Capital m3 Capital m3 O&M m 3 Estimate m3
INUVIK
Tuktoyaktuk 7,000 18,000 30,000 55,000
Sachs Harbour 1,000 5,000 7,500 13,500
Paulatuk 3,500 19,000 9,000 31,500
Uulukhaktok 4,000 13,000 10,500 27,500
15,500 55,000 57,000 127,500
GWI CHOG6 1 N
Aklavik 9,000 25,000 12,000 46,000
Ft. McPherson 7,500 11,500 24,000 43,000
Tsiigehtchic 4,000 10,000 7,500 21,500
Inuvik 35,000 N/A 105,000 140,000
55,500 46,500 148,500 250,500
SAHTU
Colville Lake 5,000 N/A 6,000 11,000
Deline 8,000 21,500 19,500 49,000
Fort Good Hope 5,000 5,300 22,500 32,800
Norman Wells 2,500 N/A N/A 2,000
Tulita 19,700 20,000 13,500 53,200
40,200 46,800 61,500 148,500
SOUTH SLAVE
Fort Resolution 4,300 N/A 19,500 23,800
Fort Smith 37,500 N/A 36,000 73,500
Town Hay River 4,000 N/A N/A 4,000
Hay RiverReserve 11,000 N/A N/a 11,000
Enterprise Nil 4,000 9,000 13,000
56,800 4,000 64,500 125,300
NORTH SLAVE
Behchoko 1,500 5,300 30,000 36,800
Gameti 1,000 20,000 13,500 34,500
Whati 6,500 N/A 15,000 21,500
Wekweeti Nil 2,500 12,000 14,500
Lut sel Ko6e 3,500 N/A 12,000 15,500
12,500 27,800 82,500 122,800
DEHCHO
Fort Liard 4,000 9,000 15,000 28,000
Fort Simpson 10,000 9,000 36,000 55,000
Jean Marie River 5,000 N/A 4,500 9,500
Nahanni Butte 5,500 10,500 6,000 22,000
Trout lake 6,000 13,000 6,000 25,000
Wrigley N/A N/A N/A N/A
Fort Providence 4,000 N/A 21,000 25,000
Kakisa 4,500 N/A N/A 4,500
39,000 41,500 88,500 169,000
TOTALS 219,500 m3 221,600 m3 502,500 m3 943,600 m3
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3.2.5 Territorial Granular Demand Summary
For 2008 2011 Territorial and Municipal governments will require approximately:

« 220,000 i of granular materials for GNWT capital projects;

.« 222,000 mof granular materials for Municipal capital projects; and

« 503,500 ni of granular materials for Municipal O&M needs .*
*Municipal O&M requirements are based thre annual estimatedquantity of granular
mateaials neededo maintain and sustain public infrastructure suchicesl maintenance
(based on the total linear length of community roads), eamosiontrol, landfill

maintenanceas well agjeneral landscaping.

As of May2008, there is a projected drawdoafr950,000m?>from existingNWT
granular reserves from 2008011 (do not include GNWT O&M requirements).

Territorial Granular Demand
2008 - 2011 m3

502,500, 54%

O GNWT
B Municipal

219,500, 23% 0 o&M

221,600, 23%
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3.3Resourceand Infrastructure Developmenti Sustainable Supply
3.3.1 Mackenzie Gas ProjécGranular Supply and Demand

Resouce development and exploration projects depend on the availability aflgran
resourcesAnt i ci pat isgrgnula needs ghiadvande will ensure that granular
resources are available now and in the future for community and territodial
infrastrcture. The Mackenzie Gas Project (MGP) is a good exampke MGP is being
developed by Imperial Oil Resourc¥entures, Conoco Phillips Canada, Shell Canada
Limited, ExxonMobil andhe Mackenzie Valley Aboriginal Pipeline Group (Proponents).
The purpose fothe MGP is to develop natural gas in the Mackenzie Delta from three
anchor fields and transport the gas by pipeline to Alberta. The entire project is still under
review bythe National Energy Boardnd the Joint Review Panahd hasnot been
approved asf March 2009Appendix B Paper to the Joint Review Papel

If the MGP proceeds, construction of the gathering system antingipell require an
estimated 10nillion m® of borrow material. About 74 primary and 50 alternate borrow
sites have been identified for development along the project-afghty. Although
some of these sites and related access already exists, constaiatew winter and all
weather roads will be required to develop some ofdéstified potential sites.

Borrow source development within the anchor fields and acagssiar will occur in

2009 - 2012 dependent on MGP approv@lecision scheduled faBeptenber 2009)

Table4 summarizes the borrow sites being considered for MGP use that are located near
communities or known to be used by communities along the pipeline-ofigiey.
Agreements have been reached by the Proponents and Territorial Govisram#reuse

of these sources for the MG ensure a sustainable granular supply for the benefit of
affected communities.

The eight communities noted ihable 4 have opportunities to coordinate municipal
granular requirements with the development af tisted borrow sources during the
construction phase of the MGP. This would include use of new winter amcather
access roads$or granular supply operations. The Proponents will haul and stockpile
material extracted from these sources for MGP infuatitre and facility sites.
Furthemoreg crushing for select grades will be requirddsame of these sites fdine
MGP. As the thregrear construction phase proceeds, the communities list€dble 4
should consider joint venture supply operations wvitie Proponents to acquire and
stockpile both select and pitrun materials for municipal requirements.

The Departmentsf Transportation (territorialvide infrastructure), Energy and Natural
Resoures (tower replacement/upgradem)d Industry, Tarism & Investment (park
development) could also benefit from the development and access of borrow sources
along the pipeline righof-way, where granular material is required for capital projects or
O&M, but is either not currently available or diffictdt obtain at reasonable cost.
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The following table and maps are referenced from M@P Environmental Impact
Statement (EIS), Volume 2: Project Descriptisnbmitted to the National Energy Board
and the Joint Review Panel, by Imperial Oil Resourcesu/estLimited, August 2004.
The table has been edited for the NWT Granular Resource Directory.

Table 4: MGP Granular Acquisition Located Near or Used by Communities

Estimated | Estimated
: : . Proposed Volume Volume
Source | Material | Ownership [ Community | Status pose .
Construction Source Required
(1000 m3) | (1000 m3)
1.008P Granular Private Tuktoyaktuk Existing 2009- 2011 4,200 370
1.009P Granular Private Tuktoyaktuk Existing 2009- 2011 1,900 70
2.051P Rock Private Inuvik Proposed 2009- 2012 500 137
2059P
6.077P Granular Municipal Fort Good Hope| Proposed 2009- 2011 2,000 186
6.080P Granular Municipal Fort Good Hope| Proposed 2009- 2011 2,500 33
7.049P Granular Municipal Norman Wells | Proposed 2009- 2011 850 20
7.054P Granular Private Norman Wells | Proposed 2009- 2011 615 14
7.057P Granular Municipal Norman Wells Existing 2009- 2012 ToBe 243
: Determined
7.155AP Crown . .
7 155BP Granular Private Tulita Existing 2010- 2012 112,000 73
10.043P Granular Crown Wrigley Existing 2010- 2012 19,700 50
10.033P Grarular Crown Wrigley Proposed 2010- 2012 5,600 6
11.071P Granular Crown Fort Simpson Proposed 2010- 2012 500 18
11.174P Granular Crown Fort Simpson Existing 2010- 2012 3,000 32
20.057P Granular Crown Jean Marie Existin 2010- 2012 ToBe 14
' 9 Determined
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MAP 1: MGP Granular Acquisitionlnuvialuit Settlement Region

Opportunity to initiate a collaborative approach to granular acquisition for GNWT

and municipal granular requirements, with the construction phase of the MGP

within the ISR. This is epecially relevant for the community of Tuktoyaktuk and

Inuvik.
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Opportunity to initiate a collaborative approach to granular acquisition for GNWT
and municipal granular requirements, with the construction phase of the MGP

within the SSA and GSA. This is especially relevant for the communities triuvik,
Norman Wells, Fort Good Hope, and Tulita
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MAP 3: MGP Granular Acquisition - Deh Cho Region

Opportunity to initiate a collaborative approach to granular acquisition for GNWT
and municipal granular requirements, with the construction phase of the MGP
within the DCR. This is especially relevant for the communities o¥Wrigley, Fort

Simpson, and Jean Marie River.
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3.3.2 Transprtation Infrastructuré Granular Supply and Demand

In 2000, the Department of Transportation preparchhway Strategy repo(Bppendix
C); the infrastructure projects ued consideration will have an impact on granular
reserves throughout the NWThe proposed constructiar the Inuvik-Tuktoyaktuk road

is anexample where a large scale deypghent project will have significant drawdown on
availablegranular resours within the NWT, in this casehe Inuvik regionin general,
transportation infrastructure suppiog NWT communitiesrequires large quantitiesf o
granular materials, arfths a major impaon granular reservesithin a specific region.

It is estimated thathe 140km Inuvik-Tuktoyaktuk road, using a standardad design
would require apmximately5 million m® of bulk material that woulde extracted and
hauled from local b@ow sources along the alignment or from othersesi or abou8.8
million m® in-place. This represents a significant share of the fotechslemand of
granular reserves the region.

The Mackenzie Valley Highway extension from Wrigley to the proposectipn at the
Dempster Highway has an approximate alignment distahedout 800 kmA generic
roadway design athe Wrigley b Dempster Highway shows that the alignmestjuires
upwards ofL0 million m® of granular material. Again this represents aifigant share
of the forecagtd demand ogranular reservewithin the Sahtu and Deh Cho regions of
the NWT.

3.3.3 Resource Developmer@ompetition

Territoriakwide and community infrastructungrojects will share with the Mackenzie
Gas Project (M®) and otheresource development projects, availajpanular reserves
within the NWT.

With regard to territorialvide infrastructure,INAC examined the overlap of the
proposed access corridor for the MGP and the Mackenzie Highway extension and found
that, if material extraction occurred from within 5 km of the pipeline centre line, the
granular resource development would share or compete with highway construction any
granular sources within 1 km of the highway for about 46% of that 1 km highway.buffer

Further, the upswing in resource development within the NMHTresult in an increase
in demand for granular materidts supportresourceaccess, drilling and camp facilities.

The supply and demand for granular materials can only be met througbritieual

development of existing borrow pits and quarries, and the access and development of
identified potential reserves. The GNWT is committed to a sustainable areffeatitve

granular supply in the NWTHowever, the sustainability of granular resms for
territori al government 6s granul ar requireme
demands that the large scale development projects will place on existing and Ipotentia
granular resources in the NWAdpendix B Paper to Joint Review Parjel
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4.0 GRANWAR ACQUISITION AND

PRODUCTION

4.1 Granular Acquisition

4.1.1 Borrow Source Developmdiippendix B Northern Land Use Guideliisg

Once a suitable gratar source has been identifiadd permits have been acquired from
the appropriate regulatory authoritievelgpment can begin Ultimately, the sustainable
development of any pit or quarry is dependent on:

1. Planning
2. Design

3. Operation
4. Restoration

Quarry development involves pit operations from the design phaseghout resource
extraction, processing and reclamatiorhe following quarryplanning and design
guidelines are dependent on:

Granular Requirements (type and gradation)

Site Conditions (terrain, drainage, permafrost, vegetation, access, etc.)
Extraction Methodology (maximizerecoverable material

Extraction Sequence

Resource Processing (ifequired)

Access Type (all weather or seasonadl)governs timing of pit operations
Mini mizing environmental impact

Remediation

N>R~ WNE

A proper design will ensure thdtg borrow source will be developed in an orderly and
efficient manner to maximize granular extraction and minimize environmental damage.

Upon the extraabn of granular materidhe following scenarios can occur:
« The naturally occurring material is hauled to a specific location and
stockpiled, or spread and compacted on site depending on the end use of the
material. This raw materi al is referred t
or
« The pitrun is screened or crushed by processing agpment to a specific size

and/or gradation, and hauled to a specific sitend stockpiled This material
is now referred to as O6processedd or O6sel
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4.1.2 Granular Supply Operations

A truck haulinggravel from an active borrowoarce for construction purposes is a
common site in the NW, especially around municipalitig®hoto 19 and Photo 20).

In a granular hauling operatipthe distance requiretho access quarry is tle most
important consideraiin with regard to project costs.

Most NWT communities lack the capability of producing select grade materials because
processing equipment isot available locally. Thereforthe demansl for select grade
materials categorizWT municipalitesunder the following production costs:

Minimal

Communities with all season access to the NWT Hwy system and market driven
economies can normally obtain select grade material on a pbyigebject basis.

Moderate

Communities hat have seasonal access to the NWT Hwy system require the
mobilization/demobilization of processing equipment over seasonal ice and winter roads
and thus increased project costs.

Highest

Communities that are not connected to the NWT Hwy system ¢S&tdrbour,
Ul ukhakt ok, Paul at uk haveNeekighedt gravel eosidrelated to s e | K (
granular acquisition and processing.

4.1.3 Granular Acquisition As and When

A number of communities are self sufficient in terms of granular supmaeeable to
obtain granular materials on @as-and-whend basis with all season/all weather access.
As-andwhen hauling operationseastraightforward andequire a permanent alleather
access to the source, however, the haul distance to the bauwee swill still play a
major role in terms gprojectcosts(Appendix Oi Feasibility Study.

Other NWT communities are not salfifficient in terms of granular supply and are
dependent on seasonal and/or long distance supply operations to meet their granular
requirements. The NWT communities listedliable5 are not selsufficient insupplying

granular materials. @nmon factos arising inthese communities arlng distance

and/or seasonal access is necessary to obtain gravel. In some cases, granular sources
close to the community have been depleted. As a result, a significant effort is now needed
to develop identified sources that are noWng distance from the community.
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In other cases, the lack of granular sources is a function of geographic location. The
environment of deposition that surrounds the commuaityegion often for many
kilometres, is simply not conducive to the fotroa of granular materials or the
provision of suitable access. Often, the land to the gravel source is rugged and dissected
by rivers and lakesand the only access wver ice and winter road The resulin both

cases ishigh gravelcostsfor a relativédy smallgranular demand

Table 5. NWT Communities - Seasonal/Long Distance Access

Community Supply Operation Distance to Sources
Tuktoyaktuk Seasonal and long distance. 20 & 60 km
Aklavik Seasonal and long distance 18 km (27 km by Peel Channel
Paulatuk Seasonal 5 km
Tulita Seasonal and long distance 17 km
Colville Lake Seasonal 3.5km
Nahanni Butte Seasonal 9 km
Trout Lake Seasonal and long distance 15 km
Fort Providence | Long distance Varies 50- 80 km
Lut sel K| Long distance Varies 8- 20 km
Wekweti Seasonal 3-10 km
Kakisa Long distance 15 km

4.1.4 GranulaAcquisition- Permanent Accegg\ppendix D Feasibility Study

The alternative to construct permanent y@amd access roads to local gravel sources is
an option available to all communities. However, the geographic location, supply and
demand requirements, regulatory process, environmental impact, desigiderations,
economic viability, and commuritpreference, impadhe feasibility to construct a user
orientedaccess roadThe following guidelinesare recommended construction of a
permanent access tayaarry is considered

. A permanent access d an identified gavel source must be able to be
constructed inan economical and timely manner;

. The identified gravel deposit should contain a minimum of a twentyear
supply of fair to good quality material to meet the long term supply/demad
requirements of the community;

« A permanent access road to a gravel source or quarry should be cest
effective or deemed economically viable if combined with other soecio
economic opportunities;

« A permanent access road to a gravel source or quarrgnust be able tobe
maintained year-round; and
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. Access pad design, construction and route selection must be able to meet all
land use, land claim, GNWT, and Federal Government regulationsand
legislation; community concerns and preference.

4.1.5 Granular AcquisitionSeasonal Operations

An alternative toa permanenall-weatherroadis the constructiorof seasonahccesgo
granular sourcesTypical seasonal access roads in the NWT consist of ice roads over
rivers and lakes and overland snow roads.

Seasonal acceseadsare achallenge ér a umber of communities in the NWdue to

the increased project cost associated with the construction and maintenance of winter
access roagdsvhich resultdn higher gravel priceslt can cost upwards ##3000km to
construct ande crossingwinter road plus maintenance costs2008, about 1,400 km of
winter road was constructed at an average cak2@80.00 per kilometre

The timing of pit operationghickness of the icand safety considations are important
factors for the construction of these road$he Department of Transportation has
prepared a quick reference booklet for the construction and maintenance of widsgr roa
ice roads, and ice bridgeBQT Web Site/ Publicationg field Guide to Ice Construction

Safety.

TheAif i xedo costs to cons taccess toadaselddm aedinent ai n
typically costs increasannually As funding is normally limited tsupplying gravel for

the approaching onstructi on season, fecononostes of s
reduction option. The results are continual high production costs, required annually, for a

limited quantity of gravel hauled. The alternative is to either haul and stockpile a
substantial 3 5 year supply, t hus r eduagenaumashe Of i X
over the seasonal access road, or build a permanentoysat accesthat would remove

the annual costs to construct and maintain seasonal access.

4.1.6 Granular Acquisition Guidelines

Identify borrow source

Determine material quartities and gradation

Prepare supply/demands model

Determine method/timing of access all weather or seaonal iceor tundra
Determine project schedule (start and completion dates)

Determine project opei gravel haul/stockpile, proaessirg/stockpile, etc.
Determine project cost stimate

Verify available funding

. Determine contract/tender i invitational, public, negotiated, sole source
10.Award Contract

11. Arrange quality control (for processing material)

12.Determine method of paymenti truck box, in-place survey, etc.

©CoNoh,whE
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4.1.7 Unit Price Contract

Mo s t granul ar supply opeund pricedn sc ot e acbnduclt
important to ensure that all associated costs of granular supply operations are included in

the unit pice submitted by a contractofhis is especially important when applied to

seasonal granular supply operations.

The following i s uanigte mumnraccéer deexdeivery 86000if a 6
of 250 mm minus pitrun, extracted, hauled and stockpiled to a desegh site The
contractorensurs that all cost items are included within the unit price submifiduak

following line items are normally considered part of any submitted 'unit price' for the
acquisition and/or production and stockpiling of granular materials &datal source.

Cost items include the supply of all equipment, labour, materials, supplies and incidentals
necessary to complete the work included, but not limitedadollowing guidelines

« Mobilization will include the costs of, but not limited to transportation to and
from the project site of all necessary manpower, tools, equipment, supplies
and operational materials required to perform the work (Mobilization and
Demobilization costs are to be included within the Unit Prices and will not be
paid asa separate item)

. Access road development and maintenanaesghere required,

. Haul road construction if required, maintenance and clearup;

. Site preparation including any clearing and grubbirg of the source area and
access;

. Clearing and levelling of a sto&pile site if part of project, and preparation of
a suitable pad if required;

. Excavate,load and haul, 3000 m of pitr un material from the selectedquarry
and stockpile (or place) at the designated locatiqis);

« Clean up of all project sites;
. Quarry remediation/restoration;

. Payment of all accommodation and meal expenses incurrexer the course
of the project (or cost of camp)

. Blend sourcei if required;

. Payment of all fees, levies and other direct and indi# costs related to the
project;
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. Paymentfor rentals, fuel, maintenance, repairs, wages, insurance, licensing,
taxes and all costs inurred in carrying out the work;

. There will be no separate payment for clearing, ripping, excavating,
screening, loading, hauling, haul road construction, haul roé& maintenance,
preparation of stockpile sites and access to the sites, or stodkpy material;
and

. Measuremert for payment for hauled material acceptably placed in the
stockpile shall be by survey measurement and paid at the agreed per unit
price.

4.1.8 Project CosEstimatel Major Factors

1. Haul distance

2. Project scope (the quantity of granuar material to be extracted

3. Turn-around-time (the time it takes a truck to load and haul material to the
project site and return to the pit)

4. Number and sizeof gravel trucks and related equipment (loaders, backhoes)

5. If processing is required, then the cost to mob/demob and type efuipment

4.1.9 A Granular Supply OperationExample

A NWT community has decided to implement a granular supply operatioa. Th
community granular demand forecast has shown that:

. Approximately 6000 n? of pitrun material is needed by the community for
planned infrastructure and O&M requirements over the next two years

. About 4000 n? of pitrun is required by various GNWT departments ower the
same period forcapital projects in this community; and

. The GNWT and the municipality agree to conduct a jointventure,
coordinated, granular supply operatont o achi eve &éeconomies
reduce project costs.

A granular acquisitiomperation is tendered to extract, haul and stockpile in two separate
locations, a total 00000 nT of pitrun material . The closest, active, developed gravel
pit can only be accessetliring the winter months by ten kilometre, seasonal winter
road. A local contractor was awarded the contract based on the Igwbstitted dunit
priced per cubic metre of material, hauled and stockpiled in two locations in the
community; payment is based sarvey-in-placemeasurements. The contractor has five
trucks, eaclwith a measured 10 htapacity and the speed on the haul road is limited to
30 km/hr. Permits have already been obtained
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The turraroundtime would be about one hour per trucko load, haul and stockpile at
the community sites and return to the gitie contractor has five trucks. Therefore:

. in one hour, one truck can haul 10 m
. in a twelve hourshift, one truck can haul 120 ni:
. inone shift, 5 trucks can haul andstockpile 600 ni per day; and

. based on a twelve hour shift and five trucks it wold take about 16.5 days to
haul and gockpile the 100 n? specified in the contract.

This is a simplified example as down time would be expected for equipment repair and
maintenance, haul road maintenance, time to load the trucks, demob operatiomst;, weat
days, etc. However, it does give an estimated time for project completion -02A.6
days, which is important information especially where seasonal, wesghsitive haul
roads are concerned. Also, there would be the time necessary for pHuplead
remediation before road closure.

This example also shows that a minimum of 1000 truck loads will be required, if all
trucks are filled to capacity (to the fill line). In this case, usually a 15 % contingency
would be added to the number of truckdeaequired, to ensure the contractual quantities
are met.
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4.2 Granular Production

4.2.1 Select Grade

Processing consists ofreening ankbr crushingpitrun for the production of select grade
materialsandrequires specializél equipnent that is mobilized to thguarry selected for
developmentThe following are some guideline scenarios:

. Typically the pitrun is processed atthe quarry then hauled and stockpiled
either within the quarry or at a designated project site. The processing
equipment must be located in an easily accessible position in the pit, onlwe
drained and solid ground.

. Processng equipment is locate in the community, if seasonal winter or ice
road conditions are deemed too sensitive or, there are publicfssy concerns,
to mobilize/demob heavy equipment. This is especially a concern over winter
ice roads late in the seasonln this scenario, the pitrun would be hauled over
the seasonal access road to the project site/communépd then processed.

. During a large scale, multiphase, granular supply operation, the pitrun
would be extracted, hauled, and stockpiled in the community during the
winter months where seasonal access to the active source is required, and
then processed during the summer months. Theitrun would not be frozen
during a summer crushing operation and would be well draied. In this
scenario, processing equipment is mob/demob over seasonal roads or by
barge to the community rather than the selected pit

Either scenaripthe processing gbitrun for select grade requirements does substantially
increase the unit price cost and overall project budgets.

4.2.2 Processing uipment

« A 6jaw crusherd (primary) dgesmatermarumal |y us
to boulder size;

« A O6cone b6cr(usseceondary) is wused to crush sn
or less. Cone crushers are ore easily transported (ess cost), as the entie
plant can be mobilized bytruck over winter accessroads and seasonal haul
roads. Knowing the average grain size ofthe material within the borrow
source will determine the type of processing/crushing equipment that would
be mobilized to the project site;

. Often a O6crushing plantdo with primary an
moving belts and blending equipment is rquired during large scale

processing operationsPhoto 24;
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« A O6grizzly screenerd is simple to constru
a specific sizeespedally where small quantities of select grale materials are
required (Photo 22. Mobile and more complex screeners are available
(Photo _23) Design specification for construction of a grizzly screener is
available from PWS Yellowknife; and

« A ODbl end sour oeadd, is sometimdslagdeddad im@ove the
gradation of the processed product; a suitable borrow source of clean sand
should be identified for use during tre production supply operation. With
regard to a blend source in a granular production operation, thefollowing
costsare normally considered incidental to the crushed granular production
and as part of the unit pricewould not bemeasured separately for payment:

1. Development cost of thévlend sourcdsite
2. Haul costs of blend material if required
3. Cost ofcleanup and remediation of the blend source/site

4.2.3 Quality Control(noteSection 4.3 Basic Materidlesting

In processing operations during the production of crushed or screened material, quality
contrd is used to ensurenat the end product conforms tbe required engineiag
specifications Normally aService Contractis established with an engineering testing
firm. Quality control testing is normally ongoing and continualusing production
operatims. The most important quality contreingineeringests for processed granular
materials are:

. Washed Sieve Analysis (WSA) including the USC and grain size curve: The
grain size analysis should fall within the grain size curves for the size of the
material required using the Grading C Specifications;

« Fractured Face Count(FFC) i should be greater than 50 %; and

« Atterberg Limits 7 normally onlyusedi f o6f i nes 6 aO%which eat er t
would be determined by aWSA test.

There are two maiengineeringspecifications for road surfacing the NWT, as noted in
Appendix D

1. 16 mm Chip Seal
2. 20 mmGravel Surfacing

If the processed product does not meet spec it can be refused by the project engineer.
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4.2.4 Stockpile Management Practices

If the stockpile of blasted rock, processed material or pitrun is to provide granular
material for communitycapital projects and/or maintenance requirements over a period

of time or sold to users as a business venture, then stockpile management needs to be
addressed. There will be the continual settlement of the material over time along with
base compaction. HIs is the reason why a stockpile pad should be constructed to better
support the weightfahe stockpile. Also, the stockpile needs to be monitored to avoid
unauthorized removal, so security at the site location needs to be a consideration

Stockpilingof material should:
« Minimi ze the inclusion of snow or ice;

« Oriented in such a manner to avoid snow drifting over accasroads and
communication lines;

. Any method of construction, which allows snow or ice tbuild-up should not
be accepted; and

« The stackpile should be shaped with slopes not steeper than 1.5:1

Furthemore the foundation of the site is also important, especially if the stockpile has a
long life expectancylonger than two years)Stockpiles should not be placed directly on
permafrost o poorly drained groundlo minimize base consolidation and embankment
loss, the stockpiled material should be placed on solid ground with a minimum 300 mm
pad(Photo 25 or on bedrocKPhoto 26). The GNWT/PWShas prepared two documents
with regard to stockpile management.

1. Stockpile Inventory Loss Assessment Asset Management Division,
Department of Public Works and Services, GNWT

2. Guidelines _and Procedures for Volume Surveys of StockpilesAsset
Management Division, Department of Public Works and Services, GNWT

4.2.5 Measurement for Payment
1. Truck BoxMeasurement

Truck box measurement is a common method to determine the quantity of material
extracted and hauled (either pitrun or processening a granular suppoperation A

0truck boxd has a (Pheto®) thus eachitrdck iised canrhaul ah ei g ht
calculatel volume of material (L x W x H) This method is recommended in granular

supply operationsvhere the hauled product is to Ipéaced and compacted on site.

Although contractors prefehe ‘truck box' methoavhen stockpiling materialthere is

often up to a 3@ discrepancy in the actual anmbdnauledand stockpilediue to:
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. Trucks are not filled to capacity at point of loading;

. Poor unloading and/or stockpiling practices;

« No quality control;

o Truck load limit reductions on ice and winter roadsand

« Inclusion of organics, snow/ice, and oversize material during loading.

The O6truck elgax 6 emetqluaad ity contr ol by means
trucks to ensure they are full to capacity without the inclusion of not just snow, ice,
organics, etc. but also oversized material that does not meet the contract specifications.
Each truck lad hauled would be recorded on a truck ticket, which is to indicate the date

and time of delivery and be signed by the authorized checker and the truck driver. Only

those loads recorded and signed by the checker and truck dowdd be included for

paymaent.

2. Surveyln-Place

The Ssurveyin-p | ac e 6 ismeedmmended when a large quantity of extracted or
processed material is to be hauled and stockpiled, whereby the pagniasied on a
surveyedmneasuement of the delivered product fibre agreed unjprice per cubic metre.

A total station stockpile survey would be carried out using a base line that was set during
the preengineering survey of the base surface of the stockpile site and would be tied to
geodetic survey contrgPhoto 28. However, other survey procedures available if

the stockpile islready in place.

Suvey-in-place willadd to the cost of a project but ensures that payment is based only on
what is delivered by the contractor.

3. By Measured Weight

The dmeasured weightoé method is the most ac:
are used to measure the true quantitynaterial removed from guarry. Payment is

based on weight rather than voluniéhe true quantity is the difference between the

weightsof the truck loaded/full minus the weight of the truck empty, which has already

been recorded. In the NWT, this method is mostly used during highway operations

related to the territoriavide construction of the NWT highway system, or lasgale

granular supply operations where a substantial quantity of material is to be stockpile for

mai nt enance purposes. The measur emehnt IS u:
material to supply and stockpita site.

Where me tonne= 1000 kilograms= 220462 Ibs
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4.3 Basic Granular Testing
4.3.1 Coarse Grained Materials

The purpose of the sieve analysis is to weiee the gradation opitrun material.
Granular samples are obtained from designated locations within the oanryest pits
or boreholes A sampleis passed through a variety of sieves withdgedly smaller
aperture sizesThis providesa graphical representation of the partisiee distribution
called a gradation curve. The gradatioarve provides aseful means to describe the
material The following figure depicts five diffrent gradatiocurvesdescribed below.

British Standard test sieves
{num) (mm)
A

i _—M_—?‘
. PR EE R
90 - /// o
. /A A A .
" o4 / /[ /4
: i 7
é 80 / /
= of g/ b1
[+]
- / [ V
i A1/ 7
10 il ~ // / /
-
ol it g 1 111 Lot pt 3 layarg 3 ot e bie() ) it
0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60mm
Clay |fine [ medium] coarse | fine  [medium{ coarse | fine | medium| coarse
Y Silt Sand Gravel

- Curve A SAND: poorly-graded, medium grained: poorly graded because the
curve is steep (narrow range of sizes), and medium sand because the majority of
the soil (aprox. 65%) lies within medium sand sub range.

- Curve BGRAVEL and SAND: wel | graded: well graded
containing a wide range of particle sizes and classified as gravel and sand because
half of the soil is gravel and half is sand

- Curve C SAND: silt, well graded: contains large range of particles
predominantly throughout the sand faction and has a significant silt faction

- Curve D SILT : sandy, some clay, well graded: well graded throughout
predominant silt faction

- Curve E CLAY : clay materiasome silt.
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4.3.2 Fine Grained Materials

The gadation of soils finer than 75mis determined from a Hydrometer TeASTM
D422). In addition to gradation, plasticity of fine soils has an important effect on
enghneering properties such as lelgarirg strength and compactiotherefore plastic
consistency is used ashmasis of their classificationAtterberg Limit testing ASTM
D4318§ is used to determine the plasticity of a soil.

The change in volume of a saturated cohesive soil is approximatgigrpomal to a
change in water contenA total of four consistency states can be defines for fine grained
soils and are shown in the following figure

Volume [ Where:
| p '| w = the liquid limit: the water
content at Which.th'e Soil
natural water content, w ceases to be a liquid and

becomes plastic
w, = the plastic limit: the water
content at which the soll

ceases to be plastic and
becomes a semi-plastic solid

!
| ws = the shrinkage limit: the water
| content at which drying-
- quuid shrinkage at constant stress
V . l ceases
~ ¢ '
g e | plaste
y | plstic
d : !
V‘ sl solid |
I
L ' .
' Wy W Wi % Water content

The two most important of these states are the liquid and plastic limits, which represent
respetively the upper and lower bounds of the plastic state. The range of the plastic state
is given by their difference and is termed the plasticity indexvw; i wy,

The relationship between the plasticity index and liquid limit is used itJiiikged Soil
Classification shown below to establish the sgloup of fine grained soils. The line A
provides an arbitrary division between silts and cl@yste AppendixC i Unified Soil
Classification System
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UNIFIED SOIL CLASSIFICATIONt

GROUP
MAJOR DIVISIONS TYPICAL NAMES CLASSIFICATION CRITERIA
SYMBOLS -
9. ol Cu=DgoDyp  Greaterthand
9 oW WE"’QfadeId tgravels and gravel-sand ég (02
ol « mixtures, little or no fines £ R —:
U3 H H Ce Byg #Deg Between 1and 3
oS " =]
N 3 ¢ 'g * E £ ‘§ g
¢ luossl w ap Poorly-graded gravelsand gravel-sand | § 5@ . ot
i B : E &S d wixtures it or no fines £ 5 8 5.‘5 Not meeting both criteria for GW
RN Sa
8 o w§ S @ oM §i ! - :p%"’ & 5[ Atterberg limits plot below ‘A’ line Auterberg limits plotting
A 3 fluzd ity gravels, gravek-sand it mixtures EL DT o orplasicity index less than 4 in hatched area are bor-
g < 4 z- 2 8. LD derline classifications re-
z g ed o Clayey gravels, gravel-sand clay mixe 33 5 8'{:} Atterberg limits plot above ‘A’ line quiring use of dual sym-
q¢ ¢ o tures s and plasticity index greater than 7 bols
c i
U g “ A § g 2 Cy=Dgy/Dyg  Greater than 6
w | Q@ ell-graded sands and gravelly sands, 3% 2
4 § 8| 2 1 titteorno fies §§§_§, C.= ol Betweon 1and 3
<4 5| gef §R¢0 | = Dy
g 3| &% 2 $hg8
C blaol pory-gnded s ly |85 1 3
cla o o oorly -graded sands and gravelly (€< 8 ¢ ; o~
2 E gg 2 sens, ltl of no fines i ggz Not mesting both eriteria for SW
» .'::E g 3 *13 g
“c : g g 0T Atterberg limits plot below 'A’ lina Atterherg limits plotting
0 ’ 4 8 p :
E's 8 E @ M Silty sands, sand-silt mixtures § §§ or plasticty Index less than 4 in ?jatched area are bar-
8 E 3 z Y . - derline clagsifications re-
R ; ° tterberg limits plot above ‘A" line quiring use of dual sym-
5 Clayey sands, send <lay mixtures k14 and plasticity indax greater than 7 Bols
Inorganic silts, very fine sands, | 60
n ML rock flour, silty or clayey fine PLA.S.TI(.:ITY-CHART .
> sands For clasification of fins-grained
. b ey 5o soils and fine fraction of coarse- 4
0w & g £e Inorganic clays of fow to medium gainedsolls o /
J %z 3 £ oL plasticity, gravelly clays, sandy clays, | Atterbarg limits plotting in hatched /
o § < 3 g slty clays, laan clays W qo| area are bordarline classifications 7
w o g S0 % raquiring use of dua! symbols ‘\'&"
o z ol 3 i A !
% w| @ oL | Creenic sits and organi iy clays tan Equation of ‘A"line: P1 = 0.73{LL - 20)
= E of low plasticity 0
£ o g cL Py
8 g o Inorganic silts, micaceous or diste- | J 20 5
2 5 : 3 MH maceous fine sands o sift, elatic | / WiH & OH
™ a4 Ep silts /
§ © Eeg
? g ;ZE Inorganic clay of high plastielty, lg--- Prtarter d
4 35 CH fat clays b ML& oL
e 53 : : |
;_; §, OH Organic clays of medium to high g 0 20 30 40 B 8 0 8 9 100
plasticity LIYID LIMIT
HIGHLY ORGANIC SOILS pt Peat, muck and other highly organic *Based on the material passing the 3 in, (75 mm) sieve

soils

tASTM Designation D 2487, for identification procedure see D 2486
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4.3.3 Material Compaction

Compaction is the process of increasing the density of the soil by decreasing the air voids
within the soil by mechanical means, such as: rolling, tamping or vibrating the soil.
There are 3 main objectives in the compaction of soil, namely:

1. To reduce the void ratio and thus the permeability of the soll
2. To increase the shear strength and therefore the bearing capacity of the soil
3. To make the soil less susceptibl®tsubsequent volume changdsettiemen)

The effectiveness of the compaction process is dependent on the following factors:

The nature and type of soil

The water content of the soil during placement

The maximum possible state of compaction attainable fahe soil

The maximum amount of compaction attainable under field conditions
Type of compaction equipment used

abrwnhpeE

The state of compaction of a soil is measured byvemum Dry Densityhich can be
determined from a laboratory Standard Proctor #ST(M D®8).

As water is added to dry soil, films of absorbed water form around the particles. As the
absorbed water films increase in thickness the particles become lubricated and are able to
pack more closely gether thus density increasest a certain pointhowever, the
porewater pressure in the absorbed films tends to push the particles apart and so with
further increases in wataontent the density decreasd$ie maximum dry density
therefore occurs at optimum water content as shown in the following figur
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4.3.4 Additional Testing

LA Abrasion testing (ASTM C131)

The Los Angeles Abrasion test is a measure of degradation of mineral aggregates of
standard grading resulting from a combination of actions including abrasion or attrition,
impact, andgrinding in a rotating steel drum containing a specified number of steel
spheres. The L.A. Abrasion test is widely used as an indicator of the relative quality or
competence of mineral aggregates.
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Fractured Face Count (ASTM D5821)

Some specificationsontain requirements relating to percentage of fractured particles in
coarse aggregates. One purpose of such requirements is to maximize shear strength by
increasing inteparticle friction in either bound or unbound aggregate mixtures. Another
purpose isd provide stability for surface treatment aggregates and to provide increased
friction and texture for aggregates used in pavement surface courses. This test method
provides a standard procedure for determining the acceptability of coarse aggregate with
respect to such requirements.

Water Soluble Sulphate (CSA AZB)

Assess sulphate exposure of concrete placed in direct contact with soil, i.e. for structural
foundation walls and slabs. Also helps determine type of cement to use in the concrete
mix.

Lab Crush

There is no standard procedure for this test, however most geotechnical laboratories can
accommodate this testing. The test is typically completed on 75 mm minus samples. The
sample is mechanically crushed in the laboratory to determine ifdteyial can achieve

a certain specification prior to contractor setting up a large crushing operation.

4.3.5 Samples of Test Results

The following figure depicts @radation curve from #ypical sieve analysisest. The
chartinserton the right sidelescribes the GNWT specification for a 20 mm minus crush.
The blue lines of the graph bounding the shaded area are the graphical representation of
the upper and lower specification band (indicated in the chart). The green line indicates a
sample that isvithin specification therefore acceptable. The red line indicates a typical
out of specification result; in this case, the sample is out of spec on the 5 mm sieve
indicating the sample has a high sand content.
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Additionally, the chartinsert on the lower right shows the GNWT specification for
percent fractured faces (60% +) ab#d Abrasion loss (50%) in redlhese results are
recorded on the sieve sheets and are either pass/fail. For surfacing aggregate used in chip
seal or asphalt, typical maximum LAb#asion loss is 30% because a more durable
aggregate is required in these applications.
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