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ABSTRACT
The major objective of this étudy.was to formulate a
means of \forecasting the demand for sand and gravel’in
Edmonton and within a 70 mile radius of the city during the
thirty year period, 1978‘to 2007;-and to compare those
requirements with-potentia]‘sUpp]ies of natural aggrégaté
buiTQing materials. An analysis of supbly conditions wés
.conducted and required conFideration gf e]astici{ies of
aggregate demand and supply including the effects of current
land use policies on available aggregate reserves.
. Previous studies of this typé were surveyed and a
me thodology developed through which a forecést was made of
| tgtal future demand for const?uctjon in the ProVince of
Alberta. The key predictive variable was’ the ngmbep of
household units in thé province., ~ Predictions of future
household formation wére used to- forecast provigcial
construction spend1ng, an allocation to the study area was
.then based upon relat1ve population and growth rates. "
Regional spending was then converted into gstimates of
aggregate consumption using historijcal data_relating the
proportion of spending in different constngction sectors to
the rate of aggregate usage péﬁ'dollar of construction |
spending. : t - /~B N ‘
The .conclusion derived from the study was that the
most'probabTe aggregate usage tg\2007 will consume only

\.
~about 7 percent of the engineering reserves existing within

<N
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2the study area. vHowever, a more significant proportion, up
tc 20 percent, o% rarer, quality materials will be depieted.
A comparison of the location of aggregate reserves and the
tand use regulations governing thoée‘locations found that
8 5 percent of current reserves have been removed from
access because of land use or zoning conf11cts The net
result was that, if no further ster111zat1on of reserves
%occurs due to urban1zat1on of aggregate containing 1ands, by
2007 \5 percent of all aggregate reserves in the study area
will be depleted and 25 percent of qua11t§ materials will
have-been used. However, it should be stressed that as the
real price of aggregate incregases, economic reserves of
aggregate will increase as we]llsjnce it then becomes
feasible to transport aggregate for greater distances from
locations now outside the defined study area.

'Tne relative consumption of aggregates was -found to

"be rather insensitive to alternative estimates of .Year 2007

population in the study area. THe range betweenithe maximum
and minimum in those population estimates was 25bpercent of
the most probable final area populdtion of 1,240,000 (the
lower of the two estimates) g

Recommendatlons are that aggregate reserves be
enumerated and that conservat1on practices be estab11shed to

prevent excessive increases in aggregate prices and

environmental conflicts. In addition, a careful assessment

‘ - . o .
sShould be made of the effect that setting aside land for

future aggregate production will have on aggregate prices
fal

vi
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and reserve#ibefore such mineral resource reserves are
™ - -

. . . )
established.
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i ' - TABLE OF NOMENCLATURE

Aggregate - "Any of several hard, inert, construction
materials (such as sand, gravel, shells, slag, crushed
stone, or other mineral material), or combinations
thereof, used for mixing in various sized fragments
with a cementing or bituminous material to form
concrete, mortar, plaster, etc., or used alone as in
railroad ballast or in various manufacturing processes
(such as fluxing)."!

Backfill - Aggregate material or soil used to replace
material excavated to facilitate the installation or
repair of engineering constructions.

Clay - Very fine mineral particles of soil or earth,

] <classified by engineers as being smaller than 0.075
millimetres in size and acceptable only in. Timited
amounts in combination with usable aggregates.

Concrete Aggregates - A class of aggregates generally
- considered to be of high quality because they meet the
requirement that they be essentially free of coal,
excess clay and silt, and other organic or otherwise
deleterious matter that would detract from use in
portland cement concrete.

Cumulative Usage - In the context of this report, the sum of
aggregate consumed during each year of the time period
under consideration up to and including the final year
of the time period. ‘

Deleterious Mattér - Undesired mineral or organic matter
which, in the case of aggregates, interferes with the
intended use of a material.

Economic Reserves - Quantities of sand and gravel which can
be economically produced at current price levels.

‘Engineering Reserves - All sand and gravel, within the
region under consideration, that can be produced by
conventional open-pit production techniques.

E-Phase Resistivity Survey - A geological exploration
. technique which utilizes measurements made on the
behavior of electrical fields directed into the ground
at a site to determine the nature of sub-surface layers
of materials.

Fluvial Material - Material produced, sorted and distributed

by the washing action of streams and rivers.
2

XV



Glacial Material - Aggregate materials derived from surface
materials collected up, crushed, sorted or washed by .
the bui.ld up, movement and meiting of glaciers Known to
have covered this part of North America during certain
past time periods, produced by some idiosyncrasy of the
Earth’'s climate. ' : ‘

Glaciation - Scraping, crushing and rearrangement of the
Earth’s surface during the formation and movement of
glaciers.

Gravel - Aggregate material exceeding 4.75 millimetres in
d1ameter

High Quality Materials - Aggregate materials such as |,
concrete aggregates which are in demand for their
desirable properties and the fact that they can be
utilized with a minimum of further processing.

Kame and Kame Morraines - Mounds or ridges of material,
commonly sand and gravel, deposited by streams runn1ng
under the surface of a glac1er and deposited as a delta
parallel to the edge ‘of the glacier.

Natural Aggregates - Aggregates mined or quarried from land
surface sites and not originating as a waste or by-
product from industrial, commercial or domestic
activities. . s

Outwash Plains and Deltas - Stratified, lpose rock fragments
originating from deposits within glac1a] ice ‘and
‘deposited at locations away from the body of ice by
meltwater streams. - _

Overburden - Soil cover1ng an underground aggregate deposit
that must be removed to gain access to the deposit for
extract1ve activities.

P]ann1ng Hor1zon - The future time period for which plans
are specifically forpalated.

L .

Porosity - The degree of occurrence of pores or interstices
in a material, such-as an aggregate, to which foreign
liquids- or sodids may gain access.

Postglacial - Refers to activities or aggregate deposition
which took place at a later date than the d1spersal of
the continental glac1ers in a region.

Preglacial Rivers - Rivers which existed before the onset of
glaciation and’ norma]ly were changed in location,
elevation and character, if not eliminated ent1re1y. by
glaciation. \

Xvi
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Protected Reserves - The portion of engineering reserves
which is protected, from loss through urbanization of
aggregate bearing lands, by land use regulations.

Recent Deposits - Fluvial and lake Felated deposits forﬁ%?
o after the last period of glaciation. ‘

Resorted - As applied to aggregates, materials which were
moved from their original location of deposition and
deposited elsewhere probably in a less pure form.
Often used to refer to glacial modification of
preglacial deposits. ’

. . -
Sand - Aggregate material with particle size diameters in
the range of from 0.075 to 4.75 millimetres. '

Silt - Soil made'up of particles'1eés than 0.05-millimetres
~in diameter.

Soundness - Describes the ability of a particle of aggregate

to resist deterioration caused by chemical or physical
action.

Spillways - Meltwater channels which conducted water away
' from an adjacent body of water or source such as
glacial meltwater. Often, but not always, the location
of aggregates deposited by the meltwater .

Stratas - Layers of rock, granular material or soil deposits

that go together to form the land surface 'structure at
a location. : :

SurficiaT‘Deposits - Deposits of rock, granular material,
minerals and soil lJocated at or near the surface of the
ground. = : .

Surficial Geology=- The science of mapping, pﬁedictihg,
interpreting and determining the surficial deposits to
be found at a location. -

Tenor - Term used to describe the quality or relative
utility of an aggregate deposit in its as-found
condition. - . - :

Thalwegsv- Buried valleys that once were water courses for
rivers which existed before glaciation buried the

valleys changing the postglacial drainage pattern of
the area.

Xvii



o CHAPTER I
INTRODUCTION.

» ~Sand and gravel is used in the construction of roads,
. streete, railways and other‘transportation facilities, as
backfill, as a raw material in glass manufacturing and, in‘
fact, in any app]1cat1on which requires concrete . |
. (surfacings, foundat1ons,_support1ng members, concrete
bloéks and pipes) or utilizes asphaltic surfdcings.
Although basica11y inexpensive the vast quant1t1es

of iﬁnd and gravel used eaﬁh year dictate that - large )
.reserves be available in close proximity to urban centers to
ensure:adeduate;‘reasonably priced supplies. )

| Aggfegateecosts account for 20 to 30 percent of the
¢ost of building pavements, dams, ma jor structdres_and
public works. The building,of e house requires 300 tons of-

material while a highway can consume 60,000 fone in one

mile’s construction. The weight and volume of the sand and -



d gravel materials involved means that it is costly to
5 . _ .
transport supplies very far. Current transport charges in
tne Edmonton-region range up to 14 cents per ton mile, or

from 30 to 80 percent of the in-situ value of the aggregate.

~
S

3 Ln'recent years increasing attention'has focused on
zthe supﬁ?tes of aggregate available to major cities. To
date, studies‘have.beéE)conduéted into tne aggregate wealth
in the areas surrounding Torgnto -and Winnipeg while less
formal assessments have been carried dut elsewhere in
Canada ‘ ) s
While the annual cdnsumétion of sand and graQel in
Canada ranged between 10 and ‘15 tons per capita in 19762, no
quantitative information is available regarding the |
possibility of depletion of natural mlneral aggregates in
' the Edmonton area. The purpose of this thesis-is to project
the.aggregate requirements‘of Central Alberta to.the year
2007; to cdmpare the reqdirements'with available supplies of
aggregate; to discuss the productidn and marketing of |
_daggregate: and to.examine the imp]idations of erov%ncialvand
munxcipal government regulations on potential suppliest
The'geograph%callarea covered by this study is 17,172
square miles Ain s1ze and includes all or port1ons of 23
- counties, mun1c1pal d1str1cts and 1mprovement d1str1cts
- within 70 miles of Edmonton. The map in Figure 13
illustratesuthevorientation of the Stddy area in Alberta.
~ Prev1ous studies have found that populat1on growth is

the most s1gn1f1cant explanatory variable 1n the demand
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increase for aggregates. This study uses data on aggregate
reserves in the Edmonton area as contained in the "Edmonton
Regional Aggregate Study"* conducted by theAC1ty of
Edmonton. Population growth figures produced by . the C1ty of
—'Edmonton Planning Department and the Alberta Bureau of
Statisticg® are used to predict future numbers of households

in the regign and the province. A 1inear regresston

~analysis total construction spending in: constant dollars

versus absotute numbers of househoids is.used to provide
estimates of - future construction spending. The proportion
of that spend1ng which is accounted for by sand and gravel
is determ1ned prov1d1ng a means ofgest1mat1ng the tonnage
of mater1als consumed by the populations expected to reside
~in the study area at various t1mes over the next thirty

- years. |

| Chapter .I1 presents background tnformation on the
sources - extractton and processing of aggregates. Chapterh
111 analyzes the mechan1sms lnvolved in forming the pr1ces
of aggregates as well as determ1n1ng the level of reserves
and the nature of aggregate supp]y elast1c1ty Chapter v’
contains a rev1ew of aggregate pred1ct1on models used in
-other stud1es and Chapter v 1s the descr1ptlon of the
appl1cat1on of the model used in this study. Chapter VI
descr1bes the effect that current land. use plans\save on
aggregate reserves in the area and is followed b ?\chapter

on Conclus1ons and Recommendations.

A\



CHAPTER II p

THE ORIGIN AND PRODUCTION OF AGGREGATES

Surficial Geology

To put this study of the most basic building material
into perspéctive, fh%s chapter péesents a dchussion of how
aggregates came Fo be aQaf]able in‘tﬁé form they are.. As
well, information is included on the production and use of
aggregate and Fhe'means emp loyed toAgain legal access to
_éggregate bearing land. The latter sections of the chapter -
deal with ﬁhe costs fnvolved ih producing sand and gravel.

Aggbegates are combinations of minera]s'which; in
tu;n, are chemical compounds cOntaihing‘several of the

//;elements. Whatever the mineral content df'é sand or gravel,
aggregate must éxist‘in sufficient quantity at‘; particular
location, to the exclusfon of.deleter%ous material, clay,

silt and organic matter, to be a viable source. Materials

5



meeting these criteria are classed into three categories in
the Edmonton area according to their timevof:
deposition: preglaciaJ{ Qlacial'or\recent (fluvial)
| Although the Earth’s existence is thought to date

back many\m1l11on years it was only 9,000 to 30,000 years
ago that massive accumulations of ice, starting near
northern Hudson's Bay, slowly advanced err the continent
causing deposition of a sheet of ice est1mated to be 5,000
, feet thick over what is now the Edmonton region. At least
two separate per1ods of g]ac1at1on took place over A]berta
with the last obscur1ng most of the effects of the previous
glaciations and determining the location, quality and
quantity of our current- deposits cf mineral resources.
"Glaciers abfaded, resorted, shaped and deposited existing
’usurf1c1a1 deposits of materials and, where it was w1th1n
. reach, shaped the bedrock under1y1ng surficial dep051ts

“In advanc1ng ‘and reced1ng, the glac1ers b]ocked
normal drainage channels creating new rivers and large
1a§és; to drain glacial meltwater; which eventually
disappeared'after the g]aciers‘had melted These dra1nage
courses were locat1ons for the deposition of the large 4
aquant1t1es of material picked up by -the glac1ers in their
movements, resu]ting in‘ccncentrations of useful aggregates.
Glacier produced formations can bear from 15 to 40 percent
large, crushable mater1a1

Glac1a] aggregate deposits are normally considered to

‘be of low or moderate quality. The randomness of glacial-



movement and material deposition means that the sizes
deposited are péof in selection and the materials generally
include numerous undesirable components such as coal, clay
and o;ganic material.

qigéle preglacial aggregate deposits aré\relativefy
rare and occur only where a depogit of granular ma{erial,
formed Sefore‘the periods of glaciation, exists'clpse enough
qto.the surface to be exploited. ﬂhese depqsits ar;.ndrmally
fouiid in the deep buried va11ey"s “éf”breglacial rivers
(thalwegs) or on higher ground when a preglacia] déposit has;
been moved'and’redeposited'by a glacier. PFngacié]
‘deposits can be quite free from deleterious matter because
of the cons?stency of their moae of deposition ahd for that
reason are High]y prized for cohcrete‘aggrégate.>

Receﬁt deposits occur‘along the present ]ocatiéns of
sf}eams, rivérs and lakes and are formed by the washing and
- sorting action of the water in much the same way as
preglacial deposits were forhed. However , because current
watefways have washed through debris deposited_gy
glaciatfon,»recent materié]s are normally more similar in
quality to glacial deposits thanAthey are to preglacial
materials because of the significant amount of deleterious
mattér usué]ly found in éhem.

Figur‘e'?6 illustrates the rélaiionship of the stratas

in which preglacial, glacialf and recent deposits are found.
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Extraction Procedures

The steps requiredfin extracting_aggregates. asﬂ
summariZed by the Ufderwood MclLellan and Associaies'Ltd.
study group? are lieted below. Figure'354is a‘diagram

showingcthe typical flow of operations for an extraction'

/.

facility. | % o
oo ésy/
: ,/ i
@ 1. Discovery - The locationi of an aggregate deposit

-t’can be determined by the occurrence of granular
‘materia]s;on~the surface of the ground or from a
visuaT exam?nation by an experienced geoiogist and
Ihe prox1m1ty of nearby r1Vers, lakes, val]eys or
other telling topograph1cal features/ Maps of .

= surficial geology features and soils surveys
,produced by .the Research’ Counc11 of Alberta,»the.v
Geo]og1cal Survey of Canada ot other agenc1es show
‘the locatfbns of surface features wh1ch are
1nd1cators of the/whereabouts of sand or gravel.

5'A1r photo 1nterpretat1on, air- borne(E Phase
res1s%1v1ty surveys and drilling at s1tes,so'
determ1ned allow conf1rmat1on of the presence of
economic depos1ts In add1t1on explorat1on for
m1nera1 depos1ts can -be ‘carried out by seismic or .
surface res1s¥1v1ty surveys '.
2. C]ear1ng - Once an?aggregate dep051t is . ]ocated

'trees and other surface mater1al are removed
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3.//€ﬁﬁipping - The topsoii and subsoil are removed
from thé location as required. Commonly called

<: overburden, the thickness of the soil overiying a

’ source is important in determining the feasibility
of a depos%t. A rule which seems to have generé]
usage in determining the feasibility of a‘1ocation;
ﬁéquires that the ratio of the thickness of thg
overburden to the thickness of the deposit'be at

.'most 1:1.

4. Exc;vatjon - Once the overburden is remerd the
gravel is excavated using bulldozers and- front end
Ioaq§rs and moved to either a plant gite for
fur\ er processing,_tb a stqrage stockpite or
directly to a usage location. |

5. Stockpiling - To regulate day to day.surges fﬁ“
demand both processed and unprocessed materials are
stdred in stockpiles.

6. Processing - This steb_includes whatever sieving;.
écreening, crushing or washing is requiréd to

rénder_an aggregate useful.

Uses of Aggregates

Table 1 lists typ1ca1 uses of aggregates
The ut111ty of an aggregate is determined by the s1ze

and quality of the 1nd1v1dua1 particles that make it up.
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TABLE 1
USES OF AGGREGATE

Road Construction

Road Base Preparation

Surfacing on all-weather roads

Asphaltic or Portland Cement Concrete Pavjng Surfaces
Winter Ice Control - Sanding material
Concrete Aggregate - Sand and rock '

| Makes up'ab0ut 88% of the wefght of concrete

Roadway Baées and Surfaces

Building Foundation and Structural Materials

Sidewa lKs, Pibes Blocks, Pools, Driveways
Asphalt Aggregate - makes up .to 95% of the weight of asphalt
Ra11rq@d Ballast - stab111zat1on of road-beds"
Mortar Sand - Fine aggregate mater1a1v15‘used in mortar

épplications . B
“Mine Fill = Replac1ng displaced ore and other mater1als
Other Fill - Land filling, Waterworks and other ut111ty

trench f1111ng app]1cat1ons



13

The material sizing of an aggregate is described by an
internationally standardized set of sievesxwhich are used to
separate a sample ot sand or gravel into different size
ranges. These sieve sizes fall into three broad
classifications.i Material passing thrcugh a Size 200 sieve
or smaller than about 0.075 millimetres in diameter, is
ctassified“as silt and clay. Sand is everything larger than
Size 200 but smaller than a #4 sieve (4.75 millimetres).
Gravel is anything larger than a S1ze 4 sieve. W
Aggregates which are well graded from course to fine
sizes, that is. have significant, acceptab]e, but not
excessive poctiohs of material spread throughout the size
~range of intereét, are the most sought'after.‘ Materials
with less than 5 percent passing through the 200 are “clean”
materials. .Greater than 15 percent silt and clay denotes a
"dirty" material which will 1ike1y~require fur ther
‘processing to render it usefut.> The amount passing the 200
-which can be tolereted depends on the 1nteﬁded use of the
material. For an app]ication requiring material that allows
water"tc drein through it eaeily, only 0 to 5 percent is
toleréb]e. Most construction uses, that is, those other
than for concrete, tolerate 5 to 15 percent silt and clay
. sizes which allow construction of high dens1ty mater1als
| If the silt content is greater than 15 percent the materia]
will haVe poor draihage properttes and be subject to heaving
and displacement of poeition when subjected to freeztng and

thawing.?
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The comgefition of the ihdividua] grains of an.
éggrégate deterwines its soundness, hardness, toughness,
durability, pbrosity and affinity for binders.

~ In Cenirg]'A]berta. 54 percent of the aggreg:te
consumed goes direct]x to the jobsite where it is:
. incorporated either into the road base or is used to provide
all-weather surfaces. Another 29 53rpent is processed into-
portland cement concrete at ready-mix_p]ants before de}ivgry
to the usageksite. ;and makes up 12 percent of consumption
and is hauled directly fo job sites where ii is used as
bedding for.uti1ity lines and foundations, for ice controi

and .as playground sand. A further 5 percent is processed in

plants producing asphaltic cement concrete materials.'©
N 4

The Aqueqatg ;gdustry,iq Canada‘ )
Table.2 provides data for sand and gravel and crushedv
stone aggregates productioﬁ‘for selected years bétween 1952
and 1977. Table 3 presents indiées, with'i952 as a base of
100, for various statistics on\aggnegate production, costs
and general}price and population movements.
Sand and gravel pfoductjon increased 282 percént in
Canada between 1952 and 1977, froé 103 million tons to 290
| million tons per'annﬁm. Crushed stone productidn increased
from 18.7 millidh.tdns to 132 $illion tons, a_massive 707

percent increase dhring_the same period. The increase for
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sned stone most likely results from an increasing ose of
shed stone in the St. Lawrence-Great Lakes area where
Qentiona] sand and gravel are in shorter supply. Total
duction of sand and gravel and crushed stone increased
m 122 million tons in t952lto 422 million tons in 1877 or
346 percent.

During the same twenty five year period when
regate production tncreased by 346 percent, Canada’s
ulation increased by only 161.2 percent The rema1n1ng
tion of the increase in productIon for the period
ulted from an increase in per capita usage of aggregate
ch went from 8.4 tons per capita in 1952 to 17.9 tons per
ita in 1977, accordwng to these- Stat1st1cs Canada
ures.

The relative price of sand and gravel aggregates
reased at a much higher rate between 1952 and 1977 than
price for stone materials, 252 percent as opposed to
y 136 percent. In fact, the cost of stone aggregates
reased until 1967 and incﬁggsed markedly between 1872 and
7. Wh1]e the grave] price increased 252 percent the
sumer price index increased 229 percent (1952-1977). The
t of cruShed stone increased by only 136 percent during.

t period.
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| Aggreqgates in Central Alberta

The production and distribution pf sand and gravel
involves business entities of all sizes, raﬁging from
individual operators of the gravel trucks used to transport
mineral aggregate froﬁ place to placg to large corporations _
empIOYing several hundred peoplie and millions of dollars
wofth of capital. . -

In 1871, 2,235 Albertans were employed by aggregate
and aggregate prédubt industries'such as éoncrete product
manufacturers. An additional.29.245'were_emb]oyed‘in the
construction and maintenance of highways} bridges, streets
and utili;ies. In the Edmonton Census Metropolitah Area,
995zindividuals were employed in quarry, sand pit, stone
product and portland cement concrete product industries ;hd
8,670 employed in construction and maintenance.activities.'!

Table 4 shows the distribution of workers in these
"related ihdustries. Concrete products and coﬁérete
manufacture accounted for 725 workers or -about 75 percenf‘of
the workforce. The fndustryjis dominated by’a_hale
workforce. ‘ ‘ ‘; |

As shown in Table 5, the-tbta] value of construction -
in Alberta in 1971 was $1,764 million. Of.that total, $804
million was for building construction and $960 million for
engfneering_constructioh.‘ By 1977, the value of building B
construction for thevyeaf Qas‘$2,895 million (see'TabI; 5)

with engineering'construcfioh valueé>at'$3,300 million.
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Total consfruétion for the province had a value of $6185
million. |

A study conducted jointly by the Alberta Departments -
of Agricuiﬁﬁre and Lands and Forests, re1eased in Apfil ’
1972; enumerated 153 privéte producers and 48 regional
anicipal consumers of’aggregéte.12 The study estimated
annua] production of sand and gravel, in Alberta, in 13971 to
be 16.} miliion cubic yards. Of that quantity 4.6 m%]]ion
cubic yards were produced from pits on public land and 12.1
million| from pfivate land. Of the quantity produced from
public Jand, 2.3 million cubic yards wére produced by what
‘was then the Department of Highways and Transport, 1.5
million by private lessees, and 0.8 million by'ofher7
government departhents. The Department of Highways and
- Transport was found to purchase an additiohal'Q million
cubic yards from private pfoducers'and'obtained 1 million
cubic yards from 1and purchased by the Departmént itself.

Table 6 gives thévuser and sgu:ce,distribution of
sand and gravéT production in the province for 1971.
Private users consumed47.2’million cﬁbic yardé and var;ous
government users used 9.5 million cubic yards.
| The same study found that royalties in the province
~ranged from 10 to 26.9 cents per cubic yard with fherﬁighest
,royalties'being paid in the Edmonton region. The average
royalty in the province was 17.5 cents per cubip yard. It
-also noted that 60 percent of commercially broduced gravel

_was processed.

\ . . : _,/U,
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The average price in the province for concrete gravel
was $2.12 per cubic ‘'yard, for road crush: $1.47 per cubic
yard and for fill gravel the averagé price was $0.60 per
cubic yard. ‘ |

Statistics Canada reported aggregafe consumpt?on‘in
" Alberta during 1976 of 27.7 million short tons (about .23
million cubic yards.).13 A samp1inngf.7‘producing.c?mpanies
in the_brovince, 5 of which operated in the Edmonton érea,
prdvided the data on costs and value added in 1376 given in
Table 7.

| fable 8 shows thg usage distribution of aggregates in
1976 as determinedvby Statiétics Canada’s sample while Table
9 documents the précessing Qﬂdérgone by the materials. The
:1argest single end use of aggregate, 55,percént or almost 15
‘ mil1ion tons was for roadbuilding or maintenance. Use in
concrete was next in proportibn, 17.5‘percent, fo]lowed by
fil1l use, 12,8 percenf; According to Table 9, in excess of
‘75 percent of the'aggregate producggﬁip the province was
processed. The data waé éXt;apolated from a limited sample
vand so sthld be interpreted wiFh the limitations of its
origin in mind. For thatqreason, proppftions data préténted .
elsé@here in this‘thesjs-may not agree with that presented
“in this, section and data basgd onllocal infbrmation éhoﬁldv
be assigned greater confidence.
| Since surficial deposits of sand and gravel are not
regulated by the same mineral rights legislation which cerr

resources buried more dgeply, but instead by the Clay, Mar1,

]
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Sand and Gravel Regulations, the aggregate on a piece of
land in Alberta is the property of the owner. Large
companies with massive mineral requirements normally acquire'
enough aggregate bearing land, either purchasing or leasing

it, to fulfill their requirements for several years hence.

Private Land

- Over 95 percent of the land in the study area is
privately owned and this has dictated that coﬁpanies mus t
_either acquire ownership of a tract.of land or lease
exclusfve rights to a deposit from jts rightful owner. Once
h a location is determined to be a possible pit site either
through ifs proximity to known deposits, reference fo
surficial geology maps or aerial photographs or other means,
the owner of a property is approa//ed by an aggregate
producer regarding arrangements for access to a depos1t.
Often an owner becomes .aware of the potent1a1 of h1s
property and he will approach an operator or try to market
the gravel himself. The aggregate content of a port1on of
- land 1is determ1ned by a program of dr1]]1ng, with holes
drilled at regular intervals in a grid pattern over the
area, determining the depth, extent and qga]ity of,materia]
-availabie. On private land, the operator-must then -
negotiate for mining access to the land and payment for the

material extracted;
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Depending on the proximity of a deposit to markets
and the costs of extraction, a landowner may receive a
royalty of from ten to sixty cents for each cubic yard of
-aggregate extracted from hts property.'4 Once access is
gained and environmental requirements regarding soil
conservation, groundwater use and protection and
rehabilitation of the pit site are met through application
to the.Provincialigovernment, the ocerator can proceed with
mining -the aggregate. Municipal governments often require
that geve]opment permits be taken out on. aggregate sites sob
that land use and transportation corridor restrictions are

enforced.

Public Land

P2t

‘Control of aggregate deposits located on crown land
is exercised by the Provincja] Department-of Energy.-and
N &ural Resources Aside from normal lands, the Department
also controls the d1spos1t1on of aggregate reserves located
in r1verbeds such as those found in the va]]ey of the North
Saskatchewan River.

Energy and Natural: Resources grants permlts; on
| appl1cat1on wh1ch allow explorat1on for aggregate on ‘crown
land. Once aggregate is 1ocated either a llcence or a
lease can be obtained for a tract of land.

o~

A licence allows the extraction ofha specified .
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quantity of gravel on the payment of a $10 application fee
and a royalty of 15 cents per cub1c vyard of sand and 25
cents per cub1c yard of gravel on .sand and gravel m1xture
- removed. In addition, an operat1ng plan must be filed for
the proposed activities and a $250 per acre'deposit is
requ1red toward the rehabilitation of the land to a safe,
env1ronmenta1]y sound condition.

A lease is granted for a nininum 46 acre sectionfof,
land and gives controlling interest in the land for periods
of .5 to 25 years on'payment of a $25 application fee and $7
per acre per year rental charge.'\The leases, nornmd]y five.
to ten years in length also requ1re payment of a 15 cent per
cub1c yard charge for sand and 25 cent per cub1c yard charge
. for gravel or sand and gravel mixtures. The royalties are
'subject to periodic review. However, no’specific review
AintervaJ exists and rates have stayed constant since the
ear1y 1970’ s. Once-again a $250 per acre security deposit
is requ1red to ensure the proper restoration of the work
site. The Department is able to ut111ze the. security
\depestt and recover any additional restoration costs from:

the operator if the lessee fails to live ub to restoration
- o _ ,

requirements on either a Tease or licence. | '

| ' A 11cence therefore 1nvo]ves the/extgact1on of a
spe01f1ed quant1ty of gravel and a lease prov1des a
contro]]1ng 1nterest-Tn-a»pCoperty regardless of the

quantities available on the land. Before a licence or lease

can be awarded, an operating plan must be approveddWhich
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ensures protection of fish, wildlife, watercourses and

lands . !5

It

Costs of Production

The owner of a deposit of aggregate gets paid from 10

- to 60 cents per cubic yard for hiS'aggregate in its

3

]

undisturbed state, in the ground How then does _the final
pr1ce of an aggregate grow to become 3 to 5 do]lars per ton’7
Table 10 shows a generalized breakdown of the component |

costs;.in 1977 doltars, of producing.an aggregate product

. .
- which requires crushing. - These costs of production were

derived from consultations with sources in local industry
and include a return to cap1ta1 component
' Costs are 1ncurred even before extract1on of the

gravel beg1ns The cost of exploring a site for aggregate’

“r

-will range from 3,000 to..15,000 dollars, amounting to a cost

—

of about 1.8 cents per ton of.finished product.
B The first operation'required in extraCttng graveT, as
outlined previously, is removaliof overburden or*stripping. .

Depending on the ratio of the thickness of overburden,to the

vthiCKness of the deposit, the cost of stripping contributes

from 45 to 55 cents .per ton of aggregate Remova] of p1t
run gravel from the pit face to.a crusher will cost 20 cents

per ton and crUsh1ng of the gravel will cost from $1.25 to

$1.50 per ton. Movement of the: crushed aggdfg:)e to a

\.,
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transport truck or to a stockpile and then to a transfer
| truck will cost approximdtely 20 or 40 cents per ton

~
respect1ve1y

Staling or we1gh1ng of the aggregate for account1ng
purposes will cost from 15 to 25 cents per ton. Other costs
1ncurred "before the aggregate leaves the p1t site" include
50 cents per ton for backf11]1ng ‘the void left by the
removed,materia] and could include 10 to 20 cents,per ton |
for dewatering- /Dewatering'is reqdired when the. aggregate
must be recovered from a locat1on wh1ch is below the
ex1st1ng water table level, a s1tuatlon which results in a .

| tendency For'the pit to flood. 'Costs are‘then tncurred'in
pump1ng seepage water out of the pit and a]1ow1ng for
drainage of the extracted aggregate | Assum1ng averages for
“the preceed1ng costs and no dewater1ng, the:pit head cost-of
productng crushed aggregates wi]t average about $3.16 per

ton.

-

Pit Depths .

o3

The thicker the layer of aggregate at a locatio?‘tE:
more economical is-extraction. Pits are normally exca E

in terraces where a 10 to 15 foot th1cK layer is extracted
‘at a t1me and:removed, using an access road built down into
the pit, to a crusher, JOb site or storage pile. As a layer

X\ “or terrace is completed, the next layer is started,

A
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tmmediate]y be]ou what has been extracted. An access road
is made and the terracing process:continues until the seam
of gravel js'exhausted.' |

The gravel walls of a pit are normally quite stable
because of their good drainage capabilities but, if

- necessary, can ‘be sloped or terraced for stability at a cost
of 2 to 4 cents per ton of aggregate This would increase
the share of "removal to crusher” costs, as shown in Tab]e
10, by one” percent. ‘The only other major marginal costéthat
can be»incurred with deeper pits is a dewaterihg cost which,

" as prev1ously mentloned occurs when work1ngs are below

~water table levels A margTﬁal cdst of 10 to 20 cents per

| ton is 1ncurred for dewater1ng and the additional cost could
add 5 percent to the cost of’ aggregates |

"\
\/ X

Classification of Costs

The capital cost of an extractiOQ,operation Will vary
with'the'scale:of the operation and the quality of the *
aggregate being processed _ _" ,

A s1mple portab]e crush1ng plant w1th a capac1ty of
100 tons per hour plus the associated hand11ng and weighing
equ1pment has a cap1ta1 cost-of from $150,000 to $200, 000 in
1977 do]lars These smallier capacity plants are relatively
uncommon in the study reg1on because the presence of a 1arge
market makes it feas1bleato operate larger, permanant,

\(\ . . . . v
RSN g ’ . - ) - v L . .

L2
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plants to supply the Edmonton market. Sma]]lp]ants find-
application in Central Alberta only in rural, smail market
areas or in rural highway construction projects where 1
production of aggregate is needéd in .an aﬁea.for oﬁ]y a
“short period of time. — \

A plant with a capacity of 500 tons per hour will
have a basic capital cost of from $600,000 to $900,600 in
1977 dollars. However, the use of more mechanized material
handling systems and the installation of sophisticated
equipment to wésh, separate, and dry poorer quality
aggregate could cause the brice of a facility to exceed $2
million. | |

The cost breakdown for a-representative large
production plant,-that is, one having'a capital cost of
dbout 2 million 1977 do]]ar§ and a capacity of 700 tSns_per
hour, in close proximity to Edmonton shbws that labor cost§
account for 30 percéﬁt and operafing andvcapitalvrecovery
costs for 70 percent of pbdduction cdsté. Theynon—]aboh
coéts average 55 percent for operatingvand 15 percent for
capital recovery costs. Since personne]'requirements aré
similar begard]ess of the size of the plant, labor costs may
be responsible for up to 60 percent of the cost of runnfng

small operations.
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) Transportation

The majority of Edmontonbs aggregate comes from sites
within 20 miles of Edmonton although‘some comes from as far
away as 60 miles. Aggregate fLom all but the farthest
sources is hauled to market destinations by transport
trucks Aggregate is hau]ed 1n by railiroad from deposits at

, locations thirty to sixty miles away only when needed an
;very large quantities

Up to the point where aggregate is transported aWay :
from the extraction site, the aggregate industry. is
generally well integrated vertically. | Exploration for
materials and the mining and crushing of aggregate are most
frequent]y carried out by the same organization .However,

. transportation of aggregates from pits to manufacturing -
vp]ants which utiﬂize aggregate or directly to job sitesﬁis’
generaiiy‘accomplished,via the use of priQate, owner -
“operated'trucksi
 These trucks may be required'at a particuiar‘]ocationi
for only part\of a season or the ca]endar year. As well,
trucking operations areasubject to the uncertainties of

. weather. Under these conditions a system utilizing

_ /rnd1v1duai operators a]lows flexibility in the allocation of

JRK
e
25

— tpucking resources and aVOids ‘the p0551b111ty of large

7 amounts~of/énused trucking capacity. . -This type of

flex1bility in transport capaCity would bée more difficult

\' /—ﬁ\

for a company with operations.centered in a particular area.




Where a specia]ized segment of the industry is
'invoned, such as thé mixing and transportation of portland
cement concrete, or a certain.volume of work is assured as
in the case of hauling asphaltic cement concrete, a company
may have a completely integrated operation including paving
construction services. The cohpany May produce from a pit
it bwns, look after the truck or railway transportation of
aggregate to its concrete plant and use its own trucks to
deliver concrete. It is estimated that such operations
account for about -34 pgrcent of all aggregate usage_makihg
fhe production o% concfefes;an important subcomponent of the
aggregafe utilization industry.'$ |

¢

Industry Structure

About’ ten (but d?ﬁ}hirty séven) prdducing'companies
account for 70 percent of all aggﬁégafe production jn the
region (based on 1976bdata). The aggregate industry has
"evolved iﬁ such a way as to concentrate a major pdrtion 6f
productive capacity withinia small group of companies. The
Provincial government bboduces appro*imately 20 percent of
the materials cpnsumed while muniéipa]itie# and $ﬁal1
producers acqouht for the rgmaining 10 percent of
produétion, : |

Prodﬁéfich“in the rural*portiohs of the area and for

the smaller towns is by small, privately heid cohpaniés.

—~—~
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The same is true for the larger towns except in the case’of'\
Camrose, Wetaskiwin and Ponoka where ‘the Revelstoke company
has operations. Heaquartered in Calgary, the Revelstoke
company'produces fumber in Britieh Columbia and operates

, bdflding supply retail stores, produces aggregates. and
manufactures\Concrete in Alberta. Within metropolitan
Edmonton, a Variety of company structures can be found
within the industry. Smaller companies like Bulat)Sand and
éravel are priyatgly held. = Some of the larger companies,

like Apex Sand and Gravet are privately held and are engaged

- only in the production of aggregates.

However, the major forces in the 1ndustry are oarts
of 1arge, somet1mes, we11—1ntegrated compan1es.\h5teel
Brothers Canada Limited, headquartered in Richmond, British
Columbia;aproduce lime as weli as aggregate and also
‘wholesale building supplieS' TBG Contracting Ltd. a]so is
1nvo]ved in real estate transactions and 1s owned by Ashland
0il Canada Ltd. Alberta Concrete Products is owned by
Canada Cement and Loran which engage in cement
manufacturing, general contracting, heavy constroction and
project nanagement On a larger”scale, Northwest Sand and
Gravel is owned by Turbo Resources which operates in 011 and

gas, chem1cals marketing, rea] estate, manufacturing, |
| mining, plastlcs, o1lf1eld servicing, building and
‘ construct1on, in"short, a highly integrated companykaa well

as diversified. The most'significant and most integrated

company is Genstar. Genstar’s Standard General produces
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aggregate and asphalt as do Northern Gravel; Rex Underwood
and Consolidated Concrefe_produce‘concrete; Inland Cement,
cement; Con-Force, concrete products; Truroc, gypsum wall
board; Abbey Glen develops real estate.and Eng1neered Homes
and Keith Construction produce buildings. The company is
also involved in heavy construction, chemical manufactdre;

ventuhe capital, import-export trade, investment trading,

" marine transport and mining.

Conditions of Entry for New Producers

While’entry to the agghegate production industry in-
the metropolitan Edmonton area is becoming jncreasing]y more
difficult, a number of new producers have entered the local
.market recently. The most successfu] entr1es involve
acquisition of ex1st1ng compan1es v

~With the rapid expansion that is taking place there
is a ready market for maferia]s; The most sig ificant
probleh is one of obtaining supplies. Existing companies"
have achihed the most economic supplies of materials and
have arranged for supplles for an extended per1od 1nto the
future. A newcomer to the 1ndustry w1ll have a distinct
disadvantage in aCQU1r1ngfsupp11es Most crown lands are
‘available to- prov1de Transportat1on Depar tment needs only

and very 11tt1e crown 1and is otherwise available within 70

miles of Edmonton
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Finé]ly, to be cdmpgtitive in the metrdpo]itan
mdrket, a new producer‘must be able to produce on a large
Sfale to be able to téke advantage of the econemies of scale
" available to existing major producers. Thé combination of
’having to 1bcate sizable quantities of price-competifive
‘materiais in close proximity to the market and having to

sfart right off with a large phyéicaT piant makes entry into
“this<pprtion.of fhe market increasingly more difficult.
Outside of the metrobo]itan markKét area, demand er
~ aggregate is more restricted but growing. Sources of. supply
are more readily available, to the north and west anyway, |
and it is possible that public land .may yield sources of
aggregate. Smaller equipment is mohe.appropriate and
"therefore equiphent acquisition'involves less of an
investment. . In general;‘entry into the industry is easier
in rural central Alberta than in metropolitan Edmonton
because sources are less scahcé. equipment is less costly
and the markets é?evnot 1arge enoogh to attract the large

producers.

I

The Effect of Government on_the Industry

The common complaint about excessive government

restriction has also been regiétered by the aggregate

.'industry,' o -

3

In the past, aggregate production was a matter of

]
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locating, producing and selling. A more complex society,
conscious of environmental impact, makes the process
somewhat more oomp1icated. Environmental impact_and land
use restrictionsiare_in effect now to-reconciTe
environmental quality with the production of aggregates.
Site development and restoratlon are 1mportant w1th the
effect of new operat1ons on neighbors and transportat1on
corr1dors carefu]ly studied. Alternate'land uses such as
recreation and agr1cu1ture are we1ghed against the
-extract1on of aggregate supplies. Land restorat1on is an
1mportant issue under these c1rcumstances

Regulat1ons which affect aggregate production in
Alberta are rev1ewed in Append1x 3.

The government’s ro]e as a producer of aggregate has
also affected the industry. Government’s ab111ty to obtain
its own supplles at lower cost has ‘removed that demand from.
the public sector. However at the same time, government
‘has been competing. w1th private enterpr1se for sources of
supply. The net effect has probab]y been, s1nce government
.~ can produce suogltes at cost, to decrease the cost of
aggregate 51ight1y As government has the only source of
renewable supp11es within 1ts control river-bed aggregates,
it will continue to have a, however sltght moderatlng
“influence on pr1ces : - ﬁ{ziﬁ‘

The Tow royalty rates charged for reservee on crown“~
land may have Kept royalty rates down at one time. However,

. since there is little crown land left‘in the study area,

J
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current royalty rates likely exert little influence on the

central Alberta market.

(.:)v'
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TABLE 2

4

- CANADIAN PRQDUCTION OF AGGREGATE

‘Selected Years: 1952-1977

{1000’ s tOns)
A s
~Year |Sand and Gravel : Stoné
19592 102,896 18,726
. 1957 159,830 40,282
= 1962 181,249 47,553
1967 209,666 80,636
1972 | 225, 194 80,203
1977 289,803 132, 450

bl

-

Sdurce:‘ Statistics Canadé, Canada’s Mineral
‘ Production. Catalogue 26-202, 1952-1977.

33



TABLE 3

CANADIAN AGGREGATE INDUSTRY
GROWTH INDICES
(1952=100)

34

YEAR |Gravel | Stone Gravel | Stone|C.P.I.x Popula-
| Prod'n | Prod’n | Value Véiyeh ‘ tion:

$/ton $/ton . Canada

1852 | 100.0 | 100.0 | 100.0 | 100.0| 100.0 | 100 0
1957 | 155.3 | 21501 | 1152 | 89.3| 1046 | 1150
1962 | 176.1 | .253.9 [* 131.1 | 8a.1| 111.9 | 128.7
1967 | 203.8.| 430.6 | 137.2 | 75.6| 126.7 | 141.4
1972 | 218.9 | 428.3 | 158.5 | 78.2| 1541 | 151.3
1977 | 281.6 | 707.3 | 252.3 | 135.9] 228.8 | 1g1.0

*excluding food items
| Source: Sfatistics Cénada. The Consumer Price Index; -

Catalogue 62-001. Prices and Price Indexes
Catalogue 62-002. v . -
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TABLE 4

' EMPLO(QfNT IN AGGREGATE RELATED INDUSTRIES
| > ~IN EDMONTON - 1971

")

Industry ~ Emp]oyment

O | Male |Female| Total
{ : : . .

Clay Produé}s ' 30 5 35
Cement Manufacture 150 .35 185
Stone Products 15 | 5. 20
Concrete Products 1 400 10 410
Ready Mix Products - 290 k';25 315
Glass and Glass Products 25 5 | 30
Total - 910 | 85 995
R Z . :

Source: Statistics Canada, 1951 Census of. Canada,
Industries, Catalogue 94-742, Vol. 111, Part 4
——f—————j N _ ‘
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TABLE 5

£

_ VALUE OF CONSTRUCTION WORK - ALBERTA 1971 and 1977

- Type of Structure : Value (1000's of Dol]arsyy
1971 © 97T
Building Construction - 804,260 2,895,463
Residential < 453,900 --| 1,813,730
Industrial - 38,324 107,976
. Commercial. o 116,211 580,794
Institutional | 129,376 | 149,264
Other “ " 66,449 | 243,699
-




4 .

- TABLE 5--Continued

"

- . Type of Structure .

Value (1000's of Dollars)

5

S1971 A 1977
S
. |Engineering Constructibn 959,935 3,299,956'
. Marine 914 3,219
7Road;vHighway A | | '
_ herodrome | | 123,559 369,580
Watsrworks and @ 54,942 183,119 4
"Dams and Irrigationy o ." 10,806 - 22,745 .
Electric Power '} 86,877 289,822
nRailwgy, Teiephonevand . - | ,
Telegraph 58,944 171,010
" Gas and 011 550, 761 1,563,116
Other - 73,132 697,339
Total Construction 1,764,195 | 6,195,413

Source: Statistics Canada, Conétruction in anada
‘ Catalogue 64-201, 1871 and 1977 -

37



TABLE 6

ESTIMATED SAND AND GRAVEL PRODUCTION IN ALBERTA

- 1871

38

User

Source

Production of

Sand and Gravel

(cubfc yards)

_ thmenciathapd
&-G;éve1_0peraf02§
Departmeht Qf B
Highwéysb&
_‘Transport

Counties and

M.D;’sj

Private and crown

| Owned Pité

{Crown Pits

Private landowners

“fand. D.O.H. & T. pits

Private landowners
éﬁd County and |
M.D. pits

Crown pits

|Private operators

0

. : G ° .
processed gravel

7,207,000
2,291,000

3,001,000
4
2,626,000
588,000

548,000
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TABLE 6--Continued

o . 7

Source: Ron J. Miller, A Study of Sand and Gravel
Disposition in Alberta. A report for the
Economics Division, Alberta Department of
Agriculture in cooperation with Lands Division,
A;bgrta Department of Lands and Forests, April,
1972. » S '

A
v

User | . Source - Production of
Sand and Grayei c
(cubic yards)
cher‘GoveEnment
Depar tments o |A11 ‘Sources — ©.265,000
Special Areas ) A1l Sources '~ v 222,000
Total i | - 16,748,000 g

‘\/_ﬂ/__\\



‘TABLE 7

N

AGGREGATE PRODUCTION.COSTS - 1976

A

No. -of Companies Surveyed
No. of Employees |
; Mining v
Inciuding Support
Payroll and Averagé;

Mining:

Including Suppobt
Cost of Fuel and Electricity
Césfuof Materials

«
4

Value Added

lue of Production
_ Total

163
220

$2,848,000/$17,500
$3,852,000/$17,500
$653, 000
$6, 030, 000
$11,209,000
$17,892,000
$17,892, 000

Source: Statistics Canada, Sand and Gravel

2

y

24
PLEEN

Pits-1976, Catalogue 26-215, August, 1978.

40



" TABLE 8 N

3 \

END USE DISTRIBUTION OF AGGREGATE - 1976

Applicatibh_ Tons (1000)
_ . |
Fill A 3,462
Roads (Roadbeds, Surfaces) - 14,996
Roads (Ice control) _ - 244
Concrete Aggrééate ' 4,710
| Asphalt Aggregate - - 2,079
Railroad Ballast U i _ 1,099
Mortar Sand 72
Other e 344
" Total ~|* 26,976

-

‘Source: ' Statistics Canada, Sand and Gravel :
Pits-1876, Catalogue 26-215, August, 1978.

A




TABLE 9.

'PROCESSING. DISTRIBUTION OF AGGREGATES - 1976

i .
Voo _
\\¢\“Materia] Tons (1000)
~ Sand L
Washed. and screened 1,640
Scfeened B {fﬁ 2,497
Gravel ’
Screened _ i22_
Washed, Scrgéned, Crushed 3,638 -
~ Washed Ané Screened 9,927
Not Processed — 6,601
Not Accounted for 2,471
Total 26,996

Source: Statistics Canada, Sand and Gravel

—

Pits-1976, Catalogue 26-215, August, 1978.
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TABLE 10

COMPONENTS OF AGGREGATE PRODUCTION COST

aggregate producers,

1977
Cost Incurred Eercént of Production Cost
Royalty Paid to Owner 3.2 .
Exploration 0.6
|Stripping of Overburden 16.0
Removal to Crusher 6.4
Crushing 44 .9
'Removal to Transfer Truck 6.4
Weighing 6.4
Backfilling Excavation 16.0
Totad ’ 100.0
Source: Obtained from a.survey of area

1977.
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CHAPTER III
PRICE, DEyAND AND SUPPLY ANALYSIS

. Having examined mere basic 1nformatton as to how
natural aggregates or1g1nated and what is 1nvolved in
,gett1ng them to market th1s chapter explores the economics:
‘of the process in more deta11
| What subst1tutes are ava1lable and how would the1r
existence affect someth1ng called "reserves” of natural
aggregates7 These top1cs are d1scussed as are the factors
wh1ch 1nfluence prices and suppl1es of aggregates " Finally,
. an attempt to determine the supply elast101ty of aggregate
preCeedsQa'review comparing'Edmonton prices to those in
rareasfﬁhere aggregates are mere s¢aree.
| ‘Demand for aggbegate‘is very price inelastic.
Aggregaté is a derived demand used ‘as one of many 1nputs in
bu1ld1ng and englneer1ng construct1on, in add1t10n,, it has |

lqw‘techn1cal subst1tutab311ty.» In the case of bu11d1ng

44
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conétructibn, the cost of aggregéfe is a small fraction of
the total outlay. About 300»tons of aggregate, mostly in
the form of concrete will be uéed in a 1200 square foot
_house with a drive&ay and garage. The cost of the cbhcreté
will amount to about 8 percent of total cost, hélf of\whiéh
Cwill QF represented by the éost of the aggregate itse]f. As .
a minor cost component in house construction, aggregaté wi]l
tend to have a low price elast1c1ty

On the other hand, aggregate can account for 20 to 30
‘percent of the cost of other construction (roadbuilding). '
However, in this case it is the low technical’
’substitutability‘of aggregate which results in low price
elasticity.

-Potential for Aggregate Substitutes b

- With éonventionai aggregates costing about 5 dollars
per ton to deliver to'an Edmonton job site, hauling
' d1stances and roya]ty fees wou id have to increase
s1gn1f1cant]y to maKe mater1als other than natural
aggregates attracttve for use. _
| There are a number of pa?sible substitdtes for
current sources Ash, clay,, sand, séil solid‘waste,
recycled portland cement and aspha1t1c conérete, 1mported
aggregates and,deep aggregates were all found to have

potential.as,rep1acéhént materials in’ a study,conducted by

-
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the City of Edmonton.'?

Ash, clay, sand, soil or solid waste can all be used,

as is, to replace aggregate in many current applications.

At present, because the‘USe of these materials is very new,
constderable further researcn is required into applications
of these substitutes before confidence, in a technical |
sense, is established in their use. More quality control

Ux .
and determinations of long term material strengths, for

‘example, may be required during the installation of these

replacements

These same f1ve mater1als can also be used to produce
manufactured or synthetic aggregates. Manufactured '
aggregates are made by sintering or heat treating a raw
material in a process which>forms hard, light or normal
weight agglomerations which can be produced in various sizes

and used as aggregates. However, manufactured aggregate,‘

produced for avspeciatty portland cement COncrete market,

[}

currently costs in the vicinity of 13 dollars per ton or.

more than two and one-half times the cost of natural
aggregate in the Edmonton area. Relative prices will haVe
to chanée'substantialty'before,manufactured_aggregate
becomes competitive | -

- Portland cement and aspha1t1c concrete wastes are in.

‘-relat1vely 11m1ted supply and a]though useable as f1ll or

"~ base mater1als at cests near to or sl1ght1y higher than

present aggregate sources, theyhdo not appear to be capable

_ofcsupplying any more than 1 or 2 percent of  the Region’'s
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requiremeﬁth |
flmported* aggregates are the same as local éppp1ies
but are considereg separate from study“region reserves for
the purpose of this thesis. Considerable quantities of |
aggregate jexist in the regtons to the north and west of
.Edmonton If need be, the Rockytmountains could be'tapped
as a source of crushable stone so that there is 11tera]1y no
possibility of runn1ng out of aggregate at any time in the
future. All that is required to make these sources viable
for Edmonton region use ts,.once again, for prices to rise
sufficiently to pay costs. ( |
| The use of bulk transportation can allow aggregate to
be transported long d1stances at a re]at1ve1y modest
increase in pr1ce. While 1ncrementa] truck transportat1on
costs are typica]iy 14 cents per ton mile in Edmonton,
prices for finishedieo;crete products’in Norfolk, Virginia
- {see Table 14) where crﬁshed»stbne must be transpohted from
250 miles aWay averaged only five to eight dollars more per
tbn. That is, if incremental costs were to be the same in
Norfolk’s case (at_14'cents per‘ton mile for, say, 240
miles) their aggregate wguld eost an additional $33. 60
| A f1nal alternate mater1al can be der1ved by m1n1n9
aggregates located well below the ground surface. . . d
Aggregates 200 feet down or deeper are,mined by construeting
:shafts in much the same way as coal is mined. The techn1que

involves somewhat less surface disturbance than normal p1t o

operations and m1n1ng can_take place closer to urban areas.
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The costs_involved can not- be established‘at present but,

again, indi

requ1re cons1derably higher aggregate price levels.

" Definition of "Reserves"
The word “reserves" can have’different meanings when
‘used to describe stores of aggregate. The definitien’most
frequent ly qsed in this thesis refers to the quantity of
’sand‘and.gravel which can be mined using conVentionel open
pif techniques These are eng1neer1ng reserves” and
1nclude a]{ sand and gravel available within ‘the study
reg1on.»sub3ect only to the practical or engineering
1imitat{gns on the extraction of material. Aggregate could
‘be made aVailable through unconventional production means
such as deep shaft m1n1ng but those techniques are not
‘ currently used for production and involve much higher
,product1on costs.

"Economic reserves” are those reserves which can
prof1tab1y be mined at current prlce levels using presently
'.Known techniques and include aggregate depos1ts wh1ch as a
rule, are nearest to the market. Although vast reserves of
'aggregate ex1st in the study area, only a small port1on of
those reserves are near enough to markets to . be profitable
to'workgat present prices. _"Protected reserves“ define tne

”bort%ons of the engineering reserves which are protecsgd
: - . g G
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from betng lfost as production sources by the imposition of
1and use restrictions. |

It should be remembered throughout the discussion of
reserves presented in this thesis that the "engineering,
reserQes" of aggregate available to Centra] Alberta are in
“no way physically restricted to the study area under
consideration. As more materials are needed, a condi tion
which will be reflected in real price increaSes,'sources
will be developed wh1ch are located beyond the art1f1c1a]
boundaries of "Centra] Alberta” as def ined by this study and -

shown in F1gure 1.
4

Factors Determining Supply Characteristics

An examlnatlon of the relatlonsh1p of aggregate
supply and demand ustng the c]ass1ca1 model can help
hrllustrate the 1nf1uence of factors affecting supp]y.
ngure 4 depicts the supp1y and demand curves that would be
typ1ca4 for this industry. The steep negative slope of the
demand curve reflects the highly price inelastic character
of. demand for sand and gravel in the -range of prices and
quant1t1es with which we are concerned .

Concentratjng on quantities of supply, two blateaus
of supply can be jdentiFied. “Stock" supolies are S
considered to be available’éngineering‘re§erves-of sand and

a

gravel and arefbased on sources'represented,by the given

W
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natural di_tr1but1on of materxals in an area and are'11m1ted
only by the phys1cal existence of those reserves and the
technology available to mine a portion of them.

| Stock supplies decrease as aggregateqis»consumed but,

given a level of extraction technology, do not fluctuate.'

- "Flow" supply, on the other hand, is the suppﬂy‘of material
.actually being marketed by producers It is this. supply

which can be affected by changes in demand and wh1ch is

shown in Figure 4.
L i .

‘The low end of the supply curvefrepresents the

supplies avai]able.at,low prices: materials close to the

market or low quality materials close enough that;savings in

nsportation cOsts'are enough to cover the cost of s‘,

'improving the materials to a marketable‘quality. That is,

when price ts'pI (See'Figure 4), the quantity of material

_ that can be produced is q, That quantity, q, . is made up
] of the nearest h1ghest qua11ty materials, ActUa] prices

‘adjust to allow the product1on of that- quant1ty of gravel .

wh1ch is necessary to supply 1ocal demand Therefore at

price.p, (Flgure 4) enough more d1stant or: lower qual1ty

jaggnegate can be produced to sat1sfy the quant1ty needed

(qz) to prov1de equ1]1br1um w1th demand ' The 1ncrementa1

',difference in price (pz-p,) is enough to 1nduce product1on

“of the add1t1ona1 quant1ty (q2 q,) necessary to satisfy

demand q,: - v.__'. TR

Decreas1ng stock supp11es (englneeﬁ\ng reserves)

-sh1ft the supply curve~ss in F1gure 4 to the left to s s’



- 52

Instead of supp]ying quantity q, at price p,, the industry
is willing to supp]y only Qqy- A new eduilibrtum point is
establ1shed at price p3 and quantity q4 The quant1ty is -
slightly reduced because while one is Stl]] on the same
hwghly inelastic demand-curve,,a decrease in consumption due
to a sltghtvamount of price e1asticity occurs. The change, |
in reality, may be so slight‘as‘tobe immeasurable andfis

- \.normally more than combensated for by grcwth in demand due
§¥b economic expanSIOnt S1gn1f1cant changes in demand wil}
result only from actual sh1ft/’1n-the demand curve, as from |
‘dd to d'd’ in F1gure 4. Such shifts will occur only with
changes in'hcuSehold'income, ecenomictactivity~or population
.growth Q | )

v : Slnce the supply. functwon is readily 1dent1f1ab1e as
the flow supply and is essent1al]y stable over a period of
several years, any changes in supply which have occurred
over the last several years will be due to shifts in the
demanddcurve Data on §uppl1es dellvered over a recent f1ve

, year perlod is ava1lable as’ well -as the correspondlng pr1ces

h'and will be used in an. effort to est1mate the pr1ce,,
elast1c1ty of supply later on 1n th1s chapter A;

o Flgures 5; 6 and 818 present an eng1neer1ng oriented

,;analys1s oﬁ factors determ1n1ng suppltes T ‘jf “

| : F1gure 5 1llustrates the relat1onsh1p between the~

‘njpr1ce of a. m1nera1 and the demand for it as descr1bed by

. Medford 7’ The pr1ce of‘aggregate is found‘to be a funct1en

of not only demand ‘but,. because of the f1n1te quantlty of
‘ . _ , -5

L U P

77
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[~

economic reserves, 5 fdnction of economic reserves as well.
A decrease in demand can cause a decrease in price while if
the depletion of reserves could be.reversed; priceﬂwould
also decrease. eThe curves in Figure 5 are actually the
supply curves ss and s’s’ in Figure 4. Just as:the'level of
reserves determines the curve,_in*Figure°5,,wnich is
applicable at a given time, a chanae in the state of
reserves determines whether supply cdrve'ss or s’'s’ or some
other supply curve is used in Figure 4.

Figure 6 shows how the tenor, or grade, of mater1al

which is extracted is determined. When prices are low

extraction of only high grade materials having a low cost of

iexploitetion is possible‘ "As prices increase it becomes
p0551b1e to utilize lower grade sources because the h1gher
pr1ces ‘can cover the cost of the additional process1ng
,requ1red that 1s it is feas1b1e to move to s1tuat1ons
descrwbed by the curves to the r1ght of F1gure 6 The /;]
S1tuat1on can be represented class1cally, by d1saggregat1ng
suppl1es 1nto d1fferent;supp1y éurves. eacerepresent1ng a

. %

~different. source of material, as in'Figure 7.

<

. Line $8 in F1gure 7 represents the supply curve for

naturally\hagh grade mater1als L1ne s's’ represents

suppl1es of mater1als which must be processed before they
are of S1m1lar qualtty F1gure 7 assumes that'we are

1nteresged only 1n,£ supply of high qua11ty mater1als for

| the moment and, for s1mp11c1ty. that both types of mater1al
| are the samé/dlstance from market At pr1ce P it is

A
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poss1ble to produce only quant1ty q, and only naturaliy high
quality materials. In fact, it is not poss1ble to produce
\beneficiated material until the price reaches pz. At that
price, the total amount of quality material produced begins
to conta1n a contr1but1on from benef1c1ated supplies. This
is 1]1u$trated in Figure 7 by the fact that line s"s”
representing—totél supplies, overiies line és'up to that
point. At price p; .both naturally high quality. materials
and materiais obtained through processing are produced,
quantities q, and q, respectively, adding'to a tctal of q,-
This shows that at equilibrium the priée is high enough_td
pndbide SUfficﬁent duantféies of a partjcdlarvquality of

| material, whatever the condition of the sourcé may be. ,Aé
“the cost of exploitation or procéssing increases, prices
must increase aécordingly'to ATlow productioﬁ'of the same
grade of material to continue.

’Figure 8 shows the rel?tioﬁ of quantity of reserves
to'qua]ity.l Economic reserves are a function of tenor. The
lower the quality of material that pfice Wit] allow to be -

-

produced the higher the level of‘reseﬁves of materials which
becomé»évaitab]e i | ‘ |
Econom10'sources of mater1als at present are so
plentiful in the Edmonton area that price is governed |
-pr1mar1ly by demand H1gh qua11ty materlals will be in good
.supply in Central Alberta for some time so that while the |
price of ~exploitation may vary sl1ghtly, essent1ally the

: same?qual1ty of materna]'w1]l be,produced. While some

-
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increase in royalties paid to aggregate owners will be
evident, the major size of current reserves means that
hauling dtstances need not ﬁncrease significantly within the
next 15 to 20 years. o

Reserves of h1gh quality mater1als in the region are
the most 11m1ted of the types of material available.
'However, as the quality of the mater1a] available decreases
and prices rise accordingly, significant supplies of |
conventional materials become available at slightly higher
prices since it becomes economical to‘transport quality
materials for greater distances or to further process lower

’qua11ty mater1a]s

Factors Affectinq the Real Price of Aggregate

Two factors cause real changes tn the;price of
aggregate,‘that is. chandes'other'than those resdtting from
. 'general price level movements. The real price is dependent_
on'increases in transportation costs”and askis the oase for

any non?renewable resource the cost of develop1ng and
extracting 1ncremental supplies.
| As aggregate-deposwts near a market deplete, A
.aggregate must be transported farther to the point of use,
'1ncreas1ng the supply prlce Assum1ng load1ng-costs rema1nt
the same regardless of transfer mileage, haulage costs will

‘ currently 1ncrease on average, the price of a ton of -
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aggregate, by about 14 cents for each%%?ditional’mile,
hauled. On a $5 ton of aggregate thatismounts to a 2.6
_ percent increase in its price. Ffor a $40.000 house, using
- 300 tons of aggfegéte. the increase in costs 'amounts to only
about 0.1 pebcent for each added mile.
' Consider Figure 7 once more. It is'hot unheasonable
to assume that‘the extraction and processing costs for a
particular quaiity of aggregate are the same regardless of
thérlocation of é source. Thcrefore'fthedon1y réason for
there to be a dlfference in the pr1ce of those supplies
would be if there was a difference in thevcost of
transporting the material to market. That aCcounts for the‘
incremental costs’associated with incremental sopplies. " The
unit cost of transporting Qill défermine the slope of that
'11ne and as costs 1ncrease the l1ne will slog; more steeply
A ten mile increase in hauling d1stance would be a '
realistic increase svnce, if urbanization is the cause of a
broducer's move from an area,'a compsny.will 1ike1y move
wellfout of the community sO as to notbencounter such -
,problems again in the near»future in response to 1ncreased
urbanlzat1on A 10 mile 1ncrease in haul would cause a 1.0
percent 1ncrease in the cost of a house AUs1ng theﬂsame 1
percent increase f1gure, the cost of $786 mil]ioh wor th of‘
bu1ld1ng construct1on would have cost almost 8 m1lllon
dollanrs more in 1976 A mile of-road using 60 OOO‘tons of
aggregate would cost $78,000 more or if aggregate makes up

25 percent of the cost of the roadway, 6.1 percent more.

-
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Where local road construct1on cost $86.4 million in 1976
(using a 6.1 percent increase in cost) and Other
‘Construct1on cost $136 million (using a 1 percent 1nérease
in cost). the total addﬁtlonal cost of a 10 mile increase in
hau]ing to the region w0u1d have been about $15 m11]1Qg in
1976 or 1.5 percent of expenditures. |

) The other factor inflliencing the real price of *
aggregate is the cost of acguiring‘euppiies} As more
aggregate is demanded, the price paid t0'owners of aggrega}e
is bid up. In Figure 7” for example, this would be
1represented by a movement up the demand curve ss from P,q,

' tq Py dg - If enough miter1al is requ1red an additional cost
must be incurred to develop new deposits which w111 ave a
d1fferent basic cost beeause of varying ‘extraction and
proeessing‘require&ents. The result is a move tQ.é

- different supply curve as represented by a sWiteh from'
‘supply curve ss in Figure 7 to supp]y curve s's’

An individual who owns reserves- wh1ch are econom1c "to.
extract stands to pPOflt from such an 1ncreaseﬁ~P market
prices. As indicated in Chapter 11, the fee paid to a land
owner for graveT extrac€ma from his land varies from 10 to
60 cents per cub1c yard 1;~bentral Alberta and is hxghest at

po1nts closest to Edmonton Although dependent on the-

qua11ty of the aggregates, as supp11es d1m1n1sh the cost of

10 and 20 cent per ton aggregates 1ncreases to. 30 and 40

i cents,per ton. The effect of a 10 cent r1se on these pr1cesv/

~is only about one-tenth,of the effeet of 1ncreas1ng hduling
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distances (by 10 miles) but is a significant contribution to

real price increases.

~

>/FP : The prices shown in Table 11, for the years 1964 to
1877, 111ustrate the effect of demand on aggregaté pricing.
. While transportation costs rise as the result of the
’deplet1on of nearby-aggrega}e reserves or inflation, or-at
least do not change, Eoya]tieS'are set by long.term contract
~and remain essentially stable. Therefore,‘any downward
fluctuations in price will reflect changes in demand.
~ During the pefiod»CQnsidebed: the Construction Price Index
"consistentliy increased, but downward fluctuations in median'
aggregate price were experienced in 1969, 1870 and,1976'in
'responee to decreases in regional economic growth rates and

subsequent\decreases in demand for aggregate.

S

"

As noted previously, Table 11 shows the range of .

Recent Prite Levels

prioes charged for a fypical‘aggbeQate producf, 3/4 incn

. éi%ed‘ érushed‘gravei delivered to variods points in the
city of Edmonton during the years 1964 to 1977. The ohange .
in the mid- range price (Column 3, Table 11) varies from yearzﬁ
to year. decreas1ng in some time periods but generally
increasing. A comparlson of a gravel pr1ce index and an.
index of new construct1on costs shows that gravel prwces

have escalated at rates 31m11ar to the growth rates of local

P
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constrpction costs. When aggregate prices have tended té o
increase at rates chh in excess ofathgse for general
constructjon, price increases have been arrested for one’or
two year periods“un;il_}hey‘adjusted—io similar levels. By
1968, *the gravel price index had reached 164.3 while the\ |
construction/bost index had increased only to 111.2 from the
same 100.0 base in 1964. Price decreases in 1969 and 1870
reduced the d1spar1ty to the point where the gravel price
index was 133.6 and the construction cost index was 121.9.
By 1974, the indices were 214.3 and 219.9 respectively. A
ma jor .increase in .price resu]ted-in'indices of 330.0 and'
261.3 in 1975 but a decrease in brice in 1976 brought‘fhe'
ingdex levels c]oser'togetﬁér agaih:~'305.0 versus 312.9.

The years during which aggregate priceS'decfease éorrespond»
to psriods during whish construction'éxpenditures_s1OWed'in
growth or dropped, és in 1969 and 1970, and- 1976.1'% The
fluctuations in price growth are a Fespohse to changes in -
demand rather than a response to changes in actual reserve

availability or tenor as‘tﬁe availabi}ity or quality of

sources of -supply changed little'dufing that peﬁi
Table 12 Compafes changes in typicéibdelivere
pit location prices dur1ng the 1975 ‘to 1978 per1od Wh11e
pit prices have excalated over 60 percent dur1ng the: perlod
delivered -pricag.have, on the whole, decreased. Since, as
‘,:shown in ChapferFIV ‘85 percent of aggfegate production
costs are made up of . labor and operat1ng costs both of

wh1ch move readily w1th general price 1evels wh1ch have
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increased by over 27 percent since 1875, about half of the
4pit price increase.is accounted for by genera1 prtce level
movements. The other rearly 56 percent has resulted from |
price'increases'specific to the constructioniindustry and
inCludes a reflection of the higher demand levels that have
existed invthe’region. .Loading and hauling costs increased
by'1é percent ( for avtybicat 6~mi]e haul) during the. 1975 to -
1878 per1od but appear to have’ been offset by cost reduct1on
measures such as the use of 1arger truck1ng equ1pment
hauling operat1ons and by price cuts resulttng from
he1ghtened compet1t1on

The costs-of meet1ng more s1gn1f1cant env1ronmenta1
regu]atlons may 1ncrease costs somewhat in: the future but
these are not of a s1gn1f1cant magn1tude compared to
increases resu1t1ng from transportat1on cost 1nbreases As

‘ 1nd1cated in "World Resources the. c T!

' cost of environmental regu1rements. the expense of noise a
-and dust pollution, safety and recovery or re1nstatement
of land will vary...The cost can be anything up to 15%

‘of production costs when produc1ng crushed aggregates
near a conurbat1on 20

/

-

~ Supply Elasticity R
We have seen that stab111ty character1zes the supply
funct1on of aggregates In contrast demand 1s much less.v

stable, sh1ft1ng in response to changes 1n the rate of
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‘regional growth Accordingly, theee conditions permft'an' -
-attempt at est1mat1ng the pr1ce elast1c1ty of aggregate
supply. ., o

. The basic data for the measurement is-giQen in_Table .
'13f Regrettably, complete data can be aesembled for only a
fouh year period from 1973 to_1976f qying to the lack of a
]ongé;‘time seriee on aggregafe coqsumption:” The equation

L 4

used was: ‘ . -

~

qa: m+B( )+E_"< | o o ’

>

where: ga is the percentage change'in aggregate ;-
 gonsumption: ‘ |
Pa,Pgq are indexes oF‘the price of aggregate[

f'and ‘the genera\ pr1ce level, respect1ve1yf

- Therefore, ( )1$ the change in the real pr1ce of_
aggregates. ‘The followmg resu]ts were obtamed froﬁ an

‘ordinary\Qeast squares regression,” IR
. o ‘ . .

‘ Z " gas= -27525 + 0.418 (%&)' ‘. '

( to495"} R o
) Correlat10n coeff1c1ent 0. 331 h "_ N
' The'population varianée of the regression is 3. 55~and“‘
used/vh conJunctlon w1th the est1mate provides a 95 percentn:‘
:_conf1dence 1nterval estimate for the slope coeff1c1ent of

Vo

<
B
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0. 020 to 0. 816

Though the R2 is low, the coeff§c1ent of real pr1ce

has the-correctvs1gn."Obv1ously, however,'the short time

 period contained in the regression precludes its use as an*’

’

acceptable measure of supply élasticity,over the long-term

N forecast period of this Sthy;' » Lo , .
5 PN ’ . Y ‘[ B

Edmonton Prices Veﬁsgs Prices in Aggreqate

- % . Deficient Areas

L S
N

Te provide‘some inSightvinto uhat aggregate prices
»m1ght be if. suppl1es were much less\plent1fu1 prices in
areas where supplaes are scarce were exam1ned
‘ < A number of regions have been 1dent1f1ed by, the
"United States H1ghway Research Board as be1ng aggregate

e

hpgor.~ The Board . tates that the: - '\\.

’ »
greatest sho tages ‘of naturally occurr1ng aggregates
exist in the Mid-Continent Region and\ the Southeastern -
.Coastal sections.of the United States\\ The severest:

.. shortages are ¥ound in areas along the' Gulf Coast...To
-some extent the shortages have been offset by better

rﬁxk fexploratlon methods” and greater emphas1ze on surveys of
- new: natural aggregate sources.'21 ‘

I S 2

| Table 14 l1sts the pr1ces of several typwcal TR
aggregate products 1n Edmonton and in several reglons of the )
Unrted §tatés. including some cons1dered to be aggregate-;:’

~"‘:f.vf',:,_"-‘::)cu,.':gr'..v, as determfned.by a City ?f Edmonton SUPVGY -

R ) .
. - §
e AR S AR S g \ :
. . g FEE T o Lot . . . . . - @ .
CRLN L L ke = Tl Lo g . S o . : P @
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| Only two\of the locations nhich rep]ied actually
indigated‘a'supp{y shortage. Norfolk, Virginia must use
lower grade materials importedvfromt]ocations‘250 miles away.
and Cedar Rabids, Iowa is experiencing a‘shortage of coarSer
materials. Many correspondents did indicate that supplwes
of good materials bere dw1ndl1ng and env1ronmental
'regulations were cited as being a contributing factor to
supply difticulties. Whtle Eomonton prices ranged from
significantly less'than the mid-range prices for the
prodUCts shown to 4.4 percent above; prices in_NorfojK and
Cedar Rapids ranged to as high as 39.5‘percent higher than
the mid-range prices. If'this limited data cah be taken as
an 1nd1cat1on, deplet1on of reserves cauld result in ’
aggregate product pr1ces as much as 140 percent h1gher than
those in reg1ons=w1th'adequate reserves Bas1c aggregate

' costs for an average home would then rise from $1500 to
$2100 or account\for 5. 6 percent rather than 4 percent of
the bas1c c0nstruct10n cost of a house. The price of the
house would ‘increase by 1. 7 percent ‘The cost of a mlle gf
roadway, us1ng 60 000 tons of aggregate would increase, by a

'0

s1gn1f1cant 117 percent
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Year
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Median

Change
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Year -(%)
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,,Ihdex
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Index
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7 |1964

1965/
\\.
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TABLE 11--Continued

Year Range Median Change Grawvel - Corist’'n
“ | From Price - éost
Previous |, Index Index -
Year (%) |1964=100 1954:1001'"
Yo
. : q.
1975| 4.15-5.10-| 4.62 54.0 | 330.0 261.3
11976 4.10-4.48 .4.27 | -7.6 | 305.0 312.9
1977| '3.78-5.00 '4.39 2.8 | 313.6 341:1

Unpublished data from files.

Source: City of Edmonton.

k.
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TABLE 12 . ;/(
s - |
CHANGES IN DELIVERED AND PIf-PRICES OF AGGREGATE
'  (1975-1978)
: : . ' “_
| Year Delivered Price J Price at Pit -
. ‘ ‘\
{ , | Price |Median|Gravel| Price [|Median|Gravel
» Range Price| Range . Price.
) . ' : -
el Index;,:gf Index
‘ S /}\
11975|4.15-5.10| 4.62 100.0 [1.85-2.10} 1.98 | 100.0
|1976]4.10-4.44| 4.27 § 92.3 |1.85-2.10| 1.98 | 100.0|.
B . R 2 . . ‘. ' ° : .
1977/3.78-5.00| 4.39 | 95.0 [2.35-2,60] 2.48 | 125.3
7[1978)4.07-4.58 4.32 | 93.5|3.00-3.40| 3.20 | -161.6|
1 S . | s
Source: City of Edmonton. Unpublished file :
’ . data on materials costs, 1978.: Steel Brothers
Canada Ltd., Edmontop.  Price Lists, 1978. : -
. @ [



, TABLE 13
. 1 " PRICE ELASTICITY DATA'
‘. f » . . ‘
Parameter - Year
1 1973 | 1974 1975 | 1976
Actual Gravel Price $2:62| $3.00| $4.62| $4.27
Indexed Gravel Prici. $2.37| $2.45| $3.40 $2.91
Regional Aggbegate Consumpt ion ‘
. (1000's of tons) . 9,540| 9,940(10,028| 9,747
|Consumer Frice Index (CPI)(’ - " .
(1971=100) , 110.6] 122.5| 135.8 145.&5
Percent Change: Actual Price ‘
cp1 ’ .
. fbom previous ‘year +8.9 +3. 4 +38.9| -14.4
ﬁ%rpent Change in Consump- - = - R g . : |
- t}On‘from previoﬁs'yedh' , y +330‘\\¥4.§‘ L+C.9 | -2:8|
\( LT P 0.” -v ' . : \-. -
-§ogrcé:. Table 9, and D. Pridy, Edmonton Regional
" - - Aggrehdte St ’ Report prepared for City R
’ . . of Ed@pnton. Engipgering Department; duly, :1878.
o N SN
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TABLE 14
COMPARISON OF AGGREGATE PRICES IN NORTH AMERICA
' (Fall, 1977) | |
Municipality Product
7 g ,
- |Portland|Asphaltic Road Crushed
“ Cement  Cement Stone Gravel
|Concrete| Concrete|(Limestone)
¢ | (perrd)
Edmonton’ $32.00 | $13.75 - 1$3.8-5
|Huntington, W.v.. | 33.40 | 20.00 "y 5.45
Cedar Rapids, Iowa | * $2.60 - | 6.00
Jacksonvillg, Fla. | 29.25 | 17,75 :
Denver, Colo. - |~ 32.35 | 15.00 6.16,
Los Angeles, Cal. | 30.00° | 13.00 = 5.10 |
|cCincinatti, ohio® | '33.20 | 1d.00 | ¢ 2.67 |
Norfolk, Va. ©36.00 | 23.00 |  7.50 L
|Des Moine; Iowa - | - 4 "3.25 | #4.50
ine; lowa | 3 1
- . ?- ( ’)\ v



TABLE-14-fContinUed

73 ¢

; s -
‘Municipality Product
Portland|Asphaltic Road Crushed
x Cement { Cement - ' Stone Gravel
A Concréte| Concrete| (Limestone)
-2 (Del’d) - |
Buffalo, N.Y. . 8-12° | 5.00
. " ) -
Miami Beach, Fla. 19.00 - 2.00 2.50
Minneapolis, Minn. | 29.05 | 10.00 7.50 '
. . )
Tampa, Fla. ©25.29 | 18-21.5
Range 25.3-36 | 10.-23 2.-12. |2.5-5.2
|Mid-Range $30.64 | $16.50 |  $7.00 | 4.35

Sbufce: Cﬁfy.of Edmonton. -
. . sbrvey conducted by

‘Results of unpublished ™
‘Engineering{Department,



. - CHAPTER 1V

: , s . ‘ l ‘ f‘n
'jREVIEW OF AGGREGATE USAGE PREDICTION MODELS

l

Other studies which have predicted futqre aggregate
usage were referred to in determ1n1ng the approach to. be \
V-followed in formulat1ng a pred1ct1on model . for th1s study

Several studies of th1s type have been conducted
elsewhere in past years and they are examined in th1s

chapter The most notable were two conducted preV1ously in.

Canada The f1rst of the two, the M1neral Agggggate Study

: of the Central Ontarlo Plann1ng Rgg1gn22 was prepared for

~the 0ntar1o Mintstry of Natural Resources by Proctor and.
"Redfern L1m1ted completed in March 1874. - WOrk in Ontanao

‘.has sxnce continued toward developing a reasonable m1neral

f_?management program for the heavily populated Central Dntar1o:

reg1on The second study, completed in dune,,1976 by the S

| “UMA Group

-

',ion23 was o
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| ‘Figures é 10 and 11 are schematic diagrams of the'
steps employed in prepar1ng projections of aggregate usage
in the Ontar1o, Man1toba and th1s. Alberta, study
respect1ve]y ‘The methods empToy elements which are
similar, and in some cases identical, in nature. Each
starts with a prOJect1on of populatlon wh1ch is then related

"to some measure of econom1c act1v1ty in the study area

Central Ontario Planning Region Model

The mode used in the Central Ontarwo Reg1on started
_w1th pPOJect1ons of: (1) prov1nc1a1 populat1on and (11) per
capltafjncome. The product of the populat1on and prov1nc1a1
oer caoita incomebprOJect1ons was a prOJectlon of potenttal
GrosstPrdvincialsProduct'wiIh the construction-sharevhased'
on htstorica] experie;ce. This yielded an estimate of total'
constrUCtion in the ProVince of Ontario‘ R |
- Based on’ the re1at1ve populat1on of the reglon and
Jits growth rate compared to the prov1nce s, annual spend1ng
on constructlon in the Centraf 0ntar1o Reg1on was then )
{derived from ‘the prov1nc1al data. The proportion of the 1
reglon s past spend1ng 1n the re51dent1al, non- res1dent1a1 g

Aand engvneer1ng sectors was ut1l1zed to- determine annual

:spending 1n each sector The dollar values W1thin each

o sector were then multipl1ed by factors accounting for the

-
_}, . ]
—
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.typical quantity of aggregate used, per constant 1971 dollar
spent on construction_ln a particular sector, to determine

total annual and cumulative usage/of,aggregate to the year
2001. » L

~

\;' Winnipeq RéGion Model
A linean‘regressien was'used‘to relate spending on
construction in Manltoba and the number of households
' present:1n the prov1nce. A prOJect1on of Man1toba 2
population,vcoupled with household -formation trend
predictions, was employed to obtain a prediction of annual
"prov1nc1al construct1on spending. Historical data on
spend1ng 1n d1fferent construct1on sectors, res1dent1al
'»non-resjdent1al, road, and " other eng1neer1ng, was Used to
Separate provincial}data-1nto sectors and past data on the

proport1on of each sector s spend1ng which bhad taken place

/

~in the Wnnn1peg regTon allowed est1matlon of W1nn1peg s
share of sectoral spend1ng - As a f1nal step, aggregate
ﬁnput factors were appl1ed to the spending est1mates to

- determ1ne aggregate usage ' in the area to the\?ear 1996 w1th

an extrapolat1on made to 2026 An’ alternate forecast based

7ion a different populat1on growth trend and a separate

'af,analysls of high qual1ty aggregate usage rates were

<]

‘provided 1_] f;;7.:"‘:'. : fg‘,"_»% a:%( T

P
a
' - - . B X . '
. St e, . -

# -
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Central Alberta Region Model

The Alberta study started with a l1near regress1on
relat1ng total bu1ld1ng and eng1neer1ng construct1on
spending in Alberta w1th the absolute number of households
Present in the prov1nce.’ This was done to project™
provincial construction spending. Allocation to the region
was made by thé relative number of households and by the
area’'s growth rate relative to that of the prov1nce
Initial proport)ons were based on the number of households

in the study region to the number of households in Ajberta

.in 19]7- The growth rate of numbers of households was

dlfferent for the region than it was for the prov1nce as a
whole so allocat1ons in subsequent years were based on.the

i
ratio of households pred1cted to exist in the future year

under cons1deratton Historical data on the proport1on of

consfruction spend1ng input 1nto ‘each of the bu1ld1ng, road'

‘ and other construction sectors was used to determine

'g1ven in Chapter V.

sector spendlng in Central Alberta. Aggregate.1nput_factors
in tons per dollar'were'used to obtain ‘tonnages of material . |

used 1n ‘the reg1on The usage was further allocated between

.sand‘ gravel and’ h1gh qual1ty'mater1als. The results of the

'appllcatlon of thls model to the Central Alberta reg1on are

LS

e The 0ntar1o model makes a number of assumptlons whlch "

may make its results quest1onable | The model assumes that

'V;all 1nvestment funds generated 1n 0ntar10 are 1nvested in

L.
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- . a' - -
Ontario and all. furds invested in Ontario~originate in

Ontario. :In addition, the model ‘assumes a relationship

- ex1sts between gross provtno1a1 product and 1nvestment - The

use of a prOJeot1on of personal 1ncome 1nvo]ves uncerta1nt9
in future levels as well as 1n means of valuat1on

The Manltoba mode] was based on a prOJect1on of
h1stor1oa1 data on households and ‘construyction spend1ng
‘However , the use of only-ten years of data in obta1n1ng<a :
reghession ﬂine as. shown in Appendix 1,’codld,result in a

serious error.in the pred1ct1ohs B T

' Both the Dntar1o and Manitoba models are d1scd§sed in

more detail in Appendix 2.
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s SCHEMATIC DIAGRAM - "PROCTOR AND REDFERN IR

& - . 0

ONTARIG MODEL



LINEAR REGRESSION
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LINEAR REGRESSION RELATING
HISTORICAL SPENDING ON
TOTAL BUILDING AND
ENGINEERING CONSTRUCT ION
¥ IN ALBERTA AND. NUMBER

: OF HOUSEHOLDS

PROJECTION OF POPULATION
AND HOUSEHOLDS IN ALBERTA

!

_ PROJECTION OF :
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ALLOCATED TO CENTRAL
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1
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CHAPTER V

APPLICATION OF A PREDICTION MODEL FOR AGGREGATE
" USAGE IN CENTRAL ALBERTA

4

Having described the engineering and eéonomic
'backgﬁound of the aggregate industry in Chapters I, Il andl
111 énd'discussed prediction models for gro.th in‘aggregate
usage in Chapter [V, this Chapter presents the results
obtained when the.Cthral AlbeﬁtafRegion Mode]‘was applied
to the data. -

The estimates of aggregate usage derived from using
the mos t probab]e populatlon growth rates for the region
(PPOJect1on 1) are g1ven in Tables 15 and 16. Table 15

gives the annual usage rates of sand, gravel and concrete _
‘ Ay

RiEN

quality materials for the years 1378 to 2007. Table 16
lists cumulative usage of these materié]s for the samevtime
period. Table 17 summarizes final cumulative usage figures

derived from using the most probable and several less

82
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probable growth rates for the study region.

While the most probable prediction rate is based on -
low fertility rates (1.835) and medium net in—migratiqn
(7000 per annum‘fbr the Edmonton sub-regicn), the other
three projections; 5,3 and 4 are based on low fertility, low
migration (3Q00 per annum); medium fertility (2.173f, med i um
‘migration and high fertility (2.432) and high migration
”(11,000 per annum) respectively. The urban populatioq
growth raté-ﬁas gombinedeith a rural growth rate estimated

~at 1.2 pércent per ahnﬁﬁ, bver the period, to arrive at an

overall, regionaix gbowth rate.

(=~}

A detailed presentation of the predictioh me thodo 1ogy
is given ih Appendix 1. | _ | |

As shown in Table 15{ total annual usage of'v
materials, acébrding to Projection 1,‘increaséé from
13,526,000 tons in 1978_t6, near]y double, 25,950,000 tons
in 2007. Cumulative usage of sandf‘gravel and concrete
materials for the thirty year period, as given in Table 16,

amounts to 69,680,000, 299,560,000 and 226,310,000 tons
respectively; a total of 595,550,000 tons.

Consumption of Reserves

Table 18 is reproduced from the "Edmonton Regional
Aggregate Study" and lists the engineering reserves of
.materials estimated to be available in the study~region;

3
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_ .y .
The reserve figures recorded for each municipality are

restricted to those parts of the unit included in the study
area.?4 . ¢ ‘ | | |
ﬂ‘ Table 19 compares usage rates, as obtained ftom
Projection 1, with the reserves potential.

- The data in Table 19 indicate that supplies of
aggregate are much in excess oflrequ§rements to the Yéarc .
2007 according to Projection 1. Table 20 contains the same

: comparison'using the projection with the Highest usage rate,
number 4. .
 Cumulative usage qfhmqterial amounts to only 6.9
percent of total engineering reserves for all matérialé
bcohsﬁméd ih'the most'probab1e pasg (Projection 1) and only
7.9 peféent of reserves in the max%mumrpoﬁuiafion growth
case (Pfojection 4). Material usage in”eéch category isv
13.8 to 14?2 percent higher‘from Projecffon 1 to Projection
4. That is, while total aggregate usagé fof a #inal
"population in the study area oﬁ?1.25'million is 585.6
million tons, total usage for a final bopu]ation Qf 1.56§ -
million is 677.5 million tons, 81.9 million tons or 13.8
lpercent,mdre.. This 81.9 million ton difference, howeVer, is
Ton]y‘élightly less than 1 percent of total reserves of |
aégregate in thg area. Although 81.9 mi]lioh tons appears
to be a significaht/quantity of material, it represents only.
3.2:years’ supply;at Yeérl2007; Projection 1, ugagé rates.
A more Significant,concern is the éffe?t'of conéumptfon on

the three ma jor sources of aggregates.' - L@
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in the case of Projectionl1, on1yv1.3 percent of sand
reserves are indicated'astbeing consumed.‘ gelatiée!y more
signiftcant portions of .the 'scarcer, more useful coarse.
gravel \and quality materials wOuld be consumed; 13:4'percent
and 20.0 percent respectively. This means that, if the-
percentage growth rates for aggrefate usage as obtained in
PrOJect1on 1 are ma1nta1ned for succeed1ng 30 year per1ods,y

Known eng1neer1ng reserves of h1gh qual1ty coarse materials,

that is, those within on]y the study area, would run out in

72 years (in 2050) and regular quality coarse aggregate

would run out 15 years later _in 20865. - Projections 1 through -
4 resulted in prOJected per cap1ta usage rates of the

magn1tude ‘of 20.6 tons per annum by 202; If pér capita

“ usage is 25 or 50 percent h1gher or 25.8 and 30 9 tons per .

cap1ta, for each year in"the 30 year -period, PrOJect1on 1

usage-would be 744.5 and 893 4 mfflion tons respectively

If the same proport1ons of the dtfferent types and qualities

- of mater1als are used then, when per cap1ta usage was 25

percent h1gher qua]1ty materwa]s will run out by 2050 and
glacial and recent gravel by 2065. If per caplta usage is

30. 9 tons by 2007 or 50 percent kigher, qual1ty materials

. w1l] be exhausted by year 2&50 and other gravel by 2060.

At the most probable of expected population growth

rates, conventional and quality materials in the study .

'region will deplete by Year 2050 and regular gravels by

2065. A 25 percent higher‘popUlation.growth‘rate will

exhaust known reserves three years earlier while a 25



" , | | 86

percent increase in per capita usageiwilj have the same
: efféct as a 25 percentihigher population growth rate. A 50
percent hfgher per cépita usage will reduce reserVes.by from -
J5 to iO years’ supplyf o o
The discussion of réserves presented in. this section,
as én,indicatdﬁ of the lonéevity ofrregerQés,‘appears to
imply fhatvsignificant sources of'aggreéafé:db{not exist
dﬂtsideﬂthe'boundary~6f the study.areé.;_In’réality,.a:d as'-
A{ndicéteé\previOUSIQ, as neafby sources deplete and the‘ﬁk
rélative price of aggbegate increases, the study area -
boundary recedes as aggregate will be brought in from areas
outéide‘the boundary. The fac} that reserves of a inen
type are indicated és being depleted 65 or 80 yéafs in the
future does not mean that ali construction will grind to a
halt, never to resume. The foregoing is included only to
give thé readér'%’feel for the life of reserves within a
defined area. In short, the Central Alberta study area, as .
outlined in Figure 1, is significant on]y'qua-delihiter of
a geographic area of.interest for the purpose of this
thesis. | _ |
\Aithéugh matehia]s wiilibe available for many;decadgs
to come’it-wiil be the more valuéble'cdarser materials whiéh;_

will deplete first.
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éonservation--A Complicating Factor
~\ "

The means by which supp11es increase makes it-
d1ff1cu1t to induce conservat1on of aggregate materials.

A]though prices increase, engineering reserves never deplete

~

and as was indicated by Francis: 25

The ‘purer a deposit, the lower is the techno]ogy of
processing, the lower the energy requirement and
therefore the lower the cost of exploitation. These
factors lead towards a reduction in reserves by
encouraging demand, and whilst reducing the likelihood
of conservation they are the very factors which should
raise concern about the need to conserve. When minerals
are extracted from less pure deposits, a higher °
processing technology is needed, together with a higher
energy requirement, and this has the effect of

- increasing reserves, and reducing demand and the need

~ for conservation.

Ld

Reduction of Reserves by Other Factors -

The data referred to in the previous sectlon assumes _
'that the reserves are reduced only by consumpt1on as

building materials. A potential problem in making that

assumpt1on is illustrated in th1s comment made dur1ng a 1975.

."conference on the conservatlon of worid resources

o>

"As far as long range planning is concerned, with
construction aggregates the Key to their use is their
close proximity to the consumer. This always gives rise
to areas of conf11ct with regard to land use and
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enVironmental aspects, noise and dust. In many cases'
too it is found that unless long-range planning is
properly considered, the deposits bezome covered. Once_
a city, a park or a monument has been built over an

area, .that area is lost. In Denver, Colorado, in the
period- 1935-67, some 3900 Mt of reserves were reduced to
100 Mt due to urban encroachment. 26

Lane use conflicts can result fn tﬁ%'remqyal‘of
potential deposits of sand or gravel from poesible
exploitation. As was the case in Denver, the'expansioﬁ of
cities and rural residential properties can have a
devastating effeet on the availabiiity of reservee which are
close to an'urban center. However, it is not only Iend that

 ?becomes physically covered by buildings, street and other
Qrban paraphernalia which is sterilized in terms of
aggregate_production. Residents Have demonstrated an
unwi]lingness to put up with the noise'ahdydust generated by
extraction operations anywhere in the vicinity. According
»to one stuay, while 81 percent of property ewners'Would
object’te a pit being located 0.5 fo 1.0 miles away, over
one quarter of the same property owners would still ebject
to haviﬁg gravel extraction operations over 2 miles away
from>their'homes.27 The effect of these Kiﬁds of objections
is to make gravel extraction eperations an objectionabie
land use for some distance away from urban o; cOuptry
-‘residential loeations. The possible removal of reserves
because of such conflicting uses led to-the,inelusion of
- Chapter VIdwhich consfders the‘effecﬂs of current and future
land use zoning regula}ions on ?Qgregate reserves.

]
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TABLE . 15

PROJECTED ANNUAL USAGE OF AGGREGATES

-PROJECTION 1

(1978-2007)
‘| Year |Prov’' 1|C.Alta. Annua Aggregate Usage
Growth|Growth (1000 s of Short Tons)
Rate -Rate' - ‘
| Total Total,'Quality Total
Sand Gravel'Materjéls Aggregate
. USage Usage| Usage Usage
1978| 0.024| 0.022 | 1582| 6802| 5139 13523
1970| 0.024| 0.022 | 1647| 7082| 5350 | 14078
1980| 0.024 0.022 | 1706| 7333| 5540 14579
1981| 0.024| 0.022 | i762| 7577| 5724 | 16063
1982| 0.023| 0.020 | 1815|. 7801| 5894 | 15509
1983 0.023| 0.020 | 1867| 8025| 6063, | 15954
1984| 0.023| 0.020 | 1919| s250| 6232 16401
|1985| 0.023] 0.020 | 1972| 8478 6403 | 16851
|1986| 0.023| 0.012 | 2009| 8637 6525. | 17172
1987| 0.021| 0.018 | 2058| 8846 6683 | 17586

89
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TABLE 15--Continued- ////,_,/’
- \ \
Year |Prov’' 1{C.Alta. Anngal Aggregate Usage .
|Growth Growth (1000’s of Short Tons)
Rate | Rate _
' B Total| Total| Quality | Total
Sahd Gréve] Materials|Aggregate
Usage Usége Usage Usage
1988| 0.021| 0.018 | 2106| 9056| 6842 18004
1989| 0.021| 0.018 | 2156 9270| 7003 | 18428°
1990| 0.021| 0.018 | 2208| 9488 7166 18858
1991| 0.021| 0.018 | 2257| 9704| . 7331 19293
1992| 0.018] 0.016 | 2304| 990a| 7482 19690
1993| 0.018| 0.016 | 2351| 10106 7635 20092
1994| 0.018| 0.018 | 2398} 10311 7790 20499
1995} 0.018) 0.016 | 2447 10518] 7946 . 20911
1996| 0.018| 0.016 | 2496| 10720| 8105 | 21330
1997| 0.017| 0.015 | 2542| 10926| 254 | 21722
[1998] 0.017|°0.015 |'2588| 11126 8406 | 22120
1999} 0.017| 0.015 | 2635 11329  8559 22524
12000{ 0.017| 0.015 | 2683| 11535| 8714 2293%

30
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TABLE 15--Continued

'Year PéoQ’] C.A]tg. Anpual Aggregate Usage
Growth Growth .f (1000's of Short Tons)
A‘Réle Rate _- . N' —
Total KifﬂZIY Quality Total
Sand|Gravel Materia]s'AQgreg;te '
Usage| Usage| Usage Usage
2001 0.017| 0.015 | 2732| 11743] 8871 23346
2002] 0.017 :D.O1é 2781[ 11954 8031 . 237@?f:
2003| 0.017f 0.015 |.2830| 12168 9192 24191
2004| 0.017| 0.015 | 2881 12385 9356 i,24622
| 2005| 0.017| 0.015 | 2932| 12604| 9522 . ’2g§059
12006| 0.017{ 0.015 | 2984} 12827 8691 25502
2007| 0.017| 0.015 | 3036| 13053| 9861 25951_'

_~

g1
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TABLE 16

CUMULATIVE USAGE OF AGGREGATES -
-PROJECTION 1 |

{1978-

2007)

{Year ~ Cumulative Usage
' k1000’s.of Short'Toﬁs).\
Sand|{Gravel Qua]ity‘,'Totaf;
- |Material| of A1
| |  M$ﬁer{a1s£-
Ao N o
1978| 1582 6802 5139 | 13523
1979| 3229| 13884| 10489 | 27602
1980| 4935| 21217| 16029 | 42181
~ |1981| e698| 28704 21783 | 57244
|1982| 8512| 38595| 27648 | 72753
|1983{10370| 44260 33708-| 8B707 |
1084|12298| 52869| 39941 | 105108 |
1985 14269| '61345| 46344

121958

92 . -
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Year

Cumulative Usage

(1000’ s of Short Tons)

3

199
1992
1993
1994
1995
1996
1997
1998
1999
2000

27062
29366
31716
34115
36561
39057
41598
44187
46822
49505

116344
126248
136354
146664
157183
167812
178838
189964
201294
212828

87894

95376
103011
110800
118746
126852
135106
143512
152071
160785

Sand|Gravel Quality Total
Material| of A1l
Materials
|1986|16278| 69982 52869 | 139130
1987|18336| 78829| 59552 | 156716
198820442 | 87884 | 66394 174720
1989|22598| 97154| 73396 193148
1990|24805| 106633| 0562 | 212006

231299
250989
271081
291580

1312491
333820
355543
377663
400186
423118




. TABLE 16--Continued

Year| Cumulative Usage
(1000’ s of Short Tons)
Sénd Gravel| Quality Total
S Mater{al of All
Materials
2001 52236 224572 169656 446464
2002 55017236526 178687 470230
2003(57847|248683| 187879 484420
2004(60728 26;078 197236 519042
_2005 636601273683 206758 | 544101
2006|66644|286510| 216449 569602
2007-69680 299563 | 226310 1595553
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TABLE 17

SUMMARY: RESULTS OF ALTERNATE PROJECTIONS

Proj’'n| Final JCumulative4Usage-1978/2007 Per
" No. Area ~ (1000's of tons) |Capita
Pop’'n - Usage

(1000’5) Sand|Gravel|Quality |Total

Materials

O - e

s : .
1 | 1251 |69700|299600) 226300 |595600| 20.5
1129 |65300|280500| = 211900 |557700| 20.6
1342 |72200|310300| 234400 |617000| 20.6
1563 |79300 340800| 257400 |677500| 20.7

s oW N




AGGREGATE RESERVES "CENTRAL ALBERTA REGION

i

TABLE 18

Municipgﬁity

Portion of

Mineral Resource Reserve 4

Whole' Mun Lfglliogs of short tons}
In Study — —
Area (%) |Total |[Gravel| Quality|Total
L Sand Aggf. Aggr.
Athabasca 61.5 136.0| 190.6 --- | 326.8]
Barrhead 84.0 103. .| 100.8 --- 203.9
‘Beaver 72.2 N 57,1 17.1 --- 74.3
- |Camrose 92.9 33.2| #08.9| 230.2 | 372.3
|Flagstaff 9.0 18.6]  --- --- 18.6
Improvement'
District #11 7.7 --- 4.6 --- 4.6

96



TABLE 18--Continued ¢

87

) X
Municipality Portidn of Mineral Resource Reserve
Whole Mun (millions of short‘tons)
In Study
Areér(%) Total |Gravel| Quality Totaf
Sand. Aggr. |Aggr.
| Improvement
District #14 18.3 12.4] " 18.5 ——- | 30.9/
ImpnoVemenf | | ,
District #15 1.2 ---|- 32.5 --- 32.5
Improvement |
District #18 0.3 8.1 2.2 --- 10.3
Lacombe ~ 64.3 | 219.9| 212.0| 68.2 | 500.1
Lac St Ame|  85.3 | 183.8| 211.5| 34.4 | 420.8]
Lamont 100.0 | 430.0{ 90.5|° --- | 521.4
Leduc 100.0 138.2] 119.0 --- | 257.2
Minburn 67.6 36.8{ 7.7 --- | 44.5
Parkland 97.0 |1090. | 243.9| 232.7 |1566.7
Ponoka 95.0 | 363.3| 216.9| 229.3 | 80g.5




TABLE 18--Continued

o

Municipality

Portion of

Mineral Resource Reserve

Whole Mun | (millions of short tons)
In Study

« Area (%) |Total [Gravel| Quality|Total

Sand Aggr. Aggr.
}’Smoky Lake 51.7 161.3| 119.8 --- 281.2
Strathcona 100.0 | 358.7| 202.7 --- | 541.4
Sturgeon 100.0 | 625.7| 113.4 --- | 990.3
Thorhi 1d 100.0 98.8| 17.4 --- | 116.2
Two Hills o 61.5 66.0| 23.7 --- | 89.7
-~ |Westlock 94.3 | 392.0| 47.1 --- | 439.1
Wetaskiwin 97. 1 725.f 133.7| 80.6 | 940.0

Total 5239.812234.7| 1126.6 [8601.1]
Source: D. Pridy,-Edmonton Regional Aggregate Study

N Report prepared for City of Edmonton,
' Engineering Department, July, 1978.

‘
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TABLE

YEAR

19

2007-

PROJECTION 1

| USAGE VERSUS RESERVES

AGGREGATiig

Mineral Resource Reserve

(millions of short tons)

Quatlity

> % Consumed

Sand |Gravel Total
Material )
: y
Reserves 5240 (2230 | 1130  |8600
V'Cumulative Usage o
|to Year 2007 69.7| 299.6| 226.3 | 595.6
' 1.3 13.4] 200 | 6.9
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TABLE

20

A7

AGGREGATE USAGE VERSUS RESERVES
TO YEAR 2007-

o

PROJECTION 4

Mineral Resource Reserve

- {millions of short tons)

sand |Gravel Quality Total
‘ . Material
Reserves lsoao  [2230 | 1130 |sso1 |
CUmulatiye Usage '
to Year 2007 79.3| 340.8| 257.4 | 677.5|
% Consumed 1.5\ 15.3| 22.8 7.9
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CHAPTER VI

il B . ‘ ' t

LAND USE ZONING AND AGGREGATE RESERVES

P
|

The study results presented in Chapter v 1nd1cate
that Central Alberta will actually use a relat1vely small
"proport1on of its mineral agghegates by 2007 . However,
nemoval of agghegate bearing lands from the mining market
can taKe place when urbanlzatlon occurs on the surface of
lands bearlng reserves. This chapter examines the |
implication of future land uses, barticularly urbanization,
for stores of aggregate. L o

Tablem21fpfesents data on the effect of zoning
regulatione on potentia] "engineering" reserves of
aggregate. The locations of the sand and gravel dep051ts
enumerated in the "Edmonton Regional Aggregate Study" were ..
examined as to the zoning restrictions in effect at the o
lbcation}or in the absence of such regulations, the actual

use ascribed to the location. The»depbsjts Were then'sohted

101
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and totalled by whether or not the land use category within
which a aeposit occurred wouild allow extraction.;~A11 tracts
of land outside,oé the major cities and towns in the region
were included in the calculations.

Only 6.5 percent of sand reserve§ are in éreas
affected by unfavorabie zoning, reducing usaple stores from
5234 million tons to 4896 million tons. ~ Of particﬁlar
interest is the fact thaf 13.2 percentvof the sahd reserves
are in locations which, it is anticipated, the Edmonton
Regional PlannﬁngACbmﬁiSSion (ERPC) will designate as
mineral resource reserve areas.2?® The intent of these
reserve resirictions woula be to'ensUre the utilization of
fhesé areas in a sequence of applications that will a]ibw
the production of the mineral resources in the 1and before
it is used to locate buildings or roads. |

‘ River terrace debosits,Afor all th;ee types of
materials are qjvided evenly between the extractable and
non-extractable'categorfes. This is an assumption which
arises because some river terrace deposits may be extracted
while ofhers may not and it was not possible to deferminel

-éxactiy what proportion of these aggregate deposits could be
made avéilab]e. However, 50 percent was determined Eo be a
réasbpable estimaté based on the cufrent appfoval rates for
/é;velopment appiicatiqns. |
A largef proportion of Qrave] debosits, 14.6‘percent,
are ‘unavailable for exploitation, reducing accessible

reserves from 2238 million tons to 1911 million tons.
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Inaccessible river valley depos1ts of gravel account for 50
-percent of the unavailable deposits of gravel while country
res1dent1al settlement has eliminated a further 29 percent
of the unavailable materials. Dnly 1.5 percent of this
c]assvof aggregate is;protected by the proposed reserve
~area. The mineral resource reserve area delineated so far
has been calculated to preserve deposits of high quality
aggregate and aeolian sands and has not included
tpreservation of glacial deposits:. Therefore, at this po1nt.
med1um guality aggregates are large]y unprotected by any
specific zoning restrictions. ';

Approximate]y 6.2 percent of guality aggregates have
been removed from access, reduc1ng potential supplies from
1127 to 1057 million tons. One of the main obJect1ves of-
the ERPC mineral resource reserve is to protect the quality
aggregates in the Edmonton region and under present plans,
23.6 percent of these mater1als would be .located w1th1n the
protected zones.

In total, 8.5 percent ot all materials have been
removed from production and 11.3 percent of all‘materials
are includedﬁin planned resoprce reserves. |

Table 22 summarizes thevtotal ~available reserves,
usage and unexplo1table materials quant1t1es as of the year
2007, assuming no further deposits are e11m1nated by
urban1zat1on and also assum1ng'the use of Projection 1.,._ )
“Accordingly, 92.3 percent, 72.9 percent agg 75.0 percent of

the sand, gravel and quality aggregates in the Central
. A A ‘
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Alberta study érea wi]l=sfi11 be available. Appboximately
85 percent of all aggregates would still be avai]éb]e.

If no further reduction of reserves due to '
urbanization occurs, aggregate reserves wilT'still be
plentiful in the area 30 years hénce. Of current reserves, -
8.5 percent of them are e]iminated'from éonsiberation
because of urban encroachment and a further 6.5 perceng’will
be consﬁmed by 2007. Whi]e Qsage rates are relatively low
for this short run periodn the possibility of loss of a
significant amount of reserves to grbanization and other
conf]icting’lénd uses is a mattéb that merits examinationf
As pointed out in Chépter V, land use cbnflicts ban'have

disastrous effects on’pdtential aggregate supplies.

9

Land Use Conflicts

-

-Land use conflicts 5urr6unding the extraction of
aggfegates revolve‘around two'issues. One is the problem»OF
industrial operations in cthlﬁCt with residential land use:
in the vicinity §f extraction sites and the restoration of .
pit sites. The other centres on the opportunity cost§ whiéh

must be considered in'establ{;hing land use reguiations for

the protection of sand and gravel reserves and the response’

of reserves to.changes in real price.
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Residentia]‘énd'Restoration Conflicts

The origih of/these conflicts is explained in "Worid

Resources" as follows:

o o
\

In past years as urban expansion encroached on mineral
deposits, other deposits were developed at the periphery
of the expansion and the enveloped assets were lost to
.the community. This loss and our ¢urrent higher
demands, have led to increased transportation of raw
materials at overhaul costs, per ton mile, approaching
'one-quarter of the production cost per toﬁ '

The unp]anned and heedle$s approach to the ut1]1zat1on
of mineral resources in the past has created severe
social” and economic problems. Residential districts
exist in the midst of the noise, dust and heavy traffic
of quarry and pit activities. Past activities are

> marked by a blighted and desecrated landscape.?® =

A multitude of reasons has made people much more
protective of the environment of their pEopertjes than has

"been the case previous}y. As noted, if besidential

' devglopment is élloWed in an area, the ﬁoiser dust and

traffi; cauSéd by extracfion‘operations brings objectionéf

even;if the ihdbstry preceeded the residential'development:

This quandary results because:

Engineers, motivated as they are by short term technical
and commercial factors, tend to concentrate on tactical

- matters. This jjs to some extent understandable in
winning of natiornally abundant materials. . Other. \
.'materials, which may be abundant  internationally but not
sited in the marKet place or .rarer materials not
.available in concentrated deposits; are much more
suscept1ble to.strategic influences.

B ~ There is a positive need for the engineer 'to widen
his horizons and to gain a greater appreciation of
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strategic matters.. He can then seek by comment and -
credible representation to influence the formulation of

those strategies which contribute towards better

planning and utilization of resources rathef than those ’
which are sought for short term tactical reasons or”
polltacal expediency. 3

The confl1cts caused by engineers ‘and developers
' result from 1nd1v1duals and corporate entities carrying out
normal'development act1v1t1es’wh1ch 1n serving the1r '
personal and corporate interests w1thou§ reference to a ‘ %
development plan which has been approved by author1t1es,
0have the end result, unknown to them, of consum1ng land
capable of yielding m1neral resources.
These existing confl1cts are of a cont1nu1ng nature
'but are,not 1rresolvable.f Improved land use plann1ng would ‘;

eliminate basis'fOr conflict. However, several related

issues ex1st which have no simplistic answers.

—~A ‘. 5

Zoning and Reserve Conflicts
An issue of long term significance is the use of land \
use zonlng to reserve aggregate depOSlt s1tes until the
aggregate is needed . » |
| Where this question has been congldered leg1slators
have concluded that protectmon of deposits through land use

regulat1ons is a prudent counse of actlon Ihe general

: -1mpress1on‘1n North Amertca‘has_been that:
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To prevent social- and economic chaos, long term planning
-and control of large urban communities is necessary.

The need to integrate a healthy and respected industrial

mineral industry into the offidial plans is apparent.

~An initial requirement in planning the proper

deve lopment of the community is the identification and
mapping of the natural resources available...Each

-municipality should have a map of the. m1nera1 resources
within its jurisdiction. _Proper zoning regulations
should make provision for a raw materials base adequate
to support the present and future population of the
community. Proper control of the development of these
resources should prevent exhorbitant prices and, at the
same time, protect the welfare of 'the public by ensuring
that certain performance standards are met by producers.
- The total area of: land that must be set aside‘fon
mineral development will generally be a very small
proportion of the total area of the communilty. -
Judicious planning can allow these areas to be worked-
and, later, rehabilitated to other uses w1th a minimum
of conf11ct 31

A need ﬁo'phactice"conservation'is.indicatedt This
“inplies an awareness of tne relationship be tween CUrrent;
and anticipated:needs and Known reserves, with suitablie
allaowance for possible'future‘discoveries" /

‘Current planning horizons run to 20 and " 30 years'in‘
the‘future33 and for many_purposeS'this appears to be a
: pract1ca1 t1me frame However’ in tne case of non—renewable
' resources many env1ronmental1sts believe that it might be
‘more c1rcumspect\to cons1der an even longer t1me frame, even
"if as in the case of petro]eum resources, the populace in
general prefers to pursue more short term po]1c1es

Populat1on increases expected 1n the region are of"
maJor concern when discussing Iand use plann1ng In the

' most probable case area populat1on w111 1ncrease by 483, 000
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or 65 percent by 2007. Where current urban areas in the
region total approximate]y 150 square miles, a simi]ar
density of population will censUme another 100 square miles.
Significant amounts of qualityegravel and aeolian sand
deposits»are located within 5 miles of the city of Edmontoﬁ.
Although accounting for only a small bortion of total area
stores, because of their preximity to markets, greater care'
could be exercised in locating develbpment if aveiding
encroachment on possible extraction sites is desirable: =
Of further rote are country residential settlements

which are located at distances farther ou€ of the urban
center. Between 1971 and 1973; of the 800 acres of rural
land converted to country residential land in A]berfa;.some
320 acres was within the jurisdictional boundaries of the
Edmohfon RegionaT,Plahhing Commission.3* Since the agreed
policy of the.municipalitiesVin_the ERPC.area has evolved to
one of allowing a fU]l‘specfrum of hoysiﬁg alternatives to
be provided for the region it is to be eXpected that the
current popularity of country res1dent1a1 housing w111
cont1nue 35

‘ Country residential deve]opment can remove from 1 to
'20 acres. of land from a]ternate land use ava11ab1]1ty per
“household, therefore 1arge areas of land can be consumed
‘very rapidly As .a result, .country res1dent1al deve lopment
may have to be carefully planned if it is des1red to
~pre§érve the‘ava1lab1l1ty of nearby reserves. In areas

where a high potential for usable aggregafes exists,
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developmeht plans can be formulated so that qrbanization
occurs on land that is fdund to have no value for aggregate
production.

Detailed studies can bé conducted to confirm the
location and extent of reserves. needing protection andvany
tract of land being urbanized could be examined for
aggregate deposits as a condition of development.

The'opportunity costs of setting aside those lands
which will be used for agricultural purposes, for an
indefinjte périod of time, are relatively insignificant. It
"wi.ll be many years befbre agricultural land 40 or more miles
out of Edmonton will be required for aggregate extraction.

A 160 acre tract of agricultural land at those distances
from Edmonton now sells for approximately $50;000 (1978) and
oncelexfraction is‘completed could be returned to
aQriCu]tural'use with a value df, say, no. less than $40,000
(in the séme dollar terms). If suéh a piece of land, for
examp]e{ has an 80 acre area with a 1 yard thick seam 6f
gravel in it, it will contain abbut 387,200 cubic yards or.
523,000 tons of gravel. 1If the gravel royalty is 30 cents
per ton, the value of the gravel is about $150,000. -This
‘assumes that the royalty payment, usually.set for the 5 or
10 year length of the contract, inciudes g/discount factor
over the time period which is accéptable to the vendor.'
Coupled with an agrigu]tural value of'$405000.,the property
is wort? $ﬂ90,000 and gravel'extﬁaction plus agricultural

use is a profitable land use scheme. Even if the land

S-
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cannot be returned to a high grade’agricultufal use and has
a residual valug of only $30,000, aggregate e;tractfon
purposes étill éutweigh a purely agricultural use in
ecénomic terms, b§ existing economic valuatibn scales.

Within 20 miles of Edmonton, a quarter of land is
'11Kely to be worth $160,00C BecaU§e df'cbuntr§ residential
use and speculative possibilities. For the land to be an
attractive investment for gravel extraction purpoées,,over
SQ0,000‘tons of 30 cent per ton gravel must exist on it and
the price of gravel wquld haVe to increase correépondingly
to make holding such 1and(pfgfitable. Howeverr compared to
a 14 cent per ton charge for carrying a ton of aggregate an
extra mile, a doubling or tripling of a 20 or 30 cent per
ton royalty payment for gravel would be relatively
insignifiéant. Land which is close to Edmonton and can be
subdivided is worth $250,000 per quarter/section and Up. . At
40 cehts per‘tdn, the 1and must COﬁtain.over 600,000 tons of
gravel materials to make it practical to mafntain‘the land’ s
avaiﬁabilisy.for gravel extraction.3s | |

wa; interrelated, deciéions are required in the
Edmonton area. Should agghegate‘reserves be zoned in such a
way as to prevent the urbanization of the lands containing
‘them and, if so, what proportibn of reserves should be
protected? |

'Although cOnservation>fs beneficial to industry and
soéiety (as‘the consumer§ of'aggregate),‘there‘are_factors

which work against effective conservation.



Quality reserves have low processing costs, é
condition which encourages their use. However, a price
structure must exist which\makes it possible to produce from |
the area of the geographic mérgin of extraction. Anv
additional costs such as additional tbansportation_or
processing costs relat;ve to supplies closer to the market
or of better quality muét be recoverable. Therefore, given
a particular level of demand, changes jn the market price of

aggregaté will, to a large extent, be ba;ed on incremental
pbbduction ¢Qsts at the margin of extréction. Since the
~ price is'already near the ]evé] dictated by the @argin of
extrgction c;sts, when it bécomes necessary to usé lower
quéiity,or mére distant reserves'the higher costs have
little effect on short term demand because bf price
inelasticify, the reasons for which were discussed in
Chapter 11I. The higher prices induce increased supplies as
further‘précessing or haulgge of materials becémes
economically_feasible. éince supplies are inCreased,:
attention is diverted from the need to conserve.?37

'Since production and transportation costs are lbwer
for reserves which are close to the market a surplus may be
vcreéted by sales of these léss expensive aggregates since
prices are set relative to the costfof marginal aggregate.
The beneficiaries of that surplus hay be“the'owner-of the
.property, who gainslthrough higher royalty paymehts, or the
lessee if the‘propérty was leased ét‘a lower royalty rate.

At least part of this surplus could be described as an,
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opportunity cost return for use of land having a higher‘
in]ity~than that‘aﬂiibé production margin.
~ Since higher prices are so easily absorbed, aggregate
supplies are limitless because aggregafé can be~brougﬁt in
from farther and farther away‘as long as real aggregaté.
pricefincreaSes allow the bayment of increaééd
transbbrtatibh‘costs. i
r If reserves are not protected, that is, a free market
system is aTIOwed tQ prévai]. when ithbecémes oppor tune to
develop a tract of aggregate bearing land the owner of ‘the
land gets full value forvthe property. If the land is zoned
vso that no deVe]opment can take place until after the
aggregate is removed, the owneb loses unless the pricé of
the‘aggregate is bid up_to give the producer obportunity
eafnings‘equal‘to the;effective utility of tﬁe land. That
is what very likely will take place. The owner ofjthé land
 wil1 weighvalternéte uses in deferminihg the value of his .
;prdperty and will not‘ailow its’netehtion as a beserve for
aggregate unless the price he eventual]y obtains provides a
return appropriate to the maximuﬁjvalue ofvthe\land. If the
iahd 1sfexpr¢priated, the owner has an excellent case to
demand payment for fﬁe’fu11 value of the land. If the
government ‘takes ownership of the land at market value and
sells aggregate at an antiffcia]ly'low}price, then users of
aggregate are essentially recéiving a government~éubsidyf
| The crux of the zoning issue is not ko much a matter

of exhausting the supplies available to th ea as it is a




‘113}

question of whéfhér‘or not gbyernment is willing, or ab%e.
te subsidize aggregate users;}

| The definition of conservation given-in a previous
paragraph indicates.thaj consideration should be.g{ven to
anticipated needs. What has not been'estéb1ished is how far
ahead those anticipated needs should be provided for. Since
alternate aggregate materials will be available
indefinitely, evén though they may have a higher cost, some
effort should be devoted to determining what level of
protection if any should be given to aggregate reserves.
inf]afed aggregate costs will increase the capjt31.cdst of

) cbnstruétion by only 1 or 2 peﬁcent; Will it be to Central

Alberta’s interest tb‘attempt to preserve its aggregate:

' jreserveg; given the"administrative costs that may be

involved?

In the Edmdnton region, é décision must be made‘as to
what proportion; if any, of resérves should be pﬁo{ected;,
In addition, should protected reserves be éxpanded to
include cbarse sand as well as fine sand‘sourées? The 1.5
percént of él] convgntional‘gravel depésits now protected

could be expanded to a more ;igﬁificant and appfopriate
.resérve size and, further, complete protectioﬁ could be
.estéblished for qua1ity materials. Since much of the area’s
reserves dovnot occur immediately adjacent to the region’s,
urban areas, protecfion}of-depdsits may simply amount td thé

establishing of restrictions on land that will be used for
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agricultural purposes untj] extraction takes place and which
will subsequently be returned to agricultural use. An
additional, more minor, technical issue inyolving the use of
lower quality materials for some purposes, conservfﬁg
quality materials now used for those pﬁrpéses, should be
resolved. |

«

One technical. problem which stands out as one studies
. the literature is mix specification. Engineers specify
a2 mix which has to be met willy-nilly, and this means
that a lot of material is wasted. A better way would be
to study the problem and change the design so as to make
- better use of available materials.38

The cost of these consefvafional measUrés‘wi]l.in all
likelihood be higher in the‘short rQn but the long run valde
to be derived may make them worthwhi]e‘inbmonetary and human
terms. | *

A significant amount of effort}w51f be required to
«implemént a system for orderly and efficient provision of
aggregates. Man has fbequent]y eXpérienced instanqgs df:
increaéing scarcity in a»comhodity and - through his ingenuity

has always come up with a substitute or replacement | |
| material, often with resultant increases in efficiency andﬂ
beneficial technologies. 39 |

-
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EFFECT OF LAND USE ZONING ON RESERVES
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Zone Zone Mineral Resource
Category Sand {Gravel Oua]ity‘ Total
EXfractab]e Agricultural .3458.3 1352.1 677.6 5488.0
| Urban Reserve +04.5| 58.7 , 416 167.8}
‘Develbpment : ‘ | | _
Cantrol 116.6] 65.1 ---| 181.8|
Indian Reserves 136.7| 30.6 100.6| 267:9
Highway 182.6| 71.8| 24.9| 279.3
Industriaj TO;Qf_, 4.8]. --- 15.3
Uﬁzoned_ 170.6| 133.3 ---1.303.9
|Mineral Resburcé ) |
Reserve - | 691.7| 33.3| 249.6| 974.3|
River Terrace 24 .21 161.4 --2| 185.6




TABLE 21--Cont inued
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Zorie -Zone anéra1 Resource
Category Sand |[Gravel Quaiity Total
Non- . |Urban 17.4| 35.0 8.1 &1.5
Extractable'Country | | ’
Residential 281.4] 36.6] 16.1| 344.1
Resort 14.8 893.7 44.11 152.6}
River Terrace 24.2| 161.4| --- | 185.6
Extractable
Total 4895.7|1911.1| 1057.3|7864. 1
% '93.5| 85.4|  -93.8| 91.5
Non-Extr. ‘ o |
Total 337.8| 326.7| 69.3] 733.8
% 6.5/ 14.6] 6.2 8.5
M. Resource | |
|Reserve (%) 13.2| 1.5, 23.8] 11.3
| Total 5233.5|2237.8| 1126.6|8597.9




TABLE 22

POSSIBLE RESERVES OF AGGREGATE
AS OF YEAR 2007

17

Mineral Resource

'(mi]lions of short tons)

‘Sand

Gravel|Quality| Total
1. Reserves. as of 1977  |5233.5{2237.8| 1126.6|8597.9
. Non-Extractable as 6f ,v _:
_ 1977 | 337.8| 326.7| 9.3 733.8
3. Extractable'as of 1977(4885.7(1911:1]-1057.3|7864. 1|
. Usage 1977-2007 - T I
Projection #1 65.3| 280.5| 211.9] 557.7].
. Total Remaining-as of ]
 Year 2007  |4830.4{1630.6| 845.4|7306.4
. Total Remaining 2007/ |
Rgservés 1977| 92.3| 72.9| 75.0| 85.0




CHAPTER VII

e

CONCLUSIONS AND RECOMMENDATIONS

Conclusions
/

.

This study found that, on the basis ofvcurrent
condition5~qaggregate reserves are much in excess of what is

requ1red to supply the Central Alberta region unt11 the year

2007. %ﬁ@u]at1ve usage, of the materwa]s ava11ab]e in the

¢%tudy area, for the most probable case, PrOJect1on 1, is

'expected to amount to only 6.9 percent of all mater1als and’

13.4 and 20.0Apercent of coarser and high qual1ty materials
@

respectively. ' Projected usage for a final area population’

25 percent 1n excess of PrOJect1on 1 levels, or 1, 563 000,
is only marg1nally h1gher at 7.9 percent of all mater1als

v1(PrOJectlon 4)

| Approx1mately 8.5 percent of current reserves - were

found  to be eliminated from consnderatwon as reserves

118
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because they were located where land use restrictions would
prevent the1r extraction. | However since experience
elsewhere has found that urban development can very rap1dly-
decrease the s1gn1f1cance of reserves 1n the v1c1n1ty of
urban centers, there is a degree of urgency to the need for
exam1nat1on of the strategy to be employed in the future
with respect to whether or not aggregate reserves_shoUld be

protected by government action. The occasional propensity

for the government to impose land use regulat1ons or

\expropr1ate property might better be res1sted in this

»

s1tuat1on "

A very real quest1on ex1sts as to whether the

o

establ1shment and malntenance of a system of m1neral

aggregate reserves would be worth the cost involved. A need

Kl

ex1sts-for a’ comprehens1ve study to determ1ne more

."accurately (1) what the reg1onal reserves and d1str1butlon

of dlfferent qualities of aggregate mater1als are, (2) what,

if any, protectlon should. be afforded aggregates (3) what

form any protectwon dec1ded upon might take.

TG

- L
: Recommendations
| &

Based on the 1nformatlon gathered for this study, the.

9

follow1ng recommendat1ons are made:

1. Since the'study'condUCted by the City of Edmonton into
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.aggregate reserves, "Edmonton Reg1ona1 Aggregate Study"
v1s ‘essentially a base11ne&study of - reserves in the area
resulting from restricted use of field data, it is
Jrecommended that further detaited s tudy of-reserves in

. tHe area be made taking fu]l advantage of the use of the
modern f1eﬁg ana]ys1s techn1ques descr1bed in Chapter'.
'-il. The nature of rura] development in the Edmonton
'area dictates that this study be glven art immediate ':’//
pr1or1ty ' The study wou id be funded and carr1ed out/at
,the Prov1nc1a] level.

Although this study cons1dered only the 30 year period,

. 1978 to 2007, 1t is obvious that a non- renewable .
resource of this type will be requ1red after that date.
A decision should be made .as to how those materials
:shoutd be supptied_and'whether or not protection of
reserves from surface developmentAshoutd be a featuregof
" such a pian. bThatﬁis,'for what future periodyshould
reseFves'be provided and what trade-off'ShOUId bermade'
between reserves and the prospect1Ve ava11ab111ty of

- subst1tute materlals

4In add1t1on to giving considerationbto.reserve i
protect1on conservat1on of resources is also posstble
even when those resources ares Ystill plent1?u1

Government attent1on should be turned toward
'1nvest1gat1on of poss1ble reuse of mater1a]s and the use

‘of subst1tute or lower quality materials. Rev1ew of

. conservation measures should be made the continuing task -

[
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of some existﬂng government body so that measures oﬁw

|

: A A\
techniques wh”ch become feasible, either through chanQe;

- in relative pdices or changes in technology, do not-go

-

unnoticed or qnencouraged[

Total éggrégaﬁe reserves in the area are considerable
but the proportions that are éoarse (26%) and o%'high
quality (i3%)%are re]ativefy low; attention should be
given to the.%ignificance of that problem and possible

|
resolutions. | - |
i

|
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APPENDIX!ln
PREDICTION METHODOLOGY

‘Households Data

The h0useholds,datalfor past years which uere used in
the regreSSion analyses, were derived from actual population
figures. FlgureS“on the nuhbers of perSOns-per household.‘
for the province and for the ma jor- urban areas, obtained

from the fiVe year Dominion census‘° were extrapolated to

Callow households f1gures for each year to be derived.

Regional and prov1nc1al populatlon data were. obta1ned from_

- Statist1cs Canada and the Alberta Department of Mun1c1pal S

‘Affa1rs 4

Future households data were derived from proJect1ons

-‘of population and persons per household For the Central

Alberta region urban populations were prOJected on the

"bas1s of projections for ‘the Edmonton sub reglon to the year'

o ;140
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2001. as supplied by the C1ty of Edmonton Plannlng Branch. 42
Rural and sub-rural population were prOJected by exam1n1ng
the population growth of Federal enumeration areas composed
entirely of rural or sub-rural household elements during the
period 1966“tp 1976 and reducing the growth rates, as
indicated by Statistics Canada flgures. to,equivalent annual
rates.*3 The rates for rural and subirural areas were then
combined in their areal‘proportions to arrive at a single
annual equivalent “rural” growth rate of 1. 2 percent. Urban

and rural populat1on growths were then progected to give a

- total sub-region growthT The growth rates pred1cted for

- 2001 were extrapolated on to 2007 to complete the statistics

for the study per1od Provincial population projections

_were der1ved from Alberta Bureau of Stat1st1cs estwmates 44

Man1toba andIW1nn1peg populat1ons were obta1ned from
Statjstlcs danada and‘tsurvey of'MarKets" sources 45

| The propens1ty" for members of each age grqup to
form households was determlned from detailed data der1ved
from the 1971 Census“, and that "propens1ty“ was applied tc

¥
prOJected future populat1on age d1§tr1butlons to determine

. the.persons per household expected annually until 2001 (with

:

extrapolation to 2007) - These data were found to obey ‘a
l1near semi logar1thm1c regress1on of. past and future ‘data.
Therefore a regress1on of the»logarithm of actual past - and
projected future persons per household data was obta1ned -
w1th the following results -
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For Alberta
Persons per household tn year (1) ,
23.099-0.1151%1og(1) where I=1 in 1378
Correlation Coefficient= -0.946
F Value= 34.063
‘\ .
For the Central Alberta Region
Persons per household‘in Year (1)
=3.154-0.0970*1og(I) where Is1 in 1978
Correlation Coefficient= -0.954

F Value= 20.176

‘ Predioted persons per household data were applied to

- predicted populations to determine future_households data.

“~

Construction Sgending

- Construction spending on roadways indthe study area
by the Prov1nce and the City of Edmonton were determ1ned
d1rectly from the records of those governments 47 Spend1ng
by other urban areas and rural mun1c1pa11t1es was determined
by responses to qd/st1onna1res on municipal’ spendlng which |
_were forwarded to. the surround1ng mun1c1pal1t1es Those ‘

_v,responses along w1th Provincial and C1ty of Edmonton data,-‘
were used to extrapolate the data from mun1c1pal1t1es wh1ch
did not reply or-wh1ch-d1d notsprov1de soff1c1ept data.

x
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Spendlné on_other cdnstructionkwas determtned by using an
~arbitrary 17 percent of total road and building ‘ '
construction .,The 17..percerit figure was obtained with
” :relat1vely good agreement from the Ontario and Manltoba
| stud1es and was resorted to because of a lack of reg1onal
‘data on that constructlon sector 48 Regional bu1ld1ng
| construct1on data both res1dent1al and non- res1dent1al was
'obta1ned from Statistics Canada records wh1ch although
excludlng m1nor commun1t1es and mun1c1pal1t1es, were
relat1vely complete Provwnc1al building and engrneering
- construct1on data for Alberta’ and Man1toba and bu1ld1ng data:
vfor metropol1tan W1nn1peg were’der1ved from Stat1st1cs
Canada data.4® | | |

v Constructlon spend1ng data was reduced to a constant
dollar ba51$ by the appl1cat10n of road and bu1ld1ng .
construction cost escalat1on indices and, in their absence,
by use'offconsumer‘PriCe'Indices for the locality beind

considered.3¢ . .«

‘ Regression Analysis

| _ Once it was determ1ned from exam1nat1on that the
-‘lMan1toba approach of a regre551on model might be
vpract1cable for application in this study. attempts were |
: made to deriye an appropr1ate predlction equat1on In an

‘m,effort to’ avoid the compl1catlons 1nvolved when the
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projection of constructwon spend1ng versus households was
derlved for the Prov1nce and then relegated to the -study
region portion ofvthe province, regional data was used in
the first case examined. vAli data was converted into

" constant 1876 dollar terms. . The firstvattempt resulted in

the follow1ng equation wh1ch was compared to the equat1on

obtained in the Man1toba study:

‘For Edmonton .
= -7651b9+7792.2*(x)
‘ | Where: - T
Y= Total Construct1on spend1ng 1n constant 1976 dolTlars
, (1000’5) , o ,
X= Number of Central Alberta households (1000 s)
,Correlatlon Coeff1¢1ent-*0 835
F= 6.907 |
t= 2.628f

(Based on 5 years data: 1972-1976) .
As derived in the UMA study:

For Man1toba
¥= -162394+2968 2*(x)

e
1]

Where: . ' R 't» R
Y= Total Construct1on spendwng in constant 1973 dollars.
(1ogo's) . R . R
Number of Manitoba households (1000’s) L
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Correlation Coefficient= (0.876

F=29.570 |
(Based on 10 years data:,1964¥1973)

» The high slope coeff1c1ent derived for Central
Alberta was felt to be a poor est1mate even, prov1d1ng
some’conswderat1on for'the difference in the absolute
. value of the 1973 versus 1976 dollars used in each
case. It was therefore dec1ded to 1nvest1gate the |
s1tuat1on further.

| Tosdetermine the stability of the slope
" coefficient from time period to time period and from
place to place, it was decided that residential- and
non-restdential bui]ding data for Edmonton for a
longer t1me per1od and from metropol1tan Winnipeg and
Man1toba wou1d be exam1ned - The results of these
'regress1ons are given «in Tables 23 24 and 25.

The conclus1on was s1m11ar to that obta1ned in |

the Manxtoba study, that attempts to forecast on the
ba51$ of one sector would not be successful .Slope' ‘

, coeff1cients for the two sectors cons1dered were

- significantly different and coeffic1ents for the same

: reg1on were found to vary from t1me per1od to t1me :

Cperjod.. S
'-The above,exercise was]reoeated for Edmonton andt

for Manitoba: Using_thetohahge‘in households and the -

e
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TABLE 23
" REGRESSION RESULTS - SET #1 .
Region Lihear Regression Results For:
and ‘
Time Residential Building .  Residential and‘

Period " versus Households ' Non-ResidentiaI»
. Building Versus

Households

" Slope  |Correlation Slope, Correlation|

Coefficient|Coefficient|Coefficient|Coefficient

D

,- Edmonton

1967-76|  4542.5 0.804 | === | =r-
Manitobal-. ~  |. | | ,
| 1963-72|  2603.0 0.876 | 3824.1 10.916
1967-76|  2720.1 0.708 1540.1 | -0.340
el I -0 | e
Winnipeg . - _ o
1963-72| 3627.2° |  0.696 --4329.8 | 0.712 -

1867-76|  4438.5 |  0.447 | 1876.7 | _0.157

“S}
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REGRESSION RESULTS - SET #H
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For Total Value | °  Road Building
'Edmonton of all ” Construotion Plus Road
1972-76: Gonstruction - vs. Constructfon ‘

vs.vHouseholds Households vs. Households
vgiope
|Goefficient|  8146.4 1326.0 7981. 1
”Correlationv ' -l
|Coefficient|  0.854 0,739 0.833

r

changesain househons lagged one and two years as the -

1ndependent var1ab1e

w1dely vary1ng slope coeff1c1ents and lower and 1ncons1stent

_ correlat1on coeff1c1ents (-0. 106 to - 0 911)

- The. change in householdsf gave'

Lagg1ng the '

- change in households gave 11ttle or no 1mprovement in the

fit of the regress1on

' Agaln, UMA' s f1nd1ngs were

It was f1nally decided to abandon a model based .

ent1rely on’ the reg}on and go to a<orov1nc1311y based

‘regression curve.

the regressions were-1noreased where poss1b1e and}segments

-

Z:j;;;:jd; th1s t1me concern1ng the unsu1tab111ty of- "change
-8 ‘ eholds” as. the 1ndependent var1able 51 L ",

As well the t1me\ber1ods cons1dered for

PN
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oF'those time periods eiamined seoarately 'Constant dollar:
week 1y wages were 1ncluded in some°regress1ons as' an ‘
add1t1onal 1ndependent var1able 52 The results of th1s set )
of regress1ons are g1ven in Table 25. o

Both prov1nc1al and reg1onal regress1onz based on
sectors ‘were again. found to vary from t1me period to t1me
~per1od and from locat1on to locat1on .

— " The add1t1on of real weekly wage did not prov1de any .

' maJor 1mprovement in the agreement between regtons or.
_between time perhods o However although the slope ,

coeff101ent for Alberta data on. total constructIOn was not
constant from period to per1od St was dec1ded that this

| 1nstab1l1ty was inherent in the processes generat1ng the

data and that the best approach woqu be to use the .

regress1on based on total construction spend1ng for’fhe

Prov1nce of Alberta for the pertod 1953 to 1976 versus-

- absolute numbers of households for the same per1od The

J data from those f1gures was cons1dered to be the best

: est1mate of the curve that would result from the cyzltcal

factors wh1ch 1nfluence construct1on sbend1ng from time - 0

A

'per1od to t1me per1od

&

. Proportion of Spending Allocated to -

‘Central Alberta Region = =~ g

 This allocatlon’was determined .on a yeae by year

s - . L - . U y
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TABLE 25

REGRESSION. RESULTS - SET #2-
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T . ’
Regression

Albgrta

Manitoba

Edmonton

Winnipeg

1.

'Residential

'qulding‘vs.

Héb;eho]dS*ZO;Yrs.

'Slope Coefficient
- Correlation
Coefficient
‘Residénti;l

Building vs.

_ HQUsehons »
-10 Yrs., 1967-76
‘Slope Coéfficient

Corrélation'f

_ Coefficient

3685.7

0.830

2117.4

~ 0.280

2946 .2

' 0.894

2889.0

. 0.551

1960.8

0.844

865.0

0.767
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Table 25--Continued
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<]

Regression

Alberta

Manitoba

Edmonton

Winnipeg

4.

Residential

BUildiné vs.
Households

-10 Yrs., 1957-66
Slopefﬁoefficieﬁi

Corre}atjon

Coefficient

:Residéntia]

" Building vs.

Households

'?JO Yrs. from -

beginning of -

- data-serieg

Slope Coefficient

Cobrelatibn_

Coefficient

1458.7

0.586

2252.0¢

0.797

-0.057

)

-116.1

1705.7

0.607

-0.018

| 0.657

-24.3

1761.8

[¢R
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Regression

Alberta

‘Manitoba

Edmonton{Winnipeg

AN
N

Residential

Building vs.

//Househdlds and

ffAnnuaI Average.

Weekly Wage

-20+ Years

‘Slope Coefficients

Yaﬁiaﬁle 2_
Variable 2-
Mu. Correlation .

© Coefficient

Total Building - |

vs.‘HOUSeHolds

;20+ Years ‘
Slope Coefficient
Correlation |

 Coefficient

3806. 1

-29.0|

0.830 |

2633.9
33.4

-576.9
"188.3

-4174.0
252.3
0.872 | 0.820
- 1587.6

3381.5

0.930°| 0.833




Table 25--Continued

152

Regression -

A]berta

Manitoba

Edmonton

Winnipeg

Total Building vs.
Households. and
Annual Avé}age
weekjy Wage
-20+ Years
Slope Coefficient
Variable 1
Vaéiab}e-2
Mu, qurelétiqn
Coefficiént |
- Tota]»Cbnsé{qétiOn
-20+ Years L
" .Slope Coefficient
‘Correlatfon'
Coefficient
Tofal-tonstﬁuétion

vs. Households

=10 Yrs. (1967-76)

Slope Coefficient
Correlation -

'~ Coefficient

'12080.7

o
0.969

11637.4

-

0.4810

.98117.0

0.849

3527.6
-15.5

0.930 |

610.7

A

0.833

~ 127{6l

fi



M R L R T e 3L m s e, v g L -

f

Table 25--Continued
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Regression

Alberta

Manitoba

Edmonton

Winnipeg

110.

11.

Total Construction

- vs. Households

-10 Yrs. (1957-66)

Slope Coefficient

<
Correlation

- Coefficient
.Total Cbnstruction '

- VS, Househo]dé

-10 Yrs. (1950-59)
Slope Coefficient

. Correlation

. Coefficient

Tota] Cdnstructiqn

-vs. Households

and Annual

Average Weekly -
Wage -20+ Yéérs

- Slope Coefficients

,Variab1e_1'

Variable 2

Mu. Correlation

i  Coéfficfent’

7590.2

0.667

. 19855. 1}

' 0.952

3169.1
2112.4

18074, 1

- 0.952 |

0.870

-1083.0|
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basis from the number of households in the study region as a
proportion of the number of households in the province
determfned from population projections. Spending in the
sub;region was’aliocated on;thjs householdsibasis becauee,
with the large rural ‘area included in the study region, the
study region might be assumed to befa microcosm of‘the ,
province in terms of eonstruction spending in t%e‘same_way

as this was done in the Ontario study.

Spending in Each Sector

Daia collected from suppliers (1976 dnly) and

consumers (1972-1976) of aggregates in the Edmonton reg1on

and Stat1st1cs Canada were used to determ1ne the proportlon

.of spend1ng wh1ch h1stor1ca11y, took place in the Central

Alberta reg1on in each sector

i . Aggregate Ingut’Factor

o

Aggregate 1nput factors were derived from deta1led

-‘u‘

>

analysxs of data obtained from users of aggregate in the

Edmonton region during the per1od, 1972 to 1976. .

.
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¢

Types of Aggregate Used

_ The proportion of different aggregates produced by
o o | , .
producers in 1976 and used in'construction between 1872 and
1976 were used to determine the proportion of the different

aggregate materials being used 1n the- region
: i

v

;'. Aggrggate Reserves'at 2007

1 o Used in conJunction w1th reserves data contained 1n
the “Edmonton Regional Aggregate Study“; figures obtained
for the aggregate usage ant1c1pated to occur in the study

" region between 1978 and 2007 ‘were uséd to determine the =

amount of ex1sting reserves that Will remain after that

period of usage |

Ay

',Effects-oijoning RggulatiOns

- .'\"..

The records of the Prov1nc1al Department of Municipal,

|

Affairs. the zoning regulations of rural municipalities,._kf
where they existed land use maps and plans and publications;

| jnfrom the Edmonton Regional Battle River and Red Deer

hfi:Planning Commissions were used to determine the existing or
__ifrplanned 1and usage ascribed to locations where aggregate '_
.t”_deposits are to be found 83 The locations were then‘ggie_f_g“_
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as to zones which may allow ext_r‘actionﬁOperations for
aggregate »a'nd those which it is apparent would not allow
extractwn act1v1ties and the’ reserves contamed m each

- Zzone tabu'lated to determme extractable and non-extractable

reserves



APPENDIX 2

P
X

'DEVELOPMENT OF ONTARIO AND MANITOBA MODELS

[V

v As 1nd1cated prev1ously, both the 0ntar1o and -
'Man1toba models started w1th populat1on prOJectId;s\Ebich
»were then related to measures of econom1c act1v1ty ‘ The.'
',Ontar1o model however. was based on a cap1tal stock -
'format1on ooncept of macro eeonom1c analys1s"5‘ Wh1le the
Manwtoba study was based onnan emptr1cal re]atlonshlp
{4,between population and macr%economic spend1ng on,““

'_constructlon

e

. ontario egeirs
| Ehe basic purposes of)the Ontario study were to ffti'
t 'predict future transportat1on patterns for aggregate and tov
,",.,.”'facilitate the development of an appropriate Iand use W
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strategy. . : . : Y o
The conceptfof the formation of capital stock used by
 Proctor and Redfern allows that "Qut of annual Gross \'
Provincial Product (GPK) a certaln proportlon goes into |
'-savwngs (S) which are the source of the annual f1ow of
investment (I). Whlle not all investment funds generated

1n Ontario are invested in Oﬁtar1o and not all funds

1nvested in Ontario originate in 0ntar1o, the study assumes
that a relat10nsh1p exists between GPP and 1nvestment
I- Change in KF + Change in KV
Where S e
3 o \ ‘ . | \w
R e - KF= Fixed'Capital Formation v
| KVs= Var1able Cap1ta] Formatlon

41n year t) .
SN

and e e

C= KF . |
Where S ' -

e NI . ¢
' C- TotaI Construct1on . o e

-

T

o wh1le variable capital for‘ation 1nc1udes equ1pment

d and 1nventory formation, f1xed cap1tal includes building andff-
o eng1neering construct1on KF then becomes a prOJection of
totad construction activity and where d is the proportIon of"

GPP going into construction in year ty total constructzon is
. w

»
AR
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C= d*GPP
Hlstorlcal data on d was found to be fit bz§
mod1f1ed exponent1al curve which tended to a bott
asymptote over time. GPP was defined as:
: E
GPP=Y*Pop
Where: »
= Per Capita Income
" Pop= Population

(for a given year t)

Historicatl real fncome data for the years 1947 to

“-1976 were adJusted to constant employment and part1c1pat1on

rates and found to be descrlbed by the follow1ng ord1nary

1east squares regression_derlved time series:
Clog y = +0.4003 + 0.001(t) (t=0 at 1958)
1000 | '

8 ; Appl1cat1on of” the d (proport1on of GPP 901ng 1nto

onstructxon)‘!b GPP der1ved from a populatlon prOJectwon ‘

-and the.projection of real per capita 1ncome resu]ted in a :

f1gure for the value of construct1on The populat1on

| projection used for this model assumed a med1um fert1l1ty

rate and a net migratlon 1nto the prov1nce of 70 000 per.

annum 4’ ; SRR - 5_ R

LN
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The Central Ontario Region’s share-of total
prov1nCial construction was then- portioned-out based on the
_fraction of the prOVince s population resident in the region
and the relative growth rates. of the province and region..

While the proportion of construction in each of the -
residential, non-residential and engineering sectors was
readily available for the prov1nce for a number of years
back, the apportionment for the study region was based
solely on 1972-data. ‘The proportions data that was obtained
is.givén in Table 26. : _

o The reSidential sector is weighted more heavily in
the smaller unit because of the greater reSidential
component in the largely urban metropolitan Toronto region
‘as opposed to the prov1nce as a whole. Also since roadways
are weli deve]oped in urban areas, engineering cons{ruction
spending is reduced accordingly in an urban area.

The final step in arriVing at a prediction of actua]
guantities of sand and gravei and crushed rock used in the
~Centra] Ontario Region was to muitiply construction spending
estimates by constant dollar based factors for tons of -
,aggregate utilized per dol]ar of spending, based on an

;assessment of 1971 data

- Winnipeg Mode13¢

The Winnipeg study included an area 6500 square miles -



-objective was "to provide qualitative and quantitative

“long term.’

G Ps e e s e o e+
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in size, extending approximately 40 miles'south and north,

30 miles west and 45 miles east of Winhipeg.»’its stated

estimates of aggregate potentlally available to support

'construct1on requirements in the Winnipeg Reg1on over the

S
7

As a result of perce1ved d1ff1cu1t1es associated w1th
13

using var1ables such as Gross Prov1nc1al Product, value

added from manufacturlng and personal 1ncome whlch are

'subJect to uncerta1nt1es in future levels as well as
}valuat1on, the W1nn1peg mode | was based on-a s1mple '
'regress1on of construct1on spendwng in Manitoba versus

_ households The test1ng lead1ng to the derivation of the.

regression equat1on was Qescr1bed ps fo]]ows.

-

P -

A regre551on model was fit to total construct1on value
in Manitoba, population, populat1on -change, number of .
~households, annual change in households, personal " 1ncome.
and value added in manufacturing. In.- the same way,
similar analysis using only one independent var1ab1e was
carried out. As the reduction of the equation te a ,
simple relationship did not detract from the re11ab111ty

- of the results, .the simple regression model was
ult1mately salected to forecast total construction

~ spending. Of all the independent variables examined,

\the number of households was discovered to be .the. best

»

‘single variable for predicting the level .of construction o

activity in Manitoba--sufficient /that the, addition of"

other variables did 11ttle to 1mprove the’ quallty of thégf

¥

regress1on equat1on .87

1:The§,esultaht'régressﬁon~edUati0n_wa$i

o L

7 Y= 162,394 + 2068.2+(X) - .
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Where:

1

Y=Total Construct1on spendlng (exclud1ng .
o . residual items) ]n-constant 1973 dollars K

'(thousands)

‘X= Number of Man1toba Households

(thousands) ’ : T ;l T

The overall F stat1st1c for the regressaon was o )
29.570 the coefflc1ent of determ1nat10n was 0.767. vv iy
Two Statlst1bs Canada’ populatlon prOJect1ons were>
a.used to prov1de a base and an alternate forecast case for
the regression. The base .case was the preferred pPOJeCtlon
‘,'whlle the alternate case assumed h1gh fert1lxty and net "
. outward m1grat1on g1v1ng a lower eventual populatlon
Future numbers of households were progected us1ng the
lproport1ons of household heads found in each age’ group
“;.dur1ng the 1971 Census in Man1toba The proportlons were
‘ mult1pl1ed t1mes the%future populatlons expected 1nkeach ag%)_'
group to determlne the numbers of households by determ1n1ng
‘the prOJected number of household heads g
Sectoral alloCat1ops, for the prov1nce and reg1on.;'df

‘¢_and aggregate u5age coeff1c1ents were determ1ned by us1ng a —

“

~_from aggregate producers and users. resultIng 1n annual

ltonnages of t:s*sand and gravel and crushed rock that would L

.bfbe required - ‘a" TR }a-: l; ,\ .

By all indloat1ons, the Man1toba study was an . attempt
o R , v .

.'q.
.
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vto.improve oh fhe Ontario study, however bas1ng the study s
o3
regress1on llne on only 10 years of data could ser1ously
harm its cred1b1l1ty g1ven the wide var1atlon in '

.‘ . coeff1c1ents that occurs between subsequent per1ods of that )

time length.

L4 M » .

v ' ; 1
’ . P N
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L ‘ .
L - " TABLE 26 o
(VR - . ‘ S
S SECTORAL SHARES 0F CONSTRUCTION SPENDING
(\’/,;,_;////ﬂ:> IN ONTARIO - 1971 .
| fSéctpr - Geographic Area
-+l . |Ontario|Central Oniario'ﬁlanning Region
Residential ~ | 33% | - - 45% |
7 Non- Res1dent1a1 35% ‘ ' o - 32% '
' Engineer1ngﬁ 32% o 23%;‘\

" & SOURCE: Proct8> 3nd. Redfern Ltd. . Mineral =
S Aggreqate Studx Central Ontarlo Plann1ng
Region - _ _



APPENDIX 3

REGULATIONS AFFECTING THE -AGGREGATE INDUSTRY

The fo]low1ng is a br1ef summary of regulat1ons
governlng the extraqt1on of sand and gravei as determ1ned by
a l1terature search and 1nformatlon obtained~from local and

M
) *

prov1nc1a1 authorities

/aff"1i ‘Cfax; Marl, Sand and Gravel Rggulat10ns5° *J~-
B (Clay and Marl Act.tSand and GraveT Act’“) ‘;,;

These regulations state tbat surface rlghts to

bl

& minerals reside with the owner as long as they can be

1i5:.requirements for explcraticn licences sand and gravel

| such minerals ?rom Crown land Deﬁblcpment oF Croun"and”

licences and leases and royalties with respect to extracting

pa

extracted by surface excavation These Acts give the'75fl,f':*
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7

requires the submission of an operatfng and reclanation’
plan. . Mun1c1pal authorities are ‘given the authority to

‘require development permits for production from privately )

owned' lands.

2. Clean Air ActSo
h ] .
The Clean Air Act makes provisions for the granting
of construction permits operating licenses and alteration .
'bermits for p]ants, such as gravel crushers and asphalt
plants thCh may 1ntroduce contaminants into the 31P

-~

Powers of control and prosecution are given to the Prov1nce

G

3. " Clean Water ‘Acts

This Act governs'the is5uance'df permits.to use'Water‘ﬁ
%n manufacturing processes To obtain perm1ts allow1ng
construction and’ licenses for operations, the prospective
v user must submit information regarding the source of the i,'

b

. \water, the amount taken in, used and d1scharged Ff_vj
. \\ _s‘,_~"‘

Information is also required regarding the nature and
' quﬁntities of any contaminants which may be discharged into

-3

»,7dthe water.' The government ?s given the power to control

R

ia;neffiuent discharge and to take legal aétion._ﬂ;r5i:ﬁ;'"7:'

L N .- S . . N ._-"'.- . ; . NS
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e establ1sh Restricted Devefbpment or ater Cbnservat1on Areas
- oy
and wssue orders enforc1ng cOnformance to standards

187

" 4.. Coal Mines Safety Acts?

This Act applies to eVery.mine Site mine and C

processing“plant in Alberta‘ It 15 meant‘to/énsure the use

". of safe practices and the protectlon of the: health of

emp loyees. d It makes st1pu1at1ons regard1ng the
quaTifications and dutlesvof employees_and;thevsafety | ‘
standards,which'surface and subsurface facilities must.meett!
] " ‘ _ ’ 5 RN .
t .

\\

» 5. Qgggrtment of thefﬁnVirgnmenthcté3i‘

>
°
o . (N
v ‘ ’ : : >

The Department of Env1ropmen Was .- created by the Act

| : .
and empowered to make regulations" vern:ng the

conservat1on management ut1l1zat1on 'bontnol, andﬁh‘//i\

pollutlon of natural resources. the prevention and control

of no1se the qua11ty or qdantit1es of natural resources and ol

LS
‘the d1sturbance destruction po]lution qr other adverse

h3

trea%ment of natural resources The Department can L

T
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envtronmentel jésdes, including the'conservation;-management
and utiffization of natural resources, and to ensnre
eonformance'toethe reqﬁirements of the Clean;A%h Act, Ctean
Water Act, the Department of the Environment Act and ‘the

Land Surface Conservation and Reclamation Act.

e

7. Land Surface Conservation and

Reciamatidn"gétﬂs

This Act covers approval of development and |
‘reclamat1on plans for surface dlsturbances in’ respect of .f y
ne1ghbor1ng res1dent1a1 use, aesthetic or scen1c 1ssues, |

r*recreatlonal pursuﬁts, flora and fauna preservat1on. ,’“ ‘
exxst1ng agr1cultunal. commerc1al or 1ndustr1a1 development&ﬁ

an'm1ss1on and transportat1on fac1lit1es.zhous1ng and

requ1rements, geotechnical exploratwon water and '/

‘dwater management in relat1on to land conserv tion
g 1del1nes Respons1b111ty s given for the prep ration and |

‘fm‘1n\enance of an inventory of natural r ources within

NS .. '\
B . o . .
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separate legislation.

9. Municipal Government Acte’

Mun1cipallt1es are allowed to acqu1re land for use as
-quarrles. gravel or sand pits and to enter 1nto agreements
_'wirespect1ng the explo1tat1on of aggregates gThe Act also |
g1ves mun1c1pallt1es the r1ght to pass by- laws regard1ng |
| ;san1tation. subJect to. the Clean Water Act. and the
| operation of consﬂ;uct1on equ1pment on streets as well as

i ownership and control of h1ghways w1th1n the mun1c1pal1t1es.
} | | " .
b .
Q.
- . 10.. public Health Acts®
R The Public Health Act makes 1t poss1ble to prescrxbe
maximum limits for concentrations of contaminants released o

| lnto water or air and to require the abatem&nt of nu1sanees'

whicb may endanger health ff'“"'
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12. 'Soil Lonservation Act7?e.
The So1l Conservation Act g1ves powers and authorIty
to prevent soil deterloratlon on any lands in the province

;

due to action of w1nd water or any other causes.

1

{ /.. e

13.  Surface Rights Act?!

Th1s Act app]1es to all lands in Alberta. The ; ,\:
vSurface R1ghts Board is empowered to grant r1ght of entry \7
for the removal of m1nerals constructﬁon,of tank statlons

'or other structures. construction of pipel1nes, power
'transm1ss1on and telephone ltnes as allowed under the terms_

of the Act.p{

) v14. WaterﬁResourc§swAct12 G
w1th respect to aggregate, th1s Act allows grantlng

of permits for removal of aggregate from water bodjes and -‘

the llcensing of water

am

for gravel washtng 7ff'
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APPENDIX 4

_PREDICTION PROGRAMS AND DATA

-

| | Cop1es of the computer programs and the daéa (1n |

"vbrackets) used to generate Pro;eotion #1 are presented in.
}th1s :ection The ”Growth Rate Program presented f1rst was} .
"_used to combine the annual projected populat1on growth rates N
:t}for the rural and urban segments of the study regton '
f}grpopulation into one population growth rate -fu'a~',igtﬁi.1 -

".;”-The ‘Aggregate Usage Program «was used to project

-Qannua] and cumulattve aggregate usage 1n the study region 5
;?pgfor the,years 1978 to. 2007 SR |




C472
*’\ Growth Rate Pv‘rvgg'r.a”m’ Lo
D1mension U(30) V(3oxf;]h S EER
CRead *,UP,CP
CREAD =, (U(1), I=1, 30; L L
READ =, (V(I),1=1, 30) . o
. PRINT 120 . | o |
"90_310 1§15301=f:"a  1? - '_'~f.<,.f A
'.;ub1-uP*(1+u(I)) . o o S
S CP1=CPx(1+V(1)) . :; e s
GR=(UP/(CP+UP) 1xU{T1+(CR/ (CPaUR) )3V (1)
“;PRINT 130,UP, UP1, V(L) CPLCRTLVII) R
s .'*110 cP= cP1 S -
o STOP
o "3‘120 FORMAT TR e
L '-,‘(sx up*, sx,qup+\ 5K, UGR! 6K, CP! 5K, CPA1" ,6X,
L *t'cen"sx OVERALL G R. ') R DRI SRR
 ;5f;13o FORMAT .;“ '.., | ‘.',,;;w,]~f]'”—ffl,§'
_' »77(2x Is, X, 18 jx Fo14, 2x 18 1% 18 1X, 64, sx F6 5)

-

o VQENo = ~l.;:~“‘ififa?:,‘<:::» S
S ; up=~1N171AL (19771;URBAN PDPULATIGN eso4s1e)
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Tl o . % : o : : ~
GR= OVERALL STUDY AREA GROWTH RATE -
UP{:= UP, YEAR t+1 '

CP1= CP, YEAR t+1

. Ag_gr_e_g‘ﬂat_e_" Usage Program

- DIMENSION. DR o
. RI30), Y(30) VX (30), c2(3o> 02(30), 52(30) RE(30) T,

© o x1(30),6L(30) . ‘ o A

|  100 READA3,*] A,C,D,E,P,PE,H, 0,5,C1.01,E1.

 ,IF(A EQ.0) 60 0. 140 N
 410-READ(3,%) B
f :]1F(B'EQ‘o)iGo”To‘1do'
120 READ(3,¥) F,G,F1,G1
w0 ;IF(F EQ 0) 60 TO 110 B .
#{u ;;;fREAn(s *) (R(I) 1= 1, 30) (RE(I) 1 1, 30) (GL(I) 1= 1 30) -
AT PRINT 150 S T f,'u-“u;'w_ 3 '*
' eRINT 160, A8, €D, E,C1.D1, E1.P.PEH, ous LT e
T1 0’;3;!7 g R




: 130 CONTINUE.
'_;, 140 STOP - .
.,;; 150 FORMAT PV R e
”"-.?"“(SX '1“ sx 2' 8x;"'7‘3' -5x 4' sx 5.' ',5x &‘ 7x PR

P=P*{1=R(I)) )
PE=(PE)*(1+RE(1))
X(11=p/Q |
X1(1)=PE/Q1
Y(I)= A+(B*X(I)) e
(I)-(440 41*X1(I)*Y(I))/X( )
" {czgl)-(Q*c1*Y(1ﬁ)/1ooo |
D2(19=(D*Q1*Y(1))/1000
E2(1)=(EXE1*Y(1))/1000
T=C2(1)+D2(1)+E2(1)
UsHxT _ |
o V=0xT R L -
WeSeT - | |
CTieTieT | - -
--U1:U1+U’ DI TR - R -
 v14v1+V T R PR AR |
Wt o |
lPRINT 180, 1, R(I) RE(I) T,U, VW, T1 81 viweo
M”:IF(I EQ. 30) G0 TO: 120 oo - - ~"’?;'

-

Gx 8' sx 9' 5x '10' sx '11' 4x '12')”;“
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[ SO

e fflax 181X, F7 1 1x Fs 3 1%, F5 3 1x F5 3 1X_F&W4 .,
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FG 4,1X, FG 4 lX F8.3, lX F7. 3 1X,F5.3, 1X,F5
170 FORMAT (2X,

, _‘ YR’ ,4X,’ GR'.sx.'GREL;zx,“f.use',sx,'SDﬁ,sx.

"GR! ,6X,’ CC’" ,7X,' CT',7X, CS' ,7X;' CG' |7X,' C
. o v E Y .
180 FORMAT

. . » .
- LI

‘(2X 12, 3X F5 4,2X, F11. 3 lX F10 3 lX F10.3. 1X FlO 3;

$°

e © AX,F10.3,1X,F12.3,1X,F12.3,1X,F12.3,1X,F12
o WHERE: R - ol T

Cbnstant Dollars versus households regress1on_

(-1,8610, 490) . :felfgk,):

A

B =
n :

Slope coeffid1en1 Dollars versus households
regress1on (12080 7) |

Proportlon of construct1on dollars going 1nto

'll-:-'

bu1ld1ng constructlon ( 738)

12

Input Coeff1c1ent - Tons of Aggregate used per -

. C1=
: dollar of burldwng construction (0 0036)"‘

u-#"

| ﬁjC2} Tons of aggregate used 1n bullding‘construct1on tj

-”D= Proportion oF construction dollars going 1nto ];x»

roadway constructxon (0 097)
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El- Input Coeff1c1ent- Tons of Aggregate used perA'“
dollar of other construct1on (0 0104) ﬂ

E2= Tons of aggregate used 1n other constructIOn

= Ff_Constant Persons per household versus t1met .
‘; regres510n for Alserta (3. 0991) .
F1- Constant, Persons per household versus: tlme ; L

regress1on for Central Alberta (3. 154) -

G Slope coeff1c1ent Persons per-. household versus t1me _'

regress1on for Alberta (- 0 1151) , S ,
Gl- Slope coeff1c1ent.vPersons per- h0usehold versus ,_,’v<

t1me regress1on for” Central Alberta ( 0 0970) S g

GL(I)- Logar1thm te»base 10 of Year I ,; . S ‘"Lu
}’;fAHf Proport1on of all materlals used that is made up by "i__
'.[}f%f]- sand (0.117)° S T T e e

Year of pred1ct1on where 1978 1 ;; "h_ ;'*];Tg:j~51’ |

'_: PrOport1on of- all materaals used that 1s made up by R
' grave} (0 503) PR L
‘Inttial populatlon of. Alberta, 1977 1868 427 di‘r¥7»ﬁf§

e

iy Initial population of Central Alberta. 4977: e

“ﬁf,llgcgé pepsons per household Alberta in Year I T
e e lars } Central Afberta ln Year I;.‘
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S= Phoportion of all materials that is made‘up by
quality material (0.380)
T= Total material used per annum

- T1= Cumulatiye‘tbtal material used pér annum

c
it

Total sand uéed per annum

U1=gCumufative total sand used per annum

<
]

Totaj'grave] used per annum
Vis Cumulativeatotal'gravel'used.per annum

W

Total quality aggbegates uséd per anhum
Wi= Cumulative total quality aggrégates used per annum

X(1)= Households in Alberta in Year I

X1(1)= Households in Central Aibérta in Year I



