\
f/f
CANADIAN THESES ON MICROFIGHE .
| .S.B.N. -
THESES CANADIENNES SUR MICROFICHE
F - \ . ' .
| L 4 National Library of Canada Bibliothéque natonale du Canada l\k

Collections Development Branch Direction du développement des collections
Canadian Theses an Service des théses canadiennes . ) ) ~

Microfiche Service sur microfiche
Ottawa, Canada .
K1A ON4

L]
-

=

NOTICE

upon the quality of the original thesis submitted for
mgicrofilming. Every effort has been made to ensure
the highest quality,ofveproduction possible.

If pages are missing,
granted the degree. -

Some pages may have indistinct print especrally
if the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy. -

Previously copyrighted materials (journal articles,
published tests, etc.) are not filmed.

Reproduction in full or in part of this filh is gov-
erned by the Canadian Copyright Act, R.S.C. 1970,

c. C-30. Please read the suthorization forms which

accompany this thesis.

THIS DISSERTATION
HAS BEEN MICRDFILMED"
EXACTLY AS RECEIVED

E

NL-339 (r. 82/08)

AVIS

La qualit® de cette microfiche dépend grandement de
fa qualité de la thése soumise au microfilmage. Nous
avons tout fait pour assurer une qualité supérieure
de reproduction,

Sil manque des pages, veuillez communiquer
avec |'université qui a conféré le grade. _ R

La qualité d'impression de certaines pages peut
laisser & désirer, surtout si les pages originales ont été
dactylographiées a |'aide d’'un ruban usé ou si l'univer-
sité nous a fait parvenir une photocopie de mauvaise '
qualité.

Les documents qui font .déja I'objet d'un droit
d'auteur (articles de revue, examens publiés, etc.) ‘ne
sont pas microfilmés.

La reproduction, méme partielle, de ce microfilm
est soumise a la Loi canadienne sur te droit d'auteur,
SRC 1970, c. C-30. Veuillez prendre connaissance des
formules d'autorisation qui accompagnent cette thése,

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS RECUE

Canada



National Library I
.of Canada - du Canada
/ (9 Canadian Theses Division

Ottawa. Canada
 K1A ON4

PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER

Bibliothaque nationale

EIS O8ASY - 7

Division des théses canadiennes

56871

e Please pnnt or type — Ecrire en lettres moulées ou dactylographier *

Full Name of Author — Nom complet de |’ auteur

ﬁ /ét‘ﬂ/(l /i;r?r?ff Sﬁﬂfuf

- iy

F— _ . — e —

Date of Birth — Date de Naissance

Country of Birth — Lieu de naissance

(s rrn

DidreEs ok

Permanent Address — ﬁésaﬂeﬁ%e '
j 5—’75 /'{gﬁhf;;§ / oA D,

Wu(‘:au»;( 5(" v g

Ve 1 k9

Title of Thesis — Titre de la these T

An v unrrew

2 S — — i

University — Université

ﬁLﬁzﬁ’T"; R

Degree for which thesis was presenfed —

/z{va/‘e"— @ # ED(‘-an# - j‘""

Grade pour lequel ceite these fut présentée

Year this degree conferred — Année d obtention de ce grade

|92

Nnme of Sum Jar — Nom du directeur de'tRese
f

L?/éfsbﬁ

Permission is hereby granted to the NATIONAL LIBRARY OF
CANADA to microfilm this thesis and to lend or sell copies of
the fitm.

The author reserves othar publication nghts and neither the
thesis nor extensive axtracts from it may be printed or other-
wise reproduced without the author's written permission.

L'sutorisation est, par |la présente, accordée a la BIBLIOTHE-
QUE NATIONALE DU CANADA de microfilmer cette thése at de
pr&lar ou de vendre des exemplaires du film. :

L'auteur se réserve les autres droits de publication. ni Ia thase
ni de longs extraits d& celle-ci re doivent étre imprimés ou
asutremant reproduits sans I’ !umriuﬂnn écrite de l'auteur.

Date

qz

- -~ ]
L Ju(h‘if/f fi;’f/

Si}inntu re

NL-91 (4/77)




THE UNIVERSITY OF ALBERTA

An Evaluation of Aspen Utilization in Aibérta
. %

by o _ I

Mark S. Koepke

.
A THESIS A |
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTiAL FULFILMENT OF THE REQQIREMENTS‘FDR THE DEGREE
OF Master of Scienée
IN

- . Forest Operations

Department of Agricultural Engineering
\ : ' ‘

~ 'EDMONTON, ALBERTA
SPRING 1982 . .. . ... ..

ol g2



THE UNIVERSITY. OF ALBERTA ; B

RELEASE FORM X
NAME OF AUTHOR - Mark 5. Koephe
_TITLE OF THESIS  An Evaluation of Aspen Utilization in
Alberta ¢

-

DEGREE FOR VHICH THEQISAHAS PRESENTED Master of Science
YEAR THIS DEGREE GRANTED 1982 | |
Permission is hereby granted to .THE UNIVERSITY OF
ALBERTA LIBRARY to reproduce single copies of this
thesis and to lend or sell”such copies for private,
scholarly or scientific research purposes only. .
The author reserves other publication rights, and \
neither the thesis nor extensive extracts from it may
be printed or otherwise reproduced without the author’s -
written permiséion. . ) .
e (SIGNED) ..;%é@i4~,aeijyf
PERMANENT ADDRESS:
8573 Kinas. Kood .
s ;\/aaédxuﬁ-v.. D: ST AT

¢ ) ‘ B i i A

DATED ..[).‘34&4&01‘14..'.‘..'.1981 o o -

&
i
i



THE UNIVERSITY OF ALBERTA,
FACULTY OF GRADUATE STUDIES AND RESEARCH

The undersigned certify that they Have read, and
recommend to the Faculty of Graduate 5tud1es and Research,
for acceptance, a thes15 erititled An EvaIuat1an of Aspen
Ut1l1zat1en in Alberta submitted by Mark §S. Kaepké in .
partial fulfilment of the requirements for the degree of

Master of Science in Forest:-Operations.,

-

Date. gé%i.‘ﬁ/‘?‘!. ././f "fgf/, o



5 € - ' )
= * ABSTRACT ,

Ihe forest resource in Alberta contains 680 million
cubic metres of dec iduous mEF:hantabie timber. The t1mber'i:
commonly called aspen and includes tFeﬁb]1ng aspen(Pqu7
tﬁemuloldes. Michx.) and balsam pgplar(?ﬁﬁulus balsam’

L) Although the net ;nﬁual al?auable cut for aspen ™
million cubic metres, only 1% of this amount is util
every year. This study evaluated optimal utilizatior
Alberta’s untapped aspen résaurcei J
‘ A model,us}pg linkar programming was developec
“analyze utilization alternatives for aspen on the S rve ake
Forest. The model included harvesting, hauling anér31j!§
~manufacturing options. Potential products were %actory and
scanstruction lumber, pulp, particleboard, waferboard and

plywood. The most profitable solution was an integrated

‘complex of mills using a sawmill, a pért%clgb@ard mill, a
waferboard mill and a plywood mifd1,

The sensitivity of the model’'s @Q%ima] solution to
change was also éna]yzed, The necessity for an integratediA
system 6f mills to utilize aspeﬁswas proven through
variation of tree size class ﬁg1umes and product prices.
Aspen can also be utilized profitably when a pulp mill is
-substituted for the particleboard mill in the optimal
solution. Howeveri the substitution reﬁuced the net profit

by 75%. Critical operating costs and product prices were
determined for vawious mills and prbducts.
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1. STATEMENT OF THE PROBLEM
The as%en tree(genus Populus) is Known by numerous names
such as poplar, popple and asp. Some people think aspen ié a
diamond in the rough, while others call it Junk or a weed.
Many people burn it or curse it, but some simply love it. A
few have successfully made a profit with aspen. Others have
Féiied dismally. Researchers have evaluated this:trée
extensively; ?et. with all this notoriety, the aspen
resource in Alberta is vastly underutilized and needs
deve lopment .

=~

1@1!The Scope of the Aspen Problem

The forest resource in Alberta contains over 1.6
billion cubic metres of merchantable timber. Deciduous
species make up about 40% of this figure, or 680 MMm?
ﬁchQnaid 1979) .The deciduous species include approximately
80% trembling aspen(Populus tremuloides Michx.), 20% balsam
. poplar (Populus basamifera L.) and a small amount of white
birch(Betula papyrifera Marsh.) (Jackson 1974: McDonald
1979). Presently the net annual ailcwabié cut for deciduous
timber is aépraximate]y 11.7 MMm® as compared to 14.3 MMm?
for conifers(Fregren 1979). The actua; amount of the

deciduous species harvested is estimated at only 1% of the -

annual a¥lowable cut(Neilson 1975). These statistics show - -



that Alberta aspen' is an underutilized resourge of wood
fibre. '

Aspen utilization in Alberta has been studied for many
years. Extensi&e research has been conducted on aspen’s
‘characteristics with respect to lumber neccverg, pulping
potential, veneer applicability, use in composite pahéis and
for energy production. In a@d%ticﬂi market studies have been
conducted for numerous aspen products. The Alberia
Government has tried to stimulate use of aspen by setting
minimal stumpage prices and by giving other economic
incentives to potential ageratiéﬁs. With the exception of 5
waferboard mill in Slave Lake, a plandll pulp mill in Fox
Creek and other ™minor uses, few 5u¢:¢:essfu1¢ventures Uhto

aspen utilization have emerged.

1.2 The Method of Analyzing the Problem

Many analysts agree that the latent potential of aspen
will not be tapped until the resource becomes economically
viable (Neilsen 1975; T@Gvgy 1979; Fregren 1979; Kennedy
1979; Wengert 1976). The problem is one of discerning which
combinations of alterngtives in harvesting, processing and
marketing will produce a Feaéible and profitable solution.
This Kind of prgblem can be solved using égeratiéns

research.

‘The term aspen will 1n:lude both trembling aspen and balsam
poplar,unless otherwise specified.
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Operations research is the analysis, usually
mathematical, of an operation or process to determine its
purpose and max imum efficieﬁcy(Barnhart 1974). The analysis
can either be dynamic or deterministic. dynémic programming
is é multi-staged procedure»wheée the solution for an
indiQidual stage depends upon answers fouﬁa in the preceding
staget The deterministic model evaluates a problem with
Known or constant parameters such as price, cost and
techﬁo1ogy. One deterministic modelling technique is linear
programming. This technique evaluate§ é broad spectrum of
variables according to stated constraints, yielding an
_ optimum solution to the problem. |

Linear programming has been uééd extensively in
forestry. Some of the areas in which this technique has
proven useful include forest management policies(Navon 1967;
Jack 1967; Kidd, Thompson and Hoepner 1966: Forsten and f
Stewart 1870; Manning 1971; Leak 1864), harvesting and
planning(Boughtén 1967, Wardle 1966), minimizing wood
procurement schedules(Thompsori, Tilghman, Hoepner and
Richards 1968), optimizing sawmill and plywood
production(Szabo 1967; Ramsing 1968) and machine
loading(Penick 1968; Little and Wooten 1872). Pearse and
Sydneysmifh(1966) and Sjtter(1869) used linear programming
- on a broader scale. Rather than éoncentrating on one
specific ared, they applied the technique to optimize log
éIlocation-amébg differént tybes of mills making various

types of products. In this research, linear programming was



used in the same broad sense to evaluate thegaspen

utilization problem in Alberta.

1.3 The Objective of the Analysis

The objective of this analysis gasajﬂidetermiﬁe the
optimal utilization of Alberta’s aspen résaurce using a
linear programming model. The application of linear
programming to this type of problem is not new. The
uniqueness of this analysis is that:

1. the focus will be specifically on the Alberta f
aspen situation,

2. the analysis will cover numerous activities and
options from the standing treé to the mafket
place, and
profitable industry development.

The results of the aﬁa1y§is will describe what changes are
required before aspen can compete more effectively with

other wood specjes.



2. BACKGROUND ON ASPEN
A broad overview éf the characterijtics of aspen and its
usés is needed in considering optfmum utilization. The
background will include dicussion of the resource, wood

quality, harvesting techniques and products.
-~ . '

2.1 Characteristics of the Resource

As was mentioned in the firét chapter, about 680 MMm?
of aspen timber are available for utilization in Alberta.
This aspen is located on a wide variety of sites throughout
the Province, but it grows best in the boreal forest regions
in central and northern Alberta(Jackson 1974). Aspen is a
seral species on many sites and is eventually replaced by
the coniferous forest type. In some loCétiéﬁs. relatively
'stable stands of aspen can be considered de facto c)imax,
because there is no forseeable replacement by
conifers(Mueggler 1976) .

. Aspen is of a clonal habit. In one study(Barnes 1975),
leaf, bud and twig characteristie; were evaluated from over
1200 clones ranging from British Columbia to Colorado.
Multivariate analysis revealed twenty-four population
groups. Other findings show clonal variability inigrﬁwth,
colouration, susceptibility to disease and sucker ing
ability(Barnes 1966; Barnes 1969: Wall 1971). Forest
management of aspen is also affected by clonal

characteristics. The suckering ability of the clones causes



T
rap{d restocking of a site after a disturbance. This is a
detrimental characteristic if the management objective is to
change cover type. The variablility of clones plus the
difficulty of growing aspen from seed makes aspen tree

improvement ‘a difficult task(Higginbotham 1981).

characteristics, firebreak ability and uétershed control
(Wengert 1976). 1t provides food and shelter for both wild
and domesticated animals. Aspen reaches maturity in 60-80
years. The species also regenerates quickly after
disturbance because of its suckering ability(Schier 1976) .
The high incidence of decay fungi within stands is one
of the majar problems in utilizing the aspen resource. Tab1é
1 shows the percentage decay around the Lesser Slave Lake |
region of Alberta. Although these studies show balsam poplar
stands contain only 4-7% decay, the trembling aspen figures
vary from 6.2 to 42.3% decay. This variability and high
percentage of decay must be taken into account when

developing any method of utilization.

:i!
-

A number of investigators feel that a major obstacle to
the utilization of aspen is inaccurate resource data(Neilson
1975; Brese and Associates 1977; Keays, Hatton, Bailey and
Neilson 1974; Toovey 1979; Fregren 1978). The Alberta Forest
Service(1971) has the most complete inventory statfstics.
The data ;Qﬁtaineq in this iﬁVEhtgfy were obtained primarily
from aerial photographs dating from the early 1950’§ to the |

early 1960's. Companies may be very reluctant to make large



L
TABLE 1
PERCENT DECAY OF ASPEN IN LESSER SLAVE LAKE REGION

Age Paul and Bailey and McDonald
of Etheridge, Dobie, 1979
Trees 1958 1977
lyears) g, BP TA BP TA BP
30 11.8 2.9 6.2 6.2 fen
40 13.5 8.7 6.2 6.2 ... o
50° 2 8.2 6.2 6.2 ... .
60 40.0 7.4 8.4 5.0 10-15 .
70 42.3 8.4 8.4 5.0 °  10~15 .
80 39.6 10.1-. 8.4 5.0 25-30 .
90 36.0 ~11.4 12.2 5.5 25-30 .o
100 33.1 13.4 12.2 5.5 see aas
110 30.2  15.2  12.2 5.5 e
Source: Paul, G. and D.E. Etheridge. 1958. Decsf
£ ;lpen(?ﬂpuluﬁ t&emula;dga Michx.) and balsam poplar

balsamiferia L.) in the Lesser Slave Lake Region

Albﬁf:l

Joint Interim Rep., Gov. of Alta., Dep. Lands

For., Can. Dept. Ag., For.
ton, Alta. pp. 12-13.
Source:

Bailey, G.R. and J. Dobie.

poplars—tree and log quality.

Source:
wood resourc
Canadian Har

M.N. Carroll.
" Vancouver, B.C.

Note:

McDonald, C.S.
es in Alberta.
Proc., ed. J.A.
Forintek Can. Corp., Spec.

dwoods Symp.

p. 25.
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capital investments far aspen utilization with a poor and
limited data base. In the next few years, the Alberta forest
Service will complete a new forest inventory which should

provide new information on the aspen resource.

2.2 Characteristics of the Wood

Aspen is a fine-grained, light-weight hardwood. The
wood is chargcterized by numerous small vessels scattered
evenly throughout the fibres. Fibres make up 66% of the wood
volume and are Qﬁeéthifd ta one-sixth of the length of
fibres generally found in softwoods (Kennedy 1974). Annual
rings are often EatAccnsgicucuslé defined due to the
relative uniformity of the cells(Wengert 1975). The wood is
white to light brown in colour. Discolouration ié common in
areas of bacterial wetwood? and incjpient decay. Aspen has a
slight characteristic odour when wet; it is odourless and
tasteless when dry. ’ o

A major indicator of the strength of wood is its /
'épecific gravity. Aspen has low specific gravity which fs/
indicates low strength properties. Various specific grav{ty
values for trembling aspen and balsam poplar given in tﬁe
literature are found in Table 2. Wetwood in trembling aspen
causes the spesjiigféravity to be 0.03-0.03 uﬁgfﬁ lower than
for unaffected wood, while wetwood in balsam poplar has

surrounded by wood of lower moisture content. They are
caused by bacteria.
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little effect(Kennedy 1974; Haygreen and Wang 1966) .

- Kennedy(1968) reports in general, -the the compression
strength of trembling aspen.is low when compared to Speciés
of similar specific gravity. He notes héwever, that bending
strength of air-dried wood and the modules of elasticity in
both green and air-dried Sé&ﬁim&ﬁéaéé not differ ‘
significantly from similar species. Wengert(1975) states
that trembling aspen is also high in tdﬁghness. Yolumetric
shrinkage of aspen duriqg drying ranges from
11.6-11.8%(Kennedy 1968). The large tangential to radial
shrinkage ratio in trembling aspen can give rise to cupping
and diamonding duriﬁg*thé drying process. Tension wood and
;et pgckéts further complicate uniform drying. Research by
MacKay(1980) has proven that aspen :aﬁ‘be dried efficiently
and effectively despite these difficulties.

Other characteristics of aspen rieed to be considered.
Nail-holding strength is low, but the uniform texture and
short fibres allow the use of large nails without splitting
the wood. Aspen does not dull tools quickly or require high
power consumption when machining. Unless extra care is
taken, though, the wood does not cut cleanly resulting in a
fuzzy surface. The wood has ‘excellent paint holding ability
and ér@vides a good surface for printing with ink. Aspen
glues well but the wood is absorptive. Stain often appears
blotchy when it is not éﬁp1ieé carefully. Uniform
preservative téeatment of aspén is difficult because the

ty]QSESiiﬁ the heartwood and areas of wetwood resist
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penetration of the preservative.
*

2.3 Characterist.ics of Harvgsting
Harvésting is a critical area when considering the
economics of aspen utilization. At least two companies
'ceased operations primarily due to high harvesting
costs(Koepke 1976). The harvesting techriique most commonly
used in aspen is manual felling with wheeled skidding. Trees
are hauled as full-trees, tree-lengths or 2.54 m(100 in)
bolts. Harvésting costs are high for a number of reasons,
one major one being the large amount of decay githin the
stands. As was noted earlier, some older stands may be over

40% ‘decayed. ldeally, all decayed material should be left in
the bush but detecting decay is often diffigﬁlt, Many treeé |
have substantial decay without having visual indicators such
as conks or scars Even with fhe presence of such external
indicators, serious decay is not necessarily found(Bailey
1974). The time required to handle this decayed material -
siﬁﬁifigant1y increases harvesting cost.

Another reason for increased harvesting costs in aspeﬁ
involves the hauling of the trees to the mill or
concentration yard. On the average, green aspen weighs 805
kg/m?(50.2 1bs/ft3), compared to spruce at 649 kg/m?® (40.5
Ibs/ft3TTL

je and Wright, 1975). The added weight plus a
- large amount ‘'of crook and sweep natﬁraliy tead to higher

hauling costs. One B.C. firm reported that the volume hauled

;
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per. load of aspen was 13% less than conifer loads (Nei lsen

1975) .

2.4 Characteristics of the Products N

Aspen can be utilized to produce a wide variety of
products. These products can be reviewed under the general
categories of solid wood, veneer, composite panel, fibre and

minor products.

2.4.1 Solid wood products

Solid wood products made from aspen include
construction lumber, factory lumber and other solid wood
uses. Nielsen(1980) feperted that aspen lumber production
has declined steadily from 130,000 m® in 1973 to 30,000 m?
in‘1977(Figure 1). Construction aspen lumber is listed in
the "F" species group of Code of Recommended Practices for
Engineering Design in Timber(Canadian Standards Association
1972), The "F" group is'called the poplar group and includes
trembling aspen, largetooth aspen and ba1sém poplar. The
lumber in the p@piar group has tension and bending stréﬁgth
eéuivaIEﬂt to that of the spruce-pine-fir(SPF)
group(Canadjan Standards Association 1972). There is
disagreement in the iiterature on whether the stiffness and
compression strength of poplar is less than the limits
establised for the SPF grggé. A number §¥ studie; report

poplar to be weaker in stiffness and compression(Laminated
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Timber Institute of Canada'1972; Kennedy 1974; Canadian
Lumber Siandard Adminigtration Board 1880). However,
Littleford and Roff’s(1975) tests showed trembling aspen and
balsam poplar to be stiffer than the limits set for the SPF
group. Aspen construction lumber'is presently being used for
pallets, crates, reels and mine timbers(Koepke 1976; Nielsen
1980) . |

Aspen faétory lumber is used in panels, dimension
stock, shelving and furniture components(Reeggs 1974). The
harket for these broducts is excellent(Harris 1968; Hovarter -
1978; DufrQygy MclLaggan, Dargnault Inc. 1970; Ceasar 1974).
The difficqlfy in utilizing aspen for thisrmarket is is the
T;ck of sufficient quantities of high grade lumber.
Bailey(1873) concluded that extensive manufacturing of
factory lumber is limited due to the generally small
diameters of aspen available. Flann(1974) estimates only
10-30% of a given regional aspen volume would be suitable
for these types of products. The remaining residue and low
grade material must be utilized beforfkfactory Tumber
production can become economically viable(Brese et.al. 1977;.

Leach and Gillies 1972; Flann 1974; Nielson 1880; Bailey.
1973) .

2.4.2 Veneer products
' Consumption of aspen for the making of plywood has
shown a moderate but steady increase‘from 1973 to

1978(Figure 1). Aspen plywood shipﬁents in 1978 totalled .
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113.3 Mm? (128 MMsf,3/8 in basis) utilizing 454 Mm?® of
peeler loqzﬁﬂ?elson 1880). The manufacturing process is
essentially the same as for softwood plywood Higher |
product ion costs are incurred because of decay, glue
absorption, spin-out and longer drying and press times.

Aspen plywood can be used for painted and unpainted
furniture, built in fixtUres. wall panelling, furniture
backs, sheathing, floor under lay and decking. It has also
been approved for core oq/e;;sssand material with softwood
face veneers(Neilson, 19*5). A new veneer product called
laminated veneer ld&ber iE“noa Seing evaluated for its
economic feasibility(Hyslop 1980). Laminated veneer
lumber+LV¥49 is a series of parallel ply laminations
hot - press bonded together to produce a lumber type product
Aspen LVL is made using 6 mm(1/4 in) veneers. Laminated
veneer lumber appears to have excellent marketing potential
for'furnitdre_parts and construction applications.

The limiting factor on expanding aspen veneer
production is the resource itself. Harris(1968) noted that
many aspen plywood producers either ceased operations or
switched to alternate species due to the inability to secure
adequate Supplies of peeler bolts. This factor, plus the
higher costs of harvesting and production severely limit the

potential growth of aspen veneer production.
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2.4.3 Composite panel products

Aspen composite panel products include insulation
board, hardboard, medium-density fibreboard(MDF),
particleboard and flakeboard?. Tables 3 aﬁd 4 show general
information concerning raw materials, density and end use of
these products. Medium-density fibreboard, particleboard and
- flakeboard consumed an estimated 1,007 Mm3 of aspen
roundwood in 1977(Nielson 1980). The particleboard line* in
3Figure‘1 shows a dramatic increase in aspen consumption for
these end products starting in 1976. This trend is expected
to continue mainiy on the strength of new flakeboard
production, partiCQIarly waferboard. The expansion of
waferboard manufacturing from 1979-1984 given by
Gummeson(1979) can be seen in Table 5. While MDF,
particleboard and flakebaard-scnsumpticn is increasing, the.
demand for insulation board and hardboard remains relatively
low. This is basically due to petreacheéi:ai products being
substituted for traditional insulation board and hardboard
applications. |

The limiting factors on expansion of aspen MDF,
particleboard and flakeboard are transportation and binder
costs. Transportation costs are high for these pradygts
because of the heavy weight of the panels and the dgitance
Frcm the m111 to large marketing areas. Bxﬁder costs will

vSFl;kgbaird includes both strand or chip board and
waferboard.

4 The particlieboard line includes data for MDF,
particleboard and flakeboard. Insulation board and hardboard
consumption data are included in the pulpwood statistics.
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TABLE 5

ESTIMATED WAFERBOARD EXPANSION
IN NORTH AMERICA, 1979-1984

Year . Production
3

Mm

s g,
3/8~4inch basis

1979 421.8 715.0
1960, W 634.2 1075.0
1981 1115.1 1890.0 ’
1982 1613.6 ~2735.0
1983 | 1702.1 2885.0
1984 1702.1 2885.0

Source: Gummeson, V. 1979. Composite board
‘challenges. In: Utilization of Western Canadian Hard-
woods Symp. Proc., ed. J.A. McDonald and M.N. Carroll.

- Forintek Can. Corp., Spec. Pub. No. SP-2, Vancouver,

B.C. p. 7.
4
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continue to escalate with energy prices. However, demand is
high and these higher costs have not discouraged

investment (Table 5).

2.4.4 Fibre products

Pulp and paper are the major fibre products made from
aspen, although hardboard and insulation are also included
in the fibre product grouping. Trembling aspen has been used
in pulp and paper for many years. The pulp and paper
industry has traditionally been the largest user of aspen
.roundwood until the recent demand in the flakeboard
industry. Only a small volume of the aspen in Western Canada
is presently being used in pulping{Neilson 1975). Aspen pulp
has many desirable papermaking qualities which include
excellent sheet formation, softness, bulkiness, high
opacity, it is easily bleached and has good printability.
The low strength of 100% aspen pulp is due to its short
fibres. Therefore aspen pulp usually requires blending with
another species to incrkase paper strength. Major products
inc 1ude newsprint, tissue stock, book stock, magazine stock,

and fine writing paper.

2.4.5 Minor products

Small amounts of aspen are used for various other

prédﬁgts_ Solid wood products include dowels, firewood, mine .. .

timbers, snow fencing, novelty items and export logs. Aspen

is also utilized to make match splits, excelsior and animal

"
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‘bedding (Koepke 1976). These products are presently using
minor quantities of the resource, and with the possible
ekceptien of export logs, hald little potential far

utilizing significant volumes of aspen.

2.5 Summary

The aspen resource occurs on a wide variety of sites
and is extremely variable in phenotypic characteristics. The
wood itself is fine-grained, light in colour and generally
weak in strength. Harvesting costs for aspen are higher than
softwoods due to high incidence of decay, heavy green weight
and large amounts of crook and sweep. Aspen has proven
suitable for utilization in Jumber, veneer, composite

panels, fibre products and other minor uses. (jgs
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This chapter contains a review of general concepts and
methodology in using linear programming models to evaluate
the utilization of aspen in Alberta. The discussion will

] .
address the benefits and limitations of using a linear

dévelcamEﬁt of the aspen model.

-3.1 Benefits and limitations of linear programming
Linear programming analysis is a mathematical method

which can allocate scarce resources among competing
processes to obtain optimum effectiveness(Sitter 1969).
Practically speaking, the method defines a single
identifiable objective in the form of a linear equation, and
determines the optimal solution of this objective using
input restraints and alternate independent activities
(Pearse and Sydneysmith 1966). The final solution gives the
optimal use and real values of the resources and activities.
An added benefit of linear programming analysis is that it
provides information on how the optimum solution will change
when input data are varied. Because of the interplay of
intermediate products and activities in a complex production
situation, optimum allocation of resources and critical

. points of change are very difficult to evaluate siihﬁut a.
linear programming model. Thus, linear programming is an

+excellent tool in management decision-making.

]
[ ]
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Another benefit of linear programming analysis is the
ability to quickly evaluate many types and sizes of systems
once the model is constructed. For instance, the allocation
of lumber to different types of resaws in a sawmill could be
evaluated and optimized. A complex, integrated operation
including pulp mills, sawmills and p 1 ywood pFGﬂUGti;ﬁ could
also be énalyzed, In either case, the linear programming
solution would give the optimal utilization of resources and

'equipment in the system subject to the given constraints.

Although linear programming analysis is a very helpful
tool with a wide variety of applications, there are several
limi;ations to the method. The name itself implies an
important'liﬁitatiang Linear programming deals only with
linear relationships. Therefore any activities or restraints
with quadratic relationships cannot be evaluated unless they
are reduced to a linear form. This factor limits the use of
the cbncepts of probability and economies of scale in linear

equire

programming studies. The linesr relationships also
that unit prices, production technology and unit cd€ts are
fixed. | i |
The computer programs useﬂfég solve a linear

programming mode! may also be a Iimitation. If the computer
programs do not allow for integer variables(an extension of
the linear programming model), precise results may be more
difficult to obtain. The éiffiégity comes whEﬁ:Fracticnal
uses of resources or equipment do not represgnttpractfcai

, solutions. For instance, purchasing only 26% of a pulp mill



is not feasible.

‘ Finally, the effectiveness of linear programming
analysis is probably most limited by the completeness and
accuracy of the data input. Linear programming madeis are
used to model and evaluate the essence of a system, not
necessarily the reality. In so doing, certain areas of the
physical system m{i not be included in the evaluation.
Sometimes the areas that are evaluated tend to be ambiguous,
making them difficult to define precisely. Because of these
problems, linear programming should be considered a tool in
the decision making process, and not a means of providing a

definitive answer.

3.2 Background on developing the aspen model

The application of linear prggranﬁﬁng analysis to the
aspen utilization problem has both advantages and
disadvantages. One advantage is that this technigue has the
ability to analyze a wide range of resource and production
options when determining the combinatons of most profitable
operations. The problem with utilizing aspen in Alberta is
not in lack of technical Rﬁgwledgé as much as in finding a
combination of production options which are economically
feasible. Another advantage of using linear programming
arialysis is the opportunity to determine the critical points
of change, either in costs, prices or production, which will

cause processes to be viable or unprofitable. Probably the
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biggest disadvaﬁtége to applying linear programming analysis
to aspen utilization is the lack of accurate data. The
probTem of old resource data has already been noted.
Conversion data are also poor in certain areas of
prcductigﬁ(e-gii:sawmiils) simply because few people are
manufaaturiné aspen products.

the model used in the analysis is constructed frgm the
viewpoint of a large corporation seeking to diversify into
potentially lucrative opportunities. Although modern
technology in the forest products field will be employed to
utilize aspen in the mode 1, eﬁgerimEﬁtai or unproven systems
will not be evaluated_:Areas of production will include
ha?veéting. hauiing.vlﬁmber. pulp, plywood, particleboard,
and waferboard. The mode! will deécrmq options which have
the potential of using relatively large amounts of the aspen
resauéce! Only those products which have been or are
presently being marketed will be included in the linear
programming model . Re-manufacturing QFithg primary pr&duct;
such as a furniture component plant, Hii]:ﬁét be aﬁﬁsidereﬂ

at this time,



4. THE ASPEN MODEL

The previous chapter contains the description of
concepts used to evaluate aspen utilization in Alberta. This
chapter contains the specifics of the location, the wood
resource, the production options and. the products in the
aspen reference models. The equations used in the reference
mode| assumed that the physical resources of w@@é. !
equipment, capital and labour are available for immediate
use and that the construction of mills is instantaneous. All
cost figures in the reference model are adjusted to 1980
dollars.

4.1 Location

ihe area chosen for evaluation of aspen utilization is
located near Slave Lake, Alberta. The Slave Lake Forest has
one of the highest proportions of aspen céver in all of
Alberta’s forest reserves{Alberta Eﬁergy and Natural
Resources 1979). This region has!traditigﬁaiiy been a centre
for aspen utilization in Alberta having, at one time or
another, an aspen stud mill, a veneer mill and a waferboard
plant. Although the stud mill no longer exists and the |
veneer .plant useé only a smail amount of aspen, a newly
expanded waferboard plant utilizes 100% aspen for its
baﬂrds Hany gavernment research projects on aspen

5The mode | descr1bed in Chapters 4 and 5 will be referred to
as the reference model. The optimal solution of the
reference model will provide benchmark data for further
analysis.

26



27

utilization have also been conducted in the Slave Lake area.
These studies provided a considerable amount of the

information utilized in the .model.

4.2 Resource

The resource data used in the model are based unanrthe
Alberta Forest Service(1971) publication "Present and
Potential Poplar Utilization in the Province of Alberta."
The data in this éaper are old but they were the best
available. The annual allowable cut of aspen on Ehe Slave-
Lake Forest is 2,268,000 m3®. Fire loss deductions and a
twenty-five percent deduction for cull are included in the
2,268,000 m* figure. However, 350,000 m® of previously
commigﬁed timber allocations ;Ee not removed from this
total;

As shown in Table 6, the forest was divided into 5
harvest areas based upon similar stocking characteristics.
The sites are assumed to be made up of 80% trembling aspen
and 20% balsam poplar, unless otherwise noted. Costs for
sawlogs were $0.47/m?, which included $.25/m® for the wood
and $.22/m® for reforestation(McDonald 1979). Pulpwood costs
are a few cents cheaper, but to simplify the model all logs -
were considered sawiagég An extra 7% was added to site ﬁ
volumes to account for the full-tree harvesting option(Keays

1971, Bailey 1973). Stumpage is the same with either option.



TABLE 6

DESCRIPTION OF HARVEST AREAS

Harvest Slave Lake Area Stocking Stumpage

Area Forest Unit Available (m3/ha) ($/ha)
(ha) T FT v

1 S15 1910 73.4 78.5 34.50

2 s1, 54 5853 95.0  101.6 44.65

3 $3,59,510 - 4431 130.0  139.1 61.10

4 $5,58 3876 161.0 - 172.3  75.67

s $6,512 2089 179.0  191.5 84.13

Note: TL--tree length; FT——full tree.

28
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4.3 Harvesting .

In the harvesting portion of the model, clearcutting is
assumed using either manual or mechanical felling with
wheeled skidding. Productivity and cost figures for these
methods are given in Tab]e;T, The model assumes all
harvesting will be done by contract. A recent study by
Alberta Energy and Natural Resources (1979) provided data the
manua]:Feiiing and road building costs. Feller-buncher costs
are 25% higher than manual felling figures(Ryan 1979). The
calculations for the data in Table 7 are found in Appendi x

1.

4.4 Tree Size

The Alberta Forest Service(1971) divided the available
timber volumes into two size classes by diameter at breast
height (DBH). They were a 10.2-22.9 cm(é-g in) class and a
25.4 cm(10 in) and gréater class. One mﬁst accept two
assumptions before these data can be utilized in the model.
- The first assumption is that only those trees in the 25.4 cm
and greater class will be hauled to the mill. This
assumption is erroneous, especially considering that the
pulp, particleboard and waferboard mills could utilize
smaller trees. However, the lack of better information
necessitates this limitation. "Secondly, an assumption is
made that the 25.4 cm and greater volumes include tree sizes

down to 22.9 cm(9 in). This assumption was made for the




TABLE 7

HARVESTING PRODUCTIVITY AND COST

£

Productivity

(m3/hn)

TL Manual
TL Mechanical
FT Manual

FT Mechanical

5.66
2,80
8.41

4.36

Note: TL--tree lengih; FT—full tree
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Simplicity of applying the rougﬁ diameter distributions
obtained by Bailey and Dobie( 1377) to the available data.
Size class distributions gre shown in Appendix 2.

4.5 Hauling
Average hauling distance from the harvest sites to the
town of Slave Lake is 145 km(90 mi) return(Alberta Energy
and Natural Resources 1979) The commbn hauling practice in
Alberta is either tree-length or full-tree. Tree-length
haulmg costs totalled $3.52/m3. An assumption is made that
full-tree hauling would add 10%¥ to the tree-lehgth cost,
making the cost for full-tree hauling $3. 87/m3 Calculations

for these costs are found in Appendix 3.

4.6 Processing
A1l mills are assumed to be located near the town of

Slave Lake. Ample industrial property is available ln the
area for approximately S4942/ha($2000/A)(Holtby 1981). Five
different configurations of processing facilities are
included in the Evaluation. The five were chosen because of
their potential to use relatively large qQuantities of aspen.
The facilities included are:

1. four sawmills,

2. a pulp mill,

3. a particleboard mill,

4. a plywood mill, and

r
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5. a waferboard mill.

4.6.1 Sawmills

The model includes the option of a scrag mill or é twifh
band mill to produce both factory and construction lumber
products. Factory lumber is used in items such as furniture
and is graded by hardwood lumber standards. Construction
lumber, on the other hand, is graded on softwood stéuzturai
building standards. Table 8 describes the different
assumptions ef;eash mill. The scrag sawmill and twin band
sawmill were used in the model because pertinent data were

available for utilizing aé§3ﬁ in these systems. Studies by

Leach and Gillies(1972), Bailey and Dobie(1977), and

lumber and base lumber conversion factors on DBH classes.
Appendix 4 includes an elaboration on the mills and their

products.

4.6.2 Pulp mill
Market éulp production in the model uses the
Gbemi—meghaﬁical process. Production and cost data for the
'pujp operation were obtained from Woodbr idge Reed and
Associates(1981). The mill has a capacity of 425 air dﬁy
mgtéis ton{admt) per day utilizing a mixture of 50% aspen
| and 50% spruce. Woodbridge et.al.(1981) provided the |
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production and cost data for the model. Chips are available
for pulping from both roundwood and sawmill or plywood
residue. The spruce chip component is pgrchased at $35/bone
dry unit(BDU). The pulp yield of aspen is only 31.45% due to
the high qudlity of chips required by the pracess.f?gta] |
capital cost of the mill is over $100 million with operating
ézsts of $170.50/admt. A further breakdown of pulping - |
éigures is included in Appendix 5.

4.6.3 Particleboard mill

Partiz]eb@ardrpfcdgctigﬂ in the model is based upon the
mill described by Bowyer (1974). The operation has an aﬁnual
capacity of 100,359 m?*(56.7 MMsf, 3/8-inch basis). The mill
converts 78.9% of the raw material input into a three-layer
board with a density of 640 kg/m?®(40 Ibs/ft3). Chips are
again available from roundwood and mill residue. Four board
thicknesses from 9 mm(3/8 in) to 19 mm(3/4 in) were
arbitrarily chosen for ?FQdUCtiDﬂ sizes. A prcduct mix was \\\\
not specified, thus allowing the model to éhéase the most
profitable thickness. The particleboard cost data are

outlined in Appendix 8.

}4g6.4 Waferboard mill

Waferboard production and Saét information was obtained:
from Columbia Engineering International Ltd.(1981). The mil®
has an annual capacity of 141,600 m?(160 MMsf,3/8-inch

basis) using a 2.44 m(8 ft) by 4.88 m(16 ft) twelve opening



press. The assumption was made that wafers are generated
only from roundwood. Five different thicknesses of
waferboard were arbitrarily chosen to describe options for
‘praductiaﬁ! The capital cost of the operation exceeds $37.5
million, with operating costs of $76.55/m®. Appendix 6 shows

the details of the waferboard costs and conversion factors.

4.6.5 Plywood mi1)

The equations to describe the production of aspen

mills. Conversion data for specific log sizes were available
in Boywer(1974) but resource information refers toronly tree
sizes by DBH class. Using data from Leach and Gillies(1972),
Bailey(1973) and Bailey and Dobie(1977), a log mix was
derived for the various tree class sizes(see Appendix 7). A
summary D% this mix is found in Table 9. Cull material is
chipped for pulp or parti;]ebcard production at a cost of
S?.Qg/ma(see Appendix 5). Bowyer’'s(1974) technique was then
utilized to determine the volume of dry véne&r. core, drying
loss and rounding and trimming for the different lég classes
shown in Table 10 and developed in Appendix 7 Capital and
manufacturing costs of the 27,450 m?®/yr plywood operation
were also obtained from Bowyer(1974).



TABLE 9

SUMMARY OF PLYWOOD LOG MIX

36

Cull

23 25.00 ... ... ...
30 17.50 18.75 ... c .. 43.75
18 44 .40 33.30 16.60 . . . 5.70
46 10.00 40.00 35.00 15.00 0.00
TABLE 10
BREAKDOWN OF PLYWOOD LOGS

Vny 7 Core Rﬁuading
Veneer (%) and Trim
($) (%)

—
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4.7 Chips Eﬁd.FESiﬂUE
. The chip and residue component of production is handled ,
in a number of different ways. Chips are generated from
lumber production, plywood production or from roundwood. The
chips produced at the sawmills and pPlywood facility can be
utilized for pulp and particleboard at zero cost. An
rassumptian was made that other chip markets are not
presently available. Except for the waferboard operation,
the mills in the model do not generate any of their own
energy requirements from hogfuel, plywood trim or rounding
material®é. All mills, however, were assumed to utilize only
barked wood. MarKket prices were obtained for hogfuel and
plywood residue in order to quantify the amount of this
material in the optimal solution. The hogfuel price is
$6.11/m3 and the plywood triﬁ and rounding material price is
4$8.14/m3*(Columbia Engineering International Ltd. 1981).

4.8 Products and pric
Some of the products which can be manufastured in the

mode] have already been listed in the individual mill

discussions. A complete list éf potential products and their
prices is found in Tab

shown were obtained by subtracting $10.00/Mfbm from the

e 11. The stud and dimension prices

Reporter (Friesen 1981) for

‘Althaugh plyw@cd tsﬁﬁyand raund1ng residue can be used in

particleboard furni this material is not made available
for that use in order to simplify the model.



TABLE 11

PRODUCT OPTIONS AND PRICES

USED IN REFERENCE MODEL

Mill Product Price
Grade or
“fThickness
studs $149.00/Mfbm
stud econ. stud 85.00
select board $305.00/Mfbm
stud const. board 200.00 ‘
and std. board 195.00
dimensgsion util. board 120.00
: econ. board 85.00
construction $152.00/Mfbm
ding!;-ion standard _152.00
: utilicy 103.00
economy 85.00
' teta #15BTR board $425.00/Mfbm
and #2ZA board 200.00
board #2B board 200.00
: #3 board 150.00
pulp pulp $510.00/admt
9 mm $229.32/m3
L 13 mm 211.86
_particlebosrd g o 211.86
19 mm 203.04
6 mm $317.80/m3
8 mn 296.61
- waferboard 9 mm 264 .83
11 om 248.18
16 mm T&G 296.02
6 mm $557.94/m3
plywood 13 mm 337.46
19 et 284.04
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spruce-pine-fir. The $10.00 discount is a measure of market
reluctance to use aspen lumber when compared to
aiierﬁatives(Karim 1981). Prices on factory lumber were
obtained from Nielson(1979). The pulp price came from:
Woodbridge et.al. (1981). MacMillian Bloede! Building
Materials Ltd.(1981) supplied, the ﬂaférb@ard and
particleboard prices, and plywood prices were obtained
through reducing retail prices(University of Alberta 1981)
by 12%.

4.9 Capital and operating egsis

In order to analyze the optimum combination of
activities for harvesting, milling and marketing aspen,
financial requirements were not limited. A}l operating costs
are deducted from the profit as they DEEUE:?E;EVEF. 24%
interest is charged for the use of the money. Likewise,
depreciation is deducted when mills are utilized, and 12%

interest is charged on capital purchases.



5. THE LINEAR PROGRAMMING MATRIX
The Géﬁtéﬁt of this chapter outlines the arrangement of the
information discussed in Chapter 4 into a linear programming
matrix format. Thg matrix will be referred to as the
referenée'matrix: The optimal solution of the matrix will
yield baseline data ng sensitivity analysis of the model.
The reference matrix consists of the linear abjective
function plus a set of constraining equations. The
constraining equations define the limits and
inter-relationships of thé variables in the ocbjective
function. The matrix can be separated into the general
SECtiQﬁgﬁéf harvesting, mi??ing. mérketing and resource
limits, as illustrated in Figure 2. The complete matrix is

found in Appendix 9.

5.1 The abjective function 7

‘ The objective function in the aspen referenée matrix
calculates net pﬁéfiti The function evaluates 127 variables
and their associated coefficients. Variables indicate the
level of use of a paticular activity. The associated
coefficients take into aéecunt costs in the har?esting and
milling sections and the returns on various praéucts in the

LotV .
, marketing section.

40



“max -
subject to )
A = R
Bw ACg \. = R
Dy Ex \ =/ 0

vhere: .
anii the objective fuﬂgciaﬁ to be maximized. |\
H = row ve::aggif*:aefficiEﬁts associated with the cost of
harvesting(l X 56).. : . 3

M = row vector of coefficients associated Hiﬂh\thg cost of
milling(l X 31). :

S = row vector of coefficients associated with the returns of
markecing(l X 39). :

= column vector of harvesting variables(38 X 1

mn vector of milling variables(68 X 1).

¥
n
Q
E

column vector of marketing v:riabl:i(zg X 1}

matrix of harvesting ;agffiﬁignt:(ZA X 30).

matrix of production coefficients(l4 X 26).

le(39 X 31). -

matrix of coefficients for product output(29 X 8).

matrix of wood requirement coefficients for mil

= matrix of cosfficients to market praduc:-(zg X 39

colum vector of resource limitations om h;rvn:ti,g(Zé X,

l\wa—F [ T~ ] (-] - I E
d

column vector of resource limitations on milling(39 X 1).

Figure 2. Ceneral squations of model matrix

o . B . - B - . -t



5.2 Harvesting section
The harvesting section of the reference matrix contains
resource limitations, available felling options and hauling

o
variables.

5.2.1 Resource limitations

Teﬁ variables in the matrix deal with the aspen
resource in the Slave Lake Forest. Although only five
poténtjal harvest areas are available in the model, ten
variables are necessary to define-sstand volumes gsiﬁg
tree-length or fg)l-trée harvesting methods. The units of
the resource varfables=are hectares. Stand volumes on each
area are shown in Table 6. ‘

The resource variables are limited in two ways. The
first limits the number of hectares that can be harvested in
each area. The second limits the volume removed from the
whole forest by the annual allowable cut. The allowable cut
from the individual harvest areas is determined using
tree-l;ngth volumes. The extra volume associated with
full-tree harvesting is included when volumes are

transferred to the felling options.

" 5.2.2 Fef1ing/options
The volume of trees from the harvest ateas is
transferred to the felling vaéiabies tthQgh transfer
equations. Four felling variables are needed for each

harvest area. Two of the variables represent tree-length

W
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felling. The other two represent full-tree Fei1ingg Felling
productivity coefficients(Table 7) cohvert tré& volumes into
the felling variable units(hours). Felling costs are
deducted from the cb;jective function as a specific variable
is utilized. _

The equafians used to transfer quantities out of the
felling variables perform two functions. The first function
uses conversion figures to calculate tree volumes(m?®).
Secondly, tree size classes are delinated by utilizing an
equation for each size class. An explanation of the me t hod
used to determine these transfer cgeffieientihis found in

Appendix 2.

5.2.3 Hauling A

Tree volumes are transferred from the felling variables
into hauling variables utilizing eight equations. These
equations account for four tree size classes and keep
tree-length and full-tree volumes distinct. There are a
total of twenty-six hauling variables. The fuﬁctian‘cf these
variables is to calculate tree volumes that could be
utilized at the different mills, A small percentage of the
tree volume transferred into all hauling variables is
subsequently transferred to a variable which accounts for
tree bark. The full-tree volumes also have a branch and top
percentage removed. The remaining percentage of tree volume

is transferred to the milling section.
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In the sawmill and plywood hauling variables, the
integrity of tree sizes was maintained to account for
recovery differences with respect to size class. Usable tree
volumes in the chip hauling variables were transferred to
the pulp and particleboard mills. The volumes of wood
transferred to the waferboard mill were converted dfr3;t1y
into waferboard by the hauling variable coefficients. The

treatment of tree volumes in the hauling variables are

Appendicies 4, 5, 6 and 7, respectively.

#

5.3 Hil1iﬁg sect ion »
Q The variables in the milling section of the reference
matrix represent the various processing facilities available
to the hyp@the£}§a1 firm. The milling variables take into
account conversion factors, operating costs, capital costs

and depreciat%én.

5.3.1 Lumber, pulp, pgrtiéjébggrd and waferboard product ion
The arrangement of the variables Fepre%Eﬁtiﬂg the
sawmills, pulp mill, pértic]eb&ard mill aﬁd;waferbeard mill
is similar. Two variables are used for each mill. The stud
sawmill variables will illustrate the function of the two

veriables. Tree volumes separated by size class are
transferred into the first stud mill variable from the

hauling wariables. The coefficients of these transfer
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equations in the studrmili column are lumber recovery
nguresi Operating costs are deducted from the objective
function as the first stud mill variable is utilized.

The volume of iumbe; manufactured is then transferred
to the second stud mill variable. This variable represents
the fifed cost portion of the sawmill. Deductions for
depreciation are taken from the objective function and
capital to build the mill is transferred from the stud
caéitalﬁ1ending variable. The volume of lumber according to
grade(see Appendix 4) is subsequently transferred to the

marketing section.

5.3.2 Plywood product ion

The modelling of the plywood mill required five
variables. Veneer reccvéry varies with l?ggsizef_aecause the
hauled material is designated by DBH :1§és.ladditicnai
transfer equations were necessary to represent the
separation of tree volumes into log size éiassés. as seen i?
Append i x 7; The volume af'lags in each class is subsequently
transferred into four variables which account for p 1 ywood
production. Operating costs are deducted by these ;ariabies.
The plywood manufactured is then transferred to a single
variable which is gsed‘%b calculate the depreciation, the
amount of capital required to buy the mill and the volume of

Plywood available to the marketing section.
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5.3.3 Other activities

The milling seeiian of the matrix also includes
variables representing the volume of chips, the quantity of
money borrowed and tax and advertisiéﬁ costs. The chip
variables represent the volume of chips resulting from the
chipping of log-ends in p]ywaéd log production. The chips
:aﬁ'ﬁe utilized Fér pulp and particleboard production or
they can be sc]d on the open market. The money variables
deduct interest charges from the objective function for béth
operating aﬁd capital costs. The tax and advertising
variables are used to deduct 2.75% of the value of gross
sales from the revenue to pay property taxes and advertising

costs.

- 5.4 Marketing section

The marketing section of the matrix calculates the
revenue in the model. The variables in this section
represent eleven grades of construction lumber, four grades
of factory lumber, market pulp, %QUF thicknesses of
particleboard, five thicknesses of waferboard, three
thicknesses of plywood, chips, hégfuei and plywood trimming
and rounding residue. Sawmill variables transfer a
prescribed grade mix into the lumber marketing variables
utilizing a number of transfer equations. The volume of
particleboard @raduced is transferred by one equation. This

volume can be utilized by any of the four particleboard
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thickness variables which rg;ulgg in the most profitable
product mix. The transfer of waferboard and piywood

product ion to‘the marketing section is modelled in the same
manner. The hogfuel and trimming and rounding variables weré

included for reference purposes only._7

/.

5.5 Resource limitations

The resource limitations section defines the variable
limits in the reference matrix. Most coefficients in this
section are zero because many{equations are transfer
equations. A balance equation is used to transfer values
from one variable.to another. For instance, the transfer
'equation from the variable representing particleboard
produétion(PARTMIL) to the variable representing capacity of
the particleboard mill(PARTCAP) is: “

-0.789 X PARTMIL + 1.0 X PAﬁTCAP S0
For this equation to be true, the activity level of the
PARTMIL variable(i.e. m3 .of production) must be matched with
the activity level of the PARTCAP variable(i.e. m? of plant
capacity).

The equations that Have non-zero coefficients represent
| physical re#ource'limits. The equgtions Timit annual
allowable cut, land area available for harvest and
production facility cabacitiec. These resource limits are -

shown in Table 12.

EE 2T 2R
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TABLE 12

UPPER LIMITS ON ACTIVITIES IN THE MATRIX

Activity : Limit

annual allowable cut 2,268,000 =]
harvest ~area 1 1,910 ha
harvest area 2 5,853 ha
harvegt area 3 4,431 ha
harvest area 4 3,876 ha
harvest area 5 - 2,089 ha
stud and dimension sawmill 42,250 m3
twin sawmill 45,312 m3
board sawmill 38,000 m3
_ pulp mill 157,500 admt
" particleboard mill 100,539 m3
waferboard mill 141,600 =

plywood mill 27,450 m3




6. RESULTS OF THE ANALYSIS
The optimal solution of the aspen reference mgdel'was found
using the linear programming package’ on the Amdal 470 v/8
computer at the University.af Alberta. Various techniques of
sensitivity analysis were pubsequently utilized on the
reference matrix to demonstrate the effect of model

variation.

6.1 The optimal sﬁiutian of the reference matr ix
| The optimal solution using the coefficients in the
reference matrix shows that a net profit of nearly $25.0
million would be realized. Operating expenses would total
$49.2 million and capital costs would be $55.6 million. The
profit was derived from sellimg lumber, particleboard,
waferboard and plywood. Table 13 gives the summary of major
solution variables. The complete solution is found in

Appendix 10.

6.1.1 Harvesting results

A total of 937,062 m? of aspen would be harvested
énnuaiiy using activities in the optimal solution. This
amounts to 41% of the deciduous allowable cut on the Slave
Lake Forest. The model utilized all the land available in
harvest area 5 and ninety percent of the land {n harvest

"The Mathmatical Programming System/360(360A-CO- 14X ) Linear
and Separable Programming package supplied by International

Business Machines Corporation was used to solve the matrix.

49



TABLE 13
OPTIMUM SOLUTION OF REFERENCE MODEL
Model Limit Activity
Variable - of Level—
Utilizacion
z_x(S) 24,952,490
operating cost ($) 48,360,606
capital cost($) 55,585,223
area 1(ha) 1,910
srea 2{ha) 5,853 .
" harvesting area 3(ha) o 4,431
_ area 4(ha) 3,876 - 3,496
area 5(ha) 2,089 2,089
savlogs (m3) e 218,067
haulin chips(m?) .
s waferboard (m3) 342,615
plywood(m>) 64,880
stud(m3) 42,250 42,250
dimension (m3) 42,250 :
twin(m3 : 45,312
board (m?) 38,000 38,000
mills pulp(admt) 157,500 ces
_ particleboard(m’) 100,359 100,359
nfatbmrg(mj) 141,600 .141,600
plywood (m” ) 27,450 || 27,450
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area 4. Treé-length and full-tree harvesting methods are
employed using manual labour for fel]jng. The saﬂmifl and
plywood mil11l receive both tree-length and full-tree
material. The waferboard mill uses only the full-tree
component._Roundwobd is not chipped. Eighty-seven percent of.
the wood directed to the plywood mill is in the 46 cm DBH

size class.

6.1.2 Mi11 utilization and products

‘ The optimal solution includes variables'repFESEﬁting
two sawmills, the particleboard mill, the waferboard mil]
and the plywood mill. A1l mills operate at 100% capacity.
The chips required for particleboard production come from
the sawmills and plywood mill. The products sold by the
mills include construction and factory lumber, 9 mm(3/8 in)
sﬁeets of part;bleboard and 6 mm(1/4 in) thicknesses of
waferboard and plywood. Table 14 shows the quantity of
products which were manufactured. The volume of residue
generfated by the model totalled 6,146 m?® of hogfuel and
13,833 m? of plywood trim and rounding.

6.2 variations in harvesting |
Sensitivity analysis in the harvesting section of the

model concentrated on the variables associated with the wood

'resource and harvesting methods. The effects of stand

variation on the optimal solution were analyzed and the
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Product Grade Production
or
ﬂiis:h:ggis
: select 901 Mfbm
construction construction 382
lumber standard 546
(boards) utilicy 355
ec onomy 27
““;;"gz:m‘ stud 21,767 Mfbm -
P economy stud 3,359 .
(studs) .
N - .
f#15BTR 3,270 Mfbm
~ factory #2A 4,088
lumber 28 4,088
7 k] 4,905
particleboard 9 m 100,359 o
vaferboard 6 mm 161,600 w@ -
plywood 6 mm 27,450 =3

v
ok
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. /
critical costs of harvesting methods on area 5 were

identified.

6.2.1 The resource _

The aspen stand data used in the reference model are
evavated in this section. The cost of aspen stumpage>
accounts for less than 1% of the total operating cost of the
optimal saiuticﬁ!-Variatian of these costs in the model
would provide little relevant information on aspen
utilization. The assumption that all stands contain the same
mix of tree sizes effectively eliminates the significance of
varying volume statistics on the harvest areas. ‘Increasing
or decreasing the volume stand statistics areas will cause
the model to choose the areas with the highest stand
volumes. However, the effect of tree size on the optimal

solution can be evaluated by changing the DBH size

distributions.

The tree size distributions in the reference model were’
varied in two ways. }he DBH size mix of the reference mode]l
has almost one-half of the volume of the stands in.trees 38
cm and greater. Only 14.9% of the volume is assumed fc be in
the 23 cm DBH class. The first variation of the model
changed thg;ﬁﬁﬁ on area 5 to forty perceﬁtégf the volume iﬁ
the 23 cm class, thirty-five percent in the 30 cm class,
fifteen percent in the 38 cm and ten percent in the 46 cm
class. The tree size mix was not ai}ered on any of the other

harvest areas. The second variatiad changed the DBH classes
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in areas 4 and 5 to the 40/35/15/10 mix.

| The effects of the mix variations on the optimal
solution of the reference matrix a:; tabulated in Table 15.
In variation 1, the mix changes did not effect the optimal
mitl prgdgctigﬁ of the reference mgdéli The new size ciass;
mix on area 5 caused the harvesting of six more hectares of
area 4 and some distribution changes of tree sizes and
volumes delivered to the mills. The optimal solution of the
reference matrix was ,further altered in variation 2 where
tree sizes on areas 4 and 5 were adjusted. Mill production
included all the mills of the reference solution, but the
_stud mill ran ai 92% of capacity instead of the 100%
capacity utilized in the optimal solution. The number of
hectares harvested on area 4 was reduced and 1098 hectares
of area 2 was cut. The hauling statistics indicate that the
tree volumes used by the different mills changed as tree '
size mix changed.

The conclusion from evaluating size class variation is
that size ciassldistributiQﬁ has little effect on
.prgﬂuctiani The reason for this lies in the integrated
system of mills. Various tree sizes can be brought into the
facility and distributed in an optimal fashion to the milis.
Therefore, sufficient volumes of trees are more critical to

aspen utilization than tree size.
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6.2.2 ;aﬁvesting methods .

Harvesting methods can be evaluated in the model using
the range report. The optimal solution of the reference
matrix utilizes the full-tree, manual felling option for
-harvesting area S,VTree=length harvesting would be employed
on this area if Fu1}=tree harvesting costs would increase by
SD-SD/hri A léﬁeriﬁg of the cost of tree-length, manual’
-harvesting from $87.22/hr to $86¢71/hr would produce the
same change. Switching from manual to mechanical methods of ?
harvesting would require full-tree, mechanical harvesting
costs to drop from $83.88/hr to $63.13/hr. Changing to ;
strictly tree-length harvesting would not add significantly
to the cost aﬁiharvesting aspen, but a switch to mechanical

felling would have a significant cost impact.

6.3 Variation of the mills
The sensitivity of the reference model to changes in

mill cost is examined in this section.
6.3.1 Mi1) operating costs

. The effect of increased gperatiné costs for a mill in
the FeFerence mode]l can be evaluated using the range .report.
The report shows the highest operating cost a mill can have
before the variables in the optimal solution'will change.
Table 16 records the critical upper costs for the mills. An

operating cost increase of $5.00/m? produced at the stud



TABLE 16

UPPER LIMIT OF MILL OPERATING
COSTS BEFORE SOLUTION CHANGE

Mill Operating Cost($/m3)
reference upper
mode 1 limic

stud 7 ' 15.33 Zﬂ;éB
board 17.06 52.13
particleboard 52.33 105,89
waferboard 76,55 135.62
plywood 1 49.08 64.31
plywood 2 55.92 118.15
plywood 3 60.49 69.01

" plywood 4 62.77 69.94
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sawmill will cause the dimension sawmill to enter the
solution. The board mill ceases production when costs
escalate to $52.13/m3 and the particleboard operation is
_profitable up to an operating cost of $105.89. The operating
cost of the waferboard mill can increase over $59.00/m?

produced before waferboard will no longer be manufactured in

the reference model. Production of waferboard will decrease '
at a rate of 788 m? per dollar as this cost increases. The .

cost figures for the plywood midls give an indication of
relative sensitivity of the model to bolt size. Trees will
be hauled for chips when the gost of veneer production from
28 cm bolts increases to $64.31/m3. The type and size of
trees delivered to plywood mills 2,3 and 4 are changed when
the upper cost limits are attained in these Dﬁératiénst With
the exception oftthe stud sawmill and plywood mills 3 and 4,
the operating costs of mills in the apfimai solution could
increase $15.00/unit and n&t effect the mill combination in

the optimal solution.

6.3.2 Realignment of mil]l operating and capital costs

The selection process of mill variables in the optimal

solution of the refepence matrix first chooses the mill

operating cos& varfdable. The capital cost variable enters
the solution i diately after the‘éperatiﬁﬁ cost variable.
Under this sygtem. the model calculates capital costs for
only the mill‘capacity needed to support production

levels(i.e. the model assumes linear relations between mill



cost and capaéity), This was not a problem in the optimal
solution of the reference mode! because all mills opéerated

- at full capacity. The analysis of this section utilized
separable programming to alter the pulp and particleboard
mills. These changes described the situation where a mill of
specified capacity must be built before production would

. begin.

Four evaluations of the altered matrix were conducted.
The first run allowed the model to find the optimal solution
utilizing any combination of mills. The second evaluation
forced the model to inciude the pulp mill, but did not
require the production of pulp. Similarly, the particleboard
mill was forced into the solution in the third run. The
fourth evaluation forced the model to include both the pulp
mill and the particleboard mill in the solution. The results
of the evaluation are shown in Table 17.

The results of the first evaluation showed that neither
the pulp mill nor the particleboard mill entered the
solution. These results contradict the optimal solutidh of
the reference matrix where the particleboard mill operates
at full capacity. The reason for this problem orginates in
the themat%bal procedures utilized to solve linear
gpda?:mmingf These prac?gures can generate erroneous data
because a local optimum. The results of the first analysis .
are due to a local optimum.

The second and third analyses show profitable
operations when either the pulp mill or the particleboard
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mill is forced into the solution. In both cases, the optimal
solution builds the mill and operates it at full capacity.
The $20.0 million difference in profit between runs two and
three clearly shows the advantage of operating an aspen
particleboard mill rather than a pulp mill. A loss of $5.3
million occurs when both mills are forced to be built. The
loss is incurred because a large capital investment for the
pulp mill must be made even though it is not profitable.
The conclusion to the realignments analysis indicates
that efther a pulp or particleboard mill could operate
profitably in an integrated aspen facility. The facility
with a particleboard mill is Gcﬁsidérabiy more profitable
than one with a pulp mill. An aspen utilization facility

could not operate with both a pulp and particleboard mill.

6.4 Variation of product pricaé
The effect of product price change on the optimal ,
solution of the aspen model is evaluated in this section.
6.4.1 Particleboard, waferboard and plywood variation
Particleboard prices, waferboard prices and plywood

prices were varied using parametric programming techniques.

Waferboard and. plywood prices were reduced to $217.80/m3 and
5235,94/m3.‘respectiveiy! Optimal solutions were calculated
as product prices were incremented by $25.00 and other model



coefficients remained &anétanti This was done in order to
determine when production of the product became profitable.
Another analysis evaluated the interaction between the three
products by incrementing their prices si,rnul1:ar=-|euiniisly.‘P

The first evaluation analyzed particleboard prices, as
summarized in Table 18. The particleboard mill cannot
-operate at a profit when the product price is $129.32/m?.
When the price of particleboard is incremented to
$154.32/m?*, the particleboard mill and stud mill enter the
solution and operate at full capacity. Table 19 records the
critical prices for waferboard production. The mill operates
at 26% of its capacity when the selling price of waferboard
is $242.80/m?. The waferboard mill runs at full capacity
when the waferboard price is $292.80/m3. Similarly, the
plywood mill enters the optimal solution at $260.94/m®, but
does not reach full mill capacity until the price is
$285.94/m3*, as seen in Table 20.

ThegFinal price evaluation using parametic procedures

l1taneocusly incremented the particleboard, waferboard and
p 1 ywood prﬁcesi Particleboard prices started at $104.32/m?,
waferboard prices at $192.80/m? and plywood prices at
$235.94/m3. The results of the analysis show thag aspen
~utilization is not profitable at the starting prices(Table
21). The first increment of $25.00/m?® caused the board
sawmill, the pulp mi1l and the plywood mill to enter the
solution. The chips produced from the manufacturing of
luwr and plywood ar,e sufficient for the pulp mill to



TABLE 18

EFFECT OF 'PARTICLEBOARD PRICE
VARIATION ON THE OPTIMAL SOLUTION

Model Particleboard Price($/m3)
Variable 129.32 154.32

($)

z
BAX

harvesting

hauling

mills

area 4{ha)
area 5(ha)

savlogs (m3)
u;ferba:;i(msl
m )

plyvood |

stud (m3)
board (m3)
pulp (admt)

particlebogrd (m)
w;ferbu;iv“
plywood (

18,786,774

2,226
2,089
93,849

342,717
60,761

138,000
19,499

141,600
27,450

-

20,543,997
T

3,496
2,089

218,067
342,615
64,880
42,250
38,000
100,359
141,600
27,450
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operate at 16% of capacity. The next price inc;ement brings
the stud mill, the pérticleboard mill and the waferboard
mill into the solution. The pulp mill is no longer
profitable at this increment. Further increments of prices
do not alter tﬁe solution.

Analysis of price variation revealed additional
information on aspen utilization besides critical production
price data. The final analysis illustrates that aspen
utilization can only be profitable with an integrated system
of mills. The minimum number of mills appears to be three,
as shown in Table 21, whe; the plywood, pulp and board mills
are in the solution. Anbther interesting point is that
plywood production becomes profitable at a lower price in
the final analysis thaﬁ when prices are individually
incremented. This is due to the lack of competition for tree
volumes in the final analysis. The profitable operation of
the studeill is directly linked to the utilization of stud
chips in the particleboard mill. This is *llustrated in
Tables 18 and 21 by the stud mill entering the solution when
the particleboard operation became profitable. Likéwise. in
Table 20, chips from the manufacture of plywood replace the
chips produced from roundwood when plywood praduction is
profitable. K
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6.4.2 Chip, pulp and stud prices
The effects of changes in the price of chips, pulp and

* studs were evaluated using a range report. Chips in the
‘reference mode] Eave the option of being utilized in the
.pulp-miil and the particleboard mill or being sold on.the
open market. The apfimglfsaluticn showed that all chips
would be used in particleboard production. The market price
for chips needs to be at a minimum of $114.00/BDU before
chips could be sold at a profit. The high price of market
chips indicates the value of these chips within the m@deii
.The price for pulp must increase from $510.00/admt to
$564.43/admt before pglp production becomes profitable. Stud
prices can drop only $9.52/Mfbm to $139.48/Mfbm before
dimension lumber becomes more profitable to produce. This
shows that an aspen sawmill producing studs should have the

flexibility to move into the dimension lumber market.



7. SUMMARY AND RECOMMENDATION
The forest resébrce in Alberta contains 680 MMm® of
-de%gdu@gs. merchantab]e_timbegi Althog?h?thenet_aﬁnu!i
allowable cut for this timber is 11.7 MMm3, only 1X of this.

amount is utilized every year. This study showed that the

-

utilization of Alberta’'s untapped deciduous resource is both

possible and profitable.

7.1 Susmary

The aspen utilization model developed in this*a;atysis
- showed that an integrated system of mills is necessary to
use aspen. The optimal system includes sawmiiligf
particleboard, waferboard and plywood facilities. The model
showed tree-length harve?ting of aspen d@g; not have a
significant cost difference from the ful]itﬁee method.
However, a sw;tch from manual felling to mechanical methods -
would greatly affect harvesting cost. The volume of. aspen in
a stand was determined to be more ;rificai‘te utilization
than the tree size distribution. This is due to the ability
of the integrated system to aptimaiiy direct incoming tree
volumes to the different mills. Maximum profit is attaiﬁed
in the model when chip residue éan be utilized. Either a
particleboard mill or pulp mill can be used in this regard, .
but the particleboard mill is more profitable. The analysis
also showed that sawmills must be versatile in their ability

to meet market demands.
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7.2 Recommendation for validation

The conclusions derived from this analysis are based
upon the assumptions and the data used in the model. The
results could vary significantly when either the assumptions
or the data are altered. The sensitivity analysis performed
in the study illustrated the procedure that would be used to
validate other groups of coefficients in the model.

This analysis identified three areas of evaluation
which need further study. The first area deals with the
aspen resource data. Accurate information needs to be
obtained on stand volumes, tree sizes and decay percentages.
The ah31§5i5 showed that total harvest area volume was more
important than tree size. However, both volume and tree size
-information is critical to utilization. The amount of decay

‘il] also have an effeg:t on product conversion factors,
particularly plywood. The second area of evaluation is that
.of mill data. Current mill costs and utilization techniques
need to be applied to the aspen utilization problem. Other
types of ﬁrgeessing mills should also be introduced.
Finally, cost and productivity data for harvesting and
hauling of aspen need to be évaiuated and validated.
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APPENDIX 1. HARVESTING APPENDIX
The harvesting appendix is divided into two sections
which include felling and skidding productivity and

harvesting costs.

A. Felling and skidding product ivity

The Harvesting options in the mode)l include the methods
of tree-length or full-tree harvesting. The trees were all
sKkidded by wheeled skidder. Productivity data for
tree-length harvestiﬁg using a three-man crew were:taken
from Leech and Gillies(1972). The productivity of full-tree
harvesting with a three-man crew was der ived by increasing
the tree-length productivity figure by 67%. This increase
was based on the differences between tree-length and
full-tree productivity in the Hinton, Alberta area(Ryan
1979). WProductivity data for méEHEnical felling were
obtained Frc@-the Canadian Pulp and Paper Asscciaticn(197§.
1980). Tree-length figures are taken from the 1980
publication, whereas full-tree data was calculated by
averaging thé data fobm both years. The average was used
because data varied so widely between publications. Table 22

outlines harvaztiuﬁradu:tivity.

B. ngvesfing costs
As calculated in Table 23, manual harvestlﬁg costs

totalled $15. 41?m3 Mechanical harvesting costs are 25%
-

ﬂ



Me thod Productivity
cunits /hn m3/hn

TL manual 2.00#% 5.66
FT sanual 2.97» 8.41

TL mechanical 0.99
FT mechanical. 1.54 4,

8 2

Note: TL--trae length;FT=—=full tree
—_—
“Assumed J-man crew

—
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TABLE 23
" TREE LENGTH HARVESTING COSTS
Cost Centre Costs ($/m3)
1977 1980%*

—

skidding
skidroads, landings
loading

Lo I = T N
L. I V. I N
S

&

camp costs

[P -]
[T 1
L |

overhead
2.94

road costas

TOTAL 10.39 15.41

*Source: Alberta Enetrgy g:d Natural Resources.
1979. <Energy and chemicals from wood. Energy and Na-
tural Res. Rep. No. 90, Edmonton, Alta. p. 13.

*#*Source for price indexes: Statistics Canada.
1981. Construction price statistics. Min. of Supply
and Services Can., Cat. 62-007, Vol. 8, No. 3, Ottawa,
Ont. p. 43.; Statistics Canada, 1981. Estimates of
labour income. Min. of Supply and Services Can., Cat.
72-005, Vol. 35, No. 1, Ottawa, Ont. p. 34.



higher or $19.26/m?®. The units of the harvesting variables

in the matrix are in hours, therefore these costs must be
‘axpressed in S/hf:té satisfy equation units. The

productivity Fiﬁures used for the conversion are:

.66 m3/hr

tree-length manual:  $15.41/m® X 5 = $87.22/hr,
tree-length mechanical:$19.26/m? X 2.80 m3/hr = $53.94/hr,
full-tree manual: $15.41/m? X 8.41 m¥3/hr . 5129.60/hr{ﬁ
fuil-tre&imgchanicaizz $19.26/m3 X 4.36 m3/hr =,583;$E/hr.

\
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APPENDIX 2. TREE SIZE CALCULATIONS

The content of this appendix digcribes the develaﬁment of
aspen size classes, the distrib;mn of size classes on the
harvest areas and the calculations describing the hérvgstiﬁg

of individual size classes.

A. Aspen size classes ‘

Bailey and Dobie(1977) recorded the size class
. distribution of an aspen stané in the Slave Lake region. The
stand can}:ained‘?é% trembling aspen and 28% balsam poplar.
The weighted tree size distribution in Table 24 was

developed from this information.

B. Distribution of size'classes ’

Alberta Farest Service(1971) iﬁfqrmtim prcw'idé% stand.
volume data for tr-ees smaller than 25.4 cm, DBH and tr'aes
larger than 25.4 cm DBH. As was noted in Chgpter 4; an
assumption is made that only the 25.4 tim and greater portion
will be delivered to the mil]s}.iThis portion of the volume
is assumed to include tree sizes down t‘c 23 cmeth ‘
Multiplying the weighted averages from Table 24 by the
percentage volumes of 25.4 cm and greater tFEEQHQﬁ each area
qiv?s the percentage of tree siiesﬁaﬂ;ble from the
harvest areas as seen in Table 25. ' ‘

C. Harvesting individual size classes



WEIGHTED #BERAGES OF TREE SIZ

=

TABLE 24

v

DBH Trembling Balsam Weighted
Class Aspen Poplar Average
(cm) - (%) (% ($)
23 !/ 16.0 12.0 14.9
30 41.0 N 2dh 37.6
38 2.0 [ J0.0 25.7
4~ 19.0 ‘ 29.0 21.8
\ v
\
¥ ,
; TABLE 25
PERCENT DISTRIBUTION OF TREE SIZE
CLASSES OGN THE HARVEST AREAS
Harvest Volume DBH Class(cm)
Area of trees
23+ cm 23 30 38 46
(%) 7
1 53 7.9 19.9 13.6 11.6
"2 59 8.8 22.2 15.2 12.9
.3 57 8.5  21.2 14.6 12.4
4 62 9.2 23.3 15.9 13.5
S 66 9.8 24.8 17.0 14.4
. — i - -

84
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Figure 3 illustrates the flow of the tree volumes
through the felling portion of the matrix. The letters A and
B EPéVGDeffiGiEﬁtE in the felling column and indicate the ]
arcductivity(mS/hr) for the different felling methods. The
mode 1 assumes clearcutting on all areas but only a ¢
percentage DF the volume felled will be hauled to the mills.

These ‘portions by size ¢lass are found 'in Table 25. The B
coefficient is found by multiplying the A productivity
coefficient by the portion a551gneﬂ for an individual size
class. For example the pradﬁtt1v1ty of tree IEﬁqth manual
f&l1ing is 5.66 m3/hr. On harvest area 1, 7.9% of the
harvested trees will be of the 23 cm class. The B coefficent. -

entered into the matrix for tree-length, manual felling on '

X

agea 1 would be,

« 5.66 m3/hr X 7.9% = 0.448 m*/hr.

a

The other B coefficients were calculated in a similar

manner .
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3.. Flow of tree volumes through felling vn;ri;bli:
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APPENOIX 3. HAULING COST CALCULATIONS .

McDougal1(1978) reported a 1977. hauling cost in the Slave
‘Lake area of $0.07 per cord(cd) per running mile. By
util{;iﬁg*aﬁ average of both dies;I'Fue1 and wages and
salaries price indexes®, this F1gure was increased 66% to
$0.12/cd é;r rugning mile. The haul to Slave Lake 15 an
average 145 km(90 mi) return. Hauling cost is: -

$0.12/cd/mi X 90 mi X 0.2759 cd/m® = $2.98/m3.  *
Unloading costs are assumed to be the same as iaad1ng
costs(see Table 23) which amounts to $0.54/m®. Therefore,
. the total cost for tree-length hauling and unloading comes
to $3.52/m3. Full-tree hauling costs are assumed to be 162
higher, thus tDt3111ng $3.87/m3.

s Stat1st1es Canada 1981. Industry price indexes. Minister
of Supply and Services Canada, Cat. 62-011, Vol. 7, No. 5,
Ottawa, Ont. p. 57. and, Statistics Canada. 1981. Estimates
of labour income. Minister of Supply and Services Canada,
Cat. 72-005, Vol. 35, No. 1, Ottawa, Ont. p. 34.
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APPENDIX 4. SAWMILL CONVERSION éALCULATIGNS
|3

Thﬁ§ appendix includes a discussion of trees to sawlogs and

sawmill conversion.

A. Conversion of trees to sawlogs

The amount of tree volume arriving at the saymii]s;musi
be adjusted to aécauﬁt for bark, branches and top and,
bucking to proper lengths. Keays(1971) determined the °
percg%tage of bark and braﬂchés and tops for different size
classes of trembling aspen(Table 26).'Tﬁee—lengih volumes
removed only the bark component, while percentages for bark,
branches and fcﬁs WEFé‘FEﬁDVEﬂ from full-tree va?umesg

Log volumes as a Percentage QF tree volume for
trembling aspef®and balsam poplar in Alberta were dccumented
by Ba1ley and Dab1e (1977). These percentages were ue1ghted
xaccard1ng t@ the 80/20 assﬁmed mix of trembling aspen to
balsam poplar, theq gppl1ed to the volume of the boles
calculated in Tabis'gs; Table 27 shows these calculations.
B. Stud and dimension sawmills conversion factors . Lﬁ\\

Because the étud and dimension sawmills are esseﬁtia1ly
the same mill, lumber recovery is assumed to be the same Faf
each. Lumber recovery factors(LRF) Fgr both trembling aspen
and balsam poplar were taken from the Ba1lgy aﬁd
EbEie(1977) The conversion of these factors 1ntD a
percentage of lumber recovered and weighting to account for

E

—



TABLE 26,

L] =* L

) 5 - [
PERCENT VOLUME OF TREES FOR SAWLOGS

Size Class (cm) .
23 10 38 46

. 4 — N B} _ e — -
. Bark 0.08 0.08 0.08 0.08
,
-~ Branches e

and Top 0.06  0.05 . 0.04 9.03

Tree Length ¢
Bole 0.92 0.92 0.92 Q.92

Full Tree
' Bole ‘ 0.86 0.87 0.88 0.89
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stand mix is shown in Table 28. n '\ -

The scrag-chipping edger mi'l1 systgm pré@uces 100 tons
of dry Ghips per day (Boywer 1B874). Thi; figure is converted
to the proper units Fér‘matrixféquaticﬁs as FDT\ﬁH;: p

100 tons/day X SDQ 1 Rg/tan X 2 7 m3 SWE /1000 kg

\

245 m3 chips/day.
‘ B . ]
245. m’ chips/day X 0 00592 day /m?* Jlumber

= 1,45 m¥ chips/m? lumber.
SWE is the.solid wood equivalent of 1000 kg of .trembling
aspen wood (Dobie and Hr1ght 1979) . ‘
The grades of lun'ber‘ preﬂuc:ed. from aspen uqé evaluated
- by Bailey and Deb1e(1977)._These data were ‘used to develop a .
‘F;;ighted product mix of boards, studs and dimension lumber .
The study showed that 8% of the lumber sawn became one-inch
boards, with the remainder ending up as two-inch stock.
Tables 29, 30 and 31 show the product calculations for

boards, studs and dimension lumber respectively.

C. Twin and board sawmills conversion factors

The twin band system describeéjgy Leech and
Gillies(1972) and the scrag mill used by Boywer (1974)
manufactured factory lumber in the model. The twin system
had a lumber reég;ery of 45.8% or a LRF of 5.5. Bailey(1873)
found that gtraighs—qéFen logs could echieve & LRF of 6.7
for one-inch factory lumber. This high LEF was attained

because the stgdy used large, straight logs. Bailey and
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TABLE 28 7
LUMBER RECOVERY FOR STUD AND DIMENSION SAWMILLS

* Lumber

Weighted
Lumber
Recoveryy
(%)

23
30

38 7.30
46 7.6

48,
56.

o Qg
MDD
L O o T - T -]
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_ Dobie(1977) showed: that smaller trees have a significantly
lower LRF. Both Boywer (1974) and Bailey(1973) showed
‘recovery for Fa;téry lumber to be 13uet than that of RN
construction lumbet . A-LRF QF-5.7(47i5i) is ewpiayed for the
scrag mill to account for crcaked sweépy‘aﬁd sma¥ler lggsi
Data could not be found on lumber rezavery of factory lumber
for different tree sizes. Therefqre all size classes used
the same averége recovery, . <

" Chip production from the twin band mill equal.led 0.70
odt/Mfbm. This Figure converts to 0.728 m? gh1ps/m3 of
1umber produced using the technique outlined in stud and
d1mens1oq chip conversion. Likewise the scrag mill produces
92 ddt/day 6r .45 m3 chips/m? J&f lumbér The €hipping edgér
in the scrag system s1gn1ficant1y 1ncreases the amount of
chips produced by amill, ,

Leech and Gi?iies(1972) s tudy provided product jix;data

for both mills. The mixes are seen in Table 32.



TABLE 32

PRODUCT MIX OF FACTORY LUMBER

Twin Mill

Board Mill

(%)

(%)
7
24
25

20

97



APPENDIX 5. PULP CONVERSION CALCULATIONS

This appendix gives a detailed explaination of the
conversion of roundwood to chips and the conversion of chiﬁs
to pulp. The amount of chips available from roundwood is
first considered. Woodbridge, et.al.(1981) noted that 85% of
the usable bole of an aspen tree can be made into chips.
This figure applied to the bole data shown in Table 26 gives
the amount of ships available for pulp or particleboard from
roundwood . i
The second érea of consideration is the céﬁéersicﬁ of
chips to pulp. Pulp yield from aspen is calculated as
f@l]éws: the pulp mill has a yearly solid wood FEQu%rement
of 425,000 m*, only half of which is aspen(i.e. 212,500 mi).
Eighty-five percent of the aspen wood brought to the mill is
Qsabie, The amount of aspen roundwood needed is:
212,500 m?/0.85 = 250,000 m3.

‘_The mill’s yearly production is 357:500 admt. The am@ﬁnt of

aspen/admt is:
‘ 250,000 m3/157,500 admt = 1.59 m3/admt.

Only 50% of aspen chips are usable in chemi-mechanical pulp,
SO
1.59 m3/0.50 = 3.18 m?/admt or 0.1345 admt/m?
Spruce chips are also needed in the pulping process.
The amount of %pfuce necessary for a single air-dry metrfé'

ton is 0.468 BDU.
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Woodbridge, et.al.(1981) listed the operating cost of
one air-dry metric ton of pulp as $215.00. This figure
includes $44.50/ admt for harvesting. Because the model
takes harvesting costs ‘Mto account, the operating :a;t afv
the pulp mill was.reduced to $170.50/admt.

]
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APPENDIX 6. WAFERBOARD CONVERSION AND COSTS

Conversion and cost figures for waferboard production were
obtained from Columbia Engineering International Ltd.
(1981). Waferboard requires 0.763 odt of wood/Mef, 3/8-inch
basis. The metric conversion of this figure is 24116 m? of
_wood input per cubic metre of waferboard, or 0.473 m?
produced/m? input. The 0.473 m3®/m® can be used to convert
the percentage of bole available into waferboard(Table 33).
The capital cost of the waferboard mill used in the
model is $37,546,665. The information available did not
differentiate depreciable items, but used 10 year,
straight-line deprecijation in the analysis. Manufacturing

costs are shown in Table 34. g
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TABLE 33
ROUNDWOOD TO WAFERBOARD CONVERS ION

Tree Size Percent Waferboard
Type Class Bole Conyergion
(em) - {m?/m?)

tree length all 92 ~ 0.435
full tree 23 86 0.407
full tree 30 87 0.412
full tree 38 88 . 0.416
full tree 46 89 - 0.421

. fiiﬁ
p
N PABLE 34

' MANUFACTURING COSTS OF WAFERBOARD -~

Item : , Cost o
($/Mag, 3/8-imch basis)

resins and wax 24,28

power 8.00

fuel . 3.00

labour 14.70

supplies ‘ 8.75

sdministracion _ 5.50

iﬂluﬁiécg and | o . L
local taxes 3.25 .

TOTAL : . - 67.75

TOTAL($/m3) 76.55

i

/
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APPENDIX 7. PLYWOOD PRODUCTION CALCULATIONS

This appendix is composed of two parts. The first describes
the method of deriving log sizes from tree size data. The .
second part uses Boywer’'s(1974) method of deternﬁning veneer

productior” from different log sizes.

A. Lég sizes

Roundwood to plywoéd conversionrfactors can bg
calculafed.using data from the literature(Boywer 1974).
These factors are based upon the top diameter of 2.54 m(100
in) logs. The tfee volumes used in the model must be -
converted into log volumes to utilize the conversion
factors. Please refer to Table 35 as the logic df the
calculations to determine log sizes is explained.?®
i The first step in calculating the logs in a tree is to
determine tree height. Tree heights to merchantable tops
were determined by utilizing rough height information from
Bailey(1973). Next, the number of logs in a tree of a given
diameter was evaluated. Both Bailey(1973) and Bailey and
Dobie (1977) gave some data on the number of 8.33 ft logs
that could be expected .in a given sized trees. The usable
and cull portions of the tree length was then calculated.
' The length of usable tree-length was determined by
multiplying the number of.logs in the tree byv8.33 ft. Cull
lengths were found by subtracting the usable~portion of the

-- e e - .Ee . eee e .-

* A1l calculations in this section were done in English
units because the literature used these units.

A

Qg',l
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tree F;ém the total tree lgapth .

i§s£61ameters along the length of the tree could be

calculated using Leech and G1111es(1972) reported aspen
taper of 0.15 in/ft. Butt diameter was calculated by
mﬁltipiying the taper by 3.5 ft and subtracting the result
from the DBH. The calculations to derive the diameters of
the logs rely on the assumption that the cull portions of
the tree-length are evenly dwided between t@éj%;d bottom.
In other wgrds crook, sweep and rot were assumed to be
either at the top or bottom of the tree. The length of cull
in the butt portion of the tree is one-half the total cull
length. The butt-cull length multiplied by the taper gives
the amount of diameter taper over the butt-cull length. This.
figure was then subtracted from the butt diameter to give
the bottom diameter of the first log. The top diameter of
the first usable log was determined by subtracting 1.25
in(8. 3%’¥t X 0.15 in/ft) from the bottom diameter.
Similarly, log top diameters were calculated by 8.33 ft
incnements until the diameter was 8 in or smalter.

Two factors limit the utilization of every possible log
in the tree. The first is that logs with a top diameter of 8
in or less cannot -be processed by the mill at a profit. The
other limitation is the number of logs that are possible }n
a tree. A tree could have nine logs of 8 in and greater top
diameter but have only 7 possible logs in the tree. In the
smaller DBH size classes, the opposite is true. There are

three logs possible per tree but only one of them has a top
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diametér Qﬁ 8 in or greater. .The figures in Table 36 were
tablulated using these limitation factors. The percentage 4f
logs in the tree size classes was calculated by dividing the
total number of logs in a particular top diameter class by
the total number of logs possible in the tree size class.

An example of one tree may be helpful. A tree of 11 in
DBH was assumed to have a merchantable length of 41 ft and -
~contain 4.5 logs. The total length of usable logs is:
8.33 ft/log X 4.5 logs = 37.5 ft.
This leaves 3.5 ft of unusable material. The butt diameter
is:

(3.5 ft X 0.15 in) = 11.5 in.

w
"

11 in
The bottom diameter of the first usable log is:
11.5 in - (3.5 ft/2 X 0.15 in/ft) = 11.24 in.
The top diameter of the first log is: ; .
4 11.24 in - 1.25 in = QEQQ in. )
Likewise; the second log's top diameter is 8;74 in and the .
third’s 7.5 in. Even though this DBH size can have 4.5 1@@5.
only 2.can meet the top diameter limitation of 8 in, In the
whole 9 in(23 cm) DBH size class, only 25% of all logs
pés;ible can be used in the plywood mill.
Cull material can be chipped and utilized for pulp or
particleboard. Alberta Energy and Natural Resources(1§79)
gave a 1977 chiﬁéiﬁg price of $13/odt. The 1980 price is
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TABLE 36

CONVERSION OF TREE VOLUMES TO PLYWOOD LOGC VOLUMES

— — S : — _— 7 — -
— - g g ¥

— — - — S— — ’ — p—
Tree Logs Log Size Classes(%) .
Size ~1in .

. Class Trpes 20 cm 28 cm 36 cm 43 cm cull
(cm) )

23 12 0.250 - ... 0.750

30 16 0.375  .188 e 0.438

38 18 0.444 0.333 0.667 0.057
46 20 0.100 0.400 0.350 0.150
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inflated to $19.50/odt'® or 7.94 m3. A conversion factor of
2.945 m3/BDU was used in the matrix to adjust chip

production to proper units (Dobie and wWright 1979),

B. Veneer production

Boywer’' s(1974) expianatiaﬂ'éf veneer production is used
in Table 37. Log volumes for various top 2;imeter classes
are calculated and a percentage of this volume is removed to
acc@ugt for the five-inch cs§§i The amount of 1/8-inch
veneer is calculated, then reduced by 39.59% to account for
drying and cull. Finally, the cubic feet of veneer is
determined and the percéﬁtagé*QFEVEhéeF to total log volume

is calculated.

‘“Sgur:e Stat1stics Canada. 1981. Estimates of labour
income. Minister of Supply and Services Can., Cat. 62-011,
Ottawa, Ont. p. 34. ,

-
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APPENDIX 8. COSTS FOR LUMBER, PARTICLEBOARD AND PLYWOOD
PRODUCT ION |
The cagital and maﬁufacturiné,casts for the sawmills,

the particleboard mill and the plywood mill are described in
this appendix. Boywer(1977) supplied the cost data for all

~Mmills with the exception of the twin band sawmill. The costs

[ A

for the twin came from Leech and Gillies(1972). The data
given in these publications were adjusted to 1980 prices
using Statistics Canada price index information. Buiidihgsx
and equipment are depreciated @ver\8>years using the '
straight-line method. The sawmill sites require 23 hectares
of land and the sites for the particleboard mill and plywood
mill each need 16 hectares. Land is available férf$4942/ha
(Holtby 1981). An advertising and property tax cost is
included for every mill in the model. This cost is based
upon the amount of goods sold, and is deducted from the |
pFQF{t at that time. Table 38 outlines sawmill costs and

Table 39 shows particleboard and plywood costs.
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J INDEX REFERENCE

Many indicies were used from Statistics Canada to
update mill costs to a 1980 basis. For ease of reference,
‘the index entries will refer to the following publications

by source letter,.
SOURCE

A  Statistics Canada. 1978. Fixed capital flows and
stocks, 1926-1978.. Minister of Supply and
Services Can., Cat. 13-568, Ottawa, Ont.

B Statistics Canada. 1981. Construction price
statistics. Minister of Supply and Services
Can., Cat. 62-007, Vol. 8, No. 3, Ottawa, Ont.

C Statistics Canada. 1981. Consumer price indexes.
Minister of Supply and Services Can.,
Cat. 62-010, Vol. 7, No. 3, Ottawa, Ont.

D. Statistics Canada. 1981. Estimates of labour
"income. Minister of Supply and Services Can.,
Cat. 72-005, vVol. 35, No. 1, Ottawa, Ont.

E Statistics Canada. 1981. Industry price indexes.
Minister of Supply and Services Can.,
Cat. 62-011, Vol. 7, No. 5, Ottawa, Ont.

INDEX DESCRIPTION
NO. ' '

1 An average of source A(wood, p. 248) and source B
(industrial buildings, p. 28).
ﬁ%

2 Sawmill and plywood equipment came from source’
(sawmill machinery, p. 48). Particleboard equipment
used source E(pulp and paper machinery and parts,
p. 48). ' '

3 Telephone cost index came from source C(telephone,
p. 29). A

4 All general supplies indices came from source E and
a averaged: bolts and nuts and headed or threaded
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11
12
13

14

15

113

rods with or without nuts, p.45; carpenter mechanic
hand tools, p. 45; 1lighting F1xtures. p.51;
electrical 1ndu5tr1al equipment, p. 51; misc.

'electr1cai prcducts P. 52 1nd1cat1ﬁg. reecrding

The supplies and fuel index averaged all the items
listed in index 4 plus the diesel fuel index(p. 57)

of source E.

Heat was assumed to utilize natural gas which is
indexed in source C, p. 29.

The cost of electricity was indexed in source E
(Alberta-over 5000 kw, p. 67).

Office supplies were indexed using an average in
source £ of typewriter supplies(p. 63), pen and
pencils manufactured(p. 63), pads and tablets(p.

40) and envelopes manufactured(p. 41).

Insurance was determined by calculating 1% of the

" sum of capital expenditures and estimated wark1ng

capital.
Fuel was indexed using source E, diesel fuel(p. 57).

Wages and salaries utilized source C, labour income
of Alberta manufacturing industries(p. 34).

Adhesives were indexed using source E, glues-all
types(p. 62). .

Packaging used source E, paperboard, container
grades, liners, Kraft paper board(p. 38).

Repair and maintenance was calculated by taking 1%
of the building and equipment cost and multiplying
this figure by the number of shifts per day.

The heat and power index was calculated by
averaging natural gas indexes(source C, p. 29}
and ‘electricity 1ndexes(saur:e E. p. 67) .




This appendix contains

variables, a picture of the reference matrix and the

reference matr

APPENDIX

ix itself.

A. Listing of the matrix variables

1. ROWS

ZMAX --objective function($)
OPCAP --operating capital($)

_ALLOWCUT--total

LIMHART --1imi
LIMHAR2 --1imi
LIMHAR3 --1imi
LIMHAR4 --1imi
LIMHARS --1imi
TLAMT1' --tree
TLAMT2 --tree
TLAMT3 --tree
TLAMT4 --tree
TLAMTS --tree
FTAMT1 --full
FTAMT2 --full
FTAMT3 --full
"FTAMT4 --full
FTAMTS --full
TLSIZ9 --tree

t of harvest area 1(ha)
t of harvest area 2(ha)
t of harvest area 3(ha)
t of harvest area 4(ha)
t of harvest area 5(ha)

length volume from harvest area
length volume from harvest area
length volume frdm harvest area 3
length volume from harvest area 4
length volume from harvest area 5
m
m

tree volume from harvest
tree volume from harvest
tree volume from harvest
tree volume from harvest
tree volume from harvest
length 23 cm trees(m3)

TLSIZ12 --tree length 30 cm trees(m?)
TLSIZ15 --tree length 38 cm trees(m?)
TLSIZ18 --tree length 46 cm trees(m?)

FTSIZY --full

FTSIZ12 --full
FTSIZ15 --full
FTSIZ18 --full

tree 23 cm trees(m3)

tree 30 cm trees(m?3)
tree 38 cm trees(m?)
tree 46 cm trees(m?)

BARK --bark component of trees(m?)

BRAN-TOP--branch and top component of full trees(m?)

CHIPS --chips(m?)

LOGSY --volume OF 23 cm boles(m?)
LOGS12 --volume OF 30 cm boles(m?)
LOGS15 --volume OF 38 cm boles(m?)
LOGS18 --volume OF 46 cm boles(m3) _
LOG8 --volume OF 20 cm plywood bolts(m?)
LOGi1 --volume OF 28 cm plywood bolts(m?)
LOG14 --volume OF 36 cm plywood bolts(m3)

REFERENCE MATRIX

annual allowable cutim3)

area 1(
area 2(
area 3(m
area 4(m3
area 5(m?)

1(m3
2(m3
(m
{(m
{m
3)
1)
3)
)

3
3
I

stiﬁg of the reference matrix

)
)
)
)
)

114



LOG17 --volume OF 43 cm plywood bolts(m?)
STUDTRAN--stud transfer(m?) _

CAPSTUD --capital transfer for stud mili($)
LIMS&D --1limit on stud and dimension sawmills(m?)
DIMTRAN --dimension lumber transfer(m3)

CAPDIM --capital transfer for dimension miltl($)
TWINMILL--twin mill's production transfer(m3)
CAPTWIN --capital transfer for twin mill($)
LIMTWIN --1imit on twin mill production(m?)
BOARDTRN- -board mill's production transfer(m?)
CAPBOARD--capital transfer for board mill(§)
LIMBOARD--1imit on board mill production(m?)
PULPTRAN--pulp transfer (admt)

CAPPULP --capital transfer for pulp mill($)
LIMPULP --1limit on pulp production{admt)

SPNEED --spruce transfer(m?)

PBTRAN --particleboard transfer(m?3)

CAPPART --capital transfer for particleboard mill($)
LIMPB --1imit on particleboard production(m?) -
WAFERCON- -waferboard conversion(m3)

WAFTRAN --waferboard transfer(m3) -
CAPWAFER--capital transfer for waferboard mill($)
LIMWAFER--1imit on waferboard prodyction(m?)
PLYCON --plywood conversion(m?3)

CAPPLY --capital transfer for.plywood mill($)
LIMPLY --1imit.on plywood production(m?)

PLYTRIM --plywood trim produced(m?)

{OGCHIP --plywood bolt trim volume(m?)

AD&TAX --advertising and property tax transfer($)
PULPPROD--pulp production(admt)

PBPROD --particleboard production{m?)
WAFERPRO--waferboard production(m3)

PLYPROD --plywood production(m?)

STSLETBD--select boards from stud mill(m3)
STCONBD --construction boards from stud mill(m?3)
STSTDBD --standard boards from stud mill(m?®)
STUTILBD--utility boards from stud mill(m?)
STECONBD- -economy boards from stud mill(m?)
DMSLETBD--select boards from dimension mill(m3)
DMCONBD --construction boards from dimension mill(m3)
DMSTDBD --standard boards from dimension mill(m?)
DMUTILBD--utility boards from dimension mill(m3)
DMECONBD - -economy boards from dimension mill{m?)
DMCONST --construction lumber from dimension mill(m?)
DMSTAND --standard lumber from dimension mill(m?3)
DMUTIL --utility lumber from dimension mill(m3)
DMECON --economy lumber from dimension mill(m?3)
TWINBD1 --#1 and better boards from twin mill(m3)
TWINBD2A--#2A boards from twin mill(m?)
TWINBD2B--#2B boards from twin mill{m?)

TWINBD3 --#3 boards from twin mill(m3)

BOARD1 --#1 and better boards from board mill(m3)
BOARD2A --#2A boards from board mill(m3)

BOARD2B --#2B boards from board mill(m?)

~ 115
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BOARD3 --#3 boards from board

2. COLUMNS
HARVEST1--tree

HARVEST2--tree

HARVEST3--tree
HARVESTA4--tree
HARVESTS--tree
HARVESTA--ful]
HARVES2A--full
HARVES3A--ful]l
HARVES4A--full
HARVESSA--full

length portion
length portion
length portion
length portion
length portion
tree portion
tree portion
tree portion
tree portfon
tree portion

mill(m3)

of
of
of
of
of

harvest
harvest
harvest
harvest
harvest
of harvest
of harvest
of harvest
of harvest
of harvest

TL1AR1--tree
TL2AR1--tree
FT1AR1--full
FT2AR1--full
TL1AR2--tree
TL2AR2--tree
FT1AR2--full
FT2AR2--full
TL1AR3--tree
TL2AR3--tree
FT1AR3--full
FT2AR3--full
TL1AR4--tree
TL2AR4--tree
FT1ARA--fyl
FT2AR4--full
TL1ARS--tree
TL2AR5--tree
FT1ARS--ful1
FT2ARS5--full

HAULSAW1--hauling

length, "manua

harvesting

1{ha)
2(ha)
3(ha)
4(ha)

area
area
area
area !/
area 5(ha)
area 1(ha)
area 2(ha)
area 3(ha)
area 4(ha)
area 5(ha)

of area 1(hr)

length, mechanical harvesting of area 1(hr)
tree, manual harvesting of area 1(hr)

tree, mechanical harvesting of area 1(hr)
length, manual harvesting of area 2(hr)
length, mechanical harvesting of area 2(hr)
tree, manual harvesting of area 2(hr)

tree, mechanical harvesting of area 2(hr)
length, manual harvesting of area 3(hr)
length, mechanical harvesting of area 3(hr)
tree'manual harvesting of area 3(hr)

tree, mechanical harvesting of area 3(hr)
length, manual harvesting of area 4(hr)
length, mechanical harvesting of area 4(hr}
tree, manual harvesting of area 4(hr)

tree, mechanical harvesting of area 4(hr)
length, manual harvesting of area 5(hr)
length, mechanical harvesting of area S5(hr)

tree, manual harvesting of area 5(hr)
tree, mechanical harvesting of area S5(hr)

length sawlogs(m?)
length sawlogs(m?)

tree
tree

23 cm
30 em

HAULSAW2--hauling
HAULSAW3--hauling
HAULSAW4--hauling
HAULSAWS--hauling
HAJLSAW6-“hauling
HAULSAW7 - -hauling
HAULSAWB--hauling
HAULCHP 1--hauling
HAULCHP2--hauling
HAULCHP3--hauling
HAULCHP4- -hauling
HAULCHP5- -hauling
HAULWAF 1- -hauling
HAULWAF2--hauling
HAULWAF 3--hauling
HAULWAF4--hauling
HAULWAF5- -hauling
HAULPLY 1--hauling

"HAULPLY2--hauling

38
46
23
30
38
46

all

om
cm
cm
cm
cm
om
tr

tree
tree
full
full
full
full
ee |

23 cm full
30 em full
38 cm full

46 ct
3?1%
23 c

30
38
46
23

30

full
pe. |

length sawlogs(m?3)
‘Tength sawlogs(m?)
tree sawlogs(m3)
tree sawlogs(m?)
tree sawlogs(m?)
tree sawlogs(m?)

for
for
for
for
for
for
for
for
for
for

engths
trees
trees
trees
trees
engths
trees
trees
trees
trees

chips(m3)
chips(m3)
chips(m3)
chips(m3)
chips(m?3)
wafers(m3)
wafers(m3)
wafers(m3)
wafers(m?3)
wafers(m?3)

116

lengths for plywood bolts(m3)
lengths for plywood bolts(m?)
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HAULPLY3--hauling 38 cm tree lengths for plywood bolts(m?)
HAULPLY4--hauling 46 cm tree lengths for plywood bolts(m?)
HAULPLY5--hauling 23 cm full trees for plywood bolts(m?)
HAULPLYB-~-hauling 30 cm full trees for plywood bolts(m?)
HAULPLY7--hauling 38 em full trees for plywood bolts(m?)
HAULPLY8--hauling 46 cm full trees for plywood bolts(m?)
STUDMILL--stud sawmill production(m?®)
STUDCAP --stud sawmill depreciation and purchase(m?)
QIMMILL --dimension sawmill production(m?3)
DIMCAP --dimension sawmill depreciation and purchase(m?)
MINMILL--twin sawmill production(m?)
TWINCAP --twin sawmill depreciation and purchase(m?)
BPARDMIL - -board sawmill production(m?)
OARDCAP--board sawmill depreciation and purchase(m?)
PULPMILL--pulp mill production(admt)
PULPCAP --pulp mill depreciation and purchase(admt)
SPRUCE --spurce needed for pulp(BDU)
PARTMILL--particleboard mill production(m?)
PARTCAP --particleboard mill depreciation and purchase(m?)
WAFERMIL - -waferboard mill production(m?)
UAFERCAP=—waF,r ard mill depreciafion and purchase(m?)
==268"cm vwood mill production(m3)
'EEEQS cm plywocd. mi 1l production(m?)
PLYMIL,B-*BE cm plywecd mill production(m?3)
11 production(m?)
| depreciaton and purchase(ms)

G- -piyuccd tree wesidue that is chipped(m?)
--property tax and advertising cost deduction(m?)
MIP--selling chips(m3)
(ABD --select boards from stud mill(Mfbm)

CONSTBD --construction boards from stud mill(Mfbm)
STANDBD --standard boards from stud mill(Mfbm)

UTILBD --utility boards from stud mill(Mfbm)

ECONOBD --economy boards from stud mill(Mfbm)
SLECTBDD--select boards from dimension mill(Mfbm)
CONSTBDD--construction boards from dimension mill(Mfbm)
"STANDBDD- -standard boards from dimension mill(Mfbm)
UTILBDD -=utility boards from dimension mill(Mfbm)
ECONOBDD - -economy boards from dimension mill(Mfbm)
CONSTDIM--construction lumber from dimension mill(Mfbm)
STANDDIM--standard lumber from dimension mill(Mfbm)
UTILDIM --utility lumber from dimension m1l](MFbm)
ECONODIM- -economy lumber from dimension mill(Mfbm)

STUD --studs from stud mill{(Mfbm)

ECONOSTD--economy studs from stud mill(Mfbm)

BDO#1BTR --#1 and better boards from board sawmill(Mfbm)
BO#2A --#2A boards from board sawmill(Mfbm)

BD#2B --#2B boards from board sawmill(Mfbm)

BD#3 --#3 boards from board sawmill(Mfbom)

BD#1BTRT--#1 and better boards from twin sawmwll(MFbm)
BD#2AT --#2A boards from twin sawmill(Mfbm) -
BD#2BT --#2B boards from twin sawmill(Mfbm)

BD#3T --#3 boards from twin sawmill(Mfbm)

PULP --pulp(admt)




PB3/4 --19 mm sheets of particleboard(m?)
PB5/8 --16 mm sheets of particleboard(m?)
PB1/2 --13 mm sheets of particleboard(m?)
PB3/8 --9 mm sheets of particleboard(m?)
WAF1/4 --6 mm sheets of waferboard(m?)
WAF5/16 --8 mm sheets of waferboard(m?3)
WAF3/8 --9 mm sheets of waferboard(m?)
WAF7/16 --11 mm sheets of waferboard(m?)
WAF5/8TG--16 mm sheets of waferboard(m?)
PLY1/4 --6 mm sheets of plywood(m3)
PLY1/2 --13 mm sheets of plywood (m? )
PLY3/4 --19 mm sheets of plywood (m3 )

TRIMROND--plywood trim and round i ng ngiﬂue(m?)

HOGFUEL --hogfuel(m?) o
MONEYSTD--capital cost of stud sawmill($)

MONEYDIM--capital cost of dimension sawmill($)

MONEYTWN--capital cost of twin sawmill($)
MONEYBOR--capital cost of board sawmili($)
MONEYPLP--capital cost of pulp mill($)
MONEYPRT--capital cost of particlebard mi
MONE YWAF --capital cost of waferboard mill
MONEYPLY--capital cost of particleboard m
OPERATS$S--operating costs($) :

11($)
($)
ill

($)
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