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CHAPTER ] - TNTRODUCTION

b4

1.1 Iotroduction

.Program reports are included in order to familiarize the reader with

Some planning structures were developed to aid in easy accomplish-

{ ' ‘”
aned
¥ . -
In the last few years management has given great importance to
several'manager}al techniques which, if properly.applied, result —

in more organized and controlled projects.; ‘

Some of the techniques ate related to the planning, scheduling,

monitoring and controlling of projects. When these stages are

. 1
properly implemented, dhanagement can obtain important savings in

terms of time and expenditures. The project dealt withYn this

technical report involves the use of critical path ‘method \petv;orking\‘
technique - CPM. .

LN - -

In Chapter 2, the theory which is the Sasig‘o‘bcm {s explained,

B

as well as the two possible representationd of the n?l—k.
: ~ .

Three pérameters are studied in the Scrubber Program, i.e. TIME,

COST, and MANPOWER. ' ; .

This technical report provides graphic iid‘s,and figures which summarize
and facilitate understanding of CP¥ analysis. .

-

@

planning-documents and procedures. An 'evaluation of computer usage
in various reports of the prégraim is presented. -

~

ment of the planning objectives ‘in the program. These structures

are treated in detail in Chapter 3. ¢

4
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A presentation of the planning work in the sc;ubber program, the

strengths and weaknesses of some reports and the reaction of the

program’'s persomnel to these reports are discussed in Chapter 4. . 4
| " .

A complete explanation of the methods used to control manhours, cost

and drawings in engineering and engineering gervices is outlined,

step by step, in Chapter 5. ‘

In order to clarify ‘the\ iuvolment of the planning department in the

Scrubber Program e short description of the Progi‘am organization \

follows. Alcan personn®l performs the job of project and construction *

_ manager for the Scrubber Progradm. The plamning department is responsible

for the preparation and monitoring of the project's schedules, resource
. )

allocations, rate of expenditures, and cash flows. AJ,so in some prpjects

the department has been involved in the cantroi of Engineering coscts,

manhours and drawings., * ) . ' RN

-~ ‘ -

The milestones of the project schedulee ate given to the contractors
wand projectileaders, and any further detailed plamning is the.contractor's
texsponsability. Changes suggested by the contractors or project ieaders

are if feasible introduced in' the project schedules, Often complex
eontracts going out for bids already g‘ontain a detailed schedule and
here again the winner of the bid can suggest changes in the schedule.
Then the job 15 monitored against the revised.schedule.

-
-

1.2 Scrubber System Presentation ) i

The following brochureo«on the Scrubber System illustrates:

M

\ ‘ 1) The scrubber towers utilized in the program

(2) A flow diagram of the product scrubbed, showing other projects
: ¥
\ of the Scrubber Program, i.e. Settler, water and soda Snes, and
. disposal lines /x) )
3) Tables which ip various ways illustrate the impact of the

Scrubbeér Program on the atmosphere and the surrounding regiom.

3
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Lundi le 16 juin 1980

Société d'electrolyse et de chimie Alcan Liée ‘

Ay ARy

LE DEFI: PRODUIRE DE
L’ALUMINIUM DE PLUS EN PLUS

EN HARMONIE AVEC LE MILIEU

L'activité industrielle d'alumineries de
I'envergure de celles d'Alcan au Saguenay et
Lac-Saint-Jean comporte des préoccupations
relatives i 1a protection de 'environnement
et 4 I'assainissement de l'air, de 'eau et

des conditions de travail. Aprés plus

de 50 ans, l'objectif premier de la Compagnie
demeure toujours de produire de I'aluminium
et de se développer de plus en plus en
harmonie avec le milieu.

Le programme actuel de protection de I'en
vironnement, pour toutes les usines de Sécal
au Québec, a 616 présenté au Service de pro
tection de I'environnement en mai 1973.
Initialement évalué & 140 millions $, ce
programme devait s'étendre sur une période
de treize ans, soit de 1973 a 1986. Aprés des
révisions successives en 1974, 1977, 1978 et,
plus récemment en 1980, il est maintenant
prévu que le programme s'échelonnera sur
une période de dix ans, soit de 1973 4 1983,
et qu'il nécessitera des déboursés globaux de
plus de 200 millions §. Plus du quart de cette
somme a été ou sera consacré & l'achat et 4
I'installation d'épurateurs i lits de balles
dans les salles de cuves de I'Usine Arvida,
dont la derniére phase vient d’étre annoncée
au eoit de 20 million< &

La diligence avec laquelle se déroule ce pro-
gramme met bien en évidence les efforts faits
par la Compagnie au chapitre de I'améliora-
tion des canditions de travail et de l'as-

L’arbre est dans ses feuilles

sainissement de Vair. Plusieurs projets,
classés sous la rubrique de I'amélioration de
la qualité de 'air, ont en effet beaucoup d'im
pact sur I'assainissement des conditions de
travail. Cette affirmation s’applique tout par
ticulierement aux épurateurs a lits de balles
et & la haute ventilation qui diminuent les
pertes de poussieres et de gaz dans I'at
mosphére et qui contribuent aussi a
améliorer le mieux-étre des employés dans
les salles de cuves.

Dans cette édition spéciale du Lingot, nous
souhaitons metire a votre disposition un
document a la fois objeetif et précis sur notre
programme de protection de Fenvironnement
¢t plus particuliérement, sur ce que sont les
épurateurs a lits de halles, leur rale spécifi
que, leurs caractéristiques, leur fonetionne
ment et leur efficacité,

L'impact de nos activités industrielles sur la
qualité de l'air est pour nous une cons-
tante préoccupation. Tout n'est pas en-

core parfait, mais plus que jamais, nous
respectons le milieu.

Nous eroyons en effet que nos employés et
aussi la papulation en général ont le droit de
bien connaitre nos nombreux efforts rat-
tachés a la lutte contre la pollution sous
toutes ses formes. Apres tout, nous faisons
quelque chose et nous sommes fiers de ce que
nous faisons.

(OLOWRED PapER
PAPIER DE COULEUR

Une ferme-témoin

Sécal exploite depuis 1957 une ferme témoin pi
ou les effets des fluorures se faisaient le plus .
balles & {'Usine Isle Maligne, la ferme Mistook

Ces épurateurs sont particulierement efficace:
avoir des effets signifieatifs sur la végétation,
consommation animale.

Sans recourir a des équipements spéciaux, les
démontrer gue cette ferme et les autres envir

Respect des normes

Depuis 1975, la norme gouvernementale de 40
destiné a la consommation animale du ministes
qui tend a éliminer les effets indésirables des
ferme Mistook est une ferme prospére compar
de production laitiére sont semblables aux mo,
elle est la preuve évidente que la Compagnie .
régionale de I'UPA, collabore au développeme
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160 pieds

e

me-témoin prés de la municipalité d'Alma. Située dans une zone
ient le plus sentir, avant l'installation d'épurateurs a lits de
'me Mistook s'étend sur 320 acres cultivables,

ent efficaces sur les fluorures gazeux, seul type de fluorures a

végétation, plus précisément sur le fourrage destiné i la

péciaux, les responsables du Service immobilier ont réussi a
autres envirannantes peuvent étre exploitées avec succes.

'ntale de 40 parties par million {p.p.m.) dans le fourrage

du ministére de I'environnement est respectée, ce

irables des fluorures gazeux sur le bétail. Aujourd'hui, la

¥ere comparable aux fermes environnantes et dont les chiffres
sles aux moyennes provinciale et régionale. Quverte au public,
Jompagnic Alcan, de par sa participation a la Fédération
tveloppement de I'industrie agricole et du milieu en général.

Usines de Jonquiére

" CONCENTRATION
LUOR DANS LE FOURRAGE

Un outil de travail indispensable

C'est dans les salles de cuves des Usines Arvida et Isle Maligne que Fon fabrique I'alumi
le procédé d'électrolyse. De par la nature du procédeé il se dégage du cours des opération
fluorures et des poussiéres,

Notre premier souei est done de maintenir de bonnes conditions de travail en améliorant
qualité de I'air dans les salles de cuves et, parallélement, dans le voisinage des usines.

Le meilleur moyen d'atteindre cet objectif est encore de capter les émanations & leur sot
méme, grace a un systéme d'aspiration branché directement sur chacune des 2 700 cuves
ainsi aspiré des cuves est épuré des fluorures et des poussiéres qu'il contient avant d'éu
libéré dans I'atmosphére.

Un des types d'épurateurs utilisés actuellement dans les usines d'électrolyse est 'épurat
lits de balles. Cet épurateur peut contenir jusqu'a 375000 balles de ping-pong, retenues
par des grillages faits de matiere plastique et instaliées dans une tour de bois de quelqu
pieds de haut.

Les gaz el les poussiéres, aspirés des cuves par laction de moteurs qui vont jusqu'a 600
circulent de has en haut et s'épurent au contact de la liyueur d'épuration qui, elle, circuly
en bhas. Ce son{ ces deux pressions combinées qui entrainent un mouvement de rotation |
part des halles, lesquelles, au passage. captent les particules. Il en résulte une épuratior
d'un rendement de plus de 95 pour cent sur les fluorures gazeux et de 65 a 85 pour cent

poussieres.

La décantation

La hiyueur d'épuration chargée des gaz et des poussieres est pompée dans un bassin de
décantation. Les fluorures contenus dans les boues du décanteur et dans la liqueur sont
révupérés sous forme de eryolithe gui est recyelée dans le processus de fabrication de
Faluminium. La soiution claire en surface est, pour sa part, recirculée dans les épurateur
~agit la d'une illustration fort valable du principe de la transformation des matieres poll
vn substances utiles.

Protection du milieu

Nos efforts ne s‘arrétent eependant pas la puisqu'aux usines du complexe de Jonguiére, |
tous les procédés sont munis de systémes de controle de la pollution de air. Pour 'enser
usines, on compte en effet plus de 130 dépoussiéreurs et épurateurs yui servent a purifie
de 10 600 000 de pieds cubes d'air i la minute,

Les épurateurs a lits de balles ne sont pas a proprement parler des outils de produetion,
sens quils pijoutent en niena fa qualite de nos produits; 1outefois, ils n'en sont pas mois
indispensables 4 'amélioration de la qualité du milieu. Dans ce sens, nous croyons que to
efforts valent la peine d'étre faits et bien faits.

TOUTE UNE EQUIPE r“

Depuis 1946, il y a des épurateurs dans les salles de cutes Soderberg mais il va sane i
ne possédaient pas le taux d'efficacité de ceux que I'on construit sujourd’hui. C'est o 1§
qu'une équipe d'ingénieurs et de techniciens, sous la direction de A.W. Kielboek, d
T'utilisation de balles de ping pong pouvait améliorer le procédé d' épuration,

Les spécialistes

Les Collinge, Morasse, Meilleur, Banvills, Neat, sont autant de noms qui ont pris h

quon peut associer aujourd’hui i Ia conception, au ginis méunique o Cloeu'iqn.
Finstrumentation ou i la coordinatien dt ces tquipme

L'Usine Vaudreuil,

deh thyauurle ot Y

. ; Linstrumentation,

Snlnt -Jean



spensable

Ha et Isle Maligne que I'on fabrique I'aluminium par
rocédé il ¢ dégage du cours des opérations des

bonnes coaditions de travail en ameéliorant la
pliélement, dans le voisinage des usines.

encore de capter les émanations d leur source
¢ directement sur chacune des 2 700 cuves. L'air
*t des poussieres qu'il contient avant d'étre

t dans les usines d'électrolyse est 'épurateur a
u'a 375,000 balles de ping-pong, retenues en place
installées dans une tour de bois de quelque 160

r Vaction de moteurs qui vont jusqu'a 600 forees,
tde ta liqueur d'épuration qui. elle, cireule de haut
jui ent=ainent un mouvement de rotation de la

t les particules. Il en résulte une épuration de 'air
fluorures gazeux et de 65 a 85 pour cent sur les

Doussieres est pompée dans un bassin de

wies du déeanteur et dans la tiqueur somt

lée dans le processus de fabrication de

wur sa part, recirculée dans les épurateurs, [i
ipe de la transformation des matieres polluantes

qu'aux usines du complexe de Jonyuiere, resqyue
ntrofe de la pollution de Pair. Pour Fensemble des
éreus el épuraleurs qui servent a purifier prés

oprement parler des outils de production, en ce
s produits: toutefois, ils n'en sont pas moins
milieu. Dans ce sens, nous croyons que tous ces

s de cutes Soderberg mais il va sans dire qu'ils
nue I'on construit aujourd’hui. C'est en 1956

s la difection de A.W. Kielback, découvrait que
liorer le procédé d'épuration.

o

jsont awtant de noms qui ont pris Ia suite et
R0 génib mécanique ou électrique, &
s. :

} i1
3
-+

i
la thyauterie ot uin spéeinliste de

M

A, st équipe planifie som tiaétd on
ot uiornde. Diautre pari wie s

Smbrex sous-traitants du Sagwenay 4t Lac- b
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AAUHL IR BLIINTIT puast VIVl G OUC annoncee
au eoit de 20 millions §.

La diligence avec laquelle se déroule ce pro-
gramme met bien en évidence les efforts [aits
par la Compagnie au chapitre de I'améliora-
tion des conditions de travail et de I'as-

Liutilisation d'épurateurs i lits de balles dans
les usin®rd'élect®olyse: Arvida by $he'%e
Mligne donne déja des résultats trés
favorables quant a la réduction des émissions
atmosphériques et de leurs effets sur la
qualite de Tair dans les salles de cuves, a la
campagne autant qu'a la ville,

Aini, au terme du programme actuel, les
effets des fluorures gazeux sur les plantes
ornementales dans fe quartier nord du
secteur Arvida, le seul présentement affecté
par ces émissions, auront é4é réduits 4 un
niveau acceptahle. Plus précisément, les
émissions pour I'ensemble des installations du
complexe de Jonquiére auront été réduites
de prés de 70 pour cent.

1t st également important de noter que les
fluorures atmosphérignes, dans les coneen
trations que 'on peut trouver pres des usines
d'électrulyse, ne représentent aucun danger

Postes
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L’arbre est dans ses feullles
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INous croyons en elfet que nos employés et ;égionalt- de I'UPA, collahore au développement

aussi la population en général ont le droit de
bien connaitre nos nombreux efforts rat-
tachés & la lutte contre la pollution sous . . LA
toutes ses formes. Aprés tout, nous faisons T o
quelque chose et nous sommes fiers de ce que
nous faisons.

Emission de gaz et de particules aux usines de Jonquiére

our i sinté publique. Etant donay que les
Mitratiok mAimales pour 1a protection
de la veetation sont de quelques milliers de
fois plus basses que pour la protection de ta
sinte de la poputation, il va de soi que la
qualité de la vie n'est en aucun temps
menacée.

[ | R AT b

e alleurs, la dimination des émissions de
particules de poussicres et leur meilleare
dispersion & la suite du programme ont déja
contribué, & une amehoration importante de
la qualité de Lair dans le quartier nord du
secteur Arvida. De plus, a la fin du program
me dassainissement de air, les particules ¢n
suspension et les retombies de poussicres
atteindront un niveau aceeplable compie fenu
des normes pour ees contaninants.

A wen pas douter, il sagit d'un pas majeur
dans L bonne direction,

o a
on & O

! i.§ . '
\‘ i g : ’ig “
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i Usines ae Jonquiére

CONCENTRATION
)E FLUOR DANS LE FOURRAGE

- i,

L

Depuis 1946, il y 2 des épurlteurs dans les salles de cu'es Soderberg mais ll va §f
ne possédaient pas le taux d'efficacité de ceux que |'on construit aujourd’wei, (°
qu'une équipe d'ingénieurs et de techniciens, sous la difection de AV, Kiell

l'utilisation de balles de ping: pong pouvait améliorer le procédé d"purlﬁp_lf.
Les spécialistes '

PRS-
i

Les Collinge, Morasse, Mcilltm' lnnvllio.
qu'on peut associer aujourd'hu &
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I#es Soderberg mais il va sans dire qu'ils }
tronstruit sujourd’hui. C'est en 1956

Mection de A.W. Kielback, découvrait que
%procédé d'épuration,

nt de noms qui ont pris la suite et
méeanique ou électrigue, &

Byauterie et un spécialiste de
2 sous-traitants du Saguenay et Lac-

o

T o1 iy e s

neSat
s

AL
e

e

. »

[ SR e



S

©
Lo
r
~
s

CHAPTER 2 - BRIEF PRESENTATION OF PLANNING NETWORKING TECHNIQUES

i

2.1 Histopdcal Background

~

s

2.2 Planning'séage ¢

)

Networking techniques for planning, dcheduling and monitoring were .
introduced 'in 1956 by Dupont. Dupdnt used the computer for’the
network's arithmetic calculations thus produéing fast and exponomical
computations. Other planning toolg had been used before 1956, the
most commonly used being the GanttAEharts. (Figure 2.1)

i
Since the late 1950's, two techniques have been most widely utilized

_as planninggtools: These are:

>
™~

1) .Project Evaluation and Review Techknique (PERT), a probabilistfc
'analysis applied in projects executed in uncertain environments,

and

2) Critical Path Method {CPM), an heuristic analysis applied in

projects in which there are no major uncertainties.

v
This péber, which focuses on CPM, will now b;zéfly discusa _the anélysis
of CPM., The presentation will be divided into two parts; firstly -
the pre-requisites for impleémenting the analysis (tieated in detailA
in the next chapter) and secondly the analyséa itself which 1s
dealt with in this chapter. The analysis is divided into four

\4

staées, i.e. Planning, Scheduling, Monitqring and Controlling. %

"y . 4 -

This stage begins when the tasks for.the project are determined
and actiyities aud their logical interrelationships are established.

.The product 13 a network that shows the Iogical activity sequence

in which the project would be executed, Then the durations of the

activities can be obtained 'from different sources; i.e. construction =
g )

}"\p\ L4
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»

reports with similar activities, contractor's information on the

project, cost estimates with labour and material breakdown, etc.
. e ,

-~

Basically a network can be re‘presented as an arrow or -precedence

diagram depending on whether the_activity is shown as an arrow or
as a node: (Figure 2.2)

Arrow diagrams have dummy activities (duration zero) whose purpose °

is to indicate that some activities must be chleted before

others are started.

A

” . >
. &
In pre@det‘me djagrams, four logical relationships between activi-

+ies are used to represéntsthe network. A

.
kN

.o

These are: finish to start, Btart to start, start to finish and
fnish to finish. (Figure 2.3) e

lag ‘tiines can be introduced into any of these relationships thus
allowing greater flexibility.

A

-~

v

Once the network 1ogic id %mpleted, a time computation will provide
times fc/); each activity

’

v

-

——

. The computation epnsists of: ] . ‘)

. a
3 . . . u

- . . ¥

1) execixting a forward pasg in the network, in which_the early

start and early finish for each activity of nade-are obtained:

a _ . v 2

L
)
ES j" Max (ES-td} of all activities preceding activity j

EFJ = ESJ * dj dj = duration of activity j ‘
A

. o
. “
B s >

e

e

B

;
;
i
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» Followed by:
. . o
2) a backward pass in which the late finish and late start for

. each activity or node are obtained: . ' -
|
LF = Min (LF - d) of all activities succeeding activity j
sz f LFB - dj d.j =quratioﬂ of activity j

o

Each activity then has:

ES Early Start
EF Early Finish
LS Llate Start
) . LF Late Finish .

1

With these activity times, floats (Total,. Free and independent)

a

© can be obtained.

w

- The floats give a measurement of the amount of time any activity
can be delayed without affeﬁting:

3

1) the completi%n date of the project (total float), or

2) the starting date of another activity (Free and\Indepgpdené

v . " Floats)
Total Float LF - ES - d
Free Float ' ESg -~ E§ - d l o 7
; Independent Float . ES1 -LF ~4d )
: m
- 3\

K following activities
L followipé'activity

M activity’
e e e
Total 3 Free > Independent
Float - 7 Float - " Float
- ' “ v
4 R
¥ f,::;.t" - -
‘ EeY P

. T
o N N . ~,;_‘,‘,'.' YN
‘i—..mg_,..."_.,.... i e o g e e * " 2 B it e it
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The criticallity of the various paths in the network is determined ’
by their total float. SpeciSI attention should be given to the ‘
longest path in the network which also ﬁas the lowest todql float.
This path is named the Critical Path and it establishesG:::\\;\N\
project completion date. '

When CPM was fi;s£ utilized, arrow diagrams were almost the only
‘representation of network #iagrams. Ho&ever, the latest tré;d is
to switch to precedence network diagrams because of facility in
inputing the network information into the computer; flexibility given
. by the logical relationships, thereby ‘avoiding activity splitting
. (usage of dummy activities); and greater facility in resource

[ 4

constrained scheduling. (/

2.3 Scheduling Stage
The scheduliné stage starts when the network information 1s converted
to a working schedule by assigning calendar dates. The major
factors to be taken into account fér'schéduling are: resouyrces
(manpower, matérials, machinery, money}, weather faétors, vacation

periods, labour regulations, etc. . .

e

- The schedulgs usually are reproduced either as:

! v N
’ «

1) a barchart listed by early start, in which case the logical’
interrelationship between acti&ities,is lost, - .

2) a time scaled CPM Network in which a time frame® kept while b
" maitaining the network logic, or

¢

3) a computerized planning schedule.

With a schedule the CPM analysis can go further by: obéaining

T e T CRC NP

regource allocations; forecasting rate of expenditures‘and cash
flows; studying time sensitivity analysis with different weather
conditions, crew sizes, effecta on strikes, etc.: optimizing\cost
and scheduling duration vfth cost trade-off models.

ey e e

. 1 . ‘ J
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2.4 Monitoring Stage
At this stage schedzles are kept revised and updated as the project »
progresses. The frequency at which progress is reported depends ‘

- " on the corporate policy and the type &f project.

n The>philosophy.behind‘netwerking techniques in general is "to
s manage projecﬁs by Exceptionﬁ, that is to say, to pilppgint only

: . the areas qf problem in the project. For this it is important

’ that management at different levels'receive only information that

concerns them and in which they' cap take some action. |

. ‘ 2.5 Controlling Stage ,
Some projects require that &@rtain parameters such as cost, ~
. manhours, materials, etc., be controlled closely to avoid over~
expenditures ) B o :
. ‘ 3
? v ' \i :
Co This controlling is achfeved by: ' J - ‘ o

«

1) taking the parameter and establishing its performance against
its total estimate ’ ) 4

s N -

2) qgf:mp'aring that performatice with the actual expenditutres ‘ ,

-

/f ; 3) forecasting the parameter's completion requirements

4) « recommending actions to improve performance when necessary.

e i

)

The link between control and CPM is established by the activity

PR

o percent cpmpletiOn which can be found in the monitoriﬁg stage.,
] ' ' A detailed presentation of controlling is presented in Chapter 5.

- ~
- ° T
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2.6 Use of Computer ’ )

. v

There are many computer software packages which deal with CPM,
and there are extensive references on them.
- ‘ -

With the use of the computer, it is possible to calculate and

v ~

‘féfe&ast requirements in cost and.resources for large networks

(1Q60 activities or more) in a short period of time. To manually
calchlate’énd produce forecasts in these networks would be too

-

lengthy to be pracéical. : "
Software CPM packége capabilities vary greatly, ébing from a
simple caldulation of the.critical path to sophisticated programs

with costs, constrained resource schedules, target schedules,

mltiprojects, network plotting, etc. e
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CHAPTER 3 — PRE-PLANNING

3.1 Program Obiectives De_f/i%t‘ion \
- . «

A certain amount of pre-planning, as the first step in the creation ,
of a sy‘stem for planning scheduling.and monitoring a project is
"often neglected. The result is that because of a lack of understand-
“ing of the "what's", "when's' and "how's”' of the project, the
management team goes "off the track' with the fesu’lting delays

and over-expenditures.

Pre-planning begins with a definition of the objectives that are

‘ .
Y to be achieved by the system.
. The planning objectives for the projects which will 'be treated in ,
B this report can be summarized as:
: ,* . 1. Praovide a time frame for the different projects of the Scrubber
i Pgogram. ’
- : 2. Develop and monitor. gchedulés at different m‘anagerial levels.
’ 3. Forecdst rate of expenditure and cash flows for the program
' * with periodical updates for budgeting purposes.
- ' £
o | ' 4., Estimate manpower requirementé in construction for evaluation

R g of manpower availability. ‘

5. Develop a system to cogtrol cost manhours and drawings in the

- in-house engineering. -

@ .
Onice the objectives were stated and agreed upon, three structures

were developed to carry out and to meet the planning objectives

efficiéntly. .
¢ S | -

- R L X
. -t i o oY N e o
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These were:
,1) Work Breakdown Structure
2) Coding Structure

3) Report Structure v’

Work Breakdown Structure (WBS) v

This structure is a hierarchical breakdown of the Scrubber Program
project. éachrcomponent on a particulatr level is divided into
sub-components on a lower level. followinthhié procedure, 1t is

possible to arrive at the detail desired at the lowest level of
the WBS.

By going through the exercise of developing the WBS, a clear picture
of the program is produced., Figure 3.1 )

The relationships between the projects, stages, engineering disci~-
' plines, discipline packages, tasks 3Pd activities wan be "easily

- visualized and understood.

.ihe WBS as a basic and primary structure facilitates:. 1) es?ablish_
ment of the two remaining stiuctures; 2) definition of the {nforma-
tion given to individuals in the project organization, e.g. top
management Iis Interested in' progress at the discipline package

level but the resident engineers are requested to monitor the

. projects at the activity level; 3) evaluation to determine the

7 .
“degree of detail In the i{nformation necessary, i{n terms of cost and

manhours, to develop rate of expendi@ures, ca7h flows and manpower
forecasts. )

~ | /
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3.3 Report Structure

e ) |
The following is a short introduction to the components of the
report structure. The next chapter will.include a‘detailed
explanation of the information provided by thé reports used in
the Scrubber Program. -

) L 4

The schedules devéloped started with a summarized time scaled
network used at the highest level of the WBS. This schédule, named
the Strategi@*?lan, has played special importance in several ways,
including: 1) As a master coordination schedule for different
project leaders and plan operators. 2) When major changes in

the company.policies for the program have occurred. Figure 3.2

The development of the Strategic Plan was based on summaried CPM
networks which were developed with information on: historical data
for similar projects; scopes of work; and cost estimates for the

projects involved. Figure 3.3
-

' r

: . ~

The rate of expenditure, cash flow and manpower allocation reports
. ve

were all produced: 1) after distributing the costs and manhours

, within the projects in the Strategic Plan, and ,2) after inputing the
Strategic Plan information into a software computer package.

For the larger projects In the program, manually detailed CPM time
scaled schedules were developed. The number of activities scheduled
for thege networks depended on the phasel in which they were being
executed, as well as their complexibility. k .

-
-

"

lA project proceeds through several progressive phases which are:
feasibility study, preliminary engineering, final engineering,

13

construction and commissioning.
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\

The computerized reports were run with the .Project-2 software
package.2 This package allows great flexibility because. of the
cgpabilities included in its various processdrs. These processors
include: basi;: network, target, resource allowcation, resource

constrained allocation, costs, multiproject, graphics, etc.

The capaﬁilities of Pr&jeci-f include: three codesper activity
which allow several sorting and selecting combinations (gsed for
summAry reports); several sample reports in each processor multi-
calendars; activity listings; activity groupings; and amany ‘others

which are too lengthy to be discussed in this paper. \
~ .

3.4 Coding Structure

The coding structure for the comguterized regorts defines one code
per activity which then allows various sorts (eg. early start, late
st;lart, total float, etc.) selections, or summarizations,
. . . )

- . , .
The coding structure must be developed in direct relationship to the
WBS and report stitucture. Then many pbssﬂ;ie reports at a specific .
. managemengt le\_rel can be) outputed as they are required.

The sof tware Prbject-g package allows for the definitions of three N
activity codes. The activities in the Scrubber Program have a deven

N

digit code and the definition vf each position is provided in the .. <
following chart. Figure 3.4 : - *

L} _ ‘L .

4

T . H

?'Projecth—Z is a software package for ne}:wo"rl': based project scheduling

and control.* The package was developed by Project Softwa;e and

-

Development, Inc. -
"
¢ R ' " . .

-~
]
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o ‘ . »
Area & Sub Area .
~ R

%
——— N -

Codes 1,2 refer to the company co*éng system for reduction and pot gas

-

exhausting.

” Project - -

‘e
Codes 3;4 differentiate the various projects within-the Scrubber
Program. - ' ’ v , .

o
Location . . . %

. . i
Code 5 defines fhe location of the projects in the plant.
€

i
Phase
rhase . !

1

. ‘
Codes 6,7 assign the activities to either Feasibility Study, Preliminary
Engineefing or Final Engineering. ‘

. N .
e -

]

N ’ Responsibilitf , S . +

Code 8 defines .the oréénization responsible for the exécﬁtion of the

activity, !

Group 0 .0

a

e v

- ——— s
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5 CHAPTER 4 - THE PROGRAM

-4.1, General

.

-

\requifed).

<

\ 4

'S
On implementa;ion the program was divided into two parts: the
In the ipplementation, three
TIME, COST, MANHOURS) are introduced into the

networks. ' . .

¢

preparation and the Opéygtion.

parameters (i.e.

The preparation stage can be divided into the following steps:
study information, network _preparation and issue reports. (Fig, 4.1)

~b

’

In the operation stage, the progress'information and actual expendi-~

‘tures in cost and;manhours are reported and the program reports

(‘ .
updated for the succeeding work period; (schedules are updated every

two months, cost every ‘six months, construction manhours when
A A

- . “ -

The operation stage can also be divided iato the followiﬂg steps:

collécting"information, inputing information, and issuing updgtéd

reportg. (Figure %.2)

Three parameters; TIME; COST and MANHOURS will be discussed and

the method. of planning and monitoring theif’repbrts will be explained.

Because only tithe analysis, in relation to CPM technique, was

dealt with in Chapter ‘2, a general introductian to cost and resource
allocations will be presented. . . ]

B el D,

™

bt Lt - 4
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4,2 Time

»

- 4.2.1 Preparation \ j

4.2,1.1 Strategic Plan

o
These docnments are summarized time scheddleg which |
include all the projects in the program. The .
crucial events are outlined by milestones: These é
events are either important decisions expected by a
- certain date or actions which have to be completed

to avoid delay in the Scrubber Program.

In the develonnent of the Stretegic Plan, master .

project networks and their critical paths were

T

studied. Then with: 1) The company's strategy to
meet go@ernment regulations; 2) consideration of
‘constraints such as weather, equipment, site access-
ibility; and 3) wutilization of avallable resources;
the plan schedule was created. figure 4.4
This Strétegic Plan has been the most important
document, in terms of communication, used in the
execution of the program. It has also‘been the
network which has the detail necessary to carry the
N cogt and manhour information. This information is
' carried in the ccmputer in a precedence network . How—
‘ever, in the network presentation activities are

represented by arrows. (Figure 4.5)

Manngement makes the budgeting decisions ‘and determines
. . construction manpower requirements bagsed on information
. ) from th‘LStrategic Plan. :
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4.2.1.2 Time Scaled CPM Networks

For the scrubber towers project, time scaled schedules

were developed in preliminary engineering (50 activities)

o O IR A i, NN, R
f

and final engineering (150 activities). These networks
have activities that are momitored im engineering,

' .prqcurement, construction and commissioning. Because

’ " on a time scaled the activities are not scheduled

- g ~ elther in early start or in late start, a careful

* + float evaluation has to be done.

//# \> ; To avoid excessive crossovers in the network's repre~
' serttation, some logical relationships are indicated
by means of a number by which acfivities are engpred‘
-, ‘ or exited. Figure 4.3)

e =

o

. By having a different tape for each of the stages,,
(i.e.‘engineering,'procurunent and construction),
, ctivities are more clearly visuglized. e
s . Network ac¢ivities are arranged by disciplines, ) -
‘ i 4 packages and tasks, (fllustrated in the WBS). The

networks show their intetdependéncies and constraints.

Iheée schedules are the planning documents ‘which are -

followed by project leaders and cOntractors{

~ - In some cases, in order to more clearly illustrate
the information, sketches with the structural elements
to be constructed are included as well as detailed )
descriptions of activities, listing steps necessary for
their completion. e.g. In the activity "Ducting ’
Installations', the method of commecting existing and

newly erected ducts in order to minimize shut off
.k : ,Ltimes in the plant operation is described.

.

-’ . ) - 3 a .
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Logic Diagrams

+

v

These  sumarized networks illustrate those project

schedules at the highest level in the report

_ structure. In this structure the activities in the

scrubber towers projects represent packages, and those
in the miscellaneous projects represent tasks.

o
These schedules match the Strategic Plan and their
acttvit§ information is that which 1is inputed into
the éomp#tér for cost dand manhour reports. The

computer schedule indicates the task's total float,

glving the estimated number of weeks by which package

delay would delay project completion.
Differencées in vacation periods for constructioﬁ
trades necessitated the use of multicalendars,

which are handled by the Project-2 computer package.

v

By having activity code definition, sqpmarized schedules,

which include: all projects. can be outputed (Report
4.3). Higher levels of, management can easily visualize

the project's starting and completion dates.

.}; N 3N
h .

“*  In the logic diagrams a breakdown of cost and manhours
is shown as well as the totals fof the b;rious classes
of both costs and resources. (Figure 4.10) °
’ .
Operation

N

Monitoring occurs in the Scfﬁbber Program every two months
when prékress is reported in the various schedules. The
progress information is coliecteq during meetings and field
inspection, with the project leaders. -
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> i
™ ;
This information is reported in the detailed CPM time scaled

[

networks of the scrubber tower projects. This progress is
represented in the networks by a shadowed area behind the data

date. Then .the information from these projects is summarized

and along with the information from the miscellaneous projects,
is illustrated'in the Strategic Plan.

The progress information is then computerized‘and reported

against a target schedule.1

The scrubber program has had several target scheéules due to‘

changes in the program's financial allocation, a plant )

strike and unavailability of some resources in the surrounding
‘ plant regionm.
Advantages and disadvantages are to be.found'in having. time
scales or logic diagrams as monitoring tools of the Scrubber
Program. Computerized monitoring requi;es an extensive
understanding of CPM technique in order to;ﬂ differentiate
%:urrent schedules from planning as well as‘target scﬁedules;'

-analyze changes of floats; analyse slippages.

The advantage of monitoring with logic diagrams .

rather than with time scales is that the logical

chafiges and progress in the network are_moré easily introduced.
As “thére is no ti;e frame, changes can be rapidly incorporated
into the schedules. pProgress is shoﬁﬁéby means of a dark Eape
on the activity and the activity start and finish dates are
recorded. Furthepmore, the current schedule can be plotted

dgainst any of the stored target schedules.
»

/
1A target schedule is one in which activity dates have been
5 ' frozen by the computer so that they can be.used as a benchmark.
ﬁ The Project-2 computer package alldws for the creation and

storage of 50 different target schedules.
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Time scaled networks are easily understood but have a dis- -
advantage in that projects which require fhrge revisions in
the schedule can become very tedious and time consuming.
Special attention should a}so be given to activities with
delays because in some 1n;tances these gctivities can become
critical.’ A revised schedule can not be easily compared
with the origiml or other previously revised schedules.

For projects which require 6n1y minor changes, time scaled
networks can ptoduce a very fast, economical and straight '
forward sqafdule. In the Scrubber Program, iE‘hgs been
proven that computerized schedules provide the highest levels
of management with information on the project status. The

time scaled networks have been an effective managerial tool

'to project leaders, plant operators and comstruction con-

tractors. o N .

.
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REPORT 4,1
- - ‘ o
: . CMTETOF LV L T e peate (T S 2 U el ) Mentie gl Quebe. (anads l-.L?C - P
e TAETTLIST Rl wr LILDL Cangl Sl , 18 April 1980
S5.0. 1270.42.12.2
To: - Mr. G. St-Pierre .
From: J. Prieto .
Subject: Arvida Strubber Programme A ]
Planning & tarxget Schedules ' ’
Enclosed please find a planning schedule, a target schedule and a- logic '
diagram for the projects in the scrubber programme which have not been L
completed. ] ‘
1. Settler L-26 ‘
2. Scrubber Tower 26N
3. Settler 43K *
4.  Scrupber Towers 46N/4TN
5. Scrubber Towers 48N/49N ’ ‘/
l 6. Scrubber Tower 49N ' , .
7. Scrubber Towers 50N/51N
B. ¢ Scrubber Towers S52N/53N
A\ ) 9. Scrubber Tower 538 L .
10. Scrubber Towers 54N/S5N. ) . _ : _ .
11. Settler 50-53
12.  Scrubber Towers 56N/57N
13. Soda Distribution .
14, Refoulement des boues
15. Water Line ‘ - -~
16. {Centralizgt:ion of Alarms )
17. Under roof ducting installation - .

Copies of the schedules and logic diagrams will be issued to the p*:oject

leaders.

Y ¢
- JPtem

Encl...

' Circulate 5,0. copy to:

Mr. R.A. Beat‘:tie
Mra. M. Morter

Circulate filg copy to:

Mr. P. Hawryluk -
Mr. H.A. Hughes
Me. J. Prieto
Mr., C. Brien
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‘4,3 Cost

v

4.3.1 General

Cost has been introduced into CPM networking technique for

3

- __ - - ,__twoxlifferent purposes: 1) To determine cash flows; 2) To

4
establish an activity based cost conﬁtol system.

B

CPM's techn'iqu; has fulfilled the first purpose very welJ:,

. as the cost estimates for the projects can be broken down and

' ' easily distributed throughout the activities. However, it has
not proven to give the same degree of success for control, as.

. the traditional accounting systems are not compatible with

cost control on an activity basis.

» .
}_ . ‘ . Only in the last few years have increasingly flexible cost ~
’ control systems been able to make the costs and CPM petworks .
- ) more compatible. ‘ . ' L e
, . J ? s P l, -
N LA ’ Cost control will be ‘discussed in Chapter 5, however, cash
k ' flows' and rate of expénditures ;riil be presented here. Properly
, , analyzed allocation curves can provide a project’s team with
a good financial pleture of a particular job. As shown in
Figures 4.6.a and 4.6%:

and disbursements can be calculatedi ' ’
. ~

1
monthly and cumulat{ve expenditures,

e -~
: r - Contractors are able to make an assessuent of the amount which ‘\
! . ‘ / .- they will have to borrow to fipance Kjob, as well as how
) ‘ ‘mich profit can be accrued in a particular period of time. £ *
(Figure 4.7) ! -
. °.~ » ~ .
' Following this summarized presentation on costs, a discussion * 3
L on hov costs have been dealt with in the Sqrubber Program will :

. be presented
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formation: ‘ ! .
- 1. Summary Working Schedule showing the duratlon of the Strategic Plan '
projects (a list of the projects can be found 1n Appendl\ 1.
\
2. Summary of Cost for each project including Total Cost, Capinal Cost' ‘
and Expense. ‘ ) . , ¢ D e
. 3., Tabular and graphical Rate of Expenditure for the total cost of the e
Strategic Programme. The graphical Rate ‘of Expenditure is given in . ! i
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. Star»t.. " . ) a N 3 B . , . “ - " ¥ ”' R
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4.4 CONSTRUCTION MANPOWER ,
-

~ ’

4,4.1 Geperal » e -

s
- . .
- v

CPM technique can be used to easily &stablish any kind of

v

resource allocation.

In some \prgjects, it is importanf to study the ‘resource
‘ requirements before the starting flate, In case of unavail-
’ ability of resources, two actions can be utilized: \ g
. s X
1. Shifting sdame activigls 80 that the requirements are
lowered Thisapr\oceu is named "}'etrellirig" By having - .
two parameters, i.e. time and the particular resource
in question, two pouibilit/{es exi\

- . -
[N - . Y

TR - T

a) set a fixed project cmpleiio{x daté to obtain the -

“"optimal' allocation, or

R

', b) set a fixed quantity of the resource to obtain the

e s

"minimal" project duration.
It is obvious that the valug of the intesral JRdt , is .
the same in all three cases (Figure 4.9) and that.it - - B
is the usage of activity floats that is the factor ' .

which governs the shape of the cuxve. -

i) Taking strategic actions like the usage ‘of iml‘tiple

crews, alternative equipment, overtime payut%t, etc. a

Following this shbrt introduction on resource allocntionl.
the construction nnpower tequirenem:l for some. trades in
the Scrubber Progru will now be preleated o .
* ’ ‘ ,
—~ ' ‘ .
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< 4.4,2 . Preparation

It was necessary for mapagement to know the approximate
requirepents in labour and supe’;rvision for five trades:
- 0 : ‘\
Civil LT
Carpenters (Towem~creatiﬁn)
Mechanical (Piping) , ’
Structural Steel, and Ducfing b
. Electrical and instrumentation

’ -,

The allocations in manhours were required due to:

-~ 1~) Limited accessability to the construction sites, which . *
restricted people working in the courtyards
2) Unjion regulations which w&uld not allow their members
to work along with some of the other contract(;rs ~
t .
3) Usage of limited plant pool forces which had to be

reque;ted in advance. P

. Y
In analyzing manpower, planning used three major sources of

information: cost estimates,. construction reports, and N

input from project leaders wbo knew the crew sizes required

for several tasks. Appendix v. H'an’hours were establighed

for the fi‘ve@rades and distributed throughout the networks ' X .
’ activities..l?igure 4,10 ; . ' . ) T

shaks a0 v

o

The manpower allocations were outputed in early and late

v

start, and after compirison with availability of resources,

no major problems were encountered. * ”
” - N

’ ’ - > \
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A small amount of levelling was produced by using float.or
. .

changing lags in sdﬁﬁ;project's activities.

The reporté issued included:
54 ¢ N_\j ./)

s - \s .
1) a summary of manhourg per project and per’ trade;
1/'

- 2) tables illustrating the allocation of resources per
trade for the entire program; '
. . (“'\
3) graphs répresenting the allg%?tipn of resources per
W @3}'

trade for the entire programh

r, X
4.4.3 Operation '

The same principle used in cost was followed in updating

the allocation of construction manpower.

-

Manhours are inputted using inforﬁition on crew sizeé fram
% actual construction reports and after evaluating Mearning

curves from previous projgets., ( Appendix V )

B s e

| e e
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REPORT 4.4 A
Services d2 Génie Aican | sl

Division d Alumimium gu Canada, Liée. b LS AN
2001, rue University icnireal Acresse posiae C = 6030 Mentreah Queoec, Ganaca r—:ec =2 t

Teiephone 514 B77-2340 Telex 05-25236 Cabies ALCAw .
: 30 November 19J9 A

S5.0. 1270. 42 13.2

To: Mr. G. St. Pierre
¢ From: J. Prieto ) .

Subject: Arvida Scrubber Programme :
Construction Manpower Requirements ’

» ~

¥

Enclosed please find the following information:

1. Summary Schedule

- .
2. Sumpary Manhour Distributiop (Labour and Supervision) ,
. . _ -
- - 3. Resource Allocation by Trade (Labour and Supervision)
4.  Logic Diagrams with Manhour Allocation
A "
The construction manpower requirements we'r.é analyzed for: ‘ )
1, civil
2. Canbar . - 7/
. 3. Mechanical, Structural Steel and Ductwork '
4, Arvida Pipefitters
5. Electrical & Instrumentation U
Revisions were made for: Scrubber Towers SON/5IN starting conmstruction .
in January 1981; "Rejoulement des boues” and Sctubber Towers 56N/57N .
redistribu:ing project costs. v :
JP:cm o . | S . N
Encl... N
: s - - -
; Copy to: . S , .
] , ‘ — |
{ Mr. P. Folmer '
5 Circulate §.0. copy to: Circwlate file copy to:
[N Mr. R.A. Beattie Mr. P. Hawryluk y
Mrs. M. Morter ) Mr. H.A, Bughes
) ST, Mr. J. Prieto
 ° Mr, C. Brien
i : ' : / ‘ N

B - e ——— B r————— - .- . e . A et e



- 70 -

o™ . .
+ ~
. . . . LN - R
~ -
) [ 7 1)
-y o= - . . e e - LA L X 2 2 ¥ J ."-' L 2 1 1 4 L X X B L X 2 T ¥ ¥ T % LY X 2 1] - ."' - /p
5 09 8% 8 9 7V Z :SHINOW NOI>I § 41 4 2S a4 ullit
o YRR JAAAARAA IAAAARAARARARARAA = :
- - ~'-|-\ ‘--.nl m—oowelacscaasaae A - '”l'll‘l--'l"'l."-l - - - - -
1 1 1 1 t ~ H 1 :
WKW == xnx!x‘nn FAUALd®LIS®O LSO HIOV-ONTLINTG u/n &6
1 1 1 4 1 1 1 | 1 1 1 | ST ¢ 1
! i . I I . n“-::ﬂxxnxuxx:xuxxxn_ . . - ; ' IuuALd®A5°0 06 HANY-SnuY IV ini) WM
- W . uxun;uou-lw.:.:u.isau.::Q~ . R . NIHON®H Y@RR*HINV-SINON S0 *w 44
1 1 - . - , ©
= m ! . uunn:xwxu:xn||I|Ml|uxu-xxx“xxxu- s 1 3 ‘ NIHOK®d ZE0L°HINV-*IANTTY pALYA O
1
2 . xxxﬂxxxuwuxxx"nnxn“:x:x" 1 t t ' L m ' INUIIA®L870 CLSS VANVY="HASTIU VOOSE A8
. 1 1 . . | unxwxxxxunxnx"-:x-mxxxunxnnuuxx!x“ ’ -. F0NYIN® S GEPYLI*HiNV=LLS/M06 AN 68
: »
' . L ' uxxxxuxnlluxnnx“u ' ' -- ' NYIYON0U*A B HLNV-CE~AEHTILLIS &S
1 1 .
.x-un“‘xux“xxx:wuxxx“xnxx“x:xx“xxxumnxxx“xnx 1 ; [ AANHINT D FCO06°HLIIV=MEL/ZYE AN &%
1 1 - © ’
' . ' . . . “xnxnmxxxx“n‘xxmxxxx"xux-un ' 1 NYINOQON R EBTLHLINV-SES NI €%
'y :u:xuxumnﬂuu:anxnan:nxu:xnnmxxnnuxu 1 L P ‘ 1 l.ws:zww.h VLSS HANV-NES/NZS INIY S .
1
“un “nxxnuxnxx“xxxuxxtxuw:xxxux-xxmuxxxnnn 1- ' . 1 1 AYIHANOM® I LISE HANY=NTIS/7148 AINIT 0%
-p .— 1 . . wx:xxnxxxxuxxxx nnxnnnnxnnxm\ 1 1 " FONUIV® I 6661°HINY=SEY k78 I B Y
AUXX -xxnn“xnxtﬂnxxxux:xxwxn«xuxxnnun R ' ' ' . AMYITA®LS'D UISSES HANVY=UBI/NBY INIT B
4 4 :
' ~xnxxwxxxxxxxxxxx:xxuxxxnnxxx:nxxxnx _nix . ;- - AVIHONOE*Y LCO0L HINY=IILY/7HYY INIT @0
. 1 f
. ] . uxxxxuxxxx~uxxxuunuumun| Xy 1 ] 1 . ¢ INYILATLIS D OIS HANVY=NE® MV 4IS €9
. . ' . ' . ; xxmzxxx- xn“xxxxuxuxxmxxuuuxnxnn NYABONOW*A S99 {°HLINV=1IO2 wmlYy o2
' . : . m . ' mxxnx“xnxnunxnn"uuxnnnxnx“nu:n“ NYIBANOB®A v v 1 HANV-HE2/NZZ NI P2
1 - . ¢ “ R
13333333 0333484 ¢4 NYIUAN08°8 SUSZ "HINVY=22T YIAVLIS 2
1 1 1 1 1 1 1 1 t 1 | 4 1 1 T -
Tt L3 $°3 21 4 3 IveiInNIO o
~ 1 ” 1 1  § ” 4 “ 1 “ 1 “ 4 “ . °
- P ".‘-l"-h""""- - A -'--'--" eomeeseaees [ aapoeSaea - e LL X 4
SYPPHYHINONOSYIT HY W ANONOSYICRYW AN WAPONOSYI YN NQS YWY NOT 1 4.1 84235 30 piIeON
-nzo-..m\m_.w.qnouu‘m\-.ﬂm..c.:n'w\mzwm !& w m m.oho-« *ﬁm m»po—o\ 279w A00NW .
YT T I X v X ) -epen o L L Y ) - - v - - o - ey
1 Jovd Libavel 3Iivl «»to \ . S -
2ad3Bct NOTL131dw0D IN3IHHAD ’ . INYId DIDIAVHLAS 0.21  L193roug
- LiHdYul jHYLS 45300ud R . spses I TN A I HIS ANV R HWNS eoves SHNAtULl &LA0NH97Z 2IVO NNY
S31HIS 0421 OS°Ss3IV . {1SNVHYT L0d}HYHOOUL a3e8Nuds valANY \
= R .




=t A -t | o1

PYTT P PR PR YT L PR Y DY LY 2 T

D D e e S oD D B e

SliLoe sovsel SSviL 0gI6C s8stle sc9eel SNPL0L Davagn *
P Y Y YT T Y L P Y LY LY L Rl L Lo L L D L L L - *. - - -
. eeger [} [} SCEEC [} i [} . INITA® IS0 LLLSTHANY=BATLING W) or
oazel sate N 0 o 0 % S5 NILIAOLS®0 AR HANVESURT IVt 1D WM
£
S99l o %St S6Ch - $L99 0 o . . NIYOH®Y SV9E%IHNVY=SEINOW $3) *a  «d
tavel R 11 Yo S} 1] ' 6 oose ' NINOW® 4 ZEOATIANY="T]Y  BILVA WY .
-+ 06262 ° 000¢ ] osice o oe%2 nAla®LS%9 ELSSIUMNV=n1%]d  wi0S  ws
sZees 0LEST Siv2 e84k scly - oetel - dNBINT S 0SYUHANY=NLE/NO% LY 9% U.
osIt2 [-1Y-X) [11-7} 0ve2 ] sals AVIBMVOE Y QEUBIANY=EE-0EHITLLIK &4
S1YSY . 0062t OIS ovEet osnyl sttet 1AM IR 4 1EQEHIANV-NGSE/N®S INTITY  vs
0s84L€ {44 [ LYY + - (Y31 4 0006 0%6i 2y EACAHLINY-S(S 1l €S .
svazel seocl SELS T 0LEtY oszit s090€C B In%4 0LESSHIAVSNES/NIS LT 2%
' atlae sHoct SELG T S29Cw eg2tl sivet vARONO0A®E 696S HANY=NIS/ZRNNE INETY A% B
™~
1 7 Se@tE stoy oFred osott 000§ 0e8S 4_8681°HANV=5A" WY e
H N 00Yve secLrl 0tse Slvey osz2lt oevil . IuIldtiNT0 aola..:-:-nz:,\zs LY we
\ Sasve 00621l SeRs selse oaott s2Let AVASINO0B*H LEVG HINV=NLY/NYe INIY e
- 0sn2e 0699 08€s 0s0e [} 088 FuHILAAE*S STISHANV=uFY udNLIS €¢ :
- L]
cofer Jedd [ 1Y+ L YR L ] S sole €L9 NVINDNOE A SVY L HINVY~NDZ R BT
SREBS [ X )4 [X2-1] nese2 (141 ) ocsal NYINON0Q°Y *heTilNY=NEZ/N2” MY 22
) ) osost _ m\n”n | ezt ozte o soo0y OYZHONNH®® RESZHINV=92T NIULIR 92
PPN R T T TN Y YL T YT 'IillliLliililll. - LYY T YT Y Illflll'l“‘.lllllll!-'-ll, > - w
wios [CITTTTE =W - TR PR TYY IS TP as0a1na 3 S, al3 - FrELE D
v WIai2313 volANY csusi8 SCMIIM NOJ 4al Iy 30 009 -
T T e T Y R P Y YT LI TR P L L L LY L L T L L Rl L L b Tl Bl ol bl b d ol LX)
1 I0v4 Lindv@l d1v0 vivy
y0dv ’ .
20 ISCT HOT LI VaWOD L3 3NMGD e— . INYId D1D3LWHS - nlat 33004 N
. LEMAVET LMYIS 1930w S¥NOHNVH L¥vHHns T SMHTART SZADNIZS -3AVD NOW 1
£31938 0.21 0S°*SiV LASAVHY? JUd)HYHOOHd NIANAIIS VOIAuY . - : )
. v -
. - .
m \ : . ‘
Q R [\
4 \ . -
@ 3
. ) , .
. . . ,
AN 1 !
. . ;




- ’ B - f *
N : VI At - ’ o pe——
. ’ ?
~ i .
~. ,
. , , ,
- had s
. N T . : AL )
S~
‘coweconasntacase - LT X YL I T Y - - - o ecosesenavcare - "o
tagw? GeSe 981 LYY SS9¢ 0992 - S$TIviOL (nvan
- B R P o D e O e O D e S - oas Y cEsnrescnan doaw e - LTS -
-~ 099 o 0o ¢99 e o WHIL®LS°0 LLSS HUNY=D01LI00  H/n 6h
s6S 2 0 0 [ oac FUNILA* LSS 9ENE HINY~SuUaTIV INYY 80
S9E 3 T.oset R T 4 § ] [ ] . NIHON*A Y0vR%IOV=SHION SU 0 4L
GHS ow ° . st o o NINOKW'E ZEQAHINV=*INIT_ nALYR ¥O
. e
S19 LT3 ] (78 o oS INNITA®LS*D CLSKOHLNVY="HISI1 wID&E we &
0082 sey /,mo [ 173 (13) Sit I8N IS SN I ULINY=HIN/NOS WIS 9%
- 818 cot sst [ 1) ° . sS12 AVIHANUASE SEAR HINY=EE=0ENRATILIS &6
Sive nte o1t ¢l ooe. (1°78 NI 4 —aoa.:—=1ter\z(m NG 8
[ Qe Se 092 bez . 31+ r NYIMONOE*Y EHE6 HLNY=SES INITY €%
S21¢€ nye stt [T . 0eY - sz2t IvNnIat g s»mm.:»quzq:vzum NIV ¢9
LY oty sit oLe \\vcno S€L WIHUNOR®Y B9RG*HINVeNTS/NFY LT 06
cee sez 09 o2z + [/ oez sfe TINNHIAC S s66TTHINY=SEY WY e
092 nae el be8 oSy (123 FUILACAE'D WIRS HIAV=NES/ NV, LY A .
G52 oy st [ 17} [ 133 oed L NYINONVLSY LEVEPHANY=HLIY/IISY INJY 9 N
-
. (11} ete ool 0ot [} 1 {°14 HITATAS®D BTLIS HANY=MLY NIANLI™ &y
S0l ss2 04 sz sv2 oet VU*e BEVTCHLAY=NOZ Wi 92
otat 3ww Ss, oS SEC 144 nivisanoe‘e ¢¢¢_.Ju:<|zq~\z- 1173 i T
T a0l s L st 0 A 114 NVIYONOR* R ARS2°HINY=92Y NI I o4
¥
mhasascee meeowae covronasiiasea neenseta maew o z
} ¢ wias THOTAVAN hutgaSNE  Sajiliddela aon 300 ¥ | wvawyd WAty m . 2/ 7% 300M
¥ Wl valAwY *iRs1S ¢ HIdm B K ENETEREEEE 3902
'4"!ll.ll".llll.."'llI.II.'.I.I.II"I-'.llllI"llll..l."..'.QI..".'.'...I"--’II"|-.I."'..-'l$‘.I'll"."’..‘lll'.'l..".' \

kL PN VOl 4190 vivw . . -
t OVd LindVE1 41 J . NGIBIANANYIANS )
LNYIa J19ALYHES .

TLYYHHOS . -
04?1 uS°SIy ~ (ISAVHX T 10d) WYBDOHG 8 40HNWIS YOlAnY

. _
. ; -
- S -

2421 193C0N¢

SuHIR2 U GLAMY WUYY NNy

ZRAISEL NOTL A0 L damn)d
LiMdyel 1HV4LS LI3CUNG
$3I1H3S

SUYNOHNVRN R




v6°voesYl T eetesvLd o 6 nZEZHE e tvpale - 62006 ]
e - -
* [ 3] 90°SAGY - o%o ace e FCRLTY
e 8%0 - . Npea 192 2uinvit
- a%e ? g°0 - a°n fate e HWWO2
s1°913 [ 58] asp nen es2 evinrud
—mziiite gecluy [ 24 a0 L 2rdwill”
09°2€Lt 14531 [ 184 . Hte e Prila9d
- S1°C69§ w92 [ 34.) ose 314 Zwivi, o
R IR3I1 LY*6EL12 [ M) 9°0 - %2 2un e
e fos - [T3E133] 1v*eftl2 [ 3] nee wae Pt PSe
e g [ IM37% *a80t ~ [ g e a2 IRy UT4
’ (T3¢ 121 duee el%1001 ate 2ve 1wAQlaC
[IM 114 442 ALGtP2Zve [3E4 < e lyidned
€0°040¢ 2vot LS ugve fen re I TS
00°S2EN €ocCt v{®2¢2s ote . 22 Aeany )€
ogcotty 9c*12% iscfow [ 3 vw2e (LR
ab*giz2 tyoeLect 0°e L1°kuny wee Tunras
‘ « 0's . [ (Y34 4843 s”.-aso . (314 tuaviie?
- - 068°266 8 arsel2s 9itev 0 12 (httavs ®
. . 6L ev82 11004 Pt LIy LT3 4 E'FY e {unvndg
. s 0°BLLC oicv2cl 16° L2601 QU7 e0¢ s dh &
tCo6ts . arclolE y9°olvg LR TaYg - Y] {nuvr e
¢ . e1°CE% ab'tee2 (I3 1354 [IMTiX1 (X3! fpaned
te°v0ig k 4 .“e-n S6%02¢y L6028 (A LI ITILY 4
€etvdic 1621266 SecEn221 oLt “nl Aud0E2
TR [T TL 1o°teogt Z1%,€9¢ 1y AuaIned
’ [2°29¢2 zoc 100t (0°9s68 - Re°fiZoe vl ouiywgd
69°,001 Sv*082 sCe2eet ) 152 24 ok uu-sd !
. TL*9EL 90°41% fe*tsozl Z29°A645 wot swinr ot
% . It ‘699 R 3I3 6Lcettol . (o L
0212 1y T g2reten 04*6hnot 31! NHHIVRE
SL%440 al99al 2o goafl 1830992 Y4 Anuvnll
. *9°SSEY 60°t02¢C €i°00601 (134 1183 1] LISk LY
o SC°eSLy T eht9pCe €o*02901 . el*lonv" avy B iernd
- ot a2 11°p1se 61264 - UMY el 64 33T
v sl*iay (I3 1Y ti*fcee LI iy ¢ LAOIN2
161108 az 0t [(IM YL 9Z eALE (141 €3 420n8
18°90v2 86°9€9 clely E T e 1Y %4 64.43%9¢
' . 0% [ 3] N L&) (73! Cauvia e
. [3d ] [ M. an =v~ PN i3 A
s "e %4°069 wl L Lnre?
16°8901 ce°2vll CI3dA 1% 13 CAAvIbR
125029 0894062 99° vkl ant 6indvee
. i8°9v0g - sv"292€C CE*LvSS ol CLUVIYE
Lfitoveg Ky o2t \ fEeisnl e 643492
22950} (3731 inc12€2 6 adyree
961261 g6°ofs Creue2l © a8 #4230WE
. 69 .62 (13424 9o0°riol v . PiAONL2
. L1°evet ‘ p9*0ee g€ e 2e ‘ wEoonv? e HA 1308
A 00 [ €'Zooy 1ecreny oL PYRE LS 4
T bad [ 3 ] -9 sg2sLy €1*1i5% 21 WLV
[ 3] [ £2°vv4C e iE w e (€
. 0% 0°0 ac 2660 "9 Fent e ..»::.:.m
[ 3] are Q9C*0v29 62 *PRLY (3] wiavied
[ 2d.) 0°'s sC 280y~ cl*lnve - 13 ] Hinavee
: [ 3 [ 35 0°0 0°99+C *6°To6€ s iuwiid
0°c [ 34 (€ L562 12°200¢ oy wa 12
[ 3] (3] s2°ueof - CAhELE eY natierat |
0* (3] ep*n201 SETTRZ 113 Ladaave
[N ] 06 on*ocat fs°fail (K3 L4A0MQ2
A 20 [ 3] 3] nca " 444304€
0o [N 0's no L4 L4335%92
(3] > 90 0o 0"0 ne L4 NWAE
0*o [ 34 neo . osn ul L4 W0
. [ [ 0@ (3] 1] Latuwad
* 0“0 0. A nte e LiAvnet
P - 6*0 oo a*Q n°e e La3aved
mecscssreservntonnenmndanen roccmane -e ————- cacenanes -

NOILYAN Dadatnd Sullsnidele oA L INE WAL AV Rof v
eeeameseeaseememcmeme————————————————eneeas DRIV wolawr Al UMM - ceammscmmcaccmanacen
4ivdval 3iva viva | 39vd — . A
ZRAISET  31v0 NOTLTTAw0D - 4o0d v L tvia IO UYUIS - 0lZY AD3IFVe

. [ 3 . E v .
LiMdaval 1nviS LOWOoHd 1804304 E I I B S N1 ﬁ_ 12000 3 SHIEIRT- ALAOE K7 IVO HNE

* . 4
S313S 0421 05°S3Y (4SNYHX T L0dIwYHOQHe :wz::muw vaiauy -
1 3

R W

1

B T T VO SU

-~




.

( i 7 . . :\,
. USYPr YN uﬂct..wqq.ﬁ:(x SPONUS VT Y S ONUSVT BV FINOS Y 0 00 o U0 DSV,
-.N’ﬂ—o. \.u-o~50-nlo\..ﬁ...l&.—oou\.too?-?-n.\unc-thﬂwn-u\.o.nb’—-\ .
c9d 022 *°" it €1 [ 3% a9y < N
0 @Ot RETERA0 L 000840000,0008000000,0000000008,00.08000080,00%000000000000000 V00000 308¢,00000804800,0080483800808,% 8,
* ttt:!tt..tt...psphuuwuuwuuuuuuuuuuuuuvuut:uuuuuuuuuuuuuuuuuuuu .
. Witwiriiedmremt 13 L 4 AW 3333933233327239333393240.n3JIIDLI39D399WWINY ¢ .
¢ WHLHR IR dd L ANIIIIIINDIIIOIIIIIIIIG  wIDIILELALDIDIIIIND i s,
1 X4 ¢ W HIFdin i L EwIDID00WITIII133I49333933  wIIIL4MALEILIDINDND . :
- W 3N INA L AHA DIIININIINIID44inIIDI IR didhd 1842000 e *nhay
® WM AN DWNA D I dvimnit W2 44DDI L WIIL Y 100 mienl 1 Dnid § Lovbiti .
. J Idd WHWLNL I L rrt e IDDiniiw I DL A rri i iwind ) d i .
o - - 32d WL D v i 1L D DD L M Y T I »
. 333 wiriver i LIRdnRUI 3L D Dreninndn WhHEIW Wy . /
. > F N R N TR R R T A §e b TN T T B dbiedH diibeb bivibt e st gty
. 333 I IHNRHL N It L L LEsntine, el e Llvad . s
$¢ . 333 wrNH i L Tl b8 L I WY B P o
* db Wb Wb Jdiiid Rl LdiNUid  Weibdd W B e .
. dhoritd tyRb g I I vl Lt ind Hrdld 33 " . .
. dabild b, BN R NG biiadd 7V ¢ *rgawl .
oot - / Fodu Hwhwlid Irin 1 WiNndadhd iied 3et .
* JIAIN vivpivid 3dW  erddddnd 243713 . R
» . BAI UWIIHND TR HRRd AN M .. /
. 3 3d dukingd  dd W IT3dd w3 3 . N
- (X4} . 3 3 3 wwlld dd Hkiid333d3 w3 3 ¢ ‘reng2
. 3 3 I EHID dd  iNdIIIdI w3 3 .
» . (3 3 3 wHIAD 93 WWHIIA 3 [FER . .
* 3 W33 33 HWH3II 3 w3 .
osy w - 33 w3, 3 " .
» . " 33 dwdld - d ¢ Cranee
[} 313 I d ° e
-» 3 ° 3Ind d . . -
4 (¥4} . d 3 ) 3 4
» u m & . .
A : : f p e
13 R . -
ooz !} A w » w , :
» . . .
4 - . - ¢ Sr00uf
£ - , ] .
» - .
* N ¢ . - . .
ose W yo0o4dv " . - ﬂ CRTTYIE
- " L ] a
. Nan INIWAINGD ( St
- - - - - s oEDS oo - - J > ’ )
*Geanet SunuMNYr 2 HORYY NOTLVINIWNNASHE % WoTnild03 «  eneat -
LY SHAUHNYH " Su3iilddald $3In0A v lAnY oty
0E226¢ SUNOHNVI " HOUVY NHOMLIINU ¥ *4S/18 67003 Y3 U
unem; SunuHNYH 3 - LYY BYuIivD . DI S
oE9aat ) SHNOMNY W L) ) deHvY AL retoy,
R L L L L TR PP YT T PSR P - comman ——- -~ .- L T e
20vEN IVI0Y AunNSY3IW 40 AINN ¥34IVuYHD LO0d . R NulialndSdO0 | PR X (L1174 17]
- anZo . N
P P O . S cnsssctrtossnavlaassneranstrbnrsana - - -4 0-'-'!!"&;”"'-0'-" »
N . : : -
- . - ' -

Lot e o ywersberns 3T

R R L S vy

cw et e

w




7

- N, v e AT R CxY . - - . R 2o~ e 3 -

£ . l.n.l;[» vy pety e, @ s s TR L AR LR 6 T

Al .
- J v
08°E%EY [T 131 mnm-ocog : LT Ra 1N 00t uGy ..

, 19°1¢ aea, - [N A IE e
vcegt ctn tud 2uDNYRC
£9°59 ren w2z SwIrnd

gca- Jad R T T
ata g arvi i€
o'n e tyrave
344 3 4 LY
. L 3d- °"w? Pk T 114
[ 3sd rhL2 Mivlhel
A v 8ta ety wdiud
133114 LaL) PLY ] 1220100
124101 o e 1w dnee
] nep - 62 PN L4
. . (M) wr2 iy 1€
- , - 6°n Leed IR
G291 (X4 Lsin.re
. . 86°2e1 <12 luaviieg
- L4002 (KB Tarnvg2? .
T2 are 1V 86,
44vne® 204 “wild ¢ ¢
- Sisi2 . " whiyfed .
1 wegs . [ auddued
n.um.w 2 9"“ n..>.u..:om
) welge 13 . amadol
- . 10scql 1 st
. varanl o4 CuPYEd
. 1 ¢ s2evol .. I LT O
f e ({*rad « connrat
e e Yoy (£ fuav 93
10 ve'sas ¢ LOE T
4 [T L] € oenwt
v »#. ot sl L3 D' I o
- e e2%08] ae Nupylyl
ec* *2°ved t 4 [ys2 111}
. e €4%44€ ot [YYIUN
nm. afoced (13 4442042
: . o cg°re o2 LadIG Y
[ 34 . . e*n T3l Ciwiwgd
} o ., aca -? 6l WAL
R . 11°v¢ «y Y iatl
. [ 4 1412 P | i Avnud
- , 69 riad L] L& 40V IE
) €2 122 r € 4NVH92
€2 L°ve [ i Y40
L3 28 2e LT3 setivied
~ > . futos 8 32
- - ~ Eftes "y uiAMIgE
ag ne 1L vgaAInel
£245) LY ViaIEed
- 1gonp2 oL viONVYNE
f (T334 " wLwWNCLE
- [YALED! €9 wire2
. L] ws HELAWLa2
- [S3LIT IR (3] [T Y
. to°y. L3 (YOI 4
: . 4 gocgel ay winsige
FTAGL, v “ihvl 2C
»eoNs i€ 44D 108
WH*SL € > <Jinoiw2
rea - «? AdidoNC
. nén (<4 Lduac @2
Y LX) N (114 Leamve2
[ ‘ L LY T T T4
[ 24 L. (R} i g
- . (3] Il tiavie€
0°0 oco LA] e LHav &2
P PP PRy T L P 2 g sow - - - - LT LR P YT Y PR Y LY T Y 7Y
SOE T hata bl feliisineie wnoaiInd 3 eats R R T
¥ Witsildd2 LUTEY ) ML TAY SRR P . PR
L L LY TPy T - - - - '.""-'-l--’o‘-"'l""-'l-' - L] P L L L L L L A2 2 X 3 L1 )
{LndvAl 3iv0 viva § 3jove -
Y t
nc.:nu_ w0 NOTLINgn0D \. NDISIANIINS (Y X q:{::»‘ w12t i3 ¥ e
dLindvdl tnwis 133MDug ' L 40 a4 N IEPVIEE SF R B 2 BT 1 & St el ARG ILVA M

$IYIS 0121 08’43V
i

LASAYNY S J0a) nYHDOLA 4 WHOUDS VOLANY

PRSI

R
Y




. R ks ET P

. N

os YOCNY W AP UNOS YR NY L S0 NS YR WY A0 ONOS Y PV P NS Y oV o OSSP LW
..N.’—...\....—’0-...\00009'0.—...\...'nvha—...\.’..Pchﬂ»ﬂ"l\.'lhﬂ,«.\ -~ . o
. €92 v2e vl €Lt ae’ 2

tu....l’iiﬁt-.O-.O..QQOQ.'N’OOO.'o..-..OQ..'.O.OQ.O..O...'O.OI-0....-OOQ.’.OI0.0.'05000...Ql'..l.l..tG LY

*
. Iz...:t...t.,.tzhh»h»uuuu,uuuuuuuuuuuuuuuuuu!.—.uuuuuuuu.vuuwuuuuu...uu . k)
- * 2] :wu&rtux»p»-.uuuuuuuuuuuuuuuuuuuuu:. WIII124123323300293 . i
: U 3333adINLLL1133DD320399931332153)353 I224411413033%323) .
/ 313 wilinildIIKW2IWwIIDLINIIAG DIXHAALLLILLI A 0e .
\ I M 333 WALLINLIDDuidriniw 14D LD DD e RISV o Oy
. /M . f 333 diwd HHADAWINIINIL I DD L A heum wiml 2113 - -
i . didbi Wl i3ty LI Inenmi iDL Whrel: Fhwid Ll b - .
e by Bt WL LI It A DD datiDne nIedet W b fetae .
. . . IddH dhriliid 3dWI L1 Lhidikid w33 3 M -
R . ~ 3331 Imied Iad L EAeT3dw3 V03 ¢ *A0y ’
, . . 33 7 vhdY 304 OLLd 13Iw3 #3 3 ) .o~ -
R r . ° . ) 3 ww33 33 HIWIIFId] . Wi 3 . \
. - 3 HW33 33 wind d3 W 3 .
,‘ * . w 3 binid3 3 ) - . -
: . u e g BT '
. w
. 3 wr’ 2 .- :
-~ . “ z L* - 'Y
. 0 ‘ . Lad -W °
M 3 3 . e Chool”
{ . ..
. . . ; \J - N .
- - - L]
e 1u -, . 3 } : ey
. . wp.\v - - - .
~ L] - - %
. . . . -
¢ - . \ AP ERLLY
. < e ol N S . . ’ . -
O Y - *
: = ' W - ) . Tl .
1 » o NOIBIAYRAdNS .
; ° ) - .
; N31 1N3WALINO3 ! : . . ) S U NV
. . I\ ) A ) » N
IJII.llI--llill|i-l||ll|l'l-'ll||l'l|‘ - b dadl L L LT T Y 2 T Y S LI I YL LTS
*GeGy SUNUHNYL 3 *83dNS NOTAVINIUNYASHT 9 IWITwi) 11 fa°yLQ
G961 Y SunNOHtiYW - d - HOLSTAYIGNS ONldlg vilauv LI
i ‘ovs. . SHNOHNYK ] ‘HIdNE NAUMAINU 3 Y1 €/1Q o °p0Tn tu*.9
LN ¢ 6§59¢ - SHNONHYE \ 1 . HOISTAN2GIS HYHIIYD 00%y5
. *099: . P * SUNUMHHVYH s ) HOTSTAUIMNG V[ALD ngtge :
ll.lll!lltllll|llllllll-ll|.l|lllllll —me rh -—me ll',lll’ww’muv - . - - - -
. 3nvsn v} - IWNSYIAW 40 Linn ¥ILIVHYHI L0d NOLidlndsaa | . - T 0 Vherus *
. - ONID I ’ ) sy . R
O S . B A e e e P R e e e ar s N N ST o e e 0w anenennee esneose - - -mw Illll'llll.lllll!{'llllll.ll"lulllili M
L4 ’ i ) =
< 5
> . f
- . . -
- . - C ] . s -
- iy u ! . v N t \M
. ) _ . . . N “
- . ’ ~ o oL ¢«
“ ¥ b r.) - & 3
» - B » H
. Y . i . . .
. - . ¥ . .
3 . v [N *
3 1
. - . . £y ’ Jw ‘ : /t\\ - M
N . , - S f. s .
. . A . - )




° L4
*
. .
L4
L]
.
>
.
" »
) 2 .
.
-
- .
.
.
.
o5
.
- .
»
* .
.
-
s¢ | .
.
L]
. hY .
.
L]
] 2 N
~ 001 i
™~ .
i .
.
M
L]
]
»
(4] s
- .
.
4 .
[
.
L]
! .
.
*

NIt LHIWAINDD
A

9
-un-...o‘-ao.oo..o’...n....-Q.- .ol.oﬂ..oc.....o‘....n.o.

L

—-

bl

Nl e

PR FR—y

-

omc-/...!(lk.lgm(1$!(!K1020m(3.:2(.!uﬁOZOM!:q..I‘tk?OZO
'o~‘0~occ\tnotnﬂ.—.-Q\OtooﬁﬂOdcoo\v'- 0#'—.8-\.-
4 oz2e Nwm €c - 69

motocu.‘o AN XX R YY)

223333233223233233393333)> 233335333

2233203232333232332333353 333335333
@ T 3233323333233233333335 223233232
2333322323233333335335) 23233 2

" 222232233333233333353 3339 I
232233 3337 233 3930 33 .
323233 32333 323 23333 292

332233 2 22 333 33333 32)
2332 2 33 333 3 I3 2322
2932 9 .33 22> o Yo e }
. 2232 O 23) 23 322
333 e Jo 1 22 B |
) 323 o Je) d
J 3 3 d
S N o 2o ] e ] o ]
e ) J e | 2
. 2 2 2 o
22 J 3 -
D © o)
el } -
- 2
! 3
= J
3
b}
- ™~
yo4dv 1TI1IA12

.

SYPPHYH IFONUSYLONY

T REL VLR FTY XA .

9 2
O.Qooocpﬂhh\-qho-ooo *q
3333223323332 bl
3222232732222 .
332222333333 * -
233332333 3 .

222222331 * *o0s2
332223333 . . )
2 222335 . .
3 22> . y
2 * -2
2 D _ * 000§
3 .
. .
< .
. -
u ‘o005
e
L}
. . .
. * *onoool
* -
.
.
. - A
neroos2t
», -
L
- . . )
u ‘0001
- s
L4 3
L]
. & "oosst >
N -
C e ¢
»
M ‘00002
.
L]
- - . -
* . ¢ *gos22
. 4
. - N
L]
v . .
* *doogz
. SHNOHNYN
w f
~ ~\ -
t ) \uvf
- ;, 3

Qe

.

-V-‘JL..M;

da

! L]
«»f]j"«. -




N

'

Om(ﬁﬁt(tu1OZOMQ1ﬁt<tkﬁbzomnﬁﬁt<tkﬁczam

P Y TSRV R AT Y EV IR R T YRR Y TE 2
9NN

()] -oo-.-oon.oo.oovono‘.0||ocon¢0ooooc..uommminn.Al.mmmno.ltapuomooosalonﬂM“

- SS§558555555555585566

- S5555555555555555856556
§555555555555555555566

. $5555S S5§5 555 $585§

555558 558§ 5SS S555SSs
$5S5 S 55 $55 S6§§
§555 S 85 5SS S SS

P
1
-
a
f

[ 2
L
L)
.
L
L ]
L[]
.
. S§§SS 'S S SS§§ -
: ] §SSS § . 5S§  SS§
N SSS £ 34 §SS
” - S ﬂwm mm
. i m (3 \\Mm
4 . e S $S S
. Ss S
* * SS )
. . b33 s
. —-— (3
. b 5
®» e -
E e
.
[ ]
-
: . ) s
» . i
~ . R
. . - =
. . -
» . -
s . ) .
*
.
*
.
[ ]

N3R LH3WALINDI - e . NDIGEIAMNIJINS

~

L e j&%gg A A o gt

~ ‘° S$555S5S855555555555556
‘§6$55555555555585556658 S5555S8555559855558S

437!(!kﬁﬂtOM(ﬁﬂ!(I&ﬁGZCW(ﬁﬁ!(

'h’dil.\lﬁ.d
A 4

Y IR EE VARSI VY ) AV

4

.lttl.lﬂmofcoocclﬂooou'cooo“‘ "

S555555555555555S5SS

S655555555555555555
55§58 SSS555S55SS S
§SS § wmhmmmmmmn

§SS S5S5S55SS
SS$ S B5S$SSS
$SS S SS§ S
$SS S Ss
$SS S S
$SS s

s

s

S
°s

S

S

S

s

S

m‘ N -

S

$

-3

s

o

< : -

. \.,ﬂl
\
o
A ¢

. .
.
.
*+ *00t
L]
.
M B
-
* ‘po2
[N (]
.
L]
» ,.
s *pog
- T,
. ,
-
¢ *O0y .
L4
c®
.
/wv i
* *00e
A -
. .
.
»
) « *009
L ]
%
L]
'\
+ 00l
. -
L]
»
-
R e *°00VY
< .
-
e
L]
¢ *pos
. .
. .
L]
L]
e %0001
¢ SUNOHNYH
-
™~ -t

WP bty

P e




134

[:19

[74

001

sel

N3 13 WA NG
g

@ B 00 SO PUTWEN P OB OV PP IEY S O IO PE PFRY P VTS SV OSSP FOSSES SP O

NG

[

9
Qoo-.--.0-0-00o-out-coouco-oooo-QUOlom.m.oonci...nlo.lu-o.

>

- B

QSYPIRYRAICONOSYECHY N ANONOS YWY W 30 OND
I.N‘Oﬂ...\....-"—l'.\ll..°°'~ll.\‘.l

3

YOrWYN3rONO
’F'”.'.\...

YEPRYWINONUSY T HY
CYTY EEXV AL P Y R

TIvenNlLINY LS

/

¢TIV IINVHDI N

°- ‘**.l‘.l.' MM‘l'!‘.me.OOOOCI‘M“COIOOOOOOm.

W o 1 S A b bbb bbbt bt e A R R .

[orererei N iy L 1 e .. PRy 4 Abdhadhd Fel Y ] »

PN WA R AR AN HA AR NN RN W .

. WWHRN W 2 NN N RN M aed ga 2 abat aide el u“u”oittxt::tzxtzt 'y

Bt HH WA R A i W .
W W ¢ MO S10rbettiiodi bbbttt :

WHAH HH W R R R AR R H N R R R HNNHE RN RN .

" o HRN PP PP T T I N I Y t:::: i ::: -

z‘n: z: Bl 3 C-E: Bl bl -4 [Ty L ch.Dn '] t:i :x: L]

W W HARHNARRHR RN RN AR HHNHN  HEW WA e

HHW W HNRNRRARENN BN HWRHRR HHHWN W W .

Pra] [ QTSR e TS R e QT TR T T WHH W N ] .

W HHNHNANRRAR W RN WHW W ¢

HHHWHRARRRR R HRNAHRNNN HWHH W .

WHNNHNRAREN W NN WHH W .

ARHRNEARRHN A S RN HW .

R N T T R T e T s, W .

W H WHHHAN HA  HNHHAW W w . .

W W RN WA AR n .

W W WHRHR W WM W R .

W W RN WA NN WA ] . .

. NWHRN WA . HWN HW * W P .

. WKW WH  WW W H -

H W HH  HN MW W .

W W WM .

" oW " W oW :

H W H W *

] W . °

] - ¢

) -

-

: L]

. L)

-

*

© L[]

L]

-

o -

L2

pe

*

. a

- .

-~ *

o *

¥y04dv xyom1iana 3 : w N :

- L ]

* *

‘o

‘0053
*bo0s
.mom»
‘ogoot
.enwu.
*osost
*00SLY
‘00002

*00%22

*00082
SHNOHNYH

gy BT AN



N3an 1N3WALNO3

¢ T B O PC N O E TG OO LY VPGS B BPPE E LSV PO PN RET OSSPSR B

OSVYITHYNICONOS YWY WANrONOS Y NY R AN ONG
-lNuOACOI\.IIl-OO-IIl\..l'”@'ﬂ'..\...

5555555555555555555555555555565555555555555555555556S8S
SA55555556555565555555555555558 S$565555555565855555588S
5555855555555555555555555555555 SS5S55555556555555558 S
£585855555555555558659585555S8
S555555859559555555559555S
$55S58S55555555Ss
§55585555555555555855555SS
$555565555555555555555588S

€9
$55SS
$55SS
$§5SS
§SSS
£S58 S§SS
$SS SSS
5SS SS
s S SSs
5 S §s
s S ss
s S s
5 S
3

TvadanNntLanyd1Ls

NOISIANIALNS

oze oLt

D A LA AL R R S L R e L R e R e R A A A AR N R R R

S$95SSSS

£8555555655558555S S586585S $555S SSSS SSS
55585588598 §SS S586SSS5S §888S SSS SSS
565555855555 S5S $588555S §5588 S s
55555555555 S55 S5855S5S $8S § S 1
$55565555685S SS5S $S$55S5S $5S §
$5555555558 SS S$S$55SSS $SS §
§55855555558 SS S§55§SSSS §5S &
§5555855859 S5 SS55558S sS
S S5585555$S S§ SSSSS§ S s
§ S S56558 S§ S$SS55S S S
$ S $5SSS S§§ SS56S5SS w
S S S$55S8S §S S$§55SS
S § SSS88§ $S SS855SS $
$6S8S SS §S§ sS S
. $5S8SS S8 SS S s .
S SS S8 §S S
‘ S§ SS S§ SS S
8§ S% < s S .
s $ ) S -
S S S -
S S R
. s .
H
s
P
N _
NHOMNLONG T .
¢ TYIINVHDI3IH )
AN,
&

[ 4 3

H
!

VECNYN IFONOS VI HY I 3P GNUS YT HY
PV SRRV LR YT SRR PR R

69 9e

2

R N R R P R L AR AL Y

S$55585S555855558S5S
S$55555 S55SSSH5SSRS
S598SS S$S55555SS5SSS
S$555S SSSSSSSSS

§9S$5§ SSSS SSS .

»

4 s 00 0s s e mss's0 04 2N S eRs e e -IZQ. *® 8 0 0F &8ss MBS

‘oS

“o01
‘ot
*002
*0e2Z
‘pog
sose
“oo
ugmn

*00%

SHNOHNVH,

-]

o Lannmaad

WINPT,

‘*:‘3‘\-« B




W1 USdlY YD Sp e

83410119919.p PipI00g

Ravagsn 280

$ntes

waay. g RUEA, Y S

VG avny]

] mworea3n WdD MW DIDILNVULG

HYBOONVL WICANWOS

‘. 81

~d

T mmean lﬂ.v‘ ~O— POy mut.-,.(fc -0 6 uﬂn Lm“ ﬁu

A L vl

APTeSI=d.L W roe

+
[]
[
)
i
1
]
S
b
|
'
[}
t
1
i
o

SUAONNYI) NIMOJNYR  "NIENOD

T KR U0 I o

ity

-l D L PR, AP D v, Sovsa S Vg Gy e Wi S
0y N

R

2T oam .




-t

-
Worpecrnm— s o =
.

-

- 82 -

A )

CHAPTER 5 - ENGINEERING CONTROL SYSTEM-

.

5.1 General '

«

. N
At this point, it 'is important to discuss the differences between
monitoring and controlling. 7

In moniﬁoring, a project's progress is reported and it is possible
to determine the existing deviations from the original or revised

estimate of expenditures. Monitoring was explained in detail in the

section 'TIME, COST AND CONSTRUCTION MANPOWER' in the previous chap-

ter. .
[ 5

In the controlling stage, certain parameter(s) are chosen and a

weasurement of thelr performance is obtained. This performance can

also be viewed as a measurement of 'accomplishment' or' 'earned value'.

In some cases, the, performance of certain parameters depends on that

of another parameter within the same project. e.g. Cost performance
is affected by manhour performance,vmich' will be explained later in
this chapter.

~—The difference between monitoring and controlling is ‘easily visualized

.

"in figure 5.1. : ‘ ' ‘

. b B
In controlling, nZt: only can the trend in the actual's curve be studied,

but a}so-thg one for earned value. . _ b
- .

Semetimes mahagement utilizes /the graph which {l1lustrates the earn-

actual ratio, which can be viewed as a measyrement of produc.tivity.

Figure 5.2

In c;mtrolling, an estimate other then the traditiopal "forecast"

to complete™ can be produced. This estimate is'a final -fndicator

of all the expenditures for a parameter .and is named the "parameter
‘f trend indicator".
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A more exact estimate of how much a project is ahead or behind
schedul;a can be established by calculating the time difference

- between the girned value and the original or revYsed estimate.
Moreover, a Hpre precise estimate ,of f\ow ‘much .the parameter is
under or over-expended can be determined by computing the .diffe-
rence between the earned value and the original or revised
estimate. L '

, .

I‘n controlling a ‘project many alternatives exist, all reflecting

the current status of the project in terms of a particular

parameter.(Figure 5.3 , It is.important to note that in an on-going '

project curves can intercept.
' k

-

In a project, all stages, such as engineering, procurement, and &
construction, can be controlled by a proper parameter selection.
By.choosing to control the same parameter (e.g. cost or manhours) \
in all sfages, a complete control system for the project car; be
achieved by t:t}h‘ing all performances of the parameter. Figure 5.4

Ly
r
5.2 Controlling in the program

" ! , . -
In the Scrubber Program, the planning department's last\"ébjective
vag to implemefft, Iin Final Engineering a Engineering Controlling
System for some projects..J

>
»

-y

A camplete and detailed estimate of the Engineering and Emngineering
Services had been developed in Preliminary Eng/:{)neering. This was
considered to be the target estimate.

- -

Although this system bas oniy been applied to a few ;;roj ects, 1t
has provéﬁ to be quite a successful controlling t'ool,becéus‘e trends
and'problems‘ aré evaluated and detected in the very beginning months
of the project. For the other stages “in the fémaining projects,

management utilized a traditional controlling-monitoring approach.

°
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»
For the engineering disciplj.n‘éé, -the manhoure and cost estimate

are subdivided inta those for conceptual engineering as well as

for design ahd drafting. Engineering services (planning, estimating,
etc ) and indirect charges have a global estimate.

The cost estimate Was Jetermined by multiplying the various °

rates by the estimated manhours per account. Appendix VI

Report. Preparation. P

L4

The Engineering Control System prov{des a report which includes ,
the documents illustrated in figure 5.5.

Manhours and costs for engineering, and those for design and drafting,
were controlled independently due to the difficulty in establishing
a correlation between them. In some instances design and drafting
can begin a drawing with very little engineering involvement and
at other times design and drafting requires that all engineering
be completed in order to begin the drawing 3

-

\

5.3.1 Documents ] f

-

5.3.1.1 Schedule
————— " J

& T -

VWM of ‘drawings is completed and drawifng

schedules ( Appendix VII ) are in the process of
. o , been issued or are alremmcipline.
engineer, or in some cases the squad leader, aleng
with the planner, schedule groups of drawings.
These groups of drawings must be produced by
engineering and design and drafting within the .
.milesto::re dates, as outlined o:x the prSjectn‘s '

mastér schedule. , ¢

L

In the schedule, dates are likted by which a .

Ll ™
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.solutions are discussed and may include: hiring ' Cw

preliminary drawings for -bidding purposes, thus % /\

" .drafting manhours is obtained. Th;s total.is then - ‘ ! .

3 After’ the Engineering and Engineering Services' [(

discipline réquires 2ny, special information

~ ammamte wn -

necessary to complete a group of drawings.
’ N - - . %
s ' {
The drawings are distrdbuted throughout the bid
packages. Specfal attention is given to the
distribution of manhours, in order to judge if
availability of manpower will become a problem.

In the case of unava:giability of manpower, possible
personel; increasing overtime work; and usage of

allowing 2-4 weeks of lead time in which to )
finalize and issue drawings. Manpower distributions
are also required to complete the manhour, cost and

-

drawing graphs.

Néxt, the duration, manhours and drawings fc;r\ tlhé . 4
drawing group's are computed. Some disciplines =~ \ ° ' .
-schedul'e and assign manho;.trs' to such miscellanecus : !
"groups" as famislinrization, revisions as built, “

specification preparation, etc. By adding all the

discipline group ‘maﬁbqui-a, a total design and ' vg

compared to the target -estimate and in some instances,
adjustments are Introduced until a final estimate

1s agreed upon by the project manager and discipline

AR i bk e SRR, - -

engineers.

A .
For the design and drafting, the cost estimate is .
easily calculated by multiglying the 'current hourly
rates by the approved manhours.

manhours and costs have been discussed and approved,

v

R ) -




5.3.1.2

5.3.1.3

_— SR

-

it is possible to determine the t8tal manhours and
original cost estimate.
At this point, both planning amd the discipline °

engineers‘sef‘;‘the criteria, procedures and dates for

7 progress reporting. .Appendix VIII. By following

these an efficient and effective turnover is achieved.

L] ¥

Manhours and Cost Rggort's
o § “ ! , . R -

The manhour report has six columns with the following

headings: the original estimate; the revised estimate;

the actual manhours; the earned manhours; the trend

indicator and the productivity factor. Column one

is complet:ed at this stage, the remaining during the

system opetation.. . )

The columns in the cost report are the same asl the .

f_irst five tolumns in the marfhour report. Simi}arly,

the only column completed at this stage is the first

one.

s
.

Graphs

using: 1) Infornfation from previbua 'doc\menta‘%nd
'2) the manhour discfpl;{ne distribution determined
when the schedule:was made. These graphs provide ¢

management with a fast. view of the project's perfor-.

mance in 'relation to the original estimate. . ,
. ° : » '0 \ , .

LAt this stage, only the "original estimate" curves's 'R
are plotted on the graphs. The draving. graph has two

cg;tves; one indicating estimated drawing prodizction’,

<
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- the other e#stimated drawing issuing.

e N ' )
Figure 5.6 shows the tasks required for the prepa-
’ ration of the Engineering Controlling System.

°
-

i(é.& Report Operation. . ‘ )

s

At the end of each month the planning'dgpartment collects the

*

drawing ‘schedules from the engineering disciplines. In these
drawing schedules, each drawing has a corresponding drawing group. =

f
i

For all disciplines,additions and deletioés in draﬁlhgs are checked
and schedule groups are revised accordingly. For_a_pgrtibulgr_month%
*  changes in any group of drawings are underlined for easy detection

by management.

From the drawing schedules the percent completion and earned manhours
of each drawing are calculated. f§ing the manhours earned per drawing
as weifras equation (1), a percent earned; per group, per discipline

afd for the entire project is obtaiﬁed.

-

Manhours [ ('Estimated Percent )
Earned 4 Manhours X Complete
Percent -7/ - dvg ) dwg N
. Earned . -

gi:‘;gpline Manhours Z(Estimat:ed ) o

projécﬁ Estimated : Manhoursdwg .
.

D ) ’

After the percent earned has beeﬁ determined for the grouﬁs, the
schedule is updéted in consultation with each discipline engineer.
In some cases new dates for drawing group completions are forecasted.
At the same time the discipliﬂz engineer evaluates'the engineering’
percent completion in order to establish earned manhours,trends and
‘productivity factor. ' \

&




At this stage the company's accounting department provides
information on actual expenditures of manhours and costs.
Further calculations are made in order to correlate the project
+ "expenditures with the breakdown of manhours anh cost reports.
Appendix IX. ;o
By having the actual expenditures and percent ea&rned for beth
disciplines and engineering services, it is possible to calculate
'the manhours and cost trend indicators. These indicators (Figuge 5.7)
forecast the total manhoéurs and cost in -4he project, using the same
ratio between earned and actual expenditureg as the one recorded
. ~

on the reporting date.
A

~\ ‘ (
As was previously mentioned, the third and final-equation is the
productivity factor. This factor is the ratio between earned and

actual manhour expenditures,

»

Earned
Manhours

Productivity _ ——&—- )

'Actual . -
Manhours

.

The project manager then; 1) establishes the percent completion

for engineering services accounts and‘Z) studies the performancés

of manhours & costs, and revisions introduced by the engineering

. disciplines. Th; project manager may then wish to discuss these re-~
visions with the diséipline engineer responsible for them'and further

{ l " calculations may be required. ‘

. . At this point, planning has all the informatioﬁ)necessary to com-
' : »
‘. plete the manhour and cost reports, as well as the three graphs.

t When all the documents for the Engineering Conmtrol éysten are finali-
zed, the report is issued to the project manager and discipline
engineers. Copies of the schedule are sent to the discipline squad
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leaders.

¢ .

- * Follo g the monthly update it is the project manager's responsi-
bility to notify plax'ming of changes which affect the Engineering

. , N
. Control System. Figure 5.8 shows the tasks necessary for\the opera-
tion of the system. -
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REPORT 5.1

16 September 1980
5.0. 1499.42.02.3

X

To: : Messrs. G. Collinge
J. Durkan

., From: J. Prieto °

-Subject: Beauharnois Works

Wet Scrubbers P.L. Noas. 303 & 304
Engineering Control System Documents

Enclosed please find a copy of the following Engineering Control System
documents for the above project. Discipline Engineer's reports do not
include'a copy of the Cost Report and the charges graph.

1. AES Engineering Schedule Dwg. No. FO-1499~42-F~009~R02
2. Drawing Control System Equatiens / '
3, 'C.ost Report ‘ ,

4.\' Manhours Report -
5. 'Chargu Gz;qph '
6. Manhours Gnaph o oo

7. Drawings Graph | .
These docunents were deviibped fqr the update of Aﬁgutt‘;nao. .

Lt

Je/fg ’ ) ' ¥
" Enclosures o .

Copies to:

,(ﬁn B. Bednarek e \
Mr. B. Farkas ' ‘
&o Jo huﬁl‘ N
Mr. J. Rios ’ -
- [}

Circulate S.0. cony te:

. Mr. R.A. Beattis
,Mrs, M. Morter '

Circulate File 'c&u' “to:

&; H.A. Hughes

. Mr, B. Lsclaire
Mrs:. C. Garcia

.
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CHAPTER 6 - CONCLUSIONS AND RECOMMENDATIONS 5 : ’

6.1 Conclusions s

In ‘the Scrubber Program CPM analysis has proven to be a successful

tool for planmning, 'Sehedulin'g, monitoring and contro'lling. ?I'he

o

objectives stated prior to the start of the program are being

achieved by using informaticm from the various reports presented

s

in this technical report. Only minor modifications in the original
. reports have been necessary. / ‘

The pre-plannirig\ struttures developed in the program have: -
1) increased planning and management's understanding of the .

. various components and suh-components in the program and the T
relationships between them; '

l

B s e R T o LI

) ' 3 4 . -
2)| made it possible to estimate the degree of detail necessary . | a ’
-in the information for various reports in the areas of time,

Ta W

cost and manpower. %

\

The computer has been & very useful tool in developing both cost

L S N

s ‘ and manhours reports, as well ‘as those time reports provided to
the highest managerial levels.

- CPM time scaled networks have been the most éaaily understood and

. )
% well liked planning documents for both project leaders and
congractors.

»

The budget forecasts and manpower requirementa have been deternined
by management from the network's allocations. Thus far the fore-
' casts have been within the anticipated levels of accuracy.

v
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. By controlling the various stages, a closer and more accurate

pictui'e of the project is provided.

A

Using the information frcnn the networks, controlling can be imple- .
mented in engineering, procurement and construction with little

effort. . (

Recommendations

’ ¥

A, The following recomendations are derived from experience obtained

while executing the Scrubber Program: a

1., Development of the pre-planning structure is strongly advised.

Al
[

- 2. The usage of the computer, especially in 1arge networks- and in

developing cost or manhours allocations, ia &'lmost . alweys
'neceasai‘y Personnel receiving CPM reports should be familiar-
ized with this technique. ¢

.

. ‘ -
3. A careful assessment of the degree of detail necessary in the

information used in developing reports or documents is important.

4., Utilization ofwgraphic aids in reports "facilitates uhderstauding
and provides background information on CPM technique,

5. It ig important to keep in mind that the human factor, i.e.
those persons using the documents and reports, can influence -
the success of CPM implementation.

s

6. In controlling, it is important to:
> t, ”

a) Understand the differences between monitoring snd con-

trolling.® ' . v

5
s

b) Establish the parameter of control at a reasonable level}
e.g. controlling groups of drawings inatud of 1nd:lvidual

drnwings.
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c) Prepare and follow procedurea so- that planning reports

. ' can be producecL more efficiently.
. oy
B. The following are recomgndations which if utilized. w0u1b be
exper.ted to increase 'umderstanding and effectiveness irf

planning, scheduling, monitoring and controlling projects

N , “ L)
1. It is iportant .to produce exception reports in order to
highlight vari:n'ces in original schedul'esJ, oriiginal manhour;
and original costs. ‘ .
e o ,
‘ 2. By comparing, in’ graphical format, the original estimated

curve to the actual curve, visualization of variances isg

Ly facilitated, i

¢ - ‘ ’

3. To estsblish total project control the 'earned value' concept

3

should be utilized at‘all stages, 1.e engineering, p\rocurenen't,

”

" construction and commissioning. | .

4, Project '1eader:7and engineers vho regularly deal with planning
* réports should receive training in: .

s t
I . .

v '

’

‘b) The philosaphy of controlling mhours and costs bued on
b P 'earned value' concept .

a) CPM tecnique related to Elaming,“ curgent, apd target schedules,

0
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« SCOPE OF WORK POTLINES 52-53 NORTH

Potlihes 52 and 53 at Arvida Works eachf@bntains 137 ;‘mti. Each pot
line is divided by a ceatral paséageway into a North Half containing
72 pots and a South half containing 65 pots. The 130 pots in the
South sections are presently exhausted through a‘balanced ductwork
system at a rate 3200 SCFM per pot to the floating Bed Acid Scrfubbers /
already 1nstalled in the south courtyards. The original Alkaline
ﬁcrubber system mounted on the potroom roofs still exhaus:l the*North
section pots throuzh an unbalanced duct system at an average exhaust ¢
rate of 2500 scm,, The proposed project will increase the exhaust rate .
on,the North’ half pots to 3200 SCFM at 200°F fan gas temperature. There
will be baln.nced duct system and the pot exhaust will scrubbed by 28’
diameter F-B Acid scrubbers. One lc‘rubbex tower alone will serve one
h‘k‘ lipe and will be located to the East of its respective potroom. A
bypass duct connects the two scrubber systems in order to ensure ‘that both
pot.lines are e':hausted when one tower is out of serv_;Lce.

A
The general layout. of equipment win be .as scrubber system 56-57 North l.nda

‘as shown on drawinr AS-lZ?O-&Z-G—OOJ - “Insullutian of F-B Scrubber

Potlines 46-57 North, one scrubber per courtyard smenl arrangment" °
[} 3 . ‘ ‘/ 'ﬂ'
Exhaust stten @ ~ : . .

A new bnlanced ductvork Bysten will be loc.ated od the roof of potline 53 °©

and connected to the existing main ducts louud Just below the roof L
msidc the potroon. The roof ductwork will be tonnected to two ce.ntrifun.l
fans which uili..g_xhaust the pot gas to the Flonting Bed scrubber erected ' . |

' East of potline 5; Each fap will have a nominel uplcity ‘of 144,000 ACPM

at 150° F, 17" S.P. and will be directly driven by a 600 HP, 480 V., 500

\
~
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. An identical system will be instelled for 52N in the courtyard between

potlines 52 and 53.

«

however in the event one of the scrubbers is shundown a bypass duct and

-

During noné: operation the' two systems operate compietely independently,

damper arrangement permits the exhausting of both North balf lines through

the other scrubber.
'l"be direction of the risers entering the header ducts will be cha:isad
ar the time of start-up to accomodate changes in the direction of gas

flow in the duct when the system is balanced.

Scrubbing system

A wood Floating-Bed Scrubber Tower will be prcvided for each half line.
Each tower will be erected on a concrete foundation virich also atts as -
pumphouse. The tower will consist of a 28'-0" I.D. X 63'-2 1/2" high

section containing the scrubber pnc.k:l.ng (Floating Ball Bed) with counter-

turrent sprn'yn and mist eliminator plates. Above this section will be
mounted a 9'-9" I.D. stack exhausting at 155'-0" Ft. above ground level.
A sampling platform will be provided on the stack for potline 53 K at
approximately 108'-0" above ground level. Provisions will be made to

allow the future installation of a platform on the tower for potline 52N.

Scrubbing liquor will be recir;:ulated at a rate of 4000 USGPM through each
tower. The concentration of soluble’ components and solids in the scrubbing
1iquor will be m_intainad by pumping off a portion of the scrupbing. liquor
via nev bleed lines to an existing lamella settler for neutralization—amnd- -

sedimentation before being returned to the scrukber via new Return Lines.

The solids-rich fraction collected during sedimentation will be pumped
through existing circuits to the Cryolite Recovery Plant (C.R.P.) where
fluorides are rtcup:ru?:;d No additional uttling capncity is requ.iud
above that already planned and npprovod. -

’

‘¥ater Supply
And aéequte water supply is available at the central pus'agdvaya Water

2 e g PO

ol ey k3 v
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foX)grid washing and gland water will be piped to the pumphouse in

ulated,qgggqg heat®d iines. -

.

Power Supply

The power supply will be taken from the newly installed 13 KV power

line on Hall Street: Each scrubber will be independently supplied by

a 2000 KVA sub-station located in the courtyard. The fan and pump motors
will all be standard 480 V., 60 C/S specification. |

-

Courtvards
#_

The existing tunnel that passes under the rectifier building will be
tended underground and will join with existing above ground sectiom 4

of tunnel t& the south of the new scrubber. All scrubber equipment will
e located North of the existing floor fans. Part of this project is

to demolish the Alkali scrubbers and associated equipment, and finally

grade and pave the whole courtyard. This lesves the area of courty;rd

adjacent to the central passageway available for potroom operftion and

méintenance facilities.

- (2l .
strumentation and control equipment,

A sepgrate air conditioned controlroom will be gsituated to the Sduth of
each pumphouse. Instrumentation will be supplied by "Moore Instrument
Ltd.” Three "Mag-Flow" meters will be installed to measure recircula-’
tion, bleed, and return flow rates. Indicators, alarms, and controls

will be generally as supplied on previous F.E, scrubber systems. The

dampers at the fan inlets will be fitted with elec:rically operated ac-
tuators which will be set to close during the mist elinination grid
washing cycle and alsoc on lovw recirculation liquor flow rate. These ac-
tuators will also be set to limit opering of dampers so as not to exceed
a preset running amperage on the ‘motors. ' Lo ™

£ ' -

.- R o ' C.J. Neat

28 February 1979
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Société d'électrolyse et de chimie Alcan Ltée

Sommalre de 'estimation

o~
~ “
~
__INGENIERIE - AR .
' . EMIS PaAR LE D.EH‘TEM!N y
(;':] PROJET SYSTEME D'\EPURATION 52-53 N ESTIMATION
. ~
J it E.§. POTLINES 52-53 RORTH BoN.C. Mo — 859536X
; .
/‘ REFERENCE AUTO. Ne 3370
// C.J. NEAT MARS 1979

DATE

i' CEMANDEUR

estimareyn _ DASED ON ESTIMATE 54-355 N VERIFICATEUR

T Wi o PN e Pt ey

AL~

>
o} T ey qubyvy oy

-] R el T
1 Instx;tmentntion - Achat 115 - 115
\ 2 , | Instrumentation - Installation - 50 50
\' "3 Electricité - Achat i 480 - 480
F 4 Efl:ftricité -~ Installation, - 200 200 |
- ] Travaux civils - BEtonnage 500 600 1100
+ 6 Epurateurs — Achat 600 - 600
7 Epurateurs - Installation ¢ 0y - 250 250
Pan— 8 Peipture & revétement protecteur 20 35 55 f
g9 Pompes & tuyauterie -~Achat 325 - 325 ‘
. 10 Tuvsuterie = Installation = 220 120 1
11 Ventilateurs - Achat 140 - 140 '
’ 12 Conduits & Euperstructure - Achat 550 - 550
13 Cor;duits & superstructure — Installation - 650 650
- ‘ 14 Ingénierie - Arvida - 90 90 |
15 Ingénierie — SGA - 350 350
16~ Modification des bAtimants 30 - 50 80
( 17 'é t ue 50 120 170
o 18 | dpyisativn svarine Elecerique 20 | 2 | o
- 19 |pémarrage - 25.0 25.0 ||
' 1004- D=3 (v, 4/78) . .
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Société d'électrolyse et de chimie Aican Ltée & '

S ' Sommalre de Iestimation

«

' INGENIERIE ~ ARVIDA

EMIS PAR LE DEPARTEMENT

»mOJES SYSTEME D'IPURATION 52-53 N  EsTiMATION
it E.S. POTLINES 52-53 NORTH e, w _ 859536X
ngpgqglncg‘ £~ AUTO. No 3370
cemanpeyn CoJ. NEAT oaTE MARS 1979 ”
ESTIMATELR BASED ON ESTIMATE 534-35 N VERIFICATEUR

ITEMN DESCRIPTION MATERIEL & MAIN D OEYUVRE

EQUIPEMENT ToTAL

{inetalistien )

ENVIRONMENT ACCESSORIES 50 30 80
P &
TOTAL 5470
’ - — r ‘ -
- A
DEPENSES D' IMMDBILISATION 5090
\DEPENSES D'EXPLOITATION 380
" v
-~ \ .
4 ¥ +

| »
‘/lh‘“\Y 10042 D+ 3 (REV. 4/18] Ny
l(»;.'ﬁ"»'-( _;;n‘q‘l—""‘w— -t e 9 v Trpwsidg ’.-;:.”;}*E;.., R ~ " - "ﬁ . 1,;\.:"
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. APPENDIX ITI  EXAMPLE OF SCRUBBER S .
. o , n TOWERS COST STATUS REPORT , ,
. » ’ . :
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APPENDIX VIII

CRITERIAS & PROCEDURES
'FOR MONTHLY DRAWING

SCHEDULE UPDATES -
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Drawing Schedule Update Instructi;ons
for Drawing Control System
: *
. i
. : 1. Completion on dwgs will be calculated as shown: ‘ -
- Desginé par ﬁ Verifie par
’ % Progression 2. Progression
TH
Y $ H , L
207 202 202 20% 52 5% 52 5% .
41“‘_-\_
‘: r ) . / - . 4“//,
)i (f’ | 12 ‘mProgress should' be shown: . .
( _ * A. In the month of the update with a cross'X.
o . , B, In the previous month(s) with shaded area(s) . o »
;‘; ) . . p " eug- k, B . ' .\ i , . . v
: . JUKE - m , ) 40X, Completed C
) 8 , 5 _ | /_,1 s
JULY e 702 eted
| . \ ‘ . - . |
ew drawings should be numbered with: , .

Az\ A "libre" or "reserve" dwg No. in the original Dwg z_;hedule. :

B. ' A number which has not been’ usgd in the origing.l dwg schedule.
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