CHEMICAL PLANT LAYOUT

N Thesis presented to the

University of Sheffield

for the degree of

Doctor of Philosophy

by

Martin John Bush B.Sc.Tech.

Department of Chemical Engineering
University of Sheffield
February, 1972.



oooooooooooooooooo

BEST COPY AVAILABLE.

VARIABLE PRINT QUALITY



BRITISH
AV HaI

IMAGING SERVICES NORTH

Boston Spa, Wetherby .
West Yorkshire, LS23 7BQ
www.bl.uk

TEXT CUT OFF IN THE
ORIGINAL



SUMMARY

The rules and considerations governing site and
plant layout are nresented. The philosonhy of plant
layout is discussed and the factors involved in the
layout of the site modules are listed. The space
requirements of each module are assessed and tabulated.

The considerations inﬁolved in the plant layout
process are oresented for the most common tymes of
plant items. The clearances associated with each type
are tabulated. Some arithmetic and algebraic methods
of pvlant layout are assessed and an avproximate method
of determing the cost of stacking plant items is
presentaed.

2 simnle technicue for the simulation of plant
layout, based on the string diagram analoguz, is pre-
sented and a Toluene Hydrocracker plant is laid out
by this method.

The apnlication of computers in this fiecld is
discussed and a number of small available programs
are assessed. An interactive computer graphics
orogram that will effect and simultaneously cost a
layout has been written and is presented. The program
is described in detail and the Toluene Hydrocracker

plant is laid out using this technique.
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CHAPTER 1

TNTRODUCT IONM

The lavout of chemical nrocess units is commonlv
accepted as the one activity in the desian process where
one moves from mathematical analysis into the ill-def-
ined reqions of subjective experlence. In any attempt
to produce a computer bhased system for the overall
desion of chemical nlant - from nrocess desiagn to nripe-
work detailing - chemical plant layout is the area
where the tools of the mathematician are least effectual.
It has heen said’that chemical nlant lavout is more art
than science. This studv is an attemnt to analvse the
state of the art,

The work mav bhe divided into three wnarts, 2 survey
of existing layout nhilosophv, technicues and data; the
gimulation of nlant layout ané the apvolication of the
digital comnuter to this field.

Objective

The object of chemical prlant lavout is the minimi-
sation of an objective function, namelv net annual cash
outflow, This cash flow is constituted by a number of
commonents which mav Le isolated as follows:-

l. Capital cost of erected vlant units,

2, Canital cost of erected nivework and fittings,

3. Nnerating costs of the nlant,

The ontimisation of »nrocess nipework is the main
wav in which analvsis of the chemical rlant layout leads

to a cost savina, It is therefore imvortant that tha



greatest possibhle consideration he given to pipework
routing during the lavout. Pinework routing is an
integral nart of chemical nlant item layout and cannot
be either ignored comnletelv or treated senarately.

To do so is to attemnt a cost reduction while ignoring
the regime where this may be accomnllshed.

The attairment of thz ahove objective is constrai-
ned hv certain oractical considerations which must be
taken into account at the lavout staage. These are die~
cussed briefly below,

Safety Requirements

The safety of overating nersonnel in wlants handl=-
ing toxic or flammable substances is of the greatest
importance.

Certain tyves of nlant items which it is thought
constitute a hazard mavy be isolated. Units such as
storaqge tanks or direct fired units such as furnaces
or vanorisars are commonly nositioned in this wav,

This can result in increased ninina length and there-
fore cost, and also in increased nlot arsa. The dearee
of isolation and the associated increase in the margin
of safetv must therefore be weighed against these cost
increases.

Overation

Although chemical plants are becominag increasinaly
automated, some degree of manual oneration and super-
vision is required. An important part of an orerators
duties is to walk round the plant, visually and aurally

monitoring the eaquimvment. Plant items such as reactors



with catalvtic packing reouire an adjacent clear area
for the storaage of catalyst drums and for access hv
cranage or other eaduipment necessary to load and remove
the packing from the tower. Ratch units such as some
centrifuges, filters, drva=s : *'., may need aquite larqge
free areas surroundina them to facilitate the easy
removal of internal warts during oncration. Valves and
instrumentation associated with a marticular plant item
may occuny a significant amount of space., It is of the
utmost importance that the nlant items he located a
sufficient distance anart because inadeaquate access to
valves or instruments can make nlant oweration difficult,
ingfficient and unsafe,

Maintonance

Maintenance recuirements for chemical nlant units
will sometimes dictate that culte extensive free areas
are available. MNearly all chemical process units must
be overhaulad at least once a vear and many items recuire
maintenance work in service. This may involve removing
internal marts or even dismantlina the couinment entirely.
For examnle, the tube hundle of a heat exchanger has to
ke removed for cleanina or for the replacement of a dam-
aged tuhe or haffle. ™his means that there must be a
clear space at the channel end of the exchanger at least
A8 long as the lenath of the tube bundle. If anv other
equivpment intrudes into this smace then the cost of
maintaining the exchanaer eithar by moving the offending
eculbment or by lifting the exchanger out completely,

increases gsiagnificantlv, Similarly for fixed tube heat



exchangers, sheet space must bhe left for revlacing a
tube. Space must also be left around ecuipment for
the aonlication and maintenance of vaintwork and lagoing.
Rlso access svace for cranage mav be necessary for the
maintenance servicina of some units.
Frection

Mot all the mlant items that constitute the chemi-
cal rlant can be delivered to the site at the time when
the enuireer would wish., Ffome complex »lant items may
have very lona delivery times. Tn the mean time the
field fabrication and erection of other plant items is
continuing., This means that a long delivery item such
as a column or boiler mav have to be erected when all
ancillary and surrounding ecuinment is in place, A
heavy nlant unit requires larqge 1lifting eauipment for
its erection and sufficient snace must be available for
this purpose, Fallure to consider the snace recuire=
ments of these items can lead to long delays or areater

sxmense at the erection staae of the plant. 7Tt should

he noted, however, that manv Construction Devartments
pride themselves on overcoming anv erection difficulty
arising from the selected layout., The best nlan is
perhans to ionore access for erection initially but to
let the Construction Devartment view the alvout before
finalising the nlot plan.
Exnansion

There should be adecuate space for the future
expansion of hoth ecuirmrment and pipeways. It has heen

suggested that the ninetrack should provide about 30%



of its space for future lines!?! 1If the plant is a new
process, svace left for last minute modifications should
ba considered. Bowevar deocisions on spnace for exvansion

should bhe rased on snecific requirements.



CHAPTER. 2

LAYOUT CONSIDFRATINNS

2.1 8fite Lavout

A comnlex chemical rlant must be divided into a
number of sections or modules to limit the amount of
canital at risk. The suagastced figure for 2ach section
is that fixed capital vlus inventorvy should be in the
region of €1 million to £2 million. fite layout is
concerned with the locaticon of thase sections or modules
within the site linii3. Fach area should bc classified
accordinag to B.8. .2, 1003, Part 1, The sections fall
into two categorics. On-nlot modules are the sections
formed bv divisions inherent in tha process, e.g. -
compression, crvstallisation, fractionation, nurifica-
tion, pyrolysils, reaction, recovery, refriqgeration ete.
0ff-nlot modules are comrrised of areas not directly
involved in the chemical process hut still vital to the
affective functionira of the comnlex. Tynical sections
would comprise amenity buildings, analysis bhvildings,
boilerhouses, control rooms, crwilna towers, effluent
treatment and disvosal areas, feedstock and product
atorage areas, firestations, flarestacks and chimnoys,
laboratories, loadinag and off-loading areas, oil=-water
senerators, offices, power stations, railways, roads
and car prarks, substations and switchrooms, water treat-
ment nlant, workshons and stores.

The technicue of site layout is basically very

simple. It can be broadlv states as follows:-



1. Position the modules on the site in process
flow seauence, with due regard for the considera-
tions listed in this section and obkserving the
snAacina reauirements agiven in section 3.1.

2. Arrance manufacturino, scervice and storadge
modules on e¢ither side of a mipebridar in one or

more of the following shanes:

3. Calculate the average diameter of the ripe-

lines runnina between sections and ianore all lines

below this figqure. The average diameter may be

found bv rultiplving the line size bv the footage,

summing for all the ninelines and dividinag bv the

total footage,

4, Examine cuatitatively the juxtaposition of var-

ious modules for minimum pining costs. Do not

neglect service »ninelines.

5. T"xamine the sections to see whether different

sub-divisicns of the process might not be better.

For example, two modules might both contain a

refrigeration unit and it mught be advantageous

to aroup these units in a separate section.

The factors affectina the lavout of the modules
comnrising the vlant comnlex are discussed bhelow.

Amenity Buildings

1. Canteens should bhe locataed in a safe area
preferably with attractive surroundinas and within

a short distance of the main concentration of labcur.

Y



2. Amenities huts specifically designed for con-
trollinag smokinag may be provided adjacent to nro-
cess units. Such buildinas should he located so
as to avoid infringement of anv hazardous area
classification.

Boiler Housc

1. Locate in a position where it will not be
affected by a major fire and keen steam mains as
short as possible.

2. Consider the effect of any troublesome or
prevalling wind,

Control Room

1. Locate the control room as close and as central
to the plants controlled as possible.

2. Flares and most hazardous areas should he visi-~
ble from the control room.

3. There should be direct access to the most vul-
nerable controlled areas in the oplant for manual
interruption when recuired.

4. There should he a safe escape route from the
control room in case of a hazard.

S. The control room should be directly accessible
from the switchroon.

Cocling Towers

1. Locate cooling towers such that mist is carried
away from the nlant by the prevailing wind.

2. Cooling towers should be sited so that water
drift will not pass across roads, railways or voublic

amenities.



3. They should be orientated cross-wise to the
nrevailing winds to minimise recycling of air from
the discharge of one tower to the suction of an
adjacent tower.

4. The arranagement of multionle natural-draft
conling towers should take account of resonant
freauencies gener~ated by throudh-wind velocitiles.
5. FExamine the pogsibility of entrainment of
corrosive vapour from adjacent nlants, and due
consideration should be aiven to the nosition of
hoilers and other chimnevs and flareostacks.

6. Consider the mnhrl’s of :entralising or decen-
tralisinag coolina water facilities in the liaht
of any possible site expension.

Fffluent Treatment and Disnosal

1. The locatlon of effluent treatment facilities
and drainage systems should take advantage of the
terrain.

2. The condition of effluent must meet statutory
requirements. These may be administered by the
recelvina authority, the locel authority or Alkali
Inspectorate.

3. Clearlv the contamination of any local water
or agricultural land bv overflow or leakage of
fluids from the plant must be avoided.

4. Gaseous effluent should he burnt or discharged
at a heiaht such that in no circumstances can

offensive fumes kecome a pubklic nuisance.



E. Consider the effects of anv troublesome or
nrevailina winds on gaseous effluant discharge.

Fecdstock and Product Storaqoe Areas

1. Feedstock and product storage areas should be
located as close as nossible to the means of trans-
nortation.

2. Tanks are always sited in groups.

3. Tank farms should not bhe sited on more than

two sides of the nrocess area.

4., DPccess mast be available on all four sides of
each tank bund area, and all roads should be linked
in such a wav that access in ~ither direction is
pnssible where any road is bhlocked hv fire.

5. Tanks should be arranged to keen the hot lines,
and those carrving flammable or corrosive fluids,
as short as nossible,

6. The smacinag and bunding of tanks should ke in
accordance with Part 2 or Part 3 of the Institute
0of Petroleum Flectrical Code.

7. Main storage tanks containing highlv flammable
liguids and other hazardous contents should be stored
in locations designated for that nurpose, away from
tank farms containing less flammabhle material.

8. Any limitatinn imnosed bv local management,
local cnnditions or local bve-laws should be taken
into account.

9. "hen exothermic chemical reaction is possible
between stored liquids, tanks should be seqgregated

and not bunded toocther.
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10. vhere pnlymensation is probable between stored
licquids, the tanks should be seqregated, and con-
sideration should bhe given to Increasing the svacing
as much as nnsgsible.

11. Tanks should ke arouned and hunded sn that the
contents of the tanks in one bund will require one
tyove of fire-fighting ecuipment onlv. This applies
narticularly when both water miscible and water
immisable licuids are stored in the same installa-~
tion.

12. For tanks grouped together consideration should
be given to a common walkway with not less than two
means of escape, depending o~n the number of tanks
servaed.

13. Svace should he allowed for foam or drenchira
systems and for the withdrawal of heating colls.

1l4. Loadinc gantries should be as far away from
the process nlants as vrocess conditions will allow.

15. It is not advisable to use dGvkes around vessels
in which LPG and similar materials are stored.

16 The process units cshould he to one side of a
rectangular tank farm, and the shippina facilities
on the other side in order to minimise thc length
of piping runs botweon process units and tankage
and batwaen shinping facilities and tankage.

17. Intermmediate tank storage should be lncatad
close to the orncess units, blending, shiprina and

crude tanks proqgressivelv further out.
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18, Buffer smace should he provided hetween the tank
farm and the nrocess units to accommodate miscella-
neous small tankace and other minor facilities which
later mav become necessary.

Flarestacks and Chimnevs

1. Locate in a position where the concentration of
hazardous materials at working levels is within tlre
nermitted ranqge.

2. Locate in a position where radiation from the
flare does not affect plant or human life.

3. Flare stacks should be visible from the control
room,

4, Consider the decentralisation of the flareln

system:; cach major nlant having its owr flare.

Loading and Offloacing Areas

1. Locate loading and offlnading facilities at
terminal noints of the nlant so that reqular traffic
throuch the olant is minimised.

2. Poad tanker loadina and unloadina bavs may

have to be classified as danger areas. Such bays
should be at the perinhery of the offsites area.

3. It is desirable that lonadinag hays have one way
traffic.

0Oil-Water Senarators

1. Oil~water senarator 8 are hazards and should
ba treated accordingly.

Offices
1. Plant 0ffices should, if vossible, be qrouped
in safe areas adjacent to larce process nlants or

arouos of process nlants.
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2. Administration buildings should be located on

the public or safe side of the seacurity noint and

close to the main entrance if nossikble.

3. The main office building should always bhe near
the main entrance.

Power Station

1. Locate in A vosition whers it will not he 2ffec-
ted by a major fire and keep steam mains as short
as nnssible.

Pumning Station

1. Consider the decentralisation of tank farm
rumping ecuipment. This mav be nreferable to a

central oumphnuse in order to minimiss damage in

the event of fire,

railways
1. Railwavs within works and rail links with the
national network should be laid out in consultation
with the local railwav authorities to maeet the
wvorks reauirements for raw materials recention and
nroduct despatch.
2. Consideration should be agiven to anv limitations
irmmosed by danger area recuirements.
3. Examine any snecial requirements for rail tanker
loading and unloading, with adequate radii at curves
frr the largest tanker or railcar.
4, Care should ba taken to avoid hoxing in the
vlant by branch lines.

Poads and Caroarks

1. Poadways should be laid out only for access

to the plant and should be arranced so that road

- 13 -



vehicles do not pass near nrocess areas and do

not violate danger area classifications.

2. Dual throuagh roads should =21llow the nagsage

of two vehicles. Corner radii should allow the
passage of the largest vehicles, and any speciel
lcads associated with construction, without man-
eouvring.

3. Pedestrian nathwayvs adjacent to roads should
he allowed for in areas of high nersennel concen-
tration and traffic movaement,

4. Access roads in nlants should be wide enough
to permit easy maneouvring of vehicles and mohile
cranes. Care should be taken to ensure adequate
turning space for tankers and vehicles at loading
and offloading bays.

5. Car parks for personnel and visitors and their
access roads should be in a safe area and outside
security points.

6. Dead-end roads should be avoided and convenient
access from any point of the plant should be poss-
ible in at least two different directions.

Substations and Switchrooms

1. Locate substations and switch rooms as near
as possible to the centre of gravity of the elec-
trical load.

2. The switchroom must be directly accessible
from the control room.

3. Consideration should be given to alternative

cable routes, away from hazardous areas, and dupli-
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cate routes for major cable runs.

A. Substations, transformers and switchhouses
(excent those forming an intearal vart of a nlant)
should he locate” so that they will not bhe affec=-
ted by any nlant fire. Thev should bhe sited in
areas which will nermit industrial switchgear to
be used.

iater Treatnrnent Plant

1. Boiler feed water treatment nlant should be
located as near to the hoiler house as possible.
2. Boilers and water-treatinag facilities should
be located in a nosition where a major plant fire
would not be likelv to cause interruption of the
steam supply.

Workshops and Stores

1. Locate in a safe area and preferablv within
easy reach of the nrocess units.

2. Direct access should be provided for traffic
which should not pass through process areas.

3. Yarehouses, salvage yard and workshops should
be close together. These should also be adjacent
to a railway siding.

In addition, the followina factors must be considered:
1. ™orks must meet all statutory and Local
Authorities reocuirements and also bear in mind
any impendinag legislation with regard to noise
levels, atmosvheric rollution, odour, effluents

etg¢.

- 15 -~



2. FExamine whether hazardous areas can he grouvred
toadether and segreaated. Thev should be located
in such a way that gaseous or vanorous hazard i3
carried away from the plant, surrounding pnlant or
habitations bv the prevailing wind.
3. Consider the followina environmental factors:
(i) Topogranhy ~ streams, swamps, ponds, trees.
(1i) Txisting roads, railwavs, structures, equin-
ment pivelines etc.

(ii11) Adjoining proverty.

(iv) NMoise, odour or light considerations.
(v) Utility or service entrv noints.

(vi) Geological or aeoqgravhical considerations.
4, Sovecial construction recuirements and/or
delivery dates may dictate the location of heavy
tall or large ecuipment. These factors must he
considered at the site layout staage.
5. Plant and offsite areas handlina highlv
flammable or hazardous materials, should be
sevarated from administration areas bv a fance,
admission to the nlant and offsite areas beinqg
through gatewavs constituting security w»oints.
6. The works should be mrovided with a security
boundarvy fence and all entrances should be provi-
ded with a catehouse.
7. vhen an extension is being built, this bhuilding
site should have a separate entrance and aate-
house and should have its own boundary fence. The

main works boundary fence may scerve as mart of

- 16 -



this boundary, but any gateway between the main
works and the building sire must have its sec-
urity control point.

8. Areas classified as hazardous should not over-
lan the »lot limits nor extend over railways where
onen firebox encines are likely to be emnloved.

2.2 Site Layout Smacing Requirements

1. Establish spacina between modules. Tvrical

svacing recuirements are given in Table 1.

2. FEstablish dimensions of roads, drains,

railwavs, nipcebridges, buried nires and cables.

Include space for electrical or instrument cakles

instrument lines, ducts etc. RAllow an adecuate

margin depending on the state of the design.

3. Fnsure there is adeauate access for

(1) Firefighting
(ii) Maintenance trolleys, cranes etc.
(1ii1) Construction cranes, derricks etc.

(iv) Lifting, trailing and movina of units durina
the construction and erection stages. Mobile
cranes are normally used for eaquivment weidgh-
ing up to 80 tons, guved derricks are to be
used for ecuimment weiahing bhetween 80 and
100 tons.

4, Allow adequate headroom beneath nivebridqges

etc., for tankers, cranes, trolleys, or fire

engines.

5. Consider the nossibility of future expansion.

- 17 -



6. Consider allowing space for last-minute modi-

fications especially with a new process.
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Notes on Table 1

1. The layout of liquid storage areas will bhe
governed by the Model Code of Principles of Con-
struction and Licencing conditions - Petroleum
(consolidated) Act 1528.

2. Vo specific recommendation but consider the
hazards involved.

3. Fouipment can normally be under ninebridges
but avoid large inventories of flammable material
and critical items of ecuipment such as numps
above auto~ignition temmerature, atmosvheric
boilinag p-int or well above flash woint.

4, Distance usually determined by accentabhle
radiation level from flare - usuallv considerably
more than §0ft.

5. Depends on whether buildings contain ignition
sources and whether they are oressurised. Con-
sider explosion or deflagration hazards.

6. A tanker and drum filling area mav he taken
to be part of an adjacent storage area where
anpropriate. Refer to the MOdel Code of Princi-
ples of Construction and Licencing conditions -
Petroleum (consolidatcd) Act 1928,

7. Allow 50ft. for a main and 25ft. for a minor
pinebridge.

8. Normally 10ft. minimunm.

.-20—



9. Spacing of one quarter of the sum of the
diameters of adjacent tanks, between the shells.

10. Sracing of 50ft. from tho hund wall of the
low pressure tank, but not less than 100 ft.,
from the low pressure tank shell.

l1. Spacing of half the sum of the diameter of
adjacent tanks, between the shells.

12. Spacing of 50 ft., from the hund wall of the
flammable liquiéd tank.

13. Spacing of not less than 100 ft., between
low pressura refrigerated L.F.G. and flammable
licuid tank shells, but L.F.G. and flammable
liquids must be in separate bunds.

14, Flammahle liguids are those with flashpoints

up to 65.5°C, (150°F).
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2.3 Plant Layout

Once the project is approved the site and plant
layout will be proceeding simultaneously with other
actions concerned with the construction of the plant.
For example, process unit and pipework preliminary
design and detailing, together with civil and struc-
tural engineering design will have already beaun
although the data available is, at this early stage,
limited. These considerations dictate that the
production of the unit plot plan must be effected
as auickly as is practicable. If a company has a
number of different nlants that it is considering
building, it will need to have an idea of the canital
cost of each of them. The cost of a mlant will depend
on its layout and ther~fore, this must be partially
effected for each plant. 1In this case the technigue
for layout must not only be speedy but chean as well.
No company wants to spend money laying out plants
it will not build. These factors indicate that the

layout techniocue must be as simple but as effective

as possible.
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Certair data i< required if the lavout is to he
accomplished effectively. These can be noted as follows:-
1. A process flow sheet showinag every item of
major ecuirment and its size.
2. The weiaght of cverv item of major =z2ruinment,
3. The materials of construction of ecuimment and
pininea,
4, Process ecuinmment elevation recuirements.
5. The nature of flowina fluids e.a. vapour -
liguid, slurrv, paste etc.
6. Vendors drawincs for mechanical ccuinments
showina
(i) critical dimensions
(1i) srnace recuired to be left clear for
maintenance.
(iii) 1locations of connections.
7. Atmosrheric conditions with reqard to extremes
of weather which mav make it desirable to nrovide
snecial shelter or nrotection for ecuipment or
onerators.
8, Preferred overating and maintenance nractices

as thev affect:
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(1) Shelter that overators are accustomed to.

(11) The need for rermanent or eemnorarv shelter
when maintaining mechanical cauipment such
as pumns, centrifuges, comoressors, dryers
etc.

There is no single techniocue leading to tho hest
arrangement in any nroblem. Several stacges may he
required with different technicues armlied to each.

The Aevelooment procass 1s cvelic, usuallv rancatéd
at successive levels of detail from the first bhroad
assessment of a nroject to the final develovpment in
detalil orior to erection. Accordina to the nroblem,
layout mayv he considered at several levels from the
selection of a site and arranaement of the nlants on
it, throuch bhlock layout relatina plant sections to
one another, to the detailed nlanninag of working areas
and the socuivment in theam,

To this anvproach mav he related the three basic
princinles of layout plannineo:-

1. Plan the layout as a whole then consider the

details. Sub-ontimigation should be avoiAded.

2. Plan the ideal lavout and then give considera-

tion to the practical difficulties., The ideal layout

is easier to nroduce and mav he rapidly costed.

The cost nenalties of deviating from the ideal lay-

out due to practical consider ations may then bhe

assessed,

3. Plan more than one lavout. No one lavout may

be considered the "best" for the aiven process
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conditions.

Plannino more than one layout encourages discussion
and dialogue, leadina to agreater confidence in the lay-~
out finallv selected.

The layout of plantunits will vary according to the
types of plant. There are three tymes of plant lavout.?’®

(1) Lavout by fixed position - all operations per-

formed with material in one fixed location.

(ii) Lavout by rrocess function ~ similar overa-

tions located together.
(iii) Lavout bv nrocess flow - wosition in secuence

of onerations and material movement.

In the chemical industrv the lavout engineer is
usually concerned with lavout by process flow.

The initial development of the layout is carried
out using flow sheets, sumnlemented where necessarv hv
process outline, multinle activity charts etc. For
many nlants the initial development is vossible using
a layout analoque such as klock models, cutouts etc.
For comple situations those have nhysical limitations
and should re used either following or in conjunction
viith other technicues which attempt to nroduce an early
assessment of the probhlem, Such an annroach attemnts
to estahlish the objectives to record the limitations
and restrictions, to examine their walidity, and to
check their consistency. "hen all this has keen done,
the next step is to amnly them to the problem, to
determine what arrandgements or groups of arrangomants

are ruled out and which remain as nossibilities;: and

- 25~



of these to selact for further develorment anv that
miaht commare favourahly with the others.

Tachnicues of corrslation and comwata»ility can
be used formallv in eliminating what is im»nossihle or
inadmissable and in listing, for evaluation arrange-
ments compatible with the okjectives and constraints
as stated in caseswhere it 1s not rracticalle to do
this mentallv. The 1list of nossikle arranadements obtai-
ned in this way will usually need further reduction
before it becomes nracticahle to beain detailed evalua-
tion. The selection micht ke made on cualitative cri--
teria or bv determininc the controllinag costs and nro-
ceeding to minimise them. Controlling costs are those
that varyv most significantlv from onc feasihle lavout
to another.

To determine controlline costs the linkaaas hetween
all the items are recordad and a cost ver distancn run
obtained for each.

For example, between
Buildings ~ pires: material transfers: sizes of surr-
ounds for access, aesthetics, extension or dovalomnment.
Plant items ~ pineg: convevors: man movements,
Components - connections: access for fitting, mainte-
nance.

Materials ~ sumnly and deliverv vpoints: cuantities and
rates of movement: stores.

It is then vnossible to determine which of such

.33s5ts are of major importance in comparing differont

- 26 -~



arranacements. Some snecial technicues for complex
problems include:

1. The Correlation Chart

The correlation chart is a diagrammatic method of
determining the effect of constraints, and recording
the arrancgement that they allow. In some cases obijec-
tives or preferences can also he introduced as con-
straints so narrowino the field still further.

A grid is drawn with the rows rerresentinag vossihle
positions - s?ch as floor in a huildina, or numbered
vositions in an area of one nlant item, and the columns
represcentinag nossible positions of another. Constraints
are recorded and labelled, sav x,v,z ... i1f anv corkina-
tion of nositions of the two items is disallowed hv X
then that letter is written into the corresmondina
sauare of the arid. Vacant souures thus show nermitted
comhinations.

The sets of lines of the agrid can bke vroduced and
crossed by rows or columns representinag other iteme,
and rrohinitations or nreferences again anvlied. Then
the only feasible nermutations are those that can he
traced through the rectanaular network usinag only vacant
squaraes. The advantages of this method are its visual
nresentation and the ease with which it can be learnt
and usad: the disadvantages are the amount of drawinag-
up recuired, and the difficulty in correlating items
that are not contiaous on the chart.

2. Alaebraic Method

In this method tha nossible nositions for different

items are renresented by alaekraic svmhols+: thus Al
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means item A in nosition 1. Ordinarv rules of aloebra

can then ke used vith the swecial meaninas

addition renrcsents alternatives

multinlication renresents co-aexistrnece
thus Al (“2 + 33) means item A in nosition 1 and item
B in cither nosition 2 or mosition 3.

If a nermutation is inadmissable it i3 nut aaual
to zero -~ 1.e. it is deleted. Tt ieg not necassarv to
multinlv nut brackets when apnlying constraints, and
it may be rosszible to imnosce more than one of theso at
the same time. On multionlyint out at any stage, the
terms represent all the vermutations still allowahle at
that staoe.

This method is not as simple as the corrclation
chart hut is more powerful in dcaling with multinly
nermutations and casier to read, thouah not to visualisno.

2As an examle of this method consider the followina
nrocess, the outline nrocess chart for which is shown
in Fia. 1. Tha nroklam is one of vertical lavout and
to arrana~ the vesselé for these process stages on the
five floors (Ground, l1lst, 2nd, 3rd, 4th) of an existina
buildinea.

The donstraints can be listed as follows:

1. Reaction vessal and Prassure Fillter discharge from
below and should not be nut on the aground floor.
Thus R, and FG ara eliminated.

2. The Pressure Fillter is not to go on the 4th floor
as there would not ke enouah room to withdraw the

spindle for maintenance. Thus F, is eliminated.
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3. The storage hommer (£) must he above a vaidgh
hopner which is situated on the 1lst floor. Thus
SF and Sl are aliminatcd.

So all the feasible layvouts are renresented bvi:-

Mg 1,2,3,4) (R1,2,3,4) Pg,1,2,3,4) F1,2,3,) Pg,1,2,3,4)

(85.3,4)

4, It is desired to leave the Reaction and 2cid Treat-
ment vessels in their nresent position on the 2nd
and lst floor reswmectivelvy. Thus R2 and A2 are
to be chosen 1f nossibbe

5. Considerations of heat trahsfer and qravity flow
sugaaest that Melting should bhe adjacent to Reaction
and above it. This means that My or M, should be
chosen: if these M3 is nearer to Rz and so is to be
nreferred.

6. For ease of handling the cake from the Pressure

Filter it should he dromped directly into the Drier.

This implies F, D, + FZ(DG + Dl) + FB(DG + D

1 Pg +Dy)

1

7. Subject to all other conditions the cost of lifting
materials is to be minimised. Lifting may be nec-
essary for movina slurrv from A to F, and/or moving
nowdaer from D to S. Thus 93 and S4 are ruled out as

not minimal. Similarly it rules out F F.D

2Per Falqr
FaDy: all of which improse more lifting than the other
three relations bhetween F and D,

The items to be evaluated in terms of the costs cof

moving slurry and powder are then reduced to:-
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MR, M F,D_S

MaR 1 FDaS, 3 slurry moved horizontally on 1

Powder to be raised from G to 2
M3R2A1F3D282 : slurry to he raised from 1 to 3;
powder moved horizontally on 2.

M3R2A1F2D152 + 8lurry and vowder each raised one

flooxr from 1 to 2

Should it transmire that there is congestion on
any of the floors then additional liftinag costs may
ke accepted. Terms like M4 or 83 could be broucht
back into consideration.

3. Travel Charts

Thoge were oriainally used for siting machines in
jobbing shors, and the name related to the record of
the amount of travel of different jobs betwecn the
machines.

I saquare grid is drawn and labelled across and down
with the names of each item: everv saquare is the meoeting
point of a row and a column, each renresenting an item
and in it is inserted the total cost ver unit distance
of all linkages between those two items. In the case
of neighbouring items this cost will lie in a saquare
next to the main diagonal: £~r items that arc not neigh-
bours the cost of linking all items is found by rulti-
nlvinag the cost in each scuare by the distance of that
saquare from the main diagonal and summing. Visual
inspection of the columns then shows what interchanges
(permutations of the items) would reduce this total
cost by bringing cartain costs necarer the main diagonal.
The process is reneated until an optimum arranaement

has been reachad,
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The method can be modified to compensatoe in part
for different plant sizes. As a method of approxima-~
ting, certain simplifications can be madec: for example
it can be used with only controllina costs: again, grouns of
items that are to be sited near to one another can be
treated as a single item with 'group' linkages to other
items.

The main disadvantage of the method is that it only
leads to an optimum linear arrangement, which is scldom
wanted: on the other hand it measures the relative
importance of havina different nmairs of items close to
one another, which is a useful first step to the two
or three dimensional oproblems.

2.4 Models

These can be made from blocks of wood, cardboard
or polystyrene to a scale of about 1:50, nositioned
above , but not attached to a base board faced with
scale paver. A proprietory kit mav be used. Standar-
dised structural comnonents are also available. It
is claimed that such kits drastically reduce drawing
time and the need for cut-outs.

These low cost models are used chiefly to develop
nlot and floor nlans, and elevations, but should not
be used for pining layout. They show only the major
item of equimment and major pine racks in verv simnle
form and in their correct relationship to each other.
The more expensive larga-bore pining may be shown.
Puildings, control rooms, switch rooms and roads

should also be indicated.
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This tyre of model may be used for nroving the
provosed nlot nlan and should ensure that all constraints
on the lavout has heen satisfied. Tt also accomplishes
the basic nlannina for the location of ecuinment to
attain economical nineruns. "hen final agreement on
the lavout has been reached then the nininag desiagn model
can start.

The ninina model is nremared to aive an accurate
detailed lavout of orocess ninino, utilities, and
control facilities. The scale is ocenerallv not less
than ¥ = 1 foot, ard the model should at least show
all pipinc of 27 bore and above. According to nolicy
all pinework includinc instrument opive runs mav he
included. The cost of a desion model for chamical and
allied tync of nlants are aenerallv in the ranage of
1% to 1% of the total installed »nlant cost beinag mod-
elled, accordinag to the sizz and cost of the nlant.

An average fioure is ahour %%. The total desian costs
for the averadge chemical nlant is in the ranage of 8%
to 10% - or greater -~ of the total installed nlant cost.

The malr uses are as follows:-

(1) FHaving established the location of the main
plant items, it will aive optimum ninina
arrangemcnts.,

(i1) Ccaving costs in drawino time.

(11i1) Fliminatina site fouls.
(iv) Positionina instruments, cable racks, access

nlatforms, lichtina etc.
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(v) For nlannina of construction.

(vi) For use on the construction sitec.

(vii) For the training of operatina nersonnel.
(viii) Fxhibition and advertisinag.

It serves as an immediate source of reference
during discussions between drawing office, project
enagineers,construction engineers, safety officers
and clients.

2.5 Plant Item Considerations

Yhen positionina the nlant units on A nlot nlan,
certain considerations arprly to each tvne of unit.
Thesc are listed below.
Centrifuce-~
(1) 1If possible locate indoors in heated buildinas.
(ii) Centrifuges should not be located close to
vibratory ecuinment such as mills, crushers
or recinmrocating compressors.
(iii) Avoid locatinag under corrosive arcas or nin-
ing so that spillages do not corrode safety

interlocks, motors, control wiring etc.

Columns and Towers

(1) Decide whether towers shall be self-supporting
or suvnorted hy structures.29
(i1) There must be sufficicent room availlable for

a tower to be laid down on the ground adja-
cent to its foundation.29
(1ii) Columns are best located towards one end of

the process arca.
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(iv)

(v)

Filters
(1)

(11)

If freoguent catalyst loadina is envisaged

it is advantaageous to allocate an area for
dumping snent catalyst, and for setting un
temoorary loading scaff>lds or rigs.

The erection nrocedure should be carcfully
considered so that special lifts or testina
procedures do not hold un work on other
ecuipment. Consider whether the tower needs
to be elevated, i.e. how far above grade

the base of the tower should be located.

The liauid/solid separation ecuivment should
be located at the final solids discharge
point.

Obtain from the manufacturer, if rossible,

a tyrical general arranqgoment drawing and

his recommendations for lavout.

Pired Heaters

(1)

(11)

Consider the relative vositions of the
services for the heater - such as sub-~
stations, fuvel storaae tanks, water-systems
and pumvhouses.

Consider the disposal of effluents and

waste products.

Heat FE>»changers

(1)

Consider whether heat exchangers should be
grouned. Most units in the same service are

grouped automaticallv.15
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(1i1) Air-coded exchangers are usually located
adjacent to the nlant they serve and mav be
positioned on the ninebridge.

(1i1) Air-cooled exchanaers should not be located
close to nrocess units, instrumentation,
or control rooms which could be adverselvy,
affected by either vibration or noise.

(iv) Decide whather overhead condensers shall be
located above columns or at grade.

(v) Vhen locating air coolers above yard banks
it is desirable to reserve overhead crane
access to reach at least one side of each
cooler.4

(vi) Consider whether the arouning of condensers
between two towers will result in a shorte-

ning of coolinag watar lines.12

(vii) Consider whether a common steam line can be

desianed for arouned reboilers.12

(viii) Short reboiler and overhead lines to con-
densers are assential for both economv and
reliable oneration.

(ix) Product coolers or exchangers located between

nrocess ecuipment and the unit nlot can bhe

located at oneo end of the nlot.

Mills and Crushers

(1) Locate at cgrade and away from aeduinment or
instrumentation affected by vibration.

(11) If the smead of the machine is in exccgs of
I000r.p.m., the wind tunnel effect in the
discharge chute must he considered and stops
taken to avoid dust nuisance.
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(1i1i)

Pumps and

For multiple units, arrange them in line
to simnlify the feeding and delivery svstems.

Compressors

(1)

(11)

(111)

(iv)

(v)

(vi)

(vii)

Decide whether to qgroupr numps and compressors
in buildings or to arranae in process flow
seauence,

Pumps should be located at arade as far as
nossible.

Suction lines should be kept short and un-
complicated. This will laraqely determine

the best location for the pumphouse.

Consider the foundation block size and decide
whether pives and cables will be constructed
in ground or overhead.

Arrange pumns in line with drivers facina the
access ganaway., Double rows of numng can be
arranged with oumps back to back running up
to a common pipebridae.

Pumns located below vard hanks should have
their drive ends lined un.4

Locate numps below their point of suction

and do not neglect net nositive suction head

requirements.

Such a list is of necessity less than exhaustive as

it 1s not

the purnose of this thesis to produce a

handbook of layout practice, hut rather to dovelon an

improved techniaue.
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CHAPTER 3

SIMULATION OF PLANT LAYOUT

3.1 Plant Lavout Sracing Reaquirements

The first part of this study was concerned with
the physical simulation fo the plant layout process.
This is necessarily a physical modelling process
hecause mathematical modelling is not vnosgible to
any large extent. The difficulty is in defining
mathematically the considerations and constraints
imposed on the layout. Also the large number of com-
binations and permutations of plant items and modules
that occur for a comnlex nlant, would make mathema-
tical modelling prohibitively time consuming and
expensive. The rlant items collectively constituting
a chemical nlant may be simply represented bhv hlocks
of cardboard or wood fashioned approximately to scale.
These hlocks mav be nositioned on a board representina
the site area and the various lavout conficqurations
may then be discussed and assessed. The simnlest wav
of attemnting to decrease plant canital cost is to
position all rnlant items as close as possible to one
another. The overating costs of such a plant would be
very high as the maintenance and indeed the operation
of the nlant would be extremely difficult. This
means that all plant items must be at a minimum distance
from one another. Tahle 2 gives approximate clearances
that should be left bhetween chemical olant items. This
table should serve only as a guide. In practice manu~-
facturers drawinas and accurate data relating to the

individual items must bhe consulted.
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Notes on Table 2

1.

A is the length of the longest internal nart
of the eauipment that must be removed for
maintenance or owneration,

If frequent catalvst loadinag is envisaged it
is advantageous to allocate an area for dumo-
ing spend catalyst.

In the ovan, numps handling hot licuids (>60°C)
should he at least 25 ft. from pumps handling
volatile liquids (b.n.< 40°C). In opump rooms
they should he senarated by a tight wall.l
For extremelv hiagh columns, for which smecial
foundation designs are necessary, the area
required for the foundations may define the
spacing.

Space adjacent vertical vessels at least 2%

standard nlatform widths bhetween shells.4
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3.2 Flevation of Plant Units

The decision whether or not to elevate or stack
certain plant units will depend mainlv on economic
considerations. Sometimes it is less costly to stack
units than to locate them at grade. The cost saving
may be affected by a resulting shortening of the pipe-
rack and the size reduction in nlot area. In nractice
this last consideration is negligible. A method com~
paring the cost of elevated units with the cost of
units at grade must therefore bhe devised.

The cost of a block of stacked units will con-
sist of the sum of a number of cost terms each repre=-

senting one of the following factors.

Factor Cost term -~ dollars

1. Fxcavation 0.77 (" + 1)
2. RBackfill 0.7 (" + 1)
3. Foundations 5.6 (W + 1)

and slab 1.0 nwl
4. Floor slabs 1.9 (n - 1)WMl
5. Building Frame 1.35 (n + 1) W1
6. Stairways 52.6 nh
7. Handrails 10.2 (W + 1)

Also included must be a cost term which accounts
for the change in onipe length, and thus in cost,
when pinework is routed to units which are elevated.
It is assumed that the pives arc carried on a pine-
rack at a height ecual to that of the second storey
of the stacked units. This cost term is thus the
sum of the costs for each unit and mav be exorassaed

by -

5 P,h (n - 2)



r = number of units in the block
P, = sum total wner foot of the pirmina costs for

the ith unit

n, storey on which the ith uait is located.

Thus the expression for the total erected cost

for a block W by 1 and containing r units is

C, = 7.07(W+1) + 4.25n%1 - 0.55"1 + 10.2n("+1) + 52.6nh

1

+ T Pih(ni“'z) ees (1)

The arrangemant of plant units is deciderd hy
usina a number of cost relationshins which mavy be
derived from this eaquation for the cost of tha erected
block.

1. Vertical Increment

Given a block of (m -~ 1) storeys, what is the cost
of one more floor?

from equation l:~ the cost of block of (m - 1) storeys

is
Cm—l = 7.07(7+1) + 4.25(m~1)W1 -~ O.55"1 + 10.2(m~-1) ("+1)
is=sry
+ 52.6(m-1)h + X Pih(ni~ 2)
i=1

The cost of a block of m storevs with j units on

the mth (added) floor is
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Cm = 7.07(W+1) + 4.25mW1l - O0.55W1 + 10.2m("W+1l) + 56.2mh

i =1 i=3]
5 P,hing ~2) + D P,h(m=~ 2)
i=s 1 i=1

therefore the cost of the mth storey Cp ~ (Cm~1) is

3
4,25W1 + 10.2(W+l) + 52.6h + §p Ph(m~2) ... (2)

1

or alternatively the cost of the first unit on the mth

storey is

4.25W1 + 10.2(W+l) + 52.6h + Ph(m ~2) cee (3)

2. Horizontal Increment

Given a block of m storevs whare the mth storey
contains fewer units than the others, what is the
cost of adding one more unit onto the mth storey?

This follows directly from equation 2, the cost
of the mth storey of width " is 3
4.25¥1 + 10.2(W+1) + 52.6h + § P,h(m ~2)

1

if another unit of width 6§ is added the cost is now

j+1
4.25W+8)1 + 10.2("+6+1) + 52.6h + % Pih(m~ 2)
l
and the cost of the cxtra uwnit is
c, = 4,2581 + 10.28 + Ph(m~ 2) eeo (4)

3

3. Pelative Positional Cost

Given a block of m storeys with the mth storey
incomplete how shall an extra k units be added?
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m+l

o I

shall thev be added to the mth storev (2) or stacked

above on the (m + l)th storey, or at grade? Each
position can be considered sevaratcly.

(a) the cost here is given by equation 2.
K
4.25wl + 10.2(W+l) + 52.6h + % Pih{(m~1) ~2}

Cn)
' 1

( ) the cost here isgiven by equation 4,

X
4.25W1 + 10.2» + gy P ,h(m~2)

©(8) ‘
iR
(D) the position here extends the piperack by W feet
and the cost of the pirerork routing must also

be considered.

K
= "
C(D) Cp + 2h I Py
1
C = cost of piperack rer foot.

o)
The immortant question here is the comparison

of positions (A) and (B)

K

Cp - Cp = 10.21 + 52.6h + h I P |{(m+1)~2} - {m~2}|

1

for m > 1 this expression is always nositive, i.e. CA>CB’
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So it is always less costly to build on to an existing

structure than above it.

However for m = 1
CA - CB = 10.21 +# 52.6h - h X Pi
1
K
so 1f T Pi> 10.21 + 52.6
h
1l

then it 1is less costly to start a new floor than to
proceed with the first storey.

4. Application of Cost Fquations

Consider a number of units of effective dimensions

(i.e. taking into account access and maintenance).

W

6.5 ft.
1l = 30 f£¢t.

it shall be assumed that the units are sinilar and that

h = 8 ft.
P = 25 g / ft.
CP = 200 § / ft.

Such data is specific to these examples only.
The first unit will obviously be located at grade.

For the second unit there are two alternative positions



Case 1, from equation 1 as n =1

C, = 7.07(W+l) + 4.25Wl1 - O.55W1 + 10.2(W+l) + 52.6h + 2hP
= g 2373
plus 6.5 ft. of piperack costing g 1300

cost = £ 3673

Case 2, the cost here is 2 (2hP + CPW)

(see section 3)

Thus both units are located at grade, as in position
two. It is obvious that if a unit (or units) is
placed at grade next to position 1 or 2 then the
inequality Cl > C2 will still exist. Therefore for
the third unit the positions available are

a
a
.EIZ;I:L _..LEL_..

C3 = 3(2hP + CPW) = % 5100
C4 = 7.07(W+l) + 4.25nWl - 0.55W1 + 10.2n(W+1l) + 52.6nh

+ hP + 2hP = g 4053 where n = 2

plus & 1300 = g 5353
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thus the three units are located at grade. As before
the addition of a unit does not disturk the ineguality,

so for the fourth unit we must consider the positions

|
|
- O

_E;_’[’_'L ___Eg'_\_. LTI

7.
C5 = ¢ 6402
C6 = g 6959
C7 = 4(2hp + CPW) = g 6800
thus C6> C7> C5

therefore the four units are stacked as vosition 5.

Now than an elevated structure has been indicated,
the assessment becomes easier as decisions are based
on incremental costs, units being added to the existing
arrangement.

e.g. for the fifth unit

| - 13
B £

8. 9.

the increase in cost incurred by placing the unit as

in vosition B is given by equation 2.
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C8 = 4,25W1 + 10.2(W+l1l) + 52.6h + Ph(n~2) n = 2

= £ 1602 w= 6.5

whereas the cost of placing it at grade is again g 1700

The process may now be continued, each time comparing the
indremental cost of the added unit, horizontal or verti-
cal to the unit grade cost which in this case is g 1700.
In this way any number of units may be positioned.

This calculation will vary for each case and in
some cases maintenance must be considered. 1In these
examples no major economic error would ensue by acopting
any of the cases. As it is appreciated that such cal-
culations are not readily practicable it might be stated
as a rule of thumb that the layou engineer should stack
if he feels that he will thereby achieve a layout better
in terms of appearance and operability. However if
maintenance problems are anticipated stacking should be
avoided.

3.3 Unit Plot Plan Production

The general form of the layout must first be
decided. Normally the most efficient in terms of main-
tenance, access and operability will be a layout where
the plant units are positioned each side of a central
piperack. The layout may be effected using wooden
blocks and drawings, but experienced layout engineers
are necessary for this method. For less experienced
personnel a simple technique permits a similar layout

to be achieved. Pipe runs are optimised within the



layout by means of a string piping analogue; a technique
originally used for minimising tha total distance trave-
lled by say a storekeeper. The string (or elastic) is
used to represent pipe runs, the thickness of the string
being prorortional to the cost of the pipes per unit
length. By reducing the overall length of string the
pipeline capital costs are decreased. An alternative
to thick strings is coloured strings, coded according
to the unit costs of the pipelines. In this way the
most expensive piperuns are immediately identifiable
and consideration can be given to reducing their length.
Celluloid sheeting (paper or cardboard may also
be used) is cut to scale, about 1:60, to represent the
plet area required for the operation of each plant unit.
This area must take into account the constraints noted
earlier i.e. accessfor maintenance, safety etc. For
example, if the unit is a heat exchanger with 16 ft.
tubes, the clearance at the channel end of the exchanger,
required for the removal of the tub:2 bundle, would be
21 ft. 1In addition 2 ft. should be left in front of the
shell cover and 3 ft. each side of the shell. Therefore
the plot area required for an exchanger with a 31 inch |
diameter shell would be 45 ft. by 8 £ft. 7 ins. A cutout
should be produced for every unit that is to be located,
and each unit should be numbered as for the Process Flow
Diagram. The actual position and siz: of the unit should
be marked on the cutout. The cutouts are laid on a board
the surface of which should be crosshatched. The plot

area is marked, to scale, together with the position of
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the major pipe runs and access roads if these are already

fixed. When positioning plant units the maintenance

areas are

overlapped so that units may be compactly

located without compromising on maintenance and access

areas. The layout procedure can be summarised as

follows :-

(1)

(i1)

(111)

(iv)

(v)

(vi)

(vii)

Position the process units on the plot in
process flow order, with due regard for the
considerations listed in section 2.5 and
observing the spacing requirements indicated
in section 3.1.

Locate the process units at grade, unless
process requirements dictate otherwise.
Arrange the units each side of a secondary
piperack branching off the main piperack.
Where a structure is necessary because of
elevation requirements, consider the location
of other process units within it to reduce
the plot area.

If there is insufficient plot area available
for grade location, some units will hawve to
be located within a multi-storey structure.
Fxamine quantitatively the juxtaposition of
various process units for minimum piping costs.
Do not neglect service pipelines.

When positioning a major unit, locate all
ancillary equipment at the same time. For
example, when siting a tower the positioning
of any associated condensers, reboilers,
accumulators, pumps etc., must be dealt with

simultaneously.
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There are numerous factors to be taken into account at

this stage of the layout. The more important considera-

tions are listed below.

(1)

(11)

(1i1)

(iv)

(v)

(vi)

(vii)

(viii)

Consider which units require shelter and

whether a cost saving is realised by grouping
them within the same building.

Examine the elevation requirements of all

process units. 1In particular those due to
n.p.s.h., gravity flow and process control
requirements.

Decide whether gravity flow might be prefer-

able to pumping.

Decide whether to provide a structure to

support an elevated process unit, or whether

to suprort it on columns or other tall equip-
ment.29

Assess alternative methods of materials trans-
portation i.e. batch transport using drums or
mechanical conveyors.

Consider whether the re-orientation of some units
is advantageous i.e. horizontal drums or re-
boilers can be positioned vert:l.cally.16
Examine whether foundation costs and pipebridge
costs can be reduced by stacking exchangers or
drums.16
Thought should be given to the location of
equipment requiring frequent attention by opera-
ting personnel and to the relative position of

the control room to obtzin the shortest and most

direct routes for operators when on routine
22
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(1x)

(x)

Hot lines should be long enough for adevuate
flexibility and should have enough elbows to
minimise or eliminate the need for expansion
joints.lo
Operating hazards should be studied so that

the safest arrangement of equipment can be

devised.
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3.4 Toluene Hydrocracker Layout

As an example of the procedure outlined above, the
layout of a small tolucne hydrocracker plant was attempted.
The process flow diagram is shown overleaf}

Toluene from intermediate storage (F1l04) is pumped
through a preheater to a vapouriser (B1lOl), and then to
a vapnur phase reactor (D10l) where it undergoes the

orimary reaction.

C_H_.CH

cH5CH, + H, + CGHG + CH

2 4

Conversinn is dependent on the operating conditions
but is in the region of 70%. In addition some heavy
aromatics such as xylene are produced. The hot reactor
products pass through the reboilers on both columns, and
after passing through a number of heat exchangers, are
finally cocled, by the reactor effluent condenser (El0l)
and passed to the high pressure flash drum (F10l). Here
the methane and unreacted hydrogen are taken off. The
reactor products consisting mainly of benzene, toluene
and xylene, are precheated and passed to the stabiliser
tower (D102) where any remaining methane and hydrogen
is removed. The products then pass to the benzene
tower (D103) where the benzene is distilled off overhead,
the remaining toluenc and small amount of xylene re-
cycling to the storage tank Fl04.

The first step in the layout procedure is to
estimate the diameter of each pipeline. This may be
accomplished bv any standard technique. Apgendix II

presents an economic method of pipe size determination.
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‘Knowing the operatihg conditidns and the material being
handled, the pipeline material can be decided@ and the
cost per unit length of the pipeline then estimated.

The erected cost per foot of piping can be approxi-

mated by

cost YD

where Di is the diameter in inches

for stainless steel Y = 3,12 n = 1,2
and
for carbon stecl Y = 0.83 n = 1.3

The erected costs of the pipelines may therefore be
estimated as in Table 3.

The layout may now be efected using the string
diagram analoque. It can be seen that lines 7 and 8
are the most expensive and it is therefore important
that these be as short as possible. The pivelines
may be arbitrarily grouped according to cost and a
colour code used to designate each groupina. For
example, the lines may be split into three qroups.

The most expensive coloured black, being those lines
with an erected cost greater than 20 pounds/foot. The
intermediate lines, coloured red, having an erected
cost between 5 and 20 pouands/foot, and lastly the least
costly lines, pale blue, costinag less than 5 pounds/
foot.

Each unit is then sized and a cutout constructed.
The access area required for each unit (Table 2) must
be shown on each cutout. The layout then proceeds as

in section 3.3. A photogravh of this layout is shown
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Stream

Number

N -

O 00 N & u» & W

10
11
12
13

15

Pipe Diameter

Inches

W W 0 N W N O O NN W WwW N W

[\M]

TABLE 3
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--Steel

Carbon

Stainless

n
Carbon

Stainless

Carhon

Cost

Pounds/Foot

3.7
2.1
3.7
2.1
12.5
7.2
27.2
27.2
2.1
12.5
2.1
13.1
3.7



overleaf in TFigure 3. The first layout is accomplished
with the units located at grade. The next step is to
consider whether stacking is advantaqeous. The repre-
sentation of a layout, with a large number of stacked
units, using the string diagram is not good. Retter
visualisation is achieved by building a rough model:
the model being supported on a perspex sheet over the

string diagram.
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CHAPTER 4

COMPUTER _AIDED PLANT LAYOUT

-4.1 Available Programs

CRAFT

Computerised Relative Allocation of Facilities
Technique. This program uses a simulation algorithm
which arranges depar;ments in a given plant area.

Input into the algorithm includes the area of the
individual departments or plant units, handling volume
in unit loads moved between departments and handling
costs per unit ;oad per unit distance. The unit cost
is established in advance and is independent of the
kplant arrangement; which is often not true in prac-
tice. The program determines distances between depért-k;
ments in any arrangement and from this using the hahdiing“
cost matrix, seeks minimum cost for exchanges of |
department locations. -Thé'exchangéyis repeated ﬁntil
the minimum cost is found.

ALDEP

Automated Layout Design Program. This program
applies a lheuristic prograﬁming.method to create block
layouts. Input to the program includes the area
requirements of each department orxun;t and a nrefer-
ence table which 1s'a1matrik’bf”ﬁeight1hg factors
which indicate the desirability of units to be near
each other. 'Thesé'%eighting factors can be given
values by the user té'répreéent his view of’theit
| relative importance. The program will lay out up to

three floors. \itjéégtoras_a two stéplproéess”fo:




each floor of tha building -~ first any non-assigned
departments area is allocated to specific floors
and second, those departments assiqned to a floor are
given a specific location on that floor. A depart-
ment is randomly selected and processed, then the
preference table for that department is searched to
find any department with a preference of highest
priority which is then selected. When all depart-
ments have been processed the resulting layout is
scored and printed out. By selecting block layouts
with highest scores the best layout are obtained
for further analysis.

CORELAP

Computerised Relationship Layout Planning. This
program requires input in the form of a Relationship
chart as described by Muther,8 the departmental area
restrictions, the size of the unit square to be mani-
pulated and the maximum ratio of building length to
width. The main algorithm consists of a heuristic
program which add departments in a logical fashion to
generate a block plan layout. The output consists of
a matrix print-out representing the block plan.

A program for the layout of plant modules with
interconnecting piping has been described by Gunns.
The objective function considered is the cost of the
interconnecting piping and the cost of the building.
For each module co-ordinates of the nozzles to which
piping is attached are input to the program together
with the datum co-ordinates of the modules, pipe

descrintions and costs per unit length of pipe. The
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co-ordinates of the plant modules are arranged so
that the objective function is minimised. Minimum
and maximum constraints are set on the co-ordinates
of the modules so that they do not occupy the same
volume in space. 2Accurate positions of the nozzles
and nlant modules are available at the end of the
computation and may be used in further design work.

4.2 Computer Graphics

The computer granhics program about to be
described was developed over a nine month period
while the author was seconded to I.C.I. It will
be necessary to describe the system that I.C.I.
hoped to develope in the Engineering Computer Appli-
cations Group of Central Management Services in
Wilmslow, Cheshire.

The long term objective of the granhics deve-
lopment program was to produce an integrated system
of computer aided design for process rnlant. The
design process involves a large and complex exercise
in information set-up, exchanqe, retrieval and pro-
cessing, and inevitably there is dunlication, loss,
late delivery and misinterpretation of information.
This is one field in which a graphics system may
bring about major improvements and benefits.

Drawings and schedules are the principal means
which engineers and designers use to communicate
their ideas to one another, and to contractors who
are to build a chemical plant to their specification.
To achieve this sort of output by normal computing

methods would be a virtually impossible task in data
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preparation and entry in order to provide reasonable
response times. The use of visual dismlay units with
suitable graphics software will provide an inter-active
means for the designer to communicate with the computer,
making use of its ability to handle repetitious calcula-
tions and data processing tasks while permitting the
designer to use his experience and judgement to control
and modify the process. Significant benefits are
envisaged in terms of improved quality and accuracy of
design, reduced project time svan, reduction in desian
manpower, and more effective use of the creative abili-
ties of designers.

To improve the methods by which chemical nlants
arc designed one must cut down the effort required in
specifying designs, and organise the information handling
to arrive at a fast and integrated system. In order to
make full use of the computer its efficiency must be
brought right to the designer's desk and the data must
be presented in a quickly assimilated manner. This
can best be achieved by computer graphics.

Figure 5 shows the general flow of information
between the system programs. \

The plant layout has a considerable effect on the
other design activities providing initial estﬂmites
of piping and structural requirements, aprroximate
branch and support positions for equipment design,
and influencing the proce -s requirements in the line
diagram. It is therefore important to arrive at a
basic plant arrangement as soon as possible. There-

fore, work on the overall layout is possible as soon
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as the process data is inserted in the system. At
the same time work may go on to clarify orocess
requirements in the engineering line diagram, so that
the means of connection between vessels (piperun
data) will also be accumulating. When sufficient
data is available from the plant lavout and line
diagram activities, application proagrams would be
accessed to provide simple automatic piperouting and
hence arrive at a cost estimate of the piping re-
quirements. Various alternative shcemes may then be
tried to improve the layout, using the display aided
by plant layout optimisation routines.

The work being undertaken by the author at the
University of Sheffield was judged to be in accordance
with that proceeding at I.C.I. Central Management
Services in Wilmslow. In November, 1970 the author
joined the staff at C.M.S. to work on the development
of the Plant Layout program of the system. The result-
ing program was developed over the next nine months
during which time the project was postponed by I.C.I. .
Computer pcrsonnel were engaged on other work and the
author continued the work alone.

4.3 The Graphics Program

It was decided that the program must satisfy
two basic requirements. Firstly there must be a
continuous visual indication of the state of the
layout. This is necessary because although the objec-
tive function being minimised may he calculated, it
cannot be defined in terms of all the constraints

imposed on the svstem. This is what makes layout
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essentially a visual exercise and the operator must
therefore monitor the progress of the layout. Secondly
the cost of different layout variations must be inst-~
antly available. These requirements are based on the
‘assumption that it is impossible to quantify or even
define all the constraints and considerations that
affect the cost of the layout. The program is there-
fore written in such a way that it is possible for
the operator to determine completely the orogression
of the layout. It is possible to move scaled repre-
sentations of the plant items around on the screen
independently of one another. Pipework is automati-
cally inserted orthogonally, but the user is able to
change the pipeline positions and routes and to re-
define the item nozzle positions at will. It is
important that the user should be able to file or
putput the data defining the current state of the
layout so that a layout may be modified on successive
runs over a period of time. This means that the
data structure is such that the co-ordinates of all
items and pipelines are continously filed and updated
as the layout progresses.

The basic flowchart of the program developed is
shown in Figure 6. A description of the program
follows.

4.4 Plant Item Specification

It is necessary to categorise the plant units.
The space requirements for maintenance etc., can
then be defined for each type of unit, and an indica-

tion can be given of the type of duty performed by
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each unit.

The two letter code specification used

within the program is shown in Table 4 below.

AA Agitators, Stirrers
BA Blenders, Crushers, Mills, Screens, etc.
ca Packed Columns
CB Plate Columns
DA Driers
EA Evaporators, Crystallisers, Flakers
FA Filters, Centrifuges
HA Air Conlers
HE Heat Exchangers
HR Rebonilers
HC Condensers
JA Furnaces, Vaporisers, Boilers
KA Compressors, Fans, Blowers
PA Pumps
RA Reactors, Kilns
TA Tanks, Drums, Receivers, Hoppers,
Accumulators
TABLE 4

PLANT ITEM CODING
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The minimum space requirements mav then be
defined for each item type (Table 5), using the

conventional axes of Figqure 7.

height
width
X & » X
length
-y

¥ -z

Fig. 7
AA 5 5 5 5 0 5
t BA 6 6 5 5 0 6
ca 5 5 5 5 5 15
CB 5 5 5 5 5 15
DA 5 5 5 5 o] 6
EA 5 5 5 5 o) 6
Fa 10 10 10 10 0 6
HA 6 6 4 4 3 3
HE 6 6 4 4 3 3
HR 6 6 4 a: 3 3
HC 6 6 | a 4 3 3
JA 10 10 10 10 0 o
K2 5 5 5 5 0 10
PA 6 6 4 4 0 6
RA 5 5 5 5 o 10
TA 4 4 4 4 3 4

TABLE 5

ITEM SPACING RFQUIRFEMENTS - FEBI
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The items are represented diagrammatically by
three simple shages, - cuboids, spheres or cylinders.
These reduce to elther circles or rectangles when
the layout is presented in plan or elevation. The
specification code of an item type together with its
shape on the screen, facilitates its identification.

The size of the item is defined relativ- to an
origin such that the unit lies along the positive
axes of Figure 7. The origin of a sphere is taken to
be at its centre. 1In representing the plant items
on the screen it is of major importance to also show
the space requirements of the units. These may be
defined relative to the origin of each item. The
co-ordinates of the origin of the cuboid defining
the space requirements of the item must be calculated
relative to the origin of the item itself.

Cuboid (length, width, height)

-l an - . ——

A

the co-ordinates of A are

(-a, -(b + width/2), - (c + height/2))

et



Sphere (diameter)

-

(-(a + diameter/2), - (b + diameter/2),

A
the co~ordinates of A are

- (¢ + diameter/2))

Cylinder (diameter, length, angle)

/

A

the co-~ordinates of A are

(-(a + diameter x sin0/2), - (b + diameter/2),

~(c + diameter x co0s6/2))

For a horizontal cylinder the co-ordinates are

(~-a, -(t + diameter/2), - (c + diameter/2))

—.'70_.



and for a vertical cylinder

(-(a + diameter/2), - (b + diameter/z), - c)

Although the units have been defined here
three-dimensionally, they are presented on the screcen
in plan only. The cylinder model only may be angled
to the horizontal.

4.5 Pipework Representation

Five types of pipeline are recognised:-

1. Vessel to Vessel Piping

{ k
-g-

pipebridge

2. Vessel toPipePiping

———— wage ams s wmn  femme emes . ves  emme  wwe e e emne ] e ER SRR S R W e s
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3. Pipe to Vessel Piping

4., Direct Piping

- owme  wmm. ey = . SN WM NN AENEe AR NS Ame S

..,
—

5. Offsite Piping
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4.6 Input and Output Procedure

Four arrays must be filled before the program
can commence. The arrays contain all information
detailing plant item numbers, tyves, deminsions,
clearances and pipeline routes, necessary to define

the layout completely. These arrays are:-

DIMENS - containing the dimensions of each item.

ICODE - containing the number of each item type.

CLEAR - containing the clearances associated
with each item.

NOZZLE - containing data defininag the pipe routes.

when the layout has been completed, information
that enables the layout to be defined abeolutely is

to be found in two arrays. These arrays are

UPDATE - containing the absolute positions of
each item
IPIPE - containing the absolute positions of

each pineline.

These 8ix arrays are now described in greater detail
The printouts ©of these arrays shown in Tables 6 - 10
pertain to the petrochemical plant of section 4.8
Array DIMENS
This array consists of five columns the dimen-

sions of each unit being located in each row.

Column
1 The itém length
2 The item #:dth
3 The item height
4 The item diameter
5 The angle of the item to the horizontal.
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The dimensions are listed in sixteenths of an inch.

A printout of array DIMENS is shown in Table 6.

Array ICODFE
This array consists of two columns. The reference
code letters of the item type in column one and the
number of items of each type in column two.
Array CLEAR
This array contains all the clearances associated
with each item. There are six columns: two columns
for each orthogonal axis. A printout of array CLEAR
is shown in Table 7.
Array NOZZLE
This array defines the pipework completely and
is taken from the Process Flow Diagram. There are
four columns:
Column
1. The reference ﬁumber of the item from which
the pipeline runs.
2. The reference number of the item to which the
pireline runs.
3. An integer defining the brightness of the pipe
when shown on the screen.
4. A relative cost fiqgure per unit length of

pipeline.

In addition the foliowing code is used. The number one
refers to offsite piping. 1Item reference numbers lie
between 100 and 100 + the number of items. Piping
reference numbers are equal to the row in array NOZZLE

defining the pipe plus one thousand. Thus a number
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greater than one thousand in array NOZZLE means that
the pipeline runs either to or from another line. A
printout of array NOZZLE is shown in Table 8.

Array UPDATE

This array, which is filled and updated as the
layout proceeds, contains sufficient data to enable
the reconstruction of the plant items in their correct
positions. It consists of fifteen columns.

Column

1. The process number of the item.

2. The specification code letters of the item.

3. The screen reference number of the item.

4. The x - co—-ordinate of the item origin.

5. The vy co-ordinate of the item origin.

6. The width of the item in the screen x direc-
tion (in screen increments).

7. The length of the item in the screen y direc-
tion (in screen increments).

8. The x co-ordinate of the access box origin
with respect to the item origin.

9. The y co-ordinate of the access box origin
with respect to the item origin.

10. The width of the access box in the screen x
direction.

11. The length of the access hox in the screen y
direction.

12. The diameter of the item in screen increments.

13. An integer set -1,0, or 1 denoting an item
represented by a cube, sphere or cylinder

respectively.
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14. The angle of the item to the horizontal.
15 An integer &noting whether the item is drawn
with solid, dotted or dashed lines.
A printout of array UPDATE is shown in Table 9.
Array IPIPE
This array, which is filled and updated as the
piperouting proceeds, contains sufficient data to
enable the reconstruction of the plant pipework in
the correct position. It consists of eleven columns.
Column
1. The reference number of the pipe equal to
1000 plus the row in array IPIPE defining
the route.
2- These locations contain the co-ordinates of
5 the end points of the lines.
6. The level of the pipeline in the piperack.
7- The locations containing the co-ordinates of
10 the end points of the lines.
11. The pipeline type.
A printout of array IPIPE is shown in Table 10.
All six arrays can be input and output on
paper tape.

4.7 Layout Routines

The program is modular in form and comprises
some fifty subprograms. These routines are described
in detail below

SUBROUTINE ARROW (BUP,BUF,K)
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FUNCTION

This routine draws a solid arrow at the end of a
pipeline showing that the pipeline carries a feed
or product stream across the plot limits.

PARAMETERS =

BUP PBrightness control.

BUF The array into which the code generating the
item or thé screen is stored.

K An integer which controls both tﬁé size of
the arrow and its direction.

SUBROUTINE BOX (ITNAME,L,W,H,D,THETA,ECLEAR,BOXEXT,

SCALE_KFORM)

FUNCTION:

This routine calculates the size of the box surround-
ing the unit required for access, within which other
plant units may not intrude. The co-ordinates of

the origin of the box are calculated relative to

the plant item as described in section 4.4.

PARAMETERS :
KNAME The two letter word defining the item type.
L The item length.
w The item width.
H The item height.
D The item diameter.
THETA The anglc of the major axis of tho item
to the horizontal.
ECLEAR An array containing six integers being

the row of the array CLEAR containing the

access requirements of the unit.
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BOXEXT In array containing the dimensions of
the item box and the co-ordinates of the
box origin relative to the item origin.

SCALE An intcger scale factor to convert the

dimensions in array DIMENS to feet.

KFORM An integer indicating the type of item
representation
cube KFORM = -1

sphere KFORM

]
O

cylinder KFORM = 1

SUBROUTINE BOXIN (UPDATE,XBASE,YBASE,BASE,BUF)

FUNCTION:
To replace on the screen the boxes defining the access
requirements of each item.

PARAMETERS :

UPDATE An array holding the name, dimensions and

position of each item. See 4.6.

XBASE, The co-ordinate of the screen origin with

YBASE respect to the origin of the area being
scissored.

BASE An array containing the code used in

SUBROUTINE ENTER for instantaneous sciss-
oring using subpictures.
BUF see DRROW

SUBROUTINE BOXOUT (UPDATE,XBASF,YRASE,BASE,BUF)

TTUNCTION:
To delete from the screen the boxes defining the access

requirements of each item. The items themselves remain.

_83-.



“ARAMETERS ¢

see BOXIN

SUBROUTINE DISBOX (EXORX,EXORY,EXINCX,EXINCY,JSHINE)

FUNCTION:
To draw a rectangle surrounding a plant unit indica-

ting the extent of its access space requirements.

PARAMETERS :

EXORX, The co-ordinates of the origin of the bhox
EXORY, relative to the origin of the item.
EXINCX, The dimensions of the box in the x and y
EXINCY directions.

JSHINE Brightness control.

SUBROUTINE DISCUB (IX,IY,INCX,INCY,BUF,ITYPE)

FUNCTTON:
To draw a rectandgle on the screen representing a

plant item.

PARAMETERS:
IX,I1Y The absolute co-ordinates of the origin
of the item.
INCX,INCY The dimensions of the item in the x and
y directions.
BUF see ARROW
ITYPE The type of line to be drawn on the screen.

SUBROUTINE DISCYL(IX,IY,L,D,THETA,RBUF,ITYPF)

FUNCTION:
To draw a cylinder on the screen in plan. If theta is 90°,

a circle is drawn; if theta is zero or greater, a rect-

angle is drawn.
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PARAMETELRS ¢

IX,IY The absolute co-ordinates of the origin
of the item.
L,D,THETA seec BOX
BUF see ARROW
ITYPE The type of line to be drawn on the screcn.

SUBROUTINE DRAW (JX,JY,KX,KY,YLEVEL,BUP, BUF,BASE,

XBASE ,YBASE)

FUNCTION:
This routine draws the three arrowed lines of type 1

pipelines (g.v. 4.5.1).

PARAMETERS :

JX,JY The co-ordinates of the beginning of the
first arrowed line.

¥X,KY The cq-ordinates of the end of the third
arrowed line.

YLEVEL The Y co-ordinate of the centre line.
This marks its route on the piperack.

BUP Brightness control.

BUF see ARROW

BI.SE ,XBASE, see BOXIN
YBASE

SUBROUTINE ELVATE (IPIPE,NOZZLE,BASE,BUF,XBASE,YBASE)

FUNCTION:
This subroutine sees a pipeline and changes its
position on the piperack. It moves continously

across the piverack and is stopped at the required

position.
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PARAMETERS :

IPIPE see 4.6
NOZZLE see 4.6
BASE ,XBASE, see BOXIN
YBASE

BUF see ARROW

SUBROUTINE ERASE (IPIPE,UPDATE , NOZZLE,BUF)

FUNCTION:
This routine se2es an item on the screen and deletes
it. Arrays UPDATE and IPIPE are updated and the

piping costs 1s rcecalculated if nccessary.

PARAMETERS :

IPIPE see 4.6
UPDATE see 4.6
NOZZLE see 4.6
BUF see ARROW

SUBROUTINE FIGURE (UPDATE,UPRO%,IX,IY,XBASE,BASE,BUF)

FUNCTION:
This subrcutine generates the cnde for the plant item

and also the lettering shown above the unit.

PARAMETERS ¢
UPDATE see 4.6
UPROW The row in array UPDATE containing the

relevant data.
IX,IY The absolute co-ordinates cf the item.
XBASE ,YBASE ,sce BOXIN
BISE,
BUF see ARROW

SUBROUTINE FIRST (NOg7ZLE,UPDATE,IPIPE,I,J,K,IL,M,N,

XBASE , YBASE ,BASE ,BUF , YTRAK)
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FUNCTION:

This subroutine scans through array NOZZLE and checks

each pireline against the parameters in array UPDATE

which contain information about each item on the

screen. When it finds that a pipeline may be dis-

played it exits and the piping routines are entered.

PARAMETERS *

NOZZLE ,UPDATE see 4.6

IPIPE

=

IL

XBASE ,YBASE,
BASE

BUF

The row in array UPDATF containing the
parameters defining the item from which
the pipeline runs.

The row in array NOZZLE defining the pipe.
The row in array UPDATE containing the
parameters defining the item to which

the pineline runs.

The row in array IPIPE containing the
parameters defining the piveline from
which the pipe runs (4.5.3).

The row in array IPIPE containing the
parameters defining the piveline to which
the pipe runs. (4.5.2).

The row in arrav IPIPF in which will be
entered the parameters defining the
pipeline to be displayed.

see BOXIN

see ARROW
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SUBROUTINE FOX (FACTOR,ESCALE,IFACTO)

FUNCTION:
The subroutine converts the real variables contained

in array BXEXT to integers.

PARAMETERS:

FACTOR A real variable whose dimensions is
feet.

ESCALE A scale factor converting from feet to
the dimansions of the variables stored
in arrav DIMENS.

IFACTO The value of the FACTOR after conversion.

SUBROUTINE INCOST (IPIPE,NOZZLE,BUF)

FUNCTION:

This subroutine calculates the cost of the piping.
The cost is calculated cach time a new pipe is dis-
played or a pipelinc route altered. Threce unit
costs are available. The cost is the lenath of

the line in screen inc¢rements multiplied by 1, 2

or 3. With a scale (IRATTIO) of 10 screen increments
per foot, this means the cost is calculated at 10,
20 or 30 units per foot of pipe.

PARZMETERS :

IPIPE ,NOZZLE sec 4.6
BUF see ARROW

SUBROUTINE IMITZL (BUF)

FUNCTION:
This routine initialises the piping cost which is

continuously replaced by SUBROUTINE INCOST.
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PLRAMETERS ¢

BUF see ARROY

SUBROUTINE INPIPE (NOZZLE,UPDATE,IPIPZ,YLEVEL,YTRAK,

BUF ,BASE ,BU?,XBASE ,YBASE)

FUNCTION:

This routine is the base routine which handles the
piping maneouvres. Together with SUBROUTINE SCREEN
it forms the basis of the proaram.

PLRAMETERS -«

NOZZLE ,UPDATE ,see 4.6
YLEVEL The Y co~ordinate of a pipeline as it

runs along the piperack.

YTRAK The level of the upper boundary of the
piperack.

BUF see ARROW

BASE see BOXIN

RUP Brightness control

XBASE ,YBASE see BOXIN

SUBROUTINE INSET (ICODE,XBASE,YBASE,BASE,BUF, ITYPES,

IROW,CODE ,NUMBER)

This routine disrlays a list of item types on the
screen, allowing the user to vick one with the light
pen. It then displays a list of the numbers of the
item. When the item number has bcen chosen in the
same way, the row in array DIMENS containing the
dimensions of item is calculated.

PARAMETERS *

ICODE see 4.6
XBASE ,YBASE, sce BOXIN

BASE, 8
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ITYRPES The number of item types.

IROW The row in array DIMENS containing the
dimensions of the item chosen.

CODE The item type chosen.

NUMBER The item number chosen.

SUBROUTINE INTAPE (UPDATE,IPIPE)

FUNCTION:

This routine writes the arrays UPDATE and IPIPE to
paper tape. The two arrays hold all the information
necessary to regenerate the layout on the screcn.
They arc also used by the plotter program.

PARAMETERES :

UPDATE, IPIPE see 4.6

SUBROUTINE INVERT (UPDATE ,UPROW,XBASE,YBASE,BUF)

FUNCTION:

This routine swings an item on the screen through 180

deqrees.

PARAMETERS :

UPDATE see 4.6

UPROW The row in array UPDATE containing the

parameters defining the item being
inverted.

X3ASE,YBASE see BOXIN

BUF see ARROW

SUBROUTINE ITRASE (UPDATF  XBASE, YBASE,BASF ,BUF)

FUNCTION:

This subroutine substitutes dotted or dashed lines
in the code for the plant items so that the user may
emphasise a number of itcoms according to his own

convention.
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PARAMETFERS :

UPDATE see 4.6

XBASE ,YBASF, sce BOXIW
BZSE

BUF seec ARROW

SUBROUTINE LETTER (UPDATFE,I,IX,IY,XBASE,LYBASF,BASE,BUF)

FUNCTIOWN:
This routine writes the codc letters and item number
just above or below the item demendina on which side

of the piperack the item is located,

PARAPMETERS =

UPDATF see 4.6

I The row in array UPDATF containing the
parameters defining the item.

IX,1Y The absolute co-ordinates of the item

origin.
XBASE ,YBASE see BOXIN
BASF.
BUF sea ARROW

SUBROUTINE LEVEL (YLEVEL,YTRAK,IPIPE,JX,JY, KX, KY, BUF)

FUNCTION

This routine decides where a nireline will be positioned
on the piverack. The piperack is taken as 20 ft. wide
and vipelines are positioned at one foot intervals
across the bridge. The routine scans through array
.IPIPE and checks that two or more pipes do not use

the same position.
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PARAMETERS

YLEVEL The Y co-ordinate of a pipeline as it runs
along the pivebridge.

YTRAK The Y co-ordinate (absolute) of the upper
edge of the riperack.

IPIPE see 4.6

JX,JY The co-ordinates of the starting point of
the pipelin .

KX ,KY The co-ordinates of the finishing point of
the pipeline.

BUF see ARROW,

SUBROUTINE LVEC (X,Y)

FUNCTION:

This routine positions the light bheam at a point on the
screen. By calling NEWBUF (BASFE 8), the beam is posi-
tioned at voint (0,0). To move the beam to another
point on the screen an invisible line is drawn to that
point. LVEC kreaks down the line into lenghts of

1023 increments which is the longest line the display
will draw.

PARAMETERS :

X,Y The absolute co-ordinates of the point
where the light beam is to be positioned.

SUBROUTINE NOPIPE (IPIPE)

FUNCTION:
To delete all piping from the screen and to set array
IPIPE to zero.

PARAMETERS :

TPIPE see 4.6
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SUBROUTINE OFSITE (NOZZLELQ?DATE,IPIPE,J,YTRAKixBASE,

YBASE ,BASE, BUF)

FUNCTION:
To display on the screen a pipeline of type 4.5.5
PARAMETERS :

NOZZLE ,UPDATE see 4.6

IPIPE
J The row in array NOZZLE containing the
parameters defining the pipeline.
YTRAK The Y co-ordinate (absolute) of the

upper edge of the piperack.
XBASE,YBASE, see BOXIN
BASE
BUF see ARROW

SUBROUTINE ORDER (KPIPE)

FUNCTION:
To place the elements of array KPIPE in ascending order.

PARAMETERS :

KPIPE An integer array of length eight.

SUBROUTINE PIMOVE (UPDATE,M,IPIPE,NOZZLE,XBASE,YBASE,

BASE,BUF,YTRAK,KPIPE,XDIF,YDIF,IXX,IYY,IFTURN)

FUNCTION:

This subroutine partners SUBROUTINE REMOVE. The
routine calculates the co-ordinates of the new piping
nozzles and replaces the relevant pipelines as the

item is moved around the screen.
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PARAMETERS :

UPDATE see 4.6
M The row in array UPDATE containing the

parameters defining the item being

moved.
IPIPE ,NOZZLE see 4.6
XBASE ,YBASE see BOXIN
BASE

BUF see ARROW

YTRAK The Y co-ordinate (absolute) of the
upper edge of the piperack.

KPIPE An integer array containing the refer-
ence number of all pipelines that need
to be replaced.

XDIF,YDIF The difference between the o0ld and new
origin co-ordinates of the item.

IXX,TIYY The original co-ordinates of the item
origin.

IFTURN The value of this variable indicates

whether the item has been inverted.

SUBROUTINE PIPEl (UPDATE,UPROW,IXX,IYY,hXO,YO,BUP,BUF,

BASE)

FUNCTION:

This subroutine indicates the nozzle positions of the
items. A line is drawn a scale one foot perpendicular
to the side of the unit. This routine is not called
when the item is represented in plan by a circle, The
co-ordinates of the end of the nozzle are calculated
and the piveline is drawn from this voint.
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PARAMETERS :

UPDATE see 4.6

UPROW The row in array UPDATE containing the
parameters defining the item.

IXX,IYY The co-ordinates of the light beam:
used when the nozzle position is being
redefined.

X0,YO The co-ordinates of the end of the

nozzle at which point the pipeline

begins.
BUP Brightness parameter.
BUF see ARROW
BASE see BOXIN

SUBROUTINE PIPEX (IPIPE,NOZZLE,BUF ,BASE,XBASF ,YBASE)

FUNCTION:
To replace an existing orthogonal pipeline with direct

nozzle to nozzle piping.

PARAMETERS ¢

IPIPE,NOZZLE see 4.6

BUF see ARROW

BASE ,XBASE, see BOXIN
YBASE

SUBROUTINE PIRACK (YTRAK,IWIDTH,IRATIO,BUP,BUF,BASE,

XBASE ,YBASE)

FUNCTION:

To display a representation of the main piperack.
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PARAMETERS:

YTRAK The Y co-ordinate (absolute) of the

uvper edge of the piperack.

IWIDTH The piverack width.
IRATIO The number of screen increments repre-
senting one foot.
BUP Brightness varameter.
BUF see ARROW
BASE ,XBASE, see BOXIN
YBASE

SUBROUTINE PRINT1 (IPIPE)

FUNCTION:
This subroutine writes out the contents of array IPIPE.

PARAMFTERS *

IPIPF see 4.6

SUBROUTINE PRINT2 (NOZZLE)

FUNCTION:
This subroutine writes out the contents of array NOZZLE.

PARAMETERS =

NOZZLE see 4.6

SUBROUTINE PRINT3 (UPDATE)

FUNCTION:
To write out array UPDATE

PARAMETERS :

UPDATE see 4,6

SUBFQUTINE PRINT4 (DIMENS,ICODE,ITNUMB)
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FUNCTION:
This routine writes out the contents of array DIMENS,

indicating which item the dimensions refer to.

PARAMETERS :
NDIMENS,ICODE see 4.6
ITNUMB The number of plant items being

displayed.

SUBROUTINE PRINTS (CLEAR,ICODE,ITNUMB)

FUNCTION:
This writes out array CLEAR, indicating which item

the clearances refer to.

PARAMETERS :
CLEAR,ICODE sce 4.6
ITNUMB The number of plant items being

displayed.

SUBROUTINE PRINTX (IPIPE,UPDATE,NOZ2ZLE,DIMENS,ICODE,

ITNUMB,CLEAR)

FUNCTION:
This routine calls the above PRINT routines.

PARAMETERS :

see above.

SUBROUTINE PTOV (UPDATE IPIPE,K,IL,N,KIX,KIY, NUP,BUF,

BASE)

FUNCTION:

This routine displays pipework of type 4.5.3

PARAMETERS :
UPDATE, IPIPE see 4.6
K The row in array UPDATE containing

the parameters defining the item.
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IL

KIX,KIY

BUP
BUF

BASE

The row in array IPIPF containing the
parameters defining the nipe,

The row in array IPIPE in which will
be entered the parameters defining
the pipeline to be displayed.

The co-ordinates of the nozzle posi-
tion on the item perimeter.

A brightness parameter.

sec ARROW

see BOXIN

SUBROUTINE PTOVX (UPDATE,IPIPE,NOZZLE,N,BUF,NASE,

XBASE, YBASE , YTRAK)

FUNCTION:

This subroutine allows the user to redefine pipework

of type 4.5.3, by calling PTOV for different NOZZLE

co-ordinates.

PARAMETERS :

UPDATE, IPIPE,

NOZZLE

BUF
BASE ,XBASE,
YBASE

YTRAK

sec 1.6

The row in array IPIPE containing
the parameters defining the pipeline
to be redisplayed.

see ARROW

see BOXIN

The Y co-ordinate of the upper edge

of the piperack.

SUBROUTINE REMOVE (UPDATE,IPIPE,NOZZLE,XBASE,YBASE,

BASE,BUF ,YTRAK)
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FUNCTION:

This routine allows the operator to move a plant

item around the screen. Any pipework associated with
the item will be redisplayed at the new item position.
The pipework costs are recalculated thus allowing

the user to position the item in the optimum position.

PARMMETERS =

UPDATE, IPIPE, sec 4.6

NOZZLE
XBASE ,YBASE see ARROW
BASE
BUF see BOXIN
YTRAK The y co-ordinate of the upper edge

of the piperack.

SUBROUTINE REPUT (UPDATE,IPIPE,NOZZLE,BASE,BUF,XBASE,

YBASE)

FUNCTION:

This routine reads in the paper tapbe output by INTAPE.
This allows the user to work on a number of layouts
modifying each in turn.

PARAMETERS :

see PTOVX

SUBROUTINE SETUP (YTRAK,IWIDTH,IRATIO,BUF,BASE, XBASE,

YBASE)

FUNCTION:
This routine sets up the base co-ordinates for the

scissoring routine.
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PARAMETERS :

YTRAK The Y co-ordinate of the upper edge
of the piperack.
IWIDTH The piperack width.
IRATIO The number of screen increments repre-

senting one foot.

BUF see ARROW
BASE ,XBASE, see BOXIN
YBASE

SUBROUTINE SWOPP (UPDATE,I,BUF)

FUNCTION:
To alter the orientation of an item, swinging it

through 180 degrees.

PARAMETERS ¢

UPDATE see 4.6

I The row in array UPDATE containing the
parameters defining the item.

BUF see ARROW

SUBROUTINE VIEW (XBASE,YBASE,BASE,BUF)

FUNCTION:
This routine allows the user to scan the picture area
available for display.

SUBROUTINE VTOP (UPDATE,IPIPE,I M,N,JIX,JIY,BUP,BUF

BASE)

FUNCTION:

This routine displays pipework of type 4.5.2
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PARNMETERS -

UPDATE , IPIPE

I

N

JIX,JTY

BASE

see 4.6

The row in array UPDATE containing the
parameters defining the item.

The row in array IFPIPF containing the
prarameters definina the pine,

The row in array IPIPE in which will be
entered the varameters defining the pive-
line to bhe displayed.

The co-~ordinates of the nozzle posi-
tion on the item parimeter.

Brightness parameter.

see NRROW

see BOXIN

vTOPX (UPDATE,IPIPE,NOZZLE,N,BUF,BASE,XBASE,YBASTE,YTFAK)

FUNCTION:

This subroutine allows the user to redefine pnivework of

tyve 4.3.2. by calling VTOP for different nozzle co-

ordinates.

PARAMETERS

UPDATE, IPIPE,
NOZZLE

]

see 4.6

The row in array IPIPE containing the

narameters defining the pipeline to

be redisplayed.
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NUF
B7.SE,XBASF,
YBLSF

YTRAK

see ARRO™

see BOXIM

The Y co-ordinate of the upper edas of

the pirerack.

vTOV (UTDATF,IPIPE,I,K.M,JIX,JIY,KIX, KIY, A NUP,RIJF,BASE,

XBASE ,YBASE,YTR2AK)

FUNCTION:

This routine displays vipework of tyme 4.5.1.

PARAMFTERS »

UPDATE, IPIPE

I.X

KIX,JIY

KIX ,KTIY

BUF

BUF

BASE ,XBASE
YBASFE

YTPAK

see 4.6

The rows in array UPDATE containing the
defining items.

The co-ordinates of the nozzle position
on ona item verimeter.

The co-ordinates of the nozzle posi-
tion on one item verimeter.

Brightness narametecr.

see ARROW

see ROXINW

The Y co-ordinates of the upner edce

of the piperack.
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'VTOVX (UPDATE, IPIPE ,NOZZLE,N,BUF ,BASE ,XBASE, YBASE , YTRAK)

" TCTION:

This subroutine allows the user to redefine pipework
of type 4.3.1 by calling VIOV for different nozzle
co ordinates.

PARAMETERS :

UPDATE, IPIPE, see 4.6

NOZZLE
N The row in array IPIPE containing the
parameters defining the bipeline to be
redisplayed.
BUF see ARROW
BASE, XBASE, see BOXIN
YBASE
YTRAK The Y co~ordinates of the upper edge of

the piperack.

SUBROUTINE WAIT (KEY,BUF NUMBER)

FUNCTION:
The routine halts the program until a key is depressed.

An action then occurs depending on which key is pressed.

PARAMETERS :

KEY This integer takes the value of the
key depressed.

BUF see ARROW

NUMBER This integer is written on the screen

so that the user knows with which set
of decisions he is concerned.

SUBROUTINE ZERO (IPIPE,UPDATE)
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FUNCTION:

This routine initialises the TPIPE and UPDATE arrays.
Each element of the arrays is sct to zero except for
the fifteenth column of array UPDATE which is set to
unity.

PARAMETERS :

IPIPE,UPDATE see 4.6

SUBROUTINE ZONAL (UPDATE,DIMENS,ICODE,XBASE,YBASE,BASE,

BUF, ITYPES, ITNUMB ,CLEAR, SCALE ,UPROW)

FUNCTION:

This routine handles the operation whereby the user
chooses an item to be displayed. The screen size of
the unit is calculated and the parameters are entered
in array UPDATE,

PARAMETERS:

UPDATE,DIMENS, see 4.6

ICODE
XBASE,YDASE, see BOXIN
BASE
BUF see ARROW
ITYPES The number of item types.
ITNUMB The total number of items.
CLEAR see 4.6
SCALE An integer scale factor to convert the
dimension in array DIMFNS to fect.
UPROW The row in array UPDATE where the para-

meters defining the item chosen are to

be located.
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4.8 Toluene Hvdrocracker Layout

The petrochemical plant laid out manually in
section 3.4, the process flow diagram of which is
shown in Fig. 2., was laid out using the computer
graphics program developed. The item code specifi-
cation was altered in accordance with section 4.1
and this specification occurrs on the plot of the \
display shown in Fig. 8. Table 11, indicates the
specification changes. The Elliott display allows
three levels of brightness and this enabled three
pipe cost groupings to be presented. The plot (Fig.
9) of the display shows a double line for group one
pipelines (most expensive); a single line for group

two pipelines; and a dashed line for group three

pipelines.
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01d Specification New Specification

as Fig. 2. as Fig. 8.
D 102 CB 101
D 103 CB 102
E 107 TE 101
E 109 B 102
E 108 E 103
E 106 HE 104
E 103 FR 101
E 105 R 102
E 102 HC 101
E 104 1’C 102
E 101 nC 103
B 101 JA 101
C 102 XA 101
C 101 KA 102
G 101 PA 101
G 103 PA 102
G 104 PA 103
G 105 PA 104
G 106 PA 105
D 101 RA 101
F 101 TA 101
F 102 TA 102
F 103 TA 103
F 104 TA 104
F 105 TA 105
F 106 TA 106

TABLE 11
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Conclusion

Some indication has already been given of the
scope of the graphics development program envisaged
by I.C.I. The philosophy of their approach is, I
believe, still valid although work on this project
is at present curtailed.

It was estimated that it would take about six
years to develore and implement the fully integrated
system. Obviously in nine months only a limited
amount of work was possible. The graphics program
devaloped is constricted insofar as it gives a two
dimensional projection only. Scissoring capability
also leaves much to be desired. Extension of the
Program to enable three dimensional layout with
isometric projection and full scissoring facilities
are logical improvements and would greatly increase
the potential of the program. The size of the plant
that the program will handle is limited only by the
size of the computer. The program developed handles

twenty six plant process items on a 32k machine.
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APPENDIX I

Plant Layout Program

This program is written in Fortran IV for an

Elliott 41/30 machine.
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INDEX OF SUBROUTINES

SUBROUTINE

ARROMW
BOX
BOXIN
BOXOUT
DISBOX
pDISCUB
pISCYL
DRAW
ELVATE
ERASE
FIGURF
FIRST
FOX
INCOST
INITAL
INPIPE
INSET
INTAPE
INVERT
ITRASE
LETTER
LEVEL
LVEC
NOPIPE
OFSITF
ORDER
PIMOVF
PIPE1
PIPEX
PIRACK
PRINTZ
PRINT?
PRINT3
PRINT4
PRINTS
PRINTX
PTOV
PTOVX -
REMOVE
REPUT
SCREEN
SFTUP
SHOPP
VIEW
VTOP
viorX
vTov

- VTOVX
WATT
7FRQO
TONAL

PAGE

11
70
35
34
67
48
59
62
52
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15
60
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22
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37
66
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60
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56
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43
44
45
46
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54
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40
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PAGE 3.

SUBROUTINF SCREEN(DIMFNS, ICODF,CLEAR,
#BUF ,NOZZLF,ITNUMB,ITYPES,RASE)

INTEGER DIMENS(ITNUMB,S),CLEARCITNUMB,6),UPDATE(30,15),
#ACTION,RBUF(200),ICODECITYPES,?).,.FOUND,
#«TYPE,CCODE,YPOINT,NOZZLE(60,4), UPROH IPIPE(SO, 11).
#SCALE,BASF(8),XBASE, YRASE,

#YTRAK, BUP

LOGICAL SWITCH

INITIALISE IPIPE AND UPDATE ARRAYS

CALL ZEROCIPIPE,UPDATF)

IWIDTH=20
XBASE=-1023
YBASE=-10?3
YTRAK=100-YBASE
IRATIO=10
LSCALE=1
SCALE=192
JSHINF=1
KMODE=1

1TYPE=1

INSERT CNST STATFMENT AND PIPERACK REPRESENTATION

CALL SETUP(YTRAK,IWIDTH,IRATIN,BUF,BASE,XBASE, YRASE)

GO TO 106
3 CALL ZONAL(UPDATE,DIMENS, ICODE,XBASE, YBASF,BASE,BUF, I TYPES,

# [ TNUMB,CLEAR, SCALE, UPROW)
CALL PIRACK(YTRAK,IWINDTH,IRATI0,BUP,BUF,BASE,XBASE,

#YBASE)

MODE=1

KMODE=1

CALL CRPOS(850,850)

THE ITEM AND ACCFSS AREA ARE GENFRATED AND POSITIONED ON THE SCREEN
USING THE LIGHT=-PEN,

8999 CALL TRAK(IX,1Y)
GO T0(31,41),KMODF

IF THE ITEM 1S PULLED BELOW THE PIPERACK IT 1S INVERTED RY CALLING
SWOPP,

31 IF(1Y=-YBASE.LT.1023)GN TO 32
GO TO 9000
32 KMODE=2
CALL SWOPP(UPNATE,UPROW,BUF)
GO TO 9000
41 IF(I1Y-YBASE.GT.1023)G0 TO 42
GO TO 9000
42 KMODE=1
CALL SWOPP(UPDATE,UPROW,BUF)

GENERATE THE ITEM CODE

9000 CALL FIGURE(UPDATF,UPROW,1X,1Y,XBASE,YBASF,
#BASE,BUF)



C
C
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PAGF 4.

CALL DISBOX(UPDATE(UPROW,R),UPDATE(UPROW,9),UPDATFE(UPROW,10),
#UPDATE(UPROW, 11), JSHINE)

THE ITEM IS INSERPTED ON THE FIRST PASS WHEN MODE = 1. SURSEQUENTI Y
MONDE IS SET T0 2, AND THE [TFM IS CONTINUOUSLY REPLACED.

60 T0(9001,9002),M0DE
9001 CALL INSERT(UPDATF(UPROW,3),0)
CALL BOXIN(UPNATE, XBASE, YRASE,BASE,BUF)
MODE=2
G0 TO 8999
9002 CALL REPL(UPDATEC(UIPROW, 3))

THE CYCLE IS LEFT WHEN KFY 1 IS DEPRFSSED.

[F(SWITCH(1))60 TO 105
GO TO 8999

THE ABSOLUTE CO-ORDINATES OF THE ITEM ARF ENTERED IN THE UPDATF
ARRAY, THE ACCESS ARFEA IS DELETED FROM THE SCREEN,

105 UPDATE(UPROW,4)=1X~-XBASF
UPDATE(UPROW,®)=]Y~YBASF
CALL BOXOUTC(UPDATF,XBASF,YRASF,RASE,BUF)

SECTION ONF:- THF USFR MAY DEFINF AN ACTION RY DEPRESSING A KEY
AS LISTED BELOW.

106 CALL WAIT(KEY,BUF,1)

- DISPLAY L1ST OF ITEM TYPES

~ DELETF AN ITEM FROM THE SCREEN
- MOVE AN ITEM

- DELETF ALL PIPING

WRITE ARRAY NOZIZLF

- INVERT AN ITEM

- INPUT ITEMS BY PAPER TAPE

- SWITCH TO SECTION TWO

0NN DWW
]

GO TO (3.?00,300;198.197.4001.199.1200)nKEY
WRITE THE CONTENTS OF ARRAY NOZZLE.

197 CALL NZPRNT(NNZZLF)
GO TO 106 '

DELETE ALL PIPING AND SET PIPING COST TO ZERO.
198 CALL NOPIPE(IPIPE)
CALL INCOST(IPIPE,NOZ7LE,RUF)
GO TO 106
INPUT ON PAPER TAPE A PRFDEFINED LAYOUT,

199 CALL REPUT(UPDATE,IPIPE,NOZZLF,BASE,BUF,XRASE, YRASE)
GO TO 106



C
C

(e NoNeNe!

PAGE 5.
DELETE AN ITEM FROM THE SCREFN,
200 CALL ERASF(IPIPF,UPDATE,NOZZLF,BUF)
GO TO 106

AN ITEM IS SPECIFIED WiTH THF LIGHT-PEN, ITS POSITION IN ARRAY
UPDATE IS DETERMINED. THF REGENERATION CYCLE IS ENTERED SO THAT
THE ITEM MAY BE REPOSITIONED ON THF SCREFN. THE ACCESS AREA 1S
REDISPLAYED.

300 JAB=ACTION{(4,FOUND)
DO 301 IS=1,30
IF(UPNDATE(IS,.3).EQ.JARXGO TO 302

301 CONTINUE

C
C

anaaaaaa

e NeNe!

C

C
C

302 IX=UPDATE(IS,4)+XRASE
IY=UPNDATE(1S,5)+YRASE
KMODE=1
[F(IY-YRBASE.LT.1023)KMODE=2
CALL CRPOS(IX,IY)
CALL BROXIN(UPDATE,XBASE,YPASE,BASE,RUF)
UPROW=1S
MODE=2
GO TO 8999

SECTION TWO:- THF USFR MAY DEFINFE AN ACTION RY DFPRESSING ONF O0F
THE SENSF KEYS.

1200 CALL WAIT(KEY,BUF,2)

KEY 1 - PRINT ARRAYS

KEY 2 - MOVF LEFT

KEY 3 - MOVF RIGHT

KEY 4 - MOVF UP

KEY 5 - MOVF DOWN

KEY 6 - INDICATF ELFVATFD ITEM
KEY 7 - QUTPUT PUNCH

KEY 8 - SWITCH TO SFCTION THREE

GO T0(2999,30Nn1,3n001,30Nn1,3001,2998,3000,4000),KEY

AN ITEM IS SPECIFIED WITH THE LIGHT-PEN, IT CAN RE SHOWN WITH
NOTTED OR DASHED LINFS TO INDICATE THAT THE ITEM IS LOCATED
ABOVE GROUND LEVFL,

2998 CALL ITRASE(UPDATE,XBASE,YBASF,BASE,BUF)
GO TO 120N

ARRAYS UPDATF, IPIPE, NO7ZLE, DIMENS, AND CLFAR ARE WRITTEN NUT,

2999 CALL PRINTX(IPIPE,UPDATE,NOZZLE,DIMENS,ICODE, ITNUMB,CLEAR)
GO TO 1200

ARRAYS UPDATF AND IPIPE ARF OUTPUT TO PAPER TAPE, THFSF ARRAYS
NEFINE THE LAYOUT, .

3000 CALL INTAPE(UPDATE,IPIPF)
GO TO 1200



C : ' PAGE 6.
C SCISSORING RNAUTINE, ‘
3001 CALL VIEW(XBASE,YRASE,BASF,RUF)

GO TO 120N

C BASIC SUBROUTINE HANDLING ALL PIPING FACILITIES.

4000 CALL INPIPE(NNZZLF,UPDATE,!IPIPE,YLEVEL,YTRAK,RUF,RASE,EBUP,
#XBASE, YBASE)
GO TO 106

C AN ITEM IS SPECIFIED WITH THF LIGHT-PEN, IT IS INVERTED AND THF
C ACCESS AREA 1S REDISPLAYED. THE REGENERATION CYCLE IS ENTERED SO
C THAT THE ITEM MAY BE REPOSITIONED.

4001 CALL INVERT(UPDATF,UPROW,XBASF,YBASE,RUF)
CALL ROXIN(UPNATE,XBASE, YRASE,BASF,BUF)
MODE=?2
GO TO 89909
RETURN
END
SEGMENT



C PAGF
SUBROUTINF INPIPE(NOZZLE,UPDATE,IPIPE, YLEVEL,YTRAK,
#BUF ,BASE,RUP, XBASF, YBASE)
INTEGER NOZZLF(60,4),UPDATE(30,15),IPIPE(60,11),BUF(200),
#BASE(8),BUP,YLEVEL, YTRAK,
#ACTION,XBASE, YBASE
LOGICAL SWITCH

C SECTION THREF:- THE USER MAY DEFTNE AN ACTION BY DEPRESSING
C ONE OF THE SFNSE KEYS.

5000 CALL WAIT(KEY,BUF,3)

c KEY 1 - NISPLAY PIPING

C KEY 2 - NOZZI.E RFDEFINITION

C KEY 3 - NELETE PIPING

C KEY 4 - CHANGE PIPELINE LEVEL
C KEY 5 - MOVE AN JTEM

C KEY 6 - NELETE AN NBJUECT

C KEY 7 - DIRECT PIPING

C KEY B ~ SWITCH TO SECTION ONF

GO TO(500,5010,2001,1999,1998,1000,2000,106),KEY

C AN ITEM 1S SPECIFIFD WITH THF LIGHT-PEN AND MAY RE REPOSITIONEN
C THE PIPELINES ARF REROUTED AND THE NFW PIPING fOST 1S COMPUTFD,

1998 CALL REMOVE(UPDATF,IPIPF,NO7ZLE,XBASE, YBASE,BASF,
#BUF, YTRAK)
GO T0 5000

C THIS ROUTINE ALLOWS THE USFR TO PEPOSITION THE PIPELINE ON
C THE P|PERACK, . .

1999 CALL ELVATE(IPIPE,NOZ7LF,BASE,BUF,XBASE, YRASE)
GO TO 5000

C A PIPFLINE 1S DRAWN DIRECTLY RETWFEN THF NOZZLES.

2000 €ALL PIPEX(IPIPE,NOZZI £,BUF,BASE,XBASF,YBASE)
GO 70 5000

C ALL PIPING IS DELETED FROM THE SCRFEN.

2001 CALL NOPIPECIPIPE)
CALL INCOST(IPIPE,NOZZLF,RUF)
GO TO 5000

C A PIPELINE IS SPECIFIED WITH THE LIGHT-PFEN AND ITS PNSITION
C IN ARRAY IPIPE IS IDFNTIFIED,

5010 KPIPE=ACTION(4,FOUND)
DO 5011 N=1,60
IF(KPIPE.FQ.IPIPE(N,1))G0 TO 5014

5011 CONTINUE
GO TO 5000



¢ PAGF

C THE TRACKING CROSS IS PLACED AT THE BEGINNING OF THE
C PIPELINE. [Z IS THE PIPELINE TYPE.

'5014 CALL CRPOS(IPIPE(N,?)+XBASE,IPIPE(N,3)+YBASE)
[Z=1PIPE(N,11)
GO T0(5020,5030,5040,2000,5000),17

C VESSEL TO VESSFL, PIPEWORK REROUTING. IZz=1.

5020 CALL VTOVX(UPDNATE,IPIPE,NOZZLE,N,BRUF,
#BASE,XBASFE, YBASF, YTRAK)
GO T0 500N

C VESSFL T0O PIPE, PIPEWORK RFRNOUTING, 12=2.
5030 CALL VTOPX(UPNATE,IPIPE,NNZZLF,N,RUF,
#HASE,XBASE,YBASE, YTRAK)
GN TO 5000
C PIPE TO VESSFL, PIPEWORK RERQOUTING, 1Z=3,

5040 CALL PTOVX(UPNATE,IPIPE,NOZZLF,N,RUF,
#BASE,XBASF, YBASE, YTRAK)
G0 TO 5000

PIPING IS DISPLAYED.

(@]

500 J=0
501 CALL FIRST(NO7ZLE,UPDATE,IPIPF,1,J,K,1L,M,N,
*XBASE, YBASE,BASE, AUF, YTRAK)
IF(J.GT.60)60 TO 5000
IPIPE(N,1)=J+1000
MODE=1

THE CO-ORDINATES OF THE ORIGINS OF THE ITEMS ARE FOUND.
BUP IS A BRIGHTNFSS PARAMETER,

o]

JIX=UPDATF(],4)
JIY=UPDATE(I,S)
KIX=UPDATF (K, 4)
KIY=UPDATF(K,5)
BUP=NOZZLF(J,3)

C SET UP EMPTY CODFE BUFFER AND SET BEFAM POSITION TO NDISPLAY
C ARFA ORIGIN rO-ORDINATES.

CALL NEWBUF(BUF,200)
CALL ENTER(BASE,8)

DETERMINE THE TYPE OF PIPELINE BY EXAMINATION OF ARRAY
C NOZZLE.

Q

IF(NOZZLE(J,1).LT.1000.AND,NOZZLE(J,2).LT.1000)GO TO 630
IF(NOZZLE(JU+»1).LT,1000.AND.NOZZLE(J,2).GT7.1000)G0 TO 640
IF(NOZZLE(J,1).GT,1000,AND ,NOZZLE(J,2).LT.1000)G0 TO 650



c

PAGF
VESSEL TO VESSFL, PIPEWORK DISPLAY.

630 CALL VTOV(UPDATE,IPIPF, | ,K, N, JIX,JIY,KIX,KIY,
»BUP,BUF ,BASE, XBASF, YBASF, YTRAK)

631 CALL INSERT(J+1000,0)
CALL INCOSTC(IPIPE,NOZZLFE,RUF)
GO T0 501

VESSEL TO PIPE, PIPEWORK DISPLAY,

640 CALL VTOP(UPDATE,IPIPF,I,M,N,JIX,J]Y,RUP,RUF,RASE)
646 CALL INSERT(J+1000,0)

CALL INCOST(IPIPE,NOZ7LE,RUYF) )

GO TO 501

PIPE TO VESSFL, PIPEWORK DISPLAY,

650 CALL PTOV(UPDATE,TPIPF,K,IL,N,KIX,KIY,BUP,BUF,BASF)
656 CALL INSERT(J+1000,0)

CALL INCOST(IPIPE,NOZ7LFE,RUF)

GO TO 501

DELETE AN OBJECT FROM THF SCREEN,

1000 CALL ERASC(IPIPE,UPDATE,NNZZLF,RBUF)
GO TO 5000

106 RFTURN
END
SEGMENT
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SUBROUTINE VIFW(XRASE,YRASE,BASE,RUF)
INTFGER VALUE,XRASE,YRASE,RBASF(B),BUF(200),KEYS
LOGICAL SWITCH

THIS SUBROUTINE SCISSORS THE DISPLAY. THE ARFA AVAILABLE
FOR DISPLAY IS 2n46 X 2046 SCREEN INCREMENTS. THF SCREFN
SIZE IS 1023 X 1023 INCRFMENTS.

KEYS 1S AN INTEGER FUNCTION WHICH RECOMES THF BINARY SETTING
OF KEYS 2-5 INCLUSIVF. '

1 VALUE=KEYS(2,5)
IF(VALUE.EQ,0)GO0 TO 1ﬂ0
IF(VALUE,GT.8,0R.VALUF,LT.1)GN TO 1

5 GO0 TO (10,11,3,12,1,1.,1,13),VALUE J

MOVE PICTURE TO RIGHT.

10 IF(XBASE.GT.-1023)G0 T0 1n0
IFC.NOT.SWITCH(?2))GO TO 100
" XBASE=XBASE+1
GO TO 50

MOVE PICTURE TO LEFT,.

11 IF(XBASE.LT.-2046)G0 TO 1n0
IF(,NOT.SWITCH(3))GO TO 100
XBASE=XRASE-1
GO TO 50

MOVE PICTURE UP,

12 IF(YBASF.GT.0)GD TO 100
IF(.NOT.SWITCH(4))GO TO 100
YBASE=YRASE+1

"GO T0 50

MOVE PICTURE DOWN,

13 IF(YBASE.LT.-1023)G0 TC 1n0
IFC.NOT.SWITCH(5))GO TO 100
YRASE=YBASE=-1

THE DISPLAY NRIGIN CO-ORNINATES, XBASE, YBASF, ARE
INCREMENTED THUS SHIFTING THF SCREEN ‘WINDOW’ ACROSS THE
NISPLAY AREA.

50 CALL NEWBI!IF(BASF,R)
CALL POINT(0,0,0)
CALL VECTOR(XRASE/2,YRASEZ2,0)
CALL VECTOR(XRASE/2,YRASE/2,0)
GO T0 1

100 RETURN
END
SEGMENT



C : PAGF 11.

SUBROUTINF ARROW(BUP,RUF,K)
INTEGER BUP,BNF(200)

C GENERATE CODF TO FORM ARNOMNW.

CALL LINEC(0,0,0,K,BUP,1)

CALL LINE(0,0,4%K,0,BUP,1)
CALL LINEC(O0,0,0,2%K,BUP,1)
CALL LINE(010,4‘KD’3'KJRUp01)
CALL LINE(0.0o‘4'Kp'3'K:BUP;1)
CALL LINEC(0,0,0,2#K,BUP,1)
CALL LXNE(O’Oa'a*K’O'RUppl)
CALL LINEC(0,0,0,K,BUP,1)
RETURN

END

SEGMENT
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SUBROUTIN® OFSITE(NOZZLE,UPDATE,IPIPE,J,YTRAK,XRASE, YRASE,
#BASE,BUF)

INTEGER NOZZLF(60,4),!'PDATE(30,15),1PIPF(60,11),XRASE,
#YRASE,BASF(8),BUF(200),YLFVEL, YTRAK, YMIN, RUP
YMIN=YTRAK=-200

M=5

K=1

MODE=1

IF(J.GT.1Nn00IMODE=2

IF(J.GT.1n00)J=J-1000

1, THE PIPF IS -INSERTEN,
2, THE PIPF 1S REPLACED,

IF MODE
IF MODE

Hon

DO 5 JA=1,60
IF(IPIPEC(JUA,1).FQ.J+1000)GO TO(50,60),MO0DF

5 CONTINUE

SET BRIGHTNESS PARAMFTER BUP, AND DETERMINE IF THE PIPE
CARRIES A FEFD 0OR PRNODUCT STREAM,

6 BUP=NOZZLF(J,3)
[F(NQOZZLE(J,1).FQ.1IK=2

SET UP CODE RBUFFFR.

CALL NEWBUF (BUF,200)
CALL ENTER(RASE,B8)

NETERMINE PIPE TYPE,

DO 20 L=1,61

[F(NOZZLE(J,K) ,EQ,UPDATE(L,3))G0 TO 25

IF(NOZZLE(J,K)Y.EQ.IPIPE(L,1))G0 TN 5¢
20 CONTINUE

RETURN

CALCULATE WHFTHER UNIT IS CLOSFR TO THE RIGHT OR LEFT SITF
ROUNDARY AND WHETHER THE UNIT IS ABOVE OR BELOW THF
PIPERACK.

25 iX=UPDATE(L,4)
[Y=UPNDATE(L,S)
JY=YTRAK
JX=3019
[FCIX.LT.2046)JX=1073
JFCIY.LT.YTRAK)IJY=SYMIN

SET ARROW SCALE FACTOR M AND FIND A LEVEL AVAILARLF ON
THE PIPERACK.,

IF(K.EQ.2.AND.[X.GE.2046,0R.K.EQ.1.AND,
#1X.LT.2046)M=2-5 _
CALL LEVEL(YLEVEL,YTRAK,IPIPE,IX,1Y,JX,JY,BUF)
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GENERATE CODV FOB PIPELINE DISPLAY,

GO TO(30.25),¥«

30 CALL LVECCOIX, 1Y)
CALL AROVFC(Q,IY,0,YLFVFL,BUP,1)
CALL AROVFC(IX,0,JX,0,BtIP,1)
CALL ARROQW(RUP,RUF,M)
GO TO(40.70),M0ODE

35 CALL LVFC(JX,YLFVFL)

“CALL ARPOW(RYUP,RUF,M)

CALL ARNVEC(JY,0,1X,u,B1P,1)
CALL AROVFC(OQ,YLEVEL,O0,1Y,BUP,1)
GO TO(40,70),MODE

INSERT THE ITEM., FIND FIRST VACAMT ROW IN ARRAY TPIPE AND
INSERT THE PARAMETFRS DEFINING THE LINF.

40 CALL INSERI(10G0N+J,0)
DO 1 1S:=1.100
IFCIPIPECIS, 1Y LEQ.OYGH YO 2

1 CONTINUE

2 IPIPE(]IS,1)=J+1000
IPIPE(IS. )=K
IPIPE(CIS,3)=M
IPIPECIS,4)=1Y
[PIPECIS, )=1Y
IPIPE(1S,4)=YLEVEL
I[PIPECIS, T)=JY
IPIPECIS, 11020

50 RETURN

60 IPIPE(JA,»)=D
GO TO 6

70 CALL REPL(J+100M)
1S=JA
GO TO 2
END
SEGMENT

PAGF

13.
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SUBROUTINF FIGURE(UPDATE,UPROW,IX,1Y,XBASFE,YBASF,

#«BASE,BUF)
INTEGER UPDATF(30,15),UPROW, XRASE, YRASE,BASE(8),
*BUF (200)

ITYPE INDICATES IF THE ITEM IS ELEVATED.
ITYPE=UPDATE(UPROW,15)

SET UP CODE BUFFFR.

CALL NEWBHUF (B!F,200)

CALL ENTER(BASE,8)

CALL LVEC(IX-XBASF,1Y-YBASE)
41 IF(UPDATE(UPROW,13))45,50,55

CUBE.

45 CALL DISCUBCIX,IY,UPDATE(UPROW,6),UPDATE(UPROW,7),BUF, 1TYPE)
CALL VECTﬁR(O.UPUATE(UPQON.?).0)
GO TO 60

SPHERE.

50 CALL VECTNR(-UPDATE(UPROW,12)/2,0,0)
CALL ARC(-UPDATF(UPROW,12)/2,0,-UPDATF(UPROW,12)/2,0,0)
CALL VECTOR(UPDATF(UPROW,121/72,0,0)
CALL VECTOR(0,UPDATE(UPROW,12)/2,0)

GO TO 60
CYLINDER.,

55 CALL DISCYLCIX,1Y,UPDATE(UPROW,7),UPDATE(UPROW,12),
*UPDATE (UPROW, 14),RUF, ITYPF)

LETTER THE ITEM WITH THE IDENTIFICATION CODE AND ITS SITF
NUMBER.

40 CALL LETTFR(UPDATF,UPROW,I1X,1Y,XBASE,YBASF,RASE,BUF)

RETURN
END
SEGMENT
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SUBROUTINF FIRST(NOZZLE,UPDATF,IPIPE,1,J,K,IL,M,N,
#XBASE, YBASE,BASE,RUF, YTRAK)

INTEGER NNZZLF(6U,4),UPDATE(30,15),IPIPE(60,11),
#XBASE, YBASE,BASF(8),BUF(200), YTRAK .

IL=0
1 FORMAT(1X,16HIPIPF ARRAY FULL)
M=0
C DETERMINE WHFTHER THE ITEM IN COLUMN ONE OF ARRAY NOZZLE
C IS ON THE SCREEN,
501 J=J+1 .
IF(J.GT.60)G0 TO 629
1=1

IF(NOZZLE(J, 1).67. 1000)GO TO 600
IF(NOZZLE(J,1).EQ.0)GN TO 700

IF(NOZZLE(J,1).FQ.1)CALL OFSITE(NOZZLE,UPNATE,IPIPE,J,
*YTRAK, XBASE, YRASE,BASF, RUF)

505 1F(NOZZLE(J,1).EQ.UPDATF(I,3))GO TO 520

I=1+1

IF(I.GT.30)GO TO 501

GO TO 505

C DETERMINE WHFTHER THE ITFM IN COLUMN TWO OF ARRAY NOZZLE
C 1S ON THE SCREEN.

520 K=1
IF(NOZZLE(J,2).6T7,.1000)G0 TO 604
IF(NOZZLE(J,2).EQ.1)CALL NFSITE(NOZZLE,UPDATE, IPIPE, J,
. #YTRAK, XBASE, YRASE,BASF,RUF)
530 IF (NOZZLE(J,2).EQ.UPDATE(K,3))G0 TO 620
K=K+1
[F(K.GT.50)G0 TO 501
GO TO 530

C DETERMINE WHETHER THF PIPE IN COLUMN ONE OF ARRAY NO7ZLE
C IS ON THE SCREEN,

600 IL=1 |
601 [F(NOZZLE(J,1).FQ.IPIPE(IL,1))G0 TO 520
IL=1L+1
IFCIL.GT.60)G0 TO 501
GO TO 601

C DETERMINE WHETHER THF PIPE IN COLUMN TWO OF ARRAY N07ZLE
C IS ON THE SCREEN,

604 M=1

610 IF(NOZZLE(J,2).EQ,IPIPE(M,1))G0 TO 620
M=M+1
IF(M.GT.60)GO TO 501
GO TO 610

C FIND VACANT ROW IN ARRAY IPIPE.
620 DO 622 N=1,60 |

IFCIPIPE(N,1) EQ. NGO TO 624
622 CONTINUE
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WRITE(2,1)

C CHECK THAT THE LINE IS NOT ALRFADY ON DISPLAY.

624 DO 628 LUMP=1,60
IFCIPIPEC(I UMP,1).FQ,J+1000)G0 TO 501
628 CONTINUFE
629 RETURN
700 J=101
RETURN

END
SEGMENT
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SUBROUTINF ERASF(IPIPF,UPDATE,NOZZLE,RUF)
INTEGER IPIPE(60,11),UPDATE(30,15),RBUF(200),
#ACTION,FOUND,NQOZZLE(60,4)

SEE AN ITEM WLTH THE LIGHT-PEN AND DFLFTF IT.

JIB=ACTION(4,FOUND)
CALL DELETE(JIB)

FIND ITS POSITION IN EITHER ARRAY IPIPE OR ARRAY
UPDATE AND SFT THE ROW Tf ZERO,

Do 2 J=1,30
[F(JIR.EQ.UPDATF(J,3))G0 TO 10
2 CONTINUE
DO 1 J=1,460
IF(JIR.EQ.IPIPE(J,1))G0 TN 20
1 CONTINUE
RETURN
10 DO 11 K=1,14
11 UPDATE(J,%)=0
RETURN
20 DO 21 L=1.11
21 IPIPEC(J,L)=0

RECALCULATE THF PIPING COST,

CALL INCOST(IPIPE,NOZZLF,RUF)
RETURN

END

SEGMENT

PAGF 17,
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SUBROUTINF INCOST(IPIPE,NNZ7LF,BUF)
INTEGER IPIPE(60,11), §UM RUF (200),NOZ7LE(60,4)
REAL M1,M?
KSuM=0
, 1=0.
1 1Is= 101 -
J=IPIPE(], 1) 1000

K INDICATES THE PIPELINE TYPE. PIPELINES TO OFFSITE
ARE IGNORED (TYPE 5). |

K=]PIPE(],11)
IF(K.EQ.0)GO TO 51

CALCULATE THE LENGTH OF THE LINE IN SCREEN CO-ORDINATES,

GO 70 (10.,10.,10, 40¢51) K

10 SUM=I1ABS(IPIPF(I,2)=IPIPEC(I, 4))+1ABSC(IPIPE(T
s1ABSCIPIPF(1,5)=1PIPEC],6))+1ABS(IPIPE(I, 4»-i3§pé7§p§§§ S
GO T0(20,50,50,40),K

20 SUM=SUH+IABS(IPIP=(I 6)=1PIPE(],8))¢
sJABSCIPIPF(1,7)=IPIPEC].9))+IABSCIPIPF(I, a) lplps(l 10))
GO T0 50

DIRECT PIPING,. .

40 M1sIPIPE(I,2)~ IP!PE(I 9)
M25IPIPE(1,3)=-IPIPE(],10)
SUH=SQRT(M1'M10H20M2)

HULT!PtY LENGTH RY COST rAcTOR.

50 K@UM SUM#NOZZLE(J, 4)+KSUM.
51 IF(I.EQ. 60)?0 'TO 100
GO 70 1 :

' REPLACE TWE PIPING COST FIGURE.

100 CALL NEWB!F (BUF.200)
CALL POINT(450,990,0)
NRITE(12,101)KSUM

101 FORMAT(BHCOST 5,1%)
CALL REPL(500)

RETURN
END
'SEGMENT
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SUBROUTINF NORPIPE(IPIPE)
INTEGER [PIPE(60,11)

C DELETE ALL PIPINA FRO# THE SCRFEN AND RESET ARRAY IPIPE.

DO 10 I=1,60
IFCIPIPECI,1),EN.0)GO TO 10
CALL DELETECIPIPE(!,1))
po 10 J=1.11
IPIPE(I,J)=D
10 CONTINUE
11 RETURN
END
SFGMENT
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SUBROUTINF LETTER(UPDATE,I,IX,Y,XBASE,YBASE,RBASE,BUF)
INTEGER UPDATF(30,15),BASF(8),BUF(200),XBASE, YBASF
100 FORMAT(A4,13) :

SET LETTER STZE AND POSITION CHARACTFR STRING ABOVE OR BFLOW
UNIT DEPENDING ON ITS POSITION WITH RESPECT TO THE PIPERACK.

CALL SETP(0,1,0,0)

CALL VECTOR(~-23,10,0)

[F (UPDATE(I,7).LT.0)CALL VECTOR(0,=~20,0)
50 WRITE(12,100)UPDATE(T . 2),UPDATE(],1)

RESET SIZE PARAMFTER.

CALL SETP(0,2,0,0)
CALL ENTER(BASE,S8)
CALL LVEC(IX-XBASF,1Y-YBASE)
RETURN
END
SEGMENT
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SUBROUTINF PIRACK(YTRAK,IWIDTH, IRATIO,BUP,BUF,
#BASE, XBASF,YBASF)
INTEGER YTRAK,BUP,BUF(300),BASE(8),XBASE, YBASF

C GENERATE CODF TO DRAW PIPERACK ACROSS CENTRE OF PICTURE ARFA.

CALL NEWBUF (BIIF,300)

CALL ENTER(BASE,8)

CALL LVEC(1023,1123) *
CALL LINE(0,0,1023%,0,RUP,?)
CALL LINE(0,0,1023,0,RUP,2)
CALL ENTER(BASE,8)

CALL LVEC(1023,923)

CALL LINE(0,0,1023,0,RUP,?)
CALL LINE(0,0,1023,0,RUP,?)
CALL INSERT(9R,0)

RETURN

END

SEGMENT
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SUBROUTINF INSET(ICODF,XBASE,YBASE,RASE,BUF,
# ] TYPES, IROW,CNDF, NUMBFR)

INTEGER ICODE(ITYPES,?),XRASE, YBASE, BASE(B).
#BUF (200), YPOINT,ACTION,FOUND,CODE

C SET PICTURE ORIGIN CN-ORDINATES AND DELETE bIPERACK.

JTEMP=XBASE

KTEMP=YBASE

XBASE=0

YBASE=-2046

CALL DELETE(98)

CALL NEWBIIF(BASE,8)

CALL POINT(0,0,0)

CALL VECTNR(XBASE/2, YRASE/2,0)
CALL VECTNR(XRASE/2.YRASE/2,0)

C DISPLAY LIST OF TTEM TYPFS.

YPOINT=1000
DO 5 JACK=1,1TYPES
CALL NEWBUF(BUF,200)
CALL POINT(O,YPOINT,O0)
WRITE(12,4)ICODE(JACK,1)
4 FORMAT(A4)
CALL INSERT(JACK,O0)
S YPOINT=YPOINT-40

C THE USER SPECIFIFS AN ITFM TYPF WITH THE LIGHT- PFN AND THE
C LIST IS THEN DELETED.

ILINE=ACTION(4,FOUND)

CODE=ICODE(ILINE, 1)

DO 10 JOHN=1,ITYPFS
10 CALL DELETE(JOHN)

C DISPLAY LIST OF THE PROCESS NUMBFRS OF THE ITEM CHOSEN.,

ITOTAL=ICODE(TLINF,?2)

13 YPOINT=1000
DO 15 JILL=1,ITOTAL
CALL NEWBUF(BUF,2n0)
CALL POINT(100,YPOINT,0)
WRITE(12,14)JILL

14 FORMAT(2H10,11)
CALL INSERTC(JILL,0)

15 YPOINT=YPOINT=-40

C THE USER SPECIFIFS THE'PROCESS NUMBER WITH THE LIGHT-PEN
C AND THE LIST IS DELETED.

NUMBER=ACTION(4,FOUND)
DO 20 JANF=1,I1TOTAL
20 CALL DELETE(JANE)
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RESET THE PICTURF ORIGIN CO-ORDINATES.

XBASE=JTEMP
YBASE=KTEMP

CALL NEWBUF (BASE,8)

CALL POINT(0,0,0)

CALL VECTOR(XRASE/2,YRASE/2,0)
CALL VECTNR(XRASE/2,YBASE/2,0)

CALCULATE THF ROW IN ARRAY DIMENS CONMTAINING THE DIMENSIONS
OF THE PROCESS UNIT CHOSEN.

IF(ILINE.EQ.1)GO TO 25
ISUM=0
K=ILINE-1
DO 21 JSUM=1,K
21 ISUM=ISUM+ICONE(JSUM,?)
' [ROW=1SUM+NUMRER
GO T0 20073 :
25 [ROW=NUMBFR
2003 RETURN
END
SEGMENT
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SUBROUTINF INITAL (BUF)
INTEGER BUF (200)

"C INSERT COST FIGURE AT ZE!O,

KSUM=0
CALL NEWBUF(BUF,200)
CALL POINT(450,990,0)
WRITE(12,1)KSUM

1 FORMAT(GHCOST =,15)
CALL INSERT(S500,0)
RETURN
END
SEGMENT



Qo

PAGF ?25.

SUBROUTINF VTINV(UPDATF,IPIPE,T,K,N,JIX,JlY,
*KIX,KIY,BIIP,B"F,BASF,XBASF, YBASE, YTRAK)

INTFGER UPDATF(30,15).IPIPE(60,11),BUP,
sBUF (200) ,RASE(8),XAS~, YBASFE, YTRAK, YLFRVEL

VESSEL TO VESSEL PIPING, FIND A VACANT POSITION IN THE
PIPERACK AND GENFRATF THF CODE FOR THE PIPELINE,

CALL PIPE1(UPNATE,1,J1X,J1Y,J¥0,JY0,BUP,BUF,BASE)
CALL PIPE1(UPNATE,K,KIX,KIY,KX0,KY0,BUP,BUF,BASE)
CALL LEVE! (YLFVEL,YTRAK,IPIPE,JX0,JY0,KX0,KY0,RBUF)
CALL DRAW(JXO,JYO,KX0.KYO,YLEVEL,RUP,RUF,RASE,XRASE, YRASE)

ENTER PARAMETERS IN ARRAY TPIPF,

IPIPE(N,2)=JIX
IPIPE(N,3)=JIY
IPIPE(N, 4)=JX0
IPIPE(N,5)=JY0
[PIPE(N,6)=YLEVEL
IPIPE(N,7)=KX0
[PIPE(N,8)=KYN
[PIPE(N,9)=KIX
IPIPE(N,1n)=KIY
[PIPE(N,11)=1
RETURN

END

SEGMENT
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SUBROUTINF VTOP(UPDATF,IPIPE,T,M,N,JIX,J1Y,BUP,
*BUF ,BASE)

INTEGER UPDATF(30,15),IPIPE(60,11),RuUP,
«BUF(200),RASE(8)

C VESSEL TO PIPE PIPING. GFNERATE THE CODE FOR THE PIPFLINF,

CALL PIPE1(UPDATE,I,JTX,J1Y,JX0,JY0,BUP,BUF,BASE)
CALL AROVEC(JX0,JYO,JX0,IPIPE(M,6),BUP,1)
JX0Z=1PIPF(M,4)
KXOZ=IPIPF(M,7)
IF(JX0Z-KX0Z) 641,642,642

641 JXOZ=IPIPF(M,7)
KXOZ=1PIPF(M,4)

642 IF(JXO.LT.KX07)GO TO 643
IF(JX0.GT.JX0Z)GO TO 644
GO TO 645

643 CALL AROVFC(JX0,0,KX07,0,RUP,1)
IPIPE(N,7)=KX0Z

GO TO 645 .
644 CALL AROVEC(JX0,0,JX0Z,0,RUP,1)

C FNTER THE PARAMETERS IN ARRAY [PIPE,

IPIPE(N,7)=JX0Z

645 IPIPE(N,2)=JIX
IPIPE(N,3)=JIY
IPIPE(N,4)=JXN
IPIPE(N,5Y=JY0
[PIPE(N,6)=IPIPF(M,6)
IPIPE(N,11)=2
RETURN
END
SEGMENT
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SUBROUTINE PTNV(UPDATE, IPIPE,K,IL,N,KIX,KI1Y,BUP,
#BUF , BASE) '

INTEGER UPDATF(30,15),IPIPE(60,11),BUP,
#BUF(200),RASE(8)

C PIPE TO VESSFL PIPING. GFNERATE THF CODE FOR THE PIPELINF,

CALL PIPE1 (UPDATE,K,KIX,K1Y,KX0,KY0,BUP,BUF,BASE)
CALL ENTER(BASE,8)
JX0Z=IPIPF(IL,4)
KX0Z=IPIPECIL,7)
IF(JX0Z-KX02)651,652,652
651 JX0Z=IPIPF(IL,7)
KX0Z=IPIPF(IL,4)
652 IF(KXO,LT.KX0Z)GO TO 653
IF(KX0,GT.JX0Z)GO TO 654
GO TO 655
653 CALL LVEC(KXOZ,IPIPE(IL,6))
CALL AROVFC(KXO0Z,0,KXN,0,BUP,1)
IPIPE(N,7)=KXDZ
GO TO 655
654 CALL LVEC(JXOZ,IPIPE(TL,6))
CALL AROVEC(JX0Z,0,KX0,0,BUP,1)
' IPIPE(N,7)=JX0Z
655 CALL ENTER(BASE,B8)
CALL LVEC(KXO0,IPIPE(IL,6))
CALL AROVEC(O,IPIPE(IL,6),0,KY0,BUP,1)

C ENTER THE PARAMETERS IN ARRAY [PIPE.

IPIPE(N,2)KIX
IPIPE(N,3)=KIY
IPIPE(N, 4)3KX0
IPIPE(N,5)=KYN
IPIPE(N,6)=IPIPECIL,6)
IPIPE(N,11)=3

RETURN

END

SEGMENT
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SUBROUTINF VTNVX(UPDATE,IPIPE,NOZ7LF,N,RUF,
#BASFE,XBASF,YBASE, YTRAK)

INTEGER UPDATF(30,15),IPIPE(60,11),NOZZLE(60,4),
#BUF (200),RASE(8),XBASF,YBASF,YTRAK,RUP,ACTION,FOUND
LOGICAL SWITCH

C VESSEL TO VESSEL PIPFWORK REPLACFMENT,

J=IPIPE(N,1)-1000
BUP=NOZZLF(J,3)

FIND THE ROWS IN ARRAY UPDATE OF THE PARAMETFRS DEFINING
THE [TEMS. .

[er B ep]

po 5021 [=1,30
IF(NOZZLE(J,1).FQ,UPDATF(],3))G0 T0O 5022

5021 CONTINUE
5022 DO 5023 K=1,30
[F(NOZZLE(J,2).FQ.UPDATE(K,3))1G0 TO 5024

5023 CONTINUE

C FIND THE CO-0ORDINATES OF EACH END OF THE PIPELINF,

5024 JIX=IPIPE(N,2)
KIX=IPIPE(N,9)
KIY=IPIPE(N,19)

C START REPLACFMENT CYCLFE.

1 MODE=1
CALL CRPOS(JIX+XBASE,JIY+YBASF)

C FRAME INTERRUPT,

FOUND=9
ID=ACTION(2,FOUND)

C DRAW THE PIPELINF FROM THE TRACKING CROSS.

2 CALL TRAK(IX,1Y)
JIX=IX-XBASE
J1Y=1Y-YBASE

C IF KEY 4 IS PRESSED THE ROUTINE 1S ENDED. KEY 2 CAUSES THE
C THE TRACKING CROSS TO MOVE TO THF OTHER FND OF THE PIPELINF,

3 IF(SWITCH(4))GO TO S000
[F(SWITCH(2))GO T0(4,1),M0DE
IPIPE(N,6)=0

C REPLACE THE PIPELINE AND CALCULATE NFW COST..

CALL NEWBUF(BUF,200)

CALL VTOV(UPDATE,IPIPF,I,K,N,JIX,JIY,KIX,KIY,
*BUP,BUF ,BASE, XBASF, YBASF, YTRAK)

CALL REPLCIPIPE(N,1))

CALL INCOST(IPIPE,NOZ7LE,RUF)
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GO T70(2,5),MODE
POSITION CROSS AY OTHER FND OF THE LINE.

4 MODE=2
CALL CRPOS(KIX+XBASE,KIY+YBASF)

FRAME INTERRUPT.

FOUND=9
ID=ACTION(2,FNUND)

DRAW THE PIPFLINF TO THE TRACKING CROSS.

5 CALL TRAKC(IX,1Y)
KIX=IX-XBASE
K1Y=1Y-YBASE
GD T0 3

5000 RETURN
END
SEGMENT



SUBROUTINE VTOPX(UPDATE, IPIPE,NOZZLE,N,RUF,
#BASE, XBASF, YBASE, YTRAK)

INTEGER UPDATE(30,15).IPIPE(60,11),NOZZLE(60,4),
'BUF(ZUO).RASE(B);XBASF.YBASE.YTRAK.BUP

LOGICAL SWITCH

VESSEL TO PIPE, PIPEWORK REPLACEMENT,

J=1PIPE(N,1)-1000
BUP=NOZZLE(J,3)
IPIPE(N,6)=0

FIND ROWS IN ARRAYS UPDATE AND IPIPE CONTAINING THE
PARAMETERS DFFINING THE ITEM AND PIPF, :

Do 5031 I=1,30
IF(NOZZLE(J,1).EQ.UPDATE(I,3))G0 TO 5032

5031 CONTINUE
5032 DO 5033 M=1,60

c
C

c

c

c

[F(NOZZLE(J,2).EQ.IPIPE(M,1))G0 TO 5034
5033 CONTINUE

IF KEY 3 IS PRESSED THE TRACKING CROSS IS POSITIONED AT
THE OTHER END OF THE PIPELINE. :

5034 [F(SWITCH(3))G0 TO 6034

5035 CALL TRAK(IX,1Y)
JIX=1X-XBASE
JIY=1Y-YBASE

REPLACE THE PIPELINE AND DISPLAY NEW COST.

CALL NEWBIF(BUF,200)
CALL VTOP(UPDATE,IPIPE,I,M,N,JIX,JIY,BUP,

#BUF ,BASE)

5036 CALL REPL(IPIPE(N,1))
CALL INCOST(IPIPE,NOZZLE,BUF)

PRESS KEY 4 TO EXIT FROM THE ROUTINE.

IF(SWITCH(4))G0 TO 5000
G0 TO 5035
6034 CALL CRPOS(IPIPE(N,7)+XBASE,IPIPE(N,6)+YBASE)
JIX=IPIPE(N,2)
JIY=ZIPIPE(N,3)
MODE=3
6035 CALL TRAKCIX,IY)
KIX=IX=-XBASE
KIY=1Y-YBASE

REPLACE THE PIPELINE AND DISPLAY NEW COST.

CALL NEWBUF (BUF,200)
CALL VTOP(UPDATE,IPIPE,I,M,N,JIX,J1Y,BUP,
*«BUF ,BASE)
6036 CALL REPL(IPIPE(N,1))
CALL INCOST(IPIPE,NOZZLE,RUF)
[FCSWITCH(4))G0O TO 5000

PAGF
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GO TO 6035
5000 RETURN

END

SEGMENT
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SUBROUTINF PTOVX (UPDATE, IPIPE,NOZZLE,N,RBUF,
#*BASE, XBASF, YBASE, YTRAK)

INTEGER UPDATE(30,15),IPIPE(6N0,11),NOZZLE(60,4),
#BUF (200),RASE(8),XBASF, YBASE, YTRAK, BUP

LOGICAL SWITCH

C PIPE TO VESSFL, PIPEWORK REPLACEMENT,

J=IPIPE(N,1)-1000
BUP=NOZZLF(J,3)
IPIPE(N,6)=0

FIND ROWS IN ARRAYS IPIPF AND UPDATE CONTAINING
THE PARAMETERS DFFINING THE PIPE AND ITEM.

e Ne]

DO 5041 IL=1,60 -

IF(NOZZLE(J,1).EQ.IPIPECIL,1))G0 TO 5042
5041 CONTINUE
5042 DO 5043 K=1,30

1F (NOZZLE(J,2) .FQ.UPDATF(K,3))60 TO 5044
5043 CONTINUE

C IF KEY 3 IS PRESSED THE TRACKING CROSS IS POSITIONEFD
C AT THE OTHER END OF THE PIPELINE,

5044 [F(SWITCH(3))GO TO 6044

CALL VALUC(IA.IR.5044.N5IL.K,J,U,O,U)
5045 CALL TRAK(IX, 1Y)

KIX=[X-XBASFE

KIY=IY-YBASE

C REPLACE THE PIPELINE AND DISPLAY THE NEW COST,

cALL NEWBUF (BHF,200) :
CALL PTOV(UPDATE,IPIPF,K, IL,N,KIX,K1Y,BUP,
#BUF ,BASE)
5046 CALL REPL(IPIPE(N,1))
CALL INCOST(IPIPE.NOZZLE.RUF)

C PRESS KEY 4 TO EXIT FROM THE ROUTINE.

IF(SWITCH(4))G0 TO 5000
GO T0 5045 :
6044 CALL CRPOS(IPIPE(N,7),IPIPE(N,6))
KIXx=IPIPE(N,2)
KIY=IPIPE(N,3)
6045 CALL TRAK(IX,1Y)
JIX=IX-XBASE
J1Y=1Y-YBASE

C REPLACE THE PIPELINE AND DISPLAY NEW COST.

CALL NEWBUF(BUF,200)
CALL PTOV(UPDATE,IPIPF,K,IL,N,KIX,KIY,BUP,
sBUF ,BASE)
6046 CALL REPLCIPIPE(N,1))
CALL INCOST(IPIPE,NOZZLE,BUF)
IF(SWITCH(4))G0 TO 5000
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GO TO 6045
5000 RETURN

END

SEGMENT



PAGF 34,

SUBROUTINF ROXOUT(UPDATE,XBASE,YBASE,RASE,BUF)
INTEGER UPDATF(30.,15).BASF(8),BUF(200),XBASE,
#YBASE

REPLACE THE PLANT [ITFMS HITHOUT GENERATING THE CODF FOR
THE ACCESS BOXES. IX,IY ARE THE CO-ORDINATES OF THF ORIGIN
OF EACH UNIT.

DO 1 121,30 _
IFCUPDATE(1,3).FQ.0)G0 TO 3
IX=UPDATE(1,4)+XBASF
1Y=UPDATE(I,5)+YBASE
CALL FIGURE(UPDATF,1,1X,1Y,XBASE,YBASE,BASE,BUF)
CALL REPL(UPDATE(I,3))

3 CONTINUE

CONT INUE

RETURN

END

SEGMENT

[N
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SUBROUTINF BOXIN(UPDATE,XRASE, YBASE,BASE,RUF)
INTEGER UPDATF(30,15),BASF(8),BUF(200), XBASF,
#YBASE :

C REPLACE THE PLANT ITEMS GENERATING THE CODE FOR THF ACCESS
C BOXES. IX,lY ARE THE CO-ORDINATES OF THE ORIGIN OF EACH UNIT,

DO 1 1=1,30 |
IF (UPDATE(1,3).EQ.0)GO TO 3
IX=UPDATE(I,4)+XBASE
1Y=UPDATE(I,5)+YBASF
CALL FIGUREC(UPDATE,I,1X,1Y,XBASE,YBASE,BASE,BUF)
CALL DISBNX(UPDATE(I,8),UPDATF(I,9),UPDATF(1,10),
*UPDATE(1,11),1)
CALL REPL(UPDATE(I,3))
3 CONTINUE
1 CONTINUE
RETURN
END
SEGMENT
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SUBROUTINF SETUP(YTRAK,IWIDTH, IRATIO,BUF,BASE,
#XBASE, YBASE)
- INTEGER YTRAK,BUF (200),8ASE(8),XBASE, YBASFE

C INITIALISATION RNUTINE. THE PIPERACK IS SET UP,

CALL NEWBUF(BASE,8)

CALL POINT(0,0,0)

CALL VECTOR(XRASE/2,YBASE/2,0)

CALL VECTOR(XRASE/2,YRASE/2,0)

CALL SETRAK(.TRUE.)

CALL INITAL(BUF)

CALL PIRACK(YTRAK,IWIDTH, IRATIO,1,BUF,BASF,XBASE, YBASF)
RETURN

END

SEGMENT
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SUBROUTINF INVERT(UPDATE,UPROW,XBASE, YBASE,RUF)
INTEGER ACTION,ITEM,FOUND,UPROW,XBASE, YBASE,
PBUR(200) E,UPDATF(30,14),

AN ITEM IS SPECIFIED WITH THE LIGHT-PEN AND ITS POSITION IN
ARRAY UPDATE IS FOUND,

ITEM=ACTION(4,FOUND)

Do 1 1=1,30
IFCITEM.EN.UPNDATE(],3))GO TO 2

1 CONTINUE
RETURN

THE PARAMETERS DFFINING THE DIMENSIONS OF THF [TEM ARE
MULTIPLIED BY -1,

2 DO 3 J=6,12
3 UPDATE(I,J)=-UPDATE(I,J)

LX=UPDATE(1,4)+XBASE
LY=UPDATE(I,5)+YBASE

THE TRACKING CROSS IS POSITIONED A THE ITEM ORIGIN READY
FOR REPOSITIONING. -

CALL CRPOS(LX,LY)
UPROW=1

RETURN

END

SEGMENT
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SUBROUTINF PIPEX(IPIPF,NOZZLE,BUF,BASE,XBASE, YBASE)
INTEGER IPIPE(60,11),NOZZLE(6N,4),BUF(200),BASE(8),
#XBASE, YBASE,ACTION,FOUND,RUP

LOGICAL SWITCH

SPECIFY A PIPE WITH THE LIGHT-PEN AND FIND ITS POSITION IN
ARRAY IPIPE. )

K=ACTION(4,FOUND)
DO 1 I=1,60
IF(K.EQ.IPIPE(I,1))GO0 T0O 2

1 CONTINUE
GO 70 100

SET PIPELINE TYPF TO 4 AND RESET PARAMETERS.

2 IPIPE(I,11)=4
po 3 J=4,8

3 IPIPE(],J)=0
J=K-1000
BUP=NOZZLE(J,3)
MODE=1

POSITION TRACKING CROSS AT ONE END OF THE LINE.

S JX=IPIPE(],2)
JY=IPIPE(],3)
KX=IPIPE(1,9)
KY=IPIPE(1,10)
5 CALL CRPOS(JX+XBASE,JY+YBASF)

PAUSE (FRAME INTFRRUPT),

FOUND=5
ID=ACTION(2,FOUND)
8 CALL TRAK(IX,1Y)
JX=1X-XBASE
JYs1Y-YBASE
IPIPE(I,2)=JX
IPIPE(I,3)=JY

IF SWITCH 2 1S PRESSED THE TRACKING CROSS MOVES TO THE
OTHER END OF THE LINF,

9 IF(SWITCH(4))GO TO 50
IF(SWITCH(2))G0 T0(10,12),MODF

SET UP CODE RUFFER AND RFPLACE PIPELINE WITH A SINGLE
ARROWED LINE. '

CALL NEWBUF (BUF,200)
CALL ENTER(BASE,8)
CALL LVEC(JX,JY)
CALL AROVEC(JX,JY,KX,KY,BUP,1)
CALL REPL(IPIPE(I,1))
GO TO0(8,11),M0DE
10 CALL INCOST(IPIPE,NOZZLE,BUF)
MODE=2

38'



CALL CRPOS(KX+XBASE,KY+YBASE)

C PAUSE (FRAME INTERRUPT).

11

12

100
101
50

FOUND=5
ID=ACTION(2,FOUND)

CALL TRAK(IX,IY)

KX=IX=XBASE

KY=1Y=-YBASE

IPIPEC],9)=KX

IPIPECI,10)=KY

GO TO 9

CALL INCOSTC(IPIPE,NOZZLF,RUF)
MODE=1

GO TO 5

WRITE(2,101)1A,IB
FORMAT(1X,1H&,2A4,5X,8HNC MATCH)
CALL INCOST(IPIPE,NOZZLF,RUF)
RETURN

END

SEGMENT

PAGF 39.
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SUBROUTINF WAIT(KFY,BUF.,NUMBER)
INTEGER ACTION,BUF(200),FOUND
KEY=0

SET UP CODE PUFFFR. WRITF PAUSE ON THE SCREEN.

CALL NEWBUF(BUF,200)
CALL POINT(850,950,0)
WRITE(12,1)NUMBER

1 FORMAT(S5HPAUSF,14)
CALL INSERT(99,0)

TIME DELAY.

2 FOUND=5
K=ACTION(2,FOUND)

THE PROGRAM WAITS FOR A KEY DEPRFSSION,

KEY=ACTION(1,FOUND)
CALL DELETE(99)
"RETURN

END

SEGMENT
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SUBROUTINF PRINT2(NOZZLFE)
INTEGER NOZZLF(60,4)

WRITE OUT ARRAY NOZZLE. YO THE LINE PRINTER.

WRITE(2,1)
1 FORMAT(1H1,25X,12HARRAY NOZZLE//)
DO 10 1=1,60 ‘
[F(NOZZLE(I,1).EQ.0)GO TO 20
10 WRITE(2,3)1,(NOZZLECI,J),J=1,4)
3 FORMAT(10X,518)
20 RETURN
END
SEGMENT
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SUBROUTINF PRINT1(IPIPE)
INTEGER [PIPE(60,11)

C WRITE OUT ARRAY IPIPF TO THE LINF PRINTER.

DO 1 1I=1,60
IFCIPIPECI,1),EQ.0)GO TO 3
1 WRITE(2,2)(IPIPE(I,J),J=1,11)
2 FORMAT(13%X,1318) ‘
3 RETURN
END
SEGMENT
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SUBROUTINF PRINT3(UPDATE)
INTEGFR UPDATF(30,15)

C WRITE OUT ARRAY UPDATE TU THE LINE PRINTER.

Do 1 1=1,30
IF(UPDATE(I,3).EQ.0)GO TO 1
WRITE(2,11)1, (UPDATE(I,J),J=1,15)
1 CONTINUE

11 FORMAT(1X,I13,18,A4,1317)
RETURN
END
SEGMENT
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SUBROUTINE PRINT4(DIMENS, ICODF, ITNUMB)
INTEGER DIMENS(26,5),1CODE(9,?)

C WRITE OUT ARRAY DIMENS TO THE LINE PRINTER.

WRITE(2,1000)
1000 FORMAT(1H1,40X,12HARRAY DIMENS//42X,1HL,10X,1HW,10X,1HH,
#10X,1HD,6X,SHTHETA//)
K=1
L=1
DO 1 1=1,1TNUMB
[FCICODE(K,2).LT.1)G0 TO 1005
WRITE(2,5000)1, ICODECK,1),L, (DIMENS(I,J),J=1,5)
IF(L.LT.INODE(K,2))G0 TO 1009
1005 L=1
K=K+1
GO T0 1
1009 L=L+1
1 CONTINUE
5000 FORMAT(19X,12,5X,A4,4H 10,11,5110)
RETURN
END
SEGMENT
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SUBROUTINE PRINTS(CLEAR,ICODE, ITNUMB)
INTEGER CLEAR(26,6),I1CODE(9,2)

C WRITE OUT ARRAY CLEAR TC THE LINE PRINTER,

2000

1010

2001

WRITE(2,2000)
FORMAT(1H1,50X,11HARRAY CLEAR//45X,2HL1,8X,2H1.2,8X,2HW1,
#8X,2HW2,8X,2HH1,8X,2HH2//)
K=1
L=1
DO 4 I=1, ITNUMB
WRITE(2,2001)1,ICODE(K,1),L,(CLEAR(],J),J= 1 6)
IF(L.LT.ICODE(K,2))GO TO 1010
L=1
KzK+1
GO TO 4
L=L+1
CONTINUE
FORMAT(21X,12,5X,A4,4H 10,11,6110)
RETURN
END
SEGMENT

45,
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SUBROUTINF PRINTX(IPIPE.UPDATE, NOZZLE DIMENS, ICODE,
# [TNUMB,CLFAR)

INTEGER IPIPE(60,11),UPDATE(30, 14) NOZZLE(60,4),
#DIMENS (26, 5).!CODE(9.’) CLEAR(26,6)

LOGICAL SWITCH

C WRITES OUT ARRAYS UPDATE, IPIPE, NOZZLE, DIMENS AND CLEAR,
C AS LONG AS KFY 1 REMAINS DEPRESSED.

CALL PRINT3(UPDATE)

CALL PRINT1C(IPIPE)
IFC.NOT.SWITCH(1)IRETURN

CALL PRINT2(NOZZLE)
IFC.NOT.SWITCH(1))RETURN

CALL PRINT4(DIMENS, ICODE, ITNUMB)
IF(.NOT.SWITCH(1))RETURN

CALL PRINTS5(CLEAR,ICONE, ] TNUMR)
RETURN

END

SEGMENT
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SUBROUTINE INTAPE(UPDATE, IPIPF)
INTEGER UPDATF(30,15),IPIPE(6N,11)

C WRITES OUT ARRAY UPDATE TO PAPER TAPE.

1CODE=99
Do 2 J=1,30 ,
[F(UPDATE(J,3).EQ.0)G0 TO 1
WRITE(5,111)UPDATE(J, 1)
WRITE(5,109)UPDATE(J,2)
WRITE(5,112) (UPDATE(J,K),K=3,12)
WRITE(5,110) (UPDATE(J,K),K=13,15)
1 CONTINUE
2 CONTINUE
WRITE(5,111)1CODE

¢ WRITE DUT ARRAY IPIPE TO PAPER TAPE. THE NUMBER 99 MARKS
C THE END OF EACH ARRAY.

DO 4 J=1,60
[F(IPIPE(J,1) ,EQ.0)GO TO 3
WRITE(5,111)IPIPE(J,1)
WRITE(5,112) CIPIPECJ,K),K=2,11)
CONT INUE
CONT INUE
WRITE(5,111)ICODE
RETURN
109 FORMAT(A4)
110 FORMAT(318)
111 FORMAT(I8)
112 FORMAT(1018)
END
SEGMENT

]
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| SUBROUTINF DISCUB(IX,TY,INCX,INCY,BUF,ITYPE)
INTEGER BUF (200)

C GENERATE CODF FOR DISPLAYING UNITS REPRESENTFD BY A CUBE.

CALL LINE(0,0,-INCX/2,0,2,ITYPE)
CALL LINE(O0,0,0,INCY,2,ITYPF)
CALL LINEC(O0,0,INCX,0,2,ITYPE)
CALL LINE(O0,0,0,-INCY,.2,ITYPE)
CALL LINE(O,0,-INCX/2.0,2,ITYPE)
RETURN

END

SEGMENT
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SUBROUTINE REPUT CUPDATE, IPIPE,NOZZLE,BASE,BUF , XBASE, YRASE)
INTEGER UPDATE(30,15),IPIPE(60,11),BASE(8),BUF(200),
¢XBASE.YBASE.BUP.INUM(lS).NOZZLE(60.4)

READ A ROW OF ARRAY UPDATE FROM PAPER TAPE. DISPLAY THE ITEM
AND READ THE NEXT ROW. ’

K=0
1 READ‘s:llﬂ)INUM(l)
IF(INUM(I).EQ.99)GO T0 5
READ(3,109) INUM(2)
READ(S,ll?)(lNUM(I)oI=3-12)
READ(3;111)(INUH(I).I=13|15)
K=K+1
Do 3 J=1,1% .
3 UPDATE(K,J)=INUM(J)
UL FIGURE(UPDATF , K, INUM(4) +XBASE , INUM(5) +YBASE,
#XBASE, YBASE,BASE,BUF)
CALL INSERT(INUM(3).O)
GO 70 1
5 K=0

READ A ROW OF ARRAY IPIPF FROM PAPER TAPE, DISPLAY THE
PIPELINE AND READN THE NEXT ROW.

6 READ(3,110) INUM(1)
[FCINUM(1).EQ.99)G0 T0 1000
READ(3,112) (INUM(T),1=2,11)
K=K+1
po 7 J=s1,11

7 IPIPE(K,J)=INUM(I)
JA=INUM(1)-1000
BUP=NOZZLF(JA,3)

CALL NEWBUF (BUF,200)
CALL ENTER(BASE,8)
JASINUM(11)

GO T0(10,20,30,40,50),JA

VESSEL TO VESSEL, PIPEWORK.

10 CALL LVECCINUM(2), INUM(3))
CALL LINECINUM(2),INUM(3), INUM(4), INUM(5),BUP,1)
CALL DRAWCINUM(4),INUM(5),INUM(T7), INUM(8), INUM(6),
#BUP,BUF ,BASE, XBASF, YBASE)
CALL LINECINUMC7),INUM(B), INUM(9),INUM(10),BUP,1)
GO T0 60

VESSEL TO PIPE, PIPEWORK,

20 CALL LVECCINUM(2),INUM(3))
CALL LINECINUM(2),INUM(3), NUM(4), INUM(5),BUP,1)
CALL AROVEC(0,INUM(5),0,INUM(6),BUP,1)
IFCINUM(7) ., EQ.0)GO TO 60
CALL AROVECCINUM(4),0,INUM(7),0,BUP,1)
GO TO 60



c

PIPE TO VESSEL, PIPEWORK.

30

31
32

IFCINUM(7).EQ.0)GO TO 31

CALL
CALL

LVECCINUM(7), INUM(6))
AROV:C(INUM(7) 0, INUM(4),0,BUP,1)

GO TO 32

CALL
CALL

CALL LINE(INUM(4).INUM(S).INUM(Z).INUM(3) BUP,1)

LVECC(INUM(4), INUM(6))
AROVEC(O0, INUM(6),0, INUM(5),BUP,1)

GO TO 60

DIRECT PIPING,

40 CALL LVECC(INUM(2),INUM(3))

CALL AROVFCCINUM(2), INUM(3), INUM(9), INUM(10),BUP,1)

GO TO 60

PIPING TO OFFSITE,

S0 KA=INUM(2)
GO T0(51,55),KA

51

55

60

CALL
CALL
CALL
CALL

LVEC(INUM(4), INUM(5))
AROVEC (0, INUM(5),0, INUM(6),BUP,1)
AROVEC( INUM(4),0, INUM(7),0,BUP,1)
ARROW (RUP, BUF , INUM(3))

GO TO 60

CALL
CALL
CALL
CALL
CALL

LVECCINUM(7), INUM(6))

ARROW (BUP,RUF, INUM(3)) A
AROVEC (IMUM(7),0,INUM(4),0,BUP,1)
AROVEC (0, INUM(6),0, INUM(5),BUP,1)
INSERT(INUM(1),0)

GO TO 6

CALCULATE PIPING COST.

1000

109
110
111
112

CALL

INCOST(IPIPE,NOZ7LE,BUF)

RETURN
FORMAT(A4)
FORMAT(I18)
FORMAT(318)
FORMAT(1018)

END

SEGMENT

PAGF 50.
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SUBROUTINE ZONALCUPDATE,DIMENS, ICODE,XBASF,YBASF,RASE,
#BUF, ITYPES, ITNUMB,CLEAR,SCALE,UPRONW)

INTEGER UPDATF(30,15),DIMENS(ITNUMB,5),XBASE, YBASE,
#BASE(8),BUF(200),SCAL*,CLFAR(ITNUMB,6),UPROW,CODE
#,BOXEXT(6),ICODECITYPFS,2)

REAL ECLEAR(6)

ESCALE=SCALE

IRATIO=10

A PLANT ITEM IS SPECIFIED. TROW IS THE ROW IN ARRAYS DIMFNS
AND CLEAR CONTAINING THE DIMENSIONS AND CLEARANCES OF THE

ITEM.

3 CALL INSET(ICODE,XBASF,YBASE,RASE,BUF,ITYPES, IROW,CODE,NUMBFR)

DO 32 KY=1,6
32 ECLEAR(KY)=CLFARCIROW,KY)/ESCALE

CALCULATE THF SI7E AND SHAPE OF THE ITEM REPRESENTATION.

CALL ROX(rODE,DIMENS(IROW,1),DIMEMS(IROW,?),DIMENS(IROW,3),
#DIMENS(IROW,4),DIMENS(IROW,5) ,ECLFAR,ROXEXT,SCALE,KFORM)

FIND FIRST VACANT ROW IN ARRAY UPDATE,

UPROW=1 _
35 JF(UPDATE(UPROW,3).EQ.0)GO0 TO 40

UPROWZUPROW+1 :

G0 T0 35

ENTER DATA IN ARRAY UPDATE,

40 UPDATE(UPROW,1)=100+NUMBER
UPDATE(UPROW,2)=CODE
UPDATE(UPROW,X)=ITROW+100
UPDATE(UPROW,4)=850-XBASE
UPDATE(UPROW,5)=850-YRASE
UPDATE(UPROW, 6)=(DIMENSCIRONW,2)*IRATIO)/SCALE
UPDATE(UPROW,7)=(DIMENSC(IROW,1)*#[RATIN)/SCALE
UPDATE(UPROW,R)=(-BOXEXT(S5)#]RATIO)/SCALE
UPDATE(UPROW,9)=(ROXEXT(4)*IRATIO)/SCALE
UPDATE(UPROW,10)=(BOXEXT(2)#IRATIO)/SCALE
UPDATE(UPROW,11)=(BOXFXT(1)#[RATIO)/SCALE
UPDATE(UPRON’12)=(DIMFNS(IRON’4).IRATIO)/SCALF
UPDATE(UPROW,13)=KFORM
UPDATE(UPROW,14)=DIMENS([ROW,5)
RETURN
END
SEGMENT
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SUBROUTINE ELVATE(IPIPE,NOZZLF,BASE,BUF,XRASE, YRAS
INTEGER IPIPE(60.11).N07ZLE(60,4).BASF(8).XRA%E. =)
#YBASE,ACTION,FOUND,BUP '

LOGICAL SWITCH

C A PIPELINE 1S SPECIFIED RY THE USER. IF KEY 4
. C MODE IS SET NEGATIVE. I'S HFLD DOWN

MODE=10
K=ACTION(4,FOUND)
IF(SWITCH(4))MODE=~10

C LOCATE THE RFLEVANT POW IN ARRAY IPIPE.

po 1 1=1,60

IF(K.EQ.IPIPE(],1))GO0 TO 2
1 CONTINUE

GO TO 100

C VALID ONLY FOR TYPE 1 PIPELINES.

2 IFCIPIPE(],11)  NE.1)RFTURN
J=1PIPE(1,1)-1000
BUP=NOZ2ZLF(J,3)

C REPLACE THE PIPELINE.

3 CALL NEWBUF (BUF,200)

CALL ENTER(BASE,8)

CALL LVECCIPIPE(I,2),IPIPECI,3))

CALL LINECIPIPE(I,2),IPIPECI,3), IPIPECI,4),IPIPE(I,S)

CALL DRAH(IPIPE(I,4),IP1PE(I,5)’IPIPE(I’7):IPIPF(}-:).BUP,1)
«]PIPE(],6),BUP,BUF,BASE,XBASE, YBASE) PE

CALL LINECIPIPE(I,7),IPIPECI,R),IPIPECI,9), PIPE( R
CALL REPL(IPIPE(I,1)) ' +9), TPIPECL,107,RUP,1)
CALL INCOST(IPIPE,NOZZLE,BUF)

C IF ANY KEY IS PRFSSED THF ROUTINE EXtTS.

FOUND=20
K=ACTION(3,FOUND)
]F(FOUND,FQ.1)G0 TO 102

C  INCREMENT THE LEVEL OF THE PIPELINE IN THE PIPERACK R
Y
C MODE. THE LINE MAY ONLY LIF BETWFEN THE PIPERACK BOUNDARIES

IFCIPIPE(I,6).EQ.,923)MODE=10
: lF(lP!PE(!.6).E0.1123)MODE=-10

IPIPE(1,6)=1PIPE(],6)+MODF

GO TO 3
100 WRITE(2,101)1A,18B
101 FORMAT(1X,1H&,2A4,5X,RHNO MATCH)
102 RETURN

END

SEGMENT



SUBROUTINE ZERO(IPIPE,UPDATF)
INTEGER IPIPE(60,11),UPDATE(30,15)

SET THE ELEMFNTS OF ARRAY TPIPE TO ZFRO.

DO 1 [=1,60
DO 1 J=1,11
1 IPIPEC(I,J)=0

SET THE ELEMFNTS OF ARRAY UPPATE T0O ZERO.
THE FIFTEENTH COLUMN IS SET TO ONE.

Do 2 1=1,30
po 2 J=1,14

2 UPDATE(IL,J)=0
po 3 J=1,30

3 UPDATE(J,15)=1
RETURN
END
SEGMENT

PAGF 53,
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SUBROUTINF REMOVE(UPDATE, IPIPF NOZZLE,.XBASE, YRASE,BASF,
#BUF , YTRAK)

INTEGFR UPDATF(30, 15).IPIPE(6n 11),NOZZLE(60,4),
#ACTION,FOUND,KPIPF(8),XBASE, YRASE,BASE(8),BUF (200),
#YLEVEL,YTRAK,XDIF,YDIF, BUP

LOGICAL SWITCH

L=0

I=0

KMODE=1

YTRAK=1123

INITIALISE ARRAY KPIPE.

JA=4HREMO

IR=4HVE

DO 15 N=1,8
15 KPIPE(N)=0

AN ITEM IS SPECIFIED WITH THE LIGHT-PEN, ONLY PLANT UNITS
CAN RE SEEN WITH THE PEN. THF ROW IN ARRAY UPDATF IS FOUND.

131 ITEM=ACTINN(4,FOUND)
IF(ITEM.GT.1000.0R, ITFM.LT,100)G0O TO 131
DO 1 M=1,30
IF(ITEM,EQ,UPDATE(M,3))G0 TO 3
1 CONTINUE
GO TO 1000

THE ROWS IN ARRAY [PIPE OF ALL PIPELINES GOING TO OR FROM
THE ITEM TO RE REPOSITIONED ARE STORFD IN ARRAY KPIPF,

3 1=1+1
IF(1,6T.60)G0 TO 5
IFCIPIPE(T,1) ,E0.0)GO TO 3
J=IPIPECI,1)=1000
IF(ITEM.EQ.NOZZLE(J,1) ,OR, ITEM.EQ,NOZZLE(J,2))G0 TO 4
GO TO 3

4 LzL+1
IF(L.GT.8)GO TO 1001
KPIPE(L)=1
GO TO 3

REPOSITION THE UNIT ON THE SCREEN WITH THE LIGHT-PEN, IF
THE UNIT CROSSES THE PIPETRACK SWOPP [S CALLED.

5 CALL ORDER(KPIPE)

17 IXX=UPDATE(M,4)+XBASE
[YY=UPDATE(M,5)+YRASE
[F(IYY-YBASE.LT.1023)KMODE=2
CALL CRPOSCIXX,IYY)
CALL BOXIN(UPNATE,XBASE,YRASE,BASE,BUF)
CALL NEWBUF (BUF,200)
CALL POINT(460,950,0)
WRITE(12,5001)
CALL INSERT(99,0)
1F TURN=KMODE

6 CALL TRAK(IX,1Y)

GO TO(31,41),KMODE



O

31

32

41
42

9000

IF
PR

CA
10

12

RE
20

1000
1001
6000

5000
5001

IF(1Y-YBASE.LT.1023)GN TO 32

GO TO 9000

KMODE=2

CALL SWOPP(UPDATE,M,BIIF)

GO TO 9000

IF(1Y-YBASE.GT,1023)G0 TO 42

GO TO 9000

KMODE=1

CALL SWOPP(UPNATE,M,BUF)

cALL FIGURE(UPDATE,M,IX,1Y,XBASE,YBASE,RASE,BUF)
CALL DISBNOX(UPDATF(M,R),UPDATF(M,9),UPDATE(M,10),
#UPDATE(M,11),1)

CALL REPL(UPDATE(M,3))

MODE=3

KEY 4 IS PRESSED THE ROUTINE FXITS, IF KEY 1 IS
ESSED THE PIPELINES ARF REPOSITIONED,

IF(SWITCH(4))MODE=]
[F(SWITCH(1))MODE=2
GO T0(12,10,6),MODE

LCULATE HOW FAR THE UNIT ORIGIN HAS MOVED.

XDIF=1X-XRASE-UPDATE(M,4) .
YDIF=1Y-YRASE-UPDATE(M,S)
UPDATE(M,4)=]X-XBASF
UPDATE(M,5)=]Y-YBASE

CALL DELETE(99)

GO TO(6000,20),MONE

DRAW THE RELEVANT PIPEIINES TO THE UNIT.

[F(IFTURN.EQ.KMODF) IFTURN=0
[FCIFTURN.EQ.?2) TFTURN=1

CALL PIMOVE(UPDATE,M,IPIPE,NO7ZLE,XBASE, YRASE,BASF,
#BUF ,YTRAK,KPIPE,XDIF,YDIF, IXX,IYY, IFTURN)

GO TO 17 ‘

WRITE(2,5000)1A,IB

WRITE(2,5000)1A,IR

CALL BOXOUT(UPDATE,XBASF,YBASF,BRASE,BUF)

RETURN

FORMAT(1X,1H&,2A4,8HND MATCH)

FORMAT(10HREPNSITION)

RETURN

END

SEGMENT

PAGF
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SUBROUTINF PIMOVE(UPDATE,M,IPIPE,NOZZLE, XBASE, YRASE,BASF,
#BUF , YTRAK,KPIRPE,XDIF,YDIF, IXX, 1YY, IFTURN)

INTEGER UPDATF(30,15),IPIPE(60,11),NOZZLE(60,4),BASF(8),
#XBASE,YBASE,ACTION,FLUND,KPIPF(B),BUF(200),
#»YLEVEL,YTRAK,XDIF,YDIF,BUP

[A=4HPIMO
IB=4HVE

C REPLACE EACH PIPFLINF.

21

DO 700 L=1,8

I=KPIPE(L)

IF(I.FQ.0)GO TO 699
IPIPE(],6)=0
J=IPIPE(],1)-1000
JASIPIPE(],11)

CALL NEWBUF(BUF,200)

CALL ENTER(BASE,8)

GO T10(21,21,21,21,250),JA
BUP=NOZZLF(J,3)

C FIND THE NEW PIPFLINE CO-ORDINATFES.

50

51
52

JIX=IPIPE(I,2)
JIYZIPIPE(],3)

KIX=IPIPE(I,9)

K1Y=IPIPE(I,10)
JYMOVE=JIY+YDIF=(2#IFTURN®(JIY-1YY+YBASE))
KYMOVE=KIY+YDIF=(2#IFTURN#(KIY=-1YY+YBASE))
NONCOL =2

1F CUPDATE(M,3) . EQ.NOZ7LE(J,2)INONCOL =1

GO T0(50,100,100,50),JA

DO 51 N=1,30

[F(NOZZLE(J,NONCOL) .EQ.UPDATE(N,3))G0 TO 52

CONTINUE
G0 TO 100?
GO T0(60,1002,1002,200),JA

C VESSEL TO VESSEL PIPEWORK, JA=1,

60 GO TO(61,70),NONCOL
61 CALL VTOV(UPDATE,IPIPE,N,M,1,JIX,J1Y,

#KI1X+XDIF,KYMOVE,BUP,BUF »,BASF,XBASE, YBASE, YTRAK)

GO TO 600

70 CALL VTOV(UPDATE,IPIPE,M,N,I,JIX+XDIF,

» JYMOVE,KIX,KIY,BUP,BUF,BASE,XRASE, YBASE, YTRAK)

GO TO 600

100 DO 101 N=1,60

IF(NOZZLE(J,NONCOL) .EQ. IP!PE(N 1))GO0 70 102

101 CONTINUE

GO TO 1003

102 GO T0(1002,110,150),JA

C VESSFL TO PIPE PIPEWORK, JA=2,

110 CALL VTOP(UPDATE,IPIPF,M,N,1,JIX+XDIF,JYMOVE,

#BUP,BUF ,BASE)
GO TO 600

56.
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c

c

150

200

201

210

PAGF S7.

PIPE TO VESSFL PIPFWORK, JA=3,

CALL VTOP(UPDATE,IPIPF,M,N,1,JIX+XDIF,JYMOVF,

#BUP,BUF ,BASE)

GO TO 600

DIRECT PIPING, JA=4,

CONTINUE

GO TO(201,210),NONCOL

CALL LVEC(JIX,JIY)

CALL AROVEC(JTX,JIY,KIX+XDIF,KYMOVE,BUP,1)
[PIPE(1,9)=KIX+XDIF

IPIPE(I,10)=KYMOVE

GO TO 600

CALL LVEC(JIX+XDIF,JYMOVE)

CALL AROVECCJIX#XDIF,JYMOVE,KIX,KIY,BUP,1)
[PIPE(1,2)=JIX+XDIF

[PIPE(1,3)=JYMOVE

GO TO 600

PIPING TO OFFSITE, JA=5,

250

600
699
700

J=J+1000
CALL OFSITE(NOZZLE,UPDATE,IPIPE,J,YTRAK,XRASE, YR
AS
S0 10 699 E,BASE,RUF)
CALL REPL(IPIPEC(I,1))
CONTINUE
CONTINUE

ADJUST PIPING COST.

1002
1003

5000

CALL INCOST(IPIPE,NOZZLFE,BUF)
RETURN

WRITE(2,5000)IA,IR
WRITE(2,5000)1A,IR

RETURN

FORMAT(1X,1H&, 2A4 8HNO MATCH)
END

SEGMENT
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SUBROUTINF ORNER(KPIPF)
INTEGER KPIPE(8)

C PLACF THE VARIABLES IN ARRAY KPIPE IN ASCENDING NRDER,

DO 3 J=1,7
M=J
MAZJ+1
DO 2 I=MA,8
[F(KPIPE(I).LT.KPTPE(M)IM=]
2 CONTINUE ‘
[TEMP=KPIPE(J)
KPIPE(J)=KPIPE(M)
3 KPIPE(M)=ITEMP
RETURN
END
SEGMENT
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SUBROUTINF DISCYL(IX,IY.L,D,THETA,BUF,ITYPE)
INTEGER L,D,THETA,BUF(200)

IF(THETA.FQ.90)G0O TO 100

ETHETA=THFTA
RADIAN=(ETHETA/360.)%2,.0#3,.14159

ITEMP=L#COS(RADIAN)
C HORIZONTAL CYLINNDER - DRAW A RECTANGLE,

CALL LINE(0,0,-D/72,0,2,1TYPE)
CALL LINE(0,0,0,ITEMP,2,ITYPE)
CALL LINE(0,0,D,0,2,I1TYPE)

CALL LINE(0,0,0,-I1TEMP,2,1TYPF)
CALL LINE(0,0,-D/?2,0,2,ITYPF)
CALL VECTOR(O0,I1TEMP,U0)

RETURN

C VERTICAL CYLINDER - NRAW A CIRCLF.

100 CALL VECTOR(-N/2,0,0)
CALL ARC(-D/2,0,-D/2,0,1)
CALL VECTOR(D/2,0,0)

CALL VECTOR(0,D/2,0)
RETURN :
"END

SEGMENT
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SUBROUTINF LEVEL (YLEVFL,YTRAK, IPIPE, UX, JY,KX,KY,HIF)
INTEGFR YV EVEL ,YTRAK,IPIPF(60,11), BUF(ZOO) XB, Xt ,
#YB,YL,XB2,XL2,YMIN

YMIN=YTRAK=-200

MODE=3

FIND THE POSITIONS OF THF ITEMS WITH RESPECT TO THF
PIPERACK. MODE=1, BOTH UNITS ABOVE THE PIPERACK.
MODE=2, BOTH UNITS BELOW THE PIPFRACK. MODE=3, ONE
UNIT EACH SINE OF THFE PIPERACK,

XB=JX
XL=KX
YB=JY
YL=KY
IF(JX-KX)10,20,20

10 XB=KX
XL=JX

20 IF(JY=KY)?21,27,22

21 YB=KY
yL=Jy

22 IF(YL.GE.YTRAK)IMODE=1
IF(YB.LE.YMIN)IMODE=2
GO T0(30,40,50),M0DE

CHOOSE A LEVFL.

30 YLEVEL=YTRAK

GO TO 60
40 YLEVEL=YMIN
GO TO 60
50 YLEVEL=YMIN=-3N+(YTRAK-YMIN)/2
60 1=0
61 1=1+1

XB2=1PIPE(],4)
XL2=IPIPE(I],7)
IF(XB2-XL2)65,70,70
65 XB2=IPIPE(I,7)
XL2=1PIPEC(],4)

IF THIS LEVEL IS OCCUPIED BY ANY OTHER PIPES, CHFCK
TRY AGAIN, : .

70 I1F(YLEVEL.EQ,IPIPE(],6))G0 TO 71
IF(1.EQ.60)G0 TO 2000
GO TO 61
71 IF(XB2.GT.XL,AND.XB2.LT.XB,O0R.
#XL2.GT.XL,AND . XL2.LT.XB.OR,
#XL2.LE.XL.AND,.XB2,GE.XB)GO T0(1,2,3,1),MODE
IF(1.EQG.60)G0 TO 2000
GO TO 61
1 YLEVEL=YLEVEL=~10
IF(YLEVEL.LT.YMIN)GO TO 1000
GO TO 60
2 YLEVEL=YLFVEL+10
IF(YLEVEL.GT.YTRAK)GO TO 1000
GO TO 60

PAGF 60,
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1000
1001
2000

YLEVEL=YLEVEL+10
IF(YLEVEL.GT.YTRAK)GO TO 4
GO TO 60
YLEVEL=YMIN-40+(YTRAK~-YMIN)/2
MODE=4

GO TO 60

WRITE(2,1001)
FORMAT(1X,10HTRACK FULL/)
RETURN

END

SEGMENT

PAGF 61,
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SUBROUTINF DRAW(JX,JY,KX,KY,YLEVEL,RUP,BUF,RBASE,XBASE, YRASE)
INTEGER BUP,BUF(200),YLFVEL,BASE(8) ‘

C GENERATE THE CODF FOR THE PIPELINES.

CALL ENTER(BASE,8)

CALL LVEC(JX,JY)

CALL AROVEC(O0,JY,0,YLFVEL,BUP,1)
CALL AROVFC(JX,0,KX,0,BUP,1)
CALL AROVEC(0,YLEVEL,0,KY,BUP,1)
RETURN

END

SEGMENT
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SUBROUTINF SWNPP(UPDATE, I,BUF)
INTEGER UPDATF(30,14),BUF(200)

C MULTIPLY DIMENSINONS RY -1,

DO 1 Js6,12
1 UPDATE(1,J)=-UPDATE(I,J)
RETURN
END
SEGMENT
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s:$ggg;1~snp;p$1;upoArs.upaow.lxx.lvv.xo.vo.aup.eur.eass>
1 UPDATE(30,14),XL,XR,YT,YB,X0,Y0, , UF '
,INTEGER ,X0,Y0,BUF(200),UPROW,
IRAT10=10

CALL ENTER(BASE,8)

CALL LVEC(IXX,IYY)

[X=UPDATE (UPROW, 4)

1Y=UPDATE (UPROW,5)

IF THE UNIT IS CYLINDRICAL, THE WIDTH IS EQUAL TN THE DIAMETFR,

INIDTH=UPDATE (UPRONW,6)
IF(UPDATE(UPROW,6),EQ.0) IWINDTH=UPDATE(UPROW,12)
IF(UPDATE(UPROW,7).LT.0)GO TO 10

CALCULATE THF CO-ORDINATES OF THF SIDES OF THE RECTANGLE.

IF(UPDATE(UPROW,14) .EN.90.0R,UPDATECUPRON,7).F0.0)G0 TO 75
XL=IX=TWIDTH/?

XR=IX+IWIDTH/?

YT=1Y+UPDATECUPROW,7)

YB=1Y
GO To 20

INVERTED ITEM. CALCULATE THE CO-ORDINATES OF THE SIDES OF
THE RECTANGLF.

10 XL=IX+IWIDTH/?
XR=1X~- INIUTHI?

YT=1Y
YB= lY*UPDATE(UPROH 7)

CALCULATE WHICH SIDE THE POINT IXX,1YY IS CLOSEST TO, AND
DRAW THE NOZZLE PERPENDICULAR TO THIS SIDE.

20 IF(IXX.GT.XL-G.AND.lXX.LT.XL+5)GQ TO 40
IFCIXX.GT.XR=5,AND.IXX.LT,XR+5)G0 TO 50
IF(lYY.GT.YT-ﬁ.AND.IYY.LT.YT+5)60 TO 60
IF(IYY,GT.YB=5. AND IYY.LT,YB+5)GO TO 70
GO TO 75

40 CALL VECTOR(XL~- IXX 6.0)

CALL LINE(O0,0,=-IRATIO,0,BUP,1)
X0=XL=-IRATIO
YOo=1lYY

G0 70 80
50 CALL VECTOR(XR=1XX,0,0)

CALL LINE(0,0,IRATIO,0,8UP, 1)
X0zXR+IRATIO
voslvy

GO TO 80
60 CALL VECTOR(O,YT-1YY,0)

CALL LINE(0,0,0,IRATIO,BUP,1)
X0=1XX
YOsYT+IRATIO
GO TO 80

70 CALL VECTOR(O,YR=1YY,0)
CALL LINE(0,0,0,=-1RATIO,BUP,1)
X0= XX



75

B0

YO=YB-IRATIO
GO TO 80
X0=1XX
Yo=lYY
RETURN

END

SEGMENT

PAGF 65.
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' SUBRgUTPNF ITRASE(UPDATE, XBASF, YBASE,BASE,BUF)
INTEGER UPDATF(30,15),XRASE,YRASE,BASF(8),
#ACTION,FOUND puFczon.
LOGICAL SWITCH
ITYPE=2

SPECIFY AN ITEM WITH THE LIGHT-PEN. ITYPF DEFINES WHETHER
THE ITEM IS SHOWN DOTTED OR DASHED.

JAB=ACTION(4,FOUND)
[F(SWITCH(6)) ITYPF=4
IF(SWITCH(S)) ITYPE=1

FIND ROW IN ARRAY UPDATE,

po 1 J=1,30 _

IFCUPDATE(J,3).FQ.JAB)GO TO 4
1 CONTINUE

GO TO0 100

REDRAW THE ITEM.

4 1X=UPDATE(J,4)+XBASE
1Y=UPDATE(J,5)+YBASE

UPDATE(J,15)=1TYPE
CALL FIGURE(UPDATE,J,IX,1Y,XBASE,YBASE,BASE,BUF)

CALL REPL(UPDATE(J,3))
ITYPE=1
RETURN

100 WRITE(2,101)
101 FORMAT(1X,8HNO MATCH)

RETURN
END
SEGMENT
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SUBROUTINE DISBOX(EXORX,EXORY,
#EXINCX,EXINCY,JSHINE)

INTEGER EXORX,EXORY,EXINCX,EXINCY,BUP,TYPF
BUP=1

TYPE=1

C GENERATE CODF FOR A RECTANGLF.

CALL VECTOR(EXORX,EXORY,0)
CALL LINE(O,0,-EXINCX,0,BUP,TYPE)
CALL LINE(0,0,0,EXINCY,BUP,TYPE)
CALL LINE(O,0,EXINCX,0,BUP,TYPE)
CALL LINE(0,0,0,-FXINCY,BUP,TYPE)
RETURN

END

SEGMENT
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SUBROUTINF LVFC(X,Y)
INTEGER X,Y,XX,YY
XX=X

YY=Y

THE LINE FROM POINT 0,0 TO POINT X,Y IS BROKEN DON“ INTO
LINES OF A LFNGTH SUCH THAT THF BEAM DOES NOT MOVE MORE THAN
1023 INCREMENTS IN THE X OR Y DIRECTIONS.

10 IF(XX) 153,152,153

152 1FCLYY) 153,151,153

153 [F(XX.GT.1023)G0o TO 11
TF(XX.LT.-1023)G0 70 12
IX=XX
GO T0 13

11 1X=1023
GO TO 13

12 1X=-1023

13 XX=XX-IX
IFCYY,GT.1023)G0 TO 21
[FCYY.LT.-1023)G0 TO 22
1Y=YY
G0 TO 23

21 1Y=1023
G0 TO 23

22 1Y=-1023

23 YY=YY-~]Y
CALL VECTOR(IX,1Y,0)
G0 TO 10

151 RETURN’
END
SEGMENT
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SUBROUTINF FOX(FACTOR,ESCALE,IFACTO)

C ROUND UP OR NOWN TO THE NEAREST INTEGER.

JF(FACTOR.LT.0)IFACTO=FACTOR#FSCALE=-0.1
IF(FACTOR.GE.N)IFACTO=FACTOR*FSCALE+0.1
RETURN

END
SEGMENT
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SUBROUT INF AOX(ITNAME,L,W,H,D, THETA,ECLFAR,ROXEXT,
#SCALE,KFORM)

INTEGER ITNAME, THFTA,BOXEXT(6),SCALF,
L ,H,W,D,KFORM

REAL ECLEAR(6),RXEXT(6),BOXL,ROXW,BOXH

DIMENSION ISPACE(16,6),KCODE(16)

DATA [SPACE/5,6,5,5,5,5,10,6,6,6,6,10,5,5,5,4,

» 5.6.5-5-5'5010p606’6'60100595a5p4o

» 5,505'5.5!5'10!4'4'4"'10'5'5.5!4.

* 5'5'5-505-5-10:404:4'4910'5t5n5-4o

#* 0-0'505'0-000:3!303»3,000p0:013:

) 5'6,15' 5'6n61603a303:3050v1096010!4/

DATA KCODF/2HAA,2HBA,2HCA, 2HCR,2HDA, 2HEA, PHF A, 2HHA,
#2HHE , 2HHR , 2HHC, 2HJA » 2HKA, SHP A, 2HRA, 2HTA/

ETHETA=THFTA
RADIAN= (ETHETA/360,0)%#(2,043,14159)

ESCALE=SCALE
CONVERT THE UNIT DIMENSIONS TO FFET.

SL=L/ESCALE
SH=H/ESCALE
SW=W/ESCALE
SD=D/ESCALE

CALCULATE THE SIZE OF THE UNIT WITH CLEARANCES.

IF(D.GT.0)GO TO 10

CUBE.

BOXL=SL+ECLEAR(1)+ECLFAR(?2)
BOXW=SW+ECLEAR(3)+ECLEAR(4)
BOXHSSH+ECLEAR(S5)+ECLFAR(6)
KFORM=-1
GO 70 30

10 IF(L.GT.0)GO TO 20

SPHERE.

BOXL=SD+ECLEAR(1)+ECLFAR(2)
BOXW=SD+ECLEAR(3)+ECLFAR(4)
BOXH= QD*ECLEAR(5)+ECLFAR(6)
KFORM=0 '

GO TO 30

CYLINDER.

20 BOXL=SL*CNS(RADIAN) +SN#SIN(RADIAN)+ECLEAR(1)+ECLEAR(2)
BOXW=SD+ECLEAR(3I)+ECLFAR(4)
BOXH=SL*S!N(RADIAN)‘Sn.COS(RAnIAN)‘ECLEAR(S)’FCLEAR(6)
KFORM=1

70.
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DETERMINE THF 1TFM TYPE,

30 DO 35 K=1,16
IFCITNAME.EQ.KCODF(K))GO TO 40
35 CONTINUE

ADD THE ACCESS SPACE REQUIREMENTS.

40 BXEXT(1)=ROXL+ISPACE(K,1)+[SPACE(K,2)
BXEXT(2)=ROXW+ISPACE(K,3)+ISPACE(K,4)
BXEXT(3)=ROXH+ISPACE(K,5)+ISPACE(K,6)

CALCULATE THE CO-ORDINATFS OF THF ORIGIN OF THE ROX WITH
RESPECT TO THE ITEM ORIGIN.

1F (KFORM)S0,60,70 ,

50 BXEXT(4)=-ECLFAR(1)-ISPACE(K,1)
BXEXT(5)=-ECLFAR(3)-0.5#SW~1SPACE(K,3)
BXEXT(6)=-ECLFAR(5)-0.5#SH-1SPACE(K,5)
GO TO 80

60 BXEXT(4)=-ECLFAR(1)=0,5#SD=I1SPACE(K,1)
BXEXT(5)=-ECLEAR(3)-0,54SD-1SPACE(K,3)
BXEXT(6)=-ECLEAR(5)-0.54SN-1SPACE(K,5)
GO TO 80

70 BXEXT(4)z-ECLEAR(1)-0.58SDsSINC(RADIAN)-ISPACE(K,1)
BXEXT(5)=-ECLFAR(3)=0.5#SD~1SPACE(K,3)
BXEXT(6)=-ECLEAR(5)-0.5*SN*COS(RADIAN) - ISPACE(K,5)

ROUND UP THE VALUES TO THE NEAREST INTEGER.

80 DO 85 J=1.,6
85 CALL FOX(RXEXT(J),ESCALE,BOXEXT(J))

CONTINUE
RETURN

END
SEGMENT
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MAIN PROGRAM,

FETCH RESFT

INTEGER DIMENS(26,5),1C0ODE(9,7),CLEAR(26,6),

#BUF(300),
#NOZ2LE(60,4), FILE(3000).
#BASE(8)

THE DIMENSIONS OF THF UNITS IN SIXTEENTHS OF AN INCH.

DATA DIMENS/11520,11520,3072,2304,3072,3072,3072,3072,
#2304,3072,3072,2304,1920,1920,576,576,576, 576,576,
«3072,3072,1920,2304,3840,1152,1152,
«0,0,0,0,0,0,0,0,0.,0,0,0,1152,1152,384,384,3R4,384,384,
«0,0,0,0,0,0,0,
#0,0,06,0,0,0,0,0,0,0,0,0,1152,1152,768,768,768,768,768.,
«0,0,0,0,0,0,0,
#960,1152,576,384,576,576,576,576,384,576,576,1920,0,0.0,

" #0,0,0,0,1152,1152,768,1536,76R80,768,768,

¢90.90.0.0.0:0.0n0.0.0.0.90.0.0.0.0.0.0.0.90.0.0.0.90.90.
*90/

THE UNIT TYPES AND THE NUMBER OF EACH,

DATA ICODE/2HCB,2HHE,2HHR,2HHC, 2HJA,2HKA, 2HPA, 2HRA,2HTA,
#2,4,2,3,1,2,5,1,6/

THE CLEARANCFS ASSOCTATED WITH EACH UNIT.

DATA CLEAR/0.0,384,384,384,384,384,384,384,384,384,
«0,0,0,0,0,0,0,0,0,0,0,0,3072,0,0,
+0,0,3072,2304,3072,3072,3072,3072,2304,3072,3072,0,0,0,

»0,0,0,0,0,0,0,0,0,3072,0,0,
QOoOrOnO:U0000000000nOuUnOpO»OnO;OpOoOnO,OnOuO.307?;0.0.
QO.U.O»O:0:0'0:0001030:Oo000!0:0:0o0:0o010u0-0p307?:0p0;
lO.OpOnO:D00'0DODOnO10-0:0'00000100030'0pOoDoOuO.U,O;.
'00000'000’0o000|0n090n01616v000'0pO'U,O'OoODO.OpO 0/

THE PIPE ROUTES.

DATA NOZZ1LE/1,125,1,124,115,103,112,120,107,108,106,105,
#103,111,121,126,114,1017,105,113,121,121,106,101,109,122,
«116,122,101,107,101,117,102,110,123,118,1036,104,102,108,
#102,119,0,0,0,0,0,0,0.,0,
~0,0,0.,0,0,0,0,0,0.0,
*1251113'1?4911501n3011201?0'107D108'10601050103|111n1?1p
#126,114,120,105,1006,1018,1,106,101,109,122,116,1n1,1021,
#107,101,117,102,110,123,118,102,104,1,108,102,119,124,
%«0,0,0,0,0,0,0,0,

#0,0,0,0,0,0,0,0,0,0,
’1:1:1.1:1:103:3.3:3030313:302:202:2»2»10201.1-3;1.
'1,1'101:3:101o3n1:101o151»1;3:101p09010.00000-0;0-
'0.0.000:0:000:0:0000
*1’1'1’1'1'1!3’3'3!3'3'3'3.3!2.202020201'2!101!301;
#1,1,1,1,3,1,1,3,1,1,1,1,1,1,3,1,1,0,0,0,0,0,0.0,0,
«0,0,0,0,0,0,0,0,0,0/



c - PAGF 73.

ITYPES=9
ITNUMB=26

C SET UP THE DISPLAY FILE.
CALL RESET(FILE,3000,100)
CALL SCREFN(DIMENS, ICODE,CLFAR,
*BUF ,NOZZLF, ITNUMB, ITYPES, BASE)

STOP
END



SUBPROGS

AROVEC
SEGMENT

ARC
SEGMENT

LINE
SEGMENT

SCREEN
SEGMENT

INPIPE
SEGMENT

VIEW
SEGMENT

ARROW
SEGMENT

OFSITE
SEGMENT

FIGURE
SEGMENT

FIRST
SEGMENT

ERASE
SEGMENT

INCOST
SEGMENT

NOPIPE
SEGMENT

LETTER
SEGMENT

PIRACK
SEGMENT

INSET
SEGMENT

INITAL
SEGMENT

vTov

SEGMENT'

vVTOP

SEGMENT.

PTOV

CODE

START

LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH

LENGTH

LENGTH

0

=4

LFNGTH

226
226

236
236

373
373

773
773

860
860

193 -
193

144
144

549
549

256
256

457
457

164
164

361
361

66
66

121
121

152
152

317
317

48
48

232
232

248
248

296

CONSTANT
LFNGTH

START
9208

9276
9316
9432
9626
9848
9884
9964
10060
10118
10186
10204
10262
10272
10322
10390
10498
10528
10?78

10620

66

40

58

170

218

34

74

90

58

66

18

58

10

50

66

106

26

50

42

50

LOCAL
START

16290

16315

16343

16397

16444

16456

16470

16510

16532

16564

16585

16618

16626

16644

16666

16697

16705

16736

16761

WKSPACF
LFNGTH
25

28

47

12

14

40

22

32

21

33

18

2?

31

31

25

26

DYNAMIC
ARRAYS
n
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SFGMENT

VTOVX
SEGMENT

VTOPX
SEGMENT

PTOVX
SEGMENT

BOXOUT
SEGMENT

BOXIN
SEGMENT

SETUP
SEGMENT

INVERT
SEGMENT

PIPEX
SEGMENT

WAIT
SEGMENT

VALUE
SEGMENT

PRINTZ2
SEGMENT

PRINT1
SEGMENT

PRINT3
SEGMENT

PRINTA4
SEGMENT

PRINTS
SEGMENT

NZPRNT
SEGMENT

PRINTX
SEGMENT

INTAPE
SEGMENT

DISCUBR
SEGMENT

REPUT

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

296

349
349

372
372

372
372

113
113

145
145

144

144

122
122

389
389

72
72

.32
32

49
49

41
41

41
41

89
89

81
81

33
33

168
168

114
114

88
88

660

10670

10720

10778

10844

10862

10890

10940

10966

11040

11090

11118

11154

11182

11210

11270

11328

11354

11372

11478

11512

50
58
66
;8
26
50
26
74
50
26
34
26
26
58
58
26
18
106
34

226

16787
16825
16861

16896
16913
16932
16953
16974
17006
17017
17027
17033
17039
17045
17057

17069

17074

17097

17107

17121

3R

36

35

17

19

21

21

32

1

10

1?

12

23

10

14

34

15



SEGMENT

ZONAL
SEGMENT

ELVATE
SEGMENT

ZERO
SEGMENT

REMOVE
SEGMENT

PIMOVE
SEGMENT

ORDER
SEGMENT

pISCYL
SEGMENT

LEVEL
SEGMENT.

DRAW
SEGMENT

SWOPP
SEGMENT

PIPE1
SEGMENT

ITRASE
SEGMENT

DISBOX
SEGMENT

LVEC
SEGMENT

FOX
SEGMENT

BOX
SEGMENT
RESET

MA INPROG

VECTOR
SETP
INSERT
ACTION
SWITCH
CRPOS
TRAK
REPL

LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH

LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH
LENGTH

LENGTH

0
LENGTH

24079
24023
24005
23979
23951
23773
23747
23733
23719
23689

660

418
418

354
354

93
93

- 654

654

659
659

8?2
82

168
168

330
230

88
88

57
57

400
400

153
153

64
64

81
81

48
48

562
562

1976
56
18
26
28

178
26
14
14
30

11740

11790

11864

11878

12024

12154

12164

12230

12272

12314

12316

12398

12432

12466

12478

12488

12770
13410
14547
14559
14575
14589
14647
14657
14669
14681

50

74

10

146

13n

10

66

42

4?2

82

34

34

10

10

280

638
1135
10
14
12
56

10
10
10

17155

17199

17226

17235

17280

17330

17339

17359

17389

17408

17417

17447

17467

17480

17489

17492

17650
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44

27

45

50

30

2n

13
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V- WRBUF
ENTER
POINT
KEYS

DELFTE
SETRAK

FREE STORE

RRUN

23671
23627
23607
23573
23557
23543

18
44
20

39

16
14
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14693
14705
14723
14735 .
14747
14759

23542
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16
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10
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APPENDIX II

Economic Pipe Size Determination

The cost of process piping represents a large
proportion of the capital cost of a chemical plant.
As the diamnter of a pipeline increases, the capital
cost increases but p'mping costs will decrease. Thus
an optimum pipe diameter must exist.

1. Cost of Pumping

The basic expression for the work required to
move unit mass of fluid between two points; 1,2 is given
by

u 2 | u 2
W' ajvdp+( 2 1 )+ (Zz-zl)g_+Fft -lbf/
1 2gc 9e

lb mass
vee (1)
the following assumptions will be made
(1) the £f1luid is incompressible
(2) there is no change in kinetic energy
(3) gravitational differences are negligible
then W' = (2, - 2,) + F ft - l1bg/1b - mass ... (2)

Experimental evidence has yielded the Fanning

equation:
F=2fv2L £t - 1b./1b - mass cee (3)
g D
c
for turbulent flow f = 0.04 eee (4)
(N )O.iS o
R
e
for viscous flow f = 16 ess (5)
(N

)
Ra



combining these equations and taking into account the
frictional effect of fittings, gives for turbulent

flow:

Dl.16 0 0.16

9

also V = 4qf
NDZ

e C

ft - lbf/lb - mass... (7)

orxr
0.16 _ 2.84 0.84,
W' = 0.00136 (2, - %.,) gep + 0.273 "¢ 9 P e Kw
2 1’ 9¢
D 4.84
i

oo (8)
thus the annual cost of pumping per unit length of pipe

is given by

for turbulent flow

L p 4.84

_ 0.16_ 2.84 0.84
E
i

s e (9)
g/year unit length of pipe

for viscous flow

2

c, = {?'°°136‘Zz - 210940 4 5,024 %
L N

Mg (1+J) KH
5 4 E

i ... (10)

€/year unit length of pipe
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2. Installed Cost of Piping

For most types of pipe, a plot of the logarithm
of the pipe diameter versus the logarithm of the nur-

chase cost per foot of pipe is essentially a straight

line. Thus

C = X Di eeo(11)

The installed cost of piping must be calculated.

Consider a line of length 325 feet with fittings:

12 flanges
16 weld ells
1 tee
1 check valve
2 gate valves
Using the costing procedure of Rase and Barrow the cost

of the line for three diffcrent diameter pipelines is

calculated.
Table 3
e tene- piseene. sroiied
diameter dollars dollars chase cost
2" carbon steel 125 950 7.6
" stainless - 304 1,275 2,693 2.1
" " - 316 2,009 3,605 1.7
6" carbon steel 647 4,735 7.3
" gtainless -~ 304 6,488 14,742 2.3
" " e 316 10,403 20,526 1.9
12"carbon steel 1,829 16,798 9.1
" gtainless - 304 19,241 53,874 2.8
" " - 316 29,392 74,360 2.5
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1f F is defined by

F_. = installed pipe costs

c purchased nine costs
then C2 cXDi g£/ft eee(12)

where

stainless steel stainless steel carbon

type 304 tyre 316 steel
F 2.4 2,0 8.0
X 1.25 1.56 0.1042
N 1,2 1.2 1.3

3. Cost of Pump Installation

The cost of the pumping installation may he reclated
to the annual work done in pumpina rper foot of nipe., A

straight line may be drawn to fit the equation

0.37

c, = 862.2 (1) £/ft of pipe ... (13)
T X

4. Determination of J

The equivalent length of pineline is given for

13

each type of fitting in Table 4, Thus for the pipe-

line considered in Section 2.

- 190 -



Takle 4

EQUIVALENT LFENGTHE OF PFLINE FITTINGS = FT.

“inches  weld-slls e U000 CRIC,
1 2.7 5.7 6.5 0.6
2 5.4 12 14 1.2
3 8.1 17 19 1.8
4 11 22 25 2.3
6 17 34 40 3.5
8 21 44 51 4.5
10 26 57 66 5.6
12 31 67 77 6.9
14 37 75 90 8
16 42 89 110 9
18 48 100 120 10
20 52 110 130 12
24 63 130 160 14
E;, = 55.6 D, ft.
or
E, = 55.6 D, L ft. oo (14)

Le = L + EL
Le = L(l1 + 0.171Di)
.. J = 0.171 Di

5. Venture Profit

A term venture profit - V is defined as

Vp, = P - im T eee (15)

also P

(R - AT) (1 =~ t) ess (16)
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and R = 8§ =¢C eee (17)

A term u will now be defined by the equation

thus u = § - v
1 -t

= (R + Cp) = (P =i, D

- 1l -t
= (R + Cy) _{(R-dI)(l-t) -4 1

l - ¢
u=Cp+dr +im T ... (19)
1 - ¢t

u is an expression of the net annual cash flow such that
a positive venture profit may be achieved, i.e. the con-
straint of the minimum acceptable return is met. It

follows that u should be minimised.

but CT = C1 + bC2 + b'C3
I = C, (1=-g)+Cy (1~-gq)
aIl = aC2 (1 - q) + a'C3 (L - q)
u = Cl + bC2 + b'C3 + aC2 (1 - g) + a'C3 (1 - g)
i f
+ m C, 1 =9 +C,4 (1 - q)
T-¢t)|
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i i
or u=C, + C b+la+ m | (1=-g)}y +C «b'+<a!+ m (1-g)
L g ( 1=t ) 3 { l-t) }

e o0 (20)

For turbulent flow this can be fully expanded.

0.16_ 2.84 0.84
u={?.00136(z2-z1) qQePy 0.273u """ ae™ " p (140.171D4 )] vy
}‘E

L 014.EI

N i
+ chni {b+ (a + ﬁ)(l-g)}

0.273uc0.160f2.84po,84

L E 4,84

Di ‘ E
x{b' + (a' + 1M (1-g>}
T

¢/year oer foot of pime

(1+o.171r>1m}°'37

+69.2 {?.00136(z2-zl)qun+
7

and for viscous flow

L D 4 E

2
u={é'00136(z2 2)) g p + 0:0219g% (1 + 0.171D) }KH
i

N i
+ F XD b+ (a+ "m(l-q)
el { T }

2 .
+69.2{[0.00136(Zz_zl)qfoH 4 0.024q,°u (1 + 0.171D;) H)0.37
D E )

i
{b' + @+ m) -9
-t |

g/year per foot of pipe
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NOMENCLATURE

(P

H M O O Q@

Fraction of cost of installed piping system for
annual depreciation.

Fraction of cost of pumping installation for annual
depreciation.

Fraction of cost of installed piping system for
annual maintenance.

Fraction of cost of pumping installation for annual
maintenance.

Annual cost of pumping. £/year ft. of pipe lenath.
Installed cost of piping. £/ft. of pipe lenath.

Cost of pump installation. £/ft. of pipe length.
Total annual running and operating costs.

Annual denreciation.

Pipe internal diameter. ft.

Pipe internal diameter, ins.

Ffficiency of motor and pump expraessed as a fraction.

Frictional effect of pipe fittings exﬁressed as an
equivalent length of pineline. ft.

Fanning friction factor.

Frictional resistance. ft.-1bf/1lb mass.

Ratio of installed pipe costs to purchased pipe costs.
Investment arant expressed as a fraction.

Conversion factor. 32.17 ft. -~ lb.mass/sec.zlbf.
Height of storey. ft.

Hours of operation vper year.

Minimum return recuired on capital investment expressed
as a fraction.

Investment before grant.

Frictional loss due to pipe fittings and bends expressad
ad eaquivalent fractional loss in a straight pipe.

Power costs. £/Kwh.
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= ¢ n =

<

w

w’

Length of a block of elevated units (perpendicular
niperack). ft.

Pipe length. ft.

Equivalent pipe length, taking into account fric-
tional effects of pipe fittings. ft.

NMumber of storeys above grade.

Storey on which the ith unit is located.
Cost factor.

Profit.

Mass flow. ft3/sec.

Number of units in a block.

Gross return.

Total sales realisation.

Tax on profits cxpressed as a fraction.
Net outward cash flow. £/year. ft. of pipe length.
Fluid veloecity. ft./scc.

Venture Profit.

Wwidth of a block of elevated units (parallel to
piperack) ft.

work ft. - 1bf./lb mass.
Cost factor.

Height above datum level. ft.

Viscosity 1lb./ft. secc.
Viscosity centipoise.

Density lb/ft.3
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