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A, INTRODUCTION

The Operation of Chemical Plants is a broad subject which must be
broken down into a number of different activities. 1In this paper, we will
discuss several of these activities such as training, ataffing and the
startup of the plant as well as the control and care of the plant during
normal operation. It will be seen that each of these activities requires
planning and scheduling for the activity before it occurs, otherwise much
valuable time will be lost and the final operation of che plant may fall far

short of success.

B. DESIGN

Successful operation of a chemical plant depends in the first place
on the thoroughness with which the operation has been planned during the
design phase. Because cond:tions in different countries and even in
parts of the same country can vary considerably it is important that they
be taken into account in the design of the plant.

In industrialized countries, it is relatively easy to find out about
prevailing conditions by referring to existing codes or local laws that
have usually been developed based on the experience gained for operating
plants. It is also advisable to check directly on the experience with these
plants. 1In developing countries such experience may rot be available and
it is therefore very important that close cooperation between the engineering
contractor and the operating company be maintained through all phases of

design.
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Most contractors employ personnel who are experienced in plant
peration and the experience of these people should be used from the
arly stages onward. They should check plant design to see that startup,
hutdown, and emergency conditions have been taken into account in
inalizing the plant design. Their experience should enable them to predict
ny unusual circumstances that may occur during operation and to re-
ommend incorporation of design features to care for these situations.

They can prepare an operating philosophy early in the design
tages to serve as a quide for the design departments. This operating
hilosophy is a forerunner of the final operating instructions manual.

f a plant model is prepared these experienced people review it to detex-

ine accessibility both for operating and maintenance purposes. Various

satures are studied, such as the location nf instruments and valves for
ccessibility, insulation requirements for protection of plant personnel

scape routes in case of fire and the like. It is customary to have a re=-
resentative of the operating company present during this model review

o that he can appreciate the reasons for any changes. An illustratiom Slide
f a model of a small plant is shown in a slide as Figure 1.

As engineering flowsheets are issued, they are scrutinised by
xperienced members of the engineering and operating groups and improve-
ents and changes are incorporated. Representatives of the operating
ompany also review these flow sheets. In the event they lack operating

xperience on the plant being reviewed, it is important that they participate

n discussion with cperating people who have this knowledge.




The decision on the extent to which spares are provided will
of course depend areatly on local availability of such spares and influences
the incorporation of standby equipment. In some situations, spare
compressors and pumps are justified, or as an alternate for a given service
two units of 50 to 70% capacity should be considered. Other spare material
for consideration is parts or replacement for exchanger bundles, valves,
packing meterial, piping and furnace tubing, burners, instruments, parts
for pumps and compressors, and motors and turhines or parts thereof.
Material which has to be obtained from a far away source at a long delivery
time should be on hand to avnid a prolonged planc shutdown. Adequate
shop space and equipment for repair and rebuilding should be included

with the plant if such facilities are not readily available.
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When the design of the plant has been developed and information has
been aobtained from vendors on various items of equipment, the engineering
contractor prepares a comprehensive Operat ing Instructions Manual. This
manual, which may consist of several volumes in the case of a multi-unit project,
contains basically the following information:-

Description of the Flow --- which describes the complete flow

through the systems, making reference to vessels, instrumentation

pumps and other aquipment,

Process Principles --- describes the theory and principles of the

Process, the process variables and their effect on product quality,

Unit Conditioning --- covers the conditioning of the equipment where

pertinent to startup and subsequent operations.

Startup Instructions --- detail the general overall startup plan in

narrative form. Special precautions, catalyst activation procedurss

and off-design considerations are elaborated upon.

Shutdown Instructions --- cover the general overall shutdown plan

when the unit is taken out of service purposely and deliberately.,

Procedures for furnace decoking, catalyst regeneration and the like

are covered,

Emergency Procedures ~-- where applicable, cover the procedures to

follow in the event of a utility or eguipment failure.

Appendix --- contains drawings pertinent to the process and tech-

nical data of importance to the opsrators,

R




This manual is issued to the client several months before plant
completion to phase in with operator-training programs.

1f client's operating staff 1s not reasonably conversant in English,
arrangements should be made by the operatiny company to have the manual
translated locally so that there will be no dialect problems. It is
essential that the translator has sound process and operating knowledge,
otherwise errors and misunderstandings may be introduced and the effect
of the manual may be lost.

This manual is intended to be used as an overall guide and relates
all the sections of the plant to each other. More detailed instructions
are frequently prepared by the supervisors in charge of the specific

procsdures,




[ stafting

If the operating company wishes, the engineering coatractor ocan
prepare a manpower organization chart for the entire complex of plants or
parts thereof. An illustration of a simplified organization chart for a
complex is shown in the attached Table I and in figures 2 through 5, all
of which are shown on slides.

In this example, the detailed breakdown is only shown for the

operating staff of one complex and in FPigure 5, this staffing is shown S$lides
: 2

for a shift of one unit in the complex. Recommendations as to the thru
¢

desired level of experience, qualifications of the personnel to be employed
and the number of employees to be hired can be obtained from the plant
designer.

This plant organization should be reviewed well ahead of plant
completion =o that the operating company will have the opportunity to
survey the local labour market. 1If qualified personnel cannot be hired
locally, the operating company should make arrangements to get help
on a temporary basis by outside recruiting, utilizing contractor's
experienced personnel, by borrowing manpower from affiliated companies
or some combination from available sources. In addition, it is advisable to
have vendors service engineers present to advise or assist in the initial
operation of their equipment.

It is all too easy to rely ﬁeavily on outside assistance but it
may fail to provide the company's personnel an opportunity to gain self
confidence and experience. When outside assistance is found necessary,

4 prime objective is to use their experience in training local personnel.




4 Training
Prior to plant completion, a training program essentially as
outlined on Pigure G should be established. This program normally

includes the following elemernts.

a) Plant visits by a group of supervisory personnel to a

similar installation, preferably under the guidance of onec of the
contractors experienced operators. These supervisors will be expected
to play an active part in the subsequent traininy program.

b) _Classroom training for personrel that will be involved in

the operation of the plant preferably by a training specialis’ or by
supervisory personnel.

Orientation is an important element to be included in classroom
instruction. Each man must become thoroughly familiar with the
organization and his specific func.ion and duties. Position descriptions
should be prepared for each assignment, detailing these duties and
responsibilities to assure that each individual knows exactly what is
expected of him and what he can expect from others.

Much assistance in training can be provided by the engineering
contractor or his cxperienced operators. Visual aids, including training
simulators, 1f available, are also of great assistance when carrying out
& successful training program.

The operating instructions manual menticoned previously is used

& a basic tool for training purposes.

Slide




c. On the job training proceeds even before the Plant is

complete. as various portions of the plant are readied for operation, 1
.;9reat deal can be learned. The clientgs Operating personnel can Witness

and assist with such activitjag A5; checking of plant fquipment., calibration
of instruments, blowing of linee, charging of catalysts and chemicals, dryout
of furnaces ong similar Lasks,

d, Safety policies and procedures must he developed, and the staff y
must be trained tn adhere to thoge precautions which are established to prevent
Accidents as welj ag pocoming famiLiar with the Steps Lo be taken in the event
of an acc.dent, 1Y most chemical plants, the opfrating staff are expected to
Play an act;ye rele in cace ~f LI, angd a4 fira Tlatting scheol i often usad
to provide the men with the navledge they will need to properly utilize available

equipment , Training wmuyst include a basgic knowledge of all chemicals involved

protect personnel as well as equipment , A sound safety Program is designed to
Qrovide for safe handling of things a: well aq people.

After the plunt has Leen placed in Operation, classroom training should
be continued for 1ew personnel and for development of a)) plant operators,
Shift schedules should be arranged in suci a way that personnel can be made
available to attend those training sessions.

The importance of the trairiing and tpa Preparation of the training

Program to obtain the maximum Lenafit of this exercisge cannot. be over-enphllizod.




Preparing Plant for Startup

Some months before the plant is complete, the engineering company

operators are assigned to work with construction forces. During this period,
these operators will assist in scheduling of construction activities and set
priorities for completion of different sections of the plant. A typical Slide

8
simplified schedule is shown in Figure 7.

The enginecring company operators will assist and supervise the
loading of catalyst, prepare utility systems for operation and asgist
gub-contractors with the chemical cleaning of boiler systems. During the
chemical cleaning program the furnaces refractory liners can be dried out
by lighting small fires in the furnaces. Rotating equipment can be
checked for alignment, lubrication systems checked and circulations initiated,
compressors run-in on air or inert gas and pumps run-in on water or oil.
Systems not cleaned by ©il circulation may be blown with air, especially
any cold scctions. Circulations can then be estabiished with air or
inert gas to dry out the cold sections, followed by a leak test as the
final step towards startup.

F. Startup (perations

An crderly startup of a chemical plant reguires devoted attention to

the details of organization, planning and scheduling. A chemical plant such Slide
q
as shown in Figure 8 will be the basis for discuscion on startup operations.

Before the startup of a cherical plant, it must be staffed on a round-

the-clock basis with operating, maintenance and laboratory personn:1 and

possibly an interpreter to overcaome any language barriers.




The individual steps to be completed wil}l require that
Supervisory personnel provide detailed written pProcedures to he
followed. 71t jq advisable that shift schedules for all startup Personnel
allow for an overlap of at least one hour at shift changes., This
Practice shoulg be maintained, for Operating Personnel only, during

" normal piant Operation, but the period of overlap can then be reduced to

20-30 minutes.

the type of Plant and the specific components invnlved. A typical

8lide
lo

simplified schedule for the startup ot a plant of this magnityAe is illustrated

in Pigure 9.

The first ang major step ir any plant startup is to pProperly purge

the unit of ajr before any combustihle or reactive materialg are admitted
to the system. This ma- be accomplished with FLEAM i oan inewe raterial,
Mefrigeration systems ave placed in service ang firculation establighed
to check out these circuits, Cold wil, water and chemi. 3} circulations
are established to check out instr"mentution, PUmps, etc., before heat

is applied to the plant. Furnaces are Mirged of ajr, Process steam flowsg
are fnitiated ang when thege Circuits are checked ang Stabilized, the
furnaces are fired and brought un te temperature jp Breparation for the
introduction or feed. Aftor feed j. tntroduced, the temperatures in

the cold sections an pe Yedaucnd which wily broduce the nNecessary yases

for activation ol catalyst, Aftexr the Catalyst has bheen activated, the unit

Can be lined oyt and stabilized and the products directed to storage,

Rates are then increased to design.
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Normal Operation

As the plant approaches normal cperation it becomes increasingly
important to maintain records on plant performance. It is customary to
have each plant keep a log of its detai.ed performance entering on this
daily sheet readings taken every two hours for all temperatures, pressures

and flow rates. Some additional data such as cooling water temperatures

and ambient conditions may be recorded on a less frequent basis. These

daily records are then studied by Operating and Process personnel and are
frequently averaged to provide a daily performance record. The averages

may be compilcd into a weekly report on each unit for submission to management
&s an interim performance record.

Detailed performance data is of great value in decisions upon
corrective steps to be taken when performance appears to have deteriorated in
some way. This is particularly ftrue of chemical processes involving catalyst
and in cases where side reactions occui. .

Samples of the feed and product streams as well as critical inter-

mediate streams must be taken at freguent intervals and analyzed in the
plant laboratcry. Very often the laboratory reports their findings on
critical strxeams by telephone to the plant control room but in all cases

a written daily record is completed and copics sent to the Operating
Supervisors. These records are also of great value not only in the day to
day control of the plant but for reference in case performance appears to be
deteriorating. Again they will be reviewed and correlated by Process

personnel and included in the overall performance records of the plant.




An obvious objective ig to keep the plant in continuous operati.n
and to prevent so far as possible any unscheduled shutdowns, Adequate
maintenance persconnel must be available to make currections or repairs
o any of the rarts ot the plant. which iy aeed attenticn, It is common
Practic~ or modern plants to keep ehift nainterance coverage to a minimum
znd to do most of the routiie masrntenance an normal work days, Much
Preventive maintenance szn be accompiisbed in this way to avoid or min=-
irmdze maintenance crisec, hubrication schedules should be set up for the
routine servica of mechanical equipment, valves as well as motors, pumps
and compressors. Schedules should also be get up and followed for the
tutine clearing of burners, strainers and the like, much of which may be
handled by cperating wersonnel, A record stculd t o kept either by
vperating or mcintenance pexrscnnel of those items which appear to need
naintenance work during pericds when the plant .s 'shut down, This
record is added to ug the ¢perating period procresses and as experience
/ith the plant dcvelors, 1* may become an almostc complete list of the
work items to Le completed when the F ant is shut down, A scheduled
shut down nericd ig plannad ‘or mose chemical plants on an annual basis
for the firet several years n the jife ot the plant, In many cases,

18 experience devsaluys it jg found to be much more satisfactory to schedule
A waintenance turnarcund or a twe or even a chree year basis,
Many articies have been written on the valye of planning maintenance

work in advance and on tha 3cheduling of all maintenance activities, It is

quite obwvious that when work is planned in advance the materials are available
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when and where needed and much time can be saved in the execution of
the work. Manpower must also be scheduled so that adequate crafts are
available to do the necessary work in the shortest possible time,
CONCLUSION

In the preceeding discussions it was brought out that all the phases
of plant operat.on involve planning and scheduling, Even the training
program to prepare operators for their jobs in the plant must be planned in
advance. Maintenance work has obvious need of planning and scheduling.

In short, all aspects of plant operation are not only susceptible to planning
and scheduling but will benefit thereby.

Much assistance in the preparation of plans can be gained from those
having experience with the particular plant involved., The designers of the
plant can be very helpful in this area and much can be learned by visiting
similar units, reviewing plant data and discussing problems with the operating
and maintenance staffs. The collection and use of all such information and

the preparation of detailed planning of all phases will almost certainly

assure that the plant will end up in successful operation,
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