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Preface

The I"irsi (cisultation Meeting on the Fertilizer industry considered
a mucter of '~ 8 14 which the construc .ion and operation of new fertiligzer
plants built in doveluping countries could be improved.

UNIDO wes requestcd to exeaine {uruier "contract procedures” and to
report the rejults o this axamination to the Second Consultation
Neeting. .3 a ronult of this examinaiion, nodel forms of contract for
the cunctraciica of & feriilizer plant have been prepared by UNILC, along
with puidolires for thoir use.

Tke treining of pirscnnel for the start up and operation of a new
fertilizor plant ia cn important aspect of these model forms of contract,
UNIDO thorefore irvitcd P.7. Pumik Sriwidjaja (P.T. Pueri), Indonesia, to
prepare 8 pnar c2 this subjeot.

UJIND is gra*2fl for 4hin contribution and hopes that it will

facilita’s gre~’or uderatanding of the importance of training personnel

in the mrccec{ul craration of fertilizer plants.




st Yon

Wth the replo "wore - Laragiirorente for ferttizers, all
manufacturers thrcuubvi. 1 yelc wt hrive Lo optimize stroan-days
in their plarts tn h- oattent Ly bl 4 en effort to achieve
the retad design ro.u- v n &y .48y, T : deve Lhis roal it 1is

cssontial that « v 1 : . uniiad Lral lry orogram ve conducted o a
comtinuous basis for rlort Lpesnitng wnd ralntenarce personnel.

Prior ¢o ¢y ~.vl-ap - W opeir-tion of a rew fertilizer plat
training is required fo. ;lar. ¢;»rating and malitensnce personne 1
and for all pes=-nnsl »io purticivits La supporting activitiss such as
laborstory, lc;'~ti~s, v iy, rarketine end distribution of
fertilisers. Treiri=: '~ - . alre! for menagewent personnel.

All new employdes cuil b~ ~ 1 vvlly treined and refresher training
courses are required (- 11V - nloyvaan.

There are mra . ~ .ol .. i1 the Clinnto jerscanel to galn
the transfer o tectrolo sy {r~1 thy ortrectors nersonnsl throughowt the
design, enginecriny, j o.v 3 *, . lom  rec* ion, comnisuioning and plant
start-up stages of » now Jeit1l47er “rojdsct. The Client should take full
advantage of theesn aoproit b’ s,

The purpcse ~f thi: g w3 tC stresp the inportance of the
transfer of technolosy in the reverlo ment of nanpower and the training

of personnel raquired % anuwie (vccers in bLhe stwt-up and operstion of
a new fertilizer rleni.,




vrganization of Personnel

Usur'ly the sxpansion of an “xisting fertilise- plant does not
requiry a om luiu e, lietion of Lhe coupany. Only recruitmemt of
sdditional ops sting sand maintenance personnsl, and persoms. who
participsie in suppcrting activities is required. Howeve:. a new
company cuhatidrg on a "grass roots" project will require the recruitmemt
of Lop uencgumert porsocancl, managers and supervisors for the varicus
departmentr, tlant opersting end maintenance persomnsl, and marketing
and distributinan personnel.

Thore are many varistions of personnel orgsnization charts used
by large fertilirer plants throughout the world. Figure 1 shows in
simplified form a t.yPiul organizstion chart for a large fertilizer
manufacturing fecility located in a developing country. The numbers
shown in perenthesis undsr each plant unit operstion represents the
number of operating parsonnel usually eassigned in a developing coumtrv
to cover four roteting shifts.

In goneral, thr number of operating personnsl required for pluts
losrted in dovoloping countriesc is 2.0 to 2.5 times the nuaber required
for plsnts opersting in developed countries such as the United 3tates,
Japan and ¥ jtern Purope. The prim ry reason for the larger muaber of
opersting parconnel required in the developing countries is Lecauoe
the plert facilitios are more extensive. For example, a fertilizer plaud
located in a developing cowtry will usually require: (1) elsctric puwer
generating facilities; (2) extensive netural gas purificst.ion and
protreatmert facilities; (3) a booster compressor to increase und maintain
the natura. gas at the required pressure; and (4 ) an air separstion
plant to provids high purity nitrogen for use in blanketing cdalyit
during rmmonia plant turnarounds.



In the developad countries a reliable supply of elzctric power
1s usually available from an outside sour-e and therefore power generating
facilities are not required. Also, natural kes pretrestment fecilities
and & bocster compressor are not required because the gas is purifisd by the
producsr in th ficld and delivered t¢ the pPlant-site ot sufficiemt pressure
to eliminate tne noed ior acditional compression. An air separation plant
is not required becauss high purity bottled nitrogen i{s readily available
froam an outside scurce. Therefore, fertilizer plants located in the
developed countrios are far less extensive and congsequently require fewer
personnsl for plant oporstions.

A trond which doveloped in the wWestern world during the past
20 years is Contract Maintenance. Many fertilize plante in the United
States maintain & relatively small Maintensnce Department to perform
preventetive maintenance, erergency and routine type repairs required to
lsep the plant on-stream. For annual turnaround, arrangemsats are sade
with comenies wh., specialize in Contract Maintenance to bring in a lafge
orew of trained craftsmen to perform the work. In most of the developing
countries Contract Maintenance service is not availsble and therefore
fertiliser plants rust maintain a large Maintenance Department capable of
performinz cll typee of maintenance work.

When recruiting mansgement and key personnel for a new, "grass roots”
fertilizer plent a strong offort should be made to euploy pecple who nave
had previous « parience in work simile. to their new L. gnnert . 1o aost
developing countries it is not poesible to recruit operating and maintenance
personnsl vho have had previous expsrience in fertilizer plant operations.
However, thers is usually en ample supply of graduatee from technical
high schoole who, when properly trained, can satisfactorily meet the
requirements for plant operating and maintenance personnel. Difficuities

encountered in recruiting of qualified personnsl very considerably from
one country to another,



Recruitirny of persciu.el t.r s naw tortilicer plat can be performed

Jtnree stages. Top manacems . pecsomne.  siould be appolited as soun as
possible alt. o Lhe izcision ‘ras bLeel, ralde Lo endark un the projert.,

Then, the department nesd, eswl ke opere soe aiel malntenance personnel
Nod.d be recruited Ladian . o v e, oo Jltar 10t welliainal ad
coapletion of the plamt 4! vperatin rud gl . enance jorsuruel, and

POTRONN0L for &ll GUpportliey & & 1% e viwn d e racruite.d.

Pe csonne ] fratniig by <o s.ctor

Tie oblidation for trasniw of the I1ient . persoruwl should be clearly
. dnod in the contract with _he ieneral wrire tore The Duntractor:o
ouiigation should tnclude: (1) Lrainie ul cllents pervonnel in plamt,
doslein, enwineering snd .procirewsent in Ll.a outcactors office; (2) toaludng
of Cilaaty mainteuance personnel durtis o e sty es of plant—-yite civil
warks and the srection of plant eqidpwint, () training of aaintenancs
persunnel in equipwent ventors uhoju; (. arraryements for field training
cf oparating aud malntenance persomnel in o cruudng plants; (5) Ltensive
ciasarvom trairdiy of Client s uperat iy eroconel by Sontractoru plant
ot art—up. operatory,

A typleal luplomenta' Y. cwdule (ar veatruction of a larve
fertilicer plant 1, Lnown in Fieure .. 1 scredule shoy s the aproriaate

Jete wa which the varlows Lradulne oblipuliong of the Curbractour shoul?

seoin,

A3 siowin o Fliure O, Lhe Loty o ersonnel should be assi/ned
o the Coniractur: oftfice aoun witur destyn, ey ineering and procurement
astivitios begin, toorn af =p plont vl wo.o v, and ersction or plam
coumlpmelt 18 started, Lae Cient L oauld Lo ernpropriute craftonen %o wore

wnder the supervision of the cortraitor, jerounel. ‘won after procureas st



of equipment begins, 'nv Climts .oy maintenance psroonnsl should start
tradndayg in the vendor- shops «hers vitul iLems of equlipment such as
centrifusal compressors, :slwa: Lurbin u, puaps, stc. are fabricated.

As shown ‘n Figu~e ~ . neer the time crecd oy Wl jlamt o ul poerdt,
and piping Leginm, tne Contrectors iy | lant st.art-up personnel should
urrivo at thy plant-.its and couduct an inten ive two- tu three-wesk
training program for che Clients key operathwy ersonnel prior to
departing for fleld trrining in an op:rot liy plant.. The Contractors
vey plant start-up personnel should accompuny Lhe Clients personnsl to
the operating plant nnd actively participuto in . lassroom and ot ha~Job
training of Clien.s paroonnei.

Table I ohows the minimum recormeidsd number of personnel who
should participate in f'leld training for the atart-up of a new amaunis-urea
fertilicer plent cad the minismi recommended training time for the various
categories. Amnonia ard urea plant cperations are more complex than
other types of fertiiizer plents and therefore requiro more extensive
training for operction and maintonance.

Tho contract betwesn the Client and the Ceneral Contractor should
include p:ovisions vhoreby the Client at hiu discretion can retain the
Contractors strrt-up oporeting persorinl for a specified period of time
aftor completion of a muccessful plar performance test. Or, as an
altorn-tive, the Cliurt nigi’. prefer to arrany for o Hansgement Contract
with rom cperrting ~¢mp-ny or the Genaral Contrector for a specified
poriod of tims to arruro that the plant continues to opsrate successfully
exd further dvence trining ond manpower developwent,.

Trainin: Opportunities in the Lweveloped Countrie

Companies who manufactur~ fertilizers in the developed countries
generally do not have personnel avallable tn carry out formal classroos




and an-the-job training programs for the start-up and operstion of new
slanty o the developing countriss. Fo. exsmple, in the United Statss
s large smonic plant s opersted with five psople per uvhift, ons man
operating the cantrol board and four m 2 in the field. These peopls do
not hsve time avallabls to perform treining assignments.

Tas International Fertiliser Development Ceuter (IFDC) snd the
Ternwavee Valley Aut.ority TVA) located st Musclo Shoals, Alabama (USA)
can provide sxosllent training in their laboratoriss and pilot plante.
They can provide good training in sgronomy and marketing and distribution
0. fortilisers. However, they do not have large—scals mmmonis-ures plants
requirsd to provide on~Lhe—job training.

V- universitiss end institutes in the developed countries offesr
short-tn1m courses in msnsgemsnt. Several account'n] firms in various

srmtries of the world can provide good training in sccouunting, suditing
ox: finence.

Recently the Pullman-Kellogg “ompany of Houston, Texas (USA) organised
s uepartmert. aamed "World Wids Oparations” wnich 1s designed to provide
Janggeaut, wa‘rcensnce end operating uervices for plents located primarily
1 the develo,linik countries. Htaul Toatiu Chemicals, Inc. of Tokyu, Japan

- an offer a simiiar servico.

ion vel

<3

rie

There sre now many modern large scale amscnis~ures fertiliser plants
opergting in tho developing countries. Many new plants will be required
in the f\ture as requirements for ferti.rizers continue to increase.
Personnel required Lo manags, operate and maintain these plants must be
thoroughly trained to assure that the plants operate successfully.
Probaebly the mnst logical solution to the problem of training persounsl




13 for the tartilicer plants in Lhe develou|liy countr.eu tu couperate

Ly sharing thelr tralning lacilitiey.

During the period 1474 to 197+, I'n T fupuk Lriwidiala (F. T. busrt,
completed three larfe amnunia-ureus plants whicn increased ur=a produc'. ioa
froa 100,000 tons per year Lo over .. militon tonu per jeer o7 indtelied
cupacity., raced with the prublem i trainfiy Lhe large rugwer of
opercting and maintenance por.onnel required ftor plant operations,

a dectision was meds in 1979 to eutabiiahe o Tralnliy Center ot Liv Puori
clwrt=3ite in lalembany. The Tratnin: Zonter was estaclicned not unly Lo
Tovide Lraindng for Pusrl personnel, tut ol .o to provide traints, for sther

fertilicer plants in Indone 1a sod obher cowtries of Lhe wori l,

A new Lulldine wao constructed Lo house the Tralntse, Srnter woono

conglisted of:

1. An auddtorius with o scealing » o ity for about 106 tradnes..
2. A laryge room where amnonia and wrca plant models are locuated.
3¢ A clasurcom where plut cont.rol board slmulators are locito i,
e Six additicnal clasiroom.

Y A library.

Co  Uffilcoes lTor member. of Lthe trouiuy staff,

Tho Trainuy Center s cquipped with the {ollowise maan S, Wl d

to blmplement the Lralidng peo Tise s

1. A Undversad bProcoes. Tralner Tamedy Shaulator.

Je A Fuabare oimulotor for traloliy ol drobrancnt. amnbcnafle N Coiner. .
. Models of ammonia wuel urea pliut .,

L. overhead projoctors fov slide, udd lm,

5. A movie camera and video Cupe clo ed sdpoult, feaesi don,

aftor completion ot clusoroom trainne, the tralnee o are Srac ool

to Lhe operat oy plant ., whery LUhey rec Yy upe rvined so=Sthe="u0 Lrualase
b 3 K i .




W-the=Sob trafning 1. proddod for both plant viwraling and plant

maintonwice tratr-o . AL00y ood Taclitties wro avallable for claasrcom

and on~tlie- job trotning ol lsbora' ory [eroonnsl,

Appendix A presuntn an outline of norrams for classroom sl
on-tlie=job trainin: for unmotlay urea and u' ility plant ojerat.ions . he
Puord Training Conter. 3imilar progremy of Lradning are avallable for
plud, madntenanco porsonnol puch as mochanicy, olectricions and instrunent st ion.
Tivo requireranty for cotpleting clasircom and or—tho-job trainiry in
coeonbay ures end Uili.y uadt oporstionu sre shiown in Tabde I1.

As whovn in Teble IT, Lho tohal time: requirad for completion of
classroon tratnlayg in ¢~ onle. urca and utiiity operutions is 24,0 hour:,,
cquivalent to L2.5 uight=howr days.  The tchol timo for completion of
on=the-Job trainiay: in tho oprat b plants 1n 139 duyu. Thus, the tutal
time requirl for o tralnee Lo cowmplelo classroom wrud or~the-job trainiry
for rrmoida, uron ond w111ty operctions Lo 177.5 days. luring 1776 and
1977, a Lrtal of 1.3 Puari crployees were trained ¢ the Training Certer,

Concluiyion:
ALV R S ]

To e9surs uuwccens in +the start-up and operation of a new fertilizer
Mant 1L 4 ~vceedirily {rrorteqt to provido uood training for the plart
ovaretling cnd ~ainternence ner.onrel, and o1l porvunnel who jarticipate
in supporttrg <ctivitiv for plen. operations.

N1l adve-tom ghrld be telon of every opportunity tn ain the transfer
of teehmrlogy frem the Cersral Contructors perscnnel throwshout the deuvlin,

engincering, procurersnt, plant eroction, con. ‘i sloning and plat st art-up
stages of tiy prolect.

There e.0 many opportunitiso for the developlng countries to
coopercto by sharing: treining facilitles and exchangin: ideas on the




solution to plant operating and maintenance probleas.

The Training Center located at P. T. Pusri's large fertiliser
aanufacturing facility st Palembeng Indonesia is svailable to assist
fextilizer plunts in other countries in training of their persemmnel.
Pusri dasires to cooperste by sharing the training facilities with
fertilicer camufacturers in other developing countries and assisting in
the start-up and cpsration of their plants.

L.
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TADLE 1

Suggested Minimin Number of Personnel who Should

Participste in Field Traininc Programs Prior to
ahgrt-up of € ! jmioria-ures Foct.licer 2lat’

Type of b c Number of Training time,
tralring Location of training” trainees weer s
Operat iony

Ammonia Oporating plant 15 14

Urea Operating plant 15 14

Utilities Operating plant 12 12

Malmt.enance

General Operating plant 8 2,

Nachinery Vendors shops 6 24,

Inst runent Vendors shops 12 2

Inst rument Operating plant 12 12

Qther personnel

Laboratory Operating plant 3 12

Account ing Operating plant 2 12

8. All trainees shculd be key personnel who can return to the plat cite
and trein other plant personnel of lower grade who did rot participste
in field training abroad.

b. The training should consist of Clasuroom and on~the-job.

C. The plant where operator training 1y conducted should be essentially
the same design and capacity as the Clicnts plant.

d.

This training does not include trainin; obligations of the Ceneral
Contractors start-up operating personnel.
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AR 1]
TIME_REQUIREMENTS FOR TRAINING IN NWHONIA,
UREA AND UTILITY UNIT OPERATIONS

A+ CLASSROOM TRAINING_
Total training time, hours
Class~ Field
ubjeot Igem =~ trips Discussion jesponse Il
l. Ammonia uni’ opsrations 32 33 8 IR 52
2. Urea unit operstions 32 3 8 A 52
3. Utility operstions 32 8 8 IR 52
Le Hest exchange and plant
oquipment 2l 8 8 I Iy
5. l"l\ﬂ.d floup pm"
fittings, valves, pumps
and compressors 24 8 8 L dody
6. Measuring equipment and
automatic reguistors,
inet rument st.ion 20 8 8 4 W
7. Starting and operstion
of engines, motors,
turbines, pumps and
compressors 12 4 I 2
8. EKleoctric power techniques 12 4 A 22
9. Safety 8 A - - 12
Total hours® 196 60 56 28 340
B.  QN-THE~JOR TRALNINY
Unit Training
Qpergtion time, daye
Amonia 50
Urea L5
Utilities L0
Total days® 135

s. Total time required for a trainee to participate in all three subjects.
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APPENDIX A

GWITLING OF TRAINING PROGRAM FUIt AMEONTAY ThasA A WPTLTTY GPEMAT 104G

Clasuroum Trusining:

I. Ammonia Un't Onnrstions
A. Block diagre. . of unit operot lon.

3« Procesues involved in esch unil oj« raol. ton

1. Feed ges treating

2. Gas reforming

J. Synthosis gus production

Le Purification of wyntheuvis ;rau
5. Re(rigeration

6. Ammonia synthesiu

C. Process flow dliagram and inot.rwnentetion
Ds Process equipment

l. Specificetions

2. Deolgn operating condiljonu

3. Meterials of conutructlon

Le Dosign opsrating temperaturen and pressure

E. Centrifusal ges compresvors

1. Feed gas

Q¢ Alr

¢ Rifrigerrtion
Le Synthnnjg ges

¥ Speocificetions and operatins oondit.ions for catalyats

l. Sulfur removel

2. DPricary reformer

J. Szcondery reformer

be High temporature ahift
5¢ Low temperature shift
6. Kethenstor

7. Arcenia synthesis
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APP:*DIX A  (Continued)

ae  chearote, and equllibriwe react ion,

ve Adialytical control requirewent s and seLhods o0 anelynl,

1. 3Startun procedure,

Je  Shubduwn procedureu

l. HNormal

Qe caligr_ency

11. Urea Unit Operation:

Ae  Block diazrans of unit operation,

o Processen lnvolved in each unti op~rat inn

1. VUrea synthesis

b.

d.

leactor feed material. (wuwwnla, carbon aloxide and

recycle carbemate solut.lon)
Reactor operation

Carbamate decomposition (high pressure and low pressurs
decorposers)

Gz1 osparetor

2. Urea finishing

[ X3
b.

Crystallizer and vacuun generator
Contrifuge

Urea dryer end pneumatic conveyor
Urea melter ond prilline operation
Fluldissr cooler

Conveyor systen

C. Process flow dicgram and inutrumentation

De  Process equipment

1. Specificotiony
2, Deui:n operating conditionu
J. Materialy ol construction

4o Desicn operating temperature and preagsure
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Punpy and compresyors

1. Carbon dioxlde
8. iHoovsier

b. Neciprocat ing

2. Amwmonia

J. Carbamate

Sorrosion control

Chemistry and equilibrium reactiony

Analytical control requirement. s melhodu of anelyniy
Startup procedure:

Shutdown procedures

1. Normal

2. kmergency

Utility Operationy

A.
B.

Block diagrams of unit operationu
Procesues involved in euct unit operation

l. Plant water supply
2, Water purification
a. Cuagulation
L. Filtration

¢+ Chlorinstion

d, Ion exchangery

1 . Cntion
2. Anion
3 . Mixed bed

¢. Control of pi

Coolin; tuwers

1. Corrooion and bacteriological ocontrol of recirculated
cooling water,

2. Blowdown for control of suupended solids
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Je Gus turbine generatory und wantc heat bollery for electriz
power and steam productton

t. Package unit Loiler for productlon of uteam
fo Plant and instrunent air supply
Ue  condensate stripper for coolin; tower make-up water
He Flow dia:ram and inotrumentation
I. Equipuent
l. Specifications
+ Dosiyn operating conditiony
« Materials of construction
Design operating temporature wnd pressure

& w1

‘e
'

Jeo Stand-by electric power penerstory
K. Startup and shutdown procedure;

L. Emergency procedures

M. On—stream proceuss analyzers

1. Principal of operation
2. Interprstation of results

H. Ammonia storage

1. Instrumentation
2. Precautionary measures

V. Heat exchan-e and plant equipment

A¢ Heat exchangers, shell and tube
1. Water cooled
2. Ammonia cooled
3. Process gas-liquid
4. Condensers
5« waste heat

B. Plant equipment
\ 1. Absorber towers
2, Stripping columes




Veasels
a. High preasure
bs Low preasure

Reactors

Ammonia storcge

Prilling tower

Boilers

a. High pressure steam (1500 puig.)
b. Medium pressure steau (600 psig.)

8. Cooling tower

Ve Fluid flow, pipes. fittinis, valve., jsus and compressors
A+ Pipelines
1. Sigzes
2. Construction material
3. Morking pressure (ASA number)

Valves and fitiings

1, Yarious Lypes and sizep
2. Prespure rating

3. Construction material

Pumps and comnreasors
1. Cerntrifugsl
2. Reciprocating
3. Plunger
Le Rotary
5« Opesating problenms
8¢ Mechrnical seals
be Sturfine hHox enkare
Ce Tetitellarn
de Cverhaating
ee Doaring
f. livellore end rotors
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Ve ullr t ol operatin’ upeed
7. Lubrication

J.  Malntenance

Vi. deasurin: equipment, ond sutomatic re-lotors, $nsl rument  tinn

A. Indicatory

1. Te.perature

2+ Pressure
Jo Flow
Le Speed
d. Indlcator-controlleru
1 Teiperature
2+ Preussure
3. Flw

4 mﬂd

C. Pneunatic controllers
D¢ Electronic controllers
B. Instrument maintenance
F. Orifice plates

G« Pilot tubes

He MNeters
1, Liquid
2+ Uas

I« MNanometor

VI, atartiu: and Qperation of eniney, mol.oro, turhines, Dunps and eI e} AT}
A+ Principal of operstion

B. Startup procedures

C+ Shutdown nrocedures
Ds Emergoncy shutdown

&+ Automalic equipment
e Lubrication

G. Preventive maintenarnce
He Stanaby squipment

1. Vibration monitors

J. Precautiony
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Vill. Jlectric powerr technioue,

A«  Instrusenty
1. Juwseter
Je Voltmeter
3. rrequency meter

Le hAilowatt meler

8. Motors
1. Induction and direct olresm
a. Analomy
b. lerlormuance
¢+ Characteristicsy
d. Operation

e. Protection (overload relays, circui: breasrers, =t=.)

C. Electrical distribution
1. Loop network (grid)
8. Circuit breakers

bo C.blea
¢« Transtormery
Jde Panel

6. Switch board
£+ 13.8 KV, 440 volt, 120 volt and direct current

De &Electrical drawings
l. Operstion symbols
2. Mannual, sutomatic, interlock and components (timar,
limit wwitch, (low wwilch, etc.)

J. On line dlagram

Le Full diagran

1{. ZSafety
A+« Personnel
1. Uperating
Je Maintenance

.-

J. Plant equipment

»

Ce JSatety huzards
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n=The=Joh Trueinin”?_in the Opergving Plants

I. Qrianization Structu
A. Offsites

3. Amaonia unit
C. Urea unit

1. Qporating Raluticusin Pitusen Offsites, Amnonia end Ureq Unfty
A. Raw mater’_ 1c -.1 fcedstock
Be Utility rco lromenie
Ce Plant inizrecz.i-iclicas
D. Respensibilisil:.

IIX. Progess Pascrir';.

A Offoitcc ¢
e Genoeeld
2. EKlrciric s 2ooarstion
Je Hedoo Arar oo
be Ster-ronoccten
S5¢ HNetvrnit 77y iy
6 Acmomic o vt 9

B Ammonin ‘m)’% - oNioq
Te  Qonare,
2. Comril’
de PFocd g il
.. l"‘:‘-.. “_. : DN
be Dteiomtio
Co %010 taeThon momoval
¢y Crtt - (70 0 reovel
voLc=i=2 7 cerbon menoxide eonversion

Nea Cean g B g ooy
- o Y] Y -~ - -

-~

[Ohtio LR S BEATREY « B 1418 1l
iAot gl L -ntro shdfb

Te oo LTttt e




c.

b

7.
8.

9.

10.

12,
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Removal of carbon oxides
a. Carbon Dioxide removal
Y Final romoval of c¢s bon dioxide and ¢ rbon monoxide

Ammonia synthenis

Annonis refriperation
Rotating squipment

a. Steam Turbincs

b, Motors

¢. Centrifugal compressors
d. Centrifugal pampu

s. Reciproceting puups

Stean system

a. High pressure steun
b. Medium pressure stuam
¢. Condansate return

Cooling towsr operation
. Recirculating cocling water
b. Water treatment

Plant startup

a. Purging of oipment

b. Precautions and safety measures
Plant shutdown

a. Normal

b. Energengy

Niscellaneour

8. 9tsam balanne

b. Cooling water balance

¢« Replacement of catalysts

Urea unit operstion
1,
2.
3.

QGeneral
Control board
Synthesis section
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becomposition et ion

weegvery secbion, Hooo 1 ond 11
erystallizabion ond prithine section
obabt in o oo adpmont.

4. Oleawn Lurbine

Lo Moturuy

Co  Cenlrlfwral compre oo,

do Centrifuwal pouy

€. eciprocat ine compre Laoe

fo Heclprocabing jowg.,

ubram system
a.  Medlbuwn pre oure b
be  Low pressure Leam

c. CGoundeunsabte vreburn

Cooliny, tower oporation
a. Process coolluy Lower

b. Hecirculating covltu: water

Startup
8. MWatcer run with alr
be With aqueous wuwnonl:s 1run

Ce wilhout aueoun wuanln run

Normal shutdown
a. YFor Yong porilsd of Line

L. For short, poartod of 1 L

taersency shul.down
de Blectric pourr follura
Lo Steam failore
c. Cooling water fatturee

de  Instrument air tfalture

Mocellwnoun

a.  Lbtean bglance

be Cooling water bulanr-
oo Prit i iy Lest

de Draining of aciation trom reactor




- 04 -
AVPENDIX A fCont.inuedz

V. Plant Salety
A. ituley and hepulations
3. Suafety hiszuras
1. Operating personnel

2. Mablevawi . o twonnol

C. Safety equipment
1. Locatica
2. Use
3. Limitations

Le Meintenance









