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Thi£  |)iucr  ¡t.  pr -Mente.! to l'V.Mi^1,! t'tc i¡afc»y anpc< te which are 

either incorporated tn tit«* <lc.u>,:> >•*r m tUc pruceduro« used during the 

operation Jí an .-mim-uid plant.     ¡IK   paper i>< purposely brief and is intended 

to form the h.tbi"-  for an opi t: disc u :.i.ion. 

Design Sta-;c 

All planta arc il» sigici to im ' » nation a lî y accepted codes and  standards 

and materials   ire s e lette? to ca't-r lor the moit severe conditions anticipated 

during the operation of <Kc plant..    These ¡nay occur during startup,   shutdown 

or normal operatili)* condlti'jns.    Win-re it in not practical to design for an 

emergency condition,   aur'i as »iter burning,   high temperature alarms are 

.installed to alert ili«: opcralir«) to tnl• ••• remedial action itnincdiately. 

Instrumentation i «- luxti to pi event tempo ruture runaways on vessels which 

cannot be desi"ned to withntand the maximum temperature to which the 

vessel could be subjected.    PIOVI-..ion is made for the injection of ammonia 

into the syn loop circulating gas during the reduction of the ammonia 

synthcsi-' catalyst in pre ent freezing ot any residual water.    On large 

compreuBoru which may be t hut down hy a variety of failures,   lube oil,   seal 

oil,  etc., often a. "first out'   indication feature ìH provided to enable the 

operator to determine which fault tr>pped the machine. 

RcacceleraUon features are often specified for critical motor drives 

in the event of voltage clips for short perioda.    Emergency power system* for 

motor drive:; and instruments PIC   uu>rp*vted   which invariably involve tho 



installation oí ¿tn inutanuincous battery supply  *y»te.fi for critical 

instrumc nt.Jtion to t.iler for  the  period between the power failure and t'.ic 

run up time    f the eine re,, nc,  powr ¡en- i atur.     The , i/.ing of the emergency 

power Biiunr can be (,i ) to contimi-' the uml operations or (b) to enabl«. the 

safe shutdown cf the unit.    All instrumentation is designed to fail aafe which 

may b<* for ihe valve to open,   c. I« >»»•,  or stay put in it« exact position prior 

to the failure. 

Vent syatems fornì .v. ti itu.il pari of the. safe dctign of an ammonia 

plant «ir.ee during startup atmospheric v< ¡itint» via «ilencurg i.s a normal 

procedure.    To avoid the production oi caib.un.tti: in these vent lines,   vent 

systems containing ammonia are segregated from system» containing carbon 

oxides. 

The designer's pcrbonncJ checks that all feature» are incorporated 

In   the plant design to safely  star! or «top the plant.    In addition an operating 

manual is written to serve as a guideline for client's personnel,   explaining 

startup,   normal operation,  normal and emergency shutdowns and special 

safety precautions. 

Construction St.ige 

Identification of materials ig one of the tnont important items during 

field construction.    This ensures that the correct specification piping, fittings, 

valves etc are in fact installed in the correct location.    Pipe is identified by 

coloured bands running the whole length of the pipe.     Valves are identified 

by a code stamped on the vendors plate which itself is rivetted to the 

valve bonnet. 



''* * '     '•' <..•' or-r.t! m 'he in !d prior  tc> the actual 

.startup !•; ;ii-' ;>:,» •..,        o'   •   .    .r ••••< >.   -.»r.i.nr».. - « .»-.r1 whilst m lonir uaitei 

proi-erv.»in n        ?..   •. . ''-,:   • > .• •   p:.:. ,    u,prti,sor and turbine rotom,the 

pr? scrvin- r'-    • •        1 -.    ¡-     »,   :.-,•   •   r-   , ,-d by iR vendor prior to actual 

stfti-t'ip. K,r  •"•'•• • ' "• *'•• * < '. i.;'ii;-.n' fin"', preservation may  '« riesiccant 

b^gi;  un;:\l,'       i    ,,     ut •   '   -u      •,  ,,      tl !.»-,iri:;j;. 'lourftugs  filled completely with 

oil,   pump  ->    -f.   i     . '-.,!•   , b    .-,.'     --.   ,,wv: vcrHy  by huiid «te. 

A lu q..t. • '  .j        <>t :-I m emcivciK H-R IS junket failure».    The 

use dur-.np cm,   íI  .t ?-...••.. (,;   • t  u   »•>..•,ry'   ^aoket.« where it 1B intended to 

eventually » -pi..rf ii .      •.->:!, ,;. . krr. of the corree t spécification,  is forbidden. 

In particular f.si«.»'i>, g.i-.iM ( .•< ti.-. -1 b.   .annui, r in form and not made up on 

»ttt i rem slue» nairrv /. 

H>d.o.-.t.^s«   ;. . ii«;. circuii.. <:rc seiend according to the required 

pressure level and <M   r.   tern of r..ui;.Mi«>n! i* r< viewed fa ensure thai:- 

(a) the desiar s-.r 11 / ti.m- ..¡f.!. ,«   ^a! pr-s ...re will not. be exceeded,   and (b) 

where an -xcbat.grr d-s-.i. .<  ->r¡*• * -î--«, u-!¡.;WÍ,   tic-bar-« arc fitted before 

testing and rciruvul ai;* ,   .a-t:.,   f.   , the hydro f st water is oi poUble quality 

and hence dm;:, r.c-f ..outim    MuH-'.      which can c.au« streaa corrosion 

cracking  in »t.u',!e >     :t. -.-i -m.n,,,>,,..nUit    Premure tests,  either hydraulic 

or pneumatic are B^LT,,..-! ly the mwmm.rn temperature/maximum pressure 

relationship for th;   ma:< i-;;i! to '..e  u-su-d, 

_ Pre c orri » ni ^ s i; ¡ r< i n p l-i'-»iv. 

Cor.tr ;< ti»r';i ope rat my pertunm.l are aligned tu the job al  this 

stage, and they work in < ¡ose tm^eratioi: wuh the client'a operators.    This 

aliows preliminar/ on th,. job tr.V..nii:g v.-hkn ma/ include classroom lecture« 



by contrae tor1 o operatine; personnel using the pUnt ope ruling manual au a 

baule,  an<l di re: I involvement in ur advice on all oí the precomrnissioning 

activities carried util pri^r lo si vi tup. 

Typiral prv.üiiinú: • ;'"i,i-i¿      :ìvi*i   .     'u.'^lct     'hing the entire unit 

ior conformity with Hie enginre ring drawings,   cataly3t loading,   water flushing 

or air blowing of pipine.,   scrupulous cleaning of compre «sor nuction piping, 

chemical cleaning of »learn gen ^ration und CO.  removal systems,  leak 

tenting of piping and equipment,   cheeking of overs peed und instrumentation 

trip systems,  cheeking correct control vaivi- actions, cher king alarm setting« 

by simulation ah required. 

Startup 

Véasela designed for high temperature/pressure or cryogenic 

•enrice require specific commissioning procedures to ensure that the 

preMurc/temperature relationuhip and/or the maximum permitted temperature 

differential throughout the vessel,  is not exceeded.     These procedures 

• re developed to minimise vessel material stresses during the 

commissioning phase and are followed at each subséquent startup. 

The margin    for errors during the initial startup of the plant is 

greater than at any other time sino» all equipment has yet to be tested 

operationally.    Despite ull the care thrit has been put into simulating trip», 

testing equipment prior to the initial operation,  etc, it is a fact that all 

equipment a« yet to untried under operating conditions,  and therefore 

elaborate planning is required to ensure that complete co-ordination 

t>f the startup operation is achieved and all operating personnel assigned 

to the plani for the initial startup should have a very clear definition of 

their area of involvement and of what i» going on simultaneously in 

other areas of the plant. 



N' 

•'er-  i ..   n 

normali ,   b  '     v • 

»ta!,   u f i. • | -41   s '•:••- • 

• f i il«  '.i,i'   r>..tj. '.!"• 'h.i-1 >!ICT, it is operating 

, -,d •..-„*- .,»•,. .. «,..;   .<h.(ljll   liy.  b(, luUf.d intu 

1 y     • ''y*-1«!w, r ..'.-J •,,<!••..< ,.5< perenne! actively engaged 

on the nliiPi ,),,:>ii.; in••>* . >/> .v..  ,., ,   • 
"•-..   e   h, .,!u-I,..OK^ih,   ..h.tt^.rivi.o,  any iUrn which 

< .'l.rs   * „„ h , an   :,,  ,.,„.,. v,;f¡. t¡)0  plam ,a opcratif 

»houi»¡  '.«•.:•.,,.,„,j.. (.,A ,    ,,..,      . 

be ii.n ,. ,, :;,t „...„,. ta, ,, plailISell „„ ¡K,  ^ ^ ^ ^ ^^ ^ 

f*r,Ít,",a'  lhl     Vi ••   ' '•• " ':"'—>   ««P— —i«   .i-rg :.U:u olH ration. 

P *».uh        fe.v..,..iv .I.M..-,cr«iinE  .,p.rí,íri.Ml.,.  ,,,,.U1 llt. elo„.,y 

•"»»itore.1,    -  HK., a  !lf,t.|v  d(cihiün !ot   an   uufr(      ihii    .jhu|dowii cjn  be 

on* «sularha,,.. /ov B. -vu tabnity.    formally de  mor 

• houUf  '.>r t|....rk-ti for cnm-.lty. 

TcMir.g c,f trip ,u,•,-|ia„,,n:i.   AÍMl thc pj4rt tn ,ine   ,B  u>t 

increa,;!ií¡:-,!;;,;f,,r,    .Thl   pr()lB,,r,,|nïil|ïfJi   ..sp..tull>oim,ut.d 

• tr.p „:sti^   ., ¡arK, i:/rrwJr( iiiira vjth {(^ |ií)c|íiutí oj  ^   KUar;intccing ihat 

the m,, h.nc    ,; ^t  ,,'¡ ,,,t ,r¡p 4ro   ,.:Py .„.,„,., |rjal, , .,„, ^ U) ^ 

ll,t  ' ' 'Jn  '"••'-'•"•t    'lc^'.:c *h...h •>..-* prove that the 

hydrau.'i«: st^.n lrip va,vt .„ liCe fo (MO 

r¿;iaed trip circuits 

om »ng 

Pjant 3)'   * lav r.H 

{«*••( tilia    ¡, ,.•,-,•.';,,,&   -ifiauo;-. ..xists a» any bhutdown due to the 

number   .>/ nonnh» tí»-     ,   >        .i 

Cither th..  platt nr '' -   n-u ,.   -       p, 
•    I     ^.-.-..     i!-,« r. spui^zúihty  r-.-atH up.,r the nper*ting 

persomse» to vnsurc   t! ir    r ..    . 
•"•.• -*•:>. yl r-;1.nm.».t, or piping system to be handed 

over to triaint.T.mc»- ior -,,.-., •»-J«.'   ior    i ririi,  ,,.. ,    ejection IB in i-i.et 

for maintenance, 

gae «ree and ready 



The specified safety prori-durcn and inuuatite oí ioolation and gai 

free certificates,   rimut be niel iculouely followed.    Entry into nitrogen filled 

vernavi»,  one vr live moat commun eau  «e of slmiduwn ia'-iliiiu«,   has to be 

carefully controlled and all safety precaution» fully explained to the personnel 

Involved.    Temporary maintenance personnel engaged ior the period of an 

overhaul mum be particularly cloyely ¡;u|>erviued by the client'« personnel. 

Çatalyat UnU»¿ulin¡¿ 

Catalyuts ar<   normally unloaded in their reduced »late and hosed 

down to prevent undesirable pyrophoric rise »n temperature.    Catalysts are 

removed from the plant in a wet stale and dumped in a safe location to undergo 

atmospheric oxidation prior to final diwpcM al. 

Special Precautions 

At all   planned or emergency shutdown» involving the mcthanator the 

residual carbon oxides must be immc Uately purged wi1\ nitrogen to prevent 

the formation of highly toxic nick. 1 carbonyl.  or material damage caused by 

runaway temperature» dur to uncontrolled oxidation. 

Any vessels containing catalysts where inspection is not required 

are kept under a positive nitrogen prodsure throughout the period of the 

shutdown.    Temporary gauges ahould be fitted as necessary to indicate 

that this positive pressure does in fact exist at all times. 

Conclu »ion 

Plant safety is a function of adequate demgn, correct construction 

and safe operation.    Maximum on-stream production efficiency and 

minimum incidents which may lead to ha/arclovm situations are the prime 



rcuj'OPhiliJliln'^ '>f «.'i'', i.ttuij' .'fi .«otmot.     'Ihr ability immediately  lo 

uieniiíy ihaiit',0 .n piimi » oiuUti'ns und to c<>rruclly diagiuae the cauue of this 

tbanpo,   Hi> that the urrct t rem» <li.ii ;u»n r> ran !>«• t.ikt-n rpc¡"ircs 

routùdcrabU: trainili:, .iivl experience. 

* ' *' Î12P ^ s B,'9l
t""llJ1' 

A major pr«>l>letn v. hen formulating training schcrrn • for 

clients' personnel i» obtaining .jreess U> ; imil.ir operating planta where 

clients' trainees ran discus:   ..a<J uh..rrv.   the prot urlurcs lined by the 

host operating comp my.    Any influence i'-at UNIDO can i-xtrt to facilitate 

Buch visita would be of j'.rtat value. 

•*   il 
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