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Brief History of N.O.C.I.L.:

Ground ‘v oo the Tirst cver major petrochemical complox
in Indias viz, N.0.C.I.L., Bonbay, ¢ﬂ ceollaboration with
Shell und tne reputed Indian buslacss house of Mafatlals
was startod in Jeauary 1965, The deslgn, cugiacoring end
procurcent scevicees ffor all tho v}a“ts in thce coumplex
were ottalned from/nr ‘\xuuzh Sncil, An Amcrican con=
tractor was cmployed {or censtiruction [or the major
portion o. tiic (@Aplnx.

The heart of the complex is o nephtha cracker with a
capacity of CC,000 M, touns per year of cthylene and with
corrcsponding viclds ol prepylene, butadicne and bennene
contalining {racvions, Ethyvicne, as well os other producte
such 2e propyloae arc not only for captive use in ihe
complex te monufacture cthylone oszide and glyecols, Dei/
VC/PVC, snlvents, =zleohols cte, but also for salc to other
organic chomiesl industoics in Indda, for manufacturing
ndgh densivy colvethyione, Lorrylzae £ibre, synthotic
rubber cte.

The capiial cost of the complox io obout 30 mill. £ 2nd all the
plants o the complex have boen commissioncd progressively
somaecnceing Lo Junuary 1900 and arc in contlnuous commcre

lal opur.tion for aboat 2 years,

Further Lo thie artield, 222 the mechanicol nspects of
the probl ms asgocicted with the design, englacering,
constructlion cperatinn and melntenance of such a large
chemicol ecomplea for the tirst tine 1 2 dcveloping
country lize Indie will e dealt with, Specific oxanples
willl not b nentioned, but 4 1o needless to say that the
Infornation contuined herein Lo factual, basced on actual
cxpericnce,

It 1 weit

S0 the

t"

At those problong are shedlar to all
developlus soartrics, wndehr arc dependeat on forcign
kKnow-ioh Aid eapltel for ropld and sustalned industrial
grovtn, '

Desdpn and cnginecriag:

2., Cenueral

The prococcing, kacw=hows, being proprictory and patonted,
obviouely nnve o o licensced out yrowr the collaborators,
The basic nceimpicat Information on sizes and specifications
of verlous picesy ol cqulpmeat such as coclumns, rcactors,
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compressors, turbines, numps, furnaccs, cte., a8 well as
slacs of pipes, matcrials of construction have alsc to

be proviicd 1y the ¢ollaboritors, ac these proccsses oro
liecnsce under poriorsane. Juarcntiuss. For thesc rcasons,
in such lunte, the camplete chemleal engincering design
and construction dravinge by wid Lirge are wiso provided
by the enllaterstors and there is not much scopec for
carrying out oven part of suer ovk locally.

Moercover, thcre is o lnck o: coiablichod contractor acsign
and draltin: corvices for soo. dobe to the different spe-
cifleations o thie difforent collnborators and tne usual
hurry te go Iuto productiom as soon as tho governmental,
administrotive ond finsneinl aurdloss arc clecorcd limits
any adventure in trylng to cducats ond meke use of tha
existing linited facilitics,

Ci
1

Howcver, Hocil eovicwed the deslga and engincering inlor-
metion, dranings and bills of meterinis ant only in the
beolimiing but alss from tihme to timc to cnsure maximi-
zaticn of lces) procurcmens ~nd Sabricatior, toking into
aeccounc til Govormacnts!? stolngent roquircments of juse
tifilcation loerore wn uport Liccnce (&'so eniled "eapital
goods liceus.') wan granted, Too informetion reecived was
also revici,ed In the light of specinl requiremonte ne
dictetacd by th: ciimotic condilioes id the physieal
locatlion of titc site, The cifoct of theoe factors on
desipgn nrg rnglncering 13 dealt wotd in detail bclow.

The, Caplin!l Goods L.ocensc (C.o.L.)e

The Indian Geveoinment has V.cen and is aiways kKeen on
maxXimizing the use, both of loexl matericle and manuface
turing fociiltics to mindriee forcign cxcimuige expenditure,
There 1s no deubt that this ig truc of 2ll developing
comntrics, ALl itcms wrich are neecelary to be ilmportcd
clther for cotting up 2 now Duustey or for its opcration
and mednloneie s should b approved and licenscd for import.
This llicoun. to import is culitd Chie Coapital Coodslicconsc
or in shiort 2CL, A complote, connustive list or o1l i1tcems
rcyuircd to b Imported, with relsons, why thicy should be
Imporicd aad tic aceessary back-up iniormation broscd on
actucl loerl curveys clcarl: ustablicning the inmpossi-
bility of taeir Jocal awvallalility or monufaceturc should

be subaitt g to Line Govermaont whilc reaucsting for o
llcense to Import, In west of the cases, the Goverament
insists upon o lottoe of regeet from thic pogsible loecl
manulneturces in that porticulss £i01d. Tho Governent
Reeps ol wn=to-ante 1ist of ~l° toenl facilltics available

(SRS

t A
and clicels vhetios, il the sucal mniursctur s have been
pprocelie and whother Ztoms Lapne . for import have boen
Included, Thererore wbtaining o Coapital Goods Liccnse 1is
tims concvrung as it 4o sub reet to closc serutliny, The
diseription vud quantitics o, ltenms to Lo imported, the




-3 -

the total voluce of forclign Lxehonb» requircd anc tho poriod
or valiatty ol the lleensc arc il to b a8 uxnct oo poes
siblc netl only becausce approvalec to any additions/altcsae-
tlone woe tlac concuming bur Jleo tor spocdy elonrancs
through custome, It 1o tnerclore daperative that all the
SLfert Is rut in before £~L‘*zt_\3 the appllications and
thercfowe I..L LWL, clthine ‘Jh[,l' Lo SpLCiJ iertions,
bille ol witoiizls Cte, for 111 itums, the wpproximete
valucs and dolivery thiacs nnd the Lime these wore rcuired
at sltc e dlctated by tie corstrmetion schodule and cme
barkcd on an cxhaustive surve . Lo actermine wnst could b
definitely | cocurced luenlly wnd was poseible to manufa ture
locally,

The flodings ~0 this swvd; no oo Snde was utillacd In
practicc hove veon fully aondt wilh sabsonenily unoer
the hending "Local procaroo ot -ad cbrieation™, As o

result of too JSiocts pat in by L0010, bolor. suomitting
the applicition the lic.onel wae Ptoinod o 4 mwes sunrtor
time than uoeacl (rhieh Iy cbo nwontis) orna NJOLCUILL L.
was ablic tooonlirm ~rdors onoovore. oo cupplicrs muon ;t:li .
Bascd on 4 0 dolinito vinciihian D tro osariey, aotter O
Intint to y2ce ordorse bod cle 0 o vl opoed vit o tho
OVCI'SCLe Supplicrs = oo wolinlie orders Cumtt Lo panedd
berfore tive Licoins. o dmport i lssu.d - na ordorg coald
b conflirmed for 1Y nojor o S0 ivery itoms within

& WelK of rvccdving tho o approved Ticor Lo,

Locuel condliilioni::

In the snlt wad dQusy iodo: otacs, beroe s 2 tropleal nlace
; 1 f i
like Bon o, with ;plgh nunddity ~nd bdgn intoneitios of

rainfall, it iz neccossary to o eneer y o1l Chiectricenl oqulipe
ment tg treplenilzod and to provide o omore Yiboral tean

normel corrosion wlilowiace oL accigrn f l1ocquinadint
such as columac, vessole Lo, 1o 7 noct Lot o place
to moention Lo tha tie Overso s maloris.e o o5l by
packed ciad }1>f ctod v witheton., Liese oonaations diring

Shil)l’:l('.l'lt Taie stor Al

N.OJCLI. T, eite 15 located 17000 2t o wistaie. ! neout &
Km to v ocrcoit whieh ds albout votum rron e vembe ausckbour,

There Jo no vuilrocd to the site aad Lo rova route . W
site ic clircutous, pasaes throoush denscely p}*il.»uu N pUs ¥ |
and the roud bridics wnd cloocoices do not alisw .oy
wranspostation of cquipment o0 lope Al aonsions and/or
neavy lovds,

over 2,00C ftems ol cyudniacac nad Lo Lo dmport.d for tie
cpmulcx and 0,0,C0.7.1, serutindzed the overadl ciacasions
WA pprox ;1“»u wodghts of aadoer ploccs of cauipieat and
found tho.¢ ubout 150 items could not boe transportud to the
sltc by cocd unless thoy woere reecived in w dismonticd
state. For iuxormation, it may Lo uenticnued hare thai she




MAVASSHL wolonut requlircé to be unlsznced and transported
wog 113 M, tons and the tollost oguipmint 4.5 meters
diametor ang U0 noetors loag. S0 Lt owas *“cidha to build
unloading: inoildtics nt o tho orock O kin from tie site and
to bridns . Loavy pachigos Jron

towadd Lo s, Tols helped us o shtatn all major cqulp-
ment Lo ococ ploce e/, s Sty ecsembled condltion
thus arabilag as Lo govearcp ooorostistle construction
sc}“ Wi,

ghga' Lpaghreneat and fobricniion: Gounerad:

Oniy witer Lao prat Yoy ol oudlacrics yiQnterud Ly Shell
and cuhoer forcizn oil counaiiof uere completed in 1954,
TRETC N Lghz igatficent Jovelispuacnt in the manufoc-
turing anoe Debeilestion foneliitics in India.

Theto f£lrss tew rofiperics hrve practically no loctldly
fabricated e manuiocturad cauipment and slmost wverything
nad bucn Aaportod, Hawc"cr ﬂxucr coumencecient of opera-
tione, %rc cumpunles nov ‘ted training thedr
teﬂn:J\“N Dersonnil Lo ;yw ca ool dozign, standarde,
torhnigues of feahrieatlion soophance whapoetian vut
adsc Lo o ocaake use of s, iabricatlon shosns €O

gct simpic proosure vecsols, G, rudeehangurs cte, for
their ninor cx;zw*‘nn or anhattlenceking aithough coempli-
cated Ltous wore coutinued to Lo lmported. This uds the
atart i orgiailscd growth of the leczl fabricotion industry,

- '-’Qh ot

od) RS

By wia 1 woon 8,0, C.T0L, prirocheidenl complex took
eone oty ‘. the i e et Lleoasing ,u;i 'y of the Governe-
Bont ol 1odie sod booorg very stringent and uVC?J item of
fmpect had to e o ifiﬁ*lly Ll 14uvﬂuc}l\ istiitied,

Thle senn not onl tho 4 ' 1.: cxehange
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Laenisg wite e

for the country oowholde wad Lo boe ﬁtiliZud te import
only the maotl csgeenhial itoms Lot nlse voenuse L Covern=
NNt whe wroores vy omors cemtitved o csuaitilshing

000 sueleindal apd 2Ll regenorating coonony 26 quickly

N.G.CoL. L, thepofore abtnlned, « complete 1ist of all
1tong rogiiccd Lo WLt complol *'Gﬁé with tllls of
matericle o dnvestigiie nnd coteotine whot wos locally
pougibic, Alucer overy knam Jabrication shop in tho length
and Lreadth ¢ By congitey unt visited and rinerts wors
vade as Loty knddviduol < sarita nad limdtations.
Slomtloely Information wig grthorad 2o mstorials avollable
leen iy, 6 woes fnund Yrom (oo dnvestigntions thoet the
fabrtcntors wore Lotdod with pouting work such o Tor
walor toaka, gtoc! gtructurss, comuenl and fupger mili
nachine sy, wto, whiich aove bhowm rowi bk pLE uutau reiurn on
nvid tment and orfoct, Thls mloo um genorally not cagur
€St apn oueh work, which callbu for comnpliznec with

Inteensviznal evanderas, uso of tCatUM matoprinls ond
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motnods of fabrication and rigorous, time consuming stoge
and accuptances inspectlion both Ly the customer and an
indo pund»nt incpeeting agency l‘lg Lloyds. N.O, C‘I L. 2l89
realized thot all tostes mavcricls for fabricetion as well
as complcte ﬂcuipns and faboicotion detzils had to be
upplicd to the fabricator and sctiing up of o goed and
computont cxpedliting ond 1&‘“ ebing traa wes ncecgsary to
cbtain delivesics on promisod daton,

Although thore was quits an cloment uI rLSﬁ involvcd, vis
hvis tho oaustrlctga% regulroments, NJOJCUTLL. dccidgd to
maximize loonl Mnbric at‘cn 2ud put thelr bcst ¢fforts in
that dlrcetics. I ww gisd to say, that the fobricators
to whomn U.0.0.T. L, work hoad heon antrusted reoiized later
that fobiricaticn to intcrnotionnl codes and standards and
rigorois ins pﬁot;on wos not only eommercially attractive
but also trought rocornition to then as on cstrblished
CORCEPnL VRO cluld FUT uAC‘ works from gimilar industries
. witnout heslontion and ocan toke adventage the Gevernment
of Indla oxuort incentive ».‘.L‘-u\.mL-S.

I shall nou 148t tolow in coicgaries ok chemical plant
gauipnent, wnat our ;inﬂi;h; v»r" and how maximum usc wos
madc of wiwnt was loond

Prossurc vessclo:

At the tice, the survey was condueicd, it uas found that
in the wheie of Indin, ihero uws only one fabrication shop
wirlen wos duly ceortificd by Lloyces W;g:“t;r of shipping,
o5 being cupatlg S porfarning fnbhplestlion work confilraing
o thelr eloss I regulroncius,
This facility was loceated £2r ~uny from Ponbny and the
deliverics c.peetud wore wvory iong. Even this Tactory
expeetod Shu cuatomar T ‘-"p"‘l\’ tirne matc x‘"»lS. It was
therorore tho obvicus auneiluagics, LhAt We ould nttempt
to fobricoto urdin'r: cﬁrhdz h-ati e Jlb which did not
roquire stross rcl: aving, did ot i intornel cladding
or lining, wrovided oo vrk\tg vn_“._ring drauings, tjp;cal
"C'.Dl‘lc.‘ﬁlL... (' tails and Losted TR A vle ol k,‘JuutLUCt.L-Jn
vere supplicd, The foon thnt mafwv‘"Wk kad to Lo supplicd
and elose Lng »LCtiOu and exoodiving nad to beomad intoinced
dictated that oedors b vu},;.',.c‘.., ". oith {irme closcr to Lombay.
Uisnod heads required for STCESLrC VCSSLAs Were being
mode by all sosts of motag i xal.ail nanual hot forging
and the sizes availablo voers Lcrs'Ly dovernct by tne ¢ics,
the {abricatos asd. 'This inl'c r“‘tiov ng uged to cuar best
advantage, shightly neddlylng oes L,n F(]U-T»MLHTQ e e
poesible, ncrover L OME code noiowed, APL wlpes of
larger diamcars with forged cups . ugcd Lo PRLriestc

C

r

‘_-.

poe

-

%mu’l and shaple v 1 1k Enockesot or suettling pots,
Platcs to ASTH stondicd
and we poersasded the Gov
spvcl ALy xn';.uturL £r,
rcquircd fur local fotricatlion work, thus soving conside~
rable fordign ¢xehsnge.

gu ore not rollod in the country
crument onicd st l milie to
roun all the fllx.b«.u, ualliey platua

ou
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Local fabricrtors o-u’ld fobricate simple internals for
ressure veesols, suen as Jot troys, sicve trays, anti-
L ] w ’
vortex salilos ato,

Heat oxchipg.rs: .

Most of tic s were not eepable of making heat
eiRehonaore 4o ceards cven L8 211 the aaterials were

suppilicd. Novee ot tne Cohries sors eould design heat oxchan-
gurs pasat o procoss dnto wad offcr perfornance guaranteces,

The fow flslostors, Wi came aseoacs, had expericnee In
fabricutingg say simpnle zantl ole witor enolers, thercforc
alnest nli process heot oxechongers had to be laported and
only » fow noo-eriticn] ones wore (cbricated locally and
these with gront difliculty. Tustead of seemices tubcs
gpeeilicd, vhich had te be imporicd, E.K.W. tubes werc uscd
as they werc locailty

-

(%4

t PR L rs .
. El

evpalorz

All 2tmosphoric storage tonks coan be fabricatcd and

erected docally, Thero 2rc quiie o few compectent firms,
alwaye buny in thic ophere, Houcver, all testcd materials
are to be supplled and bnoie diwings giving thickness

of Bholl counpsos huve e Lo svpnlicd,

N.OW T L, mode o conplets vake off all plates rcquired and
obtaincd thcae “rom the ueal stocl milis, Lleovds incpoce-
tlon was arvoanzod ot the steel wilis to Jtamp the plntes,

sStord

The locul fobricators de set nove expericnec in fabricoting
the ploted for sphoeres, Also tne aaterial for the sphcres
had to be Luported. In view of this prefabricated sections
wers dnportoed and the field vreetion, welding and stress
raileving wers carricd cut witi o oenl cxpericnecd cone
tractor in tnlg tips of ob,

¢, Furnoecs:

No cqulpncat suitnbl; for usc in o chemical industey like
N.G.CLILLL is made, jlenes o1l fMarnaces had to b importud.

Boilers:

Investizaticns rovenled that package bollers not ¢xcceding
20,060 e lisur could bo SStainead locally., N.O.C.I.L. rec-
quircncnts Loing 0f the order of ovor 200 tons/hour the steam
§cucruting Clvegment Wi anpercea, Thoers are stringent
Govornhin. regulatlons spplicatio 1o the nanatacture, testing
and speriticn ol Lellers ond the wanulnetus.eoe vorc conple~-
tely approlscd of the roquirccments ot the tine of plreing

the order.
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Coolinf torcrs

Manuicet wring facilitics cstablighed with Know how irom
reputed Cirnc Lo this Ficld are wvailable. N.0.C.I.L.
hod tade ~ntics work cxecuted Ly a iocal firs witn per-
formine. Juarant.oos,

Wabor tocliealh pluatb:

Thor. wr. Cirns desicring «nd supplying these plents in
eollaborelion with forcicn companics for know how. N.O,C.I.L.
fod tooie wuator Lreootoent plant supplicd and instadled by

a local countrieter.

Flercs:

Except tor thw last wlloy stesl sceetion of the flarc and
the buracy wescubly, the flore stock con be aenufactured
locally. -

Manulretoring [oclilitics cxlst for aaking pumps with cost
iron cugings ond lmpcllors and vitho pland pockligs. Froccss
punps crce usuttly apocllicd o coubt Ster ) casings and the
mrjority of tiacse neve speeln! s torinle por intornods

and nceivg teat sends. 1 ordor Lo oainbming dmport, lacally
available sunps wore ascil witn anditientd wE wWhiiceh werc
poesille, tor son=critiesd sorviees sotoids hetuo

Linits oo <o water cwsd eondoanie Doivicud sl e the

batt. ry Lol

Conprenoore st blowerss

Proccos o oo asors are not madao, Srell capacity - say of
the wrdcr or H00 SCFM - alr conpressors arc atde for usc
with pnouatiz tools, Also these 21y coapirossors are not
0il frov. Al tac compgessors uore thororore imported,

Turbines:
ALl turbine drives hed to boe inposted,
Extruders/ilxcrs:

Tinited monnfacturing facllitics ns arc cxisting were
uscd Lo bieso advauntaypo,

Convoylingg wontipriint:

Provided desira and congtruction drawings nre given, therc
arc floas uso can tabrleate and supply satistacicry cons=
veying systoems, which are not very sophigticatcd, Almost
all N.0.C.I.L. conveying caudpnent wis bought locilly,

e,
k-
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Pipaing:

Scamless vipes to ASTM spee. in sizos 3", 4" and " arc
maac In Indlco, E&Y pipes toe APL o L gpcce, arc 1lso ande
In sizce 0" topoaph 20V, LU tules 2" nad lesg o sloces
arc 2dco aode ia o tading, AV Lioose ttonms wera procuarcd in
Indi~., A io Loc enge wit! o) net oclnls, bell ordering
has to bo doac s carly o posgible as deliverics e
lonr up to 1 vory,

Pipce rlivyooes wnd rltoings:

There nre only 2 o o socdl {leas who forpe corben stecel
flengees So S50 ctuwvaards in o ew sizes, BEven these fivms
do ot hwwve Chorougi Lepociion edliticy from unterlials
to rinispncd produet store gt taceofore these flanees
cannot be usc! in procccs piplhg without juopardlaiag

safcty, Noacoe Llaosit all the eoaulroemeats were amported,

Valves:
L

Only cast :ron slalee velves woere usde in the country and a
fow firns woee attoapting to neaufacture cast steel gote
valves, nlug vilves and ball valves in a fow sizes, All

our reguirencats ol vurious {ypoes of valves were inported,
Usc ol o s dlron valves was nade in fuch scrvices 25 on
tani. farn drnin pipes, cte, substituting coarbon stcecl
valves spocitiod,

Firc s pht iys equipracnt: -

Zxcept for wobile fire fighting cquivment which hod
8peeinl dusin roqulraments, «ll Liems were procurad
loenlly.

Structur:l st..l:

Structur.l steel fabirleation is e major cffort in almost
every foicleation shop in the cowtry. Gulte a few leadlng
fobricators errey coasiderable stocks of ctructurnl scce=-
tione ouad e yob 1s conurncood nermally on the basis of
supply, fabricate g creet to deovings, As the scetioas
avoilabio o tie conntry re rolled to Inding Standard
specifilertions deegimn hoas to be voeced on thoesdo,

Lsulation and peioating:
Both notoeriale aad scervices nre aveilible, A cork for

cold lasulation wns not avelloble styrofoam insulation
was cuployed Lo clininate imposs,
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Elcetricoi:

All distribation swlten gear nad traastoracrs, boeth
indocr tnd outdosr type nre i Jdreturcd, Power ecbles
arc swniliole ondy i1a o lanineea eoaductors s Couper
has te oo Lavortod, Contell eolLles cre however ouade from
coupyr nd tre avaedlable g ospocelified,

Sparkpr.ol notors wre oot e, Eplusionproeol motors up
to 4C HY wore boing rranned Lor production. No exnlosion-
proor switer sonr 18 aede i the countiry. '

nstruwntotion:

Apart frow Dial thermoucters aad Dinl pressurce gogces, wll
procese instruwicntation had wvo Le imported, Negotiations
by an Indzon ftirm with o woll-snown overscns firm In this
ficld to cveatually produce il ftums roquirced {or proccss
nstrunc oation woere 1o i oadvancoe stago.

All hordvare, such as ilastruacent ponciz, junction boxcs,
Instrumcat trays vere incallyry Tbricented. Very ood con-
tractin, scrvices cre availobloe Jor instrunentation ercce-
tion,

The acst laportant foctor to be horne iy nind when procuring
natericls or corvices in India s tnoet there is an cnofaous
gap betie s deannd wad supply snd tne delivery/couplotion
tincs wre vorey long, w tong w10 to Lo monthe, Heace

advaace niasalay e acccss vy cnnt ot oo beglimdng of
construc cion Lo cegquire Lt osorvicos or aeterisdc sad
thoercartos o coatime ol ame Slle ana dnepect tIL
conpletion, Coummtiuction tools undl Liekde ol vory good
quality o0 ba ooaort cupply o Jlso o nechaniscd cgquspuent
sucn as tilcosr Tranes.

Constructlivii:

Governacnt pprovel is roaguired Tor tho loy-out of the
plant, che buildiogs, fne caoctricnl systons, the offlucnt
disposl svool, o te. wad den as coould Lo tirned ap only
thercaiter, othe ¥ o wio o tacr . 2ocld o hesd uy In con-
stoactivin, The Fapd csdives dowoctieat ofF the Goveeaant of
India Las noye stringent oo ol tione ey whet 1o procs
tiscd in thd oot G orosp oL 0 teeotion ons spaclayg of
tankage conteiniag rYocwbic vecduets sacet s petroloun,
N.OC.I L, Toy=out Yud to b olbered consddor bly In the
beginning to oot e pogaioiantn of thity deprorinent,

In so far »o labour {or ¢ astroction s concernoeg, U 15
needloss to soy tot thoere ig @ owadmat suprl, o unskilled
labour. Soat-chiltoed Lobour o slacst all eotogorics 1s
generally vaiiobic and skilled labour fn cortnin eatogorics
have to bullt up with aundsiiiled 1nbour by oon bhe Job
training, However aftor drowiog up o reallstic tine schedule
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bascd on such Inotors .o cquipnent dellverics ot site,
1t 1s neccusary to coupute il totel rnhours regqulaed
for the gob ond Lho aanhouss cediaired Yo cach phasc of
activity sueh 2o civii, grouetaral, plping cte,

These nonbiours snould Lo cortpuitey baged on thie possible
nethods of cousteruction naspucble In the country - to
quote an «x~iple, civil work is sorpely enrricd cut by
manual Lebour wiid not aceihanises = and i COricioney
of the leew! latour oo conipeeced with s Furopean or
Anerican countorpart.

For the ontire construet ton Jo ol BL0.CL I.L., 1t was
esvincted thet  ndllion nonlours were roguirced sprend
Over a nerind of chout JC w o ntihe, The phrsicil crfort
requirca for cach phnse ol wetivit, a3 oo onercentage

of the tolnl offart of 1007 wes cotimated for cach phase
of work o follows:

Civil - e

Structural stocl -l

Mechanical Doulprment 164

Piping - 40%

Elcetrical - %

-,
Instruacntation - 10%
Insulation -
Painting - 1%

Tankforin, cte, - 104

Adversc weother conditions provelling in Bombay for a
period of about /L monthe duc to hesvy rainrall, affce-
ting the tompo of construction ns well a8 the linlted
availability of good eonstimetion touls, tuerle nd
cqulpricnt vere also taken into ~ccount nov only whilc
deternining the overall tine schedule, but nlso in non-
power plonaiin: per qunrtor yeor por cratt,

In & wmodern ohiondenl conpicz like N,0,C.1.L., where the o
Processcs ar. crrpicd onk ot temverature ns low a8 e 100™¢C
to as hiph oo 00070 nnd Pressures ranging r'eon vacuun

to suy 100 r/85.¢m ~nd hradlings corrosive fiuids and
chuiicnls, spocial antericls or constructinon, not norunlly
employed a0 re€inery have to Lo used, iutesials of cone
struction nged rrom corbon seecl, stadnicrs stecls,
inconcl, woncl, Eitoniun, copper, P SVTRS FYIVHIIN volypropylenc,
polycthylene, VG and condpnct Tiood with glass, Cpoxy rcsins,
rubbor, ceid nrood beick noe to neation clzdding and lining
with specicd soolics,

N.O.C.I.L. w5 “icn right frow the bepinning to sgsociate ;
as oy rocdl cuitenctors io ril types ot work during con-
structlon with w vicw to developlon sueh contractor Sope
vicce for use during conilssioning ond acintennnce and

shut down vori, Alnost o) typoo ol vk wore theret'ore
contracticd cut, Mosc than onc cunitractor was utilized for
the same tyne of wora Lo Inteodice an cloaent ot connctition
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and closc suncrvision 2nd guldinec wag provided vy the
oversice contractor, Ouite - sulstantial arount of work
wng also crnerlced out with direct lobour and NL,D,CLILL,
latd dowit « Llbvoral wowe policy Liorespoet 2f this labour
to avold wiy stiolkes durlng coastouctiuion,

As alrondy ctoficd Cisuvbore, clowe follow-up vwing ntin-
taincd o svetiriols ordered loenlly and 2 cowpetont
fnopeectiag ad wxpeiiving toaur 0w oot p L) progress
local fubricntlon werk, The veoblons of the locol fa=-
bricitor uwery trocted ns our oy problons and tirncly
Bolutions vere oHuad by us i co=operation witn the
fabricater,

A good s wceoaatiig ot e poocning st s o wet to
control costy —ad Lo oxecule Lhe gob withln thoe budget,
Bank borrouingevery nonbh sio01d boe nweeurcately forccast
in ordes bo Yy Ts0 intulesl coanries,

In the ¢ .o of fnportod v torils, tt is the nuthor's
cxpericacec bt o owvery Liveorsl o Wiowones sholkdt be nade
in tho valll Ol L0y din covpent o simll bere pipligg and
flongee ~ad ittiha S o il s S taorl e s were ex-
perlcacos Lo thiooe dboms Lo Lhie tinad stogls ol colie
struct: i ane head b b sdriroighited,

BT ooxtre o Loo Pulk the oty *lgbxru to be o realistic
figur. .

Operetd o o doboniaied s

U SN OIS

In view of tr o airfieabtics to Lo ov.rcune tu obtoin spard

paric 1o boocted ogndprment, it s deslireblo not o cxeced

sad/or o oveey e ocllendly o tho ool reereting ooneditlons of tne

COUAPWe L, L orcover, e Lapoet Lloonses Joouod by the

Goverane. L S o petiornel Luooan s dwevs e Bolou dn

Aoy v oo o th L whaiehy de oo e a3 o JU‘L Coses
AN

4
tlca ap Do Luyine Dooopo ol o 0 wtrlon s e 1d/Loan
hios Beon »veoiIoble bt the Cooc e Lot shik Beosseatld ll" du.
L AT S TS PO PR OAEY I R S E IO A oL P AR ‘j coptrics
whiich kiwlt‘ LSS VU VYRS SURPUDETUEYYS RN R S AN EIDAS APRTERE BEEC I § DO
Goverrnwat, e tre Ui et . RR AT B Sl iewnse L
Inleites 3", Lhncr et 2o Ct RERUT N :vw.t,,r'i“.J:; ot

ay o
slCo, Ino viow of thic white oo Stiae ap vonow dndidtry, spar.
prrto thr & yi;\v:';. Operntlo Fhe i o nroures e b the
snuae tluc rad Laport obotitr oy r sonp shebe bo Sotoap,

«*
-
-

During tne decbhm oo syeeds i Lion oty Stoolr, o s
preforable bo sk use of "rooo casieh” ttens cvidlnble
i A

-

KD
locally insitcd of akiag for "the beot” whdel will heve
to bu Laporica, la"; Cade of jocarm, wihdch hnve to ve Jdofi=-

nitely inported Lt is ~lwnes Y ottor o oo in ior v robust,

well proven doesign with the LYoot pogsibic naterinic rther
than for thosc with lontest r.fincacnts aad sophlctications,
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For k¢ ltows of plant cqulpaent such as praupqs cowpres-
sars o turbines, tive broniiloun oF which could shut down
the plant, It is advasable to Zoeomplete rotors ns
sparce o Ocliitles for thedy r““wir and Lolancing s
inccequrbe wd oXperience nwollobae ds Linatoed, dWaon
several puane are Lo bo oushit, Jt iz boetter Lo nopoviate
ance buy fron oons nanag retiarce Lol 4o ctuarredize o ae fow
types ad Sines noseible, Moenonicend sonls on wpiddpacnt
should Lc \u~naardircd onoodet Lypes feonoonce annufaciurer
and spooe apellores snould alvove b bought In nesdinun
sizcs,

The overso.s "'mpllo o

role Lo plot il Caslii

noanud cebarcd cquipnont hag also o
B 8P ports probloss of the |
- Industric:, ~lv'L1j he should vnoare Lot Lils loewl apgents
= ~re not soeliloes only but saouldd leep whicre possible adeauate
; stocks o5 soores, comoonly renaileocd Por such cquipnent
supplicd Ly hin o the country, ists of sinilor ciulpment
redulcins sialler spores chould Be nent up-tu-dote for
cnheh countr by the oviroo o sosmadteturer 3o thet he could
advisc Lo aow ndusury toe oo oia F the vype or size
alrendy L ade i his cowntry -ad witich can nect nis
speeificotlcas, This providos o poszibility of bO“;uwing
snﬁrcs weoroploconont bogin Croor oactihor inductry uslng

slnllor caiprcat,

o

t:“f ]

-

Leestly, who oversens nonuteoturer siould always look for
neaviiactoriag o fow lteas of coulpaent oy sparcs in the
countr; <itucr o hiis owm or In cosoclation witn o loeal
Lirie, v thougn 2ach veabare coutd initially be uarginally
coaicrcinally attroetive, 10 il stond the nanulneturcs

In good st 1 the yoors Lo cone,

In spnre prrts luven 13rg Yor o dasortea iteas, the vestern
nomas o oo very low o retio on ,“x»uu)ry with, reapect to
Invested eapiend iz s v‘ prictlecasle ln du ‘&.loplng_, countrics,
This perecntise should be very nuen highor say 8 to 109,

1t
b, 3 o

In doveloplng comntrics, neehanienl skills/cxportize/services
e are r;hdilv wvallable In v owcestora country oo cither
absent or Inndegquate, Henco the industry Itoclf has the
princ.ey responsibility to trodan tholr poereonncl not only
In skills "t ~1lsu in o scnse of" responsibla ”ttnc“wcnt,
in 11 f:c;ts gl operation nd printenanee Lo e it o
succcusity cad cuod business voaturae, For o conplex like
N.O.C.I.Iu, the skills can be portected onty by on the
Job cxpuricne., lip spite ol bost cfterts ot tralndng,

In the Llrnt of this, 1t is inpostat that the oversen
crection il cadiiosi onda mq;uu..x, Spealis tho buulu\.“”
laaguaee (Fnplish, i cnse of Tndin ) ol the country and
inparts the noecevoory skilis to Lo loeal workiwn ond
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supervisors. In addition, 1t 1s vorthwhile, that the
overecas supplicr scnds out a specialist cvery ycar to
troublce shoot on cyuipment supplicd by hinm to all
countrics in o particular nrch ag part of his after sales
scervice, instend of sending o cxpert only on rcquoest,

The cxpert is ~dvised to carry oll specinl teools with him,

¢. Qrgpnisction, manpowcr, plannings and cxccution:

An arca-ccntral type nndnitencince orgonization has been
sct-up with centralized werkshop frcilitics cnd cen-
trallzed pleaning. The entire complex has been divided
into 3 arcas, cach of them in caarge of an arca cnglneer,
The manpowes 1s bascd on carrying out with own workers
running nalntennnee only. For information the ratio
betweecn the number of pleecs of cquipaent to be maintoined
and the workcrs as cxisting is ¢iven below,

Equipnent Approx., No. Ratio worker:equipnent
Mcchanical 2,400 1:24
Elcetrical 600 1:90
Instrunecnts 3,000 1:200

Thcse ratios arc by no mcans on the liberal side toaking

into account the types and conapl:xity of cquipment installed
and the inadeguate cxpericnee of local craftsmen in main-
taining such cquipment. All civil works as well as new
construction an¢ turn arsund work arc contracted out., The
ratio between the first linc supervisor ond worker is on an
averagc 1 : 7.

Maintcnance work lsearricd out ouiy on reccipt of o duly
authorizcd work-ordor originatea by the concerncd depart-
ment. For works which have to be corricd out ot regular
intervals, standing vork-ordcrs have been cstablished to
avold unnccecssary papor worin, On reeelpt of the work-
ordcr, the supcrvisor cstinetes the tinc requircad to

carry out tinc job 25 well as the cost. The planning scction
allocatcs o work-order nuwaber cud the cost centre and ob-
tains highcr authoriztition it nceesszry. dockly planning
meetings which are attended b, nred anginecrs and operations,
the prioritics of work in caci. nres are declided upon and
the nanpower allocation is done. Hormally the sanc crafts-
men arc allotted to o particular zrca to mnke usce of the
expericnce they alrcody have, The finalizcd arcewlse wOork-
1ists arc scnt to all involvee aind the operating depart-
ments Kceep work purnits ready in time for the malntenance
supervisor tc cugnencce worik as planaed,

When essistance fron workshops or civil, cleetrical or
instrumcnt crafts arc requircd, the arca cnglnecrs raise
separatc sub work-orders on thusc seiviccs.,




In order to cut down overtime work, a skclcton mcechanical
crew is kept in shifts with o supervisor in charge of all
the arcas and this supcrvisor can always scck guldance

in cmergencics from scnior mechanical staflf who arc on
weekly duty rota.

Works of such naturc as clcaning tube bundless, loading
of catalysts and chemicels are charged to operating cost
centres. Modifications to the plaont involving relocation
of existing vquipment and ninod pipingzﬂtcr&tions for

better operntion, but not adding to the capital valuc

significantly arc ecallcd ns plant changes ané arc costed |
scparately. Tnc nointenance costs and naahours spent arc i
collceted by cost centres and by cquipment codcs for ;
purposes of nanageent reporting and troublec shooting.

Backlogs in cacn erca are periodically clearcd by allo-
catlion of norce nanpower.

For minor stops, tho planning 1ig donc by hand arrow dia-
grans wherens for & meior turnaround which is gencrally
planned once in 2 ycars, criticnl path planning by computcr
is cmployed. Inspcetion work 1ists bascd un statutory
requircnents and on non-destructive tosting rcports and
thc operations vorklists arc closcd out cufficiently in
advance to cnable aalntenance dopertuent to carry out
such planaing. After the inol List is decided upon the
maintenance dopartient worke out and arringes naterials
and tools b osite, orgenizes contractor scrviecs, carrics
out in @iVoice DU UDTRS uB Aclagpingg nnd scaffolding
and scts up cetrilad pilanning boards in cach orca giving
detalls oif work to be done ond uunpou.elr avallability.
During the siut doun, progrens »f wianncd work 1s marked
cach day ad corrcclive mensures apre taken to cnsurc that
the schodule is mzintuined,

For nccurate critieal path plauming by the conputcr, the
data on nonbour estiuntes L£or jobs should bc as accurate
as possiblc aad this information 1is being regularly col-
lected and updated.

Lubricatlon of rotating equipnent cte. is thc rcsponsibilicy
of thc opeiations, who are providcd with ncecssary supply

of oils, gretscs, applicators, cte. and all inforuction

on thc type of oll/grease to be uscd, frequency of lubri-
cation cte. ALl concerncd erc npede Jrery well awarc that
irregulor lubrleation as well o8 too little or too ruch
jubrication is as bad as no 1ubrication, The maintenance
supervisor as part of his dally routinc also maKcs sure

of this.
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When hoe inds that a hearing i3 cxeceailvely hot or tho
vibrations arc toco high, he wisl osk thc opcrations to
hand ovci such caquipnent for naintonnnce to elliminate an
unplanncd jatorruption, Fos rotoat lug cquipeent in critical
gervices in the cdursc a0 % te O nmonths running period the
supcrvisor detcrmlnes if 1t is nocossary Lo droin, flush
and rcenew the lubricants and Gou s Bo At o tind agreed upon
with opecrations,









