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This report has been prepared for UNIDD in acoordasnse with their
tems of reference dated August 20, 1986, arising from the HHOPAL
disaster. The main thrust is on prevention of such scocidents -
. with ¥he relevant poliey issuss and the role of WNIDO,

Chapter 1 sets the scens with a desecription of the BHOPAL disaster
vith particular emphasis on the lessons learnt therefrom. The
next two chapters deal with prevention of accidsnts dnrxn; prod-
uetion, storgge anc distribution of hazardous chemicals. Both

the hardware as well as software aspects are covered, Chapter |
deals with technology and its transfear in particular referense to
éaveloping sountries. The right govermment policies can go a

long way in preveniing accidents/disasters - these are described
in Chapter 5. The last chapter (6) emphasises that since the
‘worlé is Bnopal', international eooperstion 1s a must, The

Worlc Bank ané UNIDC have already rendered walud le sontribution,
but more remains to be dons. A programue  work for UNIDO is
outlined in the last tw pages.

The EAOPAL it a tragedy of errors, lnman and others., The Chermobyl
xiishap as alsc the blowur of the Challenger have LDesh been aseri®-
ed t¢c a series of ‘nuran judgements, ' Such stiatewmsnts, though
correct, do not make us wiser, Man does erry but he learns and
orrs les: and less as a rosult.‘ Only a fool perserveres in err-

ing. In any case, one mist go bdehind the amation'nl and li.-plfut-
1¢ headlines, to get at the root cause &f an accicent., Then alone

we will be wiser ané err less. Can mar e chango, 80 a8 never
to make mistalkes?

Pernhaps, not/ 30, incteac of trying tov cnmge people, 1t may be




far better to try changing the situation. It is much easier toe
and vhe 1s more it oan offectively reduce the ehanm of a
é3saster, and alsc reduss or minimise the tragic effects, there-
of. How to change the situation?

Safety must start at the draving board stage, The Wnefis of
lpending adsquate time and money at this stags san )'f;w -
m cases, it may even lead to reduetion of the pro st sost,
Por the Bhopal plant, for exsmple, redusing or eliminating the
MIC storage vo\m reduce the plant cost ané male it safer -
sinee the risk at storuge stage wuld be eliminated completely.
This is precisely what has beern done by some of the other manu-
facturers of this material.

Accldents in the chemieal industry can be reduced by having
properly designed ~2Tety devices This can fail, sc it oan be
supplemented by a fall-safe device. And one can 40 on, there is
nce end, But if the devioce:s are not mgintained in Propsr working
eondition, they are no better than a single device. Hew dces one
erBure their working condition? Maintenance - Froner and nravent-
ive. Far more important, however, 1s to have safety 'culture! -
at all levels right to the top. -The hardware (safety devices)
one ean buy and lnltllg, all one needs 1s money, but culture?
That's the erux. It cannot be bought at any price, it has to
evolve itself starting from the top. Ccrritment at the tor level
is a MUST - tp rrevent gnd manage disasters.

This requires education/training at all levels. The oompany
concerned is the worst suflerer in ease of a disaster, henoce
there 1s & strong case for self-polising. Developing eountries
are confuse’ on the type of technology (eppropriate /immover:shed
or modern/advanced] to adopt mnd how to really bensfit from it.
These aroc some of the areas where UNIDO have a vital role.




Chapter 1. BHOPAL, BEPORE AND APTIR

There have been many a Ehopals before the BHOPAL, but with a
difference. EHOPAL has turned out to be the worst ever indust-
rial disaster, '
ONCE IN A LIFETIME?
BHOFPAL, one hopes, 1s a onsce in 5 lifetime disaster., But this
may merely be a wishful thinking, unless we do mth:ug about
it NOW. And action is required at ALL levels:

Individual

Cormuni ty

Country , and last bt nt;t least

Globally .
There are many a2 potential Ehopals around the world, but part-
icularly in t.e developing world, The dsveloped world is not
immmne either, witness the mini-Bhopsl whick hap;ened at the
Bhopali-type plent of the same company {Union Carbide) at Inst-
itue, Wect Virginia (USA), eight months later thar the BEOPAL.
And thl: despite the fact that the lessons learnt from BROFAL
hac beer translated Znto action at the Institute plant. As an
eftermath to BHCPAL, 2t has been found thst wini-Bhopals are
lurking round the eorner st many chemical plznts everpwhere. Of
occurse, a& we roint out in tne next section, a Bhopal or a mini-
Bropal cas: ocour not only at ths prnduction plant, but also at
transport and storags stages. These have happened before end one

must not overlook any vulnereble area. Por prevention of Ehopals,

ons muct:

THIKK SLCBALLY, BUT ACT LOCALLY
Anc 11 this light, the present study by UNIDO, as also earlier
stulle: by world Bank and other intemmational agencies, as umes

great a:rgmiflcanoes,




A LANTMARK ¥ CHEMIOAL INDUSTRY
The world had never heard of Hhopal, a town uith a pevulation

of just under one million people and the sapital city of the
state of Madhys Pradesh (India), until the morning ¢f Decembder
3, 1984, Thereafter for several days, this man-made dimster
dominated the world media and everyone everywhere ’:mon Hhopal
was and wnat happened there. This 'nightmare' haprensd at nisht
but it was real. Total deaths were, perhaps, j000-5000 - possibly
more - anéd the mumber exceeds the deaths reported for ALL the
industrial accidemts worldwide in the past 40 years. The night-
mare was, mercifully, a brief ons for the dead but for the surv-
ivors who wcre exposed to the deadly methylisoecyanate gss (MIC)
the nightmare may be lifelong and even bsyond because of the
sarious genetic effects. Perhaps ono-third t¢ half of the entire
population of Bhopal town was affected.
No wvonder thai ZJnopal became a familiar name sverwhere. It cuald-
fled 28 one of the ten major events of i98L, a Aistime tion 1t
could well heve done without. In the chemiical induatry, it har
becoize s lendmark and the¢ incdustry will naver be the ssme here-
after, No woncdsr that an internstional symposium (Lonéon,Nov 7-8
1985} held a year after BiQFAL was entitled:

The Chemicel Industry After Bhopsal
Ite proceedinpge comtein 13 papers resented at London 2c al.c
the disocussion thereof. 211 aspecte, incluling technieal, legal,
insurance, public relstions, safetya and risk sssesment are
coverel (9. The Intearnational Organisation of Consumsrs Uniowu
(I0CU) at 1ts World &nému in Bangkok Jjust a few days after
the Bhopal tragedy passed a -~ezolution entitled:

Another Zopal - Never Againl

IOCU followsad this ur with a som.rehensive work on the ruhjest,




refreshingly entitled( ):
The Lessons of Mhopal
A well-resesrched report, 1t lists ever 100 rororu_:cu. Ve
have also covered the more construstive aspects (e.g.,, lessons)
slsevhare ( /51,
BECFAL Las become as much of a landmark in the chemical industry

as! 1979

Three Mile leland - {n the nuelear industry
& Chellenger dim ster(1986) - in the tpace programme
The THI incident ir Pennsylvanis (US) 414 not, fortunately eause
any ocasulties, Yet, it has alfeséy lod to e loss of same §; o0ill-
ion direct and prebably much more in terms of indirect oosts.
Anc sven more serious has been the loss of public fonfidsnce
everyihere, bu! particulerly in tne U3A, 8inece the TEI mishap,
no fres: orders for nuclear d>ower plants in the US hawe heen
pPlaced and over 6C prc Jects/orcers heve been cancelled. Thus,the
nuclee! power indueirv has never been the same since ™I. It is
too early to know wrat the effect of tine evin wucrse dissster at
Cherncbyl (1986, USSR) will be,
It is no vworder, therefore, that cherm’cal Zndustry will never be
the same - as 5 result o BZCFAI. There is, h-wever, no sugges-
tion thet production of toxic ané hazzrdous chemicels qnd gaset
ahould be giver ur, Instead, the thriust ig orn wvhnt cau we learn
fram BHCFAL ané how such a Adisacter ean % prevented in tre
future. As a measure of g quantum change in the public porslption
of chemical industry, it is interesting tc note that the Du Pont
slogan:
Better Things Por Better Living Tr.rough Chemistry
h:s been modified. The last twc worde have been dropredl




EEPON FAOPAL

Tragedy and disaster are not plessent words, btut they ms verthe-
less are a reality, Their study and analysis hold valusble
lessons if only to minimise but preferadly to prevent such events
oocu.r,‘i.ng again, Man learns by e~perience, and one oan learn most
from one's mistakes, He is a wise man indeed who oan leamn not

only from his own mistakes but also mistakes of others as well,

This i# wvhat we must seek, "
<n
Among the major incdustrial disasters o:‘,\muoth sentury in the

chemical and allied industry are(s 3l)

TABL: . MAJOR DISASTARS - MICAL IKDUSTRY - 20T.. CENTURY

Yoar Site NHature of disaster No desths
1521 Oppau(Gsr) VWarehouse explosion. Dysanite used
to pry looss caked am. nitrate, sal
1944 Cleveland LNG storage tank, Structural weak- 131
(USA) neas, Exrlosion.
1947 Texas City Skir carrying am, nitr-te sxplodsd £7¢
(US4) anc nearby styrene riant exricded
a2 s result, Pires in the city.
1948 Ludwigshaf- Dimethylether railway ezr axplodsdé 207

en{ler) inside fao tory gste.

195¢ Celil Dynamite truck ex:zlosion 110C
(Colurbia)

197L Flixborough Caprolactum plant. hxplosion due 22
(OK) to a pipe ™upture

1976 Seveso Explosion, uloumﬂpoilonouz 1601's
(Italy) dioxin into the atmospheres. (aninmgle)

1978 Spaix Propylene gas truck. =xplosion over 500

198L Cubatao Casoline from leaky pipeline over 50C

(Braxili) exploded,
198l Mexioo LIG storage tank, Explosion, over 500




Seven of the ten disssters listed above as also the BHOPAL have
c2zurred while the hagardéous material was stored or In transit,

These are highly vulnerable areas and hence deserve speclal atten-

tion,

BHOPAL - A TRAGEDY OF ERRORS

There were amwle warnings of the BHOPAL tragedy, but alas they
went unhsesded, Fer nearly two years (mid-1982 to mid-193L; at
least four irtemal reports of Union Carblde noted several cases
of MIC leakage and numerous safety lapses in plant design, main-
tenance and oreration, Some rededisl action was tgken, but obv-
lously not enougk. These re<rorte were releessec after e diess-
ter in an effort to put the antire blame on tne Indian subsidi-
ary, with the observetion that ir the then state of the plant
(Bec 198l ) ¢t should not have beer operating at ali!l

There were amrle wanings by the locsl media, too. A Baopal jour-
nalist, Rsjikumar Keswani, in a ccrles cf articier in Lie ovm
Hindl weeklr, Ranal, another weekly, Fracnernd , end ¢ Zird! delly,
Jansatta, warneé of tne timc borb tickinr awey ir tre neart »f
Bhopal, Theee appzered during Ser 1977 and dune 195. ousting
facts ancd figures sbourt accidente gt the rlant and noted tiat not
a year hed pastcd@ vitrhout e sericic m ghaz, =ir "rololll aopi-

L ~

iines:
Sa\’,o, Flease Szve Trie City
Bhopal on the M-rut: of & Vcleano
If You Don't Understan¢, you Will Be wiped Tut
failled to make arny imrression orn the company management and town
edministretion, All this before the event.

After the disastrous event, internrtional presr anc medla swosped

over Bhopal for inveetigsative rer.rting, Keswani belng picked




88 a oollaborstor by Finaneial Times, New York Times end Wash-
ington Post axong others, Some ¢f the headlines in thece and
other respectabtle medie spesk for themselvess
Safety Lapses Widespread
The Grim Wages Of Neglect
Colossal Safety Larses
inlon Cartide Flouted Own Safety Code
All The world iasped
It Was Like Breathing Fire
¥What Price Progreze?
A Protlem Thet Canrot Be Buried
The various safety systems, sud as Plare gae stack, vent gas
scrubber and refrigeration system, were all rilent witnesses to
the tragedy, since for reasons of economy or otherwise nom of
them were functioning, An alarm was sounded and the neighbouring
residente s2eins sucke coming out of the factory rushed towards
it, supp~redir tc put out the Mre, tc the!r certaln death. The
factory sersonnel are rezcrieé to aeve escaped to sasfety. Some
elght hours after the event, ané ever aftey teeing dead bodies
Flled inheasrs, the company's ehief medical ofiicer g\inhimd
that: |
¥IZ it an acute irritant, but certairly not lethal
Acrozz t-e wcrlé at tieir hescmuarters in Danbury, Cerr. (GSt),
Cartide's director of health ané safety descrived MIC as:
nothing mcre than & potent tear gus
In retrosrect, these statements nmust qualify a® the understate-
ments cf the eentury,
Initial rsaction at Danbury was tcat the Bhopal and the Institute
Plentr were identical. Dil it mean that a Bhopal ocould occur at
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Institute? The earlier statement waze immzediately retrasted and
the principplz complelely denled any involvement in ths design
and engincerin: of the Bhopal plant, Tnis too}:rowd to be in-

ccrrect,

A forrer maraging director of the Indian company, Ndward Muncz
statec In an affidzvit ir ti.s US that he cnd his projest team
ir India concerneo;dshe Ehopal plant argued for 'only tokkn
storege! of ¥IC, Lut th2y were overruled by the principals., MIC
1: only ar irtermeciaste produst and its marufacturers in Germany
(Bayer} ané Clapan /Mitsubishi) have & closed system With no
etorage of MIC thus elim!inating completely this ‘L&Z&I‘d(ﬁ/\‘g
LeS3CH3 0F BHCPAL

BAOPAL served as ax eye opener to the chemical world who sought
tc draw lesscns ard implement them in order to prevent/minimisge
the chance of such dismc=ters, Most of tie leading chemical comp-
anieg cverrviere emounced z thorough safety audit of their in-

- . % -
coallat!~rne, Zi-lcXtir reml-atlicrns 3né le
i\

[
[}
|~
£

aticn wes sought

tc be i~

(82

roeduczd in —eny of the worlc capitslis. Triteln set dead-
linee for its chemlesl firne tc éraw w srecific planc for emer-
Fencles ancd tc Infcr» the corrmunity about the pcssiblec risks,
8230 wint ther 2lould de in caze ¢ an unforeseen everni, Thils
wWaZ eormyletclc lee'ins in cese ¢! the Zuojel plant,

Ferulz*lionr , nr om-obtos hovrcever strict, L: nct the ulilmete
gnswer, Thrre must b2 rroer mechinery to enforee these and such
machinerr i= comrletely lacking pesrtic.larly in the developing
world, Even ir the develored world enforcement of regulations is
highly susm~2et, John Pagc, director of safety and ocoupational
healt)r cf DuFont - a comnany whici. has taken sefety as a mission
- 1r Jite candidgr):

Thore is no way that they can possibly enforce regulations
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if the mamagenent {s not committed.
The inspectors of the repulating ageneies, for examgle O03HA
(Ceourational Sefety & iHealth Administration) sgree:

We have to rely oaa the esployer and employeet,
In the ultimete gnalysis, despite proner vlant design wit: the
recuisite safety devices, regulations and their enforcement, as
8lsc maragemsnt's comraitment - it is really s ‘culture of safety!
whioh ocan ﬁelp rinimise or prevent the eharce of a BHOPAL type
éisaster. Tctal prevantion is an 1deal which probably can never
be gchieved except at infinite cost - es we atterpt to show in
the next ssction, But minimising the probability of a BAOFAL is
ocertainly within h'man contreol,
Sefe haore 15 uot noccasarily safe there, and safety can never be
taken for granted., It must be built into ghe totsl system, but
even i{hen, an expert on workers sefety, Anthony Mazzocchl points
cut®\) stortly after HICPAL:

It's like &8 glant rculette game...this time the merble esme

to a stor in a little place ir India. But the noxt time 4t

oould be the T,S.
oW prorhetic! Just eight monthe efter BEJSFAL, a mini-Bhonzl did
cceur at a sixilar plsnt of tihe same comyeny et Irstitute {USAJ,
Ancé this descite tae fact tha! the Institute plant haé much mcre
elaborate safety devices than tiie Ehopel plant and these wer:
further augmented and supplemented aes g result of the lessorr
learmt 85 a result of the B:iCrAL ecatastrophe,
SIMPLE IS BEAUTIFUL
Despite the presence of automated and sophisticateé controls or
e chemical plant, the human faculties of eye, nose and ear are
oonsidered to be moet valuadble tools, COontrols ean and do fall,
one oan duplicate them and/or supplement them with additional
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fail/safe devices, but these can fail too. Men can 'ses, smell
and hear' trouble at a chemical plant more often than not snd
the controle and instrurentation may merely oconfirm it - IP

they are irn working order, in whieh sase they oan help in diag-
nosing and oorrecting the trcuble. Otherwise manual controls can
be brought into action to eorract the trouble, At Bhopal, just
about everything (thet could go wrong) d4id ge wrong - in acco:d
with the well-known Murphr's Law,

Ir our varicus writings {(e.g.,!{} we constantly emphasise the
maxir 'sirrmie i1 besutiful.! anéd even nave a echapter with such

g heeding, o the case of &%’T&L, for examzle, it turns out thst
a balloon at e Csrbide factory site to show the wimi direction
and the sirmple precaution of breatiing through s wet towel could
have savel hundreds of lives, Suek simrle scehmes must form a
part ol emergency rlamming, in order to mitigate the efiect of
Cisgcte &,

The nlisnar ot e e Thrze Mlle Ieglsnd nuclear power ttation
(LSA) 14 5ST7% has elready cust 8 few bllllon dollare in direct
terme, bur forturetel=w r.. 1°Tc wee lost, In r'efr’ect, it nas

baer found thet Uhe vlent <28 over fnctrumernted witr far too
ronrT eontrale and alea ms, AL & result of cheln of wrillkely
everts, s=vera: i:Tr. s unded cne after th: aotner and the orer-
etor:s vio o tetaliv cenfosed ag te wihizt really ..ac yone Wron; .,

A pori-morien reveal-d et te resl culprit, a eriticali warniny
light Jeadin, o & cucin of unlicely and uwadosirabie events was
left coverad by e elsn 'under mainianance! even efter it hac
been atienced to. A simpie hwuan error! The mmintenance crew
Just for;ot tc remwve toe sign., What's tr:e mcralt

To prevent recurrence of EICFAL, lot's listen and learn NOW/




Ghapter 2, PREVENTION IS BETTER THAN CURE

Hofne will disagiee with the title of this chapter, But in the
rrese.t convext:

is prevention of a BHOPAL feasible ané practicable?
Peasible? Yes, but at wnat cost? Here, a2 in moet situations,
we are faced with a trade-offend ocompromise, between cost and
benefit, The ccst of rrevention and the extent of risk are
inverseiy related, sk can be reduced to zero, but the corr-
espending ccet will be infinite - not a practical rpossibility,
In actual sltuations, trerefcre, such as Ehopal we have tc take
e calculated risk sc that the eost is reasonsble. nov tc calcu-
late risk”

RISE ASSLSSEERY

The scierce of arelysing anc assescing risk i= relatively new,
but It e developling fasi. It har buen surmised irn csse of the
Cisasters @t reXisc and Z.upal thet 23:
1f rome of t.e fleld'sr mect timple rules, tc sey not ing
¢f the more scrhieticaiz( orcs, had teern snlied, there
wes & chance trev e Llast and lezl migh! not hsve
creurres: &rC if {hev rad oceurred, far fever recris
wello birve Leen Milled.

!

Bat 2472 net oulte et simrle. Moot of this infant acience has

r

& western focus, witr caritel less expensive t. .ar. lebour, Tne
hanélin- c¢f r.azarccue Tecihmologies, trerefore, clctetes e
ecapitai~-intensive 3ciuticn in ti.e weet, In thé revTersc eitieg-
tior as ;revailing in tre¢ developing soumtries, cvre mgy well
opt for a laocur-in.eansive approach (13. The culturcl cifferenc-
es Wil aiec nesc to be onn:zidered Iin carrying out s risk asco-

ssment excrciss (/J). This factor hes also led to & wide varigtior
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e e
in risk management practices ¥ithin ths develored vorld,

In & series of papers (/3, the subject of assessins and controll-
risks involved in 22nlling harardous technology kiskbeen studied
in derth including ifcsues such g8:

Value NKidgrents - risks ve berelits

Range of uncertainties in design, menife tur. ard use of

technolegy
Export of advancel tectnclogies to develoring ccuntries
Doller value of numar life -~ : —
, ek aasnet o ot ey cdyielice

It is pointec out th:zt rigk assescnmelt 1t not +
and eultura. variatles, ss me~tionsé earifer toc, complicate
the anaiysis, Broader pkhilosophicel 1ssue: are alsc teckleé and
t..¢ feature artic.e in tne serles dealinz witr corceptaml risks,
quotes Thomas Jefferson (U

I now of no safe deojcritor of tire uttilinate powers ¢ the

societyr puvr the rooxle Lnerselve.; 2nl we think trem not

enlliz tenel enoupl. to exerciee trelr control Witk g whele-

sore diperetiorn, the remedy is not tc take it from them,

bu: te irfom tzelr éiscretion,

The erm-~ciz i¢ ours., 1! hes particular reievaonce to trne dssue
ci guvermaent reguletions vis-g-vis gelf-pcilan: »7 the corany
nanagersnt enc worzforce, ar iessue wi.lern we dlscuss In the next
chanter,
Car. rirk be cuantified? Nct exactly or et leasat not elmrply, ®isak
has becn definec by & Toyal Study Grour set up in UL for thie
purpose as (/n):
Risk is8 the probability that a partiailar adverse event
occrrs during e stated period of time, or results fror- a

particular challenge,
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S0, risk is expressed as a probadility, It has to take inte
sccownt factorz, such as economic, scelio-political as also the
likely risk to soclety and the individual, What is an acceptadle
r13k? This 18 somsw:at subjective. Rizk of one death per year
ina (/):
Million %s considersd scceptable to gerersl publie
100,00C 18 accertable to workers
10,000, perhiags, is or tae border iire of ecceptability
As a convarison, the probediliiy »f teing killed irn & osr acel-
gent i1s 1 ir 75CC,
L great desl of worl l:zs Leeln Gons to cum tifc the risk in
chemicel ané rwoceess in2uairy by verious sgenclec, 6.8,
Company ievel

Universits - THIST, ¥ (3.7}

Dov Chamical {¥)

Assccirtlon - Chemlcsl Mamufacturers Association (4

A

Pedsration - ISGRA {11)
Cormission - DMironesar t2s)
Intern~tion-l - Werlé Bank {324

These are tr-lcsl of a varletvo? efforts work +>J¢, t.ocugu

mG&irly in tn- <oveloped world, Trere Lc gr urjen: neo-d to
coliate &nc 1nelizse the svallable data and feormulete sizple
Frocs dure ‘teciinique for widesproad use irn tie Qevelo;ing ccumt-
ies, UN1IDG, by virtue of its beckground snc corcdtment irn

this repard, a~;ears to be the right apency for tris purpoae.
worlé Benk Juidelines in trnie respeoct, thourh Ceripmnatel for
Ls¢ by develioping countries, sre baszsed on the so-ctlied Scveso
Directive of the European Commmities Commission (EEC), The
world Benk Manugl (321} :as becr prepare’ by a London-based

consultant w..o is offoriny a package prog-amie for use on a
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personal ocmputer (32),

Por s simple unde=standing of the seomingly oomplex subject of
risk assesmment gnd risk managemsnt, a .perusal of Pigs 1-5 on

the next page may help. Fig 1l (27) is the conventiomal app roach
to safety through trial and error. The major system safety factors
2t an installetion srs indleated in Fig 2. Two of te mein somsi.
darations in risk msnagement are depbbted in Pig 3. Fig I shows

a tyrleal system safely management that can prove elfective, A
very zimrle, though cuantitative rerresentation of riek arglysie
ean be seen in Fig 5 (7).

Of oourse, thec rrs)- org: Tris 2nd risk panagenent of a chewfcel
Plant, liks the Bropel one, 225 to take in nany more fgctors and

is therefore mnrs complex, but the figures demonstrezte the baslio

rrincinles,

RISE MANASTM=Y !

Baving ecceptsé thzt 1in t=Zctioe risk eanot be recueced to zeru,
'nn;&‘:.:"xef.‘nnd tie loevel of accepiable risk, we now exarine as to
ko © keer wl thin tiie _evel, lhe soncept of risk mang-eme:t uas,
been expleired by reference to the figures or the rest vefe, In
the context cf this report, we nov eim to see how the damape
rezwldting fro- e digsster iike t1CFAl can be minimised, flter-
nativeiy an” r-efey akis, how coWic ziie cliar.ves 07 & XOral re-
Lurring emg b reducsd, Tae latter, 05 oourse, 1s moxre diffieuit
but in bot.h cazes oonsjderable plonning base¢é on past experience
ic essential, After snalysing = variety of cisastcrs ‘nocluding
an oil rig which caps’zas, shipwrecks of the Titsric and the
Andrea Doria, as also tne gas leaks at Seveso and Ehopal, it is
otsarved (/2):

Some acclcents are svolaable, ot:ers porhaps not. But in
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w
oSt cases a means «f safe encepe or treatment of iajury
cean be provided, Sush moasures were lagking in the efld
rig oase,..0, the Titanic sase, and in the Sevese and -
HEhopal cases,,.vhy sush oversights ean coour...
e exphasis iz ours, 8dciety may bDlame the engineer for the
oversight and the enginser in tum eoculd assume that (/)3
agrgt?, risk, and g1l such matters are someone else's res-
ponsi. +eeif not the company, then govermment! lLet the
govermasnt hire safety engineers. We vots, anc theat ¢aires
‘eare of owr responsibility...
This dozsn't help at all and we are backe to 'aquare one.' Ean
does mke mistakes, but a wigse man learmns from his »istakes and
slso froi: thoss of others, Piet Hein puta it thus (27):
The road to wisdom? Well it's plain and simple to expross:
Err and err, and err again, but less, and lese, and less,
In case of BZUPAL and sevsral of the cther Cisasters listed in
 Teble 1, sicrage of large quantity of the hazardous material
was the main cuiprit. So a very simple safeguard 1z $o avoid it
vherever possibl~, thus nmot only reducing the hazard l?ut also
the 20s2t. As expleined earlier, there 1s no need to store the
deadly MIC at ali,
The variou:z fafety devices at the Bropel plent were not in work-
ing order, but 1% surmiseé that even it they were, the run-away
reactior could not heve been coped with., 7o make matters worse,
emergency plamning was oonspicuous by 1ts absence, The plant
workers thamselves, let alone the neighbouring commmity, were
not awvare of what %o do in case of emergenoy.
ot let's novw switeh over to the positi.ve side., What should a
desirable risk management progruzxie look like? FPor this we look
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at an 'inside r.port:z)h Pont, sn acknevledged loader in Whe
eshemical industry(2}), It starts wvith an astonishing aduission
that ¥he shemieal industry has met beem as good at risk manage-
ment as 1t cught te be. This was firiven home to Du Pent in 1978
vhen the company suffered mere than expested mmber of major
ineldents. A thorough investigation at that time revesled:
weekngsses in the admiristretion ef eur process hasards
management prograa.
e program itself wvas found adequate but its implementation/
administration/msnagement wan seen to be weak. Having identified
the problem, sclution followed logicslly. The danger signals
rointing to the weakness were f'“ﬁ'(du%“—‘! =
Lack of adequate training of operators and maintensnse erewus
Design/procedurs ehanges w 1thout realising sheir impact
(vhich oan be profound even with minor ehanges) on safety
Insdequats frequency of inspesting and testing sritiecal items
Minor incidents not investigated/identifiecd and corrested
Redused meintenanse in anticivation of plant sodd/shutdown
‘utbong; these signals were idantified by Du Pont ané sorrective
action taken in 1978-9, Union Carbide were either unawars of them
or they werc completely ignorel at Bhopai. ALL the rignels, inol-
uding dismsntling the plant for sale, were there} Jt:)
Du Font's conelusion of their heart-searching mx;c: se has an
important lessons whieh needs to?driven hone ’(Ql,)
eeoOUr Prooess harards managemert program administered...
in a strong snd effective manner esn heed off eatastrephic
events. It requires a lot of work and the time of many
peeple, but the rewards are great and worth every bt of
the effort.
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ind what is more, the company hasn't stopped learning., Notwith-
standing an excsllent safety record sinse their self-policng
from 1978, they aocught to learn froa the RHOPAL disaster, Like
most other companies ineluding Dow and Monsanto, Du Pont further ‘
revieved their safety procedures anéd took apprpriats eorrective !
action, ‘
CAX RERGULATORS REALLY REQULATE?
BHOPAL imnediately raised the question:
Coulé 2t harren bere?

at shexical production eentres sverywhers, end partiailarly those
kendling hazardous materiale, Governments, too, got busy in Plann-
ing, ¢rufting ané enscting stricter laws an gulations, The
chemical industry, itself, though already "burd.nod' with over-
regulatiors, nln.dod for strigter controls,
Union Carbide's similar plant across tne globe at Institute (Usa)
wae clored, % incerporsts tae lesson: {rom Bucpsal, to mekc i‘t
safer. The gafety Fyvstem wss upgraded, but a wini-REcral A1d
occur Bt trhe In:titule plant in Aug 1983c, ifter BEOPAL, 1t was
reported that despite u fuili array of monitors, alarms, cooling
fystoms and such, EFA (Envirormental Protection Agency) obzerved
frorn Carbids's owr records 28 MIC leaks during 1930-L at the
Institute piant, Also six months vefore FHOPAL & survey by the
Carbide cafet: tea. revealed the possibllity of g %ﬂreac-
tion at Instituite in the lﬁf‘ storage tank, This iapproctnly

ai hapooned at mopu. Vu the finding froc Institute 1.4 to
any action at Bhopsl? ‘n—it oconveyed to the regulators in the
Ue8. and in India? Would thsy understanéd the implicstioms of it
-~ spegially in India?
In general, the regulators know muca less about the cheistry




and the hasards thereto. The eompany knows far more and they are
in the dest position %o uu‘s snd Zanage the risks aridng from
Sheir operations, It is worth repeating the quotes of the eomp-
m&/ and a regulating ageney (page $-10):
Du Pont: There iz no way that they (regulators) cabk pouihly
enfcroe regulations if the mansgement 18 not eocmmitted,
ociA ! We have %o rely on the employer and esployes.
The regulator’'s inspection, at best, is superficial - ewn in
the dsveloped countries, In developing countries, as was reveal-
ed in ease of Phopal, it is praoctically non-existent., BHOPAL
brought out another flaw as well, No regulating agensy anvvhers
is competent to check the adequacy of the safety and emergensey
systems,
With this beekground, there is a strong move specially in U.K.
towvards self-regulation speeially by larger companies. Trials
in this res-e=t both in U.,E, and U,8.A. have proved sncouraging
and thzse have also led to valusble end mxéz better gccident
statisties. The proposed legielstion for self-rerulcticn 1is
expeocted te lead o3 ):
Pslieving the repgulators of much of the routine and super-
&-cial safety inspection work,
Regulators can than concentrete on 'more insidlous hazards)!
Industry will dre. up itsc own 'tight ecde cf vractice!
better iafety oz-g:“‘\iution within the conpanies
Tis sppears to be a refreshing approash.
ACCOUNTABILITY MUST REST WITH TI. OOMPARY

Eliminating the routine and somswhat suerficial inspectirn by
regulators may plesse the companies, It will elimiriate much of
the unnecessary Work and expense to corply with regulations
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vhich may be adbsurd. Im lighter vein, dut net far tr-'\tnth.

we are tempted te quote the IMnglish satirist, Swift:

Laws are like eobweds, wvhieh ngy estch mmall flies, but
let wasps and homets break through.

-In the matter of regulations and laws, quantity seems % over-
ride quality, for} in the words of the Ameriesn humorist Pinley
Peter Dnne:

Laws are made to trouble people, and the more trouble they
maks, the longer they stay on the statute books,

And the longer they stay on the statute book, the more trouble

they uko."

Bogulatpom, at first sight, may geew to absclve the company of
its acoountability, but it ean't and it doesn't. On the eontrary,
it makes the oompény oomplacent on the basis that the regulators
knov better, whict. they dcn't and ean't., After all, whatever they
know 1s either from the books or from the eompany itself. And if
the sompany knows most about its eperstions snd their hagards,
it 18 logionl that the company alons ean be aocounnbio. The
Frocess 1in casse of MIC, for exsmple, was developed by Union
Carbics themselves. EJOPAL has probably initiated action by
Carbide and other interested fimme to #volop an alternative
procers to eliminate or minimise the hasard. A simple solution,
as polnted out earlier (page §) 1s to have no or nominal storage
of KIC.
8ome other possibilities also exist:

A substitute for MIC

A substitute for the pestiecid: based on KIC
These mer be safer and better. But he.,s again, the industry and

not the remlstors must take initistive - as they do, hence
agoountadble too!




ALL DISASTERS DUX 0 HUMAN ERROR? .
3
Mush of the research on ascidents end dis sters seers %o point

to human error as the main er only cause, Jome hooitmues l&;
this subject for over a eentury were used to prove this assump-
tion. It led to the oconclusion (2 ):
Aeci’f:te ere caused by hucsn slement and human error;
changes in attitudes ant changes in behaviour ean reimce
»ss80cidents, Therefore, efforts...should be 3directed
towsrds mistakes and failings on the part of workers,..
Blaming all the ills to human error has been a popular theme,
it echoer a statement of Dr Coole-Taylor regarding textile
industry ir mid-nineteanth ocentury:
No-one ecan examine a eotton mill without sesing, not only
that 1ts opsrsticns ean be concdueted with perfect uroq,
but that there must be an utter usmﬁgrd of ardinary pre-
cgutions -~ a tota) want of prudexzoce, anc n:t a 12tils per-
verted irgeavlity to get Inte danger.
A refreanins deprrture spreared ir g 197 resort of the Pactors
Inspectorate (UE] which ostesorised tre cgusec cf ac-ldente due
% faiiuare bry:
Mansgeanent
woikers
& Manazement & wWorkers jointly
About a quarter ol %the acckéente were found to be due to failure
on the rart of the¢ workers. Errcr/fallure is an f-.cecapable part
of 1ife, Goethe puts 1t thus:
Man £s liable to #rr as long as he strives,
A datin Froverd goes 2 atep furtlar:
It 1s tae na‘.m.ré of man to e¢rr, of & focl to pemefvon

in error,
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Ané to cap 1t all, a moderm poet riet Eein puts it thus (29)s

The road to wisdom? Well it's plain and simple %0 express:

Err and err, and err again, but less, smd lezs, and less.
Thus bleming all accidents to huxan errer is unprodust ive, In
easg of a ocatostrephe, who is in error? Worker, management,
system? This haz led to more mesningful questions suc: as (R):

Wiy do employers believe that safety is too ocostly to

realise?

Wy do manggerz give a low rriority to sefety:

Why do workers consider safety as manageneit's domain?
instead of being rreccoupied with tre sirple answer:

Human error causes all accidents.
Safety hae to be designed and built into tre system as a whole,
It therefore startsz at the design board stage but has to be
p%rlued througt:out the cyele of engineering, construction,
production and md ntensnce, An eccldent, 1f anc wten it occums
must be carelilly analysed to deteraine wie<her it was due to:

Mgteriel failure

Dui?n:e!'mr

Productior cefect

nvirommental stress

or Orerator errs>r

This would be t~e beet lesson for the future.




Gapter 3, MAFX PLAYPS POR NATARDOUS CHIMOALS

A BNQPLL has happened, ¥We seek in this section %o learn frem 1%,
and se¢ hovw safer plants ean de built and operated even for the
mmifacture and handling of haszardous Mnl-.. It ean » done
and XUST be done, Naturally we start st the beginding - what
process and technology to use and how to po about selecting it,
using safety as an important parameter.

PROCESS T QINOLOGY

The main criterion for seiection of ?eolmology to manufes ture a
designated chemioal is wually techno-econoxic. Safety usually
does not enter the scene at this stage. This 1s s serious lacuna
and it must be ocorrected. Technology selection must take into
account the tync of naterds involved, i.e., the inrerent danger
and risk, Then the englneer o> process selecior can elther use

an altemative techhnology or alternstively rrcvide the necessary
measures tc gus~d agel nsi the Adanger /rlsk. In crxre of an exizting
plant, one can only aim to meke it safer tnrough retrofit or
redesign of tl.e crucial ste;. Time ard moncr cpent st the inlitiel
stage: for aacoting nreveriive cr delen:’v¢ giretey are the beet
weepons against potential disssier.

The subject of selecting technolo;w s eclailv fcr ceweloping ccunt-
ries 1 nctl simsle anc therc 2c¢ ccniglceralle controveo sy i1 batic
terms, One school of thought - the conventlonsl or‘ie - 4s in favour
of appropricte or thie so-calledé internodisie vechnclogy. A more
current view, howevu:z::g;ropriate technology to underdsveloped
technology. It haz even been termod ac '1mpovcziched" teclnology
whier may ultimately increase t e disparit; betweon the develcped
an! developing world, According to this school, the adwances
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or sepital-intensive technology is far mom produstive than the
old or aprrepriate technology vhieh is more labour-intersiw,
Amount of goods prodused is oconsidered far more important than
the number of jobs created, sino: the form r eontributes far
more to social welfare, as.also ’\ooonnnic and politieal independ-
ence ( 9). The state of art technology (advanced/modern) prov-
ides a short cut for ths Third ¥World to 'cateh up'® witu toe rest.
This would, of courae, be safer tooc - in the eontext of the
present subject, for sophisticated controls woulc supplement/
somplement human control. In that case Bhopal would havebren as
safe as Institute and porhqps”ig BAGPAL would not have é’éé‘-?"-'i‘
or alternatively ites damage would not have been as serious,
Another route to ssfety is to take recourse to nature, is an
example, instead of us ng the deadly pesticides (deadly to pests
and man), resort to integrated pest management (IF¥). Thiz art/
sclerice 1f basedé on biological cortrol and comdines good ecology
with sound economics, Cotton orop, for examrle, can be protected
by plantingf aifalga as @ ‘'decoy' croy. Alternatively, plarting
can be deisyel s0 that the bugs meture belore the eror.

SAFARTY STARTS On T: b DRAWING BGARD

After selecting trne process technology, we prcceed tc desigrn and
engineer the plant, as aisc 1tc layout, It 1: rreeuned %.2t a
safe l1ocation far away from populeted areas has girez2ér been
selected.

Design, enigineering ana layoui o e piant i a ocompromxise bet-
ween what is vechnically feasible and economieally Jjusti “sble,
in both cases the safety porameter being included, The ocost of
an @bsoclute safe piant will be prohiblitive ami thc project may

have to be sbandoned., Hence this necessity to oompromice.




e meetsefty for minimm storege of the hamardous ehemiocsals
involved in on‘»mml, whether as an intermediate produst or
-vhatever., A different process rocute may avoid a hazardous inter-
msdiate or replace it with a less hasardous ons. Newer routes
have been developed for MDI (l;,l-diphenylws thane diisocyanats)
and TDI (tocluene dijieccyanate) without the uss of phisgene - a
highly hasardous gar. Other simple design techniques to make
chemiocal plants safer are ( /%): |

Relief valvers to discharge to closed systems or to a fiare
in ocase flgmmeble materisi is discharged,

If flamucable gases are oomrressel, the compresszor house
should have no walls, In an open system, some 100-100C
tiu:ge,'\later181 is required for an explosion to ocour.

Dry ohlorine can'tuurm'a titaniur blower, Passing tne gas
through a water gcerubier befcre hand eliiim te: tre -icsk,

Changes at the draving boar-d stage tc minlwise amé tc remove
hasgards are ruch chea.c: than elaborate selfety equi mert vhickh
may have to be addel ister w.ern the design ir 'Lfroeen’ and/cy
plant ecgplciec. It i: eccenitlal, tuerefore, to involve safety
staff at concertus: stape of the vroject inrough tc dezisr, enp-
inesering sn¢ iavout, Mis ic alsc the right time fecr & hézarc.
analysis, using for exmmpic an index suci. as W.e vow .ndex c:
the Mond Index. ioih these inclces (¥ /A meet many of U
requiremerts of an i14e¢al nazarcé incex, ther are not difticult

to use by the prroces: desipgn team, anc yicld & useful picture
of the inherent process hazards, These indices have beern developLd
by two o the mejor chemicel companies (Dow Chemioal & ICi, witn
oonsidecratle 3xrericnce in tuic fi¢id and an excsilout sa oty

record.



RELIEP SYSTEXS - A REVEIATIQH

Bergeney relief system (ERS) 1s sritieal to the safesy of a
eshemical plant, yet its design 1s nov revealed to have been on
entirely wrong premise. An industry-oolladborative programme
fingneed by 29 internemmtion 1 cheaiocal companies was vndertaken
in 1976, DIKRS (Design Inatitute for wmergency Relief Systems)
operated under the Amerioan Institute of Chemical Bnglneers, and
its experimental and analyticsl work resulted in a concecnsus
design by 1965. Tis was based on the fact that tie system has
to handle not only vapour, but liguid as well.- & fact which was
known previously, vet g =i:mple design method wars not aveilsble.
DIER3 provided a simple technique for sizing tae roiief syster
in contrast to the modeling techniques available earlier.
Comparison ir few typical cases showed that the wvent s’ze for
two-phase flov was 5-10 times t.at for e eingle -pnaez “low, ™hus
most of the relief systems, including the one et Hiopal, are
groesly under derigned. The findinge of DIEBRS work have .already
beer published (2e9 ané s nractisal design manual resulting
therofron rhould be availsble snortly. But a word of ocsution:
e new desimm techniqus must be ocoupled v th s realistic esti-
mate of the wcrst possible urset conditions, ~isr managanent
must be an errentinl part of trhe ontire exercise, &°X each oo-
mpany will hsve tc decide tnc Jevel of risk tner ars viliing to
aecept . This remuires er estirate of the 203t of e eatastrophe
like BHOPAJ. an¢ 1t can only he subjective, what is the cost of
e human life? There is no agreament on this, sevsral figures
have been suggested renging from § 1-10 miliion., If & mcdian
figurc is taken, the total oost of BHOPAL far exceeds the total

&
assets of Unicn Carbide as st Dec 198l




DIERS work has shown, that althovgh eheaical industry is per-
eeived to be & high-tech intustry, mamy modern p1mt+tu1 use
19th century eoncept of plumbing in respect of relief devices,
Ghanging them now is a ocomplex, diffiocult and expensive proeess.
But J Charles Forman, executive director of American Institute
of Chemicsl Ergineers has pointed ouwt that chenging thex may be:

\ by 2 8
M%m you consider the cost of an acecident Giico—HoPAL)
Will the industry rise to the occasion?

MAINTERANCE IS T=E CRUX

The emergency relief system mey be rroperly designed orfasia of
two-phase low, but unless it ic kept “n sounc worving eorndition
it 18 po better than an under-sized systen. This can be assured
only through meticilou:s md ntenancs and servicing, also renlace-
ment whensver necessary. Why replacement? Bvery oomponent has an
estimgted 1ife eftcr .hieci it can fail, hence rerlacenent in good
time 1s acvisabla., Mere is the normal wear snéd tear art in ad2-
tion fault:z car a-rear tl.roug,. e ooccurrance of unusus: everts,
ok,

Tealcal fzulis ¢ ascem'l; favlts

Streczes on materiasis mar be more ther assurec at design

Unus2el cerrosion, erosinn or other influences

Huren fellidbility during operatics or :ia’ntenance
Regsular servieinrs, muirtenance anv ins:ection srecizlix of such
componente wiick mey be critic:l, will nel; corrcct the e tua-
tion in goo< time,
In case ol reilef ayetems particularly, it has been founc that
the reliocf me~nmnism is stuck ir the elosed position nerhaps
because¢ tue set pressure coacition has neve~ peer excecdes, It
is therefore essential thst suck tgutts are detected anc ocorrect-

0d ir. the oourse of routim and regular inspection. Perhaps




»
e delidberste operation of the relief system and ssunding of the
tmsrgeney of the alam eould de presticed regularly as part of a
moek drill - mmuch as fire brigades 4o, % ensure that their men
and machines are fully alert %o any energensy that may arise, Of
Sourse, none of these practices prevailed at Bhopal,
There 1s & urgent need to imrress en worksrs gnd RAnegement,
speeially in developing countries, the absolute noua_-ity of
carrying cut rreventive meaintenance as a routine operation. It
will not only prevent meny an accident, but it will also lesé
to considerable improvement in plang operetions ané capsoity
utilisation. The encrmous benefits will be well vortr the addi-
tionai ocst,

SAFETY CULTURL - TEZ XEY TG SAFETY

Appropriate hardware sudch as the emergency relicf system noted
above is essential for safe oreratior of chemical plants. But
oven mcre vital is the necessary software. It is for thie reasor
that much of tkls cha, ter has bean devoted to this usrect, e.g.,
techncicgy, cesipr ,myrtcerarce and now oual ture,

Thers ie no substituts for sa’ety eulture., And toe real commit-
ment must steart fro. the ebzi-ran dowm through ALl the i-sveis

to the plant fin:1. The che-ical industry mey uave overcelé its
tecinical es;abiilt; anc in t-e process Lecome so corr-lacent as
to thin. that science gn? technology eouic solVe aii “ts Pretliems,
It has beer proved time and agein the disasters lurk around
MRNy of thie chemicel plartrs in the worlc. Tne complscency st

& partialiar plant manufacturing hszardous chemicel nas le? te

& false sensc of security since no ma jor accident has oocurred
for several years. T:fe 1¢ the most undesirable scenario and,
unfortunately it existed at Bhopal too,

What 4s the answer?
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Safety oulture, Disoipline at ALL levels, and it mst start at
hn.mnmu-mm-muubumamt
bwmyhtotdlyn-iMbn. This has to be demonsrat-
od by astion, ot mere words, Action is what carries eonvietion.
It 15 not encugh just to have safety me=uals and striot instrue-
tions to follov the marmsl. There 1s a lot to be 8aic foar the
chief exeeutive to put on his safety helmet, boots and whatever
other equipmert iqﬁ:eo.tnry, end just walr trhrought Lir Plant,
™is will be more effective than mere instruetions.

Host of the disasters in chenicsl industre have been di-;‘é:is.d
to lack of discipline to foliow proscedures and not &ue tc laek
of technology., Mo matter how advanced the teonnolegy and how
foolpmof the safety equipment, operating discipline must not
be overlooked, It is easy to buy anc¢ irstalf the best of safety
equirmert, but to meintain It in perfect working orcar is auch
mere diffioult. The pract’ce o A selpline o safety cu ture
csnnot be bought, It he:c to be svolvec anc ineculcatzc. It has

tc be a part of tre comary culture.

Dow Cnewicsl Compenty, develoners of Dov index (page 2¢) for
razarc anelysis), recl’is<gd the ‘wmertsrec of selety ¢lscirline
in 1965 wher e ver s2rious ec~ident i, one of t:eir slants
regulter ir tic decth cf thre. mer. ™e cerpany then formmulatec
ther reactive chericalse PUTERT Witk the gnecific objeotive of
Freventing euch a misnap irn t-e { uture. The Frou; ocom-rised of
members fron various colicerned ‘spartients ,including reaearah,
to reviev regularly the poscrible hazards g+ esch of thetr plant
locations, These reviews covere?d pmcos; chemirtry, resotive

chenZonls test data, worst case situstions and lines cf defense.
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™he reviev 1tself asted as a strong defense againet a s ericus
secident, Any shortfalls brought out as a result of the review
Were made good. The reviev group enjoyeé senior status with
1irs responsibility to the Board of Directors.
As 3 Tesult of this prograx, the injury accident rete at Dow
tt{ll to C.CC as compared t Ce4: i0r the chomieal industry and
2,15 for all the industry. The total niumbe:r of reaotive ehemicai
incidents fell by S0x, anc the nimber of more significsnt acci-
dents (of the 1566 type; by two-thirds, But despite sueh remark-
able achigvement, the coxpany is not compleceat. To guote a
senior Dow official (29):
nven though acvanoes in sclenece anc technolcgr mrommted us
%o achieve one of the best safety records in 1ndust'i-, we
still earmot sit beck and let our flashing 1ig:.ts, automcted
valve:, anc computer monitors dec 211 cur vorx.
why? The lignts oan fail, 30 also the vaives enc instrments.At
Hhopal, eover the teirersture and preszurc Znciestore wers mot in
woriiing ccndlticn &iv. tne 8ai@Ty GeVices were merv silent wit-
nesses to the cisastw,
“The DoW review procram revealec seven critics] infrymm-pt fell-
ures on a ringie operstion, The review gror eskec “-emselves
& simple question:
wouls t:ie scritirn of &noiie- safoty ceviec hove Freventec
the incident’
And the answer?
I doubt it. If you don't maintein ome inst™ement, is thore
sny better chance of maintaining two, thros cr four?
Conclusioni Safety oulture and discipline are a MUST,




Gupter ko IRGUIOSY POR PEVELOPING QOUNTRIED

Yo have m-&hmwh-mnordupbr(pm&)
moting the views of twv sshecls of theughts

Appropriate er intermediate teshnelogy
or Advaneesd or moderm Seahmelogy
The prcponents of the seesné term the first as underdeveloped

or Lxpoverised tschnslogy (9), Perhaps even ebselete,
SELECTION OF TRCHNOLOGY

There s muoch to de said fer ths twp views, The word sppropriste
implie: & 'tallored! techinolog; for Uganda, smother for Zimbabwe
and ye! anotaer for Indis, There would, howsver, be a eommon
dimension smong them. A teslinology made to messure for a poor
sountry would be a poor techuwiogy. I Ry cases, such a teaoh-
nology woulc have became obsoists in tne developed world and yet
thexs ver®d be & "price iag® 2 f%. 4 literature searcn wouid
reveal t.:T sus- g Proesss/technology is available ‘off the shelf!
fres of eharge, ths relevant patents having already exgired.
Worse ctilil, 1 secomd-hanc [la2rt baseéd or the cbsolets technology
Wieh would normally have g mere 'scrap!’ prieec may finéd ready
buyers Jr»z develoying oownirios at @ "nsndsome’ priee. There '
are exarrries o iuck ‘white eiephants' littered all over the
developing werld,

Why ac ve term them 'whlits ele.usnt:?' Zor one thing, such plants
are not worth wi¢ pries paic foi thesm and for smotner ther will
be far lese e ieient then plants based en mew and improved
process and teshnolegy. Ths produstien eest will be higher and
there vill be no shanoe whatsoever for tue developing country

to export the swrplus produst in the intermational marketplase.
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The argument that uwse of appropriate technology provides fer
‘ mere jods because of its labour-intsnsive mature seems self-
defeating, since taec amount of good produoed is mors important
thean the mumber of Jobs .a-nt“. The latter, in any case, results
>h wmecessary overmaming and henee low produstivisy.
Japan achieved a "mirscle’ in a mure thres docades mainly as a
result of opting for cdvansed end moderm tochnology in every
£i6ld. "he quentum jurp stadted iz the 50's, vhen for exsple
the per capita steel consumpiion leasp frogsed Sour-folé, The
mass produstion and the mass eonsumption are at the root ol its
miraerlcus development, If Japan hai opted for the approvriate
or intorcsdiate technology, it 1s wnlikely that it wculd ever
have become developed. Japan started from a kigh tase of the
state of art in every field and then improved it so as to attain
a leading position.
Selectlion of the best technology for deveio ing countries cai.
also be recn from anot.er angle, Eeonomic development of a
eourtry co: ends on ti.ree varisiiet: Lebeorr, Capitel sand Oatrut,
anéd the o 8% ZIlc-nt ratiotr are:

output/Ls20:r %.2., labour productivity

Sutput/Gepitel i.e., cupital productivity or rrofiteblllty
Appropriate or irtermediete tecanology lesce:: poth the adbove
produs: ‘--ltier and ure tne~efore uneconoliical and ought to be
rejectel, Ané yot these are tae very tectnologle: tilng reccim-
ended for developing countries. Advanced tachrologies whieh
irierease both thz abnve retins, L1.6., increased social output
and incresse’ proZitecility, are superior and hemce desirable

(9). Having selocted the right teshmology, hov to transfer 1t?
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SAN TRGINIQOY N SEABEPROUD, EALLY!
Befere wve attapt %o mmswer this question of tramsfer, it w
fivet ses what does tecimolegy coapriss ¢f? In the chemienl
industry esntext, teechnslogy insludes:

Prosess knew-how

Froat end englneering

Comri ssioning menusl

& Operating instrustions

Pﬂd”doo\-,-nhtionwinnrytmmhuum on
the receipiisiss requirems~ts, and so also the fee comprising
of a Lumpsuz and/or a romlty. The agreenent may also wovide
Lfor training of receiver's (i,e., transferee) persomnel at the
trensferor's facilities,
is that all1?
Can the transieres now go ahead with Lia project’
What does he know about a possible BHOFPAL type situation?! How
to prevent it or falling that how o deal with it¢?
Were o pctential harzard: inherent in the technel gy censidered
at the time of selecting the teahnology?
Was safety consideraticn an input at this stage?
These are vital questions and mus: be answereld at this stag.
Some ansvers may be avallable in the textbooks, dut they ave
not @ood enough. Even the trmnsferor may nct know all the answ-
ors, as indeed came as a revelation in ease of BHOPAL., And the
answers, if known, ean they really be transferel through dooum-

entation? Probably not. In case of Union Carbide, some of the
koy operating persomel were trained at the prinsipalts works,
but as +ouuz~z of eoonomyy they wers transfered to other losa-
tioms in India,
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It s our feeling that techmelogy samnet rdily de Sransferved
trough any amount of . - menSation er Ly means of a short on-
the-Jod training, The real 'trieks' eannot be imparted, and een
be learnt through extonsive experiemce preferebly at the trans-
foeror's installatiorx, The transfer takes place partiocuk rly on
night shift, vhen sn untoward ingident heppens and you have to
decide quickly wast to do, Predemce of an expert from the trans-
feror who has gone throug: suk a 'drill' beforr car help, But
soonsr cr later wou wili have te be on ycur owm and deeids the

right ccurse of action to avert en impending disaster or feilire
that try to minimise its damage,

Much has been xritten about the subjest of technology tranafer,
but mcst of it is from the viewpeint of the tranaferor. Typieal
of these 1s s 'position paper! by CEPIC (the European Council
of Ghenical HManufgcturer's Psderations) desling with tha mrinci-
pies for the safe tranefer cf teshnoiogy. The Acoument was dyaft-
ed in the light of BAOPAL and 1t affirmed » fmdamentnl nrinni-
Pla (26A):
so.Whatsver e aiting »f the plant, {ts decree 0% safety
mist be the some, particualrly in the receiver's facilit-
l1es as ir the home oncs of the technology supplier. But,..
te menns must Le adeptsd to leoal cireumsteances...,
This 18 2 major rter forward anc &t 1s hored thui 1t becomes
part cf the Mnde o” Rthice in fhie rerard - nezrhaps unéer ihe
aegls c? sn irternoticnal aver.cy such as UNIDC, It i interest-
irg tc notec that Proziiont Carter had sougsht to aprlv the United
Stater laws anl storderds ic sollaboretions atroad, but the
Reagar sdrir straticn ruieé tuat Americar sianéards should apply

only at home apé Auerican wultinatlicaals sheull follow the rules
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of the receiver's country. And the latter either do ret oxist
or are too imnocuous to be meaningful. In any m se their snferes-
ment loaves a lot %o be desired(268),
EAPETY ¥U3T NOT 3K OOHFROMISED
It 1s accepted that Lumem life is far too preeious to be de
risked, no matter where, Safety must, thereiore, be a prim ry
input ir transzfer of technelcgy. Dotk the trancfiior and the
h-untoru, bt partietlarly the former shculd be vitally con-
cernsd with tho safety aspect for ethical, soclel anéd scomomic
reasons - ap.rt from the legsl 1izbility. Safety concideraiions
must not be cloudcc br p‘fiticu and commercial cone:dsrations. .
The positior paper cof CEFIC which we hew quoted ebove (page 35)
is quite clesr in this reaspect (264):
eeo the highest degres of safety reasomehly practiocsble
according to the surrent stage of knowledge...whish offers
& level of safety ané healik protsction ajuivalent to that
acnieved in the home fecilitlies of tre technology tupplier.
essthe prinmary ressoncibility for transfering the 'safety
peclaget, .. lies with tue supr>ler.,.
The docuxant elz: ¢+l te szell oit 4he resnective responcibil-
ities o tie te~¥ncl-z7 transfcror snc¢ the transferse. There is
elso Lec® for Gtz iWo KVElTLs..Ti coLccrmad to react - concansus
on thi: &sgue. Thise and ctlier related Agavr: ere trler up Xater
ir this ~avirr ol ~2o0 Ir He nest chapier cealing with sovern-
At porelec.

BOW TO ACIUIRC TBCAMOLIG™ '

It 18 prosieed trei acvunze ‘homeweri! by the <nt:eprenocur has
led to & .01, 1i60 0i vecnnoingy suppliiers far the project in

hand, A 7relimivary comparisoz, in terms of pros and ovns, would
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- glso have Deen carried ocut. Propsr ‘homework' and evaluation -
at this astege can save sonsiderable time and expense later,The
necessary technology may be available either with the msnufaetur-
or of the produst or a sole licensor thereef. In ease of esatad-
lished technologies, e.8., in case of smwnia synthesis, it is
avalilable from the engineering contrastors as well,
There is literally a 'supermsrket! where one san 'shop' around
for the requisite technology. But the mgin eriterion shoull be
value and not price, valus to include techno-economiec as voll*n
safety aspscts. Technology can be acquired in om ef three droad
ways depending on the level of development of the transferee!'s
eountry.:
l. A oomplete ‘turnkey' plant, ilaeluding ‘o/ohnoloz:, design and
engineering, equipment supply, eonstrucetion, ecommissioning
and operstion. A 'package’' desl - 1deal .r a oountry in the
initial stages of development, Adsquate guarantees are 2z must,
2. Technology, front ené engineering, oonstrua ion supervision
anc¢ comriesionine - with appropriate guarantees.
3. Technology alone, i.e., procoia now~how and process flowslieet,
Technolngy 1s changing kst and it is advisable to have access
to the sdvancic ané newer developments sttalned by the tranx“ercr.
Ferhape a rec.procal arrangement whereby the two parties agree to
exchange nev infcrmation and experisnce - for the berefit of both.
A nominsl etake by the transfsror ir the nev wnture may facillizé—

ate this,

NEGOTIATE POR A WIF-WIN APPRORPEY

Negotiation 18 a skill whiech is essential for success in all
walks of life, It i1s partiailarly orucial and diffiailt in the

area of nsgctiating for teckhnology becauss of the different
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il tural bdgckgrownd of the negotiaters. . )
Begotizntion 15 wsually seen ® yesult in Win-lose situation.
his haprent partisularly when the negotiators are not skilled
enough ln'?rt of negotiating, And this may bs the last deal,
-sinoe the leser would have beocome viser and may talke sueh sn
oxtrems position that there is no meeting grounl at all, Two
solden rules to g Win-Win negotiation are:
REMAIY O0OL, ALMAYS: It requires sorsideradbls restraint ané
discipline, but 1t is possihle anéd within our control. No ons
esan irritate us without our eonsent, It%s good to remember the
wise words of Thomms Jefferson:

Nothirg gives a person so much advantage over another as

to remain eool alwgys and wrruffled undsr all cirocumsta-

nees,
DON'1 ATTRIBUTE XOTIVES! If is virtually impcssible to read
anyone's mind, so why even try? Mutusl trust is at the root of
successful negotiations., With trust established, the two nego-
tiators san ther proceed to tackle the issue o technology negp-
ti. Jion for their mutual benefit,
The potmtial transferor as slso the transferee have a oommon
objoctivb ~ to make the 'deal’ and they can aucc'eed only if the
negotigtions are carried out in thet spirit., Of course, the
transferee may have some cholices from among the potential trans-
feror's, but it iz vresumed that a preliminary round has already
taken place and the present round is tao ‘sign and seal' the
Win-Win deal.
TRANSPEROR HAS OBLIGATIONS ‘
The teshnology transfer agreement just mgotiated will spell |
out the obligations of both the parties, The transferees’'s
obligations will be mainly in respect of payment and commi tment




%o seerecy of the technology and know-hew, The ebligakions of '
the trensferor will vary frem case %o ease, the sontreaet anmd
the elzuses thsreof deing 'tailored'! to the pcrunhr situa-
tidn. The CEFIC positicn psper,on this sudbjeet to whiech referen-
oo has Deen earlier, states (264):
In principle thé responsibility for safe proosss design,
the initial technieal training, the supervision of comm-
issioning, start-up assistance and information for safe
operation ard handling of products used or manufss tured
should be part of the technology swpoliers duties...
But this doez not go far enough in respect of safety. The res-
ponsibility of the transferor is limited tc 'safe process design'
and 'information for safe operation', As if to safeguard the
interest of the transferor, the .position paper which was drafted
as a sequsl to EHOPAL; states:
Equitr invclvement 1{s not necessarily linked with o;;cra-
tional coatrol...no party can be held responsible or
legally liable 4f, for ressons beyon< its controi, its
role 1n eonducting and controlling matters affecting
safety 1c limited or non-effective.,..even in casss of
ogulty involvement, eontracts should be concluded
betwecn technology procvider snd technology receiver on
ar amic-lengtl batic, 1.,e., as cerarate antities...
Such a clause iez ar 1deal ‘'eecape' clause for the transferor
of technol-gy. He will hsve ‘best of toth the worldss an adeg-
uate payment for the technology but with no responsidility of
its nuTn“e in respect of safety and like ®m iderat lons,
The clause also implies that the technology tramsfer will be a
‘one shot! affair. Instead a contimuing relationship ® eover




future advenocses a3 also sxshange of experiemses of the tw parties
would be mutually benefielal,
HIOH-RISK TRCHIOIOUY NUSY BR *PAMED®
Scme of the chemieal plants based on modern techunology invelwve
high-risk, To reduse risk, complex eontrel systeas are used dut
these are highly vulnerable to fallure. Fallure of o» part or
component oan initiate & chain reastion and ultimately yesult
in a eatastrophe, This {35 exactly what happened at HHOPAL and
™I nuclear power plant, Technologizts and risk assessors may
assure us that a major gecident is ‘extremely unlikely' and yet
a BHOPAL and many sush have happened, The sufferers, of course,
are seldom those who design, operyte and eontrol sush plants.
Imoeent people, in hundreds and thousands suffer and lose their
lives, One may well feel that (27):
Ultimately, the issue is not risk, bdut power; the pover to
impose risks on many for the benefit of the few.
A bradad soocial issue which is hard to answer, but hopefully:
better mansgement and more operstor training
can: eliminate or minimise such catastrophes as BHOFPAL, by '‘tan-
ing' high-rigk technology and learnirg to live with it,
e high ané vyoung technologies such as muclear power have
perfect safety records until a TMI or a Chernobyl alert us of
the enomous risks, The probability  the meltdown of a nuclear
reactor core, considered to be the most serious dim ster, was
caloulated as one in 20,00C years of eoperation, Eight years
later in 1682, anothcr#iak assesment group plasced the risk as
3o times greatey. 8ueg 1s the uneertainty in this infant secienece.
Ther: tco people are not impressed by the purely otatisti;al

aspect of risk.
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Until sk ;unnnt bosomes o more exaet scliemee, 1t may be
more meaningful ,for the assessors % identify and gsses the un-
certainties and give range of liksly estimates with thelr resp-
sctive consequences, Their precise mmbers giw the absolutsly
false impression thet the science is exact and sne ear rely on
it. In layman's language it may be better to knov that we are
really dealing with a science whose oredibility 1s yet %o de
established, _

Proper management snd extentdrs and sontimuing operst ors train-
ing, as suggosted above, is our best imnsurance against a diss-
aster, Adeguate and proper safety 'oqu.lpmnt can help the oper-
ators in their mission to operate the plant safely., But equip-
st can and doerz fall, and operator ean and does xake mistakes,
Bquipment failure can be prevented or reduced teo a minimm through
regular preventive msintenance and servieing. Thankz to their
learnir; procees, operatort will become more experienced and
make fever mistakes, Mock drills, as in fire qiyztins, will
further ensure that the machinee (safety squipment) and men
%will help rnrevent Aisesters,

Goverreiants have an important role ts pley in eusuring safe
orersti~r. 0f chemicel plante - tirough their polieles, regtla-
ticns an? le~iclaticn. Next chapter deals with these as ects,
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Chapter S. OOVERNENY PGLIOIES QAN NKLP FREVENT DImSTERS

Govermments have a vital role % play in ihl matter of prevent-
ing THOPAL type disastersa. To be really effective, they need to
go ek farthcs than a mere statmment such ass

It is forbidden to have an accident!
A wighful thinking. Or take a legsl requirement in one of t.e
states in U.S.A.:

Fire hydrants must be checked one hour before all fires.
The govermment policies have %o be realistic and mist be in
tune with the state of affalrs in the chemicsl industry.
REDULATIONS & LEGISLATIOR

In chapter 2 (page 19-20) we posed the question:

_ Car regulators really rozulste?

Answer: Bot really, unless thc management 18 totally ocmmitted.
After all it is the campany itself who knows moct abtout the chem-
istrr of the process and hagerde thereto, Reguletcre knowledpe

is second hanc and in any case they can regulate oniy with t ¢
full cooperation of the emplcyer and emplovee, Ne wonder, ther,
that on: of the pspers on this subjectS® has tre unusuasl and
provocative title (3):

2xit The Safety Insrector?

¥hat's the answer, then?

A refreshing alternative notec esrlier (psge 20) ie self-pclicing
by the manufe turing company itself. It 1s 1li%ely tc behsve ix

e most responsible marmer knos ing that the ‘buck stope' here,

The Zoral and legal msﬁonlibility for their actions lies entire-
ly with them. With the regulations and inspection by regula tors,

the coxpany may feel somewhat absolved and even complacent. But
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the company i3 swvare that nu‘?-unu the regulations is mo
insurence agiinst a disaster.
There are seversl nom-regulatory methods for managing risk, An
interesting and unusual spproseh emerged at a bilatersal ocoufer-
enoe for eamparing the meriean and lest German praetices for
nanaging risk both through reguletory and non-regulatory msthods,
The methods were rated from 1 (best) to 9 (worst) and tis eriter-
Sfon used were: Residual risk, Bquity, Administrative simplieity,
Transparency, Side effects and Culture, Individus! ret ings for
sach method were then combineéd to yield an overall rank. The
final results of thie exerckie are (20)s

Table 2, Rffectiveness of regulatory and non=reguls tory

methods, Overall renk: 1 - bert, 9 - worst

¥
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Culturel snd educational influences (behaviour modification)
Insurance (including self-insurance ané benr loan rractices)
legal systex (tort litigation)

lieensing of plant operators, professionslis etc.

Marketplace

Negotiation ané arbltration

Voluntary inductry standards

TeS. Prerulatior

~ qo\n&'-'wm-q'E

West German regulation

The rating/rarking exercise war carried out by ten members of
the workcing group at the bilateral eonference based on their
personsl kmowledge., Although somewhat subjectiw , it 15 Selt
thet the above findings may be quite significant since the exer-
eise posed the ripht questions, Two esmalusions followirg from

this novel exereise are:
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1, German regulatien renked high, perbaps, bessuse it is less
politicised than U,8, regilation snd and has high tecimical
sentent,

2. The legal systam cameé out better than expected, besause of
its high reting on equity, trsunsrarensy and eultural aceept-
abilisy. '

One wré of cautior: The above exsrcise relates speecifically to

naneging asbestos risks. It was repeated for a low-probadbility,

high-esonsequenee svent (such as BEHOGPAL), but the resuits for
this are not included in the paper (20). It is, however, stated
thet the retine /ranking is sensitive to the:
particular risk problem beirg eonsidered. In ths tw ocases
oons idered, 11-; tumeé up quite different management methods
as arpearing most attractive,..

It 1s clear that non-regulatory metaodz of menaging risk deserve

sericus oansidaerationgyof tce governmerts. Fertaps interm tional

agencies such as UNLiDC cnvig tak: 2 lead ir this respsct.

RIGHT-TO-ENOw & OBLIGATION-TO-TLld

The citizens of Bhopei, wno bore the byunt of tne dimster, were
ignorant of the high ris) they frced from the Union Carbide orerz-
tione in their towr., Unfortunetely, the oconsurer movement in
India ie not xet strong enough for the peorie tc assert their
right to know the extent of risk ther face., hcr are there specific
laws meking it obligetory for tne company tc tell the corzunity
&bout the ricks arising from corpany'e operations,

BHOPAL may well change this picture. Por onc tiing, tre image of
eshemical industry as perceived by mar has suffered a severs blow
and unless the industry counters this by a strong and positive
programme; the industry may lose fts ease by default (5). Industry
needs to be Iud more open sbout ita operst ions, in particular
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relatien to the type of risks for the eommmmity around its epera-
tions. Cammmications must de everyone's business and not Just
of the pubdlic relations officer of the company. It is ssen as
the most important function, even shead of immovation, produe-
tion and marketing, And the 'nefasggo' must be directed not only
%o the commnity outside, but also to the wrkforce within - for
they are exposed to even greater risk - being on the spot.
Until the chemical industry puts its house in order in this
respect, 1t is necessary for the governments partiai larly of ths
developing ocountiriez tc enact the necessary legislation. The
inéugtry leaderes, meanwhile, may have to edum te themselver to
be beilter caxamicators, instead of taking shelter behirt the
mysterious 'Hlack Box' of chemioczl industry,
Peter B lederman, one time heac of Envirommert Frotection Agency's
Hazardous $pill Htesearch and Development 'ictivityr, and with a
distinguished record in this fleld, is quite clear about Whis
subject (24,:
The ubllc novx oxpects te knuv izt Ir onin- on $r.& de the
fence, whet ars the plans, vhat are the riske and what sre
tiie benef’tr* %We v2iI1l nc lonre- be gblea tn nide behind 'it!
it toc com:licated! or 'it:c 32fc ans we a&re mexing s-cmes
thlns vl will mulc wour 1ifc betitcr.',,..2t w1l be our
JoT to pmove to tie Duklic thei wret ue are nlanning,
building and cporating 1s Zndeeé safe and desirable...
In effect, trc 'Hlack 3Box' will need tc be opened out completely,
PUB;LIC SAPUTY ¥ RL TVPORTAIT TAE '307T0M LIKRE!

‘Bottom Line' is important, but at what cost? Certainly not at
the oozt cf huner l1lives, Anl what 1= thle coct? Estime tes vary

considerabliy, but one source (12) places it at 3’ million/life,
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T™he 1ssue 15 a complex om involving value judgement., In case of
BHOPAL spesifieally and meny other similar Plants in general, we
bave pointed eut (page 26) that the emorgensy relief system is
not adequately designed. To upgreds it 1s ¢ 4fficult and expen-
sive process, but it mey be (268)s

frightfully cheap when you oconsfider the cost of an accident,

An inforwsd pablic and opeTators on the job may well know about
Some potential hazards that the experts mey have ignored, e.g.,
(19)y sii;m &mgaﬁ Yo MacKentie Valley Fipeline revesled
that natives new much more abouk tr.e risks &ue toc fee-pack
movement gnéd sea-bded sooring than the ripelinels rlamere gné
designers, In another case, ¢ poat-accident analysis revesled

that machine operators were aware of hagards that the designers
had misged.

Public/comeimity have ¢ basic richt to demand that t;‘zﬁ cherical
Plant in their ares is operated in a mamer 3¢ as tc ensure their
safety. But to have theirp vokce felt, -« eorervni € hes tc under-
stand the netvwe o rig) ;-2 afucete thair merterc abeuns it.

Bow? (1):

Form a soncerned group and link w wit siriiar-rinces grounc
elsevhere in the country an. the worle,

Collect relevant dete ars informetior sbout the lazare:,

Mebilise publie FUrport against arv lgsses by thfe niaat JZenegrement,
Questior the nesé for ramufacturing or us nr hignl- toxie reter-
ials on considerations of cost and berefits.

Lobby your sovermment erd other rerulators bod:esr o enforce
strict legislation and controls,

Insist on public access to ATl health an? safets dets 1n~1udine

tre so-cnlled 'trads secrets, !
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Eelp formulate and arrangs 'zook drills' for en mrm Plan
to cope with m unforeseen disasten
Launch caxpaigns against mmltinationals ymthng double stanéd-
ards at home snd adroad, ,
Strongly sur;ort action of intomational sgenciec, such as:
UE (Unitec Kations)
UXEP (United Kationz Enviromment Programms)
UKCTC {United Nations Comrisslor on Tramsnstional Corpora-
foms)
ULIDO (Unitec Ration: Industrial & Develcpment Crsanisation) ‘
IO (Inte-natiorial Lsboir irgenizstior)
FAG (Food an¢ Agriculture (rganisation) X ‘
WEG (world Health “rganization) }
OECD? (Crgan? zation for heorouic Cooperatict £ Development)
& LLC (Burorear sconomic Comrinity j

ACTICHK BY TRALSFERCR'S (TECENCL(GY) GCVERNMLNT K

<hers l: a dicloteny in res-ect of safe iv siancaré: to oe follow-
€d by multiraiicnels st hewe anl o1 Stelr fuclitties abroad, This
iz most snfortunste since ir the host cowtry, re~ulstions in
respect of hazgrdous ehz.iical: ere citaer ncr-existent or

kerely on pazer. There is harciy any enforcement machinery, This

v + })v “y
wWas souzlLi te he comrecred o~ jres’aent Cartzr, i Cegeficacar
administras o put t.c cloer baecssaras,

Thls has resultec in doubie standarcs of maitinzaticrals, 33i_ral

has demonstratsc taet becsuse ¢! lower cperallng anc zalntonan
stazcarcs in the developingy cowitries, tusre is Jug L{fication
for using sophisticated and automatic controls. It mattere of
salety there cnr be no compro..ite &nd 2t ie in t.c intercsts

of mliinctionsls tneusselves to follow the seame standards every-

where, Pailing such self-policing, there it a stronr ecase for
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tntervention by internetionsl agensies - as reccumended in the
next chapter,

The issue involved iz a broad one and it has major implicatioms.
To corply with the strict standards m*eg\n.uom prevailing in
U.S., le‘.n’and other desveloped countries, requires elaborate
equipmant -x‘ud substantlial additionsl cost. This has led %0 a
major shift of hazardour and high pollution operations from the
developed world 4o the developing oountries. . Result:s Developing
countries have become ‘'pollution havens' (29). ™is has haprened
spedlially 1n case of iamo 'troubled industries! like asbestos
whick has been confirned 2: tre culprit for caud ng the lung
disease, asbestosis.

Asbestos still finéds large scale use in the deiolopod wvorld, but
mort of the namufscturing cperatione have been shifted to Braszil,
Mexico, Incia anZ South Africa. Anc ironically tnese are with
technicel enc financiel collaboretion with te very fims (0.8, ,
Johr larvllle. U3. z2ad Tumner % Newall, UK,

lesues such ar thece eell for urgeat action by tne govermments
1t;§1evelopeé {trarsZeror's) ecuntries - for their own seke, This
sBo~cellec exporting Icbs thrcugt eshifting of hererdous opersat ions
to permiicive (develotling) countriesimer well 'backfire,'{26B)
For examrle, deadly pecticides may come 'home' ir the form of
colleec Deul: 0. W.mievil,

PACUIOY X Dvaidi V0 {TIAYure=RE'S) CCUNTRILDS CCVESIRRMNT

In many wey-, h4: has t9 reelprocrte the action br the cew loped
gount:ice gov.rmmcnt - in tre best interest of p_o_& the parties.
To an extent tic problem exists within the daveloped world as
welli, Witnoes the 'scid raiv' in Eritain ar a result of sulphur

oxides erission in Goermansy or vice-versa derend ng on tne wind
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on—the—wink direstion,or the radiation falleut in Sweden as a
result of the Ghernobyl disaster.

The developing somtries %r much more, witness the HHOPAL

or the .ubnto- affair among many sudi, heneoe they mut *.ke

the initietive. Mmternatienal agmeies, partisularly WIDD

Would be the right forum for sush bilateral Borth-South dialog-
. They can play a catalytic role and ean also viev the isswe
dispassionately - not being directly involved in it, Their ted -
nival experts/consultants, by virtue of their expertise in
hazard and diszster Prevention, ean make valusdbls e ntribution
-to negotiatione and help svolve a PLAX OF ACTION by the respect-
ive governments,

The negotiations will have to be oconduoted on basis of mutual
trust end as 'equals' - after all both will gain from implement-
ing the agreed PLAK, Besldes, they need each other! With this
basis, the scene will be set for s favourable result. Another
Plus fzstor ir thisg respéct 1z the evolution of the single glob-
al 'monoculture' of science, engineering, technology and industry
éverywnere, Az a result the tor engineering and nmanagement talent
in the developirg world Semmsres wit: the best in the developed
world {2z,. This becomes quite obvious at some of tie interna-
tional events or a wide range of subjiects, It elac points out
clearly tnat, thanks to the 'Jet' are arnc instant communications
via eateilites, the worid has 'shrunkl' Az s result international
cooperation teke:c on an new dimension ané 1t becomes a compulsion.

The next chapter is devoted entirely to this element,




Ghapter 6. INFERATIONAL QOOPERATION 18 4 NUSY

The world has been shrinking fast and the eountries hgve to
depend on sach ether. With &rnmr-upcnafioo as the backidrop,
intemational ecoperation is a must, No wonder, one of ts eover

stories on BHOPAL ;—M‘g")
¥ WORLD I8 BHOPAL

The BHOPAL tragedy was 'flashed' all over the world, almost
instantly. It ecourred arowumd midnight, half the world was ulnp
and the other half aweke. The tally of dead persons kept on m
momting fast end reached such alarming magbers for BHOPAL o
quelify as the vorst ever industrial disaster, WorM reaction
to the disaster and the serious eonesrn specially in the shemieal
industry showed that(30):
the world is Mopal, a place whers the ocoupational hazard
is modern life, After this tragedy is out of the news...t
things ought to be made considerably safer than they were
before Phopal,..
k oonsiderable amount of work/action at company, commmity,
govermuert and international levels has indad followed the
BHOPAL disaster, but ¥thinge may not have becn made. 'consider-
ably safer,' Mcre action at ALL levels still ramains to be taken
ané in any cese the situation with regard to averting disssters
1s always dynsmioc. It calls for constant vigilanee,
INTERNATICRAL CODES & STANDARDS
Ve have noted at the outset (page 1) thd for prevention of Bhopal
type disasters, we muetis

Think globally, but ast  ‘1lly.

Astion, of eovree,has to be on - : ot, But because 'the world
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is hepal?’, e strategy for proventing disasters has % b
Planmed in 3 vider eontext,

Some of the laternational agoneles are already seised with the
problem and have made signifisant aontributions Sowards its
selution, WIDO, for example, !ugo been quite actiw in the Sesh-
mology transfer area but some issues (e. 2., pags 3,-5) still
Beed to be tackled, The World Benk has compiled an exhaustiwe.
manual (32) for hazards assemment and have also prepared practio-
al guidslines in this rem rd, We dlscuss these later in thés
chapter. ILU have Premred a valuable eduam tion manual for work-
ors and have drawn fourteen lessons for Prevention of accidents,
These are (13): .

The problem of secidents during work

The origins of accident prevention

Accidents investigations and statistics

Soms principles ol ~gcldeni prevention: ire & explosion

Macnine guarding
Cther protections
Some practicap svplicationz of accident rrevention
Princinles

Psychologioal angd physioldgical aspewts-accident vrevention

Propagands, educetion anc training

Speclel caterories of workers

Safety activities in tne undsrtaking

Errly industrial safety activities of government, pubtlic

authorities and private associations

International safety activities

Trede unions, workers and industriai safaty
The fourth lesson abow dealing with fire and explosion is based
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on lessons learnt from 2isasters in the sheaieal industry, inele
udirg the ane at Flixborough (UK). A eommon dencmina tor ef sush
disasters is the presence of thru claxents: oxygemn, fuel and
heat. Absence or removal of any one of these is essential to
avert a’disutor.'nus 1s indeeéd 5 good and asimple lesson to be
impressed on the workers and having understocd the basies, they

» Should bs in a better position to prevent disasterz., The manual
ghould be translated into local languages of developing countr-
fee - for use as a text in formml treining oourses,

IMPLEMENTATIOK AT LOCAL LEVEL

It 13 obvioue that ultimate action to prevent g disaster must

be at the loeal plant level 1itself. Klaborate manuals and safety
instructions, whether in-house or national or intermational
levels, are or mo use unless translated into practice at the
chemical plant,

For thie purpose, the plant organisatior rmst include & safety
task team hesded by 2 genior exeoutive, Trhir tear ensures proper
saiety engineering controls at various levels including design,

sonstruction ard merufec turing. The teang also earries out (29):
Periodic safety aud!ts

Surnrise 'mock!' drille

Accident investipation

Safc¥ tarzerd percorting through fallure revorts

Ccnstart check o estandards end their apnlicability

Resiler treining and refresher ocurses ir safety

Ilterature scan of scclidents in the industry

Draw reléevant lessonce from these accidents and upgrade the
safety esyster. in the light of these lessons

The relevant assoociation at national level, e.g., chemical
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Kmufacturer's Assoolation in the U.8. and thelr eomnterparts
in other sountries pubdlish valuabdle information (e.ge., 6) relat-
ing to risk managemant and related topics. Such material must

be ocssential reading for members of e =cafety task team and
translating the same at the plant level,

II0 has reported (2°) that the rate of fatal industrial acciden-
ts is severeal times higher in developing countries than in the
developed world, And even more alaming is their findlyy that
in many of the developine sountrier, the rste of fatal industr-
2]l gccidentes ves rising - prodably a result of inadequate inv-
estment in safety-related hardware ané software. In addition,
probleme of technoclogy transfer (pages 34-S), emphasis on produc-
tion at the cost of meintenance, insufficfent training of oper-
stors in safety matters and non-commitment by top management Yo
safety aspect are fectors requiring urgent attention st the
Flant level, Ir effect, what ir requireéd is adoption ef an sll-
embracing sefety ‘culture.'

ROL:i OF WCRLD BAYY

The resporise cf the World Banlt fc¢ the FIIOPAL tragely has been
rrompt anc¢ it hee already beern transiated Intec prectlcel ecticon,
e heve roted ghove trhe cormilation of a manual for hererd
essesrent ané the neceeservy guidelines (372), It ie nov beln:
circulated widelr an. borrower: ol ben< funéds are required to
corply with the fuidelines, The rresent edition 1z lsbelled
tprelliinary guidciirecs' and it is hoped that with tie exper-
isnce gained in due course, a final version will be issued, The
aim/goal of the guidelines is three-fold (30,32):

Identify the potential harards

Try to prevent occurrense of accidents

If accident does oocur, mininiss the dsmape thereof
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™he Seveso Directive (25),evelved by ﬁo’m Reonomie
OComamnity in response to Flixborough and Seveso disasters,
forms the basis of World Bank guidelines, The bank has pooled
the resources availadle in Burope and U.S, to prod_uce the oomp-
rehensive manual whick incorporates tne guidelines as one cf the
appendiocesn. To simplify the nescessary calculation work, &
London-based eonsultancy firmm haz developed a ocomputer program
for proocess plant hazard analysis., 3ome oI the Ingo:tant fesi-
ures of the guidelines are (32): ‘

Minimise storaze of tne hazxardous materials, e.g., in cases

ef the teuwiprit' MIC (Bnopal), maximu: amount is !, kems.

Poous attention on plm't dezign to minimise the hazards.

kmphasis on training and supervisicn aspects,

Cost of reducing hazards is less than 1.5% of project cost,

Bank encourages (by providing the necessary funds) for up-

grading safety systems in existing plants,

On~- and off- &ite emergency plane In mse of an acclident.

Safet> zonet around nazardous fnstasllations,

Coordinate em»>pgener plars with the relevant loeal bodies,
The guidel’nes 2rc aireesy being used:

to evalucte trhe acejuscy ancé c¢flectivanes:c ol (.e ieesures

tc coirtrsl nma jor nazerc accidgent: aflfecting peoplic anc tne

envimreeni cuteide toe plalt dDouncu:iy.
Rl thougr = -rreé rrirspiliy for a;;raisal of wcrlc bank anc¢ IPC
prcjects, the techriques ané¢ miidelines presented in ti:e manual
are expected t¢ hawve wids g plicstions in the entire chemiocal
industry - specielly such operstions as are oonsidered hazardous.
The manual and guidelincs should go & long way in rreventing
and/or in ninin’eing the ef¥ect of « Cisaster, but i1ts real

implementation 1s voluntary since the world Benk has rather




1imited enforement power's after the plant has deen duilt end
harded over, But it will be in the interest of the host gevern-
ment and the plant owner to fellow the gunidelines,
UNIDO HAVE A VITAL MOIX
Having set the scans with BHOPAL and discussing how it eould
have been prevented (chs 2-5), we conclude with the rTole of
UNIDO in this regard, Heving édorie yeomen service %o the sause
of developuient in the Third World, UNIDO can and must rlay a
vital role in prevention of BHOPAL type diszssters. In epecific
Serms, UKIDC's role can be spelled out under four areas:
TECHNOLOGY: Two areas concern pertinent peolicy; lscues:
Appropriate or impoverished ve advarced or modern tachmlob
& How ean technology be transferred, reslly?
Appropriats/intermediate technology is ususlly recozmended by
the 'experts' but this 1s seer as ensuring thrat the developing
eountries will never develop. Fcr their resl develorment, advanc-
ed/modern technology is essentlal - as hars been provad by Japan.
This is on the besis thet anount of gocd: rroducad 1s far more

important than the number of jJobc created (pege 25).

"!ochnclogy cannot dbe transferred throusr documentetion alone
.(pago 35). The real ‘tricie' cu. oniy Lo iearnt by getting hands
'dirty' and workine elongside the oxperts wio 'xnow.' Tnere is

no shoertcut or macic arswer,

REGULATING O™ POLICINGY? Ir Gealirny with hazardous cvperations,

regulatione are reslly ineffective {nace 19) due to a combination
of ignorance and difficulty of enforcexment. Company knows most
about the risks involved and there s a strong case for self-
policing. Non-repulatory measures srpear to be far mnre promising

(page Li2) snd deservo mors studv and sttention. Ultimats answer

=
-
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may well 1is in solf-polieing snd stremg legislatien against
he feulprite,’
SOORINATIONS Enormeus work has beem done at all levels for
idmntification of hasards and for prevention anéd mmnagement of
disasters in the echamical industry. Also, mmercus agencies are
invelved in this ‘mission.' What is lacking is s coordimtien
of the wrk by the various agencies snd also collation of the
results obtained by researchers and technologists all over the
world, The World Bank have taken the initiative in this regard
(Page 53), but there are gaps in two important areasfpage 12,10):
Risk assessment has a purely Western focus )

& The sciense and particulariy practice needs simplification
Any instructions at the workers level must be in plain und sixple
language and free of technical jargon.
TRAIRING: To De really effective, training has to be at the loeal
plant level., But tie¢ trainers themseclves need to be trained irn
the science and art of prevertion and management of disasters,
At present there is no proper forum for this., There is also
dearth of good training material - both for tne trainers u vell
as for the trainees,
The training for tne tralners should be both at regional as well
as global levels - with & differemt thrust. At global level, the
training will have more techniocal material, whereas at regional
level the emphasis will be more on peahfical methods. Suitable
curricula will have toieproparod, as also the nec ssary training
material. In addition, there is need for the managements to
undergo refresher/training sessions. The contents for a typieal
one-day seminar for this purpose are shown in an Appendix (page 60).
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MPAL TRAGEDY - IT HAS VALUABLE LESSONS!

A ONF-DAY SEMINAR

SYRQPSIS:

The world had never heatr E in r
a pcpulation of some 504,050, until the ~corpin
1984. The worst-cver 1indus 1 ¢

gas methyl :socyanate, used in
result: over 3,600 dead zrnd some
disabilitiles. A major disaster.
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