Unpacking inequitable distribution of environmental hazards and amenities
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BHOPAL - A Case Study
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Bhopal UCIL Tragedy

Just after midnight on the night of 2/3 December 1984

Union Carbide India Limited (UCIL) factory in Bhopal, India

Toxic gas was released into the community

Water mixed with chemicals leading to a runaway reaction

Thousands died and hundreds of thousands were injured

The legacy continues to blight the lives of local people today



Why? — Contributing Causes

Operational decisions in the 1980s - running to closure

e |ncreased inventory
e | oss of experienced staff
e Operational workarounds

e Reduced maintenance
e Compromised safety systems



Why? — Root Cause

Design decisions made in the 1970s - Inherent Safety

* Process Hazard Analysis

e Materials of Construction
e Equipment Reliability
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02 December
9.30 p.m.

+ Operator begins water
washing of pipes

10.30 p.m.

« Water escapes into main process
pipe system, and eventually MIC
storage tank E-610.

« Chemical reaction between MIC
and water begins.

11.00 p.m.

* MIC storage tank pressure rises
to 1.7 bar, which Is still within
sale operating limits of

1.1 bar to 2.7 bar..

03 December
12.15a.m.

+ MIC storage tank pressure rises
raplidly from 3.1 bar to 4.8 bar.

* Operator senses heat radiating and
rumbling noises from tank.

+ Supervisor starts Vent Gas
Scrubber (VGS) circulation pumps.

12.25 a.m.

« Chemical reaction between MIC
and water becomes uncontrolled..
+ MIC gas starts escaping

from VGS stack.

12.45 a.m.

jular Training

Separate UCIL plant from

and Perfor
people, evacuation points
A and emergency response
facilitie
Store MIC in smaller tanks
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Neglection of specific instructions ®
® Failure o communicate

INHERENTLY SAFER DESIGN
REPLACE SOURCE OF
HAZARD

SUBSTITUTE

Use a safer process route. Avoid MIC

formation. React alphanaphthol and

phosgene to produce chloroformate
ester, followed by reaction with
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methylamine to yield carbaryl
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was unreliable
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attainable pr emperature.

© corroding iron pipslines were vsed
Flare tower was disconnected

Vent gos scrubber wos under maintenance. () from the plant pipe system.

Many valves, vent lines, feed

. Water curtains were not tall
lines, etc. were in poor candition,

enough to mifigate the gas leak

2 - 3 December 1984
Bhopal, Madhya Pradesh, India.
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OECD Guiding Principles for Chemical Accident Prevention,
Preparedness and Response

FOLLOW-UP ...CLEAN-UP ... ACCIDENT REPORTING AND INVESTIGATION




Managing change

* Change of ownership

e Closure




Preventing




Large Quantities of a
Hazardous
Intermediate (MIC)
stored on a site in the
middle of a town

Lack of
instrumentation
and Independent
safeguards

Preventing - Bhopal

Vent gas header
constructed of
Carbon Steel
instead of Stainless
Steel

Workarounds
common No
effective
Management of
Change

x

A

MIC transfer
and circulation
pumps
unreliable

Loss of trained
staff Lack of
appreciation of
hazards






Preparing - Bhopal

Flare tower

° Emergency plannlng Vent gas scrubber

Leaking gas could have been detoxified, Designed to burn off gas, but
but the scrubber was turned off a connecting pipe had been

o Flare disconnected removed for maintenance
* Vent gas scrubber not in operation “
* Refrigeration decommissioned Not high enough
to reach gas
& e

Water curtain

* Water curtain pressure insufficient
* Public alarm silenced

* Land use planning & .

e Growth of communities around site MIC storage tanks

40 tons in E610, 15 tonsin E611,

¢ COmmunlcathn E619 was empty. Water leaked
into E610 causing runaway heat- Refrigeration system
¢ L| m |ted producing reaction Freon system to cool liquid MIC

was shut down in June 1984 to
save money and Freon shipped
to other plants



Responding

7

Alert response personnel

\_

Trigger the Emergency Plan

\_

Warn the public

7

Limit adverse effects to health and environment

\_

7

Effective and open communication with the public

\_




Responding — Bhopal — Too little, too late

 Instrument alarms overridden

* Public alarm system was silenced
* Panicking public left their homes and fled into gas cloud

Hospitals had no idea how to treat victims

* Compensation was too little and too late
Health care wholly inappropriate

* Lease terminated before clean up
e Groundwater contamination continues



Follow up



Follow up - Bhopal

* Chemical plant equipment, piping and structures have been left to
corrode and are in an increasingly dangerous state.

* There is no meaningful security - access to the wasteland is open to all,
including children and grazing domestic animals.

* There are ~350 tonnes of packaged hazardous waste that need to be
contained, stabilised and safely destroyed.

* The soil inside the is contaminated, and ground water pollution
continues to spread.

* There has been no effective clean-up of the former UCIL site or the
external Solar Evaporation Ponds in Bhopal.

* The surrounding communities continue to suffer.



The second tragedy - Environmental

* Environmental problems at the factory predate the 1984 accident

* A failure to maintain the solar evaporation pond barriers or control
hazardous waste has led to heavy contamination of the groundwater in
and around the abandoned factory with

* Heavy metals including mercury, chromium and lead
* Organoclorides classed as persistent organic pollutants

* Many of the communities affected have still not been provided with a
reliable source of clean drinking water

* Domestic animals continue to graze on contaminated land inside and
outside of the factory

* The ground water pollution continues to spread.



Final Message

Before construction

Substitute
Minimise
Simplify
Moderate

Build in Error tolerance
Inherent safety by design

After closure

Timely and effective clean-up




How to break the impasse?

* 1989 US$470M settlement brokered by Government did notinclude funds for remediation
* 1994 US parent company sold its majority share in Indian Subsidiary to fund a hospital

* 1998 State Government cancelled the lease and resumed control of the site

2013 Indian NGO outlines steps before environmental remediation can proceed

* 2024 - No progress

* GOl - Government of India

* Parent - UCC - Union Carbide Corporation

e Subsidiary - UCIL = Union Carbide India Ltd

* Buyer - Eveready - Eveready Industries India Ltd

* MP - Madhya Pradesh State Government

* NGO - CS| - Centre for Science and Environment, Delhi, India



Summary of Action Plan
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No progress on 2013 plan
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Appendix

Root Cause Analysis



Equipment reliability

Operational change Pumped transfer
Transfer pumps
: approved to bypass was changed to
unreliable
the MIC pumps pressure transfer




Materials of Construction

Vent header
constructed in
carbon steel instead
of stainless steel

Dry Nitrogen was
required to prevent However
corrosion




Process Hazard Analysis

Phosgene gas Phosgene gas
risks understood made in-situ and
and controlled consumed

However




ruNDOWN |
Vent gas
scrubber not i
operating. < | PVH I

Vent gas flare
disconnected
and
unavailable

NITROGEN

Misguided
attempt to clean
vent valve by
washing with
water relying on a
single isolation
(common valve)

Jumper added to connect

DRY

>

AINER

CHE
VALV

VENT
VALVE

MAKEUP
VALVE

COMMON
VALVE

STORAGE TANK

Tank E610 with
42 tonnes MIC

NITROGEN

v v
a

£9
C)

(L)

RUPTURE

a

__|> (Emergency) Relief Vent and
Process Vent Headers

e Level 80% (design upper limit 60%)

Temperature out of range and in
permanent state of alarm ((11°C)

DISC <
@ A V\PRESSURE
RELIEF
\ VALVE
) (P])

—_ | REFRIGERATION SYSTEM RETURN

=

MIC >
DERIVATIVES
SAMPLE >
STATION

No working pumps

H TRANSFER
available il

No refrigeration or
sampling available

CIRCULATION
PUMP

REFRIGERATION
SYSTEM

REJECT >
LINE

Ref: Kenneth Bloch Rethinking Bhopal 2016 Elsevier IChemE
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