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loss Prevention Bulletin

Improving process safety by sharing experience

Issue 299, October 2024
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Engineer by d

Trevor Kletz Compendium

Safety Wisdom Updated for
ration
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Sheffield

ay, writer by night

SHE BLOWS THINGS UP TO KEEP PEOPLE SAFE

FIONA ERSKINE

EMICAL
DETECTIVE

ZACTION, \NTRKGUE AND A STONKINGLY MODERN
PO\NE IT'S A BLAST."
IMES CRIME CLUB

FROM THE AUTHOR OF THE CHEMICAL DETECTIVE

CHEMICAL
REAG i’ ION

A JAQ SILVER THRILLER

'A fascinating mixture of detection, science and memoir.
Beautifully written and clever’ Literary Review

Fiona
Erskine

“Utterly original
and captivating
Lorraine Wilson

A death in ten objects

‘The best mystery novelist ever to have taken up the
quillin the name of chemistr:

CHEMICAL
COCKTAIL

‘An excellent thriller that shines a light on one of the darkest mom

of contemporary history’ WILLIAM SHAW
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Bhopal 40 Years on

What Have We Learned?
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The Tragedy

3 December 1984

Bhopal, Madhya Pradesh, India

~27 tonnes of toxic gas released

Thousands killed
Hundreds of thousands injured
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Toxic gas release - How did it happen?

Runaway reaction
Methyl Isocyanate (MIC) + H,0 + Fe

Five theories
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Failure of emergency response

&,

ﬁ_"‘

e Flare

e Scrubber

e Water Curtain

e Sparetank

e Refrigeration

e Community Alarm

e Community Response Plan

University of

Sheffield

Flare tower

Designed to burn off gas, but
a connecting pipe had been
removed for maintenance

Water curtain “

Not high enough
to reach gas

Vent gas scrubber
Leaking gas could have been detoxified,
but the scrubber was turned off

MIC storage tanks
40 tons in E610, 15 tons in E611,
E619 was empty. Water leaked
into E610 causing runaway heat-

producing reaction Refrigeration system

Freon system to cool liquid MIC
was shut down in June 1984 to

WWW. bhopal org save money and Freon shipped
' ' to other plants

11




How did water enter the MIC tank?

The MIC slow degradation theory
The filter washing theory

The sabotage theory

The nitrogen mix up theory

Rethinking Bhopal

ReA University of
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The Investigat

BHOPAL METHYL ISOCYANATE INCIDENT

ChemE &

Kenneth Bloch

Rethinking Bhopal

Judge NK Singh
Inquiry A Definitive Guide to Investig

and Learning from Industrial Disasters

INVESTIGATION TEAM
REPORT

MARCH, 1985

ating, Preventing,

UNION CARBIDE CORPORATION
DANBURY, CONNECTICUT

FEPCRT O SCIENTIFIC STULIES
ON THE FACTORS RELATED TO

INVESTIGATION OF LARGE-MAGNITUDE INCIDENTS: T T I°

BHOPAL AS A CASE STUDY

Ashok S. Kalelkar
Arthur D. Little, Inc.
Cambridge, Massachusetts, USA

This Report results from Studies
Cr 3 Varadarajan
Presented At
The Institution of Chemical Engineers Conference On
Preventing Major Chemical Accidents

London, England

May 1988
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Methyl Isocyanate (MIC) Storage Tanks

Gl

K ( E611 %\
K ( E619 %\
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3 x MIC Storage Tanks

Leng’rh 40 ft =12.2m 3 x 57m3 tanks (15,000 gallons)
SS 304L, coated, cathodic protection

300lb ANSI flanges
Design P - Full vacuum to 40 psig (2.75 barg)

| I - Design T -15°to 121°C

=

=

=

=
2t =0.6m N\
. Earth fil,dbove ]
- groy Diameter
Y E610 8 ft = 2.4m
4ft = 1.2m
V underground —J




E610 — Level Indication
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E610 — Temperature Control

T=0°C Design Storage T
T>11"C High Temperature

Alarm (T

SAMPLE
STATION

REJECT >
LINE

Kenneth Bloch — Rethinking Bhopal

\\HYDRAULIC p/b-
MIXER (EDUCTOR) TANK SUM



E610 — Pressure Control

DRY NITROGEN ’

NITROGEN
MAKEUP

VALVE XD

RUPTURE

Relief Valve Vent Header
RVVH

V\PRESSURE
RELIEF

Process Vent Header a
PVH

E610

Kenneth Bloch — Rethinking Bhopal



E610 — Pressure Control

DRY 1F 1
NITROGEN "

/;"r
STRAH\4
ventZ |

VALVE _CHECK
| vaLve

NITROGEN
MAKEUP
VALVE

V\PRESSURE
RELIEF

P = 2 psig Design Storage P

E410 P>10 psig Max P (USA)
P = 40 psig Relief BD+PRV

Kenneth Bloch — Rethinking Bhopal



E610 — Quality Control

MIC ". I
RUNDOWN

=

TRANSFER
PUMP

SAMPLE
\/ Eé] O STATION
CIRCULATIONQ
N DRAULIG PUMP REFRIGERATION —
SYSTEM e
TANK SUM

MIXER (EDUCTOR)
Kenneth Bloch — Rethinking Bhopal




E610 — Transfer

E610

MIC
DERIVATIVES
TRANSFER
PUMP

G

Kenneth Bloch — Rethinking Bhopal



MIC I
RUNDOWN

RVVH |

STRAINER

PVH

DRY
NITROGEN

@ NITROGEN
MAKEUP
’ VALVE

VENT V\PRESSURE
VALVE CHECK RELIEF
VALVE @ VALVE
" o = . TRANSFER PUMP RETURN
[ }
COMMON I -1 — REFRIGERATION SYSTEM RETURN
VALVE . _
135011 4
STORAGE TANK . :
| |
I :0.1:
. . MIC
1 :10 )+ DERIVATIVES
. . TRANSFER
I n I I u
. . PUMP
| | | |
| | | |
1 :0 ]+ SAMPLE
. . STATION
-l :
T
l:
| |
| |

CIRCULATION
HYDRAULIC pﬁ PUMP REFEIYGSI%I.F\I;?ATION REJECT
MIXER (EDUCTOR) TANK SUM LINE

Kenneth Bloch — Rethinking Bhopal




How did water enter the MIC tank?

1. The MIC slow degradation theory

4 = Increased . Temperature

| P2 2" Reaction Rate Thermal g Rise
Runaway

Heat Generation

(o
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27 Day to Permanent Closure
Loss of experienced staff
Operational workarounds
Reduced maintenance
Compromised safety systems

Increased inventory

5@,’;
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e v
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E610 — Level September to December 1984
(L

Maximum level MIC 60%

M
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E610 — Level September to December 1984
(L

Raised to 80% under MOC

E610 ~ 42t

Actual level MIC 80%

Maximum level MIC 60%

Kenneth Bloch — Rethinking Bhopal



315t October 1984
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mnmemnm "SHOT DEAD

7Attack by security men

at 1, Safdarjang Road
’One assailant killed, another held




50°C

40°C

30°C

20°C

10°C

0°C

Jan

E610 — Temperature 1984
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E610
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https://weather-and-climate.com/average-monthly-min-max-Temperature,bhopal-madhya-pradesh-in,India



E610 — Temperature 1984

Actual femperature
15-35°C

(Ambient 12 °C to 42 °C)

E610

53

=

No refrigeration

Permanent T alarm
No Circulation

No Sampling

No Reject route

Kenneth Bloch — Rethinking Bhopal



E610 — Pressure 1984

I DRY NITROGEN D

NITROGEN

MAKEUP RUPTURE

VALVE

Process Vent Header !
PVH

Relief Valve Vent Header
RVVH

V\PRESSURE
RELIEF

E610

=

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov




E610 — Pressure 1984

I DRY NITROGEN D

RUPTURE

E610

Kenneth Bloch — Rethinking Bhopal



MIC
RUNDOWN

RVVH

PVH

DRY
NITROGEN

Process Vent Header
connected to
1 Relief Valve Vent Header

E610

High Level

High CHCI3

No Mixing

No Cooling
No Nitrogen padding

No T or P or Quality Control

Kenneth Bloch — Rethinking Bhopal



UCC Investigation (March 1985)

, , ‘Tank 610 residue (was most likely) produced by
BHOPAL METHYL ISOCYANATE INCIDENT
INVESTIGATION TEAM the reaction of MIC with (450 - 900 kg) water,
e higher than normal amounts of chloroform and
an iron catalyst’
MARCH, 1985
‘Water could have been introduced inadvertently
" DANBURY. CONNECTICUT or deliberately’

A University of

Ses’ :
& Sheffield 33

“




How did water enter the MIC tank?

1.

2. Thefilter washing theory

‘\\@f‘ - .
S University of

& Sheffield




CSIR Investigation (December 1985)

FEPORT ON SCIENTIFIC STULIES
O TEHE FACTORS FELATEL TO
BRIOPAL TOXIC GAS LEARKAGE

This Report results from Studies

by

Lr. 5. Varadarajan
Dr. LE. Domaiswamy
Lo N F. Ayyangar
L. CAPF. Iyer

Cr. AA Ehan
Cr. A K. Lahiri
M. K. V. Musumdar
L. A Mashelkar

Cx. B.B. Mitra
L. 0GB, Wambiar
M. V. Ramachandran
Mir. V.. Saha=srabudhe
Cor. 5. Sivaram
Cer. Il Sriramm
L. G Thyapgarajan
Cir. B.5. Venkataraman

CSIR

LECEMEER, 1965
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O Accident conditions inherent and extant
Bulk storage of a very high hazard intermediate

O Inadequate

Design
Materials
Instrumentation
Control
Disposal routes

@) o O o O

O Tank pressure atmospheric
Entry contaminants (alkali, metal) from 22"d October 1984

O  Water washing MIC pipelines common practice
500kg water to E610 from filter washing on 2"d December 1984

35



Theory 2 - Filter washing theory

Indian Council of Scientific and Water used to wash filter No
Industrial Research (CSIR) Isolating blank installed

T wor L THINKE
ONE STEP THAT WAS YOU SHOULD STOP

ISSED IN THE PROCEDURE A -
During the cleaning of choked s wsserns e s ll e A,
BLIND UPSTREAM OF THE SEE |F THEY'RE CLEAN.
IC TANK. LIKE HIS BOSS, HAVE A 600D SHIFT, A

filters with water in the Relief Valve aosen o ey vy WA, T o

AND HAD NOT RECENVED THE
PROPER PROCESS

Vent Header, such water could have e
entered the non-pressurised tank

and may have carried some metallic
contaminants from the carbon steel
portions of the header pipelines

A University of Ramin Abhari — Butterflies of BhOpCﬂ

s Sheffield




AD Little (UCC) 1988

UCC commissioned report

Water-washing of * —
|ines in the filtel’ ‘ " BHOPAL AS A CASE STUDY '

area could not DL
possibly have been

Presented At
The Institution of Chemical Engineers Conference On

th e cause Of Wate I Preventing Major Chemical Accidents

entry into Tank 610 e

ReA University of

I!f Sheffield




PVH
Process Vent Header to Vent Gas Scrubber

RVWVH
Relief Valve Vent Header

b =7 A
T L1121
| 34m
65 ft / |
20 m |
8 inch §
v
Water hose  FILTER
220 ft
67 m
4 inch



How did water enter the MIC tank?

1. The MIC slow degradation theory
2. Thefilter washing theory
3. Thesabotage theory

@ - L]
R University of
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3. Sabotage theory

A disgruntled operator entered
the storage area and hooked
up one of the readily available
rubber hoses to Tank E610 with
the infention of contaminating
and spoiling the tank’s contents

A University of

y Sheffield

UCC commissioned report

INVESTIGATION OF LARGE-MAGNITUDE INCIDENTS:
BHOPAL AS A CASE STUDY

Ashok S. Kalelkar
Arthur D. Little, Inc.
Cambridge, Massachusetts, USA

Presented At
The Institution of Chemical Engineers Conference On
Preventing Major Chemical Accidents

London, England

May 1988




Prior accidents

S
sas?

A University of

Sheffield

Year

1981

1982

1982

1983
&1984

Accidents and Incidents
Involving MIC unit

One fatality and two serious
injuries during removal slip blind

25 employees injured due to
pump seal leak

18 employees injured due to a
piping leak

Leaks of MIC, Chlorine,
Monomethylamine, Phosgene
and Carbon Tetrachloride

Management Response

The worker died from his own mistake

3 union leaders, protesting about safety
concerns were sacked

UCC safety audit found multiple safety
deficiencies including ‘potential for
release of toxic materials

UCIL action plan claimed that the issues
were ‘either corrected or in the process
of being corrected.’




Death of Ashraf Khan

Maintenance worker

Asked to assist with removal isolation in MIC plant
Loosened pipe - liquid spurted out

In panic removed air mask

Taken to hospital

Died Christmas Eve 1981

Investigation - The worker died from his own mistake

A University of

% Sheffield 2
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3. Sabotage theory

No Independent investigation
nconsistencies in evidence

ndustrial Relations (IR) poor

~aillure to appreciate operational reality

Long history of safety issues
Dispute over training

27 days to factory closure

Unreliable and uneconomic

See”
AN

s

et ' ' xplain nuine intent — Hanlon’s
Sheffield Never ascribe to malice what can be explained by genuine inte




Strict Liability Doctrine (Indian Penal Code 1860)

Sabotage is one of the few exceptions that
overrides legal responsibility for restitution.

Avoid investigation and sharing facts publicly

S Luiversity of https://www.ihrb.org/latest/40 later-what-are-the-| from-the-| from-the-bhopal-gas-disast
S . RS/ /WWW.INIMD.Org/1ates -yedars-larer-wndar-are-tne-1essons-mrom-rne-1essons-mrom-rne-onopdi-gds-aisaster
% Sheffield

&
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https://www.ihrb.org/latest/40-years-later-what-are-the-lessons-from-the-lessons-from-the-bhopal-gas-disaster

How did water enter the MIC tank?

4. The nitrogen mix up theory

5. Rethinking Bhopal

Véf - .
rsity of
= University o

% Sheffield




4. Nitrogen and water mix up during cleaning

EBEMOVE THIS

THIS HOSE
CONNECTION.--

A University of

SeE’ 1

Ramin Abhari — Butterflies of Bhopal




How did water enter the MIC tank?

5. Rethinking Bhopal
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5. Rethinking Bhopal

University of

Sheffield

ELSEVIER

Kenneth Bloch

Rethinking Bhopal

A Definitive Guide to Iny Preventing,

171 : 1 Ni f .
and Learning from Industrial Disasters

REPORT

OURS Of INCIDENCE )




27 days to closure

Loss of experienced staff
Operational workarounds
Reduced maintenance
Compromised safety systems

Increased inventory

University of

% Sheffield




Design decisions

A. Process Hazard Analysis

B. Equipment Selection

C. Materials of Construction

S University of

% Sheffield




A. Process Hazard Analysis - Change

Cl,CO CH3NH-
A) CigHg0O - CygH7OCOCI 'Methylamine C1npH7OCONHCH,
1-Naphthol 1-Naphthol Carbaryl
chloroformate
ClxCO C10HgO
B) CH3NH- T CHsNCO " 1-Naphthol C1gH7OCONHCH;5
Methylamine Methyl Carbaryl
Isocyanate

FFFFF

MIC boiling point 35°C, High Volatility, Exiremely Flammable, Acutely Toxic

A University of

SmEZ .
@ Sheffield
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B. Equipment selection - MIC pumps

Ethanol

Vapor pressure (torr)

LU ! |
0 20 40 60 80 100

* Temperature (°C) ONCSSH 2002 RODELTA/ AESSEAL®

A University of

Sam 1
S Sheffield
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C. Design Decisions - Materials

Vent header constructed in carbon steel - Dry Nitrogen essential

Transfer pumps unreliable - Nitrogen diverted for MIC pressure transfer

Vent header corrodes - MIC forms solid trimers with iron

Water used to wash away MIC trimers — corrosion gets worse

A University of

& Sheffield 53




Design decisions

A. Hazards of bulk methyl isocyanate (MIC) underestimated

B. Pumps unreliable - Nitrogen diverted to provide MIC pressure transfer

C. Carbon steel rusts and catalyses solid trimer from MIC

Water used to wash away solid trimer — Water + MIC + rust

A University of

SmE” 1

o~




DRY
NITROGEN

H

H

1:l

H

42 tonnes MIC |
\‘/ E610 .E:

Kenneth Bloch — Rethinking Bhopal

V\PRESSURE
RELIEF

NO TRANSFER PUMP

NO CIRCULATION PUMP

NO INTERNAL TANK MIXING

NO SAMPLING SYSTEM

NO REJECT ROUTE

NO REFRIGERATION SYSTEM

NO MAINTENANCE SUPPORT

27 DAYS TO CLOSURE



‘l RVVH I Process Vent Header
connected to
<| PVH I ] Relief Valve Vent Header
DRY
NITROGEN ’

STRAINER

V\PRESSURE
RELIEF

i

42 ’ronneEsél]v(\)IC
;J/ .

Kenneth Bloch — Rethinking Bhopal



‘ RVVH
<4

>

DRY
NITROGEN

STRAINER

/ @ NITROGEN
MAKEUP
/ , VALVE

CHECK
VALVE

Block Valve
Failing to seal

i

42 tonnes MIC

Kenneth Bloch — Rethinking Bhopal

Process Vent Header
connected to
Relief Valve Vent Header



‘ RVVH Process Vent Header
connected to
'

Relief Valve Vent Header

(

Kenneth Bloch — Rethinking Bhopal



THE MIC
TRIMER DEPOSIT
1S oBVIOUSLY
WORSE THAN
USUAL---

WHERE DO You
SUGGEST

CONNECTING THE
WATER HOSE FOR

rd
---AND IS KEEPING THIS VENT RaTE

VALVE FROM CLOSING FOR
PRESSURE-TRANSFER. SO WE
NEED TO FLUSH IT CLEAR!

ISN'T THERE A RISK
OF WATER GETTING
INSIDEZ

THE ISOLATION
VALVE IS CLOSED-
WATER'S NOT GONNA

WATER HOSE QUICK GET IN.

CONNECT FITTING -




>

Remove Pl
and clean@¢

42 tonnes MIC

(

Kenneth Bloch — Rethinking Bhopal

Process Vent Header
connected to
Relief Valve Vent Header



RVVH

PVH

DRY '»}
NITROGEN

S

&)

Clean Block /

()

Valve with

40
SZ

Nitfrogene e

>«
-
- B KG
l @ P\

COMMON
VALVE

Process Vent Header
connected to
1 Relief Valve Vent Header

Kenneth Bloch — Rethinking Bhopal



|
RVVH Process Vent Header
connected to
4 PVH 1 Relief Valve Vent Header

DRY >
NITROGEN

S

&)

Clean Block /

()

N K@
A

Valve with

X G
2
>
o

Water il

MIXER (EDUCTOR) TANK SUM

Kenneth Bloch — Rethinking Bhopal



Process Vent Header

<

connected to
Relief Valve Vent Header

>

PVH

S

DRY >
NITROGEN

Oai®
=1[F @Kg -
&)
A

40
SZ

COMMON VALVE

|
|

Relies on single isolation :
!

E610

HYDRAULIC

MIXER (EDUCTOR) TANK SUMP

©

Kenneth Bloch — Rethinking Bhopal



MIC >
RUNDOWN

RVVH

|

>

PVH

(L)

DRY
NITROGEN

S>—1 :
G
!:
o

@

RUPTURE
DISC\

D

N

09
L3

Plug of frimer dissolves

I

|

COMMON VALVE |
I

E610

HYDRAULIC

MIXER (EDUCTOR) TANK SUMP

A V\PRESSURE
RELIEF

@ VALVE

Kenneth Bloch — Rethinking Bhopal



MIC >
RUNDOWN

RVVH

PVH

DRY
NITROGEN

(L)

P L Vo)

. 9 Q)
}' X X RUPTURE
NN DISC <
AINER NITROGEN @
VENT MAKEUP @
VALVE J/| CHE VALVE
VALV F
/
] 1 |
:— —
[ |
COMMON [ P —
VALVE . . —
1 15 ] . —
STORAGE TANK E610 -
| | | |
I F
[ ] | | | |
1 ;1] :
[ ] | | | |
[ ] | | | |
I F
L} | | | |
| |
1 ;1 ]:
E610 P
\‘/ NHE
| | | |
e HE
..... ..................................:I:
| |

MIXER (EDUCTOR)

TANK SUM

>

A V\PRESSURE
RELIEF

@ VALVE
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The Consequence

UL S - . a— - —————p—i et = B e — el .t e et . g

) 4

Approximate spread of gas '._ J O

4
S — . - ———————— - e T— )
] J

-

DelhiO

o i -
4

.‘ o : Bhopal O —MADHYA
B & PRADESH
X / £ B Tk
' \ Q INDIA
% | Union Carbide plant
u a ’.',5}"
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The Consequence
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Solar Evaporation Ponds
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OECD Guiding Principles

for Chemical Accident
Prevention, Preparedness and Response

Prevent Prepare Respond Follow-up
avoid loss of plan for respond to investigate
containment emergency emergency & clean up

ReA University of

& Sheffield 70




Design for Inherent Safety

e Whatyou don’t have
can’t leak

o Peoplewho aren’tthere
can’t be hurt

e Betterto remove a hazard
than keep it under control

@ - L]
R University of
= University o

% Sheffield /1




BT ame Tr o7 W TRORERIANTE NS T T TR

» ’3 FACTORY CONTAMINATES GROUNDWATER IN ITS VICINITY
tetet b e

4 SHIV NAGAR
Distance from UCIL plant: 3 km

Ongoing Tragedy

Groundwater
Pesticide concentration: 0.0193 ppm

38 times more than
@ Indian standard

" NEW ARIF NAGAR
Distance from UCIL plant: 400 metres

Groundwater
Pesticide concentration: 0.0297 ppm 8

59 times more than
P Indian standard

Maximum concentration of key (ppm)
contaminants found in soil

Organic
Hexachlorocyclohexane (HCH) 99,700
Carbaryl (naphthyl methylcarbamate) 51,003

GARIB NAGAR
Distance from UCIL plant: 1.8 km

X e S1 8 ) .+ Groundwater
UCIL PLANT o S8 88 pesticide concentration: 0.0024 ppm
Surface Water { %

Alpha napthOI 9,914 e 4 Pesticide concentration \ 4- times more than

0.2805 ppm Indian standard

Aldicarb (carbamate pesticide) 7,876 = '_ | than Indian

standard

Chlorinated benzenes 2,049 SN CARBIDE
: 22.5 p()vr‘|-9866‘//ppu.1 Lol .

Heavy metals

Mercury 128,000
Chromium 1,065
Lead 408

JAI PRAKASH NAGAR
Distance from UCIL plant: 100 metres

Groundwater
Pesticide concentration: 0.0042 ppm

times more than
U . .t f 8-5 Indian standard
niversity o

J Sheffield T e—— >




Progress on 2013 plan

Summary of Action Plan

ACTION PLAN

SECURING THE SITE AND PREVENTING ANNUAL SURFACE WATER RUNOFF THREE MONTHS

Fencing and guarding of the UCIL site and landfill area within the SEP Immediate E NVI RO N M E NTAL

Stopping construction at the SEP area Immediate

Measures to be taken to protect annual surface water runaff from the site during mansoon Three months R E M E D IATI O N

EXCAVATION, RECOVERY AND CHARACTERISATION OF WASTE DUMPED AT THE UCIL SITE SIX MONTHS

Clearing vegetation and dewatering the site One month I N AN D AR OU N D

identification and refufbishment of 2 temporary storage ares for excavated waste Three months

Excavation and recovery of dump matesials from already identified and new sites Three months U C I L’ B H O PAL
| EXPERT ROUNDTABLE, APRIL 25-26, 2013 |

Recavery of mercury present in drains, pan filters and sail with the help of local community Three months
EXPERT ROUNDTABLE RIL 25-. 3

Characterisation and inwentorisation of the collected waste for proper treatment andfor disposal Six months

CHARACTERISATION AND INCINERATION OF THE STORED WASTE AT THE UCIL SITE SIX MONTHS
Trial at the Fithampur indinerator with ten tonnes of similar waste from HIL, Kerala Three months
Characterisation results of the stored UCIL waste to be made public; if required, further characterisation Three months

and inventorisation to be done in parallel with the trials

Wizste with high calorific value and hazardous in nature to be incinerated with continuous stack monitoring; Six months . ’
P
remaining waste to be dealt with suitsble decontamination/remediation measures T~ i ‘L_ —] ;! 5 ] f > =
\ ¥ - "
MEDIUM- AND LONG-TERM MEASURES om0 i 3
i A P AN
GROUMDWATER CONTAMINATION ASSESSMENT AND REMEDIATION OUTSIDE THE UCIL SITE TWO TO THREE YEARS . -

Feld investigation and lab analysis of the groundwater One year

Possibility of hydraulic containment to be exploned as an interim measure Six months to one year

Remediation/containment plan to be developed and implemented Two to three years
CHARACTERISATION AND REMEDIATION OF WASTE DUMPED IN LANDFILL IN THE SEP AREA ONE TO TWO YEARS
Characterisation of waste and development of a basket of disposalidecontaminatiornyremediation options One year
Disposalremediation of the waste and decontamination of the landfill area One to two years
REMEDIATION OF ENTIRE SEF AREA THREE TO AVE YEARS
Assessment of the need of gechydrological and contamination analysis based on previous reports Three months

i required, SEP to be studied for waste characterisation and source of groundwater contamination One wear

University of

Sheffield




What have we learned ?

Understand your Hazards

Design for Inherent Safety
Investigate when things go wrong
Listen to what your people say
Closure is complex

ldentify and retain key people

Safety Critical Equipment MUST remain operational
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Trevor Kletz

e Everyaccidentis due to human error:

e someone, usually a manager, has to decide what to do;

e Ssomeone, usually a designer, has to decide how to do it;

e someone, usually an operator, has to do it.

e Allofthem can make errors but the operator is at the end of the
chain and often gets all the blame.

e \We should consider the people who have opportunities to prevent
accidents by changing objectives and methods as well as those
who actually carry out operations
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With thanks to Kenneth Bloch and Ramin Abhari

buttcrﬂicsofbpal

Rethinking Bhopal

A Definitive Guide to Investigating, Preventing,
and Learning from Industrial Disasters
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Loss Prevention Bulletin free downloads

Improving process safety by sharing experience
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