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Foreword

M/s. Union Carbide India Ltd., manufactured carbamate pesticides and the associated intermediate
chemicals at their Bhopal unit during 1969 and 1984. The solid, liquid and tarry wastes generated
during the manufacture of pesticides and associated chemicals were dumped by UCIL within their
premises. The unit was closed down in December 1984 as a result of the accident of leakage of metfiyl
iso-cyanate gas. Since, a considerable time fhas elapsed and no remedial actions have been taken in the
past, the present status of soil and groundwater contamination in and around UCIL, premises needed
to be assessed so as to delineate suitable strategies for their remediation.

Based on the directives of the Task, Force constituted by Hon'ble High Court of Madhya Pradesh,
Bhopal Gas Tragedy Relief and Rehabilitation Department (BGIRRD), Govt. of Madhya Pradesh
requested National Environmental Engineering Research Institute (NEER]) Nagpur and National
Geophysical Research Institute (NGRI) Hyderabad to undertake a study on assessment of
contamination and delineation of suitable strategies for the remediation of contaminated areas in and
around the UCIL site. The study was awarded by BGTRRD in March 2009.

The studies were carried out by NEER] and NGRJ which involved reconnaissance survey of
the UCIL premises, geophysical and frydrogeological investigation, sampling and analysis of
soil and groundwater in and around the UCIL. Based on these studies it was established that
sotl mostly within UCIL premises and solar evaporation pond area is contaminated and
needed appropriate remediation with respect to isomers of hexachlorocyclofiexane and mercury
on the basis of USEPA standards for groundwater protection. It was also established that
the groundwater in general inside the plant area is not contaminated. However, isolated
contamination was observed in few wells possibly due to surface runoff from waste dumps or
mismanagement of SE® and landfill. Considering the extent of contamination and present site
conditions, immediate as well as long term remediation measures are delineated in the report.
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Executive Summary

M/s. Union Carbide India Ltd., manufactured carbamate pesticides and the
associated intermediate chemicals at their Bhopal unit during 1969 and 1984.
The solid, liguid and tarry wastes generated during the production of these
chemicals were dumped by UCIL within their premises, resulting in contamination
of soil and groundwater wihin and outside UCIL premises. The unit was closed
down in December 1984 as a result of the accident of leakage of methyl iso-
cyanate gas.

Based on the directives of the Task Force constituted by Hon’ble High Court of
Madhya Pradesh, the BGTRRD sponsored a joint study in March 2009 to
National Environmental Engineering Research Institute (NEERI), Nagpur and
National Geophysical Research Institute (NGRI), Hyderabad for assessment of
contamination and delineation of suitable strategies for the remediation of
contaminated areas in and around the UCIL site.

Considering the past studies carried out by NEERI as well as
apprehensions/issues raised by various agencies/organizations, field studies
were carried out by NEERI and NGRI which involved reconnaissance survey of
the UCIL premises, geophysical and hydrogeological investigation, sampling and
analysis of soil and groundwater in and around the UCIL.

The reconnaissance survey of the site revealed that most of the plant,
machineries and buildings within UCIL premises are in dilapidated conditions and
appeared to be contaminated. The reconnaissance survey of the UCIL premises
also revealed existence of a number of dumps especially in disposal area | and
disposal area Il. The existence of dumps within UCIL premises indicated that the
excavation and recovery of wastes carried out by Madhya Pradesh Pollution
Control Board (MPPCB) through M/s Ramkey Ltd. was incomplete.

The boundary wall of the UCIL premises was found to be broken at many places
which provided an easy access to the people living around the premises.

The reconnaissance survey of the SEP area outside the UCIL premises revealed
existence of one SEP and an abandoned landfill which were found to be
damaged.

The field studies for assessment of contamination comprised of detailed
hydrogeological investigations (geophysical investigations, borehole drilling,
development of monitoring wells etc.), followed by collection and analysis of
existing field samples (dumpsite, subsurface soil, and groundwater). The
hydrogeological investigations were carried out by NGRI whereas sampling and
characterization of soil and groundwater were carried out by NEERI.



The geophysical investigations carried out by NGRI indicated possibility of
contamination at three sites (Site I, Site Ill and Site V) out of nine sites. The
depth of contamination at these sites is limited to about 2 m, except at one dump
(Site IIl) that could be deeper (4-8m). These dumps were isolated form each
other.

The lithology of the area as determined through drilling of borewells by NGRI
revealed existence of black and yellow silty clay up to a depth of 22 to 25 m
below ground level. The groundwater in the area exists under confined below a
depth of about 25 m from the ground surface. The general groundwater flow
direction is towards east.

Sampling and analysis of subsurface soil (collected during drilling of borewells)
indicated contamination of soil up to a depth of about 2 m. Major contaminants
detected at the site include: BHC, aldicarb, carbaryl, a-naphthol and mercury.
The sampling and analysis of soil from possible dump areas (other than drilling
areas) also indicated contamination of soil in terms of above mentioned
contaminants. The soil in and around SEPs area located outside UCIL premises
was also found to be contaminated.

The total volume of soil (within and outside UCIL premises) amounts to 6,50,000
m?® which is equivalent to about 11,00,000 MT.

Monitoring of groundwater from the borewells constructed by NGRI within UCIL
premises and the existing wells around UCIL premises indicated that
groundwater in general is not contaminated due to seepage of contaminants from
the UCIL dumps. However, isolated contamination in terms of pesticides and/or
dichlorobenzene was observed in 5 well in the immediate vicinity of UCIL
premises in the north-east and east direction. The source of contamination of
these wells was, attributed to surface runoff from the dumps. The quantum of
contaminated groundwater could not be estimated due to isolated nature of
contamination.

Considering the extent of contamination and various site conditions, immediate
and well as long term remedial measures were recommended.

Under immediate measures following recommendations were made:

» Proper fencing and security to UCIL premises and SEP area for
preventing unauthorized access and use of these areas by public.

» Immediate sealing of five contaminated wells so as to prevent use of
water from these wells for any purpose by the residents.

» Excavation and recovery of dumps materials. The incinerable wastes
should be disposed off in TSDF at Pithampur. The non-incinerable wastes
to be disposed off in an on-site secured landfill facility to be constructed at
UCIL.

» Decontamination and decommissioning of plant, machineries and
buildings prior to remediation of contaminated soil and groundwater.



R/
0.0

Under long-term measures, remediation of contaminated soil and groundwater
was recommended. For remediation of contaminated soil, an on-site secured
landfill facility was recommended. For contaminated groundwater, pump-and-
treat system was recommended.

The cost of soil remediation through secured landfill is estimated to be in the
range of Rs 78 crore to 117 crore (average Rs. 100 crore). The capital cost for
pump and treat unit shall be in the range of 25 to 30 lakhs. The operating and
maintenance cost of such unit is in the rage of Rs. 10 to 15 lakhs per annum
including cost of activated carbon and its disposal.

It is recommended that, BGTRRD should engage competent professional
contractors for detailed engineering, and execution of various remedial measures
recommended by NEERI.
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