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Abstract
Waste Management Facilities, Trombay (WMFT) comprises Radioactive Solid waste Management Site(RSMS),
an Effluent Treatment Plant (ETP), and a Decontamination Centre (DC). Radioactive wastes from the plants and
laboratories in Mumbai are handled here. The wastes are categorized and classified as per International Atomic
Energy Agency (IAEA) and Atomic Energy Regulatory Board (AERB) guidelines. RSMS is a near surface
disposal facility, where assorted beta gamma solid waste is disposed off in appropriate disposal facilities.. ETP is
a centralized low level liquid waste treatment facility, where liquid effluent is chemically treated to remove the
radionuclides present in it, monitored for radioactivity, and discharged into the Mumbai Harbour Bay. In DC,
plant and laboratory used clothings and personnel protective wears are decontaminated, monitored and sent for
reuse. A comprehensive radiation monitoring programme is in place in these facilities from the beginning of
radioactive waste management operations at BARC. The per capita radiation dose of the occupational workers
and individual maximum dose has been low. Radioactivity release through liquid effluent from ETP has been
kept well below Authorized Limits (AL). There has been no safety related unusual occurrences during the facility
operation, that had any significant radiological impact.

1. INTRODUCTION

Safe management of radioactive waste has received due attention right from the establishment
of this research centre at Trombay. Facilities which were designed and installed to carry out the said
functions include a Radioactive Solid waste Management Site , an Effluent Treatment Plant , and a
Decontamination Centre . These three units jointly form Waste Management Facilities, Trombay.
Radiation Hazards Control Unit (RHCU) of Radiation Safety Systems Division attached to WMFT
provides radiation safety surveillance for all the waste management operations at Trombay. Safety
standards adopted are those contained in Radiation Safety Manuals [1,2]. This paper summarizes
radiation protection experience gained at BARC during radioactive waste management operations
carried out at Trombay for the recent ten year period.

2. NATURE OF WASTE

Radioactive waste produced are essentially from research reactors, chemical processing plants
including a fuel reprocessing plant, and radiological laboratories. These wastes are categorized and
classified as per IAEA [3,4]. Solid wastes consist of combustible-noncombustible,compressible-
noncompressible assorted wastes, spent resins, decayed radiography / other sealed sources etc. Liquid
waste arisings, chemical and non-chemical, are generally aqueous in nature. A major volume of the
waste is beta-gamma active. Limited quantities of alpha bearing waste are also handled for treatment
and conditioning.

3. TREATMENT PROCEDURE

Solid radioactive wastes collected in standard 200 litre drums from the different sources are
brought to RSMS, where they are segregated into combustible and noncombustible types. Low active
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combustible wastes showing contact radiation level upto 0.1 mGy/h are incinerated in an experimental
incinerator. Noncombustibles are packed in drums, contact dose rate measured, and disposed off in
appropriate disposal facility. Liquid waste is transported from generating plants to ETP through
pipelines. ETP is a centralized facility at Trombay for chemical treatment and disposal of all liquid
waste generated. Liquid waste of beta, gamma activity upto 2000 Bq/ml and tritium upto 400 Bq/ml
are received in this plant for treatment. Chemical treatment involves addition of potassium
ferrocyanide, copper sulphate, barium chloride and ferric nitrate, for removal of cesium and strontium
which are the major contributors to radioactivity in the waste. After treatment, the liquid is monitored
for its radioactivity concentration and discharged into the Mumbai Harbour Bay, at activity levels less
than the AL. Sludge generated during chemical treatment of liquid waste is cemented in standard
drums, and sent to RSMS for disposal. DC houses facilities for laundering of contaminated clothing,
and safety wears of personnel from the plants and laboratories at Trombay. Cut aluminium rod ends of
the fuel used in reactors at Trombay are also decontaminated at DC.

4. DESIGN FEATURES

RSMS is an isolated site at Trombay, situated away from the main plants and laboratories of
BARC [5]. The site is chosen after a detailed study of the relevant parameters. Isolation of waste from
environment is ensured by a multibarrier approach. The three types of disposal facilities are Stone
Lined Trench (SLT), Reinforced Cement concrete Trench (RCT), and Tile Hole (TH). SLT is a pit
made by excavation of soil, and lined on sides with granite. These are used for disposal of solid waste
showing dose rate upto 2.0 mGy/h. RCT is made of reinforced cement concrete side walls and bottom.
They are constructed with extensive water proofing to eliminate possible ingress of ground water.
Waste measuring upto 0.5 Gy/h, and alpha bearing waste of specific activity upto 4000 Bq/g are
disposed off in RCT. TH is a cylindrical vessel made of carbon steel, of diameter 0.7 m and depth 4.0
m, inside and outside of which is given a coating of spun concrete, and then water proofed. They are
designed to be high integrity underground disposal facilities, and are used for disposal of spent
radiation sources, ion exchange resin cartridges, and waste consignments showing more than 0.5
Gy/h. Appropriate shielding is provided over closed disposal facilities to bring down radiation level
to 10 jaGy/h. An extensive network of borewells is provided at RSMS to draw ground water samples
for activity analysis to detect any possible migration of disposed radionuclides. Both ETP and DC are
designed to provide adequate radiological safety for operating staff, and for the environment.
Contamination control is effected by the philosophy of zoning, and shoe barriers are provided at
appropriate locations. Liquid effluent generated from plant operation is led through drainage lines to
dump tanks, from where they are pumped to ETP for appropriate treatment. Ventilation system is so
designed that the plant areas are kept under negative pressure. The exhaust air is discharged to
atmosphere through a bank of High Efficiency Particulate Air (HEPA) filters.

5. RADIATION SAFETY SURVEILLANCE

5.1 Area monitoring

All plant areas and those outside the plant, are monitored for radiation field routinely, with a
defined periodicity. Working areas are checked for radioactive contamination by swipes, with special
attention given to areas like plant corridors, worker change rooms etc. Locations where radiation field
is excessive, are identified. Adequate shielding is provided for equipment/tanks which show high dose
rates. Remotisation in operations is adopted wherever required. Occupancy in high radiation field
areas is controlled by the system of Special Work Permit (SWP). Area radiation monitors with alarm
settings are installed at few locations in the plant. A routine air sampling programme is in place in
WMFT, employing continuously operated air samplers at fixed locations, and by grab samplers during
specific operations. Plant operations are generally wet in nature, and local exhaust provisions are
made wherever desired. This has helped to keep air activity levels low in plant areas. Adequate
respiratory protection is provided in situations where activity releases of a high order is encountered.
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5.2 Personnel monitoring

• Personnel monitoring for external exposure is routinely carried out using Thermo
Luminescent Dosimeters (TLD). Direct Reading Dosimeters (DRD) are issued to personnel, in
addition, for operations covered by SWP, for immediate assessment of radiation dose. Collective
radiation dose for the institution in the current block of five years ending 1998 is nearly one half of
that of the previous five year block. For the current five year block, average per capita exposure is
less than ten percent of the regulatory limit, and the maximum individual annual dose is around one
half of the annual regulatory limit of 30 mSv, in an isolated case. In cases where cumulative lifetime
radiation exposure exceed 0.5 Sv, further exposures are allowed after a medical review of the
individual concerned, as per directives of AERB. All the radiation workers are sent for medical
examination on an annual basis as a regulatory requirement. Monitoring for internal contamination is
carried out by bioassay, and invivo counting. Bioassay by urine analysis is carried out once a year as a
routine, and more frequently in case of suspected internal contamination. Contamination level in the
samples collected so far are reported to be less than five percent of the recommended limits for the
nuclides of concern. Invivo counting for estimation of Pu/Am lung burden carried out for specific
workers has revealed no internal contamination. Radiation dose from internal contamination is
insignificant for the occupational radiation workers of WMFT. As such, it could be concluded that
radiation exposures of all the occupational workers engaged in waste management at BARC,
Trombay, are well within regulatory limits.

5.3 Effluent monitoring

• Activity discharge from WMFT is through liquid route in to Mumbai Harbour Bay. Analysis
of effluent samples over the years has revealed that radiocesium and radiostrontium constitute 55 %
and 30 % of the gross beta activity. Activity contributions from ruthenium and cerium were negligibly
small. Figure below shows gross activity discharges from ETP for different years, expressed as
percentage of the respective AL. Gross activity discharged are consistently less than ten percent of
the respective AL for alpha, beta and tritium, for the period ending 1997. AL for alpha and beta
activities were revised downward by AERB by a factor often since 1998 [6 ]. Plant has been geared
up to meet this requirement, and also to keep radioactivity discharges at levels as low as reasonably
achievable.

5.4 Monitoring of radiation exposure of public

Bay water and other matrices are regularly monitored for their radioactivity concentration.
Estimated maximum possible radiation exposure of a member of public due to consumption of fish
and occupancy of shore areas, is estimated to be negligibly low when compared to the recommended
annual limit of 1 mSv for public exposure .

5.5 Monitoring of Immediate Environment

Monitoring of immediate environment around the facility is carried out by background
radiation survey, and analysis of ground water and surface soil samples. Any abnormal increase in
radiation field is investigated for its causes, and corrective actions taken. Samples of ground water
from RSMS are collected with a defined periodicity, and analysed for radionuclides.

6. SAFETY RELATED IMPROVEMENTS AND ALARA APPROACH

As part of the efforts to maintain personnel exposure to radiation ALARA , and in order to
prevent occurrence of incidents with potential of radiation exposure to operating personnel and to the
environment, following improvements were carried out over the years :
• Granite lining for earth trenches for better control on migration of radionuclides
• Provision of compartments in SLT for effective isolation of mutually incompatible waste
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• Installation of inspection pipes in RCT to detect water ingress, if any
• Remotisation in waste handling by means of better designs of material handling equipment
• Online instrumentation like flow and PH meters for effective control on volume of liquid

transferred and its chemistry
• Surveillance, as per AERB guidelines for pipelines carrying active liquid
• Prompt dismantling and disposal of redundant equipment
• New carbon steel linings for liquid waste storage tanks

7. CONCLUSION

Radiation safety programme in waste management as well as in other activities at BARC, is
organized on strong foundations of safety at design stage, supplemented by a certification procedure
to provide competent manpower to operate the various facilities. Deviations from set operating
procedures are discussed at the unit level safety committee, and reviewed by the higher committees
with respect to their safety implications, before implementation. The regulatory body constantly
monitors safety status of the facilities through feedback provided. Radiation emergency exercises are
conducted at regular intervals in order that prompt and effective action can be initiated to mitigate
consequences in case of emergency. Training and retraining programmes on safety are organized for
the benefit of operating staff to instill in them a safety culture. This has contributed greatly to attain a
high level of safety in radioactive waste management operations at BARC, Trombay.
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Fig. 1. Radioactivity in liquid effluent discharges
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