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Abstract

Regulatory provisions for radiation protection and their enforcement in India are discussed in
this paper. The rules and regulations framed for radiation safety cover all the nuclear fuel
cycle activities as well as the application of radiation sources in industrial, medical and
research institutions. The enforcement aspects and experience in the control of exposures are
presented.

1. Introduction

Nuclear fuel cycle facilities and industrial, medical and research institutions, using radioactive
materials and radiation generating equipment, are the major areas, where regulatory controls are
exercised in respect of radiation safety. Nuclear fuel cycle activities in India extend over mining and
milling of uranium, processing of thorium, reactor fiiel fabrication, operation of nuclear power plants
and research reactors, spent fuel reprocessing, recycling of plutonium, decommissioning of nuclear
plants and radioactive waste management. Outside of the nuclear fuel cycle, important radiation
installations that are brought under regulatory control are gamma irradiators, industrial radiography
devices, industrial and medical x-ray equipment, teletherapy machines, medical linear accelerators,
brachytherapy equipment, nucleonic gauges and high energy research accelerators. Regulatory
consents for these installations are issued, after detailed safety review, in the form of an authorisation
for operation or a licence or type approval of equipment or registration. It is estimated that there are
about 42000 radiation workers in the country and their occupational exposures are controlled as per the
dose limits, stipulated by the regulatory body and are monitored.

2. Regulatory Provisions for Radiation Safety

The national infrastructure required to enforce the radiation protection standards is identified in the
IAEA Basic Safety Standards (BSS) [1]. For the control of occupational exposures, the BSS specify
the various requirements such as classification of radiation areas and their supervision, use of personal
protective equipment, work place monitoring, individual monitoring, maintenance of exposure records,
responsibilities and duties of employers and workers, hi India, many of the existing legislations fulfill
the objectives of the BSS. Some of these legislations were framed 20 years ago that they need changes
to incorporate the recommendations of ICRP-60 publication [2] and the BSS of IAEA, hi addition, the
Competent Authority for radiation protection has published many Codes, Guides and Standards and has
also issued Safety Directives, which are binding on the nuclear fuel cycle plants and the users of
radioactive materials and radiation generating equipment.

The Atomic Energy Act 1962 provides the basic regulatory framework for all activities related to the
atomic energy programme and the use of ionizing radiation in India The following rules were
promulgated under the provisions of the Act:
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(i) Radiation Protection Rules, 1971
(ii) Atomic Energy (Working of Mines, Minerals and Prescribed Substances) Rules, 1984
(iii) Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987
(iv) Atomic Energy (Control of Irradiation of Food) Rules, 1996
(v) Atomic Energy (Factories) Rules, 1996

These rules adequately cover radiological safety and specify the requirements of licensing or
authorizations, powers to revoke or modify the licences, the duties and responsibilities of Radiological
Safety Officers, their qualifications, radiation surveillance procedures, powers of inspection of
radiation installations, sealing and seizure of radioactive material.

The Atomic Energy Regulatory Board (AERB), constituted in November 1983, exercises the regulatory
and safety functions envisaged under the Atomic Energy Act 1962. Chairman, AERB has been
designated as the Competent Authority to enforce the Rules stated above. Some of the other important
functions of the Regulatory Board are as follows :

(i) Development of safety codes, guides and standards for siting, design, construction, operation,
quality assurance and decommissioning of the nuclear or radiation installations;

(ii) Ensuring compliance with the above regulatory documents by all installations;
(iii) Safety review of the installations for licensing or authorization for specific stages of development

of the installations with the aid of design basis and safety reports, results of commissioning tests,
quality assurance checks, operating limits and conditions and emergency preparedness plans;

(iv) Stipulation of acceptable limits of radiation exposure to occupational workers and members of
the general public and acceptable limits of environmental release of radioactive materials;

(v) Review of training, qualification programme and licensing of operating personnel of the plants;
(vi) Enforcement of Rules and Regulations promulgated under the Atomic Energy Act 1962 for

radiation safety;
(vii) Review of operating experience of the plants in the light of radiological and other safety criteria

and evolvement of safety policies and
(viii) Keeping the general public informed on issues of safety significance.

3. Regulatory Control of Radiation Installations

AERB enforces radiation safety requirements in institutions using radiation generating equipment or
radioactive materials for industrial, medical and research applications. After detailed technical review
including quality assurance aspects and measurement of relevant safety parameters, AERB issues Type
Approval for radiation generating machines and equipment containing radioactive sources. AERB also
issues licences for gamma irradiators and particle accelerators after a review of the siting
considerations, design and operational safety features. For all these radiation installations, AERB
approves appointment of Radiological Safety Officers, after a review of the qualifications of the
applicants and specialised training undergone by them. Issuance of "No objection certificates" for
import of equipment containing radioactive substances and radiation generating machines is also
undertaken by AERB after examining the applications.

Regulatory requirements for radiation safety are contained in the Radiation Protection Rules 1971. The
Rules have provisions empowering the Competent Authority to notify appropriate surveillance
procedures. The following surveillance procedures have been notified by the Competent Authority.

(i) Industrial Radiography (Radiation Surveillance) Procedures, 1980
(ii) Radiation Surveillance Procedures for Safe Transport of Radioactive Materials, 1987
(iii) Radation Surveillance Procedures for Medical Applications of Radiation, 1989
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hi addition, AERB has issued Safety Codes on medical diagnostic x-ray equipment; telegamma therapy
equipment; brachytherapy sources and equipment; nuclear medicine laboratories; transport of
radioactive materials and emergency response planning and preparedness for transport accidents
involving radioactive materials. These codes are supplemented by Safety Guides, published by AERB.
Users of radioactive materials and radiation generating equipment are required to comply with these
Safety Codes and Guides.

India is one of the few countries which have already taken steps to implement the recommendations
contained in the ICRP-60 publication [2], which forms the basis for dose limitation in the BSS of IAEA
[1]. Safety Directives were issued from 1991 onwards, reducing the annual occupational dose limit in a
phased manner from the previously enforced limit of 50 mSv till 1990. The current dose limits are as
follows: (i) the occupational dose to a worker during the five year period 1994-98 shall not exceed 100
mSv and (ii) the dose in any single year of this block shall not exceed 30 mSv.

4. Regulatory Control of Nuclear Fuel Cycle Plants

In the case of nuclear fuel cycle facilities, radiological safety is one of the key areas reviewed by the
Regulatory Board for authorisation of the plants for operation. The plant has to submit site related
data and analysis important to radiation safety, emphasizing those site characteristics which may
influence the design and operation of the plant. Site evaluation report should include information on the
interaction of the plant and the environment. Design and operational features provided primarily for
protection of the operating personnel from radiation hazards should be submitted for review along with
design basis and safety analysis reports. These include containment and ventilation systems, layout and
zoning for contamination control, radiation shielding, radiation monitoring systems, personnel
monitoring programme, radioactive waste management schemes, post-accident monitoring system,
environmental monitoring programme and emergency response plans for on-site and off-site actions.
The review also covers the adequacy of trained manpower and training in radiation protection for plant
and health physics personnel.

After the plant is authorised for operation, the Regulatory Board reviews the periodic reports on plant
performance and radiation safety status and also reports on safety related unusual occurrences.
Installations are inspected at periodic intervals by a team of experienced engineers and health
physicists. Violations of Technical Specifications in respect of radioactive discharges to environment
are examined. AERB is empowered to impose restrictions or suspend operation of the facility in case
of non-compliance with AERB's directives, serious violations of safety norms or an unusual occurrence
of serious safety significance. Re-commencement of operations after suspension will be permitted only
after a detailed review and approval by the Regulatory Board.

Health Physics Units are established at all nuclear facilities to monitor the radiation safety status.
These units are administratively independent of the plant management and this scheme ensures total
independence in the discharge of their functions. The health physicists are covered by a qualification
scheme and are required to pass written examinations, field checklists, walk-through tests and a viva-
voce before they are licenced to perform health physics work at the plants.

Environmental Survey Laboratories (ESL) are set up at major nuclear sites for surveillance of
environmental radioactivity. Such units have been established at nuclear power plant sites, uranium
mining and milling site, fuel fabrication site, monazite/ thorium processing site and at nuclear research
centres, where many nuclear facilities are operating. The ESLs carry out comprehensive monitoring of
radionuclide content in different environmental matrices from aquatic, atmospheric and terrestrial
domains to estimate intake of radionuclides through inhalation and ingestion routes and dose to
members of the public.

The periodic reports issued by the Health Physics units and the ESLs on the radiation safety status of
the plant and the environment are reviewed by the Regulatory Board.
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5. Dose Limits and Control of Exposures

AERB has issued a Radiation Protection Manual for Nuclear Facilities. Recommendations of ICRP-60
[2] and ICRP-61 [3] publications have formed the basis for regulation of radiation exposure of plant
personnel as well as members of the public. The Manual lays down guidelines for investigation of
over- exposures. Exposure limits to workers in the event of an emergency and intervention levels for
various countermeasures in an off-she radiological emergency are provided in the document. All
nuclear fuel cycle facilities have implemented the provisions of the Radiation Protection Manual. A
summary of dose limits and constraints as stipulated in the Manual is given in Table - 1 . In addition, a
number of Codes, Guides and Manuals have been prepared to provide specific guidance to design and
operation of nuclear power plants. These documents cover the areas of nuclear and radiation safety.

TABLE -1

Category

Radiation
worker *

Apprentices
and trainees
Temporary
worker
Member
of public

Life-time
Effective

Dose
limit

(Sv)
1

-

-

-

Dose constraints
(Cumulative)
for

medical
review

(Sv)
0.5

-

-

-

(mSv)
100

(in5
Yrs.)

-

-

-

Annual
Effective

Dose
limit

(mSv)
30

6

15

1

Annual equivalent dose limits

Lens of
eye

(mSv)
150

50

75

15

Skin

(mSv)
500

150

250

50

Extremities

(mSv)
500

150

250

-

Note : * For pregnant woman, 2 mSv to abdomen for remainder of pregnancy.

TABLE - II

DISTRIBUTION OF OCCUPATIONAL EXPOSURES

Institutions
and year

Nuclear Power Plants
1995
1996
Industrial
1995
1996
Medical
1995
1996
Research
1995
1996

No. radiatioi
Workers

9851
10090

5325
5296

15822
16069

2327
2397

No. of workers exceeding Annual dose of
20mSv

31
98

25
19

37
12

0
0

30mSv

1
3

5
7

11
5

0
0

35mSv

0
0

5
6

8
4

0
0

40mSv

0
0

5
6

7
2

0
0

50mSv

0
0

4
6

7
2

0
0
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6. Analysis of Radiation Exposures

Dose distribution amongst the radiation workers of nuclear power plants and industrial, medical and
research institutions handling radioactive materials and radiation generating equipment are presented in
Table - II for the years 1995 and 1996.

A standing committee reviewed the radiation exposures exceeding 20 mSv in a year. The cases from
nuclear power plants were mostly found to be genuine exposures. In the case of other institutions, most
of them were from medical x-ray and industrial radiography units. Critical review of the circumstances
and technical factors revealed that in 1995, only 42% of the cases were genuine. About two-thirds of
the non-genuine cases were due to negligence of the workers. In many instances, the workers have
inadvertently left their personnel dosimeters in the work place. The dosimeters were thus exposed when
the workers were not actually in their work places. There were few instances of defective work place
layout or work practices. The pattern of over-exposures in 1996 also was almost identical. Better
supervision, discipline and education were recommended for controlling the exposures.

7. Conclusion

AERB has established a competent national infrastrucure to enforce radiation protection standards in
all nuclear and radiation installations in the country with the result that the occupational exposures of
radiation workers have registered a decrease continuously over the last several years. The experience
acquired over the years point to further improvements in the radiation safety status of the plants,
operating personnel and the public.
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