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1.0

Introduction

Radiation and radioactive substances have wide applications, ranging from generation of power
to use in medicine, industry, agriculture, and research. As high radiation is associated with high risk,
India has accorded high priority for protecting the personnel, the public and the environment from
nuclear and radiation hazards. Government of India has released many acts and Rules for this. Atomic
Energy Act, 1962 provides the basic regulatory framework for all activities pertaining to atomic energy
programme in India [1]. Radiation Protection Rules, 2004 [2] specifies the functions and responsibilities
of the employer, the licensee, the workers and radiological safety officers. Atomic Energy (Factories)
Rules, 1996 [3] enable statutory authorities to enforce regulatory control over inspectors, workplace
hygiene, safe use of machinery, workers, protective equipment, etc.
Atomic Energy Regulatory Board (AERB) and BARC Safety Council (BSC), constituted under
the Atomic Energy Act, 1962, are the regulatory bodies in India, entrusted with the responsibility of
protecting workers, public and the environment against harmful effects of ionizing radiation. While
BSC regulates safety of BARC Facilities, AERB regulates nuclear and radiological facilities in public
domain. AERB and BSC were constituted in the years 1983 in 2000 respectively.
Wherever applicable, BSC complies with the principles of good safety management given in the
relevant safety codes, guides and standards developed by AERB. It also complies with the acceptable
limits of radiation exposure to the members of public prescribed by AERB.
International organizations, such as International Atomic Energy Agency (IAEA) and
International Commission on Radiological Protection (ICRP), develop standards, guidelines and
recommendations, related to radiation and radioactive materials. National policies, legislation and
regulations are developed from these standards, guidelines and recommendations. AERB and BSC
follows IAEA Safety Fundamentals [4] for all activities related to radiation and radioactive materials.
2.0

Facilities Regulated by BSC

2.1

BARC Facilities and Projects

All activities related to nuclear fuel cycle are performed in BARC. BARC has many plants,
facilities and projects located in Mumbai, Tarapur, Kalpakkam, Vizag, Mysore, Hyderabad and many
other parts of India. They include nuclear and radiological facilities, such as Research reactors, Particle
accelerators, Radiological labs and Facilities for Fuel fabrication, Waste management, Radioisotope
production, Food irradiation, Radiation medicine and Post irradiation examination. BARC also has
many non-radiological facilities and upcoming projects. In BARC, R&D activities are carried out in
many branches of science and engineering.
2.2

BARC Employees

BARC has a large number of employees working in different parts of India. The number of
employees of BARC at various places (as on September 1, 2019) is given below:
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1.

Mumbai*

Scientific
3276

2.

Tarapur

253

866

69

154

1342

3.

Kalpakkam

389

823

76

55

1343

4.

Mysore

166

541

51

132

890

5.

Visakhapatnam

126

88

27

6

247

6.

Other stations.

172

131

12

58

373

4382

6486

1056

2393

14317

Total

Technical
4037

Administrative
821

Auxiliary
1988

Total
10122

* Mumbai includes persons located at Anushaktinagar, Parel, Vashi & Kharghar

In addition, BARC employs about 6000 casual workers and contract workers.
3.0

Safety Concerns in BARC

The major safety concerns in BARC are nuclear and radiation hazards. Other hazards include,
fire, chemical, electrical, laser, construction, biological, material-handling, accelerator and non-ionizing
radiations. BARC carries out research and development in many advanced areas, where safety guides
are not available. Therefore, safety guidelines for such areas need to be developed.
3.1

BARC Safety Council

BARC has two regulatory bodies: BARC Safety Council (BSC) and BARC Safety Council for
Specific Facilities (BSC-SF). BSC-SF regulates the safety of all specific facilities of BARC and
radiological safety of all defence and other strategic facilities in India. BSC regulates safety of all other
BARC facilities.
BSC consists of a Chairman, ten members and a member-secretary. BSC reports to Director,
BARC. Elaborate multi-tiered system of safety committees supports BSC for safety review. Regulatory
Framework of BARC is shown below:

Figure 1. BARC Safety Framework
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Safety assessment and consenting process are carried out in three levels, with BSC in the first
tier. These committees generally comprise of a senior officer as the Chairman, the member-secretary or
a member from BSCS and experts in relevant areas from BARC, DAE and other governmental agencies.
3.2

Responsibilities of BSC

BSC has the overall responsibility of safety review of BARC facilities with respect to health,
safety and environment. BSC advises Director, BARC on major safety policies. It reviews important
safety matters, issue safety directives and ensures their compliance. BSC issues authorisations for all
facilities under its purview, at various stages of a project, such as site selection, construction,
commissioning, operation and decommissioning. BSC issues license for Radiological Safety Officer
(RSO) and authorisation for safe transfer or disposal of radioactive waste from the facilities. BSC is
empowered to order curtailment or suspension of operations. The directives of BSC are mandatory.
3.3

Tier-2 Committees
At the second-tier, BSC is assisted by the following committees:
(i)

Operating Plants Safety Review Committee (OPSRC)

(ii)

Conventional and Fire Safety Review Committee (CFSRC)

(iii)

Physical Protection Safety Review Committee (PPSRC)

(iv)

Committee to Review Applications for Authorisation of Safe Disposal of Radioactive
Waste (CRAASDRW) and

(v)

Design Safety Review Committees (DSRCs) for various projects.

3.3.1 Operating Plants Safety Review Committee (OPSRC)
BARC has about 80 nuclear and radiological facilities. OPSRC reviews the matters related to
radiological and industrial safety of radiological facilities. It reviews matters referred by BSC and
recommend matters to BSC for review and approval. OPSRC also reviews the recommendations of
ULSCs, health physics reports and monthly operation reports. Significant events, fatal accidents and
overexposure are also reviewed by OPSRC. OPSRC is assisted by seven Unit Level Safety Committees
(ULSCs).
3.3.2 Conventional and Fire Safety Review Committee (CFSRC)
CFSRC reviews the issues related to industrial safety and fire safety in conventional facilities of
BARC. It reviews matters referred by BSC and recommend matters to BSC for review and approval.
Significant events and fatal accidents are also reviewed by OPSRC. It reviews compliance with the
statutory requirements related to health, safety and environmental matters. CFSRC is assisted by nine
ULSCs.
3.3.3 Committee to Review Applications for Authorisation of Safe Disposal of Radioactive
Waste (CRAASDRW)
CRAASDRW conducts safety review of the proposals from BARC facilities for safe transfer and
disposal of radioactive waste. After assessing adequacy of the information, the necessity of disposal or
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transfer and the capability of the installation, CRAASDRW makes recommendations to BSC.
CRAASDRW also reviews inspection reports regarding safe disposal or transfer of radioactive wastes.
3.3.4 Physical Protection Systems Review Committee (PPSRC)
PPSRC integrates regulation of physical protection systems of BARC security with safety. The
areas and facilities in Mumbai, which are directly under the control of Controller, BARC are
regulated by PPSRC. It includes north gate, south gate, perimeter wall, Trombay hill and open space
between facilities. Buildings, offices and facilities, which are not in the administrative control of
BARC agencies is also regulated by PPSRC. It also reviews security related incidents, patrolling
requirements, security interface with external agencies and security requirements at entry and exit
portal.
3.3.5 Design Safety Review Committee (DSRCs)
BARC has many upcoming projects. DSRCs are constituted specific to each project or to a group
of similar projects. DSRC reviews safety during siting, construction, commissioning and trial operation
of a project. It also reviews design safety, including Quality Assurance in design and construction. It
reviews all aspects related to radiation safety, industrial safety and occupational health, from concept
to commissioning stage. When the project is ready for regular operation, safety review is handed over
from DSRC to OPSRC or CFSRC, as applicable. The following are the DSRCs of BSC.
1. DSRC-AP: Accelerator Projects
2. DSRC-CFB: Common Facility Building
3. DSRC-HFRR: High Flux Research Reactor
4. DSRC-IPF: I-131 Processing Facility
5. DSRC-NRFN: Nuclear Reactor Facility- North Site
6. DSRC-NRB: Nuclear Recycle Board
7. DSRC-NRG: Nuclear Recycle Group
8. DSRC-RMRC: Radiation Medicine Research Centre, Kolkata
9. DSRC-SNRF: Safe-guarded Nuclear Recycle Facility
10. SRC-LNTC: Live Nuclear Training Complex, CME, Pune
BSC also has Safety Review Committee for New Constructions (SRC-NC) in the second tier.
3.4

Unit Level Safety Committees

In the third tier, BSC has Unit Level Safety Committees (ULSCs), covering safety review of all
operating plants and facilities of BARC. Based on the location and operational requirements, a ULSC
is entrusted with safety review of a group of facilities. A ULSC reviews the matters referred by OPSRC,
CFSRC, CRAASDRW and PPSRC and give recommendations to these committees. It conducts
periodic regulatory inspections; reviews the operational safety status of the plant or facility; and
compliance of the facility with statutory requirements. It reviews the environmental release of
radioactivity and chemical pollutants. The following are the ULSCs of BARC.
1)

MOSC: Metallurgical Operations Safety Committee

2)

SCRO: Safety Committee for Radiological Operations

3)

ULSC-RR: Research Reactor
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4)

ULSC-NRB-Kalpakkam: Nuclear Recycle Board-Kalpakkam

5)

ULSC-NRB-Tarapur: Nuclear Recycle Board-Tarapur

6)

ULSC-NRG: Nuclear Recycle Board-Kalpakkam

7)

ULSC-PA: Particle Accelerators

8)

ULSC-AG: Administrative Group

9)

ULSC-CEO: Conventional Engineering Operations

10)

ULSC-CFS-Kalpakkam: Conventional and Fire Safety-Kalpakkam

11)

ULSC-CFS-Tarapur: Conventional and Fire Safety- Tarapur

12)

ULSC-CFS-Vizag: Conventional and Fire Safety- Vizag

13)

ULSC-ESG: Engineering Service Group

14)

ULSC-Med: Medical

15)

ULSC-ML: Mod Lab

16)

ULSC-RDDG: Reactor Design and Development Group

Among them, the first seven ULSCs report to OPSRC and the other nine ULSCs reports to
CFSRC. They also report to CRAASDRW or PPSRC on matters related nuclear waste disposal and
physical protection systems, respectively.
3.5

Expert Committees
BSC also has 12 expert committees for regulating safety related to specific aspects. They are

3.6

1)

Advisory Committee for Chemical Disposal (ACCD)

2)

Advisory Committee on Occupational Health (ACOH)

3)

BARC Swachhta Monitoring Committee (BSMC)

4)

BARC Traffic Safety Committee (BTSC)

5)

Committee to Recommend Licensing of Radiological Safety Officers (CRLRSO)

6)

Committee to Review Radiation Exposure (CRRE)

7)

Material Handling Equipment Committee (MHE)

8)

Safety Review Committee for Radioactive Source (SRC-RS)

9)

Safety Review Committee for Transport of Radioactive Materials (SRC-TRM)

10)

Standing Committee for Control, Instrumentation and Computer based Systems (SCCI)

11)

Standing Committee on Dose Apportionment (DAC)

Task Forces and Working Groups

In addition to the above standing committees, BSC has about 25 task forces and working groups
to carry out specific tasks, such as preparation of safety guidelines and investigation of safety incidents.
3.7

Other Safety Committees and Groups

In addition to the three-tier committees shown in figure-1, BSC is supported by many committees
and groups for implementing safety. They are constituted by BSC, BSC committees or the concerned
facility. A few of them are described below.
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3.8

Working Groups of DSRC

Many DSRCs constitute expert working groups for design safety review the specific aspects of
the project, such as Electrical Systems, Mechanical Systems, Civil Structures, Instrumentation,
Radiological Systems and Documentation. From the documents, such as Preliminary Safety Analysis
Reports, Design Basis Reports and Design Reports, relevant chapters are first reviewed by the
respective Working Group. After the detailed review by the working group, the recommendations are
submitted to the DSRC.
3.9

Plant Level / Local Safety Committees (PLSC/LSC)

Many facilities have constituted PLSC or LSC for safety review within the facility. Depending
on the safety significance, safety issues are referred to the respective ULSC. BARC has 4 PLSCs and
24 LSCs.
3.10 Radiological Safety Officers/ Health Physicists
In every radiological facility, a health physics unit is set up to control of radiation hazard.
Radiological Safety Officer (RSO) is the officer-in-charge of the health physics unit. RSO applications
are approved by BSC, based on the recommendations of Committee for Licensing of Radiological
Safety Officer (CLRSO). In larger facilities, Alternate RSOs (ARSOs) are also appointed. At present,
BARC Facilities have about 100 RSOs and Defence and Specific Facilities have about 60 RSOs.
3.11 Safety Coordinators
Safety coordinators help in implementing the industrial safety guidelines in their respective
facility or Division. They are guided and trained by Industrial Hygiene and Safety Section (IHSS) of
BARC. Presently, 168 Safety Coordinators are functioning at various facilities of BARC.
3.12 Regulatory Inspection Teams
Safety committees constitute Regulatory Inspection Teams (RITs) for inspection and physical
verification of the actual conditions of the facilities and compliance of the recommendations of the
safety committees. Regulatory inspection is also carried out prior to issue of regulatory consent. Now
around 50 RITs are functioning under the aegis of BSC.
3.13 Zonal Coordinators and Competent Persons of MHE Committee
BARC has about 400 registered Material Handling Equipment (MHE), including about 300
cranes. These cranes need to be tested every year by a Competent Person. The Competent Person
inspects the MHE at supplier's site before dispatch; certifies the MHE for the first time; and performs
periodic load test of the MHE. Now, 24 Competent Persons are appointed for different facilities, based
on the nomination of the facility and recommendations of MHE committee and CFSRC. MHE
Committee has grouped BARC facilities into nine zones, each of which is represented by a Zonal
Coordinator.
3.14 Committees for Conducting Emergency Exercises
As per the surveillance schedule in the technical specification, every facility has to conduct
certain emergency exercise, including radiation emergency exercise, fire emergency exercise and
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chlorine emergency exercise. The facility authority constitutes a committee for conducting the
emergency exercise. BSC nominates an observer in the committee to get an overview of the exercise
and to suggest the improvements, wherever necessary.
In addition to the above, many Divisions, Sections and Centers of BARC, such as Health Physics
Division (HPD); Radiological Physics and Advisory Division (RP&AD); Radiation Safety Systems
Division (RSSD); Computer Division; Radiation Hazard Control Section (RHCS); Industrial Hygiene
and Safety Section (IHSS); Fire Services Section (FSS); Environmental Monitoring and Assessment
Section (EMAS); Security Section; Occupational Health Centre (OHC); Emergency Preparedness and
Response Centre (EPARC); and Crisis Management Committee (CMC) of BARC has been contributing
for the health, safety, security and safeguards of the personnel, the facilities and the environment.
However, the prime responsibility of safety lies with the facility authority or the project authority.
3.15 BSC Secretariat
BSC carries out its functions with the help of BSC Secretariat (BSCS), which is headed by the
member-secretary of BSC. It interacts with the various committees, facilities and authorities and follows
up the regulatory and safety recommendations. BSCS prepares safety reports for review by BSC, BSCSF and other committees. It supports various committees for preparation of agenda papers, minutes of
meeting and recommendation/ approval orders. Logistic support for the meeting is also arranged by
BSCS.
BSCS keeps track of the latest developments in nuclear, radiological and conventional safety at
national and international level. In addition to providing support in the review processes, the Secretariat
has been taking actions for enhancing safety culture in the facilities, by conducting training courses and
theme meetings. BSCS prepared the draft documents for preparation of BSC safety Guidelines. BSCS
has about 25 scientific officers with experience in various areas of science and technology.
3.16 Other Activities of BSC and BSCS
In addition to safety regulation, BSC has been involved in preparation of safety guides and
improving safety awareness in BARC facilities.
3.17 BSC Safety Guides
BSC has been preparing safety guidelines applicable for BARC Facilities. It has issued four
safety guidelines on various aspects of radiation safety.
1)

BSC Safety Guide on “Guidelines for Training and Licensing/Certification of Operating
Personnel in BARC Radiation Installations”, BSC/SG/2015/1, R-0, June-2015

2)

BSC Safety Guide on “Procedure for Renewal of Authorisation for Operation of Radiation
Installations”, BSC/SG/2015/2, R-1, June-2015

3)

BSC Safety Guide on “Management of Plutonium Contamination in BARC Facilities”,
BSC/SM/2015/1, R-0, June-2015

4)

BSC Safety Guide on “Authorisation for Procurement, Use and Transfer for Safe
Management of Radioactive Sources in BARC Facilities”, BSC/SG/2015/3, R0,
November- 2015

5)

BSC Safety Guide on “Authorisation Procedure for Safe Transfer/ Disposal of Radioactive
Waste from BARC Facilities”, BSC/SG/2018/4, R0, March, 2018
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6)

BSC Safety Guide on “Safety in Extraction, Handling and Processing of Beryllium and Its
Compounds”, BSC/SG/2018/5, R0, March, 2018

7)

BSC General Safety Document on “Procedure for Designation or Radiological Safety
Officer in Nuclear and Radiation Facilities”, BSC/GSD/2019/1 R-0, February, 2019

8)

BSC Safety Guide on “Regulatory Consenting Process for Front-end Nuclear Fuel Cycle
Facilities”, BSC/SG/2019/6 R-0, March, 2019

9)

BSC Safety Guide on “Regulatory Consenting Process for Back-end Nuclear Fuel Cycle
Facilities”, BSC/SG/2019/7 R-0, March, 2019

Improving Safety Awareness

BSCS has been conducting refresher courses on safety and regulatory measures to improve safety
awareness among BARC employees. So far, BSCS has conducted 38 Training Courses on “Basic
Radiological Safety and Regulatory Measure for Nuclear Facilities” at Trombay, Tarapur and
Kalpakkam. Each course is conducted for four days for about fifty employees. The 39th Course is being
conducted at BARC, Vizag in September 2019.
BSCS periodically organizes Theme Meetings for bringing the designers, operators and the
regulators at a single forum for sharing their experiences. BSCS has conducted thirteen Theme Meetings
of various topics. The theme of the recently concluded Theme Meeting at Anushaktinagar in December
2018 was “Accelerator Safety”, which was attended by about 200 participants from Trombay and
outstations.
BSC, along with Material Handling Equipment (MHE) Committee, has conducted nineteen
“Training Courses on Crane Operation”. The latest course was conducted at Mysuru in November 2018.
5.0

Conclusion

At BARC, scientists and engineers are engaged in research and development activities in many
advanced technologies. BARC has large number facilities and a large number of employees. It has a
variety of activities, carried out in different parts of India. Therefore, regulation of BARC facilities is a
challenging task. BSC was established about sixteen years back for safety regulation of BARC
Facilities. During this period, it has emerged into a mature and effective regulatory body. It has a
comprehensive regulatory framework for review of the design and operation aspects of the projects,
plants and facilities of BARC.
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RADIATION BASICS & NATURAL RADIATION
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1.0

Introduction

Radiation is energy that comes from a source and travels through space and may be able to
penetrate various materials. Light, radio, and microwaves are types of radiation that are called nonionizing radiation. Ionizing radiation is produced by unstable atoms. Unstable atoms differ from
stable atoms because unstable atoms have an excess of energy or mass or both. Radiation can also be
produced by high-voltage devices (e.g., x-ray machines). Matter gives off energy (radiation) in two
basic physical forms. One form of radiation is pure energy with no weight. This form of radiation —
known as electromagnetic radiation — is like vibrating or pulsating rays or "waves" of electrical and
magnetic energy. Familiar types of electromagnetic radiation include sunlight (cosmic radiation), xrays, radar, and radio waves.
The other form of radiation — known as particle radiation — is tiny fast-moving particles that
have both energy and mass (weight). This less-familiar form of radiation includes alpha particles, beta
particles, and neutrons. Unstable atoms are said to be radioactive. In order to reach stability, these atoms
give off, or emit, the excess energy or mass. These emissions are called radiation. The kinds of radiation
are electromagnetic (like light) and particulate (i.e., mass given off with the energy of motion). Gamma
radiation and x rays are examples of electromagnetic radiation. Gamma radiation originates in the
nucleus while x rays come from the electronic part of the atom. Beta and alpha radiation are examples
of particulate radiation. Interestingly, there is a "background" of natural radiation everywhere in our
environment. It comes from space (i.e., cosmic rays) and from naturally occurring radioactive materials
contained in the earth and in living things.
2.0

Types of Radiation

The radiation one typically encounters is one of four types: alpha radiation, beta radiation, gamma
radiation, and x radiation. Neutron radiation is also encountered in nuclear power plants and highaltitude flight and is emitted from some industrial radioactive sources.
Alpha Radiation
Alpha radiation is a heavy, very short-range particle and is actually an ejected helium nucleus.
Some characteristics of alpha radiation are:


Most alpha radiation is not able to penetrate human skin.



Alpha-emitting materials can be harmful to humans if the materials are inhaled, swallowed,
or absorbed through open wounds.



A variety of instruments has been designed to measure alpha radiation. Special training in
the use of these instruments is essential for making accurate measurements.



A thin-window Geiger-Mueller (GM) probe can detect the presence of alpha radiation.

9

RADIATION BASICS & NATURAL RADIATION


Instruments cannot detect alpha radiation through even a thin layer of water, dust, paper,
or other material, because alpha radiation is not penetrating.



Alpha radiation travels only a short distance (a few inches) in air, but is not an external
hazard.



Alpha radiation is not able to penetrate clothing.

Examples of some alpha emitters: radium, radon, uranium, thorium.
Beta Radiation
Beta radiation is a light, short-range particle, and is actually an ejected electron. Some
characteristics of beta radiation are:


Beta radiation may travel several feet in air and is moderately penetrating.



Beta radiation can penetrate human skin to the "germinal layer," where new skin cells are
produced. If high levels of beta-emitting contaminants are allowed to remain on the skin
for a prolonged period of time, they may cause skin injury.



Beta-emitting contaminants may be harmful if deposited internally.



Most beta emitters can be detected with a survey instrument and a thin-window G-M probe
(e.g., "pancake" type). Some beta emitters, however, produce very low-energy, poorly
penetrating radiation that may be difficult or impossible to detect. Examples of these
difficult-to-detect beta emitters are hydrogen-3 (tritium), carbon-14, and sulfur-35.



Clothing provides some protection against beta radiation.

Examples of some pure beta emitters: strontium-90, carbon-14, tritium, and sulfur-35.
Gamma and X Radiation
Gamma radiation and x rays are highly penetrating electromagnetic radiation. Some
characteristics of these radiations are:


Gamma radiation or x rays are able to travel many feet in air and many inches in human
tissue. They readily penetrate most materials and are sometimes called "penetrating"
radiation.



X rays are like gamma rays. X rays, too, are penetrating radiation. Sealed radioactive
sources and machines that emit gamma radiation and x rays respectively constitute mainly
an external hazard to humans.



Gamma radiation and x rays are electromagnetic radiation like visible light, radiowaves,
and ultraviolet light. These electromagnetic radiations differ only in the amount of energy
they have. Gamma rays and x rays are the most energetic of these.



Dense materials are needed for shielding from gamma radiation. Clothing provides little
shielding from penetrating radiation, but will prevent contamination of the skin by gammaemitting materials.



Gamma radiation is easily detected by survey meters with a sodium iodide detector probe.
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Gamma radiation and/or characteristic x rays frequently accompany the emission of alpha
and beta radiation during radioactive decay.

Examples of some gamma emitters: iodine-131, cesium-137, cobalt-60, radium-226
and technetium-99m.

3.0

Units for Measurement of Radioactivity

The size or weight of a quantity of material does not indicate how much radioactivity is present.
A large quantity of material can contain a very small amount of radioactivity, or a very small amount
of material can have a lot of radioactivity.
For example, uranium-238, with a 4.5-billion-year half-life, has only 0.00015 curies of activity
per pound, while cobalt-60, with a 5.3-year half-life, has nearly 513,000 curies of activity per pound.
This "specific activity," or curies per unit mass, of a radioisotope depends on the unique radioactive
half-life and dictates the time it takes for half the radioactive atoms to decay.
In the United States, the amount of radioactivity present is traditionally determined by estimating
the number of curies (Ci) present. The more curies present, the greater amount of radioactivity and
emitted radiation.
Common fractions of the curie are the millicurie (1 mCi = 1/1,000 Ci) and the microcurie (1 μCi
= 1/1,000,000 Ci). In terms of transformations per unit time, 1 μCi = 2,220,000 dpm.
The SI system uses the unit of becquerel (Bq) as its unit of radioactivity. One curie is 37 billion
Bq. Since the Bq represents such a small amount, one is likely to see a prefix noting a large multiplier
used with the Bq as follows:

11

RADIATION BASICS & NATURAL RADIATION

4.0

•

37 GBq = 37 billion Bq = 1 curie

•

1 MBq = 1 million Bq = ~ 27 microcuries

•

1 GBq = 1 billion Bq = ~ 27 millicuries

•

1TBq = 1 trillion Bq = ~ 27 curies

Radiation Measurements

Radiation absorbed dose, dose equivalent, and exposure are often measured and stated in the
older units called rad, rem, or roentgen (R), respectively. For practical purposes with gamma and x
rays, these units of measure for exposure or dose are considered equal. This exposure can be from an
external source irradiating the whole body, an extremity, or other organ or tissue resulting in an external
radiation dose. Alternately, internally deposited radioactive material may cause an internal radiation
dose to the whole body or other organ or tissue.
Smaller fractions of these measured quantities often have a prefix, e.g., milli (m) means 1/1,000.
For example, 1 rad = 1,000 mrad. Micro (μ) means 1/1,000,000. So, 1,000,000 μrad = 1 rad, or 10 μR
= 0.000010 R.
The International System of Units (SI) for radiation measurement is now the official system of
measurement and uses the "Gray" (Gy) and "Sievert" (Sv) for absorbed dose and equivalent dose
respectively. Conversions are as follows:
•

1 Gy = 100 rad

•

1 mGy = 100 mrad

•

1 Sv = 100 rem

•

1 mSv = 100 mrem

With radiation counting systems, radioactive transformation events can be measured in units of
"disintegrations per minute" (dpm) and, because instruments are not 100% efficient, "counts per
minute" (cpm). Background radiation levels are typically less than 10 μR per hour, but due to
differences in detector size and efficiency, the cpm reading on fixed monitors and various handheld
survey meters will vary considerably.
5.0

Natural Radiations

Natural background radiation is inevitably present in our environment. Levels can vary greatly.
People living in granite areas or on mineralized sands receive more terrestrial radiation than others,
while people living or working at high altitudes receive more cosmic radiation. A lot of our natural
exposure is due to radon, a gas which seeps from the earth's crust and is present in the air we breathe.
6.0

Terrestrial Radiation

When the earth was formed four billion years ago, it contained many radioactive isotopes. Since
then, all the shorter-lived radionuclides have decayed. Only those radionuclides with very long halflives (100 million years or more) remain, along with the radionuclides formed from the decay of the
long-lived radionuclides. These naturally-occurring radionuclides include isotopes of uranium and
thorium and their decay products, such as radon. The presence of these radionuclides in the ground
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leads to both external gamma ray exposure and internal exposure from inhalation of radon and its
progeny. Other radionuclides from the uranium and thorium series, in particular lead-210 and polonium21 0, are present in air, food, and water, and so irradiate the body internally. Potassium-40 also comes
into the body with the normal diet. It is the main source of internal irradiation apart from the radon
decay products. In addition, the interactions of cosmic rays with the atmosphere create a number of
radionuclides, such as carbon-14, which also contribute to internal irradiation. The average effective
dose from these sources of internal irradiation is estimated to be 0.3 mSv in a year, with potassium-40
contributing about half. Information on how the total varies from one person to another is limited,
although it is known that the potassium content of the human body is controlled by biological processes.
The amount of potassium, and hence potassium-40, varies with the amount of muscle in the body, and
is about twice as high in young men as in older women. There is little anyone could do to affect internal
irradiation from the other radionuclides except by avoiding any food and water with a high radioactive
content.
Natural radioactive material in rocks and soil account for about 29 mrem or 8% of the radiation
dose a person typically receives in a year from all sources (natural and man-made). The earth's crust
contains small amounts of uranium, thorium, and radium as well as radioactive isotopes of several
elements including potassium. The radiation dose comes from the gamma rays which are emitted from
the rocks, soil, and some building materials (such as bricksand concrete).

1µs = 10-6 s, 1 ms = 10-3 s,1 My = 106 y, 1 Gy = 109 y
7.0

Radon Gas

The Earth's crust contains small amounts of naturally radioactive materials such as uranium and
thorium. Uranium and thorium decay to other radioactive atoms, including radium, which then decays
to radon gas. Since radon is an Inert (that is, chemically stable) gas, it moves from the soil, where it is
produced, and into the air. Radon is a natural part of the earth's atmosphere. The amount of uranium
and radium in soil varies greatly with geographic location and soil type. Therefore, the amount of radon
gas released to the atmosphere also varies across the United States. Radon gas is a particularly
significant source of exposure to natural radiation. This is because the immediate decay products of
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radon-222 are radionuclides with short half-lives, which attach themselves to fine particles in the air,
are inhaled, irradiate the tissues of the lung with alpha pat1icles, and increase the risk of lung cancer.
The same is true of radon-220 (thoron), but the degree of exposure of the lung is much less. When radon
gas enters the atmosphere from the ground, it disperses in the air, so concentrations out of doors are
low. When the gas enters a building, predominantly through the floor from the ground, the concentration
of activity builds up within the enclosed space.
8.0

Cosmic Radiation

Cosmic radiation, from the sun and from outer, space, varies with altitude and latitude; cosmic
radionuclides (mainly carbon-14), are produced through interactions of the cosmic rays with atoms in
the atmosphere. Cosmic rays are extremely energetic particles, primarily protons, which originate in
the sun, other stars, and from violent cataclysms in the far reaches of space. Cosmic rays are mainly
protons of uncertain origin in space and very high energies that reach our atmosphere in fairly constant
numbers. It is known, however, that some protons with lower energies come from the sun and are given
off in bursts during solar flares. Protons are charged particles, so the number entering the atmosphere
is affected by the Earth's magnetic field- more come in near the poles than the equator - so the dose rate
increases with latitude. As they penetrate the atmosphere, the cosmic rays initiate complex reactions
and are gradually absorbed so that the dose rate decreases as altitude decreases. Cosmic radiation is a
mixture of many different types of radiation, including protons, alpha particles, electrons and other
various exotic (high energy) particles. At ground level, cosmic radiation is primarily muons, neutrons,
electrons, positrons and photons, and most of the dose comes from muons and electrons. UNSCEAR
has calculated that the annual effective dose from cosmic rays at ground level is about 0.4 mSv, on
average, allowing for variations in altitude and latitude.
Average radiation dose from natural sources
Source
External exposure
Cosmic rays
Terrestrial gamma rays
Internal exposure
Inhalation (mainly radon)
Ingestion
Total
a
b
c
d

Worldwide average annual effective dose
(mSv)

Typical range (mSv)

0.4
0.5

0.3-1.0 a
0.3-0.6 b

1.2
0.3

0.2-10 c
0.2-0.8 d
1-10

2.4

Range from sea level to high ground elevation.
Depending on radionuclide composition of soil and building materials.
Depending on indoor accumulation of radon gas.
Depending on radionuclide composition of foods and drinking water
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Smt. G. L. N. Padmavathi,
Industrial Hygiene and Safety Section, HS&EG
lakshmi@barc.gov.in
1.0

Introduction

For the progress and prosperity of any society, increased industrialization in a planned manner is
necessary. Every work that we do involves some degree of hazard. Exposure to an uncontrolled hazard
over a sufficiently long period of time can give rise to adverse conditions such as ill health and industrial
accidents. In the early years of industrialization, accidents, both in number and severity were many
leading to a necessity of preventive and protective measures. This gave birth to the field Industrial
Safety; whose main focus is to prevent accidents. In order to ensure the total protection of the workers,
preventive measures have to be adopted in controlling the hazards and to prevent accidents. Any hazard
if remains uncontrolled, can give rise to accidents. Apart from this fact, though safety has been
incorporated in each and every activity, during interaction among man-machine-environment accidents
takes place.
Industrial accident prevention work in India did not begin with the early stage of
industrialization. Labour laws were enacted from time to time to remedy certain ills noticed in the
working conditions. In common with many other social legislations, there was a time lag between the
appearance of unsafe and unhealthy working conditions and the legislation which was designed to
eliminate them. The first comprehensive legislation covering health, safety and welfare of workers was
enacted in 1948 and is called The Factories Act, 1948. This Central legislation has undergone major
amendments during 1976 and 1987 thus making it more effective. Enforcement of the provisions of the
labour legislation has brought about reduction in hazards in the industries. Substantial efforts were put
by associations and voluntary bodies in the area of accident prevention. They help mainly in the spread
of safety information.
2.0

Cost of Accidents

Accidents leave a large volume of misery in their wake. They give rise to losses to the employer,
to the injured, his family and to the community as a whole. Enormous economic losses result from
accidents and in addition a whole lot of sociological problems are created. With increasing number of
accidents, productivity and efficiency suffer. The fact that by preventing accidents we are preventing
human suffering, misery and deprivation is a heart-warming thing. But the main driving force behind
the industrial safety movement is the fact that accidents are expensive. Substantial savings can be made
by preventing them. Additional merit can be derived by virtue of the humanitarian value associated
with it. The cost of accidents can be two-fold:

(1)

Direct costs consisting of medical treatment, compensation to be paid, damage to
materials, etc.

(2)

Indirect costs consisting of cost of time lost by the injured employee and by other
employees who stop work, cost of time spent by medical staff on treating the injured, cost
of time lost by supervisors in accident investigations and in arranging for production to be
completed, etc.
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In many cost analyses studies it was seen that the indirect costs were more than the direct costs.
3.0

Techniques of Accident Prevention

An Accident Prevention Programme (APP) is a formal organized effort to prevent accidents. This
begins with work study of every job to identify hazards, inspection of work places and actions towards
mitigation of these hazards. But it is not completely possible to eliminate all the hazards. During
interaction among man, machine and environment, possibility of a few accidents cannot be totally ruled
out although the safety systems are in place. Every accident if analysed carefully, opens a window to
see ‘What went wrong?’ and ‘How the deviations took place?’. It is always essential to know the root
causes of the accidents however minor they may be. This is possible only with the existence of a
foolproof system of reporting accidents and their investigation. The APP consists of reporting of
accidents, database management of Injury–on-Duty (IOD) accidents, investigation of accidents,
analysis of accidents and subsequent action plan for prevention of recurrences. Utility of accident
analysis is worthwhile discussing in this context as it is one of the proven and versatile hazard
identification techniques deployed in a majority of the industries worldwide. All accidents need not
result into injuries. But irrespective of personal injuries every incident/accident needs thorough
investigation to arrive at their root causes.
Accident prevention is relatively simple. Any hazard identifying tool prescribing guidelines
should be comprehensive in nature and needs to be appropriately chosen suitably applied to the specific
to the industry/work activity. A few hazard identification techniques are discussed below in a more
elaborate way.
3.1

Accident Analysis

An accident analysis is a simple and systematic analysis in terms of resolving any accident into
various categories listed in the National Standards. Formal procedures are helpful in identifying and
solving problems that are associated with the occurrence of accidents. During the investigations
attempts are made to look for deviations from the accepted norms. Recommendations to prevent
recurrence for immediate and long-term actions are also brought out in the investigation reports.
Following the investigation, accidents are analyzed into agency, type of accident, part of body affected,
nature of injury, unsafe condition, unsafe act, etc. This kind of analysis allows to have a look at what
deficiencies in the systems need correction. Accident analysis is a useful tool to identify deviations in
the operations, procedures in all the spheres of activities.
Simple accident analysis methods and value-added technique brings in to light various direct and
contributing causes of accidents.
Systematic analysis of a large number of accidents of the same kind involving the same person
has shown that for every major injury there are a large number of minor injuries. On an average, for
each of these injuries, there are about 10 times as many other similar accidents that cause no injuries
whatsoever. Underlying these are very many instances of unsafe practices and the presence of unsafe
mechanical or physical conditions. The core of accident prevention work consists of foreseeing the
unsafe working conditions and of rectifying them before the accident occurs. Investigation of an
accident, even if it has not resulted in injury, aids in pinpointing the deficiencies in the set-up and helps
in preventing recurrence of accidents. No-injury accidents are so because of a factor of luck but for
which, on another occasion, the same unsafe conditions and unsafe acts can lead to unfavorable results.
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The other methods widely deployed for identification of work place hazards which help to
planning steps for prevention of accidents in workplaces are,
3.2

Near Miss Incidents / Accidents Investigation

Recording and investigating all near misses’ accidents / incidents which help in a great way to
prevent serious injuries. The approach of ‘no-blame’ culture, encourage the reporting of near misses,
investigating them help in big way.
3.3

Safety Inspection Surveys, Safety Tours Tools can also be used for Hazard Identification
in Work Places

Safety inspection is one of the principal means of locating the causes of accidents. It helps in
determining the necessary safeguards against hazards before accidents and personal injuries occur.
Finding unsafe conditions and correcting them promptly are the best ways by which the management
can demonstrate its involvement in accident prevention.
Safety inspection may be classified as follows:

3.4

•

Periodic inspections

•

Surprise Inspections

•

Continuous inspections

•

Special inspections

Job Hazard Analysis

Job Hazard Analysis is a well-recognized technique in identifying potential hazards in the
sequence of operations/processes/activity. JHA envisages the probable hazards that can be present/arise
in any activity so that counter-measures could be planned before the execution of actual task. For
example, construction activities with too severe potential hazards require a thorough planning of work
for its safe execution on day-to-day basis. The nature of injuries due to accidents in construction sites
could range from severe injuries like sprains and strains contributing to substantial absence of persons
from work and even leading to fatalities.
In any construction site, potential hazards include, falling objects, fall from height, stepping on
or striking against object, hazards associated with operation of machinery, transport and earth moving
equipment such as concrete mixing plants, trucks, bulldozers, excavators, etc., hazards associated with
lifting of materials, both mechanical and manual, electrical hazards, fire hazards, chemical hazards,
collapse of earth during excavation/slope cutting, etc. In any construction site most of these hazards are
present which required to be studied and monitored.
Simple techniques have been evolved for this through experience. For an effective safety
programme we need three E’s representing Engineering, Education and Enforcement. To begin with,
the plant or the works must be engineered for safety. This implies that all new plants and processes
should be provided with engineering safeguards. During operation of the plants, attention should be
given to their proper upkeep. This should be supplemented by education of workers and impressing
upon the supervisors the importance of their role in enforcing the safety rules.
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4.0

Terminology
Here are some of the terms, used in the practice of industrial safety, along with their definitions:

Accident: Any unplanned event that interrupts or interferes with the orderly progress of an activity.
All accidents do not necessarily cause personal injury.
Hazard: Hazard is a physical situation or condition that that may cause damage to human life, health,
property or environment. In a workplace many hazards are present.
Accident prevention programme: A formal organised effort to prevent accidents from
occurring/recurring.
Injury-on-Duty (IOD): Any injury that arises out of and in the course a person's employment.
First-aid injury: An injury on duty that needs only first-aid as treatment.
Disabling injury: An injury on duty that results in death, permanent total disability, permanent partial
disability or temporary total disability for one or more full days beyond the day or shift when the injury
occurred. This is sometimes known as losttime injury.
Frequency Rate (FR): The number of disabling injuries per million man-hours of employee exposure.

Severity Rate (SR): The number of man-days lost or charged per million man-hours of employee
exposure. (If the injury is fatal, or if it results in any of the losses specified as constituting permanent
total disability, the charge is 6000 man-days)

Note: These two rates are used:

(1)

To measure the injury experience of a given section/unit

(2)

To determine whether from month to month or year to year that experience is getting better
or worse

(3)

To compare the experience of the operating unit with one or more other units

Agency: The object, substance, or exposure which is most closely associated with the injury and which
could have been made safer. The examples of agency are:

•

Machine, pump

•

Hoisting apparatus

•

Vehicles

•

Hand tools

•

Chemicals
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Accident Type: The manner of contact of the injured person with an object, substance, or exposure, or
the movement of the injured person that resulted in the injury. Examples are:

•

Fall of person

•

Caught in between

•

Stumbling or striking against

•

Electric shock

•

Poisoning

Unsafe Act (personal cause): The violation of a commonly accepted safe procedure which resulted in
the selected accident type. Examples are:

•

Operating without authority

•

Operating or working at unsafe speed

•

Making safety devices inoperative

•

Taking unsafe position or posture

•

Failure to use personal protective equipment

Unsafe Condition (mechanical, physical or environmental cause): The condition of the selected
agency which could and should have been guarded or corrected.
•

Improper guarding

•

Defective agencies

•

Hazardous arrangement of process

•

Improper ventilation

•

Improper dress or apparel

Risk: Risk is a quantitative expression of Hazard. It is defined as the probability that a substance or
situation will produce harm under specified conditions. Risk is a combination of two factors:
•

The probability that an adverse event will occur

•

The consequences of the adverse event

It is the probability of occurrence of an undesired event with a specific consequence in a specified
period. Mathematically, it is expressed as:

Hence it is a function of both exposure to the hazard and the likelihood of harm from the hazard.
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Importance of Safety at Work Site

Construction Industry is highly prone to hazards related to site activities and construction projects
engage large number of contract workers. Contract workers come from varied trades especially from
rural areas and agricultural background and do not have proper training in construction safety. During
execution at site, these workers are exposed to various risks involved in construction works and other
occupational diseases and health hazards which cause injuries and illnesses. As a result, the construction
projects get delayed due to loss of working hours and other legal hassles. Therefore, it is essential for
any construction project to have certain safety guidelines for site activities and to create awareness
among the workers, site supervisor and engineers.
2.0

Safety Requirements in Civil & PH Works in CED, ESG, BARC

Civil & PH works taken up by CED, ESG, BARC are executed as per the guidelines given in the
Construction Safety Manual for Works Contract [BARC/2011/E/006] released in January 2011. This
manual may be referred to for any Civil and Public Health construction works for BARC Trombay or
any BARC outstation facilities and is an external report and a public document available as free
download in www.barc.gov.in/tenders.
It contains the Safety Principles & Objectives, formation of Safety Organization comprising of
Site Level Safety Committee (SLSC), Safety Officer, Safe Working procedures for various civil
activities normally taken up in any construction site, requirement of First Aid facility, Housekeeping,
Training, Formats & Checklists, etc. This manual is part of all contract agreement for any tender issued
by CED, BARC.
As per this manual, the work is required to be carried out by adopting Work Permit system,
Height Passes, First Aid box, checklists, regular walk through survey, housekeeping measures, training
& safety orientation, pep talk, regular use of safety PPEs, etc.
CED, BARC aims for zero-accident working period for any work and building safety awareness
among the workers, supervisors and engineers engaged at construction sites. It is emphasized that the
safe working condition and a good safety culture is maintained at sites.
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3.0

Type of Accidents & Causes
i)

Fall of Person / Object from Height: Major type of accident at construction site and
contributes to the highest percentage of accidents (50-55%). [Causes: Improper design,
poor maintenance of working platforms & scaffolds, non-use of proper fall protection
devices, floor openings, absence of guard rail & misuse of ladders.]

ii)

Struck by Object / Machinery: Another major type of accident and second most
contributing factor. [Causes: Falling objects, poor housekeeping, improper access, wrong
signaling, miscommunication, non-use of safety net/PPE.]

iii)

Slipping / Tripping: This type of incidents are frequently encountered at construction site
as well as in the offices. [Causes: Poor housekeeping, narrow access/pathway, slippery
surface, etc.]

iv)

Accidents during Excavation & Backfilling: commonly observed at construction sites.
It leads to several serious repercussions like collapse of sides, labour stuck-up under fallen
earth, damaging nearby or U.G. services, people & machinery falling in excavated pit,
structure or people hit by equipment. [Causes: Steep cutting of sides, undercutting, no
shoring/support, improper access, no barricading, miscommunication, non-availability
U.G. services drawings, Job Card for Excavation not raised, etc.]

v)

Electrocution: Electrocution incidents are rare but most dangerous accident of all.
[Causes: Electrical short circuit, improper earthing, absence of ELCB, human error, etc.]

vi)

Fire: Such incidents are not so frequent but causes immense loss. [Causes: Presence of
combustibles near hot jobs, poor housekeeping, smoking, etc.]

vii)

Musculoskeletal disorder: Such injuries are commonly seen among riggers, workers
involved in shifting of materials. [Causes: Lifting heavy loads, awkward postures, sudden
jerks & vibrations, etc.]

viii) Other Health Hazards: Many other health hazards like noise, smoke, dust, mosquitoes,
unhygienic condition at site and at labour camp, etc. are faced by the workers leading to
frequent illness and loss of productivity. Use of PPEs, regular housekeeping and
“swachchhta drive” and use of mosquito repellant / fumes at site prevents such health
hazards to a large extent.
4.0

Safety PPE & Housekeeping Requirement
i)

Contractor shall arrange for Safety PPE before staring the work.

ii)

Contractor and EIC of CED should explain the importance of use of PPE and encourage
workers to use them at work sites through initial safety orientation and during regular pep
talks.

iii)

The language understood by the majority of the workers should be spoken during safety
pep talks and orientation programme.
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5.0

iv)

Safety Officer should demonstrate how to wear the safety PPEs and check their conditions
daily before attending the work.

v)

Housekeeping
a.

Keep the surrounding of the workplace clean. Identify area & barricade construction
debris.

b.

Stack construction materials properly for better utilization of space.

c.

Dispose of debris/scrap on regular basis. Do not allow accumulation of debris.

d.

Keep clear access to site. Hard barricading/safety tape & Sign boards.

e.

All non-salvagable materials (concrete debris, NO METAL SCRAPS) should be
dispose of outside Chuha gate and dozed / levelled properly.

f.

Metal scraps shall be sent to TVS Stores.

g.

Cleaning of concrete spillage & dust from road, regular watering.

h.

Housekeeping drive should be arranged at least one day in a week. Use magnets is
very useful to collect used nails & cut-piece rods at site. This will certainly reduce
nail pricking incidents for labours & patrolling vehicles.

First Aid, Accident Reporting & Safety Audit
i)

Maintaining First-aid box at site is mandatory.

ii)

Safety officer or the concerned engineer has to take walk-through survey daily, preferably
in the morning. It is a tool for regular self-auditing. Awareness about unsafe condition at
site.

iii)

After safety audit, reply / Action Taken Report (ATR) should be sent promptly.

iv)

As per BSC guidelines, any Accident or Injury should be first reported to nearest Security
post & concerned PE/SE/CE and injured person should be taken to Mod. Lab. Dispensary.

v)

It is necessary to send Accident & Near-Miss Report at the earliest. All fatal accident to
be reported within 24 hours to Director, BARC with a copy of BSC, IHSS and Safety
Coordinator of the concerned division.

vi)

Welfare:
a.

Workmen Compensation Policy should be taken by the contractor, as a contractual
requirement, which covers all the workers and in case of any accident, suitable
compensation is paid to the worker or his family.

b.

Contractor’s All Risk (CAR) Policy and Third Party Liability policies are now
mandatory under the guidelines of CPWD and CVC also.
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6.0

Conclusion

Safety system should be less dependent of human factors. Hence, importance should be given to
create a safe working environment at site by removing unsafe conditions rather than only insisting upon
use of safety PPEs. Regular training, pep talk, etc. to be given to the workers since there is a high turnover in number of workers engaged at site. It is the joint responsibility of the Department and the
contractor to ensure a safe working condition at site.

24

ELECTRICAL SAFETY

5.

ELECTRIAL SAFETY
Biplab Das
Safety Officer, NRB
biplab@igcar.gov.in

1.0

Introduction

Electricity is one of the most essential commodities after ‘Roti’, ‘Kapra’, ‘Makan’, ‘Sadak’ and
‘Pani’. In today’s world, we cannot even think of without power for a day. Today’s civilization has its
base on electricity. Electricity is the most convenient and clean form of energy that can be transmitted
to far off places. Electricity is said to be the useful slave but a bad master. It should be respected but
not to be feared.
Electrical safety is very important, because we cannot apparently realize whether a conductor is
live or dead. This apparent harmless appearance misguides human beings leading to electrical accidents.
2.0

What is Electricity?

Electricity is a form of energy. Movement of electrons produces electricity. Electricity is
produced in power plants and travels in circuits to everywhere where it is required. A thick coil of
copper wire cables spins within giant magnet produces electricity in the circuit.
Electricity passes through a conductor. Conductor is generally metallic material through which
electrons move very easily. Copper, silver, platinum are good conductors. Water as contains ions acts
as conductor. Our body is built mostly with water, electricity is therefore conducts through body.
Electricity through a conductor travels in the speed of light and therefore in case of electrical shock, we
do not get any time to react.
Electricity does not travel through insulators like-Bakelite, rubber, wood, plastic, glass etc.
Insulators keep the conductors confined. These materials have very high electrical resistance. Such
confinement of electricity prevents one to get shock. In case, if the conductors are overloaded, more
current flow through the conductor, heats it and that heat melts the insulator. Overloading of conductors
take place when we take many extensions from one plug point, Due to the heating of insulators, one
may get shock or fire can take place.
Water is excellent conductor of electricity. If a person touches the electrical circuit, the water
inside body conducts the electricity and electricity travels through the body to the ground. Because of
this reason, water is never used to extinguish fire in electrical equipment or circuits.
3.0

Main Electrical Hazards
a)
b)
c)

Electrical shock: Current flows through body or part of body when two surfaces having
electrical potential difference is touched resulting in burn, disability or even death.
Flashover: Sudden collapse of electric field by having a conducting path between two
electrical potential different surfaces resulting in burn, fire.
Blast: Failure of electric medium between two electrical potential different surfaces
resulting in projectile, mechanical force, fire or burn.
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d)

e)

f)
g)
h)
4.0

Heat/Fire: Caused by loose connection in the circuit, overheating of insulation/ conductor
due to overload or prolonged short circuit current resulting in to fire, burning effects. One
of the most common reasons for fire is electricity. Defected or wrongly used
instruments/equipment, loose contacts, arcing, overheating of conductors, are very
common in our experience.
Explosions occur when electricity provides an ignition source to a flammable or
combustible material in atmosphere. Such ignition may be generated from sparks from a
loose joint, from an overheated conductor, arcing in switches, electrical heating surfaces
etc.
Hazards due to electric welding and cutting
Hazards due to static electricity and
Lightening

What is Electric Shock?

Electric shock is an effect of a current flowing through nerves, muscles, heart or organs of a body.
Electric shock is sudden and accidental simulation of the body’s nervous system by electric current
which flows due to potential difference.
Low current disturbs body rhythm, sometimes stops heart if current flows through heart for long
time, electric burn is caused due to high flow of current. Electric shock may occur due to:
a)
b)
c)
d)
5.0

Contact with bare live conductor;
Removal of insulation of a conductor and its contact;
Static charge on equipment discharges through human body;
Lightening.

Severity of Electric Shock?
The effect of electric shock on the human body depends on several factors.

a)

Current and Voltage

High voltage produces massive destruction of tissues at contact locations, but the damage is
caused due to the current actually flow through the body. With increasing current, the sensation is
caused due to contractions of muscles. The muscular contraction and therefore sensation of heat is
increased as the current is increased. With increase of current sensation of pain develop and voluntary
control of affected muscles becomes difficult. As the current reaches 15mA, cannot let go of the
conductive surface being grasped. As this point the individual is said to be ‘freeze’ the circuit. This
condition is generally termed as ‘let-go’ threshold.
As current approaches 100mA, fibrillation of heart occurs. Ventricular fibrillation is defined as
‘very rapid uncoordinated contractions of the ventricles of the heart resulting loss of synchronization
between heart beat and pulse beat’. Ventricular fibrillation generally results in death of the victim.
Timely and appropriate use of de-fibrilator is used to save the victim. Heavy current flow can result in
severe burns and heart paralysis. Psysiological effects of current are described in Table 1.
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b)

Resistance

Electrical resistance of human body depends with the amount of moisture present on the skin, the
pressure applied at the point of electrical contact and the area of contact. Generally, the dry epidermis,
the upper layer of skin is having high resistance, however, the wet or open skin has very less resistance.
Severity of shock increases with increase on the pressure applied at the point of electrical contact.
Larger the contact area lower the resistance. Temperature and humidity increases perspiration and
thereby reduces the resistance of human body and allows more current to flow through body.
c)

Path Through Body

The degree of injury depends upon the path through which current flow thorough body. A small
current that passes through the body involving heart or nervous system the effect on the human will be
more dangerous. Current more than let go threshold may cause one to collapse. Electrical flow through
heart is extremely dangerous as it may cause even death. Path of electricity from hands to leg is
dangerous as it involves heart and the lungs. Such types of electrical accidents in industries are very
common. A large number of serious electrical accidents have been observed current flow from hands
to feet involving heart and lungs.
d)

Duration of Shock

A shock of short duration may result a painful experience to the individual. Shock of long
duration may damage heavily. A current of 10mA flow for 5 seconds through the body is less dangerous
while a very short duration flow of 100 mA current that may cause ventricular fibrillation resulting
death.
e)

Other Factors

Severity of electrical shock also depends on the type of current whether AC or DC, on frequency
path of the current through body is passing through heart or nervous system. Personal sensitivity to
electric shock varies from person to person. It depends on age, sex, condition of heart, wetting of skin
etc. Conducting, wet floors are more dangerous than the dry and insulated floorings.
Physical and psychological condition of the persons receiving the shock is important. If a person
is physically unable to move and gets shock, it will be dangerous. If psychological condition of an
individual is poor or if the person is sleeping or unconscious, the effect of current will be huge.
6.0

Causes of Electrical Accidents
a)
b)
c)
d)
e)
f)
g)
h)
i)

Inadequate wiring;
Exposed electrical parts;
Contact with overhead power line (touching with metallic ladders/crane boom);
Defective/ Inadequate insulation;
Improper grounding of equipment;
Overloaded circuits can cause heat and arching;
Damaged power tools/equipment
Static Electricity and
Inadequate protection to Lightning.
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A study done in Pennsylvania, USA on the different root causes of electrical accidents are
described in Fig 1.

Unnecessary exposure
to danger , 10%

Not using personal
protective equipment ,
5%

Overloading,
Poor arrangement,
36%

Working on moving or
dangerous equipment , 16%

Unsafe or improper
use of equipment,
31%

Figure-1: Different causes of Electrical Accidents- A study in Pennsylvania, USA.

8.0

Safety Measures
For preventing electrical accidents, following preventive measures are generally done.

a)

Isolation

The live electrical parts/wires should be kept out of reach from the normal working areas. Safe
distances to be maintained for different purposes are mentioned in Indian Electricity Rules 1956. Cables
are routed through cable trench; transformers are installed on a safe height under fencing or within safe
enclosures. Circuit breakers and power isolation switches are provided.
b)

Insulation

Where isolation is not possible or isolation is not adequate, insulation of the electrical equipment
or the conductors are required. Covering the live parts with insulating materials such as rubber or plastic.
Double insulation means providing second layer of protective insulation.
c)

Circuit Protection Device

Excessive current should be stopped. This is done by providing fuses, relays, circuit breakers or
isolators. The size of the fuse is important. It should blow out when any short circuit or earth current
passes. A 5 amp fuse does not mean that it will blow at 5 amp. It only means that it is capable of carrying
current of 5 amps continuously without getting hot.
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Ground Fault Circuit Interrupters (GFCIs) can shut off the power in the event of ground fault.
The GFCI is intended to protect persons by interrupting the current quickly enough to prevent
electrocution. If a GFCI detects a current difference greater than 6 amperes, it will shut off electric
power within 1/40 second. It works by comparing the amount of current going to and returning from
equipment along the circuit conductors.
d)

Earthing

Proper earthing is equally important as fuse. If an equipment is properly earthed, the higher earth
fault or short circuit current will pass through the fuse or circuit breaker to the earth. This will open the
circuit to protect the equipment. Earth conductor should be checked frequently for continuity and
tightened if found loose. Earth pits should he maintained with lowest resistance as per the Electricity
Rules.
9.0

Effects of AC Current on Adult Person
Table 1
Current

Effects on human body

Below 1 mA

Generally not perceptible.

1 mA

Faint Tingle.

5 mA

Slight shock felt. Not painful but disturbing. Average individual can let go.
Strong involuntary reactions can lead to other injuries.

6 to 25 mA (women)

Painful shocks. Loss of muscle control.

9 to 30 mA (men)

The freezing current or ‘let go’ range. If extensor muscles are excited by
shock, the person may be thrown away from the power source. Individuals
cannot let go. Strong involuntary reactions can lead to other injuries.

50 to 150 mA

Extreme pain, respiratory arrest, severe muscle reactions. Death is possible.

1.0 to 4.3 Amperes

Rhythmic pumping action of the heart ceases. Muscular contraction and nerve
damage occur; death is likely

10 Amperes

Cardiac arrest, severe burns, death is probable.

Effects of current passing through human body has been described in IS 8437 part 1 and part 2.
Effects are described in Fig 2.
Zone 1 indicates no reaction,
Zone 2 indicates reaction may occur, but not usually no pathophysiological dangerous effects.
Zone 3 indicates usually no risk of ventricular Fibrillation.
Zone 4 indicates Fibrillation is possible up to 50% probability.
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Zone 5 indicates the onset of ventricular fibrillation more than 50% probability.

Fig. 2 Effects of AC Current on adult person

10.0 Causes of Electrical Fire
a)
b)
c)
d)
e)
f)

Electrical fire takes place due to overloading the circuits and the equipment;
Keeping flammable materials near to the electrical heat or spark sources;
Short circuits in cables or within the equipment;
Loose connections leading to sparks;
Use of inferior grade electrical equipment and cables;
Generation of static electricity.

11.0 Safety Measures in Design of Electrical System
The following safety measures are considered for electrical system design, based on different
Codes and Standards:
a)
b)
c)

d)
e)
f)
g)

The use of earth leakage circuit breakers (ELCB) in low voltage application with
connected load more than 5 kW is mandatory.
As per Indian Electricity Rules, the leakage current in any electrical system should not
exceed 1/5000 of maximum current supplied.
All low voltage equipment should be earthed by at least one distinct connection with
earthing system. All medium voltage, high voltage and EHV equipment should be
earthed by at least two numbers of distinct connections with earth system.
The circuit should have protective device against any over-current and earth fault.
All medium and high voltage conductors (other than overhead lines) should be metal
enclosed.
All underground cables should be well protected from any mechanical damages by means
of bricks, pipes or tiles. Use of unarmored cables in the underground is not recommended.
Suitable isolation devices are to be provided in both primary and secondary side of the
transformer.
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h)
i)

j)
k)
l)
m)
n)

o)

p)
q)

All electrical rotating equipment should have isolation devices in a readily accessible
place.
All cable glands, armouring on sheathing of electric cables, metal conduits and their
fittings and other non-current carrying parts of electrical equipment and apparatus should
be effectively grounded.
Electrical apparatus and conductors should be of sufficient size and capacity to cater to the
load for the work they are intended to perform.
Reinforcement rods or any metallic part of structure should not be used for supporting
wires and cable fixtures, equipment, etc.
Additional power should not be connected without checking the capacity of the cables,
switches etc. and should be cleared by the competent personnel.
As far as possible, switch-fuse units, distribution boxes, etc. should be fitted with HRC
fuses.
The distribution board, switch fuse units, bus-bar chambers, etc. should be dust
and vermin-proof. The equipment intended for use in outdoor installation should have
weatherproof construction.
As far as possible, electrical switches should be excluded from a place where there is
danger of explosion. All electrical equipment such as motors, switches and lighting fittings
installed in work room where there is a possibility of explosion should be of the
explosion-proof type and certified by competent authority.
The proper lightning protection should be provided for high-rise buildings or buildings
located in an isolated area.
Danger boards should be displayed on electrical installations and insulation mats
conforming to IS-15652 (2006) should be placed in front of switch boards and panels.
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ACCELERATOR SAFETY
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1.0 Abstract
Accelerators are a class of installations which produce radiations of much wider energies and
ranges, unlike nuclear installations. Safety in accelerators is important and needs to be addressed
separately. This paper describes some of the safety aspects of the accelerators and their relevance to
designers, operators and users of accelerator facilities, in the Indian context.
2.0 Introduction
Accelerators are devices that impart high kinetic energy to atomic and sub-atomic charged
particles. These devices are also capable of generating ionizing radiation due to the interaction of
high-energy particles with matter. Accelerators have to fulfil highly diverse needs. Primary beam
can be electrons, protons to heavy ions, secondary beams of neutrons, mesons, pions, gamma & xrays, synchrotron radiation, etc. with output energy range from few 100 keV to TeV range. Beam
power can extend from a few milliwatts (mW) to gigawatts (GW). The size of accelerators varies
from small table-top units to those extending over several kilometres in length or radius.
Accelerators have found numerous applications in the field of basic research, industry,
agriculture and medicine. No single accelerator configuration can address the diverse needs and hence,
each accelerator system is unique and designed for specific applications.
3.0 Typical Accelerator configuration
A typical accelerator configuration is shown in Fig.1. It consists of an electron-gun or ion source
which acts as the emitter of the particle to be accelerated. The charged particles are injected into a
specially designed accelerating structure, in which resides the electric field gradient responsible for
acceleration. This gradient is achieved by the high DC/RF power that is fed into the accelerating
structure and is a characteristic of the geometry of the structure. Vacuum systems ensure high vacuum
levels in the accelerator system enable the transport of the beam with minimum loss. For guiding or
analyzing the beam, electromagnets are commonly used. Beam emission, steering and focusing is
achieved using electric and magnetic fields. Beam diagnostic devices measure parameters of the
beam, such as beam current, its position and size, etc. Control and instrumentation systems are
provided to control, monitor and interlock various parameters of the accelerator system. In most
cases, both remote and local modes of operation are provided, in addition to automatic and manual
modes for all sub-systems.
Radiation shielding is provided around the accelerator system and its sub-systems to protect personnel
from the radiation generated either from the primary or the secondary beam or any other interaction of
beam with matter. Ventilation systems bring down the concentration of gases, such as SF6, used for
insulation or gases, such as ozone, that are produced during the acceleration process. Cooling
systems, using air/water, maintain temperature of various components within acceptable limits.
Cryogenic systems are used to maintain the required liquid helium temperatures in superconducting
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components, such as cavities, magnets, etc. Auxiliary facilities for radioactive material, storage, waste
storage and disposal are required in high energy accelerators and those involving radioactive beams.

Power supplies including Control & Instrumentation System

E-gun / Ion
Source

Accelerating
Structure

Beam Manipulation
Devices

Beam
Diagnostic

High
Energy Beam

Vacuum System

Auxiliary Systems
Radiation shielding, Cooling air / water systems, Cryogenic Systems, etc.

Fig.1 Schematic of a typical Accelerator Configuration
4.0 Classification of Accelerators [1]
4.1. Classification based on acceleration method
Accelerators can be classified based on various criteria, depending upon the method of
acceleration, as depicted in Fig.2. Depending upon the type electric field used for acceleration, two
broad categories are classified as DC accelerators or RF accelerators. Each of these types has its own
advantages and disadvantages and are chosen according to the required energy and power of the
beam.
4.1.1. DC Accelerators
DC accelerators are those in which the voltage remains constant with time. In this type of
accelerator, the source of charged particles is placed at one end in a high voltage terminal while
the target is placed at ground potential, with an insulating column between them. The electric field
existing between the high voltage terminal and the ground plane accelerates the particles. The final
energy (E) of the particles is given by
E = qV…………………………………………………………..(1)
Where, q = charge of the particle
V = Terminal Voltage
Several configurations have been used in DC Accelerators, which include the Cockroft-Walton
generator, Van de Graaff generator, Tandem accelerator, Dynamitron, etc.
4.1.2. RF Accelerators
In RF accelerators, the voltage varies periodically with time. When the particles traverse a linear
trajectory, covering multiple (n) gaps, each having a voltage gradient of V, RF Accelerators are known
as linear accelerators (linacs).
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Types of Accelerators

RF Accelerators

DC Accelerators

Cockroft Walton, Van-de Graff,
Dynamitron

Circular

Linear

Cyclotron, Betatron, Microtron,
Synchrotron Storage rings

Drift-tube Coupled
Cavity

Fig.2 Classification of Accelerators
In circular RF Accelerators, particles move in a circular path, traversing a single RF gap multiple
(n) times. Net energy gain (E) of the particle is
E = q x (nV)…………………………………………..(2)
Where, q = charge of the particle;
n = number of gaps/number of passes in single gap and
V = Gap Voltage

Linacs can be configured in the Drift-tube (Wideroe, Alvarez, etc.) structures or the coupled cavity
versions (on-axis, side-coupled, etc). Variants of circular machines include cyclotron, betatron,
microtron, synchrotron and storage rings.
3.2 Classification based on severity of radiation generating potential
For safety evaluation, accelerators can be categorized into four classes with increasing severity
of hazards depending upon the beam energy, current and target involved, as prescribed by AERB [2].
Class I – devices incapable of producing an accidental dose > 1 mSv in any incident Class II – devices
capable of producing accidental doses up to 3 times the occupational annual dose limit in any incident
Class III – devices capable of producing accidental doses in excess of 3 times the occupational
annual dose limit in any incident
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Class IV – devices capable of producing accidental doses up to 3 times the occupational annual dose
limit to the whole body in any incident and lethal doses of radiation in case of accidental entry into
interlocked beam areas. The above classification is used as a general guideline for safety assessment
document of the accelerator.
5.0 Evolution and Growth of Accelerators
Since the last 80 years or so, accelerators have been evolving fast and their growth is shown in
Fig.3. Beam energies have increased from 100s of keV to the TeV range, while there is a continuous
of beam power from few watts to GW range today, due to the emergence of new ideas and
technologies. Continuous growth, with a lot of innovation, is taking place, as large accelerator
facilities are being planned and developed, for a wide range of applications.

Fig.3 Evolution of Accelerators
6.0 Safety Issues of Accelerators
The field of Accelerators is multi-disciplinary, involving diverse technologies for the various
sub-systems. Hence, approach to safety also involves several diverse aspects. These include
radiological as well as non-radiological aspects. Another important aspect in accelerator safety is the
fact that, in addition to designers and operators of accelerator facilities, it is necessary to address the
safety issues pertaining to the users of these accelerator facilities. Safety is of primary importance right
from the siting stage to the final decommissioning and waste disposal stage. Some of the salient issues
are discussed here.
6.1. Siting of Accelerator Facility and its Design Layout
Suitability of the accelerator site depends on the type of accelerator, its specifications and
applications it is intended for. location, topography, soil, rainfall, geological characteristics,
meteorological data, etc. are some of the water availability, considerations for deciding the location of
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an accelerator facility. Seismic data, reliability and quality of electrical power available, population
density and environmental impact are also important considerations.
Design layout should consider radiological safety aspects primarily. Structural integrity, as per
applicable codes, should be ensured in case of any hazardous situation. Personnel movement
considerations and containment of radioactive contaminants should also form a strong basis for the
design of the accelerator facility and its layout.
6.2. Radiological Safety Aspects
Radiation fields are produced in accelerators due to the accelerated primary beam or the
secondary beam or the interaction of these beams with matter. The fields produced are typically a
function of beam energy, beam intensity and the angle of emission. Radiations may be “prompt”,
which die down as soon as the beam is switched off. In some cases, there can be induced radioactivity,
which persist even after the primary beam is switched off and pose more hazards.
One special feature in accelerators is the production of enormous dose rates of radiation over small
areas by the primary beam. In addition, secondary radiation (maybe bremsstrahlung, neutrons, scattered
electrons, etc.) can create high dose rates over large areas of the accelerator workplace.
To achieve radiation safety, it is necessary to bring down the radiation levels in occupied areas well
below the allowable limit of 1 µSv/hr. For this purpose, both passive and active protection schemes are
employed.
6.2.1. Radiation shielding (Passive Protection)
Source term used for shielding design for accelerators is quite unlike the case of nuclear
reactors/facilities. In this case, source term is variable and not homogenous. Normally, shield design
considers loss of total beam at any point. In addition to beam energy and power, occupancy factor also
plays a major role in shield design. The final goal of shield design is to achieve radiation level < 1
µSv/hr in occupied areas.
6.2.2. Engineered Protection Systems (Active Protection)
In this category of protection, safety interlocks and access control systems are engineered to
protect man and machine under any abnormal or unsafe condition. The following practices should be
adopted:

i)

ii)
iii)

iv)
v)
vi)

Interlock systems should ensure that the beam should not deviate from designated path
under no condition and ensure that the beam is switched off in case of any potentially
unsafe condition.
Zones should be categorized according to the nature and extent of radiation hazards, as
per applicable regulations
Access control system should ensure that no one enters the radiation area when the
machine is in operation. Manual SCRAM systems should be provided in case of
emergency.
Search and Secure procedures should be adequately worked out for the facility and
followed strictly.
Alert and Caution systems should be incorporated so that there is audio/visual indication
of beam ON condition.
Administrative controls and work permit system should be implemented effectively.
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6.2.3. Radiological Protection
As part of Radiological Protection plan, the following steps should be ensured in any
accelerator facility:

i)
ii)
iii)
iv)
v)
vi)

Authorized Radiation Safety Officer (RSO) should be nominated, so that all radiation
protection rules are followed in the prescribed manner.
Personnel dose monitoring and area radiation monitoring should be carried out regularly.
Visitor entry should be restricted and if necessary, it should be allowed with escort.
Residual activity should be monitored by RSO and work permit system should be practised
strictly for any maintenance or handling of equipment.
Proper prescribed procedures should be followed for handling, storage and disposal of
radioactive material.
Radiation damage assessment should be carried out periodically and preventive
maintenance schedules worked out accordingly.

6.3. Non-Radiological Safety Aspects
In this category, the following aspects are applicable:

i)

ii)

iii)

iv)

v)

vi)

Industrial Safety and Occupational Health, wherein provision for first-aid kits, proper
lighting, maintenance of noise levels below permissible limits, periodic maintenance and
certification of mechanical handling equipment (MHE) and pressure vessels, gas
cylinders etc. should be ensured.
Fire safety should be ensured by the provision of suitable fire detection and alarm system
and fire-fighting equipment. Training should be imparted to operating personnel
periodically.
Non-ionizing radiations and Fields, such as Radiofrequency/microwave radiation, are used
in RF accelerators. Exposure to high levels of these radiations and fields pose a major
health hazard. Proper shielding, grounding, etc. should be ensured so that leakages are
minimized. Periodic survey is also necessary.
Electrical safety is another important aspect, since very high voltages and currents are
involved in accelerators. High-quality earthing and periodic maintenance of earth pits,
appropriate interlocks, use of insulated mats and grounding rods and display of caution
boards are some of the healthy practices that should be followed. Over-voltage and overcurrent protections should be provided in all power supplies.
Ventilation aspects in the accelerator vault are crucial to mitigate the problems due to
insulating gases and obnoxious gases produced during accelerator operation. In order to
ensure that the ground level concentrations are well below the permissible limits for each
type of gas, it is necessary to design and maintain the required air changes with suitable
air blowers.
Cryogenic safety is essential in superconducting cavities and magnet systems used in
accelerators. Health hazards posed by the cryogenic liquids (liquid helium/nitrogen) can
be mitigated by the use of proper ventilation, monitoring of oxygen deficiency and proper
procedures for storage and movement, as per statutory requirements.
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6.4. Operator Training and Qualification
It is mandatory that technical and operational training should be imparted to the personnel
operating and maintaining the accelerator facility. An approved training program should be designed
for each facility and well-documented. There should be a clear cut distinction between the skill and
knowledge required for supervisors and operators. Certification should be awarded on the basis of
written and oral examination, in addition to walk-through of accelerator facility.
6.5. Maintenance Aspects
Scheduled maintenance and inspection program for all sub-systems/components of accelerators
should be worked out, documented and strictly followed. This should include periodic routine
checks, preventive/corrective maintenance, emergency/breakdown maintenance and ensure the
availability of adequate spares and consumables. This can be achieved by periodic monitoring,
functional checks and calibration of instruments/systems. Proper documentation at various stages of
maintenance is vital for safe operation and low down-time of accelerators.
6.6. Accelerator Safety Envelop
A unique specification of Accelerators with reference to safety is the Accelerator Safety
Envelop (ASE). Every facility should define its own ASE. ASE must define broadly the set of physical
and administrative bounding conditions, within which hazards during operation and maintenance are
safely managed through engineered, administrative and personnel protective controls.
The ASE should contain the following:

i)

Limits on operating variables, like current, voltage, energy, beam power, pressure,
temperature, flow, etc.
ii) Maximum and minimum requirements related to calibration, testing, maintenance, etc. for
ensuring continued reliability
iii) Limits on the release of ventilation effluents and mitigations measures for the protection
of the environment
iv) Requirements of minimum staffing levels, their qualification and training for operation,
maintenance and record of critical documents and current procedures
v) All the minimum necessary mitigations, in case ASE is exceeded.

It is important to note that any activity violating the ASE has to be terminated immediately.
6.7. Quality Assurance
Overall safety depends upon the quality assurance of the individual components and procedures
followed. Quality assurance is a continuous evaluation, which should be conducted during construction
and carried on periodically during the entire life-time of the accelerator facility.
6.8. Emergency Response planning
Accelerator facilities should be prepared and equipped to handle any sort of emergency. The
action plan and the organizational responsibilities should be defined and documented. Procedures
should be specified to alleviate the damage to personnel and property.
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6.9. Decommissioning Aspects
It is important to address the decommissioning aspects of an accelerator facility at the design
stage itself. Depending on the size and nature of the facility, the problems posed may vary from simple
to complex. It is imperative to assess the extent of contamination and means of waste disposal, as per
regulatory procedures.
6.10.

Documentation

Documentation performs a very vital role in accelerator safety. At each stage of regulatory
clearance, it is necessary that required documents are to be submitted. One important document is the
Safety Assessment Document, which summarizes all the activities involved in setting up and operation
of an accelerator facility. In addition, every procedure followed or every test carried out should be
documented and records maintained.
7.0 Conclusion
Safety aspects of accelerators are multi-faceted and require diverse means for handling them.
Safety in any accelerator facility should have the topmost priority. All personnel involved in operation,
maintenance and usage of these facilities should be inculcated with safety culture. Safety is continuous
exercise and it should be ensured that all safety procedures are followed strictly.
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1.0

Introduction

The tremendous pace of which modern technology is advancing had brought immense benefits
to mankind but at the same time has increased dangers of Fire, Explosions resulting in loss of human
life and property.
Fire protection engineering has introduced various active / passive protection devices, however
the contribution of human being had always been a contributing factor in controlling, prevention and
protection of fires.
2.0

What is Fire?
The combustion process or chemical reaction involve four factors
a)
b)
c)
d)

Oxygen or supporter of combustion
Heat or temperature
Fuel or combustible materials.
Uninhibited chain reaction

These are termed as “FIRE TETRA HEDRAN”
3.0

4.0

Principal of Extinguishment
a)

Cooling: -To reduce the temperature of the fuel to below its ignition temperature by water.

b)

Smothering: - To prevent Oxygen from entering into burning material zone or fire.

c)

Starvation: - Separation by removing unburned fuel from source of heat by physical or
mechanical moving or by using something such as a water curtain, that blocks the passage
of heat to the fuel.

d)

Chain Inhibition: - Inhibiting the formation of free radical compounds contributing to
spread of fire.

Classification of Fire and Suitability of Fire Extinguishers

S. No.

Class of Fire

Fire Extinguisher Suitable for Fire

1.

“A” Class Fire
(Ordinary Combustible Material)

Water-Co2 Fire Extinguisher.

2.

“B” Class Fire
(Flammable Liquids)

Foam, DCP, CO2 Fire Extinguisher

3.

“C” Class Fire
(Flammable Gases)

CO2 and DCP Fire Extinguisher

4.

“D” Class Fire
(Metals)

DCP Fire Extinguisher
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NOTE: - Electrical Fire may be consider in “A” or “B” Class of Fire once power Switched off.
5.0

Type of Fire Extinguishers and Operation
a)

Water CO2 Type Fire Extinguisher
Operation: -

i) Carry it near to the fire
ii) Remove safety clip
iii) Strike plunger
iv) Direct the jet on to the fire.

Throw of jet –

60-120 seconds
Length of jet – 6 meters

Application –

Suitable for “A” Class Fire
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b)

Foam Fire Extinguisher (Chemical)
Operation:-

i) Carry it near to the fire
ii) Pull on the “T” shaped handle and put it in the slot
iii) Turn upside down
iv) Direct foam to fall gently on fire.

Throw of jet – 30-90 Seconds.
Length of Jet -- 6 metres
Application – Suitable for “B” Class Fire

43

FIRE PREVENTION, PROTECTION AND EXTINCTION
c)

Foam Fire Extinguisher (Mechanical)
Operation: -

i) Carry it near to the fire.
ii) Remove safety clip
iii) Direct discharge nozzle toward fire.
iv) Strike plunger.
v) Apply foam gently on fire.

Throw of jet – 30-90 Seconds.
Length of Jet -- 6 metres
Application – Suitable for “B” Class Fire
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d)

CO2 Type Fire Extinguishers
Operation: -

i) Carry Extinguisher to the fire as near as possible.
ii) Remove safety clip.
iii) Keep discharge horn in position
iv) Turn the valve anticlockwise and direct CO2 to the base of fire

Discharge – 10-30 Seconds
Application – Suitable for “B” (Small) & “C” Class Fire
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e)

Dry Chemical Powder Type Fire Extinguisher
Operation: -

i) Carry it near to the fire.
ii) Remove the safety clip.
iii) Strike the plunger
iv) Press squeeze grip nozzle.
v) Direct the jet or Dry powder to the base of fire.

Throw period of Jet -- 15-30 Sec.
Range of Throw

-- 6 Mtrs.

Application – Suitable for “B”, “C”, “D” & Electrical equipment Fire.
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6.0

Fire Protection
a)

Fire Hydrants

Fire hydrant line shall be charged with adequate pressure to provide water for firefighting.
b)

Portable Fire Extinguishers shall be kept in corridor and inside facility/ room at strategic
locations.

c)

Fire Detection and Alarm System should be installed to detect fire in incipient stage and
alert the occupants

d)

Fire Squad: - Fire squad members shall be designated for all zones and trained suitably
for tackling any emergency situation in their respective zones.
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7.0

Electrical Fire

7.1

Causes of Electrical Fire

7.2

A)

Short Circuit: Due to accidental contact between the current wire and neutral of the earth,
the full current will rush to the earth point, resulting a very high temperature, which may
set fire to the insulation or the materials stored nearby.

B)

Overloading: Every electrical equipment such as motors and transformers are capable of
carrying a certain amount of current i.e. load rated value. In case this current exceeds, the
equipment and cable carrying current will run hot and if persist would constitute a fire risk.

C)

Earth Fault: under normal circumstances, current is constrained to flow within the
conductors, transformer, if however, a fault develops, permitting current to flow from a
live conductor to earth, it will return to the start point via the earth connection and give
rise to a fire risk if that current is being caused to flow through paths that were never
intended to carry and electric current.

D)

Loose electrical connection: Apart from excess current passing through a circuit, loose
connections or breaks in wiring can lead to a succession of spark or continuous arcing. A
spark may enough to set fire to flammable gases, vapors or dust, which an electric arc, if
it persists for long enough can ignite solid combustible materials

E)

Failure of ventilation: Ventilation is necessary for maintaining safe temperature in most
electrical equipment and overheating is liable to occur fire if ventilation is obstructed.
Example: Battery rooms.

F)

Deterioration of cable insulation: It may be due to overage; in export, handling and
corrosion might cause heavy drainage of current and will result in over heating of the
insulation. This will cause insulation failure and will lead to short circuit.

G)

Over-rated fuse: Over rated fuse in a circuit will allow high current passage to a circuit and
will result in damage of equipment connected

H)

Static Electricity: Static electricity resided on non-conducting materials. The danger from
static electricity is when such a high charge has been build up that the resistance of the
atmosphere between the two surfaces is overcomes & a spark jumps the gap. Static
Electricity causes a great number of fires.

Prevention
A)

The electric circuits must only load to its rated capacity.

B)

The insulation of cable must be of recommended standards.

C)

The earth resistance should be lowest with proper system.

D)

All electrical connections must be tightened properly and naked connection must be
avoided.
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E)

The cable must be checked periodically and the exposure to unfavorable surrounding
atmosphere must be avoided using suitable conduits.

F)

The fuse should always maintain with proper ratings

8.0

Metal and Metal Fires

8.1

Hazards of Metals

Due to rapid industrial development and modernization the use of metals has been extensively
increased. Metals can be toxic, corrosive, but most of metals have another hazard that is important to
us that they will burn. The most important is the condition of the combustibility, which depends upon
the metal form and shape. Some metals, difficult to ignite in a solid massive form, but burn readily if
these are in sheets or shavings. As the division become finer and finer, the ignition temperature of the
metal lowers down.
An industrial establishment, which stores, or creates metal powders or dusts by some process,
has the ingredients for an explosion on its premises. Dust clouds of such seemingly non-combustible
metals as copper and tungsten are potentially explosive. A layer of pyrophoric powder like magnesium,
calcium, sodium, potassium, zirconium, and hafnium can ignite after a few minutes exposure to
atmospheric oxygen.
Many metals will react violently with water such as alkali metals like lithium, sodium, potassium,
rubidium, and cesium. Some of these metal powders, when moist, are capable of producing an explosion
more violently.
8.2

Combustion of Metals

Many metals are not too particular where they obtain their oxygen. They will decompose water,
burning with the aid of the oxygen in the H2O molecule and releasing flammable hydrogen gas. Metals
can also react with other chemicals to release hydrogen. Chromium, Cobalt, Iron, Manganese, Nickel,
and Zinc will react with acids. Similarly, Aluminium, Tatanium, and Zirconium will react with caustic
alkalis.
The use of water on such metals merely intensifies the combustion process rather than cooling
the situation. Small pieces of many; metals burn more intensely when wet than they dry. When any
metal contributes molten material to a fire situation, there is a chance of severe steam explosion if water
is used.
8.3

Firefighting Procedure

The common extinguishers are either ineffective or dangerous when used on titanium fire. There
have been violent reactions when water has been applied to hot or burning metals. While handling the
fire, isolation of burning materials from unburned should be done promptly. Wear breathing apparatus
and protective clothing Use specialized metal extinguishing powder such as TEC.
8.4

Fire Fighting Procedure in Radiation Area
a)

Suitable protective clothing and respiratory protection shall be necessarily used.
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9.0

b)

Health Physicist help may be sought during firefighting.

c)

Time, Distance and Shielding Law shall be followed

d)

Fire Fighting involving radioactive material, Ternary Eutectic Chloride Dry Chemical
Powder fire extinguishers should be used.

Hazards of Smoke
1.

Toxic Hazards from Fire
It has been the experience that the primary hazard to humans in a building fire is from
smoke and toxic gases. Nearly three-fourths of all building related fire deaths are from
inhalation of the smoke and toxic gases produced in fires rather than from exposure to
flame or heat. Many new materials used in building construction, like different kinds of
plastic materials, are the worst culprits in production of highly toxic gases such as carbon
monoxide (which is produced even during fires involving conventional materials),
hydrogen cyanide, sulfur dioxide, hydrogen chloride, oxides of Nitrogen, etc. Death can
result from oxygen deprivation in the blood stream caused by replacement of oxygen (02)
in the blood hemoglobin by CO.

2.

Poor visibility
The main danger from smoke is that it reduces visibility and consequently the occupant
may not be able to identify escape routes and utilise them.

9.1

Escape from Smoke
1.

If you encounter smoke or flames, use another escape route

2.

Keep smoke / Fire check doors closed.

3.

If trapped or stranded cover the gaps of the door by blanket or rug or any other piece of
cloth Available.

4.

If you have to escape through smoke, crawl low & put hand-kerchief on your nose. Heat
and smoke rise above, cleaner air will be 1 to 2 feet above the floor.

10.0 Fire Prevention
a)

Don’t smoke while at work in office.

b)

Don’t lay temporary electric wiring

c)

All wiring and fittings shall be periodically checked.

d)

Switched off window A/C before leaving room.

e)

Switched off electrical lights, fans, computer before leaving office.

f)

Use of hot plate and heater shall be avoided in office.

g)

Maintain good housekeeping.
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h)

Disposed of unused /scrap material.

i)

Do not put obstruction in the way of firefighting equipment. These shall be easily
accessible.

j)

Do not coat or paint fire detectors.

k)

Do not decorate walls and ceiling of common corridors with combustible materials such
as wooden painting, wall paper etc.

11.0 Communication
Manual call points shall be installed. It can be operated manually by breaking the glass, which
will initiate a fire alarm in the fire alarm control panel.
a)

Public announcement system shall be provided which can be used to address the occupants
in case of any emergency for immediate intimation/evacuation etc.

b)

Telephone nos. BARC Fire Services- 22222, 24222, 25505222

12.0 Escape Route and Evacuation
a)

Do not keep combustible under staircase it may block escape route in case of fire.

b)

Do not allow storage or obstruction in the corridor, staircase and exits in the room.

c)

All escape routes shall be marked with photo-luminscent sign.

d)

Do not use lift for escape in case of fire.

e)

All escape routes shall be adequately illuminated and provided with emergency power
supply.

f)

Make two line while getting down from staircase in case of evacuation.

g)

Not to reenter in the fire affected building to collect belongings stay at safe.

13.0 In case of fire noting by person will follow
a)

Shout FIRE, FIRE, FIRE ----with intention to alert nearby people and summon help.

b)

Inform BARC Fire Services

c)

Inform Shift In charge

d)

Attempt firefighting with nearby available fire extinguishers.

14.0 How to call Fire Services
a)

Inform your name, designation and telephone number

b)

Exact location

c)

Type and size of fire.

d)

Equipment /Life involved.
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8.

REGULATORY INSPECTION AND EVENT REPORTING
Rajdeep
BARC Safety Council Secretariat
rdeep@barc.gov.in

A.

Regulatory Inspection

1.0

Introduction

Regulatory inspection (RI) is a very effective tool of regulation. RI brings an overall
improvement in the safety culture, if implemented in its true spirit. BARC facilities are engaged in
multi-disciplinary research related to atom in the service of nation. BARC Safety Council is the
regulatory wing of BARC engaged in safety review of more than 200 facilities and projects all together.
Over the period, it has been realized that RI is important not only for nuclear facilities but for
conventional facilities also. Regulatory inspection serves the following purposes:
(i)

RI consolidates the safety & security status of the facilities.

(ii)

RI brings out the lapses, if any in the implementation of the recommendations of the safety
committees. Thus, RI ensures the enforcement of the stipulations of various safety
committees.

(iii)

RI verifies & confirms the actual conditions of the plant w.r.t the submissions made by the
facility.

(iv)

RI brings attitudinal shift in the safety approach of both facility owner and regulator.

(v)

RI improves the documentation of the facilities.

(vi)

RI improves upon the safety & security culture, existing in the facilities.

(vii) RI also builds mutual trust between facilities and regulators.
(viii) RI helps in keeping surveillance on occupational health & industrial hygiene.
2.0

Objective of Regulatory Inspections

The objective of regulatory inspection and enforcement is to ensure that the activities performed
by the Consentee during all the stages of the consenting process and the phases of the life cycle of a
facility (siting, design, construction, commissioning, operation and decommissioning or closure) are
executed in compliance with the safety requirements. The extent to which inspection is performed in
the regulatory process should depend upon the potential, magnitude and nature of the hazard associated
with the facility or type of activity. The programmes should be comprehensive and should be developed
within the overall regulatory strategy to ensure that the facility complies with the regulatory
requirements.
3.0

Scope & Statutory Requirements

Regulatory Body is responsible for governmental surveillance and control over matters relating
to safety in the siting, design, construction, commissioning, operation and decommissioning of the
facilities. Inspections by the Regulatory Body shall not relieve the Consentee of the fundamental
obligation to ensure safety of the facility and the protection of facility personnel, the public and the
environment.
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Regulatory inspections are mandatory as per Atomic Energy Factory Rules-1996 so as to improve
safety at work place & keep surveillance of occupational health & industrial hygiene.AERB Safety
Guide (AERB/SG/G-4) on the ‘Regulatory Inspection and Enforcement in Nuclear and Radiation
Facilities’ provides guidance to the Regulatory Body on its role for regulatory inspection of
nuclear and radiation facilities and enforcement action.
The scope of regulatory inspection programme should include the following:

4.0

(a)

developing required procedures for the effective conduct and administration of the
inspection programme;

(b)

conducting, as necessary, planned inspections during all stages of the consenting process
and then throughout the service life of the facility as well as on decommissioning;

(c)

verifying the Consentee's compliance with the regulatory requirements and otherwise
assuring continuous adherence to safety objectives;

(d)

carrying out reactive inspections, in response to events, incidents or unusual occurrences
as applicable;

(e)

documenting its inspection activities and findings;

(f)

ensuring that the Consentee has adequate, comprehensive and up-to -date information on
the status of the facility and for the demonstration of its safety, and has a procedure to
maintain this information; and

(g)

reviewing and verifying corrective actions undertaken by the Consentee.

Powers of the Regulatory Body in Respect of Regulatory Inspection and Enforcement

The Regulatory Body, has the powers to carry out regulatory inspections and take enforcement
actions where necessary.
These include the powers to:

5.0

(a)

enter, at any time, for inspection purposes, the site/premises of any FACILITY under its
regulatory control and of its vendors;

(b)

inspect, examine, measure, copy, photograph, sketch or test, as the case may be, any
building or room, any plant machinery, appliances or apparatus, any person, register or
document;

(c)

call for necessary reports and documents from the Consentee;

(d)

make use of appropriate expertise from other governmental bodies, research
establishments, and consultants;

(e)

direct the Consentee to take action to remedy deficiencies, curtail activities or shut down
the FACILITY when the results of inspection or other regulatory assessments so warrant;

(f)

impose work restriction where found necessary; and

(g)

initiate penal action for non-compliance with the specified requirements

Types of Regulatory Inspections& Frequency

The Regulatory Body should conduct two general types of inspections, namely, planned
inspections (including special inspections) and reactive inspections. Either type of inspection may be
announced or unannounced.
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5.1

Planned Inspections

Planned inspections are routine inspections carried out in fulfillment of the inspection programme
developed by the Regulatory Body. They are scheduled in advance by the Regulatory Body and are
usually linked to facility’s schedules for the performance or completion of certain activities at various
stages of the consenting process. These inspections provide an opportunity to examine the Consentee's
activities in order to verify conformance with safety requirements by the facility and identify potential
problems, if any, at an early stage. These inspections should consider amongst others:
(a)

safety significance of the areas to be inspected;

(b)

overall performance in the areas to be inspected; and

(c)

operational experience and lessons learnt from events/problems at FACILITY or any other
plant.

While planning the regulatory inspection, the following information, received periodically, by
the Regulatory Body from the Consentee should also be considered:
(a)

operating data and experience;

(b)

modification and back-fitting information and activities;

(c)

radiological information;

(d)

environmental monitoring data;

(e)

emission and effluent discharge data after treatment;

(f)

hazardous waste monitoring data; and

(g)

quality assurance information and activities.

Special inspections may be carried out for witnessing certain tests/activities and to consider
specific issues, which may be of interest to the Regulatory Body, such as new research and development
findings and experience at other FACILITYs. These inspections are usually in the category of planned
inspections, since they are scheduled in advance. However, under certain circumstances they may be
reactive inspections. Such inspections help identifying underlying causes of problems for determining
whether a safety concern represents an isolated case or signify a broader more serious problem.
Different approaches may be used when planning these inspections, such as:

5.2

(a)

assessment of the performance of FACILITY operation;

(b)

assessment of maintenance and engineering changes during an outage; and

(c)

review of specific system(s) in-depth following an incident and examine its applicability
in other FACILITY.

Reactive Inspections

Reactive inspections are especially initiated by the Regulatory Body in response to an unexpected
or unplanned, or unusual situation or event, in order to review its significance and implications and the
adequacy of corrective actions. A reactive inspection may be occasioned by an isolated situation or
event occurring at the particular FACILITY under consideration, or may by a response to a generic
problem encountered at another FACILITY or identified by the review and assessment staff of the
Regulatory Body.
Reactive inspection may have to be given priority over planned inspection.
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In order to allow for reactive inspection, or to aid inspection planning, the Consentee shall inform
the Regulatory Body of actions or developments which could affect the ability of the Consentee at any
phase during the life cycle of the facility to conform with the requirements established by the Regulatory
Body. Matters to be reported by the Consentee should be clearly defined so that difficulties in
interpretation can be avoided. This information should include notification of:
(a)

unusual occurrences, including abnormal radioactive releases, and any violation of
operating limits and conditions;

(b)

under-performance or over-performance of any part of the plant/equipment affecting
overall safety;

(c)

overexposures of personnel;

(d)

non-availability of safety equipment;

(e)

abnormal test results;

(f)

construction deficiencies;

(g)

modification and corrective actions;

(h)

any other situation giving rise to potential hazards for the site personnel, the public and the
environment including lost radioactive sources; and

(i)

events, which may be of concern to the public.

Notification to the Regulatory Body by the Applicant/Consentee shall be as prompt as is
warranted by the situation according to established procedure. The Regulatory Body should establish
requirements and guidelines for notification, specifying requirements of reporting periods and the
formats.
5.3

Announced and Unannounced Inspections

Inspection by the Regulatory Body, both announced and unannounced, shall be an ongoing
activity. An announced inspection is one in which the Consentee has been notified in advance by the
Regulatory Body. The timing of the announcement may vary according to the circumstances of the
inspection being performed. Inspections may be announced, for examples, when the Regulatory Body
wishes to observe a specific test or activity or review a specific Consentee self-assessment, which is in
progress. Under certain circumstances an unannounced inspection may be deemed necessary.
The Regulatory Body should be in readiness to undertake inspection activities at any time as per
its inspection schedule or as warranted by an unusual event/fault condition reported by the Consentee.
For all the inspection areas of safety significance, minimum frequency of inspection should be
specified.
Verification of overall Consentee performance also requires inspections that focus on a relatively
broad range of subject areas, with adequate depth and frequency. Each planned inspection should have
specific objectives, which have been identified in advance and informed to the facility authority and the
inspection personnel. On the other hand, the inspection following an unusual event/fault condition will
require an in-depth review of limited systems by specialists.
6.0

Components of Regulatory Inspection:
In formulating the regulatory inspection programme the following should be considered:
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7.0

(a)

established checklist;

(b)

recommendations arising from regulatory review and assessment of safety systems and
programme;

(c)

performance indicators or any other systematic method for assessment of Consentee
performance;

(d)

operational review feedback on the system having direct bearing on the safety of the
facility and members of the public;

(e)

the results of previous inspections;

(f)

inspection programmes of the Regulatory Bodies of other countries;

(g)

operational experience and lessons learnt from other facilities within the country and
elsewhere as well as from research and development; and

(h)

experience of the inspector (s).

Inspection Areas

Inspection by the Regulatory Body should concentrate on areas of safety significance. These
areas are generally those identified:
(a)

in the application for Consent and documentation submitted;

(b)

by the staff of the Regulatory Body in its review and assessment of the application;

(c)

in the requirements and conditions stipulated in the prevailing consent;

(d)

by feedback of operating experience at both national and international levels; and

(e)

in the structures, systems and components, as brought out by safety assessment studies for
the FACILITY as contributing significantly to safety.

The regulatory attention to major inspection areas continues with varying degrees of emphasis
over the full life cycle of the facility. The extent to which the areas need to be considered will depend
on the nature of the facility and the potential hazard associated with it.
Where the Consentee makes use of the services of contractors or products of a vendor, the
Regulatory Body should make arrangements with the Consentee for their inspections.
8.0

Inspectors

The Regulatory Body may authorise a person or a group of persons to undertake the inspection
functions.
While authorising persons for performing the inspection function, apart from their technical
proficiency in the areas to be inspected, their ability to effectively communicate, both orally and in
writing, should be considered.
The persons assigned the inspection function should undergo a well-designed orientation
programme.
If required, services of qualified outside consultants and advisory committees may be utilised for
inspection.
If required, resident inspectors may also be posted at the site.
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The responsibilities and authorities of inspectors should be clearly defined.
9.0

Guidelines and Training to Inspectors

The Regulatory Body should provide to the inspectors, inspection related information, training
and written guidelines in sufficient details. The guidelines should, while emphasizing on a systematic
and consistent approach to inspection, provide for sufficient flexibility built into the plan to permit
inspectors to deviate from the laid-down plan in response to particular needs and situations.
The guidelines should be provided in the form of an inspection manual. The manual may cover
the objectives of different types of inspection and the following subjects:
(a)

development of an inspection programme/plan;

(b)

inspectors’ responsibilities and authorities;

(c)

relevant provisions of applicable rules, codes, guides and other requirements prescribed
by the Regulatory Body;

(d)

elements of the inspection programme, including: • areas to be subjected to inspection, •
methods of inspection to be used, • selection of inspection samples, and • relevant technical
information and questionnaires;

(e)

practices on reporting requirements.

The Regulatory Body should organise periodic meetings of the inspectors assigned to various
plants, locations or projects for exchange of experiences and reviews on the effectiveness of the
inspection programmes.
11.0 Implementation of an Inspection Programme
The Regulatory Body should have an overall plan of inspection programme that it will undertake
at a FACILITY.
The frequency of inspection in the various areas, and levels of effort required in an inspection,
depend on the following aspects:
(a)

the safety significance of issues involved;

(b)

the extent of inspection;

(c)

the performance record of the FACILITY, including the number of violations and
deficiencies;

(d)

results of review and assessment;

(e)

the type of FACILITY and the duration of each consenting stage;

(f)

incidents and problems encountered, and hence the number of reactive inspections
required.

The Regulatory Body should also develop a plant or site-specific inspection plan that takes into
account the factors mentioned in the previous paragraph. The inspection plans should be reviewed
periodically and adjusted, where necessary.
Inspection of premises of vendors and contractors should be conducted through the Consentee.
The Consentee shall facilitate necessary access and organise for inspection of items/areas as specified
by the Regulatory Body.
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The Regulatory Body should also establish a process to periodically evaluate the inspection
findings and identify generic issues.
The Consentee should notify the Regulatory Body, well in advance, its schedules for carrying
out activities and tests of regulatory interest. On receipt of the schedule, the Regulatory Body may
indicate to the Consentee the activities and tests which it would like to observe through a special
inspection. The Consentee should respond by submitting or making available, in a timely manner, the
procedure for those activities and tests.
12.0 The Obligations of the Consentee with regard to Regulatory Inspections
Co-operation of the Consentee is essential to ensure that regulatory inspection can be carried out
in an effective, informed and unhindered manner. The Consentee shall, therefore, provide and facilitate
free and prompt access to inspection personnel:
(a)

any area of the FACILITY and its site, for inspection purposes. Consentee, however,
should bring to the notice of inspectors the access to areas which would constitute hazards;

(b)

all concerned personnel at the FACILITY for discussion on respective inspection areas;

(c)

all relevant documentation; and

(d)

his vendors and consultants.

The Consentee should at all times, provide regulatory inspection personnel with such equipment,
assistance and support as may facilitate carrying out their functions. These may include:
(a)

on-site work facilities;

(b)

transport at the site;

(c)

access to means of communication;

(d)

radiation protection equipment; and

(e)

reports, measurements, copies of documents, location photography/and or sketch (of any
building or room, plant machinery, appliances or apparatus, person) for the purpose of
reporting and further follow-up in connection with safety of the FACILITY and the
protection of FACILITY personnel, the public and the environment.

Thus, after confirming the importance of regulatory inspection, it becomes necessity to
understand the methodology of regulatory inspection.
13.0 Methodology
Regulatory inspection is carried out by a regulatory inspection team(RIT) specially designated
for the purpose. RIT is normally constituted by the respective Group Director in consultation with the
concerned Unit Level Safety Committee (ULSC). Most of the inspectors constituting RIT are the
experts taken from other groups/facilities. Team leader, RIT decides the dates of regulatory inspection
in consultation with facility owners. An introductory meeting is conducted on the opening day of RI in
which presentations are made by the facility owners highlighting the achievements and failures, if any.
Safety status, compliance to the recommendations of safety committees, output & events are covered
during the presentation.
For big nuclear facilities like reactors, RIT is distributed to various areas depending on the
expertise & scope but for smaller facilities the whole RIT goes for inspection as a team. RIT makes its

59

REGULATORY INSPECTION AND EVENT REPORTING
observations and also makes note of compliances with respect to earlier inspections. After completion
of the observations, exit meeting is conducted which is mostly attended by Group Director and
recommendations are consolidated depending on observations. Recommendations are categorized
depending upon their safety implications. RIT submits its report to concerned ULSC within a month.
The inspection programme of the Regulatory Body should adopt one or more of the following
methods:
(a)

monitoring and direct observation (e.g. of working practices and equipment and their
performance);

(b)

discussions with the Consentee's personnel;

(c)

examination by review of procedures, records and documentation; and

(d)

independent tests and measurements

Examination of Consentee's documentation contributes to the Regulatory Body's verification of
Consentee's compliance. The documentation examined by regulatory inspectors should normally
include as relevant to the consenting stage:
(a)

management procedures;

(b)

consents;

(c)

standing fire order;

(d)

quality assurance programme, procedures and records;

(e)

commissioning reports, test results and data;

(f)

technical specifications;

(g)

operating procedures and emergency operating procedures;

(h)

maintenance and testing procedures and schedules;

(i)

operational, maintenance and surveillance records;

(j)

records of deficiency and abnormal/unusual events and their analyses;

(k)

modification records;

(l)

health surveillance records;

(m)

radiological safety records;

(n)

emergency plans and records of emergency exercises;

(o)

minutes of meeting/reports of different committees concerning safety;

(p)

records of any safety study carried out;

(q)

training and qualification records;

(r)

radioactive waste disposal records; and

(s)

environmental surveillance and meteorological records.

14.0 Review & Follow Up of RIT Report
Action taken report (ATR) should be submitted by the facility authority within three months and
ATR should be reviewed by ULSC. If any recommendation of RIT is of category-I, it should be
expedited and referred to OPSRC/CFSRC. Review process should be completed before the
commencement of next regulatory inspection.
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15.0 Penalties in Case of Non-Compliance
In case of non-compliance of the stipulations of the safety committees or gross violations of the
safety norms &/or conditions of license, curtailment of operations or halt in progress of the projects can
be recommended by safety committees.
Category of any recommendation remaining un-attended for two years may be upgraded to the
next higher level.
B.

Event Reporting

1.0

Event and Event Reporting

Event is an occurrence of an unplanned activity or deviations from normalcy. It may be an
occurrence or a sequence of related occurrences. Depending on the severity in deviations and
consequences, the event may be classified as an anomaly, near miss, incident or accident in the
ascending order.
Accident is an unplanned event resulting in personal injury or damage to equipment which may
or may not cause release of unacceptable quantities of radioactive material or toxic/hazardous
chemicals. In code of practice on Occupational Safety and Health (OS&H) Audit [IS 14489: 1998 reaffirmed in 2002] one of the elements of OS&H is ‘Accident Reporting, analysis, investigation and
implementation of recommendations’. The safety audit questionnaire comprises several checklist
queries on this element.
2.0

Event Reporting as per Existing BSC Practice

BSC has prescribed the methodology of event reporting which is in vogue at this research centre
is detailed as follows.
BSC has listed out criteria to decide an occurrence as significant event [Annexure 1]. Such events
have to be reported in the prescribed forms [Annexure 2 & 3]. Two formats have been given – one for
prompt intimation within 24 hrs followed by the other for detailed reporting (within 20 days).
If the incident has been purely radiological the reports shall be sent to Operating Plants Safety
Review Committee (OPSRC); if it has been purely industrial, the reports shall be sent to Conventional
and Fire Safety Review Committee (CFSRC). In case the incident has been of radiological as well as
conventional origin/significance, it shall be reported to OPSRC. If the incident has taken place at a
project site, the reports shall be sent to the relevant Design Safety Review Committee (DSRC). Copy
of the reports shall be sent to the respective Unit Level Safety Committee (ULSC)/Plant Level Safety
Committee (PLSC), Member-Secretary, BSC and Officer-in-Charge, BSC Secretariat.
Any incident involving a fatality or have potential to cause fatality should be reported promptly
to Director, BARC, Chairman, BSC and Controller, BARC.
3.0

Event Reporting as per Existing Other Requirements

Depending upon the incident some of the events shall be reported to appropriate statutory
bodies/authorities. Electrical accidents are reported to the Electrical Inspector in the prescribed form
given in the Indian Electricity Rules, 1956 [Annexure 4]. Accidents involving gas cylinders, pressure
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vessels, or petroleum products are reported to the Chief Controller of Explosives as stipulated in the
relevant statutes.
In addition, any event involving departmental vehicle should be reported to Controller, BARC,
and BARC Traffic Safety Committee. Method of event reporting practised in our centre in respect of
road/traffic incidents is exclusively dealt with in another topic in this meet.
4.0

Event Reporting Practices of IHSS

The existing multichannel reporting of Injury on Duty / industrial accidents have been
streamlined by the Accident Prevention Programme of the Industrial Hygiene and Safety
Section (IHSS) and this is in effect for over three decades.
Message from Security Posts related to accidents/incidents through telephone is recorded in the
format is given in Annexure 5.
Formal reporting of injury on duty (IOD) is originated by the concerned Section/Division in a
prescribed form (Annexure – 6) in quadruplicate; the entire set is sent to the Trombay Dispensary for
filling up the relevant portion by the Medical Doctor attending the injured person/s. One copy each of
the completely filled-in IOD form is marked to IHSS, Personnel Division and Medical Division. The
fourth copy is sent back to the User Division/Facility for records.
Incident involving serious injury or fatality is expeditiously reported by IHSS to Director, Health,
Safety and Environment Group (HSEG) and Head, RSSD in a ‘red form’. This is forwarded to Director
and Controller, BARC. This form of reporting is in practice for several decades. Annexure 7 gives the
generic format of such a form.
5.0

Conclusion

Event reporting is the primary step of a healthy safety culture in an establishment/organization
and also in a Reactive Mechanism of HSE Management System. The existing practice and methodology
of event reporting in BARC is well-established. However, further streamlining may be necessary to
improve the synergy in reporting, feedback, and follow-up mechanisms to further improve upon the
safety culture of this Centre.
(Note: Attachment 1 to 7 are available in the BSC website in BTS)
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1.0

Introduction

Safety requirements of Nuclear facilities are very stringent due to related consequences. A
regulatory body for nuclear facilities is entrusted with the responsibility of safety review, assessment,
and enforcement of compliance of its recommendations. Safety in the context of nuclear facilities means
the achievement of proper operating conditions, prevention of accidents or mitigation of accident
consequences, resulting in protection of site personnel, the public and the environment from undue
radiation hazards. The regulatory body assumes added responsibility when it is part of an internal safety
framework and for BARC, it is as follows.
The regulatory review and assessment in BARC is carried out by an internal safety framework.
The framework consists of a three-tier system. BARC Safety Council (BSC) being the apex safety
committee endeavors to integrate safety, quality, technology and performance towards further
strengthening of safety culture in BARC. BSC has an overall responsibility in matters of health, safety
and environment for all BARC facilities. Regulatory review of the operating facilities having
radiological implications is carried out by Operational Plants Safety Review Committee (OPSRC).
Conventional & Fire Safety Review Committee (CFSRC) carries out regulatory review of the other
facilities where radioactivity is not handled. A set of Design Safety Review Committees (DSRCs) carry
out regulatory reviews of each of the various projects till their commissioning. The recommendations
of the OPSRC, CFSRC and DSRCs are further reviewed and assessed by BSC. The OPSRC and CFSRC
are assisted by Unit Safety Committees and the DSRCs are assisted by Working Groups.
The safety review framework is supported by a Safety Secretariat. The Secretariat is entrusted
with the responsibilities of functioning of the safety framework and keeping track of latest nuclear,
radiological and conventional safety and environmental regulations.
2.0

Characteristics of Good Safety Culture

A good safety culture sets higher sense of responsibility on the organization in dealing with
issues, which can have more serious consequences. It also, in a way, fixes the order of responsibilities
based on the seniority in the management. Safety culture is itself a sub set of the culture of the whole
organization. In simple terms, it is “the way we do things around here” and is defined as:
“Safety culture is that assembly of characteristics and attitudes in organizations and individuals
which establishes that, as an overriding priority, nuclear plant safety issues receive the attention
warranted by their significance.”
A good nuclear safety culture has the following characteristics.
(i)

When any possible conflict in priority arises, safety and quality take precedence over time
schedule and cost.

(ii)

Errors and near misses are seen not only as a matter of concern, but also as a source of
experience from which benefit can be derived.
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(iii)

Organization changes or activities are conducted in accordance with procedures.

(iv)

When problems are identified, the emphasis is placed on understanding the root cause of
the problems and finding the best solutions without being diverted by who identified or
contributed to the problem.

(v)

The goal of supervisor and management is that every task be done in right way the first
time and every time thereafter.

(vi)

Practices and policies convey an attitude of trust.

(vii) Feedback is solicited to help identify concerns, impediment, and opportunities to improve.
(viii) The organization has a commitment for continuous safety improvement.
(ix)

Senior managers prevent isolationism and encourage the establishment of a learning
organization.

(x)

Every individual, every supervisor, and every manager demonstrates personal integrity at
every opportunity that arises during the lifetime of the plant.

(xi)

Every organization change, every meeting, and every safety assessments is taken as an
opportunity to teach, learn and reinforce the preceding characteristics and principles.

The responsibility for the safety lies with the facility, the regulators can only advise them. The
safety culture can be developed and strengthened in phases as follows:
(i)

Safety is based on rules and regulations.

(ii)

Good safety performance becomes an organizational goal and is dealt with primarily in
terms of safety targets as goals.

(iii) Improvement in the safety levels is possible only with the active contribution of
everyone.
3.0

The Defence in Depth Philosophy

The image of nuclear safety is international; an accident anywhere affects the public opinion
everywhere. The basic tenets of nuclear safety are its design which is based on the philosophy of defence
in depth. The various levels of barriers by way of providing confinement/containment and engineered
safety features provide nuclear safety a sound footing. The defence in depth philosophy addresses the
management of an event as follows:
(i)

Prevention

(ii)

Control

(iii)

Mitigation

(iv)

Emergency Handling

It is the safety culture prevailing in a facility which ensures that at the various stages of
operation/event the intent is met with good success.
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4.0

Maintaining Good Safety Culture

The effort and contribution of everybody in a facility eventually shows up in maintaining and in
raising of the safety standards and managing any event to an acceptable level. For maintaining a good
safety culture, the following (only illustrative) aspects need to be addressed.

5.0

•

Organization set up – with well-defined responsibilities and team spirit

•

QA Plan – Operation/Maintenance procedures surveillance plan

•

Documentation - at the various stages e.g. designing, construction, operation

•

Incident reporting- timely and accurate report in line with INES scale

•

Record keeping - records should be graded and retrievable

•

Authorizations & Industrial Licenses

•

Waste Management - Policy and records

•

Recruitment, training and retraining policy

•

Regulatory inspection/ audit details

•

Radiological safety measures

•

Emergency drill / measures

•

Design change/ up gradation

•

Housekeeping and general hygiene etc

Role of Regulator

A regulatory body promotes an effective safety management system in the organizations by
ensuring that there is self-assessment and correction (self-regulation) and avoids acting in a manner that
diminishes the responsibility to safety of the organization.
A regulatory body should have the authority to:
•

Develop safety principles and criteria

•

Establish regulations and issue guidance

•

Issue, amend, suspend or revoke authorizations and set conditions

•

Enter a site or facility at any time to carry out an inspection

•

Enforce regulatory requirements

•

Communicate independently its regulatory requirements, decisions and opinions and their
basis to the public

The regulatory body monitors the performance of the organization and takes action if the safety
management system becomes ineffective or the safety performance of the organization declines. The
regulator ensures that the organization has an effective self-regulating safety management system and
the regulatory body monitors the effectiveness. The regulatory body maintains open channels of
communication with the organization.
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Safety culture has two general components. The first is the necessary framework within an
organization and is the responsibility of the management. The second is the attitude of staff at all levels
in responding to and benefiting from the framework. Attention to safety involves many elements
including
(i)

Individual awareness of the importance of safety.

(ii)

Knowledge and competence through training, instruction and self-education

(iii)

Commitment to safety

(iv)

Motivation

(v)

Supervision, including audit and review practices, with readiness to respond to individuals
questioning attitudes.

(vi)

Responsibility, through formal assignment and description of duties and their
understanding by individuals.

6.0

Safety Performance Indicator

Introduction of performance measurement enables an organization to set safety targets and to
trend performance for the organization as a whole. A range of parameters needs to be considered in
order to provide general sense of the overall safety performance of a nuclear facility. Most conventional
quantitative indicators measure historical performance and thus their predictive capacity arise from
extrapolation of trends or comparisons with past performance. Forward looking indicators which
measure positive efforts to improve safety are more valuable, although they are recognized as being
more difficult to develop and measure objectively. Measures of personnel behavior and attitudes,
although more qualitative in nature, can provide a significant impact to judgments about overall safety
performance.
7.0

Identifying Declining Safety Performance

In order to avoid any decline in safety performance, the management has to remain vigilant and
objectively self-critical. Early signs of declining performance are not readily visible and tend to be
ambiguous or hard to interpret. In fact, when signals are obvious, it generally means onset of indication
of serious performance problem. A key to this is the establishment of an objective internal selfevaluation programme supported by periodic external reviews.
Typical pattern of declining safety performance in an organization can be grouped in five stages
as follows:
Stage

One

- Overconfidence

: Due to good past performance and unjustified selfsatisfaction

Stage

Two

- Complacency

: Minor events are overlooked

Stage

Three - Denial

: More significant events are taken as isolated cases. Internal
audit is ignored and corrective actions are terminated early

Stage

Four

- Danger

: A few potential severe events occur – (near miss situations)

Stage

Five

- Collapse

: A very clear stage. Management is overwhelmed and
usually needs to be replaced
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It is important that, in nuclear facilities, any declining performance be recognized after the first
two stages and at least early in Stage – Three.
8.0

Ways to Evaluate the Safety Culture.
Following are 25 ways to tell whether or not you have an awesome safety culture.
If you can answer yes to most of these, you’re doing great. Keep it up!

If not, you have some work to do. Don’t be discouraged, culture change takes time and
perseverance.
i)

There is visible leadership commitment at all levels of the organization.
Leadership commitment (or lack thereof) to safety will always show. What your
organization’s leaders value is typically what gets done. In great safety cultures, leadership
proves their commitment to safety through their actions and how they empower others
throughout the organization to win with their safety initiatives.

ii)

All employees throughout the organization exhibit a working knowledge of health
and safety topics.
When you value something, it’s worth the time and energy it takes you to excel at it. In
great safety cultures, all employees throughout the organization have invested in a working
knowledge of health and safety topics. In order words — they’re competent in safety. They
know their roles and responsibilities. They know their stuff.

iii)

There is a clear definition of the desired culture the organization wishes to achieve.
How do you create movement toward the safety culture your organization wishes to
achieve? You set a goal. You write it down. You measure where you’re at. You develop a
plan to make it happen. It’s a simple strategy, yes, but not simplistic. Make sure you
develop a plan that includes a clear definition of what your desired safety culture looks
and feels like.

iv)

There is a lack of competing priorities – safety comes in first every time!
Who wins the showdown between production and safety at your organization? Does safety
win every time or only when it’s the easy and convenient option? Safety needs to win
every time or you’ve developed a toxic culture. It’s that simple.

v)

There is visible evidence of a financial investment in health and safety.
Safety slogans are great, but creating a winning safety culture requires resources.
Improvements need to be made. Problems need to be solved. If funding a safety project is
a constant battle and there is no evidence of a financial investment in safety, you may have
a safety culture issue.

vi)

Opportunities for improvement are identified and resolved before a problem occurs.
Proactive organizations identify issues before they become costly problems and injuries.
Are you passively reacting to every injury? Or are you proactively finding risk factors and
putting control measures in place? Safety leaders that are ahead of the curve identify and
resolve issues before a more serious problem occurs down the road.
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vii)

There is regular, facility-wide communication on health and safety topics.
Communication, communication, communication. An internal safety communication
process increases awareness of safety topics and transfers knowledge to empower your
people to be successful.

viii) A fair and just discipline system is in place for all employees.
We live in a sowing and reaping world. There are your actions and there are the
consequences. Instituting a fair and just discipline system for safety behaviors is a
necessary step to follow through on your claim that safety is important to you.
ix)

There is meaningful involvement in health and safety from everyone in the
organization.
Safety is everyone’s job, and everyone needs to do their job well. From the facility
manager to the safety manager to the supervisor to the worker on the floor, it takes a team
effort to win at safety. Everyone needs to play a meaningful role in the safety process.

x)

Managers spend an adequate amount of time out on the shop floor, where the people
are.
Great safety leaders spend time out where the people are. It’s where the real work gets
done — the shop floor. That’s where you can find problems. It’s where you can talk to
operators and get their feedback. It’s where you’ll be seen (and respected) as the safety
leader. You have administrative duties, yes. But the great ones get out there and get their
hands dirty.

xi)

Participation rates are at an all-time high, indicating that employees are highly
motivated and your marketing of health and safety initiatives is effective.
Safety success tends to breed more success. Safety culture is the vehicle that drives this
phenomenon. When participation rates are at an all-time high, you’ve been able to build
buzz and positive momentum for your future efforts. Keep it going.

xii)

Employees are actively engaged in health and safety initiatives, producing tangible
results for the organization.
Are your employees engaged in health and safety initiatives? Or are they dismissive,
leaving you wondering if you’re getting through at all? Engaged employees are more
productive, giving you tangible results and feedback.

xiii) Your employees report high job satisfaction due to the organization’s commitment
to their health and well-being.
Employee retention and engagement is a focus point for organizations around the world,
and rightfully so. With the skills and talent gap growing wider and wider with time,
engaging your workforce through excellence in health and safety builds culture. Do this
right and you’ll find yourself with highly satisfied employees and the safety culture you
were striving toward.
xiv) Safety is the first item on the agenda of every meeting.
Is safety at the top of your agenda sheet? I hope so. If not, I bet I can guess what the safety
culture is like at your organization. Either put safety first or send a loud and clear message
to everyone at the meeting that you don’t truly care.
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xv)

Employees feel comfortable reporting safety issues to their supervisors.
Do your employees feel comfortable reporting a safety issue to supervisors? Or do they
feel like they will be ignored or (even worse) punished for coming forward? This is a huge
indication of the culture you’re molding. Employees should feel encouraged and met with
praise when they report safety issues.

xvi) Regular, detailed audits of the company’s health and safety program are conducted
by an external auditor.
Great safety leaders are confident enough to be audited by an external auditor. It’s one
thing to do an internal audit (and pat yourself on the back). It’s another thing to bring in
an outsider to do an external audit (and meet the challenge head on).
xvii) Rewards and recognition of good behaviors are regularly given and serve to motivate
continued health and safety performance.
Positive safety behaviors should be awarded and these awards should motivate continued
health and safety performance. You know what employees value but don’t get nearly
enough? Recognition of a job well done. Recognize and reward positive behaviors. The
word will get out.
xviii) Safety is a condition of employment.
Can you really afford an employee who thinks they are above the rules when it comes to
safety? Lives are on the line. Safety should be a condition of employment. If your
organization values safety above all else, you make safety a fundamental value. Any
employee who doesn’t share this value should be asked to leave and go work somewhere
else.
xix) Managers and supervisors respond positively to safety issues that are raised.
Good managers and supervisors understand that when employees raise a safety issue, it’s
another opportunity for improvement. This opportunity mindset allows them to respond
positively to the employee that raised the issue and escalate the issue far enough to get a
solution put in place.
xx)

Safety is viewed as an investment, not a cost.
Companies that perform well in safety also perform well in business. Knowing the true
value of safety, organizations with a great safety culture view safety as an investment, not
a costly and dreaded expenditure.

xxi) A high standard exists for accurate and detailed reporting of injuries and illnesses –
nothing is swept under the rug
This is a big one. Nothing should be swept under the rug. In great safety cultures,
transparency and integrity is the only way to conduct business. This is about living in
reality and confronting the challenges that exist in your workplace.
xxii) There is a concrete definition of what success looks like for your health and safety
program.
How will you know when you’ve achieved your goals? You’ll know because you have set
measurable goals and you know exactly what success looks like.
xxiii) The organization has the willpower to make major changes when necessary.
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Quick fixes and easy solutions are great. But your organization’s willpower will be tested
when you need to make a major move. In great safety cultures, good intentions are backed
by the willpower to endure major changes, expensive investments and hard decisions.
xxiv) Safety issues are dealt with in a timely and efficient manner.
A functioning safety process deals with issues in a timely and efficient manner. Hazards
are identified and controls are put in place within a reasonable time period. Knowing injury
risks exist and not doing anything about them is a sure sign the organization has become
complacent and culture is rapidly deteriorating.
xxv) All employees throughout the organization are empowered with the necessary
resources and authority to find and fix problems as they see them.
Your safety process should have clearly defined roles and responsibilities. In order for the
people throughout your organization to successfully accomplish their role in the process,
they will need resources and authority to make decisions.
9.0

Conclusion

It takes a long period and strong commitment to build an impeccable safety culture. It requires
effort by all towards incident free operations of any facility. From manager to worker, everyone should
have sense of ownership towards the facility. The expenditures towards safety are so meager that a
single safety incident can offsets it in no time and it also tarnishes the reputation of the organization.
Every worker should realize that all safety provisions are for them only and following safety protocol
does not affect the productivity.
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