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REGULATORY FRAMEWORK FOR BARC FACILITIES
K. Jayarajan
Chairman, BARC Safety Council
kjayaraj@barc.gov.in

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.
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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 February 1, 2020) is given below:

1.

Mumbai*

Scientific
3243

2.

Tarapur

247

871

66

130

1314

3.

Kalpakkam

387

871

76

54

1388

4.

Mysore

164

544

48

128

884

5.

Visakhapatnam

125

91

27

6

249

6.

Other stations.

168

131

12

57

368

4334

6497

1027

2350

14208

Total

Technical
3989

Administrative
798

Auxiliary
1975

Total
10005

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

In addition, BARC employs about 5500 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 nonionizing 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.
Competent Authority: Director BARC

BARC Safety Council

DSRCs (12)

OPSRC

ULSCs (7)

CFSRC

ULSCs (9)

BSC for Specific Facilities

CRAASDRW

PPSRC

Safety Committees

Expert Committees (12)

Figure 1. BARC Safety Framework
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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:
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 membersecretary 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:
1)

Operating Plants Safety Review Committee (OPSRC)

2)

Conventional and Fire Safety Review Committee (CFSRC)

3)

Physical Protection Safety Review Committee (PPSRC)

4)

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

5)

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.
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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 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-CFV: Conventional Facilities, Vizag

4)

DSRC-HFRR: High Flux Research Reactor

5)

DSRC-IPF: I-131 Processing Facility

6)

DSRC-NRFN: Nuclear Reactor Facility- North Site

7)

DSRC-NRB: Nuclear Recycle Board

8)

DSRC-NRG: Nuclear Recycle Group

9)

DSRC-RMRC: Radiation Medicine Research Centre, Kolkata

10)

DSRC-SNRF: Safe-guarded Nuclear Recycle Facility

11)

SRC-LNTC: Live Nuclear Training Complex, CME, Pune

12)

SRC-NC: New Constructions
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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)

ULSC-RO: Radiological Operations

3)

ULSC-RR: Research Reactor

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
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)
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3.6

8)

Safety Review Committee for Radioactive Source (SRC-RS)

9)

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

10)

Safety Review Committee for Temporary Structures (SRC-TS)

11)

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

12)

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.
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.

Page | 6

REGULATORY FRAMEWORK FOR BARC FACILITIES
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
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
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follows up the regulatory and safety recommendations. BSCS prepares safety reports for review
by BSC, BSC-SF 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.

4.0

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

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 39 Training Courses on
“Basic Radiological Safety and Regulatory Measure for Nuclear Facilities” at Trombay, Tarapur,
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Kalpakkam and Vizag. Each course is conducted for four days for about fifty employees. The
Fortieth Course is being conducted at Anushaktinagar, Mumbai in February 2020.
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. The next Theme Meeting on “Regulatory aspects of
Radiation Protection in BARC Facilities” is scheduled on March 28, 2020 in DAE Convention Centre,
Anushaktinagar.
BSC, along with Material Handling Equipment (MHE) Committee, has conducted twenty
“Training Courses on Crane Operation”. The latest course was conducted at Dhruva, BARC
Trombay in February 2020.
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

S. K. Sahu
Environmental Monitoring and Assessment Section, HS&EG
sksahu@barc.gov.in
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), x-rays, 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 high-altitude 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.
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A thin-window Geiger-Mueller (GM) probe can detect the presence of alpha 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 sulfur35.



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



Gamma radiation is easily detected by survey meters with a sodium iodide detector
probe.



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.
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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:

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
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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 half-lives (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 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 polonium-21 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).
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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 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
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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

Worldwide average annual effective dose
(mSv)

Typical range (mSv)

External exposure
Cosmic rays
Terrestrial gamma rays

0.4
0.5

0.3-1.0 a
0.3-0.6 b

Internal exposure
Inhalation (mainly radon)
Ingestion

1.2
0.3

0.2-10 c
0.2-0.8 d

Total

2.4

1-10

a
b
c
d

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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RADIATION UNITS, DOSIMETRY AND DOSE LIMITS
V. Ramakrishna
PRPD, Kalpakkam
rkvedantham@igcar.gov.in

1.0

Introduction

After the discovery of ionizing radiation, various radiation related terms and their units came
in to practice and are used for day-to-day works in nuclear industry. A glimpse of these terminology
like radioactivity units, radiation dose related units etc. are given in this chapter.
2.0

The Becquerel: Unit of Radioactivity

Henry Becquerel

Marie Curie

Henri Becquerel was a Frenchman who discovered radioactivity in 1896, and the unit of
activity is named in his honor. It is abbreviated as Bq.
1 Becquerel represents one disintegration per second.
This is a rather small amount of activity, useful for environmental measurements. Sources in
a nuclear plant often have much greater activity, and the following multiples are often used:
1 kBq (kilo becquerel)
1 MBq (mega becquerel)
1 GBq (giga becquerel)
1 TBq (tera becquerel)

= 1x103 Bq
= 1x106 Bq
= 1x109 Bq
= 1x1012 Bq

The old unit for radioactivity was ‘Curie’ in honor of madam Marie Curie who did pioneering
work in studies related to radioactive elements along with her husband and received Nobel prize
twice for the works she has done. She died due to radiation induced cancer. The relation between
both the units is
1 Ci = 3.7 x1010 Bq
As ‘Ci’ is a big quantity, it is often used as mCi, µCi or nCi.
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3.0

Evolution of Dose Units

During the early days of radiological experience, there was no precise unit of radiation dose
that was suitable either for radiation protection or for radiation therapy. For purposes of radiation
protection, a common ‘dosimeter’ was a piece of dental film with a paper clip attached. A daily
exposure great enough to just produce a detectable shadow was considered a maximum
permissible dose. For greater doses and for therapy purposes, the dose unit was frequently the
‘skin erythema unit’. Because of the great energy dependence of these dose units as well as
inherent defects, neither of these two units could be useful in any manner. This led to a more and
precise research for quantitatively representable and measurable units.
3.1

Effect of Ionizing Radiation on Tissue

Since about 60 % of human body weight is water, let us look at what radiation does to water
molecules. The symbol for water is H2O. This means that two hydrogen atoms and one oxygen
atom are bonded together to exist as one water molecule. When an H2O molecule is struck by
radiation, the molecule picks up the energy lost by the radiation in the collision. If the energy gain
is sufficient to overcome the bonding force holding the molecule together, the molecule will break
up as shown below:
H2 O

H + + OH -

As a result of radiation absorption, products like H+, OH-, H*, OH*, H2O2 are formed which
are very reactive and can cause harmful chemical changes in the organic molecules in the cells of
the tissue.

The organic molecule in tissue that is most important in the potential risk from ionising
radiation is deoxyribonucleic acid or DNA. The DNA molecule carries the blueprints for life: in
humans, there are more than 10,000 instructions for life processes encoded along its length. Most
of the chemical changes in the structure of the DNA, whether these occur spontaneously or
because of exposure to radiation or other agents, are actively repaired by living cells. The
instructions for this repair are themselves encoded in the DNA. A small fraction of the DNA damage
is not correctly repaired and so results in permanent changes in the DNA structure. Some of these
changes may express themselves as a harmful biological effect, such as an inherited genetic defect
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or as a cancer in the exposed individual. To assess such changes quantitatively and qualitatively,
various radiation units are defined with respect to the radiation source and the target material.
3.2

Radiation Dose Units

3.2.1 Absorbed Dose (D)
It is specified in terms of the amount of energy deposited by radiation in 1 kg of material. The
unit is the Gray, abbreviated Gy. (It was named in honour of Louis Gray, who was a very big name
in the early days of radiation dosimetry). When represented in SI units,
1 Gy = 1 J/kg
An absorbed radiation dose of 1 Gray corresponds to the deposition
of 1 Joule of energy in 1 kg of material. The Gray is a measure of
energy absorbed by 1 kg of any material, be it air, water, tissue or
whatever. A person who has absorbed a whole-body dose of 1 Gy
has absorbed one joule of energy in each kg of body tissue.
Sievert

The gray is a fairly hefty dose, so for normal practical purposes we
use the milligray (abbreviated mGy) and the microgray (abbreviated µGy). The old unit for
this is Rad (one Rad is an absorbed radiation dose of 100 ergs per gram). Since 1 J = 107 ergs
and 1 kg = 1000 grams,
1 Gy = 100 rads
When the type of radiation (Equivalent Dose) and type of tissue (Effective Dose) in which
being absorbed is taken in to account, the dose units are represented in ‘Sievert’ (in honor of a
great scientist ‘Sievert’ who worked on biological effects of radiation) and symbolically written as
Sv. As it is a large quantity, it is represented in smaller quantities of mSv, μSv etc. When these dose
quantities are taken with respect to time in which they are getting absorbed, it becomes dose rate
and is represented in terms of mGy/hr or mSv/hr or we can use still smaller units of prefix with
micro. The time unit also can be represented as per our convenience viz: sec, min, hr and year.
3.2.2 Equivalent Dose (H)
Accounts for both the size of the absorbed dose and its biological effectiveness.
H (Sv) = D (Gy) x WR.
The Gray is a physical unit. It describes the physical effect of the incident radiation (i.e., the
amount of energy deposited per kg), but it tells us nothing about the biological consequences of
such energy deposition in tissue. Studies have shown that alpha and neutron radiation cause
greater biological damage for a given energy deposition per kg of tissue than gamma radiation
does. In other words, equal doses of, say, alpha and gamma radiation produce unequal biological
effects. This is because the body can more easily repair damage from radiation that is spread over
a large area than that which is concentrated in a small area.
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Because more biological damage is
caused for the same physical dose
(i.e., the same energy deposited per
unit mass of tissue), one gray of
alpha or neutron radiation is more
harmful than one gray of gamma
radiation. Radiation Weighting
Factor (WR) is established for each
type of radiation with respect to its
energy to overcome the above
inequalities. The radiation weighting
factor is dependent on Linear Energy
Transfer (LET) of the radiation which in turn is related to specific ionization of the radiation. The
WR for various radiations is as given below.
Type of radiation
X - ray & gamma (all energies)
Electrons (excluding auger electron.)
Protons and charged pions
Alpha particles, Fission fragments, heavy nuclei

WR
1
1
2
20

Type of radiation
Neutrons energies
< 10 KeV & > 20 MeV
(10 - 100) KeV & (> 2 - 20) MeV
> 100 KeV - 2 MeV

WR
5
10
20

3.2.3 Effective Dose (E)
It is a quantity derived from dose to different tissues which is likely to correlate with the total
stochastic effects.
Effective dose (E) = Equivalent dose (H) X Tissue weighting factor (WT)
E (Sv) = H (Sv) x WT
The probability of stochastic effects and equivalent dose is found also to depend on the
organ or tissue irradiated. i.e., the sensitivity of various tissues in the body varies with same
radiation and same energy. For example, the blood cells are highly sensitive to radiation whereas
the cells in CNS are highly resistant to radiation. The factor by which the equivalent dose in tissue
or organ T weighted is called the Tissue weighting factor (WT). It represents the relative
contribution of that organ or tissue to total detriment due to their effects resulting from uniform
irradiation of the whole body. The WT for various organs is as given below.
WT
Organs

Total

0.01





Bone Surfaces
Skin
Brain
Salivary glands

0.04

0.04





Bladder
Liver
Oesophagus
Thyroid

0.16

0.12







Colon
Lung
Red Bone Marrow
Stomach
Breast
Remainder (13 tissues)
0.60+0.12 (0.72)

0.08
 Gonads

0.08
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The terms ‘Dose’ and ‘Whole body dose’ are sometimes used to refer to effective dose. The
old unit was `Rem` and the relation is 1 Sv = 100 Rem
4.0

Exposure

4.1

Exposure unit (‘X’ unit)

It is a measure of photon flux and is related to the amount of energy transferred from X-ray
field to a unit mass of air. One exposure unit is defined as that quantity of ‘X’ or ‘γ’ radiation that
produces in air, ions carrying 1 coulomb of charge per kg of air.
1 X unit = 1 C/kg air
The use of exposure unit is limited to ‘X’ or ‘γ’ rays whose quantum of energies do not exceed
3 Mev. For higher energy photons, exposure is expressed in units of watt-seconds per m2 and
exposure rate is measured in watts per m2. The operational definition of the exposure unit may be
converted into the more fundamental units of energy absorption per unit mass of air as shown
below.
1 𝑋𝑋 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 = 1

𝐶𝐶
1 𝑖𝑖𝑖𝑖𝑖𝑖
𝑒𝑒𝑒𝑒
𝐽𝐽
𝐺𝐺𝐺𝐺
×
× 34
× 1.6 × 10−19
×1
−19
𝑘𝑘𝑘𝑘 𝑎𝑎𝑎𝑎𝑎𝑎 1.6 × 10 𝐶𝐶
𝑖𝑖𝑖𝑖𝑖𝑖
𝑒𝑒𝑒𝑒
𝐽𝐽/𝑘𝑘𝑘𝑘
𝟏𝟏 𝑿𝑿 𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖 = 𝟑𝟑𝟑𝟑 𝐆𝐆𝐆𝐆 (𝐢𝐢𝐢𝐢 𝐚𝐚𝐚𝐚𝐚𝐚)

Before the adoption of SI system, the exposure is measured in terms of ‘Roentgen’
(abbreviated ‘R’). The ‘Roentgen’ was defined as that quantity of X- or gamma radiation that
produces ions carrying one esu (or statcoulomb) of charge of either sign
per cubic meter of air at 0oC and 760 mm Hg.
𝑆𝑆𝑆𝑆
1 𝑅𝑅 = 1 3
𝑐𝑐𝑐𝑐

Roentgen

Since 1 ion carries a charge of 4.8 x10-10 SC and the mass of 1 cc of
standard air is 0.001293 g, an exposure of 1 R corresponds to an
absorption of 87.7 ergs per gram of air or to a dose to the air of 0.877
rad. The relation between exposure unit and roentgen is as given below.
1 X unit = 3881 R

When the exposure is measured with respect to time, it is known as exposure rate and measured
in R/hr or mR/hr. An exposure of 1 R corresponds to 87.8 ergs per gram of air or it leads to 95 ergs
per gram of muscle tissue. This tissue dose from 1 R exposure is very close to the tissue dose of 100
ergs per gram which corresponds to 1 rad. For this reason, an exposure of 1 Roentgen is frequently
considered approximately equal to an absorbed dose of 1 rad and the unit ‘Roentgen’ is loosely
(but incorrectly) used to mean ‘rad’.
5.0

Measurement of Various Units
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All the units that are mentioned above cane be physically measured by using suitable
equipment based on the various applications which are discussed in detail in the next chapter.
However, some of the instruments that are used in the nuclear industry are as shown below.

Alpha

Gross activity measuring devices (Bq, Ci)
Beta- gamma

LSA: beta

Dose rate measuring devices (mGy/hr, mSv/hr, µGy/hr etc…)
Gamma
Neutron
Gamma

Personnel dose measuring devices (mRem, mSv)
Gamma
Beta-gamma
Neutron

Radiation Exposure is measured using ‘Free air chamber’ or ‘Air wall chamber’ which is
beyond the scope of this.
6.0

ICRP

In 1928 an international commission, called the International X-ray and Radium Protection
Commission was formed to deal with the safety aspects of ionizing radiations. In 1950 the
Commission was reorganized. The name was changed to “The International Commission on
Radiological Protection” – universally known as the ICRP. The objectives of ICRP are; 1. To prevent
deterministic effects (deterministic effects are those effects on our body which certainly occur
after a threshold amount of dose) and to minimize probabilistic or stochastic effects (stochastic
effects are those effects on our body which can take place without any threshold) while using the
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sources of radiation for the benefit of mankind and society at large. These are achieved by applying
principles like Justification, optimization and dose limitation.
7.0

Dose Limits

The dose limits suggested by ICRP and the dose limits followed in India which are prescribed
by Atomic energy regulatory board (AERB) are as given below. It can be seen that in India, the dose
limits are far lesser than that prescribed by the international body. The limits are meant for only
occupational doses which does not include dose due to natural background or medical purposes
(diagnostic or therapeutic doses).
7.1

Whole body dose limits
Departmental workers

Temporary workers

Public

(mSv)

(mSv)

(mSv)

Monthly

10

10

-

Quarterly

15

-

-

Annual

30

15

1

5 year

100

-

5

Life time

1000

-

-

Annual

50

-

1

5 years

100

-

5

Life time

1000

-

-

AERB limits

ICRP limits

7.2

Equivalent dose limits (mSv/year)
Occupational workers

Temporary workers

General public

ICRP

AERB

ICRP

AERB

ICRP

AERB

Lens of the eye

150*

150

-

75

15

15

Skin

500

500

-

250

50

50

Extremities

500

500

-

250

-

-

*it was revised to 20 mSv in 2013

Page | 25

RADIATION UNITS, DOSIMETRY AND DOSE LIMITS

Page | 26

RADIATION DETECTION AND MEASUREMENT

4.

RADIATION DETECTION AND MEASUREMENT
C. L. R. Yadav
BARC Safety Council Secretariat
clyadav@barc.gov.in

1.0

Introduction

Human being cannot see, smell or taste radiation; they are dependent on instruments to
indicate the presence of ionizing radiation. Radiation is energy traveling in the form of particles or
waves in bundles of energy called photons. Some everyday examples are microwaves used to cook
food, radio waves for radio and television, light, and x-rays used in medicine.
Radioactivity is a natural and spontaneous process by which the unstable atoms of an
element emit or radiate excess energy in the form of particles or waves. These emissions are
collectively called ionizing radiations. Depending on how the nucleus loses this excess energy
either a lower energy atom of the same form will result, or a completely different nucleus and atom
can be formed.
Ionization is a particular characteristic of the radiation produced when radioactive elements
decay. These radiations are of such high energy that when they interact with materials, they can
remove electrons from the atoms in the material. This effect is the reason why ionizing radiation is
hazardous to health, and provides the means by which radiation can be detected.
Radiation instruments are an essential component of any radiation monitoring and
surveillance programme. The main radiations to be monitored are alpha (α), beta (β), gamma (γ)/Xrays and neutron (n). Alpha (α), beta (β), gamma (γ), Except the X-rays, originate from the nucleus,
as a result of nuclear transformation or de-excitation. The various radiation sources from which
these radiations originate can be in any physical form i.e. solid, liquid or gas, which further
complicate the measurement in practical situations. Sometimes we may encounter mixed radiation
fields of varying magnitudes. Since X-rays also interact with matter similar to that of gamma rays,
the detectors for these radiations are considered together.
Almost all the Radiation Monitoring Instruments broadly consist of three blocks as Detector
(responsible for converting ionizing radiation into signal), The Processing Electronics (responsible
for detector signal processing) and The Display unit (conveys measured quantity to human being).
2.0

Radiation Detector

Radiation detector plays a vital role in radiation measuring instruments. Role of the radiation
detector is to convert ionizing radiation directly into electrical signal or into one of the physical
forms like light or temperature etc. The non-electrical signal of the detector is further converted
to electrical signal by suitable transducers. Though a variety of detectors are available today, the
basic principles fall into one of the following categories as shown in Table –1 below.
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Table - 1
Effect
Electrical
Chemical
Light
Thermoluminescence
3.0

Type of instrument
1. Ionization Chamber
2. Proportional Counter
3. Geiger Muller Counter
4. Solid State detector
1. Film
2. Chemical dosimeter
Scintillation detector
Thermoluminescent Dosimeter (TLD)

Detector
1. Gas
2. Gas
3. Gas
4. Semiconductor
1. Photographic emulsion
2. Solid or liquid
Crystal or liquid
Crystal

Gas Filled Detectors

This instrument works on the principle that as radiation passes through air or a specific gas,
ionization of the molecules in the air occurs. When a high voltage is placed between two areas of
the gas filled space, the positive ions will be attracted to the negative side of the detector (the
cathode) and the free electrons will travel to the positive side (the anode). These charges are
collected by the anode and cathode which then form a very small current in the wires going to the
detector. By placing a very sensitive current measuring device between the wires from the cathode
and anode, the small current is measured and displayed as a signal. The more radiation which
enters the chamber, the more current is displayed by the instrument. Many types of gas-filled
detectors exist, but the two most common are the ion chamber used for measuring large amounts
of radiation and the Geiger-Muller or GM detector used to measure very small amounts of
radiation.
The simplest of Gas Filled Radiation Detector consists merely of two electrodes in a gas
chamber; the walls of the chamber are constructed to permit penetration by the radiation of
interest. The oldest but still very useful gas-filled nuclear radiation detector types are:
(i)

The ionization chamber.

(ii)

The proportional counter.

(iii)

The Geiger Muller (GM) counter.
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Table - 2 (Comparison of various types of gas filled detectors)
PARAMETER
Mode of
operation
(i) Pulse
(ii) Current
Spectrometry

Ionization Chamber

Proportional Counter

(i) Possible
(ii) Normally current
mode

(i) Normally pulse
mode
(ii) Possible

Yes, for alpha

Yes, < 200 keV
gamma/X-rays

Gas amplification

1

103 - 105

Type of radiation
detected.

α, β ,γ , X, neutron

α, β, γ , X, neutron

Geiger Muller Counter
(i) Normally pulse mode
(ii) Non-linear current
response with dose
rate.
Not possible. Since
pulse height independent of energy.
>106
β, γ, X - ray
α With thin window.

Order of pulse
height

< 10 mV

≤ 100 mV

∼ Tens of volts.

Electronics

Care for small pulse
amplification and low
current
measurement.

Stable EHT, moderate
complex electronics.

Simple electronics, less
critical operating
conditions.

4.0

Scintillation Detectors

The basic principle behind this instrument is the use of a special material which glows or
"scintillates" when radiation interacts with it. The most common type of material is a type of salt
called sodium-iodide. The light produced from the scintillation process is reflected through a clear
window where it interacts with device called a photomultiplier tube. The first part of the
photomultiplier tube is made of another special material called a photocathode. The photocathode
produces electrons when light strikes its surface. These electrons are then pulled towards a series
of plates called dynodes through the application of a positive high voltage. When electrons from
the photocathode hit the first dynode, several electrons are produced for each initial electron
hitting its surface. This "bunch" of electrons is then pulled towards the next dynode, where more
electron "multiplication" occurs. The sequence continues until the last dynode is reached, where
the electron pulse is now millions of times larger than it was at the beginning of the tube.
At this point the electrons are collected by an anode at the end of the tube forming an
electronic pulse. The pulse is then detected and displayed by the instrument.
Scintillator can be used for ionizing radiation detection and spectroscopy of a wide
assortment of radiation. Availability of scintillators in various physical forms (i.e. solid, liquid and
gaseous), availability of excellent photon detectors (like Photomultiplier tubes, solid-state photon
detectors) and microelectronics (for processing signals) makes these detectors quite useful for
variety of applications.
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While detecting ionizing radiation the following sequential events take place:
•

The absorption of nuclear radiation in the scintillator, resulting in excitation and
ionization within it.

•

The conversion of the energy dissipated in the scintillator to light energy through the
luminescence process.

•

The transit of light photons to the photo cathode of the photo multiplier tube.

•

The absorption of the light photons at the photo cathode and the emission of the
photoelectrons and subsequent electron multiplication process within the photo
multiplier tube.

•

The analysis of the current pulses furnished by the photo multiplier tube through the
use of the succeeding electronic equipment like an electronic counter or a multichannel analyzer (MCA).

In general, the scintillator signal is capable of providing a variety of information. Some of its
most outstanding features are: sensitivity to Energy, Fast timing response, and Pulse shape
discrimination etc.
5.0

Semiconductor Radiation Detectors

5.1

Introduction

In many radiation detector applications, the use of solid detection medium is of great
advantage. Since semiconductor material densities are much higher compared to gas media, the
physical dimension of detector required for measurement of higher energy electrons and gamma
rays will be much smaller. The use of semiconductor material as a radiation detector can result in
a much large number of information carriers for a given incident radiation unit than is possible with
any other type of detector. Consequently, the best resolution achievable today is realized through
the use of such detectors.
In addition to superior energy resolution, solid state detectors also have a member of other
desirable features viz. linearity of pulse height vs. energy, in-sensitivity to ambient magnetic field,
thin windows, compact size, relatively fast timing characteristics, and an effective thickness that
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can be varied to match the requirements of a particular application. Of the available semiconductor
materials silicon predominates in the diode detectors used primarily for changed particle
spectroscopy while germanium is more widely used in ion-drift detectors or intrinsic detectors for
gamma ray measurements.
5.2

Semiconductor Material Properties

Semiconductors are crystalline materials, whose outer shell atomic levels exhibit energy
band structure. The energy of any electron within the pure material must be confined to one of
these energy bands, which may be separated by gaps or ranges of forbidden energies. Fig. 1 shows
band structure in insulators and semiconductors.

Fig. 1: Band structures in (a) insulators (b) semi
The lower band, called the valence band, corresponds to those electrons that are bound to
specific lattice sites within the crystal. The next higher lying band is called the conduction band and
represents the electrons that are free to migrate throughout the crystal. Electrons in this band
contribute to the electrical conductivity of the material. The number of electrons within the crystal
is just adequate to fill completely all the available sites within the valence band. In the absence of
thermal excitation, both insulators and semiconductors would therefore have a configuration in
which the valance band is completely full and the conduction band completely empty. Under these
circumstances, neither would theoretically show any electrical conductivity. The two bands are
separated by a band gap, the size of which determines whether the material is classified as an
insulator or semiconductor or conductor. However, in case of metals these bands overlap each
other and therefore electrons will move freely through the matter, which makes them good
electrical conductors.
The radiation detection mechanism in semiconductor detectors is analogous to the gas
ionization chambers, except that the detection medium is a solid material. Incidence of nuclear
radiation on detector will raise valence electrons to the conduction band and positive holes will be
left behind in the valency band. The presence of electric field will cause these electrons and the
holes to drift towards the positive and negative electrodes respectively. As a result, charge will be
induced in the external circuit and radiation detection is made possible.
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Recombination and Trapping: Many electrons and holes, do not reach the electrodes as they
are lost in transit either through recombination or being trapped on the impurity sites situated
throughout the crystal lattice. Theoretically, average lifetime of the carrier before recombination
in pure semiconductor, could be as large as 1 sec. Experimental measurements, however, show
carrier life times to range from nanosecond to hundreds of microseconds, which clearly implies
that other mechanisms are involved.
Recombination is a mechanism, which results from impurity sites where electrons will be
captured from conduction band held for certain time then released or during holding time, it may
also catch hole, which then annihilate with trapped electron. Such centres are particularly efficient,
as the impurity is left in its original state so that each centre may participate in many
recombination. For radiation detection, the existence of recombination impurity plays a
detrimental role, since they will reduce the mean free time of charge carrier. This time of course,
should be longer than the time it takes to collect. The charge loss will occur with subsequent
reduction in resolution.
Some impurities are only capable of capturing one kind of charge carrier only i.e what we
call trapping such type of centres hold an electron or a hole and then release it after a certain
characteristic time. If the trapping time is of the order of the charge collection time, then charge
will be lost resulting in incomplete charge collection. Recombination centres are also trapping
centres as well.
Charge Carriers in Semiconductors: At any non-zero temperature, it is possible for a valance
electron to gain sufficient thermal energy to be elevated across the band gap into condition band
(i.e. excitation of an electron that is part of covalent band such that it can leave the specific
bonding site and drift throughout the crystal). The excitation process not only creates an electron
in the otherwise empty conduction band, but also leaves a vacancy (called a hole) in the otherwise
full valence bond. The combination of this electron-hole pair is roughly the solid-state analogue of
the ion pair in gas detectors. Under the influence of electrical field these electron-hole pairs move
in conduction and valance bands respectively in direction opposite to each other, thus contribute
to conductivity of the material. The probability per unit time that in electron hole pair is thermally
generated is given by
𝑝𝑝(𝑇𝑇) = 𝐶𝐶 𝑇𝑇
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------------------- (1)

Eg= band gap energy
k = Boltzmann constant
C = proportionality constant characteristic of the material
In the absence of an applied electric field, the thermally created electron-hole pairs
ultimately recombine, and equilibrium is established in which the concentration of electron-hole
pairs observed at any given time is proportional to the rate of formation. From (1), it is seen that
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this equilibrium concentration is a strong function of the temperature and will decrease drastically
if the material is cooled.
5.3

Properties of a Good Semiconductor

The properties of good semiconductors, which can be used as radiation detectors, are listed
below:
a)

Small energy gap Eg to give a large yield of electron hole pairs from the nuclear particle.

b)

Low quiescent carrier concentration to give low leakage current.

c)

High mobilities of holes and electrons and long carrier lifetime to give efficient
collection and a rapid rise time to the signal.

d)

Freedom from delayed trapping to give a rapid rise time and freedom from space
charge effects.

e)

High atomic number to give a good photoelectric cross-section for gamma rays.

Compared to other detectors, the use of semiconductor detectors often provides many
advantages. These include very good energy resolution, high stability, and freedom from drift,
excellent timing characteristics, and very thin entrance windows.
5.4

Semiconductors as Radiation Detectors

Incidence of nuclear radiation on semiconductor detector raises valence electrons to the
conduction band and positive holes will be left behind in the valence band. The presence of electric
field by applying high voltage with suitable electrical contacts on semiconductor slab causes these
electrons and the holes to drift towards the positive and negative electrodes respectively. As a
result, charge is induced in the external circuit and radiation detection is made possible. Various
detector configurations are used to meet the different applications, for different type of particles,
type information required etc.
5.5

Semiconductor Detector Configurations

5.5.1 Diffused Junction Diodes
These detectors are usually produced by diffusing n-type impurities, such as phosphorus,
into one end of a homogeneous p-type semiconductor at high temperature (∼1000 0C). By
adjusting the concentration and diffusion time, junctions lying at depths of a few tenths of a micron
to two microns [6] in the semiconductor can be produced. With the diffusion process, the surface
layer becomes heavily doped, so that the depletion layer extends mainly into the p-side. These
types of detectors are rugged relative to other semiconductor detectors and exhibits greater
resistance to contamination on detector surface. The layer outside depletion region acts like a
dead layer or window through which the incident radiation must pass before reaching the
depletion region.
5.5.2 Surface Barrier Detectors (SSB)
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These detectors rely on the junction formed between a semiconductor and certain metals,
usually n-type silicon with gold or p-type silicon with aluminum. Because of the different Fermi
levels in these materials, a contact emf arises when the two are put together. This causes a
lowering of the band levels in the semiconductor. This situation is similar to the np junction and a
depletion zone extending entirely into the semiconductor is formed. Here depths of ∼5 mm can be
attained. The entrance window is formed by evaporating metal of thickness ∼40 µg/cm2 that does
not pose much loss in energy of the incoming particle.
5.5.3 Ion Implanted Layers
Ion implanted junctions are formed by bombarding semiconductor crystal with a beam of
impurity ions from an accelerator. By changing energy of incident ions, the concentration profile
of the added impurity can be closely controlled. These semiconductors are annealed at ∼500 oC to
reduce radiation damage in implantation process.
5.5.4 Fully Depleted Detector
Ion implanted junctions are formed by bombarding semiconductor crystal with a beam of
impurity ions from an accelerator. By changing energy of incident ions, the concentration profile
of the added impurity can be closely controlled. These semiconductors annealed at ∼500 0C to
reduce radiation damage in implantation process. These are useful as transmission detectors. The
dead layers at front and back ends are small.
5.5.6 Passivated Planar Detectors
The planar fabrication process generally begins with high-purity Si that is mildly n-type due
to residual donor impurities. After wafer has been polished and cleaned, the surface is ‘passified’
through the creation of an oxide layer at elevated temperature. Next, the technique of
photolithography is used to remove selectively areas of the oxide where the entrance windows of
the finished detectors are to be located. The junction is then formed by converting a very thin layer
of Si within the windows into p-type material through the implanting of acceptor ions using an
accelerator. To serve as a blocking electrical contact, the rear surface of the wafer is converted
into n+ material through implantation of donor ions. The radiation damage in the implanted layers
is next removed through annealing at elevated temperature. Finally, aluminum is evaporated and
patterned by photolithography to provide thin ohmic electrical contacts at the front and rear
surfaces. The individual detectors are then separated and encapsulated.
5.6

Other Semiconductor Materials as Radiation Detectors

Because germanium must be cooled during operation, a good deal of efforts is being put
into finding new high Z-semiconductor materials which can be operated at room temperature.
Many compounds have been investigated, however, only two have shown some promise as of this
moment. The first is cadmium telluride (CdTe) which is commercially available and the second
mercuric iodide (HgI2) which is still under development.
CdTe was the first material (other than silicon) to have been developed as a room
temperature detector. It has an energy gap of 1.45 eV and atomic numbers of 48 and 52. This makes
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it high efficient detectors for gamma ray detection. HgI2 has an even higher Z (80 and 53) and an
energy gap of 2.14 eV. The average energy for electron-hole creation is somewhat higher than Si
and Ge being on the order of 4.4 eV.
While these detectors present many favorable properties for gamma detection, they are still
fraught with many problems. HgI2, in particular, is plagued by incomplete charge collection caused
by hole trapping and polarization effects leading to space charge build-up which limit its efficiency
and resolution. CdTe is on somewhat firmer ground and is now sold commercially. In both cases,
however, it is still difficult to fabricate large volume detectors from these materials because of
non-uniformities. The low yield of good crystals also makes them very expensive.
Research and development are still continuing in these domains and it is hoped that a better
understanding of the physics of these materials will allow more reliable detectors to be
constructed.
5.7

Advantages of Si Detectors

These detectors can be operated at room temperature. For low energy (<30 KeV) X-ray
detection, Si detectors are preferred because of K-edge in Ge, which is located at ∼11 KeV. Photon
absorption at these energies, of course, would yield almost zero energy electrons.
Advantages of Ge detectors: Cooling of Ge is not a serious drawback because numerous
high-resolution applications of Si detectors require cooling as well.

5.8

•

Commercial availability of high purity Ge.

•

Higher Z compared to Si means good photoelectric cross section, good efficiency etc.

•

Average energy required for electron hole pair is smaller than Si means more
information carriers, good statistics.

•

Higher charge carrier mobility (small thickness than Si for similar energy and hence
charge collection faster)

Radiation Damage in Semiconductor Material

The proper operation of any semiconductor detector depends on the near perfection of the
crystalline lattice to prevent defects that can trap charge carriers and lead to incomplete charge
collection. Semiconductor detectors are relatively sensitive to radiation damage. The extent of
damage depends on factors like particle type (light particle like electrons or heavy charged
particles like alpha/fission fragments), radiation fluency, type of material (n or p type), energy etc.
The form of the most common type of radiation damage is the ‘Frenkel defect’, produced by
the displacement of an atom of the semiconductor material from its normal lattice site. These
structural defects then give rise to discrete trapping levels in the forbidden band gap, which reduce
the number of charge carriers in the semiconductor. There also appears to be changes in the
resistivity of the base material as well.
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The main effects of radiation damage on detector performance are an increased leakage
current and a degradation of energy resolution. In more heavily damaged detectors, double peaks
in spectra have also been reported. Furthermore, the time characteristics of the detector may be
degraded even at doses that are too low to show measurable spectral effects. In general, diffused
junction detectors are somewhat less susceptible to radiation damage effects than surface
detectors. Also, fully depleted detectors are less sensitive than partially depleted devices because
the average electric field throughout the detector is somewhat higher. The reduced carrier lifetime
is then less important.
6.0

Summary

Gas filled radiation detectors due to their various advantages are still being used in various
applications. Their usage in photon spectroscopy is limited to < 200 keV. Advanced low power
microelectronics for processing of signals from these detectors derives valuable information even
in portable battery-operated instruments.
Use of scintillation technique for radiation measurement is age-old technique and NaI (Tl)
detector has been used for a long time as one of the most typical inorganic scintillators for
radiation detectors. High Z scintillators viz. CsI (Tl), BGO etc. have advantage of large absorption
coefficient of radiation but a disadvantage of relatively long decay time of luminescence. BaF2, CsI
etc. are useful in faster response applications. Use of low power microelectronics helps in
processing detector signals even in portable battery-operated instruments. In general
development of new phosphor materials and developments in electronics changed the overall
picture of radiation protection instrumentation scenario.
Scintillation detectors play a vital role in Radiation Protection programme. NaI (Tl) detector
has been used for a long time as one of the most typical in-organic scintillators for radiation
detectors. Then, high Z scintillators such as CsI(Tl), BGO, CdWO4 etc., have an advantage of large
absorption coefficient of radiation but disadvantage of relatively long decay time of luminescence.
BaF2, CsI, CeF3 etc., are used for faster response applications.
Among organic scintillators, plastics and liquid organic scintillators play a major role. Due to
near tissue equivalent response, plastics are good detectors for radiation dosimetry and particle
counting applications. Thin plastics have good gamma rejection in beta dosimetry.
PMT still dominates as excellent photon detectors. Recent developments in semiconductor
photo cathode materials, high temperature, large gain and miniature PMTs makes these devices
presence useful. However, Photo Voltaic (PV) cells are rugged, have wide spectral response and
immune to magnetic fields, and are competitors for PMT.
The advantage of the semiconductor detector is that the average energy required creating
an electron hole pair is nearly 10 times smaller than that required for gas ionization. Thus, the
number of information carriers produced for same energy is an order of magnitude greater
resulting in increased energy resolution. Because of their greater density, they have a greater
stopping power than gas detectors. They are compact in size and can have very fast response
times. Except for silicon, however, semiconductors generally require cooling to low temperatures
Page | 36

RADIATION DETECTION AND MEASUREMENT
before they can be operated (i.e requirement of cryogenic system which adds to detector
overhead) and also more prone to performance variation with temperature. These detectors being
crystalline materials, they also have greater sensitivity to radiation damage, which limits their longterm use.
One of the problems in current semiconductor detector research, in fact, is to find and
develop new materials (like CdZnTe, HgI2), which can be operated at room temperature. Use of
peltier element coolers along with semiconductor detectors to maintain constant temperature
during their operation is available commercially now days. Use of radiation hard materials
enhances life span of these detectors. Unlike gas detectors there is no amplification inside
semiconductor detectors but recent avalanche detectors can give gain of ∼100. Presently these
detectors are available only in small sizes and their cost is high.
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1.0

Introduction

Interaction of radiation with living system is different only from the way the damage
expressed. Information on deleterious effects of ionizing radiation help us to take necessary
precautions and also to set the operational limits for radiation exposure. Such knowledge is also
helpful for many medical applications such as cancer therapy and diagnosis.
All living organisms are made up of fundamental unit of life, namely the cell. Human being
has nearly 1014 cells of different types. Cell is made up of different organelles, namely a central
nucleus, cytoplasm and an envelope called the cell membrane. Cell nucleus contains the
chromosomes made up of Deoxyribonucleic Acid (DNA) and basic proteins. DNA molecule
constitutes the genetic material of the cell and is the most important target molecule for the
induction of radiation damage in cells.
2.0

Progression of Radiation Damage

Expression of radiation damage in the form of biological effects involves many intermediate
steps. The initial deposition of energy by radiation in the form of ionization and excitation leads to
chemical instability in the molecules. This instability may lead to some alteration in the molecular
structures. Some molecules particularly DNA in the cells is very critical and when altered, it may
lead to deleterious effects. The effects at molecular level are expressed at cellular level and finally
at systemic or tissue level. The initial physics steps lasts for 10-18 - 10-15 sec while the chemical
alteration of molecules may stretch upto 10-3 sec to few seconds. Expression of damage at cellular
level may take long time some time upto several hours to days. The final clinical manifestation of
biological damage such as radiation burns and cancer induction may take several days to several
decades.
2.1

Radiation Effects at Cellular Level

As mentioned earlier DNA molecule constitutes the most radiosensitive molecule in living
cells. Radiation induces damage in cells either by directly ionising the DNA molecule or indirectly
by producing chemically reactive species namely the radiolytic products of water. These in turn
react with the biological targets and inflict structural changes leading to deleterious effects.
2.2

Nature of Damage

Ionising radiation induced damage mainly causes breaks (single and double strand breaks)
in the large DNA molecule or brings about structural changes such as base damage and
cross-linking. Microscopic examination of irradiated cells undergoing division indicates various
alterations in the structure of chromosomes namely the chromosome aberrations. Chromosome
aberrations are of different types - dicentrics, deletions, transpositions and inversions. In fact,
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increase in the frequency of di-centric chromosomes in the human lymphocytes (WBC) is used as
a biological dosimeter. An exposure over 100mGy (10 rad) can be detected by this technique.
2.3

Effects at Cellular Level

Damage to DNA and chromosomes can lead to cell killing (lethal damage) or heritable
alterations in the genetic material of the cell leading to mutations (non-lethal damage). Cells with
heavy damage generally die during mitosis (mitotic death). This is why the expression of damage
takes place much earlier in organs which have fast dividing cells (e.g. bone marrow, intestinal crypt
cells, skin and reproductive system). In some of the tissues like eye lens, kidney, connective tissues,
liver etc., the expression of damage is delayed.
Nonlethal damage which can result in modification in the information content in the cells
(DNA) can also be harmful. At present, it is believed that the alterations in the genetic material may
be the first step of radiation carcinogenesis, whereas such changes (mutations) in germ cells
(sperms and ova) is the basis of induction of hereditary effects (genetic effects) which appear in
future generations. It must however be emphasized that the damage at cellular level alone is not
sufficient condition for the induction of carcinogenesis and genetic effects. There are many steps
where the damaged cells can be eliminated before they can cause the end effects.
2.4

Factors Modifying the Damage

Many physical, chemical and biological factors modify the radiation damage. Such factors
are type of radiation, dose rate and dose fractionation, presence of sensitizers and protectors, type
of cells, ability of recovery from damage etc. Generally, radiations which produce dense ionizations
such as neutrons and alpha particles produce more damage in cells than the sparsely ionizing
radiations like X-rays, beta rays and gamma rays. Hence the same dose of alpha rays or neutrons
produce more damage than X-rays or gamma rays. However due to limited penetration of alpha
rays and beta rays the hazard from these radiation is mostly due to internal irradiation, whereas
the hazards from gamma rays and X-rays and neutrons are from external irradiation. Higher dose
of any radiation causes much more damage than low doses. The intensity of irradiation is also an
important factor. If a large dose of radiation is delivered in a short period of time it causes more
damage than the same dose delivered over a protracted period or in many fractions. This is due to
the ability of the cells to repair the radiation-induced damage. These observations hold good even
for multi-cellular organisms. Human beings have survived radiation doses up to 15 Gy received over
a period of 2 to 3 months. It has now been demonstrated that the extent of genetic damage is
reduced by a factor of three at low dose rates.
3.0

Effects of Radiation on Human Beings

Exposure to high radiation doses can result in immediate effects of radiation, whereas
exposure to low doses can cause only late effects. Effects that appear in the exposed individual
are referred to as somatic effects and those that appear in future generation as a result of
excessive exposure to the reproductive cells are
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3.1

Deterministic and Stochastic Effects

Deterministic effects are caused as a result of accidental exposure to large doses of
radiation. Large number of cells may have to be killed for the induction of such damage. The
examples of such effects are radiation sickness, death and damage to individual organs such as
skin, bone marrow, gonads, intestines, eye lens etc. Deterministic effects do not occur at low doses
or following chronic exposures as encountered in occupational workers. In general, none of the
serious deterministic effects can appear in human beings below an acute exposure of 1 Sv.
Temporary sterility in males is an exception. On the other hand, stochastic effects such as cancer
induction or genetic effects may occur at a low probability at low doses. Stochastic effects do not
occur in most of the individuals exposed to occupational type of exposures. When the number of
people exposed are very large, a very few cases of stochastic effects may appear. Since a very large
incidence of both cancer induction (10% deaths) and genetic diseases (10 - 20 % of all live born) is
caused by many agents other than radiation, it is very difficult to detect excess incidence of
stochastic effects in occupationally exposed populations. However, among populations exposed
to large doses as in the case of bomb explosions at Hiroshima and Nagasaki and those exposed to
large doses for diagnostic and therapeutic reasons, statistically significant excess cancer incidence
could be detected.
3.2

Radiation Sickness

Radiation sickness refers to early response to acute whole-body radiation exposures in
excess of 1 Sv. The syndrome is characterised by nausea, vomiting, diahorrea, lack of appetite,
fever, headache, dizziness etc. Almost all the exposed individuals show radiation sickness if the
dose is approximately 3 Sv. Time course of onset of the syndrome and its persistence is dose
dependent. At higher doses (4-6 Sv) the sickness ensues within an hour after exposure, for doses
of 1-2 Sv the sickness may appear after 3 hours.
3.3

Radiation Induced Death

Radiation exposure to doses over 2 Gy can cause death as a result of severe damage to
blood forming organs, mainly due to extensive killing of bone marrow cells. About 50% of exposed
people die within the first 2 months (60 days) for a dose of 3-5 Gy. This is called the lethal dose
50/60 (LD50/60). At higher dose, the death may involve severe damage to intestines or the central
nervous system.
3.4

Damage to Individual Organs

3.4.1 Early Effects
Epithelial cells of the basal layer of epidermis, situated at an average depth of 70-120 um
constitute most radiosensitive part of the skin. Exposure to doses above 3 Gy could result in
transient erythema, which appears within a few hours, and disappears within a day or two.
Temporary epilation (loss of hair) can also occur following exposure to 3-5 Gy. Depilation generally
occurs during 14-18 days post exposure. Exposure to X-ray doses up to 6-8 Gy results in fixed
erythema, which appears between 2-3 weeks after exposure. Damage to arterioles of the skin
(small arteries) has been considered to be responsible for this type of erythema. Threshold dose
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for erythema is only 2 Gy for fast neutrons. Exposure to doses above 5 Gy of low LET radiation
could also result in the falling off of the top layers of skin, exposing the dermis (dry desquamation).
Higher doses in the range of 15-20 Gy could result in exudation of fluids from exposed dermis
(wet desquamation). The threshold dose for moist desquamation is 8 Gy and ED50 dose is 20 Gy.
Dose in the range of 15-25 Gy can cause blisters within 15-25 days. Ulceration generally occurs in 23 weeks. Doses above 25 Gy could result in necrosis involving degeneration of the skin tissue after
21 days. Very high doses can shorten the time course of manifestation the different types of
damage. Different degrees of damage, its dose response relationship and kinetics of evolution are
described in Figures-3 and -4. Generally, the radiation with higher energy causes greater damage
to skin due to the involvement of underlying tissues. When radiation is delivered in fractions over
a period of 5-6 weeks, the skin can tolerate doses up to 60 Gy.
Extent of the skin damage also depends upon the total area of the skin involved. Following
acute exposures complete reepithelialization can take place in 6 x 4 cm exposed to 20 Gy and 8 x10
cm exposed to 15 Gy. The skin tolerance dose for acute exposure for 50 cm2 is accepted to be 20
Gy. Larger doses can be tolerated in fractionated radiotherapy: Skin tolerance for 100 cm2 is 50 Gy;
16 cm2 58 Gy; 4 cm2 84 Gy; and 1 cm2 392 Gy. After the Chernobyl accident, the importance of
superficial skin burns as a cause of fatality has been recognized. Among the 56 exposed individuals
the skin dose due to beta emitters was 10-20 times higher than the bone marrow dose. These
patients did show radiation sickness. Those who suffered from desquamation over 40% of the body
area developed febrile toxaemia, renal failure, coma and cerebral oedema, ultimately causing
death between 14 - 48 days. Even those who did not show any symptoms of bone marrow or GItract damage, but suffering from over 40% skin burns did suffer from fatal renal insufficiency and
coma. Since these symptoms are similar to those caused by fatal thermal burns, the causal link
between radiation burns and death is confirmed.
3.4.2 Late Effects
Several late effects of skin irradiation have been documented in radiotherapy patients. Such
effects are contraction and atrophy of skin, loss of elasticity, non-functioning of sweat glands,
epilation resulting from total destruction of hair follicles and extensive dermal fibrosis. Acellular
collagen replaces connective tissue, which may be due to vascular damage or fibrocyte
dysfunction. Such skin undergoes premature ageing and is also incapable of readily healing any
injury.
In A-bomb survivors, scars appeared after the burns were healed. The scars were formed
mostly in arms, shoulders and legs. These scars were generally much larger than in the case of
usual burns and sometimes displayed severe pain and itchiness. Within 1-2 years these scars
became keloids.
3.4.3 Blood and Bone Marrow
Circulating lymphocytes are highly radiosensitive and a dose of 4 Gy can kill over 75% of these
cells. Precursor blood cells in the bone marrow namely erythroblasts, myelocytes and
megakaryocytes leading to RBC, granulocytes and platelets respectively are also radiosensitive. A
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dose 3 Gy to the bone marrow kills over 90% of the precursor cells. However even a few percentage
of surviving cells can repopulate the bone marrow within a period of 6 months, resulting in
complete recovery. Following acute exposure to radiation, lymphocytes reach a low number
within 2-3 days whereas the granulocytes and platelets record a minimum around the 3rd and 4th
week (<4 Gy). For lethal doses, the neutrophil count reduces from 6000 to 300 mm-3 within 20
days. During the period when the WBC count is very low (leukopenia) the individual is very
susceptible to infections. Hence, the treatment involves prevention of infection. Following an
accidental exposure to moderate doses it is important to refer the person to chromosomal aberration
analysis for biological dosimetry and also monitor the blood counts periodically.
3.4.4 Reproductive System
Acute exposure of testes to doses as low as 0.2 Sv has been reported to cause a temporary
absence or reduction in sperm counts leading to temporary sterility. A dose of 4-6 Sv alone can
cause permanent sterility due to extensive killing of spermatogonial cells. It has been estimated
that the human reproductive system can withstand a daily dose of 1 mSv without impairment of
fertility (0.4 Sv/year). Older female can suffer sterility by a dose of 2 Sv whereas the younger ones
can show sterility only after 4 Sv. Temporary sterility has been observed both among males and
females. Restoration of fertility occurs after a few months or within 1 or 2 years.
3.4.5 Endocrine Glands
In an adult, the endocrine glands are quite radioresistant. Children show sensitivity of thyroid
glands following exposure to few Gy. Female breast during adolescence and cartilage in children
are also sensitive at developmental age.
3.4.6 Eye Lens
Acute Radiation doses over 500 mGy can cause killing of lens epithelial cells leading to
opacities which may progress causing vision impairing cataracts. Eye lens can easily tolerate a dose
of 8 Gy when given in fractionated manner. Even though lower doses can cause detectable
opacities there is no impairment of vision. Cataract induction is a late effect and occurs only after
2-3 years (6 months - 30 years). Neutrons are at least 2-3 times more efficient in inducing cataracts
as compared to X-rays. Many radiations induced cataract cases were observed among individuals
exposed to doses in the range of 100 mGy. With these observations, recently a revised dose limit
to eye lens is 20 mSv (equivalent dose).
3.4.7 Late Effects
Late effects in many organs are seen only among radiotherapy patients exposed to 40-70
Gy. Such damage manifests after several years in skin (formation of keloids and fibrosis), kidney,
lungs etc. Radiation induced life shortening was observed among American radiologists exposed
to heavy doses. There is no evidence of life shortening among any other occupationally exposed
individuals.
3.4.8 Prenatal Effects of Radiation
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During human reproduction, the sperm cells of male fertilize the ovum (egg) of female to
form the fertilized egg (zygote). The zygote then multiplies and gives rise to an individual. The
gestation period in human beings is 38 weeks. The first 7 weeks constitute the embryonic stage
and the later period is the foetal stage. Human conceptus (Embryo/foetus) during pregnancy has
been shown to be very sensitive to radiation. Exposure during the first trimester may lead to
prenatal death, neonatal death, malformations and mental retardation (2-4 months) among the
children born subsequently. There is also some suggestion that the exposure during pregnancy
can increase the incidence of childhood leukemia. In general, the risk is small for exposures less
than 50 mSv. It is important to restrict the radiation exposure of pregnant woman to a minimum
level and hence, ICRP has recommended a dose limit of 2 mSv measured on the surface of
abdomen (approximately 1 mSv to the foetus), during the entire course of pregnancy.
4.0

Stochastic Effects

Radiation carcinogenesis and genetic effects of radiation are the only effects that can occur
among individuals exposed within permissible limits of radiation. Both these effects occur
frequently as a result of exposure to many other environmental agents such as chemicals, heat
and unknown agents.
Epidemiological surveys of radiation workers over several decades do not suggest excess
cancer risk among the radiation workers. As for the genetic effects of radiation, there is no
evidence for the excess incidence of any serious hereditary diseases among the children born to
exposed parents at Hiroshima and Nagasaki. Only 2 out of 27,000 children showed minor variation
in the enzymes structure. A small increase in the incidence of untoward pregnancy out comes and
childhood cancers related to genetic effects have been observed among the progeny of survivors.
4.1

Carcinogenesis in Human Beings

Most of the human data on carcinogenesis is derived from people exposed to heavy doses
during the bombing at Hiroshima and Nagasaki, and others exposed to large doses for therapeutic
reasons. Information from these sources suggest that the bone marrow, female breast, lungs,
thyroid are very sensitive to radiation carcinogenesis. Cancers generally appear after a latent
period of several years. Leukemia begins to appear within 3 to 5 years with a peak incidence
between 5-7 years. Many solid tumors appear only after 10 years and the incidence appears to be
in excess even after 30 to 40 years. Children have been found to be sensitive to the induction of
leukemia (acute lymphocytic) and thyroid cancers. Female in the age group of 10-19 years have
been found to be particularly sensitive to the radiation carcinogenesis of breast. Females are 2-5
times more sensitive to thyroid cancer but less sensitive than males, for radiogenic leukemia.
Carcinogenesis risk decreases with age at irradiation. Children in the age group of 10-20 years may
have 5 times the risk compared to people in an age group of 50-60 years. Females always have a
higher risk compared to males (due to breast and thyroid).
Most of the radiogenic cancer incidence data on human beings is based on exposures in the
dose range of 1-10 Gy. Since there is no certainty about the initial shape of dose response curve,
risk evaluation is done on the assumption of linear non-threshold type response. Risk at low doses
is assessed by linear extrapolation. International Commission of Radiological Protection (ICRP) has
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suggested a risk value of 400 cases of excess cancers over the entire lifetime as a result of exposure
of 100,000 people occupationally exposed to an average dose of 100 mGy.
4.2

Genetic Effects

As a result of absence of significant human data for the induction of genetic damage, risk
evaluation is based mainly on the results from model experimental system i.e. mice. On the basis
of visible genetic disorders like those caused by recessive mutations, dominant skeletal
abnormalities and dominant cataract induction, genetic risk for human beings is evaluated. It is
estimated that a dose of 1 Gy doubles the incidence of mutations (Doubling Dose). However, since
many genetic diseases (over 90%) are multigenic and involve complex interactions, a doubling dose
of radiation increases the genetic disorder only by 10-15%. Natural incidence of genetic disorders
among human beings is almost 10-20% of all live born. Exposure of the germ cells to a dose of 10
mSv can increase the incidence of genetic disorders by 50-150 cases per million live born. With
recent revisions, relative contribution of gonadal dose to overall detriment for genetic effect is
brought down to 4% compared to earlier 18%. With due consideration of possible deterministic
effects such as temporary sterility, the new tissue weighting factor for gonads is 0.08 compared
to earlier 0.2.
It may be concluded that the estimated risk arising from low-level radiation exposure is very
small. Present levels of occupational exposure of radiation workers is associated with a mortality
risk of 50-100 cases per million per year. Hence radiation industry can be classified as a safe
occupation from the point of view of occupational mortality risk.
5.0

Summary
•

High doses of radiation (several Gy) received within a short duration can cause
deleterious effects in human beings. A significant level of cell killing in any organ or
tissue can result in deterministic effects. These effects cannot occur under normal
working conditions but can be seen in accident situations, or in cancer radiotherapy
involving several Gy of radiation.

•

These include radiation sickness, serious damage to blood forming organs, digestive
system, damage to sensitive organs such as, reproductive system, eye lens, oral
mucosa, small intestines, lungs, thyroid glands, skin etc. Whole-body exposure to 4 Gy
may result in death among 50% of those exposed, within 60 days [LD50 (60)].

•

Organs, which have slowly dividing cells, may show late damage after several months
or years. Damage to supporting cells and reduced blood circulation to the organs may
also lead to late phase of radiation injury.

•

High dose radiation results in increased frequency of cancers in many organs such as
bone marrow (leukaemia), lungs, stomach, colon, breast, thyroid, oesophagus,
bladder, liver and skin, decades after exposure to radiation. Some of the organs are at
greater risk than others (e.g. bone marrow, lungs, stomach, colon, breast, thyroid are
more sensitive than skin, ovaries, small intestine, liver, brain, kidney etc.).
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•

Human being is more sensitive to radiation effects before birth and also in childhood,
than during adulthood. Irradiation in utero (prenatal-before birth) to doses of the order
of 100 mGy entails the risk of malformation, mental retardation and increased risk of
childhood cancers (during the first decade after birth). Smaller doses may not involve
any significant risk. However, as a measure of precaution, ICRP has recommended a
dose limit of 1 mSv to the foetus during the entire period of pregnancy.

•

Low-level radiation exposures (few tens of mGy) do not result in clinical manifestation
of damage. However, a whole-body dose of 100 mGy, received within a short time,
results in detectable increase in the frequency of dicentric chromosomes. This can be
assayed in lymphocytes from blood samples. Chromosomal aberration technique is
very important for assessment of absorbed radiation dose in radiation accidents.
Radiation doses, which cannot cause any clinically detectable injury, can also be
detected. The objective of biological dosimetry by CAA is to assess the radiation dose
and not the level of biological injury. Presence of CA in lymphocytes does not indicate
a pathological state. The person can be perfectly normal with a few di-centric
chromosomes.

•

Stochastic effects of radiation are caused by the modification of genetic information
of cells. Modification of somatic cells may cause cancers whereas the mutation in germ
cells (sperm/ovum) has potential to cause genetic disorders in the future generations.
These are the two important stochastic effects in human beings.

•

Low-level radiation exposure (a few mGy) for prolonged period may entail an
increased risk of cancer induction in old age. But human populations exposed to low
level radiation from occupational exposure, routine diagnostic X-rays and nuclear
medicine procedures or to elevated natural background radiation do not show a
statistically significant increase in cancer incidence as compared to control
populations.

•

As a result, the cancer risk estimation is based on the excess risk seen in human beings
exposed to large doses (1-6 Gy) of radiation (e.g. A-bomb survivors). The dose
response curve is extrapolated to lower doses, assuming a linear-non-threshold
hypothesis.

•

The cancer risk due to radiation exposure at low dose rates is estimated to be 4 excess
cases per 10,000 people exposed to 10mGy (4% Sv-1). This is negligible compared to
1000-2000 cases that occur due to natural causes.

•

Children are 2-3 times more sensitive than adults for the induction of radiation
carcinogenesis. Females are 20-30% more sensitive than males.

•

Radiation induced genetic effects have been seen in experimental animals exposed to
large doses (several Gy). Among the 70,000 children born to A-bomb survivors
exposed to moderate doses of ≅ 500mSv, there is no increase in the incidence of
genetic disorders as compared to the children of the unexposed. Hence, there is no
human evidence to the induction of serious genetic effects by radiation.
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•

Low dose rate exposures are far less hazardous as compared to acute exposures. This
is due to the ability of biological systems to repair a large fraction of damage caused
by low intensity exposure (protracted or chronic exposures). The risk associated with
low dose exposures are considered to be one half of that of acute exposures.

•

At the present levels of average occupational exposures (≅2 mSv), i.e., nearly one
tenth of the limits recommended by ICRP (20 mSv/y), radiation risks are very small and
the nuclear industry can be classified among safe occupations.

Page | 47

BIOLOGICAL EFFECTS OF RADIATION
Significance of Different Levels of Radiation Exposure
EXPOSURE
1-2 mSv/annum
0.5 - 5 mSv
1 mSv/annum
2.5 mSv/annum
10 mGy (whole body)
20 mSv/annum
150 mSv/annum
500 mSv/annum
100 mGy (whole body)
1 Gy acute (whole body)

1 Gy reproductive system

2-3 Gy acute whole body

3-5 Gy acute whole body

6 Gy (X-rays)

>6 Gy (gamma, Partial body)
>10Gy (Skin)
>20Gy (Skin)
>30 Gy (Skin)
40-60 Gy (localized)

SIGNIFICANCE
Background radiation level at sea level outdoors.
Most diagnostic radiological examinations
Limit for non-occupational exposure
Average occupational exposure
Risk of cancer mortality- about 5 per 104 exposed
Risk of Leukemia about 5 in 100,000 exposed
Limit for occupational exposure of whole body
Exposure limit for eye lens
Limit for exposure of skin and extremities
Detectable increase in chromosome aberrations. No detectable
clinical injury or sickness.
Threshold dose for radiation sickness. (5-10% of individuals
exposed)
This is 50 times annual dose limit to workers
(a) Dose that induces the same number of mutations as
spontaneous induction (doubling dose)
(b) Dose which can cause temporary sterility in
males
(c) Dose that doubles the frequency of mutations in germ cells
(a) Threshold for epilation
(b) Threshold for induction of cataract
(c) Radiation sickness in most individuals exposed
(d) Early erythema induction
(e) Leukopenia
(f) Death of a small percentage of individuals (10-30%)
(a) LD 50(60) for human beings (untreated)
(b) Severe leucopoenia, purpura, hemorrhage infection &
depilation
(a) Threshold for skin erythema
(b) Permanent sterility in both males and females exposed
(c) Whole body exposure results in death of more than 50%
individuals, even with the best care
(a) Threshold dose for skin erythema,
(b) Causes permanent loss of hair
Threshold dose for dry desquamation
Threshold for wet desquamation & necrosis
Larger doses cause skin burns within a few days.
Ulceration and necrosis
Total radiation dose used in fractionated radiotherapy of cancer
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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. Labor 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 labor 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,
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cost of time lost by supervisors in accident investigations and in arranging for
production to be completed, etc.
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 analyzed 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
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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.
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,
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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.
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 organized 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 lost time 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:
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(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

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
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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 exposures to the hazard and the likelihood of harm from the hazard.
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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)

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.
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c)
d)

e)

f)
g)
h)
4.0

Blast: Failure of electric medium between two electrical potential different surfaces
resulting in projectile, mechanical force, fire or burn.
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
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flow can result in severe burns and heart paralysis. Physiological effects of current are described
in Table 1.
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)

Inadequate wiring;
Exposed electrical parts;
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c)
d)
e)

Contact with overhead power line (touching with metallic ladders/crane boom);
Defective/ Inadequate insulation;
Improper grounding of equipment;

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%

f)
g)
h)
i)

Overloaded circuits can cause heat and arching;
Damaged power tools/equipment
Static Electricity and
Inadequate protection to Lightning.

A study done in Pennsylvania, USA on the different root causes of electrical accidents are
described in Fig 1.

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
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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 amps. It only means that it is
capable of carrying current of 5 amps continuously without getting hot.
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.
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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.
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)
11.0

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.

Safety Measures in Design of Electrical System

The following safety measures are considered for electrical system design, based on
different Codes and Standards:
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a)
b)
c)

d)
e)
f)

g)
h)
i)

j)
k)
l)
m)
n)

o)

p)
q)

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.
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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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 & x-rays, 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
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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 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
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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).

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].
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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.
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
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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 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)

Interlock systems should ensure that the beam should not deviate from designated
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ii)
iii)

iv)
v)
vi)

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.

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:
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.
ii) 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.
iii) 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.

i)
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iv) 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. Overvoltage and over-current protections should be provided in all power supplies.
v) 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.
vi) 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.
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:
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

i)
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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.
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

History

Man started as a nomad who ate fruits, roots and hunted animals for their meat and fur. He
then tamed cattle and horses and started farming, which was a co-operative activity. He smelted
copper and bronze (an alloy of copper and tin) for making utensils, weapons and ornaments.
Different metals like iron, gold, lead came to be used. The people working in the mines were usually
slaves who were condemned to the horrible conditions in the mines and hence no attention was
paid to their health. The occupations of the olden times were mining, agriculture, spinning,
weaving, making iron tools, pottery and glass blowing.
Georgius Agricola (1494-1555) in his book De Re Metallica (1556) was the first to bring to the
notice of the world, the conditions and the machinery that existed in the mines, and their effects
on the health of the mineworkers in a detailed twelve volume scholarly work
Paracelsus (1493-1541) described the disease in smelters and metallurgists and described the
various symptoms of mercury poisoning.
Bernardino Ramazzini (1633-1714) in his book De Morbis Artificum Diatriba (1700) described
the effects on the health of the tradesmen in 54 various trades existing in his time. Ramazzini
believed that a physician must determine the patient's occupation in order to discover the cause
of the patient's disorder. He is rightly known as ‘Father of Occupational Medicine’.
Industrial revolution was the name given to the complex changes that took place in England
between 1760 and 1830. The merchants who acted as middlemen thought that they could make
increased profits by owning the means of production and producing increasing quantities of
goods. This changed the face of the industries, from domestic to factory based, bringing many
problems of urbanization like housing and sanitation, in its wake. Ambitious projects like building
of canals, railways, bridges and roads were executed. New problems like overcrowding, epidemics
of typhus and cholera, contamination of rivers and canals, child labour, pulmonary tuberculosis,
long working hours started taking their toll. This made many philanthropists to take up the cause
and legislation in the form of Factory Act (1833) was enacted which mainly dwelt on regulation on
labour of children in the mills and factories.
Definition: (as per the joint ILO/WHO Committee on Occupational Health (1950))
Occupational Health should aim at the promotion and maintenance of the highest degree of
physical, mental and social well-being of workers in all occupations; the prevention among workers
of departures from health caused by their working conditions; the protection of workers in their
employment from risks resulting from factors adverse to health; the placing and maintenance of
the worker in an occupational environment adapted to physiological and psychological equipment,
and, to summarize, the adaptation of work to man and of each man to his job.
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Thus, it can be seen that work can have an adverse effect on the health of a person; similarly,
the health of a person can have an effect on his ability to work or work output.
Work

Health

2.0

Aims and Functions of Occupational Health Services

1.

Job Placement

People with certain pre-existing medical conditions may be at a disadvantage in some jobs.
A pre-employment health questionnaire and a medical examination (Initial / Pre-placement medical
examination) can be of great value in such cases by determining job unsuitability before training
time and expense have been incurred. It can provide a baseline data in case of accidental
overexposure or occupational disease in the years to follow. Job suitability may also need to be
regularly monitored in order to ensure initial and continuing compatibility between the health of
the workers and the conditions of their work (Periodic medical examination). The health service
can also give valuable advice with regard to alternative employment when a worker is found to be
unfit for a particular job.
2.

Safety Training

An occupational health service has a responsibility to keep all employees informed about
hazards in the workplace. The measures taken to protect employee health should be thoroughly
explained so that workers understand the necessity of complying with such irksome or unpleasant
restrictions as the wearing of protective clothing and facemasks. First aid facilities should be
organized and employees instructed about first aid procedures in case of accidental injuries or
other emergencies.
3.

Supervision of High-Risk Groups

Exposure levels considered safe for a young male worker might be hazardous for a pregnant
woman (the fetus, especially during the first three months of development, is particularly sensitive
to environmental toxic agents). Pregnant women, as well as such other vulnerable groups as the
very young, the elderly, and the disabled, therefore require appropriate medical surveillance and
advice about specific precautionary measures they can take.
4.

Control of Recognized Hazards

A complex system of environmental and biological monitoring has been developed for the
control of known hazards at work. Occupational health practice is concerned with monitoring the
concentration of toxic substances in the environment, determining safe exposure levels,
suggesting procedures to limit worker exposure, and monitoring workers for signs of
overexposure. Occupational health specialists can also contribute to the prevention of health risks
by assisting in the planning and design of new equipment and factories.
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5.

Identification of Unrecognized Hazards

Occupational health services can play a major role in the detection of new health hazards of
all types. Clinical observation and study may reveal a causal relationship between patterns of
sickness or mortality in groups of workers and their occupational exposure e.g. lung and nasal
cancer among nickel workers, lung cancer in asbestos workers, and coronary heart disease among
workers exposed to carbon disulfide (used in the manufacture of rayon).
6.

Treatment

Quick, on-site treatment of work related injuries and poisonings could prevent complications
and aid recovery. Such treatment can also be economically beneficial by saving traveling and
waiting time. Furthermore, physicians and nurses who are unfamiliar with their patients' working
conditions may keep workers with minor injuries away from work longer than necessary. An
occupational treatment service offers opportunities for specialized counseling and health
education.
7.

General Health Education and Surveillance

Occupational health services may have to provide general medical care for workers. Even
when general health care is provided elsewhere, an occupational health service can offer an
effective and often economically advantageous program of health education and counseling. By
advising employees on such topics as smoking, alcohol or drug abuse, exercise, and diet, the
occupational health service can improve worker health and efficiency and reduce illness and
absenteeism. The health service is also in a position to organize employee health surveillance
programs for the early diagnosis of disease.
3.0

Components

Occupational Health Care is a teamwork involving occupational health physician, an
industrial hygienist, a safety professional, an ergonomist and an occupational health nurse.
4.0

Classification of Hazards

Type of
hazard
Physical

Hazard
Temperature

Effect
High

Low
Pressure

High

Heat stroke
Heat exhaustion
Heat cramps
Heat syncope
Hypothermia
Frost bite
Decompression sickness
Nitrogen narcosis
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Type of
hazard

Hazard

Effect

Low

Sound

Vibration
Ionizing

High

Acute
Chronic

Non-ionizing:
Ultra-violet

Visible

Chemical

Infra-red
Lasers
Electricity
Mechanical
Metals

Staggers
Chokes
Bends
Hypoxia
Flatulence
Toothache
Earache
Acoustic trauma
Noise induced hearing loss
Annoyance
Raynaud’s phenomenon (VWF)
Acute radiation syndrome
Cataract, Cancer

Pb
Mn

Kerato-conjunctivitis
Skin burns
Malignant melanoma
Miner’s nystagmus
Blue light hazard
(Premature ageing of cones)
Glassblower’s cataract
Scotomata (spot defects in vision)
Shock, Burns
Writer’s cramp, Tennis elbow
Colic, anemia, encephalopathy
Psychosis, parkinsonism

Hg

Tremor, anxiety, gingivitis

Cd

Proteinuria, emphysema, osteoporosis

Be

Lung fibrosis

Cr

Chrome ulcer, bronchogenic carcinoma

As

Lung fibrosis, peripheral neuritis, anemia

Low
High

Organic
Benzene
compd.
Noxious gases Simple asphyxiants
N2, CH4, CO2
Chemical asphyxiants
CO, H2S, HCN

Bone marrow depression
Dilute oxygen from air and cause hypoxia
Reduce oxygen carrying capacity by
combining with hemoglobin
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Type of
hazard

Hazard

Dusts

Biological

5.0

Effect
Irritant gases
Irritate mucous membranes and cause
SO2, NH3, Cl2, COCl2
cough, pulmonary oedema
Systemic poisons
Systemic effects
CS2,
Ni-carbonyl,
Stibine, Phosphine
Pneumoconiosis
Silica
Silicosis
Coal dust
Coal worker’s pneumoconiosis
Asbestos
Asbestosis
Occupational asthma Byssinosis
Allergic alveolitis
Bagassosis, Bird fancier’s lung
Occu. Lung cancer
Mesothelioma due to asbestos
Hair, hide, wool
Anthrax
Work in sewers
Leptospirosis
Health care
HIV, Hepatitis-B, Tuberculosis

Routes of Entry

In order to control the effects of hazards on the worker, it is necessary to understand how
the noxious substances gain entry into the body.

6.0

a)

Oral: In most cases, this route is not significant and simple proper washing of hands
before eating will remove the contaminant.

b)

Inhalation: This is the most important route. A soluble agent may cause irritation or
may be taken up by the blood on inhalation and get excreted through the urine or bile
or get deposited in its target organ. An insoluble agent, on the other hand, may remain
in the lungs for a long time and cause effect years later.

c)

Intact skin: Aniline and Carbolic acid pass through the intact skin without being felt.

Epidemiological Triad

Proper understanding of the interaction of various factors in the causation of an
occupational disease may help in preventing it. This interaction is best shown below
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Agent (Hazard)

Concentration
Particle size
Physicochemical properties Solubility in
body fluids Duration of exposure
Pattern

Occupational
Disease

Host (Worker)

Environment
(Unsafe acts/conditions)

Age
Sex
Education
Ethnic group
Genetic background
Nutritional status
Coexistent disease
Concomitant exposure Life-style /
Habits
Previous exposure

Enclosure
House keeping
Ventilation
Maintenance

7.0

Intervention

1.

Identification: It is necessary to identify the different hazards at workplace

2.

Evaluation: The levels of the hazard should be determined to find out whether it exceeds
the recommended safe levels (TLV-TWA)

3.

Control: If it is determined that the levels are high and are detrimental to health, control
measures should be taken at the various levels as indicated below
a)

b)

At the Source:
i.

Substitution by using a less hazardous substance

ii.

Change of process, which does not require use of hazardous substance

iii.

Enclosure of process to limit its spread to the receiver

iv.

Use of Wet methods to prevent dispersion of dust

v.

Local ventilation like fume hood to capture the harmful substance at source

vi.

Good maintenance of equipment

Along the Path:
i.

Good housekeeping to keep the levels of the contaminant down
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c)

8.0

ii.

General exhaust

iii.

Dilution ventilation

iv.

Increasing the distance between source and receiver (remote controlled
operation)

v.

Area monitoring by preset alarms

At the Receiver:
i.

Training and education (better awareness)

ii.

Rotation of workers

iii.

Enclosure of worker (e.g. noise proof cabin, air-conditioned overhead crane)

iv.

Personal monitoring device (dosimeter)

v.

Personal protective equipment (e.g. Ear muff, ear plug, impervious gloves)

Health Care

It is desirable to intervene at the primary level as it is cheaper and can completely prevent a
disease. Most occupational diseases are not completely curable and may have a delayed and
incomplete recovery. It is therefore necessary to detect such problems at an early stage. The
different levels of prevention with modes of intervention are given below.
Levels
Modes of intervention
of
prevention
Primary

Health promotion

Specific protection

Secondary

Tertiary

Health education
Environmental
modification
(Housekeeping,
exhaust)
Nutritional interventions
Lifestyle & behavioral changes – Safety
consciousness
Immunization (e.g. for Hepatitis-B)
Specific nutrients (Ca, Fe in exposure to Pb)
Chemoprophylaxis
Personal protective equipment (PPEs)
Noise control

Early diagnosis and Periodic Medical Examination
prompt treatment
Special medical examination
exposure
Disability limitation
Rehabilitation

following

high

Remove from hazard
Medical - Prosthesis
Vocational - Placement
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Levels
Modes of intervention
of
prevention
Social - Relationships
Psychological - Dignity
9.0

Occupational Health Legislations
In India, the occupational health programme is governed by some of the following acts:
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

The Factories Act (1948), which was substantially amended in 1987.
Workmen’s Compensation Act (1923)
The Employees’ State Insurance Act (1948)
Indian Mines Act (1952)
The Environment (Protection) Act (1986)
Atomic Energy Act, 1962
Atomic Energy (Factories) Rules (1996) - for DAE
Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987
Atomic Energy (Working of the Mines, Minerals and Handling of Prescribed
Substances) Rules, 1984
Atomic Energy (Radiation Protection) Rules, 2004

10.0 List of Notifiable Occupational Diseases as per ‘The Factories Act 1948 (Amended 1987)’
1
2
3
4
5
6
7
8
9
10
11
12
13
14

15
16

Lead poisoning including poisoning by any preparation of lead or their sequelae
Lead tetra ethyl poisoning
Phosphorous poisoning or its sequelae
Mercury poisoning or its sequelae
Manganese poisoning or its sequelae
Arsenic poisoning or its sequelae
Poisoning by nitrous fumes
Carbon disulphide poisoning
Benzene poisoning, including poisoning by any of its homologues, their nitro or amide
derivatives or its sequelae
Chrome ulceration or its sequelae
Anthrax
Silicosis
Poisoning by halogens or halogen derivatives of the hydrocarbons of the aliphatic
series
Pathological manifestations due to
a. Radium or other radioactive substances
b. X-rays
Primary epitheliomatous cancer of the skin
Toxic anaemia
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17
18
19
20
21

22
23
24
25
26
27
28
29

Toxic jaundice due to poisonous substances
Oil acne or dermatitis due to mineral oils and compounds containing mineral oil base
Byssinosis
Asbestosis
Occupational or contact dermatitis caused by direct contact with chemicals and paints.
a. Primary irritant
b. Allergic sensitizers
Noise induced hearing loss
Beryllium poisoning
Carbon monoxide poisoning
Coal miner’s pneumoconiosis
Phosgene poisoning
Occupational cancer
Methyl isocyanate poisoning
Toxic nephritis

Thus, a good occupational health service can, not only prevent an occupational disease, but
also helps in increasing productivity by reducing loss of man hours due to injuries or sickness
absenteeism by maintaining a healthy workplace.
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10.

FIRE PREVENTION, PROTECTION AND EXTINCTION
Fire Service Section
fssoff@barc.gov.in

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

CO2 and DCP Fire Extinguisher
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(Flammable Gases)
4.

“D” Class Fire
(Metals)

DCP Fire Extinguisher

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
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Application –
b)

Suitable for “A” Class Fire

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.
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Length of Jet -- 6 metres
Application – Suitable for “B” Class Fire
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.
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Length of Jet -- 6 metres
Application – Suitable for “B” Class Fire
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
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Discharge – 10-30 Seconds
Application – Suitable for “B” (Small) & “C” Class Fire
e)

Dry Chemical Powder Type Fire Extinguisher
Operation: -

i) Carry it near to the fire.
ii) Remove the safety clip.
iii) Strike the plunger
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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.
6.0

Fire Protection
a)

Fire Hydrants
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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.
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D)

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

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 noncombustible 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
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breathing apparatus and protective clothing Use specialized metal extinguishing powder such as
TEC.
8.4

9.0

Fire Fighting Procedure in Radiation Area
a)

Suitable protective clothing and respiratory protection shall be necessarily used.

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.
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11.0

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.

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.

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-luminescent 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.
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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.

Page | 93

FIRE PREVENTION, PROTECTION AND EXTINCTION

Page | 94

LASER SAFETY
11.

LASER SAFETY

Dr. V. S. Rawat
Laser & Plasma Technology Division
vrawat@barc.gov.in
Introduction:
Every electromagnetic wave exhibit a unique frequency and wavelength associated with that
frequency such as GREEN light has its own distinct frequency and wavelength. Similarly, other colors
also exhibit unique frequencies and their respective wavelengths. Most of the electromagnetic
spectrum is invisible and exhibits frequencies that traverse its entire span. The higher frequencies from
visible range are Gamma Rays, X-Ray and ultraviolet light while the lower frequencies from visible are
Infrared, Microwave and Radio Waves. The visible range (400 – 700 nm) falls within a very narrow span
of the electromagnetic spectrum.

Fig. 1: Electromagnetic spectrum of radiation
Lasers have become increasingly important research and industrial tool in medicine, sciences,
bioscience industries and engineering. If the lasers are not used properly they can produce injuries
such as burns, blindness and other hazards to operators and other personals including visitors,
guests to the laser working area and cause significant damage to the property. Individual users
of the all lasers must be adequately trained to ensure full understanding of the safety practice in the
working place. In our country Atomic Energy Regulatory Board (AERB) has provided safety guidelines
AERB/SG/IS – 7 for safe use of lasers in 2015. The laser safety procedures have guidelines from the
American National Standards Institute (ANSI) as specified in the ANSI Standards Z136.1 “The Safe Use
of Lasers”.
The acronym of the LASER stands for LIGHT AMPLIFICATION BY STIMULATED EMISSION OF
RADIATION. This is a device to produce a beam of monochromatic light in which all the waves are in
phase or are coherent. Laser light is created by stimulated photon emission. Unlike normal light
produced by spontaneous photon emission. Lasers contains three primary components regardless of
style, size of applications.
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Active Medium: The active medium provides gain to the laser system; it may be in the solid
crystal such as Ruby, YAG, liquid organic dyes and in gas phase like He-Ne, copper vapour, N2, CO2 or
semiconductors such as GaAs etc. In active medium the stimulated emission is the dominating process,
which provides special properties to the laser light. The active medium provides gain to the
amplification process.
Resonator: It consist of a pair of mirrors in which one mirror essentially 100% reflecting and
another mirror has partially transmitting i.e. less than 100% reflectivity. This partially transmitting
mirror provides the useful laser radiation out of the resonator cavity. Resonator provides suitable
feedback to build the laser oscillations.
Excitation Mechanism: Excitation mechanism is required to create the population inversion in
the lasing medium. The population inversion is necessary condition for dominating the stimulated
emission. Excitation provides the population inversion.

Fig. 2: Schematic of the laser components
In stimulated emission the photons emitted have the same wavelength, the same direction and
the same state of polarization with the stimulating photon. The photons travelling along the optical
axis will continue to stimulate emission of the same properties of photons which combine together
coherently. The laser radiation can be generated either in continuous mode or pulsed mode. The lasers
are often referred as continuous wave (CW) having continuous output power for a period of equal to
or greater than 0.25 Sec. The pulsed laser delivers its energy in the single pulse or train of pulses with
pulse duration less than 0.25 Sec. The laser output for continuous wave expressed as Irradiance, which
is the concentration of laser power incident on a given area or power per unit area (W/cm2). The
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pulsed laser radiation is expressed as fluence, which is the concentration of laser energy on a given
area or energy per unit area (J/cm2).
a)
b)
c)

Monochromatic (i.e. photons all have substantially one wavelength)
Directional (i.e. photons all travel in the same direction).
Coherent (i.e. photons are all in the same phase)

The characteristics of laser light allow for:
a)
b)

Low divergence, so the beam spreads or scatters very little and maintains intensity over
long distances
High irradiance, so the beam is very bright and can focus intense energy on a small area

Lasers:
•
•
•
•

are the brightest light sources known
can produce significant eye hazards at relatively low energy levels
can be concentrated to an even higher intensity when focused by a lens (such as eye
glasses)
can be operated in pulsed mode to further increase power output

A laser light generates heat and extremely focused brilliant light that will typically produce
enormous biological impact on the eyes. Lasers operate in the 200 nanometer (nm) – 10,000 nm range,
which extends well below and above the visible light spectrum (~ 400 nm – ~ 700 nm). Many lasers
produce light that is invisible to the human eye; in the event of an exposure, the aversion response
(blink reaction ~0.25 secs) provides no protection to the viewer.
Laser classification
Lasers and laser systems are grouped according to their capacity to produce biological injury to
the eye or skin and laser classifications are specified in the ANSI Z136.1-2007 standard. A laser
classification is an indication of the beam hazard during normal operation and is defined by the hazard
potential of the accessible beam. The hazard classification of a laser or laser system is represented by
a number/letter combination; the higher the classification number, generally the greater the hazard
and the more precautions are required. All manufacturers have been required to classify and label all
lasers produced since August 1, 1976. Information on the label must include laser class, the maximum
output power, the pulsed duration (if pulsed), and the laser medium or emitted wavelengths. ANSI
modified the standard for laser classification in 2007; recently atomic energy regulatory board (AERB)
has also provided safety guidelines (AERB/SG/IS-7) for laser safety in 2015.
Laser classification table
Class 1
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Laser systems that cannot emit laser radiation levels greater than the Maximum Permissible
Exposure (MPE) and are considered to be incapable of causing eye damage under normal operating
or viewing conditions.
Maximum power output; a few microwatts
Higher class lasers may be fully embedded in Class 1 devices to enclose the beam path. Such
lasers require extreme caution if the beam enclosure is opened for any reason (maintenance, troubleshooting, repair, alignment, etc.).
Example: Laser printers and CD, DVD players.
Class 1M
Laser systems considered incapable of producing hazardous exposure conditions during normal
operation unless the beam is viewed with an optical instrument, such as eye-loupes (diverging beam)
or telescopes (collimated beam). Class 1M laser products are safe under reasonable conditions of
operation, but may be hazardous if user employs optics within the laser beam.
Class 2:
Class 2 laser products shall be those that emits visible radiation in the wavelength range of 400
nm to 700 nm, where eye protection is normally afforded by aversion responses, including blink reflex
to bright radiant source. In general, the human eye will blink within 0.25 sec when exposed to Class 2
laser light. Visible, low power laser systems considered incapable of causing eye damage unless they
are viewed directly for an extended period (greater than 1000 secs) or with certain optical aids.
Normal human aversion response will usually prevent exposure Example: Laser Pointers,
Surveying laser
Class 2M:
The class 2M lasers are special purpose lasers not intended for viewing directly. The power
emitted from these laser is less than 1 mW. This class of lasers causes injury only when viewed directly
for more than 1000 seconds. This 1000 seconds is spread over an eight-hour day, not continuously
exposed.
•
•
•

Emit light in the visible portion of the spectrum (400 nm – 700 nm)
Maximum power output: < 1mW
Example: Bar Code reader in super market

Class 3R:
Medium-power laser systems that may be hazardous under direct and reflected beam viewing
conditions, but do not pose a diffuse reflection or fire hazard. These are not normally hazardous if
viewed for only momentary periods with the unprotected eye. They did not produce injury if viewed
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momentarily without laser safety goggles. They may be hazardous if viewed through collecting optics
such as telescopes, microscope or binoculars.
•
•
•
•
•

Maximum power output: 1 mW < 5 mW
Generally, no eye damage with short duration exposure < 0.25 sec. (blink response)
Visible and invisible (UV, IR) wavelengths
Dangerous if viewed with magnifying optics (including eyeglasses)
Example: He-Ne laser above 1mW not exceeding 5 mW, Pocket laser pointers

Class 3B
Higher-power laser systems capable of producing a hazard from direct and reflected beams but
rarely from diffusely reflecting surfaces (e.g. painted walls, white paper, etc.).
•
•
•
•
•

Maximum power output: 5 mW - 500 mW
Aversion response is no protection
Visible and invisible (UV, IR) wavelengths
May be pulsed; potentially lethal high voltage supply
Example: Visible He- Ne laser above 5 mW but not exceeding 500 mW.

Class 4
High-power laser systems always capable of producing a hazard to the eye or skin. In this class
included all laser systems with power levels higher than 500 mW. They pose eye hazards, skin hazards
and fire hazards. Viewing the laser beam of specular reflections, exposure to diffuse reflections can
cause eye and skin injuries. All control measures need to be implemented for this class of the laser
systems.
•
•
•
•
•

Maximum power output: > 500 mW
Direct, Specular and Diffuse Reflection can cause severe eye and skin damage
Aversion response is no protection
Fire hazard
May be pulsed; potentially lethal high voltage supply Example: Nd: YAG lasers, Copper
Vapour lasers

Laser hazards and injuries
The laser produces an intense, highly directional beam of light. If directed, reflected or focused
upon an object, laser light will be partially absorbed raising the temperature of the surface or interior
of the object, potentially causing an alteration or deformation to the object. The hazard due to laser
depends on the several factors such as wavelength of the light radiation, CW, pulsed, pulse duration
or intensity of the radiation and the exposure duration. The eye is the main venerable organ to the risk
as it focuses laser radiations onto the retina to a minimum spot diameter in between 10 – 20 m, which
resulted in the very high intensity by a factor of nearly 2,00,000 times. If the laser intensity is very high,
it may cause the skin damage from exposure of direct or it’s specular reflections. The pigmentation,
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ulceration and scaring of the skin may occurs from extremely high power of laser radiation. Certain
wavelengths of laser radiations in the ultra violet region may cause adverse effects similar to those of
over exposed sun light.
Biological effects of laser exposure
The hazards associated with lasers can be separated into two categories:
•
•

BEAM-RELATED HAZARDS (occurring as a direct result of worker/beam interaction),
which are typically caused because by LIGHT AND HEAT
NON-BEAM HAZARDS (caused as a result of indirect beam/target interaction or as a direct
result of the properties of laser equipment). Hazards are not limited to the following, but
these are key areas for consideration;
a. Electrical shock and fire hazards
b. Explosion and fire from compressed gases and solvents
c. Carcinogenic properties of laser dyes
d. Contaminants generated from a plume
e. Collateral and plasma radiation

Biological effects may be;
•
•

Acute - involving substantial exposure over a short period of time (burns)
Chronic – involving low exposures over a long period of time (cancer)

Beam-related hazards
Human eye: Human eye is a complex optical system, which is designed to transmit, focus and detect
the light. The typical human eye is shown in Fig 3.

The
Figure 3: Human eye
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Cornea: The cornea is the outmost transparent layer, which covers the front portion of the eye. The
cornea can withstand dust, sand and other assaults from the environment. The cornea cells replace
themselves is about 48 hours hence mild injuries to the cornea are healed quickly.
Aqueous humour: It is a liquid mostly water in between the cornea and the lens. This liquid absorbs
the heat to protect the internal portion of the eye lens from the thermal radiations.
Lens: This is made of flexible tissues which can change the shape of the lens to focus on both near
and far objects. This lens focuses light on the back of the eye.
Iris: This is located in front of the eye lens, which controls the amount of light that enters to the eye.
This iris is the pigmented or colored part of the human eye. It adjusts its size in response to the
brightness of the light.
The Pupil: It is an opening in the center of the iris through which light passes. The size of the pupil
changes from about 2 mm to 7 mm according to the intensity of the light in the environment.
Vitreous humour: It is a colorless gel that fills the large area at the center of the eyeball. The vitreous
humour help to maintain the shape of the human eye.
Retina: It is the light sensitive layer located at the back of the eye. The retina contains two type of
photoreceptor cells rods and cones. These cells convert the optical image produced by the lens into
electrical signal, which is transmitted to the brain. The optic nerve carries these electrical signal
impulses from retina to the brain.
Fovea: A 3 – 4 % section of the retina in the center of the macula that provides for the most detailed
and acute vision. This is the most sensitive control part of the retina. A foveal lesion caused by laser
radiation is a worst case scenario for vision.
Eye injury
The most common injuries relate to eyes; the output of laser is light and the eye is the organ
that is most sensitive to light. Laser-produced eye injuries tend to be acute and catastrophic; all laser
eye injuries are preventable. The laser emitting ultraviolet and far infrared radiation represents the
corneal hazard whereas lasers emitting in the visible and near infrared wavelengths represents a
retinal hazard. The laser light enter the pupil is focused to a point image on the retina. The pupil is
variable aperture with maximum diameter of 7 mm when the eye is maximally dilated. The retinal
image corresponding to this pupil diameter is nearly 10 – 20 µm, which results in the increased
irradiance from cornea to retina by 2x105 times. For example, the laser intensity of 50 W/m2 in the
cornea becomes 1x107 W/m2 in the retina. The greatest hazard to the retina is due to the wavelength
range of 400 – 1400 nm as these radiations are transparent to the most of the eye components such
as cornea, aqueous humour, eye lens and vitreous humour. For wavelengths less than 400 nm and
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more than 1400 nm, the greatest hazard is damage to the lens or the cornea. Depending upon the laser
wavelength optical radiation is absorbed preferentially or exclusively by the cornea or the lens. In the
wavelength range from 1500 nm to 2600 nm radiations penetrates into aqueous humour. The heating
effects dissipated over a greater volume of the eye.
Certain areas of the eye absorb more light in one spectral region than in other regions.
Absorption of laser radiation above a certain level leads to tissue injury. The table below listed some
absorption characteristics of the eye for different laser radiation wavelengths. An important quality of
measure related to the laser damage to the eye is retinal irradiance defined as power per unit area
(W/cm2). The irradiance is much higher at the retina than at the cornea or lens. That is due to the fact
the focused light by a converging eye lens to a small area on the retina.
Types of damage that eye hazards can cause are:

• Photochemical - light exposure triggering chemical reactions in tissue and breaking or forming
molecular bonds. Photochemical damage occurs mostly with short- wavelength (blue) and ultraviolet light and can be accumulated over a period of time. Cataracts are an example of photochemical
damage.

• Thermal - the absorption of laser radiation causing a temperature rise in tissue to the point where
denaturation of proteins occurs. Retinal burns are an example of thermal damage. A transient
temperature increase of only 10 °C can destroy retinal photoreceptors.

• Acoustic - A rapid raise in temperature may result in explosive boiling of vitreous humor causing
mechanical shockwaves through tissues as the water evaporates to steam. The shock wave from the
explosion can subsequently cause damage relatively far away from the point of impact.
Hemorrhaging and bleeding are examples of acoustic damage that may be caused from exposure to
pulsed lasers.
The dependency factors for eye damage are:

•

Length of exposure – power must be taken into account; a long continuous wave low-level
exposure may do much less damage than a short pulsed laser exposure

•

Energy – power of the source

•

Wavelength – Determines which part of the eye absorbs the radiation and if radiation is focused
by the eye onto the retina
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Wavelength

Area of Damage

Pathological Effect

180-315 nm

Cornea - deep-ultraviolet light

Photokeratitis (inflammation

(Ultraviolet UV-B, UV-C)

causes accumulating damage,

of the cornea, similar to

even at very

sunburn)

[Absorbed

low powers

primarily in the

cornea]
315-400 nm

Cornea and Lens [Absorbed in

Photochemical cataract

(Ultraviolet UV-A)

the lens of the eyeball]

(clouding of the lens)

400 -780 nm

Retina

Photochemical damage to

(Visible)

Visible

light

retina and retinal burns

780 -1400 nm

Retina - Near IR light is not

Thermal

(Near Infrared)

absorbed

to cataract and retinal burns

by

iris

and is

damage

focused on the retina
1400 -3000 nm

Cornea and Lens – IR light is

Aqueous flare (protein in

(Infrared)

absorbed by transparent parts

aqueous humor), cataract,

of the eye before reaching the

corneal burn

retina
3000 – 10000 nm

Cornea

(Far Infrared)

[Absorbed in the cornea]

Corneal burn

• Location of exposure – The macula and fovea provide for visual acuity and damage to these areas
is likely to be catastrophic and permanent.
Other factors
When exposure occurs, the light range may not be visible and the brain may compensate for eye
injury, leaving the worker unaware of any damage. Near IR radiation light, for example, is almost
invisible to the human eye and because we don’t see the light, our aversion response doesn’t function.
Exposure to a high power Nd:YAG laser emitting invisible 1064 nm radiation may be painless and
victims may not immediately notice any vision damage. A pop or click sound from the eyeball may be
Page | 103

LASER SAFETY
the only indication that retinal damage has occurred (caused by the retina heating to over 100 °C
resulting in localized explosive boiling accompanied by the immediate creation of a permanent blind
spot).
Multiple and compound injuries, such as cataracts, retinal burns, bleeding, blind spots and
permanent loss of vision, can occur throughout the eye and at all wavelengths; lasers with higher
wavelengths generally pose greater risks.
Areas of the eye that are most vulnerable to damage are retina and fovea.

• Visible and near-IR laser light damage


Retinal sunburn may result from exposure to argon laser blue light (400 - 550 nm)



Retinal burns / detachment may occur in the Retinal Hazard Region (400 -1400 nm)



Laser strikes to the retina may create blind spots; repeated retinal burns can lead to
blindness.



The majority of cones are situated in the fovea. Acute vision may be lost instantaneously
if a laser burn occurs in the fovea

• Near IR laser light is not absorbed strongly by the iris and focuses on the fovea

Fig 4: Corneal damage by CO2 laser

Fig 5: Cornea cataract by UV Exposures

Example: Irradiance of focused laser pointer beam on retina.
A laser pointer of 2 mW output power. The pointer beam enters the eye and focused by the
cornea and lens to a spot diameter of 16 µm on the retina. Find out the irradiance on the retina
assuming that all 2 mW power is focused on the retina.
Area of the spot on the retina
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝐴𝐴) =

𝜋𝜋 𝑑𝑑2
4
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Irradiance 𝐸𝐸 =

𝑊𝑊
𝐴𝐴

𝐴𝐴 =

3.14 ∗ 1.6 ∗ 1.6 ∗ 10−6
𝑐𝑐𝑐𝑐2 = 2 ∗ 10−6
4
𝐸𝐸 =

2 ∗ 10−3
𝐖𝐖
= 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏
−6
2 ∗ 10
𝐜𝐜𝐜𝐜𝟐𝟐

The irradiance on the retina is very high in comparison to the cornea and lens.
If the laser pointer beam diameter is 2 mm than the irradiance on the cornea and lens will be nearly
0.064 W/cm2
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Fig 6: Cornea damage (blur vision)

Fig 7: Retinal damage (information lost)

Skin injury
The potential risks to the skin are considered secondary to risks to the eyes. Skin injuries
may affect only the external dear layer of the skin cells and even more penetrating damage usually
heal eventually. The laser radiations can affect the skin thermally or photo-chemically. The skin
consists of two main layers the epidermis (surface layer) and the dermis (the underlying layer). The
epidermis layer is about 8 – 20 µm thickness consists of mainly the dead cells. The epidermis contains
specialized cells that produce melanin pigment granules which protect the dermis layer against
harmful ultraviolet radiation. The dermis is the site of many specialized cells and glands. It
contains mostly connective tissue that gives elasticity and support to the skin. The dermis also has
various blood vessels, nerve cells, sweat glands and hair follicles. Skin hazards occur at all wavelengths
of laser light, although the impact is less dramatic than the hazards posed to eyes. Skin injuries tend
to be chronic in nature. The dependency factors for skin damage are;

• Time - thermal reactions usually cause tissue proteins to denature when exposure times
exceed 10 microseconds

• Wavelength - laser light can be reflected or absorbed by various layers of skin - Most radiation is
absorbed by the outer 4mm of the skin. The skin reflects most visible and IR


A (near IR) radiation, while epidermis is highly absorbing at UV – B and UV – C band and
IR – B, IR – C wavelength bands.

The laser induced thermal changes to the skin is most pronounced at far IR wavelength such as
10,600 nm wavelength (CO2, far infrared) are well absorbed by skin and cause surface burns.


1000 nm wavelengths (Nd:YAG) are not absorbed well by skin and result in deep
tissue burns similar to an electric burn. The thermal damage also can be caused by
visible and near IR wavelengths at higher irradiance values than for far IR laser beams. The
types of biological injuries that can occur to the skin are:
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• Skin burns –significant burns may occur from acute exposure to wavelengths of 300 – 10000 nm
• Skin Cancer – may be caused by chronic exposure to low levels or scatter radiation of UV-C at 200
– 280 nm. This light is not absorbed well by materials and may also cause erythema (sunburn) and
accelerated skin aging.
The pain from thermal injury to the skin by most lasers is enough to alter the user to move
out of the beam path. However, a high power visible and IR lasers are capable of producing significant
burns to the skin in much less than one second.
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CW point source lasers
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Single pulse point source:
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Non-beam hazards
Lasers hazards are not limited to the direct interaction between the beam and the
human body. Additional hazards are present and must be appreciated and considered hen
operating laser systems. Non-beam hazards are caused as a result of indirect target/beam
interaction or as a result of the electrical, chemical, physical etc., properties of laser equipment.
While hazards are not limited to the following list, the following are key areas to remember
when reviewing potential laser hazards

• Electrical hazards
• Fire hazards
• Compressed gases and solvents
• Laser dyes
• Contaminants generated from a plume
• Collateral and plasma radiation
Electrical Hazards

• High voltage laser components
• Contact with exposed, energized conductor or carrier
• Completion of electrical circuit through individual
• Environmental factors - standing water, poor visibility, crowded work areas, untrained personnel
• Incidents generally occur during installation, repair or maintenance
Fire and Explosion Hazards

• Often related to electrical hazards
• Laser energy (ignition source) contacts concentrated flammable materials (including solvents,
gases)

• Laser energy contacts gas under pressure
• Static charge or spark ignites fire
Chemical Hazards

• Dye Laser dyes must be treated as hazardous chemicals
• Laser Generated Air Contaminants (LGAC’s, laser plumes)
• Formed by interaction between laser beam and material processed; the chemical debris,
products of pyrolysis

• Power of beam determines severity of air contaminant
• Can be in form of aerosols, gases, vapors
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• Aerosols differ in composition, size, toxicity, but most are small and can be breathed into the
lungs

• Typically, but not limited to Medical laser use
• May involve Infectious Materials, Bloodborne Pathogens (viral and bacterial), Organic material
(including aliphatics, aromatics, oxides and Inorganic material (such as oxides of base metals).
Dye laser hazards

• Dye Laser dyes, solvents and the products of dye lasers are toxic or carginogenic
• Personnel must use Personal Protective Equipment that is appropriate for eye, skin and
inhalation protection when working with dyes

• All stored dye stocks and waste must be double-bagged for spill protection
• Precautions must be taken when handling dyes, including preparation of dye solutions and
operation of dye lasers

• Laser dye solutions should be prepared inside a chemical fume hood
• Dye laser components should be leak tested before using dye solutions. All tubing must be
securely fastened or clamped

• Spill pans should be installed under pumps and reservoirs
• Material Safety Data Sheets (MSDS) must be available for all dyes and solvents
• Almost all dye solution solvents are flammable and toxic by inhalation or skin absorption
Compressed Gas Hazards (common laser gases)

• Simple Asphyxiants - N2, Ar, He, Kr
• Toxic gases
• CO - chemical asphyxiant, depressed cardiac (25 ppm TLV)
• CO2 - asphyxiant, mild narcosis (5000 ppm TLV)
• F - Corrosive to tissue, pulmonary edema (1 ppm TLV)
• HCl - irritant to eyes, skin, mucous membrane (5 ppm Ceiling level)
Maximum permissible exposoure (MPE):
The level of laser radiation to which, under normal circumstances, a person may be
exposed without suffering adverse effects is termed as the maximum permissible exposure (MPE).
The MPE level represents the maximum level to which the eye or skin can exposed without
consequential injury, whether immediately or after a long time. The MPE levels are related to the
wavelength of the radiation, the pulse duration or exposure time, type of tissue and the size of
retinal image on the eye. Hence due to the wide range of laser wavelengths, energy content, pulse
characteristics the hazard arises varies widely. Therefore, the MPE value differs from one laser to
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other depending upon the types, mode of operation and classes. The greatest increase in MPEs
occurs over short durations within the wavelength range of 1500 nm to 1800 nm where absorbing
volume is greatest. At the time greater than 10 sec heat
conduction redistributes the thermal
energy so the impact of the penetration depth no longer significant. The MPEs are useful for
determining optical densities for eyewear for laser safety.
Nominal hazard zone (NHZ)
The other major definition for laser safety calculations is the nominal hazard zone. This is a
distance within which the irradiance of a beam is greater than the maximum permissible exposure
by direct, reflected, scattered and diffuse laser radiation. Besides being specific to a given
wavelength and time of exposure, a different nominal hazard zone can be defined for the beam’s
path to your eye – direct viewing, specular reflectance, or diffuse reflectance.
The nominal hazard zone is a practical definition. It has a specific shape around your
particular laboratory apparatus; for instance, assuming your lab has no windows and a solid door,
the nominal hazard zone will in the worst-case scenario be the floor area of the lab itself. The
nominal hazard zone for you will be derived at the end of your safety calculations, and thereafter
will be most useful to you for planning control measures in your laboratory.
Personal protective equipment (PPE)
The hazard posed by Class 3B and class 4 lasers requires systematically applied controls to
prevent skin and eye injuries. Certain types of Personal Protective Equipment are required when
working with lasers. PPE is worn by personnel using the laser or in the vicinity of the lasers. PPE is
never a substitute for common sense and the use of good safety practices.
Eye Protection is important and required because the eye is susceptible to serious damage
from laser light. Protective eyewear can be goggles, face-shield or glasses and must be specifically
suited to the wavelength and power of the laser in use. Before protective eyewear is used, it
must be checked for defects and to verify it is suitable for the wavelengths of lasers in use.
Damaged or unsuitable eyewear must be discarded and replaced.
Absorption and Optical Density:
In general, when a light beam transmitted through a transparent material, some of the
light energy is absorbed and the beam intensity decreases continuously. The absorption may be
minimal in the air while it may be significant in a dark piece of glass. In each case the absorption
process removes energy from the beam and converts into the thermal energy of the
transparent medium by increasing its kinetic energy of the atoms or molecules. If a beam of
irradiance E W/cm2 in incident on a slab of absorbing medium and at the exit beam irradiance
O

is Ex W/cm2 after passing through the slab thickness of x in an absorbing medium. The value of
Ex is given by Lambert Law

𝑬𝑬𝒙𝒙 = 𝑬𝑬𝟎𝟎 𝒆𝒆−𝝈𝝈𝝈𝝈
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Where, 𝜎𝜎 is the Absorption Coefficient which is the property of the absorbing medium.

For laser goggles (PPE) the product of goggle thickness and absorption coefficient of the
medium is known b y a quantity termed as optical density (OD). In this case the base 10 is
replaced with the base e in the Lambert law hence OD is defined as

𝑬𝑬𝒙𝒙 = 𝑬𝑬𝟎𝟎 𝟏𝟏𝟏𝟏−𝑶𝑶𝑶𝑶

Since the transmission of light through an absorbing medium is defined as ratio of
transmitted irradiance to incident irradiance (T)

𝑻𝑻 = 𝟏𝟏𝟏𝟏−𝑶𝑶𝑫𝑫

OD is the 𝜎𝜎𝜎𝜎, hence the OD itself a wavelength dependent quantity. The OD with wavelength
is marked on the laser safety goggle. If the OD of the goggle is known than the transmission
through the goggle can be calculated by above equation.

OD

Transmission

% Transmission

0

1

1.0

100 %

1

10-1

0.1

10 %

2

10-2

0.01

1%

4

10-4

0.0001

0.01 %

6

10-6

0.000001

0.0001 %

Laser Protective Eyewear;

• Must be an appropriate safeguard, be available, in good condition and in sufficient quantities for
all workers

• Is not the primary line of defense
• Is required to meet ANSI Z87.1 standards for Class 3 and Class 4 lasers
• Must be marked with Optical Density and Wavelength
• Needs must be reassessed when new personnel, equipment or processes are introduced to the
lab
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Fig. 8: Typical laser goggles marked with wavelength and OD
Skin Protection; Bare skin may require cover to prevent acute exposure to high levels of laser
radiation that may cause skin burns or chronic exposure to UV wavelengths (295 nm – 400 nm)
that can result in sunburn, pigmentation change and skin cancer.

• Appropriate skin protection is required for Class 3B or 4 laser uses; Skin protection can include
gloves, lab coat, sun block, skin cream and possibly a face shield.
Laser safety signs:
The most common signs used for lasers and laser systems are the DANGER, CAUTION and
NOTICE signs are used.
For class 1 laser no warning sign is required.
Laser Area signs are used to mark the
area designated to laser hazard zone.
The signs vary according to the
classifications. The signal word
“CAUTION” is used on all signs
associated with Class 2 and Class 3A
lasers that do not exceeds the
appropriate MPE for Irradiance.
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The word “DANGER” is used with all
signs associated with all other Class 3A
and All Class 3B and Class 4 lasers

Temporary Laser control area signs are
posted outside a tempeorary laser
controlled area when the laser system is
being serviced. The signal word
“NOTICE” is used for this type of sign.

Beam alignment
Alignment is the process that demands the greatest attention to safety because, according
to the most recent figures;

• 73% of all reported laser injuries are eye-related
• 35% of eye-related injuries were associated with the alignment process
• 68% of eye-related injuries result in permanent injury
Because of excessive eye hazards during beam alignment, it must be performed in a
manner that ensures that the eye is not exposed to light above the applicable MPE from the
primary beam or specular or diffuse reflection of the beam. The group that normally uses the laser
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must write the alignment procedure, which must include the vendor (if alignment is performed
by a qualified vendor) and the frequency of alignment. When performing alignments, always;

• Review and follow written Alignment procedures
• Use Laser Alignment eyewear
Never remove safety eyewear during the alignment process
If you cannot see the beam with the eyewear you are using, your eyewear is the wrong
Optical Density. Turn off the laser and obtain eyewear with the correct Optical Density.

• Use alignment aids
• IR and UV cards that glow in the visible range
• IR viewers
Don’t lower the lights to see the beam better

• Use the laser at reduced power or substitute low power lasers to trace and check the
beam path

• Use beam blocks at each beam section to reduce potential for stray light
• Check for stray light before completing alignment and increasing power
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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
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Consentee of the fundamental obligation to ensure safety of the facility and the protection of
facility personnel, the public and the environment.
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:
(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
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(g)
5.0

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.
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:
(a)

assessment of the performance of FACILITY operation;

(b)

assessment of maintenance and engineering changes during an outage; and
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(c)

5.2

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.
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
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Regulatory Body wishes to observe a specific test or activity or review a specific Consentee selfassessment, 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:

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.
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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 authorize a person or a group of persons to undertake the
inspection functions.
While authorizing 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
utilized for inspection.
If required, resident inspectors may also be posted at the site.
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.
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The Regulatory Body should organize 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.
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;
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(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 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
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(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.

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.
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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 vessels, or petroleum products are reported to the Chief Controller of Explosives as
stipulated in the relevant statutes.
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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 followup 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.
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(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.

(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:

3.0

(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.

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
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(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.
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
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•

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.
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

6.0

(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.

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 self-evaluation programme supported by periodic external reviews.
Typical pattern of declining safety performance in an organization can be grouped in five
stages as follows:
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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

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!
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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.

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.
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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.
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.
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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.
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
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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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1.0

Introduction

Radioactive wastes generated in nuclear and radiation facilities need to be managed in a safe
manner to ensure long term protection to human health and environment from the harmful effects
of radiation. Regulatory control is needed to achieve the above objective. One of the statutory
functions of the Regulatory body is to establish or adopt standards of safety for the protection of
health, life, and property in the development and application of nuclear energy for peaceful
purposes. Regulatory action ensures operational safety of nuclear facilities and control discharge
of radioactive waste to the environment. Disposal regulation has to take into account the length
of isolation required for a particular radionuclide to decay to level of insignificant radiological risk
to environment/to public.
BARC safety council (BSC) through Director, BARC has the legal authority for regulatory
consent and control for such activities related to radioactive waste generated by BARC facilities.
Committee to Review Applications for Authorisation of Safe Disposal of Radioactive Waste
(CRAASDRW) under BSC reviews regulatory aspects of radioactive waste for BARC facilities.
Regulated Installations/ Facilities:
•

Uranium Mines and Mills

•

Fuel Fabrication Plants

•

Nuclear Power Plants and Research Reactors

•

Reprocessing Plants

•

Waste Management Plants

•

Beach Sand Minerals

•

R&D Facilities
•

2.0

Other Radiation Facilities

Legal Framework

Atomic Energy Act, 1962 provides basic regulatory framework for all activities concerning
atomic energy programme in India. Some of the rules issued under the Act related to safety are
listed below:
•

Atomic Energy (Factories) Rules, 1996

•

Atomic Energy (Radiation Protection) Rules, 1971 – Revised in 2004
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•

Atomic Energy (Working of Mines, Minerals and Handling of Prescribed Substances)
Rules, 1984

•

Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987 (GSR-125)

•

Atomic Energy (Control of Irradiation of Food) Rules, 1996

Director, BARC/ Chairman, AERB is the Competent Authority to enforce these rules.
Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987 is based on clause (i) of
subsection (2) of Section 30 and clause (b) of sub-section (1) of Section 17 of the Atomic Energy
Act, 1962. Atomic Energy (Safe Disposal of Radioactive Wastes) Rules (GSR-125), 1987 were
promulgated to have a uniform national policy for disposal of radioactive waste in accordance with
international practices.
3.0

Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987 (GSR-125)

Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987 (GSR-125) makes certain
rules to ensure safe disposal of radioactive waste to the environment in a specified quantity which
shall not pose any risk to the public, both in the present and future generation. GSR-125 Rule 3 puts
restriction on disposal of radioactive waste to the environment. As per the rule authorisation from
the competent authority is required to be obtained prior to disposal of any radioactive waste.
Subsequently, the authorized quantities of the waste are to be disposed in accordance with the
terms and conditions and manner specified in the authorization.
3.1

Application for Authorisation

GSR-125 prescribes the requirements and conditions of issuance of the authorization. GSR125 Rule 4 states that each application for authorisation to dispose of or transfer radioactive waste
shall be made in Form-I and shall include the brief description of the following:
(a)

the process, materials and equipment generating radioactive wastes in the
installation;

(b)

the equipment and systems provided in the waste generating installation to monitor
and control the radioactive wastes and to reduce environmental releases;

(c)

the environment around the installation;

(d)

the processes and equipment in the installation for conditioning, treatment and
disposal of radioactive waste and the staff employed for the purpose;

(e)

safety devices incorporated in the waste disposal installation to contain the
radioactive effluents and control their release to unrestricted areas during normal
operations, including anticipated operational occurrences and to keep these releases
as low as reasonably achievable (ALARA);

(f)

an estimate of the amounts of annual releases, discharges and leakages from
radioactive waste repositories during normal condition and an analysis of their
anticipated environmental impact;
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3.2

(g)

an analysis of the potential accidents which may occur in the installation and design
features and monitoring equipment incorporated in the waste disposal installation to
control the release of radioactivity in the event of such accidents;

(h)

procedures to be followed for safe collection of radioactive wastes arising from such
accidents and

(i)

design features of surveillance equipment incorporated or otherwise provided in and
around the waste disposal installation to monitor the normal releases of activity and
those released in the event of an accident;

(ii)

estimates of the quantities of each of the principal radionuclides expected to be
released in the environment annually (in solid, liquid and gaseous form) during normal
operations;

(iii)

any other information, which the competent authority may deem necessary to
evaluate the safety status of waste disposal operations.

Issuance of Authorisation

As per GSR-125 Rule 5, the competent authority shall issue authorisation in Form-II where it
is satisfied that the applicant has complied with the requirements of the Rule 4.
3.3

Duties of the Authorised Person

The authorisation for disposal/transfer of radioactive waste is issued in the name of an
authorized person from the facility. GSR-125 prescribes the duties of the authorized person. Every
authorised person shall ensure the following:
(a)

disposal of radioactive wastes is done in accordance with the provisions of these rules,
and in accordance with the terms and conditions laid down in the authorisation;

(b)

records of waste disposal are maintained in Form-III for the periods stipulated by the
competent authority;

(c)

all the requirements of the Radiation Protection Rules, 1971 are complied with;

(d)

any operation likely to result in a more hazardous accident than that envisaged in the
safety analysis given by the applicant under rule 4(i)(g) are not carried out in the
installation;

(e)

personnel monitoring and environmental surveillance is carried out on a continued
basis to evaluate the risks and to monitor the environmental impact of the waste
disposal operations;

(f)

unless stipulated otherwise in the authorisation, quarterly reports are submitted to
the competent authority in Form- IV;

(g)

reports received on any hazardous situation, as provided under clause (g) of rule 13,
are forthwith transmitted to the competent authority;

(h)

that the Radiological Safety Officer discharges his duties under rule 13 of these rules;
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(i)

3.4

after the waste disposal installation is closed, institutional control is maintained for
such time as stipulated by the competent authority in each specific case under rule 11.

Records

The authorised officer is required to maintain records of disposal or radioactive waste giving
the following particulars -

3.5

(a)

the description, quantity, physical state, chemical characteristics and the date of
disposal of each consignment of radioactive waste;

(b)

mode of disposal, concentration of radioactive material in the waste disposed of and
site of disposal;

(c)

names of the workers and the Radiological Safety Officer associated with the disposal
of the radioactive waste;

(d)

data on periodic radiation surveillance in and around the site of the disposal of
radioactive waste, as specified in the authorisation;

(e)

any other information which the competent authority deems necessary.

Power to Inspect Installations

As per GSR-125, any person duly authorised by the competent authority under section 17 of
the Act, for purposes of inspection and enforcement of these rules may at any time

3.6

(a)

inspect any installation where disposal of radioactive waste is carried out;

(b)

inspect any equipment (permanently installed or mobile) therein;

(c)

make such tests and or measurements as may be necessary for purposes of evaluating
radiation hazards;

(d)

order disposal of such radioactive wastes as he deems necessary in the interest of
radiation protection;

(e)

do all such things (including examination of relevant records) as he may consider
necessary for purposes of determining the adequacy or otherwise of the methods
employed and devices used therein for controlling and monitoring environmental
release of radioactive materials.

Closure and Institutional Control

Decommissioning or closure of a radioactive waste disposal installation and institutional
control shall be undertaken by the authorised person after obtaining permission from the
competent authority and in accordance with the procedure as prescribed by the competent
authority in each case.
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3.7

Accidental Release of Radioactive Waste

In the event of accidental release of any radioactive material resulting in personnel, surface
or environmental contamination, the Radiological Safety Officer (RSO) shall –

3.8

(a)

take steps to arrange for the immediate decontamination of the affected personnel
and areas and other remedial measures as required;

(b)

inform immediately the employer and the competent authority; details of the incident,
remedial measures initiated and programme for disposal of contaminated material, if
any.

Modification to Any Installation

As per GSR-125, any modification to any installation for the disposal of radioactive waste or
any change in the working conditions therein, a prior approval of the competent authority shall be
obtained.
3.9

Power to Suspend or Cancel an Authorisation

As per GSR-125 Rule 17, the competent authority may cancel an authorisation issued under
these rules or suspend it for such period as it thinks fit, if in its opinion, the authorised person has
failed to comply with any of the conditions of the authorisation or with any provisions of the Act
or these Rules after giving the authorised person an opportunity to show cause and after recording
reasons there for.
3.10 Powers to Ask for Records
In addition to the quarterly reports in Form- IV, the authorised person shall submit such
periodical reports to the competent authority, as stipulated in the authorisation for ensuring safe
disposal of radioactive waste.
4.0

5.0

Formats of Application/ Authorisation Forms
•

Form- I

Application for Authorisation to dispose Radioactive Waste

•

Form- IA

Application for Special Authorisation/ condonation

•

Form- II

Authorisation for disposal/ transfer of Radioactive Waste

•

Form- III

Monthly Record of Radioactive Waste disposal/transfer

•

Form- IV

Format for Record of disposal/transfer of Radioactive Waste

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

CRAASDRW reviews the safety issues of radioactive waste disposal/transfer activities of
BARC Facilities and recommends the Authorisation. The recommendation of CRAASDRW is
reviewed by BSC.
Page | 143

REGULATORY ASPECTS OF RADIOACTIVE WASTE MANAGEMENT
5.1

Responsibilities

An authorisation from the Competent Authority for transfer/ disposal of Radioactive Waste
is required to be obtained by BARC facilities generating and handling radioactive waste.
Authorisation is recommended for transfer of solid and liquid waste to the central Waste
management agency based on single point discharge concept and discharge of Gaseous Waste
after filtration. Solid and liquid waste disposal Authorisation is recommended to only the Waste
Management Facilities. All such applications are first reviewed by CRAASDRW. Based on the
recommendations of CRAASDRW, BSC recommends the issue of the Authorisation. CRAASDRW
also reviews the periodic radioactive returns submitted by the facilities. All discharges/ disposals
are governed by Environmental discharge rules.
5.2

Inspection

A Regulatory Inspection (RI) is conducted annually to ensure compliance with the terms and
conditions of the authorisation. A team of authorised persons visit the facility for inspection. Apart
from other fields, relevant records related to the Radioactive Waste Management are inspected,
such as:

6.0



Records on radioactive wastes disposed/ transferred



Operational records of the waste management plant



Waste receipt details



records of Gaseous waste



Surveillance records



Safety documents like, Tech. Spec., Operational manual, QA manual, etc.



Waste acceptance criteria



Procedures



Solid waste disposal site,



MOF sampling facility,



Stack monitoring system etc.

Radioactive Waste Management - Roles of Operating Organization

The facility should establish, as part of its overall strategic planning, a radioactive waste
management programme (RWMP), which should include provision for:
(a)

keeping the generation of radioactive waste to the minimum practicable, in terms of
both activity and volume

(b)

reusing and recycling materials to the extent possible;

(c)

classifying and segregating waste appropriately, and maintaining an accurate
inventory

(d)

collecting, characterizing and storing radioactive waste so that it is acceptably safe;
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7.0

(e)

providing adequate storage capacity for anticipated radioactive waste arising;

(f)

ensuring that radioactive waste can be retrieved at the end of the storage period;

(g)

treating and conditioning radioactive waste in a way that is consistent with safe
storage and disposal;

(h)

handling and transporting radioactive waste safely;

(i)

controlling effluent discharges to the environment;

(j)

carrying out monitoring for compliance at source and in the environment;

(k)

maintaining facilities and equipment for waste collection, processing and storage;

(l)

monitoring the status of the containment for the radioactive waste in the storage
location;

(m)

monitoring changes in the characteristics of the radioactive waste, in particular if
storage is continued for extended periods, by means of suitable methods and regular
analysis;

(n)

initiating, as necessary, research and development to improve existing methods for
processing radioactive waste or to develop new methods, and to ensure that suitable
methods are available for the retrieval of stored radioactive waste.

Radiation Protection Programme (RPP) - Roles of Operating Organization

A Radiation Protection Programme (RPP) should be based on a prior risk assessment in
which the locations and magnitudes of all radiation hazards have been taken into account, and
should cover:

8.0

(a)

the classification of working areas and access control

(b)

local rules and supervision of work

(c)

monitoring of individuals and the workplace

(d)

work planning and work permits

(e)

protective clothing and protective equipment

(f)

facilities, shielding and equipment

(g)

health surveillance

(h)

application of the principle of optimization of protection

(i)

removal or reduction in intensity of sources of radiation

(j)

training

(k)

arrangements for the response to an emergency

Discharge Control and Compliance Monitoring- Role of Operating Organization
Prior to the commencement of operations, the operating organization should:
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9.0

•

propose to the regulatory body levels for gaseous and liquid discharges (The expected
discharges for all operational states).

•

In proposing such levels it should be demonstrated that they will result in compliance
with national regulations to ensure that radiation doses to members of the public due
to the discharges do not exceed a fraction of the dose limit. Expected doses to the
most highly exposed individuals should be estimated.

•

the proposed discharge levels should be based on an assessment of their expected
radiological impacts by means of predictive modelling.

•

Compliance with authorized discharge levels should be demonstrated by means of
monitoring at the source of the discharge

•

the identification and assay of radiologically significant radionuclides should be
performed for both gaseous and liquid discharges.

Discharge Control and Compliance Monitoring- Role of Regulatory body

The regulatory body, after considering the submissions of the operating organization,
should establish authorized discharge levels. All discharges should be within the discharge levels
authorized by the regulatory body.
10.0 Authorized Discharge Levels Exceeded
If an authorized discharge level has been or may be exceeded, the operating organization
should investigate the case. The operating organization should:
(a)

terminate the discharge and take corrective actions

(b)

estimate the amounts of radioactive substances released

(c)

record all relevant details

(d)

report promptly to the regulatory body in accordance with prescribed procedures and
apply for post facto condonation/ special authorization

(e)

investigate and identify the causes of any non-compliance

If necessary, emergency response actions should be initiated.
11.0

Source Monitoring

Source monitoring refers to the measurement both of discharges and of the radiation field
around the source itself.
The design of the source monitoring programme should be such that it enables the
verification of compliance with
•

external exposure limits

•

discharge limits and

•

criteria specified by the regulatory body
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Measurements should normally be made before or at the point of release (for example, the
stack for atmospheric discharges or the discharge pipeline for a liquid discharge).
For batch discharges, a sample should be taken at the reservoir from the homogenized batch
prior to discharge.
For both airborne and liquid effluents, three types of measurements should be used:
(a)

on-line monitoring of discharges

(b)

continuous sampling and laboratory measurements of activity in the sample

(c)

intermittent sampling and laboratory measurements of activity concentrations in the
sample.

The choice of sampling method and measurement procedures should depend on:
(a)

the characteristics and amounts of discharged radionuclides and the sensitivity of the
measurement system

(b)

the expected variation with time, if any, in the rate of discharge for the radionuclide(s)

(c)

the possibility of unplanned discharges which require prompt detection and
notification.

12.0 Environmental Monitoring
•

An environmental monitoring programme should be implemented in accordance with
the requirements of the regulatory body.

•

A pre-operational programme should be implemented two to three years before the
planned commissioning of the plant. This pre-operational programme should provide
for the measurement of background radiation levels in the vicinity of the plant.

The programme should be designed to provide information for the purposes of:
(a)

confirming the adequacy of control over effluent discharges

(b)

correlating the results of environmental monitoring with data obtained from
monitoring at the source of the discharges

(c)

checking the validity of environmental models used in establishing authorized limits

(d)

fostering public assurance

(e)

assessing trends in the concentrations of radionuclides in the environment

13.0 Training Measures
Training measures of operational staff should cover the following topics:
(a)

the main types of ionizing radiation and their effects

(b)

basic quantities and units in radiation protection
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(c)

basic protection and safety procedures, including the effects of time, distance and
shielding on reducing exposure

(d)

principles of radiation protection and radioactive waste management (concerning
optimization of protection and safety, dose limitation and waste minimization)

(e)

use of protective equipment such as shielding and protective clothing

(f)

use of survey meters and contamination monitors, and individual external and internal
monitoring, including dose assessment

(g)

the potential risks associated with the operation of the plant

(h)

rules and procedures at the plant, especially specific task related issues

(i)

warning signs and alarm signals and information on appropriate actions to be taken

(j)

contamination control, decontamination and reduction of sources of radiation

(k)

responsibility to inform designated persons immediately in the event of any
unforeseen occurrence entailing increased risks in relation to radiation

(l)

where appropriate, actions that should be taken in the event of a nuclear or
radiological emergency or an accident in the transport of radioactive material

(m)

regulations for the safe transport of radioactive material on and off the site

(n)

criticality safety for nuclear fuel

(o)

behaviour in controlled areas
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1.0

Introduction

The use of radioactive material is an important part of modern life and technology.
Radioactive material is used extensively in medicine, industry, agriculture, research, consumer
products and electrical power generation. Tens of millions of packages containing radioactive
material are transported each year throughout the world. The quantity of radioactive material in
these packages varies from negligible quantities in shipments of consumer products to very large
quantities in shipments of irradiated nuclear fuel. The important transport operations are uranium
ore from the mines to chemical processing plants, uranium metal from the chemical plants to the
fuel fabrication facilities, fabricated fuel elements from the fabrication facilities to the reactors,
irradiated fuels from the reactors to the reprocessing plants, solidified waste from the
reprocessing plants to the repository sites, irradiated targets from the reactors to the isotope
production plants, radioisotopes and radiation sources from the productions plants to the users
and radiography cameras to the sites of use.
Most of these transport routes pass through the public domain. The public at large is not
familiar with the risks of radiation and is not monitored for the contamination or the dose. Hence,
there should not be any risk to the public because of transport of radioactive material through
public domain. The responsibility to ensure this lies with the consignor and the transporter.
2.0

Regulations for the Safe Transport of Radioactive Materials (RAM)

In order to ensure the safety of the people, property and environment, national and
international transport regulations have been developed. The government constitutes the
competent authority to regulate the operations and ensure safety in all activities dealing with
RAM. In India, Atomic Energy Regulatory Board (AERB) and BARC Safety Council (BSC) are
constituted for this purpose. In BARC the regulatory approval for the packages used for transport
of RAM is issued by BARC Safety Council (BSC). Competent Authority for issuing the design
approval for the BARC packages in public domain is Director, BARC. In this aspect BSC is assisted
by Safety Review Committee-Transport of Radioactive Material (SRC-TRM) constituted by BSC
entrusted with the mandate to ensure the packages are designed, manufactured and transported
in accordance with the current regulations.
To ensure the safety during transport in public domain, the RAM should be transported in
accordance with the AERB Safety Code on Safe AERB Safety Code on Safe Transport of Radioactive
Material- AERB/NRF-TS/SC-1 (Rev.1), March 2016 which is based on the IAEA IAEA Specific Safety
Requirements - Regulations for the Safe Transport of Radioactive Material-2012 (SSR-6). These
regulations establish standards of safety which provide an acceptable level of control on the
radioactivity release, the radiation levels, criticality and thermal hazards to persons, property and
the environment during the transport of RAM. These regulations apply to transport of RAM by all
modes of transport i.e. land, water and air. ‘Transport’ includes all operations and conditions
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associated with the movement of RAM. These include design, fabrication and maintenance of
packaging, preparation, consigning, handling, carriage, storage in transit and receipt at the final
destination of the package. Prior to deployment of the packaging in use, the packaging must be
approved by the competent authority.
These regulations apply to transport of RAM by all modes on land, water, or in air. ‘Transport’
includes all operations and conditions associated with the movement of RAM. These include
design, fabrication and maintenance of packaging; preparation, consigning, handling, carriage,
storage in transit and receipt at the final destination of the package.
These regulations do not apply to (a) radioactive material that is an integral part of the
means of transport, (b) RAM moved within an establishment, (c) RAM implanted or incorporated
into a person or live animal for diagnosis or treatment, (d) RAM in consumer products which have
received regulatory approval, following their sale to the end user, and (e) natural material and ores
containing naturally occurring radio-nuclides provided the activity concentration does not exceed
10 times the value given in Table I, Column 4.
TABLE –I: BASIC RADIONUCLIDE VALUES

Radionuclide
241

Am
140
Ba
252
Cf
60
Co
203
Hg
131
I
192
Ir
99
Mo
32
P
147
Pm
239
Pu
103
Ru
90
Sr
99m
Tc
235
U

A1
(TBq)

A2
(TBq)

1x101
5x10-1
5x10-2
4x10-1
5x100
3x100
1x100
1x100
5x10-1
4x101
1x101
2x100
3 x 10-1
4x101
Unlimited

1x10-3
3x10-1
3x10-3
4x10-1
1x100
7x10-1
6x10-1
6x10-1
5x10-1
2x100
1x10-3
2x100
3x10-1
9x10-1
Unlimited

Activity
concentration for
exempt material
(Bq/g)
1x100
1x101
1x101
1x101
1x102
1x102
1x101
1x102
1x103
1x104
1x100
1x102
1x102
1x10-4
1x101

Activity limit for
an exempt
consignment
(Bq)
1x104
1x105
1x104
1x105
1x105
1x106
1x104
1x106
1x105
1x107
1x104
1x106
1x104
1x107
1x104

For RAM having other dangerous properties, relevant regulations apply in addition to these
regulations.
3.0

Overview of Packages

Package shall mean the packaging with its radioactive contents as presented for transport.
Packaging shall mean the assembly of components necessary to enclose the radioactive contents
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completely. It may consist of one or more receptacles, absorbent materials, spacing structures,
radiation shielding and service equipment for filling, emptying, venting and pressure relief; devices
for cooling, absorbing mechanical shocks, handling and tie-down, and thermal insulation.
Depending on the nature and quantity of the RAM to be transported, eight types of packages are
prescribed. They are
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
3.1

3.2

Excepted package;
Industrial package Type 1 (Type IP-1);
Industrial package Type 2 (Type IP-2);
Industrial package Type 3 (Type IP-3);
Type A package;
Type B(U) package;
Type B(M) package;
Type C package.

General Requirements for All Packages
(a)

The packaging should be so designed that it can be easily handled and properly
secured.

(b)

As far as possible, the outer layer of the package shall be so designed as to prevent
the collection and retention of water.

(c)

The package shall be capable of withstanding the effects of any acceleration, vibration
or vibration resonance, which may arise under routine conditions of transport without
any deterioration in the effectiveness of the closing devices or in the integrity of the
package as a whole.

(d)

The materials of the packaging shall be physically and chemically compatible with each
other and with the radioactive contents.

A1 and A2 values
The limits of activity that can be transported in a Type A package are defined by A1 and A2.
-

A1 means the maximum activity of a special form RAM that can be transported by a
type A package. Special form RAM means either an in-dispersible solid RAM or a sealed
capsule containing RAM and fulfilling the regulatory requirements.

-

A2 means the maximum activity of a RAM other than a special form RAM that can be
packed in a Type A package. A1 and A2 values depend on the radiations emitted by the
RAM, the half-life of the radioisotope and the chemical and physical forms of the RAM
and the decay products.

A1 is calculated by determining the external dose due to photons and beta radiation to a
person standing at a distance of 1 m from the bare source. A2 is calculated by determining (1) A1, (2)
Internal dose via inhalation, (3) Skin contamination and ingestion doses and (4) Submersion dose
due to gaseous isotopes. Table I presents the A1 and A2 values of a few selected RAM.
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3.3

Excepted Packages

Excepted packages may contain only quantities of RAM, which are so small that the potential
radiological hazards, which might pertain during transport, are insignificant. There are no test
requirements for excepted packages. The radiation level at any point on the surface of an excepted
package cannot exceed 5 μSv/h to ensure that any radiation dose to members of public would be
insignificant. Activity limits for excepted packages are given in Table II.
Table- II: ACTIVITY LIMITS FOR EXCEPTED PACKAGES
Physical state of contents
Solids:
Special form
Other forms
Liquids
Gases:
Tritium
Special form
Other forms
3.4

Instrument or Article
Item limits
package limits

Materials package limits

10-2A1
10-2A2
10-3A2

A1
A2
10-1A2

10-3 A1
10-3A2
10-4A2

2x10-2A2
10-3A1
10-3A2

2x10-1A2
10-2A1
10-2A2

2x10-2A2
10-3A1
10-3A2

Industrial Packages

These are used to transport low specific activity (LSA) material and surface contaminated
objects (SCO). LSA materials are divided into three groups. LSA – I consist of (i) uranium and
thorium ores. (ii) Solid un irradiated natural uranium or depleted uranium, (iii) RAM for which A2
value is unlimited, excluding fissile materials in quantities not excepted, and (iv) other RAM in
which activity is distributed throughout and the estimated average specific activity does not
exceed 30 times the values for activity concentration given in Table – I. LSA-II consists of (i) water
with tritium concentration up to 0.8 TBq/L or (ii) other materials in which the activity is distributed
throughout and estimated average specific activity does not exceed 10-4 A2/g for solids and gases,
and 10-5 A2/g for liquids. LSA –III consists of solids excluding powders in which (i) the RAM is
distributed throughout a solid or a collection of solid objects, or is essentially uniformly distributed
in a solid compact binding agent (such as concrete, bitumen, ceramic, etc,); (ii) the RAM is relatively
insoluble, or it is intrinsically contained in a relatively insoluble matrix, so that, even under loss of
packaging, the loss of RAM per package by leaching when placed in water for seven days would
not exceed 0.1A2; and (iii) the estimated average specific activity of the solid, excluding any
shielding material, does not exceed 2x10-3 A2/g.
A surface contaminated object is a solid object which is not itself radioactive, but which has
RAM distributed on its surfaces. SCO are divided into two categories SCO-I and SCO-II, which are
differentiated by the levels of fixed and non-fixed contamination. Table IV shows the limits of
contamination for SCO-I and SCO-II. The quantity of LSA material or SCO in a single Industrial
package shall be so restricted that the external radiation level at 3 m from the unshielded material
does not exceed 10 mSv/h.
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3.5

TYPE A Packages

These are intended to provide a safe, economical means for transporting relatively small
quantities of RAM. These are expected to retain their integrity under normal kind of abuse such
as falling from a vehicle, being exposed to rain, etc. They may be damaged in a severe accident
and a fraction of the contents may be released. Hence limits are prescribed for the maximum
amounts of radionuclides that can be packed in Type A packages. These limits ensure that in the
event of a release, the risks are low. These packages shall fulfill the criteria given Table-III for tests
representing normal conditions of transport.
3.6

TYPE B Packages

These are meant for transport of large amounts of RAM. They shall be designed to withstand
the effects of severe accidents. Each design must be approved by the competent authority of the
country in which the package was designed. B (U) Type package design needs the approval of the
competent authority of the country of the design (‘U’ means unilateral). B (M) type package needs
the approval of the design by the competent authority of the country of origin of the design or
shipment and of each country through or into which the consignment is to be transported (‘M’
means multilateral). These packages shall fulfill the criteria given in Table-III for tests representing
normal and accident conditions of transport. If B (U) type package is used for transport of fissile
material, its design needs multilateral approval unless certain safety features are also included.
3.7

TYPE C Packages

These are to be used for transporting RAM by air when the activity exceeds the limits for
type B packages. Limits of activity of RAM to be transported by type C packages are to be
determined by the manufacturer and approved by the competent authority. These packages shall
fulfill the criteria given in Table-III for tests representing normal and accident conditions of
transport.
TABLE-III: TEST REQUIREMENTS FOR PACKAGES
Package type
Excepted, IP-1

IP-2

IP-3, A

Test

Criteria

Nil
1. Free drop test (Drop from 1.2 to
0.3 m on an unyielding target)
2. Stacking test (Greater of 5 X mass
of the package and 13 kPa X
vertically projected area of the
package for 24 h)

Nil
Prevent
(a) Loss or dispersal of
radioactive contents
(b) Loss of shielding integrity
which would result in more
than 20 % increase in radiation
level at any external surface
Prevent
(a) Loss or dispersal of
radioactive contents
(b) Loss of shielding integrity
which would result in more

1. Water spray test (Water spray to
simulate rainfall of ~ 5 cm for at
least 1 h)
2. Free drop test
3. Stacking test
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A for liquids and
gases

Packages
designed to
contain 0.1 kg or
more of UF6

B(U) and B(M)

4. Penetration test (A bar of 3.2 cm
dia. and mass 6 kg dropped from 1
m onto the centre of the weakest
part of the specimen)
1. Water spray test
2. Free drop test (Drop from 9 m on
an unyielding target)
3. Stacking test
4. Penetration test (A bar of 3.2 cm
dia. and mass 6 kg dropped from
1.7 m onto the centre of the
weakest part of the specimen)
Hydraulic test (Internal pressure of at
least 1.38 or 2.76 MPa)
Free drop test (Drop from 1.2 to 0.3
m on an unyielding target)
Thermal test (Exposure of specimen
for 30 minutes to a thermal
environment of an average
temperature at least 800oC)
Normal conditions of transport
1. Water spray test
2. Free drop test (Drop from 1.2 to
0.3 m on an unyielding target)
3. Stacking test
4. Penetration test

Accident conditions of transport
1. Mechanical test
(a) Drop I (for packages which do
not satisfy the conditions for Drop
III) Drop the specimen onto the
target from 9 m
(b) Drop II (for all packages) Drop
the specimen onto an m.s. bar of
dia. 15 ± 0.5 cm rigidly mounted
perpendicularly on the target
from a height of 1 m
(c) Drop III (package mass not
greater than 500 kg, overall
density not greater than 1000
kg/m3, radioactive content greater
than 1000 A2, not special form

than 20 % increase in radiation
level at any external surface

Prevent
(a) Loss or dispersal of
radioactive contents
(b) Loss of shielding integrity
which would result in more
than 20 % increase in radiation
level at any external surface
Withstand without leakage and
without unacceptable stress
Withstand without loss or
dispersal of UF6
Withstand without rupture of the
containment system

1. Prevent loss of shielding
integrity which would result in
more than 20 % increase in
radiation level at any external
surface
2. Restrict the loss of radioactive
contents to not more than 10-6
A2 per hour
1. Retain sufficient shielding to
ensure that radiation level at 1
m from the surface does not
exceed 10 mSv/h with the
maximum radioactive contents
the package is designed to
contain
2. Restrict the loss of radioactive
contents in 1 week to not more
than 10 A2 for krypton-85 and
not more than A2 for all other
radionuclides
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B(U) and B(M)
packages with
radioactive
contents > 105 A2

C

RAM) Drop a 500 kg mass from 9
m onto the specimen
2. Thermal test
3. Water immersion test: Immerse
the specimen under a head of
water of at least 15 m (150 kPa) for
not less than 8 h
Normal conditions of transport As per
B(U) and B(M)
1. Accident conditions of transport
Mechanical test As per B(U) and
B(M)
2. Thermal test As per B(U) and
B(M)
3. Enhanced water immersion test:
Immerse the specimen under a
head of water of at least 200 m
(2MPa) for not less than 1 h
Normal conditions of transport
Accident conditions of transport
1. Mechanical test
(a) Drop I As per B(U) and B(M)
(b) Drop III As per B(U) and
B(M)
2. Puncture/tearing test
(a) Package having mass less than 250
kg shall be placed on a target and
subjected to a probe having a mass of
250 kg falling from a height of 3 m. The
probe shall be 20 cm dia. cylindrical bar
with the striking end forming a
frustum of a right circular cone with
dimensions 30 cm ht. and 2.5 cm dia. at
the top.
(b)For packages having a mass of 250
kg or more, the base of the probe shall
be placed on the target and the
specimen dropped onto the probe
from 3 m.
3.
Enhanced thermal test:
(Exposure of specimen for 60
minutes to a thermal environment to
an average temperature of at least
800oC

As per B(U) and B(M)
As per B(U) and B(M)

As per B(U) and B(M)
As per B(U) and B(M)
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4. Impact test: The specimen shall be
subjected to an impact on a target at
a velocity of not less than 90 m/s, at
such an orientation as to suffer
maximum damage.

Packages
containing fissile
material
Packages
containing fissile
material
transported by
air

Normal conditions of transport and
accident conditions of transport as
per B(U) and B(M)
Water leakage test: Specimen shall be
immersed under a head of water of at
least 0.9 m for not less than 8 h.
Normal conditions of transport and
accident conditions of transport as
per C and water leakage test

1. The package shall remain
subcritical.
2. The packaging must prevent
the entry of a 10 cm cube.

The package shall remain
subcritical.

If Type B packages are to be used for transport of RAM by air, limitations on activity are to be
observed because of higher risk in case of an aircraft crash. These limits are as below:
(a) For low dispersible RAM: As authorized by the package design
(b) For special form RAM: 3,000 A1 or 100,000 A2, whichever is less.
(c) For all other RAM: 3,000A2.
4.0

Prescribed Tests

The packages containing radioactive materials should fulfill the requirements of
containment of the radioactive contents, control of external radiation levels, prevention of
criticality and prevention of damage caused by heat; in routine conditions of transport (incident
free), normal conditions of transport (minor mishaps) and accident conditions of transport. Hence
tests are prescribed to simulate the normal and accident conditions of transport and criteria for
qualification for different types of packages are also prescribed. They are given in Table-III. These
tests can be performed directly on the specimen, or on a scale-down model with appropriate
scaling factors, or simulation using computer codes, or by reasoning, or by analogy with approved
designs.
5.0

Fissile Materials

Fissile material has a number of special characteristics that need to be addressed for
transport. Fissile material shall be transported so as to:
(a)

Maintain subcriticality during normal and accident conditions of transport; in
particular, the following contingencies shall be considered:
(i)

Water leaking into or out of packages,
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(b)

5.1

(ii)

The loss of efficiency of built-in neutron absorbers or moderators,

(iii)

Rearrangement of the contents either within the package or as a result of loss
from the package,

(iv)

Reduction of spaces within or between packages,

(v)

Packages becoming immersed in water or buried in snow,

(vi)

Temperature changes, and

Meet the requirements:
(i)

The smallest overall external dimension shall not be less than 10 cm.

(ii)

The package shall fulfill the test requirements given in Table-II.

Allowable Number

This is derived for packages containing fissile materials. A number ‘N1’ shall be derived such
that N1 = X1 ÷ 5 where X1 is the largest number of packages that remain subcritical with nothing in
between the packages and the package arrangement is reflected by at least 20 cm of water on all
sides and the state of the packages shall be their assessed or demonstrated condition if they had
been subjected to tests representing normal conditions of transport.
A number ‘N2’ shall be derived such that N2 = X2 ÷ 5 where X2 is the largest number of packages
that remain subcritical with hydrogenous moderation between the packages and the package
arrangement reflected by at least 20 cm of water on all sides and the state of the packages shall
be their assessed or demonstrated condition if they had been subjected to tests representing
normal and accident conditions of transport. The smaller of ‘N1’ and ‘N2’ is called ‘N’ or ‘Allowable
Number’.
5.2

Criticality Safety Index (CSI)

Criticality Safety Index (CSI) is defined as CSI = 50 ÷ N. Criticality safety assessment is a highly
specialised subject. It is calculated based on the amount and geometry of the fissile material,
moderator and neutron absorbers present in the package, resistance of the package to the
prescribed tests and the number of packages in the consignment. Computer Codes are also
available for the determination of CSI.
Any package with CSI greater than 50 shall be transported only under exclusive use. The
number of packages, overpacks and freight containers containing fissile material shall be so limited
that the total sum of the CSI in any group does not exceed 50 and groups of such packages shall
be stored so as to maintain a spacing of at least 6 m from other such groups.
6.0

Transport Index (TI) and Categories

Transport Index (TI) is assigned to a package; overpack or freight container, or to
unpackaged LSA-1 or SCO-1 to provide control over radiation exposure. It is determined by
multiplying the dose rate in mSv/h at 1 m with 100 and rounding up to the first decimal (e.g., 1.12
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becomes 1.2) except that a value of 0.05 or less may be considered as zero. Any package with TI
greater than 10 or CSI greater than 50 shall be transported only under exclusive use.
Packages and overpacks shall be assigned the categories I- White, II- Yellow, or III-yellow
based on both maximum dose rate at any point on the surface and the transport index. Table IV
shows the categorization. If the two conditions qualify for two different categories, the higher
category shall be assigned. All packages transported under special arrangement shall be assigned
to category III-YELLOW.
TABLE –IV: CATEGORIES OF PACKAGES AND OVERPACKS

@
7.0

Condition
TI
Maximum radiation level (D) at any
point on external surface (mSv/h)
0
 0.005
0 < TI  1
0.005 < D  0.5
1 <TI 10
0.5 < D  2
TI >10
2 < D  10
Shall also be transported under exclusive use.

Category
I-WHITE
II-YELLOW
III-YELLOW
III-YELLOW@

Special Arrangement

The packages of approved design and validity are permitted to transport in public domain.
The consignments, which do not satisfy all the applicable requirements of the regulations, may be
transported under Special arrangement with the approval of competent authority. The regulatory
authority may prescribe compensatory measures and operational controls that would ensure at
least the same degree of safety as if all the regulatory requirements had been satisfied. Examples
of compensatory measures are transport under exclusive use, suitable escort for safety and
security, escort of health physicist with radiation monitoring devices, carrying protective devices,
restrictions on speed limits, continuous monitoring of shipment by the consignor/consignee,
communication procedures etc.
8.0

Marking, Labelling and Placarding
(a)

Each package shall be marked on the outside with an identification of the consignor
or consignee or both.

(b)

For each package, other than excepted packages, the United Nations number (see
Table-VIII), preceded by the letters “UN” and the proper shipping name shall be legibly
and durably marked on the outside.

(c)

Each package of gross mass exceeding 30 kg shall have its permissible gross mass
legibly and durably marked.

(d)

Each package which conforms to a design approval shall be legibly and durably marked
on the outside with the identification mark allotted to that design by the competent
authority, a serial number to uniquely identity each packaging which conforms to that
design and type in case of B(U), B(M) or C type packages.
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(e)

Each package, overpack, and freight container shall bear the labels, which conform to
the prescribed model labels.

(f)

Each label should indicate contents, activity and TI.

(g)

Large freight carriers conveying packages other than excepted package shall bear four
placards.

TABLE –V: EXCERPTS FROM LIST OF UNITED NATIONS NUMBERS AND PROPER SHIPPING
NAMES AND DESCRIPTIONS
UN NO.
2910

PROPER SHIPPING NAME and description
RADIOACTIVE MATERIAL,
EXCEPTED PACKAGE-LIMITED
QUANTITY OF MATERIAL
RADIOACTIVE MATERIAL,
URANIUM HEXAFLUORIDE, FISSILE
RADIOACTIVE MATERIAL,
TYPE A PACKAGE, non-special
form, non-fissile or fissile-excepted
RADIOACTIVE MATERIAL,
TRANSPORTED UNDER SPEICAL
ARRANGEMENT, FISSILE
RADIOATIVE MATERIAL,
EXCEPTED PACKAGE-EMPTY PACKAGING

2977
2915

3331

2908

9.0

Approval
Competent authority’s approval is required for
a.

Designs for
(i)

Special form RAM

(ii)

Low dispersible RAM

(iii)

Packages containing 0.5 kg or more of UF6

(iv)

Packages containing fissile materials

(v)

Type B(U), B(M) and C packages

b.

Special arrangements

c.

Certain shipments with activities greater than 3000 A1 or 3000 A2 or 1000 TBq or sum
of CSI of the packages exceeding 50.

d.

Radiation protection programme for special use vessels

e.

Calculation of radionuclide values not listed in TS-R-1

10.0 Procedure for Transport
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A person who wants to transport RAM should first determine the type of package based on
the nature and quantity of the RAM. Then he/she should apply to the competent authority for
permission to transport if the RAM is to be transported under special arrangement or in a Type B
or Type C package or it is a special from material. The consignor should report the intended
transport of RAM in Type A or IP-3 package and get a Registration No. from the competent
authority prior to transport. The consignor should inform the competent authority about the
transport of excepted or IP-1 or IP-2 package.
After getting the approval or registration (where necessary), the consignor should pack the
RAM, close the package, get the Health Physicist’s certificate and label the package appropriately.
Then the package should be dispatched along with
(a)

The consignor’s declaration with signature and date

(b)

Competent authority’s authorization details

(c)

Emergency arrangements if prescribed by the competent authority

(d)

TRansport EMergency Card (TREMCARD) giving information about emergency action
and phone numbers and addresses of persons to be contacted doing emergency.

(e)

TRAMDATA describing the package including correct name, TI, United Nations
Number

The consignor should inform the competent authority after the RAM reached destination, if
asked in the authorization.
11.0

Transport Accidents and Their Consequences

The consequences of an accident involving RAM depend on their physical form, radiotoxicity
& amount of the content, type of package and the mode of transport, the severity of the accident
including damage to the package, weather conditions and the site of the accident. If there were a
breach of packaging involving excepted, LSA, SCO or Type A packages destroying its integrity, the
area affected from a radiological health and safety standpoint would normally be limited to the
general vicinity of the accident and there would be no radiological reasons for taking protective
actions for general public beyond this immediate area.
If a transport accident involving a dispersible material were to occur, the conditions
encountered by emergency response personnel could possibly include high radiation fields,
contaminated victims, vehicles, wreckage, road and earth surfaces, actual or potential fire and
other hazards normally encountered in transportation accidents.
If the materials were non-dispersible, probably there would not be any contamination or
significant contamination, but there might be localized areas with radiation fields, which could be
hazardous.
Emergency response personnel must be prepared to deal first with the typical characteristics
of any serious accidents, rescue, saving life, medical aid for the injured, firefighting and traffic
control. Prevention of spread of contamination in such accidents is of secondary consequence.
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12.0 Response to Transport Accident
In responding to transport accidents involving radioactive materials, the following main
actions should be taken in sequence.
(1)

Rescue and provide emergency medical aid to all the victims

(2)

Control fires and other common consequences of transport accidents

(3)

Control the traffic.

(4)

Control any radiation hazard and prevent the spread of radioactive contamination.

(5)

Decontaminate personnel.

(6)

Decontaminate and restore the through way and to delineate the boundaries of
other contaminated areas.

(7)

Decontaminate the vicinity and restore to a safe state.
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16.

PREPAREDNESS AND RESPONSE TO NUCLEAR/ RADIOLOGICAL
EMERGENCY
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1.0

Introduction

Although nuclear radiation has only been known since 1890s, a wide variety of uses
(medicine, academics, agriculture, industry etc.) have been developed of it. In the pursuance of
the activities (establishment/utilization of nuclear facilities/radiation installations, use of
radioactive sources etc) necessary for economic and social progress, the safety of occupational
workers, public and protection of the environment is to be ensured during normal and accident
conditions. However, in-spite of the good design and regulated operations of the facilities,
accidents may occur resulting in radiation emergency situations, which calls for comprehensive
emergency preparedness programmes to mitigate its consequences.
2.0

Emergency Preparedness and Response

Consequences of Nuclear and Radiological Emergencies can be avoided or significantly
reduced if countermeasures are implemented effectively which require preparedness for
emergency response in place for all nuclear facilities/installations. The management of the nuclear
facility is responsible for response actions within the site boundary of the nuclear. The operating
authorities of nuclear facilities should have an emergency response plan in place to be invoked in
the event of an emergency and is tested during periodic exercises as per regularity requirements.
The radiological impact of any nuclear/radiological emergency depends on:
•

Source term of the accident (quantity of radioactivity release);

•

Height of release of the radioactivity;

•

Topography (of the area to which it is released);

•

Characteristic of the releases:

•

a.

Isotopic composition,

b.

Physicochemical form,

c.

Delay in release and duration of release;

Meteorological conditions during the release:
a.

wind direction,

b.

wind speed,

c.

stability class;

•

Population distribution with respect to direction and distance from release point;

•

Implementation of countermeasures (if carried out in time);
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Hence the scale of emergency preparedness for a facility is to be decided based upon
radiological impact assessment and is facility specific. The Emergencies have been classified as
Alert (Standby), Personnel, Plant, Site and Off-Site (General) Emergency and detailed specific
emergency response plans are prepared for these types of Emergencies.
3.0

Preparedness at BARC, Trombay

BARC is located on the eastern coast of Trombay. A major part of this centre is isolated form
the public domain by a 300 meters high hill on one side and harbor bay on the other. Nearest
residential area to the centre is Anushaktinagar, located about 2.5 km away from Dhruva reactor
complex. The corresponding distances from Radiological laboratories and Plutonium Plant are
about 2 km and 0.5 km respectively. At BARC Site various Nuclear Facilities such as Research
Reactors, Fuel Reprocessing Facility, Radiological Laboratories, Waste Immobilization Plant etc.,
are located. All safety precautions with respect to design, construction and operation of facilities
are taken. These facilities are built with adequate safety features to ensure that no radiological
releases occur beyond the permissible limits during normal operation. The safety features
incorporated take care of postulated extreme events that may lead to possible radiological impact.
Each radiation facility has well-structured and documented Plant emergency response plan
covering authority, organizational structure, resources and facilities available and criterion for
declaration/termination of emergency etc. Emergency Preparedness and Response plan for BARC
Site based upon all hazard approach is also available. The Plant and Site emergency plan is
approved by the regulatory body i.e., BARC Safety Counsel (BSC). These measures and plans
ensure that any event leading to an accident/emergency situation will not lead to radiation injury
and minimize stochastic effects. Quick implementation of protective measures like sheltering,
distribution of Iodine Prophylaxis and evacuation, if need arises, will be ensured. The response
plans are also kept ready to respond to man-made events such as sabotage, bomb threats,
communication failure, and theft of nuclear material and even breach of Physical Protection
Systems. These plans are periodically exercised at each radiation facility and the experience gained
during exercises is incorporated in emergency plan.
All facilities are prepared to handle any emergency within its premises and are having
provisions for the detection, classification, notification and mitigation of any emergency situation
i.e.:
i.

Emergency operating procedures for assessment of emergency condition and its
mitigation.

ii.

Pre-identification of any facility-specific, abnormal situation for classification of plant
and site emergency.

iii.

Facility-specific, approved nuclear emergency response plans specifying the jobs of all
the functionaries who are assigned roles during the emergency.

iv.

Source Term estimation

v.

Radiological Impact Prediction

vi.

Criterion to declare and terminate the emergency
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vii.

Intervention and Operational Intervention Levels

viii.

Siren and Public-Address System

ix.

Communication Network

x.

Mechanism for personnel accounting

xi.

Various Emergency Response Teams

xii.

Decontamination facility

A radiation emergency could also take place in the public domain due to accident involving
radioactive material transport, loss / theft of source, etc. In the event of any radiation emergency
in the public domain, a document titled ‘Crisis Management System for Radiological/Nuclear
emergencies in public domain’ has been prepared by DAE.
4.0

Major Response Actions

Depending on the type and magnitude of the emergency, some or all of following response
actions get initiated at the appropriate time.

5.0

i.

Recognition of existence of an abnormal situation.

ii.

Identification and characterization of the source and its origin.

iii.

Initiation of a quick and reliable monitoring to detect the onset of an
accident/emergency condition and assess its magnitude.

iv.

Communication as per the laid down procedure.

v.

Rapid and continuous radiological assessment, and future projections, of the
emergency situation as it develops.

vi.

Estimation/Prediction of exposures by different pathways.

vii.

Determination of the areas to implement the Protective Measures.

viii.

Decision making on protective measures for the population and the environment.

ix.

Distribution of iodine tablets at the earliest (iodine prophylaxis), if required.

Conclusion

Response to a radiation emergency is essentially similar to that for other (fire, flood, earthquake,
tsunami etc) emergencies except the additional technical expertise requirement for detection,
measurement, protection and treatment of radiation injuries. Radiation emergency situation
necessitates immediate action to protect the person and environment from the possible
consequences of radiation. Radiation Emergency Preparedness Programme of BARC, has a prime
objective of mitigating the consequences of radiation emergency from nuclear or radiation
facilities. There exists adequate preparedness for quick response to nuclear and radiological
emergencies caused by accidents at the nuclear facilities or during the accident of transport of
radioactive material. The Radiation Emergency Response systems are meant to handle “beyond

Page | 165

PREPAREDNESS AND RESPONSE TO NUCLEAR/ RADIOLOGICAL EMERGENCY
design scenarios”. Though the probability of a large scale nuclear disaster is practically nil,
response plans are available to handle such situations.
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BSC Publications
S. No
1.
2.
3.
4.
5.
6.
7.

Title
Guidelines for Training and Licensing/ Certification of Operating Personnel
in BARC Radiation Installations
Procedure for Renewal of Authorisation for Operation of Radiation
Installations
Management of Plutonium Contamination in BARC Facilities
Authorisation for Procurement, Use and Transfer for Safe Management of
Radioactive Sources in BARC Facilities
Authorisation Procedure for Safe Transfer/Disposal of Radioactive Waste
from BARC Facilities
Safety in Extraction, Handling and Processing of Beryllium and its
Compounds
Procedure for Designation or Radiological Safety Officer in Nuclear and
Radiation Facilities

Document No
BSC/SG/1/2014 R-0
BSC/SG/2015/R-1
BSC/SM/2015/1 R-0
BSC/SG/2015/3 R-0
BSC/SG/2018/4 R-0
BSC/SG/2018/5 R-0
BSC/GSD/2019/1 R-0

8.

Regulatory Consenting Process for Front-end Nuclear Fuel Cycle Facilities

BSC/SG/2019/6 R-0

9.

Regulatory Consenting Process for Back-end Nuclear Fuel Cycle Facilities

BSC/SG/2019/7 R-0

For more information, visit BARC Safety Council website

http://bts.barc.gov.in/AuthStatic/auth_static.php/BSCweb/

Important Acts and Rules
1.
2.
3.
4.

5.

6.
7.

8.

Atomic Energy Act 1962 : An Act to provide for the development, control and use of atomic energy for the welfare of
the people of India and for other peaceful purposes and for matters connected therewith.
Atomic Energy (Factory) Rules, 1996 : These rules apply to all the factories owned by the Central Government which
are engaged in carrying out the activities related to radioisotopes and radiation generating equipment.
Atomic Energy (Radiation Protection) Rules (2004) :These rules apply to practices adopted and interventions applied
with respect to radiation sources.
Atomic Energy (Working of the Mines, Minerals and Handling of Prescribed Substance) Rules, 1984: No person shall
mine, mill, process and/or handle any ore mineral or other material from which any one or more of the prescribed
substances can be extracted without obtaining a license from the Licensing Authority and except in accordance with
the terms and conditions of such license.
Atomic Energy (Radiation Processing of Food and allied Products Rules), 2012: No licence for operating an irradiation
facility shall be granted, unless the applicant obtains a certificate of approval from the competent authority, after
submitting documents as specified, to the effect that the facility is in conformity with the general condition for design,
operation and efficiency criteria.
Atomic Energy (Safe Disposal of Radioactive Wastes) Rules 1987: No person shall dispose of radioactive waste,
without obtaining an authorisation from the competent authority under these rules.
The Environment (Protection) Act, 1986: An act to provide for the protection and improvement of environment and
matters connected there with. Environment includes water, air and land and the interrelationship which exits among
and between water, air and land, and human beings, other living creature, plants, micro-organism and property.
The Civil Liability for Nuclear Damage Act, 2010: An Act to provide for civil liability for nuclear damage and prompt
compensation to the victims of a nuclear incident through a no-fault liability regime channeling liability to the operator,
appointment of Claims Commissioner, establishment of Nuclear Damage Claims Commission and for matters
connected therewith or incidental thereto.
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