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ABSTRACRT

Large gamma irradiators present a high potential irradiation hazard since the
amount of radioactivity is of the order of PBq and a very high dose rate are
produced during irradiation. Nevertheless, individuals may accidentally receive a
lethal dose within minutes or seconds, due to failure of radiation control and safety
systems.

The competent authority (NCNSRC) is concerned with the impact of all
radiation activities on workers as well as public health and safety. Radiation control
of such large irradiation facilities can be achieved by means of strict regulatory
procedures during construction, licensing, operation, inspection, maintenance and
decommissioning.

This work presents the main features of a regulatory system, which comprises:

• Regulations codifying policy, radiation safety standards, licensing and other
administrative requirements.

• Authorization programme.
• Operational radiation protection programme.
• Monitoring, inspection and enforcement programme.
• Emergency response capability.

A detailed guidance for the basic information required with application for license,
description of the irradiator facility, safety assessment report, operator radiation
safety procedures and standard conditions of licenses is given .

Key Words : Regulations /Radiological Safety /Authorization Procedures /
Operational Radiation Protection /Routine Inspection.
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1- Introduction

Use of industrial gamma irradiators for sterilization of medical and pharmaceutical products, the
preservation of foodstuffs and radiation processing commenced in the late 1950s in industrialized
countries and later spread to other countries . There are currently some 60 gamma irradiators in
operation allover the world. These facilities produce very high dose rates during irradiation, so that a
person accidentally present in the irradiation chamber can receive a lethal dose within minutes or
seconds. During the early years ( until 1975 ), no fatal accidents occurred, but since 1989 at least one
serious accident has been reported [ El-Salvador (1989), Sor-Van, Israel (1990) and Nesvizh, Bellarus
(1991)]. These three accidents have been documented and fully reported by the IAEA(l>2>3).In addition
to overexposure contamination can result from corroded or damaged source elements and it can be
very expensive. These aspects clearly indicate the need to achieve a very high degree of safety and
reliability in such facilities. There remained a need to place such accidents into perspective with
previous accidents to determine what modifications had been made to the regulatory programmes in
those countries in which the accidents had occurred as a preventive actions for future accidents and to
ascertain how thr lessons learned had been used to modify the design, construction and operating
procedures as well as the licensing and inspection arrangements , as prescribed in the IAEA safety
series No 107w. More importantly, it become necessary to enumerate the modifications that needed to
be made to the regulatory programmes for consistency with the IAEA safety series No 115(5) in order
to prevent similar accidents in the future or to mitigate their consequences, and to suggest
improvements in the regulatory programmes, operational procedures and the design and construction
of irradiators.

2- Regulations for the safe operation of gamma irradiators in Egypt

The main objectives of these regulations are to ensure that:

• There is adequate control of the facility taking into account the magnitude of the potential
hazards presented by such facilities.

• There is adequate protection of irradiator operating personnel and all other persons, taking
into account the requirement for maintenance operation and possibility of unplanned or
unexpected deviations from normal operating conditions,

• The risk of accidents is minimized and that there are adequate contingency plans to deal with
such events.

• There are adequate arrangements for dealing spent radiation sources arising from irradiation
facilities.

An essential part of radiation protection for any use of ionizing radiation is a regulatory
programme enforced by the Competent Authority. Control of irradiation facilities can be achieved by
means of systems of notification, registration or licensing and inspection.

2-1 Competent Authority

1-The Competent Authority for implementation of these regulations shall be the Atomic Energy
Authority (AEA).

2-The Chairman of the AEA shall ensure that adequate facilities and sufficient number of per
appropriately trained and experienced personnel are available for the following purposes :
• Processing of license applications and issuing of licenses.
• Inspection of operating facilities.
• Keeping of records relating to inspection and licensing.

3- The Competent Authority shall have the power to levy charges for the issuing of licenses
and to recover all or part of the costs associated with inspection activities .
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2-2 Licensing

2-2-1 General requirements

1- No person or organization shall own or operate a gamma irradiation facility unless he holds a valid
license issued by the Competent Authority

2- Application for a new license and for modifications to existing licenses shall be made in writing to
the Competent Authority, accompanied by payment of any charges as may be specified by the
Minster of Electricity and Energy.

3- The Competent Authority shall have the power to attach to licenses such conditions necessary to
achieve the objectives of these regulations, and the operator shall comply with such conditions.

4- The Competent Authority shall have the power to:
• Refuse to issue a license for a new facility.
• Revoke or suspend an existing license
In all such cases the Competent Authority will inform the
operator, In writing, stating the reasons for this decision

5- Where the Competent Authority revokes or suspends a license for an existing facility, the use of
the facility must cease with immediate effect and not restart until the Competent Authority is

satisfied that it is appropriate to re-issue the license or the operator has made a successful appeal
against the decision
Operation of a facility in contradiction with this requirement shall bea criminal defense.

6- Where the operator is dissatisfied with any decision, he shall have the right of appeal to Minster of
Electricity and Energy. The appeals must be in writing and must state the reasons for the appeal.

7- For the benefit of applicants the Competent Authority shall provide written guidance notes
describing the procedures for applying for licenses including details of the documents and
information that must be provided. The Competent Authority shall have the power to modify these
guidance notes from time to time as it considers necessary.

8- Where an existing facility is in operation prior to the coming into force of these regulations the
operator shall apply to the Competent Authority for a license within 12 months of the coming in
force of these regulations

9- These regulations shall apply to facilities operated within the Competent Authority own
organization. In such circumstances the license will be issued to the individual facility concerned

and the management of the facility will be responsible for ensuring compliance with the license
conditions.

2-2-2 Application for licensing

Applications for licenses must be made in writing and include the following information:
• Basic information relating to the proposed installation, as described in appendix A.
• A full description of the design features and methods of operation of the irradiator and its

safety features , including the information set out in appendix B.
• A safety assessment report as described in appendix C.
• The operator s proposed radiation protection procedures, described in appendix D.
During the course of the licensing process it is likely that there will be changes affecting the

information contained in the above documentation. Whenever this happens the applicant shall amend
the documentation as necessary and provide the Competent Authority with copies of the revised
documentation.

Licenses will be issued with the standard conditions described in appendix E and such additional
site-specific conditions as the Competent Authority considers necessary.
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2-2-3 Review ..assessment and approval

The Competent Authority should prepare a programme of review and assessment to follow as
closely and continuously as possible the development of the irradiation facility from the stage of site
selection through design, construction , commissioning, operation, maintenance and decommissioning.
At each stage an approval is issued by the Competent Authority.

3- Regulatory Inspection and Enforcement

3-1 Objectives

The principal objectives of regulatory inspection and enforcement are to ensure that:
• Persons responsible for the siting, design, construction, commissioning, operation,

maintenance and decommissioning of an irradiation facility posess the necessary competence
for the efficient discharge of their functions.

• The quality and performance of components, structures and systems required by the
Competent Authority are achieved and maintained by the applicant

• All specifications, codes and practices proposed by the applicant and accepted by the
Competent Authority for the siting, design, construction, commissioning, operation,
maintenance and decommissioning of the facility are complied with.

• The applicant without undue delay corrects any deficiencies in equipment and procedures.
• Experience, particularly from operation and decommissioning, is fed back to the Competent

Authority.

3-2 Procedures

1- The competent authority will appoint suitable trained and experienced personnel as inspectors to
carry out inspection of irradiator facilities.

2- Inspectors shall have the power to enter premises to carry out inspections of facilities at any
reasonable time, with or without prior notification of the operator

3- Operators must cooperate with inspectors to the extent necessary for the inspectors to fulfill their
duties. This shall include:

(a) Providing for safe access to the facility BV inspectors.
(b) Making available records required by license conditions
( c) Provision of samples where appropriate.

4- Where an inspector considers that the situation at a facility is sufficiently unsatisfactory that, in his
opinion,

(a) There is on imminent risk of harm to irradiator personnel or any other persons, or
(b)There is an imminent risk of loss of or damage to radioactive sources, or unauthorized

release of radioactivity. He shall without delay make a recommendation to the competent authority
that the operators license be revoked or suspended.

5- Where an inspector considers that the situation at a facility is unsatisfactory, but that it is not
sufficient to require immediate action under the preceding section (4) he shall in writing advise the
operator of the actions necessary to restore the situation and specify a timescale for completion.
In these circumstances the operator must provide written confirmation that these actions have been
completed within the specified timescales, and if this is not done, the inspector mav make a
recommendation to the Competent authority that the operators license be revoked or suspended.

6- The competent authority shall ensure that there is a planned programme of inspection of irradiator
facilities with sufficient frequency of inspections as it considers necessary to ensure adequate
regulation of such facilities.
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APPENDIXA

BASIC INFORMATION REQUIRED WITH APPLICATIONS

AI The name and address of the applicant, i.e the name of the company or Organization who
will own and operate the facility

A2 The names and telephone numbers of the persons with the authority to discuss licensing
conditions on behalf of the applicant

A3 The proposed location of the irradiator facility with plans of the site sufficient to show
occupancy of surrounding areas and nearest points of public access

A4 The proposed timescale of construction

A5 The purpose of the facility (eg sterilization of medical products, food irradiation, material
processing etc)

A6 As far as is possible, details of proposed suppliers and installers of Irradiator components
including radioactive sources, safety systems

product transport equipment, and civil construction work.

A7 The proposed arrangements for dealing with spent/waste radioactive sources

APPENDIX B

DESCRIPTION OF THE IRRADIATOR FACILITY

This should be sufficiently detailed to fully inform the competent authority as to the design of the
facility. The applicant may prefer to rely on the supplier or installer to produce this document, but the
applicant is responsible for its accuracy.

The following sections describe details which must be included in the description in order that the
competent authority can assess the proposed facility in relation to IAEA Safety Series No. 107
'Radiation Safety of Qamma and Electron Irradiation Facilities' (IAEA, 1992).

Bl Basic description

• Purpose and features of the irradiator
• IAEA classification (ie category I, II, HI, or IV gamma irradiator)
• Radioactive sources (isotope, maximum design activity, proposed initial activity)

B2 Radioactive sources

• ISO classification
• Details of suppliers recommended working life
• Details relating to transport of sources (eg any requirement for IAEA'special form'

certification if appropriate)
• Proposed arrangements for routine testing of sources for leakage of radioactivity
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B3 Internal design features

• Description of source transport mechanism (category II and IV gamma irradiators)
• Description of the sample loading arrangements (Category I and HI gamma irradiators)
• Description of the product positioning system (category II and IV gamma irradiators.
• Description of source guard (category II and IV gamma irradiators)
• Design of pool and pool water treatment system (category III and IV gamma irradiators)
• Where appropriate, description of ventilation system and method of avoidance of exposure to

harmful levels of ozone (03)

B4 Shielding

• Full drawings of facility showing shielding components, with dimensions and accurate
description of shield ducts, penetrations, and removable shield components

• Details of materials used
• Design basis for shielding calculations (when operating the radiation doses to operators should

be less than 5 mSv y"1)
• Maximum predicted instantaneous dose rate outside shielding with the maximum radioactive

source loading . This dose rate should not normally exceed 2.5 uSv / h but higher dose rates
can be tolerated in localized areas around shielding weaknesses

• Identification of areas outside shielding where dose rates may be higher than
2.5 uSv / h (eg in vicinity of shield penetrations etc) and proposed method
of restriction of access, where appropriate

BS Interlocks and sensors

A description of the following features, explaining how they operate and how they protect the
irradiator and prevent exposure of persons:

• Source transport sensors/interlocks
• Product positioning sensors/interlocks
• Personal access door interlocks (type II and IV gamma irradiators.

There MUST be at least two independent systems and one of these must operate directly on the
source hoist power supply

• Method of prevention of personal access via product entry and exit apertures
• Interlocks fitted to removable shield components (where appropriate)
• Heat and/or smoke detectors in cell
• Water pool level control system for category 111 and IV gamma irradiators.

B6 Radiation monitors

A description of the following equipment, explaining how it operates and how it assists in
preventing exposure of persons:

• Radiation monitor(s) in the irradiator room (category II,III and IV gamma irradiators)
• Radiation detectors fitted at product exit ports
• Water treatment circuit radiation monitor (category III and IV gamma irradiators)
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B7 Irradiator status and warning signals

• Description of control panel including irradiator status and warning indicators
• A description of warning signals at personal access door and inside the irradiator room
(category II ,111 and IV gamma irradiators .
• Description of warning signals at product exit ports (category II and IV

gamma irradiators).

B8 Irradiator control system

• description of control system including any programmable electronic system (micro-processor
based etc)

• In the case of programmable electronic systems a description of the software used and the
means by which access to this software is controlled

• description of the operation of the safety related control systems including the method of
restriction of access to the irradiator room (category II, HI and IV gamma irradiators )
including a description of the response of the system to fault/error conditions. This description
should describe clearly the logic of operation of the system and the consequences of failure of
interlocks and switches to be operated in the intended manner

• A description of the means by which the radiation source can be shut down or shielded in an
emergency including, for category II and IV gamma irradiators , a description of 'emergency
stop' switches inside the irradiator room

B9 Source loading and changing (gamma irradiators)

• A description of the source loading and unloading procedures and of the special equipment
required for these operations including transport containers

• Confirmation that transport containers will comply with IAEA Regulations for the Safe
Transport of Radioactive Materials.

APPENDIX C

SAFETY ASSESSMENT REPORT

The purpose of the safety assessment report: is to demonstrate that the applicant has carried out a
systematic assessment of all the possible things that may go wrong with the facility, and what would
happen in such circumstances. The end result of the safety assessment report should be a conclusion
that adequate protection is provided in all reasonably foreseeable circumstances.

It is possible that for new facilities, the applicant will wish to retain a specialist consultant to
prepare the safety assessment report, such as one employed by the irradiator supplier. This expert will
be able to apply techniques such as fault-tree analysis within a probabilistic safety assessment.

Throughout the assessment one objective is to demonstrate how the accepted principles of good
design and safe operating procedures operate to ensure that a single failure of a safety system or
administrative procedure is unlikely to lead to a serious incident such as an accidentnl exposure of
persons or damage to a radioactive source. These design principles are described in IAEA Safety
Series No. 107 'Radiation Safety of Gamma and Electron Irradiation Facilities' (IAEA, 1992).

Redundancy : More than one system should be used to improve reliability, especially on
critical areas such as personal access door interlocks.
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Diversity J Different physical modes of operation should be applied to important safety
devices, for example combinations of electromechanical interlocks, purely
mechanical interlocks and other systems, such as installed radiation
detectors.

Independence : Systems should be designed so that failure of one system will not lead to
failure of another employed to control the same hazard.

Failure modes and incidents that should be considered include those described below. Not all
of these will be applicable to every type of irradiator.

• Operation of source exposure while a person is still inside the irradiation room

• Source displaced from its holder

• Loss of pool water (category III and IV irradiators)

• Failure of individual interlocks, sensors, and warning systems

• Source transport problem

• Product or sample transport problem

• Failure of the control system designed to prevent access to the irradiator room with the source
exposed

• Deliberate violation of procedures by operator
• Loss of shielding during source loading/unloading procedure
• Fire inside the irradiator
• Loss of electrical power and other services including ventilation and pool water cleaning

systems
• Long term deterioration of safety systems and other irradiator components
• Corrosion or other deterioration of a radioactive source leading to contamination

APPENDIX D

OPERATOR'S RADIATION SAFETY PROCEDURES

The operator should prepare written safety instructions or 'local rules1 for operation of the
irradiator. A copy of these will need to be made available to all persons working in the facility.

The safety instructions should include the names of relevant persons. However, to simplify
revisions to the document it is suggested that these names appear in a separate appendix.

Note that it is not sufficient for the operator to rely on the existence of the irradiator operating
manual provided by the supplier.

The 'local rules' should incorporate the following elements.

Dl Names and responsibilities of persons

• Details of the following (as far as these are known)
• The manager with overall responsibility for the operation of the facility
• The qualified expert appointed in accordance with Law 59 of 196
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• The names of the Radiation Protection Officers (RPO). These directly supervise work in the
facility and at least one must be present in the facility at all times. Further guidance on the role
of the RPO is given in IAEA Safety Series No. 107 'Radiation Safety of Gamma and Electron
Irradiation Facilities'(IAEA, 1992).

• The names of the persons authorized to operate the irradiator, including any special tasks
• The name of the engineer authorized to supervise repairs, routine maintenance, and

modifications to the irradiator

D2 Training

• Describe the training that is to be provided for staff at each level and where the records of this
training will be kept

D3 Security and access to the irradiator

• Describe the method of restricting access to the irradiator and the building in which it is sited.
• Describe how the keys use to operate the irradiator will be controlled. Spare keys must not be

available to the operators without higher authority and strict control

• Arrangements for visitors to the facility

D4 Dosimetry

• Arrangements for supply of personal dosimeters
• Arrangements for periodic medical surveillance of radiation workers (if appropriate)
• Specify levels of dose requiring a formal investigation by the qualified expert

D5 Operating procedures

• A basic statement that the irradiator is only to be operated in accordance with the suppliers
instruction manual and any separate procedures prepared by the operator

• A requirement to observe the warning signals and displays
• A requirement to report any faults to the RPO, who should arrange for repairs, but shut

down the facility if necessary
• No one to remain inside an irradiator room while an exposure is taking place
• No one to interfere with the operation of the control system or safety features except as

specified in separate written maintenance and testing procedures
• Describe clearly the radiation room entry procedure for IAEA category II, III, and IV gamma

irradiators, including checking and use of the radiation survey meter.

D6 Periodic safety checks

Specify the program of routine checks on safety systems including, for example:
• Check that all warning signals are operating correctly
• Check operation of interlocks and 'emergency stop' controls
• Check operation of sensors and alarms
• Radiation survey
• Check for activity in pool water (if appropriate)

In each case specify who will do the test, how it will be done, and at what frequency.
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D7 Maintenance

• A requirement for all maintenance and repairs to be authorized by the irradiator manager.
• Describe items which must not be maintained by the operator, j.e those matters which must be

referred to the supplier (for example radioactive source removal)
• Refer to the planned program of maintenance of the facility, including reference to any

proposed maintenance by the supplier

D8 Irradiator record

• Requirement for a daily record book ('log-book') to be kept in which are entered details of
irradiations and notes of any problems with the irradiator, including repairs and maintenance

• Identification of the person responsible for maintaining other records for the irradiator,
including suppliers drawings, maintenance history, certificates
for sealed sources, and records of the operator's safety checks etc

D9 Emergency procedures (contingency plans)

These procedures should detail what steps to take in the event of foreseeable emergencies. They
should include what to do in the following situations:

• Fire in the building (not affecting the irradiator)
• Fire affecting the irradiator (including inside the irradiator)
• Significant damage to the irradiator, including explosion, structural collapse, Flooding , loss

of pool water
• Loss of electrical power, water or other services
• Failure of any interlock or warning device
• Failure of the source to return to the shielded position
• Detection of abnormal radiation levels, including contamination of pool
• water (if appropriate)
• Unauthorized use of the irradiator or deliberate interference with the
• irradiator
• Suspected accidental exposure of operators or other persons, including suspected overdose,

including identification of a hospital able to deal with persons who have received high
radiation doses.

There should also be a list of the names of essential and useful persons and their telephone
numbers, including the irradiator manager, qualified expert, radiation protection officers, fire brigade
(and civil emergency organization), irradiator supplier, and the Competent Authority (NCNSRC).

D10 Reviews and Audits

• Identify who is responsible for reviewing the procedures and at what frequency
• Identify who will audit irradiator operations to ensure that procedures are being complied with

and specify the frequency of audits (The persons carrying out audits should be familiar with
the facility and the radiation protection requirements but they should not be part of the normal
operating management of the facility)
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APPENDIX E

STANDARD CONDITIONS OF LICENSES
I

El This license shall be valid for [XX] year(s)/months from [DATE]. At least 60 days before
the expiry of this license the operator must write to the Competent Authority informing it of
whether there is a requirement to
renew the license for a further period.

E2 The facility shall be operated only in accordance with written operating procedures prepared
by the operator, a copy of the current version of which procedures must be sent to the
competent authority.

E3 The operator shall appoint one or more qualified experts to advise on radiological
protection. The qualified expert(s) shall be adequately trained in accordance with Law 59
of 1960.

E4 The operator shall ensure that the facility is subject to an adequate program of maintenance
which shall included periodic inspection and testing of safety related systems.

E5 The operator shall make and retain all records necessary to demonstrate compliance with
the (draft) Regulations for the Use of Gamma Irradiators in Industry and Research and
these license conditions.

E6 The operator shall take all reasonable steps to minimize the risk of damage to any
radioactive sources installed in the irradiator.

E7 The operator shall notify the Competent Authority in the event of the following situations:

(a) Any significant changes to the design and operation of the plant, including changes to
the shielded enclosure, product conveyor, and safety related systems including
interlocks, sensors, and warning signals.

(b) Loading, replacement, and disposal of radioactive sources.
(c) Any changes to the identity of the name of-the owner or operator of the irradiator or

to the names of the persons with overall responsibility for the operation of the plant.
(d) Any change to the identity of the qualified expert(s).
(e) Any intention to cease operation of the facility or vacate the licensed premises.

E8 The operator shall, without delay, notify the competent authority in the event of the
following situations:

• Any situation where an individual has received or is likely to receive an effective dose
in excess of 5 mSv in any calendar year.

• Any confirmed or suspected exposure to the radiation sourc inside the irradiator room.
• Any damage to or suspected damage to radioactive sources, including failure of any

routine test for leakage of radioactivity. »
• Any incident affecting the transport of the radioactive source itself, such as stuck

sources, displaced sources, or dropped or detached source pencils.
• Any failure of the shielding including any catastrophic loss of pool water.

• Any failure of any part of the safety systems for exclusion of persons from the
radiation room (for IAEA Category II and IV gamma irradiators

E9 Add here any special conditions for the individual facility
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