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GENERAL INTRODUCTION

The radioactive material and electron beam used as irradiators are controlled by the
Atomic Energy Licensing Act 1984 (Act 304). The responsible regulatory authority is
the Atomic Energy Licensing Board (AELB).

The radioactive material used in irradiators are generally of a level of activity that
would, if not adequately shielded, constitute a significant health hazard and security
concern.

Under no circumstances should untrained or inappropriately qualified personnel or
unauthorized persons operate, attempt to remove, or in any way interfere with, the
radioactive materials or carry out any maintenance, adjustments or modifications to the
irradiator.

This code has been prepared to supplement the Atomic Energy Licensing Act 1984
and its subsidiary legislations. This code is further extended to serve as a basis for
detailed working procedures appropriate to the use of irradiators.
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PART |
INTRODUCTION

Irradiators
Two types of sources are used in industrial irradiators:

1. Sealed sources where the radioactive material, usually cobalt-60 or
caesium-137, is enclosed within two stainless steel metal capsules, one
inside of the other, to give two layers of protection against leakage.

2. Machine sources where electrons are produced by high voltage
accelerators.

Classification of Gamma Irradiation Facilities

For the purpose of the code, four general categories of irradiators are defined*
according to the design of the facility and particularly the accessibility and
shielding of the radioactive material. The categories are:

Category I: An irradiator in which the sealed source is completely enclosed in a
dry container constructed of solid materials and is shielded at all times, and
where human access to the sealed source and the volume undergoing
irradiation is not physically possible in the designed configuration.

Category II: A controlled human access irradiator in which the sealed source is
enclosed in a dry container constructed of solid materials, is fully shielded when
not in use and is exposed within a radiation volume that is maintained
inaccessible during use by an entry control system.

Category lll: An irradiator in which the sealed source is contained in a water
filled storage pool and is shielded at all times and where human access to the
sealed source and the volume undergoing irradiation is physically restricted in
the designed configuration and proper mode of use.

Category IV: A controlled human access irradiator in which the sealed source is
contained in a water filled storage pool, is fully shielded when not in use and is
exposed within a radiation volume that is maintained inaccessible during use by
an entry control system.

1
INTERNATIONAL ATOMIC ENERGY AGENCY, Radiation Safety of Gamma and Electron Irradiation Facilities, Safety Series
No. 107, IAEA, Vienna (1992).
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Classification of Electron Beam Facilities

In this code, only electron accelerators of energies less than or equal to 10 MeV are
considered. For these energies there is no induced radioactivity in any part of the
equipment. For electron accelerators of energies above 10 MeV, the effects of induced
radioactivity shall be considered for materials used in construction and for materials in
the product being processed.

Electron irradiation facilities are divided into two categories®. These are:

Category I: An integrally shielded unit with interlocks, where human access during
operation is not physically possible owing to the configuration of the shielding.

Category Il: A unit housed in shielded rooms that are maintained inaccessible during
operation by an entry interlock system.

The main differences between the types of accelerator are in the mode of accelerating
the electron beam and in the method of producing the necessary high voltages.

Product
COMeyar

Lecd shield

High voltage
transfarmer

Sngle stage electron
i SoUrce

Conftrols \

CATEGORY |: ELECTRON BEAM FACILITY

2
INTERNATIONAL ATOMIC ENERGY AGENCY, Radiation Safety of Gamma and Electron Irradiation Facilities, Safety Series
No. 107, IAEA, Vienna (1992).
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CATEGORY Il ELECTRON BEAM FACILITY

1.2  Purpose of This Code

The purpose of this code is to specify the protective measures that will ensure
that the dose limits specified in the Radiation Protection Standards (see section
1.6 and Annex |) are not exceeded as a result of the use of irradiators. It is
further intended to ensure that radiation exposures are kept as low as
reasonably achievable (ALARA).

This code lays down physical requirements for irradiators, working procedures in
their use, and radiation surveillance requirements. Informed and consistent use
of this code will ensure the safe operation of the irradiator.

1.3 Scope of This Code

This code applies to all types of irradiation facilities (for non-medical activities),
whether operated on a commercial basis or for research and development
purpose. It does not, however, deal with radiography units or irradiators used to
provide medical treatment. It is solely concerned with radiation safety and does
not deal with the use of irradiation facilities and their requirements, nor does it
cover the topics of irradiation of products and their quality assurance.
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Specialized Meani ngs for o6shall d and O6shoul dé
The words 6shall 6 and O0shoul dd where
meanings.

0 Sh al | ésthatthd padialar requirement is to be complied with

0Shoul doé thatrthe iparteulae requirement is to be complied, wherever
practicable to further improve the situation or performance.

Protective Measures Required in This Code

This code lays down detailed requirements for the following protective
measures:

Allocation of responsibility for all safety procedures and for the provision and
maintenance of all safety equipment.

Design, construction and testing of radioactive materials used in irradiators.

Design, construction, testing and maintenance of source containers for
irradiatorsd .radiation sources

Siting and installation of irradiation facility and provision of protective
barriers and other safety features.

Consistent and informed use of personal monitors to measure and assess
personal doses and of suitable radiation measuring instruments to measure
radiation exposure from irradiators and to assess potential hazards.

Formulation of comprehensive safety procedures, including working rules,
emergency procedures and accounting procedures for radioactive materials.

The initial and continued instruction of all persons involved in use and
maintenance of irradiator.

Provision and display of warning label, notice and marking.

Recording and keeping of all relevant data.

u
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PART Il
ADMINISTRATIVE REQUIREMENTS

Authorization of Practice

Any person intending to build or operate a non-medical irradiation facility AELB
and shall apply for an authorization by submitting the relevant information
necessary to demonstrate the safety of the practice.

Given the risk involved in the operation of a non-medical irradiation facility,
demonstration of safety requires a detailed safety assessment and therefore the
authorization shall take form of a license.

Personnel Accreditation

Individuals who hold key positions with the licensee i.e. those with responsibility
for radiation protection or whose actions or decisions could affect safety or lead
to an incident or accidental exposure, shall have documented evidence of
relevant education and training.

With respect to a non-medical irradiation facility, these individuals are:
1 Radiation Protection Officer;

1 Radiation Protection Supervisor; and

1 Radiation Worker (Qualified Operator);

Chart 1: Example of @ganization Chart

Licensee

Person Responsible Towardsénce (OBT)

Radiation Protection Officer

Radiation Protection Supervisor

Operator

Trainee operator
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Radiation Protection Officer

Radiation protection officer is a technically competent person appointed by
licensee and accredited by the AELB®.

For a person to be appointed as a radiation protection officer, he or she shall
have the relevant theoretical training, both technical and non-technical, as
approved by the AELB, covering practical radiation protection and regulatory
requirements with respect to the irradiation facility for which they are appointed.

Radiation protection officer shall have the relevant practical experience and
commands sufficient respect from the people doing the work to be able to
exercise the necessary supervision of radiation protection activities and to stop
unsafe practices.

Qualified Operator

A qualified operator shall be at least 18 years old and holds a certificate of
competence having passed an examination following approved training which is
recognized by AELB (see Annex Il). The examination shall test knowledge and
show understanding and should cover at least the following:

i. a knowledge of the basic design, operation and preventive maintenance of
the irradiator;

ii. an understanding of area security safeguards such as locks, posting of
signs, warning lights, audible and visible signals, and interlock systems;

iii. the principles and practices of radiation protection; the biological effects of
radiation; the written procedures for routine and emergency irradiator
operation;

iv. a knowledge of the principal requirements of legislation, regulations and
codes of practice as laid down by AELB and relevant to the operation of the
irradiation facility;

v. a knowledge of exposure rates at all areas around the irradiator and the
radiation detection instrumentation which is used and the requirements for
personal dose monitoring as specified by AELB.

Each operator shall demonstrate competence to use the radiation source and its
related components, and to maintain the required operation logs and records.
Operators shall understand the overall organizational structure pertaining to
management of the irradiator, including specific delegations of authority and
responsibility for operation of the irradiator.

® Radiation Protection Regulations (Basic Safety Standards) 1988.
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2.3 Authorization of Other Practices Related to Irradiation Facility

The AELB requires the licensee to obtain prior approval to any of the following:
i.  Import, export, transfer, disposal of radioactive sources and/or electron beam
machines.
ii.  Appointment/transfer/resignation/of accredited changes personnel

The AELB requires the licensee to engage licensed companies and/or agencies
recognized by the AELB for any of the services below:
i.  Construction.

ii. Installation.

iii.  Maintenance.

iv.  Source change.

v. Leak test.

vi.  Decommissioning.

2.4  Authorization of Facility Modification

The licensee shall notify the AELB (and supplier where appropriate) and obtain
approval from the AELB to any modifications that may have radiological
protection implications. This includes:

i.  Modifying operating procedures;
ii.  Modifying the safety control system;
iii.  Major modification of the irradiator;
Iv.  Source loading, replenishment, removal or redistribution, or electron beam
orientation, in any way at variance with the agreed approval; and
v. Changes in supervisory personnel or advisers.

The licensee is not required to notify the AELB when performing routine
maintenance procedures, including the changing of components, which will not
cause radiation hazard.

2.5 Radiation Protection Requirements

The radiation protection requirements on justification of the practice, dose
limitation and optimization of protection, and dose constraints (BSS 2.20 to 2.26)
shall be applied to irradiator. The dose limits for occupational and public
exposure is reproduced in Annex I.

The licensee shall establish a comprehensive quality assurance program for
radiation protection and safety to ensure that all necessary procedures are
developed and implemented in order to comply with the regulations for radiation
protection within the terms and conditions of the authorization(s). This is the

1C
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Radiation Protection Program. For guidance on the preparation of Radiation
Protection Program, please refer to LEM/TEK/45 (Section E)

PART Il
RESPONSIBILITIES AND DUTIES

Requirements for Supplier of Irradiation Facility
Designers and Manufacturers

The licensee of an irradiation facility shall ensure that the facility is designed to
meet the purpose given in Section 1 and any other specific safety requirements
of the AELB during siting, operation, maintenance and decommissioning. This
shall be achieved by:

(a) Complying with the requirements of Radiation Protection (Basic Safety
Standards) Regulations 1988 to ensure the safe design of these facilities.

(b) Ensuring adequate information is provided so that the facility can be safely
installed and operated. This information should consist of:

(1) A detailed description of the design and operation of the safety
systems, including control circuit diagrams.

(i) Detailed operating and maintenance procedures including the type
and frequency of checks for safety control systems, contamination
monitoring and radiation surveys.

(i)  Safety assessments using formal analysis methods as appropriate to
the level of risk associated with the facility. (It should be noted that it is
also the responsibility of the licensee to carry out safety assessment

based on information from the supplier and the or gani zat i

administrative rules).
(iv)  Instructions and procedures to be followed in emergency situations as
outlined in Section 8 of this document.

The licensee shall ensure that all documents provided by the manufacturer,
supplier or installer (operating manuals, operating rules and procedures and
emergency procedures) shall be available in the local working language
understandable to the users in order to avoid the risk of misunderstanding.

The licensee shall ensure that any new information discovered about
weaknesses of the facility that relates to safety (for example regarding defects in
materials and equipment and weaknesses in operating procedures) is obtained
from the manufacturers or suppliers as rapidly as possible. Such information

11
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should include any necessary advice on corrective actions that need to be
taken.

In order to achieve this it will be necessary for the licensee to periodically seek
this information from the manufacturer or supplier rather than to rely upon them
to supply it.

Constructors and Installers

The licensee shall ensure that constructors and installers work does not
compromise the safety aspects of the facility by fully complying with the
requirements of the designer, the manufacturer and the AELB. On completion of
the installation, or at appropriate stages in the construction, the constructor or
installer and the licensee shall thoroughly and critically review the facility or any
component part before it is commissioned to ensure that:

(a) The safety features and warning devices have been properly installed and
correctly operated; and
(b) There is sufficient radiation protection for all persons and the environment.

The licensee shall also ensure that the constructor or installer provides
adequate information about proper operation maintenance and
decommissioning of the facility.

The licensee shall ensure that designers, manufacturers, constructors and
installers provide cooperation in order to provide employees the necessary
theoretical and practical training to enable them to do their work in a safe
manner.

Responsibilities of Users

Managerial Commitment and Policy Statement

The licensee shall foster and maintain a positive attitude to safety and radiation
protection and seek to discourage complacency which has been shown to
directly contribute to a number of serious, indeed fatal, radiation accidents at
irradiation facilities.

A written safety policy is a crucial element in the promotion and maintenance of
a positive safety culture within an organization, and of high standards of safety

awareness in the minds of both management and workers.

The written safety policy should:

12
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(a) identify the individual (Member of the Board of Directors or key senior
manager) with overall responsibility for safety and as the person responsible
to the license;

(b) clearly state that safety is one of the principal objectives of the organization
of equal status to all other principal objectives e.g. commercial or research;

(ccclearly state that the organizationods
prevention;

(d) identify, below director or key senior manager level, those staff with safety
responsibility;

(e) indicate the primary communication links and organizational structure
between those in (d) above;

(f) indicate the roles, responsibilities and authorities of those individuals with
specialist safety functions e.g. for radiation safety, and their reporting lines
and communication links with other management functions;

(9) provide the framework within which the necessary resources of both time
and money will be made available for the implementation of safety policy;

(h) describe how standards for safety will be established, how prevention
strategies will be chosen, and the procedures and criteria that will be used to
monitor compliance with standards;

(i) explain how the workforce and their representatives will be involved in the
promotion of safety in the organization;

() provide the framework for the provision of training in safety throughout the
whole range of employees and others, e.g. contractors, including both
managers and workers; and

(k) provide a mechanism for regular reviews of safety performance and of the
safety policy itself.

There shall be a system for audit and review of the level or performance
achieved in order to maximize learning and to ensure that appropriate action is
taken to improve the control of hazards, which in turn assist with the
development of safety policy.

The safety policy should provide the basis for a positive approach in the
management of safety. Its purpose should be to establish the organizatio n 6 s
attitude to safety and the structural framework through which the safety
objectives can be achieved.

In order to be effective the safety policy needs the support and commitment of
al |l members of staff i n the organlhyzati o
exampl ed demonstrate their commitment to

All individuals with specific safety duties should be aware of those duties and
responsibilities, and they should be provided with appropriate training and
instruction to ensure that they are competent to carry out those duties. All
employees should have a clear job description, know how they will be
supervised and be held accountable for their actions.
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There should be regular and meaningful consultation with staff and their
representatives. Information about the hazards, risks and preventive measures
should be routinely communicated to all staff.

The organi zationods perf or mance shou
objectives and regulatory and license requirements. This monitoring should be
of two types: active systems, which monitor the achievement of objectives and
the extent of compliance with standards; and reactive systems, which monitor
accidents and incidents and other evidence of deficient safety performance. It
can therefore be seen that an effective safety policy is not a fixed and
unchanging document but an evolving and developing attitude towards a safety
culture.

Organization and Responsibilities

The licensee shall be responsible for the possession and use of irradiator and
shall obtain from the appropriate authority a license for the design, construction,
acquisition, storage and use of the irradiator. The licensee shall be responsible
for the operation of the irradiator in accordance with the conditions of the
license.

The licensee shall notify the appropriate authority of any proposed modifications
to the irradiator. Notification and approval for changes to the key personnel shall
be made in particular the person responsible to the license, the radiation
protection officer, supervisor and qualified operators.

The Person Responsible towards License - AOr ang

yang

Bertanggungj awab Terhadap Leseno (OBTL)

The OBTL is responsible for all matters related to the appropriate authority,

provides the infrastructure (including financial and training) required by the RPO.

Other responsibilities of the OBTL shall include:

a) submit to the appropriate authority an employee who fulfills all conditions
prescribed by AELB to be certified as RPO.

b) Explains to the RPO his or her responsibilities.

C) Ensures that the adopted Radiation Protection Program is in line with
AELBOGSs directive d remsuring ethqtu ther Ractiationt
Protection Program is completed and implemented.

d) Ensures that all medical examinations are carried by the approved
Medi cal Pranlg.t i ti oner 6s

e) Establish, maintain and keep all records required by the appropriate
authority.

f) Ensures all activities related to ionizing radiation complies with the

Atomic Energy Licensing Act 1984 and its subsidiary regulations.

14
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Responsibilities of Radiation Protection Officer (RPO)

Licensee shall get approval from the appropriate authority for the appointment of
the RPO. The RPO should report directly to senior management. The RPO shall
have sufficient authority to allow them to exercise close supervision to ensure
that the work is done in accordance with the written administrative procedures.
The RPO should not however have other responsibilities, which could
compromise radiation safety interests.

The Licensee shall carry out the general responsibility of compliance with the
regulations and the conditions of license issued by the appropriate authority.

The duties of the RPO should include the following;

(a) ensuring that all operators, maintenance staff, contractors and other
relevant individuals and organizations are provided with copies of the
operating instructions; that they have read and understood these
instructions and are complying with them;

(b) identification of controlled and supervised areas;

(c) control of access to controlled areas;

(d) restriction of exposure and maintenance of engineering controls and other
equipment provided for such restriction;

(e) deciding whether any special restriction are required with respect to the
exposure of pregnant female employees;

() arranging the testing of radiation monitoring instruments;

(g) maintaining source and other relevant records;

(h) routine radiation surveys and environmental monitoring;

(i) supervision of issuance and return of personal dosimeters;

()) arranging statutory tests for leakage of radioactive material,

(k) undertaking a program of periodic safety checks on safety and warning
systems, general conditions of the facility etc. An example check list for
such checks is in Annex Ill;

() liaison with contractors, designers, maintenance staff, designers and
suppliers with respect to radiation protection matters and significant
changes to physical or operational aspects of the facility;

(m) arranging suitable radiation protection training for operators, maintenance
staff, contractors and others as appropriate;

(n) ensuring the adequacy of safety assessments and contingency plans for
any reasonably foreseeable incident with radiation protection
consequences;

(o) arranging periodic exercise to test the effective implementation of these
contingency plans; and

(p) to initiate investigation of any incident or a near miss involving the facility

RPO play a supervisory role in assisting the licensee to comply with the
requirements of the approval or regulations. In cases where there is a potential



3.5

3.6

4.1

LEM/TEK/57
02 DISEMBER 2008

conflict between operational responsibilities e.g. meeting production targets and
radiation safety, the radiation safety requirements must always take priority. At
least one officer (either the RPO or the Supervisor) has to be available, though
not necessarily present at all time.

Responsibilities of Supervisor

In order to ensure there will be at least one person on duty or otherwise readily
available for supervision of radiation protection, the licensee shall also appoint a
sufficient number of supervisors whose duties shall be assisting the RPO. The
appointment of supervisors by the licensee shall be approved by the appropriate
authority.

Responsibilities of Qualified Operators

Only qualified operators shall be authorized to be responsible for the routine
operation of the irradiator and shall ensure that the established safety
procedures are observed.

Qualified operators are those who work most closely with a particular irradiator
and day to day responsibility for safe operation is generally theirs. The operators

training, experience, attitude and competence will establish the degree of safety
associated with operation of the irradiator.

PART IV
SAFETY OF SOURCES AND FACILITIES

Design Safety for Gamma Irradiation Facilities
4.1.1 Design of Sealed Sources

Sealed sources used in gamma irradiation facilities shall meet the general
requirements of sealed sources given in ISO Standard 2919%.

These classification requirements are:

Category | irradiator: Sealed source classification: 43323
Category Il irradiator: Sealed source classification: 53424
Category lll irradiator: Sealed source classification: 53424
Category IV irradiator: Sealed source classification: 53424

* International Organization for Standization, ISO 2919, Radiation ProtectibiSealed Radioactive Sourdes
General Requirements and Classification (1999).

1€
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If the activity of the source exceeds those stated in Annex |, a specific evaluation
of the use of the sealed source and its design shall be made by the licensee and
be approved by the appropriate authority.

The licensee shall also take into account of the possible effects of fire,
explosion, corrosion and any aspects related to the continuous use of the sealed
source®. Factors to be considered are:

The consequences of failure of source integrity can be influenced by:

(a) The quantity of radioactive material contained in the sealed source;
(b) The radiotoxicity, leachability and solubility of the radioactive material,
(c) The chemical and physical form of the radioactive material; and

(d) The environment, in which the source is stored, moved and used.

Specific Requirements for Wet Storage Conditions

When selecting a source, the licensee shall ensure that the outer capsule
material is such that it does not significantly corrode under the conditions of
storage of the sealed source in the pool. Consideration shall also be taken of the
need to limit thermal fatigue in the selection of the capsule material.

The licensee shall also ensure that the source material is substantially insoluble
in water so that the consequences of a breach in the containment are kept to a
minimum. In this context, cesium chloride is highly soluble in water and shall not
be used.

Certification and Documentation

The licensee shall maintain records relating to the sealed source. The records
shall include the following:

(@) Model number and identification number of the source, the contained
radionuclide, the source activity and the date to which the source activity
relates (LPTA/BM/3 form);

(b) ISO classification certificate;

(c) Leak test certificate;

(d) Contamination test certificate; and

(e) Special form test certificate for transportation purposes®.

® International Atomic Energy Agency, Safety Assessment Plans for Authorization and Inspection of Radiation
Sources, TECDO@113, IAEA,Vienna, 1999.
® Radiation Protection Regulations (Transport) 1989
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4.1.2 Internal Design
Source Holder and Rack

The sealed source shall be firmly within its holder and rack such that it cannot
be readily dislodged. Means shall be provided to position and retain the sealed
source in the design position. Devices used for the purpose of positioning and
removing sources should be capable of being operated from the outside of the
radiation shields. In the event of failure of the sealed source holder or rack it
shall not be possible for the source to move into a position that might cause
radiation hazard.

Source Guard

The radiation source shall be provided with adequate mechanical protection to
prevent interference and damage by items such as product boxes or carriers.

Product positioning systems shall not be able to come into contact either directly
or indirectly with the radiation source. This may take the form of protective
shroud, guide bars or floor guides on the product positioning system.

Product Exit Monitor

A fixed radiation monitoring system with built-in redundancy and audible alarms
shall be located such that the monitors will detect any radioactive source being
accidentally brought out on a product carrier. These monitors shall be
interlocked with the irradiator controls such that if radiation at the exit port
exceeds a predetermined level, the conveyor which carries products from the
radiation room to the exit port will stop and the source will be automatically fully
shielded.

Source Exposure Mechanism Disconnect for Servicing

The motive power (e.g. electrical, pneumatic, hydraulic) used to expose the
source shall be provided with a disconnecting mechanism so that servicing can
be carried out without the danger of the source being inadvertently exposed.
Means shall also be provided for positively isolating the source control system or
for mechanically locking the moving parts.
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4.1.3 Wet Storage Irradiators
Pool Accessories

An automatic water level control shall be provided to maintain the water above a
pre-set level. Except for float switches, all components of the automatic water
level control that are placed below water level shall be made of material that will
not float, i.e. density greater than 1000 kgm™. If hollow tubing is used, it shall be
fully vented to allow water to flood the tubing to eliminate the risk of high
radiation beam up the tube.

Pool Integrity

The containment of the pool shall be watertight and designed to retain water
under all foreseeable circumstances. A non-corrosive stainless steel liner shall
be used. The containment shall be designed to support radiation source
transport containers used during source transfer operations without
compromising the integrity of the pool. There shall be no penetration (e.g. pipes
or plugged holes) through the bottom of the pool. There shall be no penetration
through the walls of the pool more than 30 cm below normal water level.

Pool Component Material

All permanent pool components shall be made of corrosion resistant materials
since corrosion products may affect the integrity of the sealed source. Where
practical, stainless steel components (e.g. brackets or pulleys) shall be
passivated, particularly after fabrication.

Water Level Control i Normal

Means shall be provided to automatically replenish water loss from the pool. The
system shall be capable of maintaining pool water at a level sufficient to provide
the radiation shielding necessary. A metering device shall be installed in the
make-up water supply line to indicate major changes in water replenishment
requirements that may be associated with pool leakage. Normal water loss is
principally due to evaporation.

Water Level Control i Abnormal (Low)
Means shall be provided to activate audible and visible signals in the control

area if the pool water falls to a level more that 30 cm below the normal make-up
water level.
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Water Conditioning

To reduce the possibility of source corrosion the pool shall be equipped with a
water conditioning system capable of maintaining the water in a clean condition
and at a level of conductance not exceeding 1000 puS/m”. Care shall be
exercised to avoid the introduction of contaminants into the water system (e.g.
deionizer regenerates, cleaning materials, corrosive fire extinguishing materials
and spilled product).

Water Cooling

A pool water cooling system shall be provided in wet storage irradiators to
remove heat produced by gamma emitting sources. This is to reduce damage to
electrical equipment and product boxes and the product positioning system
resulting from high humidity levels. Reducing evaporation loss from the pool will
also facilitate maintaining the conductance of the water below 1000 pS/m for a
longer period before regeneration or replacement of deionizer resins is required.

In-pool Piping

Since pipes are used in source storage pools for the water level and water
guality systems, suitable siphon breakers shall be provided to prevent the
possibility of lowering the pool water to more than 30 cm below the normal
make-up water level. All pool water circulation suction pipes shall have intakes
no lower than 30 cm below the normal make-up water level.

Pool Guard and Cover

A physical barrier such as railing and/or metal cover shall be installed to prevent
personnel from accidentally falling into the source storage pool. This physical
barrier may be removed during maintenance or service operation.

Water Treatment System Monitor

A fixed radiation monitor with an audible alarm shall be located on the deionizer
column to detect contamination arising from source leakage. This monitor shall
be interlocked with the irradiation controls, such that if the pre-set alarm level is
reached the source returns to its shielded position and the water circulation
stops.

’ Siemens is the SI unit for conductance which is the reciprocal of resistance, i.e. 1 S is the reciprocal of 1 Ohm and
was formerly called 1 Mho.
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4.1.4 Fire Protection

During extended periods of static irradiation of combustible materials, or when a
malfunction prevents the source from becoming fully shielded, heat build-up can
lead to combustion. Heat and smoke sensing devices with visible and audible
alarms shall be provided to detect combustion in the radiation room. The
triggering of the devices shall cause the source to automatically be fully shielded
and the product positioning and ventilation systems to shut down. The design of
the facility should be such that damage to any component part will not inhibit the
source from returning to the fully shielded position.

A fire extinguishing system shall be provided in the radiation room. When a
water sprinkling system has been installed, provision shall be made to control
any overflow of water that may arise from its use. Chemicals and corrosive
substances that could adversely affect the integrity of the sealed source shall
not be used in fire extinguishing systems.

4.1.5 Power Failure

Electrical

Safety control systems shall not be compromised in the event of a power failure.
Means shall be provided to ensure that if an electrical power failure occurs, the
source will automatically be returned to the fully shielded position and the
irradiator shut down.

Non-Electrical

In the event of failure of non-electrical power (e.g. pneumatic or hydraulic power)
which is used to control or operate any irradiator safety feature or device means
shall be provided to ensure that the source is automatically in the fully shielded
position and the irradiator shut down.

Design Safety for Both Gamma and Electron Accelerators Facilities

The product positioning system shall be provided with controls that detect any

malfunction of the system, and subsequently shall ensure that the source
automatically becomes fully shielded.

4.2.1 Shielding
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