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Abstract

This paper describes the approach adopted by the South African Nuclear
Regulatory Authority , the Council for Nuclear Safety (CNS) in licensing nuclear
installations in South Africa.

An introduction to the current South African legislation and the CNS philosophy
pertaining to the licensing of nuclear installations is discussed.

A typical process for granting a nuclear licence is then presented.

The risk assessment process, which is used to verify compliance with the
fundamental safety standards and to establish licensing requirements for a specific
nuclear installation, is discussed.

Based on the outcome of this assessment process, conditions of licence are set
down. The generic content of a nuclear licence and mechanisms to ensure ongoing
compliance with the risk criteria are presented.

The regulatory process discussed in this paper, based on such a fundamental
approach, may be adapted to any type of nuclear installation taking into account
plant specific designs and characteristics.

1.0 CNS licensing philosophy

In terms of current national legislation, the Nuclear Energy Act No 131 of 1993,
nuclear installations must be licensed by the national nuclear regulatory authority,
the South African Council for Nuclear Safety (CNS). The legislation is broad
empowering legislation, requiring licences to be subject to any conditions deemed
necessary to ensure that the associated risk of nuclear damage remains consistent
with the criteria laid down by the CNS.

In the early 1970's when the Koeberg project was in the planning stage, the
forerunner to the Council for Nuclear Safety established fundamental safety
standards [1] for the purpose of licensing Koeberg. The standards laid down were
risk based and the licensing approach adopted was to require that:

• the design basis of the plant should respect prevailing international norms
and practices and,
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• that a quantitative risk assessment should demonstrate compliance with
the CNS safety criteria.

As an example the design basis for the Koeberg nuclear power plant, was derived
from the international norms and practices applicable to a standard 900Mwe
Pressurised Light Water Reactor e.g US 10 CFR50 complemented by additional
French rules prevailing at the time.

The risks to the operators and members of the public posed by the installation,
related to a range of identified initiating events and accident scenarios, were
required to be assessed by way of a probabilistic risk assessment and to respect
the laid down criteria. The criteria were expressed in terms of individual risk and
population risk with a bias against more severe accidents. The assessment was
also required to demonstrate on a deterministic basis that public and occupational
exposures arising from normal operations would be compliant with a dose limitation
system employing dose limits of 250 ^Sv and 50 mSv respectively and a
requirement to maintain doses as low as reasonably achievable. In addition to the
requirement to demonstrate compliance with the laid down safety criteria, the
operators are also obliged to establish and maintain a comprehensive emergency
plan.

A similar approach has been used in the licensing of the facilities of the Atomic
Energy Corporation.

The current applicable CNS nuclear safety criteria are documented in the CNS
Licensing Document LD-1091 , which forms an integral part of the nuclear licence
requirements. A summary of the current CNS nuclear safety criteria is presented in
Table!.

2.0 Typical CNS licensing process

The typical licensing process adopted by the CNS is indicated in Fig.1.

The first step triggering the licensing process is a formal application by a potential
licensee, to the CNS, in accordance with the Nuclear Energy act.

Following the formal application by a potential licensee, a series of discussions
take place between all the relevant parties and the CNS to identify the range and
type of information necessary to ascertain the licensability of the activity. These
discussions typically take place at the conceptual/design phase to identify the
design, construction and operational requirements in order to satisfy the CNS safety
criteria.

During this initial phase the potential licensee will be required to provide details in
support of the proposed nuclear activity to be undertaken. Likewise the CNS will
provide some appropriate licensing guidelines as indicated by A and B on Fig. 1.
This will inter alia include the following:

1. the fundamental safety criteria
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Figure 1 CNS licensing process

141



PROCESS DESCRIPTION

SOURCE TERM IDENTIFICATION/QUANTIFICATION
(LOCATION SPECIFIC)

IDENTIFICATION OF
OPERATIONAL HAZARDS

DESCRIPTION OF ENGINEERED
PROTECTIVE FEATURES TO
CONTROL NORMAL OPERATIONAL
HAZARD - DESIGN AND MODE OF
OPERATION

IDENTIFICATION OF
POTENTIAL INITIATING
EVENTS

DESCRIPTION OF ENGINEERED SAFETY
FEATURES TO MITIGATE INITIATING
EVENTS - DESIGN + MODE OF OPERATION

OPERATIONAL PROCEDURES

ASSESSMENT OF
NORMAL OPERATION
BISK

COMMISSIONING + QA

ASSESSMENT OF RISK
DUE TO ACCIDENTS

- PUBLIC
- WORKER

- PUBLIC
- WORKER

Figure 2 Risk Assessment Method

2. the identification of the type and range of infoTnation required to assess
the risk to operators and members of the public under both accident
conditions and normal operations. Fig. 2 illustrates the method used to
assess the risk.

Following the submission by the applicant of a proposed licensing programme,
which identifies the various licensing stages, an intent document in the form of a
Preliminary Safety Assessment Report (PSAR) will be submitted to the CNS. This
will, inter alia, include a quantitative probabilistic study.

The review of the PSAR and other supporting information will be used to ascertain
whether the activity is licensable. Typically this will mark the end of the conceptual
phase and the start of the remaining licensing stages leading to eventual
operation.

For complex projects such as the licensing of the Koeberg Nuclear Power Plant, the
licensing process used by the CNS is a multi stage process. Typical primary
licensing stages are:

1. Nuclear installation siting
2. Design of the installation
3. Construction and commissioning
4. Radioactive material/ nuclear fuel on site
5. Start up/criticality (where applicable)
6. Power raising (where applicable)
7. Plants operations
8. Decommissioning
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Each stage of the process is supported by a safety assessment, including a
quantitative risk assessment to demonstrate to the satisfaction of the CNS that the
relevant CNS safety criteria are met.

3.0 Safety assessment philosophy

As indicated above a safety assessment is required for the approval of each stage
of the agreed licensing programme. A typical safety assessment is based on three
major elements which are closely interdependent:

1. Scientific and engineering principles
2. Radiological protection principles
3. A quantitative risk assessment

The type of information required at the various stages of the safety assessment
covers a wide range of topics which inter alia include the following :

Site criteria details
Seismic properties, weather statistics, demographic predictions
Design drawings, specifications and supporting calculations
Manufacturing/construction programmes and procedures
Quality assurance and control programmes
Commissioning plan
Operating and maintenance procedure including accident management
Testing regime
Organisational structures including staffing and training
Radiological protection programme including waste management
Emergency planning programme
Physical security

3.1 Scientific and engineering principles

The licensing requirements, related to the engineering principles, are that the
design basis and operating rules of the plant respect prevailing international norms
and practices.

The basis for the engineering assessment is to respect the principle of defence-in-
depth. Defence-in-depth is a concept which applies at all stages in the life of the
facility from design to decommissioning/dismantling. This principle consists of
recognising technical, human or organisational failures and to guard against them
by successive lines of defence.

There are several categories of lines of defence which can typically be divided as
follow:

• Prevention of failure
• Monitoring or detection to anticipate/detect failure
• Means of action or mitigation to mitigate consequences of failure
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Likewise there are several lines of defence which are normally provided for each
category. Some typical examples are given below:

• Built in multiple barriers to limit the release of radioactive material into the
environment

• Adequate safety margins in the design basis
• Selection of adequate protection and safeguards systems
• Diversity and redundancy of equipment
• Choice of adequate materials and equipment
• Adequate manufacturing requirements
• Adequate rules for monitoring and detection
• Adequate operating principles
• Adequate organisational structures etc..

The relevant applicable measures, ensuring defence in depth, are defined and
implemented respecting acceptable rules, codes and standards based on
international experience.

The number and properties of the barriers or lines of defence is commensurate with
the risk posed by the installation and also with the uncertainties associated with the
determination of the risk.

3.2 Radiological protection principles

The safety assessment associated with any facility or practice is required to
address four areas of risk which pertain to both the operator and members of the
public under conditions of both normal operation and accidents. The principles of
radiation protection should be considered to be related to that part of the
assessment which addresses normal operation. The two main principles of
radiation protection apply here having assumed that the practice has been justified.

• All exposures must remain below the annual dose limit
• All exposures must be kept As Low As is Reasonably Achievable

(ALARA)

Notice should be taken of the reference to dose rather than risk in the assessment
for normal operation where dose is regarded as a surrogate for risk. Furthermore,
the circumstances under which this dose must be determined, must be limiting so
that operational flexibility is allowed and that it would be unlikely that the relevant
limits would be transgressed. In this way, the assumptions of the safety assessment
for normal operation are deterministic as distinct from the probabilistic approach
adopted for the assessment of risk due to accidents.

3.2.1 Dose Limitation To The Operator

In respect of dose limitation to the operator, it must be demonstrated that the
annual individual dose limit for the operator of 50 mSv y'1 will not be exceeded. No
assessment can really predict what the annual exposure to any given operator will
be due to the uncertainty in how much time will be spent in each area and the
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attendant uncertainty in doserate at any given time. Therefore, the assessment
must demonstrate that a certain strategy of radiation protection provisions is in
place which encompasses both design and operation.

In terms of design, the facility is required to be segregated into zones of defined
ambient doserate, airborne and surface contamination on the basis of the location
of radioactive equipment, and limiting leakrates and source terms. Shielding and
ventilation assessments are conducted to identify the classification required for any
given zone. Areas where the radiological hazard is subject to change are provided
with installed radiation monitoring to warn operators, and additional design features
for contamination control are implemented mainly on the basis of the need for
maintenance and In Service Inspection.

The strategy of provisions which must be implemented operationally is known as
the operational radiation protection programme. This programme, must, in essence,
be able to achieve certain fundamentals;

• The recognition and quantification of all potential and actual hazards
during normal operation

• The prospective implementation of control measures to ensure
compliance with the dose limitation system

• The recognition and quantification of radiological hazards associated with
abnormal situations and the implementation of appropriate radiological
controls

The strategy of provisions which satisfies these principles will therefore identify and
review the magnitude of operator exposures on a continuous basis such as to
ensure compliance with the annual dose limit.

3.2.2 Dose Limitation To Members Of The Public

The limitation of dose to members of the public requires that the highest exposed
member of the public would not incur an annual dose in excess of 250 nSv y1. The
two stage process of design assessment and operational control is implemented to
ensure compliance with the dose limit to members of the public.

In terms of the design stage, the annual liquid and gaseous effluent discharges are
predicted based upon the process of radioactive effluent and waste treatment
intended to be followed. From such an assessment, which traces the migration of
radioactivity from its point of origin, to point at which it will be discharged, all
radionuclides and their associated discharge quantities can be identified using
limiting assumptions which are chosen judiciously in order not to compromise
operational flexibility. Dose conversion factors for all identified radionuclides
discharged into both transport pathways can then be calculated by use of liquid and
atmospheric dispersion codes, and the use of site-specific input data. The impact of
the discharges can then be assessed at the design stage and compared to the
annual dose limit to determine whether they are acceptable or whether modification
of the waste treatment systems or processes is required.
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Once consolidated into an agreed figure for all radionuclides of concern, the control
of annual discharges of radionuclides themselves provide a surrogate for the
control of dose. The operational programme which is implemented in this regard is
known as the effluent management programme and is closely linked with the design
assessment. Radiological effluent which originates from systems which are
potentially highly contaminated are discharged in batches only after radionuclide-
specific analysis. Where the potential is lower, discharges are allowed on a
continuous basis and sampled, for confirmation, as a composite. In this way, dose
to members of the public is also assessed and reviewed on a continuous basis
such as to ensure compliance with the annual dose limit.

3.3 Quantitative risk assessment principles

The acceptability of the design basis and general operating rules is evaluated by
mean of a quantitative risk assessment, performed by the licensee, to verify that
the proposed installation complies with the fundamental safety criteria of the CNS.

The philosophy adopted by the CNS is that a risk assessment is necessary to
maintain a clear perspective on the fundamental objectives of nuclear regulation,
namely to protect the public and plant personnel from the risk of nuclear accidents,
and a means of assessing the extent to which these objectives are being achieved.

TABLE 1. Fundamental safety standards of the CNS

ASSESSMENT TYPE
POPULATION

AVERAGE:

INDIVIDUAL:

PLANT PERSONNEL

AVERAGE:

INDIVIDUAL:

ACCIDENTS

PROBABILISTIC

10"® fatalities/person/
annum (per site)

5 x 10"6 fatalities/annum

10s fatalities/annum

5 x 10s fatalities/annum

NORMAL
OPERATION
DETERMINISTIC

Controlled by limitation of
individual risk

250 nSv/annum

Risk controlled by the
operational radiation
protection programme
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For this reason the licensee of a nuclear installation is required to perform and
maintain a quantitative risk assessment, approved by the CNS, to demonstrate
compliance with the fundamental risk criteria laid down by the CNS. These include
the probabilistic criteria given in table 1, and a bias against larger accidents
applicable to risk to the public. These criteria are applicable to the licensed site,
including all activities on the site and interactions between them.

Regulatory control on the development, updating and application of the PRA is
exercised by means of the licensing document LD-1091 to ensure that the PRA is
maintained valid, reflects the current status of the plant, includes local and
international experience feedback, and is used for decision-making on safety
related matters including plant safety improvements, risk management, limitations
on urban development and emergency planning.

In addition to the use of risk criteria, safety indicators at different levels (such as
core damage frequency, containment failure probability etc) are used for decision
making in support of the principles of defence-in-depth and ALARA.
As regards risk to the public, the principle stages of a risk assessment for a nuclear
power plant are illustrated in figure 3.

As the risk assessment is formally approved by the CNS and is effectively
controlled by the nuclear licence, it serves as a valuable framework for focused
technical discussions with the licensee on safety related matters.

Historically, numerous requirements have been imposed on licensees based on the
findings of the various plant-specific risk assessments. These include hardware
modifications, procedural and management improvements. In addition, specific
licence conditions have been established or relaxed on the basis of a risk
assessment. The risk approach to nuclear regulations in South Africa is presented
in more detail in [2].

4.0 The Nuclear Licence

Based on the outcome of the safety assessment, a nuclear licence is granted.
Conditions of licence are generated to ensure compliance with the laid down safety
criteria.

According to the multi stage process, described in fig.1, a variation of a specific site
licence will be issued at each stage following the review of the specific stage safety
assessment. Conditions of licence are then amended accordingly.

A typical licence for a fully operational nuclear power plant will include the following
conditions:

• a valid plant description and configuration to be maintained together with a
modification control procedure;

• the maintenance of a valid and updated risk assessment;
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• establishment and compliance with operating technical specifications;

• normal operations, incident and accident procedures;

• an in-service inspection programme;

• a maintenance programme;

• an operational radiation protection programme;

• a waste management programme;

• an emergency plan;

• a routine and occurrence reporting programme;

• a quality management programme;

• reports, approvals

Changes to the issued and approved licence, or addition to an existing installation,
must be requested by the licensee, for the approval of the CNS. This request must
be supported by a safety assessment including a risk assessment, which is based
on the principles detailed above.

4.1 Compliance with risk criteria

Once the licence is issued it is necessary to ensure that the conditions of licence
are complied with. Although it is the responsibility of the licensee to ensure that this
is accomplished, the CNS generates an independent compliance inspection
programme which covers most of the licence conditions.

4.1.1 Licensees responsibilities

In conformance with the conditions of licence, a monitoring programme is
implemented by the licensee, and regularly assessed by the CNS, to verify
compliance with the risk criteria on an-on going basis. The major elements of this
programme are described below:

• Plant Operational Feedback

• In Service Inspection Programme (ISIP)

• Maintenance and Testing Programme

• Occurrence/Incident Reporting and Analysis including trending
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• Hardware and Procedural Modifications

• Emergency Planning Exercises

• Quality Assurance Audits

• International Experience Feedback Analysis

4.1.2 CNS surveillance and compliance inspection programme:

Complementary to the licensee's monitoring programme, a comprehensive
independent surveillance and compliance inspection programme is developed by
the CNS to verify compliance with the licence requirements and to identify any
potential safety concerns. Most licence conditions are subjected to the inspection
programme, which is implemented by the CNS staff. Some of the major topics
covered by this programme are :

• occurrences/incident assessment and trending
• monitoring of selected safety related systems e.g ventilation, fuel handling

equipment, electrical power supplies, effluent discharge control systems
etc

• compliance with the installation operating technical specifications
• operational radiological protection e.g occupational and public exposures,

environmental monitoring
• emergency plans
• maintenance and ISI activities
• physical security
• quality assurance audits
• staff training
• reactor plant operator examination and licensing

Complementary to this on going safety review, the CNS also requested the
Koeberg nuclear power station to carry out a periodic safety review. The rationale,
objectives and methodology of this periodic safety review are presented in detail in
[3].

5.0 Conclusion

This overall licensing process has been successfully applied to the licensing of
complex projects such as the Koeberg nuclear power station, and also to other
nuclear installations in South Africa e.g the Atomic Energy Corporation (AEC).

The CNS view is that this approach, which maintains a clear logical link between
the fundamental safety criteria and the plant specific design and characteristics,
may be applied consistently to reactor designs other than light water reactors.
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