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Abstract.The paper presents the regulatory approach to plant life management (PLiM) adopted by the 
National Nuclear Regulator (NNR) in South Africa, the licensing basis and regulatory requirements 
for Koeberg Nuclear Power Station (KNPS),operational programmes ensuring continued safe 
operation, issues related to the ageing of the plant, and the requirements for spent fuel as well as 
radioactive waste management. The paper will further present insights from the Periodic Safety 
Review (PSR) and Long Term Asset Management. 

1. INTRODUCTION 

The plant life management of the nuclear installations is justified on safety requirements, technical 
assessment of Systems, Structures and Components (SSC’s) and economic aspects. As per the 
definition of IAEA, the PLiM is the integration of the ageing and economic planning to: 

• Maintain a high level of safety 

• Optimise the operation,maintenance and service life of the SSC’s 

• Maintain an acceptable level of performance 

• Maximise return on investment over the service life of the nuclear power plant 

• Provide nuclear power plant utilities with the optimum preconditions for long term operation. 

KNPS is located 30 km from Cape Town near Melkbostrand on the west coast of South Africa and is 
the only nuclear power plant on the African continent. KNPS is owned and operated by Eskom, the 
principal power utility in South Africa. It consists of two 3-loop Pressurized Water Reactors (PWR), 
each rated to 2785MWth, that are constructed  to the French Framatome CPY design. Each unit is 
designed to provide a net output of 921MWe with an efficiency of about 33%. Construction of the 
plant began  in 1976 and unit 1 was synchronized  to the grid on the  April 1984 followed by unit 2 on 
the 25th of July 1985. KNPS provides about six percent of South Africa’s current electricity needs and 
is designed to operate for 40years. 

In South Africa, the NNR was established as an independent statutory body under the National 
Nuclear Regulator Act, Act no. 47 of 1999. Prior to 1999, the regulatory role was carried out by the 
Council for Nuclear Safety that was governed by the Nuclear Energy Act, No.131 of 1993. 
Subsequently in April 2006 the safety regulation was published as Safety Standards and Regulatory 
Practices.  The safety regulations require, amongst others, that the plant be maintained and inspected 
to ensure the reliability and integrity of installations, equipment and plant important to nuclear and 
radiation safety and that operational safety assessment must be performed and submitted to the 
Regulator at specified intervals.   

The Regulatory control of a nuclear installation is exercised by means of a nuclear licence that is 
issued by the NNR and which incorporates the necessary authorisation conditions to ensure that the 
safety related aspects of the plant design and general operating rules are complied with. The NNR is 
also responsible for issuing a nuclear license which controls the siting, construction, operation, 
decommissioning and closure of a nuclear installation.    



In line with international standards the KNPS is subject to a PSR carried out after every 10 years to 
demonstrate the safe operation of the plant.  

 

2. LICENSING BASIS FOR KNPS 

The current licensing basis for KNPS refers to the safety case that is applicable at any stage during 
the life time of the plant. The current licensing basis includes the Safety Analysis Report (SAR), 
General Operating Rules (GOR), nuclear safety requirements, the principal safety documentation 
that demonstrates compliance with these requirements, and all licence-binding documentation. 
The current licensing basis constitutes the basis for the safe operation of KNPS and the issuance 
of the Koeberg Nuclear Licence. 

In order for the NNR to grant a license to operate KNPS, the following principles amongst others 
must be applied for all activities which have an impact on nuclear safety. 

o Good Engineering Practice 

o Accident prevention and mitigation 

o Defence in Depth 

o Optimization of protection and safety 

o Fundamental safety criteria 

o Safety Culture 

 

3. THE REQUIREMENTS ON LICENSEES 

In terms of the NNR Act, any application for a nuclear installation license must be made to the Chief 
Executive Officer of the NNR in the prescribed format and the applicant must provide such 
information that may be required by the NNR Board of Directors. The principles that must be met to 
ensure safety of any installation are presented in the Regulations for Safety Standards and Regulatory 
Practices (SSRP), Regulation no.R388 dated 28 April 2006. The licensee is responsible for ensuring 
that all operational safety related programmes are implemented and maintained accordingly. The 
licensee is required to establish and implement the public safety information forum in order to inform 
the community about the emergency plan that has been established in terms of nuclear and radiation 
safety matter. 

 In terms of the NNR Act the licensee is required to establish and implement an inspection programme 
to ensure compliance with the requirements of the nuclear authorisation and provide any information 
at a frequency determined and required by the NNR. That includes:  
 

o  Reports on problem, incident and accident notification, investigation and closeout;  

o Quality assurance and audit reports including closeout reports;  

o Environmental monitoring reports;  
 

o Reports on liquid and gaseous effluent discharges.  
The licensee is required to adhere to the requirement of the nuclear license conditions issued in terms 
of National Nuclear Regulator Act (Act No.47 of 1999). In addition, the NNR requires the licensee to 
develop and maintain a documented safety case which demonstrates compliance with the requirements 
of the NNR regulations and international standards.  
 



Typical licence conditions included in a nuclear authorisation are:  
 

o The description and configuration of the authorised facility or action;  

o Safety Assessment 

o Scope of activities that mat be undertaken 

o Controls and limitations on operation 

o Maintenance, testing and inspection requirements;  

o Operational radiation protection programmes; 

o Effluent Management programmes 

o Radioactive waste management programmes;  

o Environmental Monitoring  

o  Emergency planning and preparedness requirements  

o Physical security;  

o Transport of radioactive material; 

o Decommissioning 

o Financial Security  

o  Quality management 

o Acceptance and approval; and  

o Reporting.  

In term of condition 5 of variation 17 of the Koeberg Nuclear Installation requires that: 

The licensee must comply with the provisions specified in 36-197:  “Koeberg Licensing Basis 
Manual” regarding the following; 

• In-service inspection of components, including the monitoring of the reactor pressure 
vessels for radiation embrittlement. 

• Monitoring and maintenance of the plant. 
• Inspection, Survey, Testing and Monitoring of the Containment Structures, Aseismic 

Bearings including upper and lower raft, and the Soil Cement Sub-foundation. 
 

 

4. THE ISSUES RELATED TO THE AGING OF THE PLANT 

The Koeberg Aging management programme is conducted in line with the IAEA Safety Standards 
to ensure the availability of safety related equipment throughout the life time of the plant. This is a 
process of addressing both physical degradation of safety related SSCs. KNPS has completed a 
review of the Generic Ageing Lessons Learned (Gall) Report (NUREG 1801) to confirm all the 
identified generic mechanisms that have been evaluated for KNPS.. The KNPS maintenance 
programme followed the maintenance regimes prescribed by the original suppliers and influenced 
by KNPS and EDF plant operating experience. The In-service Inspection Programme for KNPS is 
aligned with   the requirements of ASME Section XI and has added an augmented portion that 
caters for expected specific degradation. The life cycle management process manages several 
plant-aging concerns which are then integrated into the plant maintenance, refurbishment, 
inspection, and monitoring programmes. Plant aging is one of the aspects assessed during the 
PSR. KNPS Unit 1 and 2 will be in operation for 30 years by 2014/2015 and this is a time where 
the Nuclear Power Plant operators assess their long-term asset management strategies and either 
initiating processes for the approval and implementation of Pant Life Extension (PLEX) or 
prepare for decommissioning. If Eskom applies for the PLEX beyond 40 years some major plant 
interventions might be required such as unit 2 RPV head replacement, various mechanical 



components replacement (motors, heaters, heat exchangers, and pumps), electrical cables, water 
storage tanks, etc. The NNR will require Eskom to provide detailed evaluations and studies that 
demonstrate that the plant can be safely operated beyond its design lifetime. 

 
 

 

5. THE OPERATIONAL PROGRAMMES ENSURING CONTINUED SAFE 
OPERATION 

The NNR ensures that the nuclear authorisation holder meets its primary responsibility with regard to 
safety by the establishment of safety standards, the issuance of a nuclear authorisation and by a 
compliance assurance programme, which comprise of inspections, surveillances and audits as well as 
various forums for interaction with the nuclear authorisation holder. The NNR compliance assurance 
programme is based on safety goals that were developed from the principal radiation protection and 
nuclear safety requirements of the Safety Standards and Regulatory Practices (SSRP). The NNR 
compliance assurance programme was established to provide assurance of the state of health of plant, 
processes, organisation and environment in terms of identified safety goals. Safety practices are 
achieved by ensuring that the nuclear authorisation holder complies with the conditions of the nuclear 
installation licence. The NNR conducts independent compliance assurance activities to determine the 
extent to which holders of nuclear authorisations comply with the conditions of authorisation. An 
ongoing monitoring and inspection programme is implemented by the licensee, and is regularly 
assessed by the NNR to ensure compliance with the nuclear authorization. The monitoring processes 
that are implemented by the NNR include the following:  

• Periodic reviews and safety assessments conducted by the NNR; 
• Technical assessments and reviews conducted on submissions by the licensee; 
• Inspections, audits and surveillances conducted in terms of the compliance inspection 

programme. 
 
 

6. THE REQUIREMENTS FOR SPENT FUEL AND RADIOACTIVE WASTE 
MANAGEMENT 

  Spent Fuel Management   

 In South Africa the spent fuel management follows the requirements prescribed from the Radioactive 
Waste Management Policy and Strategy. The Policy and Strategy dictates that investigations shall be 
conducted within set time frames to consider the various options for safe management of spent fuel 
and high level waste and states that the following options shall be investigated:  

• Long-term above ground storage in an off-site facility licensed for this purpose;  

• Reprocessing, conditioning and recycling;  

• Deep geological disposal; and  

• Transmutation.  
 
It is vital that the choice of the most suitable option must take due cognisance of Waste Management 
Policy and Strategy principles and objectives. The recommendations and outcome of the 
investigations will be made available for the public scrutiny. There are two interim waste storage 
facilities at KNPS namely; the interim dry waste management facility and the interim wet waste 
management facility. The interim wet waste management facility at KNPS is made up of boronated 
pools at both reactor units, which are designed for temporary waste management of fresh fuel just 
delivered and for cooling and storage of irradiated or spent fuel discharged from the reactor core. The 
spent fuel pool consists of two regions, namely region 1 that consist of three high density rack 
modules to store unirradiated fuel and region 2 which contains high density spent fuel storage racks 



for storage of spent fuel. The spent fuel from the KNPS is currently stored in spent fuel pool that is 
designed to accommodate the irradiated fuel assemblies and control rods in designated racks for the 
life time of the plant. The design basis for the spent fuel pool complies with the requirements of the 
following; 

• US NRC General Design Criteria, Appendix A, 10CFR 50, 1971, criterion 62 which 
requires that criticality in the fuel storage and handling be prevented by using 
geometrically safe configurations 

• ANSI/ANS 57.2-1983, for the mechanical design of the racks to ensure subcriticality 
and cooling of the stored fuel elements under all plant conditions 

• US NRC Regulatory Guide 1.29 which requires that the spent fuel storage pool 
structure including the fuel racks to be seismic Category 1. The spent fuel racks are 
qualified to withstand the seismic loads corresponding to the Safe Shutdown 
Earthquake (SSE), therefore they are required to remain functional during and after 
an earthquake. 

 

Figure 1: Koeberg Spent Fuel Pool 

The interim dry waste management facility consist of older spent fuel assemblies with low enrichment 
(<3%) and low burn-up (<30GWd/t that were removed from the pools and transferred to the four dry-
storage Castor X/28F casks. These casks are stored in the low level waste building at KNPP. Figure2 
below shows pictures of the spent fuel assemblies casks in storage. 

  

Figure 2: Spent Fuel Assembly Casks Storage 

 



 

Radioactive Waste Management 

In terms of the SSRP the radioactive waste is defined as any material that contains or is 
contaminated with radio-nuclides at concentrations or activities greater than clearance levels as 
established by the regulatory body and for which no further use is foreseen. The SSRP and the 
conditions of the KNPS nuclear license requires operational control of radioactive waste to be 
implemented through the radioactive waste management programme. The radioactive waste 
management programme allows for the identification of all sources of waste, the minimisation 
and optimization of waste production, collection, handling, treatment, conditioning, 
quantification, storage and transport 

The safety of radioactive waste management is considered during all commissioning, operational and 
decommissioning phases of KNPS. During operation of the KNPS the radioactive waste is generated 
in the following forms: 

• Liquids; 
• Gaseous; 
• Solid. 

The liquid and gaseous waste treatment systems effluents are discharged to the environment e.g. sea 
and stack after they are being processed through.  The annual operational effluent discharges from 
Koeberg amount to approximately 1% of the regulatory annual dose limit of 0.25mSv for members of 
the public. The solid radioactive waste that is generated at KNPS is processed and packaged in 
following type of packaging.  

• 210 litres steel drums; 
• Concrete drums. 

The packaging of the radioactive waste is conducted in compliance with licence requirements and 
regulatory waste acceptance criteria.  
The solid radioactive waste transported in accordance with the relevant IAEA transport requirements, 
the IAEA Safety Standard Series, No.TS-R-1 .All the shipment packages shall comply with the 
disposal facility’s Waste Acceptance Criteria. 
The Vaalputs is national repository that is currently authorised for the receipt and shallow land 
disposal of solid low level and intermediate waste originating from KNPS. 
 

 
Figure 3: An aerial view of the Vaalputs site showing disposal trenches 

  
 

 



 

7. INSIGHTS FROM THE PERIODIC SAFETY REVIEW 

The nuclear installation licence for KNPS requires that the safety assessment of the plant must be 
maintained and updated on a regular basis and at a frequency that is accepted by the NNR. Eskom 
adopted the international accepted practise of a 10 yearly frequency for the periodic safety re-
assessment. The periodic safety re-assessment for KNPS must take into account the: 

• Cumulative effect of plant ageing and modifications 
• Local and international operating experience 
• Technical development 
• Validation of an up to date safety assessment to ensure a focused licensing process. 

 The 1st periodic safety re-assessment was commenced in 1995 and the objectives were to compare 
the KNPS with current international norms and practices and to also verify the on-going compliance 
of KNPS with the NNR criteria. The 1st  Koeberg safety re-assessment report (KSR) for the KNPS 
was completed and submitted in September 1998 to the regulator for acceptance and NNR completed 
the review of the KSR in July 1999. The conclusions from the 1st KSR showed that there was no 
major nuclear safety concern that were identified and that continued operation of the KNPS reactors 
is justified. The 2nd periodic safety re-assessment was commenced in 2008; the 2nd KNPS safety re-
assessment report was submitted to the NNR in October 2011.  
 
 

8. LONG TERM ASSET MANAGEMENT 
 
 Steam Generator Replacement (SGR) and Thermal Power Uprate (TPU) 

Eskom intended to implement a modification that involves the replacement of the steam generators for 
both units in 2015. Eskom is conducting feasibility studies to determine the optimum increase in 
power output of about 10% and the modifications and interventions over and above SG replacement 
that will be necessary  

 
Plant Life Extension (PLEX)  

Eskom is intended to undertake the necessary detailed studies to justify operating both units of KNPS 
up to 60 years. These studies will entail the review and extension of plant ageing management 
programmes, together with establishing requirements for major equipment refurbishment and 
replacement. The implementation of the PLEX will further require some major plant interventions for 
the repair of various mechanical components.  
 
The on-going PLEX studies, SGR project and TPU project will result in significant additional 
workload for Eskom and the NNR.  

9. CONCLUSIONS 
 

KNPS is designed, constructed and operated according to stringent regulatory and international 
standards. NNR’s oversight for KNPS is in line with the international interventions. The future KNPS 
projects including the PLEX and steam generator replacement will require appropriate resource 
planning to accommodate the scope of work required by these projects. 
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