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Abstract 

 

 

The PUSPATI TRIGA reactor (RTP) at Malaysian Nuclear Agency which has been operating for 29 years now faces increasingly serious 

aging problems. Many components are obsolete whereas genuine parts are no longer in the market. Currently, the aging problem is 

addressed through periodic maintenance on all systems, structures and components (SSC). As a holistic measure, the Aging Management 

Program (AMP) was formulated to solve the problems from the grassroots. This paper describes the first stage of the AMP which 
identifies the strengths and capabilities. This includes identifying the types of aging, responsible parties and relationship between aging 

problems and safety of RTP. 
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Abstrak 

 
Reactor TRIGA PUSPATI (RTP) di Agensi Nuklear Malaysia yang telah beroperasi selama 29 tahun, kini menghadapi masalah penuaan 

yang semakin rumit. Banyak komponen yang telah usang walhal alat ganti tulen tiada lagi dalam pasaran. Buat masa ini, masalah penuaan 

ditangani melalui penyelenggaraan berkala ke atas semua sistem, struktur dan komponen (SSC). Sebagai langkah menyeluruh, Program 
Pengurusan Penuaan (AMP) telah digubal untuk menyelesaikan masalah dari akar umbi. Kertas ini membincangkan AMP peringkat 

pertama iaitu mengenalpasti kekuatan dan keupayaan. Ini termasuklah mengenalpasti jenis penuaan, pihak yang bertanggungjawab serta 

hubung kait masalah penuaan dengan keselamatan RTP. 
 

 

Katakunci: Reactor TRIGA PUSPATI, Agensi Nuklear Malaysia, penuaan, program pengurusan penuaan, AMP, RTP, SSC. 
 

 

 

I. INTRODUCTION 

 

Nuclear Power Division (BKN) was established on 1st April 2008 where it consists of six (6) Section, it is Section of Operations and 
Maintenance Reactor (O&M), Section of Technology Assessment, Engineering and Safety Reactor (TES), Section of Physics Nuclear and 

Reactor (RXP), Section of Electronics, Instrumentation and Control Reactor (RIC), Section of Quality Assurance and Integrated 

Management System (QAS) and Section of Nuclear Fuel Cycle Management (FCM). 
 

Establishments of the BKN are one of the preparations in the early planning for Nuclear Malaysia to develop human resources in the field 

of nuclear energy to support the development of the National Nuclear Power Program (NPP). BKN tasked are to develop the capability, 

skills and expertise of human resources especially in the field of engineering technology and nuclear reactors such as research and 

development to further expand internationally. 
  

After 28 years of operation, the system and components at the TRIGA PUSPATI reactor (RTP) is now faces increasingly serious aging 

problems. This is unbreakable with several components in the reactor was outdated and the source for the original components to improve 
the aging is almost impossible to realise. 

 

It can no longer rely merely on the semi-annual periodic maintenance to ensure reliability in all systems, structures and components (SSC) 
in the reactors. Therefore, an inspection plan should be developed, that is Aging Management Program (AMP) which is expected to give 

the user more easily and effectively implemented to improve safety SSCs in the reactors. Planning to upgrade the reactor is also one of the 

measures to manage the aging of the reactor. To obtain a more detailed description of the current SSCs in the reactor, the International 
Atomic Energy Agency (IAEA) has issued guidelines on aging research reactor or Tecdoc792. 

  

AMP is designed based on the various stages. First stage is the stage of identifying the strengths and capabilities. The second stage is the 
planning and implementation stages and the third stage are the level of monitoring and inspection and fourth stages of recovery. This paper 

just only describes the first stage of AMP. 

 

In the first stage is to identify the strengths and capabilities of AMP each section under BKN, identify responsibilities of each section, the 

scope of work section, and the field staff of each of the tasks, and conduct training and so on. AMP can be moved in various ways among 

them, it is: i) Operation and Maintenance View History RTP. ii) Development Planning of Aging Management Program. iii) Capacity 
Development. iv) Coordination, Monitoring and Evaluation. v) Follow-up and recommendations. 

 

 

 

 

 

 



 

II. OBJECTIVE 

 

The objectives of first stage is;1) Identify the aging that occurs in the SSCs in the reactors. 2) Identify the parties responsible for each 
SSCs in the reactors. 3) Status of aging problems and explain its relationship to reactor safety - Research reactors. 

 

 
 

III. SCOPE 

 
The scope of first stage is to complete the selection of the SSCs which identifies for perform the AMP. 

 

 
 

IV. COMPONENT & STRUCTURE AT RTP 

 
PUSPATI TRIGA reactor (RTP) it’s a pool’s type and built on ground level. TRIGA means Training, Research, Isotope production & 

General Atomic. This reactor is designed to give good stability in the experimental work in the reactor. The core is about 5 meters below 

the surface of the reactor water tank. RTP has been used as the standard fuel elements and fuel element is a combination of Uranium in 
Zirconium Hydrate homogenous and placed in containers made of Stainless steel [2]. 

 

Subsequently, the fuel elements have been arranged in six rings in the core so that the RTP secular is in good condition. Summary 
description and diagram of the RTP reactor as shown in Table 1, Figures 1 to 2 as following: 

 

Table 1 Characteristics of the RTP 

Items Detail 

Name 1 MW TRIGA MARK II Research Reactor  

Purpose Research in Nuclear Physic, Radiation Chemistry, Biology,  

Isotope Production, Research for Shielding & for Trainings  

Type Pool type 

First reached Criticality  28 June 1982 

Max Thermal Power  1 MWth (steady state, square wave modes) 

1360 MW (Modes Pulsing) 

Average Power Density  22.8 W/cm3 

Max Thermal Neutron Flux  1x1013 n/cm2/s 

Shape & Size of reactor core Cylindrical (110 cm x 89 cm H)  

Coolant & Moderator Demineralised Light Water 

Core Cooling Natural Convection 

Heat rejection Two-loop cooling system 

Control Rod  Boron Carbide, B4C 

Reflector  Graphite 

Shape of Fuel Element  Rod type 

Fuel Pellet  Uranium Zirconium Hydride (U-ZrH1.6) 

Fuel Clad  Stainless Steel 304 

Enrichment of U.235 Approx. 20% 

Fuel Element Weight % 8.5%, 12%, 20% 

Sources: Program Pengurusan Penuaan di RTP, No. ruj: NUC+KLEARMALAYSIA/L/2011/16 

 

 

 

 
Fig. 1: Vertical view of the reactor 

 



 
Fig. 2: Horisontal view of the reactor 

 

RTP have components such as the previously disclosed where it is essential mechanisms for a reactor. After many years of operation, 

several key components that have been identified have been aging. Refer to Appendix 1a to find a checklist on a typical list of reactor 
systems and conditions of their services or the mechanisms of aging [1]. 

 

 

 

V. AGEING MANAGEMENT PROGRAMME DEVELOPMENT PLANNING 

 
Planning an orderly and planned development is crucial for the success of Aging Management Program. Figure 3 below shows the key 

elements for the success of the PDCA cycle of Aging Management Program is systematic in RTP. 

 
                            Fig. 3: The elements of the PDCA cycle in order to achieve a systematic Aging Management Program in RTP. 

 

PLAN  

(Identifying the Problem) 

 

i. Using brainstorming techniques for each section, list the problem as much as possible. 

ii. Using the technique of "Force Ranking" short list of problems for a number of critical issues. 

 

Selecting a problem (Themes Project) 

i. Using the matrix technique, select a problem. 

Aging structures / 
components RTP

The key to the effective aging 
management.
Identify materials & character.
operating conditions.
Possibilities for mechanisms of 
aging.
Potential degradation of the site.
state for aging degradation and 
failure in normal operations.

Create and Optimise the structure of PPP 
activities / components RTP

Activities for the preparation, coordination, maintaining & 
improving to PPP:

Documents that need:
safety / regulatory requirement.
Appropriate documents for activities.
Information for the Coordination Mechanisms.
Optimizing the PPP based on current understanding, self-
assessment periodically and peer reviews.

Operation / Use the 
structure / component RTP

management mechanism of aging:
Operates based on procedure and 
technical specifications
Collect and keep records of operations

Investigation, Monitoring and Evaluation

Effects and evaluate the effects of aging:
Test & Calibration
Pre-service and in-service inspection
Surveillance
Leak detection, vibration monitoring, etc.
Assessment of functional capability / fitness for service
record keeping

Maintenance of structures 
/ components RTP

Management of Aging Effects:
Fix @ switch components 
terdigradasi

Use repair materials
Custom design

Keep all maintenance records

 PLAN) 

(CHECK) 

 (ACT) (DO) 
Renovate PPP Minimize the estimation 

of degradation 

Degradation 

review Improve the 

degradation who do not 

acceptable 



ii. In the selection problem, the following factors must be considered such as the ability of interest groups or company departments, 
cost of settlement. 

 

Defining Problem 

 

i. Understand the background and the problems with collecting data are provisional. 

ii. By using a 5W + H, for the interpretation of the problem. 
iii. Consider the consequences of the problem. 

iv. Set a target or goal of 

v. Using the Chart 

 

Analyze the Problem 

 

i. Because the analysis result, looking for sources that can cause problems as possible. Find the causes of the problems most likely 

(the most PMP causes). 

ii. After getting the sources of the problem most likely, for verification. Collect data on the frequency. Calculate the cumulative 
frequency and percentage of data losses. 

iii. Using Pareto Diagrams, pay attention to the causes of major importance (Vital few, useful many) 

 

Proposed Solution 

 

i. The most effective way to solve a problem is to eliminate the main cause problems. 
ii. Using the technique of brainstorming solutions listed proposals. 

iii. Find the best possible solution proposed. Indicate the person responsible to implement and when to be implemented. 

iv. Send suggestions to management for approval and allocation. 

 

DO  

Implementation Proposal (Trial) 
 

i. Upon approval and allocation, execute the proposal as planned. 

ii. Train those involved about the new rules. 
iii. Ask 

 

CHECK 

Measuring Success 

 

i. Collect data to evaluate the effectiveness of implementation of proposed solutions. 
ii. By using QC tools, measure success by comparing the problems before and after implementation of proposed solutions. 

iii. Success can be measured by cost savings. 

 

ACTION  

 

i. Standardization and Follow-up 
ii. Make observations to ensure the problem does not recur. 

iii. Send suggestions to management that the old methods amended and adopted to all the machines or departments. 

iv. Standardize new method to other machines, departments and branches. 
v. IV. Take action to ensure effective implementation of new methods and results. 

 

The selection process is an important component of security for the management of a rector of aging such as RTP. Figure 4 shows the 
steps to be taken to conduct the selection process for the RTP component of security. 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

   Fig. 4: The steps to be taken to conduct the selection process for the RTP component of security. 

The list of RTP systems and structures 

Q1: whether the RTP systems and 
structures comply with RTP safety. 

Selection list for the level of structural systems and components  

Q2: whether the failure of a component 
causing the loss of the system safety functions 

Q3: whether degradation aging is potentially 
on the failure of a component 

Q3: whether operations & maintenance is 
added in line with the detected of aging 

degradation.  

The list of components are identified for research aging management 

Systems or structures 
which does not require 
assessment of aging, 

give justification 

Systems or structures 
which does not require 
assessment of aging, 

give justification 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 



VI. CAPACITY DEVELOPMENT 

 

For realizing the development plans for AMP, capacity development should be established first. Figure 5 shows the organization chart for 

the sections under the auspices of the Nuclear Power Division. Each section in the list is responsible for this reactor. Description of each 
section will be explained to better understand the role of each section of these aging reactors. 

 

 
Fig. 5: BKN Organisation Chart 

  

Operating and Maintenance (O&M) 

Objectives  

i. To ensure that license conditions stipulated by the Atomic Energy Licensing Board (AELB) is complied with and RTP safe 

operations at all times. 
ii. Ensure RTP operates in good condition and safe and not endanger the public, employees and the environment.  

 

Scope  
i. As the section responsible for the operation and maintenance of RTP under the Nuclear Power Division.  

ii. Operate in a secure RTP for irradiation and research services can be provided efficiently  

 

Responsibility in the reactor 

 efficient and safe operation PUSPATI TRIGA research reactor 

 Maintenance, inspection and testing of SSCs 

 Provide research and irradiation facilities 

 Ready for emergency  

 Meets convention, rules, codes, standards and national and international guidelines 

 Code of Conduct 

 Safeguards and nuclear material accounting and control 

 IRSRR (Incident Reporting System for Res Reactor) 

 Training for scientific and technical staff 
  

Assessment of Technology, Engineering And Safety (TES) 

Objectives  
Build expertise and carry out technology assessment on the types of research and power reactors as well as support from the technical 

aspects related to technology assessment of power reactors will be developed in the country soon. 
  

Build capacity and expertise and provide support in the engineering aspects of the RTP as part of preparations towards the development of 

nuclear energy in Australia. 
  

Build capacity and expertise in the field of security research and power reactors as part of the preparations and preparations towards the 

development of nuclear energy in Australia and to ensure the reactor and its use will remain in a safe condition. 
 

Scope  
i. Technology assessment activities, including nuclear power reactor, Pressurized Water Reactors, Boiling Water Reactors, Pressure 

Tube Heavy Water-Moderated Reactors, Pressure Tube Graphite-Moderated Reactors, Graphite Moderated Gas-cooled Reactors, 

Liquid-Metal Fast Breeder Reactors, Advanced Reactors and research reactor . 

 
ii. Engineering activities including design and analysis of reactor thermal hydraulics and thermodynamics, Safety engineering, building, 

shelding, ECCS, earthquake and structural parameters of the placement, electrical design nuclear power plants (NPP), irradiation 

facilities and research design.  

 

iii. Reactor safety activities, including reviewing and updating the safety analysis report (SAR) of existing, developing SAR for new 
reactors, reactor safety assessment, predicting the occurrence of the prefix (PIE) assessment, review the safety probability (PSA), 

deterministic security assessment (DSA) for accident analysis and carry out reactor safety assessment. 

 

Responsibility Section TES in reactor  

Reactor Technology Assessment 

 nuclear power reactors. 

Nuclear Power Division

(BKN)

Operation & Maintainance (O&M)

Section of Physics Nuclear and Reactor (RXP)

Section of Technology Assessment, Engineering and Safety Reactor 
(TES)

Section of Quality Assurance and Integrated Management System 
(QAS)

Section of Electronics, Instrumentation and Control Reactor (RIC)

Section of Nuclear Fuel Cycle Management (FCM)

Yes 



 Pressurized Water Reactors, Boiling Water Reactors. 

 Pressure Tube Heavy Water-Moderated Reactors. 

 Pressure Tube Graphite-Moderated Reactors. 

 Gas-cooled Graphite Moderated Reactors. 

 Liquid-Metal Fast Breeder Reactors. 

 Advanced Reactors, research reactor  

 

Reactor Engineering 

 Design and analysis of thermal hydraulics and thermodynamics 

 Safety engineering 

 Building, Shielding 

 ECCS, earthquake and structural  

 Placement Parameters 

 electrical design nuclear power plants (NPP) 

 Design research and irradiation facilities 

 

Reactor Safety 

 Review and update the safety analysis report (SAR) of existing 

 Develop SAR for new reactors 

 Evaluation of reactor safety 

 Predicting the initial event (PIE) through the evaluation of the probability study of safety (PSA). 

 Deterministic security assessment (DSA) for accident analysis. 

 Conduct assessment of reactor safety 

 

SECTIONS AND NUCLEAR PHYSICS reactor (RXP) 

Objectives  

Capacity building in terms of expertise and technology in the field of reactor physics as part of the preparations and preparations towards 

the development of nuclear energy in Australia.  
 

Scope  
This section serves conducting research activities related to reactor physics and core management. Among these activities include 
neutronik calculations for RTP, application and development of computer code, designing the core configuration, experiments related to 

reactor physics and more. Several areas have been given is; 

 reactor physics theory 

  Design the reactor core 

  Design of irradiation facilities 

  Research reactor physics 

  Management of fuel and reactor core 

  Evaluation of irradiation samples 

  Assessment of fuel security and control rods 

  High performance computing 

 

Responsibility in the reactor 

  Nuclear physics, reactor physics 

  Formula factor of four 

  diffusion theory, theory tranfot 

  Dynamic reactor 

  fuel management and core  

 

Electronic, Instrumentation and Control reactor (RIC) 

Objectives  
Undertake research and development, develop expertise and provide training in the field of electronic engineering, instrumentation and 
control of nuclear reactors to achieve the vision, mission and objectives of the organization and support of the nuclear power program. 

  

Scope  
Highly specialized in the field of electronic engineering, instrumentation and control of nuclear reactors.  

 

Responsibility in the reactor 

 Developing a reactor control system  

 Develop the reactor control console  

 Design agronomic  

  Interface of human / machine  

 Control further automatic accident  

 Development of nuclear instrumentation  

 

Quality Assurance & Integrated Management System (QAS)  
Objectives  
Ensure PUSPATI TRIGA reactor (RTP) is operated and maintained by a prudent and safe through the implementation of quality assurance 

(QA) and integrated management system (IMS) is effective.  
 

Scope  
Carry out research and management in the development of Quality Assurance Program (QAP), implemented the program, improve 
program on Integrated Management System (IMS), and perform the audit for the program.  

Responsibility in the reactor  
Develop programs related  



 Ensure implementation of the program as appropriate and the need  

 Ensure that the program complies with the integrated management system  

 Carry out audit work program  

 

Management Of Nuclear Fuel Cycle (FCM)  
 Objectives  
 

i. Build capacity in the areas of nuclear fuel cycle technology and high-level radioactive waste management 
ii. Develop local expertise in related fields to support the development of  

 

Scope  
 

i. Research and development in the field of nuclear fuel cycle management and high-level radioactive waste 

ii. Offering services in related areas, in line with the current activities.  
 

Responsibility in the reactor  
 

i. Evaluation of life cycle of nuclear fuel  

ii. Review of uranium and thorium deposits in Malaysia  

iii. Acquisition-related items  
 

 

 

VII. COORDINATION, MONITORING AND EVALUATION (PPP) 

 

PPP is a fundamental part of the AMP where it will explain in detail the condition of SSCs in the reactor whether it can operate within it 
deems appropriate or safe. The following is an analysis - an analysis that must be met or implemented: 

 

i. Objective Analysis,  
ii. System Analysis & components,  

iii. Analysis of staff training, 

iv. Analysis of In Service Inspection, 
v. Testing & Monitoring Program, 

vi. Spare part program, 

vii. Quality Plan, 
viii. Analysis of staff time, 

ix. Document time, after the above performed satisfactorily, it led to the suggestion that the approach can be used to move the SSCs and 

corrective measures of aging. Description of the PPP is as follows: 
 

Aging Modification 

Coordination is important for the effects of aging research reactor facility to enhance the integrity and safety of a reactor facility. To carry 
out the aging management program (AMP), several framework activities must be consider such as obtaining information from the design, 

maintenance and periodic testing SSCs of the reactor. Division/Section concerned shall ensure that the data is recorded and kept for 

inspection and analysis. 
 

The program also need to cover in your choice of equipment, details of the categories, surveillance and testing program, for data collection 

and management for further evaluation of the effects of aging. In addition, all major components of the system and the research reactor to 
be taken into account. In addition, analysis of the data collection mechanisms of aging is based on aging. 

 

Other factors should also be considered as failure to obtain the original information, inspection data is not updated, misinterpretation of 
aging and others that could shake the aging program. Please refer to 1b to form AMP adjustment programs. 

 

Monitoring 

Aging surveillance program is essentially a long-term program. This program should be implemented as early as possible and must be 

used during reactor operation. Monitoring programs in design, manufacturer specifications, operation and maintenance experience should 
be implemented together with the selection of equipment, the categorization process and qualification of equipment. 

 

Examples of the monitoring review form for these aging management programs can be found in Appendix 1d. This monitoring must be 
conducted regularly, two times a year. 

 

Evaluation 

Value in terms of inspection, monitoring and tests should be conducted in accordance with the propriety of a situation and must be 

controlled. 

 
The report should be standardize aging program and collected for analysis to identify the problems of aging reactor. This report must be in 

the form of technical reports, and it must include records of daily, monthly or yearly. It must refer to the components and parts that are 

involved in aging programs to ensure the safety of components and parts are in that situation is safe to operate. 

 

The report also must include records, such as renovation, maintenance and so on. This report must also indicate the methods for 

identifying problems, analysis and solutions.  
 

 

 
 

 

 
 



VIII. CONCLUSION 

 

 

There are six (6) section under NCB will be responsible for implementing the AMP. This report is focused on identifying the aging occurs, 
identify the parties involved in the program and further notes the problems of aging that can affect the safety of the reactor RTP. 
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AAttttaacchhmmeenntt  11aa    

  
Checklist on a typical list systems of reactor and conditions of their service or mechanisms of ageing. 

 

Item Safety related 
facilities 

conversion mechanism Section involved 

Reactor Core/structure/component 

Fuel Element     

Instrumented Fuel Element     

Graphite Dummy     

Top Grip Plate     

Bottom Grid Plate     

Graphite Reflector     

Rotary Rack     

Central Thimble     

Core Platform     

Aluminum Tank     

Storage Rack     

Concrete Shielding     

Guide Tube     

Plug-Graphite     

Spacer     

Fuel Inspection Tool     

Fuel Handling Tool     

Sample Handling Tool (Fishing Rod)     

     

Primary Cooling System 

Heat Exchanger A     

Heat Exchanger B     

Primary Pump 1     

Primary Pump 2     

Primary Pump 3     

Manual Valves     

Motorized valves     

Check Valves     

Diffuser     

Skimmer     

Aluminum Piping     

Instruments     

SCADA     

Inverter     

     

Secondary Cooling System 

Secondary pump 1     

Secondary pump 2     

Secondary pump 3     

Manual Valves     

Motorized Valves     

Cooling tower 1     

Cooling tower 2     

Piping     

Instrument     

Makeup water tank     

     

Water Purification System 

Demin pump 1     

Demin pump 2     

Demineralizer     

Manual valves     

Piping     

Instruments     

     

Reaktor Instrumentation and Control 

Linear wide range meter     

Fission Chamber #1 (%1)     

Fission Chamber #2 (%2)     

Fission Chamber #3 (wide range)     

Rod position indicator     

Power supply #1 HV     

Power supply #2 HV     

HV Power supply 3 Nos. (Drawer)     

DC Power supply 5 Nos. (Drawer)     

DC Power supply 3 Nos. (Center 

drawer) 

    

Magnet power supply     

Water temp. indicator     

Control rod drive mechanism     



Cabling     

Water level sensor     

pH meter     

Conductivity meter     

Flow rate meter     

Pressure meter     

Console     

     

Pneumatic System 

Air compressor 1     

Air compressor 2     

Air Dryer 1     

Air Dryer 2     

Air tank 1     

Air tank 2     

Piping     

Manual valves     

Gauges     

Instrument     

Blower     

     

Ventilation System 

Ventilation system     

HEPA Filter     

Pressure gauges     

Ducting     

Valves     

Instruments     

Energy wheel     

Axial Fan     

Varofoil Fan     

AHU #1     

AHU #2     

Damper     

Argon Ventilation System     

Centrifugal fan     

Stack Monitor     

     

Radiation Monitoring 

ARM Pool Top     

ARM BP1     

ARM BP2     

ARM BP3     

ARM BP4     

ARM Bilik Kawalan     

ARM Bilik Pneumatik     

ARM Basement     

Hand & Foot Monitor #1     

Hand & Foot Monitor #2     

Survey meter     

Continous Air Monitoring (CAM)     

     

Air Conditioning System 

AHU #3     

Split Unit     

Ducting     

Fan     

     

Fire Protection System 

Water tank     

Hose reel     

Fire extinguisher     

System     

Water pump     

Piping     

Valves     

Sprinkler     

Smoke detector     

Fire detector     

     

UPS System 

Battery     

Cabling     

Instruments     

     

Electrical System 

Lighting     

Switch socket outlet     



Cabling     

Emergency light     

MSB     

SSB     

DB     

Genset     

     

Security System 

Card Access     

Cabling     

Door Lock     

Emergency door     

CCTV     

     

IT/Telecommunication 

DB Telefon     

Cabling     

Telephone     

Network Switch Main Frame     

     

Building (Blok 20) 

Crane     

Sliding door     

Reaktor Hall     

Reaktor Roof     

Water Supply     

Siling     

Door     

Floor     

Wall     

     

Waste Treatment 

Tank     

Pump     

Piping     

Instruments     

Drainage system     

     

Reaktor Utilization 

SANS     

NuR     

BP1     

BP2     

Thermal Column     

Instruments     

     

Others     

Organization     

Trainings     

Documentation 

 Design 

 SAR 

 Tech. Spect. 

   

 

Procedure     

QA     

Review & Assessment     

Physical protection     

Safeguards     

Conventional safety     

Licensing     

Spare Parts     

D2O storage     

D2O leak collection     

Cover gas circulation     

Recombination     

 

Safety related Replacement ease Mechanisms 

Y – Yes A – No 1 – Radiation 

N – No 
B –  Difficult  

2 – Temperature 

M –Maybe C – Normal 3 –Pressure 

 D – Sering kali (Readily) 4 – Putaran (Cycling) 

  5 -  Corrosion 

  6 – Chemical 

  7 –Erosion 



     8–  Technology changes 

  9 – Safety requirements 

  10- Software 

  11- Ageing of people 

  12- maintenance  

 

 

 

 

 

 

 

 

 

 
 


