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Abstract 

Reactor control and monitoring system is a one of the important features used in 
reactor. The control and monitoring must come together to provide safety, excellent 
performance and reliable in nuclear reactor technology application. Objectives of this 
technical paper are to design and propose reactor control system and reactor 
monitoring system in Research Reactor (RTP) for Reactor Upgrading Project. 
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Introduction 

The Reactor Control and Monitoring System (RCMS or CMS) is a one of the important 
features used in reactor. CMS is combination of two sub system which are  consisting of 
Reactor Control System and Reactor Monitor System. Control word in the CMS refers to 
the reactor control system, which means the system has the power or ability to dominate all 
the parameters in a reactor. In addition, it serves to coordinate all the parameters of 
the reactor need to regulate in an acceptable range. It is not only co-ordinate all the 
parameters in the reactor, but it will ensure that the parameters are held in an 
acceptable range by examining and comparing the parameters within the limits fixed points. 
The most important function, it will reduce the number of neutrons or prevent the spread 
of neutron production to ensure the reactor is in control. 

The word monitoring in the CMS refers to reactor monitoring system, which means the 
system has the ability to check the quality and manage all of the contents of the 
reactor parameters sent to the receiver display. In addition, it aims to check the status of the 
reactor by means of electronic receivers to determine the activity and the reactor 
contents are important parameters. It is also function to keep track of systematically with a 
view to collecting reactor parameters information. Monitoring system has not been 
spared from making tests or taking samples, especially on a regular and continuous to 
ensure that activities within the reactor is monitored closely or supervised 
by a mechanism that can be trusted.  

The CMS is implemented by two Terminal stations (Industrial Computers and a highly 
reliable Programmable Logic Controller (PLC) together with a set of software modules that 
control all required instrumentation and components.  Main components of the Terminal 
Stations comprise the Central Process Unit (CPU), the LCD screens, the keyboards and the 



pointer devices.  Main components of the PLC comprise a controller processor module, 
input/output modules, and a System Management and Data Recording Station. 

Now, introduce Reactor Protection System (RPS) is  a system implemented with hardware-
based circuitry and hardwires signals in a double-redundant configuration, it comprises all 
electrical devices and circuitry involved in the generation of those initiating signals associated 
to protective functions. The CMS and the RPS are functionally, physically, and electrically 
independent. The signals from the RPS are sent to the CMS by mean of electrical isolation 
devices, but the opposite communication is not possible. The CMS does not perform or 
override any function related to the RPS. 

The CMS has the capability to read all reactor parameters through the PLC and to display 
them by means of the System Management and Data Recording Stations implemented in the 
Terminal Stations. The CMS is able to run MANUAL, AUTOMATIC and SQUARE-WAVE 
Reactor operation modes. This CMS handles the information required in both normal and 
abnormal conditions. The CMS main functions are: 

a) Process Control 
b) Alarm Management 
c) Trend Graphs 
d) Access Control 
e) Data Gathering and Actuation 
f) Monitoring Interface 
g) Report Generation and Data Recording 

Methodology 

CMS Main Function 

In the CMS process control, reactor operators have direct and easy access to the control 
system commands through the operator’s Terminal Stations or console reactor operator. It 
consists of software modules automatically handle the regulation of the reactor power (Flux 
Control), the interlock logic, the execution of logical sequences, as well as manual control 
commands. In addition, it allows the operator to set or modify the automatic reactor power 
control parameters. Access to these configuration functions requires the operator to enter a 
security password. Control system parameter changes are not allowed without such 
password. Among the control algorithms in the CMS process control including loops, logics, 
interlocking, and control sequences reside in the Programmable Logic Controller unit. 

The operator Terminal Stations or console reactor operator present all information related to 
alarm system status in suitably and friendly arrangement. The alarm handling system detects 
any abnormal input variable condition. The alarm management displays activated alarms on 
presentation screens, which can be categorized according to the process requirement. The 
management alarm system provides several notifications to alert operators on alarm 
condition. These are message presentations on the video display, audible warnings, and 
immediate presentations on graphic mimics displayed at the operator’s Terminal Stations. 

In function of CMS, trend graphs system has real-time trending capabilities to keep track of 
the evolution of relevant parameters during a specified period. Besides, CMS function have 
the access control system prevents any unauthorized personnel from entering any command 
or performing control activities through the operation stations. In the CMS data gathering and 
actuation, physical processes are measured by the sensors. Actuation devices are 
commanded from Control Console. Both, signals and commands take place at process level. 
These sensor measurements will be gathered by means of input modules, while output 



modules will send command signals to the actuators. Both input/output modules will be 
located beside the Controller Unit. 

The monitoring interface is one of features in CMS. The system implements state of the art 
human-machine interface (HMI). The design allows easy and efficient operator-system 
interaction. The system provides the operator with global or partial reactor process variables 
and status screens by means of several diagrams (mimics) represented in adequate 
screens. The clear and concise information displayed in the operation Terminal Stations 
assists the reactor operation during normal or abnormal conditions. The information screens 
are hierarchically arranged in the video display units, in accordance with its functionality and 
priority. 

Report generation and data recording has not been spared from the main function of CMS. It 
has capability to print reports on a standard printer device and/or to record relevant data in 
the Historical Record with the corresponding time stamp. The Historical Records might be 
latter downloaded and/or printed. 

Architecture Overview. 

The CMS is a digital real-time system physically mounted on a rack enclosure. The general 
architecture of the system, shown in Figure 1, has a clearly defined hierarchy of three 
processing levels, namely: 

a) Supervision level: Control Console (where the operation Terminal Stations are 
located); 

The supervision level comprises two Supervision Units (SU’s), which consist in two 
computer-based systems making up the operation Terminal Stations. The two 
computers based system has the following characteristics: 

 4GB of Random Access Memory (RAM) 
 1TB hard disk drive 
 1024MB Graphic card or equivalent 
 Gigabit Ethernet network adapter  
 LCD of 20” or greater with horizontal resolution equal or better that that 1600. 

These units, which run the human machine interface (HMI), are used for data 
processing, monitoring, command and data management. The main functions 
performed at this level are listed below: 

 Alarm and event warning 
 Input/output signal display 
 Global and specific process view (mimic displays, logic displays, charts, 

states, etc) 
 Reactor Protection variable display 
 Trend graphs (real-time and/or historical data) 
 General system status  
 Operation parameters & set point modification 

b) Control level: Programmable Logic Controller; 

The control level comprises a Controller Unit (CU) made up of a highly-reliable 
Programmable Logic Controller (PLC). This unit is used to gather and centralize 



process data from all field sensors, to execute all control algorithms, and to output all 
actuation signals to the corresponding field actuator. All control functions take place 
at this level, at which the following main functions are performed: 

 Control Rod Drive Actuation 
 Interlock Logic 
 Automatic Power Control Algorithm  
 Functional Logic 
 Data gathering and transmission 

c) Field level: Sensor and Actuators; 

This level is at the boundary of the system, and represents the link between the 
input/output modules of Programmable Logic Controller units and sensor/actuator 
devices. In addition at this level input data are gathered from process sensors and 
form the RPS (In this case with suitable barriers that ensuring electrical isolation). 
Output data signals coming from CU output modules drive the corresponding process 
actuators. 

Figure 1: CMS Architecture 

 

Figure 1 Reference 

OE: Neutronic measurement element or detector 
TE: Temperature measurement element or detector 
LE: Level measurement element or detector 
RE: Radiation measurement element or detector 
 



Inlet Reactor Pool Water Temperature Channel; This channel performs the conditioning of 
the Inlet Reactor Pool Water temperature sensor. Additionally, it has a built-in comparator 
that can be used for triggering an alarm. The Inlet Pool Water Temperature Channel is 
included in the provision.  

Outlet Reactor Pool Water Temperature Channel; This channel performs the conditioning of 
the Outlet Reactor Pool Water temperature sensor. Additionally, it has a built-in comparator 
that can be used for triggering an alarm. The Outlet Pool Water Temperature Channel is 
included in the provision. 

Bulk Reactor Pool Water Temperature Channel + Sensor; This channel performs the 
conditioning of the Bulk Reactor Pool Water Temperature sensor. Additionally, it has a built-
in comparator that can be used for triggering an alarm. The sensor and the Bulk Reactor 
Pool Water Temperature Channel are both included in the provision. 

Reactor Pool Water Level Channel; This channel performs the conditioning of the Reactor 
Pool Level Sensor. Additionally, it has a built-in comparator that can be used for triggering an 
alarm. The Reactor Pool Water Level Channel and sensor are both included in the provision. 

Area Radiation Monitoring Channel + Detector; This channel performs the conditioning of 
one gamma Area Radiation Monitoring sensor. The sensor and the Area Radiation 
Monitoring channel are both included in the provision. The area radiation monitoring 
channels will be integrated in the CMS. 

Control Rod Drives; Two different control rod drives (CRD) will be provided: Normal CRD and 
Transient CRD 

Normal Control Rod Drives; The Normal CRDs are placed over the reactor pool fixed in the 
supporting structure. The CRD are connected to the SHIM, SAFETY and REGULATING 
Control Rods by means of a connecting rod through an electromagnet coupler. A stepping 
motor allows precise positioning of the control rods with a resolution of 0.3mm. The rotation 
of the stepping motor is converted to linear movement by means of screw and nut 
mechanism. The total movement of the CR is limited to 381mm. The position of the CR is 
limited to 381mm. The position of the CRD is continuously measure. The CRD has switches 
for upper and lower CRD position and control rod coupled/uncoupled signal. The switches 
are duplicated. Three normal CRD plus two spare will be provided totalizing 5 normal CRD. 
This new CRD mechanism is fully compatible with the current CRD mechanism. 

Transient Control Rod Drive; It consists of a mechanical device with the capability of fast 
withdrawal of the Transient Control Rod. The Transient CRD can extract the transient control 
rod in a short time by means of a pneumatic cylinder. The length of control rod extraction can 
be determined by means of an upper mechanical limit driven by a stepper motor, which 
determines the total withdrawal length of the Transient Rod during the firing of the square 
wave mode. 

Control Console; The control console is a modular desk-type console constituted by 3 
modules. The design takes into account the ergonomic concept for HMI adapted for 
Malaysian standards. The Control Console is designed to be installed in the current premises 
used as Reactor Control Room. 

RPS Module; The RPS module contains the indicators (digital and analogue indicators) and 
control devices needed for the safe operation of the RPS. The desk contains the manual 
SCRAM button, the selector for the reactor operation modes (manual/automatic/square-
wave) and the operator master key (physical key). 



CMS Modules; The CMS modules contain the operation stations (industrial computers). The 
desk contains the CRD buttons and indicators, control rods position indicators, QWERTY 
keyboards and pointer devices for suitable management of the operation stations that enable 
a safe operation of the reactor. Figure 2 show the propose conceptual design and final 
design of the console. 

Figure 2: Control Console Layout 

  

Instrumentation Racks; The provision includes three (3) seismic qualified industrial racks that 
hold the nucleonic instrumentation units, the RPS components and the CMS programmable 
logic controller. 

RPS Racks; Each rack of the RPS contains the following main components: 

a) One safety channel unit 
b) One voting and protective logic unit 
c) One temperature unit 
d) One RPS announcer 

CMS Rack; The rack of the CMS contains the followings the following main components: 

a) One wide range unit 
b) One programmable logic controller 
c) One boundary terminal block as interface between the current reactor field 

instruments and the new instrumentation. 

 

 

 

 



Figure 3: Instrumentation Racks 

 

Discussions 

CMS Development will be developed in a project to upgrade the new consoles that RTP 
Digital Reactor Instrumentation and Control Systems (ReDICS). ReDICS is digitalized and 
updated equipment control system that is not the same control and monitoring functions of 
the TRIGA reactor Puspati (RTP). This is so, it uses modern digital technology to perform the 
functions of the existing reactor equipment and control systems, performance and reliability 
of the system should be improved. Design principles I & C system will be focused on aspects 
of safety and capability, which is a new design will enhance RTP operations without 
compromising safety. The ReDICS should have higher reliability, stability and ability to 
ensure safe operation for the remaining lifetime. 

The ReDICS monitors the status of RTP during normal and abnormal conditions and 
maintains the RTP in a normal operating condition by control rod movement during automatic 
operation mode. The operator may engage in the control loop if the operation mode is either 
manual or square wave.The ReDICS is consisted of the following sub-systems which utilizes 
modern computer technology and network. 

- Control and Monitoring System (CMS) = Data Acquisition Control (CAD) + Operator 
Workstation (OWS) 



- Neutronic Electronics mating with existing fission chambers 
- Safety Logic Channels 
- Equipment including process parameters such as temperature, level, flow, area 

radiation, and etc. 
- Actuators such as control rod drive and controllers 
- Seismic monitoring system 

There are 3 different reactor operation modes depending on the circumstances on the 
reactor condition and control strategy; MANUAL, AUTOMATIC and SQUARE-WAVE. The 
simplified configuration of the ReDICS is shown in Figure 4. 

Figure 4: Simplified configuration of the ReDICS. 

 

The CMS is the top level human machine interfacing equipment through which a reactor 
operator can understand the status of the reactor by monitoring the appropriate process 
parameters and may take an appropriate action if required through control devices. The CMS 
consists of a operator work station and a data acquisition control devices. The desk type 
operator workstation designed by the application of the ergonomic and human factors 
principle consists of monitors for graphic display, a keyboard, a mouse, a printer, and a 
computer with the capability and capacity to implement the functionality specified on the 
specification. Data Acquisition Control (DAC) measures the process parameters from the 
instruments such as signals from fission chamber, thermocouples, temperature probes, level 
sensors, control rod position, area radiation monitors and other auxiliary systems. The signal 
from sensors are fed to the I/O board and processed in the digital computer and transmitted 
to the CMS via network communication. Interfacing between RPS and CMS is achieved 
through DAC. The derived parameters such as control rod worth, reactivity, excess reactivity 
are also calculated on the DAC and transmitted to the CMS. 

As the CMS is designed according to the codes and standard with appropriate QA program, 
the physical and functional independence from reactor protection system is assured. A 



redundancy in hardware and software configuration guarantees the highly reliable system 
operation as well. The graphic display on LCD monitor shows the current reactor condition 
and the operator can control the reactor power level by manipulation of the control rod 
up/down switch or adjustment of the demand power. Any interlock logic for the withdrawal of 
the control rods is included in the CMS. 

The data base for the predefined operational and safety parameters is maintained during 
reactor operation. The data stored on the data base can be manipulated by appropriate 
program for the trend or printing purpose. The configuration of the data base is possible to 
adjust the sampling time, the list and content of parameters etc. 

Software programming tools are used for the development of the CMS and DAC systems. 
Documents and the source codes are well prepared and stored. For ease of maintenance of 
the system, self diagnostic test function on the hardware and software is used properly. 
Alarm and annunciation window are initiated when the process parameters exceed 
predefined set point. By scrutinizing the sequence of events (SOE), initiating event can be 
identified quickly. System security is maintained by appropriate key and password for 
qualified user ID. Time synchronization is also vital for the consistency of the event on the 
timeline analysis. The Figure 5 shows the simplified CMS schematics. 

Figure 5: Control and Monitoring System Schematics 

 



Functional requirement 

The CMS shall monitor the reactor operating parameters, process the information, provide 
the necessary information to the operator, and take an appropriate action if required. The 
control of the reactor is achieved by the manipulation of the control rods comprising safety, 
shim, regulating, and transient rods. The following process parameters are measured by 
instruments, routed to the input board of the DAC, processed in the processor, and finally 
transmitted to the operator workstation for graphic display. 

1) Neutron flux level from fission chamber 
2) Fuel temperature from thermocouple  
3) Coolant water temperature from RTD 
4) Pool water level 
5) Control rod position 
6) Area radiation monitor 

The startup of the reactor done in manual mode and it is possible to operate automatic and 
manual operation if the reactor power is higher than source level. During automatic 
operation, the regulating rod is controlled by the control algorithm of the digital computer. The 
square wave operation is used if required to raise the reactor power level quickly by firing the 
transient rod pneumatically. The interlock logic for the withdrawal of the control rod such as 
rod withdrawal start-up sequence, automatic control rod insertion, and rod withdrawal prohibit 
logic is implemented in the CMS. The automatic control algorithm and the rod manipulating 
design concept will be discussed in more detail during the design stage. 

The control of the reactor power is made by the provision of the appropriate step and 
direction signal to the step motor actuator through the keyboard of digital computer when in 
manual operation mode. The design feature of manipulating the control rods without the 
computer system will be determined by the acceptance by the acceptance by the owner at 
the design stage. 

The hardwired devices are needed to meet the requirement of General of the Technical 
specification. ReDICS shall be a computer-based system but can be manually operated 
safely in case the computer control becomes unavailable. 

We control the rods by hardwired switch (up/down) together with soft control by the control 
computer, but it should be, noted that the operator may have minimum information and he 
must be very careful in the reactor safety. It makes unnecessarily complex system design. 
Alternatively, it is suggested that we will trip the reactor manually by the hardwired trip button 
on the RPS panel when the computer is unavailable. Or, we will design that the reactor is 
automatically shutdown in case of the computer system failure. It means that even the 
manual rod manipulation will be done through the computer system. This makes the operator 
manage the reactor safely in the manual mode due to the inherent interlock function by the 
computer system. 

The automatic reactor controller gets reactor power level from the flux monitoring system and 
compares with the demand power level set by the operator and issues the appropriate 
control rod movement signal while maintaining the reactor period longer than the trip set 
point. The Figure 6 shows a general reactor control algorithm. The ReDICS may be 
implemented in the same manner. 

 

 



Figure 6: General Reactor Control Scheme 

 

The CMS is designed to be functionally, physically, and electronically independent from the 
reactor protection system. The interaction between the CMS and RPS is done through the 
DAC. The operator workstation provides the necessary information for the operator to take 
an appropriate action. The following graphic display is available on the monitor: 

1) Status: list of instrument status indication (ON/OFF) 
2) Alarm: list of present alarms. 
3) Graphics: graphical representation of rod position 
4) Trend: Trend of various parameters over time 
5) Text: Process variables, set points, alarm settings 

The following reactor operation and safety parameters are displayed, stored, printed at the 
operator workstation in the control room. 

1) Date and time 
2) Operating mode 
3) Control rod position 
4) Power level (thermal, neutron, demand) and period 
5) Process parameters (Water temperature, water level, flow, area radiation, seismic 

acceleration etc) 
6) Annunciation, alarm, warning status 
7) Equipment operating status including power supply, beam port shutter, ventilation 

system, interlocks, air supply for transient rod, etc. 
8) The derived parameters such as, control rod worth, excess reactivity and shutdown 

margin, and power calibration are calculated and displayed as well. 



The parameters are logged on the storage device at the predefined sampling time interval 
which is adjustable during reactor operation and can be retrieved for future use. If the 
operating parameters exceeds the set point, alarms are displayed on the window on monitor 
and audible alarms are initiated until the operator acknowledge the alarm by pressing the 
acknowledge button. The following parameters are used as alarm and the alarm list and set 
point can be configured as well. 

1) Water temperature above 45oC 
2) Fuel temperature above 500 oC 
3) Percent power over 110% 
4) Loss of High voltage (Fission Chamber) 
5) High radiation level 
6) Lamp test failure 
7) Rod withdrawal prohibit 
8) Pool water level below 4.3m 
9) Ventilation off 
10) Loss of power supply 
11) Compressed air pressure below 455kPa 
12) Seismic acceleration exceeds 0.4g (H) or 0.2g (V) and etc 
13) Miscellaneous 

The security of the system can be maintained via appropriate hardwired key switch and 
access control by adoption of user id and password. 

Hardware requirement 

The digital control system (DCS) for DAC is designed to meet the functional capability 
mentioned above. All the important hardwire including main processor, I/O boards, and 
power supplies are redundant for an improvement of the system reliability and availability. 
The display provides accurate, complete, and timely information with appropriate engineering 
unit and color designation for ease of understanding for the reactor operating. The detailed 
specification of the processor, memory, interface card, network devices, and auxiliary 
equipments shall be determined after identification of the I/O, display, control strategy, 
interface requirement, and the minimum sampling time. The table 1 summarizes the 
technical specification of the digital computer system for the CMS. 

 

 

 

 

 

 

 

 

 



Table 1: Specification of Digital Control System 

 

Software requirement 

The programming design tool is used for the graphic display, alarm processing, and data 
display such as trending on CMS. The data storage system is provided for continuous 
logging of the equipment or system status and faults. The source code with programming 
tools for DAC and CMS are well documented for the operation and modification of the 
program. The archiving of the stored data with user configurable format is possible and the 
backup of the stored data shall be done regularly. The automatic diagnostic functions for the 
detection of the individual unit failure are provided. 

Performance requirement 

In order to control power the following measurements are required: 

1) Neutron detection system 



The range will be from 1.E-8% to 150% FP. Accuracy shall be better than 1% of the 
actual neutron flux at the high range and a factor of 2 at the low range. The period 
range shall be -30 sec to +3 sec. The response time of the detector shall be less than 
0.1 second (To be determined). 

2) Rod position indication and switches  

The position accuracy of any control rod shall be 0.3mm which is the smallest rod 
step. The rod position is measured by the potentiometer of the control rod. The 
computer system is able to display fully in/out status of each rod. There are two (2) 
rod position indications in the CMS. One is the calculated position by the computer 
system the other is the actual rod position fed back from the potentiometer in the 
mechanism. When the position discrepancy is larger than the predetermined set 
point, the CMS will generates alarm in the control room. 

3) Computer system 

The controller update every 200ms or less, i.e. read all measurements, perform its 
control function and update the output signal to the control rod drive. Display shall 
appear in less than 1 second after an operator request. The update time must be less 
than 1 sec. 

Interfacing requirement 

1) Power Supplies 

Dual uninterruptible 220VAC 50Hz power is available for the dual redundant computer 
system. The capacity of the power supply shall be determined after load estimation. After 
loss of commercial electric power line, the uninterruptible power backed up by battery 
lasts more than 30 minutes for the computers to record the event sequence and to 
monitor the neutron flux levels. The 24V DC with a battery must be available for 
instrumentation. It also lasts for 30 minutes for the rod position indication and the alarm 
windows after loss of commercial electric power. On loss of power all instruments and 
control rod drives must fail safe in such a manner to automatically and safely shutdown 
the reactor. The electricity shall be confirmed by the owner since the electrical supply is 
not included in this project. 

2) Displays 

The display system is designed to provide an operator easy access to overall and 
operating information. The LCD is used for the display device and the top level of human 
machine interface through which operator can communicate with the computer. Color is 
used to facilitate information identification and to clear separation between data group. 
The display update takes 1 second or less. Alarm display includes measurement 
irrationality, unsafe operating conditions leading to automatic shutdown, single rod or 
critical component failure. All alarm will be indicated or printed sequentially with the time 
of occurrence. The alarm shall indicate a return to normal but must be cleared manually. 
Hardwired devices are used for the following parameters: 

3) Controls 

Controls shall be keyboard, mouse, hand switch control or pushbuttons. 

4) Control Rod Drive 



The magnet of the control rods shall be regarded as part of the RPS, while the control 
rod drive mechanism shall be considered as the CMS. The resolution of the control 
movement is in the order of 0.3mm, which was decided by the original reactor analysis. 

5) Neutron Measurement Systems 

The neutron flux is measured by the existing fission chambers and the signal is further 
manipulated to give the neutron flux level by the wide range log/lin flux channel. The 
output of the flux measuring system includes log output, linear output, and period output. 

6) Consoles and Panels 

The consoles or panels like 2 sets of the safety channels, a stand-alone digital computer 
system, 2 sets of operator workstation with their accessories and 2 large displays etc. 
will be installed in the control room as shown in Figure 7. 

The existing control room devices will move to the training room located in the different 
building. The old devices will be used for training and education for students or visitors. 
A large display showing the actual reactor status can be provided as an option. This 
display device will be connected to the CMS through a network cable. 

Figure 7: Control Room Layout 

 

Test and Maintenance 

The computer has a self verifying function. Testing and calibration of instruments shall be 
done regularly. The testing frequency will be determined based on owner’s approval. 

The system shall be designed as much as practicable to facilitate maintenance of equipment. 
Such design may be achieved by adhering to the following principles; 

1) Keep the system equipment in accessible areas as much as possible. 
2) Install spare components for those items which are located in inaccessible areas. 



Components shall be provided from well established manufacturers with a world-wide 
distribution network. All components must be easily replaceable.  

Conclusion 

In conclusion, the reactor control and monitoring system (CMS) has been discussed in this 
technical paper confirms and demonstrates the important features used in the current reactor 
technology. Control and monitoring is crucial to provide security reactor at a high level, 
performance in the operation and existence of a reliable system in the applications of nuclear 
technology (research reactors, RTP). In this paper, the process of designing the reactor 
instrumentation and controls will be easy to look at all the recommendations given and the 
techniques discussed. Not forgotten in the process of producing a reactor control and 
monitoring system must comply with safety standards provided by the International Atomic 
Energy Agency (IAEA). Hopefully, this paper can be helpful for the project to upgrade the 
reactor console at this time and replaced with a new console Digital Reactor Instrumentation 
and Control System (ReDICS) in the Research Reactor TRIGA Puspati (RTP) in the future. 
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