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Abstract— The IEA-R1 reactor of the Nuclear and Energy 

Research Institute (IPEN–CNEN/SP) is a research reactor 

open pool type, designed and built by the U.S. firm "Babcock 

& Wilcox", having, as coolant and moderator, deionized light 

water and beryllium and graphite, as reflectors. Until about 

1988, the reactor safety systems received electrical power 

from only one source of energy. In the years 1989 and 1990, 

an electrical system upgrading to increase the reactor power 

and, also, to meet the technical standards of the National 

Commission of Nuclear Energy (CNEN) and of the Brazilian 

Association of Technical Standards (ABNT), according to 

specifications of International Atomic Energy Agency 

(IAEA), was carried out. Until the end of the 60s, the main 

focus of nuclear reactors safety was, predominantly, facing the 

reactor core. After the publication, in 1975, of a study 

commissioned by the former Atomic Energy Commission of 

the United States showing that the total loss of electric power 

supply in alternating current could have a major contribution 

to the overall risk of accidents at nuclear power plants, 

attention on security problems have shifted to peripheral 

systems of nuclear power plants. This study shows that the 

most serious types of accidents, in a reactor type - Pressurized 

Water Reactor (PWR), occur on a given moment and, for a 

period of several minutes, there is total failure of the nuclear 

power plant electricity supply. The need for independent and 

redundant power supplies comes from the characteristics that 

involve the operation of nuclear reactors. The heat of 

radioactive decay, generated soon after the reactor shutdown, 

should be removed to prevent that the heat generated could 

raise the reactor core temperature above permitted levels, 

which could damage the nuclear fuel. This work has the 

objective of showing the relationship between the electric 

power system and the IEA-R1 reactor security. Also, it 

demonstrates that, might some electrical power interruption 

occur during the reactor operation, this occurrence would not 

start an accident event. 
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I. INTRODUCTION 

HE IEA-R1 research reactor at the Institute of Energy 

and Nuclear Research (IPEN) is an open pool research 

reactor, built and designed by the US Company "Babcock & 

Wilcox", having demineralized light water as coolant and 

moderator and beryllium and graphite, as reflectors. 

The main purpose of the IEA-R1 reactor is the production of 

radioisotopes for use in medicine, nuclear materials and fuels 

testing, irradiation of samples with neutrons, conducting 

fundamental research in areas such as physics, radiochemistry, 

radiobiology, activation analysis, training of human resources 

at the level of graduation and training of skilled personnel for 

operation of the reactors.  

The first criticality of the reactor took place in September, 

1957. Originally, the reactor was designed for operation at 5 

MW, but most operations occurred at 2 MW, until 1997. 

Between 1995 and 1997, the reactor received a series of 

modifications to appropriate it in terms of security, to operate 

at 5 MW. In 1997, the reactor received a provisional 

authorization to operate at 5 MW.  

The reactor pool is located within the reactor building. It has a 

total volume of 272 m3 and is divided into two compartments: 

(a) operating compartment and (b) storage compartment of 

irradiated fuel elements. The two compartments may, 

optionally, be isolated with the use of a gate.  

The IEA-R1 core reactor is, basically, constituted by a set of 

fuel elements, MTR type, which are submerged in the pool 

and suspended by a metal frame. The reactor is moderated and 

cooled with light water.  

The reactor power control is performed by the movement of 

neutron absorbing elements (AE) within the reactor. Each 

element contains two absorber blades, coated by an Ag-In-Cd 

Ni alloy. The drive of absorbing elements for the reactor 

control is done by electromechanical mechanisms, 

independent from the absorbing element. These absorbing 

elements have, also, the function of ensuring the safe 

shutdown of the reactor when needed ("SCRAM"), with the 

free fall of all absorbing members through clearance 
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electromagnets that support these elements. The reactor has 

only this means of reactivity control, with two functions 

(control and security). An absorber element exercises the 

functions of control and security and the other three perform 

only security.  

II.  IEAR-1 ELECTRIC ENERGY SYSTEM  

It is designed to meet the electricity demand required by the 

reactor loads (Security systems and systems not related to 

security) in the different situations the plant may meet, such as 

during startup, normal operation in power, shutdown, 

maintenance, exchange of fuel elements and accident 

situations. The system, also, feeds the Van de Graaff 

accelerator and nuclear physics experiments (experimental 

benches).  

The Electricity System is, normally, powered by means of 

electricity (Eletropaulo), via Jaguaré substation. This 

extension is connected to IPEN underground distribution 

network, which is configured with two interlocking rings. In 

case of any electricity supply failure, the charges that should 

maintain the reactor operation continuity, including the 

experimental stands, are now powered by local sources of 

electrical power diesel generator set, "UPS" set (is an 

electrical apparatus that provides emergency power to a load 

when the input power source or mains power fails) or 

Uninterruptible power module. 

Studies to achievements Out of the Modifications: 

Firstly, all the wiring, cabling, protection devices and panels 

of the Electrical System were evaluated. From this evaluation, 

the results were analyzed and calculations of the load sizing 

for the replacement of wires, cables and protection devices 

that were in precarious or undersized state were made. 

Electrical systems and safety equipment were, then, 

electrically interconnected with the emergency generator sets, 

causing the loads to have, always, a redundant power supply 

in case of  fault of their main power provision. 

All calculations, electrical diagrams and modifications are 

contained in the IEA-R1 Technical Report - Evaluation of 

Electrical Installations of the IEA-R1 Reactor. 

The simplified scheme, with the main loads, is shown in 

Figure 1. 

 
Figure.1 - Simplified Scheme of the IEA-R1 Reactor Electric 

System 

 

The Electricity System is divided into three (3) distribution 

systems. Each system takes into account the desired level of 

availability in the supply of electric power to the loads of the 

reactor, in order to maintain continuity of the same operation. 

These distribution systems are:  
 

II.1  Normal Electric Distribution System (NEDS) 

 

It can tolerate interruptions for a long period in the 

supply of electricity, without causing risks to the 

safety and continuity of the operation. NEDS is 

entirely powered by the mains: regular electricity 

supply.  
 

2.2- Essential Electric Distribution System (EEDS)  
This system may tolerate short-term electricity supply 

interruptions; consequently, it is essential to the security and 

continuity of the operation.  

The EEDS is fed by the regular network in the event of failure, 

providing the system is powered by conventional generators 

group. 

 

2.3 Vital Electric Distribution System (VEDS)  
Interruptions in the electrical power supply cannot occur; 

therefore, this system is vital to the security and continuity of 

operations.  

The VEDS is fed by the regular network: in case of failure 

occurrence, the system will be powered by generators of the 

"UPS's" group and Uninterruptible Power Modules. 

 

 

EVENTS INITIATORS OF ACCIDENTS 
  Loss of Electrical Power 

  Insertion of Excess Reactivity 

  Core Flow Loss 

  Loss of Primary Coolant 

  Wrong Maneuver or Equipment Failure 

  Special Inner Events 

  External Events 

  Human Failures 

 In this work, only the event of electrical power 

loss will be discussed  
 

 

3. - Failure of Normal Electric Distribution System  
When the supply of external energy in the IEA-R1 building 

falls, the Vital Power Distribution System enters immediately. 

This system has a "UPS" type generator that will continue 

supplying power through batteries at the reactor control desk, 

and a "UPS" type generator, which has a flywheel coupled to 

an electric generator. This generator should keep the power 

electric circulation pump of the primary circuit, during the 

initial seconds of this event occurrence. The primary pump is 

kept in operation so that there is continuous cooling of the 

IEA-R1core. After about 10 seconds of the normal electrical 

energy loss, the diesel-generator set, belonging to the Vital 

Electrical Distribution System, comes into operation supplying 

electricity to the reactor control desk and the engine of the 

primary pump. In the sequence, the diesel group of generators 

of the Essential Electrical Distribution System enters in 

operation, supplying the other loads of the IEA-R1 building. 
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After the electrical system operation sequence described 

above, the reactor will continue in regular operation, with the 

supply of electricity carried out by the Power Distribution 

Vital and Essential systems.  

 

3.1- Failure of the Essential Electric Distribution System  

 

This may occur when the external power supply of the Power 

Distribution Essentials system does not come into operation, 

as expected. In this case, the Vital Power Distribution System 

will continue supplying power to the reactor control table and 

circulation pumps of the primary circuit. Then, there will be 

an immediate and automatic shutdown of the reactor for 

performance of the protection system. The reactor shutdown 

may be accomplished, in this case, by two ways. The first is 

the reactor shutdown, a few minutes after the event, by 

increasing the temperature of the pool water, due to the loss of 

the cold source, i.e., secondary circuit loss. The other means is 

a decision that may be taken by the responsible operation 

supervisor, who will be accompanying the behavior of the 

nuclear control desk and thermal-hydraulic parameters.  

 

3.2 Failure of the Vital Electric Distribution System  

 

In the case of external power supply loss and the consequent 

failure of "UPS" generators and the Vital Electric Distribution 

System, the automatic shutdown of the reactor will occur, 

consequently. In case of failure of the "UPS" - 440 V 

generator set feeding the circulation pump, the primary circuit 

without failure in the "UPS" - 220 V generator set will provide 

electricity to the scorer's table and the reactor will be shut 

down for failure of electricity supply to the primary pump. It 

was found, experimentally, that the circulation pump of the 

primary circuit remains in operation, with decreasing rotation, 

for about 80 seconds after the start of power loss due to 

actions of the flywheel coupled to its shaft. However, although 

the flywheel acts for 80 seconds, it was also verified, 

experimentally, that the uncoupling of the convection valve 

occurs 24 seconds after the incident, causing, at this moment, 

a reversal of the forced circulation flow downward a natural 

movement upwards. It was observed that this experiment was 

carried out with an initial flow rate of 2,600gpm. With a flow 

rate of 3,000 gpm, the time involved will be slightly higher.  

When there is loss of electrical supply to the primary pump, 

the reactor shutdown signal is given. The maximum drop time 

of the control rods is about 1 second, from the shutdown 

signal.  

If, after the loss of electric power supply, a failure occurs in 

"UPS" - 220 V generator set, which supplies electricity to the 

scorer's table, the reactor will be off, automatically, but it will 

continue to be cooled by the forced circulation fluid promoted 

by the primary pump. When the supply of external energy in 

the IEA-R1 building falls, it enters, immediately, into 

operation the Vital Electrical Distribution System, consisting 

of 4 (four) "UPS" type generators, which will continue 

supplying power to the reactor control table, the core cooling 

system and other security systems.  

 

Table 1 shows results of a study of reliability and the 

probability of failure for some systems.  

 

 

 

 

Table 1 - Occurrences Due to Loss of Electrical Supply  

Study of Reliability. 
 

SYSTEM                                             Probability of Failure  

*CCM-E/V-11 – Vital                                  1.062  10
-2

 

*CCM-E/V-11 – Essential                            4.305  10
-4

 

**QCA-V-31                                                 2.302  10
-3

 

**QCA-V-21                                                 3.524  10
-4

 

System of Pool Insulation                              1.047  10
-4

 

SRE - Emergency Cooling System (ECS)     1.022  10
-4

 

*CCM – Command Center of Motors 

**QCA – Uninterruptible Power Module (redundant systems) 

 

4. CONCLUSIONS  
Studies have shown that, adding batteries to the system of 

generators, new auxiliary systems and inter-connecting loads 

and generators, the power outage will not be an accident 

initiator event.  

By the late 80s, the reactor safety systems received, as power 

supply, only a power source: the control table was stocked 

with few vital 220V electrical systems, in the absence of 

electricity, powered by "UPS" 220V engine-generators.  

In the years 1989 and 1990, the electricity system was updated 

and adapted to the power increase of the reactor reforms and, 

also, to meet the technical standards of the ABNT. This 

electrical interconnections reform was made in the various 

security systems making them have redundant power supply, 

taking the earlier example of control table, which was also 

fueled by a vital electrical system. Failure to vital electric 

system is solved by the essential electric system. Another 

example is the Emergency Cooling System (SRE).  

In Fukushima, due to a large tsunami, normal electric power 

system was destroyed and the emergency generators did not 

come into operation, causing the cooling system to shut down 

the reactors and precipitating a terrible accident. In the IEA-

R1 reactor, this type of accident would not happen because the 

SRE action would avoid this type of occurrence.  

SRE has the function of removing residual heat from the 

core to prevent the melting of fuel elements, in the event of 

loss of refrigerant to the core. It consists of two elevated tanks 

with potable water that will work, automatically, when there is 

a lack of cooling for the reactor core, pouring water, 

continuously, on the core with a flow rate of 3m3/h for 

fourteen (14) hours, enough time for the fuel elements cooling. 

Hence, with these upgrades, the IEA-R1 reactor is safer and 

with longer lifetime. 
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