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CHAPTER 1 

 

INTRODUCTION 

 

1.1  General 

A nuclear reactor is a system in which heat is produced due to 

nuclear fission chain reaction. The inefficiency of the heat removal system 

in a nuclear reactor affects the safety and operation conditions 

considerably. 

 Any decrease in the heat extracted from the primary circuit of the 

reactor causes a corresponding increase in the average temperature of the 

reactor core. This is due to a loss of heat sink accident. Also the power of 

the reactor will be changed through the effect of the temperature coefficient 

of the reactivity. The behavior of temperature and power in the reactor core 

should be accurately estimated for perfect control of the reactor. 

For the reactor, to operate in steady state conditions with an internal 

temperature distribution, which is independent of time, all of the heat 

released in the system must be removed as fast as it is produced.  

This is accomplished in all reactors except those operating at very 

low power levels [1]. Liquid or gaseous coolant should pass through the 

core and through other regions where heat is generated to absorb this heat. 

The nature and operation of this coolant system is one of the most 

important considerations in the design of the nuclear reactor. 

 

Nuclear reactors can be classified in various ways [2]; one of them is 

the classification according to reactor purpose as: 
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1. Power reactor. 

2. Research reactor. 

3. Production reactor. 

 

1.2  The Nuclear Reactor 

 

The nuclear reactor is an engineering system of components in which 

a self-sustain chain reaction takes place under control for useful 

applications. The reactors can be classified based on their purpose as power 

reactor and research reactor: 

Power reactors used in nuclear plants for the generation of electricity 

are designed, built and operated to produce heat energy for steam 

generation through the fission chain reaction in nuclear fuels. 

Research reactors are simpler in its design than power reactors and 

operate at lower power or temperatures .It aims at providing relatively high 

neutron flux densities and radioisotope production for different peaceful 

applications in industry, agriculture, medicine and other research works.  

 

1.3 Reactor Components 

 

The nuclear reactor, as given in International Atomic Energy Agency 

[3], consists of several components or subsystems that all reactor posses in 

common: 

 Nuclear fuel:  

Which is the heat generating element in the reactor throughout the 

nuclear fission reaction. 

 Reactor coolant:  

Which is a fluid material used to remove the heat generated resulting 

from the fission reaction in the nuclear fuel. An ideal coolant should 
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have low neutron absorption cross-section as low as possible, good heat 

transfer properties, chemically compatible with the nuclear fuel and 

other reactor components and economically available. Light water, 

heavy water, gases like CO2 and liquid metals are examples of reactor 

coolants used in nuclear power plants. 

 Moderator: 

 Which is used to reduce the neutron energy by slowing down process to 

increase the probability of fission. 

 Reflector: 

 It is a scattering material (high σs) like graphite and beryllium 

surrounding the core. 

 Control system: 

 Which is used to control the chain reaction or the reactor reactivity by 

absorbing the generated neutrons to reduce the neutron multiplication 

factor (k).  

 Shielding: 

 Which is made from thick concrete jacket to protect the personnel and 

environment against radiation. 

 

1.4  The Egyptian Second Research Reactor (ETRR-2) 

 

 Since the data of ETRR-2 is classified, we will introduce the 

International Atomic Energy Agency (IAEA) benchmark reactor data, 

which is similar to Material Test Reactor (MTR). 

The Egyptian Second Research Reactor (ETRR-2) is an open pool 

type [4], multipurpose reactor (MPR). It went critical for the first time on 

27 Nov. 1997, and can be operated up to a maximum power of 22 MW. Its 

core configuration is similar to Material Testing Reactor (MTR), with fixed 

position control blades that are controlled from the bottom of the core by a 
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step motor, and for fast insertion, a pneumatic system is used. The control 

blades are of Ag-In-Cd alloy with stainless steel cladding; the core is 

cooled by demineralized light water using a forced upward circulation 

flow. The core is placed in the reactor pool. The fuel elements are located 

inside the core grid. They are fixed from beneath the core to counterbalance 

flow forces due to the upward coolant flow. 

The following are the main objectives of the MTR: 

 Material testing. 

 Material irradiation. 

 Activation analysis. 

 Radioisotopes produced for medical, industrial and research 

purpose. 

 Basic and applied researches in reactor. 

 Training of scientific and technical personnel. 

The MTR is equipped with the following safety features. 

1. Control rods that are operated from the bottom of the core. This 

represents the main reactor shut down system that consists of a group 

of absorbing blades inserted into the core. 

2. There is a second shut down system that consists of four chambers or 

cavities; each one is located on a core face. A good absorber solution is 

injected into the system in order to shut down the reactor. 

3. The core is located inside a square shaped cavity, open at its upper end 

and is extended some meters above the core called the chimney. In case 

of reactor drainage due to pipe rupture, the core will continue to be 

covered and cooled with the water content of the chimney. 

4. The reactor coolant pipes are provided with redundant natural 

convection flap valves that open in case of a decrease on the coolant 

flow.  
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5. The core is shielded axially with light demineralized water  

6. The core is provided with a radial shield of heavy reinforced concrete 

or aggregated. 

7. A hot water layer is maintained at the pool’s surface in order to reduce 

radiation doses to personnel. 

 

1.5Cooling Systems 

 

The main goal of the primary coolant system is to preserve fuel 

integrity and avoid overheating of fuel elements and any other safety 

related material inside the core [5]. For this reason, cooling should be 

assured for every operational mode, on normal and abnormal operation and 

during accidental scenarios. 

 the evaluation of the margins to critical phenomena is done considering the 

effect of uncertainties on the fuel material properties, fuel  fabrication 

 tolerances, reactor operating  parameters  and   used thermal-hydraulic 

correlations. Figure (1.1) showing the primary  coolant system. 

Coolant systems have been designed in order to provide: 

 High reliability 

 Adequate safety margins to critical phenomena as redistribution flow 

(RD), departure from nucleate boiling (DNB) and flow instability (FI). 

 Absence of boiling inside the core during normal operation modes. 

 

 

 

 

 

 


