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Schematic diagram of NPP with WWER reactor
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Crosscut view of WWER-1000 containment
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WWER-1000 reactor general view
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WWER-1000 reactor core
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Control rods location into reactor core
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WWER-1000 reactor core main parameters

Наименование характеристики, размерность Величина

Номинальная тепловая мощность активной зоны, МВт 3000

Расход теплоносителя через активную зону, м3/ч 88000

Удельная тепловая мощность, КВт/л 107.8

Число ТВС, шт. 163

Число ОР СУЗ, шт. 61

Шаг между ТВС, см 23.6

Высота активной зоны в холодном состоянии, см 353.0
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WWER-1000 Fuel Assemblies
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WWER-1000 fuel assembly main parameters

Наименование характеристики, размерность Величина

Сетка расположение твэлов треугольная

Количество твэлов в ТВСА 312

Шаг расположения твэлов, см 1.275

Размер ‘под ключ’, номинальный, см 23.4

Количество НК, шт. 18

Материал НК Э-635

Наружный диаметр НК, см 1.25

Внутренний диаметр НК, см 1.09

Толщина стенки НК, см 0.08

Плотность материала НК, г/см3 6.55

Количество ДР в активной части штатной ТВСА/всего, шт. 13 / 15

Материал ДР Э-110

Вес ДР, кг 0.55

Материал центральной трубки Э-635

Наружный диаметр центральной трубки, см 1.3

Внутренний диаметр центральной трубки, см 1.1

Толщина стенки центральной трубки, см 0.1

Плотность материала центральной трубки, г/см3 6.55



WWER-1000 Reactor Department
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WWER-1000 MFA-RD

 can be used for WWER-1000 reactor steady-state 
and transients analysis

 was benchmarked against a wide range of 
WWER-1000 experimental and calculated data

 was certified for WWER-1000 type reactors 
computations by the State Atomic Inspection of 
Russia

 is specifically adapted to solution of numerous 
educational problems in the field of neutron 
physics, thermal-hydraulics and control of 
nuclear power plants



Scope of modeling

 Reactor

 Control rod and boron regulation systems

 In-core and ex-core instrumentation systems
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* Scope of modeling can be easily extended from the reactor to the 

reactor department and more
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Physical phenomena into reactor core 

simulation

 Transients on prompt and delayed neutrons

 Xenon transients coursed by changes of reactor 
power level

 Xenon radial and axial power distribution 
oscillations

 Samarium poisoning

 Fuel burnup (without core refueling)

 Residual heat
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MFA-RD interface: main screen and CR operation
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MFA-RD interface: 1D drawing
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MFA-RD interface: 2D diagram
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MFA-RD interface: 3D diagram
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MFA-RD reactor core configuration features

 More than 50 fuel assemblies types in neutron 
XS-library

 Arbitrary (first) core loading configuration

 Arbitrary and real plant refueling chains 
simulation manually or from the input file

 Arbitrary control rods location into reactor core 
and CD banks configuration

 Multi-cycles fuel burnup calculation using 
arbitrary or real plant refueling chains
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Core loading configuration
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Refueling chains simulation
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Control rods location and CR banks configuration
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Multi-cycles fuel burnup calculation
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MFA-RD reactor core computational 

features

 Statics and dynamics reactor core computational 
modes

 Boron regulator to find a critical boron 
concentration for an arbitrary core state

 Reactor core model easy connection or 
disconnection from the primary circuit model 
(boundary conditions for core thermal-hydraulics 
model)

 Ex-core instrumentation model allows to 
reproduce directly real plant measurements
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Reactor core computational modes
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Boundary conditions for core thermal-hydraulics model
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Ex-core instrumentation model
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MFA-RD possible training tasks

 CR banks worth calculation and analysis

 Reactor scram simulation, comparison of 
“measured” data with computational one

 Reactivity effects and coefficients computation 
and analysis

 Fuel management: core loadings and fuel cycles 
analysis

 Xenon transients computation and analysis

 Xenon transients control

 Automatic Power Regulator parameters setup



Application

of WWER-1000 MFA-RD

for Education and Research
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MFA-RD application for lectures and 

practical works in MEPhI

 Lectures “Automatics in Nuclear Power Plants”
Labs “Control and Protection Systems”

 Lectures “Numerical modeling of physical 
processes in equipment of NPP”
Labs “Control and Safety of operation of NPP”
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Educational Laboratory “Reactor Safety and Operation”,

Department of Automatics,  MEPhI
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Educational Laboratory “Computer Simulating Systems for NPP”,

Department of Automatics,  MEPhI
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Theoretical and practical course 

“Numerical modeling of physical processes in equipment of NPP” 

Belorussia, Minsk, Belorussian State University, November 2011
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 Learning objectives

 Theoretical background

 List of tasks to be performed in selected 
laboratory work

 Step-by-step instruction for every task

 Report format and recommendations

 Control questions

 List of recommended literature

Laboratory work description provides 

students with
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 Integral CR bank characteristic

 Differential CR bank characteristic

 Computational and experimental measurements 
of CR banks worth

 Physical parameters of WWER-1000 reactor state 
that are important for CR worth

 Elements of WWER-1000 reactor design that are 
important for CR worth

Lab 1 “CR banks worth calculation and analysis”

Learning Objectives
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1. Compute and draw integral and differential CR bank-10 
characteristics

2. Compute and compare CR bank-10 characteristics for different 
reactor power levels (0, 25%, 50%, 75% и 100%)

3. Compute and compare CR bank-10 characteristics when CR 
bank-9 is inserted into reactor core and when it is removed from 
reactor core

4. Compute and compare CR bank-7 (located into reactor core 
centre) and CR bank-9 (located near core reflector) 
characteristics

5. Compare CR bank-10 worth for BOC and EOC of the 1st reactor 
core loading

6. Compare CR bank-10 worth for BOC and EOC of the equilibrium 
reactor core loading

etc.

Lab 1 “CR banks worth calculation and analysis”

List of Tasks 



Educational laboratory main interface
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Lab 1 Brief Description
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Lab 1 Main Screen
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Lab 1 Step-By-Step Instruction
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Lab 1 “CR banks worth calculation and analysis”

Report format and recommendations

 Title of laboratory work and student’s name

 Every completed task description

 Computational results in tables and drawings

 Computational results analysis



Lab 1 selected results:

CR bank-10 integral characteristics for different reactor 

power levels (0, 25%, 50%, 75% и 100%)
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Lab 1 selected results:

CR bank-10 differential characteristics for different reactor 

power levels (0, 25%, 50%, 75% и 100%)
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Laboratory of Training Systems Team

www.eniko.ru
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Evgeniy CHERNOV
chernov.e@inbox.ru

National Research Nuclear University “MEPhI”

Application of WWER-1000 Reactor Department
Multi-Functional Analyzer (MFA-RD)

for Education and Research

Thank You for Your Attention


