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Schematic diagram of NPP with WWER reactor
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Crosscut view of WWER-1000 containment

1. Main Circulation Pump
2. Primary Circuit Pipelines
3. Reactor Vessel

4. Steam Generator

5. Pressurizer
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WWER-1000 reactor general view
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WWER-1000 Fuel Assemblies

eeseeD

Segegegecege
¢&WMWWM3
S
0g SeTeS 26220
IS
&MM&QW&WB
05080, 02020002028

a0 00
O
otete2e"e2 20" 2020
08302 26_02 262626
atals =@ G| sl a@a®
‘#WWWﬂMﬁﬂﬁl

R

o,

\ .

/

{

\ . . .
y

{

\ .

o

a0=0 . . . Cqmb . . @
\, l | /
/ \
) . . .

,.'

. C o= qmb < ) 9, . )
......HHN.. ..llllll...... (
....[""I.... :

eg8g030202030
s8e Se"e0  Se9e
eg890.02000

/

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities V4
and Simulators for Education



Computer Simulating Systems

s WWER-1000 Reactor Simulator

= WWER-1000 Reactor Department
Multi-Functional Analyzer (MFA-RD)
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WWER-1000 Reactor Simulator

s [s a part of IAEA Collection of
PC-Based Simulators for Education

s Provides insight of the design as well as a
clear understanding of the operational
characteristics of WWER-1000 reactor

= Demonstrates main physical phenomena
iIn WWER-1000 reactor

s Can be used as an introductory
educational tool as well as a tool for
developing of nuclear engineering courses
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WWER-1000 Reactor Simulator

s Application is limited to providing general

response characteristics of WWER-1000
reactor

s [s not intended to be used for plant-

specific purposes such as design, safety
evaluation, licensing or operators training

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities 10
and Simulators for Education



Scope of modeling

Reactor
Primary circuit: main circulation pipelines, main
circulation pumps (MCP), steam generators (SG)

Pressurizer and primary circuit pressure
compensating system

Primary circuit feed and bleed system, including
boron regulation

Secondary circuit steam lines and feed water
pipelines

Control and protection system

Safety systems
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Reactor Core
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Reactor Core 1t Load
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Reactor Core 5™ Equilibrium Load
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FA of 15t and 51" Core LLoads

FA description

FA ID number on the core map above

UO2 enrichment 2% 7

UO2 enrichment 3% 1

UO2 enrichment 4.23% + Boron Absorber 4
Inserted

UO2 enrichment 4.4% + Boron Absorber 2
Inserted

UO2 enrichment 4.23% + Boron Absorber 5
Removed after 15t year

UO2 enrichment 4.4% + Boron Absorber 3

Removed after 15t year
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Primary circuit: main circulation pipelines, main circulation pumps
(MCP), steam generators (SG)
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Pressurizer and primary Circuit pressure compensating system
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Primary circuit feed and bleed system, including boron regulation

X

=1 <

Ko

C.L I loop

5

C.L | loop

o

C.L % loop

O
< BT
B L loop

X [TTZ0BO1

TB30B01 = —+—» |— TB30BO2
L L

Ljubljana, June 21 - 24 2010

Feed water “opened”
or “closed” scheme

IAEA TM: on the Use of Nuclear Facilities 18
and Simulators for Education



Secondary circuit steam lines and feed water pipelines

Automatic controller Steam isolating Stem cut-off valve (I'M3)
of SG level valve (B30K)
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Steam relief valve to
condenser (BPY-K)

SRV to condenser
operational mode
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Control and protection system (CPS)

s Control rods (CR) system
s Boron regulation system
s EX-core instrumentation system

s Systems of
- emergency protection (EP)
- preventive protection (PP)
- accelerated unit unload (AUU)
- etc.

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities
and Simulators for Education

20



Control rod system
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CPS signals page
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SEVSIWASSIENIS

s Emergency (and normal operation) core cooling
system

= Emergency boron supply system (low and high
pressure parts)

s Steam generators emergency feed water system

= Primary and secondary circuit over-pressure
protection systems

s Control and protection system
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Emergency core cooling, boron supply and steam generators feed

Wwater systems
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Scope of simulation

= Normal operational conditions, including
reactor startup, working at rated power
level and reactor shutdown

s Abnormal operational conditions like
reactor cooling pump trip, valves closure
etc.

= If malfunction can be removed it’s
possible to come back to normal
operational conditions
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Physical phenomena into reactor core
Simulation

= [ransients on prompt and delayed neutrons

= Xenon transients coursed by changes of reactor
power level

s Xenon radial and axial power distribution
oscillations

= Samarium poisoning
= Fuel burnup (without core refueling)
= Residual heat
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Simulator training tasks

s Give simulator user practical skills of
simulator control

= Help to become familiar with reactor
construction and operational
experience

s Demonstrate physical phenomena in
the reactor and reactor core

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities
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Training task description gives

s Learning objectives

= [he sequence of actions to be
performed by simulator user

s [he reference to the corresponded
simulator display pages outputs and
controls

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities
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Groups of training tasks

s First group demonstrates physical phenomena in
the reactor core:

1. two different core loadings

2. reactivity effects (after scram)

3. free reactor offset and power oscillations

4., reactor offset oscillations at rated power level

s Second “group” gives simulator user an
opportunity to return reactor to rated power level
after scram from the hot shutdown conditions

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities 29
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= [hird group of training tasks deals with some of

malfunction implementation at rated power level:

6. main cooling pump wheel jam

/. steam isolation valve closure on one of the
steam generators

8. main cooling pump trip

9. feed water pump trip

10. turbine governor valves closure

An additional task to each of the last five above-
mentioned is to return reactor to rated power
level if and when malfunction is removed

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities
and Simulators for Education
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Simulator interface and main
controls

s Display screens show:
- reactor construction
- important physical values
- axial and radial values distribution

= Main controls are:
- Control rod operation
- Pump operation
- Valve operation
- Automatic controller operation

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities
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Main display screen and control rods operation
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Pump operation
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Valve operation
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Automatic controller operation

>
>

SG Protection cutaff

METV deblock

=

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities 36
and Simulators for Education



Tas

CPs | TAB
K2 FARELATIVE POWER 33 H/C RESERVE BEFORE BOILING[C] 1_(| il

Nt | F4 POWER [MET] NR|  FUEL ENRICHMENT IN FA[%] 10 | TF |
LOSS OF - -
dT | HEATING HIC I FA [C] UR [ BURNUP [N FAIMAT DAY SYMMETRY (%) ‘-TRP e |

Tout | QUTPUT TEMPER ATURE[C] ) FA4 OFFSET[%] PAR -‘D

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities

and Simulators for Education

K Selection, simulator start, stop and exit

37



Simulation protocol analysis
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Application of the WWER-1000 Reactor Simulator
for Educational Purposes

Contact Us | Site Index | Mews Feeds | Signup for News

IAEA oo

International Atemic Energy Agency

e nding
nding

sining.

|AEA program “NPP Simulators for Education”

http://www.iaea.org/NuclearPower/Technology/Training/simulators.html
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Application of the WWER-1000 Reactor Simulator
for Educational Purposes

IAEA Workshop “NPP Educational Basics Principle Simulators”
Belorussia, Minsk, Belorussian State University, 24-28 May 2010
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WWER-1000 Reactor Department
Multi-Functional Analyzer
(MFA-RD)

Is a further development of
WWER-1000 Reactor Simulator
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WWER-1000 Simulator and MFA-RD

s WWER-1000 Reactor Simulator gives
an understanding of the reactor
construction and operational
characteristics

= MFA-FD can be used for WWER-1000
reactor steady-state and transients
analysis
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WWER-1000 MFA-RD

= S an upgraded and extended modern analogue of
WWER- 1000 Reactor Simulator

= 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

= S specifically adapted to solution of humerous
educational problems in the field of neutron
physics, thermal-hydraulics and control of
nuclear power plants
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MFEA-RD reactor core configuration features

s More than 50 fuel assemblies types in neutron
XS-library

s Arbitrary (first) core loading configuration

s 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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- 37 §02_413R6_4.2R% _SBADD_6GdS_3.3_Pr0.0_D15Zr
38 §04_417TR9_4.ZR% _SBADD_9Gd§_3.3_Pr0.0_D15Zr

. 39 §06_458R6_4.6R% _SBADD_6GdS_3.6_Pr0.0_D15Zr
40 §08_399A9_4.00% _SBA0D_96d% 3.3 _Pr.0_D14Zr

- 41 §10_438A9_4.40% _SEA0D_96d% 3.6_Pr0.0_D14Zr

- 42 §12_481EN_4.94% _S BAOD_6Gd5_3.6_Prd.4% 43,4.4% 18_D12Zr
43 §14_481ES _4.95% _SBAD0_6G dd_3.6_Prd.4% 43,4.4%18_D12Zr

44 144 516_16Z5__1.60% _SBA00_Pro.0_D14Zr

. 43 §18_2478__2.40% SBADD_Pr0.0_D15Zr

46 520_247%__2.40%_SBA20_Pr.0_D13Zr
47 |47 522 2478 __2.40% _SBA36_Pr.0_D14Zr

o 148 §24_2425__2.40% _S BAS0_Pr0.0_D14Zr

S0 |50 528_36225_3.70% _SBA36_Pr3.3%86_D15Zr
57 |51 430_35257_3.60% _SBADD_6G d5_3.3_Pr3.3%66_D1§Zr
o2 |52 §32_39257_4.00% _SBADD_6G d5_3.3_Pr3.6%66_D1§Zr

43 §34_L47E9_4.67% SEBADD_9Gd_3.6_Pr0.0_D00Zr

N3meHeHne oBoraweHns P exkum
CUMMETPUN
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Refueling chains simulation

BbI6Op LEMoYKM Kaccet 3aMbiKalowjan KacceTa B Lienoyke

HEDECTaH OBKW KacceT

Ljubljana, June 21 - 24 2010

SBAND_6Gd5_3.6_Pr.
SBADD_6Gd5_3.6_Pr0.0_D152r
0_SBADD_6GdI_3.6_Prd.4%66_D12Zr
%_SBADD_6Gdi_3.3_Pirl.0_D15Zr
| _ SBADD 9Gd5_3.3_Pi0.0_D15Zr
- 39 506_458R6_4.6R%_SBA0D_6Gd5_356_Pr0.0_D15Zr
40 508_399A9_4.00%_SBA0D_9Gd5_3.3_Pr0.0_D14Zr

. 41 310_438A5_4.40%_SBA00_9Gd5_36_Pro.0_D14Zr
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44 144516_1625__1.60%_SBA00_P10.0_D162r
. 45 518_2428_ 2. SBA0D_P10.0_D18Zr
45 520_24Z5_ 2.40% SBA20_Pi0.0_D15Zr
il 47 522 2425 2.40% SBA36_Pi0.0_D15Zr
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49 526 36275 _3.70% SBAOD_Pi3.3°466_D15Zr
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53 534_MATES_4.67%_SBAND_9Gd5_3.6_Pi0.0_D00Zr
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Control rods location and CR banks configuration
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Multi-cycles fuel burnup calculation

MHUuUuManusauna U MmogenupoBaHWe BEbIropaHUAa Ha ocHoBe AaHHbIX XIPI
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MFEA-RD reactor core computational
features

s Statics and dynamics reactor core computational
modes

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

s Reactor core model easy connection or
disconnection from the primary circuit model
(bodunlcjlary conditions for core thermal-hydraulics
mode

» 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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P 160
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Ex-core instrumentation model
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POM2M (1-3) BMK AKHI
WHTerpanbHasn MHanengyanbHaA
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MFEA-RD training tasks

s Reactivity effects and coefficients computation
and analysis

s CR banks worth calculation and analysis

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

» Fuel management

s Xenon transients computation and analysis

= Xenon transients control

s Automatic Power Regulator parameters setup
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Measurement of CR bank worth
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MFEA-RD application for educational purposes

Laboratory of “Reactor Safety and Operation”,
Department of Automatics, MEPhI
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MFEA-RD application for educational purposes

2 L A £ |
Laboratory of “Computer Simulating Systems for NPP”,
Department of Automatics, MEPhI
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MFEA-RD application for lectures and
practical works in MEPAI

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

s Lectures "Numerical modeling of physical
processes in equipment of NPP”
Labs “Control and Safety of operation of NPP”

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities
and Simulators for Education

57



Ljubljana, June 21 - 24 2010
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Laboratory of Training Systems

Team
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Application of WWER-1000 Reactor Department Simulator for
Education and Preserving Knowledge Purposes

Evgenly CHERNOV
National Research Nuclear University “MEPhHI”

Thank You for Your Attention

Ljubljana, June 21 - 24 2010 IAEA TM: on the Use of Nuclear Facilities 59
and Simulators for Education



