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/mulatory reaktoréw jgdrowych —
przyktady rozwigzan
Symulatory majq szerokie zastosowanie w

elektrowniach jadrowych

[stniejq rozne ich typy, zaleznie od przeznaczenia i
zastosowanych rozwigzan

Opowiem o wybranych przyktadach symulatorow
analitycznych i doswiadczeniu z ich opracowywania.



Simulator types — example

Compact simulators
the scope of simulation is often limited only to the most crucial systems
Plant analyzers

combine advanced thermal-hydraulic and core modeling so as to permit an extensive
modelling of the plant systems

Full-scope (training simulators)

full range of plant operating conditions and for training EOPs. These simulators normally

include the full replica of the CR. The software development has been fast, and in many

Elases the simulators are even fully capable of simulating most of the postulated accident
omain

Multifunctional simulators

the quality of the physical models is at least the same as for the full-scope simulators, but
there is little control panel hardware

Severe Accident simulators

the capability of simulating plant conditions beyond initial core degradation up to the full
severe accident phenomenology may be referred to as severe accident or SAM simulators

Accident management support tools

Computerized tools for supporting accident management during an accident can function
both as tracking and predictive simulators.



Purpose

The accident analysis simulation is expected, but not limited to, to
be used in the following areas of application:

Accident analysis training - visual and interactive method of
learning of possible actions and strategies in response to a
spectrum of postulated accident conditions

Development, refinement and validation of general procedures
for accident response (emergency operating procedures, accident
management guidelines)

Accident analysis evaluation tool for Technical Support Centers

Design basis, beyond design basis and severe accident analysis -

fast, convenient and user friendly environment providing on-line
access to a large number of parameters presented in graphical or

digital form.



Purpose - AMP

Accident Management Programme - AMP

decisions typically concern such issues as:

e off-site and on-site emergency preparedness
recommendations,

o effectiveness of in-plant mitigation measures, and

e prioritization of actions to recover inoperable equipment and
systems.

e adding water to a degraded core,
* depressurization of the reactor coolant system,
e preventing steam generator tube creep rupture, and

e containment related decisions, e.g. use of sprays, flooding,
filtered venting and hydrogen management.



Dziatanie w oparciu o...

Charakterystyki

Réwnania bilansu dla poszczegdlnych komponentow
Symulacje kodami typu ‘best estimate’

Sieci neuronowe...



Simulation system features

of a plant analyzer

Among the most important are:

Real-time simulation for most of the severe accident
scenarios

Plant animation screens and control panels (optional)
On-line interactions capabilities

Systems and components malfunctions

Real-time plots

Restart capabilities and simulation replay

On line database

Indexed code(s) manuals



Modular Model Generation
Process

In general, the modular model generation processes include:

basic units of component
 individual mathematical model for each of these components
Modularization

e Subsystem modules — reactor, heat transport system, boiler, feedwater s¥stem
etc. Each subsystem model is further broken down to process model,
electrical power distribution model and control logic model.

develop specialized algorithms specific to the requirements of the particular

modules

build subsystem models using basic blocks of generic algorithms, as well as
the specialized algorithms

testing to ensure that the subsystem model satisfies the modeling
requirements specification

integrated to form a large size system model, followed by testing and model
tuning etc.
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RBMK 1000 Kursk 1 NPP

Purpose

The Accident Analysis and Associated Training
Programme for the RBMK 1000 Kursk 1 NPP - [AEA

Designed to contribute towards enhancing the RBMK
accident analysis capability in Russia

Qualification of various analytical methods and
computer codes for use in RBMK-1000 transient and
accident analysis

Vehicle for technology transfer,
Independent analytical capabilities at the plant
Training tool for NPP stafft



ulation system for
RBMK 1000 Kursk 1 NPP

W oparciu o medel w RELAP5-3D°

Kinetyka reaktora
e Nodalna - 3D
e Punktowa

Stan ustalony dla kilku pozioméw mocy
* 100 %, 50%, 5%

Analizy awarii, szkolenie operatorow



ITAAS for RBMK - presentation

* Przyklady ekranéw na koncu prezentacji



Other of the same type:

WWER440/213 — Bohunice NPP, Dukovany NPP,
e RELAP5 , MELCOR

WWER440/230 - Armenia 1
e MELCOR

WWER 1000 - Kozloduj NPP
e RELAP5

PWR300 MWe - Chasma 1 NPP, Qinshan 1 NPP
e RELAP5i MELCOR

Under construction — AP1ooo, BWR , Fukushima-like”
e MELCOR



Selected demonstration



alityczne systemy symulacji
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~ Analityczne systemy symulacj
Platforma NUTEMA

San Piero a Grado Nuclear Research Group - Pisa

< NUTEMA

Nuclear Power Plant Technology

Knowledge Management System
or

Nuclear Technology Master

UNIVERSITA' DIPISA

» Design Optimization

 Accident Performance
' » Waste Menagement
:  Operator Training

DMS (}:> INPACEA
4+ 4

o Geometry Data » Neutron Physics Code
 Fuel Material Data « Structural Mechanics Code
o i\/'\'e.tereological Data . fﬁérmal-hydraulic Code

» Licensing Data « Electrical Grid Simulation



Tendencje

Zacieranie sie réznic w wiernosci symulacji pomiedzy
réoznymi wspomnianymi typami symulatoréw

e Rosnaca wydajnosc obliczeniowa
Tworcy kodow opracowuja wlasne interfejsy graficzne
e Np. SNAP (for R5, MELCOR), ATLAS (for ATHLET)
Platformy symulacyjne
e Multiscale — multiphisics

e Sprzeganie kodow
« TH - neutronics
e Stosowanie uniwersalnych bibliotek
Nacisk na rozwoj szybkich narzedzi wspomagajacych

decyzje do liczenia awarii ciezkich i ich skutkow
radiologicznych
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RBMK 1000 Kursk NPP

Example TechnelegicalDisplay
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RBMK 1000 Kursk NPP
Example of TechnelogicatDisplay
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RBMK 1000 Kursk NPP
Example of TechnologicalDisplay
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RBMK 1000 Kursk NPP
Example of TechnologicalDisplay
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RBMK 1000 Kursk NPP
Example of Core Display——
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RBMK 1000 Kursk NPP
Example of Co
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RBMK 1000 Kursk NPP
Example of CoreloadingMapBisplay =
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RBMK 1000 Kursk NPP
Example of REEAP5-3D Nodalization Display
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RBMK 1000 Kursk NPP
Example of REEAP5-3D Nodalization Display
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RBMK 1000 Kursk NPP
Example of RELAP5—sD-Nodalization Display

FEEDMWATER |STEAM SYSTEM CORE A-A CORE B-B COREC-C CORE MAF [CONTAINMENT
FEEDMWATER |STEAM SYSTEM CORE CORE PLAN R BREAKS

Steam System

Main Turbine

Stop Regulating Walve

[SRVE)
BRL-K MRV-1 MRY-2 MR- BRU-E

[3valves) (1 walve) (1 valve] (1lwalve) (Swalwes) (lwalve] (1walves) (1 walve] (1 wvalve)

213 213 201 203 205 207 209 211 217
Turbine

Turbine

Main Steam
Line Break

Deurn LEZ) Crrurn R(Z)




RBMK 1000 Kursk NPP
Example of RELAP5—sD-Nodalization Display
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RBMK 1000 Kursk NPP
Example of RELAP5—sD-Nodalization Display

Cwee | Fecowater |5

FEEDFATER |5

vaol_no; 367-01

vol_name: swperst vol_type: pipe
Pressure [Pa) =0.000000
Woid fraction (] =0.000000
Liquid temperature (k) =0.000000
‘W apor kemperature (K] =0.000000




RBMK 1000 Kursk NPP
Example of RELAP5—sD-Nodalization Display
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