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Key moments of
WWER-1000 reactor construction
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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

HanmeHnoBanue XapaKTepUCTUKU, PA3MEPHOCTH Bemnuuna
HomuHanpHas TemioBas MOIIHOCTh aKTUBHOM 30HEI, MBT 1000
Pacxoj1 TEMIOHOCUTENIS Yepe3 aKTUBHYIO 30HY, M3/4 88000
VnenabHas TeIioBast MOITHOCTEL, KBT/m 107.8
Yucao TBC, mir. 163
Yucno OP CY3, miT. 61
[Iar mexxay TBC, cm 23.6
BricoTa akTUBHOM 30HBI B XOJOIHOM COCTOSIHUH, CM 353.0
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WWER-1000 Fuel Assemblies
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WWER-1000 fuel assembly main parameters

HanmeHoBaHue XapaKTEpUCTUKH, PA3MEPHOCTD Bennunna
CeTka pacnoyoKeHUE TBIJIOB TpEyrojbHas
Komuectso tBa110B B TBCA 312
[ITar pacnionoxeHust TB3JI0B, CM 1.275
Pazmep ‘mon kitou’, HOMUHAJIBHBIN, CM 23.4
Komanuectso HK, mt. 18
Marepuan HK 3-635
Hapyxnbiit nuamerp HK, cm 1.25
Bryrpennnit nuamerp HK, cm 1.09
Tonmuna creukn HK, cm 0.08
[TnotaocTh Marepuana HK, r/cm3 6.55
KomuuectBo JIP B aktuBHOIM yacTu mratnoit TBCA/Bcero, 1iT. 13/15
Marepuan 1P 2-110
Bec 1P, xr 0.55
Marepuai neHTpaaIbHON TPYOKH 2-635
HapyxHblil 1uameTp HeHTpanbHOU TPyOKH, CM 1.3
BHyTpenHuit iuaMerp HeHTpaibHOU TpyOKH, CM 11
TonmuHa CTeHKH LEHTPaIbHOH TPYOKH, CM 0.1
[TnoTHOCTH MaTepHana eHTPaTbHOU TPYOKH, I/cM3 6.55
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WWER-1000 Reactor Department
Multi-Functional Analyzer (MFA-RD)
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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

= 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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Scope of modeling

s Reactor
s Control rod and boron regulation systems
= In-core and ex-core instrumentation systems

* 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

= [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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MFA-RD interface: main screen and CR operation
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Essen, May 23 - 25, 2011

MFA-RD interface: 2D diagram
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Essen, May 23 - 25, 2011

MFA-RD interface: 3D diagram
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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

s Multi-cycles fuel burnup calculation using
arbitrary or real plant refueling chains
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Core loading configuration

dopmMupoBaHWe TONIIMBHON 3arpysKku 'A| BbISop copTa KacceTbl
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Refueling chains simulation

BbI6Op LEMoYKM Kaccet 3aMbiKalowjan KacceTa B Lienoyke

HEDECTaH OBKW KacceT
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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
(boundary conditions for core thermal-hydraulics
model)

» Ex-core instrumentation model allows to
reproduce directly real plant measurements

Essen, May 23 - 25, 2011 IAEA TM to Promote the Awareness and 25
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Reactor core computational modes
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Boundary conditions for core thermal-hydraulics model

BbiGepHTE B HIDKHEM NEBOM yray thopnaTa B CNHEKE
HyHYo Bam 3apavy
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Ex-core instrumentation model
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MFEA-RD possible training tasks

s CR banks worth calculation and analysis

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

s Reactivity effects and coefficients computation
and analysis

= Fuel management: core loadings and fuel cycles
analysis

s Xenon transients computation and analysis
= Xenon transients control
s Automatic Power Regulator parameters setup
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Application
of WWER-1000 MFA-RD
for Education and Research
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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”
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Educational Laboratory “Reactor Safety and Operation®,
Department of Automatics, MEPhHI
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Educational Laboratory “Computer Simulating Systems for NPP~,
Department of Automatics, MEPAI
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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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Laboratory work description provides
students with

s Learning objectives
s [heoretical background

s List of tasks to be performed in selected
laboratory work

s Step-by-step instruction for every task
s Report format and recommendations

s Control questions

s List of recommended literature
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Lab 1 “CR banks worth calculation and analysis®
Learning Objectives

s Integral CR bank characteristic
s Differential CR bank characteristic

s Computational and experimental measurements
of CR banks worth

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

s Elements of WWER-1000 reactor design that are
important for CR worth
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Lab 1 “CR banks worth calculation and analysis®
List of Tasks

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% v 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 15t reactor
core loading

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

etc.
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Educational laboratory main interface

anyvposka rpynn OP CY3 B peaktope BB3P-1000 11 eTogom NPAt bIX M3t 6DEH WA PEAKTHBH OCTH,
ofjpeaenequne seca "A3" Ha A3C ¢ BBOP no BHUK 1 koppekLnA W31 epeHHOro Beca AnA onpeaenedns

nHoro Beca "A3", nccneaoBaHe BNMAHWA Ka4ecTBa MOAeN1POoBaHIA Ha NONY4eHHbIe pesynbTaTbl T

OnpeneneHue KO GULUEHTOB PEAKTUBHOCTH NO Tex NEpaType TENNOHOCUTENA B PasiMYHbIX ® OPMAT
COCTOAHWAX aKTUBHOM 30HkI ANA MYCKOBLIX 3arpy30K M 3arpy30K NP1 YCTaHOBUBULLEMCA TONNWEHOK [IEELEL
UMKNE,UCcCneqoBatue BMAHWA Ka4eCcTBa 1 OAENMPOBaHWA Ha NONYYEHHLIE PESYNLTaTLI ez

HcconenoBanne pasnUuHLIX Cxev Neperpy3or TONNMEA U CTPAaTeri ToNNMBHOro Lukna gna BB3P-1200

C PacHeTOM OCHOBHLIX 3KOHOM MHECKMX NOKa3aTeNed peakTopa No YNPoUWEHHOW M eTOAWKE M NOo N};’"é”
nporpariiar pacyeTHOro CONpPoBOXAEHWA aKCnNyaTaluu. MceneqoBaHWe BNMAHKUA KadecTBa N3

i Of,&NIMPOBaHUA Ha PE3YNbTaThbl PACHETOB 0CHOBHLIX XapPaKTEPUCTHK aKTWBHOMN 30HbI NPM BbIrOpaH1K

H3y4eHre ABNAHMA NOKANLHOM KPUTHYHOCTM B peakTopax BB3AP W nocnencTemid AaHHOMO ABJEHKA
Ha OCHOBHbIE NOKa3aTenM TENNOTEXHMYECKOW BE30NacHOCTH aKTMBHOM 30HKI C UCNONL30BaHNEN
CTaLMOHAPHLIX M AWHav MMECKWX Npompamm pacHeTa. ConocTaBneHe pes3ynbTaToB CTATUYECKOTO
AWHaM MMECKOTO 1 OfENMPOBaHMWA U M3YHEH ME NPUYWH PACCOTNACOBAHMA 3TV PE3yNLTaTOB.

YnpaBneHne BeICOTHbIM NPOtKIEN 3HEProBbIAENEHUA B aKTMBHOW 30He BBIP-1000 ¢ uenst DOPMAT
oDecneq eHnA NONeBbIX OrPaHUY eHWUH NNOKANLHOM M OWHOCTM NPKU SKCNNYaTal M1 aKTMBHOW 30HbI
B YCNOBMAX BOSHUKHOBEHMA NPOCTPAHCTBEHHLIX KoNeDaHui odicera

C NeBoi CTOPOHL! OT CTROKKM MeHIo ¢ HAZBaHKen NabBopaTapHOro 3aHAT A PACNONAr8eTe A KHOMKS, NO HAXKATHIO KOTOPO H MOMHO

MOZHAKOMITEC A C KPATKMM ONMCAHWeM 3aHATA. [PABaA KHOMKS CIYEWT ONA Nepexoa Ha OCHOBHO W chOpMAT AaHHOO 3aHATMA.

MoOcESYeHHARA HeNThiM LESTOM CTROKS MEHI COQSpKNT HadBaHke Balwero 3aHATHA. AN NpofonKeHua paboThl HyHHO HEXETh
MPEEYI0 HMENTYI KHOMKY.
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Lab 1 Brief Description

I'panyupoBka rpynn OP C¥3 B peakTope BBAP-1000 meToaom NpAw b M3k epeHid PeakTUBHOCTH

OcHoBHaA 2a8a4a AaHHOTO NaboPaTOPHOro 2aHATUA 02HAKOMMTLCA C TEXHOMNOrMel N2MepPeHNs
aucpchepeHUNanLHON M MHTerpankHoW XapakrepucThk rpynn OP CY3 Ha ASC ¢ BB3P n npoeectu
CpaBHeHWe XapakTepUeTUK paznuyHbIX rpynn OP CY3 B 2aBUCUMOCTI OT MX PacNONOXeHUs B
AKTMBHOWN 20HE M NPWN PazNUYHOM UX NepeMeLLEHNNA OTHOCUTENLHO APYT Apyra.

O HoH M3 33724 AAHHOTO 3AHATHS ABJIAETCH ONpefeleHHe BeTHYHHbI P eAKTHBHOCTH, BHOCHMOH B
AKTHBHYI0 30HY NepememeHHeM opraxos CVY3, no NoBeJeHHI0 HEHTPOHHOI0 IIOTOKA OT BpeMeHH H IO Ma-
pamMerpaM 3ama3gbIBalI[HX HEHTPOHOB. B Xo/1e 03HAKOMIEHHS ¢ TEXHOJIOTHEH H3MepeHHH H e€ p ealna-
HHH Ha KoMIbioTep Hom ananuzaTope MPA-P neodxonumo nposecTn n3mepenus 3  eKTHBHOCTH opra-
HoB C¥3 Kak NpH HX NOrpYKeHHH B aKTHBHYI0 30HY, TAK H NPH HX H3BJIeYeHHH H3 30HBL. OnNpeelHTs
PAsHHIYY AHHAMHYECKHX Xap aKTep HCTHK AKTHBHOH 30HBI NPH BHeCeHHH MOMI0KHTeNb HOH H OTp HIAT e/lh-
HOH peaKTHBHOCTH, BelIHY HHA KOTOp 0if 110 MOJ[YJII0 o[HHAK0BA. OC00eHHO CYI{eCTBeHHO 3Ta paTHHIA
TP OABJIAETCH NP H BHeCeHHH 00Th 0l p eAKTHEBHOCTH B aKTHBHYI 30HY (0ombure 0.1 cymmap Hoii goiiH
3ANA3ABIB AIIHX HelHTpoHoB). JpyTof 0c00eHHOCTEIO AEPHOTO PeaKTopa, NP OABIAIIET0CH B ITHX

H3Mep eHHAX, BT CA HeOI Al ACCHMMETPHS B CAMHX Be/THIHHAX PeAKTHBHOCTH HP H MOTp YKeHHH Bosre
Ha dopmaT
u niBaedeHu rpynnsl OP CV3, 4To 00bACHARTCH pa3HBIM BIIHAHHEM PACH] efle/IeHHA HCTOY HHKOB 3aMa3- ||  cnepeuen
ABIBAI LIHX HEHTp 0HOB HA BeJIHYHHY PeaKTHBHOCTH, Np H norpy:keHud rpynnel OP C¥3 u eé wspnevyennn.|| ™
——
- - NAB
Criepyromeli 3ajjaueii JaHHOT 0 3AHATHA ABJIAETCH pacyeT Beca oT/ebHeIX rpynn OP C¥3, obnanaroe- Nel/1

I[HX OAHHAKOBBIME XAP AKTEPHCTHIKAMHE, HO PACHOI0:KeHHBIX B Pa3TMYHBIX 00/TACTAX AKTHBHOI 30HBI ¢
PA3THYHBIM Yp OBHEM HeHTPOHHOI0 MOTOKA B 3THX 00/1acTax. B panHoi 3agade np 0BOAHTCA CpaBHeHHe
7 () eKTHBHOCTH ITHX TPYIIN H 00BACHACTCA PAIHHIA MOTYYeHHBIX P e3y/IbTATOB. [l
3aBepnaromie 3afa4eil JaHHOT 0 3AHATHSA AB/IAETCH pacyer Beca 0T/AebHbIX rpynn OP npwu p azmmy- iza
HBIX YCIOBHAX HX NepeMelleHHs B akTHBHOH 30He. [lensro ganuoii 3agaun ABjIseTcd cpaBHeHHe Beca, [
PACCYHTAHHOTO B P e3y/I-TATe MOJ{e/THpOBAHHSA H3Mep eHHH /1M 0TAe/bHBIX IPYI NPH H3BJIeYeHHH Beex ﬁ

OCTAIBHBIX TPYNIL, H 004 P &I HOM HX NOTPY/KeHHH B AKTHBHYI0 30HY.
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Lab 1 Main Screen

) T 00:36:34
I'pagyvpoeka rpynn OP CY3 B pearktope BBAP-1000 11 eTogonM NpAm bIX M3t ePEHWIA PEakTUBHOCTH 1| pacuera
OI'IE_!C'BHH?
.................. .&3 HBI‘I}KEHHBBCEX JAEMCTBHHA
= rpynn
Pacnpegeneque : : : : : MonoxeHusa rpynn
MCTOYHMKE COB- _ _ _ _ _ 6.2 -
namaeT ¢ pac- | Peaxmenoets | _ _ _ _ : peee
1 :
npegeneHien | Mo BHK. uewmsi ] , . . . royna: - [IEE 4730
HeATPOHOR fe- [Banawckas | : : : : Ell 1000 |
MeHWA [FELICIEES) | B : : : : 3 Tpynna; m Todipcymn
HeHmst 4 rpynna; m | 0.00 |
WuTem.eec : : : : : ADC
) ) ) } . 3 rpynna: m £
p-OP, ye nmst kaln
HME MCTOUHKKOE D B rpynna m Emox 3arp.
i | - - - - 2 1000 | 3 1
Sal'IESJZLEIEIaI-O- Monoxenwe ) ) : . . 8 rpynna:; m
LU HEWTPOHOE | ynnw, 0E. | . ) ) ) : PeakTMEHOCTL
Ha cTaL,. OBpamueiit _ _ _ _ _ 8 rpynna: m no GHK
) [ueHTBI]
YeEIEEE nALEL) . . . . . R0 1.000 |
peakropa, 1 ) 1800 1800 2000 2100 0.0000
A X X OFi
T apupoEKa onosedue B - Brifop rpymn nnnn 10 me?:-fw::g I_ 385.0- fa]|| Bananchan
100.0007M0ks 1. -0.716 i Fe3l| PEaKTHBHOCTD
3anaqne wara 000 MonomeHre, 0,000 319.5 =N [uenrei]
100001 || nepemeLuerinn ' rpynnei [0.e ] : w0~
[ |4 - . - =
I epmet 9.2 | > PopMar pacuera Eff SUZ 748 5- =
m
100 000 [ YSNSETEHARHTS BMK  TRUE VHTePEeC gk TRUE 2130~ 2
MOWHOCTE [%] Nichdh Bec Ha Ware MPK TEKYLLEM b
: 0.00 0.00 000 000 | EEa= 2
. nepemeLLeHMA ' : MU EEIATTA ' T
JeAcTEMA AnA Pyl rpYnkl 142.0- =
NOAAEFKEHAA u 0000fl 0000 [UeHTEl, % 00001 0000 =
_| 330aHHOM MOLWHOCTH [LietTL, %] B | 106.5~ g
-~ =
YEKDPEHWE MOZEnW 4nA ZaMOposMTE Xe OBHYNUTE XE YCTAHOBMBLLUMACH 0o 710 5
0BHy N EHKMA NOKA3aHWIA PRAKTMMETPOB nepvod [cek] 35.8- 2
10 HonA zanazg. =
[ | | HERTpoHOE [0.2.] QUUTEE= 18 BpemA BeimepHi 25.0 0

Jamopoautk Tennonpasnuky 171 [cek]
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Lab 1 Step-By-Step Instruction

Tun
pacyeTa

CimscaHue

| 1 MacTaeuTe sHaveHHe 0.1 B COOTEETCTEYHIWES NONE PAADH © KHOMKOA "YCTHOBMTE MOWHACTE"

A | (yCTaHaENH i -, pa HOHHE

Pacn pep'en eHME . MpoM: MT Ta i MO MOWHOCTH 0.1
WCTOMHWUKa COB- 3 A . ErynF MTCAE P
o PeakTHBHOCTD
nap'aET c pac no EHK B HT I 'HHE MOAENHN ANA O
npeseneHnem W
HeWTPOHOB ge- |Bananckas
neHuns E::T'“b':""““” orao 1 e BV CTaHoBHTCA Henbse 0,00 sHaveHie "1000" Ha "1 b wdp
WHTerp.sec
rp.OP,ueHThI

AMOPKUBA- |5y pee
HUE UCTOMHWKOB | 1y 0P yentei
JanasfblBal-  Ingnoxenue
LY HEWTPOHOB |rpynnw, 0.E.
Ha cTay.
yyacTKax

TapupoBka MonoskeHne BK AKHI

|:| YeTaHOBUTD
MOLLHOCTD [%]

_ NepemeLyeHna T
m HefcTans ans Moy rpYNNbI =4
noAAepH@Hns eHTbl, % =
| 33JaHHOA MOLLHOCTH [enTl, %] [ » %] 106.5- g
" = |
YCKOpEHNS MOReN A I I YCTaHOBMBLIMIACS N
0B6HYMEHWA NoKazaHWA peaKTUMeTPOR nepuoA [cex] 35.5- e
10 Hong sanasga. _ —
| | HellTpoHoB [0.€.] =15 Bpems soiaepxm 0
| M [0 | [cex]
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Lab 1 “CR banks worth calculation and analysis®
Report format and recommendations

= [itle of laboratory work and student’s name
s Every completed task description

= Computational results in tables and drawings
s Computational results analysis
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Lab 1 selected results:
CR bank-10 integral characteristics for different reactor
power levels (0, 25%, 50%, 75% 1 100%)

100

90 ﬁ
80

3 o
70
b
2 60 ——0.1%
-ld 50 —--25%
M 40 / —4—50%
() / —=75%
o 3
/ —%=100%
20
10
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Lab 1 selected results:

CR bank-10 differential characteristics for different reactor

power levels (0, 25%, 50%, 75% 1 100%)

Reactivity
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Application of WWER-1000 Reactor Department
Multi-Functional Analyzer (MFA-RD)
for Education and Research

Evgenly CHERNOV

chernov.e @inbox.ru
National Research Nuclear University “MEPHI”

Thank You for Your Attention
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