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Foreword

During thelast several yeamconsiderable efforvas devote@nd progress Isdbeenmade in
various countries and organizations in incorporating full tolieeensional (3D) reactor core models
into system transient codes. The coupled thetmdtaulic (TH) and neutron kinetics (NK) code
systems all ow pes tfiomantiago@of iotdractmns bebween the core behawio
and plant dynamics. Several benchmarks have been developed to verify and validate the capability of
the coupled codéda orderto analyze complex transients with coupled gaent interactions for
differert types of reactors.

The Nuclear Energy Agency (NEA) of the Organization for Economic Cooperation and
Development (OECD) has recently completed the VMERO Coolant transient benchmark
(V1000CT-1) and (V1000CT2) for evaluating coupled TH system NK codbgssimulating transients
at the Bulgarian NPP Kozloduy Unit #6. The available real plant experimental data made these
benchmark problems very valuable.

This benchmark is a continuation of the above activities and it defines a coupled code problem
for further validation of thermahydraulics system codes for application to Rusdiesigned VVER
1000 reactors based on actual plant data from the Russian NPP Kalinin Unit #3 (BgaliFire
selected transierit Swi t-cfhfi n@f one Mai n Ciisperfarine titia poming® u mp ( MC
power and leads to asymmetric core conditions with broad ranges of the parameter changes. The
experimental data is very well documenti®ibasurements were carried ovith a quite high frequency
and thé uncertaintiesre knowrfor almost all measured parameters. This fact allows applying the
studied transient not only for validation purposes but also for uncertainty analysis as a part of the
NEA/OECD LWR Uncertainty Analysis in Modelling (UAM) Benchmark.

This report provides thepecifications for the international, coupled VVEBOO Coolant
Transient KALININ -3) benchmark problem. The specification report has been prepared jointly by
leading specialists of the ARussian Research Institute Nuclear Power Plant Operation (VNJIAfES
Russian Research Cteaf{KEABKurthat Geséhbsehaft f ¢r
sicherheit mbH (GRS) and the Pennsylvania State University (PSU)

The specification covers tlieur exercisespoint kinetics model inputdransient core
calculationstransient coupled calculations, amacertainty analysik addition, a CBROM is also
madeavailablewith thedetailed data for theansient boundary conditions, decay heat values as a
function of time, and crossection libraries.

In Decanber 2008 the NEA Nuclear Science Committee (NSC) Bureau has expressed support
for the coupled Kalinif8 benchmark problem in general to become an international standard problem
for validation of the beststimate safety codes. The Working Party on Sdieriisues of Reactor
Systems (WPRS) discussed in its February 2009 meeting the proposal and endorsed it as it is of
particular importance for the last phase of the Uncertainty Analysis in Modelling (UAM) activities.
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ABBREVIATION St

s T Kwt - reactor protection
s « "/INFC - neutron flux control system
s _ak!t/ - automatic reactor power controller
s . Kbttt - nuclear power plant
x = " K CHY . -fastacting steam bypass valves for house loads
x " Kalw - main control room
EFPD - effective full power days
¢¢™ K?229w -reacts WWER
C Ikt - high pressure
C LSk 9¢ - upper end switch
¢ _ " /AFWP - auxiliary feedwater pump
. ISEC - system of experimental control
1 _ /MSH - main steam header
1° IMCP - main circulation pump
1 _ SRND - self powered neutron detector
D7/D7 - secondary side daerator D7
"KL/ K - ionization chamber
< 1" " k/ 1 ¢t -condenserhydrturbine pump
vl Kt wis - pressurizer

B N - secondary side condenser
. kL - internal house loads collector

~ -1(2)/CR1(2)

- condenser pump of the first (second) stage

n - mode of APC to maintain reactor power
1 kK[t - low pressure
C k[ 9{ - low end switch
. _-RK{] - shift leader of the reactor hall
K/ w - control rods
_ ¢ /HRPH - high pressure grheater
HZP - hot zero power
HFP - hot full power
_4/PD - startup subrange
. UsSG - steam generator
. -1/PR1 - pre-protectioni 1-st stage
_K/PC - primary circuit
. ALRPH - low pressure prbeater
_ 41/OR1 - first subrange scale diiFC
_ 42/0R2 - second sulpange scale of NFC
{_ .. ® bnk a-/mddg 6f NEC tcongaintain the TG load
{_ .. @ _nk da-/mdd¢ of NEC td ndaintain pressure in the MSH
_ . ak[ wt/ - load-off and reactor power controller
. kwC - reactor facility
. ©YUBRS - upper level unit control system
. ¢ JICMS - in-core monitoring system
(99 7¢ - condensate tank
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g r athetabbéevidre prégiven both in their original (Bssian) spelling



A X X
m\r—‘H

[
< JEA
¢ IAFA
mG
[Tc

D

.

1(2)/TC1(2)

_ TTFWP
[RT
~ ITEH

9 kKl tcet
"y kK[t Ct
K¢9/

N
& e

G ¢ {HGjarwp
Gorj /Gpz;

G /Gisc
GirpHi/ Gjrren

€ =

Go ’/GPGsuppIy
G O/Gblowdown

G lGk)op—i
G/G,

G C/GSSSH
G. e/QTFWPj
H

tq

t g max

v

t v max

L2 74 /Lo

L -/Lprz
Lsci

L -I/Lj-HPPH
Leg /Lj—LPPH
Ls

Na_/Npc

NH_/NSC

N _/Ncore
N _e/J\INFC
N & Nucei
Ny ¢/Nocs
N_/ani

N o ¥Nyo v
N ‘/ NPGIoopi
N . /_Nactual
Ny~#Ne

N,

N < MNgevp;

- steam separator and steam superheater

- reactor control and protection system

- measuremenAmonitoring system

- APC mode to maintain pressure in MSH

- fuel assembly

-Aal t e rfuelagseémble fi

- turbine generator

- thermocouple

- the F'(2") set of thermocouples

- turbo-feed watepump

- redstance thermometer

- tube electroheater (in PRZ)

- high pressure turbine part

- low pressure turbine part

- turbine éectrohydrauliccontroller

- concentration of boric acid in the coolant, g/kg

- feed wateflow rate at pressure side of AFWRE = 1, 2), m3/h, t/h

- condensate flow rate of thet) de-aerator(j = 1, 2), m3/h, t/h

- feed wateflow rate of SG, (i=1,2,3,4), iyh, t/h

- feed watefflow rate of HRPH, (j = 1, 2), ni/h, t/h

- makeup flow rate in PC, fith, t/h

- blow-down flow rate in PC, fh, t/h

- coolant flow rate in theth loop of PC (i=1,2,3,4), h, t/h

- coolant flow rate through the reactor’/im t/h

- flow rate of heating steam to SSSH, t/h

- feed water flow rate at pressure side of TR\(¥EL, 2), m3/h, t/h

- insertion depth ofthe GRr oup of CPS, i% = 1, 2,
- FA relative power (core power radial peaking factor), rel. unit

- max. value of the FA relative power, rel. unit

- core power peaking factor, rel. unit

- max. core power peaking factor, rel. unit

-condensate l&l in the jth de-aerator(j = 1, 2), mm, cm

- coolant level in pressurizer, cm

- SG water level (i = 1,2,3,4), mm, cm

- HP-PH water level, (j = 1, 2), mm, cm

-LP-PHwat er l evel , crhj = 1, é, 5), mm,
- water level ofthe turbine condenser, mm

- reactor thermal power calculated on the basis of the mpmda@ameterin the
primary circuit, MW, % Nom

- reactor thermal power calculated on the basis of femdrparametersf the
SGs, MW, % Nom

- average reactor thermal power, MW, %N

- reactor thermal power calculated on the basis of NFC records, MW, % N
- electrical power consumed by the motor of MGP= 1, 2, 3, 4), MW

- reactor thermal power calculated on the basis of SPND, MW, N
- reactor power calculated on the basis of data from-heneasurement
channel ofthe operational range of NFC (i=1,.., 6), MW, %N

- nominal reactor powe

- loop power of primary circuit, (i=1, 2, 3, 4), MW

- actual reactor power, MW, %;h,

- TG electrical power (active), MW

- reactor power according to théhi measurement channel of @RNFC

- rotation speed of TFWR(j = 1,2), mirt
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- PC pressure, MPa

- core outlet pressure, MPa

- feed watepressure at the pressure side of ARVYR= 1, 2), MPa
- MSH pressure, MPa

- D7 pressure, (j = 1, 2), MPa

- pressure in the condenser collector, MPa

- ISC pressure, MPa

- CP-1; pressure at pressure side, (j = 1, 2, 3), MPa

- CP-2 pressure at pressure side, (j = 1,.., 5), MPa

-steam pressure atthéejh t ur bi ne st age out|l
- feed water pressure at S@et, (i=1,.., 4), MPa

- feed water pressure at HR4 outlet, (j = 1, 2), MPa

- SGsteam pressuyéi = 1,.., 4), MPa

- SSSH outlet pressure, MPa

- overpressure at pressure side-0HWP (j = 1, 2), MPa

- HPTR outlet pressure, (i = 1,..,8), MPa

- position of pressure control valve of FA$R , (j =1, 2), %

- position of the main water level control valve of, SG= 1,.., 4), %
- position of the startip water level control valve of $Gi = 1,.., 4), %
- control valve position, %

- position of the level control valve of EPH, (j= 3, 4, 5), %

- position of high pressure control valve of T¢=1,.., 4), %

- mean coolant temperature in the primary circit,

- mean (by four opeting MCP) coolant temperature at core infet,
- hot leg coolant temperature of the lgdp= 1,..,4) %

- temperature in the condenser colleclar,

- SG, inlet feed water temperature, (i = 1,..,°4|),

- HP-PH downstream feed water temperature, (j = 1?{2),

- HP-PH inlet feed water temperature, (j = 1, %)

- HP-PH outlet feed water temperature, (j = 1,°2}),

- heating stam temperature upstream SS&H,

- cold leg coolant temperature of the lgdp= 1,.., 4) %
- water temperature at turbine condenser ifliet,

- outlet water temperature at théhjturbine condensgfj = 1, 2),%

- steam temperature at the outlet of HP%EP,

- full power effective days of reactor operation, (eff. days)

- hot leg coolant temperature of th#niloop, (i=1,.., 4)

on the basis of the resistance thermometer meamnts 4

-cold leg coolant temperature of ththiloop, (i = 1,.., 4)

on the basis of the resistance thermometer measurerfhents,

- hot leg coolant temperature of ththiloop, (i = 1,.., 4)

on the basis of theth themocouple measurements of the first Set,
- hot leg coolant temperature of ththiloop, (i = 1,.., 4pn the basis
of the jth thermocouple measurements of the secondset,

- cold leg coolant temperature of ththiloop, (i = 1,.., 4)

on the basis of theth thermocouple measurements of the first%et,
- cold leg coolant temperature of ththiloop, (i=1,.., 4)

on the basisf the jth thermocouple measurements of the secondset,
- outlet coolant temperature of EAu

- pressure difference of MGRi = 1,.., 4), MPa

- pressure difference of $Gi = 1,.., 4), MPa

- pressure difference of reactor, MPa

- coolant heatip of FA,, (k = 1,..,95),%



K1 v o - maximum coolant heatp of FA,%

Ko dK i - coolant average heap in the ith loop (i = 1,.., 4)%

K 5 Kuiter - coolant heatp in the ith loop (i = 1,..,4), averaged on the basis of
thermocoupl esd mstaetwir ements of the fi

K 5K Kieo - coolant heatp in the ith loop (i = 1,..,4), averaged on the basis of
thermocoupl esd6 measu®ements of the sec

K 2 4KuKitcs - coolant heatip in the ith loop (i = 1,..,4), on the basis eftje thermocouple
measurement of the first sék

K _qKHkit(’:Z-j - coolant heatip in the ith loop (i = 1,..,4), on the basis eftje thermocouple
measurement of the second Set,

K 5 Kn Kt - coolant heatip in the ith loop (i = 1,..,4), on the basis of measurenaata of
the resistance thermometeks,

12K 2, - axial offset calculated on the basis of reconstructed power distribution in the
core, %

L2 k1 & - axial offset calculated on the bases of SPND readings, %

t - actual time, h, min, s

00] - charge of a value

ABBREVIATIONS APPLIED IN Y -AXES OF THE FIGURES

- _ T MPa - pressure, pressure difference
_ _TkpPa - pressure, pressure difference
- Y MWt - power

a 3/: I m3/h - volumetric flow rate

t/-/t/h - mass flow rate



Chapter 1

1.1 INTRODUCTION

During the &st years ansiderable effortand progresbave been made in varioosuntries and
organizationsin incorporatingfull threedimensional (3D) models of the reactor core into system
transient codesThe coupledthermathydraulic (TH) and neutron kineticéNK) code systemsllow
performing ofa fA-kbesi mated calcul ation of i nteractions
dynamics.

Several knchmarks have been developedverify and validatehe capability of the coupled
codes tanalyzecomplex transients with coupled cepkant interactiongor different types of reactors

The Nuclear Energy Agency (NEA) of the Organization for Economic Cooperation and
Development (OECD) has recently completéoe VVER1000 Coolant transient benohrk
(V1000CT-1) and (V1000CT2) for evaluating coupled TH system Ni¢desby simulating transients
at the Bulgarian NPP Kozloduy Unit #6The waailable ral plant experimental data madke
benchmark problem very valuable.

This specificatioris a furthercontinuation of the above activities and it defines a coupled code
benchmark problem fofurther validation of thermahydraulics system codes fompglication to
Russiandesigned VVERLO0O reactorbased on actual plant ddtam the Russian NPP Kalininriit
#3[1]. The selectedransientd S wi t-aff lofionegMain Circulation PumpMCP)bis performed at a
nominal power and leads to an asyetrit core conditions with broadngesof the parameter changes.
The experimental datia very well documented. Is beirg measured with a quite higrequencyand
the measwments errors are known fomadst all parameters. This fact allowpplyingthe studied
transient not only for the validation purposes but also Uincertainty analysis as a part of the
NEA/OECDUncertainty Analysisn Modelling (UAM) BenchmarK2].

1.2 Background, Scope and Goals

Under the guidace of the NEA/OECDa lot of benchmarkbave been p&rmedconcrning
the application of cquied 3D TH/NK codes. Some of theimave utilized codeto-code comparisons,
other have comparambde predictionsvith real measum data.

Most transients in a VVER reactor can be properly analyzed with a system thewdreallics
codelike ATHLET, with simplified neutron kinetics models (point kinetics). A fevesfic transients
require more advancedmodeling for neutron kinetics fom proper description. A coupldatiermat
hydraulics ® neutron kinetics code would be the right tool for such tasks.

The proposed benchmark problésnbeinganalyzedwith the couped system code ATHLET
BIPR-VVER [3, 4] and the results compared with the measurements. A lot of very interesting additional
problems have to be solved in order to perform correctly the comparisons. This experience is
incorporatedy writing of the specificatin.

The reference prddm chosen for simulation is MCP #Witchingoff at nominal powewhen
the other three main coolant pumps are in operation, which is a real transient of an operating VVER
1000 power plant. This event isharacterized by rapid reangement of the coolaritow through the
reactor pressure vessasulting in acoolant temperaturehange which is spatially dependent. This
leads to insertion of spatially distribut@dsitive reactivity due to the mol@el feedback mechanisms
and a nonsymmetric power distributionSimulation of the transient requires evaluation of core



response from a mutdimensional perspectivécoupled 3D neutronics/core thermdilydraulics)
supplemented by a omtmensional1D) simulation of the remainder of the ot@r coolant system. The
purpose of this benchmarkfisur-fold:

A To verify the capability of system codes to analyze complex transients with coupleularre
interactionsand complicated fluid mixinghenomena

A To fully test the ® neutronics/thermathydraulic coupling.

A To evaluate discrepancies between predictionth@toupledcodes in beststimate transient
simulationswith measured data

A To perform uncertainty analysis having at disposal not only the neghsalues but also their
accurag

1.3 Definition of four benchmark exercises

The present benchmark is designed to provide the framework to assess the ability of modern
coupled thermahydraulicheutronic system codés predictthe transient response ofN®PPin abesti
estimate manner and perform uncertainty analyses for coupled system codes

This benchmark employs many of the characteristics oOlBED/NEA VVER-1000 Coolant
Transient BenchmarkV1000CT-1) [5]. The current Specification is also based onaitd on the
experimental data desctipn [1] officially delivered from the Russian institutions to the OECD/NEA

The benchmark includes a set of input datahe NPPKalinin-3 and consists of fougxercises.
1.3.1Exercise 1i Point kinetics plant simulation

The purpose of this exercisetstest the primary and secondary system model responses. Prargéded
compatible point kinetics model inputs, which presahgsaxial and radibpower distribution, and CR
#10 and #9eactivity obtained using @&38code neutronics model and a completgem description.

1.3.2Exercise 2i Coupled 3D neutronics/core -H response evaluation

The purpose of this exercise is to model the core and the vessel only. Inlet and outlet core transient
boundary conditions are provided by the benchmark tearthe bais of calculations performed with
ATHLET-BIPR-VVER coupled code systeor the participants can apply the measured. i@ state
(Exercise #2a of the cords required for comparison.

1.3.3Exercise 3i Bestestimate coupled code plant transient modeling

This exercise combines elements of the first two exercises in thidrharic and is an analysis of the
transient in its entiretyi-or participats that hag already taken part in the KozlodGyOECD/NEA
Benchmark [B, it is suggested to stadirectly with this exercise. As a prefastepfor these participants
is recommended to perforateadystatecore calculations at HZP stafiéxercise #33, HFP Exercise
#3b) and deliver results for comparisorihat will ensire a check forthe correctapplication ofthe
cross sectiofibraries,the cordoading and the cordesign geometry.

1.34 Exercise 4i Performing of uncertainty analysis for the purpose of PHASESystem Phase) of
OECD Benchmark for Unceiitity Analysis in Best EstimateModelling (UAM) for Design, Operation
ard Safety Analysis of LWRs |2

The aim and the specification of tleigercisewill be described in a separatelume which wil depict
the state of the art of the results and requirements gained aftenpegof UAM Exercises | and.|

1C



Chapter 2

2 NEUTRONICS CORE DATA

2.1 General

The geometrical and thermdlydraulic data providedfor Kozloduy6 Benchmarkin [5]
completely defines théalinin-3 benchmark exerciseoncerning the equipment geomyetpiping,
valves interlocks te. and the needed modelling of the NPP thedrhydraulics. The reason for that is
the fact that tb NPP Kalinin3 and NPP Kozlodug have the same desigh.Kozloduy NPP Unit 6
RELAPS5 therm&hydraulic skeleton input deck mbovequotedSpecification can @ used in case that
the participants have no experience with the V10O0benchmarkall other participants whbave
already participed in theOECD/NEA Benchmark [$ can apply directly the same therrdajdraulic
model of NPP Kozluduy-6 to simulate theKalinin-3 NPPtransient Only the core desigand loading
aredifferentthereby it will be described modetaikdin this chapter.

2.2 Core geometry and fuel assemblgeometry

The core and fuehssemblygeometry are the s# like in the Specification [5 There are
differences irthe core loathg patterrand the radial locatioaf thedifferentcontrol rodgroups.

Radially, the core is divided intbexagonal cell§see Annex Bwith a pitch 23.6 cm, each
corresponding to one fuel assembly (FA), plus diatareflectorof the same size. There are a total of
211 assemblies, 163 FA and 48 reflector assemi#lidally, the reactor core is divided into 10 layers
with a height (starting from the bottom) of 35.5 amding up to a total active core height ob35n.

Both upper and lower axial reflectors have a thicknes850% cm. The axial nodalisation scheme
accounts for material changes in the fuel design and forexpesure and moderator temperature
(spectral history) variations. Zero flux boundary comdisi arespecified on outer reflector surface for
both radial and axial reflector§he mesh used for the calculation is up to the participant, and should be
chosen according to theumerical capabilities of the cad Output should, however, give volume
avaaged results on the specifigaésh in he format described in Chapter 7

The first fuel loading of the reactor core in Unit 3, NPP Kalinin consists of AFA developed by
OKBM (experimental engineering bureau) in Nizhni Novgorod, with urarfganolinium fueland
without burnable absorbers. Unitile burnup of 96 eff. days the core loaphad five types of AFA:

- 48 FA with Uyssenrichment of 1.3 %;
- 42 FA with Uyssenrichment of 2.2 %;

- 37 FA with average Msenrichment of 298 % (303 fuel rods with
3 %-enrichment, 9 gadolinium fuel rods with 2.4&arichment);

- 24 radial profiled FA with average std-enrichment of 3.9 % (243 fuel rods with 4- %
enrichment, 60 fuel rods with 3.6-eéfirichment, 9 gadolinium fuel rods with 3.3é&brichment);

- 12 radial profiled FAwith average bhs-enrichment of 3.9 % (240 fuel rods with 4- %
enrichment, 66 fuel rods with 3.6-éfrichment, 6 gadolinium fuel rods with 3.3ésrichment).

It should be mentioned that AFA have stiffening fins which like the leading tubes and spacers
weremade of zirconium alloy (35).

After the operation of this &l load during 96 EFR[R defected FA with coordinates-G2 (FA
with initial Uxsse nr i ¢ hment of 2.2 % weight metal ) xwas r e|
enrichment of 1.6 % weight . The spacers and the leading tubes of this FA were made of stainless
steel.
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The fuel loading map in the reactor core of Unit 3 NPP Kalinin after the replacement of the
defected AFA by a standard FA is shoinrAnnex B The scheme in thismexgivesalsoinformation
of the layout of CR CPS raedand their assignmeint groups.

The scheme in Annex &hows the layout of ionizing chambers channels (in the biological
shield of the reactor); CR of CPS and their assigmnm groups; ICMS thermocouptensordocations
at FA outlets; assemblies with SPNiansorsn the leading (central) FA tubes; primary circuit loop
nozzlesd | ocations.

The corelayout in Annex D shows conditionally accepted division of FA locations in the
reactor core into 6 sectors with a’8ymmetry together with layout of CR of CPS and their assignment
in groups,; | CMS thermoacodeplsgs @nldo SPNIDosenSatr sBA I

The schema in Annex Bhows the locations of the casings of the temperature measurement
devicesintheman and the corresponding numbering of t he
primary loops.

According to the measurement system established at the NPP the positions of CR of CPS are
given with respect to the position of the lower end switches \LESey are located 17.25 cm higher
than the bottom of the reactor core. With the length of the reactor core of 355 cm and the distance
between the lower and the upper end switches of 352 cm, it turns out that the CR of CPS when
withdrawn from the reactatore (whi e 1 = 352 ¢ m, then H = 100 %)
upper end of the core. Thus, the upper end of t
337.75 cm = 96 %vithdrawn

The data of the power load timetablgperational historgappliedto calculate the fuel burnup)
for Unit 3 NPP Kalinin from the beginning of the first fuel cycle up to the day when the experiment
with the switching off of one MCP took place, are provided separately on a digital medium.
Additionally, tables are supplieditly the daily averaged effective operation time of the reactor; boron
concentration history; history of the position of the tenth group of CR of CPS; average thermal reactor
power history and the electrical power history of the turbine generator.

The avaihble gap width is 0.08 mm (distance between pellet surface and inside clad wall). For
the neutronic problem, each of the FAs is considered to be homogendmisixtyone assemblies
which can be controlledyrouped intoten groups, are fulength controlrods except group #5, which
consists of paftength controkods. Thepartlength control rods have neutron absorber only in its lower
half and they are used to datimg Xeoscillations. The fulength control rods contain a strong neutron
absorber ovea length that spansost ofthe active core regioi.he lower 30 sm of those CRs have
dysprosiumas absorber and the rest pdrbron.

2.3 Neutron modelling and aoss-section library

Two neutron energy groups and six decay groups for delayed neuteomsodelled. The
energy release per fission for the two prompt neutron groups is 0.32+3dr@ 0.3206 x 100 W-
s/fission, and this energy release is considered to be independent of time and space. Time constants and
thelocal fractions ofeffectiveddayed neutrons will be provided on the (RDM.

It is recommended that AN® be used as a decay heat standard m¢sed [3). For
participants who are not capable of using the AM9Sdecay heat standard, a file of the decay heat
evolution throughout thednsient for the scenario will be provided on-BDM. The average value for
each time step should be redistributed spatially according to the fission power spatial distribution at the
initial hot power steadgtate conditions. The effective decay heat gynéraction of the total thermal
power (the relative contribution in the steady state) is equal to 0.07143.

The number of theasembly types with their unrodded and rodded compositions will be
provided on CEROM together with thecorresponding ssetof cros-sections The axial locations of
compositions for each assemihill be delivered also on a GROM.

A complete set oftwo neutron groupdiffusion macroscopic cross sectiorand kinetic
parameters definefbr each assemblfcomposition will be providedn a NEMTAB-like format used
for the OECD/NEA-CEA benchmark/1000-CT1 [5]. Two types of tables will be availableone for
uncorirolled status (nemtab) and théer for contolled status for rodded numerical nodes (nenjtabr
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For the assemblies which haleen controlled (CR are moving) during the transient will be given two
types ofcross sectiowlata for controlled status (folysprosium akorber and for boron absorbefpur
reflector compositions are defined: upper reflector, bottom reflector, twol resfiactors. The
approximation of nuclear data within tipeoposedtable format will be done in a threelimersional
space. Variables arthe fuel temperaturghe coolant moderatordensityand moderator temperature
(four support points for eactariable) The burnup distribution wil be account in theomposition
numbers in axial layers for each assembly type. Due to the factiuhag the transient thboron
concentration is not changing, the core macopiccross sections will be derived for£660ppm [3.6
g/kgH.0]. Xe concentration is in equilibrium statnd is taken into account by the cross section
generation

The assenllg discontinuity factors (ADF)the groupinverse neutron velocitieand the delayed
neutron parameteee also provided fagach compositionFor the first energy group are provided two
diffusion coefficientd radial and axial.

All the datain the crosssection libraryis obgined using th&VS-M cross section generation
code Each corposition is assigned to a crossction setontaining separate tables for the diffusion
coefficients and cressections, with each point ithe table representing a possible core state. The
expected range of the traest is covered by the selectiofi an adequate range for the independent
variabksas follows:

Twe: 540.0 Ki 1700.0K
} moger : 660.0[kg/m® i 790.0[kg/m?]
Tmod  540.0 Ki 600.0 K

A linear interpolatbn scheme is used to obtain #ygpropriate total crossections from the tabulated
ones based on the rar conditions being modelled.

Table 1showsthe macroscopicrosssectiontable structure for one cresection set. The format of
each library is as follows:

A The first line of data is used to show the number of data points used for the independent
thermathydraulic parameters. These parameters include fuel temperamoderator
temperature and moderatensity

A Each crossection seis in the order shown in Table First, thevalues of the independent
thermathydraulic @mrameters (fuel temperaturapderatotemperature and moderatensity)
used to specify #tt particular set of crossections are listed, followed by the values of the cross
sectionsand ADFs Finally, the group inverse neutron velocities complete the data for a given
crosssectionset.

A As additionto the provided library for the reflector (iatj bottom and top) theeflector data
generated ifi5] can be usedn that caselte reflector cross sections are also depenaiefuel
temperatee, moderator temperature and moderdansity

All crosssection data, along with aqgram for linear iterpolation will be supplied in an electronic

form.
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Table 1 Structure and key of the macroscopic cresstion table

kkkkkkkkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkkhhhhhhhkkkkkkkkkhkkkhhhhhhkhhkkkxkxkx kkkkkkkkkkkkkk
* Nemtab and nemtabi CrossSectionTable Input
* number of support points of:
* Fuel temperature Rho Moderator temperature
4 4 4
*
* Tt - Doppler (fuel) temperaturéK)
* }m - moderator density (kg
* Tm 1 moderator temperaturéK)

Ty, Tt T, T,
Tm, Tm, Tmy Tm,
;l- m ;l- my ;'- ms ;l- my

*
*kkkkkkkkkk X 'Sect|0n Set# * *% *kkkkkk *% * *k% *% * *% *kkkkkk *%
* Group No. 1

rxekxkxkkxk * RadialDiffusion Coefficient Table
*

D1, (Tfl, Tma, Jmy) Dlz(sz, TmlJ my) D13(Tf3, TmlJ m,) Dl4(Tf4, Tml,} my) D15(Tf1, Tmz,; m,)
D1 (Tt Tmy ) my) D1 (Tt Tmpymy) Dlg(Tf, Tmyym) ééééééééééééeéééé.
6666666666666666666666666¢6. Dles(Tt, Tmy,)m)DLes(Tty Ty ) my)

*

FhRIAREEFII*K AbSOfption X -Section Table
*

FRERRekkk Scattering £ rom Group 1 to 2 XSection Table

*

rerkixkxkrekx - Axial Diffusion Coefficient Table

*

FhkkFRFIIIAIK Nu-Fission XSection Table
*

Frekkkkkkkkcks Kap - paX-Section Table
*

kkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkhkkkhkkkkkkhkkkkhkkkkkkkkkkhkkkkkkkkkkhkkkkk kkkkkkkkkkkkkk *kk

* Group No. 2
rxekxkkkrxkx Diffusion Coefficient Table

*

Kkkkkkkkhkkkk AbSOfption X _Section Table

*

Tk RAIAIAIK Nu-Fission XSection Table

*
*hk kkkkkkkkkk - KappaX-Section Table
*

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkhkkkkkhhkkkhkkkhkkkkkkkkkkk kkkkkkkkkkkhkkk

* Additional parameters
rrekkkkkkkkxkk  ADF in radial direction Table
*

Tk xkkkkkk InverseNeutron Velocities 2 values

*

*Delayed neutron parameters
*kkkkkkkkkkkk Betta (6 Va|UeS)

*

*hkkkkhkhkkkkkkx Lambda (6 Va'UES)
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Chapter 3

3 THERMAL -HYDRAULIC DATA

3.1 Component specifications for the full thermathydraulic system model

The design of NPP Kalinif is the samasthe NPP Kozlodiy-6 design. Thidact allowsusing
all available data in [5for the component description needed for modelling the themgdriulic
system. That means that the tables and the description of main equipment (reactor vessel, reactor
coolant system, steaneigerator, feed water systasit.) can be used as described in the Specification
[5] of the NPP Kozlodw.

3.2 Definition of the core thermakhydraulic boundary conditions model

By defining an inlet condition at the core bottom and outlet condition duthKalinin NPP
Unit 3 thermathydraulic moel can be converted to a corel boundaryconditionmodel.

The boundary aaditions (BC) for this model will bprovided on the CEROM.

The BG have beertalculated using the ATHLEBIPR-VVER [3, 4] bestestimae core plant
system codeCore inlet adial distributions will be provided in all 163 assemblies which have been
modelled as separate thenrmmgdraulic channels. On the base of thiapping schem¢here will be
given all needegarametersvith a time depeneht histoies (0-300 s)like: mass flow rate, inlet and/or
outlet presste, inlet coolant temperaturepgitions of the control rod groups.

3.3 Thermal-physical and heattransfer specifications
The Doppler temperate (T;) can be calculated via the retati
Ti=0.3T. + 0.7T;
where, T.is the fuel rod cetier temperature andsT the fué pellet surface temperature.

The UQ density is 10.6g/cnt] (95% of the theoretical dety) at a temperature of 293.16
The pelletdishing amounts to 1.9566. Thecladding material is Zr + 1% Nb with a density of 6.55
g/cnt. All other necessamyata(a-(W/m K), cp (J/kgK), etc) can be taken fronB]. Expansion #ects
of fuel and cladding areot to be considered in this benchmalllhe heat transfer coefficient between
cladding and moderator has to be calculated using code speciftations.



Chapter 4

4 NEUTRONIC/THERMAL -HYDRAULIC COUPLING

The transient calculations foixBrcise#3 must be performed wittoupledsystem codewhich
should take into account the following effects:

T

)l

Fluid mixing in the down amer, upper ad bottom plenumThe measrements shoad

that the flow through the active core is more or less laminar and no flow mixing is
observedn it.

In order to predict correctly the nmaed coolant temperatures at&&embly outlets
should be necessary to model the mixing of the fhadsing through the control rod
guide tubes with the main assembly flow. If not possible, there will be given the pre
calculated with ATHLETBIPR-VVER mixing coefficients [6, [l

The delay(inertia) terms of the measurements (mainly cobleemperature)tould be
modekd in order to be possible a correct comparison with the measured thermdzouples
readingq8].

By the simulation of the SPND predictions should be taken into account the real
positions of the sensors which will be given on-BDM in a speciafile. It will be
compared the relative SPND currents (simulated nodal relative power)

In case participants ka difficulties to model theecondary circuit response it will be possible
to apply the experimental daseeAnnex A) as boundary conditiorat SGsor will be also possible to
require the ATHLETBIPR-VVER simulated datérom the benchmark team

Each participant should use his own coupliittyNC schema and methodology.
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Chapter 5

5 REACTOR CONTROL SYSTEM AND MEASURING AND RECORDING DEVICES

5.1. Short deription of the control system logic operating by this transient

The purpose of the experimattKalinin-3 which is selected for this benchmaskhe complete
testing of reliability of all power plant equipment, testing the reliabilityhe main regulatoréARC,
ElectroHydraulic Turbine Controller and the regulator of the level instikam geerator) and to check
the expectedeutron reactor powehangen case of switchingff of one MCR

The ARCis a part of the Unit Power Contr8lystem and operates aoordination with the
reactor pwer limitation controllerand theTEC. The controller stabilizes the reactor power or makes it
to follow the turbine power.

The ARC does not set any s@bint specification devices and stores the enirrvalues of
neutron power omain steam header pressure as paiet at the time of switching affn order to reset
a setpoint, switchingoff and then switching on to the appropgiahode is needed. The ARGually
uses the control rodroup #10 to perate. In this particular tramsit the control rod group #10 and
group #9 arehanging its positiomuring the transienfThe reactor power limiting controllerCPSis
used to constrain the maximum thermal and neutron power tgaets automaticallychosen
depending on the operational status of certain plant composigch as MCP, FWP, SG and TG. The
CPSinserts the control rod group #&8d #9with normal operation speed of 2 cm/sec. Control signal is
the neutron flux, measured by the neutron flwnitoring systemThis signal is corrected once in every
50 seconds using the thermal povestaluated on the basis of the average temperature rise in the
operating loopswWhen CPS is in operation, ARE automaticallydisconnected and PPsignals are not
used.Depending on the initiating event, the reactor power is lowered to and then kept at specified set
pointsby CPS

Control rod group #1@&nd #9 arechanging its position during the tragmst. Analysis of the
initial 3D relative power distributioshowedthat this insertion introduced axial neutronics asymmetry
in the core At the beginning of the transient there is also a thehwydtaulicasymmetry coming from
theasymmetric coolant changetroduced in ¥4 of the core when M@R is switched off This caises a
spatial asymmetry in theactivity feedback, which has beempagated through the transient.

5.2 Measuring and recording devices

Measuring and recording in this dynamic mode were conducted by standard devices i. e. by the
upper block level sysmi (&1 1 v/ UBLS) and by the | CMS as wel
measurement equipment (a system of experimental cen§o$SEC).

The list of parameters recorded by the UBLS, (with periodicity of 1 s) is given #HRCHM.
The aperture of recordingforrde ct | y measured signals is 0.1 % of

The list of parameters recorded by ICMS with time step 1 s is given HROM. The signal
recordings aperture is not available for them. It should be mentioned that the currentsRNEhe/&e
recorded taking into account of the background sensors currents, i. e. with the deduction of background
sensors currents.

The list of parameters recorded by the SEC computer with frequency of 10 Hz is given in CD
ROM, the aperture of parameter oedings is missing. The signals have been taken from plant standard
sensors and systems. The NFC system have recorded the reactor power only inraingesR1
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which was determined by the signals of the ionization chambers (Type38NQ), located in ta
lower part of the core.

All the data recorded by UBLS, ICMS and SEC is provided on th&ROM.

On CD-ROM can be found information for the CR of CPS positions recorded by the systems
UBLS, ICMS and SEC in cm related to the position of the rigidstogswhich are located 10 cm
lower than the lower end switches and 7.25 cm higher than the bottom of the reactor core.
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Chapter 6

6. TRANSIENT DESCRIPTION

6.1 Initial steady-state conditions(HFP- Exercise #30)

The reactor is at themiddle of cycle (MOC)with average core exposure of 13&BPD and

boronconcentration 3.6g/kgH;O]. The cefinition of the initial steady state is given in TaBland is
derived from the measurements.

Table 2The main reactor parameters before and at the end of the transient

Values
Parameters

Initial state Final state
Date 02.10.2005 02.10.2005
Time, h:min:s 20:30:00 20:34:42
Terr, eff. days 128.50 128.50
Necore MW 2907 1946
Npc, MW 2918 1926
Nsc, MW 2877 1938
Npcs, MW 2887 1948
Nnre, MW 2965 1996
Nei, MW 986 625
His, cm (%) 352 (100) 352 (100)
Hio, cm (%) 292 (82.95) 160 (45.45)
ts, 9/kgH.0 3.60 3.60
Tk;, % 288.14; 287.81; 287.69; 287.50 284.96; 287.40; 287.83; 284.80
T ioop i et 29.23; 28.8; 28.74; 29.26 -7.98; 23.86; 25.40; 17.88
Tinten, 287.79 286.68
T loop, bt 29.03 22.38
Pec, MPa 15.52 15.46
oP., MPa 0.38 0.21
qPuce i, MPa 0.569; 0.564; 0.565; 0.562 0.153; 0.460; 0.448; 0.431
Gioopis M3Ih 22292; 22223; 21784; 21772 -7198; 24668; 24280; 24725
G, m3/h 88073 66475
Lrrz CM 860 780
Lsg, €M 222; 220; 220; 222 229; 215; 216; 221
Gisa t/h 1445; 1367; 1364; 1360 143; 12411283; 937
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Tsei, 6t 215.70; 215.50; 216.40; 214.50 |  208.90; 201.70; 205.50; 201.10
Psei MPa 6.27; 6.30; 6.25; 6.24 6.02; 6.27; 6.23; 6.16
Pust, MPa 6.02 5.99

Wpcs, % -6.06 -23.40

W eore % -2.15 -20.70

Kq malFA 1.27/0825 1.29/1221

0T ¢ mas “eH/FA 28.71/0825 27.69/0825

Ky ma/FA/layer 1.50/1031/2 1.81/1031/2

Additional HZP state is defied for initialization of the B coreneutronics model foExercise
#2 1 Exercise #2andfor Exercise #3 Exercise#3gonly for thoseparticipants that do not need to
perform Exercise #1 and #2 because of availability of a system nuvdePRKozloduy-6).

The HZP (Exercise #2a or Exercise #3a)onditions are defined as followsthe power level
is 0.1%of the nominal power; the fuelnd moderator temperature &%2.15K and the moderator
density is 767.1[kg/n]. Only control rod group #10 is2®5 % inserted from belowBoron
concentration is 3.6 [g/kgd].

6.2 Transient scenario

The transient scenario (raered from the measured data histories) is listed shortly below. The
detailed analysis and description of all pri mar
the corresponding graphics are discussed in Annex A. The time interval of irt&@8ts.

1 Manually switching off of MCP #1 at t=0s.

T After the signal 6one pump out of operationé
controller starts to decrease the power to a level of 67.2 %.

1 The following sequence of actuations for redimiting controller and automatic reactor power
controller is recorded:

- At t=1.41 s the reactor limiting controller starts to decrease the reactor power. CR #10 starts to
move downwards. When the CR #10 reaches 50 % insertion depth (at about 60R)#8estarts
also to enter the active core according to the control rod movement algorithm.

- Protection system | evel #1 of automatic reac
(keeping the secondary | oo p gngpeatmorapoveetcenstan on st a

- Control rod controller decouples from automatic reactor power controller.

T Att=71 s the reactor power loadf procedure is cancelled and power reaches a level of 67.2 %
Prom At this moment the position of the CR #10 iglat4 % and remains till the end of the transient
at this position. CR #9 is inserted into the core and reaches at 71 s the position of 93.1 % and keeps
it till 180 s after which it returns back to 100 %. The automatic reactor power controller was again
swiwtched on to the control rod controller with
range of 66.267.3 % Rom

With the reactor limiting controller the reactor power was decreased from 98,9,% B7.2 %
Prom Within 71 s. The speed afeactor power decrease (leaff) within the reactor limiting
controller operations is 26.8 % /min. The change of the coolartupeatthe core decreases from
29°C to 23.3°C.

9 Due to reactor limiting controller operation and switching off of autonmatictor power controller,
the electronic controller of the turbine generator elelsydraulic automatic controller starts the
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loadoff operation of the turbine generator. At t=222 s the power of the turbine generator
corresponds to the reactor power atadbizes at 625.5 MW.

1 The pressure in the main steam line changes from initial 6.01 MPa to a level e6026VIPa. At
300 s the pressure is stabilized at 6.02 MPa.

1 Primary pressure changes from initial 15.52 MPa to 151556 MPa following the chae of the
mean primary coolant temperature.

1 The temperature decrease of the affected loop #1 (within the time interval from 30 s to 140 s) leads
to a decrease of the mean reactor coolant temperature and in its turn it leads to a decrease of the
volume ofthe coolant in the primary loop. That affects (decreases) the pressurizer level which leads
to a decrease of the primary loop pressure. At 94 s of the transient the pressure is stabilized at 15.13
MPa. Due to the pressurizer heaters operation startinglfdéns the pressure starts to increase and
at 300 s it stabilizes at 15.47 MPa. As a result the pressurizer level changes from 858.5 cm at the
beginning to 801.1 cm at the end of the transient.

During the transient the maximum coolant temperature measuted t he assembl i es
registered at 46 s and has a raise of approximat&f; Ihe maximum raise (2&) of the hot loop
temperature is observed in loop #3. The cold loop coolant temperatures at the loops where the pumps
remain in operation chargas follows: loop #2 3.7 °C; loop #3- 2.8°C and loop #4 4.8°C. It is
observed that as a result of the switching off of MCP #1 the main part of the coolant with lower
temperature of hot leg #1 moves into the hot leg #4. Therefore, the coolantiffothe&lowest mean
temperature reaches SG #4 and it has also the lowest outlet temperature.

6.3 Point kinetics model inputs(Exercise #1)

The pointkinetics model is necessary only fékercise #lwhich should beperformed in case
thatthe participanthiave notaken parin the OECD/DOE/CEA V1000CBenchmark [$or have no a
consigent model for VVERL000. Point kinetics model inputs, which preserve axial and radial core
power distributions obtained with[3 neutronics modeBIPR-VVER are given in the CBROM. The
following parameters for the point kinetics modeh be found:

Control Rod Group #1G@nd #9worth;
Axial power distribution;

Moderator temperature coefficient;
Moderator density coefficient;

Doppler temperature coefficient;

=A =4 =4 =4 4 =4

Other kinetics paragters(delay neutron parames, d€c.).

6.4  Transient core calculations(Exercise #2)

Exercise #2 is a boundary condition probl em \
core loading, neutronidataand core thermal hydraulic without modellitige primary loopsThe
required thermahydraulicdata will be recorded on the GROM. It includeghe time histories of the
following parameters calculated with the coupled system code ATHRIPR-VVER or they can be
taken from the measurements

1 Core inktassembly wisenass flow distribution
1 Core inletassembly wiseoolant temperature distributign

9 Core inlet/outlet pressute
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9 Position of the CR groups #9 and #10

6.5 Transient coupled calculations(Exercise #3)

Exercise #3 is the final aim of tlBenchmarkt o predi ct t he NPP respon
manner with a coupled code system.

The mai n par aabtthe end o the transiendnde seein Table 1.MCP test plant
datarecorded with time interval of 1and the transierdanalysis aredescribed in detail in Appendix.A
Thesimulated results should be cpaned with the real measured data.

The neutronics and thermlaydraulic information presented in Chapfrand3, suffices for
performingExercises 1, 2, and 3.
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Chapter 7

OUTPUT REQUESTED
The requested output is as near as possible to the same doaviddta quantitlike in the
Specificatiorfor the Kozloduy-6 Benchmark [b

1 The analysis results will be presented in a benchmark analysis report, which will be made
availablein both hard copy and electronic farm

Results should be presented in digital fgforma details are given in Section3j.
All data shold be in Sl units (kg, m, sec).

For time histories, data shidl be at 1.&second intervals.

= =4 =4 =

Graphical comparison ofatculated results and test data should be performed.

7.1 Initial steady-state results(HZP - Exercise#2aor HZP - Exercise#3a, HFR Exercise#d)
For the initial HZP(Exercise #2aor Exercise #3athe following parameters will be compared:
Keff;
the powe peaking factors Fxy, Fz
axial offset;
scram rod worth (SRYYandcontrol rod group #1@nd #9worth (CRW).

Radial power distributiori 2D assembly NP distributioii axially averaged radial power
distribution for 163 radial nodes (full coraprmalizedto coreaverage power (relative radial
power distribution).

= =4 =4 =4 =4

9 Axial power distributiori core average axial shapeadially averaged axial power distribution
for 10 axial nodes (each 35.5 cm in lengtrmalizedto core averagpower (relative axial
powerdistribution).

For the initial HFP Exercise #3b)state the same information as for the HZP state plus:
1 2D map of corénlet andoutletcoolant temperaturand densityistribution
M 2D inlet flow ratedistributions
1 Power peaking factoiisFxy, Fz, and axl offset.

1 Axial power and coolant temperature distributionthe following selecteduel assenblies
(SFA):

0 From sector #1 (see Annex D)
0916 SFA-1 0825 SFA2 0819 SFA3 10-23SFA4
0 From sector #2
12-25 SFA5 1431 SFA6
0 From sector #3
09-34 SFA-7 10-35 SFA8
0 From sector #4
0534 SFA9 07-34 SFA10
0 From sector #5
02-31 SFA11 02-33 SFA12
0 From sector #6
04-23 SFA13 06-27 SFA14
The 14 SFA areselected because they have either thermocouplesad e mb 1 i es & out |l et
at 7axial levds or both of them.

The spatial distributions should follow the format of the radial and axial power distributions.
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7.2 Transient results
Exercise 1
1 Sequence of events.

9 Transient core average results (time histories): total core power; fission povwipressuré
core average, loop #loop #1 is associated with the switch off of MCP ;#d9re average
coolant temperature; hot and cold leg coolant temperatures in all four ldaps cell
before/after vesseloolant heatip temperature in all four logp pressurizer watervel; SG
water levels; secondasjde pressure; primary side flow rates; reactivity edits; and core average
fuel temperature.

Exercise 2

I Snapshots at thes? second after switchingff MCP #1, and at the®" secondi the same
dataas for the HP steaestate except the total and fission powerelswwill be compared
instead okKeff.

9 Time histories (core volume averaged without the reflector m¢giotal power, fission power;
coolant density; and Doppler temperature. In additidm maimum nodal Doppler
temperaturevs. time will be compared.

Exercise 3
1 Sequence of events

1 Transient average results (time histories): RCS pre$saoee aveage, loop #Llcore average
coolart temperature; hot and cold legpolant temperatures in allodr loops (last cell
before/after ves$g coolant heaup temperaturén all four loops; pressurizer water level; SG
water levels; secomdly side pressure; primary siflew rates; and reactivity edits.

9 Time histories (core volume averaged without tHkecgor regia): total power; fission power;
coolant density; and Doppler temperature. In addition, theimuan nodal Doppler
temperaturers. time will be compared.

Time histories of radial and axial power peaking factors and axial offset
Time historiesol | assembliesd outl et cool ant temper .

Snapshot at thd5™ second(ATHLET-BIPR-VVER time of coolant temperature peak at core
exit) after switchingoff MCP #1andsnapshot at the0B" second (end athe transient) Axial
power and coolant temperadudistributions in the followingelected fuel assemblies (SFA)

0 From sector #1 (see Annex D)
09-16 SFA1 0825 SFA2 0819 SFA3 1023 SFA4
0 [From sector #2
12-25 SFA5 14-31 SFAG6
0 From sector #3
09-34 SFA7 1035 SFAS8
0 From sector #4
0534 SFA9 07-34 SFA10
0 From sector #5
02-31 SFA11 02-33 SFA12
0 From sector #6
04-23 SFA13 06-27 SFA14
9 Time histories of the relative neutromixes (nodal power) at 6 axialkrs forSFA #2, 3, 5, 6,
7,9, 10, 12, 14vhere SPNDsensors are located (s&enex Dand the keyables of the SPND
numberingandlocations which isncluded in the CEROM).
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7.3

Output format

Templates inExcelformat will be prepared ardklivered to the participantSheyshould be

filled in with maximum data required.

= =4 =4 =

Remarks:
Time histories start aB0 secondq(i. e. 30 s zero transient)p to 300s with a stegf 1 s like by
the experiments.
Please provide the units on the first line of each time history.
A plot of time histories would be appreciated for a first compari$diectransient results.
The plots of calculated results aexperimentesults should be compared on the same graph.
Radial and axial profiles should be given according to the form shothe ibutput sample
points B2 and B3
Please do not use tabs in thea files.

Output sample:

A) VVER-1000Kalinin-3 BENCHMARK

Hot Full Power

RESULTS FROM CODE AXXXXXXXXO0
EXERCISE #2

B) STEADY STATE RESULTSHFP

B1) Keff = 1.0000

B2) Radial power distribution (full coré) start each line in camn one, leave a blank sain
between each number, and use a total of six spaces per number):

0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.99990.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0893399 0.9999 0.9999 0.9999

0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.99 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 99299 0

0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 998 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999

B3) Axial power distributiori place all data starting in column one, leave a bilardetweereach
number, and use a total of six spaces per number:

0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999



B4) Scram rod worth: 1.000 % dk/k
Control rod group #10 worth:Q00 % dk/k
Control rod group #9 worth: 1.000 % dk/k
B5) Calculated steady state conditions compared to those linetiigurements

Steady state calculation should be compared to the steadynstdearegarameters according to
Table 1

C) SEQUENCE OF EVHTS

The template will have as a first column the time, starting #&08 and ending at 300s with a
time step 1s. The time scale freB0s to 0 is required to be seen if before the transient start a stable
values of the parameters are reached.

D) TRANSIENT CORE AVERAGED RESULTS (TIME HISTORIES)f following parameters:

fission power [W], total power [W], coolant temperature (core average, hot and cold legs) [K], pressure
(core average, loop #) [Pa], total core reactivity [dk/K] (or rector period) amgetivity components
(contributions from changes in moderator density, fuel temperature and neutron flux distribution
optional), core average fuel temperature [Kfime hi st or i es of al | assemb
temperatures;

time histories of the rative neutron fluxes (nodal poweat 7axial layers for SFA #2, 3, 5, 6, 7, 9, 10,
12 and 14.

E) SNAPSHOTS:

T AtOs

1 At the time of maximum power aftewitching off MCP #1

1 At the end of the transient@3 seconds).

- Axial power and coolant temperature distributions in the SFA:

0 From sector #1

09-16 SFA1 0825 SFA2 0819 SFA3 1023 SFA4
0 From sector #2

12-25 SFA5 14-31 SFA6
0 From sector #3

09-34 SFA7 1035 SFAS8
0 From sector #4

0534 SFA9 07-34 SFA10
0 From sector #5

02-31 SFA11 02-33 SFA12
0 From sector #6

04-23 SFA13 06-27 SFA14
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F) Radial power distribution (full coré)start eactine in column one, leava blank space inetween
each number, and use a total of six spaces per number):

0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9929999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 909999 0
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 MINI999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 0.99R9999

G) Axial power distributiori place all data starting in columone, leave a blank in betweeach
number, and use a total of six spaces per number:
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
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ANNEX A
ANALYSIS OF THE TRANSIENT AND MEASURED DATA
(Preparedn the basis of Ref. [1])

Initial steady state reactor paraersiare shown in Table 2 (Chapte;,6) i n col umn Al ni
(data from ICMS, with exception ofgGvhich are determinedthroughlaboratory analysis). Values of
FA relative power and heatp of the coolant in FA are shown in the core schema of Fig. 1 dim2 (

oinitial statef). The operational state of the
designed. The reactor was ppoisoned. The boron concentration in the coolant of the primary circuit,
pressurizer and deerator of the feed waterans b al anced. The APC was ope
respectively, TEC was in mode ¢Contr ol NA .

At 20:30:02 on 02.10.2005 (time recorded by UBLS), the shift leader of the reactoalipan
switched off MCP1 (YD10DO01- one of the four operated) from the cahtroom.

The time histories (A00 on the time scale
parameters of the PC and SC are presented in the following Figures:

i Fig. 37 81 parameters recorded on ICMS and UBLS;
T Fig. 827 100 data recorded on of théditional SEC.

Parameters recorded at the end of the transient caused by the switching off-afdvCghown
in Table 1 (the column fAend stated) and on the c

After 1.41 s (here and below from theoment of theswitching off of MCP-1) and upon the
signal Al oad off #2 $WOO c h h e-bDffLaRdiBnMIated diEh the
insertion at first, the CR group #10 (from the initial p i t b, 082.95 %) and after that by reaching
1 10= 50 %- both CR groups #10 and #9 (from the upper end sWHORES).

Upon actuation of PR , the APC switched from mpatkéthen TO i 1
control role of CPS. At the sametime@CE swi t ched on from mode AContro

At the 73's of the transient, by f, = 67.2 % Non (recorded by ICMS), LRPC stopped the
reactor loaebff process. After completing of LRPC procedure, the automatic power control (APC)
switchedont®C PS i n mode ANO and then maintained the 0
from 66.2 % to 67.0 % N (Fig. 5, 6).

During the reactor loadff the CR group #10 was inserted from 82.95 % to 43.18 %, whereas
the group #9up to 92.61 % (from the BE). The reactor power recorded by NFC weduced from
98.83 to 67.2 % N, with the average reduction gradient of ,didt = -0.452 % NonfS =-27.1 %
Nnor/min. The lower gradient of load reduction in the time interval from tH8s4® the 7%s is
apparently due to termination of the temperature increase at core inlet (see Fig23)8and so
terminating the impact of the negative feedback of the coolant temperaturencteaséd (up to the
42"s of the transient) the gradient of power reductiod ue t o t h& iTrhcer edaeseer eaafs ev
after 42 s of the process caused an insertion of additional positiee ireai t y i nto t he
( Oy I Qs WHhidpinterfered reactor power reduction from LRPC.

Accordingto Fig. 4, the reactopower recorded by the measurement channel #2 o2 @R
NFC in the time period from 14to 35"s of the process exceeded the power identified by other
measurement channels. This is due to the fact, that the channel #2eeD) is situated at the dé
of core sector #2 where streams mainly coaledn the coolant from the cold leg of loop #2 (see Fig.
45, 16, 17), which causes higher power generation in this sector due to negativettemfezdbacks.

During the TG loaebff the HP control valves @mged their position as shown in Fig. 50
(recorded by the UBLS, with aperture of recording) and in Fig. 95 (data of SEC, without aperture of
recording). Elpower of TG reduced from the initial value of 983 Mifringthe time from the 10to
the 18's of the transient to 967 MW. The control valves (Fig. 95) partly closed from the initial
positions 47.6, 29.4, 36.5 and 34.3 % to respectively 47.6, 28.6, 35.5 and 33.6 % éPtsthBylﬂﬂe
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30" s of the process, dNreduced rapidly to 828 MW due to therti closure of the control vales till

the 29" s respectively to 33.7, 21.6, 27.3 and 27.3 %. As a result of pressure decrease in the main steam
collector (Fig. 85) the control valves opened at th& 38espectively to 36.4, 23.2, 29.0 and 29.0 %,
which caused the increase of; By the 48's up to 845 MW. Then the control valves have been closing
partially until approximately the 22%s of the transient, and their pidsns reached respectively 26.6,

16.6, 21.2 and 22.6 %. For that timg tecreasedill the 222s to 622 MW. Then, approximately by

the 23%'s, control valves partly repened up to 26.7, 16.7, 21.5 and 22.8 %, which caused an increase
of the electrical power up to 627 MW and stabilized at this level.

Fig. 3 denoteshe electrical paver consumption history of MCP-4. It can be seen that the
reduction of Nycp1 to O took place within 1 s. After switching off of ME&Pa slight drop of Ncp2,
Nwucps and Nycps is observed due to the reduction of the hydraulic resistance of the PC al af hgu
coolant flow reduction.

The timedependent changes of pressure differences of MC&®1d in the reactor aregsented
in Fig. 7, 83. Figure 83 shows that particularly at thB¥0 t he vw@l( ues & 2¢ 3, 4
have reached their mimal (for this mode) values and after that have stabilized. Thesyee
differences of MCP# and of the reactor before and after switching off of MCdte listed in Table 1.

The change of the flow direction in the loop 1 began approximately at the &fier the
switching off of MCP1 atgpucr.. approximately equal to 0.29 MPa (see e. g., Fig. 16, 17, 45).

Time histories of the coolant flow rate in the 4 PC loops and in the reactor are shown in Fig. 9
(ICMS data). It should be mentioned that the valugsaBd G are not very reliable up the 7§'s of
the transient and especially for the time moment of the run out mode of the MCP after its switching off
because the ICMS has not a calculation model for this condition. An increase in the flow rate of loops
#2, 3, 4 with running MCP is caad by the reduction of the hydraulic sssice in PC (most of all in
the core) due to the reduction of the flow rate.

Fig. 8 shows the time histories of | oopso6 tl
bases of PC coolant measured data. It shbalmentioned, that in the interval approximately up to the
150" s the values Peioopi (i =1, 2, 3, 4) and Ncare not reliable.

Time histories of the reactor power calculated in various ways Mc, Nocs, Neore), also the
reactor power recorded BNFC (Nyrc) and the TG electrical power ¢N are shown in Fig. 4. The exact
definition of No¢, Nsc and indirect also N under the conditions of fast changing parameters (for all,
that of flow rates and temperatures) without consideration of the ¢ddaspotation time (delay time)
as it is done in the ICMS, is generally impossible. In that sense, the valgeNsiand Ngr in the
interval approximately up to the 156 of the transient are not reliable. The strong lapse in &@)N
evolution at the time interval approximately from the™t the 48's of the process is due to the
disturbance in the recording of the 8€&edwater flow rate caud®y its abrupt decrease (Fig. 61).

In that way, the reactor power can only be evaluated on the dfathe data recorded by NFC
and DCS till the 150s of the transient.

PC pressure histories are presented in Fig. 10, 11, 8dpaftdl history in Fig. 84 (data without
recording aperture). Analysing the results in Fig. 84, it can be seen that the initialsB@eg# 15.52
MPa, grew insignificantly by the & (up to 15.55 MPa) due the coolant hegiin the core caused by
the reduced flow rate. From the time period after th8 @0the 90's it dropped from 15.54 to 15.12
MPa due to the PC coolant temperature decrease causiedrkgctor power load reduction controlled
through LRPC. For this period the coolant flow ratesll loops and through the core are practically
stabilized, and the steam pressure reduction in SGs with operating MCP remained also practically
constant up to the 183 (with mi n o pc armd evithuad heigers rof the fpressurizer in
operation). Later on the pressure in the PC began to increase and reached 15.47 MPa By thél800
practically constant temperature of the coolant (due to the operation ofettteoteeaters in the
pressurizer).

The coolant level in PRZ recorded by the UBLS (Fig. 10) increased from the initial value 841.6
cm approximately by the 13 up to 844.7 cm, and then from thé"30to the 138's of the transient it
has decreased t&2.5 cm; later on, starting from the 1% of the process it began to grow smoothly
reaching 763 cm by the 288. Lpg; (recorded by MMS) insignificantly increased (Fig. 84) from the
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initial value of 859 cm to 866 cm till the ¥, and then, by the 63 it reduced to 790 cm, later on
increased smoothly and stabilized at the'™6@at a level of 800 cm. The difference in the valuessgf L
(recorded by the upper level control measurements and the MMS) are due to the fact, that the UBLS
data considerthe corrections for the coolant temperature in the pressurizer whereas the MMS data do
not take that into account.

According to the UBLS records (Fig. 12) after the ladidof process was completed and
reactor parameters stabilized, the makeflow rate insignificantly increased whereas the bliown
flow rate insignificantly decreased. On the other hand, it can be seen in Fig. 13 thatttbe pb&lve
vs32S02 changed 84r%imtheangig stabexapproximatelyd) % in the finaktate,
whereas the changes occurred mostly in the interval from theo86e 15¢'s.

Figure 51 (UBLS records), Fig. 85 and Fig. 86 (MMS records) show the time history of SG
vapour pressure. | t seS(irFdu2l 3 4) beeordedebpBl S (Fig. 1) are Bbyat
(0.027 0.04) MPa higher than the analogous records of MMS (Fig. 85). It is due to the fact that the
pressure measuring sensors are located not in the SG but in the fresh steam pipes. MMS records the
values of just these sensors wdes UBLS records considered (though, hard to say hewsisply) the
corrections for pressure losses in the region length from SGs to the places ofstterses 6 | oc at i
Further the SC pressure histories recorded by MMS (Fig. 85 and 86) are analysthénaae added

some corrections on the basis of data recorded by UBLS.

According to Fig. 85 the steam pressure inIS@ecreased sharply from initially 6.21 MPa to
5.8 MPa by the 25s (due to the loofi power reduction), and then, from the"29to the31™s it
dropped to 5.77 MPa. After the coolant flow reverse in the-btgok place, the pressumcieased to
5.92 MPa in the interval from the 880 47" s and later on it was changing likgsx(t). It should be
mentioned that in the time interval from the"20 the 128's the SGL pressure was lower than the
steam pressure in MSH. The S@2ressure, which initially were 6.22, 6.24 and 6.26 MPa, unevenly
and insignificantly decreased ialation to the initial values in the intervals (L24 s), (16i 27 s) and
(197126 s) due t o usyltaused ey dhe cetictoo powenréduction parallel to a minor
reduction of N Then it increased respectively to 6.37, 6.32 and 6.30 MPhebgd', 37" and the
40"s (due to the power increase in loops4#Raused by the increase of the coolant flow rate and
temperature and ydyas atrdsdt ofi thecddeceeass af)Nlater of the pressure
decreased respectively up to thé®%1,2135" and 13%'s (whereas mostly intensively by the"3990" s
due to the reactor power reduction by LRPC, thus reaching the minimum values of 6.13, 6.09 and 6.02
MPa, whereupon practically s tsathtoeld be dermoined. Thep owe r
fact that the pressure in $5reduced most sharply from the™38 , becoming at s¢x2he en
a n dgs Is due to the power reduction in loop #4 as a results of flow mixing of the already cooled down
cool ant fr om dp#Hlantodobpott.0 | eg of | o

Steam pressure in MSH (Fig. 85) reduced from the initial value 6.01 MPa to 5.87 MPa by the
21*'s (due to the reactor power reduction, and, but by a minordfiad TG), and thenricreased up to
6.014 MPa by the 37s (due to the sirp reduction of N by the 38's as it is can be seen in Fig. 50 and
51), and then reduced to 5.89 MPa by thB&lue to the reactor powexduction and slow loadff of
TG). After completion of reactor loaaff , due to insufficient loa@dff of TG,t h e p reysemdnede t
5.86 MPa by the 13Ds, after that it started to increase smoothly (due to the smooth closure of control
valves) becoming practically stable by 3@0at a value of 6.0 MPa.

According to ICMS records (Fig. 51) steam pressurB@2, 3 and 4 with initial values 6.29,
6.24 and 6.24 MPa, reached maximal values 6.41, 6.35 and 6.35 MPa, b{ tha78% and dropped
to minimal values 6.15, 6.12 and 6.04 MPa by the'$31

Figure 56 (UBLS records) shows the time history of steegagure in the house loaddleotor
and the valve position of FASHL. Figure 100 denotes the time historyigfc recorded by MMS.
According to Fig. 100 the steam pressure in ISC decreased from the initial value 1.186 MPa to 0.737
MPa by the 120s and then (due to the opening of valves in tharid 2¢ device of FASBHL i
Fig. 56) it increased and reache®72 MPa by the 248s. In the initial phase the valves of thHéahd
2" device of FASBHL were closed (Fig. 56). Starting from the"™3§ the valve of the1device of
FASB-HL began to open and reached 57 % by thé“E33\t the 68's the valve oftie 2 device of

3C



FASB-HL began to open and reached the position of 44 % by th¥ 43&fterwards the position of
FASBHL6s valves did not change.

The water level evolutions in SGs are shown in:

I Figures 57, 89, 9G recorded on the basis of the measwsts of the Zhamber level
measurement devices;

i Figures 58, 91, 92 recorded on the basis of the measurements of ttleathber level
measurement devices.

According to Fig. 89, 90 (data without recording aperturg), from the initial value of 165
mm, changed by +14 mm by the™8 and then decreased by th& 8Gvith-73 mm (appeently due to
the steam increase in SiGafter thes har p r e dgy), @ndilatenit inoréasef to +191 mm by the
76" s (due to the sharp power reduction of loop #1 after the flow reverse), and after that began to
decrease (most fast till the 88) becoming practically stable at the 380thus adifferent of +10mm
resulted compared with the initial value. There, the main feed water control valve-bfb8Gan to
close from the 3%s and closed practically completely at thé“52(Fig. 62). The starter valve of the
feed water controller partly @sed to 49 % in the interval from the"™44 5T™'s, then opened up to 55 %
by the 58's, and later on partly dropped to 24 % by th& §Zhanging after that its position (mostly to
open) maintaining the water level in 9G

Water levels in SG2 (Fig. 89 and 90) related to the initial values respectively 185, 165 and
161 mm increased by +7, +25 and +36 mm at tH& 28" and 23's respectively (possibly due to
reduction of heat transfer in &4 at the beginning of the flow rate reduction anddbéant speed in
loops #24), then they began relatively sharply to increase (due to power increase in loops #2, 3 and 4
and thus leading to increase of flow rates and coolantupeat the loops). Maximum deviations from
the initial values of minus 174#ninus 126 and minus 134 mm were reached at 63, 67 and 60 s and then,
due to additional opening of the main and the starting feed water valve-#343 well as due to the
power reduction of loops #2, #3 and #4 and also thegrialt reactor power, they éneased to values
different from the initial ones by minus 44, minus 1 and minus 3 mm at 132, 171 and 132 s respectively.
Then, due to the closure of the starting control valves to the initial positions as well as due to the closure
and the following smobly partial op@ing of the main feedwater valves of &G3 -4, (Fig. 62) they
began to stabilize. Relatively quickly has stabilized the leye} (Fig. 90), beginning approximately
from the 348's it returned to iitial value very fast. The water leviel SG2 at 270 s reached a level
change of85 mm, and after that it began to increase and at 420 s it stabilized at a slightly different
value from the initial one. The water level in 8G@lecreased during the stabilisation@ mm (at the
364" s) andthen it began to grow, reaching practically the initial value at 465s. After the SG water
levels drop by more than 100 mm at th& 48the both AFWP were actuated (Fig. 94).

The main feed control valves of S with initial positions of 59, 71 and 58,%pened during
the transient respectively to 84 % (at th& 6% to 100 % (at the ¥%) and to 66 % (at the 48), and
closed to respectively 50 % (at the 138, to 68 % (at 168s) and to 30 % (at the138).

The records of orehamber level masurement devices denoted the following (Fig. 91 and 92):

i Lssy With initial value of 2218 mm reduced by the*Zlto minus 142 mm, and increased by
+205 mm by the 53s, then it smoothly reduced and stabilized practically by thd' 450ith a
difference of +25 mm in comparison with the initial state;

i Lssa Lsssand Lsgs With initial values of 2203, 2196 and 2214 mm increased by tfe 188
and 1%'s respectively by +13, +23 and +22 mm, and then the water levels reducativelpby the
69", 72" and 48's to minus 114, minus 90 and minus 126 mm. After that thegased by the 122
170" and 129's respectively to minus 44, +4 and +3 mm and finally their stabilisation began and
completed respectively by the 480465" and 368's at \alues different from the initial ones by
respectively minus 39, minus 12 and +2 mm.

SGs feedwater flow rates evolutions are shown in Fig. 61 (records of the ICMS) and in Fig. 87
(records of MMS). According to the MMS records, the-B@&ed water flow rateolume increased
from the initial value of 1463 ¥h by the 29 s to 1577 rifh (apparently due to the redui 0 nsg)p f t
and then, by the 80s it reduced to 152 h (closure of the feed water main control valve of§Gand
approximately by the 75 it reduced practically to zero (partial closure of the feedwater starting control
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valve of SG11 Fig. 62). Later, Gs; began to increase approximately from the "§%reduction of
Lsec1 and stepby-step partial opening of the feed water starting valv&G1). Concerning the data
from ICMS (Fig. 61), during the measuremedmid interval of about (3B 38) s there has been a device
malfunction of recording @ (t). The minimal value of &, recorded approximately at the 120
denotes 109 t/h. Aftehe 14%'s Gsg, has began slowly to increase ant at the"30eeached the value
of 154 t/h. At first the S@, 3, 4feedwater flow rates reduced slightly (at the (387)"s) and then
increased by the (8% 54 s; later decreasedeording to the Bat sinking through SG-4.

SG feed water pressure histories are shown in Fig. 63, 8&c Tha n g e s (i =0lf 2, 3, A)w
during the transient have been determined by feed water flow rates (Fig. 61, 87) and pressure in SG
(Fig. 51, 85).

The TFWP #1, #2 rotational speed histories and the feed water flow rates at the pressure side as
recorded byUBLS are shown in Fig. 59. Apart from the feed water flow rates at ttssypeeside of
TFWP #1, #2, Fig.60 denotes also the -pW¥ssure at the pressigigles (recorded by UBLS). Fi§3
shows the rotational speed change during the transient of TFWR #dcagtded by MMS. According to
Fig. 93, Arwp1 and Rrwp2 With initial values of respectively 3068 and 3053 r/min decreased from the
20" s to the 3% and 34's respectively to 3041 and 3027 r/mins{gnificant partial closure of the feed
water main cotrol valves of SG and a pressure reduction in SG), and then increased respectively by the
52 and 53's up to 3097 and 3083 r/min (partial opening of the feed water main control valves to SG
24 and an deh etaenadseiThenfthey begammtdecrease according to the thermal power
of the reactor relieved mostly into S% 3, 4 (partial closure of the feed water control valves of SG and
a pressure reduction in SG). fing the time interval from the 1{20 153%s there was an increase of
the rotational speed of TFWP (maximum of 2990 r/min during= 142s), whereas the rotation speed
of TFWP-1 reduced. The flow rates at the pressure site of TRWP in principle were following their
rotational speed (Fig. 59).

Figure 67 shows the tir#ependences of the feed water flow rates in the lines 6PHPas
recorded by the iore monitoring system and Fig. 68 shows the analogous dependences of flow rates,
as well as the pressure values in the lines ePHPrecorded by UBLS. The form of the cusvef Gyp.
ph 1(t) and Gyepy At) are close to the average flow rates dependences at the pressure sides of TFWP
(Fig. 59). A minor increase of pressure in the lines of#Pin the time interval from the 4Go
approximately the 58s (Fig. 67) is apparély a result of the cuoff of the steam line connection of
HP-PH (s., e. g. Fig. 69 and 65).

According to Fig. 69 (recorded by UBLS) it follows:

i the levels in HFPH #6 1, 2 increased from the %o the 50 s respectively to 3156 and 2954
mm; as a rsult of the water level growth, the HH were approximately at the2&nd 63's switched
of f, at first group ABO and after that, the grou

i the level control valves of HPH #61, 2 with a water discharge line into THC opened from
appoximately47 % in the intervals (126 145) and (145 157) s toapproximately99 %;

i the level control valves in HPH #61, 2 with water discharge line into D7 in the ivis
(1337 145) and (146 157)s from the position 45 % closed respectively to zero ad@ &;

i the level control valves in HPH #71 in the interval (133 156) s partially opened from 21
to 29 %, and the respective the valve-PIR #72 in the interval (146 158) s partially opened from the
position 41 % to the position 30 %.

The feed wadr temperature evolution at HH inlets and outlets is shown in Fig.65. It should
be mentioned that the water temperature sensors downstred?i lRe installed upstream the water
inlets of CHTP.

The inlet SG feed water histories are shown in Fig.64artlee seen that the main decreafse
Ume @ N Gus 0ocurred by the 380s ,  wh e r e a stook piaeetby toef407as f w

Figure 66 denotes the water temperature evolution at the pressure side of CHTP. According to
the figure this temperature increased starting from the initial valu® 362 at 'f sitethen @830
264.8% , and t hen"to ther30dm it tebreased, 9eaching practically thiiah value (to
263% ) .
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Figure 52 shows the time history of the heating steam flow rate to SSSH and the position of the
contrd valve in the line of steam flow to the SSSH. According to this figure Scv did not change. The
flow rate of the heating steam to the SSSH reduced from the initial value 496 t/h to 459 t/h Bysthe 21
(steam generation reduction in SG), and then, bB#Tes, it increased up to 505 t/h (due to the partial
closure of the contto v a | ¥ Eig 95} after that, by the 5% it increased relatively quickly to
447t/h (steam reduction in SG), and later the flow rate followed the change of the thermal power
transferred to the secondary circuit and it was changing in cepinéaeto the sequential change of TG
control valves positions.

Figure 53 shows the temperature and the pressuredependences of the heating steam
upstream SSSH and in the condensate collector. According to the figure, the heatingrafeaatuse
upstreanSSSH and in the condensate collector did not change (within the recorditwejpand had
respectively 274.2 and 272°8 . The heating steam pressure wupst
collector dropped (within the recording aperture) from the initial values ofatbsglg 5.727 and 5.652
MPa in the time intervals from thé"@o the 17's of the process and from th8 @ the 20's of the
process respectively to 5.689 and 5.570 MPa, then it increased imetivals from respectively the 43
to the 5%'s and from the 32to the 42%s to respectively 5.730 and 5.628 MPa; later it began to
incfrﬁase again from the 28 and 158's respectively and reached 5.872 and 5.800 MPa at tfiea@5
278" s.

Figure 54 shows the time histories of the steam temperature downstream S&S{tbwl
pressure) and at the outlet of the high pressure part. According to the figusteahetemperature at
the outlet of the high pressure part began to decrease from the initial value oftl534 {'s atd7
reached 144.24 at Y shEhe f2ear temperature at the downstream of SSSH(létv pressure
part) increased, starting frothe initial values 255.3, 255.3, 254.8 and 25%1 at "“t1a3 103
127" and 109's and reached at the 29232 294" and 204 s respectively 261.0, 259.0, 259.8 and
2585% , afterwards remaining practically the same.

Figure 55 depicts thigme histories of the steam pressure at thakes #13 of the turbine and
at the HPTP ## (recorded by UBLS). The changes of the steam pressure at turkale$n#18
recorded by MMS are shown in Fig. 9799. It should be mentioned that the pressusssurement
channels in the"8(Fig. 98) and the7(Fig. 99) intakes were out of order.

The D #%1, 2 changes of the water flow rate and the changes in the positions of the main and
starting water level control valves of the of D72 are shown in Fig0. The figure proves that for the
time period of the transient the flow rates in D7 recorded by UBLS in the interval from'the 8
214" s reduced from the initial values of 3006/m(D7-1) and respectively 3052°%h (D7-2) to 1788
and 1765 rith, and then, by the 38 they slightly increased to 1956 and 198%hmin the interval
from the 161'to the 174's an increase of the condenser flow rates il PZ took place (approximately
by 300 ni/h in each one). The position of the starting caintalve in D71, 2 practically did not change
and stayed opened at about 49 %. The position of the main control valve of the water levdl,2n D7
sharply changed to 63 % from an initial position of%45n the time interval 15 40s, and then, in the
interval from the 58 to the 57 s it changedtsarply from 62 to 49 %:; latein the interval (171 181)s
it changed from 17 % to zero. Beginning from the "263he main control valve of the water level
began to open and reached theitpms of 24 % athe 300's.

During the transient the water level in theaeratos (Fig. 71) changed from the initial value of
2509 mm within the limits of 2488 to 2598 mm.

Figure 72 shows D1 , 2 pressure histories and the chan
heating steam supply into the-derator columns. According to the figure, the pressure in Haeddor
D7-1 and D72 reduced to 0.582 and 0.581 MPa from the initial values of 0.596 and 0.598 MPa
respectively starting from the 930 the (128 i 131") s, and then, from the 1780 respectively the
224" and the 23%s it increased to 0.611 and 0.615 MPa, later, from th& @6the 294 s it reduced to
0.594 and 0.593 MPa. The positions of control valves at heating steam supply intcathetde
columns practically did not change till the"™3§ and has the valuesspectively 21.6 and 22.6 %, and
then, by the 178s they increased to 37.4 and 39.4 % (due to the steam pressure reduction in the
secondary circuit and the water level increase irlDZ2), after that, by the 242 they dropped to
respectively 31.1 and 32.4 % (the increase of the water level-hhDwas stopped).
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Figure73 shows graphs of time histories of the condensate water levelsPiH ¥B5 and the
positions of the level cdrol valves in the same LPH. The figure denotes thatdepy s increased to
550mm from the initial value of 330 mm starting at approximately tHfes24nd continuing to the 9%
and then it dropped to 25 mm approximately by thé"Z)@hanging themsignificantly till the 289's
and it increased again to 160n by the 298s. The condensate level in {HH-4 changed
insignificantly: in the initial state it denoted 327 mm, and by tH2s3® raised to 334 mm, and then it
dropped to 276 mm by thes&" s, and till the 300s it raised again till 345 mm. The water level of
L.r.prs practically did not change till the 88 staying at 34 mm, and then it sharply increased to
575mm by the 6% s changing till the 100s within the range of (576592) mm, then, sharply dropped
to 25 mm by the 119s, and later it raised again from 32 to 421 mm in the interval from th&t@31
285" s. The position of the level control valve of B #3 did not change till the 148 and was open
to 75 %, then, byhe 169's it changed to 40 %. The position of the level control valve ePHR#4 was
68 % till the 148 s and then it reduced to 60 % by the™154

Figure 75 denotes the condensate level history ePHP#2 recorded by level measurement
devices basedn 1000 and 1600 mm, and also the time history of the positions of the main and starting
water level control valves of 1-PH #2. It can be seen thatpl,, measured by the level measurement
device with a basis of 1000 mm increased from the initial valu&® mm to 889 mm starting at the
180" to 23%"s, and then by the 308 it dropped to 647 mm. The condensate level recorded by the
measurement device with a basis of 1600 mm, which has initially a value of 221 mm, was changing
approximately till the 88" s in the range of (200 313) mm, and then it dropped to 140 mm by the
292"s. The position of the water level main control valve ofRIP #2 did not change till the 2%
staying at 63 %, then it reducedapproximately20 % by the 224s, and hen it increased to 36 % in
the time period from the 287o 300" s. The position of the starting control valve for the level control
of LP-PH #2 practically did not change.

Figure 76 shows the condensate levels history oPHP#1 (shown by two separakevel
measurement devices), and the average water level history-BHL#L. According to this figure the
condensate level kpyy; increased from the initial value 62 mm in the time interval from ti&t63he
198" s from 74 to 288 mm and changecketainsignificantly. The condensate level ippkyi,, Which
was 31 mm in the initial state practically did not change till thé"$2hd then raised t0127 mm by the
228" s and began to decrease smoothly starting from tHe<2®fis lecoming 108 mm byhe 304’ s.

Figure 74 denotes the coolant temperature histories in various measurement points from the
suction area of CP #1 to the outlet of-BH #5. According to this figure the LIPH#5 temperature at
the outlet began to decrease approximately froendtli' s. As a result of this, the coolantrgerature
decreased by the 273 from 150 to 4%+, whi ch is due to the steam p
in-takes of LPPH (see Fig. 98, 99).

Figure 78 shows the pressure histories at the pressure sidelofCBnd #3 (CR #2 is in hot
standby mode). Figure 77 shows the pressure historieseaptbssure side of GR#1 - #5). The
pressure drop at the pressure sides 62@Pthe interval from the 15to 44" s is due to the additional
partial opening of the main level control valve of D7 (Fig. 70). In principle, the pressure change at the
pressure sides of GP was in countephase to the change of the position of the level control valve of
D7.

Condensate level histories of the first (SD11,12) and the second (SD13,14) groups of the turbine
condensers are given in Fig. 79. The figure showsithhe interval from the 46to the (2761 278)"s
the condensate level raised from 1017 mm to 1210 mm. The local minimuwx 0ft) att = 57 s and
the maximum value of dy3:{t) with t = 59s (pitches) are, in our apon, due to the disturbaas in
the recording.

The pressure time history of the first (SD11,12) and the second (SD13,14) groups of the turbine
condensers are depicted in Fig. 80 (recorded by UBLS) and in Fig. 96 (recorded by AYM3MS
records show, the pressure in the turbinedemser at the 24G (after the completion of the dynamic
mode connected with the reduction the reactor power from approximatedg.8 to 64.7 % Nm
(recorded by NFC)) reduced in relatitmnthe initial values by approximat@y kPa.

Figure 81 showshe circuit water temperature history at the inlet and outlet of the first and the
second group of the turbine condensers. The figure denotes that the circuit water temperature at the
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outlet of the first group of condensers related to the interval fron84A¢o the 271's cecreased by
16%, and at the outlet of t he"tethe2®Nit decreasedpy i n t
2.1% .

The transient results of the loop temperature control by ICMS are shown in H§. These
figures use ta following notations:

T Ui, ik ict U COID and hot leg coolant temperatures and the coolant temperaturertiéfe
between the hot and the cold legs of the |dpg 1, 2, 3, 4) of the primary circuit recorded by the
resistance thermometers (RT);

T Uicers ety @ N d P2 @old and hot leg coolant temperatures and the coolant tetuper
difference between the hot and the cold legs of the [@0epl, 2, 3, 4) of the primary circuit recorded
bythejt h t her mocoupl eisr gt -Beth, y@) of the f

T Uicczjs  itecdj @ N d o2 t€0ld and hot leg coolant temperatures and the coolant teiuapger
difference between the hot and the cold legs of the [@0epl, 2, 3, 4) of the primary circuit recorded
by the jth thermocouples(j$, 1, &) of t2he second set (TC

T asieer @ N d endducoolant temperature difference between the cold and hot legs of the
coolant temperature in the Iqopp = 1, 2, 3, 4) of the primary circuit, averaged on all thermocouple
measurements of the firsiC-1) and the second (Fg) sets;

T U, ni&@ndy ladke average value of coolant temperature of all thermocoupled @r@l
TC-2) and resistance thermometers (RT) for the cold and hot legs; the difference of the coolant
temperature between the celdd hot legs of the lopfi = 1, 2, 3, 4) in the primary circuit.

The locations of the temperature monitoring casings in the primary loops (for all cold and hot
legs) at Unit 3, NPP Kalinin are given in Annex E.

The measured data of some of the cold kegrhocouples in the RIGops astsyycr: (Fig. 16),
Uteezt ( FI O . occlb T 1, O Ustecdk O F i, O Usiec @ O Phioe (GRS 9+ 41cc @ Phiocads(RHQ. 22) and
Uarcczs (Fig. 23), are not taken into account by the analysis because these-tioenpies did not have
the require direct contact area with the coolant. Due to the same reasons the hot leg temperature
me a s ur e mgsk(Fig. @8) was also not considered by the analysis.

It should be mentioned that by determining the average (measured -y, TC2sa@d RT)
coolant temperature of the cold legs (Fig. 14), the average coolant temperature of the hot legs (Fig. 24)
and the coolant average temperature differences between the hot and cold legs (Fig. 48pjé,Rke
above listed thermocouple measurements are extfodehe calculations.

According to Fig. 16 the hot leg #1 coolant temperature recorded Hly, TCeci2 @ N Ciecrds
began sharply to decrease from the initial values respectively 288.2 and®2889t ar t i n"g fr om
(due to increased cooling of SlGhecause of the flow rate and coolant flow speed reduction in loop #1)
thus reaching at the 27and 3®'s the minimum values respectively 282.1 and 288.)0 and t he
sharply increasing (caused by the flow reverse in loop #1, which consists of flow parts from cold legs #4
and #2, but mostly that of cold leg #4) and after that reaching at the M&ximum values 289.8 and
289.6% . Later it began to decrease practically p
completed the decrease by the "15at values 284.1 and 2839 , afterwards (due tc
Ues) raised and stalied practically at approximately the 276 at values 285.0 and 2849 ..

Asrecorded by T2 ( Fi g. 17), t h eccaonodaimdcreases noR&2r0at ur e
and 2824 (initiaPfu)valnue he8 &.i2ne pandto 8Girespetivelynand s t o
then increased to 289.9 and 28%7 by "sHater dfopped to (284i0284.1)°% by {"sand 150
after that increased to 2854 by {"$becorfing 6hen practically stable.

The coolant temperature of cold leg 2 recdrthy TG1 (Fig. 18) increased from the initial
value (287.8 287.9% i n t he i nYftethes4dbupfor(2908 294’ 8( caused by
loop power increase due to: the increase coolantugeat the reactor, the decrease of flow iatthe
reactor and the increase of the coolant flow rate in the loop as well as due to the steam pressure rise in
SG2 as a results of the partial closure of the control valves). Then, by tfes iB@ecreased to
284.4% ( mos't i nt e n sring/up todhe 8%skedues te theodeaease of the loop power
caused by the reactor loaff mode of LRPC (also due to a partial mixing of a coalpdcoolant into
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the hot leg of this loop coming from the hot leg of loop #1) and, due to the pressure aletiea,

later it slowly raised following the h a n g es(t) andl getting practically ale by the 278s at a
value of 287.4u .

Recorded by TC2 (Fig. 8:)antiafromohe Inikahvaluet e mp e |
287.9% grew frtod'suhte29@fa, and t h &"s,it ddorgased to @86% 4
(having most significant decrease till theé"®}, and began to grow slowly, thus getting stable by the
276" s at value 287.% .

The cold leg #3 coolant temperature recorded bylTGgdr1 a N tyec135(Fig. 20) ncreasd
from the initial values 287.9and287% i n t he t i me "ito(42¢ird4"eslup td 29@3m t h e
and 28994 (caused by the | oop Ipnokeaup inithe ceackomanedthed u e t
decreased flow rate through the reactor andritieased flow rate of the coolant in the loop as well as
the steam pressure increase in¥&s a result of a @lvely sharp partial closure of TG control valves
by the 24's). Later on, the coolant temperature decreased to 286.7a p p r o x i hm#f'eWith by t
most sharp decrease till the"@) due to the reactor power decrease, which continued till the ®@h
still LRPC being in operation and due to the steam pressure decrease&inad€ed by some delay of
TG loadoff, after whichith cr eased accor disHtyand stabilizingeat the B¥Sratgge i n |
level (287.7i 287.8)% .

According to Fig. 21 recorded by TZ t he ¢ 00| a ngd.;rdisedninore thaiial r e U
value 287.8u at Mtdithe 4% §to 290.1% , nd ghen, by the 14%s it dropped to 286.%
(reducing mostly fast up to the'94 of the process), and then began to increase reachiilizatain at
the 276's at a value of 287%: .

The cold | eg #4 0 ctodedtby TCER (g €2) mdraaged from the
initial value 287.4%% i n t he i nt"®rhe dffstof280m (Hdee7t o the | oop
caused by the coolant flow rate and steam pressure increasedip &@ then, by the 14% it reduced
to 283.7%  ( strbng reduction was taking place till the"@0) due to the reactor power reduction by
LRPC till the 74's and due to the mixing of a cooled coolant into the hot leg of this loop coming
from the hot leg of loop #1, as well as due to the pressuretieduin SG4. Then the temperature
Umeenb€gan to increas es)@ridd stdbitzediante 2628484 s e of

The cold leg #4 coolant temperature recorded by2T€ee timed e p e N d g.2:1@ @ Shic285
in Fig.23) with inital value 287.8% began t o increase a'mdtheidfiit t he i
became (289.9 290.0)% , t hen "Biredudeccto 2838, and | ater on it s
and stabilized by the 26 at (284.8 284.9)%: .

The cold legcoolant temperature recorded by the resistance thermometers shows that (Fig. 15):

i The leg #1 temperature (initial value 2880) r e d uc éud ftroo nf' &t 8e&8 sl 0
and then it increased to 2886 by ‘“tshlater &0t decreased bye 149'st0284.04, f ol | owe c
by anincrease to 284°a by (" adter tha& veached practically a stable level;

i The leg #2, #3 and #4 temperatures (initial values 287.8, 287.6 and297.5 i ncr eas e d
the 11" to the 5% 54" and the46"s up t0 289.9, 289.3and 289, t hen decr'sdaosed by
286.5,287.0and283% , and | at e'ts, tepincredsgd tat 28763, 287974and 284.8 a n d
practically reached a stable level.

The fact that the cold leg #4 coolant targture at the end of the transient caused by the
switching off of MCRL, stabilized at a lower level than the analogue coolant temperature of loops #2
and #3, is due to the lower power of this loop caused by the mixing of coolant flow coming from the
cooled-up hot leg of loop #1 into hot leg#4.

The hot leg #1 coolant temperature:

T according to Fig. 26 (as recorded by-TlCthec o ol an't t espaen dastsghade
initial values of 317.8% whi ch have been c¢hand"sidge to-tillsiegni f i c
moment of reverse flow in the loop took place which was caused by the -egotmblant atering into
the @re from this loop, and later on, right after the flow reverse disappeared due to the penetration of
that coolant through the thermosensors which practically have not passed through the SG until the
moment of reverse flow have taken place). After thattwant temperaturesggan sharply to decrease
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(due to coolant reverse flow development and its cooling down in th&) 2@d reached maximum

values 269.7 and 271% at "tard &% sSater which it increased relatively fast (by th& §pto

2755°% (practically, the coolant temperature begar
stable reverse flow in this loop), then it slightly changet dfeing the steam pressure change in13G

and became stable at the 2%0at values 276.9 and 2766 ;

Tt he cool ant;sslegeimpesmallsdigpeeorded by TE (Fig. 27) (initial values
317.5, 317.0 and 317% ) changed byntseifigtn3R § and aematdd \817.1, 316.4 and
316.4% ; by Mg theg redhic®d to 271.3,269.5and 2685 and then, "sntheyt | y b
increased and stabilized approximately at thé"208t 276.7, 276.8 and 27646 .

The hot leg #2 cooldn t emp egsah 0 theswg Fi g. 28) r-le(mitat ded b
values 316.4and 317% ) i ncr eas ed -35<to (819.% 31D.8)°% e  d a ke-upbobtheh e a t
coolant in the reactor caused by the reduction of flow rate), and thenyrbgsthe 98's, they
decreased (due to the reactor power reduction by LRPC with stable coolant flow througltttre rea

partially mixing of cooleecd own f |l ow from the hot | eg s&@ausedand al
by the slow down TG loadff in this interval). Approximately at the 188, the tempetures reached
the minimum value (310.8 310.9)% , and then they began sl owly t

temperature growth at the core inlet) and approximately at tffes #Bey stabilized tavalues
(311.5311.6)%: .

The hot | eg #2 £0,0hid@n dtn@(mpieg.atd)e radimtialr ded ©
316.9,317.3and 3178 ) i ncreased appoaheiddha® and 38's iprt@w30.9t he 5
319.7 and 319.44 ,and then, by the 180G they decreased to 310.9, 310.7 and 3%.5 ( havi ng t
most significant coolant temperature reduction till th& §0 after that they began to rise slowly and
approximately by the 270s stabilized at values 311.8, 311.6 andl.3%u .

It should be mentioned that bending points on the coolant temperaturdejraedent curves
(Fig. 28, 29) at = (151 16) s are caused by the specifics of the coolant temperatwedsisheasured
with the thermocouples at FA outlets in sectdiFy). 45). These thermocouples were affected by the
cooleddown flow of the cold leg #1 (till the change of the flow direction in this loop). It should be
mentioned that the coolant flow swirling after FA outlet till the hot legzles take place
counter¢ockwise.

The hot leg #3 coolant temperature:

T according to Fig. 30, the recorded by-IC c ool ant stsegmMpEban ds@; U
increased from the initial values 316.6, 316.6 and 3.3 up t o 319. 2 % 3ilM .t6hear
interval from the 6 the 42%s, and then they decreased to 312.3,312.9and 312 y {"$igeith 1 5 0
most significant reduction till the §G), later on they increase slowly stabilized at values 313.3, 313.7
and313.44 by f"§re 270

I according to Fig. 31 recorded by 2 t he c o0l antset QUuEpBAIrkatgyr e U
(initial values 365% , up to 319. %) 3nhTréeased 3 no"temd&s i nt er \
and then they decreased to 312.6, 312.9 and 342.6b y " (with indsOsignitant reduction till
thethd‘s). Later on, they slightly increased and stabii at values 313.3, 313.7 and 31%4 by t he
270" s.

The reasons for the rise and the reduction of the hot leg #3 coolant temperature during the
transient are the same as for the hot leg #2. The only one difference is that in this case there was no
mixing of a cooleadown flow from the hot leg #1 into the hot leg #3.

The coolant temperature change of the hot leg #4 (Fig. 32 and 33) was less significant from the
beginning of the process up to thé 8%han that in other hot legs where the MCP wereparation.
That is due to the impact of the cocldolwn coolant of the neighbouring hot leg #1 (s. Fig. 16 and 17)
entering the core for the time period before the reverse flow appeared in this leg.

According to the records by FC (Fig. 32), the coolanetmp e r aunit s iz &N dycpids
(with initial values 317.3, 317.1 and 3172) r e a ¢ h €"d valaes 318.h, 817.8 &d 31%6.
The t e mpsgdeintransee bythe Y5 upto 31834, and t h &sitdechegsedith e 2 7
3178 %: . By ™M$ ihraisedBdgain to the above mentioned value. During the frae Ntk and
U4 s s.6 €hanged insignificantly until the 2% but nevertheless they had the local minimum at thes27
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The existence of the local minimum on the cabk@mperature evolution in the hot leg #4 is due to the

flow reverse in loop #1. Starting from the™bthe 156ls t he c ool a pdseits gsmgnd r at ur
U, s s.g flecreased to 302.0, 302.8 and 304.0 ( wi t hnifioaat seduction till thers" s), and then

they slowly increased and approximately by the™2¥Qhey stabilized at values 303.0, 304.1 and
305.1% . It should be ment i on €@ the dodant temgerature of thenlot e | y
leg #4 was influenced by the flow ximg of the cooledlown coolant coming from the hot leg #1.

The coolant temperature change of hot leg #4 as recorded £2y(Fig. 33) was analogous to
the change as recorded by-IC ( Fi g . 32) . A cie b ddis pagn df sQi eiranggd 33,
starting from the initial values 317.1, 317.4 and 31%2 t i | s to Wakies 315.5, 317.8 and
317.6% ; and t hefs they yeduteth &® 30B.5,0302.7 and 30%7, after which
insigngficantly increased and became practically stablehat 27#'s at values 304.9, 303.9 and
304.9% .

The coolant temperature in the hot legs as recorded by the resistance thermometers (Fig. 25),
have the following evolutions:

i Loop #1: Starting from the initial value 3174 t he temper atoB182% iinmr e a
the interval from the ®to the 28's, and by the 33s it decreased to the initial value and dropped
sharply to 278.44 by "tslafeer whidh it practically did not change and reduced to 247.4by t he
150" s. Later on it increaseinsignificantly and stabilized at 277°%# by t"6#e 2RO fact th
att approximately equal to 60 s did not have the local minimum (see also Fig. 26, 27), is apparently due
to the different azimuthal location of the resistance thermometetiseopipe with a diameter of 850
which is higher from the low pipe edge area wherelT&hd TCG2 are located (Annex E), and also due
to a higher delay measuring time (measurement inertia) byststance thermometer;

i Loops #2 and #3: Starting from thetial values 314.5and316% t he t enupasedat ur e
respectively to 316.5and 318% i n t he t i me "and ¢ eto respdctivdlyrthe #and he 6
the 3%'s, and then they reduced from 309.3 and 3.9 b y  {"$(with ih&stOfast reduction till the
104" s at emperatures respectively 310.1 and 372.5 . Later on they increa
stabilized at values 309.9 and 3125 at fs.e T2 B&P evolution has at = 24 s a bending
point caused by the same reasons as the similar pointseotinté histories of the thermocouples
(Fig. 28 and 29);

i Loop #4: Starting from the initial value 314@ i
317.0% , and t hé"sitdediepsed tth299°@l Oadn d
slightly increased and reached 29%1 at ®she 270

Letdbs summarize shortly the analysis of the
between the hot and cold legs of the-IB@s during the transient, without taking intccaunt the
measured values (thermocouples records;;c@r e not
(Fig.34) ,arcaafes ( Fi g .otc1ap ) ( Fieed .orcaill ) ( F iee® . srcaB) (Fig. 38pu
aarca1(t) @ Nafdo(U ( Fi garci@@Nndaa@ts) (Fi g. d4t) (Fia#ald oeu

The coolant temperature differences between the hot and cold legs considered below do not
have much physical sense because by their calculation (carried out byctite imonitoring system)
the coolanttemperature in the hot and cold legs are taken at the same time under thiercood
constantly changing parameters (flow rates and temperature in the\WA®@n performing the
calculations of the studied differences it is necessary to take into aécounta n s p o rattexistitcson 6 ¢
(delay time) of the coolant in the R€ys but there was not a consistent model applied for such
considerationHowever, the analysis of the temperature changes between the hot and cold legs of PC
loops, without considerintpe delay time during the transieigt though approximatetill useful.

t increa™scete3fsupm t he
r e a¢ hle " s BB it

The coolant temperature differences between the hot and cold legs of loop #1 oy pr
circuit as recorded by TC - & yrcia(t) a Nigbs(te (Fig. 34) (initial values 28.@ind 29.3% )
increased in the interval from 7 to 29 s up to 34.5 and®4.7 ( d u e  tup of thé @olanténatte
reactor caused by the decrease of the flow rate), and then, by"teet&8/ dropped to minus 14.7 and
minus 15.°4 (¢ a u s e di-ddwy of théhceolaat i &G after the flow reversed in the loop). By
the 90's they increased tominus ¥4 (due t o t he eactorropdofeby LRP@, thasf t h e
slowing down the decrease of the coolant temperature in the cold leg of loop #4tnmh y i n=f; | uenc |
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and leading to the stabilization of the flow rate in loop #1 and the heat exchangd jn/SGhe 188 s
the temperature change stabilized at’8.3

Asrecordedby T2 ( Fi g. 35), t he coolmndndatyesmpvghr at ur e
initial value 29.0%¢ ) at fir st , Dtetpd 2d s, increpsed to d4fé ,t haen d7 t hen, |
58" s they decreased to minus 1%7. By "4 theg incgefised to minus 9.1 and minus’8.5 an d
at the 188 s they stabitied at minus 8.8 .

The coolant temperature differences between the hot and cold legs of loop #2 in the primary
Ci r c drdiita nauyrcgy, as recorded by TC (Fig. 36), increased from the initial values 28.5 and
293% up to 30u Oi edrmedial fBotn.th2 Bto the 14's, and then, by the & they
slightly decreased t0 29.8and 384l. | n t h e tii30wsehey intreased voB0.4 aRdISw5
after which they decreased to 247 by "tshlater ¢hOfollowed a smootlecrease till the 210s
when and the temperature change reached’@4.1

According to Fig. 37, t heych @ ot amtas reécerdeg lByr at ur
TC-2 increased from the initial value 294 i n t he t 4lfe respectisgeup to 0.3 abd
30.0%, and t h®Bsithey degreasechte 301 &nd 27 By ™$ shnew rdétook place,
respectively to 30.5 and 30°8 , and t hé&athey begreased shar@y2to 24.7 and 94.5
followed by a smooth decreaard stabilization at24.0and23® by "he 210

The specifics of the coolant temperature differences changes between the hot and the cold legs
of loop #2 are related mostly to the specifics of the coolant temperature changes in the hot leg of this
loop which were described before. The existence of local minimum points on the tioteist the
above mentioned differencestat (127 15) s is caused by the coolddwn coolant flow coming from
the neighbouring to the loop #1 cold leg, which hashreddhe core inlet before the flow has reversed
and the cessation of these impacts when the flow stagnated and turned to the primary direction.

The coolant temperature differences between the hot and the cold legs of lesap:#3 and
&@yrcis as recorded by T@ (Fig. 38), increased from the initial value 287 appr oxi mat el y
3%to the 29 s to approximately 300 and 34 (due to the incupiathe of t
reactor caused by the decrease @f flow rate), and then, by the 98 they decreased to 26.2 and
264% (due to the cafmodeofURPE with snealt change ofithe aodlant flow rate
through the core), then they changed slightly and stabilized at tis 24@alues 28 and 25.74 .

As recorded by T , the cool ant t emper art4(Fige 390 (withf er e n
initial value 28.7%4 ) i ncr e &s eidn ttoh 8 0t.-i3%rse then, oyt thee 196 @ decre@sed to
261%, and stafi lappedxatma2®ly im0 he time period

As recorded by T€l, the coolant temperature difference between the hot and the cold legs of
| 00 p .#:4(Figed0) increased from the initial value 280 t 0 %43 0 .n2 t he tl5sme i nt
andthen, by the 32s it decreased to 29%: , and appr ox I"sniashaeply yedubeg tot he
189% , after which it smodd hdty fstheany4ed and reache

As recorded by T , the <cool ant t emper agdauaned g f er e
(Fig. 41) increased from the initial values 29.6 and 209t o 29.° &ABndt B6. B8sme i nt
and then, by the 3%, they reduced to 28.3 and 28&7. By ™4, differentes sharply reduced to
20.3and19.84, and Inalprectically enchanged reaching20.0and%9.1at Tshe 240

The specific behaviour of time histories of the coolant temperature difference between the hot
and cold legs of loop #4 were mostly caused by the specifics of the coolant temperatuecirchiaeg
hot leg of this loop (see the above mentioned remarks). The reduction of the tempefteiamecdi by
the (34i 35)" s was caused by the coolant temperature increase in the cold leg of that loop (mostly due
to the i dacandesealehage bf the coolant temperature in the hot leg of the corresponding
loop (due to entering into the core a coetkvn coolant flow from the cold leg #1 till the moment of
flow reverse in the loop).

As recorded by the resistance thermometers, the diffedte coolant temperaturestiveen
the hot and the cold legs (Fig. 42) is as follows:
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i Loop #1: Starting from the initial value 294 t he di ff er en fie firmor etahsee
10" to 33" s, and then, by the B3, it sharply decreased to minus %9, | at e Psitbngreasei e 9 0
tominus6.44, after which it smoothlyddacr 6shee@48nd s

i Loop 2: Starting from the initial value 26°%8 it r ai®aed f t o"'no2ttieni®s 7
practically without changing till the 4G, and then, by the 9 it decreased to 23°%8 , after whi
continued slightly to decrease and stabiliae@2.7’¢ at fTshe 160

i Loop 3: Starting from the initial value 28°%6 it r ai’setlir o Btothd 849
and then, by the 90s it decreased to 25%, after which it pr8stoicall
25.0%: ;

i Loop 4: Staing from the initial value 26.%, it r a%s é d o nfbta tke®B?' g 5
and then, by the %65 it decreased to 23% . Later on, after s @timeit s | owi
started again to decrease faster and at thes90i t r g@HdH2Xud. a&f t er that, the

difference practically did not increase, but oscillated about the average valle 15.2

The fistepwi s epywadse ccracuasseed obfy atuh eféty(Fign25), which c hang
is due to the relatively strgninfluence of the flow mixing of the coolatbwn coolant from the hot
leg#1 into the hot leg #4 during the development and stabilisafitimeareverse flow in the loo#il,
and after that (when the loopad reactoflows reached stabilization), i idue to the loadff operation
mode by LRPC.

Figure 44i 49 show time histories of the coolant temperature at the FA outlet respectively in
sectors 36 recorded by the ICMS (see also Annex D). These figures denote that the coolant temperature
increased ahe FA outlets with respect to the initial values by the following values:

i in sector #1 (Fig. 44) by (2123.9)% at "fim@)sy( 4 2

i in sector #2 (Fig. 45) by (2133.9)% at StiW#)s;( 41

i in sector #3 (Fig. 46) by (2134.1)%  the (4f'i 48" s;

i in sector #4 (Fig. 47) by (2134.0)% at "tim&)s( 43

i in sector #5 (Fig. 48) by (2133.9)% at "imME")s( 42

i in sector #6 (Fig. 49) by (2193.9)% at "imeé")s( 42
Some local minira (small pitchesp n  t¢(h) eurves of some FAs of sector 2 (Fig. 45) in the interval
187 22 s have been caused by the impacts of the calolet coolant coming from the cold leg #1 and
entering into the inlet region of these FA before the flow reverse in thisHastaken place. After
reaching the maximal values during the transient, the FA outlet coolant temperature decreased mainly
bythe15/s. The most r aqedurded upeodthe &Gs. iThe nempmefature reduction was
caused by two reasons: 1) ogtéwn in power reduction mode of LRPC; 2) core inlet coolant
temperature reduction (as a result of the cold legs #2, #3, #4 flow redistribution) due to the steam
pressure decrease in the secondary circuit. Later the coolant sampett the outlet for nsd of the FA

increased (due to the cold |l egsb6é cool ant temper :
stabilize from the 270s.
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