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Z. Hoézer, A. Takacs :
Post Test Analysis of LOBI BT01 Experiment

ABSTRACT |
it &QC z {bﬂ,

Ws the LOBI experimental facility and the BTO1
experimentt-{The computational analysis has been performed by the
CATHARE thermal hydraulic system code. The results of calculations

are in satisfactory agreement with the experimental values. A comparison

has been made with a secondary side break test performed on the PMK-2
facility.

o)

Z. Hozer, A. Takdcs :
A LOBI BTO01 kisérlet kiértékelése

KIVONAT

A cikk roviden ismerteti a LOBI kisérleti berendezést és a BTO01
kisérletet. A folyamat szamitogépes elemzése a CATHARE termohidra-
ulikai rendszerkéddal késziilt. A kisérleti és szimitott adatok kielégitd
egyezést mutatnak. A LOBI kisérletet 6sszehasonlitottuk a PMK-2 be-
rendezésen végzett szekunder oldali toréses kisérlettel is.



Contents

1. Introduction . . . . . . . . . . .. . oo oo L. 1
2. The LOBI Facility . . . . . . ... ... ... .... 2
3. LOBI BTO01 Test Description . . . . . . . . . . .. .. 6
3.1 Initial Conditions . . . . . . . . . . . . . .. .. .. 7
3.2 Boundary Conditions . . . . . . . . . . . . . .. .. 7
3.3 Overall Experimental Profile . . . . . . . . . . . . .. 8
4. The CATHARE Code . . . . . . . . . . . .. ... 12
5. Post Test Calculation . . . . . . . . . . . . .. ... 14
6. Comparison of LOBI BT01 and PMK-2 MSCB Experiments 20
6.1 PMK-2 Facility . . ... . .. . .. . ... .. ... 20
6.2 The PMK-2 MSCB Experitaent . . . . . . . . . . .. 21
6.3 Comparison of LOBI BT01 and PMK-2MSCB . . . . . 22
7.Conclusions . . . . . . . .. . ... ... .. ... 25
Acknowledgement . . . . . . . . . . . ... ... 25
References . . . . . . . . . . . . . .. .. ... ... 26

Abbreviations . . . . . . e e e e e e e e e 27



1. Introduction

The LOBI Project has been car-
ried out in the framework of the Comis-
sion of the European Communities Re-
actor Safety Research Programme. The
experimental program has been perfor-
med on the LOBI full-power high pres-
sure integral system test facility. This
research programme generated an ex-
perimental data base for safety studies
including the assessment of predictive
capabilities of thermial-hydraulic sys-
tem codes.

The KFKI Atomic Energy Rese-
arch Institute has had access to the
LOBI Data Base since the end of 1992
on the basis of a contract between CEC
Joint Research Centre Ispra and KFKI
AEKI. The experimental data are used
for nuclear safety purposes in the fol-

lowing terms : 1. analysis of general
phenomena of PWR transients, 2. use
of LOBI know-how for experiment pre-
paration, 3. validation of CATHARE
thermal-hydraulic system code.

In the present paper LOBI test
BTO1 has been ana.lyzedJThis experi-
ment represents a smuall break transient
in the secondary side (steam line) follo-
wed by special conditions for the estab-
lishment of pressurized thermal shock
and accident management procedures.
The computational analysis was per-
formed by the CATHARE code. The
experimental behavior was compared
to a secondary side (steam collector)
break on the PMK-2 facility located in
the KFKI AEKI.




2. The LOBI Facility

The LOBI-MOD?2 test facility lo-
cated at the Ispra Site of Joint Rese-
arch Centre was designed to perform
safety related experiments and study
such DBA, ATWS, station blackout
etc. accident situations that can hap-
pen in western design PWRs.

This full-power high-pressure in-
tegral test facility is a 1:712 scale mo-
del of the reference reactor (1300 MW
PWR of KWU design). Beside consi-
dering the similarity of thermohydrau-
lic behavior a power-to-volume scalin’
principle was used in the design of the
facility to keep the preservation of the
specific power input into the primary

fluid. Also the elevations of the major

components are identical in the reactor
and the test facility to model properly
the gravitational effects whick play im-
portant role in natural circulation.

The cure and steam generators
flow- and heat transfer areas were cho-
sen according to the scaling factor. The
essential features of typical PWR pri-
mary and secondary cooling system are
incorporated in the facility.

Concerning the primary side
model the four loops of the PWR are
represented by two loops of the test fa-
cility in such a way that the intact loop
corresponds to three loops of the reac-
tor. The total volume is 0.6 m®. Each
primary loop contains a main circula-
tion pump and a steam generator. The
centrifugal type pumps are operating

at different speeds according to scaling,.

The lower and upper plenum, the
annular downcomer and the externally
mounted upper head simulator are the
main components of the reactor model.
The primary cooling system operates
at nominal PWR conditions: at 15.8
MPa primary pressure and 294/326 °C
temperature.

The simulated core consists of
a directly electrically heated 64 rod
bundle arranged in an 8x8 square mat-
rix inside the pressure vessel model.
The nominal heating power is 5.3 MW
and the heated length is 3.9 m. The ou-
ter diameter of the rods is 10.75 mm
and the pitch is 14.3 mm. The wall
thickness varies in 5 steps to give a
cosine shaped axial heat flux distribu-
tion.

Regarding the secondary side heat

is removed from the primary loops by
the secondary cooling circuit contai-

ning a condenser and a cooler, the main

feedwater pump and the auxiliary fe-
edwater system. At normal conditions
the feedwater temperature is about 210
°C and the pressure in the secondary
side is 6.45 MPa.

Each steam generator consists of
a single cylindrical pressure vessel with
an annular downcomer separated from
the riser region by a skirt tube. The
broken loop SG and the intact loop
SG contain 8 and 24 U-tubes respec-
tively. The U-tubes are arranged in a



circle within the riser region around
an axially mounted filler tube. Feed-
water is injected into the SG downco-
mer by a feed ring and flows downward
to mix with the recirculating water co-
ming from the fine and coarse separa-
tors. The hydraulic behaviour of the
main coolant pumps and the core de-
cay heat release can be regulated and
studied through a process control sys-
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Approximately 470 test channels
provide signals for the data acquisition
system regarding the main thermohyd-
raulic parameters at the inlet and out-
let sections of each individual loop
component, within the reactor pressure
vessel inodel and the steam generators.

(11,(2],[3]
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Table 1.

Main Characteristics of

LOBI MOD2 and PMK-2 Facilities

LOBI MOD?2 PMK-2
KWU PWR VVER 440/213
4 loops, 1300 MWe reference reactor 6 loops, 440 MWe
yes integral type yes
2 number of loops 1
0.6 m3 total volume 0.12 m®
1:700 volumetric scale 1:2070
1:1 elevation scale 1:1
5.28 MW core power 0.783 MW
3.9m heated length 2.5 m
64 number of rods 19
8x8(square) rod bundle hexagonal
10.75 mm heater rod ' diameter 9.1 mm
14.3 mm pitch 12.2 mm
elect. direct heating elect. direct
annular downcomer externally mounted cyl.
internal upper plenum external
external upper head external
centrifugal MCPs centrifugal
2 number of SGs 1
U-tube vertical type of SG horizontal
gtoa]::inliz;?:ﬁ number of SG tubes 82
2 number of HAs 2
15.8 MPa primary pressu.re 12.26 MPa
294/326 °C core inlet/outlet temp. 267/297 °C
6.45 MPa sccondary pressure 4.53 MPa

CEC JRC Ispra

organization

KFKI AEKI Budapest




Table 2.

Setpoints and Sytem Configuration for Tests
LOBI MOD2 BT(1 and PMK-2 MSCB

LOBI MOD2 PMK-2
DOEL 1-2 PWR simulated VVER-440/213
2 loops, 390 MWe power plant 6 loops, 440 MWe

BTO1 test MSCB
steam line break test type steam collector break
SL of IL SG break position on modelled SC
8.9mm break diameter 9.5mm
to BL HL PRZ connection to HL
on during Phase 2 PRZ heaters off
on during Phase 3 PRZ cooling coils NE
at 16.5 MPa PORY open at 13.2 MPa
to UP and downcomer UH conrection to UP
on at 11.7 MPa HPIS NA
NA LPIS on at 1.0 MPa
on at 4 MPa HA NA
on AFW on at 0.7 MPa
on MCP seal water NE
BL: OI{I;;Olffhase 9 MCP locked rotor res. NE
open at 7.0 MPa SG SRV open at 5.3 MPa
atmosphere containment atmosphere
5




3. LOBI BT01 Test Description

Test BT-01 represents a special
transient initiated by a small (10%)
Steam Line Break (SLB). It was per-
formed on the LOBI-MOD2 test faci-
lity on January 24, 1986.

Referring to PWR’s secondary
system faults, SLB transients are ge-
nerally analyzed to verify the mitiga-
tive features of the engineered safety
systems with respects to both plant in-
tegrity and environment protection.

The establishment of the overall
experimental profile including also the
test definition and sp:cification was
based on a reactor reference calculation
for the DOEL 1-2 plant, a twin 2 loop
390 MWe PWR.

Test BT-01 was defined to cover

the most important phenomenologies
during overcooling transients. The ove-
rall experimental profile consists of th-
ree phases:

1. Steam Line Break (0-600s). The
primary objective of this phase
was to investigate the blowdown of
the faulted SG, primary cooldown
rate, pressurizer and svrgeline be-
havior as well as heat transfer in
SGs.

2. Establishment of pressurized ther-
mal shock (PTS) conditions (600-
2349s). Since SLBs belong to the
class of overcooling transients and
pose pressurized thermal shock to
some power plants, a PTS scena-
rio was conceived for the second

phase of the test. This phase starts

with tripping the pumps.

3. Accident mitigation based on op-
timized recovery guidelines (2349-
6307s). Primary system depressu-
rization using the pressurizer co-
oling system and in time, unaf-
fected steamgenerator cooldown
constituted the preferred proce-
dure to recover and maintain and
adequate degree of primary subco-
oling.

The system configuration and the
specified setpoints for test BT-01 can
be seen in Table 2, left column.

The break was assumed to occur
in the steam line between the hypote-
tical flow restrictor and the main steam
line isolation valve. It was simulated
with a quick opening on-off valve co-
upled with an upstream orifice of 8.9
mm to scale the assumed break size of
cca. 10% in the reference DOEL sys-
tem. The break size was selected in or-
der to produce a break flow which ne-
ver would exceed the steady state value
during the test thus preventing water
carryover in the steam line. Regarding
the pressurizer the setpoint of the si-
mulated PORV is 16.5 MPa. The hea-
ters are activated in the second phase
of the test. The surge line is connected
to the broken loop hot leg. The exter-
nally mounted upper head is connec-
ted to the upper plenum and the upper
downcomer. An additional connection



is applied to keep the fluid temperature
at about the same value in the upper
head and in the upper downcomer.
The bypass flow through this duct is
estimated between 2.4 and 3.7 % of the
nominal core flow.

For the proper simulation of the
locked pump hydraulic resistance a loc-
ked rotor simulator unit is installed at
the outlet side of the singlc loop main
coolant pump. This means a special

3.1 Initial Conditions

The transient was started from
low power conditions, hot zero power
state. In steady state phase thermal
equilibrium was maintained between
the primary and secondary side and
the core heating power was kept to

3.2 Boundary Conditions

Boundary conditions for the first
phase were generally scaled to the con-
ditions to be expected in the refe-
rence system following an SLB event.
In phases 2 and 3 they wcre set to
correctly reproduce therinal-hydraulic
phenomena. Boundary conditions for
the three phases are summarized in
Table 4.

Concerning the core heat power it
was switched off after transient initi-
ation so no nuclear thermal-hydraul~
feedback was simulated.

valve which provides a flow area reduc-
tion to about 18 % of the normal full
flow area. lor operation 1 reasons the
orifice part of the valve is normally in-
serted cca. 4 s after pump coastdown
to zero specd.

Coming to the test conditions and
operation procedures firstly the initial
and boundary conditions will be sum-
marized.

be sufficient to compensate the overall
heat loss to the ambience.

The initial couditions for tcst
BT01 are shown in Table 4, left co-
lumn.

The main coolant pumps operated
at nominal steady state speed during
phase 1. In phase 2 pumps coasted
down to zero speed at 608 s. Both
pumps were controlled to stop within 2
s. At 616 s the locked rotor resistence
simulator was inserted in the broken
loop. In phase 3 the main coolant
pumps were restarted at nominal speed
at 25006 s also the resistence simulator
has been removed from the broken loop

pump.



The main feedwater was used ne-
ither in steady state nor in accident
phase. However the auxiliary feedwa-
ter system has been applied after initi-
ating the SLB phase as main feed sys-
tem to control the water level in the
intact loop SG.

The HPIS was starting at a pres-
sure of 11.7 MPa injecting into the in-
tact cold leg. This set point corres-
ponds to 431 s transient time and later
cn it follows the prescribed pressure-
mass flow characteristics. During the
second part of the transient a constant
flow rate of cca. 0.02 kg/s was kept to
refill the pressurizer level to cca. 3.8 m.
In the third part the HPIS was opera-
ted as a make-up system to control the
pressurizer level.

The hydroaccumulators were kept -

in stand-by conditions at a pressure of
4.0 MPa in the first period of the test.
Then they were disabled.

The SG safety relief valve did not

3.3 Overall Experimental Profile

The sequence of main events oc-
curring during the course of the tran-
sient are listed in Table 5.

The transient was initiated at time
0 s with the simulation of a small steam
line break assumed to occur downst-
ream of the reference reactor steam
line flow restrictor. At this moment the
core heating power was switched off
and simultaneously auxiliary feedwa-

get in action through the test since the
pressure never reached the setpoint of
7.0 MPa. The intact loop SG cooldown
started during the accident mitigation
phase as it was specified. This event
happened when a subcooling of cca.
15 °C in primary intact hot leg was
achieved.

Concerning the PORV it was ex-
pectedly not operating since the setpo-
int was at 16.5 MPa. The pressurizer
heaters of cca. 20 kW was activated at
1204 s of the second phase and dea. -
tiveted at 2349 s when initiating the
third phase. The pressurizer cooling co-
ils were cycled during the third phase
to preserve primary system subcooling
(flow rate: 0.4 kg/s, inlet fluid tempe-
rature 22 °C ).

In the following the major test
results will be reviewed including the
scenario and also a brief analysis of the
test will be presented.

ter injection was initiated in both the
affected and unaffected steam genera-
tors. Up to 4 s of the transient both
steam generators boiled down. There-
after following the isolation of the unaf-
fected steam generator via the closure
of the simulated closure of the simu-
lated main steam line jisolation valve,
only the affected steam generator con-
tinued to depressurize. The primary



system cooled down and the primary
system pressure reached the setpoint
of the high pressure ECC injection sys-
tem which became operational at 431
s. At 524 transient seconds AFW in-
jection to the affected steam genera-
tor was terminated in response to a
low steam generator downcomer wa-
ter level (cca. 1 m). During this initial
part of the transient the main coolant
pumps were kept in operation at nomi-
nal speed. _

The initiating phase of Test BT-
01 was terminated at 600 s; thereafter
the transient progressed through a se-
cond phase which aimed at establishing
thermal-hydraulic conditions of inte-
rest for the pressurized thermal shock
issues. To maximize thermal stratifi-
cation in cold legs and in the pres-
sure vessel downcomer the main coo-
lant pumps were tripped at the initia-
tion of this phase; also to balance the
flow resistance of the primary loops un-
der natural circulation heat transport;
one additional locked rotor resistance
simulator was inserted at the outlet ol
the broken loop main coolant pump. To
study the mixing mechanism in case of
very low loop flow HPIS injection into
the intact loop cold leg was delivered
at a constant rate. At 1204 s the pres-
surizer heating system (i.e. 20 kW) was
activated to ensure the preservation of
a steam space on top of the pressuri-
zer which was refilling. This caused a
repressurization of the primary system.
The AFW injection into the unaffec-
ted steam generator was terminated at

1612 s in response to the high steam
generator downcomer water level. This
phase of Test BT-01 ended at 2349 s
when the pressurizer water level had
reached a value of about 80% of nomi-
nal.

Test BT-01 was terminated with
an accident mitigation phase. To estab-
lish required operating conditions the
main coolant pumps were reactivated
at the nominal speed and the pressuri-
zer heaters were switched off. At 2534 s
the pressurizer cooling system was acti-
vated to reduce primary system subco-
oling and at 4302 s, following the atta-
inment of an adequate intact loop hot
leg subcooling margia of cca. 15 °C,
cooldown of the intact loop steam ge-
nerator at a rate of cca. 100 °C/h was
initiated. Thercafter the pressurizer co-
oling and heating systems were speci-
fied to be cycled to keep the subcooling
margin in the range 10-15 °C. Fluid
make-up to compensate the shrinkage
caused by primary system cooling was
~nsured by the pump seal water injec-
ion and pressurizer level control. As it
was previously mentioned, during the
evolution of this phase a leak develo-
ped in the broken loop cold leg which
called for the intervention of the HPIS
to compensate the lost inventory which
could not be compensated by pump
seal water injection. This leak was res-
ponsible for the voiding in parts of the
primary circuit and loss of subcooling

margin. This phase was terminated at
6307 s.

[4],{5],[6]



Table 3.
Initial Conditions for Tests

LOBI MOD2 BT01 and PMK-2 MSCB

. LOBI BT-01 | PMK-2 MSCB | Unit
Primary Pressure 15.46 12.84 MPa
Core Power 105.6 677.6 kW
IL mass flow 22.2 — kg/s
IL vessel inlet temp. 283.9 — °C
IL vessel outlet temp. 284.1 —_ °C
BL mass flow 1.5 4.88 kg/s
BL vessel inlet temp. 283.1 266.8 °C
BL vessel outlet temp. 284.1 204.6 °C
PRZ water level 4.95 8.88 m
IL SG SL pressure 6.64 — MPa
IL SG mass flow 0.055 — kg/s
IL SG inlet temp. - 130. — °C
IL SG outlet temp. 282, — °C
IL SG downcomer level 8.15 — m
BL SG steam dome pressure 6.64 4.63 MPa
BL SG mass flow 0.1 0.36 kg/s
BL SG inlet temp. 122. 187. °C
BL SG outlet temp. 282. 257 °C
BL SG downcomer level 8.15 — m

10




Table 4.
Boundary Conditions for Tests
LOBI MOD2 BT01 and PMK-2 MSCB

LCBI BT-01 | LOBI BT-01 LOBI BT-01
Phase 1 Phase 2 Phase 3 PMK-2 M5CB
10% SLB PTS AM
0-600s 600-2349s 2349-6307s
MCP on (100%) off on (100%) coastdown at 26s
BL locked rotor off on at 616s off NE
MFW off off off off at 26s
AFW IL on off at 1612s on at 5158s NE
'AFW BL hetel off off on at 0.7 MPa
Power 0 0 0 off at 26s
off at 23495
HPIS onatd3ls | on(0.02kg/s) | O 2b30s NA
on at 5945s
LPIS NA ‘NA NA on at 1.0MPa
HA at“;?fngf’by off off NA
SG SRV 7. MPa(NU) 7. MPa(NU) | open at 4302s open at 375s
open 13.2 MPa
PRZ PORV | 16.5 MPa(NU) | 16.5 MPa(NU) | 16.5 MPa(NU) cil’ose 15.8 MPa
PRZ heaters oft on at 1204s off off
on at 2534s
PRZ cooling off off gg :% gg% é: NE
off at 5926s

11



4. The CATHARE Code

The CATHARE code has
been developed at C.E.N. Grenoble in
the frame of a joint effort of CEA,
EDF and FRAMATOME for system
thermal-hydraulic studies in the field
of nuclear safety.

The physical model of the CAT-
HARE code is based on the two-fluid
description of two-phase gas-liquid sys-
tems. This model is capable of handling
non-equilibrium phenomena. Mechani-
cal non-equilibrium is considered in the
terms of :

@ Phase separation,

@ Stratification,

@ Co-current
current flows,

@ Counter-current flow limitation.

and counter-

Thermal non-equilibrium is taken
iiaito account in the following cases:
P Critical flow,
@ Cold water injection,
@ Reflooding.

The mathematical description
uses six basic equations of two-fluid
model (two equations for mass balance,
two for energy balance and two for
momentum balance). One or two ad-
ditional equations describe the trans-
fer of noncondensible gases (hydrogen
and nitrogen). The noncondensible ga-
ses are handled as perfect gases descri-
bed by Dalton’s law and being in me-
chanical and thermal equilibrium with
steam. Hydrogen is produced during
cladding oxidation while nitrogen can

12

be injected from bhydroaccummlators.
Boron acid and fission product isotope
transfer are described as well.

The wall heat transfer pheno-
mena are represented by heat conduc-
tion model including wall-to-liquid and
wall-to-gas heat transfer and descri-
bing boiling crisis and dryout pheno-
mena. Radial heat conduction is used
for multi-layer walls and for fuel rods.
Radial and axial heat conduction is cal-
culated for reflood transients making
use of a 2D moving mesh in the vici-
nity of the quench front.

The system of basic equations is
closed by a unique set of closure rela-
tions for the following terms:

€D Interfacial heat transfer:

& Condensation,

@ Evaporation,

@ Flashing,.

€ Wall to fluid heat transfer:

@ Heat exchange zone map,

@ Wet wall heat flux,

@ Dry wall heat flux,

@ Critical heat flux,

¢ Minimum stable film tempera-

ture,

@ Dryout criterion,

@ Transition heat flux,

@ Radiation heat transfer.

@ Stratification criterion,
€ Momentum transfer:

M Wall friction,

¢d Interfacial friction,

@ Added mass.



@ Droplet diameter,
@ Interface velocity,
@ Special reflooding correlations.

The code uses five main elements
for the geometrical presentation of the
calculated facility:

@ 1D pipe (basic modul),

@ Volume (with two subvolumes and
level calculation},

@ Tee (with three connecting juncti-
ons),

@ 1D pump,

@ 2D downcomer.

Several submodels have been de-
veloped for the special elements of nuc-
lear power plants : point neutronic-
kinetics, hydroaccumulator model,
point' pump model, point steam gene-
rator model, etc.

The code is able to simulate dif-
ferent kinds of boundary conditions as
e.g.: Scram, pump trip, break opening,
steam generator tube rupture, ECC in-
jection, valve openiug and closing, con-
tainment back pressure, etc.

The numerical solution is based

13

on the finite difference approach. The
finite difference equations are discre-
tized implicitly on a staggered mesh
ccnsidering donor cell averaging. The
strongly non linear system of equations
is solved by Newton-Raphson iterative
method.
The code assessment process con-
sists of two steps: '
I. Verification against separate effect
tests and,
II. Verification on integral loop tests.

More then 300 separate effect tests
are calculated to validate the physi-
cal closure relations for each code ver-
sion. The verification matrix on in-
tegral loops consists of 21 tests from
LOBI, LOFT, LSTF, PKL facilities
and the whole BETHSY experimental
programme,

The latest version of CATHARE
V1.3E has been implemented in KFKI
AEKI and the present calculations
have been performed making use of this

. version.

[71,(8],(9],(20],[11],{12],[13]



5. Post-test Calculation of LOBI BT(01 Experiment

The post-test analysis has been
performed with the CATHARE code.
The nodalization scheme has been de-
veloped originally by the CEA for JRC
Ispra. In our calculation some modi-
fications were made to that nodaliza-
tion scheme. The break modelling was
changed from the standard "BREAK?”
operator to a "TEE” with break boun-
dary conditions. According to this mo-
dification the steam line scheme was
changed from one 1D element to two
1D elements plus a TEE. The main ele-
ments of the nodalization scheme are
presented in Fig. 2. The pressurizer
walls were divided into three parts in
order to have possibility for a better

simmulation of PRZ heaters and cooling

coils.

The calculation was based on
CATHARE V1.3E version. In this ver-
sion some modifications have been
made in order to improve results of ear-
lier LOBI anlysises (e.g. thermal con-
nection between two elements of the
same circuit).

The set-up of boundary was per-
formed making use of different kinds
of boundary conditions like sources,
sinks, etc.. The signal of actions were
considered as they were defined in the
experiment. The manunal actions (ec.g.
MCPs on and off) were activated at the
same time as scheduled in the experi-
ment..

The results of CATHARE cal-
culation showed that the first phasc

(steam line break) was calculated in
very good agreement with experimen-
tal data. The primary pressure and se-
condary pressure in both intact and
broken steam generators are presented
in Fig. 3. The calculated pressurizer
level was also very close to the me-
asured level (Fig. 4.). The calculated
primary coolant temperatures showed
that tke broken loop hot leg tempe-
rature was higher due to the hot wa-
ter coming from the pressurizer surge-
line (Fig. 5.). Furthermore the calcula-
ted primary coolant temperatures and
cven the rod temperature were lower
for approx. 10 °C at the end of phase
1 than the experimental values (Fig. 5-
7.).

The second phase (PTS) proved
to be more difficult from computatio-
nal point of view concerning pump co-
ast down and locked rotor resistance,
for these actions resulted in very low
coolant velocities (see Fig. 7-8.) and
even in flow reversal in the intact loop
for short periods. The coolant tempe-
rature stratification in the primary cir-
cuit observed in the experiment was
pointed out in the calculation too (Fig.
10-13.). The average primary coolant
temperature continued to decrease and
at the end of phase 2 it was lower
than the experimental values for app-
rox. 15 °C. The lower coolant tempe-

raturc caused lower pressurizer level as
well (Fig. 14.).
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The primary pressure curves are
shown in Fig. 15. The calculated va-
lue is close to the experimental one in
phase 1, the agreement is also satisfac-
tory in phases 2 and 3. In phase 3 the
pressure decrease was faster than in the
experiment and it resulted in voiding
in the primary circuit. The primary L-
quid subcooling was lost at 4100 s (Fig.
16.), similar phenomena was observed
in the experiment at 4800 s. The voi-
ding in the calculation lead to pressu-
rizer level increase (Fig. 14.).

The secondary pressure (Fig. 17.)

Fig. 15.
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was calculated with good accuracy du-
ring the whole transient. The broken
loop side pressure curve followed the
break flowrate curve (Fig. 18.). The
calculation showed that there was no
water carry over through the break.

In the third phase of the experi-
ment a not quantified leak occured in
the primary circuit. On the basis of to-
tal measured mass inventory this ef-
fect was estimated in the calculation
but its accuracy may be questionable
(Fig. 19.). The calculation was stopped
at 4700 s.
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6. Comparison of LOBI BT01 and PMK-2 MSCB Experiments

6.1. PMK-2 Facility

The PMK-NVH (sinc. 391 PMK-
2) is the basic tool of experimental
activities in the field of PWR system
thermal-hydraulics in Hungary. The
PMK-2 facility is a full-power high
pressure integral test facility represen-
ting a 1:2070 scale model of the Paks
VVER-440/213 nuclear power plant’s
primary circuit. The scheme of the fa-
cility is shown in Fig. 22.

The elevation ratio is kept 1:1 in
the facility except the lower plenum
and pressurizer. On the secondary side
of steam generators the steam/water
ratio is kept. The most typical VVER

specific features as horizontal steam ge-

nerators, loop seals in both cold and
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hot legs, hexagonal core assemblies,
spacers are considered in the design of
the facility. The PMK-2 facility is equ-
ipped with hydroaccumulators, high
and low pressure injection systems as
well. The main characteristics of the
PMK-2 facility are summarized in the
right column of Table 1.

Originally the facility was de-
signed for the investigation of small
break-loss-of-coolant accidents but la-
ter the scope of experiments covered
the following cases:

& Small and medium break LOCAs,
€D Plant transients,

& Accident management transients.

Fig. 22
The PMK-2 Test Facility
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6.2. The PMK-2 MSCB Experiment

At the PMK-2 facility a main
steam collector break (MSCB) experi-
ment had been performed. This is the
only secondary side break experiment
completed on VVER related integral
test facilities. For this reason it seemed
to be interesting to make a comparison
of this PMK-2 test with LOBI BT01
test which represents a secondary side
break as well.

The MSCB transient was started
from nominal conditions (100% po-
wer). The break was located on the
steam collector whick is placed after
the main steam isolation valve (MSIV).
The transient started at 0 time. The
signal of secondary pressure gradient
change initiated the following actions:
reactor scram, MCP coast down, se-

Fig. 23.
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condary side isolation by MSIV. The
primary pressurc increase lead to the
opening PORV which was open for 10
s. In the same time secondary side
bleed procedure was started. Between
8000-11000 s some parts of the pri-
mary circuit reached saturated state
and the the pressurizer filled up. Se-
condary side feed started at 10850 s. In
this experiment the HPIS and hydro-
accumulators were not activated. The
LPIS system was activated in later
phase of the experiment by low value
of primary side pressure. The primary
and secondary pressures and tempera-
tures decreased monotonely during the

main part of the transient (see Fig. 23-
26.).
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6.3. Comparison of LOBI BT01 and PMK-2 MSCB

Comparing the LOBI BT01 and
PMK-2 MSCB experiments one can see
two main differences:

a, The initial conditions were diffe-
rent (hot zero power for LOBI and
nominal power for PMK-2).

The break location made possible
the isolation of secondary side in
PMK-2 experiment while in the
case of LOBI the break was pla-
ced before the isolation valve and
so the break was active during the
whole transient and only the in-
tact loop’s secondary side could be
isolated.

22

Furthermore the LOBI BT01 test
consisted of three phases with several
operator actions including pump coast
down and start-up. The second phase
aimed at the establishment of PTS
conditions and in the third phase ac-
cident mitigation procedures were con-
sidered. In the PMK-2 experiment the
break played a role only in the first 26
seconds and after the isolation practi-
cally the technological systems with re-
duced ECC capabilities (no HPIS and
hydroaccumulators) were tested.

A list of main events of LOBI
BT01 and PMK-2 MSCB tests is given
in Table 5.

[14]



Table 5.
Main Events of LOBT MOD2 BT(1
and PMK-2 MSCB Transients

Time LOBI MOD2 BT01 PMK-2 MSCB Time
start of SLB simulﬂa}tion o s
0 PR heaters off Break open 0
AFW injection on
4 Isolation of IL SG
15 “Heat transfer in
intact SG reverses
Core power off
MCP coastdown initiated 2
Break closure -
Isolation of sec. side
370 | Pressurizer surgeline uncovers
PRZ SV open
Sec. bleed on 375
431 HPIS on
PRZ SV closed 385
594 AFW injection in
affected SG off
550 Affected SG dry
699 PCS pressure cca. 108 bar
"HPIS flow rate set
600 at constantavalue
608 MCPs coastdown initiated
612 | MCPs coastdown completed
" BL MCP locked rotor
616 .
resistance on
1204 PRZ heating on
1500 PCS repressurizes
1612 | AFW injection in IL SG off

23




Pressurizer water level > 3.8 m

2348 IS off
PCS pressure cca. 107 bar
2349 PRZ heating off
505 O sanceoff
2506 MCPs restarted
2534 Pressurizer cooling system on
4302 “PCS hot leg subcoolin.g cca. 15K
Cooldown of IL SG initiated
4411 Pressurizer cooling off
4800 Loss of PCS subcooling
5110 HPIS on
5158 | AFW injection in intact loop SG on
5817 Pressurizer water level> 3.8 m
HPIS off
5818 Pressurizer cooling on - i
5926 Pressurizer cooling off
5945 HPIS on
6307 End of Test _.
Level in reactor model | 9250
Sec. feed on 10850
LPIS on 14700
End of test 15100
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7. CONCLUSIONS

LOBI-MOD2 Test BT01 provided
a wide basis for the analysis of comp-
lex thermohydraulic transients occu-
ring after a steam line break in PWRs.
The experimental results were used for
the understanding of basic phenome-
nologies and verification of the CAT-
HARE code. The computational analy-
sis showed that the CATHARE code
was capable to simulate well the first
phase of the transient, but some prob-
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lems were observed during the second
and third phases of the test.

The comparison of LOBI steam
line break and PMK-2 main steam col-
lector break showed that in spite of the
fact that both tests belong to secon-
dary side break transients the behavior
of VVER and the western design PWR
related integral test facilities were to-
tally different.
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ABBREVIATIONS

ACCORD - Assistance of the Cornmunity in Cooperation in
Research and Development

AFW — auxiliary feedwater

AEKI - Atomenergia Kutat6 Intézet

AM — accident mitigation

ATWS - Anticipated Transient without Scram

BMFT - Bundesminister fiir Forschung und Technologie
BL — broken loop

CATHARE - Code for Analysis of Thermal-Hydarilucs during an
Accident of Reactor and Safety Evaluation

CEC ~ Comission of the European Communities

CL — cold leg

EC - European Community

ECC - Emergency Core Cooling,

HA — hydroaccumulator

HL — hot leg

HPIS — high pessure injection system

IL — intact loop

JRC — Joint Research Center

LOBI - Loop Blowdown Investigation

LOCA - Loss of Coolant Accident

LOFW - Loss of Feedwater

LPIS — low pressure injection system

MCP ~ Main coolant pump

MFW — main feedwater

MSCB — main steam collector break

NA — specified Not Available during the sequence

NU — not existing

NU — not used

0O/C — open/close

OD/ID — outer/inner diameter

PCS - Primary Cooling System

PHARE - Poland and Hungary : Assistance to the Reconstruction
of the Economy

PMK - Paks Modell Kisérlet

ljl.ORV — pressure open relief valve

¥
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PRZ — pressurizer

PS — primary side

PTS — pressurized thermal shock
PWR - Pressurized Water Reactor
RV — relief valve

SG - Steam generator

SGTR - Steam Generator Tube Rupture
SL — steam line

SLB — steam line break

SS — secondary side

SV — safety valve

UH — upper head

UP — upper plenum
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