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RELAPS /MOD2 1% being used by CDCD for calculation of
certain snall break loss~of-coolant accidents and
pressurised transients in the Sizewell 'B' PWR,

To test the abi ty of RELAPS/MODI to wodel the priuary
feed-and~bleed recovery procedure following a couplete
loss~of “feedvwater event, post test calculations have been
carried out of OECD LOFT test LP=-FU=0l. This report
describes the couparison between the code calculations anc
the test data.

It 48 found that although the standard version of
KRELAF5/MOLZ gives a reasonable prediction of the
experimental transient, the long term pressure history is
better calculated with a wodified code version containing
a4 revised horizontal stratification entrainuent wodel.,
The latter allows an improved calculation of entrainment
of liquid from the hot leg into the surge line.

RELAP/MOD2 1s found to give a wore accurate simulation of

the experimental transient than was achieved in previous
UK studies using RETRAN=UZ/MOD2.
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INTROUDUCTION

RELAPS /MOD2 is being used by CDLU for calculation of certain suall
break loss=of=coolant accidents and sr-ssurised transients i1n the
Sizevell 'B' PWK.

To assist in essessing the capability of RELAPS/MODZ for describing &
loss~of ~feedwater fault in & PWK, the code has been used to sinulate
test LP=FW=0| carried out in the LUF] experimental reactot under

the VECD LOFT progranme, LP~FW=0l sinulated & fault sequence in which
there was & couplete loss~cf~feedwater to the stean generator followes
by recovery by primary system feed~snd-bleed, where coolant is
sisultaneously injected by the High deaa Safety lo ection systen and
vented via the pripary side Power Operated Kelief Valve.

The present report describes the analysis in detall. cvmparisons are
given with previous sinulations of the same Lest using KLLAPS/MOUL[1]
and RETRAN=UZ/MOD2(2].

DESCKIPTION OF CODL INFUT MODLL

The code version used for the present calculation was

RELAPS /MOD2/CY36.04, Calculations were carried out with the standard
code version and also a wodified version which used an lmproved model
to describe entrainment /pullthrough st the T-junction between the hot
leg and pressuriser surge line,

The input model was based on that previously used by GUCL for the
analysis of LOFT scall bresk rests LP=SB=01(3], LP-EB=U2 (4] and LP~-
5B=03(5], The noding diagrem 1s shown in figure l. Changes to Lhe
basic input deck were as follows.

(@) hot and cold leg break connections were deleted;

(b) the steam generator auxiliary feed was removed, since
there was no asuxiliary feed in the test;

{c) the primary pump seal coolant injection system was
deleted; in the test a total of 20.8lkg of seal coolant
was injected during the first 2198 of the transtent which
is considered negligible;

(d) the control system and trip data where re-written to
include the experimental setpoints used in LP-FW=0l[1];

(e) the geometry for the pressuriser PORV, pressuriser spray
and the HHS1 was included, taken from the RELAPS/MUDI data
deck for LUFT LP=FW=01, developed by INEL[1];
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Test Description

The sequence of events in the test LP=Fw=Ul is given in
Table 2. A brief description of the test is given below,

The experiment was initiated by terminating the wain
feedwater flow to the steam generator, Since the auxiliary
feed had been disabled for the test, a degradation of the
primary=to-secondary heat transfer occurred &s Lhe
inventory boiled down, causing an increase in primary
system Lemperature and pressure, The pressuriser spray was
activeted at 3)s, but, after a brief reduction, the
primary pressure continued to incrcase until reactor Lrip
at 4B.78. AL this time the MSCV started to close, causing
the secondary pressure Lo increase. Subsequently, there
wab @ gradual decrease in secondary side pressure as a
result of MSCV leakage [i). Following reactor Lrip the
POKV was latched open by the operator, Causing a primery
pressure decrease as single phase stean discharge

occurred through the POKV. The HHS1 setpoint was reached
at 221s, when the feed and bleed mode of operation
started., Primary cvolant pumps were tripped at 220s by the
operator, and cosstdown was completed at 2358, The
experiment was terminated when the primary pressure
reached 4.09MPa at 68208 into the transient.

ernil nt Calculation with Standard Code Version of
RELAFD

Calculation of the experimental transient with the
standard version of RELAPS/MOD2/Cy36.04 is described
below.

Short=tern transient (V=5008)

Frimary and secondary pressure histories for the period O=
5008 are shown in Fige 5. The rate of increase of primary
and secondary pressure in the period up to reactor trip
(t»47.78) is well predicted by RELAPS, and the tining of
pressuriser spray initiation is correctly predicted as
t=33s. In the test, spray initiation caused a slight dip
in primary s;stew pressure which was not predictec by
RELAPS., A sensitivity calculation was performed in which
the initial tewperature of water resident in the spray
line was reduced by 30K, to investigate the possibility
that a slug of cold water initially present in the spray
line had caused the pressure dip; however, this change was
found to have an insignificant effect on the calculation,
The implication is that the flow and heat transfer
wodelling in RELAPS/MOD2 tends to sopmewhat underestimate
the condensation capability of the pressurizer spray.
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3.3 Transient Calculation with Modified Version of SLLAFS MODZ

In an attempt to jnprove the calculation of the period of
two~phase aischarge through the PORV, 8 wodified code

, version was used in which an juprovement to the horizontal
stratification entrainnent model had been inplemented (7).

’ This model contained ieproved correlations for
entrainosnt/pullthrough effects at & T=junction in & large

l diameter horizontal pipe containing stratified flow. The
wodel was applied at the connection between the
pressuriser surge-line and the hot=leg, and had the effect
of increasing the quality of the fluld entering the surge
line from the hot leg. Kesulte of the transient
caleulation with the modified code version are described
below.

Figures 9 and 10 show pripary and secondary pressure
histories and pressuriser and steam generator collapsed
level histories for the short~term phase of the transient.,
The characteristic shape of the curves is very similar to
that obtained with the standard code version., Note, i
however that the increase in steanm flow quality into the :
pressurizer arising from use of the modified code causes

@ marked reduction in the rate of pressurizer fill

calculated by RELAPS,

3.3.2 Long-lerw Transient (0U=v000f)

Figure 11 shows the calculated primary and secondary
pressure obtained with the standard and wodified codes for
the long term phase of Lhe transient. The prioary pressure
calculation for the period after conmencenent of two-phase
flow in the PORV (t#* 330s) is now seen Lo be more
accurately calculated, with the exception of the
prediction of intermittent periods of oscillatory
behaviour which are not seen in the test., Figure 12 shows
that pressure oscillations are calculated in the period
990 to 16008 when there is a tendency for the code to

, cycle between water and steam discharge., Inspection of the
code output shows that oscillation is triggered when the

} void fraction at the top of the pressuriser and thus in

the PURV decreases, causing the PORV wass flow and primary

|

3.3 Short=Tern Tr sults (t=0«500
|
|
|
|
\
|
\

pressure to increase. The source of these oscillations is
traced to errors in the calculated draining behaviour of
the cola legs, described below.

The secondary pressure is well predicted, indicating that :
the steam line leakage is well modelled; sensitivity J
studies showed that the amount of leakage had a marked
effect on secondary pressure, but an almost negligible ,
effect on primary pressure prediction,

R S I e R T S L N N T N T N R ST Sy T P, -
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LOFT test LP=FW=Ul has previously been calculated using the codes
RELAPS /MODL (1) ond KETRAN=UZ/MOD2[2], The RELAPS/MODI calculatien in
rei (1] predicted the systen behaviour reasonably sccurately. However,
several calculationdl snvualies weie ddentified in ref (1) These ate
discussed below, and comparisons made with the present caloulation,

(a) in the ret [1] anclysis the calculated rate o dectease of the
Steaw generator ligquid level was vore rapid Lthan measured in
the test. This was attributed to errors in the predicted void
distribution in the steam generator. A sinilar error vas
encountered in the present calculation, wvhich 18 probably due
to the saue Cause|

(») during the feed and bleed portion of the transient the
calculated PURV mass flow was well predicted by RELAPS/NODL.
However POKV effluent void fraction, and therefore enthalpy,
vas under-predicted, resulting in lower calculated enargy
loss=through the POKV, A siwilac trend was observed in Lhe
present calculations, in particular using the standard code
version; with the code modification KLLAPS /MUDZ achieved .
mote accurate long term primery pressure prediction than
RELAPS /HUDL

(¢) Fige 16 shows 8 plot of oeasured and calculated system nass
histories, comparing the RELAPS/MUD]1 calculstion (1] with the
present calculation: A calculation nass conservation error of
S0Ukg accounted for a large proportien of the sUUhg nass
discrepancy of the ref (1) calculation, The present
calculation had & very snall mass conservation error of S0kg;
the recaining errer in nass inventory 48 & reflection of the
over~prediction of mess flow through the POKV after 1U0US. As
noted in Seccion 3.3, the wass flov-rate error 18 thought duw
to the incorrect calculastion of draining of the cold legs.

Couparisons between the present calculation and the results of the
KLTRAL=UZ/MUD2 calculation in ref, (2] are shown in Figs, 17=19,

Figure 17 conpares the measured long term primary pressures with the
RETRAN=0UZ /MODZ calculation and the present RLLAPS/MODZ calculation,
KELAPS /MOD? (wodified) gives a somewhat better prediction than RETRAN,
it is noted, however, that the standard version of KELAFS/MOD2
produced a primary pressur: pregiction similar to the KETRAN
calculations This indicates that the improvement is& due to the
wodification to the treatment of liquid pullthrough at the hot=
leg/surge~line connection,

Fige 18 chows the neasured and calculated secondary side pressure
histories. RETRAN predicted an over-rapid drop in pressure in the
first 1008, which caused & persistent off=sec in the long-terw
transient, The improved result achieved with RELAPS i& thought to be
due to & superior calculation of secondary inventory at the time of
closure of the MSCV., In practice, the 5L conditions have little
influence on primary behaviour after about 100s.
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TABLE | = INITIAL CONDITIONS

OF LP=Fh~i

Paravpeler

Primary Coolant Systeu;
Core T/K
Hot leg pressure/MPa
Cold leg tewperature/K
Mass flow rate/kge™!
Power Level /MW

Steam Generatot, Secondary Siaee;
Pressure/MPa
Feed flov rate/kgs™

Water tewperature/K

Liquid level/m

FPressuriser;

Liquid volunt/u3

Steanm volumo/m3
Water teuperature/h
Pressure/MPa

Liquia level/m

Measured

27.0 z 113
14,80 * 0,00

554.3

is

1.0
346,13 ¢ 2,59

49,2 # 049

5,30 # 0,08
26436 + 019
t

537.7 + 2.6

2,76 % V.04

Usbd + 0,01

1+

61545 % 64k
14,83 + 0.09

Ve96 + 0,01

i

Calculaten

{at end of steady state)

47458
14479
58342
T

9.7

S.18
25.83
539,00

2.94

Debd
057
blé
14.76

0D.68
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APPENDLX

Sensitivity Study of Cold Leg Uraining behaviour

Introduction

As noted in the main text, the experimental data show the intact and
broken cold legs to remain water~filled throughout the test, whereas
in the calculation, both of these cold leg voluwes drain. To
investigate the causes of this behaviour several sensitivity
calculations were perforned. These calculations were carried out with
RELAPS /MOD? Cycle 36,05, Kesults are described below.

Sensitivity Calculation

Figure Al conpares weasured intact loop cold ieg density with results
of a reference calculation., 1t is seen that draining of the cold leg
18 predicted during the period 75015008, wherecs in the experiment,
draining did not oclcur.

In order for cold leg draining to occur # path must exist for steam to
enter the cold legs from the upper plenum. As the locp seals remain
water-fillea throughout, only the bypass flow paths are available for
the flow of steam to the cold legs.

In the LOFT facility three 'by-pass' flow paths exist between the
upper plenum and the cold legs:

(1) leakage between the upper plenum and downconmer (LOFI nas
no engineered upper head by-pass flow path). This flow
path is wvodelled in the standard RELAPS LOFT deck used in
this analysis by a junction between voluues 255 and 200
(Figure 1);

(ii) leakage between the upper plenum &and downcower through the
clearances around the hot lcg nozzles (not wodelled in the
present KELAPS deck);

(114) leakage through the Reflood Assist By-Pass Valve, (RABV)
modelled as junction 375 (Figure 1l).

Since the relative iuportance of by-pass flow paths (i) and (ii) is
not known, a sensitivity calculation has been performed in which the
upper head by-pass path (255 to 200) was replaced by a nczzle by-pass
flow path (100 to 185) with estinated values for junction area and
loss coefficient. Minor improvements were also made to the modelling
of the RABV pipework, including invocation of the improved horizontal
stratification entrainnent model at the junction with the hot leg.

Al
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