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Abstract:

To test the ability of RELAPS/MOD2 to model two phase amixture
level and fuel rod heat transfer when the core has become
partially uncovered, post test calculations have been carried
out of a series of boildown tests in the AEEW THETIS out-of-pile
test facility. This report describes the comparison between the

-code calculations and the test data.

Excellent agreement is obtained with mixture level boildowm
rates in tests at pressures of 40 bar and 20 bar. However at
pressures below 10 bars the boildown rate {s considerably
overpredicted. A general tendency for RELAPS/YOD2 to
overpredict void fraction below the two-phase mixture lavel is
observed, which is traced to defects in the interphase drag
models within the code. The heat up of exposed rods above the
two-phase mixture level is satisfactorily calculated by the
code.

The results support the use of RELAP5/MOD2 for amalysis of high
pressure core boildown events in PWRs.



Executive Summary:

In the analysis of small break LCCAs in PWRs it is sometimes
necessary to calculate the two-phase mixture level in the core,
and heat transfer from exposed fuel rods, for conditions where
the core has become partially uncovered. To test the ability of
RELAP5/MOD2 to model such conditions, post-test calculations
have been carried out of a series of boildown tests in the
THEETIS out-of-pile test facility at UKAEA Winfrith. In these
experiments the two-phase mixture level boildown rate was
measured in a full length electrically heated rod bundle at
decay power levels, at pressures between 2 and 40 bars.

The present report describes comparison between RELAPS
calculations and measurements of the mixture level, void

" fraction distribution and exposed-rod heat-up rates, in the
boildown transients. Comparisons are also described between the
present calculations and the analyses of the THETIS tests
reported previously with RELAPS/MODL and TRAC-PF1/MODI1.

The prime conclusion is that tﬁe report supports use of
RELAPS/MOD2 for analysis of high pressure core boildown events
in PWRs. Detailed conclusions are as follows:

(a) When a fine node (24 axial volumes) representation was
used to model the THETIS rod bundle, excellent agreement
was obtained with mixture level boildown rates in tests
at pressures of 40 bar and 20 bar. However at pressures

-below 10 bars the boildown rate was considerably
overpredicted.

(b) It was found that there was a tendency for RELAPS/¥OD2 to
overpredict void fraction below the two-phase mixture
level, with errors increasing with decreasing pressure.
The errors have been traced to defects in the interphase
drag models within the code.

(c) Calculations with a coarse node representation (six axial
volumes) of the rod bundle, typical of that used in
reactor transient analysis, again showed good agreement
at pressures above 20 bars. However, oscillations were
encountered in the sipulation of the steady state
condition prior to boildown. These oscillations were
found to be due to the periodic triggering of the
RELAPS/MOD2 vertical stratification model.

(d) RELAPS/MODZ'gaQé a satisfactory representation of the
heat-up of exposed rods above the two-phase mixture
level.

{e) RELAPS/MOD2 performed much better than RELAPS/MCDL in
previous simulations of the THETIS experiments. 1In
particular, accuracy, stability, running speed and mass
conservation errors were much improved in the RELAPS5/MOD2
sizulation.

ii
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INTRODCCTION

12 the anmalysis of small break LOCAs ia FWRs Lt {s sometimes necessary to.
calculate the two-phase aixture level in the core, and heat transier from
exposed fuel rods, for condizlions where the core has become partially
uncovered. To test the ability of RELAPS/MOD2 to model such conditioms,
post-test calculations have been carried oul 3 a serias 5§ bSoildown tasts
{a the THETIS out=-of-pile test facility at UXAEA Wlafrith [l]. 1Ia these
axperiments -he two phase mixzture level boildown rate was xeasured in a
full lengch elactrically heated tod bundle at decay power levels, at
pressures between 2 and 40 bars.

The prasent report describes comparison between RELAPS calculacions aad
zeasurements of the mixture level, void Sraction discribution and
exposed=-rod heat~up ratas, ia the boildown tramsients. Coamparisons are
also described between the present calculations and the analyses of the
THETIS tests reporzad previously with RELAPS5/MOD1{3] and TRAC~PF1/MOD1[4].

EXPER IDMENT

2.1 Faclllizy descrintion and instrumentatcion

The THETIS test facility is described ia ref. {2]. It consisted of a
vertical bundle of electrically heated rods snclosed iz a 130.6mm -
Z.d. circular shroud tube placed laside a vertical cyliadrical
pressure vessel (see Fig. l). The shroud tube was closed at the
bottom but open at the cop. Systems were provided to supply a
constant measured flow rate of zake~up water to the bottom of the
test section, and to nmaintaina the riz pressure at a pre-selected
value.

The pin bundle, which is shown in Flz. 2, consisted of 61 pias of
12.2mm outside diameter. 57 of the plas were electrically heated
fuel pia simulators with a heatad length of 3.6m.

The design of the fuel pia simulators is showm in Fig. 3. =Zach pin
cousisted of a central helically wound aichrome heating element
surrounded by magrnesium oxide fnsulation and enclosed 1lnside two
concentric stainless stzel sheaths. A "chopped cosine”™ axial power
distribution was achieved by varying the pitch of the helical heating
element. Twelve lmm diameter thermocouples were locatad between tha
{inner and outer sheaths ia 2ach heater rod, allowiag temperaturs
measurements to be zade at a large number of axial stations within
the cluster.

Four pins in the cluster were tubes contalining water £illed
iastrumentation lines connected to pressure tappings at differsnt
locations along the tube length. Measurement of the differential
prassure between the prassurs tappings allowed average void fractious
to be estimated in diifsrent axial zones withia the bundle. The
elevation of the pressyre tappings on the instrument tubes are shown
{a Fiz. 4. Also shown are the axial locations of thermocoupla
junceion elevations and spacer grid locations within the clustear.
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Test procedure and initial conditions

The test procedure was described by Jowitt [2] and is briefly
summarised hers. . : .

In each experiment the test section power was set to lOCkW and an
equilibrium condition was established in which the system pressure
was constant and the pipework had reached a stsady temperature. In
the equilibrium state, sufficient make~up flow was provided to
compensate for the liquid boil-off rate so that the entire heatad
length of the rod bundle was wetted. The data logger was then
started and after a short delay period the transient was iniziated by
cutting off the make-up flow, so that the liquid level in the bundle
boiled down. Tests were carried out at pressurss of 40, 20, 10, 5.
and 2 Bar. Table | summarises the experimental conditicns for the
particular tests analysed in this report.

3. RELAPS/MOD2 CALCULATION

3.1

Descriostion of model

The version of the code used for the analysis described in.this
report was the latest available released version (cycle 36.04) with
minor error corrections as laplemented by W. 3Bryce at URAEA,

‘Wwianfrith.

The taest facility was representad usiag 25 hydrodynamic volumes
(nodes) as shown in Fig. 5; the noding arrangement i{s similar to that
used in the calculations described in ref. [4]. The test seczion,
(ie. the pin bundle and enclosing shroud tube) was modelled as a
RELAPS/MCD2 "pipe” component. The heated part of the Zest section
was represented by the nodes anumbered 2-25 each of height 0.15m.
Nodes numbered L and 26 represented the unheated part of the bundle.
Heat structures, representing the heater pins, were connected to
nodes 4-25 of the heated length. In ref. [4] it was deduced that a
layer of sub-cooled water, ~30ca deep, had formed in the annular
space between the shroud tube and pressure vessel during the boildown
tests, causing high heat losses at the base of the cluster. To
simulate these heat losses, heat input into the lowest two volumes of
the heated length (corresponding to volumes 2 and 3 in the present
sizulation) was aneglected in the ref. [4] calculation; the same
procedure was used in the present calculations to compensata for the
heat lcsses.

The steady make-up flow supplied prior to the boildown phase of the
experiment was simulated using a TIME DEPENDENT VOLIME and JUNCTION
connected to the bottom of the clustcer. The top of the test section
was connected to a TIME DEPENDENT VOLUME at the required fixed
pressure. .

In order to model radial thermal conductior, the pins were
rapresented as c¢ylindrical heat structures with nine radial mesh
polints. The locations of the radial mesh poings are denoted by the
crosses ia Fig. 3.

A sample faput data deck for the test at a prassure of 40 bar is
included in Appendix L. '



3.2 Staadv state calculation

Before commencing the boildown calculation it was first necessary Co
sinulate the steady state condition that existed »rior to zhe
transient. This was done by performiag a calculation I1a which the
inicial make=up flow, temperature and system pressure were set to the
values in table 1, at an inicial power of zero. The power was then
vamped up to the experimental value over a 100s period. Typlecally a
problem time of 600-1200s was requirad Defore an acceptable steady
condition was achieved. Fizg. 6 shows a typlcal result of a staady
state calculatilon, and demonstrates that thermodynamic parameters are
well converged.

3.3 Transient calculation - comparison 3f experimental vesults and
calculaction

Comparisons between predictions and tast data derived from ref. (1]
are described below. Code predictions are compared with the
following measured quantitias;

(1) Dry-out level trajectory. This is defized as the trajectory of
the lowest point in the bundle at which the rods were dry. [2]

(2) Void Zraction axlal distribution at differant times during the
transient.

(3) Pia temperature axial distriution at diiferent times duriag the
cransienc. (Note that thermocouple data is available only for
the tests az 3 and 20 bars).

Noce that in the plots of experimental and calculated results, time
zero refers to the tine at which the aake—-up Ilcw was reduced o
zZero.

(a) 40 bdar case

The measured and calculated dry out level trajectory for the %0
bar case {s shown f{a fig. 7. In cthe RELAPS/MOD2 calculation the
dry out level at a particular tize {s taken as the elevation of
the bottom of the lowest hydrodynamic volume ia which dry out is
calculatad at zhat cime. It Is seen that the calculatad and
deasured trajectories ace in excelleat agraement, the zaxinum
arror ia calculatad mixture level deing 0.2a3.

The measured and calculated profiles of void fraction versus
elevation iz the bundle at three differant times are shown in
fig. 8. The measured void profile shows a gradual increase in
vold fraction up to the two—phase mixture level* followed by a
sharp transition %o stzam only condizions. The charactaristic
shape of the curves is seen to be reproduced quite well ia the
code simulation. However, there is a ctendency to overestimatze
void fractior below the two phase alxture lavel at higher

* The lccation of the two-phase mixture level can be idenciiiad with the
elevation at which the vold fraction suddenly increases to unicy ia Fig. 8.



elevations ia the bundle with naximum errors ia the two phase
aixture density® reaching -207.

It is clear by comparing Flzs. 7 and 8 that whereas the code
tends to under-predict the mixture level elevation by up to
30cm, the dry=-out laevel 13 predicted accurately (to better than
3em). Although the discrepancies between these two calculated
levels are not large, there 1s evidently some cancellation of
errors in the RELAPS calculation of the dry=out level, due
perhaps to the cholce of void fractiom at which RELAPS
calculaces dry—-out to occur.

(b) 20 bar case

The measured and calculated mixture level trajectories for this
tast are shown in Fi3. 9. Again, agreement is excellent.

Axial voild fraction distributions are shown in Fig. 10. Similar
trends are observed to those noted in the 40 bar case. However
errors in void fraction are now somewhat higher, with maximum
errors ia the £fluid density belov the two phase mixture level
reaching -40%. :

Measured and calculated rod temperatures during boildown are
compared at three elevations ian Fig. ll. The experimental
curves are the median value of measurements from several
different thermocouples at a given elevacion. Typical scatter
in the experimental pin temperatures was in the range +7K to
+20K. It is seen that RELAPS predicts the rod temperatures to
within this uncertaiaty range, though there appears to be a
slight tendency to overpredict rod surface heat transfer.

(c¢) 10 bar case

Results for the 10 bar case are shown 1a Figs. 12 and 13. The
error in calculated boildown trajectory i{s larger than in the
tests at higher pressure, with error in the ailxture level
elevation falling from over 0.5m at early times, to about 0.25m
at the end of the test. Unfortunately, the measured void
fraction data are lncomplete, in that data for the top half of
"the bundle in this test are not avallable. However the general
trends cbserved {n the 50 bar and 20 bar cases are still
avident.

The zaxioum two-phase aixture densitcy error at 10 bars is =-45%,
for those locacions where the data are available.

(d) 5 bar and 2 bar cases

Results for thése cases are shown ia Figures l4 to 17.
Agreement between neasured and calculated boildown trajectories
is significantly worse than observed at the nigher pressures.
At 2 bars, for example, dry—-out Is calculated to occur first at
intermediate elavations rather than at the top of the bundie as

* This density arvor is defined as:

(calculated aixture dehsi:y - measurad aixture density)
measured mixture densic

4.
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observed in the tests. This implies the calculation of premature
ejection of large quantities of water from this elevation ia the
bundle. Similarly, the predictioms of void fraction are
significantly worse, than those observed at higher pressures. In
particular, the vold fractions in the upper parts of the bundle
are increasingly overpredicted as pressure 13 reduced.

Measured and calculated rod temperatures during boildown are
compared at three elevations for the 5 bar case in Fiz. 18. Aas
observed L{n the 20 bar case, the code gives reasonably accurace
predictions of the rod temperatures.

Compucing time

The calculations were executed on a CRAY=-XMP computer. CPU time was
60s for the 40 bar case rising to 600s for the 2 bar case. The
average tizme step was O.3s at 40 bars but decreased to 0.03s at

2 bars, and the CPU time used per hydrodynamic volume per time step
was i{n all cases in the range of 6.46x10=*s to 6.67x10-"s.

CALCULATIONS WITH COARSE NODE REPRESENTATION CF RCD BUNDLE

Ia reactor transiamnt calculatilons using RELAPS/MOD2 {t s common to use six
vertically stacked nodes to reprasent the coras, in order to limi:
computational costs [5,5]. In order to assess the adequacy of this level
of noding the calculations described above were repeated using a six~ncde
tepresentation of the test bundle shown {a Fiz. 19. 1In this case che
lowest hydrodynamic volume was laft unnheated to give an approximate
representation of the heat locsses discussed above. Other features of the
model were left unchanged. Results of the transient calculation with the
coarse node model are described below.

4.1

Steady state calculation

The procedure for calculatiag the steady state cundition with the

8 node model was similar to that emploved in the 24 node calculations
described above. Results for the 40 and 5 bar cases are shown in
Figs. 20 and 21. A noticeable feature of these i{s the large
amplitude void fraction oscillations evident in the 5 dbar case.

After some investization, the origin of the oscillatioms was traced
to the perlodic triggering ol the RELAPS/¥ODZ vertical stratification
model, which has the affact of sharply reducing interphase drag ‘n a
volume when the voild fraccion ia the vertically adjacent volumes
differs by more than 0.3.

To test the hypothesis that the oscillations were due to triggering
of the vertical stratification model, the logic in subroutine PHAINT
vas modilied to prevent the vertical stratification amodel from being
invoked. The steady state calculatiocns were then re-run with this
modified version of the'code. The results for the 5 bar case Ls shown
12 Fig. 22. The oscillations are seen to have disappeared, though
the new steady state coadition does not correspoad to the mean value

of the previous oscillatory state.

‘To investigate the fmplications of the change to the steady state

obtained with the modified code, Lt was decided to carry out the
analysis of some of the boildown transients using the modified code
version. The calculations are described later in the report.

S.
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4.3

Transient calculaticn

The measured drv out lavel :zrajectory 1ia the 40 bar case and that
calculated with the standard code are shown in Fiz. 23. dgreement

is still good, daespite the coarser noding, with a typical error ia
mixture level elevaticn of 0.2m. The measured and calculated
profiles of voild fraction versus elevation at three different times
are shown in Fiz. 24. The zeneral trends observed in the 24 volume
calculations are 3till observed; the characteristic shape of the
experimental curves i3 seen to be reproduced quite well by the caode,
but with a tendency to overestizate voild fractiom below the two phase
aixture level.at higher elevations in the bundle.

The measured level trajectories for the cases at 20, 10, 5 and 2 bars
are compared with calculatious of the standard code ia Figs. 25, 27,
29 and 31. Accuracy decreases as pressure reduces, with typical
errors In aixture level elevation of 2m at the lowest pressures. The
measured and calculated void fraczion profiles for the same cases are
shown in Figs. 26, 28, 30 and 32. The zeneral trends described ia
the 40 bar case are still observed, with the void fraction
overpradiction becoming more severe as the pressure falls.

Aé in the fiae node calculation, RELAPS predicts the rod temperatures
to within the experimental pin teuperature uncertainty range, though
with a slight tendancy to overpredict rod surface heat transfer.

As noted above, some transieant calculations were repeated with a
aodified version of RELAPS/MOD2, ia which the vertical stracification
model had been disabled. ~Figures 33 and 34 show the dry out level
trajectories for the 40 bar and 5 bar cases obtained with the
modified code. These can be compared to the results obtained using
the standard code in Figures 23 and 29. It is seen that there is
liczle effect on boildown simulacilon, despite the major improvement
on steady state calculation at the lower pressure.

Computing tize

The coarse node calculations were also executed on a CRAY-XMP
computer. The CPU time was l2s for the 40 bar case increasiag to l4s
for the 2 bar case. The average tinmestep was 0.5s at 40 bars falling
to 0.2s at 2 bars. CPU time per volume per timestep was 1n the range
$.9x10-%s to 6.1x10-"“s in all calculations, similar to the values
found in the fine node case. ' '

5. DISCUSSION

s‘l

Review of current calculation

With the fine node rapresentation of the THETIS test section
RELAPS/M0D2/ Cycle 36.04 gives an excellent simulation of the dry out
level trajectory measured 1a the tests at 40 bar and 20 bar and an
acceptable representation of the test at 10 bar. The code also
gives a good representation of.dry surface heat transfer above the
mixture level for these condirions. Ilaspection of the measured and
calculated void fraction profiles shows a tendency for the code to
over—pradict vold fraction below the two phase mixture level, with
errors lacreasing with decreasing pressure. At 40 bars the maximum
arror in calculatad two phase aixcture deasity is ~ =33%, rising to
~ -46% at L0 bars; these errors occur at an experimental void
fraction of about 0.4 (see Figs. 8 and 13).

6.



5.2

Ardron and Clare {7] have assessed the perforaancs of the intarphase
drag models used in RELAPS/MOD2 in vertical flow Ia the bubbly and
slug flow regime (z < 0.73). They concluded that £or conditions
pertinent to boil-off ia a pin bundle geocmetzy (ligquid superficial
velocities ~ 0, hydraulic diamecer ~ l.0cm) the models tand :o
over—predict void fraction, with errors locreasing as pressure
decreases. Accordiag to Fig. 3a in ref. [7], the error ian two=-phase
mixture deansity at a void fraction of 0.4 is ~ =30% at 40 bars
increasiang to ~ =505 at 10 bars. These values ara quantitatively
consistent with our present findiags, and indicace chat the errors ina
vold fraccion are traceable to defects la the Iaterphase drag models
used in the code. Despite the errors, 1t appears that the
performance of the models s acceptable at pressures above 40 bars,
which 13 cousistent with the conclusions in ref. [7].

At pressures below 10 bars voild fracticm errors become unacceptably
large, leading to a large over—-prediction of the liquid level
boildown rate. 1t appears therefore that at present RELAPS/MOD2 is
unsuitable for calculating boildown behaviour ar these low
pressures.

With the coarse node model some loss of accuracy was seen in
comparison with cthe fine node case. However the dry out level
trajectories and the axial 7void distributicns {2 che 30 bar and 20
bar cases are calculated with acceptable accuracy. The coarse node
calculation displaved oscillacions {a the steady state, which are
avidently due to cyclic triggering of the vertical stratification
model used in the code. When this model was disabled the
oscillations were found to disappear. However, siaulation of th
bolldown phase was unchanged.

It i{s worth noting that in the analysis of small break LOCAs and
pressurised transients i{n PJRs, uncovered core conditions are
nor2ally encountered only at pressures above 4C bars, since at lower
pressures the reactor vessel (s normally refilling due to injection
of ZCC water from the accumulator system. The present study
indicates that the use of RELAPS/MOD2 with a conventional coarse node
core representation will probably provide acceptable accuracy for
dascribing core boildown under these conditions. '

Compariscn with orevious calculations

The TEETIS boildown experiments were previously analysed using the
codes RELAPS/MOD1([3] and TRAC-PF1/MOD1[4]. In the RELAPS/MODL
analysis (3] cousiderable difficulcy was encountered in establishing
a gatisfactory laitial sceadvy state; consequently an i{initial
condition was selectad correspondiag to the experimental condition at
about 40s into the experimental transient. Careful selection of the
time steps was also found necessary to produce acceptable mass
conservation errors. Even with these ad justments the accuracy of the
transient predictions was very poor both i{a terms of the trajectory
of the dry out alevation and of the heatar rod temperatures. In
contrast, the agreement with experimental data at high sressuras
produced by RELAPS/MOD2 is very good. Mass conservation errors ia
the present calculations wera typically less than 17 of the final
Qass inventory, though errors rose sharply below 5 bars, reaching

10% at 2 bvars.



In the TRAC-2F1/MODLl analysis of THETIS boilaown tests [4] diZficulzy
@as also found in matching i{nitial conditions; again the time origin
for the transient calculation had to be arti icially adJus.ed- After
ad justment to the relsased version of TRAC-PF1/MODl, reasonable
agreement with volume trically averaged void fraction in the test
section was achieved. Typical void fraction arrors were -10% at aigh
pressure, rising to =357 at low pressure, though maximum erTors wers
higher than this. The trend of increasing void fraction arrors with
reducing system pressure is qualitively similar to that observed
using RELAPS5/MOD2 and the arrors also appear to Ye quantiiively
similar. '

CONCLUSIONS

~

To assess the ability of lELAPS/“ODZ/Cycle 36.04. 2o model cora
uncovery in a PWR, post~test calculations have been carried out of
core boildown experiments in the URKAZA Winfrith THETIS test facilicy.

When a f£ine node representation was used to model the THETIS rod
bundle, excellent agreement was obtained with mixture level boildowm
rates 1o tests at pressures of 40 bar and 20 bar. However at.
nregsures below 10 bars the boildown rate was considerably
over—predicted.

It was found that there was a tendency for RELAPS5/MOD2 to
over—predict void fraction bDelow the two-phase mixture level, with
errors lacreasiag with decreasing pressure. The errors have been
traced to defects in the Laterphase drag models within the code.

Calculations with a coarse node representation of the rod bundle,
typical of that used in reactor transient analysis, agaia showed good
agreement at pressures above 20 bars. However, oscillations were
ancountered {a che simulation of the steady state condition prior to
boildown. These oscillations were found to be due to the periodic
triggering of the RELAPS3/MOD2 vertical stratification model.

RELAPS/MOD2 gave a satisfactory representation of the heat-up of
exposed rocds above the two-phase mixture leve;.

RELAPS/MOD2 performed much better zhan RELAPS/YODL in previous
sinulations of the THETIS experiments. Ia particular, accuracy,
stability, running speed and mass conservation errors were mach
{improved in the RELAP5/M0D2 simulation.

The calculations suppor:t the use of RELAPS/MOD2 for amalysis of high
pressure core boildown events in PWRs.
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SAMPLES INPUT DATA DECX FCR 40 BAR, 24 VOLLY

APPENITY

- aaa'tl

€ CALCTLATICN
= THETIS 30ILDCWN:40 dar, 24 volume
“*
0000100 NEW TRANSNT
3000101 RUN
0000102 SI SI
0000105 1.0 2.
%
* Time step control;
* End time Min dt Max dt Opta Mn Mj Rst freg
0000201 1700.0 1.0E-7 0.3 1003 4 100 1700
*
* MINGR EDIT VARIAB
0000301 TMASS Q * Total mass in system
£000302 EZMASS a * Estimate of mass error
¢oco30z2 VoIT 0012200C0 * YVapcur wvoid fraction
0000304 VCIDG 00103Cac0
0000305 VOICG 001043000
0000306 VOILG C01050000
0000207 VOIDG 00108CC00
0000308 VOIZIG €c0107C0o00
0000309 VOIDG 00108C0Q0
0000310 VCIIG 00109C000
0000311 VGIDG Qo0lio0QQeo
0C00312 VOIZG 001110000
0000213 VCITG 00112€000
0000314 VOIDG 001130000
00002135 VOICG 001140000
0000316 VOILG ggliscceceo
0000317 VCIDG 00118G000
0000318 VOIDG 00117C000
0000319 VOIDG 00118C000
0000320 VOIDG 001180000
0000321 VOIDG 001200000
0000322 VOICG 001210000
0000323 VOIDG 01220000
0000324 VOIIG GG1230000
0000325 VOIIG . 001240000
0000326 VOILG C01250000
0000327 VOIDG 001250000
0000328 TZMPG 001030000
0000329 TzZMPG 001048000
000Q330 TEMPG €0105C060
0000331 TEZMPG 001062000
0000322 T=MPG 001070000



0C00333
00C0324
00Q0335
0000336
0000337
0000338
0000339
Q00034

0000341
C000342
0000343
0000244
0000343
0000248
C0003&7
0000348
0000349
00C0350
000351
0000352

0000253

0000354
C0C0333
2000358
6000357
00C0353
0000359
0000260
Q000361
0000262
0o003e2
0000364
0000363
000026¢
G000367
0000368
0000369
0000370
0000371
0000372
0000373
€Q0037%
0C00373
0000378
Q0000377
0000378
0000373
0009380
00003381
0C00282
0000383
0000284
00C03853
0000288

——
TZMPG

TEMPG
TZMNPG
TZMPG
TEMPG
TZMPG
TEMPG
TEMPG
TEMPG
TZMEG
TEMPG
TEMPG
TEMPG
TEMPG
TZMPG
TEMPG
T=MPG

TZMPG

TEMPG

VCIZGJ
LOWJ
HITEXP
ATTZMP
HTTEMP
HITZMP
HITTEMP
HTTEMP
HITZMP
HITZMP
HITZMP
ITTEMP
ATTZMP
HTTEMP
HITZMP
HTITEMP

h—-——_-vu

- bovoom
ATTZMP
HTT=MP
M\!P

fea baue

HITZMP
HIToMP
HTIZMP
TEZMPF
TZMPY
upT
P~ re -
TZUPT

TSMPE

- asad,

™™MVoE

hatbon o
TEMPT
TEM2F
TEMPY

TTUDT

Loale

‘T'-'VP‘_:‘

PR

301080000
001096000
0011000G0
001110000
001120000
001130000
001140000
001150000
001140000
001170600
001130000
001190000
0012000600
001210600
001220000
001236000
001240000
001250000
001260000
002000060
002000¢00
001100109
001100209
001100209
00110409
001100509
001100609
001100709
061100809
001100909
001101009
001101109
001101209
001101309
001101409
001101509
01101609
001101709
001101309
001101909
001102609
001102109
001102209
0019260C0
001040000
001050000
00106G000
001070000
001080000
0010900060
001100000
001110000
001120000
001126000

* Singie Juncticn void fr
* Single Junction mass flow
* Mesh point temperature

H

* Volume ligquid temperaturas



00C0z87 TZMPT C011400G00

2000288 T=MPF 001150000

0000389 TZ=MPF 001160000

0000330 TEMPF 001173000

Q000391 TEMPF ©c0118C000

0000392 TEZMPF co11900cC0

0000393 T=MPT J0120C000

3000294 T=MPF 90121CCQ0

0000393 T=MPF 001229000

0C003%96 TZMPT 601220000

20003297 T=MPT 01243000

Q000398 TEMPY ¢C1250000

0000399 TZMPT 001250000

0000501 TIME O GT NULL 0 12C0.0 L * Make up flew trip
”°

# commememmecceccccsscemcsas cevacccmccces P commem—n cvccnaenaees —ce=

* COMPONENT 1 ; PIZE

J010001 26 * Number of volumes
2010101 $.263E-3 26 #*# Volume flcw area, volume number
0010201 0.1 1 * Volume length
0010302 0.15 23

3010303 0.3 26

001CéG1 $0.9Q 16 * Vaertical angle

*

* Pipe volume ZIriczicn daza;

* Rough dyd-4dia Vol no.

0010801 2.32-7 0.0:122 25

k-

* Dipe volume contzol flag;

Q0011C01 QO 26 * wall fricticn ccaoponent, nonequilibrium
* Pipe juncticn control flag;

0011101 Q1000 23 * No choking, no area change,

* * centally lccated, ncn homogenecus.

* 2ipe veolume IC's;

* Flags Pressure Temp Dummy NV
0011291 Q03 - 4.026E5 310.0 0.0 0.0 0.0 1
2011202 Q03 +.025E6 440.0 0.0 0.0 0.0 25
GQ11203 CO3 4.028E6 47Z.0 0.0 0.0 8.0 25
#* Pipe jumeczion IC's;

“*

ILigVel IVapVel IatVel Jm 20
0011301 0.0 2.0 0.9 25



N eeceascececcseaceacscsvcecscsaca

* COMPONENT 2 ; SNGLJUN
0020Q00 'OUTLET' SNGLJUN
* Single junction geomet
® Frecm To
0020101 001010000 003000
*

* Single junction IC's;
* Centzol ILigVel
0020201 9 0.0

* COMPONENT 3 ; TMDPVOL
0030000 'STMDRM' TMDPVOL
* TMDPVOL geomercry;

* Area Vollen
0030101 1.0E8 100.0

* Rough Hyd-dia
0030102 2.32-7 9.12E-3
%

* TMDPVOL data;

* Flag

0030200 002

* Time Praessur
003C201 0.0 4.025E6
# cemaccccccscacceeeeee=

- * COMPONENT & ; TMDPJUN

W ecomwscwccveccccceccasces

0040000 'INLET' TMDPIUN
* TMDPJUN gecmetry;
* Frcom To

0040101 ©05000000 001000000

0040200 1 501

*

* TMDPJUN data;

* Time LigFlow
0040201 -1.0 36.CE-3
0040202 0.0 0.0

® ecnwccconscvceccccaccse -
* COMPCNENT 5 ; TMDPVOL

0050000 'FEED' TMDPVOL
* TMDPVOL gecmet:ry;

* Area Vollen

C050101 1.QE3 100.0

* Rough Hyd-dia
0050102 2.52-7 9.12E-3
*

* TYMDPVCL data;

* Tlag

0050200 003

* Tize Pressur
0C3C201 0.0 %.Q258E%

----------------------- TEecccwcvascvaccaccawnww

7
Area Loss-F Loss-3 Flags
0C0 4.7E-3 1.0 0.5 0000
IVapVel IatVel
0.0 Q.0
VolVol A-ang I-ang ElChaange
0.0 0.0 90.0 100.0
Fg
a0
e Qualicy
1.0
Area
4.7E-3 :
* Control word
VapFlow Intflcw
0.0 0.0
0.0 0.0
VolVol d-ang I-ang Z1-Change
0.0 0.0 80.0 100.3
Tlags
00
e Temperature
310.0



------------------------------------------------------ cecsecacsacsacas

* HEAT SLad DATA

TN ecwawaw —Tweeeecesceecenonwe YRS R EEYEEREEEEEEEEEEEREEYELE XY moeseoceacaeew -
* Ceneral heat structure data;

* NH MesnPts Gecmectcy rlag L-bound

10011000 22 9 2 0 .0

e

* Heat structure mesh flags;

* Leen Format

10011100 Q 1

*

* Mesh interval data;
10011:01 3 .01328-3
10011102 2 .39422-3

-

IS

10011103 : 5.36428-3
10011104 2 8.3820E-3

Y

* Heat structure ccmposition data;
10011201 c02 3
10011202 Q@32 5
10011203 002 6
10011204 001 3

“

* Heat source distribution;
10011201 0.0 3

10011362 1.0 3

10011303 0.0 8

k]

* Initial zemp data;

- Tamp MeshPt

10011401 33

10011402 340.
10011403 320.
10011404 &70.
10C11405 480.
10011406 430.

[eNeoNeoNoNeNe]
(Ve S a RNV I o N VIR 3

* Boundary conditions;

* BVol lac 3CType  SurArCd Heignt NH

10011501 © 0 0 i 9.15 22 * Left
10011601 001040000 100C00 1 1 9.15 22 * Right
%

* Source data;

* Tvpe Yulepiyr DH-laeft DH-zzht HSno

1001i7C1 001 0.03483 0.0 0.0 1

10011702 Q01 0.03730 0.0 0.0 2

10011703 001 0.04011 0.0 8.0 3

10011704 Q01 0.04243 0.0 0.0 4

10011705 001 0.04448 0.0 0.0 3

10011706 CO1 0.C4815 0.0 0.9 <

10011707 001 0.04733 0.0 0.0 7

100117G8 001 0.04358 9.9 0.0 3

10011709 0CL 0.04928 0.0 Q.0 9

10011710 001 0.04863 0.0 0.0 0



10011711 C01 0.04983 G.0 0.0 il
10011712 901 0.04328 0.¢ 0.0 i2
10011713 Q01 0.043833 0.0 0.0 13
10011714 001 0.04733 0.9 c.0 14
1C011713 001 0.04615 0.0 0.0 15
10011716 Q01 0.04448 Q.0 0.0 13
10011717 001 0.04243 0.0 0.0 17
1C011718 0201 £.06011 0.3 0.9 13
10011719 001 0.03750 ¢.0 0.0 13
10011720 Q01 0.03482 C.0 0.0 20
10011721 001 0.03132 0.0 0.0 2l
10011722 001 0.023813 Q.0 0.0 22

* Additional right Socundazy card;

* Tlag Hyd-dia H:iEg-dia Chanlen HS
10011901 O 0.2 0.0 3.36 22

* TAERMAL PROPERTY DATA

* ThCond VelHtCap

20100100 T3L/FCTN 1 1 * Stainliess steel
20100200 T3L/FCTN 1 1 * Magnesium oxide

20100300 TBL,/FCTN 1 1 * Nichrcme
“*

* Stainless steel

* Temp TaCond
201001901 300.0 12.61
20100102 366.5 13.85
20100103 477.6 15.92
20100104 588.7 18.17
201€0105 700.0 20.42
20100106 310.9 22.3Q
20100107 g22.0 24.92
20100108 1033.2 26.33
20100109 ll1s4.3 29.42
20100110 1477.6 36.06

2 . . |

* Temp VeldtCap
20100151 300.0 3.802E86
201001352 3266.3 3.308E6
20100153 477.6  4.084E5
20100154 588.7  4.260E6
20100153 700.0  &4.436E8
20100136 810.9 4.803E8
20100157 ¢22.0 4.929Es5
20100158 1033.2 5.103%Z5
20100159 1477.6 5.727ES



*

* Magnesium oxide;

* Temp Cond
20100201 z=0C.0 2520
20130202 373.13 2431
20100203 422.04 2403
20100204 477.39 2352
20100205 533.15 2300
20100208 338.71 2233
20100207 644,258 2196
20100208 899.32 215

20100209 735.37 2091
20100210 310.93 29029

20100211 3866.23

20100212 922.04

20100213 977.39

20100214 1033.15
20100215 1088.71
20100216 1144.25
20100217 1199.82
20100218 1255.37
20100219 1310.93
20100220 1366.43

OO0.0000000000000000000000000000?
-
~)
~
~

20100221 1422.04 1364
20100222 1477.39 1512
201380222 15323.13 1359
20100224, 1388.7 1307
20100225 1644.26 12853
20100226 1€99.82 1203
20100227 1735.37 1150
20100228 1810.93 1098
20100229 1866.48 1048
20100220 1922.04 0993
20100231 3000.00 0993
* Temp VolHtCap
20100251 300.0 2075.81
20100252 373.153 2033.52
20100253 422.046  2004.39
20100254 477.39 1971.74
20100255 £33.15 1938.87
20100256 388.71 1206.01
20100257 64s.26 1873.15
20100253 699.32 1840.29
20106259 733.37 1807.43
20100260 310.93 1774.36
20100261 866.48 1741.70
20100262 922.04 1708.84
20100263 977.39 1475.96
20100284 1033.135 1643.11
201002635 1088.71 15619.23
20100266 1144.26 1377.39
20100267 1199.82 1344.3
201002488 1255.37 1311.37



20100239 :1212.%3 1-78.30
2010C270 1366.48 1483.94
20100271 1422.06 1412.08
20100272 1477.533% 138C.22
20100273 1333.15 1347.35
20100274 1388.71 1314.49
20100275 1844.25 1281.33
20100275 15939.32 1243.77
20100277 1753.37 1215.90
20100278 1810.93 1183.04
20100279 136s8.48 1150.13
20100230 :822.04 LllT.32
2010C231 :0C00.C0 :i17.22

* Nichrcme;
* Temp ThCeond
29100301 300.0 1.1133

20100302 373.15 1.1103
201003203 1922.04 1.1193
20100304 5C000.C0 1.1:83
* Teap VoldtCp

20100351 300.0 2180.30
20100332 2372.15 2180.30
20100232 1922.04 2180.30
20100354 3000.50 2180.30

* General data table Zsor peower;
20200100 POWER

* Tine Power
20200101 0:90 .0
20200162 2C¢0.0 1.CE3

*

. * END QF DATA DECX



TAZLE 1

TEST PRESSURE MAKE-UP FLOW MAKE-UP FLOW TEST SECTION
NUMEER /Bars RATE/KgSec—1 TEMPERATURE/K POWER/KW
561-2 2.00 120.0 x 10~ 352 100
551-2 5.25 97.4 x 10~ 342 100
553-4 10.21 47.5 x 10”7 310 100
555-6 20.15 53.0 x 107 356 100

557-8 40.2¢ 36.0 x 10 310 100
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CENTRAL ELECTRICITY GENERATING BOARD Generation Development

and Construction Division
Or.Norman Lauben, : Plant Engineering
Manager. ICAP Program, Department
Reactor and Plant Systems Branch,
Mail Stop 1130-SS Barnett Way,
Office of Nuclear Regulatory Research, . Barnwood
U.S. Nuclear Regulatory Commission g'&“;;ss'"
Washington D.C. 20555
US.A. Telephone: Gloucester 65-2222
Telex: 43501
Our ref Your ref Date
29 May 1987

Oear Dr. Lauben,

UKAEA/USNRC Administrative Agreement WH36047

As you are aware, one of the features of the above Agreement was that the UKAEA obtained
access to the RELAPS/MOD2 code on behalf of the Central Electricity Generating Board. In
partial fuifillment of UK commitments under the above Agreement, and following discussions
with Mr J. Fell of UKAEA, | enclose copies of three reports produced recently by CEGB.

. GD/PE-N/544. RELAP5/MOD2 Analysis of OECD LOFT Test LP-SB-01. Please note that the
LP-SB-02 data is proprietary to LOFT consortium members, and distribution of this report
should be limited accordingly.

. GD/PE-N/557. Assessment of Interphase Drag Correlations in the RELAP5/Mod2 and
TRAC-PF1/Mod1 Thermal Hydraulic Codes

This report describes comparisons of the void fraction caiculated by the code with values
derived using recognised correlations for void fraction in fully developed vertical
two-phase flows. The study is restricted to void fractions below about 0.75.

° GD/PE-N/576 Analysis of the THETIS Boildown Experiments using RELAPS/Mod2

This report examines the performance of the code in predicting void fraction in a vertical
heated rod bundle. Resuits are consistent with the findings of GD/PE-N/557, indicating
acceptable performance above 2 MPa, but increasing errors at lower pressures.

| believe that these reports broadly conform to the guidelines for ICAP reports, and | have no
objection to your issuing them as NUREG reports. If you elect to do so please ensure that
proper reference is made to CEGB.

I
| note that we have not prepared data packages since | consider that they are uniikely to be
necessary for these reports. However if there is any addmonal information which you or your
contractors require | shall be happy to provide it.
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For the record, | aiso encidse a copy of CEGB Report GD/PE-N/535, describing RELAP5/MOD2
analysis of LOFT test LP-SB-03. This report was handed out at the Meeting in Erlangen,
Germany in June 1986, and subsequently copied to Mr G.W.Johnsen and Dr. F. Odar (letter,
gth September 1986). | was somewhat surprised to find no record of this report in Tables 4
or 7 of Ref(1). Please let me know if you have any difficully with this report.

Finally, | should like to give you an update on our current work with RELAPS/MOD2. As you
are aware, we have also been analysing LOFT tests LP-SB-02 and LP-FW-01 with RELAPS. To
obtain good agreement in these cases, we have found it necessary to deveiop (in
collaboration with Wallace Bryce at Winfrith) an alternative formulation for the flow quality
delivered to the breakiine Tee (horizontal stratification entrainment model). We are aiso
making good progress on our analysis of Semiscaie tests S-LH-1 and 2 with RELAPS/Mod2.
We hope o send you the reparts on these analyses within a few months.

Yours sincerely

Peter Hall
Safety Technology Section

Reference (1). ICAP Annual Report. NUREG-1270 March 1987,
Ting, P., Hanson, R. and Jenks, R.

cc: :

Mr G E Wilson EG&G({Idaho) (with atts)
Dr L Shotkin USNRC

Mr J Fell Winfrith

Or WM Bryce  Winfrith

Mr M E Durham PMT

Mr P D Jenkins

Mr K H Ardron

Mr P C Halli
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4 DATE REPORY COMPLETED
MONTH I YEAR
§ AUTHORLS)
M. G. Croxford, P. C. Hall & OATE AEPORT SSUED
MONTH l YEAR
July 1989
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12 SUPPLEMENTARY NOTES

13. AQSTRACT /200 words or ‘exs}

To test the abiltiy of RELAP5/MOD2 to model two phase mixture level and fuel
rod heat transfer when the core has become partially uncovered, post test
calculations have been carried out of a series of boildown tests in the AEEW
THETIS out-of-pile test facility. This report describes the comparison
between the code calculations and the test data.

Excellent agreement is obtained with mixture level boildown rates in tests

at pressures of 40 bar and 20 bar. However at pressures below 10 bars the
boildown rate is considerably overpredicted. A general tendency for
RELAP5/MOD2 to overpredict void fraction below the two-phase mixture level is
observed, which is traced to defects in the interphase drag models within the
code. The heat up of exposed rods above the two-phase mixture level is
satisfactorily calculated by the code.

The results support the use of RELAP5/M0OD2 for ana1y51s of h1gh pressure
core boildown events in PWRs..
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