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Abstract

RELAPS computer code was used to simulate an experimen* designated 9.1.b, (2" Cold Leg
Break without HPSI and with Delayed Ultimate Procedure) performed on BETHSY integral test
facility. This test is characterized as beyond design transients scenarios with unavailability of
some safety and protection systems. The calculations which have been completed using the
computer Sun Sparcstation 20 aim to evidence the difference between experimental and
computed data Generally, an agreement of major transient treads is shown to be obtained in
the simulation.
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1 Introduction

The objective of Jozef Stefan Institute (1JS) activities in area of RELAPS analyses is to
extend the experiences in simulations of small break loss of coolant accidents and two-phase
natural circulation cooling. With an attempt to investigate all BETHSY experiments available
1JS has developed its own RELAPS model of this facility. The on BETHSY experiences based
improved modelling methods will be used in simulations of real plant transients and
evaluation of plant accidents management procedures.

The main goal of the calculation is the assessment of the simulation capability of the code
for the following phenomena occurring during the small break LOCA experimental test,
particularly for the large core uncover and fuel heat-up, requiring the implementation of an
ultimate procedure.

The present analysis includes also assessment of three different versions of RELAPS code
(MOD2, MOD3.1 and MOD3.1.2 without any modification of the codes and with guidelines
consideration) using experimental data of the BETHSY experiment 9.1.b (OECD-ISP-27).
The goal of the comparison among different versions of RELAPS code was to optimize CPU
time and time for new model development.

The report describes the results of the calculation performed by the RELAPS/MOD3 codes
and shows the comparisons with the major variables obtained in the experiment. A brief
description of the BETHSY facility is provided in Section 2. Section 3 describes discusses
the pre-test and posi-test results, sensitivity studies are in Section 4 and run statistic is
described in Section 5.

2 BETHSY facility and corresponding RELAPS input model

BETHSY facility is located at Centre D'Etudes Nucleaires de Grenoble (France). It is a

scaled down model of the three loop 2775 MWt (900 MWe) Framatome PWR power plant,
which is designed to simulate most PWR accidents of interest and to study accident
management procedures (Fig. 2.1).
Six important ¢hoices have been made which characterize indeed the general design of the
Bethsy facility. They concern: the number of loops, the rated pressure of both the primary
and the secondary side, the maximum core power level, the maximum flow rate of primary
pumps, the general scaling factors end the connected circuits and systems. Volume, mass
flow and power are scaled to 1/100 full plant size [1,2,3). The correct Froude number is
also maintained in the reactor coolant system (RCS) piping.

1JS RELAPS base input modei, which was developed according to the specified data, is
represented on Fig. 2.2. During post test analyses this model was upgraded to the middle and
large input model which is presented on figure 2.4 and 2.3 respectively. The models are
described in nodalization study in Section 4.
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Figure 2.2: Base RELAPS input model of BETHSY facility
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pressurizer

Figure 2.3: Enlarged (detailed) RELAPS input model of BETHSY facility
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3 Results

3.1 Pre-test calculations of test 9.1.b (ISP-27)

1JS has participated in the International Standard Problem No.27 (OECD ISP-27) based on
test 9.1.b. ISP-27 transient scenario involving a scaled 2" cold led break without high
pressure safety injection (HPSI) and with delayed operator action for secondary system
depressurization [4]. This transient leads to a large core uncover and fuel heat-up, requiring
the implementation of an ultimate procedure. The test was performed on December 19, 1989.

The scenario of the test starts at 10% nominal power (NP), the following actions are
achieved:
- t=0 s: break opening (initiation of the transient)
- P+P (pressurizer pressure) = 13.1 MPa: Scram signal, the core power trip (from
10% NP) starts 17 s latier
- P+P=11.9MPa Safety injection signal, but no HPSI, turbine bypass and main
feedwater off
- 30 s after SI signal: Auxiliary feedwater on.
- 300 s after SI signal: Pump coastdown
- As the maximum core cladding temperature reaches 450°C: Implementation of the
ultimate procedure consisting in full opening of 3 steam dumps to atmosphere.
. P+P = 4.2 MPa: Accumulator injection starts, on the 2 intact loops only.
- P+P = 1.5 MPa: Accumulator isolation
- P+P = 0.91 MPa: LPIS injection starts, on the 2 intact loops only.
- When stable RHRS operating condition prevail: Core outlet fluid temperature <
177°C, P+P < 2.5 Mpa, saturation margin > 20°C, The transient is terminated.

I!S has performed blind pre-test and post-test analyses using compuier codes
RELAPS/MOD2.36.05 and RELAP5S/MOD3.1.

The pre-test simulations correspond quite well to the experimental data. The main
deficiency of pre-test analysis was the selection of the "cross” option for the break single
junction. Since the correct simulation of the break flow rate was shown 1o be extremely
important in order to determine the time evolution of a relatively long ISP-27 transient,
modelling of critical break discharge was studied in post-test analyses of ISP-27 [5]. It was
shown, that very good agreement between measured and RELAPS predicted break flow can
be achieved when applying suitably adjvsted discharge coefficients of single junction
component with abrupt area change and homogeneous junction options (junction flags). An
investigation of RELAPS critical flow prediction for discharge of strongly subcooled liquid
was performed. The modification of MOD2 and MOD3 code versions was suggested to
correct the erroneous departure from subcooled choked flow condition, which occurs when
applying coupled abrupt area change ana choking junction options [6].

Since the calculation of critical discharge through the break nozzle is strongly influenced
by the break boundary condition, in IJS post-test analyses an attempt was made to improve
the prediction of vapour void fraction in the broken No.1 cold leg. Some other RELAPS
participants of ISP-27 also tried to improve their predictions of RCS void distribution during
post-test analyses [7,8].
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3.2 Post-test calculations of test 9.1.b (ISP-27)

A wide sensitivity study to improve the RCS void distribution, which was performed by
RELAP5/MOD3.1, dealt with following items:

- decrease of break discharge coefficients

- renodalization of downcomer to upper head bypass introducing the more precise description
of flow path

- introduction of homogeneous option for velocity calculation in reactor head junctions

- unrealistic reduction of bypass flow area and unrealistic increase of bypass hydraulic losses

- ¥CS renodalization increasing the number of nodes from 9 to 45 for RCS piping (Fig.
2.4), from 1 to 12 for core bypass, and from 1 to 14 for the reactor vessel downcomer
(Figs. 2.3 and 2.4)

- reduction of two-phase head and torque multipliers in RELAPS reactor coolant pump
(RCP) model

- modifications of initial condition decreasing the average RCS temperature to the lower
margin of instrumentation uncertainty range (-0.5K) and increasing the RCS mass flow rate
to the upper margin of instrumentation accuracy (+3%)

- increase of RCS heat losses (+20%)

- increase of secondary heat sink changing the steam generator pressure control

- renodalization of reactor coolant pumps (Fig. 2.5).

1. No above parameter or model feature was found with significant influence on vapour
void fraction during the first transient phase up to the reactor coolant pumps trip. During
this phase the core generated steam bubbles (saturation condition) are driven with
(captured in) forced circulation flow - reactor coolant pumps remain running up to 300
seconds after the safety injection signal.

2. None of the above model modifications could essentially contribute to the reduction of
No.1 cold leg vapour void fraction during second transient phase following the reactor
coolant pumps trip.

In recent calculations the prediction of RCS coolant distribution was shown to be strongly
dependent on modelling of the connection from guide tube to upper head: due to the
misinterpretation, the annular orifice, J200 (located in guide tuhe), was connected to the
upper plenum instead of to the upper head. The correction of this model inadequacy has
improved the prediction of vapour void fraction in the broken No.1 cold leg (comparison of
"base case” with "guid.renod." case on Fig. 3.1).

Furthermore, this guide tube renodalization resulted in the time shift of key transient
events, which can be observed by comparing the case "RCP+guide" with the base
"R5/MOD3.1" calculation on Figs. 3.2 to 3.12. Following the guide tube renodalization, the
core uncover and fuel temperature rise started earlier (Figs. 3.4 and 3.6), and therefore the
initiation of the "ultimate procedure” was also predicted to occur earlier (Fig. 3.11).

An additional MOD3.1 calculation is planned to be performed with vertical stratification
model turned off in guide tube volumes [7,9].
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In table 3.1 the measured data from experiment served as a initial conditions for BETHSY
model. Data uncertainties are also provided.

Table 3.1: Test 9.1.b (ISP-27), initial condition

measured BETHSY model
(12}; 10% nominal power) | (RELAP5/MOD3.1
+ data uncertainties initialization)
core thermal power 2864 + 30 kW 2864 kW
cold leg temperature 5599 + 05K 560.3 K (core inlet)
downcomer mass flow rate 150.0 + 5.0 kg/s 154.3 kg/s
reactor coolant pump speed 2940 + 30 rpm 2940 rpm
pressurizer pressure 155.1 £ 0.9 bar 155.1 bar
pressurizer level 408 +0.1m 412 m
RCS coolant mass 1960 + 40 kg 1948 kg
secondary side pressure 69.1 + 0.4 bar 68.1 bar !
steam generator level (short range) 1345 + 0.05m i345m !
feedwater temperature 491.1 + 20K 491.0K
secondary coolant mass (one SG) 820 + 30 kg 821 kg !
RCS trace heating 53.5 kW no heat losses considering
the trace heating system on

! averaged for all the three steam generators
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Figure 3.11: Test 9.1.b, Secondary side mass inventory
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3.3 RELAPS/MOD3.1.2 simulation realized at Texas A&M University

The time shift problem of RELAPS/MOD?3.1 simulation did not appear in the last ISP-27
calculation, which has been performed at Texas A&M University by RELAP5/MOD3.1.2

code.

Base IS input deck and restart input decks from the RELAP5/MOD3.1 simulation of ISP-
27 have been sent to A&M University for testing on a RELAPS/MOD3.1 .2 simulation. The
results of the test have been returned to IJS and the conclusion was drawn that all the
transient differences observed on Figs. 3.13 to 3.21 comparing the cases "MOD3.1" and
"MOD3.1.2" are caused only by code differences.
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Figure 3.13: Test 9.1.b, Pressurizer pressure
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Figure 3.14: Test 9.1.b, No.2 SG steam dome pressure
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Figure 3.17: Test 9.1.b, Maximum cladding temperature
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4 Nodalization Study for BETHSY Experiment
4.1 Description

Some authors suggest that a more detailed nodalization should be utilized in order to
achieve better agreement between the calculated and experimental results. However, sometime
more detailed nodalization causes an oscillatory solution which requires a much smaller
currant and computing time step. In such situations CPU time can become excessive

A comparison of existing experimental data of BETHSY experiment 9.1 b with
simulation results of RELAPS/ MOD2, MOD3.1 and MOD3.1.2 is made

The 1JS RELAPS/MOD?2 input model was developed and initialized according to the
specified data for each test. Each of the three coolant loops is represented explicitly without
taking into account the smail asymmetry between the loops. This base input (Fig. 2.2)
consisted of 196 volumes, 207 junctions, 191 heat structures, 125 control variables and 13
trips. On this base RELAPS/MOD?2 input model was further upgraded to RELAP5S/MOD3.1
and RELAPS/MOD3.1.2. During post-test analyses, the base input model was renodalized,
increasing the number of nods in reactor coolant system pipping, reactor coolant pumps, core
bypass section and reactor vessel downcomer. The elevations of parallel volumes of the
reactor downcomer in bypass reactor ¢ hot leg and cold leg were preserved. Nodalization
of the reactor core, pressurizer, steam generators, reactor head, upper plenum and lower
plenum remained the same for middie input which is presented in figure 2.4. Further, middle
RELAPS model was again upgraded, increasing the number of nods only in steam generator
The detailed RELAPS model of BETHSY facility contains 332 volumes, 343 junctions and
330 heat structures (Figs. 2.3, 2.4, 2.5). All three inputs based on different nodalization
should represent the same situation using different computer codes. These were assured with
strict consideration of RELAPS code manuals. Table 4.1. presents number of volumes,
junctions, heat structures and mesh points for various inputs nodalization [10]

The comparison of experimental data with simulation results concentrated on only a few

important variables such as cold leg no#l1 spool piece void fraction, maximal clad
temperature, core collapsed liquid level and break mass flow rate (11,12,13]

Table 4.1 Three nodalizations

|
Nodalizations Junctions Heat Str./M.P

e e e e

Small Input 191/754

Middle Input 3: 34 330/1290

Large Input : 396/1554
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Figure 4.1: Steam generator nodalization for large input model




ISP=27: POST-TEST, RELAPS/MOD2

TMAX: max lad o. wall temperature (K)

MEASURBMENTY

13

Time {miz

Figure 4.2: Maximal clad temperature calculated by RELAPS/MOD2 code

Time (in)

Figure 4.3: Maximal clad temperature calculated by RELAPS/MOD3.1 code

Figure 4 4: Maximal clad temperature calculated by RELAPS/MOD3.1.2 code
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5§ Run Statistics

The original RELAP5/MOD3.1 code with no modifications and with guidlines
consideration was used. Calculations were done on Sun Sparcstation 20 (4 processor
workstation) which uses multiuser and multitasking operating system SOLARIS 2.5

The time step was limited at 1.0E-6 as a2 minimum time step and 2.0E-2 as a maximum
time step. During the calculation the thermodynamic property crror (liquid phase property
error) at time 4119.642 sec. Therefore, restart calculation with the reduced maximum time
step of 1.0E-4 was applied for the next 50 seconds to overcome this

The computational efficiency for middle nodalization (Table 4.1) is summarized in Table
5114

Table 5.1.: Computational efficiency

Calculation Computer Time Number of time Number of volume Grind Time
(CPU), sec Step (DT) (N) CPU/AN*DT)

RELAPS/MOD3 72064 sec 491413 33 0.00044

Listing of the base input model and restart one are in Appendix A

6 Conclusion

RELAPS5/MOD3.1 computer code was used to simulate experiment performed on BETHSY
integral test facility (dealing with small break loss of coolant accidents). The main
discrepancies between the simulations presented and the measured data were found to be
connected with the predictions of critical discharge, collapsed core liquid level and loop seal
clearance phenomena. It should be noted that the reasons for all the problems encountered
are not yet well understood

The wide RELAPS/MOD3.1 sensitivity study, which was performed to improve the
prediction of RCS void distribution for test 9.1.b (ISP-27), succeeded with the correction of
an input model inadequacy: the orifice J200 (located in guide tube) has been connected to the
upper plenum instead of to the upper head Following this error correction, the prediction of
vapour void fraction in broken No.1 cold leg was improved. Especially good agreement with
experimental data was achieved in the last ISP-27 simulation which was performed by
RELAP5/MOD3.1.2 code version at Texas A&M University

In general, we found that a more detailed nodalization may lead to more accurate prediction
of void fraction but it also may lead to less accurate prediction of other variables, for example
maximal clad temperature (figures 2.2 through 2.4)

More detailed nodalization may also lead to an oscillatory solution which needs a very small
time step and therefore extensive CPU time. Such calculations can be very sensitive to certain
control vilumes with regard to numerical stability resulting water property error

Further, we found that for the most parameters and control variables there are no essential
differences between the results of the more detailed and less detailed nodalizations
Comparison of the results of MOD2, MOD3.1 and MOD3.1.2 shows that in general the best
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results are obtained from MOD3.1.2. This version of RELAPS code seams 1 be less
sensitive on users affects. What means that different manner of modelling the same flow path
are no more so sensitive

The participation in BETHSY program prov ided additional knowledge which is needed for
good understanding of RCS phenomena during SB LOCA (e.g. RELAPS simulation of DP
measurements observing the loop seal clearance phenomena) Further comparison of existing
experimental data with simulation results will lead to the modifications and improvements of
developed input models of experimental facilities and real plants. Experiences gained in
analyses of BETHSY experiments will also be used in simulations of real plant transients
which consider similar transient scenarios. Furthermore, 1JS analyses also aim to answer
some basic questions concerning the effect on two phase flows of scaling a commercial
nuclear plant down to the size of experimental facilities
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APPENDIX A

Listing of the middle BETHSY nodalization

- base input
- restart input




Appendix A - Listing of the middie BETSY nodalization - base input

bethsy - standardni eksperiment: po 5 3 1991
relaps ‘mod?

posttestni komentarii

podrobneisa diskreticaciia primarmih cevovodov
tud: podrobneisa diskretizacija toplotnih teles na RCS
cevovodih

o ({trace heating so sicer xgesnili esele po vbrisgu
akumuliatorjev v 88 min}

* & korekcijo: veeh ISP-27 DP tlacnih zaznmaval po
renodalizaciji RCS (Re)
-

0 & &o8i

vseh ISP-27 VOIDG jev po r dalizaciii
ROS (Re)
-
* RCPs dh renodalizaciia RCP (2-»3 woi )
* B ar naip ieih dodatnih sprememb na Sx

gostejsi mrezi

* ssee iz nbaml dat je viet realisticni model bypassa v
glave reaktoria
. e . spremewbe {lsgov spcjev v glavi reaktoris iz 3-

centrally na 1-upward

* bbb renod. obtoka 133 {1-512 vel in pipe(119,131,123)
fvcahs v 3->0!

. a8 renod  downcomerja 119 (5->14 vol , elevacije
ustrezno sredici 111}

* gag spoi 145-03 (§200) prenesen na mesto 145-02 (§21)

.

* tokrat nobenih poizkusov s homogenc glavo'

.

* ¢ '@ : mizanje Tccld reference s S6C 35 K (+0.5 K) na 559.35
Et-o5 M

L | povecanje mRCS na zgornjo tolerancno mejo 150 kg/s -»
155 kg/s

* f213 potredbni izklop inicializecije toplotnega telesa

.

B Y

EERE T

.
* IrRX, TIXXCC reaktorska posoda, rx ctv blok

* #8399, sSsggcc uparjalnik, sg ctv blok

- szee, TOP- : primarni cevevod, crpalka

* peprrzz, sline tlacnik, prelivmi vod

* mmf?f esil glavno napajanje, parovod

s 1lpp lpei in akumclatorjii

* aaft, 2211 pomorno napajanje in steam dump, cli zlom
* hhes, hhl) blok toplotnih teles, model toplotnih izgud
* cee, cocd regulaciiski sistem, reg sistem za
inicializacijo

* cowve, covvii blok kontrolnih spremenljivk, b k. s za
inticislizacijo

* terx : blok tripov

*  aahh :  d@h korskcija tlacnik zaznaval

-

* predtestni komentarji:

.

- opozorilo ali pomanjkljivost

. uglasitev dp hidraviicnih izgud

Rk komentar

.

Srererentanee

R AR LR

.

100 new transnt L
* 100 new stdy-st
* 101 inp-chk

-

11¢ nitrogen

120 121010000 ©.0
121 303010000 9.9
122 403010000 9 .%12
123 S03010000 9 912
-

200 20090 :0-6 0.1
-

.

.
ceveraniee
** mmee

.

AR R A A L)
LA AR LS A A

..

*301 ocntrivar 102
*302 ontriver 120

*303 cntrivar 110
*304 cntrivar 111

+305 mflows 123010000
.o

*306 mflow) 180000000
..

v prz

307 p 203100000

*308 catriver 203

*309 q 203010000
-

*¢ res - loop 2

*310  tempf 602010000
*311 temp? €55010000
*312 wflowi 611000000

*313 pmpvel ™0

*314  tempt 802010000
*315  tempt 855010000
*316 mflowi 811000000
*317  pmpvei 192

*318 mflow; 806000000
+319 mfiow) 807000000
,e

** you - loop 3

*320  vempt 902010000
321 vempt 955010000
*322 wmflow) 911000000
*323 pmpvel 703

*32¢ wflow) 906000000
*325 wmflow) $07000000
.

** sg 1

*331 p 310010000
*332 mflow) 111000000

h2e
12 h2o
h2o
h2e

3

ene

minor edit -

z izpisom

prim
sekl

100 1000 1000

EEE

initislization

e e

EEREY

reactor vessel inventory mass

total core power [kw]

core level [m]

reactor vessel level [w]

rx downcomer mass flow (kg/s]

cll break mass flow [ka/s]
ipa)

Prz pressure
prz level [m)
heater power (w]

loop 1 thot k)

loop 1 tcold (k)

loop 1 loop mass flow [(kg/s}
loop 1 pump speed [rad/s)
loop 2 thot (k]

loop 2 tcold (ki

loop 2 loop mass flow (kg/s)
loop 2 pump speed [rad/s)
accum. 2 mass flow ikg/s)

lpsi 2 mass flow (kg/s]

loop 3 thot (k]
loop 3 tcold (k]

loop 3 loop wmass flow (kg/s]
loop 3 pump speed (rad/s]

3 mass flow (kg/s)
lpsi 3 mass flow (kg/'s)

1 pressure [pa!
1 steam flow [kg/s)

*333 cmerivar 305 * 835 1 sec mass kgl
*334 contriver 303 * #9 1 downcomer level (m|
*335 wflow) 335000000 * 85 1 vecirculation mass flow
Ieg/s}
*336 wflow) 234000000 * mfvw 1| maes flow - constant [kg/s!
*337 wflows 332030000 ¢ total feedl fiow ikg/s!
3138 mfiow) 372000000 * steam dump 1 flow (kg/sl
-
- 89 2
341 p 410010000 * sg 2 pressure (pal
*332 wflowj 411000000 * sg 2 steam fiow (kg/s)
*343 cotrivar 405 * 89 2 sec. mass (kg
*344 cntrivar 403 * 39 2 downcomer level im]
*345 wflow) 435000000 * sg 2 recirculation mass flow
{xg/s!
*346 wmflow) 434000000 ¢ mfw 2 mass flow - constant {kg/al
*347 mfliow) 432010000 * total feed2 flow [(kg/s)
*348 wmfiowj 472000000 * steam dusp 2 flow (kg/s!
-
* 95 3
*351 p $10010000 * sg 3 pressure (pa)
*352 wmflowj S1100000¢ * sg 3 stamm flow [kg/s]
*353 ontrivar SO0S * 89 ) sec. mass (kg
*354 cnerivar S03 * 83 3} downcomer level (m)
*355 wflowj $3S000000 * sg9 3 recirculation mass flow
ikg/s}
*356 wmflow) 534000060 ¢ mfw 3 mass flow - constant [kg/sl"
*357 mflow) $32010000 ¢ zotal feed) fiow | 1
*358 mflowj $72000000 * steae dump 3 flow |
.
*360 cntrivar 235 * heat losses
-
232000000 * umpr: flow
712000000 * umchar flow
. sy
*39C cntrivar 300 * 11 delta tcold
*391 cntrivar 324 * 8g 1 recircnliation control
*392 wflow) 330000000 * mfw 1 mass flow - sg level
control
.
*393 contrivar 400 * 12 delts tcold
*39%¢ ocntrivar 42¢ * 89 2 recarculation control
*395 wmfiow) 430000000 ¢ mfv 2 sass flow - sg level
control
-
*39¢ cntrlvar SO0 * 13 delta tcold
*397 cmtrivar 524 * 89 3 recirculation control
*3198 wflow) 536000000 * mfw ) mass flow - sg level
control
-
-
e
e e
B R
** mmee




cewe

BEERRRREay

-

*301 voidg
fraction | | R
*302 woitg
traction | | Re
*303 woidg
traction | | Re

LT
.

*307 contrivar

press.  (kpa)
*308 cntrivar
press (kpa)
*30% enevivar
iepal

*310 eontrlvar
fepal

*311 cmtrivar
aif. p  ikpal

*3:2 comtriver
press  [kpal

.

313
ixpa)
*314
tkpal
*315 entrivar
aier p. Ikpa)
*316 contrivar
aife. p. Ikpal
-

37
{kpal
*31e
(xpa]
*319 ontrivar
aitt p. tkpal
*320 cntrivar
ait? p Ikpal
..

321 ontrivar
lepa
*322
iepa)
*3%3 cotrivar
aift p  Iwpal
*324 ontrivar
4irf. p.  (kpal
.

*325 cntrivar
aift. p. ixpal
*326 cntrivar
press [xpa]

*327 cntrivar
aife p. (xpal
%328 cmrivar
press. [kpa)

cntrivar

cntrivar

cntrivar

eatrivar

entrivar

seesenn

€013030000

656270000

so3c3ce00

95€070000

993040000

95€070000

243

242

243

4

24s

24¢

247

248

243

250

251

252

253

254

255

56

257

58

260

261

.

dp = pllow press. tap)

albel:

albfy

albez

albf2:

albeld

aibey.

Rll spool piece void
cll spoel piece veid
hl2 spool piece void
cl2 spool piece void
hl2 spool piece void

cl} spool piece void

- pihigh press tap)

dapo200
dpupl
apo3e

apaze
dpar2

: core heat length diff
upper plenum 3iff

- guide tube dif press
upper head dif press
downcommer to upp head

pressure vessel dif

cll to hll Qiff press
pump 1 diff press
loop seal 1 downf gide

loop seal 1 upflow side

: €12 to hl2 4iff press
pump 2 4iff press
loop seal 2 downt side

locp seal 2 upflow side

€13 to hl) diff press
: pump 3} 4iff press
loop seal ) downf side

: loop seal ) upflow side

: 891 u-tube in. to outlet
- 891 inlet plenum 4iff
#91 u-tude upflow side

: sgl boiler section diff

..

*32% cotrliver
@ct. p Ikpal
<330 entrivar
(kpa!
*331 cotriver
aitt p Ikpa)
*332 cntrivar
fkpa)
.

*333 contrivar
dire. p {kpal
*334 cmtrivar
Ikpal
*33% contrlvar
aitt. p. Ikpal
*336 ontrivar
press  [kpal
LA

+337 entrivar
fkpal s

-

%338 ontrivar
=23 fice feat
*339 cntrivar
mass flow kgl
*349 omtrivar
invet . (kg
*331 ontrlvar
invet  [kg)
*342 cntrivar
invet . [kgl
*343 cntrivar
invetory [kg!
“344 contrivar
invetory [kg!
-

*345
Impa)
346
impal
*387
impal
348
(mpal
*349 cntrivar
pressure [mpa)
*3%50 cntrivar
pressure [(mpa!
.

*351
ieg/s!
+352 wmflows
rate [kg/s]
*153 mflow)
rate (kg/s]
*3154 wmflow)
rate [kg/s!
*355 wmflow)
Ikg/s)

*3156
rate
.357
rate
*358
rate

cntrivar
cntrivar
cntrlivar

cntrlvar

=flow)

me lows
ikg/s}
mflow)
(kg/s}
mf low)
Ikg/=]

262

263

164

2¢€

%7

268

269

270

m

27

308

405

508

27s

76

277

bl

s

280

28

2.2

123010000

332010000

432010000

S$32010000

190002000

3iio00C00

411000000

511006000

daps1
aps2e
apsSr2

dpe:
dpe2e
apér2

appl

intgmd
intgmsi
mgvi
™y

mgv3

ped?
Pp*s?

pe6?

peom2

qmos
gmanil

. pressurizer dife

892 u-tude in. to cutlet

: 892 inlet plenum 4if*

832 u-tube upflow side

: 892 boiler section diff

#9393 u-tube in to outlet

iniet plenum Aif?

© 393 u-tube upflow side

: 893 boiler section daft

press

: time integrated break

: time integrated lpsi

831 secondary side mass
992 secondary side mass
591 secondary side mass
accumulator 2 mass

accumulator 3 mass

. #gl steam dome pressure
. 892 steam dome pressure

© 293 gteam dome pressure

pressurizer top pressure

. accumulator 2 gas phase

© sccumulator 3 gas phase

: downmcomer mass flow rate

391 feedwatcr mass flow

nass fiow

qmavi2

qmgvil

. ®g2 T

: 893 feedwater mass flow
. break wmass flow rate

: #gl steam line mass flow
. 892 stean line mass flow

© 893 steam line mass flow

*359
rate
*350
rate
.
*361 cnerivar
e g

-

mf low]
(kg/s)
mflow:
ikg/s!

*3162 tempt

(L3

*363 temp?

L3}

*364 tempt
temperature (k)
*365 tvempt
temperature (k|
*366  tempt

(x]

*367 cvempt

k! * Re

*368 rvempt

(L3

*365 tvemp!

Rl * R

*370 tempt

ix] * Re

*371 tempf

k] * Re

*372 temp?
temperature (k]
*373  tempt
temperature (k]
*374  tempt
temperature (k]
.

#3175 htremp
*376 hrtemp
*377 httemp
middle to

378 httemp
*3175  hrtemp

283

123010000
141010000
151910000
153010000
602010000
656050000
202010000
§56010000
902020200
956010000
309050000
409050000
509050000
131020701
131000801
131000901

131001001
131001101

tab 1 sty .28/87)

*380
*381
L3}
-
*382
(rpm}
*383
{rpm]
*38a
{rpmi
.
*38%
[lew]
386
-
*387
*388
e
.
*389 ot
transient |e!}
*190 emass
.

htremp

entrivar
cntrivar
catrlver

entrivar

entrivar
cntrivar

entrivar
cntrivar

131001201
146

206

288

289

2%0

110
291

* qmsbi2
* gmsbli

* sebreak -

tro1dn

* tfo30a

trosl

* ctoa2

T2

tri3ld

. 2

tf23)

w2

s e2)d

* tfaSac

tEsSac

tfES4c

ts02191

.

te02201

. weld2

* wetrac

¢ zro200

* dtcalc

te02241 -

. lpsi in cl? mass fiow

. 1pes in c1) mass fiow

break sperific enthalpy

: core inlet tempsrature
. core outlet tewperature
. upper head (bottom)
upper head (top!
- hot leg 1 temperature
: cold leg 1 temperature
: hot leg 2 temperature
cold leg 2 temperature
: hot leg 3 temperature
+ cold leg 3 rtempersture
. bottom of sgl downcumer
: bottom of sg2 downcomer

- bottom of sg3 downcomer

ts02091
ts02151

| vod temperature from

: top core elevation (k]
*es 8 = ? (le omemba v

te02281 -

. max clad temperature

pump 1 rotation speed
. pump 2 rotation speed

: pump 3 rotation speed

: core {electrical) power
. trace neating [kw]

. core level [m)

. swollen level (=i

- time step along

mass errvor (kg!
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20510101 0.0 22 5984 rhec 131010000 11. 1200
core

20810102 11.1290 rhic 131930000 1i.1200
20810103 11.1280 rho 131050096 11 1280
20510104 11.1200 rho 131070000 11 1280
20810108 11.1289 rio 131090000 11 1280
Wws10106 11.1269 rho 131110000 22 598,
-

* ctv 102: 1 y ®ass ika)
20510200 vessmass sum 1.0-3 @. 1
20810201 0 O 20 2452 rho 1110i000C

upp downc

20810202 14 4648 rho 113U10000 14 asas
core inlet

20510203 14 4648 rho 117010000

core inlet

* Add s are

20510204 31 9369 rho 119010000 31.936%9
downcommer

20510208 31.9369 rho 119070000
downcomme s

20510206 18.3410 rho 119100000 27 9758
downcomper

.

20810267 65 9122 rho 121010000 87 3224
low headeplen

20510208 60 3610 rho 125010000

core inlet

20510209 1000 0000 cntrivar 101

core

20810210 1000.0000 entrivar 100

¢ _bypass bbb

20810211 €9 93% rho 141010000 98 7564
upp plen

20810212 $.2200 rho 145010000

guide tube

20510213 110.1513 =he 147010000

upp plen

20510214 7S.1800 rhe 151010000 49 %430
upp head

.

* ctv 112: core level im

20511090 corelev] sum 1.0 L 1
*e511001 0 0 52¢ voidf 131010000 0©.26 voidt
vois? 131030009

20511002 0.26 voidf 131040000 0.26 void?
void? 131060000

20811003 0 26 void? 131070000 0 26 voidr
voidf 131090000

20511004 0.26 voidf 131100000 0 26 void?
void? 131120000

.

* ctv 111: reactor vessel level im)
20511100 vessisvl sum 1.0 ° 1
20512102 0.0 0. 8 voidf 121010000 0.6
voidf 125010000

voidf

20811102 1.0 entrivar 110

20811133 8645 voldf 141010000 1 127 voidf
veidf 147910000

20511104 4545 voidf 153010000

* ctv 120 reactor power (kw)

20512000 rktpower suwm 1.2-3 2068 i

20512002 0.0 1.0 g 131010000 1.0 q 131020000
20512002 1.0 q 131040000 1.0 g 121205000C
29512003 1.0 g 131070000 1.0 g 131080000

pRdge @

¥

rhe

rho

1310

1319

13102000¢ *
1310480000
131060000
131080C00

131100000
131120000

115010000 *

119050000 *

119140000 ¢

123010000

143010009

153310000 *

20000 C .26

131000000 0.26

1312

1230

1430

1.0
1.¢
1.0

10000 520

10000 1. 164

1000C 2.155

q 131630000
q 131060000
q 131090000

20512004
20512008
-

* ctv 146 maxi .= Sttemp rx core, left surface
20514600 maxrxt stdfactn 1.0 600 1
20514601 wmax hrtemp 131000105 htvemp 131000205

1.0 q 131100000 1.0 g 131110006 1.0 g 131120000
1.0 g 133010000

20514692 Bttemp 131000305 httewmp 131000405
20514603 hrremp 13 emp 13
20514604 httemp 131000705 httemp 13100080%
20514605 httemp 13100080 httemp 1310C100S
20514506 httemp 131000905 httemp 131001208
.

-

srees

seessnene

-

-

* rrxx reacter vessel

.

-

.

e ree R

B

* region 110: vesssl inlet part « downcommer (upper + lower!

ere e
“esssenee

* component 111 upper downcommer - upper head commection
1110000 dc-uphea branch

1110001 ©

1210101 0. 4. 09485 41 5464-3 C. 90. 2 1049 5. -5 $.693-2 00
* geom v2S-33«(videviSeviedel) /2

“ e s e

SrEssssstEReaes
st nene
-

* s++s nov model bypassa v glavo

* vis

1100000 v34 branch

1100001 : I

1100201 0.0 0.4635 21.7085e-03 0.0 %0.0 0.4635 S -5
0.250 00

1100200 100 1 .58645e+07 1. 24044e+06 2 43927e+06 0 00000e+00
* 1101101 1100170090 131000000 1 90le-03 0.1 1.0 130000
* ++ ENTR MODEL

1101101 110010000 111000002 1. %0Cle-03 0.1 1.0 110000
e

1101201 2 13960e+00 2 13960e+00 0 00000e+00
.

* vil-v2€ upper downcommer - upper head comnection
1110000 dc-uphea branch

1110001 ¢
1110101 1.901e-03 3.1314 0.0 0.0 18. 1. 1434 5 -§ © 0492
o

1110200 100 1 07 1. 06 2 4394Bes06 0 00000e+00
-

. vas

1120000 v2S branch

120001 1 1

1120100 ©.0 05 13.055e-03 0.0 %00 0S5 5. -5 0.17 00

1120200 100 1 SA487e+07 1. 24844€<06 2 439:Se-06 0. 00000es00

S

1121101 111010000 112000000 1 .901e-03 1.0 0.1 130000 *
++ ENTR MOCEL

1121201 2 13960e+00 2 13960e+<00 0.00000e+00

-

* component 152 bypass into vessel head

1510000 headbyps vaive * sngljun

* 1520103 112010000 153000000 2.454-3 0. 0. 100002 * geom j2%
1520101 112010000 151000000 2.454-4 2. 0. 100000 * geom j25 +*
ree

1520110 0 02? ¢.0 1.0 1.0

1520300 srvviv

1520301 152

1520401 0.02 0.1 0.1

1520402 1.0 3.0 330

-

* coci o ety 152: flow regulation into vessel head

20515200 valvelS2 sum 1. 0.2956 0 3 0.02 1

20515201 0.0306 -0 .91 mficwj 152000000 1.0 catriver 152

-

sewe
arsrsenes
.

. 113 inlet (1 of 3)

1130000 vess-ini branch

1139001 3

. geom

(v34eviSevicdel) /6

1130101 0. 0. 4635 7.2324-3 0. -90 -0 4638 S.-5 12) 47-1 00

* 1131102 113000000 111000000 1.S612-2 2.1 2.1 130000 * geom
J35/3

11321101 113000000 110000000 1 .5612-2 2.1 2.1 110000 * geom
335/3 % seee P20

1132101 113010000 119060000 1 .5612-2 0.3 0 3 130000 * geom

335/3

1133101 €5601000C 113000000 1 25358-2 1 1. 130000 * gecw
330

-

. v 1s: inlet (2 of 3)

1150000 vess-in2 branch

1150001 3

- '--
(v3lqsviSeviedel) /6

1150101 €. © 4635 7.2324-3 0 -90 -0 4635 S -5 123 .47-3 00

* 1151101 115000000 111000000 1 .S612-2 2.1 2.1 130000 * geom
335/

1151101 115000000
J3IS/3 ¢ seee 222
1152101 115010000 119000000 1 S612-2 ©.3 0.3 130000 * geom

110000000 1.5612-2 2.1 2.1 110000 * geom

335/3

1153101 €S6010000 115000000 1.09358-2 1 1 130000 * geom
j340

-

- % 117 1 inlet (3 of 3)

1170000 vess-in) branch

1179001 3

. geom
(v34+viSeviedel) /6

1170101 0. 0.4835 7.232¢-3 0. -90. -0.463% S.-S 12) ¢7-3 00

* 1171101 117000000 111000000 1 .5612-2 2.1 2.1 130000 * geom
3138/3

1171101 117000000 1100000P. 1.%7:2-2 2.1 2.1 110000 * geom
335/3 % sees f22

1172101 3117010000 31190.000C 1 .S612-2 0.3 ©.3 130000 * geom
33873

1173101 956019000 1317000000 1 093S8-2 1 2
j360

130000 * geom
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Appendix A - Listing of the middle BETSY nodalization - restart input
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