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Abstract

RELAP5 computer code was used to simulate an experiment 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 Jolef Stefan Institute (IJS) 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
IJS has developed its own RELAP5 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 RELAP5 code
(MOD 2, MOD 3.1 and MOD 3.1.2 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 RELAP5 code was to optimize CPU
time and time for new model development.

The report describes the results of the calculation performed by the RELAPS/ MOD 3 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 post-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 choices 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 r.nd 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.

IJS RELAP5 base input model, 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. ;

I

i
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. 3 Results :

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

US has participated in the International Standard Problim No.27 (OECD ISP-27) based on j'

'

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 j
the implementation of an ultimate procedure. The test was performed on December 19,1989. |

l

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 i-

10% NP) starts 17 s latter ~ |
P+P=11.9MPa Safety injection signal,. but no HPSI, turbine bypass and main j-

.

: feedwater off. _

30 s after SI signal: Auxiliary feedwater on. ,

300 s after SI signal: Pump coastdown j-

- - As the maximum core cladding temperature reaches 450'C: Implementation of the j
ultimate procedure consisting in full opening of 3 steam dumps to atmosphere. J

-- 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.-

n
When stable RHRS operating condition prevail: Core outlet fluid temperature <-

177'C, P+P < 2.5 Mpa, r,aturation margin > 20 C, The transient is tenninated. |
I

US ' has performed blind pre-test and post-test analyses using. computer codes ;

RELAP5/ MOD 2.36.05 and RELAP5/ MOD 3.1. |
|

'i
The pre-test simulations correspond quite well to the experimental data. The main j

deficiency of pre-test analysis was the selection of the " cross" option for the break single j

junction. Since the correct simulation of the break flow rate was shown to 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 RELAP5 predicted break flow can |
be achieved when applying suitably adjusted discharge coefficients of single junction :

component with abrupt area change and homogeneous junction options (junction flags). An i
investigation of RELAP5 critical flow prediction for discharge of strongly subcooled liquid i

was performed. The modification of MOD 2 and MOD 3 code versions was suggested to j
correct the erroneous departure from subcooled choked flow condition, which occurs when -

applying coupled abmpt area change and choking junction options [6]. j
i

Since the calculation of critical discharge through the break nozzle is strongly influenced j
by the break boundary condition, in US 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 j

participants of ISP-27 also tried to improve their predictions of RCS void distribution during
;|post-test analyses [7,8].
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. . I

3.2 Post-test calculitions cf test 9.1.b (ISP-27) )

A wide sensitivity study to improve the RCS void distribution, which was performed by
RELAP5/ MOD 3.1, 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
- RCS renodalization increasing the number of nodes from 9 to 45 for RCS piping (Fig.

L 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 RELAP5 reactor coolant pump ,

[ (RCP) model I

- modifications of initial condition decreasing the average RCS temperature to the lower,

| margin ofinstrumentation uncertainty range (-0.5K) and increasing the RCS mass flow rate

| to the upper margin of instrumentation accuracy (+3%)

L - increase of RCS heat losses (+20%)
- increase of secondary heat sink changing the steam generator pressure control1

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

t

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

L 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 reactori

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 tube), 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).

!
| Funhermore, this guide tube renodalization resulted in the time shift of key transient

,

i events, which can be observed by comparing the case "RCP+ guide" with the base )
; "R5/ MOD 3.1" calculation on Figs. 3.2 to 3.12. Following the guide tube renodalization, the ;

j' 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).'

I

{ An additional MOD 3.1 calculation is planned to be performed with vertical stratification
model turned off in guide tube volumes (7,9].

3

| '

!
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In table 3.1 the measured data from experiment served as a initial conditions for BETHSY
model. Data uncertainties tre also provided.

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

measured BETHSY model
([2]; 10% nominal power) (RELAP5/ MOD 3.1
i data uncertainties initialization)

,

core thermal power 2864 i 30 kW 2864 kW

cold leg temperature 559.9 i 0.5 K 560.3 K (core inlet)

downcomer mass flow rate 150.0 i 5.0 kg/s 154.3 kg/s

reactor coolant pump speed 2940 i 30 rpm 2940 rpm

pressurizer pressure 155.1 i 0.9 bar 155.1 bar

pressurizer level 4.08 i 0.1 m 4.12 m

RCS coolant mass 1960 i 40 kg 1948 kg

secondary side pressure 69.1 i 0.4 bar 68.1 bar !

steam generator level (short range) 13.45 i 0.05 m 13.45 m .!

feedwater temperature 491.1 2.0 K 491.0 K
'

secondary coolant mass (one SG) 820 i 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

i

l

y
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Figure 3.2: Test 9.1.b, Pressurizer pressure
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ISP-27: POST-TEST. RELAP5/ MOD 3.1
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13,3 RELAP5/ MOD 3,1,2 simulation realized at Texas A&M University

The time shift problem of RELAP5/ MOD 3.1 simulation did not' appear in the last ISP-27 ,

icalculation, which has been performed at Texas A&M University by RELAP5/ MOD 3.1.2 ,

code.
!

Base US input deck and restart input decks from the RELAP5/ MOD 3.1 simulation of ISP- !
'

- 27 have been sent to A&M University for testing on a RELAP5/ MOD 3.1.2 simulation. The

results of the test have been returned to US and the conclusion was drawn that all the
.

' transient differences observed on Figs. 3.13 to 3.21 comparing the cases " MOD 3.1" and. |

" MOD 3.1.2" are caused only by code differences. ,

>
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Figure 3.13: Test 9.1.b, Pressurizer pressure
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4 Nodalization Study fir 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/ MOD 2, MOD 3.1 and MOD 3.1.2 is made.

The US RELAP5/ 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 small asymmetry between the loops. This base input (Fig. 2.2)
consisted of 1% volumes,207 junctions,191 heat structures,125 control variables and 13
trips. On this base RELAP5/ MOD 2 input model was further upgraded to RELAP5/ MOD 3.1
and RELAP5/ MOD 3.1.2. 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 core, 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 middle 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 RELAP5 model of BETHSY facility contains 332 volumes,343 junctions and
330 heat stmetures (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 stmetures and esh points for various inputs nodalization [10].m

The comparison of experimental data with simulation results concentrated on only a few
important variables such as cold leg no#1 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 Volumes Junctions Heat Str./M.P.

Small Input 196 207 191/754

Middle Input 332 343 330/1290

Large Input 398 408 396/1554

,
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TWAX: mes. clad 4. sail tamparstere (K)

1500.0
~

;' - us.svesmans
- mens-...u

8300.0.{ _ ..go.. au

i \neo.0
:

800.0 ;

\i
- 700.0 1

:
.00.0 ; %s

: vvv=~ =
2

,i- ei 0|~ 0! .0| i|~| *** '

i40
,

Time (min)

Figure 4.2: Maximal clad temperature calculated by RELAPS/ MOD 2 code.
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Figure 4.3: Maximal clad temperature calculated by RELAP5/ MOD 3.1 code.
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Figure 4.4: Maximal clad temperature calculated by RELAP5/ MOD 3.1.2 code.
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5 Run Statistics

The original RELAPS/ MOD 3.1 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 a minimum time step and 2.0E-2 as a maximum
time step. During the calculation the thermodynamic property error (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
5.1 14

Table 5.1.: Computational efficiency

Calculation - Compmer Time Number of time Number of volume Grind Time
(CPU). see Step (DT) (N) CPU /(N*DT)

RELAPS/ MOD 3 72064 sec 491413 332 0.00044

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

6 Conclusion

' RELAP5/ MOD 3.1 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 RELAP5/ MOD 3.1 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/ MOD 3.1.2 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 volumes 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 MOD 2, MOD 3.1 and MOD 3.1.2 shows that in general the best
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results are obtained from MOD 3.1.2. This version of RELAPS code seams to 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 provided additional knowledge which is needed for
good understanding of RCS phenomena during SB LOCA (e.g. RELAP5 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,'IJS 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 BETSY nodalization - base input
* . * . . * . * * . * * * . * . . . . . . . * . * * . . . . . . . ~ . . . . . . * * . . . . * . . * . . * . . . * * * . . *333 ent,1ve, 305 * e, a see. mass ik,,
********* *334 cntr1ver 303 * sg 1 downecuer level ta!
* *335 aflowj 335000000 * og 1 vecirculation mass flow

* bethey - standardni eksperiment: yo 5.3.1991 100 new transat *g , a ispison (kg/s]
* relap5/ mod 3 * 100 new stdy-st *336 aflowj 334000000 * mfe 1 mass flow - constant ikg/sl
* * 101 inp-chk *337 mflowj 332010000 * total feed 1 flow Ikg/el

posttestni komentarft:* * +33s aflow) 3720e0000 * steam dump 1 flow tkg/el
* 110 nit rogen **

podrobnejsa diskretinacija primernih cevevodow 120 121010000 0.0 h2e pria ** sg 2*

* todi padrobnejsa diskretizacija tepletnik teles na RCS 121 303010000 9.912 h20 sekt *341 p 410010000 * sg 2 pressure (pal
covovodih 122 403010000 9.912 h20 sek2 *342 aflow) 411000000 * sg 2 steam flow (kg/s)

(trace heating so sacer agaseilt sole po Tbriagu 123 503010000 9.912 h2e sek3 *343 catr1ver 405 ** og 2 sec. mass (kg)
akumulatorjev v 34. mint * '344 ent elver 403 * sg 2 downconer level im]
* e kerekeijo: vseh ISP-27 DP tlaenth zannavat po 201 200_0 1.0-6 0.1 3 100 1000 1000 *345 mflowj 435000000 * sg 2 recirculation mase flow
renodalisaciji RCS (R*p [kg/el*

vseh ISF-27 TOIDG sensorjev po renodalizaciji * *346 aflowj 434000000 * mfw 2 mass flow - constant (kg/all*

ECS f te) * * * * * * * * * * * * * * * * * * * * * * * " * * * * * " * " * * * * " * * * * * * " * * * * '347 aflowj 432010000 * total feed 2 flow (kg/s)
* ********** +348 aflowj 472000000 * steam dump 2 flow Ikg/s]

dh renodalizacijo RCP {1-*3 vol.) ** neee minor edit - initialisation *** RCF* a

* R+ 2 komentar majpoussenejsih dodatnik sprememb na $s * ** og 3
gestejsi ereti *****************m**"*ue....**.ee...*uemm"********* *151 p 510010000 * sg 3 pressure (pal
* *+++ is aban3.dat je wret realistieni model bypassa v *******"* '352 aflowj 511000000 * sg 3 stamm flow [kg/s)
glave reaktorja ** *353 entrivar 505 * og 3 sec. mass (kg]
* fff e spremeube flagov spojev v 91avi reaktorja is 3- ** rm *354 entrivar 503 * og 3 downcomer level le]
centra 11y na 1-upward *301 entrivar 102 * reactor vessel inventory mass *355 aflowj 535000000 * sg 3 recirculation mass flow
* bbb : rened, obtoka 133 (1-*12 vol. in pipe (119.131,133) (kgl ikg/el
fecaha v: 3 *01 *302 ent r1 var 120 * total core power ikv] *356 aflowj 534000000 * mfw 3 mass flow - constant [kg/el*
* ddd i rened. downcomerja 119 (5-*14 vol., elevacije *303 ent 1 var 110 * core level [=1 *357 aflow) 532010000 * total feed 3 flow ikg/s1
ustreano sredici 131) 8304 entrivar 111 * reactor vessel level Im] *159 aflow) 572000000 * steme dump 3 flow Ikg/el

spoj 145-03 (j200) prenesen na mesto 145-02 tj21) *305 aflowj 123010000 * rz downcomer mass flow ikg/el* "ggg a

* ** '360 entrivar 235 * heat losses
tokrat nobenih poiskusov s honegeno 31avot *306 aflowj ze00000c0 * c11 break mass flow [kg/sl ***

* ** **

* * to : anizanje Teoid reference s 560.35 m t*0.5 si na 559.35 " pra " * * * * = * * * * " * * * * * * * * " * * * * " * * * " * * * * * * * * * * * * " * " * * * * * *

a t-0.5 as *307 p 203100000 * pra pressure (pal **********

* * ts : povocanje mRCE na agornjo tolereneno mejo 150 kg/s -* *308 ent rlver 203 * prs level [al **

155 kg/s *309 q 203010000 * heater power [wl ** prz:

* ffl1 potrebni izklop inicializacije teplotnoga teleza ** *195 aflowj 232000000 * unpre flow
** res - loop 1 *349 aflow) 712000000 * unchar flow*

emm...m*m**."...mm.*."m*******m******m"* *310 tempf 602010000 * loop 1 that ik] **

loop I tecid [k] ** sg-m"**** *311 teepf 655010000 *

loop 1 loop mass flow [kg/s] 8390 entrivar 300 * 11 delta tec14* *312 eflowj 611000000 *

Icop 1 pung speed (rad /s) *391 entrivar 324 * sg 1 recirettletion controlrruz, trxzee reaktorska poeoda, rx etv blok *313 pupvol 701 **

** +392 oflowj 330000000 * mtw 1 mass flow - og levelesgg, esggee : uparjalnik, sq etv blok*

rrec, rep- primenti cevevod, erpalka ** res - loop 2 control*

pyrrst, slime : tlacnik, prelivni ved *314 toept 802010000 * loop 2 that (k] ***

* umff, es11 : glavno mapajanje, paroved *115 towyf 855010000 * loop 2 tcold (k) *393 catrlvar 400 * 12 delta teold
11pp 1 psi in akumulatorji '316 aflowj $11000000 * loop 2 loop mass flow [kg/s) *394 entrivar 424 * og 2 recarculation control*

pomorno mapajanje in steam dump, c11 slam *317 popvol 702 * loop 2 pump speed trad/s) *395 aflowj 430000000 * mfw 2 mass flow - og levelasff, erli :*

hhse, hh11 blok toplotnih teles, model toplotnih isgub *318 oflowj $06000000 * accum. 2 ness flow (kg/s] control* i

cee, ecci regulacijski sistem. reg. sistem na *119 aflewj e07000000 * 1 psi 2 mass flow tkg/el ***

inicialiascijo ** *396 entrivar 500 * 13 delta teeld
* cevv, cevvii blok kontrotnik spresenljivk, b.k.s. za ** res - loop 3 *397 entrivar 524 * sg 3 recirculation control
inteislizacijo *320 tempf 902010000 * loop 3 thot Ikl *399 aflow) 530000000 * mtw 3 mass flow - og level

loop 3 teold Ikl control* terr blok tripov *321 tenpf 955010000 *

dh korskeija t1eenih aasnaval *322 aflowj 911000000 * Icop 3 loop mass flow (kg/s)* ddhh a **

loop 3 pump speed trad/s]* '323 pupvol 703 * **

* predtestni komentarjit *324 mflow) 904000000 * accum. I asss flow (kg/s] **

* '325 aflowj 907000000 * 1 psi 3 mass flow [kg/s) "*"***"****m**ma"""**"******m******"**mm**"

opozorilo ali pomanjk!)1vost ** *********** *
* *t uglasites dp hidrawlienih irgub og 1 **asee requested minor edit"

sg 1 pressure Ipal* kkk komentar *331 p 310010000 * *

* +332 aflowj 311000000 * og 1 steam flow [kg/s]

I
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.....................e********eee.o***,,*****,*e..........**** ** *359 aflowj 807000000 * qmsb12 1 psi in c12 mass flow
* * * * * * * * *12's ent:1ver 262 * dp5 eg2 e-tube in. to outlet rate (kg/s)

*
d' a f. p. Ikpal *360 aflowj 907000000 * qmsb13 : 1 psi in c13 mass flow**

dp51 3 sg2 inlet plenum dift rate ikg/e1'3D1 voidg 603030000 * albeis h11 spool piece void 330 entravar 263 *

fraiction [ ] R. press. tkpal **

dp526 sg2 u-tube upflow side *141 catrivar 2s3 * sobreak i break operafle enthalpy*302 voidg 656070000 * albfis c11 spool piece void *331 ent r1 var 264 *

f reetton I I to diff p. tkpal (kj/kg)

*103 voidg 403030000 * albc2 h12 spool piece void *332 entrivar 265 * dpSr2 : 392 boiler section dif f. **

freetion i i R+ press. Ikpal '362 tegf 123010000 * t t 012 3 : core inlet temperature

(k)+304 voidg 556070000 * albf2: c12 spool piece void **

dp6 s93 u-tube in, to outlet *363 tempf 141010000 * tf0304 core outlet temperaturefreetion | | P* *333 entrlver 266 *

*305 voidg 903040000 * albe3t h13 spool piece void dif f. p. Ikpal (k)
fraction t i Re *334 ent rivar 267 * dp61 : ogn inlet plenum dif f. *364 togt 151010000 * treet upper head (bottoma

*196 voidg 956070000 * albf3: c13 spool yiece void press. Ikpal teg erature (k)

f rection ! J R* +335 entrlver 268 * dp626 e ag3 u-tube upflow side *365 tegt 153010000 * Ef042 e upper head (top 3

** ditf . p. Ikpal touperature (k)
sg3 boiler section dif f. *346 tempf 602010000 * Ef112 t het leg 1 temperature**** dp . p(low press. tap) . p(high press, tap 3 *336 entr1rar 269 * dp6r2 :

** press. Ekpal Ikl

*397 ent r1*a r 240 * dp0200 : core heat. length diff. ** +367 tempf 656050000 * tf133 cold leg 1 temperatore

press . impel +337 entrivar 270 * dypt pressurarer diff. press. Ikl *a+
'30s entstver 241 * dpupt upper plenum diff. Ikpal * ++ +36e tempf e02010000 * tf212 het leg 2 temperature

** Ik1prses. (kpal
time integrated break *369 tenpf - 656010000 * tf233 : cold leg 2 toeperatureinequb*3e9 e=*vivar 242 * dp034 guide tube dif, press. *33a entrlwar 271 * :

Itpel =m f1=v !%i (k1 * a*
intqmsi time integrated 1pei '370 tempf 902020000 * tf312 : bot leg 3 temperature'310 entr1ver 243 * dpuheas : upper head dif press. *339 cattivar 274 *

(kpal mass flow tkg1 Ik1 * m.
*311 entr1ver 244 * cpO50 downecamer to upp. head +340 ent river 305 * movl est secondary side mass *371 tenpf 956010000 * tt333 , cold leg 3 temperature

dif . p. [kpal invet. Ikg) Ikl * a.
bottom of agi downcuserog2 secondary side mass *372 teapf 309050000 * tf 454e :pressure vessel dit. *3 1 entrlver 405 * mgv2 :*312 catrlwer 245 * dport :

press. Ikpal invet. Ikgl temperature (k1
sg3 secondary side mass *373 tenpf 4c9050000 * tf 554e bottom of sg2 downcomer** *342 ent rivar 505 * mgv3 :

*313 ent rivar 246 * dp1 : cil to h11 diff. press. invet. Ikg) temperature (kl
bottom of ag3 downcomer(kpal *343 entrivar 275 * mem2 : accumulator 2 mass *374 teapf 509C50000 * Ef 654c t

*314 entrivar 247 * dp12pg i pump 1 diff. press, invetory tkg) temperature (k)

(kpal *344 entrlver 276 * mem3 : accumulator 3 mass **

loco seal 1 downf. side invetory (kg) *375 htteep 131000701 * t:02091 i*315 ent rivar 248 * dp12vg a

** *376 httemp 131000401 * tsC2151 :dif f . p. Ikpal

*316 entrivar 249 * dp12vp : loop seal 1 impflow. side *345 entrivar 277 * p 47 : eg1 steam dome pressure *377 ht teep 131000901 * ts02191 : rod temperature from

diff. p. Ikpal tape) middle to
p*$7 : eg2 steam done pressure *17s htteep 131001001 * ts02201 top core elevation tk!** '346 entrlver 278 *

+311 entelvar 250 * dp2 : e12 to h12 diff. press. tapel *379 htteep 131001101 * ts02241 : * ++ to * f (le omewha v
p*67 : sg3 steam dame pressure tab.1 str.24/67)ikpal '347 cnt rlvar 279 *

este entrivar 251 * dp22pg pung 2 dif f. press. twal *380 htteep 131001201 * ts02251 :
p*p pressuriser top pressure *301 entrivar 146 * taan i man. clad temperaturetkpal *345 entrivar 260 *

loop seal 2 downf side taval (k1*319 entrlvar 252 * dp22vg a

pose 2 e accumulator 2 gas phase **
diff. p. (kpal *349 catrlvar 281 *

puey 1 rotation speed*320 entalvar 253 * dp22rp : loop seal 2 upflow. side pressure lepel *302 cntrivar 286 * vp1 :

accumulator 3 gas phase trpalp+sm3diff, p. Ikpel *350 entrivar 292 * :

pressure tapa) *3s3 cattivar 287 * vp2 : pump 2 rotation speed**
trym]*321 cattiver 254 * dp3 c!) to h13 dif f. press. **

(kpal *351 eflowj 123010000 * gm05 dcwneomer mass flow rate *3e4 entrivar 288 * vp3 e pump 3 rotation spees
pump 3 dif f. press. (kg/s) trym1*322 entrivar 255 * dp32pg a

qman31 391 feedwater mass flow **
tkpal *352 aflowj 332010000 *
*323 cntrivar 256 * dp32vg toep seal 3 downf. side rate ikg/sl *385 entrlvar 289 * weO2 : core telectrical) power

: eg2 feedwater mass flow [kwldiff. p. Ikpol *353 aflow) 432010000 * quen32
trace heating ikw]loop seal 3 wyflow. side rate (kg/s) *386 cntr1 var 290 * w*trae e'324 entrivar 257 * dp32vy :

qman33 eg3 feedwater mass flow **
diff, p. Ikpal *354 aflowj 532010000 *
** rate ikg/s! +3s7 entrivar 110 * st0200 core level tal

ques 3 break mass flow rate +3ea entr1ver 291 * escore i swollem level (31est u-tube in, to outlet *355 orlowj 100000000 **325 entrivar 25e * dp4 :
dif f, p. Ikpal ikg/s) ***

*326 entrlver 259 * dp41 : est inlet plenum diff. *156 aflowj 311000000 * gmgv11 sg1 steam line mass flow * ,

timme step along
press. Ikpal rate (kg/s) *3e9 dt 0 * dtcele e

gegv12 : ogt steam line mass flow transient Is]*127 entr1 var 240 * dp426 s91 u-tube upflow side *357 aflow) 411000000 *

dif f. p. Ikpal rate ikg/s) *390 emess 0 * mer mass error ikg)

qmgv13 : eg3 steam line sees flow **
*320 entrivar 241 * dper2 egt boiler section dif f. *358 aflowj 511000000 *

**
press. Ikpe] rate (kg/el

2
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20510101 0.0 22.5984 the 131010000 11.1200 rhe 131020000 * 20512004 1.0 q 131100000 1.0 q 131110000 1.0 q 131120000 1121101 111010000 112000000 1. 901e-03 1.0 0.1 130000 *
eere 20512005 1.0 q 133010000 ** sirrn noctL
20510102 11.1200 rho 131030000 11.1200 rho 131040000 * 1121201 2.13960e+00 2.13960e+00 0.00000e*00
20510103 11.1200 rho 131050000 11.1200 rho 131660000 * ctv 146: maar am sitteep rx core. left surface *

20510104 11.1200 rho 131070000 11.1200 rho 131000000 20514600 maarut stdfacta 1.0 600. 1 * eesponent 1523 bypass inte veseel head
20510105 11.1200 the 131090000 11.1200 rho 131100000 20514601 man htteep 131000105 httemy 131000205 1510000 headbyps valve * engljee
20510106 11.1200 rho 131110000 22.598; rho 131120000 20514602 htteep 131000305 htteep 131000405 * 1520101 112010000 151000000 2.454-4 9. O. 100000 * geam j25
* 20514603 htteep 131000505 htteep 131000605 1520101 112010000151000000 2.454-4 8. O.100000 * gece j25 *

,

* ety 102: reactor sessel leventory mese (kg} 20514604 - htteep 131000705 httemp 131000005 fff
20510200 vessense sum 1.0-3 6. 1 20514605 ht t emy 131000005 htteep 131001005 1520110 0.017 0.0 1.0 1.0
20510201 0.0 20.2492 rho 11101000s * 20514606 htteep 131000905 htteep 131001205 1520300 prvviv
tipp .downe. * 1520301 152
20510202 14.4640 the 113910000 14.4640 the 115010000 * * 1520401 0.01 0.1 0.1
core inlet *****ee**"e****e*****e***"**eee**********ee**.ee***"***** 1520402 1.0 33.0 33.0
20510203 14.4640 rho 117010000 * ********* *

core inlet * * ecci ett 152a fios regulatice inte vessel head
* ddd ** art. * 20515200 valve 152 eum 1. 0.2956 0 3 0.01 1.
20510204 31.9369 The 119010000 31.9349 rho 119050000 * * rrxx reeeter veeee1 205152010.0304 -0.01 aflew) 152000000 1.0 entr1ver 152
do.ne mer . .

20510205 31.9369 rho 119070000 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
downetsumer * ***** m *
20510206 10.3410 the 119100000 27.9750 rho 119140000 * ******"******************"*******m****"*******"**** *

downeemuner ********* * camponent 113: vessel talet (1 of 3)
* * 1130000 wees-ini branch
20510267 65.9122 Tho 121010000 07.3224 the 123010000 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1130001 3
low. head *ples. ********* * goom
20510200 60.3610 rho 125010000 * * region tier veasel inlet part * downcauser (upper * lowerl tv34 *v35 +v36 dell /6
core inlet * 1130101 0. 0.4635 7.2324-3 9. -90. 0.4635 5.-5 123.47-3 00
20510209 $ 600.0000 entrlver 101 * ********************"*****************"**********m******* * 1131101 113000000 111000000 1.5612-2 2.1 2.1 130000 * Toom
core ********* j35/3
20510210 1000.0000 entrlver 100 * * 1131101 113000000 110000000 1.5612-2 2.1 2.1 110000 * esem
e.typaes bbb * * componer.t lit t upper downcommer * wpper head connection jl5/3 * **** f f f
20510211 69.9396 rho 141010000 98.7564 rho 143010000 * * 1110000 de-uphee branch 1132101 113010000 119000000 1.5612-2 0.3 0.3 130000 * geom
Qp plen. * 1110001 0 $35/3
20510212 9.2200 rho 145010000 * * 1110101 9. 4.09405 41.9464-3 6. 90. 2.1049 5.-5 5.693-2 00 1133101 656010000 113000000 1.05354-2 1. 1. 130000 * goce
guide tube * * gece v25-33*(v34*v35+v36 dell /2 jl40
20510213 110.1513 rho 147010000 * * *

upp.plen . ****************************************"****"**mm***** * component 115: vessel inlet 12 of 3)
20510214 75.1000 rho 151010000 49.9430 rho 153010000 * "******* 1150000 vess-in2 branch
upp. head * 1150001 3
* * **** now model bypassa v glavo gece*

* ctv 110 e core level tal * v34: tv34*v35*v36 del)/6
20511030 corelev1 eum 1.0 9. 1 1100000 v34 branch 1150101 8. 0.4635 1.2324-3 8. -90. -0.4635 5.-5 123.47-3 00
v6511001 0 .0 .520 voidf 131010000 0.26 voidt 131020000 0.26 1100001 1 1 * 1151101 115000000 111000000 1.5612-2 2.1 2.1 130000 * geom
volof 131030000 1100101 0.0 0.4635 21.7005e-0 3 0.0 90.0 9.4635 5.-5 335/3
20511002 0.26 voidf 131040000 0.24 voidf 131050000 0.26 0.250 00 1151101 115000000 110000000 1.5612-2 2.1 2.1 110000 * voce
voidf 131060000 1100200 100 1. 50649e* 07 1. 24 044e*06 2.43927e+06 0.00000e+00 j35/3 * ***+ f f f
20511003 0.26 veidt 131070000 0.26 voidf 131000000 0.26 * 1101101 110010000 111000000 1. 901e-0 3 0.1 1.0 130000 1152101 115010000 119000000 1.5612-2 0.3 0.3 130000 * goam
voidt 131090000 * ** Ofrra.n0 DEL j35/3
20511004 0.26 voidf 131100000 0.26 voidf 131110000 .520 1101101 110010000 111000000 1.901e-03 0.1 1.0 110000 * 1153101 056010000 115000000 1.09350-2 1. 1. 130000 * geom
void! 131120000 fff $340
* 1101201 2.13960e*00 2.13960e+00 0.00000e*00 *

* ett Ills reactor vesset level in) * * component 117: vessel inlet () of 3)
20511100 vesslev1 sum 1.0 8. 1 * v31-v26 upper downeemmer - apper head eennection 1170000 vess-ta3 branch
20511101 0.0 0.4 voidf 121010000 0.6 voldt 123010000 1.164 1110000 de-uphee branch 1170001 3
voldt 125010000 1110001 C * goom
20511102 1.0 entrlver 110 1110101 1. 901e-03 3.1314 0.0 0.0 10. 1.1414 5.-5 0.0492 (v34*v35+v36 dell /6
20511103 .0345 voidf 1410100001.127 voidf 143010000 2.155 00 1170101 9. 0.4635 7.2324-3 c. -90. -0.4635 5.-5 123.47-3 00
voidt 147010000 1110200 100 1.50559e*07 1.24044e*06 3.43940e*06 0.00000e*00 * 1171101 117000000 111000000 1.5612 2 2.1 2.1 130000 * goca
20511104 .4545 voldt 153010000 * j15/3
* * v25: 1171101 117000000 1100000PJ 1.5E42-2 2.1 1.1 110000 * peam
* ctv 120: reactor power (kw) 1120000 v25 branch j25/3 * m+ f f f
20512000 rktpower sum 1.0-3 2064. 1 1120001 1 1 1172101 117010000 119020000 1.5612-2 0.3 0.3 130000 * goom
20512001 0.0 1.0 q 131010000 1.0 q 131020000 1.0 q 131030000 1120101 0.0 0.5 13. 055e-0 3 0.0 90.0 0.5 5.-5 0.170 00 335/3
20512002 1.0 q 131040000 1.0 q 111050000 1.0 q 131060000 1120200 100 1. 58407e* 07 1.24544e*06 2. 4 3945e*06 0.00000e*00 1173101 956010000 117000000 1.09350-2 1. 1. 130000 * gece
20512003 1.0 q 131070000 1.0 q 131000000 1.0 q 131090000 j340

$
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Appendix A - Listing of the middle BETSY nodalization - restart input

*311 entelwer 244 * dp050 downecommer to upp. head *338 entr1ver 271 * intqub time integrated break:dif. p. [kpal mass flow (kg)* bothsy - bothelihl.dat restart (100 - s430.0 sect *312 entrlwer 245 * dport pressure vessel dif. *339 entr1rar 274 * intquet time integrated lyst* co garison report sahteva dodatae cv press. Ikpal
* mass flow ikg!**
* '340 entrivar 305 * mget e og1 seenndary side ease*313 enttivar 246 * dp1 ela to hit dif f. presa. invet. (kg):* spuscena spodnja meja s. lastnosti sa borov nitrid ikpal
* *341 entrisar 405 * surv2 og2 secondary aide ease*314 entrlver 247 * dp12pg pug I diff. press. invet. (kg):
* v post-test preracunu (november 91 - m) : Ekpal '342 catr1u r 505 * serv 3 og3 secondary side masa* odpreva seperatorjev *315 eet tivar 244 * dp12vg loop seal 1 downf. side invet. (kg)i* abrupt-normal alcun dif f. p. Eks el *343 ent rivar 275 * mem2 accunsulator 2 mass* rassirjena tabela topt prev, sa material 1 (bres *316 entr1*ar 249 * dp12vp loop seal 1 upflow, invetory Ikglekstrapolarije) side diff. p. (kpal *344 entrlver 274* * mem3 : accuumalator 3 mass**

invetory (kg)* kenent epoj-slam is beest=3n2.dat (junij 1993p *317 entrlver 250 * dp2 c12 to h12 diff. press. **
* niso upostevane todi nbem31.dat erremsate (se isismo npr (kpal
atrylv 183) *345 cattivar 277 * p*47 ogt steem dome pressure*318 entrlver 251 * dp22pg pump I dif f. press. lupali*

[kpal '346 cntrlvar 270 * p*57 : eg2 steam done pressure* 31cm v 300. sekundi *319 entrivar 252 * dp22vg i loop seal 2 downf. side lupal*
diff. p [kpal

*347 cntrlver 279 * p*67 : eg3 steam dcame pressure* ** oposerile t
*320 entrivar 253 * dp22vp loop seal 2 upflow. (spel:*
side dif f . p. (kpal *348 entrlver 280 *100 restart tranent ** p+p : pressuriser tcy

103 0000 pressure tapa)
*321 entrivar 254 * dp3 c13 to h13 diff. press. *349 entrlver 291 * p*em2 : accumulator 2 gas pense*
Ikpa)

pressure lupa)201 1450.0 1.0-6 0.02 3 500 25000 25000 *322 entrlver 255 * dp32pg : pump 3 dif f. press. *350 entrivae 282 * p*sm3 accumulator 3 gas phase202 1700.0 1.0-4 0.005 3 2000 40000 40000 [kpal
pressure (spel203 9630.0 1.0-6 0.02 3 500 25000 25000 *323 entrlver 256 * dp32vg loap seal 3 downf. side **s

* 202 2900.0 1.0-6 0.04 3 500 25000 25000 diff. p. (kpal '351 aflowj 123010000 * quos : downeouser mass flow* 202 1400.0 1.0-4 0,04 3 500 25000 25000 *324 entr1 var 257 * dp32vp loop seal 3 upflow. rate (kg/s]i*
side diff. p. Ikpal *352 aflowj 332010000 * quan31 : egt feedwater mass flow*
**

. . . . . . . . . . . . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * rate ikg/s)
'325 entrivar 255 * dpe sql u-tube in. to *353 aflowj 432010000 * gman32 sg2 feedwater mass flow***mm**
outlet dif f. p. Ikpal rate ikg/el** smee requested minor edit *326 entrlver 259 * dp41 sg1 inlet plenum diff. *354 atlow) 532010000 * quan33 og3 feedwater mese flow*
press. Ikpal rate [kg/el....m.............m....eem........ee.ee.....m...m.* *327 eneriver 260 * dp426 og1 u-tube upflow side *355 aflow) 180000C00 * qab : break mese flow ratem **** * *
diff. p. (kpal [kg/s)**
*320 entr1ver 261 * dp4r2 sg1 boiler section *356 erflowj 311000000 * gegv11 sg1 steam line essa*301 voidg 603010000 * albel: h11 spool piece void diff. press. [kpal ficw rate (kg/slfraction i 1 **

'357 aflow) 411000000 * gegv12 : og2 eteam line mass*302 voidg 656010000 * albft eli spool piece veld '329 ent rlvar 242 * dp5 sg2 u-tube in. to flow rate ikg/s!:fraction I ) outlet dif f. p. (kpal *354 aflow) 511000000 *
. gegv13 : s93 steam line mass* *0 3 voidg 803010000 * albc2: h12 spool piece void *330 enttivar 263 * dpn og2 inlet plenum diff. flow rate ikg/s)f raction () press. {kpal *359 mflow) 807000000 * qmsb12 e 1pai in c12 mese flow*M4 voidg 356010000 * albf2: c12 spool piece void *331 cntrivar 264 * dp526 eg2 u-tube upflow side rate (kg/el:f raction ]) dif f. p. Ikpal *360 aflowj 907000000 * fasb13 : lpst in c13 mass flow'305 voidg 903010000 * albc3: h13 spool piece void *132 entrlver 265 * dp5r2 s92 boiler section rate (kg/s!:fraction I | dif f. press. (kpal ]**

*306 voidg 956010000 * albf3: c13 spool piece void **
'361 enerivar 233 * sebreak break specifie enthalpyt reetica tj +333 entrivar 266 * dp6 sg3 u-tube in, to (kj /W**

outlet dif f. p. Ikpal **
**** dp . pilow press. tap) - p(high press. tap) *l34 ent rlvar 267 * dp61 eg3 inlet plenum diff. *362 toept 123010000 * tf012e core inlet tenperaturs |
**

press. i> pal (kl ''307 ent rivar 240 * dp0200 : core heat. Xength di f f . *335 entrivar 268 * dp626 : sg3 u-tube upflow side *363 toept 141010000 * Ef0304 ccre outlet tempraturepress. (kpal diff. p. Ikpol Ikl*300 entrlwer 241 * dpupt upper plenum dif f. *336 cntrivar 269 * dp6r2 i eg3 ho11*er se.Aion *364 t eau >f 151010000 * tfe41 e upper head (botton)press. Ikpal diff. press. tkpal temperature (kl*309 entrlvar 242 * dpole : guide tube dit. press. **
+365 toept 153010000 * Ef042 e upper head (top)Ikpal *337 entrlver 270 * dpp1 : pressurinar diff. torperature (kl*310 ent:1 var 243 * dpuhead upper head dif . press. press. (kpal *.. *366 tespf 602010000 * Rf112 hot leg 1 tesperature

:

Ikpal ** Ikl
1

1

!
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* 333 entr1 var 256 * dp32vg IDOP SEPL 3 DOWWF. SIDE
*367 tesef 655010000 * Ef133 : cold leg 1 temperature

(t) * cragerison report variables request DIFF. P. [KpA]
* 334 cat r1 var 257 * dp32vp IAOP SEAL 3 UPFLOM. SIDE*360 teapf 902010000 * cf212 bot leg 2 tempere&rg

ik! 301 ent:1ver 200 * p*p i PRESSupYzRR TOP PRESSURE DIFF. P. (Epkl
**369 tenpf 855010000 * tf233 e e sto leg 2 temperature tapAl

eg2 iTEAM DOME PRESSURE 335 entrivar 258 * dpa s egl u-TUBE IN. TO CUTLET(kl 302 catrlwer 270 * p*57 :

'379 teapf 902019000 * tf312 : hot leg 3 temperature tapAl CIFF. P. (RpAl

tkl 303 entrlvar 163 * st0200 : Com 1 COLIAPSED LIQUID 336 catr1rar 259 * dp41 eg1 INLET PLENUM DIFF.
cold leg 3 tesperature 12 VEL (M) PgESE. (EpAl*371 tempf 955010000 * tf333 :

ik) 3c4 toepg 131120000 * t E03046 : C0F 8 OuttET STEAM 337 entrivar 260 * dp426 4 Sql u-TUBE UFFt4W SIDE

*372 tempf 309050008 * tf454c bottcue of og1 downcener TEMPERATURE (k] DIFF. P. (epa)
a egl BOILER SECTION DIFF.tesperature ik) 305 entrlver 146 * tema : MP 4. CLAD WALLt 130 entrlwer 261 * dper2

*373 teapf 409050000 * tf554e s bottom of og2 dommcomer TEMPERATURE (k) PRESS. { epa]

temperature (k) 306 voidg 456070000 * albf1 e e 11 SPOOL PIECE 10!D *

bottom of og3 downcomer FRACT1005 [ ] R* 339 entrivar 262 * dp5 eg2 u-tVBE IM. TO CUTLET
*374 tenpf 509050000 * tf654e :

: BREAK MASS FI4W RATE DIFF. P. [RpAltemperature ik! 307 eflowj 100000000 * que
eg2 INLET PLENUM BIFF.** IEG/S3 340 entrivar 263 * dp53 :

300 entriver 405 * suIv2 og2 SECONDERT SIDS MASS PRESS. (Epkl*375 ht t eep 131000701 * te02091 e
og2 u-TUBE UFFIAN SIDE

*376 htteep 111000803 * te02151 : INTET. [EGI 341 cutrivar 264 * dp526 :

*377 htt eep 131000901 * te02191 : rod temperature from 309 catriver 170 * sep PRIMART MASS INVEIr!DET DIFF. P. (Epk]

middle to IEGI 342 entrivar 265 * dp5r2 eg2 acILER SEL7 ION DIFF.
* PRESS. (epa)*379 htteep 131001001 * te02201 top core elevation (kl

: BREAR DISCRARGED MASS *
*379 htteep 131001101 * t002241 **. to * 7 (le onente v 310 cattivar 271 * in'.spe

tab.1 str.28/97) [EGI 343 cattiver 266 * dp6 eg3 u-TUBE IN. M OUILET
* DIFF. P. (Epil*380 htteep 131001201 * te02201 1

*381 entrivar 146 * tsaa maa. clad temperature 313 entrivar 110 * st0200 : SIMPL. CORE COLLAPSED 344 entrivar 267 * dp61 og3 INLET PLENtM DIFF.

Ikl LIQUID LEVEL [M) PREIS. [tpkl
og3 m.coBE UFFrom SrDE* 345 entrivar 26a * dp626 :**

* * * * " * * * * * * * * * * * * * * * * * * * * * * * * * * * " * * * * * * * * * * * * * * * DIFF. P. [RpA]pump 1 rotation speed'382 entrlver 294 * vp1 :
og3 BOILER SECTION DIFF.* ** * ** 346 entrlver 269 * dp6r2 :t rpal

* PRESS. (FpA)pump 2 rotation speedvp2*383 ce: river 287 * :

(rpm) 317 cattivar 240 * dp0200 : CORE REAT. LENGTB DIFF. *

: PRESSURITER DIFF. PRESS,pump 3 rotation speed PRESS. IEpt] 347 ent rlver 270 * dppt*304 ent rlver Jte * wpi e

t rymt 310 entrlvar 241 * dpupt UPPER PLENUM DIFF. (EpAl ***
*

** PRESS. IKpAl
: GUIDE TURE DIP. PRESS. 344 entrlver 271 * intqub : TIME INTEGRATED BREAKcore (electrical) power 319 entr1 var 242 * dp034*305 entrlwer 299 * w*02 :

[kw) (EpAl MASS FIDW IRG)

trace heating (kwl 320 entravar 243 * dpuhead : UPPER READ DIF. PRESS. 349 entrlver 274 * intquoi e TIME INTEGRATED 1 psi
+3s4 entr1rer 290 * =*trec :

trpAl MASS Ftmu tEGIo
egl SECONDART SIDE MASS: D0uuCOMMER 73 UPP. READ 350 cattiver 305 * mgv1 :

*3e7 entrlwer 110 * et0200 : core level fel 321 entrivar 244 * dp050

*385 entrlvar 291 * socore e evollen level t=| DIF. P. (KpAl INVET. (EG]
og2 SECONDARY SIDE MASS

**. 322 entrlver 245 * dport : PRESSURE VESF# F. 351 entrlver 405 * mgv2 :

** PRESE. (EpAl fuYTT. (KG] j

og3 SECDHDARY SIDE MASS
'

* 352 entrivar 505 * mgv3 etime step along*3es de 0 * dreale a
transient tel 323 entraver 246 * dp1 eli TO h11 DIFF. PRESS . INVET. (EG)

mass error ikgl trpAl 353 entr1ver 275 * mem2 : ACCtmULA7en 2 MASS
*390 esass e * ser a

u 324 cntrlver 247 * dp12pg i pump 1 DIFF. PRESS. INVE10ET (EGI
354 eetriver 276 * noms : ACCuMutATOs 3 MASS............................................m.*.....m...*. gapAl

: LOOP SEAL 1 DCNNF. SIDE INVETORT [KG)em**u*** 325 catr1ver 248 * dp12vg
*

** DIFF. P. tapAl

** dodatei *nontrotoi* 1mpie: 326 entrlver 249 * dp12vp toOP SEAL 1 UFFL0w. SIDE 355 ent rivar 177 * p*47 - og1 STEAM DOME PRESSURE

DIFF. P, (epa) tapAl**

resetor vessel level Im) * 356 entrivar 274 * p+57 og2 STRAM DOME PRESSURE
*191 cntr1ver 111 *

pra level !al 327 r1tr1 var 250 * dp2 c12 M h12 DIFF. PRESS. (spAl
*392 entr1ver 203 *

og3 STEAM DOME PRESSURE
og 1 downcomer level (el IEpAl 357 car rivar 279 * p*67 e

*393 esst rive r 303 *

og 2 downcomer level lel 328 cetriver 251 * dp22pg t pump 2 DIFF. PRESS. { spa]
'394 entr1ver 403 *

eq 3 downconer level tal taph) 358 entrlvar 280 * pop PRESSURIZER TOP PRESSURE
*395 ent:1ver 503 *

: 140P SEAL 2 DONNF. SIDE [spAl
8396 entr1 var 235 * heat losses tw! 329 cntrivar 252 * dp22vg

break specific enthalpy DIFF. P. [Nphi 359 entrlver 281 * p.em2 ACCUMULATUR 2 CAS PHASE
*397 cet::1ver 203 * oebreak e

(kJ/kgl 330 entrlwer 253 * dp22vp : 140F SEAL 2 UPPECW. SIDE PRISSURE (apAl
: ACCUMURATOR 3 GAS PMASE i

*390 entrlvar 295 * sobreak break specific enthalpy DIFF. P. { Rph) 360 entrivar 202 * p.on)
* PRESSURE (spa) {

Ikj /kgl
331 cntenver 254 * dp3 : e1310 h13 DIFF. PRRSS. *

**
: D0wuCOMER MASS Flow MATE361 aflowi 123010000 * gm05ImpAl.

pump 3 DIFF. PRESS. (EG/S!..................m............................*.........*** 332 entrlver 255 * dp32pg a

ImpA1..........

2
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342 erloer) 332010000 * gaan31 : egl FEEDWATER MASS FWW *
accumslater vesse12*

RATE LEG /53 395 entrlver 209 * w*02 : CORE (ELECIEIC3LL) POWER 8330000 accomma2 accus363 oflow) 432010000 * gaan32 : sg2 FEEDWATER MASS FWu (tel
RATS (EG/SJ 0330101 0.0 8.350 0.423 0.0 90.0 S.358 3.96-5 0.0 00395 cattivar 290 * =+t ree : TRACE HEATING {Ew! 0330200 41.0*5 290. 0.0364 oflow) 532010000 * gaan33 og3 FEEDWATER MAS $ PMW *e

* sete istoka je 0.335. seta kolena je 0.2, upoetevano 5 kolenRATE frc/si 397 entraver 291 * escore : SuoLLEn LEVEL iM) 0334101 005000000 0.00114 1.335 1.335 000000365 oflowj 100000000 * gab : BREAE MkSS Plow RATE ***
(EG/S! S332200 0.286 0.0 0.119 3.119 0.00927 0 0 0*

*365 aflowj 311000006 * ymyv11 egl STEAM LINE MASS Fue 398 dt 0 * dteale i TIME STEP AIDR3 *
e

accuumalater no 2 pipeIATE tmGist TEAnsIEwr tsi e050000 acr12 engIvor367 mfice) 411000000 * gegv12 og2 STEAM LINE MASS FIDr 399 emass 0 * mer mas 3 ERACR (EGI 4050101 00 21. 0.0239 0.0 20.0 10.005 1.0-4 0.0 00
e

RATE [EG/S] *
S050200 3 41.0*5 290.354 oflowj 511000000 * gagv13 s og3 STEAM LINE MASS FLou * *

RATE IEG/1] "*****m*******"*"**********************************" * accuumalater no 2 valve369 aflow) 007000000 * gasb12 t 1pei IM c12 MASS FWu *** ****
RATE lEQ/S) 3060000 acev12 valve

* tter tripi e meta kalena je 0.2, upoetevemo 5 kolen od 10370 aflow) 937000000 * gueb13 : 1pei IE c13 MASS FLou *
9060101 005010000^ 056000000 0.00114 1.0 1.0 100000RATE (EG/$) ********"*****************"*********m**************"***** 0060201 0 0.00000e*00 0.00000e*00 0.00000e*00*

********** 4360300 t ryv1v371 entrlver 183 * sobreak : BREAK SPECIFIC ENTWALPT *
lEj /EGI 9040301 659

501 time O gt null O 300.0 a * break *t060300 strviv*
*

*0060301 559 650 5.0 0.0372 teeyf 123010000 * tf012e r CUWE INLET TEMPERATURE 604 -524 or -526 a * sg pressure control on - before *ikt u. p. *
373 toept 141010000 * tf3304 : CORE OUTLET TEMPERATURE *

ik) accumulater vessel)*
*

9330000 accuuna3 accum374 t eayf 151010000 * tf041 t'PPER READ (BOTTtst: **" **mem**********************m***** *****"* "* 9330101 0.0 8.350 0.423 0.0 90.0 0.354 3.96-5 0.0 00TEMPERATURE ik) * * * * * * " * *
9130200 41.t*5 290. 0.0375 tenet 153010000 * Ef042 a UPPER READ (1DFI * ffil fiksiranje recetnega stanja sete istoka je 0 335, meta kolena je 0.2, spostevemo 4eTEMFERATUR E (kj *
kolena376 teapf 602010000 * t f112 e HDT LEG 1 TE(PERATURE * * * * * * * " * * * * * " * * * * * * * * * * * * **** * * * * * * * * * * * " * * * * * * * kot accum. 833(kl **********
9331101 905000000 0.00114 1.335 1.335 000000377 tenyt 655010t'00 * tf133 : CDID LEG 1 TEMPERATURE *

(k) 9332200 0.206 0.0 0.119 0.119 0.00927 0 0 0*
*

270 tempf 002010000 * tf212 un7r LEG 2 TEMPERATURE 20532600 nonaes constant 0.640349 * ru flowe *(kl accuseslator no 3 pipe
20515200 noname const ant 0.295703 9050000 ace 13 engivel379 tempf 855010000 * tf233 : CORD LBG 2 TEMPERATURE *

Ek) 9050101 0.0 21. 0.0239 0.0 20.0 10.005 1.0-4 8.0 0020532400 noname constant 2.0779e-02 * sg recirculation 9050200 3 41.S*5 290.300 tenpf 902010000 * tf312 : HOT LEG 3 TEMFERATURE 20542400 anname constant 2.9092e-02 *
(k) 20552400 noname constant 2.9000e-02 * accumulator no 2 valve301 tenyt 955010000 * Ef333 : C01D LOG 3 TEMPERATURE *

Ik) 9040000 acev12 valve
20521800 noname constant 0.0 * prz. heater * seta kolena je 0.2 oposteveme 4 kolena ed S302 teayf 309050000 * Ef454c : RCrfTUM OF eg1 DowntmpgR *

9060101 905010000 956000000 0.00114 0.50 0.00 100000TEMPERETURE (kl 3290000 nonase delete * a rt , feedwate 9060201 0 0.00000e*00 0.00000e*00 0.00000e*00303 tesef 409050000 * tf554c : BOTTOM OF s92 DOWNCXmER 3300000 noname delete 9060300 trpv1TTEMPERATURE (kl 4290000 noname delete 9040301 659let t esyf 509050000 * tf654e : BC7rftvt CF og3 DOWNCUMER 4300000 noname delete *9060300 mtrvivTEMPERATURE ik] $290000 noname delete *9960301 659 658 5.0 0.0*
$300000 noname delete *

(305 ht t eep 131000701 * te 2091 : *r
*

306 htteep 131000831 * 1s02151 7110000 noname delete * art. pressuriser * " * * * " * * * " * * * * * * * * * * * * * * * * * * * * " * * * * * " * * * " " * * * * * * * '
1

307 ht t eep 131000901 * ts02191 RCD TEMPERATURE F90M 7120000 noname delete **********:

MIDDLE TO 2310000 noname delete *
385 htteep 131001001 * te02201 : 1DP CUSE ELEYATION [k] 2320000 noname delete 1 pia pump no 2*
309 ht t es, 131001103 * ts02241 * *+ t s * ? (LE CpfEMBA T * 8070000 1 pia 2 tadpjunTAE .1 STR . 2 0 / 0 7) *

S070101 504000000 855010000 0.00599 *++ presek390 ht t emp 131001201 * ts02201 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 6070200 1 O p 203060000391 entalver 146 * tanz e MAX. CLAD TEMPERATURE m*"""
(kl * ena qsb erpelka ta obe el veji (2*3)

* 11pp 1.p.s.t. La akusmalatorji 8070201 0.0 0.0 0.0 0.0*
*

9070202 0.6779*5 0.9447 0.0 0.0392 entrivar 206 * vp1 : PUMP 1 ROTATION SPEED * " * * * " * * * * * * * " * * * * * * * * * * * * * * * * * * * * ***"*m******** 9070203 1.5411*$ 0.8950 0.0 0.0(BPMI **********
0070204 3.8507*5 0.1458 0.0 0.0393 ent rivar 287 * vp2 : PUMP 2 RCTATION SPEED *

[RPMI 9070205 6.747*5 9.4972 0.0 0.0 |trip 659* trip wentil edpre akumulatorja 2 in 3 0070206 9.51?*5 0.2406 0.0 0.0 I
:

394 ent rlver 200 * vp3 PUMP 3 ROTRTION SPEED *
9070207 9.077 5 0.0497 0.0 0.0(R PMI *
8070200 9.100 5 0.0 0.0 0.0

3
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