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ICAP-
ASSESSMENT OF RELAPS/ MOD 2, Cycle 36.04
AGAINST LOFT SMALL BREAK EXPERIMENT
L3-5- r

ABSTRACT

The LOFT small. break' experiment L3-5 has
been analyzed using the RELAPS/ MOD 2 code.
'The code-version used, Cycle 36.04, is a
frozen version of'the code.

Three calculations were carried out in
. order to. study the sensitivity to changes
of stean generator nodelling and of core
bypass flow. The differences-between the
calculations andithe.experinent have been
_ quantified ~over intervals:in real tine.for
= a :nurr.bor of variables available from the
experirnent.
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1 INTRODUCTION

An .nternational Thermal-Hydraulic Code Assess-
ment and Applications Program (ICAP) is at
present being conducted by several countries
under the auspices of the USNRC (1). The goal of
the program is to make quantitative statements
regarding the prediction capabilities of current
best-estimate thermal-hydraulic computer codes.
Such codes have been used for many years as
state-of-the-art instruments to study and verify
numerical and correlative computational models
with experimental results. Some of these codes
have reached a high degree of sophistication.
They include models for all processes which are
essential to thermal-hydraulic scenarios in the
nuclear power reactor application. So far,
however, these codes have not achieved status as
reactor licensing tools, i.e. they do not

fulfill the Appendix K rules (2), although they
are often applied to other calculations. The

ICAP aims to quantify uncertainties inpresent
the codes so that the codes may be used for'

licensing purposes.

Sweden's contributions to ICAP encompass assess-
ment calculations using the two thermal-hydraulic
codes TRAC-PFl/ MODI (3) and RELAPS/ MOD 2 (4). The
work is conducted by Studsvik Energiteknik AB
and is sponsored by the Swedish Nuclear Power
Inspectorate. ,

filesA data package on tape containing input
and predicted data has been produced. The
content is described in Appendix D. A copy of

of thethis tape is submitted to USNRC as a part
ICAP agreement.

1
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2 FACILITY AND TEST DESCRIPTION 1
,

. The LOFT-experiment series L3 was designed to

. provide large-scale blowdown system data for PWR

small_ break transients. As part of the Swedish

ICAP contribution two experiments out of the L3

series were assigned. .n the experiment treated

in this report, the LOFT L3-5, the main cir-

culation pumps were stopped shortly after the

break was opened. In the other experiment, the

LOFT L3-6, see (7), the pumps were allowed to

operate at normal speed throughout the test in

order-to provide data for analyzing the differ-
,

ences in the two-phase scenarios between the two

tests. Apart from the difference in pump opera-

tional mode the-two-experiments were nominally

identical.

M This chapter shall briefly_ describe the +est

facility, th~e L3-5 experiment, the assessment

parameters used and some aspects of the measure-

nent uncertainties as well as experimental data

aparation.

_.1 Test Facility'

The objective of the_LOPT experiments was to
demonstrate thermal-hydraulic phenomena =which

might occur in_ commercial PWR systems during

abnormal situations.'The facility is capable of

: performing a variety of operational transients ,

and LOCAs Brief descriptions of.the LOFT are

given in a number of experiment reports such as

(5). The most thorough-description is provided j

'by Reeder (6). Only particular_ design features

and characteristics relevant to the-L3-5 experi- )
ment will be-discussed in the following_ sections. |

LNP114 AW
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A general view of LOPT is shown in rigure 1. In

the L3-5 small break experinent the two iso-

lation valves on the broken loop legs were

closed so as to prevent the passage of fluid via
the header to the suppression vessel. ,

I

2 |The break was simulated by a 206.6 mn orifice
|

in a T-branch line from the intact loop cold leg j

near the reactor vessel. The aim of the break-

configuration was to simulate an equally placed
f

4-in diameter small break on a four-loop 1000
,

MU (e) PWR,
,

i

During the L3-5 experiment the on]y primary
coolant injection was carried out by the HPIS |

Into the reactor vessel downcomer. The experi- >

ment was terminated before the LPIS pressure set
' i' point was reached.

,

2.2 The Experiment >

|

-After approximately 45 h of nuclear heating the
initial conditions listed in Table 1 were
obtained. The sequence of events which occured
during this experimentsis listed in Table 2.
Main' imposed actions during the experiment were:

.

.a., At the time of : reactor scram (which for
safety reasons.had.to be verified
before the break) the steam generator

feed water end steam.line. valves
started to close.

.,

.

o- The two mait circulation pumps were

manually tripped just after the break.
Pump coastdown was assumed to end at
750-r/ min when the speed control

Icarried out by the motor-generator
Jdriving unit was disconnected.

. NP114 JdT
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c. The !!PIS injection started at 13.2 t!Pa.

d. The steam generator auxiliary feed was

initiated and terminated manually.

2.3 Assessment Parameters

The selection of the appropriate assessment
y

parameters for the LOPT L3-5 experiment, Table

3, followed the recommendations of the ICAP
-

Guidelines (1) . The selection was made during
the input preparation, since a number of ex-

panded Edit / Plot variables f rom RELAPS/110D2
calculations aro not availabic from the restart

file but must be saved as control variables.

In some cases liquid level data are compared as

pressurc '4fferences. For the upper plenum and

downcer ^ ivels only bubble plot data shown in

(5) Wo s allable. These plots were converted

into 4 ~;ntly smoothed clovation histories. Due

to ambiguous-bubble plot data the indicated

level behaviour is rather uncertain.

The early break flow was not qualified until

40 s after the break, and showed rather largo

errors during the remainder of.the transient.

Comparisons of nass inventory obtained through -

iflow integration were therefore not carried'out.
_

For the energy balance, the steam generator heat

transfer was not known, and could' not even be

est.imated by the steam produced.

;CllR1
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2.4 Measurement Uncertainty

The instrumentation involves a variety of
,

transdocers which may have different accuracios
for the same kinds of quantities (5,6). Tabic 4

is a summary of the accuracies of the measured
-lquantitles.

I
|

2.5 Experimental Data Preparation ;

1
i

The preparation of the experimental data for
plotting and uncertainty analysis required ,

several-steps'of manipulation of the infor-

mation. First of all, the data were copied from

the original blocked tape files to the CDC

standard display _ code. ,

A program, LorTDEC, was developed to sort out 3

the keyword and charnel Jnformation to be used
in the assessment werk. The program also deci-
mated the channel data by averaging over time
intervals se that informetion was copied to an

intermediate channel information file only every

2nd second up to 200 s after the break, and then
every 5th second.

A program, RSSILPT, was developed to select data
-for desired channels from the interme(late date
-file.-These data were transformed into a new
file with the same format as a RELAP5 restart
file. Experimenta) and predicted data _could_

;1'ater on be similarly used in. plotting and

assessment,

,

NP114'AW
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3 CODE AND MODEL DESCRIPTION

The assessment calculations with RELAPS/ MOD 2 for
,

the LOFT L3-5 experiment were carried out ustngi

the cycle 36.04 code version. The code was

implemented in June 1986 on a CDC 170-810

computer. The calculational model was based on

available LOFT input files and listings. Some

changes in the input model were introduced as a

result of findings in the L3-5 experiment.

3.1 Code Features

The descriptive document available for the

RELAPS/ MOD 2 code is a rather detailed code
manual (4). The main characteristics of the
code are summarised in Table 5. A new feature

of RELAPS/ MOD 2 is-the cross-junction which,
according to code manual recomnendations, was

applied'at the steam separatot upstream volume

and at the' hot leg:and' cold leg vessel junctions.

: 3. 2 Input Model

The basis _of the input preparation for L3-5-was-
- an existing file which-had previously been used

-for RELAPS/ MOD 2 fast transient calculations on
'LOPT. It was necessaryL to update and expand the

-input file, and several of the available-input

listings L (7, 8, 9) were'used._The reasons for.

particular approaches used in modelling are-

presented nelow. Figure 2 shows the nodalization

used. The input listing is given in. Appendix A.

1

NP11'4'AW
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3.2.1 The Initial System Pressure
1

1

To avoid an explicit steady-state pressurizer j

pressure and icvel control, the surge line
'

junction was modelled as a trip valve which was |

closed until scram. The pressurizer initial ,

fluid conditions were saturated with correct

fluid content and pressure. In the case A

calculation no boundary-heat structures were

involved in keeping the pressurizer state

steady.1 However, for cases B and C pressurizer

heat structures were applied with the outer

surface at saturation temperature ur.til scram

-and thereafter at room temperature.

L

A time dependent volume was connected to the
pressurizer surge line by a trip valve adjacent

to the pressurizer bottom in order to maintain

the initial primary pressure constant during the
fsteady state _ calculation. During steady state

the pressurizer was isolated from the surge
1

line. The pressure of the time dependent volume

was equal to the pressure in the bottom volume

-of the. pressurizer. At scram time the trip valve

closed and the pressurizer isolation ceased.
,

3.2.2 ' Primary Fluid-Temperatures

The bulk heat loss occurred in'the steam genera-

tor. Effects from structural heat losses, pump '

power and pump cooling water were relatively
-

-

small.:The-base case fluid! temperatures in the-

hot. leg _were 576+2 K and in the cold leg 558+1 K
(5). These_ temperatures satisfy the loop flow

,

heat balance.

NP114 AR
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It'was observed that sone of the prinary fluid

temperature measurenents were not consistent

with the heat balance. For example, the core I
inlet temperature (TE-ILP-001 in the experinent)

was 3 K higher than the cold leg fluid tempera-

-ture. Several upper-plenum thermocouple measure--

ments showed temperatures which were as much as
10 Y higher than the measured hot leg fluid

temperature. The reason for these inconsis-

tencier can not be fully understood although

three-dimensional flow might be the main em s.

Furthermore, the steam generator inlet to outlet

temperature difference was about 4 K lower than

it ought to be. The measured temperatures had

mostly uncertainties of about 3 K or more (5).

3'. 2. 3 Core Flow Bypass-

Several core bypass flow paths existed. The

3 = following two1 (7) were modelled.by ser s valvesv

in order to adjust.the flows before scram:

The inlet annulus to upper plenum with-

6.6 % of the primary loop flow

The lower plenum to upper plenum with-

3.6 % of the primary-loop flow.

The reflood-assist-bypass valve leakage and'the-

-broken loop heat up lines were not explicitly

modelled since-the mass flow rates wcre quite

small. The reflood. assist bypass valve leakage

'is further discussed'for the' case CLcalcuiation
(see S. 2 below) .

e.

4
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3.2.4 Environmental Heat Losses ,

;

The exchange of heat with structural rnatorial is !

'

important in small break analysis. Since the
available input had only restricted material .

.

t

included, structures had to be added to the ;

input. The bulk structures of the facilities

wero modelled to represent-the correct structur-

-al masses.
,

For RELAPS/ MOD 2 an overall environmental heat ,

transfer coefficient was deternined by test i
calculations in order to obtain approxinately ;

the total heat loss of 250-kW as-found in the
:

experiment (7).
.

3.2.5 Dreak Discharge Coefficient

.

Test calculations showed a too rapid decrease in

pressurizer fluid inventory when_the default
subcooled diecharge coefficient of unity was

used. Using a coefficient of .85 the rates of

emptying the pressurizer and of the early system
depressurization.were.close to the experinent.
The. assumption that the pressurizer enptying
rate is an indicator of the break discharge flow >

is only-applicable for low pressure drop in the.
_

,

surge line as it occurs in small break experi-
nents.

>

'

CHR15
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3.2.6 Pump Model

The primary coolant pumps were tripped .8s

after the break, Coast down followed under the

influence of the coolant flow inertia and the

pump moment of inertia. Since the prinary pumps

in the experiment have a too small moment of

inertia, compared to that of commercial PWRs,

their coastdown was simulated by a fluid clutch

coupling to a motor-generator driving unit. When

the speed reachad 12.5 Hz (IO) the coupling was

disconnected.

The combined inertia of the pump and the motor-

generator flywheel was modelled by punp inertia

data closely similar to those reported by T Dc

Uhite (13). The inertia polynonial was modified

to avoid negative moment of inertia at higher

pump speeds.

3.2.7 Steam Generator

The steam gcrer or steady state was achle'ed

using auxiliary components. The pressure was

naintained by a steam filled control volume

connected to the stean generator top. The

downcomer level was attained through a flow

controlled junction connecting a time dependent

volume to the upper part of the downcomer.

The main steam valve was modelled as a time

dependent junction rather than a motor or servo

valvo. The main reason for thjs was to use the

steam flow (6) directly as boundary value and

also to facilitate modelling of the pressure

dependent leakage of the closed valve (7).

CHR1
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i

Closure of the steam valve started from the
experimental initial flow at 5.58 MPa Lteam
generator pressure and a 2.0 MPa downstream
pressure. After the valve closure had been
initiated a secondary pressure of 6.9 MPa

was assumed in order to obtain the mass flow
from the curve giving the valve characteristic

as a function of stem lift (6). The leakage fron

the closed valve which was .053 kg/s at 4.19 MPa

(7), was assurned to be proportior.a1 to the
secondary pressure measured in the experiment.

The feedwater valve was modelled as a time
. dependent junction which gave the experimental
mass flow until closure of the valve. The
feedwater valve closure was assitmed to be as
fast as in the LOFT base input. Test calcula-

tions showed that the predicted secondary
pressure continued to increase more than in the
experiment when the steam valve began to close.
Discrepancies in the downcomer level and the
pressure behaviour could be suspected to be
caused by the fast feedwater valve closure. An

*

exanple of a different valve closure rate is
given in a calculation for the L3-6 experiment
carried out by L N Knotyk (9) who used a rate of
5 t/s similar to the rate of the main steam valve.

,

No feedwater temperature data were found in
available reports. Therefore the steam generator

operation was achieved by controlling the feed-
water internal energy so that the sum of steam

generated in ea-h secondary volume was equal to
the main steam valve mass flow. This procedure

achieves a steam generator steedy state irre-
spective of the tube package heat transfer, or <

the heat exchange with structures.

NP114 AW
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4 THE BASE CASE CALCULATION (CASE A)
i

The input listing ^t case A is given in

Appendix A. !

After the depressurization had reached satura-

tion conditions obstinate fluctuations in the

calculation time step were observed. This effect :

'was arrested by reducing the maximum time step
from 1. a to .4 s. From previous experience, the i

RELAPS/ MOD 2 time step control may reduce the
-,

time step so much, after proceeding long time
I

-steps, that even execution error" might occur.

i
*

Mid-transient water packing occu. red several

times due to water plugs in the cold leg passing
forth and back at the break line T-junction. The -

code water packing mitigation scheme dealt :

correctly with the calculated pressure spikes,

and as a result the calculation could be con-

tinued.

1

The results-of the comparisions are.shown in

Appendix B. Primary _ system pressures:are shown
in Plots B.21, B22, B.22,-B27, B34, B.35 and

B.43'. After the subcooled depressurization, the

primary system pressure is underpredicted until

about 900_s. It is noted'that the experiment

~depressurizes at an increased rate in the time

interval from about 600 s to 1200 s-which is not
reflected in the-calculatione. The primary fluid

temperatures, Plots B.9, B.17,.B.18,:B.20; B.26, ,

B.33,.-B.41 and B.44, show the corresponding ,

discrepancies. The pressure'and temperaturc
,

comparisons at:the secondary side, Plots B.51

and B.50 respectively, are also similar. The

.

CHR1
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,

decreased depressurization rate after about 1000

s is caused by the increased temperature ;

difference between primary and secondary sides

shown in the experituent , but not in the

_ calculations, Plot B.52.
;

A contributory cause for the mid-transient

increase of the experimental depressurization -

rate is the hot leg steam production, Plots B.23

and B.24, which occurs in the time interval from
'

450 s~to 800 s. The case A shows a corresponding
*density decrease but it is delayed by about 500'

- s,-and the calculated water-content is not

reduced to the-low experimental level.

The cold leg densities, Plots B.28 and B,30,
^

show opposite differences - the calculated

densities are lower-than the experimental

densities,

p. The predicted main recirculation flows, Plots

- B.11, B.25 and B.39, cannot be assessed due to *

*

unqualified experimental data (5). .The'experimen-

tal' hot leg mass flow, Plot B.25, 1s. qualified
*

- for.the initial condition ~only. Condie et al

(7) , ' assume that natural circulation continued

in the experiment'from pump coast down until 750

- S.

.

*

,

:NP114 AW.
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5 SENSITIVITY CALCULATIONS
,-

iThe case A comparisons, dicussed in Chapter 4,
revealed some discrepancies which were studied J

by two sensitivity calculations, case B and case ;

C. The salient. problems concern the fact early ;

phase of the depressurization and the primary i

fluid temperatures.
,

5.1- Case B i

:The input changes introduced to the case B
calculation. were ained :t improving the predic-

tions early in the transient until 250 s. Two

updates were introduced in the steam generator
modelling in this sensitivity study. |

.

The first update was- to change the inain steam
valve leakage after 68 s. Due to instrument-
noise the main steam valve-started to open at

'

about this tine and operated intermittently

'during a periou of 10 s. The unintended valve
cycle is evident frcm tho' secondary pressure,
Plot B.51..The' base: case calculation had used
the valve. threshold massiflow,-see valve char- |
acteristic (6) , which at1the prevailing pres- ,

suze, ought to-have been about 5.7 kg/s. Pow-
Lever, the pressure; comparison, Plot B.51, shows .;

a predicted pressure drop-rate starting at 68 s :

which is about'twice that-of the experiment.

Consequently, the-steam: mass' flow in the case B
was halved during the main-steam valve open

cycle, and-a pressurefdrop. rate close to the
measuredJone-was calculated. ,

,

i.

[.
The second update concerned the downconerLliquid
level which had shown discrepancies,-Plot B.49.

Even-though a questionably slow closure of

-CHR1 ,
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the feed water valve was applied in case A the

liquid level was predicted not to start to

recover by the auxiliary feed, until about 400 s

as compared to about 100 s in the experiment. A
contribution to that discrepancy would follow

from a predicted excess steam production in the
lower part of the riser section. A check-up of
the steam generator tube section primary and
secondary volumes distribution revealed an
inconsistency in the initial, case A, base input

used. Due to this error much steam was generated

a in the lower riser volumes. A more correct tube
i
* structure distribution was introduced. However,

only a slightly better agreement with the
experimental level rise turned out.

Some weter still remained distributed in the
pressurizer after the emptying period, Plot
B.54. The reason had been an unjustified appli-

cation of the junction equal phase velocity

between the uppermost pressurizer volumes. A
correction was applied even though no apparent

effect on the prediction plots ld be expec-
-

ted.

5.2 Case C

The next calculation, case C, focused on the
primary side hydraulic sc(nario. The loop mass
flow rate was not meac.: red during the transient.

Moreover, the vessel downcomer and upper plenum
water contents measured by conductivity probes,

) and presented as bubble plots (5) , suffered from
error margins when converted into level heights,
Plots B.15 and B.16.

NP114 AW
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After disconnection of the flywheels the low

internal moment of inertia of the two recircula-
tion pumps will make the speed of the two i

recirculation pumps sensitive to the loop mass
flow. Plot B.37 ovidently shows that the intact

loop flow of the experiment ceases at about 130

u. The cases A and B show a prolonged and |
gradual flow decrease. These two calculations

had about 20 kg/s primary mass flow at 250 s

through_the steam generator. A reverse flow of

about 6 kg/s prevailed in the vessel inlet

annulus to the outlet plenum junction. There was

also a 1.5 kg/s reverse core _ bypass flow. Thuc .
three paths of natural circulation due to the-

core decay heat have been identified.

'
The modeled flow bypass from the vessel inlet

annulus to the upper plenum was insufficient to
-,

reduce the intact loop _ driving pressure dif-

forence to stop the main fluid flow in the

previous predictions as cerly as'in the e): peri-

ment. This may have partly-been caused by the
omission of the reflood assist bypasa valve

(RABV) in the model. The reason for tho' omission
was-that the initial'RABV vessel bypass flow was

quite low and uncertain. Likewise the broken

loop hot leg'and cold leg fluid temperatures did
.

.not indicate any substantia 11 initial ~RABV

..

leakage.

The previous discussion focused on the natural-

circulation in: the -intact loop due to the core

-decay heat. A flow-reduction could resL;t'from

.an increased bypass flow area between the. inlet-

annulas and the upper plenum. It-was intended,

for-the case C calculation, to determine an area

which terminates the loop

.

CHR1
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circulation at about the same time as in the
experiment. To obtain the initial intact loop

mass flow a servo valve was used as che junction

between the inlet annulus (vol . 290) and the ;

downcomer (vol.205). Valve control was applied 1

only through the steady state. Ideally, the flow I

control ought to have been applied at the inlet

nozzle (junction between vols. 185 and 290). A
cross junction modelling, however, cannot be
applied for a valve component.

The leakage from the cold leg inlet annulus to
,

the upper plenum is caused by a flow path in the
,-

narrow gap between the vessel filler blocks and-
the vessel wall. This leakage path has a verti-

cal extension equal to the nozzle diameter. To

enhance a reduction of the transient pressure

diffarence over the core, the leakage junction

was divided into two-junctions at slightly
'

different elevations. One leakage path connected

the upper. ends of the adjacent volumes below the
inlet and:the outlet annuli. The other path

similarly connects the bottom ends of the
volumes above the inlet and the outlet annuli.
This higher level _ leakage will,_ compared to the

-previous modelling, promote steam bypass, and
thus contribute-to a: lower-pressure-difference s

'

between vessel outlet and inlet .

.

The split up of the core-bypass into two diffe-
rent-leakage paths-did not reproduce the fast
pump coast down at'130 s as seen in Plot B. 37.

However, some' improvement'was obtained as can be
seen from the data uncertainty analysis in-

Appendix C^(experiment code CLAX). In addition
the core clad temperatures, Plots B.3 through=
B.6, obtained in the case C are more similar to

the" experiment than the two previous cases. This

NP114 AU
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!

- is more evi' int from Figure 3 which compares the '

timo derivat.ves, obtained from Plot B.5, of

the predicted and experimental clad temperatures.
Evidently, the model change in the flow bypass
had a positive impact on the core fluid distribu-

-

tion. Morcover, the case C break fluid density
dropped at the same time as in the experiment
(at about 130 s.' see Plot D. 38.

-
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6 RUN STATISTICS

The input model for the base case RELAPS/11CD2
calculation for LOPT L3-5 encompassed:

113 volumes
120 junctions

I
99 heat structures

'

The volumes include two pump _ components, one

separator component and nine time dependent- ;

volumes of which three were used for the steady

state. Among the junctions there are totally j
five valve components and four time dependent

junctions which are connected during steady

- state.

During the transient calculation the following

resources were used:

Computer tine CPU =25778 s

Number of time steps DT =12374

113Number of volumes C =4

Transient-real time RT =2032 s

resulting in the following code efficiency

factor (1)
!

3CPU * 10 8.44=

C * DT

- The computer used was a Cyber. 170-810.

NP134 AW-
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7 CONCLUSIONS

The LOFT small break experiment L3-5 has been
,

assessed using the RELAP5/ MOD 2 code. Three
calculations were carried outs one base case
calculation and two sensitivity calculations

with model changes concerning the steam gene-

rator operation and the core bypass mass flow.

The transient predictions compare reasonably

well with the experiment as regards first-hand -

parameters'such as system pressures and fluid

temperatures. Uncertainties, over time inter-

vals, of the predicted data compared with the

experiment are given.in Appendix C.

In the calculated steady state, the experimental

-initial data could be fairly well reproduced.

Some experimental-fluid temperatures, particularly

in the upper part-of the vessel, revealed

relatively large discrepancies which could not

readily be explained.
,

The-predicted start.of voiding in the intact

loop hot' leg as well as the cold leg occurred

late as compared to the experiment although the

predicted system pressure was. underestimated.

The steam generator liquid level rise, recovered

by the auxiliary water feed, was underpredicted-

in case A. Although.the-limited steam generator

experimental data available do not help to

single out any particular detail in the model as,

the cause, the most probable reason is the

underestimation of the water content early in

the test.

.t
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In the case B calculation, the steam generator

boiling region was remodelled to promote void
formation at higher elevations. The improvenent
gained in the transient downcorer level was
rather limited. A contributory cause for the

discrepancy in the level could be a significant
droplet field initially residing in the space

between the primary separator, modelled by the
RELAPS separator component, and the mist extrac-
tor adjacent to the steam line nozzle. Imposing
a predetermined steady state water content on
this space is, however, not possible unless the
geometric model is considerably modified.

The case C calculation concentrated on the
primary mass flow rate. The downconer to upper
plenun leakage was split into one junction
promoting the steam bypass and an other one the
water bypass in the case of voided fluid in the
cold leg. The clad temperatures as well as the
break fluid density were improved.

.

NP114 AW
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Table 1

Initial conditions

Predicted
Quantity Measured Case A Case B Case C

Primary coolant systen
Mass flow rate (kg/s) 476.4 478.8 476.4 476.6
Hot leg pressure (MPa) 14.80 34.86 14.87 14.86
Cold leg temperature (E) 558. 557.4 559.4 559.9
Hot leg temperature (K) 576. 576.4 578.4 579.5

heactor vessel
Power level (NW) 49. 49.0 49. 49.

Pressuriser ,

Water tangerature (E) 614.6 614.7 614.7 614.7
Pr es sur e (MPa) 14.88 14.88 14.88 14.88
Liquid level (m) 1.25 1.25 1.25 1.25

Broken loop
Cold leg temperature (M) 556. 555. 555. 554.
t!ot leg temperature (x) 562. 561. 561. 559.

$0 secondary side
Water level (m) 0.19 C.19 0.19 0.19
Water temperatura (K) 543. 544. 534. 532.
Pressure (MPa) 5.58 5.50 5.58 5.58
Mass flow rate (kg/s) 26.4 26.2 26.0 26.0

Table 2

Sequence of events

Time (s)

Event luposed System Predicted
action reaction Case A Case B Case C

Reactor scrammed ~4.8 -4.8 -4.8 ~4.8
Loch initiated 0. O. O. O.
Primary ( ,olant pumps tripped S.8 0.9 0.9 0.9
HPIS injection initiated (13.2 HPa) 4.0 2.5 2.6 3.3
Primary pump coastdown complete (12.5 Hz) - 17.7 20.8 17.9 20.3
Presuriser emptied 22.2 24.4 23.6 24.4
upper plenum reached saturation 28.4 38.3 37.3 35.7
Intact loop hot leg voiding ':egin 30. 42, 45. 45.
SCS ausiliary feed initiated 63. 63. 63. 63.
Intact loop cold leg voiding begin 80. 138. 133. 147.
End of subcooled break flow 92.9 140. 109. 163.
SCS pressure exceeds primary pressure *)45. 1810. 1490. not obtnd.
Primary fluid mass at minimun 1480. not obtnd. 1750, not obtnd.
SCS auxiliary feed terminated 1800. 1800, 1860. 1800.

-NP114 AU-
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Table 3
.

1

Parameters plotted and used in the assessment
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Table 4

Measurenent errors

Quality Uncertainty Conment

Pressure 251-282 kPa Prinary side
120 kPa Secondary

side

T'uld temp 2.7-3.1 K Mostly
.5 K TE-P139-019,

steam
5.9 K TE-SG-001,

TE-SG-002
10.4 K TE-PC-004

Pluid density 78-82 kg/m Mostly
3129-131 kg/m DE-BL-001A,

DE-DL-001C
DE-PC-002B,
DE-PC-002C

Clad temp 3.1-3.2 K All

Diff pressure .49 k Pa PDE-RV-003
1. kPa PDE-PC-002
1.3 kPa PDE-RV-002
1.8 kPa PDE-PC-001

Mass flow .02 L/s HPIS
6.3 kg/s I.L. init

condition
17 kg/c I.L. hot leg ~

25 percent Break,
40-750 s

1 kg/s Break,
750-2100 s

Lig level .04 m Pressurizer
.05 m SG secondary
.099 137 m Cold legs
Bubble plot Upper plen,

downcomer

Speed 1.22 rad /s Main recire
pumps

i

NP114 AU
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Table 5

RELAPS/ MOD 2 code features.

COMPUTATION PROCESSING FEATURES

- Several problem type and execution control options as

a. steady state initialtestion using fictitious structurt heat
cepacities f or f aster convergence

b. transient calculation

c. strip type execution, to select requested parameters from a
restart file

d. trip system, to decide on actions during calculation due
to reaching specified conditions in calculation parameters.

e. ability to delete or add hydrodynamic components, struc-
ture componenta and control variables at a restart of
calculation.

CLASSIFICATION OF HYDRODYNAMIC HODEL

- One-dimensional, with provisions for

a. choked flow rnodel

b. abrupt area change model

c. cross flow junctions.

- Two-fluid, six equation, space-tima numerical solution scheme.

- flow ragime oriented field characteristics depending on mass
flux and void fraction for

a. horizontal flow with bubbly..alug, mist and stratified
fielde

b. vertical flow with bubbly. slug, annular-mist (and strati-
fied) fields

c. high mixing flow with bubbly and mist fields ( for pumps).

1
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Table 5 cont'd

i

i

EYDRODYNAMIC COMPONT.NENTS (Input systematics)
J

Volume type components=

e, single volume

b. pipe'end annulus, for condensed input of several similar
eingle volumes

c. tipo dependent volume, for defining a boundary source with
a time dependent fluid state

d. branch, a volume capable of two or more connecting june-
tions at either end

e, pump, characterized by rated values for flow, head, torque,
density and moment of inertia. The single phase homologous
curve, two pnase multipliers and pt.ase difference tables to
model the dynamic pump behaviour

f. special system components for steam separator, jetmixer,
turbine and accumulator.

Junction type components-

a. single junction

b. time dependent junction, for a time dependent junction
flow whith a timo dependent or controlled flow stato

c. cross-flow junction, to model a small cross flow,-a too
branch or a small leak flow-

d. valve, various operation characteristics available for '

i check valve, trap valve, inortial valve and relief valve.
'

'
=

INTERPHASE CONSTITUTIVE E00ATIONS

Interpharie drag-

a. steady drag due to vlacous shear depending on flow regime.
Somi.-empirical mechanisms to describe flow regime-tran-
satfois

b, dynamic drag due to virtual mass effect.

Interphase mass and heat transfer depending on flow regime and-

the' fluid fieldn to saturation temperature differencas

,

. - . . - - mr .w,c., .,.- -, ., - ,,-, -.,- ev, . ,.wm,-y.... , . , , , ,-.---,yys~c4.,--,.y..,.-., - 3 -#y , . , . ,.,,w ., ..,-4 -



. - _ _ _ . ___ . .-- . - - -

STUDSVIK ENERGITEKNIK AB MP-87/63 32 l

1987-06-09 |

|

Table 5 Cont'd

l'LUID To uALL CONST1 TUT 1vE EQUATIONS

Wall friction due to well shour effects formulated for flowa

regimes and baand on a two-phase multiplier approach.

- Hall heat transfer depending on flow characteristien defined
for

a. single-phase forced convoction (Dittus-Boelter)

b. saturated nucleate boiling (Chen)

c. subcooled nucleate boiling (modified Chen)

d. critical heat flux (Biaal or modified Zuber)
e. trenoition film boiling (Chea)

f. film boiling (Dromley-Pomerant and Dougall-Rohsenw )

g. condensation (partly Dittus-Do iter).

Interfacial mass transfer at the well depending on well, fluid-

and saturation temperatures for

a subcooled and saturated boiling

b. transition film and film boiling

c. condensation.

I
, HEAT STRUCTURES

'

These may be rectangular, cylindrical or spherical in shape.
The structure pouition is defined t: rough component numbers of
left and right hand side hydraulic components. A structure is
physically defined by the geometry and the temperature dependent
conductivity and volumetric heat capacity data. The structure
model is further specified by the number of internal mesh points
in.the direction of heat flow.

_CoffrMOL COMPONENTt

By theso new (control) variables are defined froin calculated
parametsrs using algebra, standard functions, trip type ope-
rands or integrals.

-, . - - - .. -. ..
_ . - _ _ _ _
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C 44 . C An 3.03 .973 .,9ge i,cs i to .t8
t .t s .441 . 434f.01 .)66 1 C3 31
1.85 2.69 ,078 771 1. 0ft .33

V SC . V St . $90 4 90 tl 9 14 .t.$6 *1.it
et 69 1.70 10 $ it- 4 99 4.00

1.60 3.16 13.7 13 10 4 4.26

y 6C V 4s 4,11 .t.44 .].14 .?.64 4 09 .).}g
.t.29 3 69 .r.C3 6 t'9 9 03 3 42
3.33 3.41 2 OS 6.36 4.C4 a ci

V ?C - V FR 7.41 3 37 3 04 1.56 1.17 .547
6.40 6 t60 $.24 2.75 ).it 1.17
4.49 4 . f>4 1 29 3 76 f.89 t,23

V 4C * V $4 .t.3% 2 59 .t.tl 9.93 .4 01 4 es
-2.36 .) Og .i.93 .l.46 t0.1 6.13

2 43 $ 11 i DO 8.93 10.1 & 22

V PC . V 94 . 9t l 114 . ; 14 St 0 3 . 511 . 7%0 . 9141 -C 1
,9241.C1 . 354 . 613 ..t?2.titt-602 .314

01 .309 .624 189.4th .)$3

V AC . V AJ .att 109 7948 01 . 41) . 746 147t.01.

629 .3?? .tl3 . 176 .446 *.9641 09
,646 408 .141 .246 .466 183

ML IC . ML t f $9 107, $3 $ ft), $$1. 4 9).
73 IC). 70 $ 114. $27. 484.
7) 3 1 04. 11 9 12C. 640. 464, .

ML2C . Mt 31 29 3 St.$ 120. 207 4?l 409
43 1 $7.0 $5.1 164. 421 430.
4) % 31.1 92.4 106. 439 430

ML 3". . ML 31 to $ .44.0 *)l.1 47.0 44,7 54.1
ti.? 13 2 =19 9 34.3 +44 3 33 ?
13.3 11.1 16 0 30.7 44.3 60 4

330 1,7t .910 4.64 -9 le .it 6M'.4C . ML e s
.f.79 1.25 1.86 1 ?? 6.2? 13 6

3.74 1.93 1.63 2.64 6.30 13.4

. 534 . 348 ..lC$ML6C MLit .313 .624t.01 42tt.g1.662 .t&& .342{ .t . 995 - $ 34 ..14)
.643 .310 .437s.Cl .33? .648 .300

CLtc . CL1R 64 41.4 .t*3. 744. .Itt. *74.9

11. 69.{ 37.0 374 181. 98 6
71.4 $t : 162. 277. 168. 101

CLSC . CL34 30.) 39 4 .43). 364. .itt, .ill

13.1 43.1 361, .406. 26t. 163.
.

33 0 43.8 4 44 406. 769, 143.

Ctec . CL44 . t ? 7t.C ) ,33tt.01 .357 -01 . 318E-01 ..lf6f.01 . 446t-01
.333 .353I.01 .tOS #1 . 12M.41 . 25 't 01 . 61 $t -P

1488. 01 .3 7bf 61 .6331-01. ?64 .3?M til 34: 61
CL6C . CL$t 1.50 .) .10 .t.01 . 477 . 191 .t??f-01

1,93 . t .15 .t.04 . 75) . 299 *.941t-01
1.41 1.19 1.04 .??) .317 103

CLSO . CLl4 1.20 1.50 i,se .s at 3 et .t.C?
.930 1.6% 1.44 6 40 .l1 0 +% 47
.467 t && 1.89 6.96 11.6 10.3

CLTC . CL7R .ett .314 .tt! . 360 . 704 4348-91
,%n0 .4t9 .187 .,139 ,344 . 36 M -01

70$ .444 .19$ **8 .399 . Illi-C 1

163 CtCLSO . CL94 .58 .320 .711 . 291 . 103
760t79 .604 330 . 437t.01 . ;ta

807 .$32 .10% .171 .330 elle

CLDC . CL 94 2.12 9.10 .50 1 9 66 .10 4 11,1

to a .t.31 -9 9% -9.67 10,1 *10.9
14.6 6 94 9.95 9 67 10 1 10.1

2810 64 63.7 455t-03 . 124 *t 64CLAC . CL8A
221. 144164 il_t 45 4 9.95
160. 76.4 SS.4 :t 3 ,044 2.21

._ _ . _ _ _ _ _ . _ . _ _ . _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ . _ _ _ _ _ _ _ _ _ _ __
_



-_- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

STUDEVIK ENERGITEKt3IK AB HP-87/63 APPENDIX C.6

19Bb06-09

* C0C'El * . . . . ?!WE 1%Tt*=4 a ..-

CAC . (18 0.0 a 30.00 60.00 200 0 *SAO 1000. . It?0

6Att . Dett *4.07 +1$.? 49 6 8 34 6 12,4
33.9 .is.) 3.s .? .1

.)9.6
04 it.4

46.6 17.s 4.4 6 .6 3 24,9

S*tC . Data 7.0? .40 1 ?! .t.4% . 317 . 904
4.44 .96 tF) 1.9% . 999 . 465
6.70 .31 i.42 1.94 1.11 .43?

BM * M4 R .66 1.3? .930 4.6% +9.lt .l.6%
.it, t.fo .441 1 70 4.90 .t.te

19. 1.34 .674 3.63 6.83 4.40
Dasc . gega 3 49 4.13 ,774 t,te 1,tt 7. 3S 14.f 1.?! t.32 t.04 1,74 3. s

32.1 3.90 9.38 1,06 1.04 8. t

$#SC - 9845 .433 .) ?
.. 36 . 4$st-01 . 19? .241t-0$

75 ..??t . 100 .114
.43) 4 1
661 .4 4 . 33 170 .413 .6C3t C1

$*1C * t*1R .?.34 .t.to . . e FC .l.13 .t0.7 53,9
.t.te .t.it ..fot .s.vo .t.13

46.45.39 2.?! .002 $ 63 6.19 16 0

**2C . l'3R .?.09 *t.ll 2.00 .54 3.38 3?)
3 98 .t.02 .960 .it $ 44 ..All.

3.st 2.60 1.32 .30 3.73 1.19

$*3C = $*3t 2.?? -11.9 *1 .5 6.97 .t .16 .?.13.

9.41 *10 4 1 .1 10.6 *10.4 .t.66
13.3 10.7 1 .1 to,6 10,4 4.11

SS3C * Stat . 416 . 366 . 340 . 70 * fil ..f41
. 364 . 301 . 924 ..Il * 291 . 149

433 .301 .330 . 15 .292 .349

554C . S$4x 13.9 . 6?0 7.11 6.24 l.17 1.78
9.43 S.43 4.16 4.91 *s.49 .694
9.63 6.48 4.64 6.03 6.67 1.70

lllC - Sils ..)t? . 33 ,t43 . 350 . 744 1,te

70 .304 . 104 a.639 . 993.5491-03
. ?) .31) .itt .64? 1.00.102 .

$ 10 6 t s 20.4 . 417 6.45 .t?$ .?.60 .tc.).

td.t .?.64 3.44 4,71 7.60 14.4
14.4 9.46 4.19 4,33 3.44 14.9

P 1C * P IX .070t-01 130t- t ..tl6t-03 . 94t-03 . 476t-03 483t=03
.617t-01 .3068.- t .1044-0) . 698-03 .8921-04 .it?t 03
.4561-01 . 56 tit t .6364 03 . 30E C3 .227t-03 .2661-C3

P 2C . P ** 19.7 *t.69 6.96 31.6 61.3 76,9 -.

*11.9 11.0 4 07 7}.$ 61.4 60.7
13.8 14.4 5.28 27.2 $1.9 60.9

> SC - P SX 19.3 .t.33 1.47 11.4 31.6 79,7. .

*12.4 11.4 .ite 4.29 17.5 35.3
13.4 14.1 1.02 4.02 17.7 26.4

P 4C P 4% .349 .itt .ittt-01 . 481 =.310 *.4438 01
.3C2 .J30 103 . 724 * atl . 130.

564.316 26: .116 .279 .467
-

(Ctc . (CtX . 310t.cl . 326t-01 192t.01 .tttt-01 . 349t -01 .216f-01
,5644-01 ..ifst.01 .237t-02 1t96-01 .347t C1 . 2 8 ?f -01
.tte .2975-01 .6678-02 .1541 01 .3 Sit-01 .289t-01

f
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Description of the Accompanying Data Package

.E
y, - ..*

k..

4 7
h
J' STUDSVIK~ ,j

THIS TAPE CONTAINS DATA FROM THE ICAP PREDICTION CALCULATION
,; u. ,3 "* WITH THE RELAP5/ MOD 2/35.04 FOR THE LOFT EXPERIMENT NO. L3-5.

F;cf'

I' COTENTS, FILE 1. THIS DESCRIPTIVE TEXT
2. INPUT CASE A. STEADY STATE ~

3. *- B. "-
4. *- C. "-
5. DAT/. EXPERIMENT
6. " , CASE A
7. "- , CASE B
8. -- , CASE C'

1. COMPUTrR
NAM 2 CYBER 170-810
WORD SIZE 60

II. TAPE FOP #AT
NUMBER OF TRACKS 9
P*'. KING DENSITY 1600 BPI
6 OORD SIZE 80
B.OCKING FACTOR 64
CODED EBCDIC
CONTROL WORDS NO

III. DATA FORMAT. FCR EACH OF THE FILES 5 THROUGH 8

TITM RECORD (S), (FORMAT 15,A75)
FIELD 1. THE NOMBER OF DATA CHANNELS ON THE FILE 6

FIELD 2. PROBLEM IDENTIFICATION
UP TO FIVE ADDITIONAL IDENTIFICATION RECORDS
A%Y BE ADDED BY 'C' IN COLUMN 1 OF FIELD 1 "

DATA SET RECORD 1 (FORA %T 215, A60)
FIELD 1 NUMBER OF DATA POINTS
FIELD 2 THE ENGINEERING UNIT CODE (EUC) FOR THE

VARIACLE
-l,- FIELD 3. IDENTIFYING TiXT OF TAE DATA-'

REMAINING DATA SET RECORDS FORMAT 5(E16.9)

EACH DATA IHANNEL SUBMITTED IS GIVEN THROUGH TWO DATA
SETS. THE FIRST OF WW CH IS THE TIME DATA SET.
THE TWO SETS HAVE THE SAME NWBER OF DATA POINTS.
THE TIME DATA SET IS IDENTIFIED BY EUC-77 (FIELD 2)
AND THE IDENTIFYING TEXT ' TIME' (FIEuD 3).

_ _ _ _ _ __
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NHCFORM3S
~

U.S. NUCLE AR REGULATORY COMfdt$5 TON 1. REPORT NUMBER.

*
-- 1102,' N any -

.

ne.ng BIBuOGRAPHIC DATA SHEET'
- NUREti/l A-0037

n ne,e,emcew .ici , ui-
STUDSVIK/NP_-87/63

2, TITLE AND SUDTITLE

TAssessment of-RELAP5/ MOD 2, Cycle 36.04 Against LOFT 3. DATE RtPoRT Puetisst0
Small Dreak Experiment L3-5 ; , . . . .oo.a .,

March 1992
4. F;N OR GRANT NUMBE R

e A4682
5. AUTHORIS) 6 TYPE OF REPORT

'

'J. Eriksson
7. Pt R100 COV E R E D (sah e omst -

A,9682ATiCN - N Arat Af0 ADDR ESS tro nnc. oroveev on. san. or%s e nspan. v.s mcua regunsory conunmen. eno rmanne sowen si vene ecs_ , ommD. P F R

Swedish Nuclear P3wer Inspectorate
1

'S-61182-Nykoping :
'

Sweden'-

9. SPONSOf11NG ORGANIZA1|ON - N AM L AtaO ADOR ESS ter Nnc. ene Samr as eseee";ircontam-se. proveer NRC Osaksen, Orreu er Regke. V S kurow Resuntory Cosmomen,
, <cmt meten ***ent

10ffice;of Nuclear Regulatory Research
:U.S.-Nuclear-Regulatory Commission
b'ashington,'DC _20555

10. SUPPLEMENTARY NOTES

. 11. ABSTR ACT (2m eorm er swi:

-

:An independent assessment of the RELAPS/ MOD 2 code was conducted by Studsvik
Energiteknik AB. The LOFT small break-experiment L3-5 was assessed using the
RELAPS/ MOD 2-' code. Three. calculations were carried out; one base: case calculation

: and two2 sensitivity calculations with model changes. -The transient predictions
: compare reasonably- well' with the experiment as regards fi,*sthand parameters; such ast

(- - asystem pressures .and fluid . temperatures. Variations are enumerated and discussed.
:

i'

T2. Kk V WORDS/DLbCft:PTORS flat wn ee r*<sses enes w#r ewsc asesarners as ancenne rne sepore.s ts, Avan Agatt y si AlgutNT

Unlimited- ICAP Progr m'-
.

_ "5""'"^""'^""
RELAPS/M002) Computer Code

" * " " * ' 'SmalE Break Experiment-

Unclassified'
liha Neoortl

Unclassified
Ib, NUMEER Of PAGES

16 PRICE
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