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NOTICE

This report documents work performed under the sponsorship of the SKI/STUDSVIK
of Sweden. The infermation in this report has bean provided to the USKRC
under the terms of an information exchange agreement between the United States
and Sweden (Technical Exchange and Cooperation Arrangement Between the United
States Nuclear Regulatory Commission and the Swedish Nuclear Power
Inspectorate and Studsvik Enerigiteknik AB of Swe” 1 in the field of reactor
safety research and development, February 1985). Sweden has consented to the
publication of this repert as a USNRC document in order that it may receive
the widest possible circulation among the reactor safety comwnity. Neither
the United States Government nor Sweden or any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal
Tiability of responsibility for any third party's use, or the results of such
use, or any information, apparatus, product or process disclosed in this
report, or represents that its use by such thira party would not infringe
privately owned rights.
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SKI Project 85026, 13,3-917/84

Swedish Nuclear Power Inspectorate

ICAP

ASSESSMENT OF RELAP5/MOD2, Cycle 36,04
AGAINST LOFT SMALL BREAK EXPERIMENT
L3-5

ABSTRACT

The LOFT small break experiment L3~5 has
been analyzed using the RELAPS/MOD2 code.
The code version used, Cycle 36,04, 1s a
frozen version of the code.

Three calculaticons were carried out in

order to study the sensitivity to changes
of stean generator modelling and of core
bypases flow. The differences between the
calculations and the experiment have been

guantified over intervals in real time for

a number of variables available from the
experiment.
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< FACILITY AND TEST DESCRIFTION

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 L(FT 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 toc 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.

This chapter shall briefly describe the t*est

facility, the L3-5 experiment, the assessment

parameters used and some aspects of the measure-

~ant uncertainties as well as experimental data
aparation.

L Test Facility

The objective of the LOFT 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
by Reeder (6). Only particular design features
and characteristics relevant to the L3-5 experi-
ment will be discussed in the following sections.
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A general view of LOFT is shown in Figure 1, In
the L3-5 small break experinent the two iso-
lation valves on the broken loop leys were
closcd 80 as to psevent the passage of fluid via
the header to the suppression vessal,
The break wus simulated by a 205.6 mnz orifice
in a T-branch line from the intact loop cold leg
nedr the reactor vessel, The aim of the break
configuration was to simulate an equally placed
4~in diameter small break on a four~loop 1000
M/ (¢) PWR,

During the L2«5 experiment the only primary
ecvolant injection was carried out Ly the HFIE
into the reactor vessel downcomer. The experi-
ment wae terminated before the LPIE pressure set
point was reached.

2.2 The Experiment

After approximately 45 h of nuclear heating the
initial conditions listed in Table 1 were
obtained. The saquence of events which occured
during this experiment is 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 hreak) the steam generator
feed water und steam line valves
started to close,

B, The two mai» circulation pumps were
manually tripped just after the break.
Pump coastdown was assumed to end at
750 r/min when the speed control
carried out hy the motor-generator
driving unit was disconnected.
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2.4 Measurement Uncertainty

The instrumentation involves a variety of
transdurers which may have different accuracics
for the same kinde of guantities (5,6), Table 4
is a summary of the accuracies of the measured
gquantities.

2.5 Experimental Data Preparation

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 fronr
the original blocked tape files to the CDC
stancard display code,

A program, LOFTDEC, was developed to sort out
the keyword and charnel information to be used
in the assessment werk. The program also deci-
mated the channel data by averaging over time
intervals sc 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, RSSILFT, was developed to select data
for desired channels from the interneliate datz
file. These data were transforined into a new
file with the same format as a REIAPS5 restart
file. Experimenta. and predicted data could
later on be similarly used in plotting and
assessment.
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3 CODE AMD MODEL DESCRIPTION

The assessment calculations with RELAPS/MODZ for
the LOFT L3-5 experiment were carried out using
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 listinge., Some
changes in the input model were introduced as a
result of findings in the L3-5 experiment,

oy Code Features

The descriptive document available for the
RELAPS/MUD2 code is a rather detailed code

manual (4). The main characteristics of the

code are summarised in Table 5. A new feature

of RELAPS/MOD2 is the cross junction which,
according to code manual recommendations, was
applied at the steam geparato. upstream volume
and at the hot leg and cold leg vessel junctions.

3:2 lnput Model

The basis of the input preparation for L3-5 was
an existing file which had previously been used
for RELAPS/MODZ2 fast transient calculations on
LOFT. It was necessary tc update and expand the
input file, and several of the available input
listings (7, 8, #) were used. The reasons for
particular approaches used in modelliig are
presented pelow. Figure 2 shows the nodalization
used, The input listing is given in Appendix A.

g W st
N
\
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3.2.1 The Initial System Pressure

NP11l4 AW

To aveid an explicit steady~state pressurizer
pressure and level 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
inveolved in keeping the pressurirzer state
steady. However, for cases B and C pressurizer
heat structures were applied with the outer
surface at saturation temperature until scram
and thereafter at room temperature,

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 duriny the
steady stete calculation, During steady s:tate
the pressurizer was isclated from the surge
line. The pressure of the time dependent volume
was egqual to the pressure in the bottor 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 cccurred 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.
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3, 2.4 Environmental Heat lLosses

The exchanye of heat with stiunctural nateraial is
important in small break analysis, Since the
aveilabl® input had only restricted material
included, structures had to be added to the
input. The bulk structures of the facilities
were modelled to represent the correct siructur=~
al nasses,

For RETAPS/MOD2 an uverall environmental heat
transfer coefficient was determined by test
calculatisns in order to obtain approximately
the total heat loss of 250 kW as found in the
experiment (7).

3,2.5 Break Discharge Coefficient

Test cslculations showeld a too rapid decreate in
pressurizer fluid inventory when the default
subcooled discharye coefficient of unity was
need, Using a coefficient of .85 the rates of
emptying the pressurizer and of the early system
depressurization were close to the experirent,
The assumption that the pressurizer emptying
rate is an indicat.r of the break discharge flow
iz only applicable for low pressure drop in the
surge line as it occurs in small break experi-
rents.

L= R et - N Sl A RV L W SN NSNS RENEN RN,
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t 3.2.6 Pump Model

The primary coolant pumps were tripped .8 s
after the break. Coast down followed under the
influence of the coolant flow irertia and the
pump moment of inertia. Since the prinmary pumpe
in the experiment have & too small moment of
inertia, compared to that of commarcial PWRs,
their cocastdown was simulated by a fluid clutch
coupling to & moter-generator driving unit, Vhen
the speed reacheod 12,5 Hz (10) the coupling was
disconnected.

The combined inertia of the pump and the motor-
generator flywheel was modelled by pump inertia
data closely similar toc those reported by T R
White (11). Ths inertia polynomial was modified
to avoid negative moment of inertia at higher
pump speeds,

38,7 Eteam Generator

The steam qerer’ior steady state was ach.eed
using auxiliary components. The pressure was
maintained by a steam filled control volume
connected to the steanm generater top. The
downcomer level was attained through a flow
control.ed 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
valve., The main reason for th.s was to use the
g .ean flow (8) directly as boundary value and
also to facilitate modelling of the pressure
dependent leakage of the closed valve (7).,
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4 THE BASE CASE CALCULATION (CASE A)

The input listire ~¢f 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. s to .4 8. From previous experience, the
RELAPS5/MOD2 time step control may reduce the
time step so much, after preceeding lonyg time
steps, that even execution errct mnight occur,

Mid-transient water packing occ..red several
times due to water plugs in the cold leg paseing
forth and back at the break line T-junction. The
code water packing mitigatica scheme dealt
correclly with the calculated pressure spikes,
and as a result the calculation could be con-
tinued,

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 fror about 600 s to 1200 s which is not
reflected in the calculations, The primary fluid
temperatures, Plots B.9, B.17, B,18, B.20, B,26,
B.33, B.4]1 and B.44, show the ~orresponding
discrepancies, The pressure and temperatures
comparisons at the secondary side, Plots B,51
and B.50 respectively, are also similar., The
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decreased depressurization rate after about 1000
8 is caused by the increased temperature
difference between primary and secondary sides
shown in the experiment, but not in the
calculaticns, Plot B,52,

A contributory cause for the mid-transient
increase of the experimental depressurization
rate is the hot leg steam production, Plote B,23
and B.24, which occurs in the time interval from
450 8 to 800 s, The case A shows a corresponding
density decrease but it is delayed by about 500
8, and the calculated water content is not
reduced to the low experimental Jevel,

The cold leg densities, Plots B.28 and B,30,
show cpposite differences -~ the calculated
densities are lower than the experimental
densities,

The predicted main recirculation flows, Plots
B.11, B.25 and B.39, cannot be assessed due to
ungualified experimental data (5). The experimen=-
tal hot leg mass flow, Plot B.25, is gualified
for the initial condition only. Condie et al

(7), assume that natural circulation continued

in the experiment from pump coast down until 750
s,

.
e o
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5 SENSITIVITY CALCULATIONS

The case A comparisons, dicussed in Chapter 4,
revealed some discrepancies which were studied
by two sensitivity calculations, case B and case
C. The salient probiems concern the fast early
phase of the depressurization and the primary
fluid temperatures.

8.1 Case B

The input changes introduced to the case B
calculation were aimed 2t improving toe predics
tions early in the transient until 250 s, Two
updates were introduced in the steam generator
modelling in this sensitivity study,

The first upcate was to change the main steam
valve leakage after 68 g, Due to instrument
noise the main steam valve started to open at
about this time and operated intermittently
during a periou of 10 s, The unintended valve
ecycle is cvident fronm the secondary pressure,
plot B.51, The base case calculaticn had used
the valve threshold mass flow, see valve char-
acteristic (6), which at the prevailing pres-
gfuie, ought to have been about 5.7 kg/s. “ows
ever, the pressure comparison, Plot B.51, shows
a predicted pressure drop rate starting at 68 s
which is about twice that of the experiment.
Conseguently, the steam mass flow in the case B
was halved during the main steam valve open
cycle, and a pressure drop rate close to the
measured one was calculated,

The seccnd update concerned the downcomer liquid
level which had shown discrepancies, Plot B.48S,
Even though a guest.onably slow closure of

g v i L i b Ok
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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

recirculation pumps sensitive to the loop mass

flow. Plot B.37 evidently shows that the intart ‘
loop flow of the experiment ceases at abocut 120 |
4. The cases A and B show a prolonged and i
gradual flow decrease. These two calculations

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

through the steam generator. 2 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. Thue

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 nlenum was insufficient to
reduce the intact loop driving pressure dif-
ference to stop the main fluid flow in the
previous predictions as eerly as in the experi-
ment, Thig¢ may have partly been caused by the
omission of the refloocd assist bypass valve
{RABV) in the model. The reason for the omission
was that the initial RABV vessel bypans flow was
quite low and uncertain, Likewise the bicken
loop hot leqg and cold leg fluid temperatures did
N0t indicate any substantial initial RAEV
leakage.

The previous discussion focused on the natural
circulation in the intact loop due to the core
decay heat. A flow reduction could resu.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
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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 _he junction i
between the inlet annulus (vol.290) and the |
downcomer (vol,205). Valve control was applied |
only through the steady state. ldeally, the flow |
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 componert.

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. T2
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 botton 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
between vessel outlet and inlet .,

The split up of the cor® bypass into two diffe-
i rent leakage patis did not reproduce the fast
pump coast down at 130 s as seen in Plot B. 137.
However, some improvement was obtained as can be
seen from the data uncertainty analysie 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 AW
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is more evi“nt from Figure 3 which compares the
time 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 B, 38,

-
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6 RUN STATISTICS

The input model for the base case RELAPS/M(C"2
calculation for LOFT L3-5 encompassed:

113 velumes
120 junctions
99 heat structures

The volumes include two pump components, one
separator component and nine time dependent
volumees of wnich three were used for the steady
state. Ameng the junctions there are totally
five valve components and four time dependent
junctions which are connected during steady
state.

During the transient calculation the following
resources were used:

Computer time CPU=25778 s
Number of time steps DT =12374
Number of volumes ¢ =113
Transient real time RT =2032 s

resulting in the following code efficiency
factor (1)

3
CRU * 10" . 18.44

cC * 07

The computer used was & Cyber 170-810.
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Table % cont'd

HYDAODYNAMIC COMPONENENTS (Input systemstics)

- Volume type components
8. single volume

b. pipe and annulus, for condensed input of seversl similar
gingle volumes

¢. time dependent volume, for defininy & boundary source with
8 time dependent fluld state

d. branch, s volume capable of two or more connacting junc-
tions at either end

e. pump, characterized by rated volues for flow, head, torgque,
density and woment of inertia. The single phase husologous
curve, two-pnase multipliers and phrese difference tables to
model the dynamic pump behaviour

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

« Junction type components

a. single junction

b. time dependent junction, for a time dependent junction
flow whith a time dependent or controllied flow state

¢. cross-flow junction, to model & gmall crogs flow, & thae
wranch or a small leak flow

| 4. valve, various operation characteristics avatlable for
check valve, trip valve, inertial valve and relief valve,

INTERPHASE CONSTITUTIVE EQUITIONS

- Interphare drag

a. stesdy drag due to viscous shear depending on flow regime,
Semi-empirical mechanisms to describe flow regime tran-

sations
b. dynamic drag due to virtuol mass effect,

- Interphase mass and hest transfer depanding on flow regime and
the fluld flelds to saturation temperature differencas
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Table 5 cont'd

FLUID TO WALL CONSTITUTIVE EQUATIONS

= Wall friction due to well shour effecte formulated for flow
regimes and based on & two-phese multiplier approach,

- ?::l hest trensfer depending on flow charscteristiomr defined
8. single-phase forced convection (Dittus-Boelter)
b. saturated nucleate boliling (Chen)
€. subcooled nucleate bolling (modified Chen)
d. eritical heat flux (Bilasi or modified Zuber)
e. tranusition film boiling (Chean)
f. film boiling (Bromley-Pomeranz and Dougall-Rohsen )
g. condensation (partly Dittus-Bo lter).
= Interfacisl mass transfer at the wall depending on wall, fluid
and saturetion temperstures for
a. subcooled and saturated boliling
b, transition film and film bolling

¢. condensstion.

HEAT STRUCTURES

These may be rect ular, 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 capscity data. The structure
model 1o further specified by the number of internal mash points
in the Uirection of heat flow.

SONTROL COMPONENTS

By these new (control) varlsbles are defined frowm calculated
parametsrs using algebra, standard functions, trip type cpe-
rands oy integrals.
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