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ABSTRACT

?

i

i |

| This document presents the analysis of the OECD LOFT LP-SB-2 |

‘ experiment performed by the Consejo de Seguridad Nuclear of Spain ‘
working group making use of RELAPS5/MOD2 in the frame of the I

[ Spanis.. LOFT Project.
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I

LP-SB-2 experiment studies the effect of a delayed pump trip in a
small break LOCA scenario with a 3 inches eguivalent diameter
break in the hot leg of a commercial PWR.
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EXECUTIVE SUMMARY

Experiment LP~SB-2 was conducted on July 14, 1983 in the LOFT
facility at the Idaho National Engineering Laboratory.

The LP-SB-2 experiment simulated a 7.6 cm (3 inch) eguivalent
diameter break in a hot leg pipe of a PWR plant. Experiment
LP-SB-2 addresses the analysis of a small break loss of coo.ant
accident with the break at the mid plane of the intact loop hot
leg. LP-SB-2 was cne of a pair of experiments aimed to address the
effects of early and delayed pump trip on system behaviour. The
primary coolant pumps were allcwed to operate until tripped when
the primary system pressure had wecreszsed to 3.16 MPa in
experiment LP=-SB-2.

The main objective of this calculation was to assess the code in
the challenging conditions of a small break scenario.

our aim was to simulate the major physical phenomena of the
transient that took place until the beginning of the plant
recovery.

The code used to simulate the LP-SB-2 experiment was RELAP5/MODZ
Cycle 36.04 inszalled on a CYBER 810.

The input data was based on that used in previous LP=-SB~-1
calculations.

The major conclusions are:

i) The two phase head multipliers used in the calculation
caused that pumps deg-aded later and in a smoother way
than in the experiment.

ii) RELAPS5/MOD2 failed to calculate onset of the stratified
flow in the hot leg.

111) The ende could not account for the liquid entrainment and
vapor pull-through in the break tee due to the delayed
detection of stratified flow conditions. So break
uncevery was not detected and primary mass inventory was
finally underpredicted.

iv) FELAPS/MOD2 choked flow moael underpredicted the break
line velocities.
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FOREWDRD

This report represents one 0f the assessment/applicatis
calculatione submitted in fulfilment of the Ddilateral -
agreement for cocperation iIn’ thermalhydraulic activities
vpetween the Consejo de Seguridad Nuclear of Spain (CSN) ana
the United States Nuclear Regulatoy Commission (US-NRC) in -
the form of Spanish contribution to the Internaticnal Code
Assessment and Applications Program (fCAP) of the US-NRC whose
main purpose is the validation of the TRAC and RELAP system
cocdes.

The Cconsejo de Seguridad Nuclear has promoted a coordinated -

Spatish Nuclear Industry effcrt (ICAP-SPAIN) aiming to -

satisfy the requirements of this agreement and to improve the
quality of the technical support groups at the Spanish -
Utilities, Spanish Research Fstablishments, Regulatory Staff
and Engineerirng Tompanies, for safety purpeoses.,

This ICAP-SPAIN national orogram includes agreements between
CSN and each of the following orgahizations:

- Unidad Eléctrica {(UNESA)

Unién Iberoamericana de Tecnologia Eleéctrica (UITESA)

Empresa Nacional del Uranio (ENUSA)

TECNATOM

LOFT-ESPANA

The program is execi'ted by 12 working groups and a generic code
review group and is coordinated by the “"Comité de Coordinacién”
This committee has approved the distribution of this document -
for ICAP purposes.
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1. INTRODUCTION

Thermal-hydraulic research has required clofr2 interaction between
experimental and analytical work. A number of separate-effect
experiments have been performed to help in the validaticn of best
estimate computer codes. Analogously the overall results of code
calculations are assessed using data from integral test
facilities. The analyses show that the codes generally provide
accurate calculations of the Loss of Coolant Accident (LOCA).
Arezs where model improvements are rneeded have also been
identified by these tests. In particular the Loss of Fluid Test
(LOFT) facility was adapted to study some small breaks. The
motivation of one of these is explained hereafter,

An analysis performed after TMI showed that one of the key factors
in the core damage was the tripping of the primary circuit pumps.
The USNRC reguested the reactor vendeors to carry out an analysis
of this problem. The conflict between the results of these
investigations led to a recommendation to carry out experiments on
this program in order to clarify the criteria for pump trip. The
experiments LP~SB~1 and LP-SB-2 modelled small breaks in the hot
leg. They differ in time of pump trip which is early in the former
and delayed in the later of these tests. In this paper the results
obtained in a post test analysis of the experiment LP-SB-2 by the
CSN working group, part of the Spanish LOFT project are set down.
The calculations with RELAPS/MOD2 Cycle 36.04 were carried out on
a CYBER 810 in Madrid.

2. DESCRIPTION OF THE LOFT INSTALLATION

i The experimental LOFT installation simulates a four loop 1000 MW

commercial PWR. It has a thermal power of 50 MW. The 1installation
’ consists of a vessel scaled 1/47 in volume, an intact circult with
| an active steam generator, a pressurizer, two pumps in parallel
| and a broken loop, connected by recirculation lines tc the intact
circuit in order to maintain a temperature of this broken circuit
near to that of the coolant at core inlet at the beginning of the
experiment. More detailed information on the LOFT systen
configuration is provided in (1).

A LOFT piping schematic with instrumentation for experiment
LP-SB~1 and LP-5B~2, and an axconometric projection of the LOFT
system configuration are shown respectively in Figures







4.2.2 Pumps injection flow

The pumps injection flow was simulated assuming a constant flow of
0.0475 1/s, to each pump (2,5).

4.2.3 Auxiliary Feedwater Flow

An auxiliary feedwater flow of 0.5 1l/s (5) was manually initiated
at 63.8 seconds and tuines off at 1864. seconds.

4.2.4 High Pressure Injec"ion System

The HPIS was effective in experiment 1P-SB-2 when the intact loop
hot leg pressure had fallen to 7.99 MPa (2).

4.2.5 Secondary Side Steam Control Valve

Descriptive data of the steam bypass valve were not available. Its
function was assumed by the steam control valve. After 80 seconds
it was latched closed to a flow area of 0.0925% of its fully
opened value, throughout the transient.

4.2.6 Operational setpoints

The operational setpoints measured during the experimest, and
those used in the RELAPS/MOD2 calculation are given in table 2.(2)

5. POST TEST CALCULATION

The calculation was run for 2500 secs. This was considered to be
sufficient to obtain the most significant data. Table 3 shows the

event chronology.
5.1 Code Performance

Two thousand and five hundred seconds of transient required about
270,000 cpu seconds (Fig. 8;. This corresponds to a cpu/real time
ratio of about 92, The user-specified minimum allowable time step
throughout the calculation was 1.E-7 seconds and the maximum time
step was set to 0.05 seconds. The code used the maximum value
through the whole transient (Fig. 9).

The model consisted of 115 hydrodynamic volumes, 121 junctions and
122 heat structures with 658 mesh points.

The grid time for this run was 40. ms per volume per advancement.
5.2 Chronology of events

The predicted timing of significant events 1is compared with
measurements auring the LP-SB-2 transient in Table 3.

The opening of the valve in the ILHL break line was the beginning
of the transient.
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The r2actor scram occurred 1.6 seconds Jlater than in the
experiment,

One second after the reactor scram, closure of steam control valve
was .nitiated. Isclation of the main feedwater took 2.5 seconds.

In our simulation, the main steam control valve assumed also the
function of the steam bypass valve. It was fully closed at 17.8
seconds, 3 seconds later than in the experiment, and then was let
to reopen at around 24 second: (Fig. 10). The valve stem position
was -4% of the fully opened value. After 80 seconds this valve was
latched closed to a minimum flow area of 0.0925% of its fully
opened value trying to simulate the experimental lezkage of this
valve.

The HPIS initiated at 38 sec., 4 seconds before than in the
experiment,

The break line reached saturated conditions at S50 seconds. This
marks the end of subcooled blowdown. (Fig. 11)

The auxiliary feedwater was initiated at 65.4 seconds and turned
off at 1865 seconds.

The pumps degraded later (662 sec. vs. 582 sec,) and less sharply
than in the experiment.

In the experiment, the break line was uncoverrd at -1192 se¢. That
did not appear in the simulation. From then on the break mass flow
rate was overpredicted.

Around 1700 seconds the primary ccolant system pressure fell
bellow the secondary system pressure (1290 seconds in the
experiment). (Fig. 12)

The minimum prime~y mass inventory was estimated to be reached at
between 2100 and 2500 secconis in the experiment., At this time in
the simulation, the break mass flow rate was still -0.5 kg/sec.
higher than the sum of HPIS and pumps injection mass flow rates.

Tiie pumps trip set-point was not reached in the simulation. The
pumps were tripped at 2853 sec in the experiment.

5.3 Secondary side pressure

The closure of the steam control valve produced an increase on the
secondary side pressure. This short-term behaviour was very well
reproduced in the calculation (Fig. 13). Globally, the pressure
was slightly underpreiicted (Fig 14). Due to the secondary role
played by the steam generator this did not affect significantly
the results.

The energy removal from the steam generator was Lhrough the steam
valve leakage (around 3 x 10~2 kg/sgec. from 500 seconds on ) and
heat losses through the shell. The minimum flow area cof the main

T T



steam valve was restricted to 0.0925% of its fully-open value.

5.4 Primary side pressure

The primary pressure was in agreement with the experiment during
the subcooled blowdown (.50 seconds) (Fig. 15). The rate of
depressurisaticn was approximately well predicted. However, the
simulatiorn did not account for the increase in the rate of
depressurisat:ion due tao the break uncovery. The result was that
primary pressure was overpredicted from 1400 seconds on.

5.5 Temperatures

The subcooled blowdown ended at -50 sec. (Fig. 11) both in the
experiment and the calculation. From then on the loop temperatures
(fig. 16 and 17) followed the pressure trend, being well
reproduced until the break uncovery, and overpredicted afterwards.
The maximum in the cold leg temperature at -100 (likely due to the
neat transfer degradation in the steam generator) was not
resroduced in the calculation.

The pressurizer temperature history shows (fig. 18) a sharp
initial decrease. After the emptying of the component, around 3°
seconds, the steam became superheated and its tenmperature began to
increase. That is due to the radiative heat transfer from the

pressurizer wall.
5.6 Density distribution

The calculation showed a very uniform voiding rate in the intact
loop (fig. 19 and 20). UYhe calculated loop densities decreased
almost linearly through the transient (fig. 21, 22 and 23) ,and
were underpredicted from 1500. sec. on, when loop Jlow stagnated
as qguoted in 5.8

The core was always covered by a two phase mixture (fig. 24) with
a vapour guality continuously increasing.

5.7 Break line density and break mass flow rate

The break line density was overpredicted through the whole
transient (fig. 25). This fact has been reported in cther LP~8B-2
simulations with RELAPS/MODZ (6,7). The low measured density may
be caused by strong flashing in the break pipe, Dbubbie
concentration at the break piping inlet or intensive vapor pull
through (2).

The code offtake model was active from -2100. sec., on, when the
hot leg flow became stratified. So the hot leg and break line void
fractions were coincident until that time (fig. 26).

The break mass flow rate (fig. 27) was well reproduced until the
break uncovery. As stated in (i) the subcooled blowdown ended at a
break mass flow rate of about 4 kg/s with a smooth transition into
saturated break flow. The calculated blowdown en 24 at about the






6. CONCLUSIONS

The mijor conclusions are:

1)

ii)

iii)

iv)

The two phase head multipliers used in the calculation
caused that pumps degraded later and in a smoother way
than in the experiment.

RELAPS5/MOD2 failed to calculate onset of the stratified
flew in the hot leg.

The code could not account for the liguid entrainment and
vaper pull-through in the break tee due to the delayed
detection of stratified flow conditions. So break
uncovery was not detected and primary mass inventory was
finally underpredicted.

RELAP5/MOD2 choked flow model underpredicted the break
line velocities.
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Action
Small-break valve Opened
Reactor scrammed
¥Main feedwater

sShut off

K
[ Main steam control
y valve started to
- close
r
Primary coolant
pumps tripped

HPIS Flow)
initiated

Auxiliary feed-
water initiated

Auxiliary feed-
water terminated

TABLE 2

Reference
Tine
ILHL pressure (MPa)

TILHL pressure (MPa)

Time after reactor
scram (seconds)

ILHL pressure (MPa)
ILHL pressure (MPa)
Time after reactor

scram (seconds)

Time after reactor
scram (seconds)

OPERATIONAL SETPOINTS FOR EXPERIMENT LP-SB-2

Measured
Setpoint

0.
14.28¢ 0,02

14.28% 0.02

1.0 0.2

3.161:0.018

8,072 0.05%

2.2 0.2

1862.2: 0.3
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TABLE 3

LP-SB~2 CHRONOLOGY OF EVENTS

EVENT

Small-break valve opened

Reactor scramed

Main feedwater shut off

Main steam control valve started to close
Main feedwater isolated

Main steam control valve fully closed

Pressurizer liquid level below indicating
range

HPIS flow initiated
fubcooled blowdown ended
Auxiliary feedwater initiated

Pump two-phase performance degradation
obsarved

Break started to uncover

Primary system pressure becomes less than
secondary svstem pressure

Auxiliary feedwater shut off

HPIS flow rate exceeded break flow rate
Primary coolant pumps tripped

Primary coolant pump 1 coastdown completed

Primary coolant pump 2 coastdown completed

S —— - - - -

* Collapsed level under the HL pipe midplane

11

PLANT RELAPS
(SECONDS)
0.0 0.0
1.8 $0.05 3.4
1.8 $0,2 3.4
2.8 0.2 4.4
4.3 10,08 5.8
14.8 0.2 17.8
36.420.2 2.
42.4%0.2 18.0
50.241.0 50.
63.8:0.2 65.4
582,2:0.2  662.
1192.5¢2.5  950."
1290.0245.  1687.
1864.0£0.2  1865.0

2284.02200,

2883.2:0.2

2883.820.2
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