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SUMMARY

This document contains comparison between RELAP4/M006 predicted

and experimental measured quantities for Loss-of-Coolant Experiment
(LOCE) L2-3 performed in the Loss-of-Fluid Test (LOFT) facility. These
data comparisons provide a detailed record for subsequent analysis.

Comparisons indicate that the trends in the system hydraulic
response were generally well predicted. The core thermal response, in
general, was not well predicted due to the code failing to predict the
early rewet. It is reconmended that future LOCE L2-3 posttest analysis
efforts be centered on gaining a better understanding of modeling rewet
phenomena with the RELAP4/M006 heat transfer surf ace. Better modeling
of the performance of the steam generator secondary side is also needed
before modeling small break LOCEs.
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RELAP4/M006 PREDICTION COMPARISONS

WITH LOFT LOCE L2-3 DATA

1. INTRODUJTION

An extensive comparison has been made between the experimental
1data from Loss-of-Coolant Experiment (LOCE) L2-3 , performed in the

loss-of-Fluid Test (LOFT) facility, and data from the experimental
2prediction for LOCE L2-3 , performed using a modified version of

R ELAP4/M006. The objective of this report is to make these comparisons
generally available, with only limited qualitative observations, and to
define areas of future posttest analysis.

The LOFT f acility is a 50 MW(t) volumetrically scaled pres-
surized water reactor (PWR) system designed to study the response of
the engineered safety features in cormlercial PWR systems during the,

postulated loss-of-coolant accident. The LOFT system contains major
components representative of those in a typical four-loop PWR and can
be operated at conditions typical of a PWR. The LOFT reactor vessel

contains a downcomer, a lower plenum, a nuclear core, and an upper
head. The LOFT piping system consists of an intact loop, which repre-
sents the three unbroken loops of a four-loop PWR, and a broken loop,
which represents a broken loop of a PWR.

LOCE L2-3 was a nuclear experiment simulating a 200% (100% break
area in each leg of the LOFT broken loop) double-ended offset shear in
the cold leg of a four-loop PWR. At experiment initiation the LOFT
system was operating at a power level of 36.7 MW, which yielded a
maximum linear heat generation rate of 39.4 kW/m, the mass flow rate in

the intact loop was 199.8 kg/s, and the temperature of the primary
coolant ranged from 560.7 to 592.9 K. Emergency core coolant (ECC)

injection into the intact loop cold leg was initiated automatically at
14 s after experiment initiation. The specific objectives for LOCE
L2-3 are stated in Reference 4.

c a C, [j b
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The experiment prediction for LOCE L2-3 is best-estimate calcula-
tions of thermal-hydraulic responses in the LOFT system and was per-

formed prior to conducting the experiment using the RE\.AP4/M006 com-
5outer code . RELAP4/ MOD 6 is designed to calculate thermal-hydraulic

responses, including fuel rod cladding temperatures, ir. a PWI during
the blowdown and reflood phases of a loss-of-coolant trans ynt. The
test parameters used in the calculations are specified in Reference 4.

The experiment prediction and experimental dat.a for LOCE L2-3 are

compared in Section 2 on data plots with data from both sources over-
laid. The experimental data shown are classified as qualified engineer-
ing units data, restrained data, not reviewed data, or computed data.
There data classifications and the paranters cenpared are discussed in
Section 2. Conclusions from the data corsparisons and recorm:endations

for future LOCE L2-3 posttest analysis work are presented in Section
3. Locations of the experimental measurements in the LOFT system are
shown in figures in Appendix A. These figures are on foldout sheets
that, when unfolded, allow the figures to be viewed alongside the data
plots for reader e avenience.

2. DATA COMPARISONS '

In the contnt of this report, the experimental and experiment

prediction data are most easily compared on data plots showing corre-
sponding data f rom both r.ources. (The reader is encou'nged to consider

the error bands listed in Reference 1-in relation to the experimental

data.) The experimental data are classified on each ~ plot as CEUD
(qualified engineering units data), REST (restrained data), NORE (r.at
reviewed data), or COPE (computed data). These classifications are
defined in Section 2.1. The experimental parameters compared are

discussed in Section 2.2 ,

/

.

2.1 Experimental Data Classifications

Individual plots of experimental Ata discussed in this report are
classified in one of the followinr, four, cctegories.

Y,; v
'
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2.1.1 Qualified Engineering Units Data. Qualified engineering
units data (QEUD) must meet the following criteria:

(1) Have had all calibration corrections applied

(2) Have been compared with independent data and found to

agree during the period of interest within specified
uncertainty limits

(3) Have been verified to represent the parameter being
measured.

Analytical use of the data is unrestricted for th :9ecified time
periods and within the defined uncertainty bands.

2.1.2 Restrained Data. Restrained d&ta (REST) appear reasonable
but cannot be classified QEUD because they 7eet either one of the
following criteria:

(1) They are outside uncertainty bend established by
reference measurements or derived from redundant
measurements when such are available

(2) There are no independent data available for applying
required calibration corrections during particular time
intervals, and there are either no redundant measure-
ments with which to compare the data or the data are

outside uncertainty bands derived by such comparison

when redundant measurements are available.

. Restricted data used in numerical analyses are constrained by their
restrictive statements included on the data plots.

2.1.3 Not Reviewed Data. Not reviewed data (NORE) have not been
reviewed by the Data Integrity Review Committee (DIRC) (this definition
is for internal recordkeeping only).

OLR 30'
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2.1.4 Computed Data. Computed data (COPE) have been calculated
from measured data using data processing subroutines. In the figures,

the four letter acronym appears on the plot; the test data trace is
indicated by open squares, while the experiment prediction trace is
indicated by solid circles.

2.2 Experimental Parameters Compared

Many of the data plots for the parameters compared show a differ-
ence in initial conditions between the experiment prediction and experi-
mental data. This difference is probably the result of one of two

errors or a combination of both. The first probable error to be con-

sidered is that the initial test conditions were not exactly known
prior to the experiment, and the second is that the physical system was
not accurately described via input data to the RELAP4/M006 solution
scheme. The figures showing data discussed in the following subsections
are presented at the end of Section 2.

2.2.1 Fluid Density. Figures 1 through 4 show that the trends in
the density behavior were well predicted. The intermittent slug flow
past the densitometer in the intact loop cold leg upstream of the ECC
injection point was not predicted, as can be seen in Figure 3.

2.2.2 Differential Pressure. Figures 5 through 11 show compari-
sons between predicted and measured differential pressures. In general,
the trends of the experimental data were well predicted. The initial
differential pressure across the pumps (see Figures 8, 10, and 11) and
steam generator (see Figure 9) in the intact loop reflect an adjustment
due to the elevation head between the taps. The experiment prediction
data cannot be corrected for this transducer calibration effect, and
consequently, do not agree with the data before the start of the

transient.

2.2.3 ECC Flow Rate. Figures 12 through 14 show comparisons
between predicted and measured ECC volumetric " low rates. The trends
of the experimental data were well predicted.

i' c ; L ,

4 3y,.v



. .

LTR 20-104

2.2.4 Liquid Level. The liquid level comparisons are shown in
Figures 15 through 17. The trends in the experimental data were well
predicted with the exception of steam generator secondary level. This

is probably due to a misstatement of either the steam generator secon-
dary feed or steam flow boundary conditions.

2.2.5 Mass Flow Rates. Figures 18 through 23 show comparisons
between predicted and measured mass flow rates. The predictions are

within the error bands of the experimental data for the majority of the
transient.

2.2.6 Momentum Flux. Figures 24 through 31 show comparisons

between predicted and measured momentum fluxes. With the exception of

the broken loop cold leg, the prediction is for the most part in good
agreement with the trends of the experimental data.

2.2.7 Pressure. Figures 32 through 47 show comparisons between

the predicted and measured pressures. The pressures in the primary
system were well predicted. The pressure in the blowdown suppressior,

tank (see Figure 44) and steam generator secondary side (see Figure 45)
were not well predicted.

2.2.8 Pump Speed. Figure 48 shows a comparison between predicted
and measured pump speeds. The agreement is satisfactory.

2.2.9 Fluid Velocity. Figures 49 through 52 show comparisons

between predicted and measured fluid velocities. The velocity in the
broken loop cold leg (see Figure 49) was not well predicted; however,
the trend of the velocity in the broken loop hot leg was well predicted.

The velocity in the intact loop hot and cold legs are in good
agreement with the predictions. Since the velocity measurement trans-
ducers are unidirectional, it is believed that the experimental data
shown in Figure 52 should be inverted from 8 to 30 s which would be in
agreement with the predictions. This is substantiated by the bidirec-
tional momentum flux measurements shown in Figure 27.

5
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2.2.10 Fluid Temperature. Figures 53 through 89 shca comparisons
between predicted and measured fluid temperatures. In general, the

trends of the predictions and the experimental data are in good agree-
ment.

2.2.11 Fuel Rod Cladding Temperature. Figures 90 through 105

show comparisons between preuicted and measured fuel rod cladding
temperatures. The prediction exhibits early departure from nucleate
boiling relative to the experimental data, and the rewet, which occurs
early in the transient, is not predicted by the code. Considering the

general good agreement of other experimental measurements, it is
surprising that the cladding temperatures are not in better agreement.
This may be an indication of a heat transfer problem in the code.

- i ) ':,, e c, J.
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3. CONCLUSIONS AND RECOMMENDATIONS

The overall agreement between the experiment predictions and the
experimental data is good, except for the fuel rod cladding thermal
response and the performance of the steam generator secondary siJe.

It is reconmended that future LOCE L2-3 posttest analysis
activities be centered on gaining a better understanding of modeling
rewet phenomena with the RELAP4/M006 heat transfer surface. In

addition, better modeling of the performance of the steam generator
secondary side is needed before modeling small break LOCEs.
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APPENDIX A

EXPERIMENTAL MEASUREMENT LOCATIONS IN THE LOFT SYSTEM
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APPENDIX A

EXPERIMENTAL MEASUREMENT LOCATIONS IN iHE LOFT SYSTEM

Figure A-1 shows the intict loop and external reactor vessel

instrumentation. Figure A-2 shows the broken loop instrumentation,
Figures A-3 and A-4 show the internal reactor vessel instrumentation.
Figure A-5 shows a core map. The core thermocouple identification
number cari be used with this map to locate a transducer in the core.

The identification number is broken down as follows

Transducer location (inches from bottom of core)
Fuel assembly row

,

Fuel assembly column / /
7

Fuel assembly number

Transducer type j
/

/ /

TE-3811-23

CCb O fj

63



. -

LTR 20-104

SLANK

os
O C.

, ) '

64



LTR 20-104

TE-SG-1
TE-S G-2 ,

TE-SG-3
TT-P139-32 DE-PC-2
TT-P139-33 F E-PC-2 A,B,C

Pd E-PC-3 Steam TT-P139-34 M E-P C-2 A,B,C
generator O PE-PC-2

PE-PC-4 \ T E-PC-2 A,B,C
N/'LT-P139-6 S 3f

LT-P i 39-7 / 5 [ A._.,-; }
LT-P139-8 Q {- .. /;'

N..-
' ~#TE-P139-20 Pressur:zer # \

. PdT-P139-30-\.
TE-P139-19 - / Pd E-PC-6

__

I E-PC-1k,B C-P139-2
~

PdE-PC-5 | M E-PC-1 A,B,C-P139-3 ' '

'

[M
-P139-4 Pd E-PC-4 ..

E TE-PC-1 A,B.C
!

' ' "
-P139-27-1 - i: Pump ECC cold leg injection unitPd E-PC-2

2 i PT-P120-061
PCP-1-F, PCP-1-1 (ump ;

P-1-VR M S 1PCP-1-V, PCP-2-F a /W
P-1-lRMS PCP-2-1, PCP-2-V % % y

PPE-PC-1, RRE-PC ') VV -

gP-2-VRMS
:

P-2-IR MS j PdE-PC-10PCP-1-P, PCP-2-P
'7 Pd E-PC-9

,, 1 ,

PdE-PC-1
E-PC-3h I Reactor

vesselPE-PC-3B ( j

IN EL- A-7301 -1--
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Fig. A-4 Reactor vessel upper plenum measurement locations.
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Fig. A-5 Core map showing fuel rod position designations.
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