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ABSTRACT

Loss-of -<Fluid Test (LOFT) Experiment L9-1/L3-3, which was completed on
April 15, 1981, consisted of two parts designated L9-1 and L3-3 that were
con.leted sequentially. L9-1 simulated a multiple failure transient
initiated from a loss-of -feedwater accident (LOFA) and had as its main
ovjective, measurement of the effectiveness of a scaled power-operated
relief valve (PORV) to control primary system pressure with a dry steam
gererator secondary. L3-3 simulated two recovery moces from a LOFA. The
first mode consisted of turning off the primary coolant pumps and latching
open the PORV to depressurize the primary system to the emergencCy core
cooling system (ECCS) injection setpoint. The second mode consisted of
shutting the PORV and refilling the steam generator to restore the
secondary heat sink and remove decay heat through the secondary. ECCS
injection was inhibited throughout L9-1 and L3-3 to better assess the
effectiveness of the independent recovery modes and was used only after
termination of L3-3 to recover the plant. In addition, a slow core
uncovery (L8-1A) was attempted. This attempt was unsuccessful due to
insufficient primary system mass depleticn. Data from Experiment L9-1/L3-3
and from the preexperiment prediction calculated using RELAP5, an advanced
one-dimensional system analysis coce based on 2 nonhomogeneous,
nonequiliorium, hydrodynamic model, are compared in this report. In L9-1,
the PORV was successful in controlling primary system pressure with a dry
steam generator secondary. In L3-3, each recovery method was effective in
bringing the plant to a safe condition.

NRC FIN No. A6048 - LOFT Experimental Program




SUMMARY

Loss-of-Fluid Tast (LOFT) Experiment L9-1/L3-3, which was completed on
April 15, 1981, consisted of two parts designated L9-1 and L3-3 that were
completed sequentially. L9-1 simulated a multiple fa‘lure transient

Jdtiated from a loss-of-feedwater accident (LOFA) and had as its main
objective, measurement of the effectiveness of a scaled power-operated
relief valve (PORV) to control primary system pressure with a dry steam
qenerator secondary.

L3-3 simulated two recovery modes from a LOFA., The first mode
consisted of turning off the primary coolant pumps and latching open the
PORV to depressurize the primary system to the emergency core cooling
system (ECCS) injection setpoint. The second mode consisted of shutting
the PORV and refiiling the steam generator to restore the secondary heat
sink and remove decay heat through the secondary. ECCS injection was
innibited throughout L9-1 and L3-3 to better assess the effectiveness of
tne independent recovery modes and was used only after termination of L3-3
to recover the plant.

Data from Experiment L9-1/L3-3 and from the preexperiment prediction
calculated using RELAPS, an advanced ore-dimensional system analysis code
based on a nonhomogeneous, nonequilibrium, hydrodynamic model, are compared
in tnis report.

The experiment was initiated from operating conditions representative
of a commercial pressurized water reactor (PWR). A1) feedwater was shut
off to initiate the experiment and primary system temperature started to
increase as the steam generator boiled dry. The reaztor scrammed on high
nhot leg pressure at 65.4 s. Pressurizer spray controlled pressure until it
was manually shut off at 1245 s (20 min, 46 s). The PORV then effectively
controlled pressure by cycling open approximately 5% of the time until
3270 s (54 min, 30 s), when it was latched open, terminating L9-1 and
initiating L3-3.
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The primary pressure decreased to the saturation pressure of 12.3 MPa
(1784 psia). This pressure was below the high-pressure injection system
setpoint of 13.2 MPa (1915 psia) by 3329 s (55 min, 29 s) which would have
initiated ECCS injection had it not been purposely locked out. The primary
system pressure continued to decrease until the PORV was shut at 4850 s

(1 h, 21 min) which terminated the first recovery mode simulation. The
second recovery mode simulation was initiated at 5115 s (1 h, 25 min) ty
refilling the steam generator secondary. Operator-controlled secondary
feed and bleed was initiated at 6712 s (1 h, 52 min) and the experiment w.s
terminated at 9517 s (2 h, 39 min) prior to initiating ECCS injection.

A prediction of Experiment L9-1/L3-3 was made with the RELAPS computer
code. While the trends of the experiment were correctly predicted,
magnitudes were significantly different due, at least in part, to
differences in pressurizer spray effectiveness and primary system heat
sinks.

Pressurizer spray was more effective in controlling primery system
pressure tran predicted. >Spray prior to reactor scram delayed the time of
scram to 65.4 s, approximately 9 s later than predicted which, together
with a lower than predicted steam generator liquid level, resulted in less
liquid mass in the steam generator secondary at reactor scram.

A combination of more effective than modeled pressurizer spray and
larger than expected primary system heat sink reduced the prirary system
neatup ~ate to less than predicted. This resulted in a less inta2grated
cycling time (open 5% of the time versus approximately 22% predicted) for
tne PORV in L9-1 and less total primary system mass depletion (24%
depietion versus 35% predicted) throughout Experimert L9-1/L3-3 than was
predicted. Most of this mass depletion discrepancy was encountered during
L3-3.

Steam leakage through the main steam control valve reduced secondary
pressure during the experiment but is not considersd to have significantly
affected primary system response.




Refilling the steam generator caused a shrink of the primary system
fluid. Tnis snrink resulted in the pressurizer completely draining and the
reactor vessel mixture level decreasing approximately 0.2 m.
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DEFINITIONS

Flow reversal - the inception of negative flow in a system comoonent or at
a particular location in the system.

Flow roreversal - the reincention of positive flow in system piping, in a

component, or at a particiular location in the system.

Forced circulation - circulation (flow) caused by the pumps in the loon.

Loop circulation - positive lood flow which proceeds from the heat source
(the core) to the neat sink {(the steam generator) and then returns to the

neat source.

Natural circulation - circulation (flow) caused by density aradients,
induced bv heat generation in the core and suctained bv concomitant heat

removal.

Opsitive flow - flow in the direction that occurs during normal operation

in piping, a compcnent, or a loon.

Pump seai - the U-snaped piping on tne inlet side of th: primary coolant
pumps.

concomitant fallback of condensed liguid film into the i.tact loop hot leg
and reactor vessel upper ple .um.

Succooled blowdown - the period during a loss-cf-coolant transient when
subcooled fluid is leavirg the system through the break and system fluid is
saturated only in the pressurizer and downstream of the break.

Mass flux-induced flow - flow in the loops induced by mass influx or efflux
(for example, break- or ECCS-induced flow).




Subcooled break flow - the period during a loss-of-coolant transient when
subcooled fluid is leaving the system from at least one location.

Subcooled break flow - the period during a loss-of-coolant transient when
subcooled fluid is leaving the system from at least one location.

Mass flux-induced flow - flow in the lnops by mass influx or efflux (for
example, break- or ECCS-induced flow).

Submeter (or subcooling meter) - the calculated value, from measured
durameters, of the fluid subcooling in the reactor vessel upper plenum,
Positive values indicate the fluid is subcnoled.

Time zero - time of predefined transiert initiating event (for LOFAs,
defined as first indication of decrease in feed flow).

X i



QUICK-LOOK REPORT ON LOFT NUCLLA“ EXPERIMENT L9-1/L3-3

1. INTRODUCTION

Experiment L9-1/L3-3 was successfully completed on April 15, 1981, in
the Loss-of-Fluid Test (LOFT) facility. This experiment consisted of two
parts, L9-1 and L3-3. The first experiment, L9-1, addressed the issue of
safely controiling primary coolant pressure without recourse to the
emergency core coolant system (ECCS) after a loss-of -feedwater accident
(LOFA), while the second, L3-3, stressed two methods of piant recovery from
tnis accident. In addition, a slow core uncovery (L8-1A) was attempted.
This attempt was unsuccessful due to insufficient primary system mass
depletion. L9-1 was a multiple failure transient; specificaliy, a LOFA
with no auxiliary feedwater injection and with delayed scram. L3-3
simulated an operator-controlled recovery from the L9-1 LOFA by shutting
off the primary coolant pimps and depressurizing the primary sysiem through
the power-operated relief valve (PORV). An alternate recovery method was
then tested by shutting the PORY, restoring the steam generator heat sink.
and feeding and bleeding the secondary. The ECCS was inhibited throughout
both L9-1 and L3-2 in order to study the two recovery modes and was only
used for final primary system refill after termination of Experiment L3-3.

The main objectives of L9-1 and L3-3 were to evaluate the system
response to a LOFA simulation with multiple failures and to evaluate the
¢ffectiveness of two methods of recovery from this transient. The ability
of computer codes to calculate system thermal aind hydraulic response to
these conditions was also to be evaluated. The detailed experiment
objectives requirea to satisfy the programmatic objectives for each part of
Experiment L9-1/L3-3 are listed in Appendix A.

This ieport presents a preliminary examination of the LOFT plant
performance during Experiments L9-1/L3-3 and a comparison of selected data
from the RELAPS preexperiment calculation. The LOFT integral test
facility] is a scale model of a large pressurized water reactor (PWR).



Tne intent of the facility was to model the nuclear, thermal-nydraulic
pnenomena which would occur in a large PWR during a loss-of-coolant
accident (LOCA). In general, components used in LOFT are similar in design
to those of a large PWR and, because of this and the scaling philosophy
employed, a LOFT loss-of-coolant experiment (LOCE) is erpected to closely
resemble a large PWR LOCA. The RELAF5 computer code2 used for the
preexperiment prediction is an advanced, one-dimensional, system analysis
cnde based on a nonhomogeneous, nonequilibrium, nydrodyramic model. It
features top-down structural design, with the significant programming
elements counled in modular fashion, and includes those thermal-hydraulic
and mechanical models required to describe the processes that occur during
blowdown of a large PWR.

This report contains an evaluation of plant performance for Experiment
L9-1/L3-3 in Section 2, including a summary of specified and measured
initial conditions in Table 1 and a listing of identifiable significant
events in Table 2. Section 3 presents a summary of Experiment L9-1/L3-3
results, followed in Section 4 by conclusions reached from the preliminary
examination of results reported in Section 3. Data plots are presented in
section 5 to support tne experiment chronology in Section 2 and tne
discussion of results in Section 3. The plots presented also include
comparisons of measured and predicted data. The predicted data were
calculated by EGAG Idaho, Inc.3 using the RELAPS? computer code. The
LOFT system geometry is shown in Appendix B. Additional details of the
LOFT system are presented in Reference 1.

a. The version of RELAPS used was RELAPS/MOD"1" Cycle 6, a production
version of the RELAPS5/MOD"1" code which is filed under Idaho National
Engineering Laboratory Configuration Control Number F00181.




TABLE 1. INITIAL CONDITIONS FOCR EXPERIMENT L9-1/L3-3

Parameter

Specified Value

Measured Value

Primary Coolant System

Mass flow rate (kqég)
: (x10° 1bm/hr)

Hot leq pressure (MPa)
. (psia)

Cold leq temperature iﬁg

Boron concentration (ppm)

Hot leg temperature (K)

(°F)
Reactor

Power level (MW)

Maximum linear heat

generation rate (kW/m)
(kW/ft)

Control rod position (above

full-in position) (m)

(in.)

Steam Generator Secondary Side

Water level (m)C
(in.)

Water temperature (K)

(°F)

Pressure (MPa)
(psia)

Mass flow rate (kg/s)
(1bm/s)

8roken Loop

Hot leg temperature (K)
(°F)

As required to main-
tain temperature

556.9
542.5

|+l +

16.7
30.0

479.1 + 2.6
3.80 ¥ 0.02

+0.10
2161 * 19.5

558.9 + 1.3
546.0 ¥ 2.3

-
O
-

o
&
w
|+l + |+ +

|+ +
- OO
S0 MO

I+l +

o3
.
N
4
I+ +
-0
-
o ©

|+ +



TABLE 1. (continued)

Parameter Srecified Value Measured Value

8roken Loop (continued)

Cold leqg temperature (K) 556.
(°F) 542,

Suppression Tank

w
o
o

-
@ O -

Ligquid level i
in.)

I +H+

w no e
-
® &
—_—0 oN Wo
-

- N N =
[+ +

Gas volume (ﬂpg
(ftd)

Water temperature (K)
(°F)

—o

|+ +

o
o
Fey
-

anih &
O -
.

W .
~ O O

|+l +

Pressure (gas space) (MPa)
(psia)

o
*8
F=

Pressurizer

Steam volume (m3§
(ft2)

Liquid volume (m3§
(ftd)

Water temperature (K)
(°F)

Pressure (MPa)
(psia)

Liguid level (m)
(in.)

a. Listed values ars as specified in the Experiment Operating
Specification (E0S).%* If no value is listed, that parameter is not
specified by the EOS.

b. These values are out of the ranges specified by Reference 4.

€. Steam generator liguid level is referenced to zero power level, 2.95 m
(9.68 ft) above the top of the tube sheet.

d. Values specified consistant with £0S requirements.




TABLE 2. EXPERIMENT L9-1/L3-3 CHRONOLOGY OF EVENTS

Time After Expegiment
Initiation
(s)

b Measured Prediction
Event Data Data

L9-1

Main feedwater off 0.0

Pressurizer spray activated 30.0 + 0.1
(15.32 MPa, 2221.98 psia, in
pressurizer)

Reactor scram (15.67 MPa,
2272.74 psia, in intact loop
hot leg)

Steam generator main steam
control valve closed

Steam generator liquid level
reached bottom of indicating range
(0.25 m, 0.83 ft, above tube sheet)

Pressurizer spray valve cycling
initiated (15.32 MPa, 2221.98 psia, in
pressurizer)

Pressurizer liquid level reached 1089.7 + 29.9 896
top of indicating range (1.83 m,
6.00 ft, above bottom)

Pressurizer spray valve cycling 1246.0 + 0.1 1640.0
ended
- Experiment PORV cycling initiated 1467.¢ * 2.1 968.0
(16.18 MPa, 2346.71 psia, in
pressurizer)
L3-3
Experiment POR. latched open 3269.9 + 0.1 1628.0
. : + 0.2
Primary conlant pumps tripped off 3284.8 _ 0.0 1628.0
Primary coolant pump coastdown + 0.8
completed 3304.2 _ 0.0 1643.0



TABLE 2.

(continued)

Eventb

Upper plenum fluid reached
saturation pressure

Experiment PORV closed

Steam generator secondary refill
initiated

Natural circulation initiated

Steam generator secondary refill
completed

Pressurizer liquid level reached
nottom of indicating range
(0.06 m, 0.20 ft, above bottom)

Steam generator secondary feed
and bleed initiated

Experiment completed (secondary feed

and bleed ended)€

a.

h.

Time After Expesiment
Initiation
(s)
Measured Prediction
Data Data
3329.4 + 0.2 1628.0
4849.7 + 0.1 3430.0
+ 0.2
5114.6 _ 0.0 3430.0
+ 10
5205 _ 5 -
> + 0.2
5746.4 _ 0.0 4554.0
5915 + 5 3594
+
6712.2 _ ,° 5460.0

9517.4

+
oo o s |
- -
N O o™N

Experiment initiation defined as when main feedwater flow started to
decrease.

Pertinent setpoint and level values are enclosed in parentheses.

Experiment was terminated just prior to ECCS injection initiation.




2. PLANT EVALUATION

An evaluation cf plant performance is presented. The discussion
summarizes the initial experimental conditions, the identifiable
significant events, and the instrumentation performance for Experiment
L9-1/L3-3.

Since Experiment L9-1 simulated a multiple failure transient which
challenged the PORV, a 1.32 x 10’9 kg/s/MW (104.95 1bm/hr/MW) steam-
scaled experiment PORV, geometrically similar to large PWR PORVs, was
installed downstream of an instrumented spool piece in parallel with the
plant PORV. This relief capacity corresponded to the minimum relief
capacity in a generic Westinghouse PWR desic with an eaquivalent flow area
of 1.69 x 1072 w (0.0182 t°), and resulted in an experiment PORV
flow area of 2.48 x 10°° m (0.0002668 ft°).

2.1 Initial Experimental Conditions

A summary of the specified and measured system conditions immediately
prior to Experiment 1.9-1/L3-3 is given in Table 1. All of the initial
conditions were within specified 1imits except intact loop cold leg
temperature (0.18% nigh), steam generator liauid level (1.75% low),
pressurizer liquid level (3.43% high), and suppression tank liquid level
(6% low). These out-of-specification values did not adversely affect the
experiment results.

2.2 Cnronology of Events

[dentifiable significant events for Experiment L9-1/L3-3 are listed in
Table 2, where their times of occurrence are compared with the times
predicted by the RELAPS5 calculation. An annotated primary-system/
secondary-system depressurization history is shown in Fiqure 1.



The main feedwater pump was tripped off and the time when its flow
started to decrease was designated as L9-1 initiation, time zero. Rising
primary system pressure tripped pressurizer spray on at 30 s, followed by
reactor scram nn high hot leg pressure at 65 s (1 min, 5 s). Primary
conlant shrink was essentially halted with steam generator <econdary steam
control valve closure at 77 s (1 min, 17 5). This coincided with the time
at wnicn the steam generator secondary liauid level nad dropped to 21% of
its initial level. Primary system pressure again increased to tne
pressurizer spray setpoint at 209 s (3 min, 29 s) and was controlled bv
pressurizer spray until tnat was manually terminated at 1246 s (20 min,

46 s). Primary system pressure then increased further to the experiment
PORV setpoint, which started to cycle at 1468 s (24 min, 28 s). The
experiment PORV was allowed to cycle and control primary system pressure
for 1800 s, until it was manually latched ooen at 3270 s (54 min, 30 s),
the end of L9-1 and the beginning of L3-3.

After latching the experiment PORV open, primary system
depressurization was immediate and rapid (0.10 MPa/s, 14.7 psia/s). The
unper plenum reached saturated conditions within 60 s, and tne experiment
PORY was closed at 4850 s (1 h, 21 min) to end the first LOFA recovery
mode. Steam generator secondary refill was then initiated at 5115 s (1 n,
25 min), to begin the second LOFA recovery mode, and was terminated at
5746 s (1 h, 36 min). Secondary feed anc bleed was started 966 s (16 min,
6 s) iater and finally ended at 9517 s (2 n, 39 min), just prior to ECCS
injection and final plant recovery.

2.3 Instrumentation Performance

The instrumentation used for Experiment L9-1/L3-3 was the same

instrumentation used for Experiment L3-6/L8-15'6

with some additions and
deletions., Tne additional instrumentation provided measurement of density,
temperature, pressure, momentum flux, and mass flow upstream of the

experiment PORV; fluid velocity and temperature in the intact loop and



secondary coolant system; momentum flux in tme intact loop; and
differential pressures in both intact and broken loops. In addition to
these changes, the Experiment L3-6/L8-1 break line instrumentation was
deleted for this experiment.

During the experiment, several parameters were monitorec on cathode
rav tubes in the control room, visitor display room, and technical support
center in real time :o determine the thermal and hydraulic status of the

core. The monitored narameters included:
1. Liquid level--both in the upper plenum and in the core

2.  Fluid and cladding temperaturss--both in the upper plenum and in

the core.

There were 722 instruments recorded for evaluation of the experimental
results. Of tnhe number examined at this time, 97% performed satisfactorily.



3. RESULTS FROM EXPERIMENT L9-1/L3-3

The preliminary analysis presented in this section is based on data
processed and available within approximately the first 2 weeks following
the conduct of Experiment L9-1/L3-3. In certain instances, this analysis
reflects the current lack of confirmatory data or analysis. Analysis of
the data will continue in order to further refine these preliminary results
and conclusions. The discussion in the following subsections treats the
pnenomena of each part of tne experiment separately.

3.1 Experiment L9-1 Pnenomena and Comparison with Prediction

The significant phenomena measured during L9-1 are discussed in this
section. In addition, comnarison is made between the measured data and
preexperiment predictions.3

3.1.1 Experiment L9-1 Phenomena

Ppanomena observed during L9-1 include:

3ia Steam qenerator Iiquid inventory depleted rapidlv, reaching 2
level of 0.64 m (2.1 ft) above the top of the tube sheet at
reactor scram (65.4 s). It then continued to decrease under the
influence of core decay heat, reaching the bottom of thne
indicating range, which corresponded to 0.25 m (0.82 ft) aoove
the top nf the tube sheet by 190 s (3 min, 10 s). Decreasing
secondary system pressure due to steam valve leakage and
increasing fluid temperature tnrougnout L9-1 are evidence that

the secondary side nad dried out (that is, there was no liquid
present).

10



After tne effects of reactor scram on the transient nad ended and
throughout th2 rest of L9-1, the combined core decay heat and
primary coolant pump power continued to exceed primary system
coolant neat losses. This heat imbalance caused the primary
system conlant temperature to continually increase which resulted
in a coolant swell and insurge into the pressurizer (Figurs 2).
Pressurizer spray was effective in maintaining primary system
pressure until it was manually shut off at 1246 s (20 min, 46 s).
allowing the pressure to increase to the PORV setpoint at 1468 s
(24 min, 28 s) (Fiqure 1).

The PORV was able to control the primary system pressure
throughout the remainder of L9-1 by cycling open approximately 5%
of the time and emitting 175 kg of mass by 3270 s (54 min, 30 s)
(see Figure 1).

3.1.2 Comparison with Prediction

The preexperiment prediction corractly predicted that tne PORV would

control primary system pressure with a dry steam generator secondary. The

predicted experimental time scale was sensitive to variations or

differences between actual and predicted time-dependent boundary

conditions, as noted in Reference 3. Significant differences between

predicted and actual system benavior caused by these variations are listed

as follows:

].

The steam generator liquid level at reactor scram was predicted
to he 0.9 m versus approximately 0.6 m in the experiment. One
reason for this difference was that the pressurizer spray was
predicted to be much less effective in depressurizing the primary
system than it actually was, as can be seen in Fiqure 3. The
effect of the spray delaved the increase of primary system
pressure to the scram setpoint, delaying the scram to 65.4 s, or

1




wun
-

8.9 s later than predicted and, together with the low initial
steam generator liguid level, resulted in more mass depletion
from the steam generator secondary.

Figure 4 cshows the overall primary system hot leqg temperature
overlayed with the prediction. The actual heatup rate was much
slower than predicted. A comparison of heat source strength and
fluid heatup rate in the experiment indicates that there was
approximately a 1-MW heat sink during L9-1, nearly twice as much
as was modeled. The location of this heat sink is currently not
Known.

The pressurizer spray controlled primary system pressure after
reactor scram and was manu2lly shut off after orerating 1037 s
(17 min, 17 s) so that the PORV would be challenged. In the
prediction, primary system coolant swell eventually filled the
pressurizer and challenged the PORV without requiring that the
spray be shut off. This difference was apparently a direct
result of the larger than predicted heat losses mentioned above.

As mentioned in Section 3.1.1, there was an apparent small steam
leak in the steam generator secondary. 5Similar leakage has been
detected in previous experiments and results from incomplete
seating of the main steam control valve. A RELAPS study wherein
the measured secondary system pressure was input to the
calculation showed no effect on the predicted primary system
rasponse in L9-1.

Juring the PORV cycling, approximately 175 kg of mass left tne
orimary system, as opposed to 300 kg predicted to leave

(Figure 5). Thnis differeice was due to less primary coolant
swell than predicted which, in turn, was affected by the larger
than expected primary system heat losses.
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3.2 Experiment L3-3 Phenomena and Comparison with Prediction

After the PORV had cycled for approximately 1800 s (30 min), L9-1 was
terminated and L3-3 was initiated by l2tching open the PORV and turning off
the primary coolant pumps. This section discusses the observed phenomena
and compares these with the prediction.

3.2.1 Experiment L2-3 Phenomena

Pnencmena observed during L3-3 include:

¥a When the PORV was latcrad open, the primary systen pressure
quickly decreased to saturation pressure of 12.3 MPa (1784 psia),
as seen in Figure 1, Thnis pressure was below tha ECCS injection
setpoint of 13.2 MPa (1915 psia) and demonstrated the ability of
recovering from a LOFA with a dry steam generator secondary.
PORV response to a wide range of upstream conditions (10.5 to
16 MPa, 1523 to 2321 psia, oressure and 50 to 700 kgimJ, 3.1 to
44 lom/ft3, fluid density) was measured (Figures 1 and 6).

2. Primary system mass depletion continued until 4850 s (1 n,
2] min), when the PORV was shut, terminating the first LOFA
recovery mode simulation. Tne second recovery mode simulation
was initiated by refilling tne steam generator secondarv. The
combination of these two operator actions caused a redistribution
of mass as the pressurizer auickly drained (Fiqure 2), and tne

resulting primary coolant tempsrature ‘scroise caused a coolant
level snrink. The mixture level shrink in the reactor vessel wais
indicated by thermocousles and liquid level conductivity probes
which are sensitive to coolant guality. The data for these

§ instruments located in the reactor vessel just above the hot leg

nozzles indicate that the level decreased approximately 0.2 m,

13



3. Primary sys.em pressure decreased rapidly in resporse to the
reestablishment of the steam genera‘or heat sink. Natural
circulation started up at pproximately 5205 s (1 h, 27 min).
Operator-co~*rolled steam gener tor feed and bleed operations
wera initiated at 6712 s (1 h, 52 min), and the depressurization
rate increased (Figure 1). Thus, reestablishment of the steam

generator heat sink was also shown to be an effective means of
recoverv from a LOFA.

3.2.2 Compariscn w’th Prediction

Again, the system response was, in general, correctly predicted,
including depressurization to the ECCS injection setpoint during the first
recovery mede simulation and primary system depressurization and natural
circulation caused by steam generator refill and feed and bieed during the
second recovery mode simulacicn.

Significant ¢ifferences between the experiment data and prediction
caused by differences in the time-depondent boundary conditions include:

1. Thore was mich less urimary system ~epressurization subseguent to
latehing open ine PORV than predicted (Figure 7). This
difforence can be explained, at ieast in part, by tre greater
than m,4eled heat sink discussed in Section 3..2. Prior to the
exneriment, this predicted repressurization was believed to be
ralated to the steam qeneration rate in the primary system, as
calculated by the code, and may not be pnvsical. The mc 'eling
dependency of this repressurization is being investigated.

2 Tne total primary system mass dep!etion was approximately 1475 kg
(3245 1om), as opposed to 1900 kg (4180 1bm) which was predicted
(Fi.ure 5). Thnis is believed to be due to the difference between
actual and predicted upstream fluid conditions which were, in
tu.n, influenced by primary coolant swell and primary system heat
losses.
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4. CONCLUSIONS

Tre conduct of LOFT Experiment L9-1/L3-3 and the data cquired
concerning integral system response to the experiment are considered to
have met the objectives as defined by the Experiment Operating
Specificahon4 and discussed in Section 3. Conclusions based on the
preliminary analysis and experiment assessment are as follows:

1. For L5-1:

a. The PORV effectively controlled primary system pressure with
the steam gererator dry.

b. Pressurizer spray was more effective than predicted in
mitigating primary system pressurization as steam generator
heat transfer degraded. This contributed to a lower than
predicted steam generator liquid level at reactor scram.

c. The primary system heat losses were higher than predicted
which resulted in a slower heatup rate and a lower total
cycle time for the PORV than predictec.

d. There was steam leakage from the steam generator which
caused the secondary pressure to decrease during tne
transient. This did not sicnhificantly affect primary system
response.

e. There was less mass depletion during L9-1 than predicted due
to more primary system heat losses. It is concluded that
the additional heat losses encountered in the experiment are
due to a mechanism not previously identified. Efforts are
continuing to identify the heat loss mechanism.

15



- For L3-3:

a. Each LOFA recovery mode simulation was able to adequately
bring the plant to a safe condition.

b. Significantly less mass left the primary system than was
predicted. The differince is directly attributed to the
difference in fluid conditions upstream of the PORV.

c. The reactor vessel mixture level decreased approximately

0.2 m as a result of primary coolant shrink due to steam
generator refill.
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5. DATA PRESENTATION

This section presents selected, preliminary data from
Expariment L9-1/L3-3. Experimental data are overlayed with data from the
pretest prediztion made using the RELAP5 computer code. A listing of .he
data plots i< presented in Table 3. Table 4 gives the nomenclature system
used in instrumentation identification. A complate list of the LOFT
instrumentation *nd data acauisition requirements for the experiment is
given in Reference 4,

Tne maximum (20) uncertainties in the report data are:

1. Temperature - 43k (+6%)

2. Pressure - 40,21 MPa (+30 psi)

3. Density - +0.043 Mg/ﬁj (+3 1b/ft3)
4, Mass inventory - *250 kg (+550 1bm).



TABLE 3. LIST OF DATA PLOTS
Measurement
Figure Title Identification Page
; Comparison of pressure in primary PE-PC-5 20
and secondary systems PE-SGS-1
2. Pressurizer liquid level LEPUE-P139-006 20
x Comparison of primary system pressure PE-PC-5 21
with prediction
4. Comparison of hot leg fluid temperature TE-PT-28 21
with prediction
5. Primary system mass inventory 22
compared with prediction
6. Fluid density upstream of PORV DE-PC-S03 22
- Primary system pressure compare: PE-PC-5 23

with prediction
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TABLE 4. NOMENCLATURE FOR LOFT INSTRUMENTATION
Designations for the Different Types of Transducers?
TE - Temperature element FE - Coolant flow transducer
PE = Press .~ transducer DE - Densitometer
PdE Differential pressure DiE - Displacement transducer
transducer ME - Momentum flux transducer
1 <« Coclant level transducer FT - Flow rate transducer
Designations for the Different Systems, Except the Nuclear Core
PE - Primary coolant intact loop LP - Lower plenum
BL - Broken loop ST - Downcomer stalk
RY - Reactor vessel P120 - ECCS
SV - Suppression tank P128 - Primary cooiant addition
uP - Upper plenum and control
Designations for Nuclear Core Instrumentation
Transducer location (inches from bottom of fuel rod)
Fuel assembly row
Fuel assembly column
Fuel assembly number
Transducer type ,
TE-3811-28
a. Includes only instruments discussed in this report.
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APPENDIX A

LOFT EXPERIMENT L9-1/L3-3 OBJECTIVES

Tne detailed experiment obj~ctives required to satisfy the

o programmatic objectives for each part of Experiment L9-1/L3-3 2re as
foilows:
{8 For L9-1:

o
.

To evaluate uncertainties in predicted primary and secondary
thermal-hydraulic response associated with steam generator
dryout during delayed scram.

b. To evaluate the adequacy of the power-operated relief valve
(PORV) to provide overpressure protection in a
loss-of -feedwater accident (LCFA).

2. For L3-3:

a. To investigate urcertainties in system response durin, a
PORY imposed small break with loss of secondary heat sink.

b. To assess the adequacy of modeling assumptions which are
used in small break performance predictions such as those
identified in NUREG-0623.A"

¢c. To assess the effectiveness of steam geicrator refill on
LOFAs following reestablishment of y«iliary feedwater
availability.
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d. To assess the relative magnitude of the change in reactor
vessel mixture level as a result of primary coolant system
shrink during steam generator refill.

e. To contribute to the NRC relief and safety valve testing
program by providing experimental data on PORV performance
characteristics over a range of PORV inlet fluid conditions.

REFERENCE

A-1. B. W. Sheron, Generic Assessment of Delayed Reactor Coolant Pump Trip
During Small Break Loss-of -Coolant Accidents in Pressurizad Water
Reactors, NUREG-0623, November 1979.
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APPENC'X B

LOFT SYSTEM GEOMETRY

The Loss-of-Fluid Test (LOFT) system geometry is shown in Figure B-1.
An experiment power-operated relief valve (PORV) was installed in parallel
with the plant PORV and vented to the blowdown suppression tank as shown in
Figure B-2. rigure B-3 shows the LOFT steam generator geometry and

instrument locaticns. Figure B-4 shows the LOFT pressurizer with gperating
levels, volumes, and irstrumentation.
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