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ABSTRACT

i

This report presents selected results of posttest RELAP4 modeling
of LOFT loss-of-coolant experiméﬁt L1-3A, a double-ended isothermal cold
leg break with lower plenum emérgency core coolant injection. Com-
parisons are presented between the pretest prediction, the posttest
analysis, and the experimental aata. It is concluded that pressurizer
modeling is important for accurately predicting system behavior during
the initial portion of saturated b1owdown. Using measured initial
conditions rather than nominal specified initial conditions did not
influence the system model results significantly. Using finer nodaliza-
tion in the reactor vessel improved the prediction of the system
pressure history by minimizing steam condensation effects. Unequal
steam condensation between the downcomer and core volumes appear to
cause the manometer oscillations observed 1in both the pretest and
posttest RELAP4 analysis.
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POSTTEST RELAP4 ANALYSIS OF LOFT EXPERIMENT L1-3A
1.0 INTRODUCTION

The purpose of this report i§ to document some of the posttest
RELAP4 analyses performed for nonnuclear Experiment L1-3A which was
conducted in the Loss-of-Fluid Test (LOFT) facility. The various
improvements made in modeling the LOFT system and how these improvements
have increased the agreement between the calculations and the LOFT

experimental data are discussed in this report.

Section 2.0 discusses the changes in RELAP4 calculated results for
LOFT Experiment L1-3A due to the following changes in modeling;

(1) Effects of pressurizer modeling

(2) Effects of usfng measured instead of specified initial condi-

tions on early blowdown behavior -

(3) Effects of new reactor vessel nodalization during the emer-

gency core coolant (ECC) injection phase
(4) Effects of changed ECC modeling
(5) Effects of code changes

(6) Overall effects of modeling changes in calculated transient

response.

Section 2.0 also contains a description and justification of the
modeling changes in the RELAP4 analysis of Experiment L1-3A.



Section 3.0 presents conclusions drawn from the information

presented and discusses the need for further modeling improvements.

The appendices contain supplemental information about the RELAP4
analysis presented in this report.

LOFT Experiment L1-3A was a repeat of Experiment L1-3, which was
the third in a series of five nonnuclear isothermal blowdown tests
conducted by the LOFT Program. For these tests the LOFT system was
configured to simulate a loss-of-coolant accident (LOCA) in a large
pressurized water reactor (LPWR) resulting trom a 200% dvuble ended
shear break in a cold leg of the primary coolant system. As outlined in.
Volume 2 of the experiment operating specification (EOS)[I’ZJ, the
specific objectives of Experiment L1-3A include, in addition to facility

checkout, operator training, and procedure checkout:
(1) Comparison of break flow data with predictions
(2) Measurement of pump resistance and coastdown characteristics

(3) Determination of system performance with ECC injection into
the lower plenum

(4) Determination of two-phase flow resistance for various system
components

(5) Evaluation of scaling effects for various primary system

components

(6) Evaluation of effects of intact loop resistance by coumparison

with corresponding results from Experiment L1-2.
The objectives of the LOFT Experimental Proyram are:

(1) To provide data required to evaluate the adequacy and improve

the analytical methods currently used to predict the LOCA



(2).

response of LPWRs. The performance of engineered safety
features (ESF) with particular emphasis on emergency core
cooling systems (ECCS) and the quantitative margins of safety
inherent - in the performance of the ESF are of primary

interest.

To. identify and investigate any unexpected event(s) or

’thresho]d(s)‘in the fesponse of either the plant or the ESF

and develop analytical techniques that adequately describe and

account for such unexpected behavior.

Several series of experiments have been planned to meet the program

objectives. The first series of experiments consists of five nonnuclear
tests designated L1-1 through L1-5. For Tests L1-1 through L1-4, a core

simulator

is installed in the reactor vessel to provide a pressure drop

representative of the LOFT nuclear core. The nuclear core will be
installed for Test L1-5, but it will not be active during the test.

The major purposes of the nonnuclear test series are

(1)

(2)

(3)
(4)

(5)

[4],

To determine that the equipment/systems function properly

To demonstrate that the entire test facility can withstand the

structural loads of blowdown

To determine that the blowdown test pro;edures are adequate‘
To provide experience to operators prior to nuclear tests

To obtain isothermaa loss-of-coolant experiment (LOCE) data

for comparison with similar data from other experimental

programs and to experimentally verify thermal-hydraulic system

behavior prior to nuclear blowdown.

Prior to each LOFT experiment, the experiment -is modeled and run on
the computer using the RELAP4 computer code. This provides a prediction

3



of LOFT

system responses during a LOCE. Some of the more important

reasons for doing an experiment prediction are to:

M

(2)

(3)

(4)

(5)

Determine whether a test will meet its stated objectives

Evaluate parameters that affect the safety of the facility
during the intended test

Provide input to the operating procedure for event times
Provide information or possible instrument range adjustments

Provide information to evaluate the capability of the modeling
techniques employed in experiiient prediction analysis.

From the data acquired from the experiment prediction analysis, an

experiment prediction document 1is prepared. This document is issued

approximately 1 month prior to the experiment, and it provides:

(M

(2)

(3)

Comprehensive pretest predictions for those test parameters
which are related to the specific objectives of the particular
LOCE, and which are illustrative of how these objectives are
accomplished '

Detailed pretest predictions for each measurement transducer
to be recorded during the LOCE with the exception of strain

gages and accelerameters

A  description of the calculational techniyues wused in

performing the pfetest predictions.

After an experiment is performed, the data are compared with the

predicted data in a quick-look report. The experimental data are then

presented fully in an experiment data report. The experimental data are

compared

extensively to the predicted data, and parametric studies are

undertaken to improve the modeling techniques. This is done not in the

4



sense that code "tuning" is done but to better understand and model the
actual physical processes that are observed in the experimental data.
The posttest analysis reports document the more important analysis which

is done after the test is performed.

A detailed description of the LOFT system can be found, in
Reference 3. The major components of the LOFT system are shown on
Figure 1. Nomenclature for the LOFT instruments is listed in Table I,
and Tlocations of the experimental transducers are shown on Figures 2

through 4.
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TABLE 1

NOMENCLATURE FOR LOFT INSTRUMENTATION

The designations for the different types of transducers are as follows:

—
—

1. TE - Temperature element

2. TT -  Temperature transmitter

3. PE - Pressure transducer

4. PT - Pressure transmitter

5. PdE - Differential pressure element
6. PdT - Differential pressure transducer
7. LE - Coolant level transducer

8. LT - Level transmitter

9. FE - Coolant flow transducer

10. FT - Flow transmitter

. AE - Accelerometer

12. DiE - Displacement transducer
13. 'ME - Momentum flux transducer
14., SE -  Strain gage
15. RpE - Pump speed transducer
16. DE - Densitometer
17. LIT - Level indicating transmitter
18. Cv - Control valve

The designations for the different systems, except for the core, are as
follows: :

1. PC - Primary coolant intact loop
2. BL - Blowdown loop

3. SG - Steam generator

4. RV - Reactor vessel

5. MTA -  Test assembly

6. SV - Suppression tank

7. €5 - Core simulator

8. UP - Upper plenum

9. LP - Lower plenum

10. ST - Downcomer stalk
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2.0 POSTTEST MODELING OF LOFT EXPERIMENT L1-3A
WITH RELAP4/MOD5 '

2.1 Modeling the LOFT Pressurizer and the Effects of Pressurizer

Modeling on Early Blowdown Behavior

This section of the report describes modeling of the LOFT
pressurizer using the RELAP4 computer code[5], and how the system

transient is affected by changed pressurizer modeling.

After reviewing the results of LOFT Experiment Ll-3A[6], it was
apparent that the pressurizer in the RELAP4 pretest prediction run
tended - to empty too fast[7]. This was evidenced by comparisons between
the RELAP4 predicted and experimentally measured pressurizer pressufe
and 1liquid Tlevel in the pressurizer. As stated in Reference 6, the
pressurizer and surge line are modeled as two volumes, with a single
junction connecting the pressurizer to the surge line, and a single
junction connecting the surge line to the intact loop hot leg piping.

After checking the inputs to the RELAP4 code, it'was abparent that
no serious input error was made in the geometric description of the
pressurizer and the pressurizer surge line. Various parametric studies
were run in which the pressurizer surge line was divided into two and
three volumes with the total resistance of the junctions being
correspondingly divided. It was found that modeling the surge line with
more than one control voiume had only a slight effect on the pressurizer

outlet flow rate, and the computer running time increased considerably.

Investigation was then made on the effect of Fanning and single-
phase form-loss -coefficients on calculated pressurizer discharge flow
rates. Since a choked flow condition was predicted to exist at -the
pressurizer surge line to intact loop piping junction, the effect of the
critical flow contraction coefficient was also investigated. The result
of these investigations led to a new RELAP4 pressurizer model. This new
RELAP4 model had the following changes:
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(1) A slight increase in single-phase form losses was made due to
losses 1in the surge line nozzle, including the effects due to
turning losses, losses in the surge line nozzle inlet screen,
and Tlosses due to expansions and contractions in the surge

~line nozzle.

(2) An increase in the form loss was made due to the pipe bends in

the pressurizer surge line.

(3) An increase in the form loss was made due to the difference in
Fanning losses between smooth piping and rough piping. RELAP4
uses  the Karman=Nikuradase equation for calculating the

[5]. This relation

Fanning friction factor for turbulent flow
is strictly applicable to smooth pipes and for long runs of
small diameter pipe which Tleads to an understatement of

Fanning losses.

(4) Separate two-phase multipliers were applied to.thevFanning and
form loss increases discussed ahove to account. for two-phase
effects 8], )

(h) A contraction coefficient of 0.75 was applied to the
pressurizer surge line outlet junction to account for the
effect of the final bend on the critical flow rate.
Reference 9 discusses critical compressible flow 1in elbows.
Subsequent modeling studies have shown that applying the 0.75
contraction coefficient reduces the flow by only a few
percent, not by 25% as was initially expected. Applying the
contraction cqefficienf tends to increase the upstream
pressure in such a way as to offset the contraction
coefficient change. '

(6) A 30% reduction in the bubble velocity 1in the bubble rise
model in the pressurizer was implemented to account for the
lTower buoyancy effect due to the higher pressures in the
pressurizer.
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(7) A slight increase was made in the elevation of the junction
between the pressurizer and the pressurizer surge line. This
was done to establish the elevation of the pressurizer surge
line nozzle above the bottom of the pressurizer.

After the new pressurizer model was developed and incorporated into
the RELAP4 model of the LOFT system, a run was made (designated as
L135-A23). This run was identical "to the pretest prediction run
(designated as L135-B5) - except for the pressurizer model and the
pressurizer initial liquid volume. An input 1listing and time zero
output listing of this run are included in Appendix A. The input to the
~ pretest prediction RELAP4 run may be found in Reference 7.

Figures 5 and 6 show comparisons between the RELAP4 predicted and
the measured pressurizer pressure and pressurizer liquid levels. As‘can
be seen from these figures, the pressurizer emptying rate in the new’
mode1' is much closer, but's1ight1y under the experimental data. The
.effect of changing the junction elevation of the pressurizer outlet
junction can be seen in Figure 6, which shows a discontinuity in the

pressurizer level versus time curve at approximately 0.1 metre.
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Figure 7 shows a comparison of the calculated and measured
pressures in the intact 1loop. The differences in primary system
pressures in the RELAP4 runs were an unexpected result. Careful
analysis of the RELAP4 outputs revealed that the primary system
pressures after the end of subcooled blowdown (~0.2 s) tend to be
controlled by the saturation pressure of the control volume in the
primary system which has the highest temperature. In the two RELAP4
runs, ‘this proved to be the volumes in the intact loop hot leg. By
reducing the pressurizer discharge flow of high enthalpy fluid, the
energy input into the intact lToop was decreased and the temperature in
the intact loop was lowered.
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Figures 8, 9, and 10 “show comparisons between calculated and
measured densities 1in the intact 1loop. In essentially every case,
changing the pressurizer model has allowed the fluid to begin to flash
earlier. This allows for better comparisons between RELAP4 and the
experimental data for the first 5 seconds of blowdown. In Figure 9, the
agreement between RELAP4 and the experimental data has been markedly
improved for the first 4 seconds of blowdown. Analysis of the RELAP4
output shows that a flow reversal takes place in the hot leg at
approximately 4.5 seconds after rupture in the RELAP4 run with the new
prescurizer model, When this occurs, the density of the fluid moving
past the junction at which the density is computed takes a sudden chanye
to a lower value. The experiment behaved in a similar fashion, except

the density drop takes place at approximately 6 seconds after rupture.
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Figures 11 and 12 show comparisons of calculated and measured
densities in the broken loop. Here again, an earlier flashing of fluid

is shown in the RELAP4 run with the new pressurizer model.
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The behavior in space and time of the RELAP4 calculated density
behavior can best be seen in Figures 13 through 17. In this series of
figures, the RELAP4 model schematic for both the pretest RELAP4 run and
the posttest RELAP4 run with the new pressurizer model (run L135-A23)
has been shaded to indicate a range of densities which are calculated to
exist in different RELAP4 control vo]hmes. Arrows are used to indicate
flow direction from one control volume to another.

Figure 13  shows ~ the density distribution comparisons at
t. = 0.2 seconds after the break begins to open. Flashing has begun in
the intact loop where the pressurizer surge I1ined enters the hot leg; at
the pump inlet, which.is the 1lowest pressure point 1in the primary
system; and in the control volumes just upstream of the break planes,
A1l flow directions are stiil in the normal direction.
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Figure 14 shows the density distribution at 0.4 second into the
transient. In the pretest prediction, the pump inlet fluid conditions
have become subcooled once again, while the fluid at the pump inlet has
begun to flash in the posttest run with the new pressurizer model. The

same conditions exist past 0.8 second into the blowdown.
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In Figure 15, a flow reversal is shown to have taken place in the
intact loop hot 1leg by 1.6 seconds into the transient in the pretest
prediction RELAP4 run. The hot fluid from the pressurizer emptied into
the hot 1leg at too fast a rate which made the intact loop hot leg act
l1ike a pressurizer. This kept the majority of fluid in the intact 1loop
and the reactor vessel subcooled. In the posttest analysis run with the
new pressurizer model, the flow reversal has not yet occurred, and
flashing was taking place in the steam generator, pump inlet, broken
loop, and reactor vessel.
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At 3 seconds into the transient, as shown on Figure 16, the hot leg
flow reversal has not yet taken place in the new RELAP4 run and flashing
has taken place to the point that all the fluid in the system 1is now
two-phase. In the pretest prediction RELAP4 run, the flashing front has
moved around the intact loop through the steam generator and is now up

to the pump inlet.
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Figure 17 shows that at 5 seconds into the transient the pretest
prediction run flashing front has now passed through the pumps and is
proceeding around the inlet annulus toward the cold leg break plane. As
the density drops at the pump inlet, the pump differential pressure
drops rapidly as the pumps cavitate. The flow through the reactor
vessel is still in the normal direction, and the fluid in the downcomer,
lower plenum, and core simulator is still subcooled. In the posttest
analysis run with the new pressurizer model, the flow reversal has taken

place in the intact loop hot leg and in the reactor vessel.

At 10 seconds dnto the transient, Lhe flow through the reactor
vessel has reversed, and differences between the two runs are not
significant. At 10 seconds into the transient, differences in
pressurizer modeling belween the two RELAP4 runs do not appear to be
significantly controlling the transient.
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In conclusion, pressurizer modeling of LOFT nonnuclear LOCEs was
shown to affect the calculated blowdown behavior during the first
10 seconds of blowdown in subtle ways. Not only was the pressurizer
discharge flow and pressurizer affected, as suspected, but in addition,
the primary system pressures, flows, and densities were also markedly
affected by the pressurizer modeling. The pressurizer 1liquid, being
initially saturated at the primary system pressure, represents a
significant source of high-temperature fluid for an isothermal LOCE.
Predicting the flow rate of this fluid into the primary system and the
flow direction of this fluid once it enters the intact loop hot Tleg is
important for predicting the behavior of LOFT during the early portion
of saturated blowdown for an isothermal LOCE.

Proper pressurizer modeling must include all the important pressure
loss phenomenon in the pressurizer surge Tine. Two-phase multipliers,
rough tubing Fanning losses, and modeling of the form 1losses 1in the
bends in the pressurizer surge 1line are important considerations in
modeling the LOFT pressurizer surge line.

The next sections of the report are councerned with the overall
pusttest modeling of LOFT LOCE L1-3A. Section 2.2 deals with modeling
changes that were made in the posttest RELAP4 analysis ot LOFT LOCLC
L1-3A. Section 2.3 discusses how these modeling changes have affected
the calculational results. Comparisons are presented which show the
pretest predictions, the experimental data, and a new RELAP4 run
(designated as L135-A22), which incorporates the modeling changes
discussed in Section 2.2.

2.2 Overall Modeling Changes and Justification

2.2.1 Improved Pressurizer Modeling. The pressurizer model, which

is discussed in Section 2.1 of this report, was incorporated into the
RELAP4 model of the LOFT system and run on the computer for the posttest
analysis of LOCE L1-3A. This run, which also incorporates other
modeling changes discussed in the following sections of this report, is

referred to as the posttest analysis run (L135-A22).
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2.2.2 Using Measured Experiment L1-3A Initial Conditions. In the

posttest analysis run for LOCE L1-3A, the measured initial pressures,
teﬁperatures,'f]ow rates, and liquid 1eve1 in the pressurizer were used
as the initial conditions of the RELAP4 posttest analysis run. This was
done to eliminate the uncertainty in how the initial conditions affect
the comparisons of calculated and measured blowdown behavior.

2.2.3 RELAP4 Nodalization. The RELAP4 nodalization scheme was
changed between the pretest and posttest analysis. Figure 18 shows the'
RELAP4  schematic of the pretest prediction (Run L135-B5), while
Figure 19 shows the schematic of the posttest analysis run (Run

L135-A22). Comparison between the two figures reveals that the System
model has been renodalized in three areas: the reactor vessel, the
broken loop just downstream of the reflood assist bypass piping, and the

accumulator.

The accumulator was treated as a fill junction 1in the posttest
analysis run, hence the accumulator has no volume number. ECC modeling
~is discussed in Section 2.2.4.

A volume was added in the 28.4-cm ID piping (14-inch Schedule 160)
in the broken loop hot and cold legs. This was done so that junctions
would exist in the broken loop at the location of the drag disc. turbine
and densitometer instrument locations. Subsequent analysis revealed
that this was unnecessary since the fluid conditions just downstream of
these added junctions are essentially identical and are just as useful

for data comparisons.

The significant difference between the pretest and posttest RELAP4
nodalization is due to the changes ih reactor vessel nodalization.
Analysis of the output of the pretest prediction run revealed that when
ECC injection began, the lower plenum was only approximately half full.
Futhermore, the pressure in the Jlower plenum tended to follow the
saturation pressure of the temperature of the fluid in the lower plenum,
until the lower plenum hecame 1liquid full. This caused the RELAP4
calculated primary system pressure to follow the lower plenum saturation

1
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pressure, which was below the experimental data for the ECC filling
period. It was felt that by reducing the volume of the control volume
in which ECC flow was being directed, the time period in_ which this
phenomenon occured would be reduced. Therefore, the lower plenum was
divided into more volumes, which allow quicker subcooling in the volume

in the lower plenum in which ECC was directed.

As soon as the volumes in the lower plenum become liquid full, the
fluid conditions in those volumes become subcooled. Thus the fluid
conditions at the junctions between the lower plenum and the downcomer
and the 1ower'p1enum and core volumes become subcooled when the lower
plenum becomes liquid full. By dividing the downcomer and core volumes .
into three volumes each, it was again attempted to minimize the volumes
in which steam condensation was ‘occurring and thereby minimize the

effect of steam condensation on the depressurization.

Dividing the downcomer and lower plenum into several vertically
stacked volumes also provides a better means of (a) tracking
temperatures measured at the Tlower plenum and downcomer temperature
probes and (b) damping the large manometer-type oscillations that were
observed in the calculated behavior of the downcomer - lower plenum -

-core regions.

2.2.4 ECC Modeling. In the RELAP4 posttest analysis, the measured

ECC tlows from the experimental data were input in the RELAP4 run as ‘a

function of time. This was done to eliminate the uncertainty of how
overpredicting ECC flow rates affects system behavior during the refill

and reflood portion of the transient.

Accurate calculation of accumulator flow depends strongly on
calculating the pressure difference across the accumulator injection
line. RELAP4 tended to overpredict (a) accumulator pressure as a
function of accumulator liquid volume and (b) depressurization which
occurs in the primary system when the subcooled ECC fluid begins to
flow. Subsequent modeling activities revealed that RELAP4 tended to

expand the accumulator nitrogen as if it were a constant temperature
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process.y The experimental data suggested that the accumulator nitrogen
expansion is more nearly an isentropic process. This Tled to the
development of a polytropic nitrogen expanéion model, which was used 1in
the prediction analysis for LOFT Experiment L1-4[]0]. This model was
not available in time for the posttest analysis of LOFT LOCE L1-3A.

2.2.5 Code Changes. The posttest RELAP4 analysis was run on a
special version of RELAP4/MOD5 (Update 2) which was identical to
RELAP4/MOD5 (Update 2) except a steam generator secondary heat transfer
model was added which accounts for natural convection heat transfer in
the steam generator secondary side.

Detailed input and time zero output 1listings of the posttest
analysis run may be found in Appendix B.

2.3 Data Comparisons

This section of the report discusses comparisons of the posttest
analysis run with the experimental data and the pretest prediction for
various time periods during the LOCE L1-3A blowdown.

2.3.1 Early Blowdown System Behavior. The effects of pressurizer

ﬂmode]ing and initial condition differences on early blowdown behavior
are discussed with this first series of graphs. Figures 20 through 23
show comparisions between calculated and measured fluid temperatures
‘during early blowdown. In these short-term plots, it should be kept in
mind that the ~uncertainty in the temperature measurements s
approximately 2.5°C. The RELAP4 data, both pretest and posttest, are
within the uncertainty of the measurement. The posttest initial
conditions were found by taking an arithmetic average of different
temperatures around the intact loop. The posttest analysis, in general,
is in better agreement with the shape of the temperature curves, but
tends to differ in magnitude slightly from transducer to transducer.
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The pressures in the intact and broken loops can be seen 1in
Figures 24 and 25. The wuncertainty in the measured pressure is
approximately 0.26 MPa, and again the pretest and posttest RELAP4 runs
are within the uncertainty of the measurements. The primary system
pressure is slightly lower for the posttest analysis run primarily due
to the effects‘of the pressurizer modeling. This makes for an overall

better agreement with the data.
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Figures 26 and 27 show the density behavior in the intact and
broken 1loops during early blowdown. As discussed in Section 2.1, the
early blowdown density behavior is improved with the new pressurizer
model. In general, the fluid begins flashing soconer in the posttest
analysis. In Figure 27, the time that the flow reversal takes place in
the 1intact 1loop hot 1leg is better predicted in the posttest analysis

run.
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The next two figures (Figures 28 and 29) show comparisons between
calculated: and measured differential pressures around the intact loop.
In Figure 28 the pump is shown to degrade faster in the posttest
analysis run: This can be largely attributed to the faster flashing in
the pump inlet, due primarily to the differences in the pressurizer
modeling: The pressure across the® steam generator is less in the
posttest analysis run, while the differential pressure across the

reactor vessel is largely unaffected..
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2.3.2 System Behavfor After ECC Injection. In this next series of

plots, the differences between the two RELAP4 runs and the experimental
data are examined for the time period from just before ECC. injection

begins to the end of blowdown.

Figures 30 and 31 show the RELAP4 calculated and' experimentally.
measured accumulator and low-pressure injection system (LPIS) flows.
The posttest analysis is in good agreement since the ECC flows were
input as a function of time and taken from the experimental data. The
high-pressure injection system (HPIS) flow, which is not shown, is also.
in good agreement, both in the pretest and posttest RELAP4 runs. The
overprediction of accumulator flow in the pretest prediction is. due to
the following factors:

(1) The- primary system pressure is underpredicted; especially
after ECC injection begins, due primarily to the excessive
steam condensation predicted by RELAP4.

(2) The accumulator pressure 1is overpredicted as a function of
accumuiator nitrogen volume, due to the,isothermal accumulator
nitrogen expansion model in RELAP4/MOD5.

(3) The 1ine resistance of the accumulator injection. 1ine was too
low in the pretest RELAP4/MOD5 calculations. This was
‘confirmed by accumulator blowdown tests done. atter the L1-3

pretest prediction was run:

The-LPIS flow is overpredicted in the pretest prediction - primarilty due

to - the underprediction of primary system. pressure.

-
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Figures 32 through 34 show the calculated and measured pressures in
the ECC injection 1ine and in the reactor vessel core simulator. The
spike in Figure 32 in the pretest prediction data 1is due to ECC
condensation in the ECC injection line. This pressure spike causes the
spike in the calculated accumulator flow seen in Figure 30. The
pressure in the reactor vessel is shown in both Figures 33 and 34, with
the data in Figure 33 coming from a high-range pressure transducer, and
the data in Figure 34 coming from a more sensitive Tlow-range pressure

transducer.

Both RELAP4 calculations underpredict system pressure primarily due
to the excessive steam condensation predicted by RELAP4 for lower plenum
ECC injection experiments. The posttest analysis run is closer to the
data than the pretest prediction run for two main reasons: (a) the finer
nodalization in the reactor vessel tended to allow fluid in some of the
control volumes in the reactor vessel to fill wup, hence reducing the
steam condensation 1in these volumes and (b) the ECC flow rates were in
agreement with the data, instead of being overpredicted as 1in the

pretest prediction run.
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Figures 35 through 37 show the comparisons of calculated and
measured fluid temperatures in the lower plenum, downcomer,. and
downcomer inlet annulus during the time period following ECC injection.
Except for the lowest portion of the lower plenum, the posttest analysis
tracks the fluid temperatures 1in the lower plenum better than the
pretest prediction run. This can be attributed to the finer
nodalization and the better prediction of primary system pressure
response which allows for a better prediction of saturation temperature
as a function of time. The data in Figure 38 show the core simulator
fluid temperatures, and all the curves closely follow the saturation
temperatures. '
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Figure 39 shows comparisons between the calculated and measured
~ momentum fluxes in the downcomer. Both the pretest and posttest
analyses runs show large manometer-type oscillations beginning after the
lower plenum fills which are not observed in the data.

To understand the nature of these oscillations, consider Figures 40
through 42. Figure 40 shows the average lower plenum void fraction from
the posttest analysis run, while Figure 41 shows the average downcomer
void fraction. Figure 42 shows the average liquid fraction (1-average
void fraction) in the lower plenum, downcomer, and inlet annulus. As
-these graphs show, the oscillations tend to be diverging. Plots of void
fraction in the core area tend to have the same oscillation frequency,
but are out of phase with the oscillations in the downcomer, indicating
a manometer-type oscilliation.

The oscillations appear to be driven by unequal steam condensation,
which 1is predicted to occur 1in the reactor vessel. When the lower
plenum fills, the fluid conditions go from saturated to subcooled.
Subcooled water thus begins to flow into the downcomer and lower core
volumes after the lower plenum fills. Because of the larger flow area
and Tlesser resistance, the flow rate into the core area is higher than
the flow rate into the downcomer. Thus more steam is condensed in “the
core than is condensed in the downcomer. This causes even greater flow
into the core region due to the faster depressurization in this volume.
When the elevation head in the core area becomes great enough, the flow
reverses, which causes subcooled water to flow into the downcomer.:
Becauge of the 1large flow of subcooled.liquid in the downcomer, steam
condensation begins over again in the downcomer instead of the core
region. Thus unequal steam condensation is the mechanism which causes
the undamped manometer-type oscillations which are “observed in the
RELAP4 calculations.

To. test this hypothesis, an additional RELAP4 run was made in which
the temperature of the ECC fluid was set at nearly saturation conditions
during this period of the blowdown (226°C). The oscillations were no

lTonger observed, and the reactor vessel pressure was substantially
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higher after ECC injection began. Because of the large oscillations
observed in the posttest analysis run, it is believed that the finer
reactor vessel nodalization was not fully effective in minimizing
excessive steam condensation of the ECC fluid due to the homogenizing
effect these oscillations had on the fluid conditions in the reactor

vessel.

2.3.3 OQverall System Behavior. In this section, curves which are

representative of the overall system response are discussed in relation
to the differences between the pretest and posttest RELAP4 runs.

Figures 43 through 47 show the calculated and measured densities in
the intact and broken loops. The erratic density predictions in the
cold legs (Figures 43 and 45) are attributable to the reactor vessel
oscillations. The underprediction of density in the brokéen loop hot leg
may be an indication of overprediction of hot 1leg break flow.
Overpredicting broken 1loop cold 1leg density may be an indication of
underpredicting cold 1leg break or " not fully accounting for phase
separation or slip effects in the downcomer.

The hump 1in the calculated density in the broken loop hul leg is
attributable to fluid which collects in the inlet plenum of the steam
generator and which later flows from the steam generator inlet plenum,
through the intact loop hot leg, through the upper plenum, and out the
broken loop hot leg. The experimental data suggest that RELAPS is

correctTy‘predicting this subtle phenomenon.
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The next two figures (Figures 48 and 49) show the pressurizer
Tiquid Tlevel and pressure. As discussed earlier, there is much better
agreement in the parameters between the experimental data and the
posttest analysis RELAP4 run. Figure 50 shows an expanded-scale plot of
the comparisons of primary system pressure. Agreement is good until

'just after ECC injection begins.
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Figures 51 and 52 show comparisons of the steam generator secondary.
pressure and temperature. The pretest RELAP4 run is in better agreement
with the experimental data. The natural convection steam generator heat
transfer model used in the posttest analysis " calculation apparently
overpredicts the heat transfer from the steam generator secondary.- The
steam generator secondary temperature transducer 1is located in the
downcomer of the steam generator, and may not accurately reflect the
true average steam generator secondary fluid temperature. Modeling the

LOFT steam generator secondary is presently under review.

"~ 60



MPA

PT-PU-10A

PRESSURE

Fig.

DEC ©

TE-S6-003

COOLANT TEMPERATURE

Fig.

6.5 -

\\\\ =8 ‘i
6.4 k\
6.3

\\‘k\
-y
6.2 ﬁ;—#
N
L~\‘~

6.1
6.0 .
-10. 0. 10. 20. 30. uo. 50. 60.

TIME AFTER RUPTURE (SEC)
DOT=L1-3A DATA, SQUARE=PRETEST RELAP4, TRIANOLE=L135-A22 RELAPY

51 Comparison of RELAP4 calculated and expérimenta]]y measured
pressure in steam generator secondary side. :

283.0

282.0

281.0

280.0 - \“\

279.0

P

278.0

277.0
-10. 0. 10. 20. 30. 40. S$0. 60.
TIME AFT;R RUPTURE (SEC)
0OT=L1-3A DATA, SQUARE=PRETEST RELAP4, TRIANOLE=L135-A22 RELAPY

52  Comparison of RELAP4 calculated and experimentally measured
temperature in downcomer in steam generator secondary side.

61



Figures 53  through 55 show —calculated and measured fluid
temperatures in the broken and intact loops. The posttest analysis run
indicated that superheated steam began to flow from the steam generator
gut]et at approximately 26 seconds into the blowdown, passed through the
pumps, and arrived at Station PC-1 at approximately 28 seconds. The
experimental data suggest that this phenomenon may be occurring, but at
a later time than predicted by RELAP4. The overall fluid temperature
differences are 1largely attributable to differences in saturation

temperatures, due to the differences in system pressures.
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Figures 56 and 57 show the primary coolant pump speed and
differential pressure. The primary coolant pump in RELAP4 coasts down
faster than the experimental data primarily because the effective
inertia of the primary coolant pump in RELAP4 is too low at the higher
speeds. A variable inertia pump model was developed for the LOFT
Experiment L1-4 pretest prediction which accounts for the speed-
[]0]. The pump
differential pressure is well predicted by RELAP4 which indicates that

dependent electrical losses of the LOFT pumps

once the pumps cavitate, the pump head is no longer a strong function of

pump speed.
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Figures 58 through 61 show velocities and momentum fluxes 1in the
intact loop and reactor vessel. Agreement 1is generally good until
30 seconds into the blowdown, when the oscillations begin in the RELAP4

calculations.
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The next four figures (Figures 62 through 65) concern the broken
loop cold leg. Figure 62 shows the RELAP4 calculated and measured
velocity 1in the broken loop cold leg. The agreement is generally good
up to near the end of blowdown. As mentioned earlier, the turbine meter .
is expected to record higher than average velocities because of the
stratified and annular flow regimes which are observed 1in the

experimental data[GJ. Figure 63 shows a comparison of the calculated
‘ and measured mass flows, as recorded from a pair of differential
pressure-densitometer measurements. The experimental data show a small
uncorrected offset at time zero which is probably attributable to an
uncorrected offset in the differential pressure transducer. The data
consistency checks also reveal that the experimentally measured mass
" flow rate for this transducer may be high by approximately 9%[6]. The
differential pressure -across the flow area reducer is underpredicted by
RELAP4. The differential pressure across the cold leg break plane is
somewhat overpredicted by RELAP4. '

For LOFT Experiment L1-4, additional differential pressure and flow

instrumentation has been installed to allow a better understanding of

the flow phenomenon upstream of the cold leg break plane.
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Figure 66 indicates that the broken loop hot leg mass flow rate is
overpredicted by RELAP4 for the first 10 seconds of blowdown.
Subsequent modeling studies have shown that the RELAP4 calculated
initial mass flow rate is strongly dependent upon the assumed initial
temperature distribution in the broken Toop hot 1leg. In both the
pretest and posttest RELAP4 analyses, the initial temperature of the
fluid in the broken loop hot leg was set at a lower value than indicated
by pressure transducers in the broken Tloop hot leg at the onset of
saturated blowdown.

Figures 67 and 68 show comparisons of differential pressures across
the steam generator and pump simulators in the broken loop hot leg.
Both the pretest and posttest RELAP4 runs are in good general agreement
with the experimental data. One would expect the differential pressures

to be overpredicted somewhat 1if the mass flow rate was being

overpredicted.
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3.0 CONCLUSIONS

Several conclusions can be drawn from the analytical studies that
have gone into the preparation of this report. Modeling -the pressurizer
is important in predicting system behavior during early saturated
blowdown for an isothermal LOCE. By more properly modeling the
pressurizer, not only can préssurizer pressure and level be more
accurately predicted, but early density, pressure, and flow behavior can
be more accurately predicted as well. Proper modeling of the LOFT
pressurizer must include all important presstre 1oss ellects 1n Lhe
pressurizer surge line. This includes accounting for rough tubing
Fanning friction losses, accounting for the form losses of the bénds 1In
the surge 1ine tubing, and accounting for two-phase form losses.

The primary system pressure can be better predicted when ECC flows
are not overpredicted, and nodalizatien in the reactor vessél should beée
such as to minimize steam condensation effects. ECC flows in the L1-3A
pretest prediction were overpredicted due to (a) underprediction of
primary system breésure after ECC injection began due to excessive steait
condensation, (b) overprediction of accumulalor nitrogen pressure due to
the i$Gthermal accumulator nitrogen pressure assumption, and (c) failure

to account for the total résistance of the accumulator injection 11ne.

Use of measured initial conditions as opposed to EOS nominal
initial 'conditions had a negligible influence on calculated system
responsé. Using finer nodalization in areas where steam condensation
was expécted to occur was responsible fof a better overall prediction of
the system pressure history. The mariometer .osc¢illations observed
between the downcomer and core volumes in both the pretest and posttest
calculations were apparentTy‘ driven by unequal steam condensation.
Injecting - higher enthalpy fluid e]iminated the oscillations, as well as
the over depressurization observed in both the pretest and posttest

analysis.
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APPENDIX A
INPUT AND TIME = 0.0 LISTING FOR THE

NEW PRESSURIZER MODEL RELAP4 RUN
(RELAP4 RUN L135-A23)
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