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ABSTRACT

In this report, the results of TRAC-BD1 Version 11 and Version B002
code assessment calculations for four General Electric Two-Loop Test
Apparatus tests are documented. Two high powered Design Base Accident type
tests (6423 and 6424) were simulated using Version 11. Two small break
tests (6431 and 6432) were simulated using Version B002. Results from the
code calculated behavior compared to experimental data are presented.
Conclusions and recommencdations gleaned from the assessment study are
given. The study described in this report has been performed as part of
the Tdaho National Engineering Laboratory's support to the Nuclear
Regulatory Commicsion for the independent assessment of advanced, best
estimate, reactor safety analysis computer codes.

NRC Technical Assistance Program Division

FIN No. A6047
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SUMMARY

In this report, calculations are documented for the purpose of
assessing the Transient Reactor Analysis Code, TRAC-BD1 Version 11 and
B002. TRAC-BD1 Version 11 and B002 are advanced best estimate computer
programs developed at the Idaho Naticnal Engineering Laboratory for the
purpose of simulating the thermal-hydraulic behavior of Boiling Water
Reactors. The tests chosen for tne assessment study described herein were
General Electric Two-Loop Test Apparatus Tests 6423, 6424, 6431 and 6432.
Tests 6422 and 6424 were high powered Design Base Accident Tests and
Tests 6431 and 6432 were small break tests. Version 11 was used to perform
the Design Base Accident tests and Version B002 was used for the small
break tests.

Major conclusions resulting from the calculations are summarized as
follows:

o Overall data trends and system behavior were reasonably
calculated by both versions of TRAC-BD1.

- TRAC-BD1 Version 11 overcalculated the suction line break flow
rate.

3 System differential pressure trends were reasonably calculated by
Version 11.

4. TRAC-BD1 Version 11 and B002 tended to undercalculate liquid down
flow in the TLTA facility. CCFL limitations at the upper tie
plate 1imited calculated ECC liquid penetration into the bundle
anc bypass from the upper plenum. Further investigation into
this limitation should be performed in future assessment
activities.
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Water packing and guide tube modeling resuited in code failures
and tim2 step reduction in Version 11. The wat~r packing option
was turned on and the guide tube TEE secondary was modeled as a
cone. These changes resolved the code failures and imprecved the
results.

Break mass flow rates were well characterized by TRAC-BD1
Version B002.

TRAC-BD1 Version BO02 did not calculate countercurrent flow in
the bubbly flow regime with low void fraction. This led io a
system mass distribution different to that of the experiment. It
is recommended that this known code deficiency be further
investigated.
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1. INTRODUCTION

The TRAC-BD1 computer code is a transient reactor analysis computer
code developed at the Idaho National Engineering Laboratory (INEL),
designed specifically for Boiling Water Reactor (BWR) transient analysis.
An independent assessment of the code is being conducted at the INEL to
identify and document the capability and limitations of the Code. To
assist in the assessment, dat: from several BWR related experiments are
being used. This document reports four assessment calculations using
General Electric (GE) Two-Loop Test Apparatus (TLTA) facility data from
Tests 6423, 6424, 6431, and 6432. Tests 6423 and 6424 are Design Base
Accident (DBA) tests conducted at peak power. Tests 6431 and 6432 are
<mall break tests with and without degraded emergency core cooling system.

Two versions of the code were used for the assessment calculations
reported in this document: Version 11 and Yersion B002. Assessment of
TRAC-BD1 was initiated using Version 11. The early assessment results
(which included the DBA calculations) indicated continued cost effective
studies would be better accomplished with a subsequent version (B002).
This change was effected and subsequent studies (including the small break
tests) were performed.

Section 2 describes the G.E. TLTA test facility, the DBA test: and
the small break tests. Section 3 describes the TRAC-BD1 computer code and
the models used in the calculations. Section 3 alsc presents the initial
boundary conditions used for both the tests and the calculations.

Sections 4 and 5 present the DBA and small break calculations compared with
experimental data respectively. Conclusions and recommendations resulting

from the four assessment calculations are presented in Section 6.




2. FACILITY AND TEST DESCRIPTION ‘

This section will present a brief overview of the TLTA experimental
test facility and the DBA and small break tests used for the assessment
described in this document. For a more detailed description of the test
facility and tests, the reader should refer to References 1, 2, and 3.

2.1 Test Facility Description

The TLTA facility was a 1/624 scaled, two lnop nonnuclear experimental
test facility used to simulate various thermal/hydraulic transients that
may occur in a BWR. The reference comnercial BWR used for scaling purposes
was a BWR/6-218. A1l major flow paths of the primary system of the
BWR/6-218 were represented in the TLTA facility. Also included were the
ECC system, tne automatic depressurization system (ADS), TLTA auxiliary
systems used for experimental set up and execuiion, and instrumentation
system. Fiqures 1, 2, and 3 are schematic representations of the TLTA
facility set up fo. the DBA ana small break tests. .

The tes. vessel was composed of the major sections of the referenced
BWR, i.e., lower plenum, cnre, Yypass, upper plenum, steam separator, steam
aome, downcomer annulus and jet pumps. The lowe: plenum region housed the
discharge pipe of the jet pumps and four guide tubes. Connected to each
guide tube was a core bypass tube which extended up to the upper plenum
region. Approximately 10% of the jet pump flow bypassed the core region
via the guide tubes and bypass tubes. Core flow entered the core through
the side entry orifice (SEQ) tube, which was connected to the bottom of the
bundle and extended into the lower plenum. The flow traveled over
electrically heated rods and exited the bundle in the upper plenum region.
The buncle housed 62 heater rods and two dummy water rods. Hydraulic
communication between the bundie and the bypass tubes was through small
connection tubes near the bottom of the heated bundle. The core flow
entered the upper plenum region and mixed with the bypass flow in the
mixing section. The vapor/water flow then entered the upper plenum. From
the upper plenum section to the steam separation region the flow passed .



through stationary swirl vanes. The vanes gave a swirling motion to the
vapor/water flow, separating the water from the vapor by centrifugal
force. The steam continued upward into the steam dome and cut the steam
line. At varivus elevations, the separated liquid was diverted from the
separation region to the downcomer annulus. From the downcomer annulus,
liquid was drawn into the lower plenum via the jet pumps. There was no
thermal communication between the bundle and bypass tube as in the
reference BWR, however, there was heat transfer between the bundle and
downcomer and the bypass tubes and downcomer.

Two recirculation loops comprised the major flow paths external to the
vessel. Each loop consisted of a suction line, drive pump and drive line.
Loop flow was drawn into the suction line from the downcomer annulus by the
drive pump. After traversing through the suction line and drive pump, the
Inop flow was discharged into the drive line. From the drive line, the
flow entered the rams head and was discharged into the throat of the jet
pump. Loop 1, the intact loop, w2s isolated from the rest of the system by
two isolation valves during the transients. Loop 2, the broken loop, had
only one isolation valve located in the drive line. Two blowdown lines
connecting the broken loop suction and drive lines to the blowdown
suppression tank were used to simulate the DBA tests (see Figure 1). A
single blowdown line connecting the broken loop suction line to the
blowdown suppression tank was used to simulate the small break tests (see
Figure 2).

The ECC system was comprised of four systems: the high pressure core
spray (HPCS) system, the low pressure core spray (LPCS) system, the low
pressure core injection (LPCI) system, and the automatic depressurization
system (ADS). Different injection locations for the HPCS, LPCS and LPCI
systems were provided for experimental flexibility. The core spray systems
injected liquid into either the upper plenum or the mixing plenum and the
core injection system injected liquid into the four bypass tubes or the
intact loop recirculation drive 1ine. The ADS was located in the steam
line piping of the TLTA facility and was used for the small break tests.



The instrumentation system was composed of pressure and differential
pressure transducers, thermocouples, conductivity probes, turbine meters
and drag disks. The data collected from the instrumentation was recorded
on a comprehensive measurement and data acquisition system.

2.2 Test Description

The tests simulated by the assessment calculations were two DBA tests
and two small break tests. This section will briefly describe each test.
For more information on these tests the reader should refer to References 2
and 3.

The DBA tests used for this assessment were peak power, large break,
loss of coolant accident tests. Test 6423 simulated an ECC system with
iow flow rate and high injection liquid temperature. The results of the
test showed the SCC system was effective in cooling down the system.

Test 6424 simulated an ECC system with average flow rate and average
injection 1iquid temperature. The system response showed that the bundle
reflooded completeiy at approximately 150 s following bypass region refill
from LPCI flow and countercurrent flow limiting (CCFL) breakdown.

The small break tests simulated BWR small break scenarios with and
without degraded ECC systems. Test 6431 assumed all ECC systems operable.
HPCS injection recovered aid maintained the system inventory. The mixture
levels remained above the -ore and trip levels for the main steam isolation
valve (MSIV) closure and activation of the ADS.

Test 6432 assumed the HPCS was inactive. In this test the MSIV was
closed and the ADS tripped open. After ADS activation, bulk flashing
occurred throughout the system. Also, large steam generation in the system
led to CCFL at the upper tie plate, top of the bypass, and the bundle.

BWR/6 calculations have shown the water level in a small break
accident will drop sufficiently to trip the MSIV and ADS, and may drop
below the top of the bundle. For this type of transient it was necessary
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to simulate the liquid transient carefully. To achieve this mass depletion

‘ in Test €432, a second break was added to discharge the excess mass in TLTA
(see Figure 4). Also, the TLTA vessel being shorter than a BWR, although a
full sized bundle was used in the core region, made it impossible to
initiate a test with water level at the BWR elevation as related to the
core elevation. Therefore, neither break was initiated until the time the

. downcomer water level in a BWR/6 calculation equaled the initial liquid
T:zvel in the TLTA test (approximately 138 s). The second break was closed
when the ADS was tripped (28€ s).

All major events in the tests were tripped on time. In events such as
ECCS 1nitiation, the event was tripped on time, however the subsequent rate
of ECC flow was a function of system pressure.



3. MODEL DESCRIPTION AND INTTIAL CONDITIONS .

This section presents a description of the TRAC-BDI computer code,
TRAC-BD1 modeling of the TLTA facility for the DBA and small break tests,
and the initial conditions used for the calculations.

3.1 TRAC-BD1 Computer Code Description

The Boiling Water Reactor (BWR) version of the transient reactor
analysis code (TRAC), TRAC-BD1, is a basic best estimate code providing the
capability for the analysis of design basis loss-of-coolant accidents in
BWR systems (Reference 4). The code was developed at the Idaho National
Engineering Laboratory (INEL). Unique features of the code include: (a) a
full nonhomogenecus nonequilibrium two-fluid thermal-hydraulic model,

(b) detailed model of BWR fuel bundles, (c) jet pump and separator dryer
models, and (d) countercurrent flow limiting model for BWR-1ike geometries.

Two versions of the TRAC-BD1 code were used in the assessment ‘
calculations reported in this document. Several calculations (including
the DBA calculations) were performed using Version 11 of the TRAC-BD1 code
identified internally as TRACIAOll and stored under Configuration Control
Number 005998. Several errors in the coding and code models were
discovered during the calculations. These errors were corrected and a new
version of the code created, TRAC-BD1 Version B002. This version,
identified internally as TRC1B002 and stored under Configuration Control
Number FO0874, was used to perform the small break calculations.

3.2 TRAC-BD1 TLTA Facility Model

Three TRAC-BD1 models of the TLTA facility were used for the DBA and
small break calculations described in this document. The major difference
in the three models was the modeling of the break and vessel. This section

will present a description of the models.



3.2.1 TRAC-BD1 TLTA DBA Model

The TRAC-BD1 model of the TLTA facility used for the DBA calculations
is shown schematically in Figure 5. The model contained 25 components
{totaling 95 cells) and 30 junctions. The model represented all major flow
paths of the facility, i.e., vessel, intact and broken recirculation loops,
jet pumps, feed water system, main steam line and ECC system. Table 1
summarizes the relationship between the physical components of the TLTA
facility and the correspondin mathematical components of the TRAC-BD1
model.

Heat transfer was modeled in the core heater rods, the guide tube TEE,
and the jet pumps. Heat transfer from the bundle to the bypass was
modeled, however no heat transfer occurred because the surface area of the
hSundle wall was set to zero internal to the code (TRAC-BD1 Version 11).

The heat storage capacity of the system was modeled. Ambient heat loss was
not modeled because of the nature of the tests.

The following TRAC-BD1 options were selected for the DBA calculations:

1. The maximum of Iloeje and Henry-Berenson correlations was used in
the CHAN component for minimum film boiling temperature.

2. The choking model was used in the broken loop drive line/jet pump
connection, broken loop drive line break plane, and broken loop
suction line nozzle plane.

3. The countercurrent flow limiting (CCFL) model was used in the jet
pump throat, the upper tie plate, bundle side entry orifice
(SEQ), and guide tube to lower plenum connection.

4. The velocity versus pressure option in the FILL components was
used to modei the ECC system.



9. 'he velocity versus time option in the FILL component was used to
model main steam line and feedwater line closure.

These options were selected based upon past user experience and the
nature of the tests to be simuiated. Other user select options were set to
default or other values recommended in the TRAC-BD1 input manual
(Reference 4).

3.2.2 TRAC-BD1 TLTA Small Break Models

The TRAC-BD1 models of the TLTA facility used for the small break
calculations are shown in Figures 6 and 7. The major difference between
the two models was the break configuration; Test 6432 required two breaks.
The models contained 19 components (totaling 112 cells) and 24 junctions
for Test 6431, and 25 components (totaling 121 cells) and 30 junctions for
Test 6432. The models represented all major flow paths of the facility,
i.e., vessel, intact and broken recirculation loops, jet pumps, feedwater
system, main steam line, ADS (Test 6432 only), HPCS (Test 6431 only), and
LPCS, LPCI (Test 6432 only). Tables 2 and 3 summarize the relationship
between the physical components of the TLTA facility and the corresponding
mathematical components of the TRAC-BD1 mode] for Tests 6431 and 6432,
respectively,

External and internal heat transfer was modeled in the small break
models. The external heat transfer invoived modeling the environmental
heat loss from the system. At the initiation of the small break tests,
system energy loss was approximately 50 kW. The energy loss was modelec,
using the basis for heat loss dispersion outlined in Reference S, t.e.,
through the two recirculation loops and the vessel. The energy loss was
divided equally among the three Ccomponents. A constant environmental heat
sink temperature of 294 K was used in the models. Constant heat transfer
coefficients of 11.72, 11.68 and 4.2266 w/mz'K were used for the broken
loop, intact loop and vessel, respectively.



. Internal heat transfer included heat transfer between the jet pumps

and the vessel, guide tube TEE and the vessel, bypass and downcomer, upper
plenum and separator and the downcomer, CHANNEL (bundle) and bypass, heater
rod to channel wall, and rod to rod. TRAC-BD1 input required rod groups
which describe one or more rods. The heater rods were modeled in five rod
groups; four groups with heater rods and one group with simulated water
rods. The rod group configuration is shown in Figure 8. The rod grouping
was based upon geometry and radial peaking factors outlined in a previous
study (Reference 6) which involved radiation heat transfer. Radiation heat
transfer was not expected in the calculations, therefore, the rod group
modeling recommended in Reference 6 was simplified.

The following TRAC-BD1 options were selected for the small break
calculations:

1 The maximum of Iloeje and Henry-Berenson correlations was used in
the CHAN component for minimum film boiling temperature.
‘ 2. The choking mode] was used in the broken loop break plane and ADS
Tine.

3. The countercurrent flow limiting model was used in the jet pump
throat, the upper tie plate, bundle side entry orifice (SE0), and
guide tube TEE secondary side

4. The velocity versus pressure option in the fill components was
used to model the ECC system, and the ADS (Test 6432 only).

5. The pressure versus time option in the BREAK component was used
to model the main steam line (Test 6432 only).

These options were selected based upon past user experience and the
nature of the tests to be simulated. Other user select options were set to
default or other values recommended in the TRAC-BD1 input manual

. (Reference 1).



3.3

Initial Conditions

This section presents the initial conditions used for the DBA and
small break calculations. For each test simulation, initial conditions
were obtained by running a steady state calculation with the TRAC-BODl code
until conditions of the calculation were within the uncertainty of the test
initial conditions.? Two methods were used to obtain initial
conditions: (1) manual and (2) automatic adjustment. TRAC-BD1 Version 11
had no built-in control system, therefore, initial conditions for the DBA
calculations were obtained through manual adjustment, i.e., manually
adjusting pump speed, etc. Initial conditions for the small break
calculations were obtained using the built-in control package of
Version B0O02.

3.3.1 Initial Conditions for DBA Calculations

Steady state operating conditions were not estat)ished prior to the
transient initiation of Tests 6423 and 6424. The TLTA facility had a
limited supply of feedwater and could not operate for long periods of time
at high power. The downcomer liquid was high initially and the rod power
low. Loop circulation was established and the facility warmed up. Just
prior to initiation of the transient, the power was increased to the
desired value. The downcomer liquid level decreased until it reached a
predetermined level, at which time the blowdown valves were activated,
beginning the transient. This mode of operation necessitated duplication
of instantanzous test conditions in the TRAC-BD1 steady state runs, rather
than initializing to steady state conditions. The transient pretest
operating conditions made it difficult to initialize the TRAC-BD1 mode).

a. The TRAC-BD1 model with initial conditions for each test is stored at
the INEL under Configuration Control Number F00924.




Initialization of the TRAC-BD1 DBA calculations included the
following: (a) setting the steam dome pressure by adjusting the pressure
in the main steam line BREAK component, (b) setting recirculation loop pump

speeds, and (c) adjusting the feedwater flow to equal the steam line flow.
Bundle friction was also adjusted to obtain the proper core differential
pressure. A short steady state run was made until system perturbation had

diminished. The results were compared to differential pressure data, flow
data, temperature data, etc. If the results were within the uncertainty
band of the data, the steady state calculation was terminated. If the
results were outside the data uncertainty bands, adjustments were made to
the above parameters and the steady state calculation rerun. Several
iterations were required to achieve satisfactory initial conditions for the
transient calculations. The initial conditions used for the DBA
calculations are presented in Tables 4 and 5.

During the steady state initialization, several problems were
encountered. One of *he major prob'ems was bubble entrainment in the
Jowncomer. After running a short time, significant voids in the downcomer
and Tower plenum would appear. These voids were a result of vapor
carryover. Feedwater was injected into the level just below the downcomer
liquid level, subcooling the 1iquid in that region. Vapor above the
downcomer liquid level concensed on the subcooled liquid. Perturbations in
the liquid level occurred, drawing vapor into the liquid region. The vapor
was carried down the downcomer, through the jet pump and into the lower
plenum. Similar results were encountered in a concurrent study involving
the same TRAC-BD1 TLTA model and similar test conditions (Reference 7). In
that study, it was discovered that the transient results were highly
dependent upon the downcomer void fractions calculated in the steady state
runs. It was also discovered that resetting the void fractions below the
downcomer 1iquid level to 0.0 gave the best results in the transients.
Therefore, in the DBA calculations, after acceptable initial conditions
were achieved, the downcomer void fractions were reset to zero. Other
problems encountered in the initialization process are described in detai)
in Reference 7.
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In summary, obtaining initial conditions using manual adjustment was

costly because of the trial and error procedure. It is recommended that
the control package in the present version (Version B002) of the code be
used for future initialization runs.

3.3.2 Initial Conditions for Small Break Calculations

The initial pretransient boundary conditions for the small break tests
allowed the system to run at steady state before initiation of the
transient. This steady state mode made initialization of the TRAC-BD1 TLTA
small break model much simpler than the DBA model.

To initialize the TRAC-BD1 TLTA small break model, the control package
contained in TRAC-BD1 Version B00Z was used. The control package
automatically adjusted the following preselectea parameters to obtain
steady state conditions: main steam line valve area tc control steam come
pressure, recirculation pump torque to control jet pump mass flow and
consequertly core flow, and feedwater flow tc control downcomer 1iquid
Tevei. The control system fur the TRAC-ED1 TLTA model was acapted from a
control system used for a TRAC-BU1 model simulating @ commercial size BWR
plant. Some of the gains, constants, and initial input values were
adjusted to reflect the TLTA system. Figure 9 shows a schematic of the
control system used for the steady state runs.

Tables 6 and 7 present the initial conditions generated in ¢he steady
state calculations. At the termination of the steady state calculations
small decaying sinusoidal perturbations from the controllers in the control
package were present. These perturbations resulted in a few of the
calculated initial conditions being slightly outside the error band of the
measurement, such as the bypass flow in Test 6431, and the downcomer
temperature below the feedwater sparger and the bundle inlet subcooling in
Test 6432. The perturbations were insignificant compared to the overall
system response and further calculations were not considered cost effective

or necessary.
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The initial downcomer liquid level in the two tests was set at
7.1882 m (measured from the bottom of the vessel). In the TRAC-BD1 model,
a vessel level was input at this elevation to distinguish the liquid level
more accurately. The downcomer liquid level controller had problems in
controlling around a modeled cell boundary, therefore, for steady state
purposes the 1iquid level was artificially set .31 m higher (between vessel
Levels 15 and 16). The effect of raising the level higher was minimal on
the overall steady state initialization. The Tiquid level was reset to the
correct height at the beginning of the transient.
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4. DBA TRANSIENT CALCULATION RESULTS

The results of the DBA assessment calculations are presented in this
section. The results are presented through the form of key assessment
parameters jointly established by the Nuclear Regulatory Commission and
EG&G Idaho. The key assessment parameters are divided into two
categories: quantitative parameters (single valued) and qualitative
parameters (time histories). The DBA calculations are presented in three
sections. Section 4.1 presents the quantitative parameters of Tests 6423
and 6424 and the corresponding TRAC-BD1 calculations. Section 4.2 compares
the qualitative parameters of Test 6423 and the corresponding TRAC-8D1
calculation. Section 4.3 compares the qualitative parameters of Test 6424
and its corresponding TRAC-BD1 calculation. A short summary of the DBA

calculations is given in Section 4.4,

4.1 DBA Calculation Quantitative Parzmeters

Quantitative parameters of tect events compared to the TRAC-BDI
calculations are shown in Tables 8 and 9 for Tests 6423 and 6424,
respectively Both tests showed two rod heat up periods: one resdlting
from beciling transition during the pump coastdown period ard another due tn
subsequent dry out. Significant differences from the experimental peak
clad temperatures werc evident in both calculations. The timing of these
events for the 6423 calculation lagged the pump coastdown dryout and led
the subsequent dryout by a significant amount, while the timing of the
events for the 6424 calculation agreed quite well with the data. Further
discussion of these events will be included in the rod temperature
comparisons for each calculation in Sections 4.2 and 4.3.

The calculation of the jet pump and suction line uncovery compared
well with the data, with the calculation slightly leading the data. The
timing of these events was determined by tracking the collapsed 1liquid
level in the downcomer and lower plenum.
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In the tests, the ECC system was activated based on time. The HPCS
immediately came on and the LPCS and LPCI was initiated after the system
pressure dropped below a specified value. After the calculations were
complete, an error in the HPCS initiation set-up was noted. The HPCS FILL
was tripped at time zero, however, the velocity versus pressure table in
the FILL component did not allow flow until the correct HPCS initiating
pressure of the test was reached. Fortunately, the calculated pressure
response during the initiation of HPCS was wel)l characterized and it was
not necessary to go back and correct the mistake. However, in future
calculations the timing of this event should be correctly input in
accordance with the test procedure. The timings of the LPCS and LPCI
initiation in the calculations showed significant differences compared to
the experiments. The ECC system was modeled as velocity versus pressure
FILL, therefore, the accuracy of matching the time of ECC initiation with
the experiments depended upon how well TRAC-BD] calculated the system
depressurization. Further discussion of the ECC timing events is contained
in the discussion of the system depressurization in Sections 4.2 and 4.3.

The minimum downcomer differential pressure and the timing of the
event compared to experimental data were significantly different from data
in both calculations. The difference was due partially to modeling and
code limitations and the nature of the break. The broken loop suction line
was connected to the bottom cell cf the vessel downcomer in the TRAC-BD1
model (see Figure 5). The code does not calculate phase separation, i.e.,
it treats the two phases as a homogeneous mixture. Therefore, when the
bottom cell in the downcomer began to void more liquid was swept out the
break in the calculation than was shown in the experiment. Also, any ECC
liquid penetrating the downcomer was quickly swept out the break through
the broken loop suction 1ine because of the homogeneous mixing in the
connecting vessel cell and high velocities in the suction line. It was not
until Tater in the calculations, after the broken loop suction line
velocities had subsided that any significant amount of liquid began to
collect in the downcomer. The addition of a vessel level below the suction
Tine connection level may have conserved some of the downcomer Tiquid.
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Other events important in the tests are shcwn in Taple 10. These .
events were time trips and were modeled as such in the calculation.

4.2 Qualitative Parameters for Test 6423 Calculation

This section presents the qualitative parameters of the key assessment
parameter list for the TRAC-BD1 calculation o* TLTA Test 6423. .
Section 4.2.1 presents the break flow comparisons, Section 4.2.2 compares
the calculated differential pressures with data, Secticn 4.2.3 presents the
steam dome and break inlet pressure comparisons, Saction 4.2.4 presents the
ECC mass flow comparisons and finally Section 4.2.5 presents the rod

temperature comparisons.
4.2.1 Break Flow Comparisons

Preparatory o a discussion of *the t~eak flow comparisons, break inlet

conditions will be presented.

The break inlet temperature is compared to data in Figure 10. The ‘
calculated temr .ature followed the saturation curve and reflected the
vessel depressurization rate calculated by TRAC-BD1. The oscillations in
the calculated temperature reflect vessel pressure oscillations induced by
the code. The data indicated a dryout at around 100 s indicating the
thermocouple may be affected by stored heat in the vessel wall rather than

superheated steam in the downcomer.

Figures 11 and 12 compare the calculated suction line break inlet void
fraction and subcooling to data. The main interest in these figures is the
duration of the liquid blowdown portion of the transient. Figure 11 shows
departure from iiquid blowdown commencing at approximately 2 s in the
calculation while in the test it did not occur until approximately 8 s.
Only a short term comparison was made of the inlet subcooling because the
liquid blowdown was of main interest. Calculated subcooling was initially
higher than the data as shown in Figure 12. By 2 s the calcuiated
subcooling had become zero. This lasted for approximately 4 s, then a
slight subcooling for apnroximately 7 s was noted. The slight subcooling ‘
after 6 s in the calculation appeared to be a result of subcooled liquid
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from vessel downcomer Level 5 dropping into Level 4, decreasing the break
inlet void fractior as shown in Figure 11. The data showed approximately

4 K subcooling initially which became saturated liquid by approximately 1 s
into the transient as shown in Figure 12. It remained saturated liquid
until approximately 8 s at which time two phase fluid began to enter the
break as shown in Figure 11.

Figures 13 and 14 compare the calculated drive line break inlet void
fractior and subcooling to data. The differences in the two curves in
Figure 13 were due to the fact tnat the instrumentation was in the
downcomer, whereas the calculation was in the drive line near the jet pump
suction. Similar resuits were observed in the drive line break inlet
suhcooling as in the suction line break inlet subcooling as observed in
Figure 14. The departure time from single phase blowdown to two phase in
the drive line in the calculation agreed quite well witn the data ac
evident in Figure 13.

The break comparisons are made on a mass flow basis rather than a
volumetric flow. A probiem of erroneous calculation of the pressure
aownstream of the suction line flow nozzle precluded valid volumetric flow
comparisons. An in-depth discussion of this problem is found in
Reference 7 for those interested readers.

Figure 15 compares the suction line break flow with data. The
caculated suction line break flow rate was overcalculated. This was a
result of early two phase flow initiation in the calculation as shown in
Figure 11 and an overcalculation of pressure drop through the suction line
flow nozzle (see Reference 7). At approximately 11 s two phase flow was
well underway a: a result of recirculation 1ine uncovery ia the calculation
affecting the mass flow rate as shown in Figure 15. After 15 s, lower
plenum flashing occurred, reversing the jet pump mass flow rate and allowed
more fluid to exit the break. Beyond 60 s the calculated mass flow rate
compared reasonably well with the data.



Figure 16 compares the drive line mass flow rate with data. TRAC-BD1 .
undercalculated the mass fiow for the first 8 s. Du-ing this time,
subcooled liquid calculated by the code maintained a constant mass flow
rate. At approximately 8 s, the jet pump suction uncovered in the test

accounting for the rapid crange in mass flow rate shown in Figure 16.
After 8 s, the calculated drive line break mass flow rate agreed quite well
with the data.

4.2.2 Differential Pressure Comparisons

This section compares calculated and measured differential pressures.
This method of comparison was selected over mass inventory comparisons
because the differential pressures were direct measurements rather than
derived data. Some of the differential prescure comparisons were
significantly offset oecause of el -vation mismatch betweer the moaei cells
and the experimental differential pressure taps. The caiculation values
were not adjusted for the elevation difference because the calculated
mixture aensity history was not availabie. The ocililatcry behavior in the ’
calculated differential pressure response appeared tc¢ be related to
condensation effects from the condensation model in the code. Even though
condensation was localized, the effects were observed globally Similar
results were observed in the 6424 calculation.

Figure 17 compares the calculated downcomer differential pressure to
data. The calculated value compared well with the data for the first 10 K,
however, after that time the code undercalculated the data. The
undercalculation after 10 s was a result of the way the suction line was
connected to the vessel in the model explained in Section 4.1. Also the
higher calculated suction line break mass flow rate contributed to the mass
depletion inferred by the differential pressure.

Figure 18 compares the calculated lower plenum differential pressure
with data. An elevation difference of 0.5]1 meters existed between the data
measurement and the calculation. Even though the comparison is mismatched
interesting trends are observed. Early in the transient the data shows an
increase in the pressure differential due to the initiation of the break, ‘
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the code does not show this trend. Lower plenum bulk flashing and jet pump
exit plane uncovery, however, were well characterized as shown in

Figure 18. The trend in the data was calculated by the code after the jet
pump exit plane uncovery. The oscillations in the caiculation after 35 s
appeared to be condensation instabilities in the code.

Figures 19 and 20 compare the calculated core and bypass differential
pressures with data respectively. As shown, good agreement existed between
the data and the calculation. After approcimately 120 s, the calculated
bypass began to deviate from the data, due to ECC liquid hold up in the
upper plenum from CCFL calcnlated by the code. CCFL and upper plenum
Tiquid nold up will be discussed in section 4.3.

The calculated upper plenum differential pressure is compared to data
in Figure 21. The code undercalculated the upper pienum differential
pressure response out to approximately 30 s. The aifference was partially
due tc a mismatch betwzen the mode! noding and the differential pressure
taps. At 15 s, lower plenum flashing occurred sending a surge of liquid up
the core and bypass intc the upper plenum. This liguid continued to trave!
up the upper plenum, through the steam separator and dissipated in the
downcomer, in the calculation. The data indicated that the liquid remained
in the upper plenum. After HPCS injection at 27 s, the data indicated
upper plenum drainage into the bypass. The calculation showed no upper
plenum differential pressure increase due to ECC injection until after LPCS
initiation.

At approximately 100 s, the code overcalculated the upper plenum
diff .rential pressure. After LPCS was initiated, liquid began to collect
in the upper plenum, increasing the differential pressure. However, the
upward core steam flow was high enough that the CCFL correlation was
prohibiting any liquid downflow, therefore the liquid collected in the
upper plenum showing an overcalculation of the data. A sensitivity study
was performed in which the CCFL correlation was removed from the model,
improving the results. Further discussion on this will be included in a
later section.
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4.2.3 Pressurc Comparisons

Figures 22 and 23 compare calculated pressure response with data for
the steam dome and break inlet respectively. The break inlet pressure was
equivalent to vessel Level 5; instrumentation in the break lines were not
active. The two pressure curves are very similar, therefore, only the
steam dome pressure curve will be giscussed. Due to an overcalculation of M
the cuction line break mass flow rate, the system depressurized faster than
the data for the first 5 s. At approximately 5 s, the steam line began to
close and the system repressurized. At 11.5 s, the steam line had
completely closed, indicated by the apex of the repressurization in the
curves. The calculation repressurization was not as pronounced as the
data. At approximately 15 s, lower plenum bulk flashing orcurrea and
slowed the system depressurization rate. At this time, good agreement
between the calculation and data was reached. At approximately 35 s, the
Jet pump exit plane uncovered in the calculation, resu’ting in unity void
fraction in the break planes and a faster depressurization rate. The
faster depressurization rate in the calculatior led tc an earlier .
initiation of LPCS and LPCI flows as shown in Table 8. After approximately
150 s, the depressurization rate was reasonably calculated. The
oscillations in the calculation between 60 and 120 s were numericaily
induced by the code.

4.2.4 ECC Comparisons

The ECC system was cortrolled by velocity versus pressure in the

calculation, i.e. given a pressure a specified velocity is output. The
ECC system was tripped on time then governed by the system depressurization.

Figures 24, 25, and 26 compare the calculated HPCS, LPCS and LPCI
flows with data respectively. As explained earlier, an error was found in

modeling the HPCS activation, however berause of good agreement in the
system depressurizaticn at the time of HPCS initiation the error was not

corrected. As discussed previously, after jet pump exit plane uncovery

the data, resulting in early initiation of LPCS and LPCI flows as shown in
Figures 25 and 26. The oscillations in the calculated LPCS and LPCI curves

occurred, the caiculation system depressurization rate was more rapid than ‘
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at the initiation of the flows were a result of local condensation in the
ECC Tines. Saturated steam condensed on the subcooled ECC 1iquid, lowering
the pressure locally. More subcooled liquid entered the pipe condensing
more steam. The pipe filled with 1iquid, pressurized locally, then
expelied the liquid. This occurred for a short time until the system
stabilized. An in-depth study was performed on improving this instability
and interested readers should refer to Reference 7.

The bypass tubes were modeled as vessel Levels 4 through 8, ring 1,
with LPCI injecting liquid into Level 7. When liquid entered Level 7 it
remained there until the volume was liquid full. When water packing in
that volume occurred, the liquid was released. It was also noted that
similar behavior was occurring in the guide tube TEE secondary side. This
behavior resulted in code failures and a reduction of time step size from
6 ms to 1 ms. Two solutions were required to overcome the problem:

(a) the water packing option was turned on and (b) the guide tube TEE
secondary was modeled as a cone as shown in Figure 27. Better results were
calculated with these fixes implemented as il'ustrated by the void fraction
behavior shown in Figures 28 and 29.

4.2.5 Rod Temperature Comparisons

This section presents the rod temperature comparisons. The bundle was
modeled with four rod groups and one group representing the simulated water
rods as shown in Figure 30. The radial peaking factor was modeled as
unity. At the time the rods were modeled it was felt that the modeling was
adequate, however a subsequent study (Reference 6) demonstrated that
careful modeling of the rods should be exercised.

The rod temperature comparisons were done or a rod group
(calculation), rod location (data), elevation basis. The experimental data
censisted of the mean of all the thermocouples within the calculated rod
group and elevation level, and in addition, the minimum and maximum of
those data.

Figures 31 through 37 compare the calculated rod temperatures with
data at each of the 7 modeled rod levels. The bottom three rod levels
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(Figures 31, 32 and 33) show rod temperatures were reasonably calculated.
The pottom level showed no heatup as in the data but followad saturated
temperature. The other two bottom levels demonstrated a heatup. Departur
from nucleate beiling (DNB) and rod quench occurred at approximately the
same time as in the data for Level 2 (Figure 32). The calculated rod
temperature at Level 3 (Figure 33) showed an early heatup due to reduced
core fiow from pump coastdown and a delayed core power decay. After tne
power decay was initiated, enougn liquid upflow cooled the rods. Because
of further reduced core flow, DNB at rod Level 3 occurred earlier in the
calculétion than in the data. Enough LPCI liquid from the bypass had
entered the core through the core bypass path that the rods at revel 3
quenched around 165 s in the calculation, approximately 35 s earlier than
the data.

Rod temperature comoarison of the middle three rod levels (Levels 4
through 6, Figures 34, 35 and 36) showed signiticant ceviation from the
data. The early calculated rod heat up was a result of bundle dryout due
to pump coastdown (lower core mass fiow rate) and delayed core power
decay. These effects were observed in the data only at higher elevations.
An upward surge of (iguid from the lcwer plenum turned over the rod
temperatures as a result of lower plenum flashing at approximately 15 s.
The surge of liguid was not enough to cool the rod midpiane to saturation
(the rod midpiane was the maximum axial power level). At approximate.y
50 s, bundle dryout occurred and the rod temperature began to increase.
This corresponded approximately to dryout times in the data. Enough LPCI
liquid entered the core through the bypass leakage holes to maintain the
rod temperatures, but not enough to remove the decay heat in the rods and
reduce steam generation. After 140 s steam upflow from the bypass t2 the
mixing plenum decreased enough that upper plenum liquid began to drain into
the bypass and eventually in the core via the core bypass connection. At
approximately 150 s, the midplane of the heater rods began to decrease.

The upper level rod temperatures showed goocd agreement with the data
as shown in Figure 37. Rod temperatures were adequately calculz-ed during
the pump coastdown period. A rod heatup shortly after 100 s in the data
was not calculated by the code. This heatup may have been the result of
local dryout due to the bundle gr.d spacer located at that elevation.
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4.3 Qualitative Parameters for Test 6424 Calculation

The results of the TRAC-BD1 Test 6424 calculation were very similar to
Test 6423. Many of the problems encountered in the Test 6424 calculation
were encountered in the Test 6423 calculation, therefore discussion of the
Test 6424 calculation will not be as detailed except where the author feels
it is warranted. Section 4.3.1 will present the break flow results,
Section 4.3.2 will present the differential pressure comparisons,
Sect‘on 4.3.3 will compare calculated pressure to data, Section 4.3.4 will
discuss the ECC time histories, and Section 4.3.5 will present the rod

temperature comparisons,

4.2.1 Break Flow Comparisons

As in the Test 6423 compariscn, preparatory to presenting the break
flow comparisons, break inlet conditions will be preserted.

Figure 3& compares the calculaced break inlat temperature to data.
The caiculated temperature followed the saturation curve and reflected the
vessel depressurizaticn rate calcuiated by the code. The osc’llations in
the zalculation after 50 s were depressur’zation osciliations induced by
the code. During the first 11-14 s of the calculated transient, subcooled
conditions existed at the break as shown in Figures 39 and 40. The
increase in subcooling between 6 and 11 s appeared to be liquid dropping
from one level to another in the calculation. Little subcooling was shown
in the data, however, it is believed the thermocouples were experiencing
vessel wall effects.

Departure from liquid blowdown is illustrated in the break inlet void
fraction comparison for the suction line and drive line in Figures 41 and
42 respectively. Good agreement existed in the time of departure from
liquid blowdown. These times correspond to the jet pump suction and
suction line uncovery shown in Table 9.
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Figures 43 and 44 compare the calculated suction line and drive line ‘
break mass flow rates with data. Unlike the Test 6423 calculation, the
suction line break mass flow rate was undercalculated until the suction
line uncovered at approximately 8.5s. Two phase flow then began to exit
the break resulting in an overcalculation of the break flow. After 120 s,
the break flow was again undercalculated resulting from calculated liquid
holdup in the upper plenum discussed in Section 4.3.2.

The calculated drive line break flow in Figure 44 was reasonably
calculated. The undercalculation of the drive line break flow between 3
and 8 s was rela.ed tuv the voiding of the break as shown in Figure 42.
After the steam line closure at 8 s, good agreement with the data existed
in the drive line break flow calculation. The perturbation in the data at
approximately 160 s and out to the end of the calculation appear to be

condensation related.

4.3.2 Differential Pressure Comparisons

Figure 45 compares the calcuiated Jown-omer differential pressure with
data. Generally the calculation of the downzomer differential pressure
compared well with the data. The code undercalculated the data s'ightly,
however this may be partially due to a slight mismatch in aifferential
pressure taps and vessel leve! noding. Also, as discussed in Section 4.1
the location of the suction line in the bottom level of the downcomer may
be contributing to the undercalculation.

Figure 46 compares the calculated lower plenum differential pressure
with data. Again, the vessel noding mismatched the instrumentation
differential pressure taps of the test. Also a slight difference in the
lower plenum liquid temperature contributed to the difference. After the
main steam line valve closed the calculated differential pressure showed
good agreement with the data. The oscillations after approximately 35 s
appear to be condensation modeling related.

Figures 47 and 48 compare core and bypass differential pressures with ‘
data respectively. The comparison of the two curves with data show an
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overcalculation or the differentia) pressure. The difference was
attributed to modei noding and instrumentation differentia) pressure tap
mismatch. After LPCI injection in the bypass commenced, liquid build=up in
the bypass was more in the calculation than in the data due to oscillatory
flow in the guide tube. After 150 s the core differential pressure was
undercalculated as a result of CLFL at the upper tie plate. Again, the
sharp oscillatory behavior appeared to Le related to condensation effects.

The calculated upper plenum differential precsure is cempared with

data in Figure 49. Good agreement existed early in the transient. At

27 s, HPCS was initiated and the upper plesum began to fill with ECC
liquid. In the calculation, the ECC 1iguid was carried up through the
separator and into the downcomer. At approximately 100 s ECC liquid began
to penetrate the core and bypass. The calculation, however, showed an
increase in Tiquid due to CCFL at the upper tie plate. The effects of CCFL
will be discussed in the section describing the rod temperature behavior.

4.3.3 Pressure Comparisons

The steam dome and break inlet pressure calculation s conparad to
data in Figures 50 and 51 respectively. The first 6 s of the pressure
response compared very well with the data. This was a result of the low
break flow calculation during that time. The undercalculated break flow
resulted in a better comparison in the volumetric break flow rate and
ailowed a better calculation of the pressure response. Au 6 s, the steam
Tine valve began to close and a repressurization of the system occurred.
At 8 s the valve had compietely closed. The coce overcalculated the
repressurization after the valve closure. Lower plenum bulk flashing
occurred at approximately 14 s, slowing the depressurization rate. At
approximately 32 s the jet pump exit plane unco.ered the depressurization
rate increase in the calculation. Similar vo the Test 6423 calculation the
increased depressurization rate led to early initiation of the LPCS and
LPCI. Between 50 and 160 s the oscillatice~s in the calculated pressure
response were numerically induced by the cocle.
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4.3.4 ECC Comparisons .

Figures 52, 53 and 54 compare the HPCS, LPCS and LPCI with Test 6424

data respectively. OQue to the overcalculation of the depressurization rate
the HPCS did not activate until 28 s compared with 27 s in the data. Early
activation of the LPCS and LPCI flows shown in Figures 53 and 54 was a
result of a faster depressurization rate calculated by TRAC-BD1.

4.3.5 Rod Temperature Comparisons

The same rod group modeling used in the Test 6423 was used in this

calculation.

Figures 55 through 61 compare the calculated rod temperatures with
data at each of the 7 rod bundle levels. The first four levels show
reasonable agreement between the calculation and the data. After
quenching, the calculated rod temperature followed the saturation line of

the system depressurization. ’

The calculated rod temperature at Level 5 in Figure 59 shows similar
results as those in the Test 6433 calculation, i.e., not enough cooling
from the ECC liquid tc remove the decay heat. The trend, however, shows a
dryout and rewet in the calculated temperature about the same time the data

shows a dryout and rewet.

Figures 60 and 61 show good agreement with the rod temperature
comparisons at the two highest levels in the rods. However, after 100 s a
second rod heatup occurred. it appeared that the second rod heatup was due
to CCFL limitations at the upper tie plate. This heatup period
corresponded to the increased upper plenum differential pressures at that

time.

In the two DBA calculations CCFL at the upper tie plate Timited
calculated ECC liquid penetration into the bundle and bypass from the upper
plenum, resulting in higher rod temperatures in the TLTA Test 6423 -
calculation and a small, second rod heatup after 100 s in the TLTA ‘
Test 6424 calculation. The CCFL mode]l was removed at the upper tie plate
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in the TLTA Test 6424 calculation and rerun commencing at 100 s. Liquid in
the upper plenum from ECC injection penetrated the bundle and bypass
resulting in no rod heatup as shown in Figures 62 through 64. Currently
TRAC-BD1 uses two CCFL modeling options: CCFL calculated using upper tie
plate constants and SEO constants. As illustrated in the previous
discussion the CCFL model restricts the liquid downflow to values which may
be too low for the modeled facility. This ﬁay be an over-conservative
formulation of the CCFL cufficients. It should be noted, however, that
CCFL is highly configuration dependent and the existing coefficients may
also be insufficiently general for the many exveriment and reactor designs.

In general, it was noted that calculated rod temperature behavior in
Test 6424 agreed with the data better than did the calculation simulating
Test 6423. The degree of ECC subcooling between the two calculations was
the major factor in the better comparison of Test 6424.

4.4 Summary of DBA Calculations

In general, TRAC-BD1 calculated the trends in the data, i.e., lower
plenum flashing, rod heatup due to pump coastdown and subsequent dryout,
etc. The code tended to overcalculate the suction line break mass flow
rate which led to a faster depressurization and consequently eariy
initiation of LPCS and LPCI initiation. Generally, the calculated
differential pressures were reasonable. CCFL at the upper tie plate was
overcalculated resulting in ECC liquid holdup in the upper plenum and
consequently higher rod temperatures in the upper half of the bundle.

It was also discovered that water packing in the guide tube TEE
secondary and initiation of ECC subcooled liquid in the bypass resulted in
code failures and a significant reduction in time step size. The guide
tube TEE secondary was modeled to resemble a cone and the water packing
option was turned on. These fixes smoothed the oscillations and the
calculation ran at a reasonable time step.



5. SMALL BREAK CALCULATION RESULTS

The results of the small break assessment calculations are presented
in this section. As in the presentaztion of the DBA results the small break
results are presented through the key assessment parameters. Section 5.1
presents the quantitative parameters for each calculation, Section 5.2
presents the qualitative results for the TLTA Test 6431 calculation, and
Section 5.3 presents the qualitative results for the TLTA Test 6432
calculation. A short summary of the small break calculations is given in
Section 5.4.

5.1 Small Break Calculation Quantitative Parameters

Quantitative parameters of test events compared to the TRAC-BD1
calculations are shown in Tables 11 and 12 for Tests 6431 and 6432
respectively. Most of the test events were tripped on time, therefore,
these events were also tripped on time in the calculation. LPCS and LPCI
inlet valves were tripped on time, however, the subsequent rate of ECC flow
was a function of system pressure. The occurrence of these events compared

with cdata very well.

5.2 Qualitative Comparisons for Test 6431 Calculation

This section presents a qualitative comparison of the TRAC-BDI
calculation with TLTA Test 6431 data. The comparisons include the
established key assessment parameters. Section 5.2.1 presents the
degressurization comparison, Section 5.2.2 the break flow comparison,
Section 5.2.3 the differential pressure comparison, Section 5.2.4 the ECCS
mass flow comparison, and finally Section 5.2.5 presents the rod

temperature comparisons.
5.2.1 Depressurization Comparisons
Figures 65 and 66 compare the steam dome pressure ard break inlet

pressure with data, respectively. The first increase in pressure was a
result of increased core steam generation due to delayed power decay and a
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rapid decrease in core mass flow resulting from pumn coastdown. At
approximately 7 s power decay began, steam generation decreased and the
pressure decreased. The main steam line valve was closed at 17.5 s,
reducing the system mass removal rate, resulting in a second prec<-_.e
increase. At 26.8 s the HPCS system was initiated, injecting subcooled
liquid into the upper plenum, condensing the steam and decreasing the
pressure. As shown in Figures 65 and 66, TRAC-BD1 calculated the pressure
response very well. The pressure response was undercalculated beginning at
approximately 500 s, however, the deviation was within the uncertainty
bands of the data until approximately 1000 s. After 1000 s the calculated
pressure response was outside the uncertainty bands. The deviation
appeared to de a result of a deviation in the break inlet subcooling as
shown in Figure 67 and the break inlet temperature shown in Figure 68.
Further explanation of the break inlet subcooling deviation will be
discussed later in this section.

5.2.2 Break Flow Comparison

The calculated break mass flow rate is compared to data in Figure 69.
As shown, the break mass flow rate was well characceriz~d by TRAC-BD1. The
controlling factor in the break flow rate was the differential pressure
across the break plane orifice. It was felt the undercalculation of the
break mass flow between 50 and 300 s was a result of coarse noding in the
break pipe. A better calculation of the pressure drop and thus the break
flow in the break pipe may result from finer noding. Further investigation
into break noding should be done.

The oscillation in the calculated break flow rate around 500 s was a
result of small voids (0.0 < =« < 0.02) formed in the break pipe.

5.2.3 Differential Pressure Comparisons

This section presents a comparison of the downcomer, lower plenum,
core, bypass, and upper plenum differential pressures. The differential
pressures reflect the mass distribution throughout the system. It was
discovered that during lTow void, bubbly flow regime the code would not
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calculate countercurrent flow. This situation was observed in the
calculation after HPCS was initiated. The code did not calculate reverse
core flow as was observed in the data (see Figure 70), resulting in a
calculated mass distribution (i.e., differential pressure) throughout the
system somewhat different than the data as shown in the following figures.
As in the DBA calculations, the oscillatory behavior in the calculated
differential pressure response appeared to be related tc condensation
effects from the condensation mocel in the code. Also, similar results
were observed in the 6432 calculation.

Figure 71 compares the calculated downcomer differential pressure with
data. At approximately 20 s the code undercalculated the downcomer
differential pressure indicating less mass in the downcomer. This mass was
redistributed into the core and bypass. Between 20 and 200 s the two
curves paralleled each other indicating that the mass depletion rate in the

downcomer was the same.

At about 200 s the calculated downcomer differential pressure response
agreed reasonably well with the data. Similar tc the core mass flow, the
calculated jet pump mass flow rate did not reverse direction, therefore any
liquid that entered the downcomer came from the upper plenum via the steam
separator. The liquid coming from the upper plenum was a mixutre of the
subcooled ECC Tiquid and saturated steam from the core. The liquid coming
from the upper plenum into the downcomer picked up enough heat from the
vessel wall and internals that it was nearly saturated by the time it
exited the break as shown in Figure 67. The calculated oscillations in
Figure 7] appear to be related to condensation spikes calculated by the

code.

Past 700 s TRAC-BD1 undercalculated the downcomer differential
pressure response as a result of positive core and jet pump flow and system

mass distribution as discussed below.

The lower plenum differential pressure comparison is shown in
Figure 72. Ac: shown, TRAC-BD1 did not characterize the lower plenum
differential pressure response very well. Figure 73 shows calculated
integrated core flow (at SEO), integrated combined jet pump flow, and
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integrated quide tube flow (secondary side). The core flow demanded more
than the jet pump and guide tube flows could offer, therefore, fluid from
the Tower plenum was swept up through the core, thus the deviation in the
calculated lower plenum differential pressure. Also, the subcooled ECC
injected liquid had become saturated by the time it reached the lower
plenum, converse to that of the data.

Figure 74 ccmpares the calculated core differential pressure with
data. Reasonable agreement existed between the calculation and data until
approximately 180 s. At that time, the measured core flew reversed
direction as a result of ECC liquid head build-up in the upper plenum and
the liquid in the upper plenum drained into the core. As stated before,
the code will not calculate countercurrent flow in the low void, bubbly
flow regime. These were the conditions in the calculation, therefore the
core flow remain:d positive and no ECC liquid entered the core through the
upper tie plate. The core began to void, because core outflow was higher
than the core inflow as indicated by the integrated mass flow rates shown
in Figure 75.

Figure 76 compares the cilculated bypass differential pressure with
data. Shortly after the stear line and loop isolation valves closed, in
the calculation, the bypass flow reversed direction and 1iquid accumulation
in the bypass commenced. This was converse to the data as shown in
Figure 76. Liquid accumulation in the test began at approximately 80 s.
Near the termination of the calculation the calculated differential
pressure in the bypass agreed with that measured. As mentioned earlier the
spikes in the calculation appear to be condensation spikes from injecting
subcooled liquid into the system.

The calculated upper plenum differential pressure is compared to data
in Figure 77. TRAC-BD1 reasonably calculated the data response up to
approximately 180 s. At that time the ECC liquid collected in the upper
plenum, drained into the core, reversing the core flow in the data.
IRAC-BD]1 did not calculate this phenomena because of the code limitations
discussed earlier. in the calculation, the ECC liquid injected into the
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upper plenum mixed with the two phase fluid coming trom the core decreasing
the degree of subcooling. Some of this liquid drafned into the bypass, but
a majority of the liquid exited the upper plenum through the steam
separator and entered the downcomer. The iiquid either remiained in the
downcomer as indicated in Figure 71, exited the break, or entered the lower
plenum as a result of positive jet pimp flow. From the lower plenum the
liquid entered the core and exited in the upper plenum.

5.2.4 ECCS Mass Flow Comparison

Only the HPCS of the ECCS system was activated during lest 6431. The
activation of this system was done on time (26.8 s), therefore, to te
consistent with the test, the HPCS in the calculation was also tripped on
time. After that time the flow was controlled by system pressure in the
calculation. Figure 78 compares the calculated HPCS mass flow with data.
Because the system pressure was well characterized in the calculation, the
HPCS mass flow trend in the calculation was also well characterized.

5.2.5 Rod Temperature Comparisons

To present the rod data with the calculation, the same technique used
to present the DBA roo data was incorporated, i.e., the mean of all rod
data within a calculated rod group level and the minimum and maximum of
that data.

figures 79-84 compare the calculated rod temperature histories at
various elevations with data. Because there was sufficient fluid in the
bundle no rod heat up occurred. The significant difference in the
comparison was again related to the inability of the code to calculate
countercurrent flow in the low void, bubbly flow regime. When the
experimental core flow reversed direction at approximately 180 s, .ubcooled
ECC Tiquid in the upper plenum entered the bundle cooling the rods below
the saturation temperature. Because the calculated core flow did not
reverse direction, the subcooled ECC liquid did not penetrate the bundle
directly, out rather entered the core from two directions: (a) liquid
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dropping into the bypass tubes from the upper plenum and entering the core
via the bypass leakage path, and (b) upper plenum liquid entering the
downcomer via the steam separator, traversing the downcomer, entering the
lower plenum via the jet pumps, and entering the core via the SEO. In
either case, by the time the ECC liquid entered the core al! of the
subcooling was lost. As a result, the rods in the calculation followed the
depressurization saturation temperature.

5.3 Qualitative Comparisons for Test 6432 Calculation

This section presents a qualitative comparison of the TRAC-BD1
calculation with TLTA Test 6432 data. Section 5.3.1 presents the
depressurization comparison, Section 5.3.2 the break flow comparison,
Section 5.3.3 the differential pressure comparison, Section 5.3.4 the ECC
mass flow comparison, and finally Section 5.3.5 presents the rod

temperature comparisons.

5.3.1 Depressurization Comparisons

Steam dome and break inl:t depressurization comparisons with data are
shown in Figures 85 and 86 respectively. Early in the transient, steam
dome pressure was held constant (approximately 6.69 MPa) by adjusting the
main steam line valve. In the calculation this was accomplished using a
BREAK component with a pressure vs time table. At approximately 165 s the
main steam line valve closed and a pressure increase was observed. The
calculated pressure increase was higher than the data due to an
undercalculation of the break flow. At approximately 286 s the ADS was
tripped open and rapid depressurization began.

5.3.2 Break Flow Comparison

The calculated break mass flow rate is compared with data in
Figure 87. In the test, two breaks were used, one representing the small
break the other for excess mass removal. The breaks were not opened until
138 s because of scaling differences and downcomer liquid level matching
between the referenced BWR and TLTA. At the initiaticn of the break,
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TRAC-BD1 undercalculated the break mass flow rate. The undercalculated
mass flow rate resulted in an overcalculation of the pressure response
discussed above. The break flow calculation might have been improved if
finer noding around the break was done. However, the code calculated the
break flow reasonably well. At 286 s the second break was closed,
accounting for the rapid decrease in mass flow rate. After ADS initiation,
break inlet conditions became saturated and remained saturated throughout
the transient calculation as shown in Figures 88 and 89. The data in
Figure 88 shows that superheated steam existed early in time. This may be
a result of a zero off-set in the instrumentation at that location.

In addition to the break mass flow comparison, it is important to
briefly discuss the steam Tine/ADS mass flow rate. The steam jine remained
open until 165 s, therefore, steam line mass flow was important in
downcomer liquid mass tracking. As mentioned earlier the steam line was
modeled using a BREAK component with a pressure versus time table to
calculate the constant pressure early in the transient. Using this setup,
mass flow versus time out the BREAK was not available. Another alternative
would have been to model the steam line with a negative FILL with a
velocity vs time table, and letting the code calculate the pressure. Using
the BREAK with pressure versus “ime to maintain constant pressure was
deemed more important than using the negative FILL to control the mass flow

rate out the steam line.

Figure 90 compares the calculated steam line/ADS mass flow rate with
data. The calculated high mass flow early in time was a result of
downcomer level swell into the steam dome and downcomer Tiquid exiting
through the steam line. The level swell appeared to be code induced.
Several modeling techniques were tried to limit the high mass flow rate.
The successful technique was to connect the steam line PIPE component to
Ring 2 in the steam dome level of the VESSEL component and set the levels
in Ring 2 above the downcomer liquid level to an alpha equal to 1.0. This
gave the best result. After 20 s the calculated behavior reasonably
matched the data.
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5.3.3 Differential Pressure Comparisons

This section presents the differential pressure comparisons for the
downcomer, lower plenum, core, bypass, and upper plenum. The differential
pressures reflect the mass distribution through the system.

The calculated downcomer differential pressure is compared with data
in Figure 91. The high calculated mass flow out the steam line, discussed
above, depleted the downcomer liquid as indicated in Figure 91. The
calculated downcomer differential pressure remained below the measured
pressure until the initiation of the second break at 138 s. The
undercalculation of the break flow induced a better downcomer differential
pressure agreement. Between 138 and 286 s the calculated differential
pressure essentially paralleled the data. Shortly after 200 s a sharp
decrease in the calculated differential pressure and a leveling off until
286 s was observed. This was attributed to a small flow revers»]1 followed
by essentiaily zero flow through the jet pumps. At 286 s the second break
was closed and the ADS opened, resulting in a level swell indicated by the
increase in differential pressure in Figure 91. From 286 s to the
termination of the calculation, TRAC-BD1 calculated the trend of the data.
The spikes in the calculation appear to be condensation related.

Figure 92 compares the calculated differential pressure in the lower
plenum with data. As shown, reasonable agreement existed between the
calculation and the data out to ADS initiation at 286 s. At the initiation
of ADS the lower plenum partially voided due to lower plenum steam
generation from the rapid system depressurization rate. In the calculation
the lower plenum was voided to the jet pump exit plane, where it remained
until approximately 438 s. The liquid that voided out of the lower plenum,
in the calculation, appeared in the downcomer, core and bypass. During
this time a slight level swell was observed in the data due to the rapid
system depressurization. Also lower plenum steam generation due to ADS
activation led to CCFL at the SEO in both the calculation and the data.
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At approximately 438 s the jet pump mass flow began .scillating around
zero, tending to be more reverse than positive flow. The reverse flow out
the jet pumps further reduced the liquid inventory in the lower plenum as
observed in the calculated lower plenum differential pressure curve in
Figure 92. Al-o at 438 s the LPCS flow was initiated and began filling the
upper plenum with subcooled liquid. The liquid head in the upper plenum
produced by LPCS injection changed the pressure balance in the cystem such
that positive core flow was reduced and any steam generation in the lower
plenum from system depressurization exited through the jet pumps. In the
data this behavior was slightly different. The liquid inventory in the
lower plenum did not begin to decrease unti) after 500 s, at which time a
higher hydrostatic head in the core, from ECC liquid in the upper plenum,
began to drive the lower plenum liquid out the jet pumps until the jet pump
exit plane uncovered. At the uncovery of the jet pump exit plane, steam
generated in the lower plenum had an alternate escape route. This changed
the CCFL conditions at the SEQ and allowed bundle liquid to enter the lower
plenum. With less steam flow up the bundle, liquid from the upper plenum
began to penetrate the bundle and cool the rods. This liquid continued
down the bundle and into the lower plenum until subcooled liquid entered
the SEO and subcooled CCFL break down at the SEO occurred followed by a
rapid refill of the lower plenum (approximately 610 s). The refill of the
lower plenum in the calculation did not occur until approximately 630 s as
a result of incomplete fiow reversal in the core. CCFL at the upper tie
plate was intermittent, therefore most of the liquid regained in the lower
plenum came from LPCI injection in the bypass via the core bypass and SEOQ
or the guide tube. By the time the liquid entered the lower plenum it was

saturated.

Figure 93 compares the calculated core differential pressure with data.
After ADS initiation, liquid from the lower plenum was observed in the core
region in the calculation. At approximately 400 s reasonable agreement
existed between the calculation and the data. At approximately 550 s
ligquid from the upper plenum began to increase the core mass inventory in
the data where as in the calculation this did not occur until approximately
30 s Tater. As stated earlier the oscillations in the calculation appear
to be condensation effects on the subcooled injected liquid.
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The calculated bypass differential pressure is compared to data in
Figure 94. As in the core differential pressue comparison, liquid from the
lower plenum was observed to keep the bypass differential pressure higher
in the calculation than in the data. At approximately 458 s LPCI injection
was activated and shortly after that liquid inventory in the bypass began
to increase the differential pressure in both the calculaticn and the
data. TRAC-BD1 reasonably calculated the bypass differential pressure
response after LPCI initiation.

The upper plenum differential pressure comparison is shown in
Figure 95. The change in the differential pressure at approximately 80 s
appeared to be related to the steam line mass flow behavior. Shortly after
200 s a sharp decline in differential pressure was noted in both the
calculation and the data. This was a result of core flow reversal,
draining upper plenum liquid into the core. After ADS initiation liquid
swell from the rapid depressurization and mass inventory from the core and
bypass entering the upper plenum resulted in the increased differential
pressure shown in Figure 95. Unlike the data, the upper plenum liquid
continued to go up through the separator and into the downcomer resulting
in a rapid decrease in differential pressure shortly after ADS initiation.
At 438 s the LPCS wa* initiated and upper plenum mass inventory began to
increase in both the calculation and the data. At approximately 580 s the
data shows upper plenum drainage into the core as a result of jet pump exit
plane uncovery explained earlier. This did not occur in the calculation
because of intermittent CCFL at the upper tie plate. Because of time
constraints on the calculation, investigation inte the CCFL modeling was
not done, however, this investigation should be carried out in future
assessment work.

5.3.4 ECC Mass Flow Comparisons

The ECC system mass flow rates are compared with data in this
section. In this test, the HPCS system was not operable, therefore, only
the LPCS and LPCI systems were initiated.
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The calculated LPCS and LPCI mass flow rates are compared to data in
Figure 96 and 97 respectively. The importance in showing these curves was
the timing of the initiation of these flows. Because the system pressure
was well characterized in the calculation the timing of LPCS ana LPCI
initiation was also well characterized. As shown, the activation of LPCS
and LPCI occurred at 438 and 458 s respectively. The experimental LPCS
initiation led the calculation by approximately 5 s. The positive flow
shown by the data before LPCS and LPCI initiation was due to either zero
offset in the instrumentation or pre-injection warmup circulation.

5.3.5 Rod Temperature Comparisons

The same technique used to present the rod data in the calculation of
TLTA Test 6431 is used in presenting the rod temperature comparisons for
Test 6432,

Figure 98-103 compare the calculated rod temperatures with data. As
in Test 6431 no rod heatup was observed in either the calculation or the
data. TRAC-BD1 tended to undercalculate the data, however, the temperature
histories were reascnebly calculated. The decrease in rod temperature due
to subcooled liquid as discussed earlier was delayed in the calculation by

approximately 20 s.

5.4 Summary of Small Break Calculations

In general, TRAC-BD1 Version B002 calculated the trends in the data.
Break mass flow and system depressurization was well characterized by the
code in both calculations. ECC liquid holdup in the upper plenum due to
the inability of the code to calculate countercurrent flow in a low void,
bubbly flow regime led to a system mass distribution different to that of
the experiment in the simulation of Test 6431. In Test 6432, CCFL at the
upper tie plate Timited ECC liquid downflow into the bundle and bypass,
similar to results in the DBA calculations. No rod heatup was observed in

either the tests or the calculations.
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6. CONCLUSIONS AND RECOMMENDATIONS

This section presents the conclusions and recommendations for the four
TRAC-BD1 calculations described in this document. The conclusions and
recommendations for the DBA calculations will be presented first, followed
by the conclusions and recommendations for the small break calculations.

It is recommended interested readers refer to Reference 7 for other
conclusions relative to calculations similar to the DBA calculations
documented in this report.

TRAC-BD1 Version 11 was observed to generally calculate the trends of

the data. Problems, where they arose, were due to the immaturity of
Version 11, model and input limitations and initialization difficulties.

TRAC-BD1 Version 11 overcalculated the suction line break flow rate.

The overcalculation of the suction line break flow rate led to a faster
depressurization rate and consequently early initiation of ECCS.

TRAC-BD1 Version 11 calculated the trend in the system differential
pressure response.

The TRAC-BD1 Version 11 model tended to undercalculate liquid
downflow in this facility.

CCFL at the upper tie plate limited calculated ECC liquid penetrations
into the bundle and bypass from the upper plenum, resulting ia higher rod
temperatures in the TLTA Test 6423 calculation and a small, second rod
heatup after 100 s in the TLTA Test 6424 calculation. The CCFL model was
removed at the upper tie plate in the TLTA Test 6424 calculation and rerun
commencing at 100 s. Liquid in the upper plenum from ECC injection
penetrated the bundle and bypass resulting in no rod heatup. Version 11
uses two CCFL modeling options: CCFL calculated using upper tie plate
constants and SEO constants. The analyses indicate the current
coefficients in the CCFL model restrict the liquid dewnflow to values which
may be too low for the modeled facility. It is suspected the coefficients
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are formulated to be over-conservative. However, it is generally agreed
that CCFL is highly configuration dependent and the existing coefficients
may also be insufficiently general for the many experiment and reactor
designs. It should be noted that Version B002, the version used in the
small break calculations, has an option to adjust those coefficients.

Water packing and guide tube modeling resulted in code failures and

time step reduction.

Pressure oscillations originating from the guide tube TEE resulted in
code failures due to water packing in the TEE and required a significant
reduction of the time step size to run. To smooth the pressure
oscillations and increase the time step size, the side arm of the guide
tube TEE was modeled as a cone with the large end next to the primary side
and the water packing option turned on. The TLTA Test 6424 calculation was
rerun for a short time beginning at 50 s, with the above changes to the
model. The pressure oscillations in the guide tube were smoothed and the
calculation ran at a reasonable time step. It is recommended that modeling
the guide tube TEE as mentioned above be used as applicable.

Conclusions and recommendations relative to the small break
calculations using TRAC-BD1 Version B002 are as follows:

Initialization of the small break calculations using the control
package contained in TRAC-BCl Version B0O02 was much simpler and more cost
effective than the manual adjustment method used in Version 11.

TRAC-BD1 Version B0OO2 calculated the general system response of the
small break data reasonably well

Break mass flow rates were weil calculated by TRAC-BD1 Versicn B002
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TRAC-BD1 Version B002 did not calculate countercurrent flow ir the bubbly

flow regime with low void fraction.

As a result of this inability to calculate countercurrent flow in the
bubbly flow regime, liquid holdup in the upper plenum was observed. This
liquid holdup led to a different system mass distribution than indicated by
the data. It also prevented core reverse flow, which was essential in
bringing subcooled 1iquid to the rods. This problem is a recognized code
deficiency and should be investigated further.

CCFL limitations at the upper tie plate in the TLTA Test 6432
calculation was observed to hold up liquid in the upper plenum.

This problem was similar to the one observed in the DBA calculations.
The option of adjusting the CCFL coefficients should be investigated in
future assessment activities. Even with the subject holdup, the code
calculated sufficient liquid in the bundle to prevent rod heatups.
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TABLE 1. RELATIONSHIP BETWEEN THE PHYSICAL AND MATHEMATICAL COMPONENTS OF
THE TRAC-BD1 TLTA DBA MODEL

Physical Component

Mathematical Component

Break lines
Broken loop
Broken loop
Eroken loop
Broken loop

Broken loop
Intact loop
Intact looo
Intact loop
Intact loop
Intact loop
Intact loop

suction line

drive pump

drive line isolation valve
drive line

Jjet pump

suction line

suction line isclation valve
drive pump

drive line isolation valve
drive line

jet pump

Heated bundle

Guide tube

Feed water line
Main Steam line

HPCS line
LPCS line
LPC1 line

Vessel and internals
Lower plenum
Downcomer

Bypass
Mixing

tibes
plenum

Upper plenum
Steam separator
Steam dome

a. A TRAC component is made up or one or more cells.

TEE 4, TEE 7 (secondary)
TEE 4, BREAK 24

PUMP 5

VALVE 6

TEE 7, BREAK 25, JETP 8
(secondary)

JETP 8

PIPE 26

VALVE 1

PUMP 2

PUMP 2

PUMP 2, JETP 3 (secondary)
JETP 3

CHAN20

TEE 21, FILL 27

PIPE 11, FILL 10

PIPE 18, FILL 19

PIPE 17, FILL 16

PIPE 15, FILL 14

PIPE 13, FILL 12

VESSEL 9

Levels 1-3, Cell 1 and 2
Levels 4-11, Cell 2
Levels 4-8, Cell 1
Levels 9, Cell 1

Levels 10-11, Cell 1
Levels 12, Cells 1

Level 13, Cells 1 and 2

is constructed with axial levels, radial rings and theta sections. One

VESSEL cell is defined by one theta section in one radial ring of one axial

Tevel.

The VESSEL component

43




TABLE 2. RELATIONSHIP BETWEEN THE PHYSICAL AND MATHEMATICAL COMPONENTS OF
THE TRAC-BD1 TLTA SMALL BREAK MODEL FOR TEST 6431
a
Physical Component Mathematical Component
Break line TEE 1, (secondary)
Broken loop suction line TEE 1, BREAK 5
Broken loop darive pump FUMP 2
Brcken loop drive line isolation valve VALVE 3
3roken loop drive line VALVE 3, JETP 4 (secondary)
Broken loop jet pump JETP 4
Irtact loop suction line VALVE &
Irtact loop suction line isolation valve VALVE 8
Intact loop drive pump PUMP 9
Intact loop drive line isolation valve VALVE 10
Intact loop drive line VALVE 10, JETP 11 (secondary)
Intact loop jet pump JETP 11
Heated bund’e CHAN 12
Guide tube TEE 6, FILL 7

Feed water line
Main Steam line
HPCS line
Vesse! and internals
Lower plenum
Downcomer
Bypass tubes
Mixing plenum
Upper plenum
Steam separator
Steam dome

a. A TRAC component is made up or one or more cells.
is constructed with axial levels, radial rings and theta sections.

PIPE 25, FILL 26

VALVE 14, BREAK 26

PIPE 19, FILL 20

VESSEL 27
Levels 1-5, Cell 1 and 2
Levels 6-73, Cell 2
Levels 6-11, Cell 1
Levels 12, Cell 1
Levels 13, Cell 1
Levels 14-15, Cells 1
Level 16, Cells ! and 2

The VESSEL component
One

VESSEL cell is defined by one theta section in one radial ring of one axial

level.
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TABLE 3.

RELATIONSHIP BETWEEN THE PHYSICAL AND MATHEMATICAL COMPONENTS OF

THE TRAC-BD1 TLTA SMALL BREAK MODEL FOR TEST 6432

Physical Componert

a
Mathematical Component

Break line

Broken
Broken
Broken
Broken
Broken
Intact
intact
Intact
Intact
Intact
Intact
Heatea

loop
loop
loop
locp
loop
foop
Toop
loop
loop
loop
loop

suction line

drive pump

drive line isolation valve
drive line

Jjet pump

suction line

suction line isolation valve
drive pump

drive line isolation valve
drive line

jet pump

bundle
Guide tube
Feed water line
Main Steam line
LPCS line
LPCS line
ADS line
Vessel and internals
Lower plenum
Downcomer
Bypass tubes
Mixing plenum
Upper plenum
Steam separator
Steam donme

a. A TRAC component is made up or one or more cells.

TEE 28 (primary-break 1;

secondary-break 2), BREAK 5,

BREAK 29

TEE 1,

PUMP 2

VALVE 3

VALVE 3, JETP 4 (secondary)

JETP 4

VALVE 8

VALVE 8

PUMP §

VALVE 10

VALVE 10, JETP 11 (seconcary)

JETP 11

CHAN 12

TEE 6, FILL 7

PIPE 25, FILL 26

VALVE 14, BREAK 15

PIPE 21, FILL 22

PIPE 23, FILL 24

PIPE 17, FILL 18

VESSEL 27
Levels 1-5, Cell 1 and 2
Levels 6-13, Cell 2
Levels 6-11, Cell 1
Levels 12, Cell 1
Levels 13, Celi 1
Levels 14-15, Cells 1
Level i6, Cells 1 and 2

The VESSEL component

is constructed with axial levels, radial rings and theta sections. One
VESSEL cell is defined by one theta section in one radial ring of one axial

level.
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TABLE 4. COMPARISON OF INITIAL CONDITIONS OF TLTA TEST 6423
STEADY STATE CALCULATION

AND TRAC-BD1

Test
Bundle Power (MW) 6.46 + 0.03
Steam dome pressure (MPa) 7.1499 + 0.0345
Lower plenum pressure (MPa) 7.34 + 0.0345
Lower plenum temperature (K) 547.09 + 4
Initial water ievel (m) 3.1242 + 0.015
Feed water temperature (K) 294.26 + 2
Bundle inlet to outlet DP (MPa) 0.1103 + 0.0138
Steam flow (Kg/s) 3.1749 + 0.45
Fead water flow (Kg/s) 0.4536 + 0.14
Drive pump #1 flow (Kg/s) 3.6738 + 0.45
Drive pump #2 flow (Kg/s) 3.7645 = 0.45
Jet pump #1 flow (Kg/s) 7.7104 + 0.91
Jet pump #2 flow (Kg/s) 8.6176 + 0.91
Bundle inlet flow (Kg/s) 14.9673 + 2.27
ECC fluid temperatire (K) 366.48 + 8.33

TRAC-BD1

S e NNWWoOwo

1
36

.46
. 149
.363
.07
40
2
.1003
.428
.4536
773
.950
.244
.875
.81

TABLE 5. COMPARISUN OF INITIAL CONDITIONS OF TLTA TEST 6424 AND TRAC-BD1

STEADY STATE CALCULATION

Test

Bundle Power (MW) 6.49 + 0.03
Steam dome pressure (MPa) 7.2809 + 0.0345
Lower plenum pressure (MPa) 7.4532 + 0.0345
Lower plenum temperature (K) 548.15 + 4
Initial water level (m) 3.1496 ¢ 0.15
Feed water temperature (K) 296.47 + 2
Bundle inlet to outlet DP (MPa) 0.1379 + 0.0138
Steam flow (Kg/s) 3.6284 + 0.45
Feed water flow (Kg/s) 0.4989 + 0.14
Drive pump #1 flow (Kg/s) 3.1749 + 0.45
Drive pump #2 flow (Kg/s) 3.6284 + 0.45
Jet pump #1 flow (Kg/s) 6.3498 + 0.91
Jet pump #2 flow (Kg/s) 8.164 + 0.91
Bundle inlet flow (Kg/s) 13.153 ¢ 2.27
ECC fluid temperature (K) 322.04 + 8.33

TRAC-801

.49
.28056
.508
¥
.15

4
.10762
.534
.4987
.652
.076
.225
.642
.79
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TABLE 6. COMPARISON OF INITIAL CONDITIONS OF TLTA TEST 6431 AND TRAC-BDI1

STEADY STATE CALCULATION WITH CONTROL PACKAGE

Test

Steam dome pressure (MPa) 7.1774 + 0.034
Downcomer liquid level (m) 7.19 £ 0.08
Bundle flow (Kg/s) 19.50 ¢+ 2.27
Bypass flow (Kg/s) 1.13 £ 0.23
Steam flow (Kg/s) 0.91 £ 0.23
Bundle inlet subcooling (K) 8.89 + 2.22
Downcomer temperature (K)

Above F. W. Sparger 562.04 + 2.22

Below F. W. Sparger 554 .82 + 22
3undle Power (MW) 2.06672

TRAC-BD1

7.1781
7.19
19.29
1.37
0.88
7.70

560.9
554.6
2.06672

TABLE 7. COMPARISON OF INITIAL CONDITIONS OF TLTA TEST 6432 AND TRAC-BDI

STEADY STATE CALCULATION WITH CONTROL PACKAGE

Test

Steam come pressure (MPa) 7.2257 + 0.034
Downcomer liquid level (m) 7.19 £ 0.08
Bundle flow (Kg/s) 15.42 + 2.27
Bypass flow (Kg/s) 0.95 £ 0.23
Steam flow (Kg/s) 0.73 £ 0.23
Bundle inlet subcooling (K) 11.67 £ 2.22
Dcwncomer temperature (K)

Above F. W. Sparger 562.59 ¢ 2.22

Below F. W. Sparger 550.93 + 2.22
Bundle Power (MW) 1.97315

TRAC-BD1

7.2258
7.19
15.26
1.14
0.84
9.00

561.1
553.7
1.97315
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TABLE 8. QUANTITATIVE PARAMETERS OF THE TRAC-BD1 TLTA 6423 CALCULATION ‘
COMPARED WITH DATA

Data TRAC-BD1
Peak clad temperature (K)
Pump coastdown 822.0 950.0
Dryout 794 .0 840.0 4
Time to peak clad temperature (s)
Pump coastdown 5.0 15.0
Dryout 200.0 182.0
Time to inital rod dryout (s)
Pump coastdown 1.7 0.5
Dryout 30.0 40.0
Time to core quench (s) 230.0 230.0
Time to jet pump suction uncovery (s) 7.6 8.3
Time to recirculation line uncovery (s) 11.0 10.3
Time to jet pump exit plane uncovery (s) 39.3 35.0
Time to ECCS activation (s)
HPCS 27.0 27.0
LPCS 65.0 3.0
LPCI 72.0 56.0C
Minimum downcomer Jdifferential pressure (MPa) 1.50 x 10 3 1.13 x 10 ¢
Time to minimum downcomer differential
pressure (s) 82.0 124.0
Lower plenum bulk flashing (s) 15.0 15.0
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TABLE 9. QUANTITATIVE PARAMETERS OF THE TRAC-BD1 TLTA 6424 CALCULATION

COMPARED WITH DATA

Peak clad temperature (K)

Pump coastdown

Dryout
Time to peak clad temperature (s)

Pump coastdown

Dryout
Time to inital rod dryout (s)

Pump coastdown

Dryout
Time to core quench (s)
Time to jet pump suction uncovery (s)
Time to recirculation line uncovery (s)
Time to jet pump exit plane uncovery (s)
Time to ECCS activation (s)

HPCS

LPCS

LPCI

Minimum downcomer differential pressure (MPa)

Time to minimum downcomer differential
pressure (s)

Lower plenum bulk flashing (s)

Data TRAC-BD1
8440 875.0
704.0 806 .0

10.0 12.0
30.0 80.0
13 0.7
35.0 20.0
150.0 160.0
7.2 6.4
10.8 8.5
34.0 32.0
27.0 28.0
63.0 52.0
71.0 56.0
1.40 x 1073 1.10 x 10~
76.0 150.0
14.0 14.0
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TABLE 10. SEQUENCE OF EVENTS FOR TESTS 6423 AND 6424

6422 6424
Blowdown valves open (s) 0.0 0.0
Bundle power decay initiated (s) 0.5 0.5
Feed water flow stops (s) 0.5 0.5
Steamline valve completely closed (s) 11.5 8.0
Loop 1 isolated (s) 20.0 20.0
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TABLE 11. QUANTITATIVE PARAMETERS OF THE TRAC-BD1 TLTA 6431 CALCULATION

COMPARED WITH DATA

Pump coastdown initiation (s)
Pump 1
Pump 2
Feedwater closure initiation (s)
Break open (s)

Steam line valve closed (s)

HPCS Activation (s)

Loop isolation valve closure (s)
Intact loop
Broken loop

a. Based upon steam line flow data.

Data Calculation
0.0 0.0
4.0 4.0
0.0 0.0
-0.9 0.0
17.5% 17.5
26.8 26.8
19.6 19.6
18.5 18.5
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TABLE 12. QUANTITATIVE PARAMETERS OF THE TRAC-BD1 TLTA 6432 CALCULATION
COMPARED WITH DATA

Data Calculation

Pump coastdown initiation (s)

Pump 1 0.0 0.0

Pump 2 4.0 4.0
Feedwater closure initiation (s) 0.1 0.0
Break open (s) -0.9 0.0

Line 1 138.0 138.0

Line 2 138 <t< 286 138 st< 286
ADS open (s) 286.0 286.0
MSIV closure (s) 165.0 165.0
Loop isolation valve closure (s)

Intact loop 20.0 20.0

Broken loop 18.2 18.2
ECCS activation (s)

LPCS 433.0 438 0

LPCI 458.0 458.0

|
|
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- 2 1.0541
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Figure 8. Rod group configuration for TRAC-BD1 TLTA small break calculations.
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Figure 98. Test 6432 rod temperature cemparison for TRAC-8D! rod group

2 level 1 and rod thermocouple data at .25 m from BHL.
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Flgure 99. Test 6432 rod temperature comparison for TRAC-BD! rod group
1 ievel 2 und rod thermocouple data at .89 m from BHL.
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Figure 100. Test 6432 rcd temperature comparison for TRAC-BD! rod
group 1 leval 4 and rod thermocouple data at 2.01 m from
BHL.
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Figure 101. Test 6432 rod temperature comparison for TRAC-BD1 rod
group 2 level 5 and rod thermocouple dcta at 229 m from
BHL.
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Figure 102. Test 6432 rod temperature comparison for TRAC-BD! rod

group 2 level 6 and rod thermocu . ple data af 292 m from
BHL.

109



oLl

sl E _I S I TR S Ry T R -—‘T‘ SRR s A"_"""T"*" T =
— ROD120207
S e W Shatt MEAN DATA
, \ ——- MINIMUM DATA
T MAXINUM DATA
x 500 | h
®
[
-
o
| .
@
£
® 400 | t\ -4
’-— ‘l
\y
{
A
l S
300 - 1 e & i
0 200 400 600 800
Time (s)
Figure 103.

Test 6432 rod tempercture comparison for TRAC-BD1 rod

group 2 level 7 and rod thermocouple data at 3.56 m
from BHL.
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