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ABSTRACT

This report summarizes a series of computer simulations sponsored by the United
States Nuclear Regulatory Commission (USNRC) performed at the Idaho National
Engineering Laboratory (INEL) to continue the advancemert of boiling water reactor
(BWR) safety research. The simulations were performed to evaluate the analysis capa-
bilities of the Transient Reactor Analysis Code BWR version (TRAC-BD1/MODI) to
calculate operational transients, including anticipated transients without scram
(ATWS) and loss-of-coolant accidents (LOCAs). The assessment simulations were
performed for a broad range of scenarios, to encompass as many different phenom-
ena as possible. Cmparisons are made between the measured and calculated data.
Conclusions #- made with respect to the calculated system pressure response, ther-
ma, ~.ponse, and break flow response, as well as the capabilities to model contain-
ment and natural circulation conditions. Recommendations are made with respect to
user guidelines.

FIN No. A6047—Code Assessment and Applications— Transients



SUMMARY

A series of TRAC-BDI/MODI1 computer code simulations sponsored by the
Urited States Nuclear Regulatory Commission (USNRC) were performed at the
Idal.» National Engineering Laboratory (INEL) to continue the advancement of boil-
ing woter reactor (BWR) safety research. The simulations were assessed with data
from sey arate effects test facilities, integral test facilities, another computer code, and
a full-scale power plant. The separate effects simulations consist of two blowdown
containment tests and a large break reflood test. The integral simulations include
three LOCAs of varying sizes, a power transient, three natural circulations tests, and
four power plant start-up tests. Results, conclusion, and recommendations from this
series of computer calculations are summarized. Comparisions are made between the
measured and calculated data. Conclusions are made with respect to the calculated
system pressure response, thermal response and break flow response, as well as the
capabilities to model containment and natural circulation conditions. Recommenda-
tions are made with respect to user guidelines.

The development of the TRAC-BWR code is continuing with additional improve-
ments. The latest version of the code (TRAC-BF1) is currently undergoing develop-
mental assessment prior to independent assessment and its release.
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OVERVIEW OF TRAC-BD1/MOD1 ASSESSMENT
STUDIES

1. INTRODUCTION

TRAC-BD1/MODI computer code is a best esti-
mate code for the analysis of postulated accidents
and transients in boiling water reactor (BWR) sys-
tems and related experimental facilicies. A series of
assessment studies were conducted on TRAC-BD!
MODI at the Idaho National Engineering Labora-
tory (INEL) for the United States Nuclear
Regulatory  ommission (USNRC). This assess-
ment series used fest data from many different
facilities, including the Swedish FIX-11 Facility, the
Full Integral Simulation Test (FIST) Facility, the
General Electric Steam Sector Test Facility (SSTF),
the Swedish Marviken Facility, Browns Ferry
Nuclear Plant Unit 3, and the Japanese Rig of
Safety Assessment (ROSA-II1) Facility. TRAC-
BD1/MODI calculations were also compared with
some CONTEMPT/LT-28 calculations of ihe
MARK | containment and the Marviken facility.
This report summarizes the results and conclusions
from this series of assessments.

1.1 TRAC-BWR Evolution

Development of the BWR version of the Tran-
siem Reacto: Analysis Code (TRAC) began at the
INEL for the USNRC in October 1979. The initial
goal of the TRAC-BWR development program was
to provide a basic analysis capability for design
basis loss-of-coolant accidents (DBLOCAS). Two
versions of the TRAC-BWR code have been
released and another version is currently being

developed.

TRAC-BWR was created from an interim version
of TRAC-PF1. TRAC-PFI was developed by the
Reactor Safety Code Development Group at Los
Alamos National Laboratory for analysis of LOCAs
in pressurized water reactors (PWRs). TRAC-PF1
contains a full two-fluid thermal-hydraulic model in
both one- and three-dimensional component
models. Several major modifications were required
of TRAC-PF1 before BWR systems could be accu-
rately modeled. Most of the modifications relate 1o
the differences in the core geometry. The fuel in a
PWR is contained in an open lattice, whereas the
fuel in a BWR is contained within individual channel

boxes. The difference in core structure required that
many additional thermal-hydraulic phenomena be
modeled. The most important of these were rod-1o-
rod and rod-to-channel wall radiation heat transfer,
seperate fluid streams caused by the channel walls
(channel and bypass regions), and countercurrent
flow limiting (CCFL) at the upper tie plate (UTP)
and the side entry orifice (SEO). Other major areas
requiring changes or additions were the critical heat
flux correlation, jet pump modeling, and separator-
dryer modeling.

TRAC-BWR is of modular construction to allow
its adaptation to any BWR plant or BWR experi-
mental system. The code consists of modular com-
ponenis that are based on the physical components
of a system, such as a pipe or pump component.
The code also contains some more complex
components designed to make the construction of a
model easier, such as a vessel component and a jet
pump component. Most of the components can be
subdivided into a number of cells, to allow for a
more detailed thermal-hydraulic analysis.

The first released version of TRAC-BWR
(TRAC-BDI/MODO! Version 8), was sent to the
National Energy Software Center? in February
1981, TRAC-BD1/MODO provided the capability
for analyzing a LOCA accident scenario, including
blowdown, core heat-up, reflood with quenching,
and refill.

Two interim versions of TRAC-BD1/MODO,
Versions 11 and 12, were widely used by the
USNRC and its contractors befori a second version
of the code, TRAC-BD1/MODI,2 was released in
April 1984. Many modeling improvements were
made in these two interim versions; improvements
to interfacial drag, critical flow, wall heat transfer,
and subcooled boiling. The purpose of the second
version is to provide the capability for analyzing
operational transients, including anticipated tran-
sients without scram (ATWS), as well as providing

a. National Energy Software Center, Bldg. 208 —Room €230,
9700 South Cass Avenue, Argonne, [llinois 60439



an improved analysis capability for both design
basis and small break LOCAs. Development of the
TRAC-BWR code is continuing, with expanded
modeling capabilities and numerical efficiency
unprovements. The third version of the code,
TRAC-BF1, is scheduled for release in late
FY-1986.

1.2 TRAC-BD1/MOD1
Description

TRAC-BDI/MODI1 was developed to analyze
operational transients including ATWS as well as
provide an improved analysis capability for both
large and small break LOCAs. Many new models
were added, and numerous existing models were
significantly revised to provide these expanded
capabilities. The major models added or signifi-
cantly revised to create the TRAC-BD1/MODI ver-
sion include:

Balance of plant models, such as turbine,
feedwater heaters, and condenser

Soluble boron transport model
Two-phase, level tracking model

Improved constitutive relations for heat,
mass, and momentum transfer between
the fluid phases and between the fluid
phases and structure

Control systems model

Reactivity feedback model, for use in the
point reactor kinetics model

A simple, lumped parameter containment
model

Noncondensable gas transport model

Generalized component heat and mass
transfer models

®  User convenience features, such as free
tormatied input and extensive input error
checking.

1.3 Assessment Objectives

The assessment analyses summarized in this
report were performed 1o evaluate the capabilities
of TRAC-BD1/'MODI to simulaic BWR tran-
sients. The analyses were chosen to include a wide
variety of scenarios for which the code could be
evaluated. These included a small break LOCA, an
intermediate break LOCA, a large break refill
reflood, a power transient, natural circulation
experiments, containment transients, and several
operational transients. The assessment calculations
were evaluated on (a) how realistically governing
phenomena were represented, (b) how well key
parameters were determined, and (¢) how well
overall system behavior was simulated.

1.4 Report Outline

This report summarizes and discusses the assess-
ment results and conclusions from the differem
assessment calculations already conducted on
TRAC-BD1/MODI. The goal is to create a well
developed perspective of the code’s overall per-
formanc., thermal-hydraulic accuracy and validity,
capabilities, and areas in need of improvement.
Complete descriptions of the TRAC-BD1 MCDI
assessment calculations are contained in Appen-
dixes A through G. An attempt has been made 10
repeat only enough information about each calcu-
lation to make the discussion of the assessment
results and conclusions clear. No attempt has been
made to include information pertaining to the con-
struction of the individual models (nodalization,
and the establishment of initial and boundary con-
ditions) since this information is discussed in detail
within each assessment calculation report dupli-
cated in the appendices. An uncertainty analyvsis
using the ROSA-I1 assessment caleulation was per-
tormed. This study s presented in Appendin H.




2. FACILITY AND TEST DESCRIPTIONS

This section describes the facilities and tests used
in the TRAC-BDI/MODI1 assessment studies,
Table | lists and briefly describes the tests. Appen-
dixes A through G describe in detail the tests and
information about the facility models. The refer-
ences to the report contains comiplete information
about each of the facilities.

2.1 Separate Effects Facilities
and Test Descriptions

The three assessment calculations pertaining to
the analysis of separate effects are (a) BLOW-
DOWN 18, conducted at the Marviken facility,
(b) SEQUENCE 483, for a MARK I containment
as calculated by CONTEMPT/LT-28,3 and
(c) Test EA3.1, conducted at the Steam Sector Test
Facility (SSTF). These tests and facilities are
described in the following paragraphs.

2.1.1 Marviken. The Marviken facility, converted
from a heavy water boiling reactor (never fueled) to
an experimental blowdown facility,? is located in
Sweden. The facility consists of a full-scale pres-
sure vessel within a pressure suppression type con-
tainment. The containment is a multiple room
type, and, therefore, not entirely prototypical of
U.S. commercial BWR containments. The drywell
consists of many rooms interconnected by door-
ways, vent shafts, and other openings. The wetwell
is a large room located under the rooms that com-
pose the drywell.

BLOWDOWN 18 was conducted in the Marviken
facility to simulate a large pipe rupture in the pri-
mary loop of a BWR. The Marviken vessel was ini-
tially filled with water and heated to ~520 K at
4600 kPa. The liquid in the vessel was then dis-
charged as a two-phase mixture into one of the dry-
well containment rooms. Twenty-cight of the
57 vents connecting the drywell to the wetwell were
open during BLOWDOWN 18. Neither drywell
nor wetwell cooling was used during the
experiment.

212 MARK | Containment. A MARK | con-
tainment is composed of two main components:
drywell and wetwell 5 The pressure vessel is com-
pletely contained within the drywell. The werwell is
a toroidal-shaped vessel that surrounds the lower
elevation of the drywell. The wetwell is normally
about half full of water and is connected to the dry-
well by eight large vent pipes.

SEQUENCE 483, simulated to occur in the
MARK I containment, was initiated by closure of
the main steam isolation valve (MSIV) with subse-
quent failure of the reactor to scram. The boron
injection system was not activated. The power
oscillated as the system pressure varied between the
safety relief valve (SRV) set points. High-pressure
core injection (HPCI) was activated, and at 250 s
HPCI suction shifted to the torus, upon activation
of the torus high water level signal. HPCI is
assumed to have failed because of high torus tem-
perature (366.5 K), and the torus coatinued to heat
until steam breakthrough was assumed. The auto-
matic depressurization system (ADS) and low-
pressure core injection (LPCI) were activated with
high drywell pressure and the vessel water level at
the triple low point.

2.1.3 SSTF. The Steam Sector Test Facility (SSTF)
was a BWR simulator, volume scaled 307360 degrees,
or 1/12, of a full-scale BWR/6.% The principal fea-
tures of the facility used for the simulated test were a
full-scale 30 degree sector mockup of a BWR /6-218,
low pressure core spray (LPCS), LPCI, recirculation
lines capable of simulating a DBLOCA, $8-rod bun-
dles, lower plenum, and guide tubes/bypass. The
unpowered rod bundles used steam injection to simu-
late core heat. The facility was designed to operate at
low pressures (~.1 MPa) and to simulate multiple
channel behavior,

Test EA3.1, RUN 111, was a reference BWR /4
refill/reflood transient. The test was initiated by
the following sequence: (a) closure of the vessel
steam vent valve, (b) opening of the blowdown
valve, (¢) actuation of emergency core cooling sys-
tem (ECCS) injection, and (d) control of the steam
injection to simulate vapor generation from the
core and vessel structures. The test was character-
ized by rapid reflood of the core channels and refill
of the lower plenum.

2.2 Integral Test Facilities and
Test Descriptions

Integral test facilities were used to simulate vari-
ous sizes of LOCAs, a power transient, natural cir-
culation experiments, and several different
operational transients. Brief descriptions of the
facilities and tests are described in the following
subsections, arranged according to facility.



Table 1. Test descriptions

_ Facility

Marviken (separate effects blowdown
facility)

MARK 1(CONTEMPT LT1-28 calcula
tion for a BWR MARK | containment)

FIX-1 (scaled Swedish BWK integral
facility)

FIST (scaled BWR/6-218 integral
facility)

SSTF (scaled BWR /6, 30 degree sector
integral)

Browns Ferry Nuclear Plant Unit 3
(1100 MW BWR 4)

ROSA-Lil (scaled BWR facility)

Designation

BLOWDOWN IR

SEQUENCE 483

3025

6PMC2

6PNC1-2b

6PNCI1-4

6PNC1-6

EA3.1 RUN 111

PT

T

FIl

GLR

RUN 912

Description

Large break blowdown containment
test, assessed with test data and
CONTEMPT 'LT-28

Containment calculation, with MSIV
closure, scram failure, and steam break-
through, with HPCl and L PCI

Intermediate size split recirculation line
break, with no ECCS

Power transient, MSIV closure, failure
to scram, with only RCIC

Natural circulation test at 1-MW core
power

Natural circulation test at 2-MW core
power

Natural circulation test at 2 MW core
power

Large break DBA reflood/ refill test,
BWR 4 ECCS configuration, with
LPCS and LPCI

Onge recirculation pump trip test

Two recirculation pumps trip test
Feedwater turbine trip transient

Generator load rejection test

Small recirculation line break, with
HPCI failure

221 FIX-. The FIX-II faciiity is a volumetrically
scaled (1/777) BWR simulator, designed to investi-
gate simulated fuel rod heat (ransfer during LOCAs
and other transients. FIX-11 is scaled from the Swed-
ish Oskarshamn-2 Reactor, which is a S570-MW
BWR with external pumps.7's The simulator is pow-
ered with an electrically heated, 6 x 6-rod bundle.

The pressure vessel contains a lower plenum, core,
upper plenum, simulated steam separators, and
steam dome. External to the pressure vessel are the
downcomer, guide tubes, bypass, and the two recir-
culation loops. The broken loop simulated one
actual loop, and the intact loop simulated three
actual loops.



The experiment simulated was Test 3025, Inter-
national Standard Problem 15. The break flow
changed from subcooled liquid to a high quality
mixture after approximately 20 s. The guide tubes
and lower plenum flashed at about 50 s, as the final
core dryout started. The test was terminated at 76 s
on low stecam dome pressure.

2.2.2 FIST. The Fu'l Integral Simulation Test
(FIST) facility is a full-height BWR simulator,
scaled 1/624 of a BWR/6-218.9 It contains a single
full-size electrically heated 8 x 8 bundle. The flow
areas are scaled to yield velocities similar to the full-
scale reactor. The system contains two complete
recirculation loops, a heated feedwater system, a
reactor core isolation cooling (RCIC) system, and
safety relief valves. The only significant scaling
compromises are the vessel metal mass and heat
transfer areas. The facility size and operating con-
diticas required the facility to contain several times
the scaled amount of metal mass in some areas.

Four tests conducted at the FIST facility were
used to assess TRAC-BD1/MODI. These tests
consisted of a power transient (6PMC2), and three
natural circulation tests (6PNC1-2b, 6PNCI1-4,
and 6PNC1-6). The power transient was initiated
with the closure of the MSIV. This was followed by
the failure of the reactor to scram, and a high-
pressure core spray (HPCS) system failure. The sys-
tem pressure remained below the ADS
high-pressure activation set point. RCIC was the
only inventory make-up system available. The pro-
grammed bundle power was based on a BWR/6
plant calculation with a one-dimensional neu-
tronics code and boron injection at 120 s. The
power calculation, however, assumed that the
HPCS system was active, resulting in a higher
power condition due to the increased mass in the
bundle. The transient is characterized by high reac-
tor power and a low coolant inventory make-up rate
caused by the mismatch in the programmed power
and the assumed HPCS failure.

The three natural circulation tests were designed
to simulate natural circulation in a BWR-6/218
under normal and off-normal conditions. The
three test were similar, except they were initiated at
different core powers: 1, 2, and 3 MW. Each test
was started from steady state conditions and natu-
ral circulation flow rates corresponding to the core
power. Independently controlled parameters such
as power, pressure, feedwater flow, and feedwater
temperature were held steady during the tests. The
tests were initiated with a step decrease in the feed-

water flow 10 cause a steam-feedwater flow mis-
match. This resulted in a slowly falling liquid level
and decreasing natural circulation core flow.

2.2.3 Browns Ferry Nuclear Plant. The Browns
Ferry Nuciear Plant Unit 3isan 1100-MW General
Electric BWR/4, owned and operated by the
Tennessee Valley Aulhorit)-.5v 10 The plant has been
operating since March 1977, Four of the startup
tests conducted at this facility were used in this
assessment study. The tests inciude a single recircu-
lation pump trip, a two recirculation pump trip, a
feedwater turbine trip, and a generator load rejec-
tion transient.

The three operational transients all started from
steady state and were initiated by preset boundary
conditions. The boundary conditions primarily
controlling the transients were the pump speeds and
feedwater flow rates. A zero electrical load initiated
the generator load rejection transient, resulting in a
power/load unbalance. The unbalance caused a
trip signal to be generated; however, the signal
interlock to the turbine stop valves was discon-
nected. As & result, the turbine began to overspeed;
the turbine control valve began to close; and the
bypass valve began to open in response to the over-
speed condition. A turbine overspeed trip eventu-
ally tripped the turbine stop valves and scrammed
the reactor. At about 6 s, th: downcomer water
level reached the low-level set point; the MSIVs
began to close; and the recirculation pumps were

tripped.

2.2.4 ROSA-. The Rig of Safety Assessment-111
(ROSA-111) is a volumetrically scaled (1/424) BWR
system with an electrically heated core. 112 Four
half-length, electrically heated bundles power the
core. There are two recirculation loops, each loop
containing two jet pumps and one recirculation
pump. ROSA-III containing all the major BWR
components and has them arranged accordingly,
except for the jet pumps. The jet pumps had to be
placed external to the pressure vessel, owing to scal-
ing constraints with the downcomer flow area. The
facility also contains prototypical BWR ECCS
which include a HPCS, a LPCS, and a LPCI,

Run 912, a small break test, was simulated at
ROSA-11T using the TRAC-BD1/MCDI code. The
test was initiated with a 5% break in the recircula-
tion pump suction piping. After MSIV closure, the
SRVs were used to control the system pressure until
the ADS was activated. Then LPCS and LPC1 were
initiated to quench the rods.



3. TRANSIENT CALCULATION RESULTS

The accurate simulation of global BWR
responses requires the accurate calculation of the
local phenomena occurring within the system. This
section identifies and discusses the key phenomena
controlling the scenario of events being calculated.
Detailed discussions of the individual calculations
are presented in the assessment topical reports
appended to this report. The 1 xus of this report is
on the similarities and differences of the assessment
findings, so that a well-developed perspective of the
code’s capabilities may be gained. The following
subsections correspond to the parameters that have
been judged key indicators of the code’s predictive
capabilities, which are system pressure, core ther-
mal behavior, break flow, containment tempera-
ture, and natural circulation flow.

3.1 Simulated System Pressure
Response

The correct system pressure is critical for simula-
tion of most phenomena occurring in a BWR tran-
sient. The system pressure depends highly on many
of the phenomena present in the experiment.
Therefore, correct simulation of the system pres-
sure indicates that most of the complex interdepen-
dent phenomena are also correctly simulated. The

primary factors controlling and being controlled by
the system pressure are as follows:

¢ Break flow

e Safery system actuations

- BCCS
- ADS
- SRV
*  Flashing/condensation

¢  Heat transfer

- Ambient heat loss
- Stored energy

- Bundle to coolant heat transfer.

LOCAs have many event timings that are directly
linked or influenced by the system pressure. Table 2
presents a comparison between some calculated
and measured parameters. The power transient,
Test 6PMC2 (FIST), is included in the table even
though it is not considered a typical LOCA. The
diversity of the simulated transients prohibits a
meaningful composite uncertainty analysis; never-
theless, Table 2 indicates that the pressure
responses were generally well predicted for the sim-
ulated LOCAs. Table 3 presents a summary of key
events for operational transients, ECCS timings are
not included in Table 3 because the two transients
they were simulated in used time trips for the thei
actuations. Table 4 summarizes the simulated pres-
sure responses for all the studies. Several areas of
discrepancy exist between data and calculations,
including modeling uncertainties, break flow, con-
densation, pool boiling, and ECCS flow. Modeling
uncertainty simply refers to uncertainties in the
measured data and in the facility configuration,
The interactions between system pressure and the
above parameters are discussed in the following
paragraphs.

Break flow was an important paramerer control-
ling system pressure in all the transients that experi-
enced a break. In Test 3025 (FIX-11), the break flow
was the only significant parameter ideatified as
adversely affecting the blind calculation. The break
mass flow was underpredicted by as much as 25%.
Figure 1 illustrates that the simulated pressure
response was delayed relative to the data because of
a lower calculated break flow rate.

It is suspected that the system pressurization in
RUN 912 (ROSA-III) was also sightly overpre-
dicted because of the underpredicted break flow,
As indicated in Figure 2, the SRV mass flow was
actuated earlier because of the faster pressuriza-
tion. The ADS initiation time was not directly
affected by the higher pressure, since it was tripped
by a downcomer liquid level signal. The discrepan-
cies associated with the LPCS and LPCI initiation
times are directly attributable to the system pres-
sure calculation, since they were initiated with a
pressure trip.

Excessive steam condensation is believed to have
caused an accelerated depressurization during the
EA2.1 Test (SSTF) simulation. During the first 6 s
of the subcooled LPCI hiquid injection into the jet



Table 2. Comparison of calculated and measured key event timings for LOCAs

3025
(FIX-1h
Calculation  Calculation

Event Measurement __(Blind)  (Sensitivity)
Maximum steam dome 7.5 84 9.5
pressure (7.35 MPa) (7.4 MPa) (7.28 MPa)
First SRV opening 1.0 1.0 1.0
Second SRV opening 12.1 12.1 12.1
LPCS initiation NA NA NA
LPCI initiation NA NA NA
RCIC imitiation NA NA NA
Lower plenum flashing 22.0 234 19.7
Whole core uncovery 64.0 810 S6.0
Peak cladding 1.5 . 1.5
lemperature (614 K) <M (660 K)
Bundle quench NA NA NA

a. Indeterminable from data.
b. No peak occurred during this part of the simulation.

<. Administrative temperature lirait.

RUN 912 6PMC2
(ROSA-111) " (FIST)
Measurement  Calculation  Measurement  Caleulation
54.0 62.0 6.0 7.0

(8.40 MPa) (8,40 MPa) (8.43 M) (8.52 MPa)

840 62.0 34 14
NA NA 107.0 108.0
318.0 335.0 NA NA
406.0 92.0 NA NA
NA NA 85.0 97.3
159.0 166.0 2 600.0
275.0 300.0 NA NA
4100 194.0 355.0 325.0
(839 K) (748 K) (895)° (895)°
4440 436.0 990.0 660.0

pumps, the simuiation overpredicted the depressur-
ization of the system. The pressure dropped in each
cell as the liquid entered, causing additional steam
to be drawn into the jet pump. This event is believed
to have caused an accelerated depressurization in
the EA3.1 (SSTF) calculation. The relatively
course nodalization is believed to have contributed
to the problem but not to have been the primary
cause. The condensation calculation used cell aver-
aged conditions for void and temperature, which
can create severe distortions in large cells. As the
fluid conditions in the jet pumps changed to sub-
cooled liquid, the excessive depressurization rate
was terminated. Further discussion on this subject
is presented in Appendix E.

The pressure response in the containment model
was assessed in two separate calculations; BLOW-
DOWN 18 (Marviken) and SEQUENCE 483
(MARK [). The pressure response was well-

simulated  throughout the system in
BLOWDOWN 18. This included the drywell pres-
sures, the wetwell pressure, and the vessel pressure,
see Figures 3, 4, and 5. The drywell and wetwel!
pressure responses were also well-simulated in
SEQUENCE 483, until the suppression pool
reached its saturation temperature. TRAC failed to
produce an accurate simulation beyond this point
because it does not contain a containment pool
boiling model. The drywell and wetwell pressure
responses are shown in Figures 6 and 7, respec-
tively. TRAC issues a warning message whan the
saturation point is reached, and it also has an
option to stop the calculation at this point. Refer to
Appendix A for a complete discussion of this
subject.

The Marviken model was also used in a sensitiv-
ity study to investigate TRAC's numeric stability
when the pressure difference between the vessel and



Table 3. Summary of key system parameters for operational transients?

Maximum Pressure Minimum Pressure Time of Pressure Maxima Time of Pressure Minima

(MPa) e (MPa) SRR | SRR | = i O
. West  Measurement  Calulation  Measurement  Calculation  Measurement  Calculation  Measurement  Calculation
Blowdown 18P (Marviken, 0.33 0.29 0.10 0.10 135.0 88.0 0.0 0.0
blowdown/containment)
SPQUENCE 4813
(MARK [, blowdown/ 0.12 0.12 0.1 0.10 1130.0 1130.0 0.0 0.0
containment)
EA3.1 (SSTF, large break 1.03 1.06 0.36 0.23 0.0 0.0 50.0 50.0
blowdown)
PT (Browns Ferry, one- 7.03 7.03 6 .85 6.90 0.0 0.0 185 185
pump trip)
TPT (Browns Ferry, 7.03 7.03 6.73 6.81 0.0 0.0 20.0 200
TWO-pump trip)
FTT (Browns Ferry, 7.03 7.03 6.95 6.99 0.0 0.0 40.0 40.0
feedwater turbine trip)
6L R (Browns Ferry, 7.63 7.52 6.95 7.00 44 49 1.6 1.7

generator load rejection

a. The natural circulation tests were not included in the table because the system pressure was held constant.
b. Pressure comparisons were made with the break outlet (room 122) pressures.

¢.  Pressure comparisons were made with the werwell pressures.




Table 4. Summary of simulated pressure responses

Test

3025 (FIX-111
medium break)

6PMC2 (FIST, power
transient)

PT (Browns Ferry,
one-pump trip)

TPT (Browns Ferry,
two-pump trip)

FTT (Browns Ferry,
feedwater turbine
trir)

GLR (Browns Ferry,
generator load
rejection)

RUN 912 (ROSA-III,
small break)

BLOWDOWN I8
(Marviken, blowdown
containment)

SEQUENCE 483
(MARK 1, blowdown
containment)

Results

Comments

Pressure response was well-calculated
relative to the data.

Overall pressure response was in good
agreement with the data.

Pressure trends were in excellent agree-
ment wich data.

Calculated and measured steam dome
pressures showed excellent agreement.

Simulated pressure trends showed a
good comparison with the data.

System pressure response was very
good.

Pressure response was generally well-
calculated.

Pressure response in the primary loop,
drywell, and wetwell was in good
agreement with the data and
CONTEMPT.

Calculated trends in the wetwell and
drywell were in excellent agreement
until the suppression pool reached the
saturation temperature.

System pressure was improved during
the subcooled and transition periods
by adjusting the break discharge
coefficient.

There were some deviations in the
calculated pressurization rates. It is
suspected that not modeling the vessel
flanges caused the calculated pressure
response to be accelerated. This
resulted in an additional SRV cycle
prior to the core power termination.

Maximum discrepancy in steam dome
pressure was 1.3%, though the total
pressure change was within the data
uncertainty (3%) of the initial
pressure.

Maximum discrepancy in steam dome
pressure was 0.7%; however, the total
pressure change was within the data
uncertani'y (3%) of the initial pres-
sure,

A minor discrepancy occurred as the
pumps were run back. This discrep-
ancy was attributed to modeling uncer-
tainties in the pressure controller.

The slight differences were thought to
be a result of modeling uncertainties in
the pressure controller and MSIV
steam leakage.

The differences in depressurization
rares seems to have been caused by
lower calculated break tlow.

Modeling uncertainties were believed
to be responsible for a slight disagree-
ment during the first 15 s.

TRAC does not contain a containment
pool boiling model.
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Table 4. (continued)

EA3.1 (SSTF, large
break blowdown)

6NPC1-2b, 4, 6 (FIST,
natural circulation)

__Results

Pressure responses were adequately
simulated. An initial overcalculation in
the depressurization rate resulted in an
undercalculated pressure.

Pressure was held constant by the pres-
sure control system. Agreement with

o Comments

Excessive steam condensation occur-
ring as ihe jet pumps filled is believed
to cause this overcelculated
depressurization.,

The main steamline flow was in com-
plete agreement.

the data was very good.

8 1 1 1 T

Feedwater, spray,
cooler, and SRV

Pressure (MPa)
P

_\/‘T——- SRV Opening

I T T T i

— = Dato
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Experiment
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Figure 1.

the containment is small. The Marviken vessel pres-
sure was arbitrarily reset so that the vessel/
containment pressure difference was small. A 150-s
calculation was then performed, and no insiabiti-
ties were observed with the explicit numeric tech-
niques used in the containment models. The
pressures and mass flow rares appeared very stable.

Accurate SRV modeling was an imporiant
parameter controlling the pressure response in the
6PMC2 (FIST) calculation. It was determined that
special modeling of the FIST SRVs was required to
accurately simulate the measured mass flow rates.

10

40 50 60 70 80 90
Time (s)

Comparison of measured and calculated steam dome pressure for Test 3025 (FiX-11).

The code-data comparisons showed that sligh
deviations in the SRV tlow caused deviations in the
pressure responses, A discussion of this SRV model
technique is presented in Section 4.6.

As indicated in the pressure response summary
(Table 4), the simulation performed using the
Browns Ferry Plant model showed excellent agree-
ment with the data. The two-pump trip (TPT) test
matched the data slightly better than the single-
pump trip (PT) test,

In summary, the calculatcd pressure response
was well-predicted, and most of the discrepancies
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that did occur were caused by modeling sensitivi-
ties. The four major influences of the calculated
pressures were break flow, condensation, contain-
ment pool boiling, and SRV flow.

The following conclusions were made relative to
TRAC's capability to simulate the system pressure
response:

* System pressure was well-predicted by
TRAC during the LOCA simulations, the
natural circulation transients, the power
transient, the containment assessments,
and the operational transients. Most dis-
crepancies between measured data and cal-
culated results are attributed to modeling
sensitivities rather than code deficiencies.

The system pressure response is very sensi-
tive to SRV flow, break mass flow, core
thermal response, and flashing/
condensation. The calculated response of
each parameter had a direct and signifi-
cant influence on the system pressure dur-
ing the calculations.

Excessive vapor condensation in the jet
pump is suspected of causing accelerated
depressurization rates. It is recommended
that the TRAC interfacial heat transfer
model be reviewed with regard to this prob-
lem. Finer nodalization is one modeling
technigue that may reduce the effect of this
problem.

The containu *nt pressures were well-
simulated until the suppression pool
reached saturation conditions. After this
point, an accurate pressure response is
impossible, since TRAC does not include a
containment pool boiling model.

3.2 Simulated Core Thermal
Response

In this section, the core thermal response and the
major variables controlling it are discussed. The
primary variables controlling the core thermal
response are a« foliows:

®  System pressure

e Event timings

®  Vessel liquid mass distribution
Upper tie plate CCFL

- Side entry orifice CCFL.

Generally, the simulated core thermal responses
were in good agreement with the data.

In Test 3025 (FIX-11), the core thermal response
agreed well with the data, provided the calculated
break mass flow was correct. A sensitivity study
regarding the break flow model is discussed in Sec-
tion 3.3. Figure 8 shows typical rod temperature
comparison. The initial offset corresponds to the
temperature variation through the thickness of the
cladding. The calculated surface temperature is
being compared with the measured internal clad-
ding temperature. As t"e power decayed, the tem-
perature profile through the cladding thickness was
significantly reduced (less than 4 K after 10 s).

During this same calculation, there was excellent
agreement with the first departure from nucleate
boiling (DNB); however, the calculation overpre
dicted the severity by approximately 45 K. Some of
the thermocouples indicated a second DNB at
about 22 s, but the code did not. This heat-up aver-
aged only about 10 K and did not occur across any
one level of the core. Therefore, it was attributed to
localized behavior. The third DNB was a top down
dryout. As shown in Figure 8, the time it occurred
and the calculated rate of heat-up were in very good
agreement with the dara. Figure 9 illustrates the
rate at which the heat-up propagated through the
core. The propagation rate and dryout times were
well-calculated.

Several of the CHAN modeling improvements
made in TRAC-BD1/MODI1 were apnarent in the
core thermal response calculated for RUN 912
(ROSA-III). The fine-mesh model in the CHAN
eliminated a pressure spike that occurred during a
simulation of this test using a previous version of
TRAC. 13 The pressure spike occurred at about
400 s, as indicated in Figure 10. The pressure spike
was caused by quenching of the large nodes. The
fine-mesh model provides a larger number of
smaller nodes, which results in a more continuous
quench behavior. There were also significant
improvements in the calculated heater rod tempera-
tures and core inventory results. The improved per-
formance of the code is attributed to the
modifications of the interfacial drag model and
heat iransfer relationships, and the inclusion of the
fine mesh model.
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RUN 912 (ROSA-H1).

Test 6PMC2 (FIST), calculated heater rod tem-
perature response, matched the data very closely;
however, there are two areas of disagreement, as
shown in Figure 11. First, TRAC calculated the
heat-up to occur slightly earlier, owing to an addi-
tional SRV cycling. Second, the heater rods
quenched early because of an overcalculation of
the liquid entrainment in the corz. The data indi-
cate the quench front was moving with the core lig-
uid level. The calculation produced a separate
quench front ahead of the core liquid level. This
separate quench front was caused by the excessive
entrainment above the caiculated liquid level. The
final quench was caused by the downcomer, lower
plenum, and lower channel cells flashing, trigger-
ing a sudden swell in the channel. The data showed
the lower downcomer reached saturation but did
not flash. The reason that flashing occurred during
the simulation is unclear.

There were no rod heat-ups measured or calcu-
lated during the natural circulation tests; however, a
heat-up did occur in a sensitivity study of the
3-MW test. This was caused by excessive numerical
diffusion triggered by the omission of the level
tracking option. This subject is discussed further in
Section 4.1.
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Multi-channel behavior is a very important phe-
nomenon controlling the core thermal response
during the refill/reflood stage of a BWR LOCA.
The behavior can only be experimentally produced
in facilities containing many fuel bundles, such as
the SSTF facility. Multiple-bundle geometry allows
different flow regimes to occur and thus control the
localized heat transfer differently. The flow regimes
1n a bundle usually depend on the radial location of
the bundle and the power level of the bundle.
Multi-channel phenomena has been determined to
effect timing of the lower plenum and lower bundle
reflood. These ditferences do not invalidate overall
experimental results from few- or single-channel
BWR subscale facilities. Rather, the differences
show that the multi-channel phenomena occurring
in the reflood/refill phase of a LOCA are an experi-
mental gap in one- or few-bundle test facilities.

Test EA3.1 (SSTF) was simulated to assess the
capability of TRAC to calculate the multiple-
channel flow effects occurring during a refill/
reflood stage of a BWR LOCA. The only major
limitation in the facility regarding this phenome-
non was that the bundles were not powered, thus,
eliminating the possibility of rod temperature com-
parisons,
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The next few paragraphs discuss the differences
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