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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 t he advancement of boiling w ater reactor
(IlWR) safety research. The 3imulations were performed to evaluate the analysis capa-
bilities of theTransient Reactor Analysis Code ilWR version (TRAC-IlDl/N10DI) 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. C'.,mparisons are made between the measured and calculated data. -

Conclusions *N made with respect to the calculated system pressure response, ther-
mai mponse, 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. AMM7-Code Assessment and Applications-Transients
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SUMMARY

A series of TRAC-BDl/ MODI computer code simulations sponsored by the
Ui.i ed States Nuclear Regulatory Commission (USNRC) were performed at thet
Idata National Engineering Laboratory (INEL) to continue the advancement of boil-
ing w.ter reactor (BWR) safety research. The simulations were assessed with data
from set 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 additionalimprove-
ments. The latest version of the code (TRAC-BFI) is currently undergoing develop-
mental assessment prior to independent assessment and its release.
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OVERVIEW OF TRAC-BD1/ MOD 1 ASSESSMENT
STUDIES

.

1. INTRODUCTION

TRAC-BDl/NIODI computer code is a best esti- boxes. The difference in core structure required that*

mate code for the analysis of postulated accidents many additional thermal-hydraulic phenomena be
and transients in boiling water reactor (BWR) sys- modeled. The most important of these were rod-to-
'tems and related experimental facihiies. A series of rod and rod-to-channel wall radiation heat transfer,
assessment studies were conducted on TR AC-BD!/ sepcrate fluid streams caused by the channel walls
510D1 at the Idaho National Engineering Labora- (channel and bypass regions), and countercurrent
tory (INEL) for the United States Nuclear flow limiting (CCFL) at the upper tie plate (UTP)
Regulatory Commission (USNRC). This assess- and the side entry orifice (SEO). Other major areas
ment series used test data from many different requiring changes or additions were the critical heat
facilities, including the Swedish FIX-Il Facility, the flux correlation, jet pump modeling, and separator-
Full Integral Simulation Test (FIST) Facility, the dryer modeling.

'*
General Electric Steam Sector Test Facility (SSTF),
the Swedish hlarviken Facility, Browns Ferry T R AC-BWR is of modular construction to allow
Nuclear Plant Unit 3, and the Japanese Rig of its adaptation to any BWR plant or BWR experi-
Safety Assessment (ROSA-lll) Facility. TRAC- mental system. The code consists of modular com-
BDl/A10DI calculations were also compared with ponents that are based on the physical components
some CONTEAIPT/LT-28 calculations of the of a system, such as a pipe or pump component.

*

h! ARK I containment and the Ntarviken facility. The code also contains some more complex
This report summarizes the results and conclusions components designed to make the construction of a
from this series of assessments, model easier, such as a vessel component and a jet

- pump component. Alost of the components can be
subdivided into a number of cells, to allow for a1.1 TRAC-BWR Evolut, ion
more detailed thermal-hydraulic analysis.

'

Development of the BWR version of the Tran- The first released version of TRAC-BWR
sient Reacto. Analysis Code (TRAC) began at the (TRAC-BDl/h10D01 Version 8), was sent to the
INEL for the USNRC in October 1979. The initial National Energy Software Centera in February
goal of the TRAC-BWR development program was 1981. TRAC-BDl/h!ODO provided the capability
to provide a basic analysis capability for design for analyzing a LOCA accident scenario, including
basis loss-of-coolant accidents (DBLOCAs). Two blowdown, core heat-up, reflood with quenching,
versions of the TRAC-BWR code have been and refill.
released and another version is currently being c
developed. Two interim versions of TRAC-BDl/NIODO,

Versions 11 and 12, were widely used by the
TRAC-BWR was created from an interim version USNRC and its contractors befon a second version

of TRAC-PFl. TRAC-PFI was developed by the of the code, TRAC-BDl/NIODI,2 was released in
Reactor Safety Code Development Group at Los April 1984. hiany modeling improvements were
Alamos National Laboratory for analysis of LOCAs made in these two interim versions; improvements
in pressurized water reactors (PWRs). TRAC-PFI to interfacial drag, critical flow, wall heat transfer,
contains a full two-fluid thermal-hydraulic modelin and subcooled boiling. The purpose of the second

'

both one- and three-dimensional component version is to provide the capability for analyzing
models. Sescral major modifications were required operational transients, including anticipated tran-
of TRAC-PFI before BWR systems could be accu- sients without scram (ATWS), as well as providing.

rately modeled. N!ost of the modifications ielate to
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 a. Nanonal Energy Software Center. B!dg. 208-Room C-230

9700 South Can Asenue, Argonne, tilinois 60439.

I
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an improved analysis capability for both design User comenience features, such as free*

basis and small break LOCAs. Development of the formatted input and estensise input error
TRAC-BWR code is continuing, with expanded checking.
modeling capabilities and numerical efficiency
improvements. The third version of the code, *

TRAC-BF1, is scheduled for release in late 1.3 Assessment Obj,ectives
FY-1986.

The assessment analyses summarized in this .

report were performed to esaluate the capabilities
1.2 TRAC-BD1/ MOD 1 or TRAC-BDl/h10D1 to simulate BWR tran-

Description sients. The analyses were chosen to include a wide
variety of scenarios for which the code could be

TRAC-BDl/510D1 was developed to analyze ev lu ted. Theseincluded a small break LOCA, an

operational transients including ATWS as well as intermediate break LOCA, a large break refill /
reft d, a power transient, natural circulationprovide an improved analysis capability for both

large and small break LOCAs. Alany new models experiments, containment transients, and seseral

were added, and numerous existing models were perati n ltransients.Theassessment calculations

significantly revised to provide these expanded were evaluated on (a) how realistically goserning

capabilities. The major models added or signifi- phenomena were represented, (b) how well key

cantly revised to create the TR AC-BD l /h10 D i ver, parameters were determined, and (c) how well

sion include: verall system behavior was simulated.

Balance of plant models, such as turbine, 1.4 Report Outline*

feedwater heaters, and condenser
.

Soluble boron transport model l his report summarizes and discusses the assess-*

ment results and conclusions from the different

Two-phase, level tracking model assessment calculations already conducted on* .

TRAC-BDl/hlODI. The goal is to create a well

improved constitutive relations for heat, developed perspectise of the code's overall per-e

mass, and momentum transfer between f rmang, thermal-hydraulic accuracy and validity,
the fluid phases and between the fluid capabilities, and areas in need of improsement.

phases and structure Complete descriptions of the TRAC-BDl/NIODI
assessment calculations are contamed m Appen-

Control systems model dises A through G. An attempt has been made to*

repeat only enough information about each caleu-
I ti n to make the discussion of the assessmentReactivity feedback model, for use in the*

point reactor kinetics model resuhs and conclusions clear. No attempt has been
made to melude information pertaining to the con-
struction of the individual models (nodalization,A simple, lumped parameter containment*

and the establishment of imtial and boundary con-
'" #'

ditions) since this information is discussed in detail

Noncondensable gas transport model within each assessment calculation report dupli-*

cated m the appendices. An uncertainty anaissis

Generalized component heat and mass using the ROSA-Ill assessment calculation was per-
*

formed. This study is presented in Appendix it
transfer models

.

e
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2. FACILITY AND TEST DESCRIPTIONS

This section describes Ihe facilities and tests used SEQUENCE 483, simulated to occur in the
in the TRAC-BDl/NIODI assessment studies. N1 ARK I containment, was initiated by closure of,

Table I lists and briefly describes the tests. Appen- the main steam isolation vahe (NISlV) with subse-dixes A through G describe in detail the tests and quent failure of the reactor to scram. The boron
information about the facility models. The refer- injection system was not activated. The power*

ences to the report contains complete information oscillated as the system pressure varied between the
about each of the facilities. safety relief valve (SRV) set points liigh. pressure

core injection (IIPCI) was activated, and at 250 s
2.1 Separate Effects Facilities llPCI suction shifted to the forus, upon activation

and Test Descriptions of the torus high water level signal. IIPCI is
assumed to base failed because of high torus tem-

The three assessment calculationo pertaining to perature (366.5 K), and the torus coatinued to heat
the analysis of separate effects are (a) BLOW- until steam breakthrough was assumed. The auto-
DOWN 18, conducted at the Starviken facility, matic depressurization system (ADS) and low-
(b) SEQUENCE 483, for a SIARK I containment pressure core injection (LPCI) were activated with
as calculated by CONTENf PT/LT-28,3 and high drywell pressure and the vessel water level at
(c) Test EA3.1, conducted at the Steam Sector Test the triple low point.
Facility (SSTF). These tests and facilities are
described in the following paragraphs.

2.1.3 SsTF. The Steam Sector Test Facility (SSTF)
was a BWR simulator, volume scaled 30/360 degrees,

2.1.1 Marviken. The h1arviken facility, converted
or 1/12, of a full-scale BWR/6.6 The principal fea-

from a heavy water boiling reactor (never fueled) to.

tures of the facility used for the simulated test were a
an experimental blowdown facility,4 is located in

full-scale 30 degree sector mockup of a BWR/6-218,
Sweden. The facility consists of a full-scale pres- low pressure core spray (LPCS), LPCI, recirculation
sure vessel within a pressure suppression type con' lines capable of simulating a DBlDCA,58-rod bun-,

tainment. The containment is a multiple room
dies, lower plenum, and guide' tubes / bypass. The

type, and, therefore, not entirely prototypical of
unpowered rod bundles used steam injection to simu.

U.S. commercial BWR containments. The drywell
late core heat. The facility was designed to operate at

consists of many rooms interconnected by door-
low pressures (sl h1Pa) and to simulate multiple

ways, vent shafts, and other openings. The wetwell
channel behavior.

is a large room located under the rooms that com-
pose the drywell.

Test EA3.1, RUN 111, was a reference BWR/4
BLOWDOWN 18 was conducted in the 51arsiken refill /reflood transient. The test was initiated by

facility to simulate a large pipe rupture in the pri- the following sequence: (a) closure of the vessel
mary loop of a BWR. The Starviken vessel was ini, steam vent valve, (b) opening of the blowdown
tially filled with water and heated to N520 K at valve, (c) actuation of emergency core cooling sys-
4600 kPa. The liquid in the vessel was then dis, tem (ECCS) injection, and (d) control of the steam
charged as a two-phase mixture into one of the dry, injection to simulate vapor generation from the
, ell containment rooms. Twenty-eight of the core and vessel structures. The test was character-

57 vents connecting the drywell to the wetwell were ized by rapid reflood of the core channels and refill
open during BLOWDOWN 18. Neither drywell f the lower plenum.
nor wetwell cooling was used during the
experimeni.

2.2 Integral Test Facilities and-

2.1.2 MARK I Containment. A N! ARK I con. Test Descriptions
tainment is composed of two main components:
drywell and wetwell.5 The pressure vessel is com- Integral test facilities were used to simulate vari-

*

pletely contained within the drywell. The wetwell is ous sizes of LOCAs, a power transient, natural cir-
a toroidal-shaped vessel that surrounds the lower culation esperiments, and several different
clesation of the drywell. The wetwell is normally operational transients. Brief descriptions of the
about half full of water and is connected to thedry- facilities and tests are described in the following
well by eight large vent pipes, subsections, arranged according to facility.

3
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Table 1. Test descriptions
__

1 aeility Designation Description
.

Nianiken (separate effects blowdown ill OWDOWN 18 Large break blowdown containment
facility) test, assessed with test data and .

CONTENIP T/LT-28

NIARK I(CONTEMPT /LT 28 calcula- SEQUENCE 483 Containment calculation, with NISIV
tion for a BWR hlARK I containment) closure, scram failure, and steam break-

thiough, with IIPCI and LPCI

FIX II (scaled Swedish IlWR integral 3025 Intermediate size split recirculation line
facility) break, with no ECCS

FIST (scaled BWR/6-218 integral 6PNIC2 Power transient, NISIV closure, failure
facility) to scram, with only RCIC

6PNCl-2b Natural circulation test at 141W core
power

6PNCl-4 Natural circulation test at 2-N1W core
*power

6PNCl-6 Natural circulation test at 3 N1W core
power -

SSTF (scaled ilWR/6,30 degree sector EA3.1 RUN 111 Large break DBA reflood/ refill test,
integral) BWR/4 ECCS configuration, with

LPCS and LPCI

Browns Ferry Nuclear Plant Unit 3 PT One recirculation pump trip test
(1100 N1W BWR/4)

TPT Two recirculation pumps trip test

FTT Feedwater turbine trip transient

GLR Generator load rejection test

ROSA-lii (scaled llWR facility) RUN 912 Small recirculation line break, with
IIPCI failure

*
2.2.1 FIX II. The FIX-Il facility is a volumetrically The pressure vessel contains a lower plenum, core,
scaled (1/777) BWR simulator, designed to investi- upper plenum, simulated steam separators, and
gate simulated fuel rod heat transfer during LOCAs steam dome. External to the pressure vessel are the
and other transients. FIX-Il is scaled from the Swed- dow ncomer, guide tubes, bypass, and the two recir- -

ish Oskarshamn-2 Reactor, which is a $7041W culation loops. The broken loop simulated one
BWR with external pumps.7,8The simulator is pow- actual loop, and the intact loop simulated three
cred with an electrically heated,6 x 6-rod bundle. actual loops.

!
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The experiment simulated was Test 3025, inter- water flow to cause a steam-feedwater flow mis-
national Standard Problem 15. The break flow match. This resulted in a slowly falling liquid lesel
changed from subcooled liquid to a high quality and decreasing natural circulation core flow.
mixture after approximately 20 s. The guide tubes
and lower plenum flashed at about 50 s, as the final 2.2.3 Browns Ferry Nuclear Plant. The Browns-

core dryout started. The test was terminated at 76 s Ferry Nuclear Plant Unit 3 is an 1100-AlW General
on low steam dome pressure. Electric BWR/4, owned and operated by the

Tennessee Valley Authority.5,10The plant has been.

2.2.2 FIST. The Fu!! Integral Simulation Test operating since Starch 1977. Four of the startup
(FIST) facility is a full-height BWR simulator, tests conducted at this facility were used in this
scaled 1/624 of a BWR/6-218.9 It contains a single assessment study. The tests inciude a single recircu-
full-size electrically heated 8 x 8 bundle. The flow lation pump trip, a two recirculation pump trip, a
areas are scaled to yield velocities similar to the full- feedwater turbine trip, and a generator load rejec-
scale reactor. The system contains two complete tion transient.
recirculation loops, a heated feedwater system, a
reactor core isolation cooling (RCIC) system, and The three operational transients all started from
safety relief valves. The only significant scaling steady state and were initiated by preset boundary
compromises are the vessel metal mass and heat conditions. The boundary conditions primarily
transfer areas. The facility size and operating con- controlling the transients were the pump speeds and
diticas required the facility to contain several times feedwater flow rates. A zero electricalload initiated
the scaled amount of metal mass in some areas. the generator load rejection transient, resulting in a

power / load unbalance. The unbalance caused a
Four tests conducted at the FIST facility were trip signal to be generated; however, the signal

used to assess TRAC-BDl/ MODI. These tests interlock to the turbine stop valves was discon-
consisted of a power transient (6PAIC2), and three nected. As c result, the turbine began to overspeed;

*

natural circulation tests (6PNCl-2b, 6PNCl-4, the turbine control valve began to close; and the
and 6PNCl-6). The power transient was initiated bypass valve began to open in response to the over-
with the closure of the NISIV. This was followed by speed condition. A turbine overspeed trip eventu-.

the failure of the reactor to scram, and a high- ally tripped the turbine stop valves and scrammed
pressure core spray (H PCS) system failure. The sys- the reactor. At about 6 s, the downcomer water
tem pressure remained below the ADS level reached the low-level set point; the htSIVs
high-pressure activation set point. RCIC was the began to close; and the recirculation pumps were
only inventory make-up system available. The pro- tripped.
grammed bundle power was based on a BWR/6
plant calculation with a one-dimensional neu- 2.2.4 ROSA Ill. The Rig of Safety Assessment-lil
tronics code and boron injection at 120 s. The (ROSA-Ill) is a volumetrically scaled (1/424) BWR
power calculation, however, assumed that the system with an electrically heated core.11,12 Four
HPCS system was active, resulting in a higher half-length, electrically heated bundles power the
power condition due to the increased mass in the core. There are two recirculation loops, each loop
bundle. The transient is characterized by high reac- containing two jet pumps and one recirculation
tor power and a low coolant inventory make-up rate pump. ROSA-Ill containing all the major BWR
caused by the mismatch in the programmed power components and has them arranged accordingly,
and the assumed HPCS failure. except for the jet pumps. The jet pumps had to be

placed external to the pressure vessel, owing to scal-
The three natural circulation tests were designed ing constraints with the dow neomer flow area. The

to simulate natural circulation in a BWR-6/218 facility also contains prototypical BWR ECCS
under normal and off-normal conditions. The which include a HPCS, a LPCS, and a LPCI.-

three test were similar, except they were initiated at
different core powers: 1, 2, and 3 htW. Each test Run 912, a small break test, was simulated at
was started from steady state conditions and natu- ROSA-Ill using the TRAC-BDl/h!CD1 code. The.

ral circulation flow rates corresponding to the core test was initiated with a 5% break in the recircula-
power. Independently controlled parameters such tion pump suction piping. After NISIV closure, the
as power, pressure, feedwater flow, and feedwater SRVs were used to control the system pressure until
temperature were held steady during the tests. The the ADS was actisated. Then LPCS and LPCI were
tests were initiated with a step decrease in the feed- initiated to quench the rods.

5
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3. TRANSIENT CALCULATION RESULTS

The accurate simulation of global BWR LOCAs have many event timings that are directly'
responses requires the accurate calculation of the linked or influenced by the system pressure. Table '
local phenomena occurring within the system. This presents a comparison between some calculated
section identifies and discusses the key phenomena and measured parameters. The power transient,
controlling the scenario of events being calculated. Test 6PAfC2 (FLST), is included in the table esen
Detailed discussions of the indisidual calculations though it is not considered a typical LOCA. The *

are presented in the assessment topical reports diversity of the simulated transients prohibits a
appended to this report. The f xus of this report is meaningful composite uncertainty analysis; never-
on t he similarities and differences of the assessment theless, Table 2 indicates that the pressure

. findings, so that a well-developed perspective of the responses were generally well predicted for the sim-
code's capabilities may be gained. The following ulated LOCAs. Table 3 presents a summary of key
subsections correspond to the parameters that hase events for operational transients. ECCS timings are
been judged key indicators of the code's predictive not included in Table 3 because the two transients
capabilities, which are system pressure, core ther- they were simulated in used time trips for the they
mal behasfor, break flow, containment tempera- actuations. Table 4 summarizes the simulated pres-
ture, and natural circulation flow. sure responses for all the studies. Seseral areas of

discrepancy exist between data and calculations,
including modeling uncertainties, break flow, con-3.1 S,mulated System Pressurei densation, pool boiling, and ECCS flow. Nfodeling

Response uncertainty simply refers to uncertainties in the
measured data and in the facility configuration.

The correct system pressure is critical for simula. The interactions between system pressure and the
,

tion of most phenomena occurring in a BWR tran, above parameters are discussed in the following
sient. The system pressure depends highly on many paragraphs.

of the phenomena present in the experiment.
Therefore, correct simulation of the system pres. Break flow was an important parameter control- *

sure indicates that most of the complex interdepen. ling system pressure in all the transients that experi-
dent phenomena are also correctly simulated. The enced a break. In Test 3025 (FILil), the break flow

primary factors controlling and being controlled by was the only significant parameter ideatified as
the system pressure are as follows: adversely affecting the blind calculation. The break

mass flow was underpredicted by as much as 25%.
Figure I illustrates that the simulated pressure

Break flow*

response was delayed relative to the data because of
" "

Safety system actuations*

It is suspected that the system pressurization in
- ECCS RUN 912 (ROSA-Ill) was also sightly overpre-

dicted because of the underpredicted break flow.
- ADS As indicated in Figure 2, the SRV mass flow was

actuated earlier because of the faster pressuriza-
- SRV tion. The ADS initiation time was not directly

affected by the higher pressure, since it was tripped

Flashing / condensation by a downcomer liquid level signal. The discrepan-*

cies associated with the LPCS and LPCI initiation
*

* lieat transfer times are directly attributable to the system pres-
sure calculation, since they were initiated with a
pressure trip.

- Ambient heat loss .

Excessive steam condensation is believed to have
- Stored energy . caused an accelerated depressurization during the

EA3.1 Test (SSTF) simulation. During the first 6 s
- Bundle to coolant heat transfer. of the subcooled LPCI liquid injection into the jet

6



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

. 3025
(flX-II) RUN 912 6PNIC2

(ROSA.Ill) (IIST)
Calculation Calculation

Esent Nicasurement (Blind) (Sensitis ity) Nfeasurement Calculation Nteasurement Calculation.

Ntasimum steam dome 7.5 8.4 9.5 84.0 62.0 6.0 7.0
pressore (7.35 N1Pa) (7.4 N1Pa) (7.28 NIPa) (8.40 N1Pa) (8.40 N1Pa) (8.43 N1Pa) (8.52 N1Pa)

First SRV opening 1.0 1.0 1.0 84.0 62.0 3.4 3.4

Second SRV opening 12.1 12.1 12.1 NA NA 107.0 108.0

L PCS initiation NA NA NA 318.0 335.0 NA NA

LPCI initiation NA NA NA 406.0 392.0 NA NA

RCIC initiation NA NA NA NA NA 85.0 97.3

Imer plenum flashing 22.0 23.4 19.7 159.0 166.0 -a 600.0

Whole core uncosery 64.0 81.0 56.0 275.0 300.0 NA NA

IYak cladding 1.5 b I.5 410.0 394.0 355.0 325.0
temperature (614 K) b (660 K) (839 K) (748 K) (895)c gg95)e,

Bundle quench NA NA NA 444.0 436.0 990.0 660.0

.

a. Indeterminable from data.

b. No peak occurred during this part of the simulation.

c. Administratise temperature tirait.

pumps, the simulation overpredicted the depressur- simulated throughout the system in
ization of the system. The pressure dropped in each BLOWDOWN 18. This included the drywell pres-
cell as the liquid entered, causing additional steam sures, the wetwell pressure, and the vessel pressure,
to be drawn into the jet pump. This event is believed see Figures 3,4, and 5. The drywell and wetwell
to have caused an accelerated depressurization in pressure responses were also well-simulated in
the EA3.1 (SSTF) calculation. The relatively SEQUENCE 483, until the suppression pool
course nodalization is believed to have contributed reached its saturation temperature. TR AC failed to
to the problem but not to have been the primary produce an accurate simulation beyond this point
cause. The condensation calculation used cell aver- because it does not contain a containment pool
aged conditions for void and temperature, which boiling model. The drywell and wetwell pressure
can create severe distortions in large cells. As the responses are shown in Figures 6 and 7, respec.
fluid conditions in the jet pumps changed to sub- tively. TRAC issues a warning message when the.

cooled liquid, the excessive depressurization rate saturation point is reached, and it also has an
was terminated. Further discussion on this subject option to stop the calculation at this point. Refer to
is presented in Appendix E. Appendix A for a complete discussion of this .

~

subject.
The pressure response in the containment model

was assessed in two separate cateulations; BLOW- The .hfarsiken model was also used in a sensitiv-
I)OWN 18 (N!arviken) and SEQUENCE 483 ity study to investigate TRAC's numeric stability
(N1 ARK 1). The pressure response was well- w hen the pressure difference between the vessel and

7
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aTable 3. Summary of key system parameters for operational transients

Alaximum Pressure Minimum Pressure Time of Pressure Maxima Time of Pressure Minima

(M Pa) (NIPa) (s) (s)

_
Test Measurement Cateulation Steasurement Calculation Measurement Calculation Nfeasurement Calculation

bBlowdown 18 (Marsiken, 0.33 0.29 0.10 0.10 135.0 88.0 0.0 0.0

blow dow n/ containment)

St QUFNCE 483C
(MARK 1, blowdown / 0.12 0.12 0.11 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

blow dow n)

PT (11 row ns Ferry, one- 7.03 7.03 6.85 6.90 0.0 0.0 18.5 18.5

pump trip)"

TP F (Isrow ns ferry, 7.03 7.03 6.73 6.81 0.0 0.0 20.0 20.0

two-pump trip)

FTT (Brow $s Ferry, 7.03 7.03 6.95 6.99 0.0 0.0 40.0 40.0
feedwater turbine trip)

6LR (llrow ns Ierry, 7.63 7.52 6.95 7.00 4.4 4.9 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.

c. Pressure comparisons were made with the wetwell pressures.

a * . .
. ,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



Table 4. Summary of simulated pressure responses

Test Results Comments
.

3025 (FIX-Ill Pressure response was well-calculated System pressure was improved during
medium break) relative to the data. the subcooled and transition periods

by adjusting the break discharge.

coefficient.

6PSIC2 (FIST, power Oserall pressure response was in good There were some deviations in the
transient) agreement with the data. 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.

PT (Browns Ferry, Pressure trends were in excellent agree- hlaximum discrepancy in steam dome
one-pump trip) ment with data. pressure was 1.30o, though the total

pressure change was within the data
uncertainty (30o)of theinitial
pressure.

TPT (Browns Ferry, Calculated and measured steam dome Af aximum discrepancy in steam dome
*

two-pump trip) pressures showed excellent agreement. pressure was 0.7To; however, the total
pressere change was within the data
uncertaimy (3Fe) of the initial pres-.

sure.

FTT (Browns Ferry, Simulated pressure trends showed a A minor discrepancy occurred as the
feedwater turbine good comparison with the data. pumps were run back. This discrep-
trir) ancy was attributed to modeling uncer-

tainties in the pressure controller.

GLR (Browns Ferry, System pressure response was very The slight differences were thought to
generator load good. be a result of modeling uncertainties in
rejection) the pressure controller and AISIV

steam leakage.

RUN 912 (ROSA-III, Pressure response was generally well- The differences in depressurization
small break) calculated. rates seems to have been caused by

lower calculated break tiow.

BLOWDOWN 18 Pressure response in the primary loop, Niodeling uncertainties were believed
(N1arviken, blowdown drywell, and wetwell was in good to be responsible for a slight disagree-
containment) agreement with the data and ment during the first 15 s.

-

CONTEN1PT.

SEQUENCE 483 Calculated trends in the wetwell and TRAC does not contain a containment.

s
(NIARK I, blowdown drywell were in excellent agreement pool boiling model.

icontainment) until the suppression pool reached the
;

saturation temperature.
;

l
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Table 4. (continued)
__

Test Results Comments
-

.

E A3.1 (SSTF, large Pressure responses were adequately I:xcessise steam condensation occur-
break blowdown) simulated. An initial osercalculation in ring as the jet pumps filled is beliesed

the depressurization rate resulted in an to cause this oserectculated -

undercalculated pressure. depressurization.

6N PCI-2b, 4, 6 (FIST, Pressure was held constant by the pres- The main steamline flow was in com-
natural circulation) sure control system. Agreement with plete agreement.

the data was very good.

8 i i i i i i i i i
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Figure 1. Comparison of measured and calculated steam dome prewure for Test 3025 (FIX-II).

the containment is small. The hlarsiken vessel pres- The code-data comparisons showed that slight
sure was arbitrarily reset so that the vessel / deviations in the SRV ilow caused deviations in the
containment pressure difference was small. A 150-s pressure responses. A discussion of this SRV model
calculation was then performed, and no instabili- technique is presented in Section 4.6.
ties were observed with the explicit numeric tech-
niques used in the containment models. The As indicated in the pressure response summary

,

pressures and mass flow rates appeared very stable. (Table 4), the simulation performed using ihe
Browns Ferry Plant model showed excellent agree-
merit with the data. The two-pump trip (TPT) test

Accurate SRV modeling was an important matched the data slightly better than the single- *

parameter controlling the pressure response in the pump trip (PT) test.
6PNIC2 (FIST) calculation. It was determined that
special modeling of the FIST SRVs was required to in summary, the calculated pressure response
accurately simulate the measured mass flow rates, was well-predicted, and most of the discrepancies

10
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that did occur were caused by modeling sensitivi- Vesselliquid mass distribution*

ties. The four major influences of the calculated Upper tie plate CCFL
pressures were break flow, condensation, contain-
ment pool boiling, and SRV flow.

- Side entry orifice CCFL. .

The following conclusions were made relative to Generally, the simulated core thermal responses
TRAC's capability to simulate the system pressure were in good agreement with the data.
response: -

In Test 3025 (FIX-II), the core thermal response
System pressure was well-predicted by agreed well with the data, provided the calculated*

TRAC during the LOCA simulations, the break mass flow was correct. A sensitivity study
natural circulation transients, the power regarding the break flow model is discussed in Sec-

transient, the containment assessments, tion 3.3. Figure 8 shows typical rod temperature
and the operational transients. Most dis. comparison. The initial offset corresponds to the
crepancies between measured data and cal- temperature variation through the thicknes> of the
culated results are attributed to modeling cladding. The calculated surface temperature is
sensitivities rather than code deficiencies. being compared with the measured internal clad-

ding temperature. As the power decayed, the tem-
The system pressure response is very sensi. perature profile through the cladding thickness was*

'tive to SRV flow, break mass flow, core significantly reduced (less than 4 K after 10 s).
thermal response, and flashing /
condensation. The calculated response of During this same calculation, there was excellent

each parameter had a direct and signifi. agreement with the first departure from nucleate
cant influence on the system pressure dur. boiling (DNB); however, the calculation overpre-
ing the calculations, dicted the severity by approximately 45 K. Some of -

the thermocouples indicated a second DNB at
Excessive sapor condensation in the jet about 22 s, but the code did not. This heat-up aver-*

pump is suspected of causing accelerated aged only about 10 K and did not occur across any .

depressurization rates. It is recommended one level of the core. Therefore, it was attributed to

that the TRAC interfacial heat transfer localized behavior. The third DNB was a top down
model be reviewed with regard to this prob. dryout. As shown in Figure 8, the time it occurred
lem. Finer nodalization is one modeling and the calculated rate of heat-up were in very good
technique that may reduce the effect ofIhis agreement with the data. Figure 9 illustrates the
problem. rate at which the heat-up propagated through the

core. The propagation rate and dryout times were
The containaent pressures were well. well-calculated.*

simulated until the suppression pool
reached saturation conditions. After this Several of the CHAN modeling improvements
point, an accurate pressure response is made in TRAC-BDl/ MODI were apparent in the
impossible, since TRAG does not include a core thermal response calculated for RUN 912
containment pool boiling model. (ROSA-Ill). 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 about3.2 Simulated Core Thermal
400 s, as indicated in Figure 10. The pressure spikeResponse was caused by quenching of the large nodes. The
fine-mesh model provides a larger number of .

In this section, the core thermal response and the smaller nodes, which results in a more continuous
major variables controlling it are discussed. The quench behavior. There were also significant
primar)- variables controlling the core thermal improvements in the calculated heater rod tempera-

,

response are as foliows: tures and core inventory results. The improved per-
- formance of the code is- attributed to the

System pressure ' . modifications of the interfacial drag model and*

heat transfer relationships, and the inclusion of the
*. Event timings - fine mesh model.
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Test 6PNIC2 (FIST), calculated heater rod tem- 51ulti-channel behavior is a very important phe- .

perature response, matched the data very closely; nomenon controlling the core thermal response
however, there are two areas of disagreement, as during the refill /reflood stage of a BWR LOCA.
shown in Figure i1. First, TRAC calculated the The behavior can only be experimentally produced
heat-up to occur slightly earlier, owing to an addi- in facilities containing many fuel bundles, such as
tional SRV cycling. Second, the heater rods the SSTF racility. htuttiple-bundle geometry allows
quenched early because of an overcalculation of different flow regimes to occur and thus control Ihe
the liquid entrainment in the core. The data indi- localized heat transfer differently. The flow regimes
cate the quench front was moving with the core lig- in a bundle usually depend on the radial location of
uid level. The calculation produced a separate the bundle and the power level of the bundle.
quench front ahead of the core liquid level. This hiulti-channel phenomena has been determined to
.,eparate quench front was caused by the excessive effect timing of the lower plenum and lower bundle
entrainment above the calculated liquid level. The reflood. These dif ferences do not invalidate overall
final quench was caused by the downcomer, lower experimental results from few- or single-channel
plenum, and lower channel cells flashing, trigger- BWR subscale facilities. Rather, the differences
ing a sudden swell in the channel. The data showed show that the multi-channel phenomena occurring
the lower downcomer reached saturation but did in the reflood/ refill phase of a LOCA are an experi-
not flash. The reason that flashing occurred during mental gap in one- or few-bundle test facilities.
the simulation is unclear.

Test EA3.1 (SSTF) was simulated to assess the *

There were no rod heat-ups measured or calcu- capability of TRAC to calculate the multiple-
lated during the natural circulation tests; however, a channel flow effects occurring during a refill /
heat-up did occur in a sensitivity study of the reflood stage of a BWR LOCA. The only major .

3-h1W test. This was caused by excessive numerical limitation in the facility regarding this phenome-
diffusion triggered by the omission of the level non was that the bundles were not powered, thus,
tracking option. This subject is discussed further in eliminating the possibility of rod temperature com-
Section 4.1. parisons.
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The next few paragraphs discuss the differences liquid down flow regime. The lack of drainage to
,

between the measured and the calculated multi- the bypass and channel regions resulted in these
chan'let effects during the EA3.1 Test. In the data, areas having a net mass loss instead of a net gain, as
LPCS formed a nearly uniform pool above the the data indicate. The TRAC /BWR Development
upper t;e plate (UTP) allowing liquid drainage to Group has determined that the failure to calculate
the bypass and channel regions. The side entry ori- LPCS drainage was a result of TRAC's noncon-
fice (SEO) and lower tie plate (LTP) leak paths per- serving form of the momentum equation and its
mitted flow to the lower plenum, though the bypass staggered mesh finite difference approximation.
and channel regions showed a net increase in mass. This subject is discussed further in Section 4.10.
The LPCS liquid drainage lead to the formation of
three principle regimes: A sensitivity study was perfort ted to find a

method of minimizing the severity of this momen-
Co-current upflow in the central, high- tum problem. The method was to increase the*

powered bundles bypass / upper plenum interface junction flow areas
and adjust the junction form loss factors to pro-

CCFL conditions at the SEO and UTP duce equivalent hydraulie resistances. The sensitiv-*

located in the middle, average-powered ity calculation was terminated at 50 s because of
bundles flow oscillations at the upper plenum / channel

peripherally interface. The calculation indicated
Liquid down now located in the periph- that the LPCS liquid pooled above the UTP as in*.

eral, low-powered bundles. the data, except it was skewed, with the bulk of the
flu.d being in the peripheral regions. The periph-

In the base case simulatio.... a substantial frac- eral LPCS drainage was sufficient to cause CCFL
~

tion of the LPCS fluid was convected into the breakdown in the peripheral regions; however, it
steam dome region rather than draining into the was also much greater than the data indicated. The
bypass and channel regions. An insufficient overcalculated peripheral Gow seemed to retard the
amount of LPCS liquid drained into the channels drainage in the middle and central regions. The
to cause any of the channel flows to change to a upper plenum and bypass mass inventories were in

17
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adequate agreement with the data until s28 s, The effects of these parameters on break now are
when computaticaal problems started. Osercateu- described in the following paragraphs.
lation of the drainage from the bypass region was
then observed, a result of CCFL modeling compro. Break flow was modeled in three of the assess-
mises (discussed in Section 4.3). The channel ment simulations: a large break containment test, *

inventories were underpredicted because of insuffi, an intermediate split break LOCA, and a small
cient LPCS drainage in the middle and central break LOCA. Seseral break How sensitivity calcu-
regions. In summary, upper plenum drainage was lations were also conducted w hile performing these ,

not correctly calculated during the base case, but assessments,

upper plenum drainage trends were improsed dur- BLOWDOWN 18 was a large blowdown /ing the sensitivity calculation.
containment simulation conducted at the N1arsiken
facility. The Star iken vessel and break piping were

The following conclusions were made relative t
modeled as two pipes. A break component connectedTRACs capability to simulate the ccre thermal
the primary piping and the containment. This is the

"SP "S# first time the containment was directly coupled to the
primary system. Figure 12 compares the calculated

TRAC demonstrated the capability I*

and measured break mass How rates. The calculatedaccurately simulate the core thermal
values showed excellent agreement with the measured

response, prosided the mass inventory in
data. Nicasured break now data were determined

the bundle is correct.
from differential pressure measurements.

Improvements in TRAC since the TRAC- The intermediate split break LOCA was con-*

BDl/ Version 12 assessments, provided for d icted in the FIX-Il facility. No ECCSs were acti-
a better simulation of the data. Heater rod vand during the test. The first attempt to simulate
response and core fluid behavior were in the e:weriment was prior to release of the data, and -

good agreement with the data, the initial simulated break Dow response appeared
reasonable. The data comparison showed the cal.

The fine-mesh model in the CHAN com- culated break mass flow was underpredicted by as*
,

ponent worked well during the reflood much as 25%. The simulation was then recon-
portion of the transients. The fine mesh ducted after increasing the break discharge coeffi-
model provided a good simulation of the cient from 0.7 to 0.9. The calculated break flow was
rod quench behavior; and averted a pres- then considered to be in good agreement with the
sure spike found in earlier versions of the data. Figure 13 illustrates the calculated and mea-
code w hen large coarse nodes quenched. sured break flows. There are two major areas of

uncertainty present in the reported break Dow com-
Upper plenum drainage trends were diffi- parison. First, the calculated system depressuriza-*

cult to calculate with TRAC because of its tion rate showed a trend very similar to the
nonconserving form of the momentum measured pressure; however, the measured sub-
equation. cooled break flow did not seem to correspond with

the depressurization rate. Second, the calculated
3.3 Simulated Break FLOW break flow indicates an abrupt reduction in the

Response break flow rate, because the recirculation lines
flashed and the measured data did not. These dis-
"#P " #' * # # ' #* " " "##" "U

. The most important parameters controlling the
. of the data.

simulation of the break flow are as follows:

Break plane upstream conditions A discharge coefficient is used to reduce the*
.

break Dow area to adjust the break mass flow rate.
- Void fraction The assessment calculations performed to date

hase indicated the discharge coefficient needs to be
,

- Suocooling between 0.7 and 1.0; however, no obvious method-
ology has arisen to determined what value within

Choking plane lacation this range to use. As indicated in Test 3025*

(FIX-II), this range of coefficients may easily alter
Event timings of ECCS, ADS, SRV, etc. the break flow by more than 25%.*
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An attempt was made to estimate a general dis- the break discharge coefficient is required
charge coefficient based on previous assessment to correctly simulate the break mass flow.
calculations (see Reference 14). It was determined Break discharge coefficients producing
to be 0.75; however, this has proven to be inade- good simulation range from 0.7 to 1.0.
quate. In Test 3025, the initial discharge coeffi- Development of more specific user guide- *

cient, 0.7, was determined by comparing the lines is considered to be a worthy effort.
geometry of the discharge nozzle with similar noz-

|; zies having predetermined discharge coefficients The subcooled critical flow model is very*
.

This method also proved to be inadequate. It is rec- sensitive to the amount of fluid subcool-
! ommended that further investigation be conducted ing. A sensitivity study showed that a 5-K
; on guidelines to determine appropriate break dis- change in break flow subcooling can cause
| charge coefficients, a 15% decrease in break mass flow. '

The last calculation in which a break was mod-
eled was RUN 912, a small break LOCA .onducted 3.4 Simulated Containment

.

4

at ROSA-III. The break How data were reported to Temperature Response
have large uncertainties; a direct comparison of the
break flaws was therefore oflimited value. The rest This section examines the vapor and liquid tem-,

of the measured data indicated the break flow was.

perature response of the containment model. It isj probably underpredicted.
important to note that the temperature is calculated

i with the assumption that each volume or compart-
} The amount of subcooling in the recirculation

ment is well-mixed. This assumption is consistentd loops strongly influenced break mass flow. The
with the rest of the code and generally true; how-

j steady state lower plenum subcooling was approxi- ever, some containment designs, such as themately 6 K in the calculation and 11 K in the mea- *

multiple-room design in the Afarviken facility, can,

sured data. As shown in Figure 14, the break mass,

lead to temperature stratifications within the com-
flow rate increased 15% during a sensitivity calcu';

lation when the break flow subcooling was partmems. Alarviken data indicate some compart->

ments with a 20-K temperature variation; however, -

increased from 6 to 11 K. Although several
the effect on most simulations is likely to be mini-attempts were made to adjust the amount of sub-,

mal. The following paragraphs summarize the sim-cooling, the model always steadied out to about
ulated responses in the containment assessments

,

6 K subcooling.
reported in Appendix A.

In a later assessment study using the ROSA-Ill
model, it was determined the downcomer levei con- The vapor temperatures in the wetwell and dry-

trol system was causing this subcooling problem.15 well were well-calculated until pool boiling was
indicated. As discussed in the Section 3.1, TRACThe control system monitored the downcomer leveli

does not calculate pool boiling in the containment
and the steam-feedwater mismatch signal. It used a model.
proportional-integral controller to adjust the feed-

j water flow to achieve the desired downcomer level. The suppression pool temperature in the Afar iken
To solve the subcooling problem, the gam on the

calculatioa. was increasingly undercalculated. By thesteam-feedwater mismatch signal and the limits on
end of the transient, the data were underpredicted bythe feedwater flow set point were adjusted. The
about 20 K, as shown in Figure 15. This is attributedsteady state feedwater flow increased, which
to lack of communication between tin drywell and

increased the amount of subcooling.
the wetwell. The spill option was not used during the
initial calculation. If the amount of mass the dataj The following conclusions were made relative to
indicate was added to the suppression pool (at the *

TRAC's capability to simulate the break flow
saturation temperature), this could account for the

response:
temperature difference.

|
'

Calculated break flows adequately simu- The suppression pool temperature in the -*

late the data. NIARK I calculation compared well with the
CONTEN1PT calculation. The calculated and mea-.

* ~ Uncertainties. remain in the use of the sured suppression pool temperatures are compared
TRAC critical flow model. Adjustment of in Figure 16.
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The following conclusions were made relative t) The natural circulation flow versus the down-
TRAC's capability to simulate the containment comer level matched the data relatively well. There ,

response: were two major discrepancies between the data and
the simulations. First, the simulations showed step

TRAC demonstrated the capability to cal- changes in the flow rates after a' downcomer cell=

culate BWR containment behavior during boundary was crossed by the liquid level, see
both a large break and an ATWS transient. Figure 17. This problem was caused by the liquid
Results from transients in which the pool level tracking model. Second, large flow oscilla-
temperature nears saturation should be tions occurred as' t he liquid level crossed a flow area

~

used with caution. reduction. This is illustrated in Figure 18. Both of
these problems are discussed in Section 4.1 and

The multi-room capability demonstrated Appendix D, where it is concluded that further*

by the Marviken calculation worked very refinement of the level tracking modelis required to ,

well. The multi-room capability may also better simulate slowly falling liquid levels.
have application to the secondary contain-
ment of BWRs. The calculated flow in the secondary natural cir-

culation path between the core and the bypass was
als e mpared with the data. This flow was from3.5 Simulated Natural Circulation
the bundle to the bypass flow. A typical code-data

. Flow Response comparison of the natural circulation bypass core
. flow is shown in Figure 19. The slightly higher cal. .

f This section summarizes the natural' circulation . culated flow to the core from the bypass is attrib-
flow response calculated during the three assess- ~ uted to a decreasing inlet core flow rate. The

i ment simulations reported in Appendix D. The calculated bypass flow generally ' agreed with the
*

i feedwater was near saturation conditions in all data cxcept for two points: the level erossing caused
three tests. The calculated response is discussed and - step changes in the flow and large flow oscillations.

. compared to the data in three regions: downcomer, . The step changes in the flow rate were causeu by the
bypass, and lower plenum. level tracking model. The flow oscillations were

l>
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caused by the explicit leak flow junction used to downcomer level, bypass flow, and vessel
model the bypass. It is believed an implicit solution temperature distribution were in adequate

~

for theleak path wonM stabilize the flow and elimi- agreement with the data.
nate the problem.

A secondary natural circulation path*

There . ere two paths for circulation to the bun- between the core and bypass was calcu-
die from the one-dimensional jet pumps in the lated correctly; liquid drained from the
FIST facility. The first was through the lower upper plenum into the bypass and back
plenum and the second was through a cross-flow into the core.
piece connecting the jet pump discharge and the
bundle. In all three tests, TRAC cakulated the

Inc rrect pressure distributions caused by*
cross flow to always flow from the downcomer to

the level tracking model created step
the core regions, but the data indicate a flow rever- changes in the natural circulation flow
sal in the cross piece occurred during two of the rates. Nevertheless, these fluctuations did
tests. TRAC failed to calculate these flow reversals n t severely affect the transients. The
because TRAC does not contain a source momen- influence f this problem was less with a
tum term for a one-dimensional connection to the rapidly changing level than with a slowly _
vessel. The effect was minimal in the natural circu- changmg bei.lation tests, but could be significant in a BWR/4
calculation with boron injection.

The leak path calculation should be made*
,

The following conclusions were made relatise to implicit. In the FIST model, the core
TRAC's capability to simulate the natural circula- bypass flow was modeled using an explicit
tion flow response: leak path junction. The explicit nature of

*
theleak flow calculation caused flow oscil.

The key parameters were well-calculated . lations at the bypassjunction. At low flow
by TRAC during the natural circulation rates, these oscillations might adversely
assessments. The calculated core flow, affect the core flow.

24
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The code needs to be assessed for natural The inclusion of a source momentum term* *

circulation with subcooled conditions and for a one-dimensional component connec-
varying downcomer levels. The available tion to the vessel should be imestigated.
experimental data base does not include The absence of a momentum term calcula-
tests with these conditions. It is recom- tion at the jet pump discharge connection*

mended that future experinnental test pro- to the vessel inhibited the code from cor-
grams consider including tests with these rectly calculating the lower plenum flow s.
conditions.,

* *
\
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4. SENSITIVITY CALCULATION RESULTS AND USER GUIDELINES

This section discusses the additional information able should be investigated. The inadequacy can be
determined during the sensitivity calculations not minimized for slowly changing lesels by reducing .

directly related to the parameters discussed in Sec- the lesel tracking void parameter EPSALPL.
tion 3. It also discusses user guidelines which have
been identified during the various assessment Flow instabilities were erroneously calculated as

*

calculations. the liquid level crossed a flow area reduction during

the 6PNCl-6 natural circulation test (HST). The
liquid level was calculated to occur above and
below the flow reduction in the downcomer as the

4.1 Level Track,mg Model level approached the area reduction. This caused
large level and pressure oscillation, which adversely

This section reviews the assessment of the level affected the transient. The transient could only be
tracking model. The advantages of using the model successfully completed by removing the flow area
are presented and then the limitations of using the restriction in the downcomer. The necessary condi-
model. tions for two different levels to occur in adjacent

cells should be investigated. See Section 4.10 for a
The application of thelevel tracking modelin the description of how the momentum solution in

vessel permitted a coarser nodalization to be used, TRAC affects this behasior.
which substantially reduced computer cost during
the ROSA-Ill simulatior,. In addition, the level The balance between the static head and the
tracking model still permitted accurate modeling of dynamic flux momentum terms in the cell with the
the vessel source locations and prevented numerical liquid level was also incorrectly calculated. The

,

diffusion. It also significantly improved the calcu- pressure distribution was accurate for static condi-
lated trends in the vessellower plenum and annulus tions, however step changes occurred in the down-
regions compared with assessment calculations comer pressure after each level crossing. This
performed using earlier versions of the code which problem is believed to be caused by the momentum -

did not contain this model. equation used with the level tracking model. The
effect of this problem can be minimized by using a

The use of the level tracking model in the dawn- finer nodalization. It was also observed that the
comer is recommended in natural circulation simu- behavior just described was significantly mini-
lations. Using the natural circulation data, three mized for transients having fast level changes. See
sensitivity calculations were performed to assess Appendix D for a detailed discussion.
the performance of the level tracking model. The
omission of the level tracking model caused; exces-

4.2 Extract Featuresive downward diffusion of vapor in the down.
comer, the downcomer to drain in a nonphysical
manner, and nonphysical rod heat-ups during the The extract feature in TRAC is provided to
calculation. enable the user to withdraw the thermal hydraulic

component information for a specified restart
Using the level tracking model significantly dump time. This allows the user to change parame-

improved the calculated results of the assessment - ters for a sensitivity study without having to rerun
simulation; however, there were three limitations the entire transient. An attempt was made to use
encountered with its use: flow oscillations, con- this feature during the 6PMC2 test simulation, but
flicting lesels, and pressure disturbances, it produced a dramatic difference in thermal

*response of the sensitivity calculation. Careful
Flow oscillations occurred when a slowly falling examination of the calculations revealed a problem

level, about 0.02 m/s in the natural circulation with the sensitivity calculation caused by the lack
tests, approached a cell boundary. The default of significant digits transferred during the extract -

buffer size, TRAC parameter EPSALPL, deter- operation. The extract feature was only transfer-
mines when the level is transferred. The default ring four significant digits, which was insufficient

; value of EPSALPL is inadequate for these situa- to accurately represent the void and pressure condi-

| tions, and making EPSALPL a user-definable vari- tions in the core. The code has since been updated
|

|
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to increase the number of significant digits trans- flow rate oscillations were caused by the explicit
fered. The rumber of significant digits now varies nature of the leak path used for the return liquid
between 6 and 10, depending on the specific pro- flow calculation. The ilow rate oscillations were
gramming in each area of the code. This update has sufficient to cause the entire system to be unstable.,

not been fudy assessed, but it is believed to hase Consequently, an updme was created by the TRAC-
eliminated the protiem. BWR Developmcnt fioup that allowed the vessel

separator to"t'eturn the liquid through the theta
face. The update solved this modeling difficulty in-

4.3 CCFL Opt. ion 'N the FIST facility. The pipe separator models ha e
s

v
' been replaced with tee separator models in the

The countercurrent flow limiting (CCFL) option TR AC-BFI . The tee separator models are based on
was found to be very limited and was a source of a tee component rather than a pipe component to
code-data differences in several of the simulations. allow for a more implicit leak path. The tee separa-
In particular, the SSTF model showed premature tor models have not been fully assessed at the
drainage of the bypass liquid into the guide tubg.. presenljme. *

This behavior was partially induced by the limited
CCFL coefficients available for modeling CCFL. , No thermal communication was modeled
As done in the SSTF calculation, the only mu nod between the doegcoiner (cell 1) and the standpipe,
available to modify the two sets of CCFLfefault separator?and dryer regions (cell 2) of the FIST
coefficients is to alter the wetted perimeter'inpute model, bccause TR AC does not allow heat transfer
This was an inconvenient method of adjusting the in the theta direction. The impact on the calcula '
CCFL coefficients. The CCFL phenomenon tion was judged to be significant. In the 6PMC2
direcilf depends on the specific geometry charac- Test, the standpipe was cooled by the RCIC fluid-
teristics and needs to be more flexible. Since this yntering the top of the downcomer. It is believed thc*

assessment series was performed, the code has been do vncomer would have supplied enough cooling to
updated to allow the input of 10 user defineJ CCFL dsnificantly reduce discrepancies in the following
coefficient setr. areas: steam dome superheat, system depressuriza-

; tion rate, core exit flow, and amount of entrained-

vessel fluid. See Appendices C and D for more4.4 One-R,ng Modelsi '

information about thee problems.
% >

This scetion describes problems encountered The one-rig and two-tlieta-section model used
while using the one-radial-ring two-theta-section L in this assessment is considered urv i for BWR
model for the Fl?T facility. In the FIST fwlity, the models; however, it was considered yessary to
downcomer and a section of the lower plenum are correctly model the ambient heat loss in4his facil- r
external to the vessel. This is illustrated in ity. Because of its limited application, the TRAC-
Figure 20, whefe the FIST vessel is compared with BWR Developmert Group is reviewing whether to
a BWRf6 vessel. The FIST model is shown in Fig- include the VESSEL separator model update in the
ure 21. It was necessary to modei ths FIST facility code. The update is currently available to users
in this manner to illow independent ambient heat upon request. The priority of d veloping a theta
loss for each cell, one-dimensinp;' How through. heat transfer model is also currently being
out the vessel, and proper modeling of the vessel reviewed.
walls for both the dow neomer and the' core regions. '

A problem associated with the separator model is
described, then a problem with heat transfer in the 4.5 Flow Restn. t.c ion Modeh.ng
theta direction.

*

It was determined in the course of modeling flow
The TRAC vessel steam separator requires at J estrictions that use of the minimum flow areas and

least a two-ring-vessel model. This allows the liquid the lossf;oefficients based on these areas resulted in
- to return to the downcomer in the outer ring. undernralicted mass flow rates. This is because of

Therefore, one ring geometry models, such as the backward differencing formulation in TRAC,
FlST, need to use either the perfect pipe scparator which fails to calculate the full pressure recovery
or the mechanistic pipe separator. In the FIST downstream of a flow restriction. It was deter-
model, these separator models triggered severe mined that the reference upstream flow areas and
oscillations in the return hquid flow rate. These their corresponding loss coefficients yielded mass
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1]ow rates comparable to the data. Caution should models banh of valves when the valves are the
ue used when modeling flow restrictions without same size. However, the A1BSRV should be used
pressure loss data, with caution when modeling banks of valves con-

taining different sizes of valves. Using the actual
' A central differencing scheme is currently under valve flow areas to model different sizes of valve

development, which will climirtate the irreversible banks in a BIBSRV may result in the calculation of
|pressureloss calculated in the backward differenc- erroneous mass flow rates.

- ng scheme. Thesentral difference scheme will be j3ine >rporated in TRAC-BFI when it is completed.
*

This discrepancy is caused by the method in
which TRAC scales the flow area to represent dif-s

4,6 Multiple Bank SRV Opt. ion:

rerent combinations or valves opened. A singt,e,
hydraulie diameter and valve flow area are input to *

TRAC allows multiple banks of SRVs to be mod- the code for the AIBSRV. To model the various SRV
eled with a single component called a multiple bank . operatior,al conditions, the user inputs a table with ',

i SRV (NIBSRV). This option enable; the nwdel size . the percentage of the specified Gow area for each
to be reduced. The AlBSRV option c3rrectly . '' SRV valve combinntion (i.e., one valve open, two

{'
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valves open, etc.). This model assumes the hydrau- The water packing sensitivity study using the
lie diameter varies linearly with the valve area. ROSA-III data was performed to evaluate the
w hich is only true if all the valves are the same size. affects on numerical water hammer. The water

packing option was designed to adjust the junction
Niodeling banks of different sizes of valves with a selocities surrounding cells where water packing is

,

single NIBSRV component requires measured mass detected. Water packing is assumed when a water-
flow data be available. A sensitivity study is solid cell surrounded by partially voided cells
required to determined the valve flow areas neces- causes large pressure increases or decreases. It is -

sary to achieve the desired valve response. It is rec- considered a water hammer if the surrounding cells
ommended that the NIBSRV component be are also water-solid. TRAC's primary test to iden-
modified to include the hydraulic diameter with the tify water packing is to check to see if the surround-
flow area input. An immediate solution is to use a ing cells are water-solid. TRAC was unable to
separate NIBSRV or valve component for each size distinguish between water hammer caused by
group; however, this will require many additional numerical problems and that caused by thermal-
components in the model. The NIBSRV option hydraulic phenoraena.
models multiple valves correctly when all of the
valves are the same size. After consulting with the TRAC-BWR Develop-

ment Group and performing the ROSA-Ill calcula-
tion with the water packing option on, it was
concluded that the numerical water hammer oscil-4.7 Water Pack.ing Opt. ion lations are either handled incorrectly or are ignored
by' the water packing model. The water packing
model needs to be improved to prevent nonphysical

Two sensitivity studies were conducted to evalu- water hammer problems between one-dimensional
ate the utility of the water packing model. First, the components and the VESSEL component. '

study using the EA3.1 (SSTF) data is discussed;
second, the study using the RUN 912 (ROSA-Ill)
data is presented. 4.8 Separator Modeling .

The SSTF sensitivity study consisted of running The separator cell liquid return junction in the
the base calculations of the EA3.1 Test with the FIST model was connected to a liquid-filled cell.
water packing option on. The first attempt to use During the steady state calculations a very low void
the water packing option during steady state was fraction was calculated in the separator cell.
unsuccessful yause large flow oscillations Because of the low flow conditions during the natu-
occurred before the system s4bilized. The second ral circulation tests, the pressure balance between
attempt was during r rerun of the base calculation. the liquid-filled downcomer cell and the adjacent
The calculajac | ailed about 5 s after the break separator cell was maintained by filling the separa-
occurred owing to unrecocco-ele water packing tor cell with liquid. An excessive amount of liquid
problems in the jet pump ice. 47h the option off, in the separator would cause inventory problems
TRAC was able to recmcr from these temporary during the transient. To alleviate this problem, the
computational problems. The third attempt was separating cell was moved up so that the bottom of
during another rerun of the base calculation, which the cell was at the lowest pickoff ring elevation (see
failed about 22 s after the break was opened. The Figure 22). With this configuration, the separator
calculation stopped because of water packing in the would fill only when the downeomer liquid level
iet pump, as in the base case calculation. was higher than the lowest pickoff ring. However,

since the liquid return was connected to a vapor-
The conclusions from this study are that the filled cell excessive downward numerical diffusion -

water packing option imposed additional con- of vapor existed. The influence of the downward
straints on the code and generally should not be numerical diffusion was minimized by using the
used. It was useful as a restart tool to pinpoint level tracking model ir' " . dow ncomer region. This ,

when the computational problems start (without modeling technique has been accepted practice for
the option water packing can only be inferred from our modeling and is recommended when using the
large pressure and flow spikes). vessel separator.
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4.9 Spill Option TRAC's nonconservatise momentum equation. In
this calculation, the steady state now conditions

The code does not allow liquid from the break or resembled those shown in Figure 23. High quality
condensation within the drywell to now from one steam rose through the vessel bypass region at
compartment to the next to the weewell without s3 m/s, and was accelerated at the upper tie plate *

specifically turning on the spill option. If the spill is now restriction to 25 m/s. The liquid droplets were
off, TRAC will stop the calculation when liquid carried with the steam and also reached a high
completely fills a containment volume. When mod- velocity (s20 m/s) at the flow restriction. Sub- -

eling a containment compartment, the user must be cooled liquid was added to the upper plenum
careful that the compartment has sufficient volume region in Cell j, just above the tie plate. Though
for the effluent or the condensation, or that spill this liquid entered the cell with zero axial momen-
option is activated to allow mass to be transferred tum the finite difference formulation of the non-
to the next compartment. conservative liquid momentum, equation at

junction j + 1/2 treats all the liquid in Cell j as
though it entered the cell with velocity vt .ip.4.10 Momentum Solution Thus, the subcooled ECCS liquid was artib;cialiy
given a momentum sufficient to carry it out of

This section summarizes the response of the Cell j and into Cell j + 1, contrary to what was
TRAC-BWR Developmental Group to difficulties observed physically. The problem was caused by
reported in obtaining correct velocity and pressure improper association of the liquid mass in Cell j
profiles in cells near void fraction discontinui- with the velocity of the liquid entering Cell j.
ties.16 Investigation into the origin of these diffi-
culties indicates that the assumptions used in in conclusion, the integral forms of the conser-
TRAC's' treatment of momentum transport and vation equations for mass, energy, and momentum
conservation are not teasonable at such points of are those most appropriate for numerical solution *

discontinuity. TRAC's form of the momentum using finite difference schemes. The use of
equation is nonconservative in the sense that the pointwise nonconservative partial differential
computed momentum transport out of one cell is equations and their finite difference approxima- .

not identically equal to the compated momentum tions can result in spurious computer results when
transport into the adjacent cell, except in the limit regions of sharp discontinuCies or steep gradients
as the spatial node size approaches zero. of field variables occur between nodes. Two situa-

tions where this conditions can occur are (a) where
The inaccuracies in momentum conservation use of the level tracking model results in a steep

have been acceptable up to now in light of the econ- void gradient between cells, and (b) where coarse
omy of numerical solution to this form versus other nodalization results in large differences in mass and
forms. However, the assumptions used to derive energy inventories in adjacent large cells.
this form together with the accuracy ofits approxi-
mated solution, become questionable in regions The use of donor cells weighting in the spatial
where strong gradients or discontinuities in any of gradient term of the momentum equation results in
the field variables exist. For example, the effective inconsistent application of the forces represented in
elimination of numerical diffusion of void by use the equations; i.e., the fluid mass to which the spa-
of the level tracking model in TRAC can give rise to tial portion of the inertia term applies is not the
sharp void gradients, which approximate a true same as the fluid mass to which the gravity term
phase boundary (level). In addition, the use of applies. This gives rise to spurious calculated seloc-
course nodalizations can also generate large gradi- ity profiles in regions of stesp void gradients.
ents in the field variables. Thus, by using either of
Ihese modeling techniques a user unknowingly gen- It is the consensus of the TRAC-BWR Code -

erates precisely the conditions that can result in Development Group that the problems encoun-
spurious results because of the nonconservative tered thus far with the current momentum formula-
finite difference form of the momentum equation. tion in TRAC are inherent in the nonconserving

.

form of the momentum equation and its staggcred
The upper plenum drainage calculation daring mesh finite difference approximation. In order to

the EA3.1 test (SSTF) simulation is reviewed as an achieve more physically reasonable results in all
example of the problems that can result from use of flow situations, the momentum equation should be
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| reformulated in integral (conserving) form and, When possible, regions of discontinuity of*
,

ideally, the mass, energy, and momentum equa- different field variables should be sepa- '

tions should be applied to the same fluid volumes. rated by appropriate nodalization mea-,

' Admittedly, this task is not trivial and would result sures. For example, a cell in which a steep
in additional computational cost and perhaps com- - void gradient exists should not contain a -

j putational stability problems.The resolution of the severe flow area change. Rather, the cell
j latter problem would probably require implicit should be split into two, with the void dis-
, ' evaluation of the spatial terms, which would fur- continuity in one cell and the area reduc-

,

ther increase the costs of the calculation. tion in the other.

Until such changes are effected, however, it is ree-'

ommended that code users be aware of the current
deficiency and take measures to mitigate the
effects. Specifically, the following guidelines are . - Fluid velocities in regions with steep void3

suggested: gradients should be minimized by use of-
The level tracking model should be used large flow areas. Where this approach may*

with discretion, and level tracking should bias the calculation unreasonably, the
,

probably not be performed in regions computational grid should be refined and
,

where a liquid-vapor froth may be smaller cells should be employed in the
assumed to exist. regions of steep gradients.
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5. CODE UNCERTAINTY

The USNRC is currently in the process of devel- single local measured temperature. The tempera-
oping a statistically based methohlogy to quantify tore ranges under " Volume-Averaged Tempera-,

the uncertainty of their thermal-hydraulic safety ture" indicate how the code volume-averaged
codes. In support of the USNRC, the TRAC-BDl/ temperature may differ from an experimental
MODI simulation of the ROSA-Ill small break volume-averaged temperature calculated as the

'

test, RUN 912, was analyzed using two proposed arithmetic aserage of all thermocouples in the vol-
methods: variance and time series analysis. The ume. In both cases, the table provides temperature
purpose of the study was to aid the development of ranges by method and by transient phase. The pre-
the uncertainty methodology; however, while per- liminary conclusions made with reference to how
forming this task, preliminary information was the code represented the data during each phase of
determined with regard to the code uncertainty of the transient are as follows:
TRAC-BDl/ MODI.

Both methods show the code tended to be*

The study was limited to the examination of the conservative, nonconservative, and best
cladding temperature at the core hot spct, evaluat- estimate during the blowdown, heatup,
ing the differences in the temperature between the and reflood phases, respectively. For this
code and the actual of averaged data. Appendix H discussion, " conservative" means the
describes in more detail the two analysis methods code-calculated value was higher than the
and the results from the application to RUN 912. experimental value, and "best estimate"

indicates the code-calculated value tended
The relative merits of each analysis method were to represent a mean experimental value.

evaluated by comparing the maximum and minimum,

values of the cladding temperature difference for each
The uncertainty in the code-calculated val-a

of the different phases of the test (i.e., blowdown,
ues tended to increase as the code simulation

core heatup, core reflood). Table 5 presents the uncer-
progressed through each phase of the tran-

tainty range derived from local temperatures (actual
sient. Note that the increasing uncertainty is

thermocouple measurements) and volume-averaged
strongly influenced by timing differences, as

temperatures (averaged from all thermocouple mea-
opposed to outright inaccuracies in calculat-

surements) with code-calculated volume-averaged
ing the temperature. The separation of the

temperatures. The uncertainty is defined as tha exper-
timing contribution from the :emperatureimental data value minus the code-calculated value;
level effects remains to be resolved in thetherefore, the uncertain range of-20 to 6 K indicates
methodology. Such a separation is consid-

that the experimental values fellinto a range of 20 K
, ered to be of more interest to the code devel-

below to 6 K above the code value. There is some risk oper than to the regulator.
m attachmg significant importance to the results of
this single example of code uncertainty characteriza-
tion. However, pending further and more complete Both methods show that the more fair*

.

analyses, the current results are of preliminary inter- comparison of volume average tempera-
est, and are provided in that spirit, ture in the code, to volume average temper-

ature in the experiment, is less uncertain
in Table 5, the temperature ranges under " Local than determining how a local temperature

Temperature" indicate how the code-calculated might vary from the code-calculated vol-
volume-averaged temperature may differ from any ume average temperature.

p
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Table 5. Comparison of uncertainty ranges between variance and time series methods '

!

Uncertainty Range '

i
From Time Series

From Variance blaximum/Alinimum Points
Phase (K) (K)

.

Blowdown

i Local temperature -20 to 6 -31 to 40
Volume-averaged temperature -19 to 5 -20 to 29

- Core heatup -
,

f

i '
. Local temperature -2 to 81 -20 to 107
Volume-averaged temperature 27 to 52 ' 31 to 54

i =

Core reflood

Local temperature -256 to 290 -412 to 464
Volume-averaged temperature -118 to 152 -122 to 175

.

b

*

-
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6. RUN TIME STATISTICS

The run time statistics for the assessment calcu- dow n the simulation. The time step was reduced to
lation are presented in Table 6. The central proces- eliminate convergence problems occurring during*
sor unit (CPU) time divided by the real time (RT), the scram. The CPU /RT ratio also indicates thator transient time, is a common indicator of how the simulations which did not include a significant
fast a calculation is running, i.e., a CPU /RT ratio period of high velocity blowdown ran significantly
of 2 indicates that the calculation compared to the faster. The natural circulation simulations ran

,

actual transient required twice as much time to run faster because the system events were occurring
as the actual transient. The (RT)(1.E3)/(DT) ratio more slowly.
is the average transient time step expressed in milli-
seconds. Several other ratios are also presented in The material Courant limit is usually a primary
Table 6. factor in restricting the time step size. During most

transients in which two-phase break flow occurs,
it is important to consider many factors when the Courant limit at the break will significantly

evaluating the efficiency of a code using run-time reduce the time step size. When the Courant !imit is
statistics. Some of the more important factors are not occurring at the break, it is usually occurring at
the size of the model(number of one-dimensional the jet pump discharge or in the core region.
and three-dimensional components, number of
heat transfer surfaces, etc.), the type and durations Curreritly, there is no way to mitigate the Cou-
of events being simulated, the type of computer rant limit problem except to increase the size of the
system the assessment calculations are performed cells where the Courant limit is restricting the time
on, and the user-specified maximum time step step size. Nevertheless, TRAC does allow the time

step size to be maximized when the Courant limit*
It is evident by comparing the CPU /RT ratio, reduces it from the maximum time step, specified

that there were complications in the GLR Test on input. TRAC will attempt to set the time step to
(Browns Ferry Plant) that significantly slowed 958Fo of the calculated Courant hmit time step.

.

a

a
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Table 8. TRAC-BD1/ MOD 1 code assessment run-time statistics fall calculations were performed on a CDC 176 computer)

Real Number Number Number CPU
Time - of Cells Total of Heat of Time Time (CPUI

T)pe in s Cells Transfer Steps in s (CPU)/ (RTMI.E.3)/ (10)/ (CPUMI.L6V (CPUMl.03)/
Facility - of Teu Tes Number ( R I') ' l-D 3- D (C) Surfaces (DT) (CPU) (RT) (UTI (RTMC) (RTMCMDT) (CMDT) Notes

klarsiken Blowdown / - BID % DOWN 18 136.5 31 0 31 42 26520 6100 44.7 5. 8 14.4 54.4 7.4 a
containment

AI ARE I Blowdown / St QUENel' 483 2200 7 0 7 14 44950 1095 0.5 48.9
~

0.1 1.6 3.5 ~ a
. containmens

Il%Il Aledium break 3025
B.nl 9e 86 30 116 136 9173 3948 33.9 9.8 2.9 31.8 2.9 b
I%:seu 76 86 30 116 136 8308 2721 35.8 9.1 3.1 37.2 2.8 b

l'IST - Ibmer 6PNIC2 800 85 58 143 200 32838 19175 24.4 24 0 1.7 5.1 4.1 e
transicos

Natural 6PNCl 2b - 110 74 58 132 159 2325 1226 II.I 47.0 0.R 36.3 4.0 d
circulation 6PNCl.4 300 74 58 137 159 6895 3381 11.3 44.0 0.9 12.4 3.7 d

6PNCl.6 100 74 58 432 159 2645 1350 13.5 37.0 1.0 38.9 3.9 a-
oo

SSTF Large break EA3.1
reflood Baw case 25 56 40 96 102 3M7 2079 83.0 6,3 8.7 219.5 5.5 e

Sensitisity 50 56 40 - 96 102 8286 4612 92.0 60 9.6 115.9 5.8 e

Brom as One pump PT 20 187 40 157 254 2046 1919 %.0 9.8 6.1 298.7 6.0 f
t erry trip teu

Two pump TPT 20 117 40 157 254 2046 1%3 98.2 9.8 6.3 305.6 6.1 f
trip test

Feedwater FTT 40 187 - 40 157 254 4086 3430 85.s 9.9 5.5 135.0 5.4 f
turbine

. trip

Generator GLR I4.3 187 40 157 254 4816 4773 - 333.8 3.0 21.3 441.4 6.3 g
load
rejectum

!
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Table 6. (continued)

Real Number Number Number CPU
Time of Cells Total of Ileai of Time Time (CPU)

h pe in s Cells Transfer Steps in s qCPU)/ (RIHl.L3F (lov (CPU x l .16F (CPU H l13F
l acihr y of Teu Test Number (RI) 1-D 3-D (C) Surfaces (DT) (CPU) (RT) (DI) (RTHC) (RTHCHDf) (C)q DI) Notes f

i

Ros.4til S:nall break RUN 912 425 IN 27 131 lit 6 28546 14922 35.0 14.8 2.7 9.3 3.9 h
.

a. Courant Ismued at the break in the pimary hop.
,

I

b. Ihe masimum time step wanet at 'LO10 s, which could have been increased by a factor of two or three during the first 60 s. Afier 60 s, the calculation was Courant hmited by the high sekwines at the break. I hen t he
I

{nme wep stayed beiween 0 005 and 0 010 s.
i

iT he maumum user-specified time step w w 0 025 s unid edio s. and 0.035 s after fM s. l'igure 24 show s the time step sire and Courani hmit durmg the calculation. I he Courant hmat m as approsimately 6.025 s unolc.
t

the core psmer was termmated at 325 s. After this time, the Courant limit increa ed dramatically,

d. Ihe Courant hmsting cell mas in the core region and reduced the time ucp to about 015 s. The time steps during the calculation were about 95re of the Courant hmit. To ensure ihn would be s he caw, the maumum j
time uep was set at 0.100 t Iigure 25 is a typical pl si of the time step si/c and Courant limit. '

Ihe time step was Courant hmited during most of the calculation. I he minimum time steps were occurring in the solumes with ti.s awo-phaw break Dow. The ome ucp was aia sign.ficanily redused w hencser w.nere.

pad mg ocsurred. Dunng most of the calculation, the time ucp was between 0 005 and 0 010 s.
t.,

C
f. I his c siculation haJ time weps close io 0 010 s, and the Courant limit stayed close to 0.013 s. I he solume vsniaining she jet pump diwharge was hmitmg the time step during most of the calculaimn.

g. I he hme ucp was reduced to 0 003 s m chminate consergence problems occurring during the wram,

h. Ihe maumum Iime step wi was 0.025 s, as recommended m the uwr gmde. 'Ihe simulation ran at about 95'a of the calculated Courant hmil. The \ l MI I and Cil AN componenn were modified smce t he picuous
s.sicut.winn. I hcw modificatiora alkmed the model so run faster (uw lew CPU seconds per calculational wcond).

!

6 i

~
j.

|



1
l

|
1

0.4 , , ,

- Time step
---- Couran t limit ,

, t .

!k h
!!! 10.3 -

. $,. I Y:
-

,,,

O
.

| %: : :

,

|e ..

. ||q$r i i
1:i

"
'

::e :.
,

ct 0.2 -

,

.|$
:,': :'

6 ,

| :: | | 4:
-

o ; -

:',. -; o
:,

l
'

i : : :' i ; t'
*'
"

, ,1
''

!: : : :::: ::

i | | | !::
'*

o ,

*
* ' ' "I''

*

;
$

.

0.1 -

, .. .

. p!
- - :

| t-
,

E i
. t .

;
.

= ... :. . . . . ... . . ..Y[V
.....

'

0.0
0 200 400 600 800

Time (s)
Figure 24. Calculated tim: step size and Courant limit for power transient Test 6PMC2 (FIS1;

,

.

0.08 , , , ,
_

-- Time step
Courant limit

|
| 0.06 -

.
.

. --

c

.

~~,,
* -N

'~ s_ _ ~ , w -.- ,

ct 0.04 L -

o |

[
+d f

: rn

e
E
P

0.02 -
-

.

' ' ' '0.00,
'

0 20 40 60 80 10 0

Time (s)

Figure 25. Calculated time step and Courant limit for natural cir;ulation Test 6PNCI-2b (FIST). |
|

40



_ _ _ _

7. CONCLUSIONS

The conclusions below all refer to TRAC-BDl/ 7. The fine-mesh model in the CHAN com-
MODI unless otherwise stated. The conclusions ponent worked well during the reflood.-

are organized to correspond with Ihe sections of the portion of the transients. The fine-mesh
previous discussion that support them. model provided a good simulation of the

rod quench behavior and averted a pres-,
.'

System Pressure Response sure spike found in earlier versions of the
code when large, coarse nodes quenched.

1. System pressure was well-predicted by
TRAC during the LOCA simulations, nat- 8. Upper plenum drainage trends were diffi-
ural circulation transients, power tran- cult to calculate with TRAC because of its
sients, containment assessments, and the nonconserving form of the momentum
operational transients. Most discrepancies equation.
between measured data and calculated
results are attributed to modeling sensitivi. Break Flow Response
ties rather than code deficiencies.

9. Calculated break flows adequately simu-
2. The system pressure response is very sensi- late the data.

tive to SRV flow, break mass flow, core
thermal response, and flashing /condensa- 10. Uncertainties remain in the use of the
tion. The calculated response of each TRAC critical flow model. Adjustment of
parameter had a direct and significant the break discharge coefficient is required
influence on the system pressure during to correctly simulate the break mass flow.,

; the calculations. Break discharge coefficients producing
good simulation range from 0.7 to 1.0.

3. Excessive vapor condensation in the jet Development of more specific user guide-,

pump is suspected of causing accelerated lines is considered to be a worthy effort,
depressurization rates. It is recommended
that the TRAC interfacial heat transfer 11. The subcooled critical How model is very
model be reviewed with regard to this prob. sensitive to the amount of fluid subcool-
lem. Finer nodalization is one modeling ing. A sensitivity study showed that a 5-K
technique that may reduce the effect of this . change in break flow subcooling can cause
problem. a 15% decrease in break mass flow.,

.t . The containment pressures were well. Containment Model
simulated until the suppression pool
reached saturated conditions. After this 12. TRAC demonstrated the capability to cal-
point, an accurate pressure response is culate BWR containment behavior during
impossible, since TRAC does not include a both large break and ATWS transients.
containment pool bciling model. Results from transients in which the pool

temperature nears saturation should be
Core Thermal Response used with caution.

5. TRAC demonstrated the capability to 13. The multi-room capability demonstrated
accurately simulate the core thermal by the Marviken calculation worked very,

response provided the mass inventory in well. The' multi-room capability may also
the bundle is correct, have arplication to the secondary contain-

ment of BWRs.
*

6. Improvements in TRAC since the TRAC-
BDI/ Version 12 assessments, provided for Natural Circulation Assessments
a better simulation of the data. Ileater rod
response and core fluid behavior were in 14. The key paremeters were well-calculated
good agreement with the data. by TRAC during the natural circulation
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assessments. The calculated core flow, 21. Three limitations hase been identified in
downcomer level, bypass flow, and vessel the liquid level tracking model: (a) oscil-
temperature distribution were in adequate lating levels occur at cell boundaries,
agreement with the data. (b) conflicting levels may occur near flow

,

restrictions, and (c) pressure disturbances
15. A secondary natural circulation path occur as cell boundaries are passed.

between the core and bypass was calcu-
lated correctly; liquid drained from the 22. The TRAC extract feature needs to have an *

upper plenum into the bypass and back increased number of significant digits
into the core. taken from the RESTART file. Extracted

components used in sensitivity runs were
16. Incorrect pressure distributions caused by found to adversely affect the transient.

the level tracking model created step TRAC has been updated to correct this
changes in the natural circulation flow problem.
rates. Nevertheless, these fluctuations did
not severely affect the transients. The 23. The simulations indicate the default coef-
influence of this problem was less with a ficients used in the Counter Current Flow
rapidly changing level than with a slowly Limiting (CCFL) model were insuffi-
changing level. ciently general for all geometric configura-

tions present in the test facilities. TRAC
17. The leak path calculation should be made has been updated to allow additional

implicit. In the FIST model, the core CCFL coefficients to be entered.
bypass flow was modeled using an explicit
leak path junction. Tla explicit nature of 24. The TRAC pipe separator models were
the leak flow calculation caused oscilla- inadequate. The explicit nature of the liq. '

tions in the bypass junction. At low flow uid separation calculation caused excessive
rate, these oscillations might adversely numerical instability. The pipe separator
affect the core flow, models have been replaced with models *

based on a tee component to allow for a
18. The code needs to be assessed for natural more implicit leak path calculation. Inde-

circulation with subcooled conditions and pendent assessment of these models has
varying downcomer levels. The available not yet been completed.
cxperimental data base does not include
tests with these conditions. It is recom- 25. It is recommended that cell-to-cell heat
mended that future experimenta! test pro- transfer in the theta direction be imple-
grams consider including tests with these mented in TRAC. This would greatly
conditions. increase the modeling capabilities of the

code. The priority of this need is currently
19. Theinclusion of a source momentum term under review by the TRAC-BWR Develop-

for a one-dimensional component connec- mental Group.
tion to the vessel should be investigated.

.

The absence of a momentum term calcula- 26. When pressure drop information is
tion at the jet pump discharge connection un vailable, flow restriction should be

to the vesselinhibited the code from cor- modeled using the reference upstream flow

rectly calculating the lowcr plenum flows. areas and their correspondmg loss coeffi.
cients. If sne actual minimum flow areas
and their corresponding loss coefficients ,

are modeled, TRAC may overpredict the
Sensitivity Calculational Results and User corresponding pressure drops. This prob-
Guidelines lem should be eliminated when the central

differencing scheme is implemented.
'

20. The use of the level tracking model signifi-
cantly improved the calculational results 27. It is recommended that hydraulic diame-
of the simulations. It allows a coarser ters be added to the MBSRV component
nodalization while improving the calcu- input to allow the modeling of different
lated response of the systems. sizes of SRVs.
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28. Water packing is a significant problem large flow areas. Where this approach may
with the code. It is recommended the water bias the calculation unreasonably, the
packing option be improved. computational / grid should be refined and

smaller cells should be empli :d m the
'

29. Numerical water hammering oscillations regions of steep gradients.
are either handled incorrectly or are
ignored by the water packing model. The Code Uncertainty
water packing model needs to be improved*

to prevent nonphysical water hammering The following conclusions relating to the code's
problems between one-dimensional com- uncertainty must be considered only preliminary,
ponents and the VESSEL component. since they are based on a single example of code

uncertainty characterization. As preliminary, there
30. It is recommended the separator be mod- is some risk in attaching significant importance as

eled so that the bottom edge of the separa- to their meaning.
tor cell is at the same elevation as the
lowest pickoff ring. 35. Both methods show the code tended to be

conservative, nonconservative, and best
31. When modeling a containment compart- estimate during the blowdown, heatup,

ment, the user must be careful that the spill and reflood phases, respectively. For this
option is activated or that the compart- discussion, " conservative" means the
ment has sufficient volume for the effluent code-calculated value was higher than the
or the condensation. If the break outlet experimental value, and "best estimate"
compartment fills with liquid from the indicates the code-calculated value tended
break, the code calculation will stop. to represent a mean experimental value,

a

32. The level tracking model should be used 36. The uncertainty in the code-calculated val-
with discretion, and level tracking should ues tended to increase as the code simula-
probably not be nerformed in regions tion progressed through each phase of the-

where a liquid-vapor froth may be transient. Note that the increasing uncer-
assumed to exist. tainty is strongly influenced by timing dif-

ferences, as opposed to outright
33. Where possible, regions of discontinuity inaccuracies in calculating the tempera-

of different field variables should be sepa- ture. The separation of the timing contri-
rated by appropriate nodalizaOn mea- bution from the temperature level effects
sures. For example, a cell in which a steep remains to be resolved in the methodology.
void gradient exists should not contain a
severe flow area change. Rather, the cell 37. Both methods show that the more fair
should be split into two, with the void dis- comparison of volume average tempera-
continuity in one cell and the area reduc- ture in the code, to volume average temper-
tion in the other. ature in the experiment, is less uncertain

than determining how a local temperature
34. Fluid velocities in regions with steep void might vary from the code calculated vol-

gradients should be minimized by use of ume average temperature.

,

a
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