NUREG/CR-4196
EGG-2382

- AT SR
-
R

Idaho National Engineering Laboratory
Operated by the U.S. Department of Energy

Overview of TRAC-BD1 (Version 12)
Assessment Studies

Craig M. Kullberg

April 1985

PDR

Prepared for the

i U.S. Nuclear Regulatory Commission N — 7 .

Under DOE Contract No. DE-ACO7-761D01570 LN




Available from

GPO Sales Program
Oivision of Technical Information and Dorument Control
U.S. Nuclear Regulatory Commission
Washington, D.C. 20656

and

National Technical Information Service
Springfield, Virginia 22161

NOTICE

This report was prepared as an account of work sponsored by an agency of the United
States Government. Nerther the United States Government nor any agency thereof,
nor any of their employees, makes any warranty, expressed or implied, or assume  any
iegal liability or responsibility for any third party's use, or the resuits of such use, of any
information, apparatus, product or process disclosed in this report, or represents that
its use by such third party would not infninge privately owned nights




NUREG/CR-4196
EGG-2382
Distribution Category: R4

OVERVIEW OF TRAC-BD1 (VERSION 12) ASSESSMENT
STUDIES

Craig M. Kullberg

Published April 1985

EG&G ldaho, Inc.
Idaho Falls, Idaho 83415

Prepared for the
U.S. Nuclear Reguiatory Commission
Washington, D.C. 20555
Under DOE Contract No. DE-AC07-761D0O1570
FIN No. AG047



ABSTRACT

A series of simulations were performed at Idaho National Engineering Laboratory
(INEL) to continue the advancement of Boiling Water Reactor (BWR) safety research,
with the TRAC-BD1 (Version 12) computer code. The principal motivation for
performing these simulations was to assess the code’s capability to calculate Loss-of-
Coolant Accident (LOCA) related phenomena. The results of a number of TRAC-BD!
(Version 12) simulations, which cover a broad range of conditions during different
types of LOCA scenarios, are summarized in this document. Selected comparisons
between calculated and measured results are presented. Conclusions derived from
those comparisons are given.

FIN No. A6047—Code Assessment and Application (Transient Analysis)




SUMMARY

The analyses of a series of simulations performed
with the TRAC-BDI1 (Version 12) computer code
are summarized in this report. All of the simula-
tions, with one exception, focused on assessing the
code capability to simulate transient behavior in
various test facilities. Simulations of separate effects
and system response tests were performed. The
separate effects tests included two blowdown ex-
periments, a bundle natural circulation stability test,
a bundle forced circulation test, one radiation heat
transfer test, and one reflood test. The system test
transients included four small break LOCAs and
nine large break LOCAs performed in several dif-
ferent test facilities. Additionally, a BWR audit
calculation was performed. Althongh direct com-
parisons to data were not made in the audit calcula-
tion, useful conclusions were derived from these
simulations in regard to optimizing input models.
These conclusions reinforced similar findings
derived from the assessment calculations.

The conclusions in this report do not fully reflect
the current status of TRAC-BDI since additional
improvements have been implemented in the latest
version of the code (TRAC-BD1/MODI1).

Conclusions resulting from the analyses are sum-
marized as follows:

I. TRAC-BDI1 (Version 12) can adequately
simulate most BWR LOCA phenomena
when the correct modeling techniques are
employed. In particular, calculated system
pressure and break flow responses as weli
as event timings were generally adequately
calculated.

2. TRAC-BDI (Version 12) contains certain
inherent limitations and deficiencies which
are being addressed in future code versions.
Specifically, the needed improvements
include (a) developing more generalized
sets of countercurrent flow limiting
(CCFL) input options for arbitrary
geometries, (b) upgrading the interfacial
heat transfer package, and (c) improving
the water packing model.

3. The estimated calculational peak clad
temperature (PCT) two sigma uncertainty
and mean temperature difference between
the calculated and measured PCT were
22F K and -28 K, respectively. Differences

between the measured and calculated timing
events were not significant contributors to the
calculated PCT discrepancies. The principal
cause of calculated PCT discrepancies was the
consequence of implementing the TRAC
CCFL model. Because of limited modeling
options, the implementation of the CCFL
model caused the calculated drainage of liquid
from the core or upper »lenum to be
retarded. In most simulations the calculated
drainage from the core region was sufficiently
retarded to result in an undercalculated PCT.

4. Code performance relative to central proc-
essor unit (CPU) to real time ratios was a
strong function of both model size and
transient type. Large models (150 to
230 cells) had CPU to real time ratios
which ranged from 60 to 250. Small models
(60 cells or less) had CPU to real time
ratios which ranged from 10 to 50. The
CPU to real time ratios tended towards the
higher values during the refill/reflood
phase of a transient.

Several important conclusions were made relative
to user modeling guidelines needed to reduce code
uncertainties:

1. Numerical diffusion problems which pro-
duce unrealistic mass convection rates can be
improved with finer nodalization; however,
the level tracking model available in future
code versions will be a more cost effective
means of addressing these problems.

2. In general, modeling of system stored energy
or heat losses are important if the system
pressure response is to be correctly simulated.

3. There is not a set of universal break
parameters that can be used to model all
break configurations. In particular, a
reliable data base for geometrical data and
measured discharge coefficients is needed
when simulating a test facility blowdown.

4. Facilities with inherently multi-dimensional
vessel geometries cannot always be accurately
simulated when modeled with a one dimen-
sional approximation. This is particularly true
if such phenomena as core multi-channel flow
dvnamics are to be accurately simulated dur-
ing the refill/reflood phase of a LOCA.
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OVERVIEW OF TRAC-BD1 (VERSION 12) ASSESSMENT
STUDIES

1. INTRODUCTION

TRAC-BDI1 (Version 12)! is a Boiling Water
Reactor (BWR) code version which is part of a code
series being developed at the Idaho National
Engineering Laboratory (INEL). This code is based
on earlier TRAC-BD!1 versions with additional
modifications and models developed at INEL. This
code will not be the final INEL TRAC version but
will continue to cvolve as additional r.odels and
enhancements are implemented. The TRAC-BDI
development at INEL has been carried out under
the BWR TRAC Loss of Coolant Accident (LOCA)
Program sponsored by the U.S. Nuclear Regulatory
Commission.

This report describes the assessment of
TRAC-BD1 (Version 12) by comparing code
simulations with data from a variety of experimen-
tal separate effects and system tests.? The separate
eftects tests focused on simulating specific LOCA
related phenomena. In contrast, the system response
tests simulated a complete spectrum of BWR LOCA

a. Some of the simulations were performed with TRAC-BDI
(Version 11). Version 11 was a prerelease version of Version 12.

phenomena. The system response tests were per-
formed with scaled facilities which simulated BWR
LOCA scenarios.

These tests were conducted at a number of dif-
ferent facilities around the world including the
General Electric {GE) Two Loop Test Apparatus
(TLTA), the GE Steam Sector Test Facility (SSTF),
the Japan Atomic Energy Research Institute
(JAERI) Rig of Safety Assessment (ROSA-III)
facility, the Hitachi Two-Bundle Loop (TBL) facil-
ity, and the Swedish Marviken, GOTA, and FRIGG
separate effects facilities. A series of BWR audit
calculations and sensitivity studies were performed
with a model of the Dresden-111 BWR plant. These
audit calculations did not entail code-data
comparisons.

Section 2 presents a summary of the assessment
objectives. Section 3 presents a brief description of
the TRAC-BDI (Version 12) computer code.
Section 4 contains a short description of the tests
and test facilities. Results of the assessment analyses
are presented in Section 5. User experience is
detailed in Section 6 and code runtime statistics in
Section 7. Conclusions are given in Section 8 and
references given in Section 9.

2. OBJECTIVES

The objective of the assessment analyses was to
evaluate the capability of TRAC-BDI1 (Version 12)
to realistically simulate the governing phenomena
and key events during BWR thermal-hydraulic tran-
sients. The principal focus of these analyses dealt
with simulating LOCA scenarios. The methodology
used to approach this objective is broken down into
the following steps.

1. Quantify uncertainty of the code using key
parameters such as Peak Clad Temperature
(PCT).

2. Identify the principal phenomena govern-
ing a BWR LOCA,

3. Simulate a set of test transients which are
representative of BWR LOCA scenarios.

4. Prepare best estimate code input models for
the tests to be simulated. Implement a model
review procedure to ensure that the optimum
scheme for nodalization, boundary condi-
tions, and code options are chosen.

5. Perform the test simuiations and compare
calculated results with data. In particular,
make one-to-one comparisons with key
measurement parameters, note areas of
agreement and disagreement, and deter-
mine reasons for any discrepancies.



6. Perform appropriate sens.tivity studies by
implementing changes to the code (via up-
dates) or input model to further evaluate
any noted discrepancies between data and
calculated results.

7. Provide recommendations, when neces-
sary, for code improvements or modeling
strategi:s based on results Items S and 6.

3. CODE DESCRIPTION

TRAC-BD1 (Version 12) is an advanced best-
estimate code (Reference 1) designed for the
thermal-hydraulic analysis of BWR transients.
TRAC-BD1 (Version 12) was developed at the
Idaho National Engineering Laboratory (INEL)
and is based on the transient reactor analysis code
(TRAC) orginally developed at Los Alamos
National Laboratory. TRAC-BD1 (Version 12) pro-
vides the capability to simulate the blowdown, refill,
and reflood stages of a BWR LOCA. The code con-
tains a full two-fluid model of two-phase flow. This
model allows for both interfacial momentum and
heat transfer to be calculated within a hydro-
dynamic cell. The code provides the capability to
model the reactor vessel with one-, two-, or three-
dimensional geometry options. Other components
are treated one-dimensionally.

TRAC-BDI1 (Version 12) has models to represent
nonhomogeneous critical flow and countercurrent
flow limiting (CCFL) at the upper tie plate (UTP)
and side entry orifice (SEO) in a BWR. The code
can calculate reactor power with a point kinetics
model which includes the effects of reactivity feed-
back. The code has models to simulate BWR
control systems. TRAC-BDI (Version 12) has a
detailed heat transfer model which includes bundle-
to-bundle radiation heat transfer.

Several different types of hydrodynamic components
including PIPE, VALVE, CHAN, PUMP, JETP,
TEE, BREAK, and FILL components are avaiable
in TRAC-BDI (Version 12). These components are
used to represent different types of hardware such as
pipes, jet pumps, etc. Boundary conditions can be
modeled with FILL and BREAK components.

4. FACILITY AND TEST DESCRIPTIONS

This section presents a brief description of the
faciliiies and transients used to assess TRAC-BDI
(Version 12) in this report. A summary of the test
descriptions are presented in Table 1. Further facil-
ity and test details are given in Appendices A-J. The
sepaiaie €“Tects and systems tosts are detailed in the
following paragraphs.

4.1 Separate Effects Facilities and
Test Descriptions

The separate effects tests used to assess TRAC-
BD! (Version 12) (Table 1) covered a number of
different phenomena. These tests provided infor-
mation that enhances the understanding of specific
BWR-LOCA behavior. Since the number of in-
teractions in these experiments were limited, cause
and effect relationships were readily identified. This
ease in identification allowed a systematic assess-
ment approach which challenged particulas TRAC-
BDI (Version 12) models for accuracy.

The GOTA separate effects test facility was used
to evaluate the effectiveness of the emergency core
cooling system (ECCS) used in Swedish boiling
water reactors. The facility consisted of a pressure
vessel, a pressurizer, a recirculation pump, and
other peripheral equipment needed to perform
reflood experiments. Diagrams for this facility are
presented in Figures | and 2 of Appendix A. The
pressure vessel contained a single electrically heated
fuel bundle. Allowances were made so that a
number of different ECC configurations could be
tested. The principal physical effects which were
measured in Tests 11 and 42 were: radiation heat
transfer, core reflood heat transfer, and fuel bun-
dle quenching.

The Marviken separate effects facility was used
to perform full-scale critical flow tests.34:3.6,7 The
separate effects facility consisted of a pressure
vessel, a discharge pipe, various test nozzles, and
a rupture disc assembly. Diagrams of the vessel and
associated piping are shown in Figures 1 through 5




of Appendix B. The objectives of Tests 15 and 24
were to ubtain critical flow data for subcooled and
saturated blowdown conditions.

FRIGG was a separate effects test facility used
to gather hydrodynamic data on the Marviken Boil-
ing Heavy Water Reactor fuel bundle mockup.s-9
The facility consisted of a pressure vessel with a
simulated fuel bundle, steam separator, condenser
and natural circulation loop with a forced circula-
tion bypass on the downcomer. Diagrams of the test
configuration are presented in Figures 1 through §
of Appendix C. Tests conducted at FRIGG
measured fuel bundle heat transfer behavior with
varying power loads during both natural and forced
conveetion conditions. Tests 301047 and 613130
were conducted under natural and forced convec-
tion conditions, respectively.

4.2 Integral Test Facilities and
Test Description

The integral system LOCA tests were all per-
formed in BWR scaled facilities. Those tests, sum-
marized in Table 1, provided useful information in
assessing transients where many different thermal-
hydraulic phenomena were coupled. Presented in
Figure 1 is a generic diagram incorporating hard-
ware common to all these facilities.® These test tran-
sients allowed assessment of the following:

1. Multi-coupled thermal-hydraulic effects,
such as multi-channel flow dynamics.

2. Capability of code analytical models to
simulate particular phenomena such as
critical flow, CCFL, bundle heat transfer,
etc,

3. Capability of the code to simulate key
events such as time of PCT, ECCS activa-
tion, bundle quenching, etc.

Three of the integral test facilities (ROSA-III,
TBL, and TLTA) shares< 2 number of common
features which included: !+ 11,12,13,14,15,16

1. Two loop recirculation line configuration

a. The particular ECCS configuration shown in Figure | is
characteristic of a BWR/6 plant.

2. Volumetric vessel scaling
3. Mock-up of BWR-ECCS
4. Electrically heated bundles
5. Mock-up of key BWR hardware including
a. Jet pumps
b. Recirculation pumps
¢. Vessel internals
d. Safety relief valves (SRV)

6. Automatic depressurization systems
(ADS).

The BWR vessel scaling for those facilities were
1/424, 1/624, and 2/764 for the ROSA-III, TLTA,
and TBL facilities, respectively. The ECCS included
low pressure core spray (LPCS), high pressure core
spray (HPCS), and low pressure coolant injection
(LPCI). Additional details and facility diagrams for
those three facilities are given in Appendices D-G.
One limitation common to those facilities was the
inability to fully simulate multichannel flow
phenomena in a full scale BWR during the refill/
reflood phase of a LOCA. This was because the
subscale facilities’ core configurations were limited
to four or fewer fuel bundle mockups.

The GE SSTF facilit;' was designed to fill that
experimental data gap.!”18:19.20 |5 particular, the
SSTF tests demonstrated the irportance of multi-
channel flow dynamics, a key governing phenomena
during the refill/reflood phase of a LOCA. The
main features of the SSTF facility include:

1. Full scale 30-degree sector mockup of a
BWR/6 vessel

2. Mockup of ECCS systems

3. Simulated vesse! heat transfer with appro-
priate radial steam injection profiles.

Overall volume scaling was generally 1/1 with
30°/360° or 1/12 sector of a full scale BWR/6
simulated. Additional details of the SSTF facility
and test are presented in Appendices H and I.

The full scale Nuclear Steam Supply System
(NSSS) simulation employed a model of the



Dresden, Unit 3, BWR/3 power plant.2! A spec-
trum of different LOCA scenarios were performed
plus several sensitivity studies. Details of the plant
model and LOCA transients are discussed in

Appendix J. The results of those simulations pro-
vided useful information which reinforced certain
conclusions relative to assessing TRAC’s capabil-
ity to simulate refill/reflood behavior.

5. CALCULATIONAL RESULTS

Accurately simulating giobal system response
during a BWR-LOCA is contingent on correctly
simulating specific localized thermal-hydraulic
phenomena. Those localized phenomena are
simulated with one or more code process models.
trolling 2 BWR LOCA and assesses the associated
code models used to simulate those phenomena.
The assessments were done comparing, where rele-
vant, test data and calculated results.

The comparisons were made to challenge key
code models, including:

1. Critical flow

2. CCFL

3. Interfacial heat transfer
4. Water packing.

In particular, those models will be discussed relative
to how well overall system response was calculated.
Several key calculated parameters are presented here
and compared with data. Three parameters judged
to be good indicators of the code's predictive
capability were pressure response, break flow
response, and core heat transfer. Those parameters
are discussed in the following paragraphs.

5.1 Pressure Response

During a BWR-LOCA the system pressure is con-
trolied by the complex collective interaction of a
number of phenomena. The most important relative
to the BWR analyses discussed in this report
include:

1. Brean flow
2. Event timings

a. ECCS
b. ADS
c. SRY

3. Flashing/condensation

4. Heat transfer
a. Environmental heat transfer
b. Stored energy
¢. Bundle to liquid heat transfer

Examples of how some of the above phenomena
control system pressure and their relevance to code
accuracy are discussed below. Because pressure is
strongly coupled to many separate phenomena, it
serves as a good parameter to assess code perform-
ance in simulating overall system behavior. Key
measured and calculated event timings which are
strongly coupled to the pressure response are
presented in Table 2. Table 3 presents a summary
of code performance versus data for system pressure
response. Generally, pressure trends were ade-
quately calculated; however, some discrepancies did
exist.

In certain simulations the calculated volumetric
break flow rate deviated from that measured,
resuiting in commensurate deviations between the
calculated and measured depressurization rates. As
an example consider Figure 2, which presents the
measured and calculated pressure responses for
TLTA test 6423. Prior to 35 s, both the measured
and calculated pressures agreed closely; however,
at 35 s the calculated break transitioned from
two-phase to single-phase steam conditions. The
subsequent increase in volumetric flow caused a
significant but temporary increase in the calculated
depressurization rate.2 By 150 s the calculated and
measured pressures were again in good agreement.

a. There was not a direct volumetric measurement. Using other
test data, it was inferred that the calculated volumetric flow rate
temporarily exceeded that measured.



One example of how different subsystem opera-
tions (event timings) effect the pressure response is
shown in Figure 3, which compares the measured
and calculated pressure responses for ROSA-111
Run 912. Both the measured and calculated
responses agreed closely until the calculated LPCS
initiation at 327 s (318 s in 1est). Initially, both the
measured and calculated ~ <ures rapidly decreased
until main steam isolati ve (MSIV) closure at
23 5. Following MSI\ ire, the pressure
increased and was held beiow 8.47 MPa by the
SRV. The ADS was calculated to open at 164 s
(158 s in test), which induced a rapid system
blowdown.

After LPCS activation, feedwater line flashing
and bundle heat transfer were identified as key
phenomena controlling system pressure. In the ex-
periment, the system pressure after LPCS initiation
exceeded the calculated values. Also, LPCS
drainage into the core region was undercalculated.?
In the test, feedwater flashing and steam genera-
tion caused by LPCS fluid contacting heater rod
surfaces held up the pressure.

In certain simulations, condensation was iden-
tified as an important phenomena controlling
system pressure. In the simulation of SSTF test
Run 111, ECCS-induced condensation caused the
calculated depressurization rate to exceed that
measured. This is demonstrated in Figure 4 during
the time interval from approximately S to 20 s.
During that interval, subcooled LPCI fluid mixed
with saturated steam. The calculated steam conden-
sation rate exceeded the actual rate, which resulted
in overcalculating the depressurization rate.P It was
concluded that improvements in the TRAC inter-
facial heat transfer package would mitigate the
effects of overcalculating condensation. It was also
found that improved ECCS modeling methods
(discussed in Section 6) would improve the
calculated pressure response.

a. The principal cause of calculated upper plenum hold-up was
related to the interfacial shear package. A further discussion is
given in Appendix D.

b. Steam condensation rates were not measured. This statement
is a judgment made by the analyst.

From several simulations, it was concluded that
overall system pressure response was significantly
affected by modeling of stored energy and/or am-
bient heat losses. These difficulties are not necessar-
ily a function of code technology but are rather a
function of accuracy in the data base used to model
a particular facility. However, the code does have
some limitations in modeling heat structures. The
principal limitation is that nonuni - m heat losses
cannot be modeled for a specific T . component.
In particular, nonuniform heat losvcs ina VESSEL
component become significant in modeling subscale
facilities like ROSA-III, TLTA, and TBL. One
major cause of heat loss variation is instrumenta-
tion penetrations. Such penetrations are generally
selective and are very local pathways for ambient
heat losses.

Large nonuniform heat loss variations are not
peculiar to full scale BWR plants. Also, ambient
heat losses are generally not important for full-scale
BWR plants. However, stored metal mass thermal
energy can be very important for both BWR plants
and subscale facilities. It is suspected that inherent
uncertainties in modeling stored energy in the SSTF
simulations may have contributed to under-
calculating pressure response. The consequence of
an under estimated vessel metal mass (therefore
stored thermal energy) was to undercalculate steam
production from metal to liquid heat transfer. A
lower steam inventory would in turn lead to a lower
pressure,

The following conclusions were made relative to
the code’s capability to simulate system pressure
response:

1. Generally, the code adequately calculared
overall pressure trends and event timings
such as ECCS activation.

2. The principal causes of data versus calcu-
lated pressure differences were attributed to

a. Differences between measured and
calculated break flow behavior.

b. Shortcomings in the code’s interfacial
heat transfer package, resulting in
overcalculated condensation.

¢. Limitations or uncertainties in model-
ing stored energy and/or environmen-
tal heat losses.



5.2 Break Flow Response

Summarized in Table 4 are the conclusions as to
how welil the break flow was calculated relative to
test data. The most important phenomena relative
to accurately calculating the break discharge
included:

1. Break plane upstream conditions
a. Void fraction
b. Subcooling
2. Choking plane location
3. Event timings of ECCS, ADS, SRV, etc.

Examples of how some of the above phenomena
related to accurately calculating break flow
behavior are presented in the following paragraphs.

Correctly simulating break junction upstream
conditions is a fundamental requirement for
calculating blowdown rates since the upstream con-
ditions directly determine the choking criteria at the
break plane. When this criteria is met, a direct
evaluation of the code choking model can be made.
In the course of performing the assessment (with
the prereleased version), problems were identified
with the code choking model relative to simulating
choked subcooled mass flow behavior (Appen-
dix B). Those computational problems were
characterized in certain simulations by mass flow
oscillations at the break plane. [Those problems
were corrected in the subsequent!ly released TRAC-
BDI1 (Version 12) code.] Also, modeling uncertain-
ties in the break configurations were present that
coulu significantly change calculated results. User
experienct  dealing with break modeling are
discussed in Section 6.

There are a number of simulations where dif-
ferences in measured and calculated break flows
existed as a consequence of models unrelated to the
break flow choking model. As an illustration,
Figure S presents a comparison of calculated and
measured suction line break flow for TLTA
Test 6425, The initial blowdown was at single phase
liquid conditions. After 9 s and 7 s respectively, the
measured and calculated break flow transitioned to
two phase conditions, In both the test and simula-
tion, that transition was characterized by a rapid
drop in mass flow rate because of density and

velocity reductions at the break junction. In this
case the measured and calculated values were
generally within acceptable uncertainty bands of the
measurement. In contrast to the good agreement
shown in Figure 5, poor agreement in break flow
rates occurred when break upstream conditions
were incorrectly calculated. This is illustrated in
Figure 6, which shows the measured and calculated
break mass flow rates for SSTF Test EA3.]
Run 111. Relative to the test data, it took several
seconds longer for the simulated break flow to tran-
sition to single phase steam conditions. The longer
calculated transition time is the consequence of
numerical diffusion. Too much liquid was donored
from the annulus region to the break. By 20 s
numerical diffusion effects again came into play as
unrealistic amounts of liquid reached the break
plane via the upper plenum region.

The following conclusions were made relative to
the code’s capability to simulate break flow
response:

I. The code generally demonstrated the
capability to accurately simulate two-phase
and single-phase steam break flow when
break plane upstream conditions were
correct.

2. Code problems relative to simulating sub-

cooled break flow were identified and
subsequently corrected in later versions.

5.3 Core Heat Transfer

Key measured and calculated bundle heat transfer
parameters are shown in Table 5. Table 6 sum-
marizes overall comparisons between measured and
calculated trends. The most importaat phenomena
affecting the bundie heater response are sum-
marized as follows:

I. System pressure

2. Event timings

3. Vessel hiquid mass distribution
2. UTP CCFL
b. SEO CCFL

4. Multi-channel flow dynamics.




System pressure (discussed in Section 5.1) is impor-
tant because it determines the timing of key sub-
system operations such as ECCS activation and
resultant vessel mass distribution. Core mass
distribution is critical in determining the timing of
key events such as rod dryout, PCT, and rod
quenching. Generally, event timings were well
simulated. It was concluded that calculated key
events such as ECCS activation or jet pump un-
covery did not significantly contribute to differences
observed between the measured and calculated
temperature responses or key parameters such as
PCT. During the reflood/refill stage of a large
break BWR LOCA, multi-channel dynamics
become an important phenomena controlling
regionalized bundle temperature behavior.

Certain simulations showed that correctly
simulating bundle temperature response is strong-
ly dependent on correctly simulating bundle CCFL
at the UTP or SEO junctions. As an illustration of
bundle temperature response being driven by UTP
flooding, consider the heater rod temperature
responses in Figure 7 for TLTA Test 6424.
Generally, the measured and calculated bundle tem-
peratures were in good agreement. However, at ap-
proximately 100 s a temporary anomalous heatup
was calculated. It was determined that, during this
period, calculated UTP flooding retarded drainage
of liquid through the upper plenum/bundle inter-
face. That in turn retarded bundle cooling. In a
subsequent sensitivity calculation with the CCFL
option turned off at the UTP, there was sufficient
liquid drainage to prevent the anomalous heatup.
As an additional example of anomalous behavior
related to CCFL at the SEO, consider Figure 8
which presents peak cladding temperatures for TBL
Test LR1. In this case the measured PCT exceeded
that calculated because of the higher calculated core
mass inventory. This higher mass inventory was a
direct consequence of a slower drainage rate
through the bundle SEOs relative to data. Again,
it was concluded that the CCFL model applied at
the SEO tended to produce an undercalculation of
the fluid drainage rate. In general, application of
the CCFL model at the UTP yielded calculated
PCTs which exceeded those measured because of
retarded liquid drainage into the core. Application
of the CCFL model at the SEOs yielded calculated
PCTs which were less than those measured because
of retarded liquid drainage out of the core.
However, it was concluded the code's CCFL
package was sound 2.d that the principal short-
coming was the "united number of CCFL parameter
options availalie to the code user, A further discus-
sion is presen‘ed in Section 6.5,

It was concluded that the most significant dif-
ferences between the measured and calculated PCTs
were a consequence of CCFL modeling limitations.
As explained above, those differences were biased
in one direction depending on the nature of the test
facility and test scenario. Using the data from
Table 5, the mean difference between the calculated
and measured PCTs was -28 K; the two sigma stan-
dard deviation was 226 K. That data reduction is
not statistically rigorous but was judged sufficient
to define an estimated PCT calculational uncer-
tainty for TRAC-BDI (Version 12).2

During the refill/reflood stage ef a BWR LOCA,
multichannel dynamics become important phenom-
ena governing bundle temperature response. In par-
ticular, different flow regimes develop in different
bundles depending on the radial location of the bun-
dle. The different flow regimes in turn control
localized heat transfer ch-racteristics and resultant
cladding temperatures. The three principal regimes
identified relative to the SSTF tests were:

1. Co-current upflow in the central, high
power bundles

2. CCFL limited flow at the SEO and UTP
located in the middle, average powered
bundles

3. L quid down flow located in the peripheral,
low powered bundles.

In one channel BWR mockups such as TLTA, the
absence of multichannel flow effects can cause the
timing for lower plenum and bundle bottom reflood
to significantly differ from an equivalent test per-
formed on the SSTF facility.©

a. 17 it 1s assumed that the PCT deviation is calculated from
a sample of a normally distributed population, then one is 95%
confident that the mean deviation between the calculated and
measured PCTs occurs in the interval from -120 to 64 K.

b. The SSTF bundle mockups are not powered; thus, rod
temperatures were not considered. The SSTF tests are still rele-
vant to bundle heat transfer in the context of measuring
temperature-controlling phenomena (namely, multichannel flow
dynamics).

¢. These differences do not invalidate overall experimental
results from few or single channel BWR subscale facilities.
Rather, the differences show that specific multichannel
phenomena during tne reflood/refill phase of a LOCA are an
existing experimental data gap in one or few bundle test facilities.



In the course of simulating SSTF tests Runs 26
and 111, code problems related to interfacial heat
transfer and water packing were encountered. These
two computational problems distorted the cal-
culated vessel mass distribution, resuiting in the
premature termination of both simulations. Despite
those difficulties, the code demonstrated a limited
capability to correctly calculate qualitative multi-
channel flow trends (Appendix H). Because addi-
tional computational problems related to numerical
diffusion helped to inhibit upper plenum drainage
in the Run 111 simulation, that observation applies
to the simulation of Run 26 but not to Run 111.2
Although numerical diffusion affected both SSTF
simulations, the degree of severity was larger in the
simulation of Run 111 because of differences in
ECCS configurations between Runs 111 and 26.
Numerical diffusion is further discussed in

a. In particular, UTP CCFL break down for Run 26 was cal-
culated to occur at 20 s (18 s in test) in the peripheral channels.

Section 6.1 as well as .odalization requirements for
simulatins, multi-~hannel dynamics.

The rollowing conclusions were made relative to
the c ude’s capability to simulate bundle temperature
res yonse:

1. TRAC-BDI demonstrated the capability to
accurately simulate bundle temperature
responses provided bundle liquid mass in-
ventories are correctly simulated.

Further improvements in the water pack-
ing model are needed to ensure that bun-
dle mass distributions are correctly
calculated during BWR LOCA scenarios.

Additional input options relative to CCFL
modeling are needed to enable the analyst
to input additional CCFL coefficients for
specific geometries. It was concluded that
this limitation was the principal cause of
significant differences between the
measured and calculated PCTs.

6. USER EXPERIENCE AND GUIDELINES

Presented in this section are modeling recommen-
dations to improve the accuracy of a BWR LOCA
simulation. The recommendations address the
following subjects: numerical diffusion, break
modeling, ECCS modeling, water packing, CCFL
options, and bundle refill/reflood heat transfer.
The recommendations derive from the user ex-
perience gained in doing the simulations listed in
Table 1.

6.1 Numerical Diffusion

Numerical diffusion is characterized by the arti-
ficial convection of fluid between hydrodynamic
cells. Moreover, numerical diffusion is inherent to
the finite difference solution scheme employed in
TRAC-BDI to solve the hydrodynamic field equa-
tions. Coarse nodalization generally exacerbates
numerical diffusion problems and can render the
simulated results invalid. Minimizing numerical dif-
fusion is especially important if the following key
LOCA phenomena are to be correctly simulated:

1. Vessel and piping liquid distribution.

Bundle temperature response (which is
strongly dependent on Item 1).

Break flow behavior (since Item 1 deter-
mines upstream break conditions).

Sensitivity studies with finer nodalizatio.» (Appen-
dixes B and J) consistently produced better com-
putational results. However, the attendant increase
in computational costs can, under some circum-
stances, make this approach unrealistic. The two-
phase level tracking model proposed to be
implemented in the next code version (TRAC-
BD1/MODI) is expected to be a more cost effec-
tive means of addressing this problem.

Nrmerical diffusion is thought to be a key con-
tributing factor responsible for earlier calculated jet
pump and recirculation line uncovery times (see
Table 2). The maximum percentage time deviations
between the measured and calculated results for the
jet pump and recirculation line uncovery were both
approximately 40%,




6.2 Break Modeling

A wide variety of different break configurations
were used in the simulated test facilities. It was con-
cluded that no one particular break modeling ap-
proach has general applicability. In particular, each
break configuration has specific discharge
characteristics peculiar to its geometry. In model-
ing a certain facility, it is therefore important that
an empirical data base exist which allows the analyst
to judge when break discharge characteristics are
important. The TRAC-BDI choking model is in-
herently one dimensional and as such cannot
account for the complex three dimensional flow
fields which can form in the break plane region. The
multidimensional effects can significantly change
the effective flow area at the break plane. Engineer-
ing judgment must also be exercised in determin-
ing the nodalization detail of a particular break
assembly and regions upstream of the break. If the
nodalization is too coarse, numerical diffusion may
significantly distort the fluid conditions upstream
of the break plane (Appendix B).

6.3 ECCS Modeling

In this particular code version, ECCS modeling
required the use of PIPE/FILL combinations to in-
ject fluid into a vessel cell. Generally, when ECCS
systems were activated in a simulation, subcooled
liquid penetrated into the pipes which were steam
filled. The induced condensation in the PIPE com-
ponents can cause computational difficulties
{Appendixes H and G) which can invalidate a
simulation, One modeling approach used (Appen-
dix H) to mitigate this problem was to stop the
simulation program at the point of ECCS activa-
tion, change the fluid conditions in the PIPE com-
ponent from a steam to a liquid state, and then
restart the simulation program. However, that
approach is considered an interim solution. Over
calculation of depressurization rates caused by
unrealistic condensation rates are thought to be a
major contributor to the earlier calculated LPCI
and LPCS activation times (see Table 2). Maximum
percentage time deviations between the measured
and calculated ECCS times for HPCS, LPCS, and
LPCI are 4%, 20%, and 28% respectively. In future
code versions, improvements will be made to the
interfacial heat transfer package to reduce the
severity of these problems.

6.4 Water Packing

Water packing problems were characterized by
a particular hydrodynamic volume transitioning to
single-phase liquid conditions accompanied by
localized pressure spikes lasting one or more time
steps. Sufficiently large pressure spikes can arti-
ficially generate appreciable mass flow surges.
Moderate flow surges are readily damped out caus-
ing relatively little disruption. Relatively large flow
surges tend to effect the overall system response and
render the simulation invalid. Water packing in its
most severe manifestation will cause a simulation
to abort (Appendixes E, H, and I). One identified
method of reducing the severity of water packing
is to reduce the time step on 2 simulation restart
slightly before the onset of water packing. Smaller
time steps generally will enable the code user to pro-
ceed with the simulation with reduced computa-
tional difficulties. However, upgrading the water
packing model in future TRAC-BDI1 versions is the
more realistic approach to solve this problem.

6.5 CCFL Options

In the course of doing the simulations listed in
Table 1, it was determined that a broader set of
CCFL modeling options are needed. Currently, the
TRAC-BDI1 CCFL model is restricted to two sets
of modeling options which characterize prototypical
BWR geometric configurations at SEO or UTF
junctions. The CCFL process model employs two
sets of Kutateladze-type correlations for those junc-
tion types. Moreover, in those correlations the
constants which characterize a specific geometry are
fixed. Because of the unique geometric differences
in junction configurations at the UTP, SEO,
bypass/upper plenum, and guide tube/bypass in-
terfaces, CCFL options peculiar to each of those
junctions should be available to the code user. In
particular, the code user should have the option of
inputting geometry-specific constants into the sup-
plied CCFL correlations. Examples of how these
limitations affect calculated results are given in
Appendixes F and I,

6.6 Bundle Refill/lReflood Heat
Transfer

User experience related to modeling bundle heat
transfer indicated that simulation of the



refill /reflood stages of a LOCA was the weakest
area of code performance. Lessons learned includ-
ed the following:

1. Relatively coarse nodalization that is ade-
quate for the blowdown stage of a transient
may be totally inadequate for refill/reflood
conditions. Additional nodatization detail
(both radial and axial) may be required to
accurately simulate bundle heat transfer
during this period.

2. Radiative heat transfer during extended
core dryout periods is a significant
mechanism for heat removal and must be
correctly modeled. In particular, the details
of rod-to-rod radiative heat transfer must
be accounted for.

Regarding Item 1, finer axial nodalization is re-
quired during refill/reflood to suppress numerical
diffusion (Section 6.1). Detailed radial nodalization
of the vessel internals is required to capture multi-
channel flow effects. A radial nodalization sensitiv-
ity study conducted in Appendix J demonstrated
that inherently multichannel facilities (such as the
Dresden-111 reactor) cannot be approximated with
single-channel models during the refill/reflood
phase of a LOCA. Figure 9 presents the bundle

midplane temperature simulated with both a de-
tailed and a single channel model. The single
channel scoping model yielded significantly lower
temperatures because of differences in UTP
drainage dynamics. In the detailed model, preferen-
tial drainage via the peripheral channels produced
a more rapid increase in the lower plenum mass in-
ventory (Figure 10) with less cooling in the middle
channel region.2 The single channel model did not
adequately simulate bundle temperate responses
characteristic of either high or low powered core
regions. As a consequence, the single channel ap-
proximation is not realistic if PCTs are to be
accurately predicted.

With regard to Item 2, sensitivity studies con-
ducted in Appendix A demonstrated that failure to
model bundle radiation heat transfer during extend-
ed core dryout periods can cause overprediction of
bundle temperatures by as much as 200%. It was
also shown that, in an 8 x 8 bundle, five rod groups
accurately simulate radiation heat transfer. It was
judged that the TRAC-BD! -adiative heat transfer
package was sound.

a. Preferential peripheral channel drainage is peculiar to BWR
refill /reflood multichanne! flow dynamics during most modes
of ECCS operation. This was shown in the SSTF test data for
test Runs 26 and 111.

7. RUN TIMES

Presented in Table 7 are the run time statistics for
the simulations discussed in this paper. The central
processor unit (CPU) to real time ratios were a func-
tion of both model detail and transient conditions.
Because separate effects facilities were modeled with
fewer volumes and heat slabs, the associated CPU to
real time ratios were smaller. Generally, large break
LOCA scenarios had CPU to real time ratios ex-
ceeding those of small breaks. The large break
LOCAs were characterized by a higher degree of
nonequilibrium mixing of subcooled ECCS with
saturated steam and higher localized steam velocities.
Those two phenomena tended to reduce the numerical
time steps in all the LOCA simulations.

By making purely empirical observations from
Table 5, the following estimates relative to run time
statistics were made:

1. Large input models (150-230 cells) have
CPU to real time ratios in the range of
60-250.

2. Medium sized models (with 60-150 cells)
have CPU to real time ratios of 10-150.

3. Small models (with less than 60 cells) have
CPU to real time ratios in the range 10-50.

Depending on transient conditions, the estimated
CPU to real time ratios for large break LOCAs
tended towards the higher estimates, especially
during the iefill/reflood transient phase.




8. CONCLUSIONS

The TRAC simulations of various test transients
revealed that overall calculated trends generally can
be adequately simulated when the correct model-
ing strategy is employed. With the correct model-
ing constraints, TRAC-BDI1 (Version 12) calculates
reasonable results for a wide range of conditions
typically encountered in various BWR LOCA
scenarios.

The TRAC-BDI code is continuing to evolve to
meet the analytical requirements for accurately
simulating BWR transients. The code’s strongest
areas of performance are in simulating pressure
response, event timings, and break flow behavior.
The code also demonstrates the capability to
simulate multi-channel flow phenomena. Areas re-
quiring additional improvement include interfacial
heat transfer, water packing, and CCFL input
options. Also, a level tracking model should be
added to reduce the effects of numerical diffusion.
These improvements have or will be incorporated
into future versions of TRAC-BDI.

Observations concerning code accuracy relative
to key code parameters are:

1. The estimated calculational PCT two sigma
uncertainty and mean temperature dif-
ference between the calculated and
measured PCT were 226 K and -28 K
respectively.

2. Application of the CCFL model was
judged to be the principal reason for
significant differences between measured
and calculated PCTs.

3. Maximum percentage deviations between
measured and calculated ECCS events for
HPCS, LPCS and LPCI are 4%, 20% and
28% respectively.

4. Although ECCS event timings were
generally in good agreement, in most
simulations faster depressurization rates
resulted in early activation of low pressure
systems.

5. Overcalculation of ECCS induced steam
condensation rates is thought to be a major
cause of overcalculating depressurization
rates.

6. Maximum percentage time deviations be-
tween calculated and measured jet pump
uncovery and recirculation line uncovery
were both approximately 40%.

7. Calculated uncovery rates generally oc-
curred slightly sooner than those measured.
Numerical diffusion was a major cause of
the faster uncovery rates.

The following lessons were learned relative to user
experience and modeling guide lines:

1. Finer nodalization will minimize numerical
diffusion problems. This is particularly true
if uncovery times for the jet pump suctions
or recirculation lines are to be accurately
simulated. However, the two phase level
tracking model proposed to be im-
plemented in future code versions is ex-
pected to be a more cost effective means
of addressing this problem.

2. Generally, modeling stored energy or am-
bient heat losses is important if system
pressure response is to be correctly
simulated.

3. A more general set of CCFL modeling
options are required to simulate liquid
drainage at the vessel UTP or SEOs.

4. Model enhancements of the interfacial heat
transfer package will improve the
calculated pressure response.

5. Correctly modeling a particular break con-
figuration is dependent on a reliable data
base. The analyst should know the
discharge coefficients associated with the
particular break configuration.

6. Multi-dimensional BWR mockups or
facilities cannot always be approximated
with one dimensional models. In par-
ticular, multi-channel flow dynamics dur-
ing the refill/reflood phase of a LOCA
cannot be adequately simulated with one
dimensional models.



CPU real tirie ratios (which ranged from guidelines. Most importantly, improvements in the
10 to 250) increased significantly with calculated PCT, time to PCT, ECCS timing, jet
larger model cell numbers. The CPU to real pump suction uncovery, and recirculation line un-
time ratios tend toward higher values dur- covery will result. However, relative to TRAC-BDI1
ing large break LOCA simulations. the calculated event timings for most simulations

reported in this paper were not significant con-

Significant reductions in code parameter uncer- tributors to observed uncertainties in the calculated
tainties can be realized by implementing the above PCTs.
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Table 1. Test descriptions

Facility

GOTA bundle heat transfer (scparate
effects facility)

Marviken blowdown (separate effects)
facility

FRIGG (fuel bundle forced/natural cir-
culation separate effects)

TBL (scaled BWR/5-251 integral facility)

TLTA (scaled BWR/6-218 integral
facility)

TLTA

ROSA-I11 (scaled BWR facility)

Test

Designation Test Description

11 Bundle radiation heat transfer test.

42 Reflood heat transfer test.

15 and 24 Large break blowdown test for subcooled
and saturated conditions.

301047 Natural circulation flow stability and
burnout test.

613130 Forced circulation fuel bundle void
distribution test.

LRI Large recirculation lire break test with
HPCS, LPCS, LPCL

LR2 Large break recirculation line test, with
LPCS and LPCI.

SR1 Small break recirculation line test, with
LPCS and LPCI.

LR3 Large break recirculation line test with
BWR/4 ECCS configuration, with LPCI.

6425 Large break (DBA) with average flow,
average temperature ECCS (with HPCS,
LPCS, and LPCI).

6426 La break (DBA) with no ECCS.

6423 Large oreak (DBA) with high
temperature, low flow ECCS (with
HPCS, LPCS, and LPCI).

6424 Larg. break (DBA) average temperature
ECCS (with HPCS, LPCS, and LPCI).

6431 Small break recirculation line test wit’
HPCS.

6432 Small break recirculation with LPCS and
LPCL

RUN 912 Small recirculation line break wi'h LPCS

24

and LPCL



Table 1. (continued)

- Test
Facility __ Designation Test Description
SSTF (scaled BWR/6 30° sector integral SRT-3 Large break DBA reflood/refiil test
LPCS, and LPCI.
EA3.1 Large break DBA reflood/refill test
RUN 111 BWR/4 ECCS configuration with LPCS
and LPCI.

g facility) RUN 26 BWR/6 ECCS configuration with HPCS,

n @



Table 2. Summary of key event timings

Tume 10 HPCS

Time 10 LPCS

Time to Jet Pump
Suction Uncover~
s)

Time to Recirculation
Line Uncovery

Teu" Measured Calculated Measured Calculated M d Cabkculared M d Calculated Calculated

912 (ROSA. Not used Not used s w “e w7 100 80 150 L1}

Not used L1 L3 LA n L ? 18 16

SR (THL
small break

Not used

LR (TBL
large break

Not used Not used s o 4 4 (] 9

6423 (TLTA o n 6 9 n 56 L] L) n 0
DBA LOCA)

6424 (TLTA n 28 61 52 n L] 7 6 " 9
DBA LOCA)

6425 (TLTA n pL) (3 2 7 56 7 [ 1 4
DBA LOCA

Not used Not used ? L] 9 9

Not used an L 4% a8 - - - -

& The SSTF simulations were initiated from conditions such that the ECCS systems had been activated and the jet pump suction and recirculation line were uncovered.

b. Time dependen. rips were employed so that ECCS was awromatically activated at times which ECCS was d in the cxp

¢ Jet pump and recirculation line uncovery did not occur




Table 3. Summary of simulated pressure responses

Test Results Comments
RUN 912 Pressurc response generally well LPCS fluid held up in upper plenum
(ROSA-1II calculated. Pressure somewhat under- caused undercalculation in steam inven-
small break calculated after LPCS initiation. tory and resultant pressure response.
LOCA) Additional steam would have been
generated via rod to fluid heat transfer if
additional LPCS had drained into the
bundle region.
RUN 26 Pressure response not adequately Underestimating vessel metal mass stored
(SSTF DBA calculated. Initial overcalculation in the energy identified as one possible cavse for
LOCA) depressurization rate resulted in under- undercalculation of pressure response.
calculated pressure. Additional metal mass to liquid heat
transfer would increase vapor production
and therefore pressure.
RUN 111 Pressure response not adequately Excessive steam condensation triggered by
(SSTF DBA  calculated. Initial overcalculation in the LPCI operation was identified as addi-
LOCA) depressurization rate resulted in under- tional cause of overcalculated depres-
calculated pressure. surization rate. Overcalculated steam
condensation was believed to be due to
deficiencies in the code interfacial heat
transfer package.?
LRI (TBL Cienerally pressure trends well calculated Suspect limitations in code interfacial heat
large break  rclative to data. Following HPCS initia- transfer model resulted in overcalculated
LOCA) tion depressurization rate was steam condensation during period of over-
overcalculated. calculated depressurization.?
LR2 (TBL Generally pressure trends well calculated Suspect code interfacial heat transfer
large break  relative to data. After 50 s the mode! is overcalculating steam condensa-
LOCA) depressurization rate was overcalculated. tion during period of overcalculated
depressurization rate.?
SR1 (TBL Pressure response well calculated relative Slight differences in measured and
small break to data. calculated pressures existed as a conse-
LOCA) quence of SRV operation. More fiow was
calculated to exit through the SRV as a
consequence of probably undercalculating
ambient heat losses.
LR3 (TEL Depressurization rate was overcalculated. Water packing severely distorted
large break caiculated results and produced a
LOCA) premature code abort.
6425 Generaily, pressure response adequately Most probable cause of in.ial over-
(TLTA calculated. Initial depressurization rate calculated depressurization rate was an
DBA with slightly overcalculated. overcalculated initial volumetric break
ECQO) flow rate.?
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Results

6431

FLTA
small break
LOCA)

6432
(TLTA
small break
LOCA)

Generally, pressure response adequately
calculated. Initial depressurization rate
overcalculated.

Pressure response adequately calculated
for most of transient. Between 35 and
120 s pressure was undercalculated.

Pressure response adequately calculated
for most of transient.

Pressure response adequately calculated
for most of the transient.

Pressure response adequately calculated
for most of the transient. After 165 s
calculated pressure was slightly higher
than the measured.

Comments

The simulated pressure trends between
Tests 6425 and 6426 qualitatively matched
the experimental trends. Namely, the test
without ECC depressurized at a faster
rate.

The undercalculation in system pressure
during the period from 35 to 120 s was a
conseauence of a larger break volumetric
flow during fhis period.?

Temporary period of initially over-
calculated depressurization caused by
overcalculation in volumetric break flow
rate.d

Suspected overcalculation of the break
volumetric flow rate caused a more rapid
depressurization at the end of the tran-
sient.d

The higher calculated pressure was a con-
sequence of the measured break mass
flow rate being slightly larger than the
calculated.

a. This conclusion was inferred from the data since a direct one to one comparison for this parameter

did not exist.




Table 4. Summary of simulated break flow responses

Test Results Comments
15 and 24 Two-phase saturated break mass flow rate Errors were identified in subcooled chok-
(Marviken well calculated. Subcooled blowdow:: ing model.2 Break flow results are sen-
separate mass flow rate was not adequately sitive to choke plane loc: lion and
effects large calculated. nodalization.
break)
Run 912 Calculated break mass flow rate was Because of large data uncertainties in the
(ROSA-III within experimental uncertainties. break flow measurement, reasons for
small break deviations between measured and
LOCA) calculated results could not be clearly
defined.
Run 26 Initial break mass flow rate over- Numerical diffusion prolonged the initial
(SSTF, calculated. After both measured and period during which the calculated break
DBA, calculated break flows transitioned to flow was at two-phase conditions.
LOCA) single phase steam the mass flow rates
were in good agreement.
Run 111 Break mass flow rate adequately Numerical diffusion caused unrealistic
(SSTF, calculated for single phase steam condi- amounts of liquid convection to the break
DBA, tions. During substantial part of calcula- junction during a substantial part of the
LOCA) tion breakflow not correctly calculated simulation.
because break upstream conditions were
wrong.
LRI (TBL Generally, calculated results compared Calculated break junction upstream condi-
large break  well with data. There were some periods tions were affected by liquid convection
LOCA) of overcalculated break mass flow rate. through the steam separator and jet pump
during lower plenum flashing. This caused
a temporary period of overcalculated
break mass flow rate.
LR2 (TBL Generally, break mass flow rate ade- Differences in measured and calculated
large break  quately calculated. Although after 45 s break mass flow rates were consequence
LOCA) the calculated break mass flow rate was of differences in calculated and measured
somewhat less than measured. break upstream conditions. Most probable
cause was undercalculation of liquid con-
vection from the vessel to the break
junction.
SR1 (TBL No break flow measurement available to -
small break make comparisons with calculated results.
LOCA)
LR3 (TBL -— Water packing problems caused a
large break premature code abort, making com-
LOCA) parisons between measured and calculated

mass break flow rates questionable.



Table 4. (continued)

Test

Results

Comments

6423 and
6424
(TLTA
DBA
LOCA)

6425 and
6426
(TLTA
DBA with
ECC)

6431
(TLTA
smal!l break
LOCA)

6432
(TLTA
small break
LOCA)

Generally, breakflows adequately
calculated.

The subcooled mass flow rate was under-
calculated and the two-phase mass flow
rate overcalculated. The calculated sub-
cooled and two-phase break flow rates
were judged to be adequate since they
were within data urcertainty bands. Single
phase vapor break mass flow rate was
well calculated.

Generally breakflow was adequately
calculated. Slight undercalculation of
break mass flow rate occurred between

50 and 300 s. Suspected overcalculation of
break volumetric rate occurred at end of
calculation.

Generally breakflow was adequately
calculated. The break mass flow rate was
slightly under calculated.

Calculated conditions upstream of break
junction transitioned to two-phase condi-
tions too soon. This caused calculated
volumetric breakflow to initially exceed
the measured.

Principal cause of noted differences con-
sequence of differences in calculated
break junction upstream conditions, par-
ticularly the void fraction.

Most probable cause of calculated break
flow differences was a too coarsely noded
break assembly.

Most probable cause of undercalculated
break mass flow rate was a too coarsely
noded break assembly.

a. These coding errors in the prerelease version were corrected in released TRAC-BDI (Version 12) code.




Table 5. Summary of measured and calculated key bundle parameters@

Time ‘o Dryowt Peak Clad Temperature Time 10 PCT Time to Core Quench
5! L !KL________ L s) is)

Test Measured Calculated Measured Cal “ ‘ M Calculated M d < alkculated
912 (ROSA-IH 200 7 76 665 130 97 R 410
small break LOCA)
LRI (TBL large break s «® 661 624 140 n 155 158
LOCA)
LR2 (TBL large break 36 4 802 682 168 il 220 130
LOCA)
SRI (TBL small break o0 i62 852 785 638 54 0 595
LOCA)
6423 (TLTA DBA ' OCA L] @0 652 w40 2 182 2% 230
6424 (TLTA DB « LOC”) L3 0.7 830 878 s 12 150 160
6425 (TLTA L ®°,L0CA L} % 578 612 4 " 150 124
with ECC)
6426 (TLTA DBA LOCA n 2 1077 923 294 294 b =
without ECC)
4. loherent to discrete volume modehng, the code calcul volume average p 5. To provid ful 1 the exper | data must also be of the same
form. Thus, the measured data shown on this table repr volume ages where the vol were defined by the model nodahzati For nple, if a specific volume
in the model encompasses a geometric region of the core which ‘ three exp ther uples, then the measured PCT would be derived as the peak emperatury
of the average of those three thermocoupies. It should be noted that this data reducti hmque b less and less satist; y as the ber of thermocou sdes in a volume
app h one, bes cach ther uple rep a very local condition within cach volume.

b No guench developed since no ECC was used.
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Table 6. Summary of simulated bundle temperature responses

Test

Results

Comments

301047 and
613130
(FRIGG
separate
effects test)

42 (GOTA
separate
effects bun-
dle quench
test)

11 (GOTA
separate
effects bun-
dle radia-
tive heat
transfer)

912 (ROSA-
111 small
break
LOCA)

LR1 (TBL
large break
LOCA)

LR2 (TBL
large break
LOCA)

SR1 (TBL
small break
LOCA)

LR3 (TBL
large break)

Subcooled boiling model allowed code to
adequately simulate bundle void
distributions.

Calculated heater rod quenching occurred
approximately 20 s earlier relative to the
experiment.

Radiative heat transfer can be correctly
simulated if the correct modeling tech-
nies are employed.

Calculated bundle temperature response
not adequately calculated.

Most trends adequately calculated.

Calculated heatup times agreed with data
but quench times were too early.

Temperature trends adequately calculated
for most of transient.

Prior to water packing difficulties, timing
of rod dryouts and heatup rates were
calculated well.

There was evidence that the code inter-
facial heat transfer model may produce
premature condensation.

The premature calculation of of quench-
ing was the consequence of overcalculat-
ing steam generation in the bundle region.
The calculated rod quench was accom-
panied by unrealistic vapor velocities
which enhanced bundle cooling. Finer
bundle nodalization would help to reduce
these compuiational distortions.

A single rod group should not be used
when significant radiative heat transfer is
expected. Five rod groups have produced
good results.

Anomalous heatups occurred as conse-
quence of undercalculating uppe: plenum
liquid drainage into bundle region. Errors
in interfacial shear package were iden-
tified as the cause of this difficulty.2

CCFL at the SEOs inhibited bundle
drainage. This caused undercalculation of
PCT. Calculated bundle multichannel
flow trends were well calculated.

Early calculated depressurization activated
low pressure ECCS too soon, causing
earlier quench (and lower PCT) during
reflood. CCFL model tended to inhibit
liquid downflow at bundle SEOs.

Early reflood caused lower PCT and
earlier rod quench times.

Later in transient water packing problems
distorted calculated temperature

responses.



Table 6. (continued)

Test

Results

Comments

6423
(TLTA
DBA
LOCA)

6424
(TLTA
DBA
LOCA)

6425
(TLTA
DBA with
ECC)

6426
(TLTA
DBA
without
ECC)

6431
(TLTA
small break
LOCA)

6432
(TLTA
small break
LOCA)

Temperature responses at most rod loca-
tions adequately calculated.

Temperature responses at most rod loca-
tions were adequately calculated.

Calculated temperatures slightly below
measured. Generally trends were ade-
quately calculated.

Calculated timing events and heater rod

temperatures generally matched test data.

Temperature responses at most rod loca-
tions were somewhat above test data but
still adequately simulated.

Temperature responses were adequately
calculated.

CCFL at the UTP tended to limit liquid
downflow relative to data. This caused
some simulated temperatures to exceed
test data.

Calculated limitations in UTP CCFL
downflow triggered a -purious rod
heatup. This heatup was avoided when
simulation was restarted with UTP CCFL
option turned off.

Undercalculation of temperatures was in
part due to identified coding errors in
heat transfer package.2

Simulated bundle heat transfer for highly
voided core was judged to be good.

Simulated CCFL UTP drainage tended to
produce less down flow into the bundles.
This produced higher calculated
temperatures.

+CFL limitations tended to retard ECCS
drainage from the UTP to fuel bundles.
Despite overcalculated UTP holdup suffi-
cient bundle liquid existed to prevent
spurious rod heatups.

a. This analysis was performed with a prerelease code version. These 1'entified errors were correcteu
the released version of TRAC-BD1 (Version 12).
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Table 7. TRAC-BD1 Code Assessment timing statistics
(all calculations performed on a CDC 176 computer)

Facility Transient
and Type Length

Test No. of Test (s) (RT)
TLTA DBA 230
6423
TLTA Small break 1500
6431

ROSA- Small break 500
11 912
TBL Large break 170
LRI
TBL Large break 163
LR2
TBL SR1 Small break 600
SSTF Large break 37
SRT-3 reflood

Run 26
SSTF Large break 40
EA3.1 reflood

Run 111

BWR/3 200% break 1>¢
GOTA Core spray 176
42 reflood

MAR- Hot vessel 60
VIKEN blowdown

15

Number
of Cells
1D 3D
68 26
80 32
106 36
157 76
157 76
151 57
65 40
63 40
w8 52
21 26
56 0

Total

£
94
112
142

233

233

105

103

160

47

56

Number Number Total

of Heat of Time CPU

Transfer Steps Time CPU CPU (100) CPU (1.E6) CPU (1000)

Surfaces (DT) (s) RT (RT) (©) (RT) (c) (DT) (c) (DT)
110 67,568 18,951 82 88 13 2.98
150 52,812 16,504 1 10 2 2.79
131 84,116 32,500 65 46 5 2.72
282 41,857 37,744 222 95 23 3.87
282 43,251 40,040 245 105 24 3.97
198 §7,537 33,853 56 27 5 2.83
102 8,242 5,038 136 130 157 5.82
102 9,303 6,172 154 150 161 6.44
206 27,150 32,300 170 106 39 7.44
60 41,178 8,273 47 100 24 427

0 7,995 589 10 18 22 1.32




APPENDIX A
TRAC-BD1 VERSION 12 ASSESSMENT USING GOTA DATA

NUREG/CR-4 26

‘ b 85-A2382-1
:GG“2352 ust
UNCLASSIFIED ¢ 1° A g

" W




AFPENDIX B
TRAC-BD1 ASSESSMENT CALCULATIONS FOR MARVIKEN
TESTS 15 and 24

NUREG/CR~4196

APFE'PO X --I%BD‘ ASS&&S&E);’, NT 85-A2382-2
EGG-2382 CALCLL T:&S FOR MARJV.KEN TESTS 15 & 24
UNCLASSIFIED C.

M, KULLBERG, EGEG DAHD INC. APRIL 85




APPENDIX C
TRAC-B8D1 COMPUTER CODE ASSESSMENT USING FRIGG DATA

NUREG "CR=4196 APPENDIX C--TRAC-BD1 COMPUTER CODE 85-Az382-3
£GG-2382 ASSESSMENT USING FRIGG DATA

UNCLASSIFIED C. M, KLLLBERG, EGEG IDAD

"

INC APRIL 8S




APPENDIX D
TRAC-BD1 CALCULATION AND DATA COMPARISON OF
INTERNATIONAL STANDARD PROBLEM 12

- i AT £ DATA B5-AZ382-4
NUREG/CR-4196 APPEND X D~ TRAC-QDI E.&CMT.O‘
EGEG-2382 COMPARISON OF INTERNATIONAL STANDARD PROB. 12
UNCLASSIFIED C. M, KULLBERG, EGEG IDAHO INC. APRIL 85
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APPENDIX E
TRAC-BD1 (VERSION 12) ASSESSMENT USING TBL DATA

NUREG/CR~4 " 96 APPENDIX E--TRAC-BD1 (VERSION 12)ASSE. 15-A2382-5
EGG-2382 USING 7BL DATA
UNCLASSIFIED C. M, KULBERG, EGLG IDAHD INC. APRIL 85




APPENDIX F
TRAC-BD1 COMPUTER CODE ASSESSMENT CALCULATIONS OF
GENERAL ELECTRIC TLTA DBA AND SMALL BREAK TESTS




APPENDIX G
TRAC-BD1 CODE ASSESSMENT CALCULATIONS OF TLTA
ECC/NO ECC TESTS 6425 AND 6426




APPENDIX H
TRAC-BD1 (VERSION 12) ASSESSMENT USING SSTF BWR/6 DATA

TANEGACR-4196 ArFoiw. X H--TRAC-BD1 (VERSION 12° 85-A2282-10C
EGG-2382 USING SSTF BWR/6 DATA

UNCLASSIFIED
1

APRIL 85

C. M, KULLBERG, EGEG ZDAHD INC.



APPENDIX |
TRAC-BD1 (VERSION 12) ASSESSMENT USING SSTF BWR/4 DATA

NUREG/CR-419¢ APPENDIX I-- 1 (VERS® : e %
£EGG-2362 USINE B8P m-&qn.v&m.m 12 85-A2382-1
UNCLASSIFIED C. M, KULLBERG, EGEG >DAMO INC APRIL 85




APPENDIX J
AN ANALYSIS OF A SPECTRUM OF LARGE-BREAK LOCAS IN A
BWR/3 USING TRAC-BD1
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