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ABSTRACT
i

TRAC PF1/ MODI has been exercised by severalinternational users as a part
of the ICAP Program. Participants are requested to prepare a report
summarizing the results of their work. These assessment reports contain
discussions of the code accuracy, errors and deficiencies, new user
guidelines, and recommendations for code upgrades and modifications.
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| 1. INTRODUCTION
|

The Office of Nuclear Regulatory Research, United States Nuclear
Regulatory Commission (USNRC) has sponsored the development of the Transient

Reactor Analysis Code (TRAC) at Los Alamos National Laboratory (LANL) for the
past several years. TRAC is an advanced best-estimate systems code for
analyzing transients in thermal hydraulic systems, it performs best estimate
analyses of loss-of-coolant accidents (LOCAs) and other transients in pressunzed
light water reactors and of thermal hydraulic experiments in reduced-scale
facilities. The TRAC code has been under development since 1976, when the first

version was developed. Since that time it has evolved through a number of
versions until TRAC-PF1/ MOD 1 (Ref.1) was released in 1984. The major part of -

the developmental effort was completed with the release of TRAC-PF1/ MOD 2 in

June 1990 (Ref. 2).
An important part of the code development has been assessments of the

code. These assessments, both internal and external, are necessary to ensure the

adequacy, accuracy, and applicab:lity of the code in performing the safety analyses
for which it was intended. As part of the assessment activities of TRAC and other

thermal hydraulic safety analysis codes, the USNRC organized an international
cocperative effort to exercise the cod (7 and compare calculated results with
experimental data. These assessment studies were undertaken based on a mutual

agreement between the USNRC and participating countries and are part of an
overall assessment plan organized by the USNRC. The formal title of this program
is the international Code Assessment and Applications Program (ICAP). The intent

{
of the program (Ref. 3)is to

support the efforts of the USNRC to determine the ability of the code to-

represent important physical phenomena appropriately and support the
quantitative determination of code accuracy,

share user experience on code assessment and to present a well-.

documented data base,

share experience on code errors and inadequacies and cooperate in-

removing the deficiencies to maintain a single,interne3ionally recognized
code version, and

establish and improve user guidelines for applying the code-

1
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TRAC PF1/ MOD 1 has been exercised by several international users as a
part of the IC AP program. The code has been used to simulate several different i

test facilities in which a variety of different reactor safety related tests were
perforraed. Code predictions were compared with the data obtained from these |

tests. Participants are requested to prepare a report summarizing the results of
their work. These assessment reports should contain discussions of the code
accuracy, errors and deficiencies, new user guidelines, and recommendations for
code upgrades and mWifications.

The Engineering and Safety Analysis Group (N-6) at LANL also is involved

in the ICAP effort. A portion of the Los Alamos contribution to this program is the

review of TRAC assessment reports prepared by external participants. Twenty five
assessment reports have been received in the past two years. Eight of these
assessments were reviewed during FY 1989 (Ref. 4). The remaining 17 reports
have been reviewed during FY 1990 and are summarized in this report. The
following assessments were reviewed this year:

K. H. Ardron and A J. Clare, " Assessment of Interface Drag Correlations.

in the RELAP5/ MOD 2 and TRAC PF1/ MOD 1 Codes," GD/PE N/557

(March 1987).
F. Pelayo, " TRAC PF1/ MOD 1 Post-Test Calculations of the OECD-LOFT.

Experiment LP-SB-2," ICSP-LP SB-2-T, AEEW R 2002 (April 1987).
C. G. Richards, " Pre-Test Calculation of LOBI Test BL-02 Using TRAC-.

PF1/ MOD 1," AEEW M 2416 (February 1987).
J. C. Birchley, P. Coddingt'.,n, and C. R. Gill, " Analysis of LOFT

.

Experiment LP 02-6 Using the TRAC PF1/ MOD 1 Computer Code,"

AEEW R 2288 (November 1987).
R. O'Mahoney, "A Study of _the Reflood Characteristics of TRAC--

PF1/ MOD 1," AEEW-M 2305 (April 1986).

J. Blanco, V. Lopez Montero, and J. Rivero, " Analysis of LOFTi -

Experiment LP-02-6 Using TRAC-PF1/ MOD 1," ICSP-LP-02-06 (January
1988).

F. J. Barbero, " TRAC-PF1 Code Assessment Using OECD-LOFT LP FP-.

!
1 Exper,' ment," ICSP-LP-FP-1 (July 1988).

2
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B. Spindler and M._Pellissier, " Assessment of TRAC-PF1/ MOD 1 Version-

'14.3 Using Components Separate Effects Experiments," SETh/LEML/89-

185 (March 1989).
. - W. M. Dempster, A. M.' Bradford, T. M. S. Callender, and H. C. Simpsuit,

"An Assessment of TRAC PF1/ MOD 1 Using Strathclyde 1/10 Scale
Model Refill Tests," Strathclyde SB291, Phase 1.
D. M. Turner, "Discretization Effects in-TRAC PF1/ MOD 1 on the.

Prediction of Low Subcooling Counter Current Flow in a PWR
Downcomer," CEGB report no. RD/U345ER89 (February 1989).
P. Coddington, "OECD-LOFT LP LB-1 Comparison Report," AEEW R.

2478 (February 1989).
P. Coddington," Analysis of the Blowdown of the Accumulator B Line in

]
.

the OECD LOFT Fission Product Experiment LP-FP 1," 'AEEW-R 2328
(February 1988).

R. O'Mahoney, "A Study of Axial Effects in the TRAC-PF1/ MOD 1 Heat-

Conduction Solution During Quenching " AEEW M 2552 (June 1989).
A. Sjoberg, " Assessment of TRAC-PF1/ MOD 1 Against an inadvertent-

Feedwater Line isolation Transient in the Ringhals 4 Power Plant,"

STUDSVIK/NP-88/101 (S) (November 1988).
F. Pelayo and A. Sjoberg, " Assessment of TRAC-PF1/ MOD 1 Against an.

inadvertent Steam Line isolation Valve Closure in the Ringhals 2 Power
Plant,' ICSP-R2MSIV-T (February 1988).

R. O'Mahoney, " Time Step and Mesh Size Dependencies in the Heat.

Conduction Solution of a Semi-implicit, Finite Difference Scheme for
Transient TWhase Flow," AEEW-M 2590 (July 1989).
W. M. Dempster,"An Assessment of TRAC-PF1/ MOD 1 Using Strathclyde.

1/10 Scale Model Refill Tests,2nd Report," submitted to CERL, Phase 2

of Contract RK: 1642 Job No. SB291, Strathclyde-SB291, Phase 2 (July

1989).
Some of these reports do not meet all of the requirements of an assessment

as defined by Ref. 3. The Ardron and Clare work (GD/PE N/557), for example, did
not use the TRAC code directly but used an auxiliary code to test some of the
correlations used in TRAC. The Coddington report (AEEW-R -2478) is a
comparison study of several different reactor analysis codes. Nevertheless, all of

the reports listed above provide valuable information concerning the strengths and

3
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w=kness:s of TRAC-PF1/ MOD 1 cnd cre therefore included in this summary
report.

Each of the. reports has been reviewed using the guidelines of Ref. 3. These
reviews serve not only to identify the key findings of the assessment and ensure

feedback to code developers but also to assess the degree to which ICAP
guidelines are adhered to by international users. Complete reviews of the 17 ICAP

assessment reports are included in the appendix to this report.

This report summarizes the results of the ICAP assessment report reviews.
Brief summaries of the ICAP reports are presented. Any deficiencies or errors in

TRAC identified by the assessment report authors are summarized. Suggested
code improvements and new user guidelines are listed.

|

|
l

!

l

|

|

|
,
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2. - TRAC-ICAP- ASSESSMENT MATRIX STATUS

TRAC is an advanced best estimate computer code for analyzing transients
in thermal hydraulic systems. Its primary use is the simulation of transients in

'

pressurized water reactor (PWR) power plants. The value of the code is
determined by the accuracy of these simulations and the practicality of performing '

them. Assessments performed by ICAP members help to evaluate both the
accuracy and computational efficiency of the code. )

Because of the complexity of PWR systems and the large number of different |
accident scenarios, there are many different thermal and hydraulic phenomena that |

may occur. The goal of a code assessment program is to test the ability of the code '

to simulate all of the 3mportant phenomena accurately. A completely
comprehensive assessment may not be practical. The approach taken in the ICAP

program has been to give highest priority to the phenomena judged to be of
greatest importance because of the severity of their eMect on plant safety or their
probability of occurrence. Several of these phenomena have been been identified

in Ref. 3 and are listed in Table i. Also included in Table I are the numbers of ICAP

assessment reports reviewed during the past two years that ha.e addressed each
of these phenomena. This table constitutes the TRAC assessment matrix.

The key parameters dealt with in ICAP reporc are listed in Table 11. It should

be noted that most of the important phenomena have been simulated, and several

of the most important,-such as emergency core cooling (ECC) bypass and
penetration, break-flow rates, and core heat transfer, have been addressed in
several assessment reports.

In several cases, the ICAP code users found areas in which the results of

their simulations did not agree well with experimental data. In some of these
cases, they provided specific suggestions for improving the code. The following list

summarizes the phenomenological areas where improvements were suggested in

the 1990 assessment reports.

Interphase drag.

Condensation models.

Heat structure and reflood models-

Horizontal pipe offtake model.

Minimum film-boiling temperature correlation-

Interface-sharpener logic.

Ccnservative discretization of the momentum equation-

5
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TABLE I
TRAC ASSESSMENT MATRIX

ICAP Assessments
PWR Phenomena 1989 1990

Break flow and valve leak flow 6 10
Phase separation in T-junction and effect on

break flow 1 2

Liquid-inventory distribution 2 5
Phase separation 2 3

Mixing and condensation during ECC injection 5

ECC bypass and penetration 2 7

Steam binding

Core-wide void and flow distribution 5 5

Entrainment and deentrainment in core 3

Entrainment and deentrainment in upper plenum 2

CCFL at upper tie plate and pool formation in
upper p'enum

- Mixture level in core 2 6

Mixture levelin downcomer 2 S,

Core heat transfer including partially covered core 5 11

Quench-front propagation 4 9

Single-phase natural circulation 1 1

Two-phase natural circulation 1

- Natural circulation through vent valves

Stratification in borizontal pipes 4 2

Reflux-condenser mode and CCFL 1

Boiler-condenser mode
Noncondensable-gas effects 3
Asymmetric-loop behavior 3
Loop-seal clearance 1 1

Primary-side steam-generator heat transfer 1 3
Secondary side steam-generator heat transfer 1 3

MMure level and entrainment in steam generator 1 3

6
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TABLE I (cont.)

ICAP Assessments
PWR Phenomena 1989 1990

One and two-phase pump behavior 1 2

Pressurizer thermal hydraulics 1 3

Surge line hydraulics
Refill of loops 1 1

Thermal hydraulic nuctear feedback 1 1

Boron mixing and transport

Separator hydraulics

TABLE 11

KEY PARAMETERS

Core temperature Fuel surface, cladding

Liquid temperature Hot and cold legs, break flows, lower plenum,
downcomer

Pressure Primary side, secondary side, hot and cold leg,
upper plenum, pressurizer

Pressure difference Pump, steam generator, vessel, intact and broken

loops

Fluid density Hot and cold leg, break line, pump inlet and outlet

i

Vold fraction Hot and cold legs

Fluid velocity Hot and cold leg, downcomer, core inlet and
outlet, break line

7

:

!
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TABLE || (c@nt.)

Momentum flux Hot and cold leg

Mass flow rate Break, bypass, accumulator, LPIS, HPIS, main

feedwater, auxiliary feedwater, hot and cold logs

Mass inventory Primary system, downcomer, lower plenum

Uquid level Accumulator, steam generator, pressurizer

Time of event Control signals, trips, maximum clad temperature

during blowdown and reflood, loop seal clearing,
ECC initiation, pressurizer empty |

Miscellaneous Condensation rate, pump speed, core power
:

The authors of the ICAP reports have proposed several new user guidelines,

and other guidelines can be inferred from discussions in the reports. These
guidelines will be helpful to both new and experienced TRAC users. They are
discussed in detall in Chap. 6.

The ICAP TRAC assessment reports have contributed significantly to the
development of the code. They have helped to identify weak areas in the code and

have led to to several corrections and improvements in the latest version of the
code, TRAC-PF1/ MOD 2. Some of the user guidelines have been included in the
latest version of the TRAC User's guide.

8
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3. BRIEF SUMMARIES OF ASSESSMENT REPORTS

The following discussions briefly summarize each of the 17 ICAP reports
reviewed. This chapter is organized into the broad categories of integral and
separate-effects assessments. The integral assecaments are subdivided into )
large break loss of-coolant accidents (LBLOCA), small break loss of coolant !

accidents (SBLOCA), and transients. The separate effects assessments are
subdivided into countercurrent flow, condensation during ECC injection, U-tubes in
steam generators, and fuel rod heat transfer.

3.1. Integral Assessments

All five of the LBLOCA integral assessments were based on tests conducted

in the Loss-of-Fluid Test (LOFT) Facility at the Idaho National Engineering
Laboratory (INEL). These reports are summarized in Sec. 3.1.1. The two
SBLOCA Integral assessments simulated tests conducted in the LOFT and LWR
Off-Normal Behavior Investigation (LOBI) facilities. Those reports are discussed in

Sec. 3.1.2. There were also two integral assessments summarizing simulations of
inadvertent transients that occurred in the Ringhals 2 and Ringhals 4 nuclear
power plants in Sweden. They are discussed in Sec. 3.1.3.

3.1.1. Large-Break LOCA Experiments
The LOFT facility is a 50 MWt PWR designed to simulate the major

components and system response of a commercial PWR during a LOCA or
operational-transient accident, it has a single active intact loop that simulates the
three intact loops of a commercial four-loop PWR. The intact loop contains a steam

generator, pressurizer, two primary-coolant pumps in paralfel, a Venturi meter, and
,

| the connecting pipework. The emergency core coolant system (ECC') injection
line irlersects the intact-loop cold leg between the pumps and the reactor vessel.

The broken loop is an inactive loop that simulates the broken loop of the..

commercial reactor during a LBLOCA. It consists of separate hot and cold legs that

are each connected to the reactor vessel and a blowdown-suppression tcnk
header. The hot leg contains pump and steam-generator simulators. Each broken

leg contains a quick-opening valve to initiate the transient. A SBLOCA can be
simulated by the LOFT facility by attaching the required additional piping and

9
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valving to the primary system hot or cold leg and not operating the quick opening
valves in the broken legs.

3.1.1.1. LOFT Experiment LP-02-6. Experiment LP 02 6 was a 200%
double ended cold-leg LOCA test carried out at full power (47 MW). The transient
was initiated by opening the quick-opening blowdown valves. The reactor was

scrammed on indication of loss of pressure in the intact loop hot leg, and the
coolant pumps were tripped within 0.1 s and allowed to coast down. The system
pressure fell rapidly to the saturation pressure corresponding to the temperature of

fluid in the hot leg. The rapid discharge of liquid in the broken loop caused voiding
of the core, a large reduction of heat transfer from the fuel rods, and a rapid rise in,

cladding temperatures. Saturated conditions in the broken loop cold leg were
reached at about 4 s, accompanied by a reduction in cold-leg break flow. This I

reduced flow, accompanied by a partial sust&ining influence from the pumps,
produced a partial bottom-up flow through the core and quenching of rods in the
bottom 60% of the core. The intact-loop cold leg also began to void from about 5 s

onward so that the break flow again exceeded the flow into the vessel, and the core

reemptied, and the fuel rods heated up again. At about 15 s, a top-down flow of
liquid through the core began. This quenched the top 25 in. of the sientral fuel

assembly. Flow from the accumulator began at 17.5 s, and the high- and low-
pressure injection systems (HPlS and LPIS) were activated at 21.8 ano 34.8 s,
respectively. Quenching of the fuel rods, which began at about 30 s, was
completed very rapidly by the filling of the core, with all the fuel quenched at about
56 s.

J. C. Birchley, P. Coddington, and C. R. Gill, " Analysis of LOFT
Experiment LP-02 6 Using the TRAC-PF1/ MOD 1 Computer Code,"
AEEW-R 2288 (November 1987). This assessment was performed using
TRAC-PF1/ MOD 1, Version 12.2. The input deck was similar to that used at Winfrith

in previous simulations of LOFT experiments. The model contained 343 cells, of
| which 192 were in the vessel.

| The simulation accurately reproduced most of the characteristics of the
| pnmary system and vessel-hydraulic response. The calculations of flows and fluid
|_ conditions are in quite good agreement with data for most of the transient.
'

Agreement is best in the early part of the blowdown when the flow is more strongly
influenced by the subcooled break-flow model rather than conditions in the vessel.
Calculations of accumulator flow are also in good agreement with the data.

10
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Calculations of reactor vessel flows and rod temperatures do not agree with

the experimental data as wall as the pressures, temperatures, and flow rates
computed for the hot and cold legs of the intact and broken loops. Nevertheless,

- the agreement is qualitative end moderately good considering the uncertainties in
initial conditions (energy content of the heat structures, pump characteristics, etc.)
and uncertainties in some of the experimental data.

Calculated fuel-rod cladding temperatures are not in good agreement with
experimental data. During the first few seconds there was a rapid heat up
following departure from nucleate boiling. The time for the first temperature peak
was well predicted. The size of the peak was overpredicted, however. The major
cause of the discrepancy appeared to be a significant overprediction of the initial
stored energy of the fuel. There was also some question concerning the sl:e of the

fuel-cladding gap. The fuel rods had experienced numerous power escalations, i

sc ams, temperature transients, and quenches prior to this test. It is possible that

the gap had been substantially reduced. More recent calculations using a zero
gap gave much closer agreemer. with the data for the initial temperature osak.
The bottom-up flow cf liquid caused a rapid decrease in temperature at about 7 s,

| but as the water level in the core decreased, the rod heated up again. After the
'

onset of the reflood ouench at 34 s, cooling and quenching gradually moved
upward in the core, reaching the 11-in. elevation at slightly above 40 s. The
calculation did not show the second quench until nearly 80 s because the
temperaiures were too high.

The authors concluded that most of the primary loop and vessel hydraulic
responses were accurately simulated. The nydraulic behavior in the vessel
downcomer and the effect of the discharge of accumulator nitrogen in promoting
reflood were also accurately simulated. The major discrepancies were in thc rod
temperaturo calculations. The adequacy of' TRAC's post-CHF heat-transfer
package could not be evaluated with confidence from this analysis, partly because

of the excusive initial fuel-stored energy and partly because of the probable effect
of the thermocouples on the quenching process.

J. Blanco, V. Lopez Montero, and J. Rivero, "Anelysis of LOFT
Experiment LP-02-6 Using TR AC-PF1/ MOD 1," ICSP-LP-02-06
(January 1988). The input deck used for the simulation of experiment LP-02-6
was similar to an input deck produced at INEL and used for a TRAC-PD2/ MOD 1

calculation; The simulation accurately reproduced most of the general thermal-
hydraulic behavior. Predictions of rod temperatures were not as accurate,

11
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how;ver. The calcultted centerline temperatures were in fair cgreement with the

data although there were differences in excess of 300 K at late times. The cladding
temperature predictions failed to simulate either the initial of secondary quench
accurately. This may have been caused partly by the offect of the external
thermocouples on the quenching process. TRAC did not include an external
thermocouple model to simulate this effect.

3.1.1.2. - LOFT Experiment LP FP-1. Experiment LP-FP-1 was a
fission-products release test. It simulated a large break LOCA in the cold leg with
ECC injection delayed long enough to allow pin rupture and fission product
release from 24 fuel rods that were enriched to 6% U235 and prepressurized at cold
conditbns. The transient phase of the experiment started with reactor scram

;

followed by the opening of the quick opening break valves (OOBVs). The primary- !

coolant system quickly depressurized to saturation pressure. A bottom up partial

core quench occurred between 6 and 7 s followed at 12 to 18 s by a total top-down
quench of the central fuel assembly. The cold-leg OOBV was closed at 68 s,
forcing all break flow out the cold leg and core flow from bottom to top. A sustained
heat-up of most of the core started at 90 s, resulting in the rupture of some of the
enriched fuel rods beginning at 325 s. The ECCS was initiated at 344 s and the
entire core was que,1ched by 365 s.

F. J. Barbero, " TRAC-PF1 Code Assessment Using OECD LOFT
LP-FP-1 Experiment," ICSP-LP FP-1 (July 1988). The simulation of the
LOFT LP-FP-1 experiment accurately reproduced the thermal-hydraulic behavior
during the blowdown phase. There was also good agreemant between calculated

and measured cladding temperatures for the 4%-enriched rods in the central fuel
assembly. The predicted temperatures of the 6% enriched rods that were
quenched during the blowdown phase were in fair agreement with experimental
data. For the remaining 6Wenriched rods, the predicted temperatures were too
high. The author suggesta that quenching may be prevented by the minimum
stable film boiling temperature (MSFBT) used in the code.

An attempt was made to predict paths the fission products might follow
based on flow directions in the vessel during the rod-rupture period. There was

some question about the accuracy of the flow calculations in this region, however,
because the cede does not account for the severe changes in flow channel
dimensions caused by sweiling of the rods. The cooe does not have the direct
capability to track fission products.

12
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P. Coddington, " Analysis of the Blowdown of the Accumuistor B
Line in the OECD-LOFT Fission Product Experiment LP FP-1," AEEW-
R 2328 (February 1988). The purpose of this study was to use TRAC to hofp in
determining the cause of an unintended injection of ECC water into the upper
plenum during LOFT experiment LP FP 1. This study was confined to the behavior

cf the accumulator B line in the LOFT facility during experiment LP-FP 1. During
that experiment, most of the water in the accumulator B line was unintentionally
injected into the upper plenum during blowdown. The cause of this injection was
attributed to a noncondensable gas (N ) trapped in the injection line prior to the2 ,

experiment from an earlier test that had been prematurely aborted. During the time
period between the two tests the injection lines of the accumulators were not
vented or flushed with water so that gas left from the first experiment remained untU

the beginning of the second experiment. This noncondensable gas was then
pressurized in the injection line to the system pressure during the pretransient
phase of the experiment. As a result, the system blowdown triggered a second
blowdown in the injection line through the expansion of the noncondensable gas.

Two series of TRAC simulations were carried out in an effort to batter
understand the phenomenon and to verify the proposed explanation. The first
series of runs used the model of a direct line connecting the accumulator to the
upper plenum. Initially a single nitrogen bubbla was trapped in this line at the
system pressure. A total of 10 simulations were performed for this configuration
using five different initial bubble sizes and two different expressions for the upper-
plenum system pressure. The general profile of the initial fitct, from the
accumulator line into the upper plenum was in good agreement with the flow
measurements. The range of nitrogen masses used for these calculations was
believed to be consistent with the actual mass. One of the runs in this series gave
f!ow rates that approximately coincided with the flow measurements.

A second series of simulations were performed using an accumulator-line
configuration that included an additional length of pipe that allowed two possible
locations for the compressed nitrogen to be trapped. Six runs were made, four
using the plenum-pressure history thought to be more probable and the other two
runs using the other distribution. The calculated flow was found to be similar to

results from the first set of calculations. The multiple-bubble calculations confirmed

but did not particularly enhance the information obtained from the single-bubble
calculations.

13
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In general, it was concluded that the observed and calculated flows
exhibited the same general behavior. Fxperiment and calculation showed
reasonable agreement in the general shape of the volumetric flow and the peak
flow rate. This almost certainly confirmed the assumption that the expansion of one
or more bubbles of trapped nitrogen was the mechanism that produced the
unintentional upper-plenum injection in LOFT experiment LP-FP-1.

A detailed flow behavior study was also carried out as part of this analysis.
A series of graphics were produced (using the SMART program) at various times

during the transient that clearly showed the void-fraction distribution within the pipe
by using colored shading.

3.1.1.3. LOFT Experiment LP LB-1. OECD LOFT experiment LP-LB-
1 simulates a large-break (200% double-ended cold leg) LOCA. The transient w6s

initiated by opening the blowdown vatves in the broken loop. The reactor was
scrammed on indication of low pressure in the intact-loop hot leg and the primary

pumps were tripped and decoupled from their flywheels, all within 1 s. The upper-
plenum and hot leg fluid began to flash as liquid flowed rapidly out of the broken-
loop hot and cold legs. The voiding in the core resulted in the initial departure from
nucleate boiling of the core fuel rods at a time just less than 1 s. After this the fuel.

rod cladding temperatures rose rapidly. As a result of the decoupling of the
primary-coolant pumps from their flywheel systems the flow in the intact-loop cold

leg fell rapidly. After 3.5 s, saturated conditions were reached in the broken-loop
cold leg and the break flow fell. Initially the fuel rod cladding temperatures rose
rapidly as the stored heat in the center of the fuel was distribuied across the entire

fuel pin. Once this was complete, the rate of the temperature rise fell as the source
I of heat became the core decay heat.

At about 13 s, a top-down flow of liquid through the core began. This caused
a quenching of the top 18 in. of the fuel rods. The ECCS injection was initiated at

17.5 and 32 s from the accumulator and the LPIS, respectively. The liquid from the

accumulator flowed into the vessel downcomer and down into the lower plenum
with a minimal amount bypassing the vessel and flowing across the top of the
downcomer and out the broken-loop cold leg. The lower plenum filled rapidly and
fluid entered the core at about 33 s. A complete coro reflood was accomplished at
about 48-50 s.

P. Coddington, "OECD LOFT L P-L B-1 Comparison Report,"
AEEW-R 2478 (Fet'ruary 1989). This report presented a comparative analysis
of six posttest calculations performed by five different orDanizations in five different

14
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countries for the LOFT experiment LP LB 1. The organizations and computer
codes used were- |

(1)_ UKAEA/UK using TRAC-PF1/ MOD 1,

(2) GRS/ Germany using DRUFAN/FLUT,

(3) VTT/ Finland using RELAP5/ MOD 2, )
I

(4) ElR/ Switzerland using RELAP5/ MOD 2 (2 calculations), and

(5) University of Bologna / Italy using RELAP5/ MOD 1.

Only the TRAC-PF1/ MOD 1 results will be discussed in this report summary.

The input description used for the TRAC calculations was similar to earlier TRAC-
.;

PD2 descriptions of LOFT used in the analysis of experiments L2 3 and L2 5 as
well as LP-LB 1 at various laboratories. It was also similar to the input deck used at
Los ANmos in the analysis of experiments L2-3 and LP-02-6. The input deck
contained a total of 112 loop and 192 vessel cells.

The TRAC simulation gave satisfactory agreement with test data for thermal-
hydraulic phenomena in both the intact and broken loops. The calculated
parameters that were compared to exporimental data included pressure,

,

momentum flux, fluid density, and fluid temperatures in the intact- and broken loop
'

hot and cold legs. The pressure, density, momentum flux, and fluiC temperatures
were in fairly good agreement with experimental data in both the broken and intact

loops, it should be noted that the data errors quoted on all of these measurements

were relatively large. In the broken-loop hot leg, for example, TRAC predicted a
maximum flow rate of 140 kg/s compared to a measured value of 180 kg/s but was

still within the experimental error band. The ir. act-loop cold leg mass flow rate-

calculated by TRAC was in good agreement with the test data and was well within
the large experimental error rang:.

One area where TRAC did not give accurate predictions was the calculation

of steady-stato pump speed. The calculated pressure drop through the 3D vessel

was greater than the experimental value so that a larger-than measured pump
speed was needed to obtain the required steady-state mass-flow rate. During the
rapid coastdown of the pump following trip and decoupling from the flywheels,
however, the TRAC predictions accurately followod the experimental data.

| The most difficult phenomena to predict accurately in this type of simulation
'

were the hydraulic effects in the vessel and the core heat transfer during blowdown

and refill. The accuracy of the calculations during the refill and reflood stages was

difficult to determine. The error in the measurement of flow out of the vessel along

the broken loop cold leg was large and the momentum-flux instruments on which

15
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the mass flow data were based were, after about 25 s, operating at a level below-
the minimum of thelt range. The time for initiation of reflood in the TRAC
calculation was in very Good agreement with experimental data. However, an
underestimation of the broken loop cold leg flow during the refill period helped to
compensate for an equivalent overestimation during blowdown.

The central fuel assembly fuel-rod cladding temperatures predicted by TRAC
were in very good agreement with the experimental data up to the time of
reflooding of the core at 40 to 45 s (See Fig. A 27). After 45 s the calculations

overpredicted liquid fractions in the core fluid cells which produced an,

overestimate of the clad to-coolant heat transfer. The fuel rod center-|ine
temperratures predicted by TRAC were in good agreement with the experin, ental
data (Fig. A 28). Agreement was not as good for the peripheral fuel assemblies.
An examination of the experimental data from the peripheral fuel assemblies
showed that there was a significant azimuthal variation in the thermocouple
transients across the core during the blowdown period. The TRAC predictions for
each of the instrumen'.ed assemblies showF much smaller azimuthal variation of
the cladding temperature.

In general, one may conclude that Tt s, does an adequate job of predicting
thermal-hydraulic behavior in both the intact and broken loops. Hydraulic behavior
in the vessel was not as well predicted although the large error bands on the
experimental data makes assessment o' _ la performance difficult. Maximum core

temperatures were fairly weli predicted but the quench times for cladoing did not
agree well with data. The large azimuthal temperature variations measured in the

peripheral fuel acsemblies were not credicted by the calculations.

3.1.2. Small-Break LOCA Experiments
F. Pelayo, "TR AC-PF1/ MOD 1 Post-Tost Calculations of the

OECD LOFT Experinient LP-SB-2," ICSP-LP SB 2-T, AEEW-R 2002
(April 1987). The LOFT test facility is described in Sec. 3.1.1. Experiment LP-
SB 2 studied the effect of a delayed pump trip in a small-break LOCA scenario with

a 3-in.-equivalent-diameter break in the hot leg of a commercial PWR operating at
full power. During this experiment the accumulators and LPIS were not used and

scaled-HPIS flow was directed into the intact cold leg. The experiment started with

the opening of the break valve in the hot leg of the intact loop. After 1.8 s the
pressurizer pressure fell below the reactor scram set point value. Simultaneously
the main feedwater valve star;ed to close and, with a 1-s delay, the main steam
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control valve began to close. At 4,3 s the main feedwater veJve was isolated, and
the main steam control valve was fully closed at 4.8 sec. As a consequence of the i

subsequent pressure increase, the steam bypass valve was actuated. Meanwhile,
at 42 s, the HPIS was Initiated and at 50.3 s the subcooled blowdown ended. At

63.8 s the steam-generator auxiliary feedwater was manually initiated. At 582.2 s
pump degradation was observed, and at around 600 s the onset of partial phase
separation in the hot leg was detected. At around 1200 s the break started to
uncover, increasing the depressurization rate and, after 1290 s, the secondary
pressure exceeded the primary pressure. After 1864 s the auxiliary feedwater was

shut off and at about 2853 s the primary coolant pumps were tripped after reaching

their pressure set point.
The input deck used for the numerical simulations was an adaptation of a

deck previously used at the Atomic Energy Establishment of Winfrith (AEEW) to
simulate LOFT experiment LP-SB 1. The major changes included replacing the 3D
vessel with a 1D model, removing an accumulator and line, and adding
nodalization of the broken loop, pump injection, sind nodalization of the hot leg

l break. The modelincluded 36 components with 142 cells and 42 junctions.
The results of two different simulations were discussed. The base case,

called Run A, used the frozen version of TRAC-PF1/ MOD 1, Version 12.7. A second
,

run, Run B, was made with a Winfrith version of TRAC with modifications. Run A
was a 3000-s simulation of the SB 2 test that required about 1.63 h of CPU time on

a Cray X-MP computer. The stability-enhancing two-step (SETS) numerical
technique was used so the Courant time limit could be exceeded and time steps as

large as 0.5 s could be used for a large part of the calculation. The TRAC-
PF1/ MOD 1 (Version 12.7) code was able to predict reasonably well the evolution of

the SB-2 transient. The flow-regime' map performed well in identifying fully
stratified conditions. The main discrepancy between the experiment and the
calculation was the overprediction of mass loss from the primary system. The
author concluded that for transients where phase separation upstream of the break

affects the break density, the predictive capability of the code could be improved by

incorporating a rnodel relating quality in a branch to the thermal-hydraulic
conditions in the main pipe. An offtake model should be used that considers the
geometric relationship between the break junction and the main line.

Run B was made in an attempt to improve the accuracy of the break-flow
calculatiore and to determine whether a better prediction of that parameter would

improve the predictions of primary pressure, hot and cold-leg densities, and vessel
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inventory and subsequent heat-up. The most important modification for Run B was

the use of a method which could control the quality in the break line as a function of

the void fraction in the hot leg. The pump-head multipliers were modified to force a

sharp degradation at an inlet void fraction uf 0.35 and the multipliers for Pump No.
1 were further modified to try to reproduce the asymmetrical pump behavior after

degradation. The equation for calculating the critical gas velocity in the stratified
model was corrected by including a missing factor.

These changes did indeed f,.eatly improve the accuracy of the break flow-
rate calculation (Fig. A 5). The density in the break line matched the experimental
data much more closely for the entire transient. There v. ,re also significant
improvements in the predictions of primary pressures and temperatures, primary-
mass inventory, and vessel inventory and rod temperatures.

One difficult aspect of the simulation was the accurate prediction of pump
behavior. The velocities predicted by the code after the pump degradation were
not entirely satisfactory and the steady fall in the velocities observed in the
experiment were not reproduced. One area of uncertainty was the performance of

,

the pumps under two-phase conditions. The intact loop of the facility contained two i

similar pumps working in parallel. The strong coupling between those pumps
constituted a potential source of instability when asymmetric perturbations in flow
conditions were felt at the pump inlets. The use of a 1D vessel did not allow
reproduction of the asymmetrical flow distribution ir the downcomer and its
influence on the flow distribution in the bypasses, it was not possible, therefore, to
determine whether the poor predictions of flow rates in some instances wore

caused by the pump-characteristic curves and muhipliers or by the lack of accurate
predictions of pump ir. net conditions.

C. G. Richards, " Pre-Test Calculation of > LOBI Test BL 02 Using
TRAC-PF1/ MOD 1," AEEW-M 2416 (February 1987). The LOB' two-loop

i test facility simulated the cooling system of a four-loop,1300-MWe PWR. One test

loop, having three times the capacity in water volume and mass flow of the other,
represented the three intact primary loops. The other represented the broken

primary loop. Both loops contained an active steam generator and coolant pump.
'

An active secondary-loop system contained two condensers, a cooler, and a
feedwater pump. The power input, the primary-circuit coolant mass flow, and the

volume were scaled from reactor values by a factor of 712, leading to a heating
power of 5.3 MW in the 8 x 8 heater rod bundle and to a core mass flow of 28 kg/s.

The absolute heights and relative elevations of the individual system components
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Fave been kept at reactor values to. preserve the gravitational heads. The brokon-

loop steam generator had 8 full size active U tubes while the intact loop steam
generator had 24. Both the primary and secondary elde of the LOBI rig were
extensively instrumented. ECC was prov!ded by high pressure injection and
accumulator flow to the intact loop.

Experiment BL-02 was a 3% cold leg break at full power. The break nozzle
was at the center of the cold leg. The secondary side uriderwent a controlled
cooldown at the rate of 56 K/h. At the beginning of the test the break valve was

opened and the pressurizer heaters were turned off. When the primary side
pressure reached a set point of 131 bar, the steam-line valve was closed and the

main-coolant pumps began coastdown. The auxiliary feedwater was turned on
60 s after the 131-bar set point was reached and the main-coolant pumps reached

zero speed 141 s later. The high-pressure injection system began to operate 35 s
,

after a 117-bar set point was reached. The accumulators began injection when the i

primary loop pressure dropped to 41 bar.

The input deck was a revision of a deck developed at AEEW for participation

in the ISP18 exercise. Changes were made in the control system and boundary
conditions to reflect the specification of BL-02. A control system was used to
model the accumulator.

The calculation was run to 900 s before being terminated because of slow
rmning. Only a short portion of the refill phase of the ' ansient was modeled.
Numerical predictions of primary- and secondary s, essures were in
reasonably good agreement with experimental data. The e sured secondary-
side pressure dropped somewhat more rapidly than the calculated value but this

was partly caused by the fact that the secondary-side cooldown was larger than
- was specified in the test. Given the slight differences between the effective
- boundary conditions in the experiment and those assumed in the calculation, the

| -TRAC pretest calculation gave a reasonable prediction of the pressure behavior
experienced in the test.

The early break flow was reasonably well predicted by TRAC, but after about
200 s, TRAC incorrectly predicted an increase in break flow. This increase was
probably caused by the upstream void fraction decreasing at 200 s. This took the
critical flow model into the interpolation region between void fractions of 0.0 and
0.1. The overprediction of the break flow resulted in a premature loop seal
clearance. The reason for the overprediction of the broken-loop cold-leg density
that gave rise to this error in break flow has not yet been determined. It should be
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not:d that there was some uncertainty attached to the experimental primary mass
measurement. A significant qualitative difference between the experimental and
calculated behavior was the failure of the intact loop seal to clear in the calculation.

3.1.3. Operational Transients
A. Sjoberg, " Assessment of TR AC.PF1/ MOD 1 Against an

inadvertent Feedwater. Line isolation Transient in the Ringhals 4
Power Plant," STUDSVIK/NP-88/101 (S) (November 1988). A TRAC-
PF1/ MOD 1 simulation has been conducted to assess the capability of the code to
predict feedwater lins isolation. The measured data were obtained from an
inadvertent feedwater line isolation at full-power operation in the Ringhals 4 power
plant. Ringhals 4 is a 915-MWe Westinghouse PWR with three loops and two
turbines. It is equipped with three Westinghouse steam generators with a
feedwater-preheater section located at the cold-leg side of the U-tube bundle and a

division is made of the feedwater flow between this lower feedwater inlet and the
top inlet at the upper part of the downcomer. During the pretransient stationary
phast the total feedwater was apportioned so that about 10% of the flow was
delivered to the top inlet and the rest to the preheater. The circulation ratio at this
condition was about 2.43.

The transient was initiated by a failure in an electronic logical circuit causing
the feedwater-line isolation valves to close in all three loops. Following the closure

of the feedwater valves the steam flow through the feedwater preheater train
C6ased with a corresponding increase of flow through the turbine. This was
automatically compensated for by the throttling of the turbine valves. As a
consequence, the impulse chamber pressure of the turbine was decreased by
about 10E This was felt by the control logic of the turbines as a corresponding
load rejection resulting in deblocking of 25% steam-dumping capacity.

Because of the loss of main feedwater flow, the average temperature of the;-

! primary coolant increased while the reference temperature was decreased due to

reduced impulse-chamber pressure. This deviation resulted in a dump demand
signal and about 14 s after the feedwater isolation, steam dumping from the
turbines was initiated. The continued steam flow resulted in depletion of steam-
generator liquid inventory and readcr : um was obtained on low downcomer-

level signal. Isolation of the turbines wn Mvated and auxiliary feedwater supply
was initiated. The level then slowly ..weased and finally reached the normal
value.
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In tho TRAC simulation, only a single-loop representation was used, and the

core was modeled by the TRAC neutron point kinetics spocified with middle of-
cycle conditions. The complete model comprised 37 components made up of 144
nodes. The boundary conditions were either taken directly from the recordings of
the plant computer or were inferred from those data.

Prior to the transient simulations, a steady state analysis was run and
cor iitions were adjusted to rep!icate the actual pretransient conditions. A heat-
ba u ce calculation of the plant during the stationary phase provided information of
recirculation pump power and primary coolant mass flow which were not known
from measurements. The model steady state conditions were saved for later use
as initial '.:onditions for transient simulations.

The base-case trans!ent was simulated for 300 s including 10 s of
pretransient steady state condition. At 10 s the feedwater isolation started with
feedwater flow being ramped down to zero in 2.5 s. The calculated flow, taken from

the differential pressure between the steam generator dome and the steam line, did

not agree well with the direct flow when the flow was reduced and the pressure
increased. The reason for this discrepancy was the omission of pressure
dependence in the flow algonthm. When this compensation was introduced, a
favorable comparison with measured steam flow was obtained.

As the steam generator level was decreasing, there was an oscillation in the

narrow range level signal predicted by the calculations that was not measured
'

during the actual transient. A denser nodalization of the upper part of the
downcomer helped to alleviate this problem. The primary temperature in the base-

case model was too low compared to measurements. Att increase in the initial
stored energy of the fuel would have raised the coolant temperature. An ircrease
in stored energy was obtained by decreasing the gap conductance of the fuel. A

sensitivity analysis showed that a gap conductance of 5.C kW/m2.K (half the base-

case value) resulted in a reasonable response of the reactor system when
compared to measurements.

F. Pelayo and A. Sjoberg, " Assessment c,f TRAC PF1/ MOD 1
Against an inadvertent Steam Line Isolation Valve Cissure in the
Ringhals 2 Power Plant," ICSP RD.islV T (February 1988). The ,

Ringhals 2 power plant is a three loop, two turbine PWR of Westinghouse Stal-
Laval design with. The nominal thermal pow 6r is 2440 MW and the electrical net
output is 800 Mu The plant is equipped with three Westinghouse steam
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1

generators of the vertical U tube design. Because of problems with U tubes in the

steam generators, the core power has been reduced to about 80% of normal.

A transient in the system operation was initiated by an interruption of power
to the electrical coil in the magnetic pilot valve of the steam line isolation valve in
loop 3. The isolation valve closed and the steam flow decreased by 1/3 quite
rapidly This caused a rapid pressure decrease in the other two steam lines and a
correspsnding steam flow increase. The steam flow in loops 1 and 2 increased to
the trip set point, resutting in a eksure signal for the steam line isolation valves in
the two intact loops, activation of safety injection, isolation of main foodwater, scram

signal generation, and termination of letdown and charging flows. The auxiliary-
feedwater flow was automatically activated. Because of the isolation of the steam

generators, the circulation flow on the secondary side ceased and a stagnant
condition occurred. The steam gencrators downcomer level quickly decreased.
The core decay heat and the stored energy in the structures on the primary side
caused the secondary side pressure to slowly increase. Throughout the trcnslent,
important plant signals were monitored and stored on the plant computer.
Unfortunately the plant signal follower, which records the time sequence of trips-
and control signals, was not functioning properly and thus no true sequence of
events could be established. The sequence of events was inferred from the time
plots of relevant signals. .

The simulation of the transient was made with TRAC PF1/ MOD 1, Version-

14.0 A two loop representation of the plant was used. A 1D representation of the

vessel made up of seven components was used. A iumped-parameter model and
adiabatic walls represented the vessel and its externals. The axial heat flux shape
and hot tod peaking factors were derived from in core measurements. The

| prescurizer was modeled by a TEE containing six cells and the cottom of the '

pressurizer was a PIPE component divided into four cells. The pressurizer walls
were simulated by heat structures with four radial nodes. All the pressurizer valves -

were sized to their rated capacities under choked flow conditions. The steam '

generators were modeled in detall. Each steam generator comprised a number of

components where the STGEN component included the primary side of the U tube ;

bundle ar d the secondary side riser and separator parts. The downcomer was
nodalized so as to permit adequate tracing of the water level as well as correct

-placement of level pressure taps. The steam flow was measured by means of a
I- differential pressure between the steam dome pressure tap in the relief and safety-

valve hWer. Control system and trip logic modeling was extensive. Boundary
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conditions for the simulations were either taken directly from the recordings of the
plant computer or were inferred ' rom them. !

Prior to tne transient siraulation, the TRAC model was adjusted to replicata
the plant stationary pretest conditions. The measured steam flows and I

corresponding feedwater flows were found not to balance during the pretransient
phase, indicating that some of the flows were miscalibrated. A heat balance for the

steam generator revealed that the steam flows were erroneously recorded.
Therefore, the steam flows were assumed to match the feedwater flows.

The transient simulations were made using both a single and double loop
'representation. Measured thermal hydraulic data were obtained for each loop and

an averaging procedure was used to provide dcta for the double loop. The main

| heat source during the transient was the core power and decay heat. The default
!kinetic parameters were used. The speed of the reactor coe' ant pumps was

assumed constant throughout the transient. The feedwater flow was specified
using a trip controlled FILL component with tabulated data as a function of time
taken from recorded data.

The single loop steam generator pressure, water level, and flow behavior
were well reproduced in the calculation. The calculated transient pressure
decrease in the double loop steam line prior to the reactor c'd turbine trip was
slightly overestimated. This was believed to be caused by the omission of most of

the structural materials in the secondary sloe of the steam generator model.
Following the reactor trip, the average temperature on the primary side decreased -

more rapidly than the measured data indicated. This may have been due to
overestimating primary to secondary heat transfer and underestimating the stored

energy in the fuel. The calculations were rerun with a modified gap conductance

which produced more stored energy in the fuel during steady state and better
results were obtained.

For this fairly mild transient, no problems with the thermal hydraulic
calculations were encountered. Instead the control system performance was a
source of difficulty. No time stop control was imposed in the input dock and TRAC

was allowed to use as big a time step as the solution method permitted. This
j resulted in some unstable behavior for sorde of the controls having relatively small
; time constants.

|
|
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3.2. Separate Effects Assessments

The separate effects assessmente ara divided according to the specific
phenomenon they address. These include countercurrent flow, ECC injection,
behavior of a U tube of a steam generator during accident con'tlons, and fuel rod
heat transfer.

3.2.1. Countercurrent Flow
K. H. Ardron and A. J. Clare, " Assessment of interface Drag

Correlations in the RELAPS/ MOD 2 and TRAC PF1/ MOD 1 Codes,"
GD/PE N/557 (March 1987). An assessment was carried out to compare the
interphase drag correlations used in the RELAP5/ MOD 2 and TRAC PF1/ MOD 1

codes. Both codes use a two fluid modelin which separate momentum equations
are solved for the gas and liquid phases. Flow regime-dependent constitutive
equations are used to modellnterphase momentum transfer. The assessment was

performed by using models from these codes to calculate void fractions in
steam / water flows and comparing those results with predictions of standard
correlations and with test data. The assessment is confined to bubbly and slug-
flow conditions (og < 0.75).

There are extensive data available for cocurrent upflow of steam / water and

alr/ water mixtures, and a number of void fraction correlations have been proposed

in the literature. The "best estimate" model used in this assessment was
developed by combining the correlations of Wilson et al. (Ref. 5) and Rooney
(Ref. 6). The Wilson correlation is based on s'a' m/ water data for pressures in the

range 2.0 - 13.8 MPa and pipe diameters between 100 and 914 mm. The Rooney
correlation was used for flow rates high enough to fall outside the range of validity

of the Wilson correlation. The "best estimate" correlation of void fraction for upward
flow combines these two correlations according to

ag = min (Wilson, Rooney) .
,

These correlations are expected to give results with RMS errors in the two-
; phase mixture density in the range of 17 30 %.
! For coeurrent downflow very little void fraction data are available and there

are no well established correlations. Therefore, the performance of the code
models was assessed against the data of Petrick (Ref. 7).

l
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To assess the Interphase drag models in the codes, the drag equations
were first used to develop relationships between the void fractions and the phase |
flow rates for the case of steady, fully developed steam / water flow in a uniform area

vertical pipe. The void fractions obtained from these relationships were then
'

compared with predictims of the best estimate empirical correlation for upflow and
2 with the available data for downflow.

Results of the calculations show reasonably good agreement between both
RELAP5 and TRAC results and the Wilson Rooney correlation for moderate and 4

high liquid flow rates and small hydraulic diameters. Discrepancies are largest for
_ low pressures, large pipe diameters, small liquid flows, and large vapor flows.' .

Discrepancies between the code predictions and the correlations, measured in !

terms of density, are comparable for the two codes and are within the quoted
experimental accuracy for most of the range of parameters covered in this
assessment.

Results for upflow at a pressure of 7.0 MPa and a hydraulic diameter of 49

mm give very good agreement for both RELAPS and TRAC. Comparisons were
also made with data at pressures of 4.1 and 10.3 MPa and similar conclusions

were reached.
The conclusions from this assessment are the following:

1. The interphase drag models in RELAPS/ MOD 2 and TRAC-PF1/ MOD 1,

perform comparably wellin modeling vertical flows.
2. Errors in the two phase mixture density increase with docreasing liquid

flow, increasing vapor flow, increasing pipe size, and decreasing ,

pressure.

3. For upflow, at the pressures of interest in modeling small break LOCAs,
the errors in two phase mixture density are not grossly different from
-errors normally expected in applying standard correlations for void
fraction.

4. For downflow, the code models perform very well in comparison with the

limited vold fraction data available.
W. M. Dempster, A. M.- Bradford, T. M. S. Callender, and H. C.

Simpson, "An Assessment of TRAC PF1/ MOD 1 Using Strathclyde 1/10
Scale Model ~ Refill Tests," Strathclyde SB291, Phase 1. - The

Strathclyde test facility was designed for operation with steam / water and steam / alt

as the working fluids and incorporates a closed loop recirculation system. The
reactor-vessel test section was a 1/10 scale model of a Westinghouse PWR, with
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.'atnculat We asis on the downcomer annulus. Two test sections were available,
cme 6th a tranurent exterior, restricting operation to pressures less than 1.7 bar

W ##.wrJ hai cbservation, and the other, made of stainless steel, permitting
n ns up to 5 bar. The reactor vessel simulation included the provision of four
V 4; , connected through the annulus to the core, and four cold legs connected
c fi,e annulus. Two of the hot legs were used to supply steam / air to the core; three

'

of the cold legs were used as ECC-injection points, while the fourth represented
the broken leg.

The main measurements taken during the tests included inlet steam / air flow

rate, injected water flow rate, water penetrating to the lower plenum, and various
temperatures, pressures, and pressure differences. Two types of tests were
performed. In the " water first" tests a particular water flow rate was set and then the,

steam flow rate was increased in steps until complete bypass occurred, in " steam

first" tasts the steam flow rate was set and the water flow rate was increased until
byps s ceased.

The nodalization scheme used was similar to that used in TRAC large-plant
calculations that had been previously carried out in the UK. The vessel '

nodalization included 13 axial levels,4 sectors, and 1 radial ring to represent the
downcomer. The core also had 13,4,1 noding and simply acted as a flow path for

the flow of steam or air. The ECC injection flow rates were modeled using FILL
components injecting into PIPE components. A BREAK component was used to

specify the experimental break pressure in the nozzle of the broken cold leg.

It was not possible to directly rnodel the heat transfer between hydrodynamic
cells separated by solid structures using TRAC PF1/ MOD 1. Therefore the 1D
conduction slab model was adapted in an attempt to include wall heat-transfer

effects. The first node of the heat structure modeled the core steam temperature
which remained at an approximately constant value throughout tne test. An

t

artificial matenal with very high thermal capacity was used to maintain a constant
temperature boundary condition at the first node. The thermal conductivity
associated with this material corresponded to a value determined using the Dittus-
Boelter convective-heat-transfer correlation.

Four tests were chosen from the Strathclyde data bank that covered the

entire range of available conditions from total penetration to total bypass at
moderately high subcooling. Test A was a steam / water total-penetration test, tests

B and C were partial penetration tests with steam / water and air / water respectively,
and test 0 was a high subcooling steam / water bypass test. All four tests were
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simulated using TRAC and calculations for tests B and D were repeated using an

upgraded code that used a more conservative form of the momentum equations.
Test A was a high subcooling total penetration test in which a high degree of

thermal equilibrium was reached. Results of the simulation showed that TRAC
calculated the correct situation with all the injected liquid flowing to the lower
plenum. The amount of steam condensed in the vessel was slightly
underpredicted, however. Overall, TRAC predictions agreed well with
experimental results for this case. |

Test B was a partial penetration test with approximately 45% of the inlet
water flow bypassing the lower plenum. The TRAC comparisons with the
experimental results showed a far greater amount of liquid predicted to penetrate
the downcomer than in the test. There was poor agreement between TRAC
predictions and the experimental measurements and (visually) observed flow
pattems in the downcomer.

Test C was an air / water penetration test in which 75% of the inlet liquid flow

rate was bypassed across the downcomer and out of the break. Again, the results
were in very poor agreement with the experirr antal values, with the majority of the

inlet liquid flow being calculated by TRAC to penetrate the lower plenum.

Test D consisted of a total bypass condition at a relatively high subcooling.

TRAC calculated that approximately 55% of the steam flow condensed in the
downcomer, comparing well with the measured value of nearly 57%. TRAC
correctly predicted that the majority of liquid flowing into the downcomer was held

up and bypassed the downcomer.

Simulations of tests B and D were repeated usin0 a modified vorsion of
TRAC in which the momentum equations were set in conservative form.
Calculations for case B showed very little improvement in the overall predictions.
However, noticeable differences were seen when comparing the overall
distribution of liquid fractions and velocities. The most dramatic difference occurred

when recalculating test D. It was now found that TRAC correctly predicted total
bypass.

A computer program was written et Strathclyde to carry out sensitivity
calculations on the annular mist model used in TRAC. Conditions typical of the test

sim!%ted in this assessment were uspd. The results of the calculations showed
that the mist drag coejhcient was mahy magnitudes larger than the annular film-
drag costficient across the whole void fraction range. The consequence of this was

that the entrainment fraction played an important role in determining if the anquiar-
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film coefficient has any significance in the total drag coorficient, it was found that
the entralnment was neO igitile and the interfacial drag coefficient was dominatedl

by the annular. film-drag coefficient for velocities up to 10 m/s. For higher velocities,

the increasing entrainment caused the total drag to be quick!y dominated by the
droplet drag. Velocities in the Strathclyde tests were generally larger than 10 m/s.
Deficiencie3 in the modeling were attributed to the Wallis correlation. A correlation

by Bharathan which is more appropriate to countercurrent flow than the Wallis
correlation was found to produce better results. This was attributed to the fact that

this correlation produces interfacial film drag coefficleds approximately 5 times
higher than those predicted by the Wallis correlation.

The authors conclude that TRAC consistently underpreoicted the amount of

bypass. This, in addition to the underprediction of the amount of steam being
condensed, suggested that deficiencies existed in the interfacial-drag modeling.
The use a conservative form of the momentum equations produced better results

and is a more correct formulation. This form of the momentum equation should be

used together with suitable experimental data to determine the validity of the
interfacial closure relations.

W. M. Dempster, "An Assessment of TRAC PF1/ MOD 1 Using
Strathclyde 1/10 Scale Model Refill Tests, 2nd Report," Submitted to
CERL, Phase 2 of Contract RK: 1642 Job No. SB291, Stratheiyde-
SB291, Phase 2 (July 1989). This is the second and final phase of the work
discussed in a previous assessment report. Comparisons of calculated results with

experimental data for several tests were reported in the Phase 1 report. This report .

discusses the results of some nodalization and sensitivity studies. '

The effect of the hydraulic diameter selected for the downcomer was
investigated; There is a thermal shield in the downcomer that divides it into two

separate flow paths. Thu downcomer was modeled, however, with only one ring,
1 and the two channels were combined into a single flow path. There was some

'

question concerning what hydraulic diameter should be specified for the resulting
cells. Two limiting values were used, producing slightly different results.
Agreement with experimental data, however, was not markedly different for the two
cases.

'

A study was also carried out to assess the accuracy of the condensation rate

heat-transfer calculations in TRAC. Comparison of TRAC predictions with values

deduced from experimental data showed that TRAC condensation-rate heat-

transfer can be an order of magnitude higher than the experimentally derived

28

- - - . .. -. . . - , - ~ . - - . . ,



. _ - - - - - - - - - . . _ - _ - - - . - - ___ -. - .._

values. This is apparently caused by the use of interfacial areas based on a
uniform flow distribution in cases where the flow is actually stratified.

Nodalization studies were performed for a case in which total bypass
occurred. This study was primarily restricted to changing the number of azimuthal .

sectors in the vessel. The authors conclude that using only four azimuthal sectors
!s not sufficient for good accuracy. They also find that it is important to correctly
model the position of the cold-leg / vessel connections. TRAC's inability to predict

| the circumferential redistnbution of liquid injected into the downcomer is attributed
to the lack of appropriate terms in the momentum equations at the pipe / vessel
junction.

D. M. Turner, "Discretization Effects in TRAC PF1/ MOD 1 on the
| Predletion of Lc a SLbcoohng Counter Current Flow in a PWR

Downcomer," CEGB report no. RD/L/3455/R89 (February 1989). The
CREARE experimental rig consists of a 1/5-scale vessel with superheated steam
injected at a constant rate at the top. When equilibrium conditions prevall,
subcooled water is injected into the top of the downcomer from three pipes
simulating cold legs. There is no structure equivalent to hot legs in this vessel. An
outlet pipe, simulating a broken cold leg, has a larger diameter than the other cold

legs to prevent a significant buildup of pressure within the rig. Unless complete
bypass occurs, the lower plenum gradually fills up with water during the experiment

as a steam / water mixture issues from the outlet pipe. The results from the CREARE

experiments are presented as a flooding curve with a dimensionless
countercurrent steam flux on one axis U d a dimensionless liquid flux delivered to
the lower plenum on the other axis.

The nodalization scheme used for the TRAC calculations us6d three,

four, and seven nodes in the radial, azimuthal, and axial directions, respectively.
Only one radial node was used in the downcomer. Later calculations were
performed with eight azim'; thal nodes, Calculations were performed for a given

| liquid flow rate and five different steam flow rates for four different versions of
TRAC. These were the standard version, the modified cross-derivative version, a

conservative sche :;, and a version including both modifications. An asymptotic
filling rate for the liquid flow into the lower plenum was calculated for each run.
This filling rate was converted to a nondimensional flow rate for comparison tu
experimental data, in general, the lower plenum filling r-'~ were underpredicted.

The-conservative scheme gave slightly worse agreem6. out the original TRAC
scheme had been tuned to predict the CREARE data and any changes made to the
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code would be expected to produce worse agreement.11 should te noted that the

scatter in the experimental data was quite large so that the comparisons of
calculated and experimental results was inconclusive.

The major thrust of this assessment was a compa*ison of results
produced by the standard version to those predicted by the modified versions.
Calculated void fractions and liquid and vapor velocities are shown for several
cells using all four versions of the code. These results show that the conservative

scheme significantly reduces thE, flow variability, both locally node to node and
during the transient. The solutions produced by the consorvative scheme are much

less oscillatory than those produced by the original scheme.

A series of simulations were performed using eight azimuthal nodes
for comparison to the four node results. With the e1 ht node downcomer model, j0

the original scheme produced flows with an alterntting pattern in the downcomer.
This pattem was strongly linked to nodalization and the geometry of the ECC-water

input and was thought to be nonphysical. The conservative scheme with the eight-

node downcomer model did not exhibit the alternating flow pattern. Predictions for
the conservative scheme for the eight node downcomer were similar to the four-

node downcomer results with water flow up around the break flow side of the 1

vessel and down s!sewhere.

A series or curves are p'esented showing the magnitudo of the
various terms !n the momentum equation. These terms include the time derivative,

interfacial friction, convective derivative, pressure gradient, and velocity head.
These data suggest that in general the pressure gradients will be lower with the

conservative scheme. This is believed to be the reason for the lower liquid
velocities observed with the conservative scheme. For the conservative scheme,

when the time derivative is small, the flow in the downcomer is very similar to a

| classical vertical countercurrent flow except that the convective derivative in the

i vapor equation remains significarit.

Run-time information for each scheme is presented for the same
conditonc. The conservative scheme is able to perform more time steps por unit
time than the original scheme,

3.2.2. ECC Injection
B. Spindler and M. Pellissler, " Assessment cf TRAC-PF1/ MOD 1

Version 14.3 Using Components Deparate Effects Experiments,"
SETh/LEML/89-165 (March 1989). EPIS-2 simuiates the ECC-injection

(
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system in the cold leg of a pressurized water reactor. The cold leg is simulated by
a horizomal pipe 9.13 m long with an insido diameter of 28 mm. Two pipes
connected to the cold leg are used to simulate accumulator injection and pump
injection. During a test, vapor flows through the cold leg at a given rate and water
is injected at a specified rate which may vary with time. Pressures, temperatures,
and void fractions are measured at various locations along the test section and

steam and water flow rates are measured as functions of time.

Tests were performed within four series covering a wide range of
parameters. The tests selected for the TRAC simulations were chosen from the last

series of tests, which is the most reliable. Test 81.23 corresponds to a stable

| regime. Test 80.19 corresponds to a large oscillation regime with a liquid plug

| passing alternately upstream and downstream of the injection point. Test 85.14 is

| In a small-oscillation regime with the liquid front not passing upstream of the
! injection point.

The cold leg was modeled with the primary side of a TEE component with
the secondary s'de modeling the injection pipe. The upstream end of the primary
side was connected to a PLENUM simulating the volume preceding the cold leg.
The downstream end of tha TEE was connected to a BREAK simulating the outlet of

the test section where the back pressure is imposed. A FILL component,
connected to the secondary side of the TEE, was used to provide the liquid
injection rate.

The experimental pressure distribution at steady state was compared to that
predicted by TRAC for Test 81.23. The measured pressure exhibits an increase
near the injoction point caused by condensation and vapor deceleration followed

by an inemase attributed to liquid acceleration downstream of the irijection point.
The predicted pressure shows only the sharp decrease. The code does, however,
accurately predict the liquid and vapor temperatures.

In Test 80.19 a plug immediately formed and oscillated with a period of
about 0.6 s. The code predicted an oscillating plug with a period of 0.71.0 s but

| the simulation eventually fai'ed because the minimum time step limitation was

L reached caused by a water packing effect.
| Test 85.14 had a liquid-injection flow rate about 3 times that of test 80.19.

The results of the simulations for this case showed oscillations with a period much

| larger than.shown by tne data. The amplitude of the oscillations was approximately. -

twice that of the data.

|
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The authors conclude that the condensation model in TRAC was not
satisfactory for these tests. This is probably due to an overprediction of interfacial

area for a case in which liquid injection is in the form of a jet. They also note that
the use of the water-packing option sometimos causes a sharp reduction in the
time stop. Nodalization studies show little difference in results for the ranga of cell
lengths frorn 0.1 to 3.0 m. They recommended a relatively coarse mesh. A study of

the sensitivity of the pressure distribution to the volume of the upstream plenum
indicated that the period of the oscillations increases and the amplitude decreaces

as the upstream volume size is increased. This is qualitatively in agreement with
the experiments.

3.2.3. Transient Effects in U Tube of a Storu) Generator
B. Spindler and M. Pellissler, " Assessment of TR AC-PF1/ MOD 1

Version 14.3 Using Components Separate Effects Experiments,"
SETh/LEML/89165 (March 1989). The PATRICIA experiments simulate the
U tube of a steam generator. Water flowing in the tube simulates the primary
circuit. The secondary circuit is simulated by the flow of an organic fluid in the
annulus around the tube. The test section is divided into four sections, each having
an independent secondary circuit. Pressure drops across the test section are
measured with a manometer. Temperatures in the primary circuit are measured
with thermocouples located in the connection pieces between segments.

About 600 tests were performed. Six series of tests (a total of 85 tests) were

selected for TRAC simulations. Twenty nine of these tests included the injection of
a noncondensable gas. Each part of the test section is modeled with a PIPE

component. Four nodes are used in the walls and experimentally measured power
is extracted at the external node to simulate the secondary side of the steam
generator. The first PIPE component is connected to a FILL where the inlet
conditions are imposed and the last PIPE is connected to a BREAK component
where the back pressure is specified. An entire series of tests was simulated in
one run using a 10 s ramp in the boundary conditions. These conditions were
then maintained for 250 to 1000 s to reach an equilibrium state. Steady state was

reached for most of the runs although oscillations with small pressure-drop
variations occurred in some cases. For the series of tests with a noncondensable
gas, steady state was not reached and this series was abandoned.
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The TRAC predictions WERE reasonably good for most calculations except
for a series of runs r.1 high void fractions. This was attributed to the fact that TRAC

uses a homogerw us wall shear stress model whereas the flow was rather '
s

annular at large wid fractions. In cases with countercurrent flow, the pressure
drops were too low in the first and second segments but good in the third and fourth

parts of the test section where there is little liquid. Thermal resistances calculated

by TRAC were in poor agreement with measured values. These discrepancies are
attributed to the poor accuracy of the temperature measurements.

A nodalization study for this apparatus indicates little effect for the range of
caU sizos studied. The sensitivity of pressure drops to the friction factor option was
also studied. Most calculations were performed using NI F = 1. Calculations using'

NFF = 2 were found to largely overpredict the pressure drops. The use of that
option was not recommer.ded.

L

3.2.4. Fuel Rod Heat Transfer
R. O'Mahoney, "A Study of the Reflood Characteristics of TRAC-

PF1/ MOD 1," AEEW M 2305 (April 1986). The purpose of this assessment
was to determine the accuracy of the hydraulics model in TRAC PF1/ MOD 1 for
reflood conditions. The accuracy of the TRAC simulations was determined by
comparison of calculated results with experimental data from forced-reflooding
tests in the THETIS experimental rig at Winfrith. The THETIS facility consists of a -

single cluster of rods in a shroud tube housed in a pressure vessel. Water may be
introduced into the bottom of the cluster through a penetration of the pressure
vessel wall. The top of the shroud tube is open to the pressure vessel via a steam

separator. The vesselis then vented to the atmosphere through a pressure-control

valve.
The cluster consists of a 7 x 7 square array of electrically heated, inconel-

clad fuel-rod simulators. Before an experiment is begun, a low power level _is
applied to the test section to heat the rods to a selected temperature. The
experiment is then initiated by increasing the power input to a specified level and, a

few seconds later, closing a fast acting drain valve to force the reflood water to rise

in the test section. Simuktions were performed for two THETIS experiments, Run
65 with a reflood rate of 2.0 cm/s and power of 99 kW, and Run 75 having a reflood

rate of 5.7 cm/s and a power of 200 kW.

The base case was run with TRAC PF1/ MOD 1 Version 11.9. This version of
the code contains an interface-sharpener model (ISM) which attempts to
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compensate for the fact that the interfacial shear package is not necessarily
representative of the physical processes occurring during reflood. The model
operates by expreitly attempting to limit the upward flow of liquid at a liquid / vapor
interface accordig to an entrainment correlation. Results of the base case
simulation are compc. red with data from Run 65. The integrated liquid carryover
calculated by TRAC is in fair overall agreement with the experimental data but the

calculated curve is a series of steps instead of the smooth curve one would expect.
This effect is also clearly evident in the liquid-volume fraction predictions which

,

show alternating periods of filling and emptying producing a sawtooth effect.

A series or modifications were made to TRAC in an effort to improve the-

results. The first modification was a reduction of the lower bound on liquid velocity
for which the ISM was used. The limit was changed from 3/4 to 1/20 of the vapor
velocity. The second modification replaced the entralnment correlation with the

'

COBRA TF model, modified the interfacial shear model to allow upflow of droplets,

and further decreased the lower bound on the liquid velocity to 0.001 m/s. The
third modification changed the test for invoking the cubic spline model (used to
interpolate the liquid fraction value using a cubic equation) to one based on height

above the interface rather than void fraction. The results of the first modification- |

had a limited effect. The second modification had a rather significant effect iri
smoothing out the predictions of the integrated core outlet liquid flow. The third
modification had little additietal effect.

A detailed examination of the calculations indicated that the timing of the
discontinuities was largely coincident with the quenching of the heat slabs used to
represent the shroud. A heat slab is used in each fluid cell but the heat slab mooel

does not allow any axial subdivisions within a stab. This means that a particular
heat slab will quench all at once rather than in a smooth axial progression. This
has the effect of causing spikes inihe liquid and vapor flow rates above the slab. A

simulation was therefore performed with the slabs replaced by rods. An error found

in the equation for calculating the liquid film coefficient during film bolling was also

corrected. The results of a simulation of Run 65 with a code containing these
modifications (as well as those discussed in the previous paragraph) gives
improved results. The core outlet liquid mass flow for this case has oscillations
with greatly decreased amplitudes.

Finally a sensitivity study was pedormed to determine the effect of the ISM.
Simulations were performed, with and without the ISM, for the case with slabs
replaced with rods and the error correction included. These calculations were

|
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performad with a later version of TRAC, Version 12.2. The results are somewhat

better for the calculation with no ISM. The prediction of vapor fractions is
significantly improved although some oscillation is still predicted as the cells fill.
There is also significant improvement in the overall cladding temperature history, ,

particularly in the time to quench.

Two sets of simulations were also performed for Run 75, an experiment with
a much higher reflood rate. The first set compares the base version of TRAC
(Version 11.9) with a version containing the basic modifications but slabs
representing the shroud. Both versions give good agreement with experimental
data up to 100 s but become increasingly poor after that time. The modified version

shows no improvement over the base case other than being slightly smoother. The
I second set compares the TRAC base case (Version 12.2) and TRAC with no ISM.

These results show a significant change in both the hydraulic and thermal
predictions when the ISM is excluded. The change in hydraulic predictions la
toward the experimental trends although an early spike in the flows causes too
much liquid to be ca 7ed out. The change in heat. transfer predictions is also
toward the experimental trend up until the time of quenching in the experiment.
The lower quench temperature in the calculations causes rather late quenching in
the no ISM calculation.

The author concludes that TRAC PF1/ MOD 1 with the ISM included is not
adequate to predict the detailed hydraulic behavior obser~ed during the THETIS
reflood tests. The predictions display an oscillatory and discontinuous behavior
dominated by the movement of a sharp liquid interface. Modifications of the ISM
and the interfacial shear model, in line with published entrainment correlations,
removes much of the unphysical behavior. A significant amount of stored
metalwork heat cannot be adequately represented by heat slabs in TRAC.
Replacing the slabs by heated rods improves the accuracy of the calculation. The
lack of any axial subdivisions leads to unphysical discontinuities in the heat
transfer and related fluid behavior. Excluding the ISM significantly improves the
overall hydraulic predictions although scme oscillation is still predicted, a

The author recommends that the interface sharpener model not be used.

Some coda deficiencies were identified. Using rods rather than slabs to represent

j stored heat in the core for a reflood situation will largely eliminate oscillations in
fluid flow. An error in the calculation of a film coefficient for liquids in film bolling
was uncovered,

l
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R. O'Mahoney, "A Study of Axial Effects in the TRAC PF1/ MOD 1
Heat Conduction SoWtion During Quenching," AEEW M 2552 (June
1989). The model for which all simulations woro performed consisted of a CORE

component containing a single rod of typical PWR construction, a FILL component
to provide reflood water, and a BREAK component providing a back pressure at the

outlet. The CORE como nent was subdivided into 20 equal hydraulic cells. The
calculations are initiated with all but the bottom cell in dryout. The bottom cellis
Inillally quenched. The quench front then advances as the reflood water flows in.

A series of simulations was performed for each of the two extremes

likely to be encountered. These were (1) high temperature ahead of the quench
front combined with a low reflood rate, and (2) low temperatures ahead of the
quen::h front combined with a high reflood rate. For each series of simulations the

parameter DZNHT was varied from 5.0 to 0.1. The results for the low-
temperature /high flow case are in the form o' cladding temperature histories at
successive elevations for fuur separate values of DZNHT (Fig. A 29). There are
small differences in the quench time at elevations up to 50 cm. There are also
small differences in the apparent quench temperatures. Overall, the changes are

'

not very significant. The results of a similar series of calculations for the high-
temperature / low flow case (Fig. A 30) show a much larger effect of DZNHT.
Reducing the value of DZNHT leads to an earlier quench time at each elevation ,

and a higher apparent quench temperature. These results strongly suggest that a
choice of 5 mm for DZNHT will produce a rather poor representation of the quench

front. The author suggests a value in the range of 0.2 to 0.5 mm. -

Additional simulations were performed for the high temperature / low-
,

flow case to determine the effect of the axial conduction term on the quench front

speed. This was done with a version of the code having the axial term removed
from the conduction equation. The quench front speed was reduced 35-45% when
the axial term was removed. The dependence of the solution on time stop size and

mesh s'ze disappears almost completely for this case. The absence of the axial
conduction term also has a significant effect on the distance over which t%
temperature rise occurs at the quench front. That distance was about 1.5 mm with :

no axial conduction term and closer to 2.5 mm with that term included.

Additional calculations are performed using a version of the code that

does not use the srnoothing/ limiting techniques applied to the calculation of the
surface to-coolant HTC. The author concludes that at least a part of the effect seen

in gc;ng to a small time step is attributable to heat transfer smoothing. He suggests
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that the heat transfer smoothing be done on a per second rather than a per time-
step basis, it is also recommended that the conduction solution in TRAC' be
changed to a fully implicit formulation.

Run time data is presented for eight simulations. Grind times are in
the range of 2.18 2.82 s based on the typical minimum time step.

R. O'Mahoney, " Time Step and Mesh Size Dependencies in the
Heat Conduction Solution of a Semi implicit, Finite Difference
Scheme for Transient Two Phase Flow," AEEW M 2500 (luly 1989).
This report is not intended primadly as an assessment of the TRAC code. Its
purpose is to establish the cause of time step and mesh size dependencies
identified in a previous report (AEEW M 2552) by the same author. These
dependencies are related to the coupling between the hydrodynamic equations
and the heat conduction equations used to calculate the temperature distribution in

fuel rods. The coupling takes place via the surface heat transfer between the rod
and the surrounding fluid. The convectiva conductance at the surface depends on

the surfaco temperature and fluid properties. h provides a surface boundary
condition for the heat conduction equation and contributes to the energy and
mass-conservation equations for the fluid.

The finite difference representation of the conduction equation is implicit in
the radial direction but explicit in the axial direction. Of particular significance is the

explicit treatment of the convective boundary condition. The heat transfer
coefficient is calculated using surface temperature and fluid conditions from the

previous time step. The author shows that this explicit evaluation, taken together

with the smoothing that is applied to the HTC,is the major cause of the time-step-
size dependency. Sensitivity studies show that reduci,9 the time step causes the
solution to asymptotically approach the numerically correct result. However, the
time step required for good accuracy, particularly for reflood calculations, may be
significantly smaller than that determined by the Courant limit and may severely

| increase CPU time.

Additional calculations showed there was also an axial mesh size
dependency. This was found to be much smaller than the time step-size
dependency. The author suggests that some computation method should be found

to improve or replace the explicit heat transfer coefficient evaluation and that the

time step size dependency be removed from the heat transfer smoothing
technique.
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4. CODE PREDICTIONS AND COMPARISONS WITH DATA

The FY 1990 ICAP asseraments covered a large number of important
phenomena (Table I, Chap. 2) and calculated several key parameters (Table ll,
Chap. 2). These assessments were written during the period from April 1986 to
July 1989 and used TRAC PF1/ MOD 1 Versions 11.0 to 14.3 (see Table Ill). The
code has been continually upgraded over the past several years so that some of
the difficulties encountered with earlier versions of the code may have been
corrected in later versions. The upgrades made in la"r versions of TRAC are
discussed in Chap. 7.

TABLE 111

PUBLICATION DATES AND TRAC VERSIONS FOR ASSESSMENTS

Assessment Egik TRAC-PF1/ MOD 1 Version

i

GD/PE N/557 March,1987 13.2
ICSP-LB SB 2-T April,1987 12.7 i

AEEW-M 2416 February,1987 12.2
AEEW R 2288 November,1987 12.2
AEEW M 2305 April,1986 11.9
ICSP-LP 02 06 January,1988 11.0
ICSP-LP FP-1 July,1988 11.0
SETh/LEML/89165 March,1989 14.3
Strathclyde SB291-1 Noi given 14.3
RD/U3455/R89 February,1989 13.0
AEEW R 2478 February,1989 11.0
AEEW R 2328 February,1988 13.0
AEEW M 2552 June,1989 13.0
STUDSVIK/NP-88/101 November,1988 14.0
ICSP-R2MSiV-T February,1988 14.0
AEEW M 2590 July,1989 13.0
Strathclyde SR291-2 July,1989 13.0*

,

* Modified
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This chaptar presents the most significant results of the assessment
calculations and compares those results with experimental data. The discussions

that follow are organized according to key phenomena of interest to PWR
applications. These are divided into the three major categories of secondary
system behavior, primary loop phenomena, and vessel phenomena,

!

4.1. Secondary System Behavior

4.1.1. Secondary Side Pressure
The simulation of the feedwater line Isolation transient in the Ringhals 4

Pov,er Plant (STUDSVIK/NP 88/101) includes a calculation of the secondary side
pressure distribution. Those results are compared with experimental data in Fig.1. j
The pressure increased 50 s after the beginning of the transient coincident with a

sharp decrease in steam flow rate. The measured pressure profile was reasonably
well predicted by the calculations.'

4.1.2. Secondary Side Steam Generator Heat Transfer
A comparison of calculated and measured primary side average

temperatures for STUDSVIK/NP 88/101 is shown in Fig. 2. The temperature
increased prior to reactor trip because of less officient heat removal on the
secondary side when the feedwater flow ceased and the throttling of the turbine
valves was activated. The author suggests that the difference between the

; meksured high average temperature and the calculated value exists because the

measurement represents the highest value from the three loops whereas the
calculated value represents an average value for the three loops. Nevertheless,
the agreement is satisfactory.

The PATRICIA SG1 tests simulated a U-tube steam generator for a wide
range of mass flow raios. Spindler and Pellissier (SETh/LEMU89-165) performed
simulations of several of those tests. Their calculated profiles of thermal resistance ,

vs inlet quality for the first two sections of the tube are compared to experimentally
measured va!ues in Fig. 3. In the first part of the test section, the experimental
thermal resistance values are much higher than the calculated values but '

agreement is much better in the second segment of tube. The discrepancies are,

L attributed to the low accuracy of the temperature measurements.
|
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4.1.3. Mixture Level and Entralnment in the Steam Generator
The calculated steam generator level for the transient in the Ringhals No. 4

power plant (STUDSVIK/NP-88/101) is compared to measured values in Fig. 4
The agreement was satisfactory until the low level trip set point (33%) was l

reached. At that time an oscillation in the calculated level signal was encountered
that had no correspondence in the collapsed level nor in the measurements,
These oscillations, however, were not present in a later calculation that used
smaller node spacing in the downcomer of the steam generator.

An assessment of a transient in the Ringhals 2 power plant caused by an
inadvertent steam line isolation valve closure (ICSP R2MSIV T) gave somewhat

,

similar results. Agreement of calculated results with measured data was similar to

that found in the STUDSVlK/NP-88/101 report.

4.2. Loop Phenomena '

4.2.'s. Mixing und Condensation During ECC Injection
The separate effects assessment of the EPIS 2 tests by Spindler and

Pellissler (SETh/LEML/89165) simulates the behavior of an ECC injection system.

A comparison of the experimental pressure distribution to that predicted by TRAC is
shown in Fig. 5 for Test 81.23. The measured pressure exhibits an increase near

the injection point caused by condensation and vapor deceleration followed by an
increase attributed to liquid acceleration downstream of the injection point. The
predicted pressure shows only the sharp decrease. The authors conclude that the
condensation model was not satisfactory for these tests.

| 4.2.2. Break Flow
Break flow was calculated for the SBLOCA of LOFT experiraent LP-SB 2 by

| Pelayo (ICSP-LP SB 2-T). A comparison of these results with experimental data
showed an overprediction of mass loss from the primary system. The author
concluded that for transients where phase separation upstream of the break affects

the break density, the predictive capability of the code could be improved by
incorporating a model relating quality in a branch to the thermal hydraulic
conditions in the main pipe. A second simulation was made with a modified
version of TRAC that included an algorithm to control the quality in the break line as

a function of the void fraction in the hot leg. These results were in better agreement
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with experimental data.
The results of these calculations are shown in the

'omplete assessment review in the Appendix.

The LBLOCA test LP 02 6 performed in the LOFT facility was simulated in
the AEEW R 2288 assessment report. A comparison of calculated and measured
profiles of the broken loop hot leg flow rates k shown in Fig. 6. The mass flow i '

accurately predicted during the first 10 s. The calculation appears to underpredict
,

the hot-leg break flow toward the end of reflood, although it is difficult to assess to
what extent this is a e M of the instrument uncertainty.

A similar comparison for LOFT LP LB-1 (AEEW R 2478) is shown in Fig. 7.
The TRAC predictions underestimate the initial flow rate (a peak value of-140
compared to the measured value of 180 kg/s) and also underesthnate the flow rate
between 3 and 10 s. Overall agreement is relatively good, however, and is within
the experimental data error band.

4.2.3. Stratification in Horizontal Pipes

The break flow in LOBI Test BL-02 (AEEW-M 2416) is somewhat
overpredicted. The author speculates that this may be partially caused by the lack

of an offtake modelin TRAC that accounts for stratified flow in a horizontal pipe.
This led to the development at Winfrith of an improved offtake model that was
added to a later version of TRAC.

The author also notes that if a small break LOCA occurs near a pump the
mechanical mixing in the pump could noticably affect the onset of stratification

,

downstream of the pump. The code does not simulate this effect.

4.2.4. Loop Seal Clearance

A result of the overprediction of the break flow in LOFT Test SB 2 (ICSP LP-
SB 2-T) is premature loop seal clearance in the broken loop. A significant
qualitative difference between the experiment and calculated behavior is the failure

et the intact loop seal to clear in the calculation. The author gives a rather detailed
discussion of the phenomena that contribute to differences between numerical

predictions and experimental data. He suggests some areas in the code that may
contribute to these differences. These include underprediction of interphase
friction, inadequacy of the heat-structure modeling, and possible overprediction of
condensation rates.
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4.2.5. One- and Two Phase Pump Dohavior
An important aspect of LOBl Test BL-02 (AEEW M 2416) was the behaWor of

the pumps. The velocities predicted by the code after the pump's degradation
werenot entirely satisfactory and the steady fall in the velot.y observed in the
experiment was not reproduced by the calculations. One area of uncertainty was
the performance of the pumps under two-phase conditions. The intact loop of the
facility contains two similar pumps working in parallel The strong coupling
beiween these pumps constitutes a notential source of instability when asymmetric

perturbations in flow conditions are felt at the pump inlets.

s 4.2.6. Pressurizer Therman Hydraulles
The pressurizer pressure prcSle was calculated for the Ringhals 4 power-

plani transient (STUDSVIK/NP-88/101). A comparison of those results with
experimental data is shown in Fig. 8. Agreement is good for the first 200 s. At
times greater than 200 s, the calculated cooling of the primary side was less than
the measurements, causing temperatures and pressures higher than those
measured.

Similar results are shown for the Ringhals 2 power rAant transient (ICSP-
R2MSIV-T) in Fig. 9. The initial calculation was rerun with a modified gap-
conductance value. That modification was made in an attempt to more accurately

represent the energy stored within the fuel during steady state. The results of that

calculation were in better agreement with measurements. The author noted,
however, that during the insurge period excessive vapor superheat was observed
and that contributed to the excessive pressurization rate.

_

4.2.7. Primary-System Pressure
Both primary- and secondary-loop pressures were compared wi'th

experimental data (see Fig. A-7) for LOE' Test BL-02 in the assessment report
AEEW-M 2416. In general, the agreement is reasonable. The primary sioe
pressure initially drops rapidly but levels out somewhat when high-pressure
injection begins. The pressure drop becomes steeper again after loop-seal
clearance in the broken loop.

A comparison of calculated and measured pressures in the broken-loop cold

leg for LOFT LP-LB-1 (AEEW-R 2478)is shown in Fig. A-26. The calculations show

a reasonably good agreement up to about 12.5 s. Attr t 24 s the absolute pressures

is lower in the TRAC calculation because of a more rapid fallin pressure between
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about 10 and 15 s, so that the TRAC and experimental pressures do not begin to
fall into line until after about 30 s. The agreement between the calculated and
experimental pressures after 40 s is very good.

4.2.8. Primary-System Flow Rate
The mass flow rate in the hot leg calculated for LOFT LP-SB-2 (ICSP LP.

SB 2-T) is compared with experimental data in Fig.10. Agreement is quite good
up to 1500 s.

Mass-flow rates were also calculated for the intact loop for LOFT LP-LB 1

(AEEW R 2478). Those results fell within the error bands for the experimental data.

4.3. Vessel Phenomena

4.3.1. Core-Wide Vold and Flow Distribution
A detailed 3D model of the vessel was used in the LOFT-LP-LB 1

calculations (AEEW-R 2478). The fluid velocity and fluid momentum flux in the
lower plenum are shown in Figs.119nd 12. The fluid velocity measuroment shows

absolute values only, so that the level of agreement is difficult to judge. The
calculation does accurately predict a downflow of liquid during the blowdown
phase (0 to 20 s) as can be seen from the ;.gative va!ue of the lower plenum
momentum flux. The amplitude of the oscillations calculated for the momentum flux

| Is somewhat larger than the measured values during the time period between 40 to

45 s, when subcooled liquid from the accumulator is flowing into the downcomer
from the intact loop.

!

| 4.3.2. ECC Bypass and Penetration

| The assessment performed by Dempster et al. (Strathclyde SB291, Phases

| 1 and 2) compared calculated results for bypass in a vessel downcomer to data
i from the Strathclyde 1/10-scale facility. TRAC was found to underpredict the

amount of bypass. They concluded that the interfacial-drag modeling in TRAC and

the entrainment correlations were unlikely to be appropriate for the conditions that
| exist in the vessel downcomer. Additional calculations, performed using a modified

version of the code that used a conservative form of the momentum equations,
produced better results. Only four sectors were used in the vessel nodalization. A
study showed that this nodalization was not sufficient to produce a converged
solution. The effect this may have had on the results of the calculations is not clear.
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Turncr also stuoled countercurrent flow in a PWR downcomer
(RD/U3455/R89). The results of his calculations were compared to data taken from

the CREARE countercurrent flow experiment. In general, the lower plenum filling
rates were underpredicted. This is the opposite of the results obtained at
Strathclyde. A major thrust of this assessment was a comparison of results
produced by modified versions of the code to those produced by the standard
version. The use of a more conservative form of the momentum equation gave
somewhat better results. A nodalization study showed that an eight sector grid
gave better (less oscillatory) resuits than the four-node grid.

4.3.3. Core Heat Transfer including Partially Covered Core
Fuel-rod cladding temperatures were calculated for the highest-power fuel

rods for LOFT LP-02-6 (AEEW R 2288) at several axial locations. A comparison of

TRAC predictions with experimental data for one axial lucation is shown in Fig.13.
The magnitude of the initial peak was overpredicted by about 2000C. The euthor

believes the major cause of this discrepancy is a significant overprediction of the
initial stored onergy in the fuel. There was some question as to the size of the fuel-

cladding gap. A more recent calculation using a zero gap gave much closer
agreement for the initial temperature peak. The predicted quench time is
significantly later than the resasured time. It is not possible to determine whether

this is the result of a poor reflood model or whether the fluid-level profile lags

behind the actual values. There are no measurements of water levels within the
core. An additional uncertainty is the effect of the thermocouples themselves on
the local temperature history.

A separate-effects assessment carried out by O'Mahoney (AEEW-M 2305)
simulated the THETIS experimental rig at Winfrith. The facility consists of a singie
cluster of powered rods in a shroud tube housed in a pressure vessel. Reflood is

simulated by the upflow of water through the assembly. Cladding temperatures are
measured with thermocouples at various axial locations. A comparison of

!

calculated and measured temperatures at an elevation of 2 m for Run No. 65 is
shown in Fig.14. The TRAC prediction is reasonable up to 180 s. After that time

the predicted ternperature falls too fast, lead'ing to en early quench. A series of
modifications were made in an effort to improve the reflood calculations. The

'

prediction of liquid entrainment in reflood was improved but the cladding-
temperature calculations were not greatly improved.
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A comparison of calculated and measured cladding temperatures for LOFT
LP-02-6 (ICSP-LP-02-06) is shown in Fig.15. The peak temperature was
accurately predicted by the code but the time of quench was not.

Cladding temperatures for LOFT LP-LB-1 (AEEW-R 2478) are shown in
Fig 16. The agreement is very good up to the time of reflooding of the core at 40
to 45 s. After 45 s the code predicts that the cells adjacent to the rod contain a
large fraction of liquid, which produces an overestimate of the clad to-coolant heat

transfer ca that initially the simulated fuel rods cool faster than those in the
experiment. Subsequently. however, the quench progression in the actual fuel
rods is significantly faster than the predictions.
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5. SYNOPSIS OF - NODALIZATION AND SENSITIVITY STUDIES

2

Some of the ICAP assessment reports included sensitivity or nodalization
studies. Sensitivity studies were performed in-many cases vihere the authors
discovered a weakness in the code that they perceived to be caused by a particular

algorithm or empirical correlation used ir the code. The sensitivity of the results to

changes in those algorithms or correlations was often determined by performing a
series of simulations in which the algorithm was attered or alternate correlations
were used.

,

Nodalization studies were performed in several assessments, particularly for

heat structures during reflood conditions and for reactor vessels when bypass of
ECC injection was possible. The sensitivity and nodalization studies reported in
the ICAP assessments are discussed in the remainder of this chapter.

5.1. Sensitivity Studies

K. H. Ardron and A. J. Clare, GD/PE-N/557. The accuracy of the
interphase-drag correlations used in TRAC PF1/ MOD 1 was determined by
comparing void fractions calculated from those correlations to void fractions found

from standard correlations and test data. TRAC uses a two-fluid model in which
separate momentum equations are solved for the gas and liquid phases.
Calculations were performed for both upflow and downflow in the bubbly- and slug-
flow regimes (otg < 0.75). Calculations were performed for various values of pipe

diameter and pressure. Results of calculations using the TRAC algorithms were

compared to results calculated using the Wilson (Ref 5) and Rooney (Ref. 6)
correlations for upflow and to the data of Petrick (Ref. 7) for downflow.

| The authors conclude that the drag models used in TRAC-PF1/ MOD 1 are

| reasonably accurate for vertical flows. Errors in the two-phase mixture density
increase with decreasing liquid flow, increasing vapor flow, increasing pipe size,
and decreasing pressure. For upflow, at the pressures of interest in modeling
SBLOCAs, the errors in two phase mixture density are not grossly different from
errors normally expected in applying standard correlations for void fraction. For
downflow, the code models perform very well in comparison with the limited void
fraction data available.

F. Pelayo, ICSP-LP-SB-2-T. A base-case calculation was performed
| using the unmodified version of TRAC. A second calculation was performed to
!
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determine the effect of controlling the quality in the break line as a function of the
quality in the hot leg. The pump-head multipliers were also modified in an effort to

reproduce better the asymmetric pump behavior. The pump head multipliers were
modified to force a sharp degradation at an inlet void fraction of 0.35, and the
multipliers for Pump No.1 were further modified to try to reproduce the
asymmetrical pump behavior after deg'adation.

These changes did greatly improve the accuracy of the break flow rate
calculation. The density in the break line matched the experimental data much
more closely for the entire transient. There were also significant improvements in

the predictions of primary pressures and temperatures, primary mass inventory,
and vesselinventory and rod temperatures.

' R. O'Mehoney, AEEW-M 2305. In this assessment the TRAC code was
; used to simulate reflood tests performed in the THETIS rig at Winfrith. Sensitivity

studies were conducted to determine the effects of various I .odifications in the ISM.
| That model attempts to compensate for the fact that the interfacial shear package is

not necessarily representative of the physical processes occurring during reflood.

The model operates by explicitly attempting to limit the upward flow of liquid at a
liquid / vapor interface according to an entrainment correlation.

A series of modifications were made to TRAC in an effort to improve results.

The first. modification was a reduction of the lower bound on liquid velocity for
which the ISM was used. The limit was changed from 3/4 to 1/20 of the vapor
velocity. The second modification replaced the entralnment corrclation with the
COBRA-TF model, modified the interfacial shear model to allow upflow of droplets,

and further decreased the lower bound on the liquid velocity to 0.001 m/s. The
third modification changed the test for invoking the cubic-spline model (esed to
interpolate the liquid fraction value using a cubic equation) to one based on height

above the interface rather than the void fraction. The first modification had a limited
effect. The second modification had a rather significant effect in smoothing out the

predictions of the integrated-core outlet liquid flow. The third modification had little
effect.

J. Blanco, V. Lopez Montero, and J. Rivero, ICSP-LP-02-06.
This assessment was a simulation of LOFT Experiment LP-02-06. As part of this

work a study was performed to determine the sensitivity of rod temperatures to the

minimum film-boiling temperature. The authors concluded that the minimum-film-

boiling-temperature correlation in TRAC gives too high a value for high-pressure
low-quality situations.
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B. Spindler and M. Pellissler, SETh/LEML/89165. The EPIS 2
tests simulate the ECC injection system in the cold log of a PWR. A study of the
sensitivity of the pressure distribution to the volume of the upstream plenum
indicated that the period of the oscillations increases and the amplitude decreases
as the upstream volume size is increased.

The PATRICIA experiments simulate the U-tube of a steam generator. Most

calculations were performed using NFF = 1. Calculations using NFF = 2 were
found to largely overpredict the pressure drops. The use of that option was not
recommended.

W. M. Dempster, A. M. Bradford, T. M. S. Callender, and H. C.
Sirnpson, Strathclyde SB291. Simulations were performed to assess the
capability of TRAC-PF1/ MOD 1 to simulate conditions existing in a vessel
downcomer during the refill phase following a large-break LOCA. The effect of
changing the discretization of the momentum equations to a more conservative
form was investigated by simulating two cases using the modif;ed code and
comparing results to the results of base-case calculations. Noticeable
improvements were seen in the overall distrit;ution of liquid fractions and velocities.

There was also significant improvement in predicting bypass for one of these
cases.

D. M. Turner, RD/L/3455/R89. The purpose of this work was to
determine the discretization effects fo- the momentum equation in TRAC-
PF1/ MOD 1 on the prediction of low-subcooling countercurrent flow in a PWR
downcomer. Studies were performed to determine the effect of a discretization of

the momentum equation in conservative form, the effect of including cross-
derivatives in the discretization, and the effect of an improved numerical treatment
at the junction between a PIPE and a 3D VESSEL.

,

| A comparison of results of the calculations performed with modified versions

| of the code to base-case results showed that the conservative scheme significantly

reduced flow oscillations. Inclusion of the cross-derivative terms had very little
effect on the results. The treatment at the junction between a PIPE and VSSSEL
was improved by the addition of a momentum source term. This modification is
discussed in detail but its effect on calculated results was not quantified by the
author.

A. Sjoberg, STUDSVIK/NP-88/101. This assessment is a simulation
of an inadvertent feedwater-line isolation tram, lent in the Ringhals 4 power plant.
Sensitivity studies were carried out to determine the effect of fuel-gap conductance
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on initial stored energy in the fuel and temperatures in the primary circult. The fuel-
gap conductance was reduced from the base case value of 10 kW/m2K to a
minimum value of 5.0 kW/m2K in two steps. This increased the stored energy in
the fuel and increased the primary and secondary side pressures. The lowest
value of gap conductance gave the best agreerr, ant with data.

The sensitivity of the results to the moderator temperature reactivity
coefficient was also investigated. These changes did not result in any noticeable
improvement in the core power when the core coolant temperature was increased.

,

5.2. Nodalization Studies

2
D. M. Turner, RD/L/3455/R89. In this study, the effect of azimuthal

nodalizaHon in the vessel was studied in conjunction with sensitivity to the

discretizatbn scheme (see Sect. 5.1). The two casos for which calculations were
performed used 4 and 8 sectors in the vessel. With the four-node downcomer

3
model there was very little difference between the flooding curve predictions of the

original and conservative formulations of the momentum equations. With the eight- (
node downcomer model the conservative scheme did od uhibit the oscillating
flow patterns (believed to be nonphysical) that occurred witn the four node model.

R. O'Mahoney, AEEW-M 2552. The purpose of this assessment was to
determine the effects of the choice of TRAC reflood mesh parameters on
calculations of fuel-rod quenching and to study axial effects in the heat-conduction

calculations. The model consists of a single rod of typical PWR construction, a FILL

to provide reflood water, and a BREAK to provide back pressure at the outlet.
Series of simulations were performed for the two extremes likely to be
encountered. These were (1) high temperatures ahead of the quench front
combined with a low reflood rate, and (2) low temperatures ahead of the quench
front combined with a hign reflood rate.

A series of simulations were performed to determine the ei:ec; of the
parameter DZNHT (minimum axialinterval between node rows for the fine mosh
calculation) on the temperu.ture distribution in the rod. DZNHT was varied from 5.0

to 0.1 mm. There was a significant difference in results for the high-temperature
low-flow case. Reducing the value of DZNHT leads to an earlier quench time at
each elevation ar:d a higher apparent quench temperature. These results strongly
suggest that a choice of 5 mm will produce a rather poor representation of the
quench front. The author suggests a value in the range of 0.2 to 0.5 mm.
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A. S|oberg, STUDSVIKINP-88/101. The nodalization of tha stuam
generator downcomer was increased in this study in an effort to eliminate
oscillations in the liquio level. The number of cells in the downcomer was
increased

a 8 in the base case model to 17 in the modified version. With the
dense .- cJal;2ation, the pressure distribution experienced a smoother behavior..

R. O'Mahoney, AEEW-M 2590. The p.rpose of this work was to
explain tne time-step- and axial mesh-size dependencies of thermal calculations

for fuel rods in TRAC-PF1/ MOD 1. A series of simulations were performed in which
time-step size and axial mesh size were varied, Results showed that there is a
significant time step-size dependency that arises from the explicit evaluation of the

fluid-to-surfece HTC and the smoothing technique applied to this coefficient. This

time-step-size dependency disappears if the axial conduction term in the heat-
conduction equation is removed. This study also identifies a small axial mesh-size
dependency.

W. M. Dempster, A. M. Bradford, T. M. S. Callender, and H.
C. S!mpson, Strathclyde-SB291. Calculations were performed with both 4- '

and eight-sector nodalization of the vessel. The authors concluded that a four-

sector nodalization did not provide a converged solution for the dependent
variables,

&
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6. USER GUIDELINES

User guidelines are suggestions made by authors of the ICAP assessments

that they believe will help other users to apply the TRAC code more accurately and

efficiently. We divide these into guidelines for nodalization of components and
guidelines related to various flow phenomena. Each guideline is referenced to the
report from which it was taken. Some of these guide"nes have been explicitly
stated by the authors. Others have been inferred by the reviewer based on the
assessment author's discussion. Some of the guicelines may be questionable or
no longer applicable because of recent changs in the code. These are noted with
footnotes.

Nodalization Guidelines.

(1) The cell at the bottom of an accumulator tank should be made as small
as pcssible to minimize nitrogen diffusion into tne adjacent accumulator
line before the bottom cell empties. (ICSP-LP-02-06)

(?) A suffic3ent number of azimuthal sectors must be useo in the core to
accurately predict asymmetrical effects. WSP LP-FP 1)

(3) The use of a relatively coarse mesh, consistont with acceptable accuracy,

is preferable in situations where water packing may occur because it
reduces the pressure peaks. (SETh/LEMU89-165)

(4) A thorough nodalization of the steam-generator downcomer is essbrtial
for accurate simulations during transients. (STUDSVIK/NP-88/101)

_

Elmv-Phenomena Guidelines

(1) Care must be exercised in selecting pump parameters for two-ohase flow

conditions. (ICSP-LP-SB-2-T)

(2) The core interphase friction model underpredicts interphase triction
when INVAN = 0 is used. A value of 1 will likely give a better result.1

(AEEW M 2416)

(3) A careful representation of the rods and heat structures in the vesselis
necessary for accurate calculation of vessel hydraulics. (AEEW-R 2288)

(4) The interface-sharpener logic should not be used.2 (AEEW-M 2305)

1 For TRAC-PF1/ MOD 2, INVAN=1 is no longer an option. INVAN = 0 is generally recommended.
2 Applies to MOD 1 only.
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(5) The use of slabs as heat structures during reflood can lead to
inaccuracies oecause the axial spacing of nodes can be no less than the

length of the corresponding hydrocell.E (AEEW-M 2305)
(6) A relatively fine mesh may be needed in the downcomer of the vessel to

,

accurately calculate flow conditions dudng the refill phase. (Strathclyde-
SB291)

(7) A quadrant type of vessel nodalization may not be sufficient to simulate

two- and three dimensional effects. (Strathclyde-SB291,1)
(8) At least eight azimuthal nodes should be used in a 3D VESSEL if ECC

bypass is likely to occur to a significant extent. (RD/l>3455/R89)
(9) A value between 0.5 mm and 0.2 mm should be specified for the

parameter DZNHT for quenching or b|owdown conditions. (AEEW-M -

2552)
(10) Proper modeling of steam generator internals and pressurizer walls is

important for accurate prediction of condensation phenomena. (ICSP-
R2MSIV-T)

(11) Time-step size may have to be limited to values below that allowed by
the code when the modei contains controls with relatively smail time

constants to avoid severe oscillations. (ICSP R2MSIV-T)
(12) Accurate calculation of bypass conditions requires accurate modeling of

the broken cold-leg vessel connections. (Strathclyde-SB291,2)

-
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7. IDENTIFIED CODE DEFICIENCIES AND SUGGESTED CODE
IMPROVEMENTS

in the course of performing the asseterrents discucsed in this report, the
ICAP authors have identified several code deficiencies, in some cases they
recommended specific code improvements. These deficiencies and suggested
improvements are given in this chapter.

Some of the deficiencies listed here ate no longer preserit in later versions
of the code. In some cases the suggested improvements of the ICAP authors have

been incorporated in a new version of the code. In others, an algorithm has been
changed in such a way that the one or more code deficiencies have been
eliminated. Cases where code improvements may eliminate the code deficiency
noted by ICAP authors are noted at the end of each section.

Heat Structures

TRAC does not have a two-sided heat structure. (ICSP-LP-SB 2-T), (AEEW M.

2416)
The limitation in axial node spacing for slabs as heat structures may cause.

discontinuities in the fluid flow. (AEEW-M 2305)
A fully implicit two-dimensional conduction calculation for the rod would be.

preferable to the axial-implicit method used in MOD 1. (AEEW-M 2552)

The surface heat-transfer smoothing should be done on a per second basis-

rather than a per-time-step basis. (AEEW-M 2552)-

A time-step dependency in thermal calculations for fuel rods is caused by the.

-

explicit evaluation of film coefficients and the application of under-relaxation to

thase coefficients. (AEEW-M 2590)
TRAC-PF1/ MOD 2 contains a new generalized heat-structure component. It

may have two surfaces connected to different hydrocells. A fully implicit stnution is

available so that axial node spacing may be made much smaller without requiring
excessive CPU time. The method of determining the wall-to-fluid HTC has been
changed to improve numehcal stability.

Beflood
The reflood modelis not sufficiently accurate. (AEEW-R 2288)-

The minimum-film-boiling-temperature correlation gives values that are too low,-

particularly for high-pressure, low-quaiity situations. (ICSP-LP-02-06)
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The reflood model has been significantly upgraded in TRAC-PF1/ MOD 2.

The. interfacial-drag and wall-drag models are upgraded. Linear interpolation is
used to determine local void fractions for use in wall heat transfer so that a boiling
surface approach can be maintained. New post CHF correlations are used.

Break Flows

The code does not include an accurate offtake model for a break in a horizontal.

pipe. ' (ICSP-LP-SB-2-T), (AEEW-M 2416)

The code should have a model relating quality in the break line to the va'd-

fraction of the fluid in the branch. (ICSP-LP-SB-2-T)
An improved offtake model for horizontal pipes developed at Winfrith has

been added to the MOD 2 versico of TRAC. it allows the user to specify the location

of the break at the top, bottom, or side of the pipe and includes an algorithm that
detemiines whether the break flow is single-liquid, vapor, or two-phase. |

!
Cgyptercurrent Flow limitation (CCFL)

The modeling of interphase friction associated with the countercurrent flow.

limitation may need improving. (AEEW-M 2416)

A new CCFL model has been incorporated in TRAC-PF1/ MOD 2.

, _ Condensatio.a

Condensation rates may be overpredicted.- (AEEW-M 2416), (ICSP-LP-02-06),.

(SETh/LEMU89-165), (Strathclyde-SB291,2)
The flow-regime maps have been improved for both vertical ana horizontal

flows. There are algorithms to predict when stratified flow will occur. This will
I greatly reduce the interphase area and significantly lower the calculated
I condensation rates for situations where the flow is stratified.

Momentum Ecuations

The momentum equation was not in conservative form in TRAC-PF1/ MOD 2..

(Strathclyde-SB291,1), (RDMJ3455/R89), (Strathclyde SB291,2)

TRAC does not contain a momentum convection term associated with a radial.

VESSEL-PIPE connection. (Strathclyde-SB291, 2)

The addition of the area atio algorithms to the MOD 2 version produces a
momentum calculation that is more nearly conservative. A rigorous, fully
conservative discrGauon of the momentum equations does not appear to be
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| practical because of the additional nonlinearities that would be introduced
requiring additionaliterations in the solution procedure.

Miscellaneous

The interface-sharpener logic is inaccurate. (AEEW-M 2305).

TRAC does not have an automatic method to limit the time step as a function of.

the performance of control systems. This is necessary to avoid severe
oscillations for cases where a control with a time step smaller than the time step
allowed by TRAC is operating. (ICSP-R2MSIV-T)

The interface-sharpener logic has been removed. The problem with time-
sten size must be handled by the user by reducing the time step when a control
with a shoit time constant is operating. We recommand the use of trip-controlled
time-step data.

Codina Er ors

An error (a missing factor in an equation) was found in the calculation of the.

critical gas velocity in stratified flow. (ICSP-LP-SB-2-T)

An error was found in the calculation of a film coefficient. (AEEW-M 2305)
.

These errors have been corrected.
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8. - CONCLUSIONS

The USNRC has organized the International Code Assessment and
Applications Program (ICAP) to assist in the evaluation of thermal-hydraulic reactor

safety analysis codes such as TRAC. As part of this program, international users

have applied TRAC to the prediction of test conditions obtained in safety-rela:ed
integral and separate-effects tests. They have prepared assessment reports that
indicate how well TRAC is able to simulate a wide variety of transient conditions.

Seventeen ICAP assessment reports were reviewed during FY 1990 and*

their results are summarized in this report. Those assessments revealed areas of

strength and some areas of weakness in the code. They included several
suggested user guidelines (Chap. 6) which will be valuable for future users of the

code. These guidelines include several recommendations for noding various
components, particularly accumulators, steam generators, and reactor vessels. In

several of the assessment reports, code deficiencies were identified (Chap. 7).
Many of these were related to the behavior of heat structures during blowdown and

reflood. There were also deficiencies noted in algorithms used in calculations of
countercurrent flow, break flow, and condensation. Several suggestions were
made for improvements in TRAC. Many of these have led to corrections and

,

improvements in later versions of the code. In some cases new methods
developed by ICAP participants have been added to the code. These include a
fully implicit conduction calculation developed at the Japanese Atomic Energy
Research Institute and external thermocouple and offtake models oeveloped at
Winfrith. The latest off;cial version of the code, TRAC-PF1/ MOD 2, includes all of the

updates discussed in Chap. 7. That version of the code was released in June
1990.

,

L Although many of the thermal-hydraulic phenomena have been covered in
'

the ICAP assessments (Chap. 2), some areas have received little or no attention.

Two-phase natural circulation, boron mixing and transport, and separator
I hydraulics are areas in which little has been done. Other areas, such as

countercurrent flow in downcomers and fuel-rod heat transfer during blowdown
and reflood have received a great deal of attention. Nevertheless, additional
simulations are needed in these areas because the phenomena are of great
importance in reactor safety and because there is an insufficient amount of detailed

data to do comprehensive assessments. The release of a new version of the code

increases tile need for further assessment. Developmental assessments
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l performed at Los Alamos indicate significant improvement in many areas of the
code. The extent to which code deficiencies found by ICAP authors have been
corrected can only be determined by rerunning simulations with the MOD 2 version
of the code.

-
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APPENDIX

REVIEWS OF TRAC RELATED ICAP REPORTS

This appendix includes the complete reviews of the seventeen ICAP TRAC

user reports that were reviewed in FY 1990. Each review followed the guidelines
presented in NUREG 1271, " Guidelines and Procedures for the International Code

Assessment and Applications Program." Following are the reviews included in this
appendix:

K. H. Ardron and A. J. Clare, " Assessment of interface Drag Correlations.

in the RELAP5/ MOD 2 and TRAC-PF1/ MOD 1 Codes," GD/PE-N/557

(March 1987).

F. Pelayo," TRAC-PF1/ MOD 1 Post Test Calculations of the OECD-LOFT.

Experiment LP-SB-2,"! CSP LP-SB 2-T, AEEW R 2002 (April 1987).

C. G. Richards, " Pre-Test Calculation of LOBI Test BL-02 Using TRAC--

PF1/ MOD 1," AEEW-M 2416 (February 19875

| J. C. Birchley, P. Coddington, and C. R. Gill, " Analysis of LOFT-

| Experiment LP-02-6 Using the TRAC-PF1/ MOD 1 Computer Code "

AEEW-R 2288 (November 1987).

R. O"Mahoney, "A Study of the Reflood Charac+ eristics of TRAC-.

PF1/ MOD 1," AEEW-M 230 (April 1986).

'J. Blanco, V. Lopez Montero, and J. Rivero, " Analysis of LOFT Experiment.

LP-02-6 Using TRAC-PF1/MOr 1," ICSP-LP-02-06 (January 1988).

F. J. Barbero," TRAC-PF1 Code Assessment Using OECD-LOFT LP-FP 1.

Experiment," ICSP-LP-FP-1 (July 1988).

B. Spindler and M. Pellissier, " Assessment of TRAC-PF1/ MOD 1 Version.

14.3 Using Components' Separate Effects Experiments," SETh/LEML/89-

165 (March 1989).
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W. M. Dempster, A. M. Bradford,-T. M. S. Callender, and H. C. Simpson,.

- An Assessment of TRAC NF1/.f'01 Using Strathclyde 1/10 Scale
"

Model Refill Tests," Strathclyde-SB29i, Phase 1.

D. M. Turner, "Discretir.ation Effects in TRAC PF1/ MOD 1 on the.

Prediction of Low Subcooling Counter Current Flow in a PWR
Downcomer," CEGB report no. RD/U3455/R89 (February 1989).

P. Coddington, *OECD LOFT LP-LB 1 Comparison Report," AEEW-R.

2478 (February 1969).

P. Coddington, " Analysis of the Blowdown of the Accumulator B Line in-

the OECD LOFT Fission Product Experiment LP FP 1," AEEW R 2328
(February 1988).

!

R. O'Mahoney, "A Study of Axial Effects in the TRAC PF1/ MOD 1 Heat-

Conduction Solution During Quenching," AEEW-M 2552 (June 1989).

A. Sjoberg, " Assessment of TRAC-PF1/ MOD 1 Against an inadvertent-

Feedwater Line Isolation Transient in the Ringhals 4 Power Plant,"

STUDSVIK/NP-88/101 (S) (November 1988).

F. Pelayo and A. Sjoberg, " Assessment of TRAC-PF1/ MOD 1 Against an-

inadvertent Steam Line Isolation Valve Closure in the Ringhals 2 Power
Plant," ICSP-R2MSIV-T (February 1988),

R. O'Mahoney, " Time Step and Mesh Size Dependencies in the Heat.

Conduction Solution of a Semiimplicit, Finite Difference Scheme for
Transient Two-Phase Flow," AEEW-M 2590 (July 1989).

W. M. Dempster, "An Assessment of TRAC-PF1/ MODI Using Strathclyde.

1/10 Scale Model Refill Tests,2nd Report." submitted to CERL, Phase 2

of Contract RK: 1642 Job No. SB291, Strathclyde-SB291, Phase 2, (July
1989).
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REVIEW OF ICAP REPORT NO. GD/PE N/557

A. BASIC DATA

A t. Report Informstlon:

Author: K. H. Ardron and A. J. Clare

Report Title: Assessment of Interpiuse Drag Correlations in the RELAP5/ MOD 2

and TRAC PF1/ MOD 1 Codes

Report Number: GD/PE N/557, NUREG/lA-0015

Author's Nationality and Affilistlon: Unfted Kingdom, Central Electricity

Generating Board

Report Oste: March 1987

A 2. Rev/ ewer's Name: Norman M. Schnurr

Date of Review: January 1990

/\ 3. Which code version was used for the baseline calculation: (Include cycle
j number or version number and any updates. Section 5.2.2)'

The TRAC code was rot used directly. A separate code was wrttlen that used the

Irvierphase drag correlation from TRAC PF1/ MODI, Version 13.2, and computed void

frz:tbns for comparison to standard correlatbns and test dista.

A 4. Report Classification (Proprietary, or non. proprietary, sisv restrictions.

Section 4.1)'
Non-proprietary

A S. Is this an Integral or separate-ettects assessment 7

Separate-effects assessment

A 6. Tummarize why this assessment is being dona. (Section 5.2.5 and Table 3)*

The purpose of this assessment is to check the accuracy of the interphase-drag

correlations used in TRAC-PF1/ MOD 1 and RELAP& MOD 2.

__

*

Refem to section or table in NUREG 1271, ' Guidelines and Procedures for the International
Code Assessment and Applications Program," April *J87.

APPENDIX A3

1
_. __ __ -_. _ _ __ _ .__ -- _ _ _ _ ___ - - _ _ - . _



-_ - _ - - . - . . - _ - - . _ - - _ - _ - - ..

A 7. Provide a list of keywords descriptive of this analysis.

interphase drag, hydraulic diameter, uptiow, downflow, bubby and slug flow.

B.
BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT
(include report page number where information was found.)

B t. Old the author describe each test lecillsy and each test used in the analysis?
Elsborste. (Section 5.4.5 and 5.5.4)*

No. The data on which the correlations used in this assessment are based are

referenced. Details of the test facilnies can be obtained from those references.

B 2. The author must Identify the experimental dels used for the assessment in
the tsport. The dets channels used for comparison with code results should

be easy to identify. It is desirable, but not required, for the author to supply
the very dals used in the assessment on hardcopy, floppy, or tape as
specified in NUREG 1271. Has the author done these things? (Section
5.5.3 and 5.3)*

The numerical calculations were compared to empirical correlatk>ns of data taken from 1

a variety of experiments. The sources of these data may be obtained from the papers in which

the correlations were p.iblished.

83. The author must provide an evaluation of the experimental dets uncertainly
or clently reference where it may be found. Has this been done? (Sectio;,
2.2.1)*

Ranges of accuracies for the experimental data are estimated by the authors.

B 4. Was a Dast Case Calculation performed using tha unmodllled, trolen Code?

Did the author include a clear, expIlcll figure of the A40delt (Section 5.2.2).*
No. Calculations were performed using a standalone code that used correlations

taken from frozen versions of RELAPS/ MOD 2 and TRAC PF1/ MOD 1.

B 5. The author must supply a copy of the input deck for one of his translent
| calculatlans on hardcopy, or floppy, or both. Has he done this? (Section

5.4.6 and 5.5.1)*
1

No. This assessment does not use the TRAC code directly.i-
|

|
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96. Weia sansltivity studies performed? Were the consitivity studies edequately

tiesctlbed? Were all Identliled code deficiencies explicitly described?
(Section 5.2.3, 5.2.5, and 5.4.7t*

Calculations were perfon.ed foi a wide range of conditions. Areas in which

agreement between results of calculations using the TRAC awforithm and results of stardard

conoldtions and experimontal data was rot satisf actory were noted.

87. Were nodsIIzation studier performed? Were the nodsilzation studles

adequately described? Elaborate If necessary. (Section 5.2.4)*

Nodalization is not applicable for this assessment. The authors do point out that

values of you fraction calculated by the TRAC code will be sensitivo to cell size and that cell-

size sensitivity should be investigated using TRAC.

80. The report should include run statistics for at least one translent calculation
using the unmodified frozen code. Was this done? If a modllled version of
the code was produced, run stallstics for the same transient calculation
performed wIth the IInal version of the modIIIcd code should be included.

Was this done? (Section 5.2.5 para. 4, and Table 4 p. 25, and Section

5.4.8)*
Not applicable for this assessment.

09. Were complete references included in the report? (Section 5. l.10)*

Yes.

B 10. Were the objectives satistled?

Yes.

C. DETAILED QUESTIONS

C 1. Did the author describe the model nodalization, assumptions, etc.? Were

they appropriate? Did the nodalization follow the input deck preparation
guidelines found in the TRAC User Gulacs? Elaborate il necessary.

(Section 5.4.6)*
Not applicab's.

C2. Driefly describe the thermal hydraulic phenomena and the reported cooo
predictions addressed in the report. It appropriate, describe the

APPENDIX A-5 ;

|

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _



. _ - - - . - _ . . -. . - . - - _ . _ - - _ . - - . . . . . . _ . . - - - -_ _ _.- --...

phenomens in the context of thermal hydraulic behavior in the vs2sel
primary loop, secondary loop, and other phenomens of Interest.

This repe t addressed the interphase-drag oonelations used in the RELAP and TRAC

codes. The range of conditions covered in this assessment applies to the verticalloop

components during small-break L.OCAs and pres:urtzed transients. The calculations of you

fra: tion for cocurrent upfbws and downtbws are investigated.

C3. If the author has ident|| led new user guidelines has he described them
thoroughly? What are they?

No new user guidelines have been identified.

C4. What user guidelines can you Inter from the results described in the reprrt?
Care should be exercised in applying the codes for flow conditions where the

interphase-drag correlations do not produce void fraction calculations that are in good
agreement with standard correlations.

C5. What deficiencies were identitled in the ur'modllled frozen version of the
code? (Section 5.2.5 and 6.4.7)*

The TRAC interphase drag correlations were found to agree well with standard

correlations for all conditions except for upflow in large pipes at void fractions exceeding 0.5

and small pipes at pressures less than 4 MPa.

C6. Describe the impact of each identitled code deficiency.

The differences between predictions of void fractk,n using the TRAC algorithms and

results of standard correlations are within the quoted experimental accuracy for rnost cases

and are not excessively large for any case. The interphase-drag correlations used in later

versions of the code have been upgraded. An assessment of the type performed by the
authors should be repeated for the latest version of the code.

C 7. What code modifications were made? What effect did they have? (Section
5.2.3)*
None.

C8. Run stallstics must be provided for the csiculation of one transient with the

Unmodllled frozen code and the fully modified code. Compara and evaluste.

A6 APPENDIX
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The run stallstics should include a description of the computer and

operating system used to perform each calculation, and

a. A plot of CPU vs R"

b. A plot of DT vs RT
3c. The value of the " grind time" a [[ CPU x IO )/(C x DT))

Where CPU s Total execution time

RT s Trvnslent time
DT = Total number of Ilme steps
Ca Total numbe, of volumes in the model

Not applicable.

d. Evaluate the actual time step used. Old the transILnt run at the
Courant ilme step or did the user specify a smaller maximum time
step? Compare the actual time step vs translent time and the user
specirled maximum Ilme step vs translent Ilme. (Section 5.2.5 para.4,
Table 4 p. 25, and Section 5.4.8)*

Not applicable.

C9. Does the work documented in this report appear to be good and genJially
valid or are there fundamental problems with it? (Solicit input of code

developers to answer this question.)
This work is well conceived and executed ard meets the authors' stated objective.

C 10. What conclu; Ions were drawn in the report? Are they well supported by the
results of the analysis? Elaborate. (Section 5.4.7 and 5.4.9)*

The authors conclude that the interphase-crag correlations used in TRAC-

PF1/ MOD 1 give void fractions in good agreement with standard correlations and experimental

cata except for two regions that were noted. These conclusions are supported by a series of

graphs comparing the calculated results to the standard correlations and to experimental data.

C 11. Report summary. (This summary will be included in the year end NUREG

report. It should be about 2 to 5 pages long and could include several
figures. A short paragraph description of each facility should be included.
Also include a paragraph summarizing the baseline results.)

in some small-break LOCAs and pressurized transients in PWRs, system behavior

depends strongly on the void fraction in vertical-loop components. For example, when tM

APPENDIX A7

- . . - .. . . . . - - - _ _,

i



. - _- _ - . . - . . - _ _ . - _ _ - - _ - - - . - . _ ._

reactor core is partially uncovered, the boi!down rate is influenced by the vod fraction, which

determines the continuous Itquid level. Similarly, the void fraction in the core ard other

vertical-flow paths strongly influences the duration of core dryout when core uncovering is

caused by a balance of hydrostate forces. To provide an accurate numerical simulation of

these situations it is necessary to proper 1y model the interphase relattve rnotion (slip) in the

vertical loop components.

An assessment was carried out to compare the interphase-drag correlations used in

the RELAPS/ MOD 2 and TRAC-PF1/ MOD 1 codes. Both codes use a two-fluid modelin which

separate momentum equations are solved for the gas ard liquid phases. Flow regime.

dependent constitutive equations are used to modslinterphase momentum transfer. The

assessment was performed by using models from these codes to calculate void fractions in

steam' water flows, and comparing those results with predictions of stardard correlations and

with test data. The assessmant is confined to bubbly ard slug fic n conditions (og < 0.75).

There are extensive data available for coeurrent upflow of steanVwater ard air / water

mixtures, and a number of void fraction correlations have been proposed in the Irterature. The

"best estimate * model used in this assessment was developed by combining the correlations

of Wilson et 31.1 and Rooney.2 The Wilson correlation is based on steanVwater data for

pressures in the range 2.0 - 13.8 MPa and pipe diameters between 100 and 914 mm. For

Ibw rates high enough to fall outside the range ci .2ndity of the Wilson correlation the

Rooney correlation was used. The best estimate correlation of void fraction for upward flow

combines these two correlations according to

og = min (Wilson, Rooney) .

These correlations are expected to give results with RMS errors in the two phase mixture ,

densfly in the range of 17-30 %.
,

For cocurrent downflow very little void fraction data are available and there are no well-

established correlations. Thereforo, the performance of the code models was assessed

against the data of Petrick.3

To assess the interphase-drag models in the codes, the drag equations were first

used to develop relationships between the void fractions and the phase flow rates for the

1 Wilson, J. F., Grenda, R. J., and Patterson, J. F., * Steam Volume Fraction in a Bubbling Two
Phase Mixture " Trans. ANS (Nov.1961).

2 ooney, H. H.,'Vold Fraction Prediction Under Saturated Conditions," NEL report no. 386R

(1968).
3 Petrick, M., *A Study of Vapour Carryunder and Associated Problems,' ANL report ANL.

6581 (July 1982).
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case of steady, fully developed steamwater flow in a uniform area vertical pipe. The vold

fractions obtained from these relationships were then compared wth predictions of the best- |

estimate empirical correlation for upf bw and with the avaltable data for cbwnflow.

Results of the calculations for vertical upflow are shown in Figs. A 1 and A 2. Results

are given for two diameters and three pressures. These results show reasonably good

agreement between both RELAPS and TRAC results and the Wilson Rooney correlation for

moderate and high lig,ild flow rates and small hydrhwuc diameters. Discrepancies are largest

for low pressures, large pipe diameters, small liquid ilows, and large vapor tiows. j

Discrepancies between the code predictions ard the correlations, measured in terms of

density, are comparable for the two codes and are within the quoted erperimental accuracy

for most of the range of parameters covered in this assessment.

Results for upflow for a pressure of 7.0 MPa and a hydraulic diameter of 49 mm are

compared to the test data of Petrick in Fig. A 3. Agreement is very good for both REL APS

and TRAC. Comparisons were also made with data at pressures of 4.1 and 10.3 MPa and

similar conclusions were reached.
,

This assessment led to the fotbwing conclusions:

1. The interphase drag models in RELAP5/ MOD 2 and TRAC PF1/ MOD 1 perform

comparably well in modeling vertical flows.

2. Errors in the two-phase mixture density increase with decreasing liquid flow, increasing

vapor flow, increasing pipe size, and decreasing pressure.

3. For upflow, at the pressures of interest in rnodeling small-break LOCAs, the errors in

two phase mixture density are tot grossly different from errors normally expected in

applying standard correlations for void fraction.

4. For downflow, the code models perform very well in comparison with the limited vold

fraction data available.
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REVIEW OF ICAP REPORT NO. ICSP LP.SB 2 T |

A. BASIC DATA

A 1. Report Information:

Author: F. Pelayo

Report Title: TRAC PF1/ MOD 1 Post Test Calculatbns of the OECD-LOFT Esperiment

LP SB 2. :

Report Number: ICSP LB SD-2 T (AEEW R 2202)

Author's Nationality and Affiliation: Spain, Consc)o de Segundad Nuclear,

Report Date: April 1937.

A 2. Reviewer's Name: Norman M. Schnurr

Date of Hevlew February 1990

A 3. Which code version was used for the baseIIne calculation: (include cycle
number or version number and any updates. Section 5.2.2)*

A base-case run was made using TRAC PF1/ MOD 1, Version 12.7. An additional run

was made using Winfrith version B02C. The Winfrith version is a revision of TRAC-

PF1/ MODI Version 12.7. Differences between the Winfrith and Los Alamos versions are

listed Appel;Jix 0 of the report.

>

A 4. Report Classification (Proprietary, or non proprietary, any restrictions.

Sect!on 4.1)*
Commercialin confidence.

A S. Is this an integral or separate effects assessment?

An intogral astessment.

A 6. Summarize why this assessment is being done. (Section 5.2.5 and Table 3)*

This assessment tests the accuracy of the code in analyzing the effect of a delayed

pump trip in a smallbreak LOCA scenario. In particular A tests the ability of the ced; to predict

vapor pull-through and liquid entralnment in the break line and to correctly predict pump

*
Refers to section or table in NUREG-1271, 'Guidelino and Procedures for the International
Code Assessment and Applications Program," April 1987.

APPENDIX A-13
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behavior. The PWR phenomena included for this assessment are (Table 3 of NUREG 1271)

break flow, phase separation in T junction and effect on break flow, stratification in horizontal

pipes, and one and two-phase pump behavior.

A 7. Provide a list of keywords descriptive of this analysis.

Small-break LOCA, LOFT, vapor pull-through, liquid entrainment, pump behavior.

B.
BRI?F OUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT
(include report page number where Information was found.)

B 1. Old the author describe each test facility and each test used In the analysis?
Elsborste. (Section 5.4.5 ano 5.5.4)*

The LOFT test facility was discussed in some detail (pp.1,2). An axonomethe

projection of the LOFT system (Fig.1) and a piping schematic with instrumentation (Fig. 2) are

included in the repvrt, The specific experiment covered by this assessmen' was described

briefly and a reference was given where a compk.te description of the experiment can be

found tpp. 4,5). The chronology of events for the experiment was described in detail
(pp. 6,7).

,

B 2. The author must Identity the experimental dats used for the assessment in
the report. The data channels used for comparison with code results should .

be easy to identity. It is desirable, but not required, for the author to supply
the very dats used in the assessment on hardcopy, floppy, or tape as
specified in NUREG 127t. Has lle author done thesG things? (Section
5.5.3 and 5.3)*

Experimental data are supplied in graphical 8mm (Figs. 918,2133, and 35-64). T'he

signal variable number is given for each plot. The cata include

density in the break line and the hot and cold legs of the intact loop;
a

liquid and vapor velocities in the cold leg, hot leg, downcomer, core inlet, core outlet,
*

break line, and downcomer;

pressure in the primary and secondary sides and pressure difference across the pump;
*

liquid temperature in the hot and cold legs of tiee intact loop;a

cladding temperature near the top of the core;*

mass-flow rate at the hot leg venturl location and at the break; and*

| mass inventory of the primary system.*

!

i

A-14 APPENDIX

... . . - - .-- - ._-_, _ -_ ._-



..- . _ _ _ - -_

83. The author must provide an evaluation of the experimental data uncertainty

or clearly reference where it rusy be found. lies this been done? (Secilon

5.2.1)'
The uncertainty of the data is not discussed in this assessment but a reference is

given where a complete description of the experiment can be found.

94. Was a base-case calculation performed using the unmodified, frozen code?
Did the author include a clear, explicit l'gure of the Model? (Section 5.2.2).'

A base-case calculation was performed using TRAC-PF1/ MOD 1, Version 12.7. a

frozen version of the code. A facility noding diagram (Fig. 3) and noding diagrams of the

steam generator and vessel (Figs. 5 and 6) are aisc Qven.

B S. The author inust supply a copy of the input deck for one of his transient

calculations on hardcopy, or floppy, nr both, lics he 00n. this? (Secelon

5.4.6 and 5.5.1)'
No copy of the input deck was provided.

86. Were censitivity studies performed? Were the sensitivity studies adequately

described? Were all identitled- code det!clencies expIIcitly described?
(Section S.2.3, 5.2.5, and 5.4.7)*

| Two complete simulations of LOFT LP-bB-2 were performed. The second calculation

sh' owed the effect of controlling the quality in the break line as a function of the quality in the

hot leg. The pump-head multipliers were also modified in an effort to reproduce better the

asymmetrical pump behavior. An error in the code was corrected. A deficiency of the code in

the description of break flows was discessed in detail. The iriability of the code to model two-

sided heat structures was identified as a code deficiency that onu d have had some effect in

thitse calculations. -

07. Were nodalization studies performed? Wes e the nodailzation studles
adequately described? Elaborate if necessary. (Section 5.2.4)'

No distinct nodalization studies were performed. Some 6:scussion of nodalization

was included in this report (pp. 3,4). The input deck was a modFication of the input deck

previously used in the analysis of LOFT experiment LP-SB 1. The major char.ges were the

replacement of a the 3D vessel with a 19 model and some changes in nodalization in the

broken loop and in the hot leg break component. Noding in the steam generator was

discussed in some detail.

APPENDIX A 15
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98. The report should include run stslistics for si least one translent calculallon

using the unmodllled frozen code. Was this done? 11 a modIIIed version of
the code was produced, run statistics for the same transient csiculation
performed with the final version of the modllled code should be included.

Was lhls done? (Section 5.2.5 para. 4, and Table 4 p. 25, and Section

5.4.8)*

Graphs of CPU and time-step size as functions of problem time were given for the

base case (Figs. 7,8). The ratio of CPU to problem time was given for three regions and for

the entire simulation.

89. Were comploie references included in the report? (Section 5.4.10)*
Yes.

D 10. Were the objettives satis?Ied?

Yes. The results of the TRAC calculations were compared to the experimental data

from LOFT experiment LP SB-2. The calculated recuits were in fairly good agreement with

the experimental daia. The upgraded versbn of the code gave somewhat better agreement

with the measured nb.4 flow rates at the break. The effects of code changes on the accuracy

of the calculations was determined.

C. DETAILED QUESTIONS
C t. DId the author describe the model nodalization, assumptions, etc.? Were

they appropriate? Old the nadalization follow the input deck prepsistion
guldelines found in the TRAC User Guldes? Elsborate 11 necessary.
(Section S.4.6)*

The ir.put deck used here is a modification of a dock used for the simulation of an

earlier LOFT experiment. The todalization is not described in detail. Complete dimensions

are not given for all components so it is not possible to determine whether the nodalization

follows guidelines found in the TRAC User's Guide. The number of cells is consistent with

common pradice for a system of the type considered in this study.

| C2. Briefly describe the thermal hydraullc phenomens and the reported code
predictions addressed in the report. II appropriate, describe the

phenomens In the context of thermalhydraulic behavior in the vessel1

primary < cop, secondary loop, and other phenomens of Interest.
|
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Thermal-hydraulic phenomena of triportance in this assessment irclude critical fbw at

a break, flow pattems in the broken bop, vapor pull through and liquid entrainment in the

break line, and pump behavior. Many features of the TRAC code were exercised during

these simulations, These include the flow regime dependent constitutive equation package,

the choked flow model, the purnp model under two-phase (x>nditbns, and fluid transport and

associated two-phase pressure losses in the loop.

The experiment studies the effect of a delayed pump trip in a small break LOCA

scenarlo with a 3-in. equivalent-diameter break in the hot leg of a commercial PWR operating

at full power. The pumps were kept spinning at their steady state velocity throughout the

transient until their trip set point was reached. The secondary side steam control valve

assumed the function of the steam bypass valve.

Of primary interest in the experiment were pressures, tempemtures, densities, and

flow rates throughout the system, mass inventory in the vessel and the primary, pressure drop

across the pump, and cladding temperatures. All r>f these parameters were calculated and

compared with experimental data (Figs 818 and 2044).

C3. Il the E vthor has identliled new user guldeIInes has he described them

thoroughly? What are they?
No new user guidelines were explicitly stated.

C4. What user guldelines can you infer from the results described in the report?

11 asymmetry in the vesselis expected to be unimportant, a 1D vessel should be used

so that the multistep numerics can be used. This allows larger timesteps to be used with a

resulting saving in computational cost. Care must be exercised in selecting pump parameters

for two-phase flow conditions.

C5. What deficiencies were IdentIlled in the Unmodified frozen version of the

code? (Section 5.2.5 and 5.4.7)*
The version of the TRAC code used in this study did not have a two-sided heat

structure. An error (a missing factor in an equation) was found in the calculation of tne critical

gas velocity in stratified flow. The code did not irclude an accurate offtake rnodel for a break in

a horizontal pipe. The code should also have a rnodel relating quality in the break line to the

void fraction of the fluid in the branch.

C6. Describe the impact of each identitled code deficiency.
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The effect of using a single sided heat structure coud not be determined. The heat

structures were nodeled in a manner that retained the conect surf ace areas and volumes,

however, and it is unkke!y that the limitaton of a single sided iaal structure had e significant

effect on the hydraulics. The lack of an adequate offtake rnodel had a significant effect on the

break-flow-rate calculations.

C 7. What code onodifications were made? What rifect did they have? (Section
5.2.3)*

A factor of n .5 was added to the equatbn used to calculate the critical pas velocity ino

the stratified model. A stratified offtake trodel option was added for TEE componerits. The

pump-siead multipflers were modified to force a sharp degradation at an initt vod fraction of

0.35. The pump-head rnuttipliers for Pump No.1 were further modified in an attempt to

reproduce the asymmetric pump behavior after degradation. The effect of these changes

was a much better calculation of break mass flow rate. This also caused a significant

improvement in the prediction of primary pressure.

C8. Run statistics must be provided for the calculallon at one transient with the

Unmodllled frozen code and the fully modIlled code. Compare and evaluate.
The run statistir should Include a description of the computer and
operating system used to perform each csIculation, and
s. A plot of CPU vs RT

b. A plot of DT vs RT
3c. The value of the " grind time" a [(CPU x 10 )/(C x DT)]

Where CPU a Total execution time

RT a Translent time

DT a Total number of time steps

Ca Total number of volumes in the model
Fots of CPU vs RT and DT vs RT are included in this report Run statistics are

given in the iurm of the ratio of CPU to RY. The value of this ratio was 1.95 ms for the

base case and 2.3 ms for the second run. The grind tima for the base case was '

'i 57 n.

d. Eve!uste the actual time step used. Old the translent run at the
Courant ilme step or did the user specify a smaller max! mum time
stop? Compare the actual time step vs translent Ilme and the user

!
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| spulflod maximum tims stap vs translent Ilme. (Section 5.2.5 para.4,
Table 4 p. 25, and Section 5.4.8)'

Mutt step numerics trere used so the time step could exceed the Courant

limit. The actual time steps were less than the user spec!ied maximum time step

during a slanificant portion of the caculation. Use of too large a maximum time step

was found to cause the calculatbn to fall as the time step was being reduced.

09. Does the work documented in this report appear to be good and generally
valid or are there fundamental problems with it? (Solicit input of code

developers to answer this question.)

This work is well conceived aN executed and meets the author's stated objective.

The important phenomena in the experiment were discussed, discrepancies between the

data and the calculated results were discussed, and some changes were made in the code to

Unprove the calculations or explain any lack of agreement with experimental data.

C t O. What conclusions were drawn in the report? Are they well supported by the
results of it'e analysis? Elaborale. (Section 5.4.7 and 5.4.9)*

The author's conclusions were as follows:

11 would be des!rable to perform the calculations using a 3D representation of the vesselin-

crder to assess the effect of asymmetry of the flow distribution in the downcomer.

Limitations in TRAC's description of the heat structures may significantly affect ihe.

calculated rer.utts.

The use of large time steps was a possible source of running problems as the code-

sometimes failed when trying to reduce the time step from large values.

'the chronology of events predicted by the analysis matched the experiment f airly well.-

Vapor pull through and liquid entrainment were observed at the offtake of the break line.*

TRAC did not have an algorithm that could adequately rnodel those phenomena.

The TRAC built-in flow-regime map performed well.-

The reproduction of pump behavior constituted an important problem for which no*

satisfactory solution was found. There were too many uncertainties involved in the

asymmetrical degradation of the pumps in parallel. More sophisticated models of the

pumps may be necessary.

The choked flow model predicted results with reasonable accuracy.*

These conclusions were, in general, well supported by the analysis. The major question is

the effect that a 3D vessel would have on the calculations. This should be determined before

other details, such as the modeling of the pumps, are considered

APPENDIX A-19
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C t 1. Report summary. (This summary will be included in the year end NUREG
report, It should be about 2 to 5 pages long and could include several
figures, A short paragraph d1scription of each facility should be included.
Also include a paragraph summarizing the baseline results.)

The LOFT test facitty simulates a four-bop PWR 1000 MWo commercial plant. It has a

thermal power of 50 MW produced by nuclear fission sustained in the reactor core. The

system was designed to simulate the major components and system response during LOCAs

or operational transient accidents. The facility components are instrumented to record the

main system variables during experiments. The f acility consists of a reactor vessel

volumetrically scaled to 1/47; an intact bop wAh an active steam generator, a pressurizer, and

two primary coolant pumps connected in parallel; a broken loop connected by recirculation

lines to the intact loop to keep the fluid temperature at about the core-inlet temperature prior

to the erperiment, a reflood-assist bypass valve connecting both legs of the broken loop as a,

safety device, and two quick-opening valves connecting both legs of the broken loop to the

suppression tank header. The LOFT ECCS simulates that of a commercial PWR. It consists

of two accumulators, a high pressure injection system (HPIS), and a low pressure injection

system (LPIS). Each system is arranged to inject scaled flow of emergency core coolarn

directly into the primary-coolant system.

Experiment LP SB 2 studies the effect of a delayed pump trip in a small-break LOCA

scenario with a 3 in.-equivalent diameter break in the hot leg of a commercial PWR operatirv)

at full power, During this experiment the accurnulators and LPIS were not used and scaled-

HPIS fkr.v was directed into the intact cold leg. The experiment started with the opening of

the break valve in the hot leg of the intact loop. After 1.8 s the pressurtzer fell below the

reactopscram set-point value. Simultaneously, the main-feedwater vafve started to close and,

with a 1-s delay, the main steam <ontrol valve began to close. At 4.3 s, the main-feedwater

valve was isolated, and the main steam control valve was fully closed at 4.8 s. As a

consequence of the subsequent pressure increase, the steam-bypass valve was actue'ed.

Meanwhile, at 42 s the HPIS was initiated and at 50.3 s the subcooled blowdown ended. At

63.8 s the stearn-generator auxiliary feedwater was manually intilated. At 582.2 s the pump

degradation was observed and at around 600 s the onset of partial phase separation in the

hot leg was detected. At around 1200 s the break started to uncover, increasing the

pressurization rate, and after 1290 s the secondary pressure exceoced the primary oressure.

After 1864 s the auxiliary feedwater was shut off and at about 2853 s the primary-coolant

pumps were tripped after reachlag their pressure set point.
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The input deck used for the numarical simulations was an adaptation of a dock

previously used at the Atomic Energy Establishment of Winfrith (AEEW) to simulate LOFT

experiment LP SB 1. The major changes included replacing the 3D vessel wrth a 1D rrodel,

removing an accumulatcr and line, and adding nodalization of the broken loop, pump

injection, and nodalization of the hot-leg break. The modelirrtuded 36 components with 142

cells and 42 junctions.

The results of two different simulations are discussed, s he base casa, called Run A.

used the frozen version of TRAC PF1/ MOD 1, Version 12.7. A socorx1 run, Run B was rmdo

with a Winfrith version of TRAC with additbnal trodifications. It included a setup using the

TRAC controllogic and two oft'.akes producing an option which coud control the qualrty in the

break line as a function of the vold traction in the but leg. The pump-head multipliers were

aftered to force a sharp degradation at an intet vod fraction of about 0.35, and a funhet

modification was added to the Pump No.1 head multiplier to try to reproduce the asymmetrcal

pump behavior after degradation. A correction was mec's in an equation for calculating the

critical gas vekx;1ty in the stratified model.

Run A was a 3000 s simu!alion of the $B 2 test that required about 1.63 h of CPU

time on a Cray X MP computer. The SETS romerics were used so the Courant time lirwt could

be exceeded and time steps as large as 0.5 s could be used for a large part of the calculation.

The TRAC-PF1/ MOD 1 (Version 12.7) code was able te predict reasonably well the evolution

of the SB-2 transient. The flow reginie map performed well in identifying fully stratified

conditions. The main discrepancy between the experiment and the calculaton was the

overprediction of mass loss f rom the primary system (Fig. A 4). The author concluded that for

transierits where phase separation upstream of the break affects the break density, the

predictive capability of the code could be improved by irrorporating a model relating quality in

a branch to the thermal hydraulic conditions in the main pipe. An offtake model should be

used that considers the geometric relationship between the break junction and the rnain line.

Run B was made in an attempt to improve the accuracy of the break-flow calculation

and to determine whether a better prediction of that parameter would improve the predictions

of primary pressure, hot and cold-leg densities, and vessel inventory and subsequent

heatup. The most important modifications for Run B was the use of a method which could

control the quality in the break line as a function of the void fraction in the hot leg. The pump-

head multipliers were modified to force a sharp degradation at an inlet void fraction of 0.35,

and the multipliers for Pump No,1 were further trodified to try to reproduce the asymmetrical

pump behavior after degradation. The equation for calculating the critical gas velocity in the

stratified model was corrected by including a missing iactor.
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1

_.. . . . . . . . . . . .. ..

_ . . - - -



_ - _ _ - . . . - . .-- _ - - - - -

These changes did indeed greatly ..nprove the accuracy of the break flow rate

calculation (Rg. A 5). The density in the break lito also matched the experimental data much

more Closely for the entire transient. There were also rignificant improvernents in the

predictions of primary pressures ard temperatures, primary mass inventory, and vessel
inventory and rod temperatcres.

One difficult aspect of the simulation was the accurate predictbn of pump behavior.

The velocities predicted by the code after pump degradation were not entirely satisfactory

arx' the steady fallin the velocity observed in the experiment was not reproduced. One area

of uncertainty was the periormance of the purnps under two phase conditions. The intact

loop of the facility contains two similar pumps working in parallel. The strong c'9pling

between these pumps constitutes a potential source of instability when asymmetric

perturbations in flow conditions are felt at the pump inlets. The use of a 10 ves.el did not

allow reproduction of the asymmetrical flow distribution in the downcomer and its influence M

the flow distribution in the bypasses. It was not possible, therefore, to determine whether the

poor predictiens of flow rates in some instances were caased by ti's pump-characteristic

curves and multipliers or by the lack of accurate predictions of pump-Inlet conditions.

No new user guidelines were explicitly ttated in this assessment. Some code

deficiencies were identified. The lack of a good offtake model for stratified flow in horizontal

ppes was noted. The performance curves for pumps may be somewhat inaccurate in some

two-phase flow regimes.

The assessment included the following information on run statistics.

1. The base case calculation required 5850 s of CPU time on a Cray X MP. The average
;

time step size was 0.23 s. The ratio of CPU to realtime was 1.94 for run A and 2.3 for run

| B. The model contained 36 components and 142 cells. The grind time for the base case

was 1.57 s.

2. The use of the SETS numerics allowed time steps as large as 0.5 s. The specification of a

targe maximum time step caused difficuffies in some cases because the code felled when

trying to reduce the time step.

|
|
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REVIEW OF ICAP HEPORT NO. AEEW M 2416

A. BASIC DATA

A t. Report Information:

Author: C. G. Richards

Report Title: P'e-Test Calculation of LOBI Test BL 02 Using TRAC PF1/ MODI

Report Number: AEEW M 2416

Author's Nationality and Affiliation: United Kingdom, Atomic Energy

Establishment at Winfrith

Report Date: February 1987

A 2. Reviewer's Name: Norman M. Schnurr

Date of Review: March 1990

A 3. Which code version was used for the baseIInn calculation: (Include cycle
number or version number and any updates. Section 5.2.2f

| The version of TRAC used for the calculations was Winfrith version C26. This is

based on LANL Ve : ion 12.2 with Winfrith corrections and additions.

A 4. Report Classification (Proprietary, or non proprietary, any restrictions.
Section 4.1)*

Not for publication.

A S. Is this an Integin! Or separate-effects assessment?

An integral assessment.

A 6. Summarize why this assessment is being done. (Section 5.2.5 and Table 3)*

This assessment tests the accuracy of the code in analyzing the effect of a 3% cold-

leg-break LOCA in a Sizewell-type PWR. In particular, It tests the ability of the code to predict

loop seal clearance. The PWR phenomena included for this assessment are (Table 3 of

NUREG 1271) break tiow, liquid inventory distrKy Abn, and loop-soal clearance.

A 7. Provide a list of keywords descriptive of this analysis.

*

Refers to section or table in NUREG 1271, " Guidelines and Procedurse for the international
Code Assessment and Applications Program," April 1987.
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I

Small-break LOC A, LOBI, loop-seal clearance, PWR simulation, TRAC.

B. BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT

(include report page number where information was found.)'

91. Did the author describe each test facility and each test used in the analysis?
Elaborate. (Section 5.4.5 and 5.5.4)*

The LOBI test facility was discussed in ome detail (p.1) ard a reference to a more

complete description is given. A schematic diagram of the test facility is given in Fig. 2/1, This

is a pretest calculation so draft test spedfications were used. Experiment BL-02 is described

(p. 2) and the most important trips and events for the experiment are listed in Table 1 of the

report. d

B2. The author must identily the experimental data used for the assessment In

the report. The data channels used for comparlson with code results should

be easy to identity. It is desirable, but not required, for the author to supply
the very date used in the assessment on hardcopy, floppy, or tape as
specified in IRIREG 1271. Has the author done these things? (Section
5.5.3 and 5.3)*

'

Diagrams showing locations and data channels for the instrumentation are given in

Figs. 4/3,4/4, and 4/5. No experimental 4ata report had been received by the author before

this assessment was completed. All experimental results were taken directly from a

preilminary data tape supplied by JRC lspra. Experimental data are supplied in graphical form.

The data include

primary and secondary pressures,e

density in the broken-leg pump inlet and outlet,.

mid-leg density in the broken and intact bops,a

hot leg density in the broken and intact bops,a

mass bss from the primary circuit,=

primary-mass inventory,.

differential pressure ac7ss the vessel,-

differential pressures across steam generators in broken and intact loops,+

total bypass steam flow and hot-leg flow,.

differential pressure in the broken-loop pump Inlet,+

differential pressure in the intact loop pump suction,e

various pressure differences in the intact and broken bops, and*

fluid temperatures at varbus points.=

A 26 APPENDIX
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03. The author must provide an avslustion of the experimental dsts uncertainty
or clearly reference where !! may be found. Has this been done? (Section
5.2.1)*

The uncertainty of the data is not discussed in this assessment. There was a

staterr ont that indicated some uncertainty in the experimental prirpary mass determination.

84. Was a base-case calculation performed using the Unmodllled, frozen coda?

Did **te author include a clear, expIlcit figure of the Model? (Section 5.2.2).*
The calculation discussed in this report was performed using Winfrith version C26.

This version is based on LANL Version 12.2 of TRAC PF1/ MOD 1 with Winfrith corrections
and additions.

B 5. The author must supply a copy of the Input deck for one of his transient
calculations on hardcopy, or floppy, or both. Has he done this? (Section
5.4.6 and 5.5.1)*

A rnicrofiche copy of the input deck was provided,
l
t

86. Were sensitivity studies performed? Were the sensitivity studies adequately
described? Were all identlfled code deficiencies explicllly described?
(Section 5.2.3, 5.2.5, and 5.4.7)*

Nosi Mty studies were performed. Some code deficienc'es were listed

(p.15). It was not possible to determine the specific effect of some of these deficiencies from

the single simulation performed in this assessment.

,

B T. Were nodalization studies performed? Were the nadallzation studies
adequately described? Elaborate 11 necessary. (Section 5.2.4)*

No nodal an studies ware performed. The input dock is an attaptation of a model

developed at AEEW for participation in the ISP18 exercise.

B 8. The report should include run statistics for at least one transient calculation
using the unmodified frozen code. Was this done? !! a modllled version of
the code wss produced, run stallstics for the same transient calculation
performed with the final version of the modllled code should be included.

Was this done? (Section 5.2.5 para. 4, and Table 4 p. 25, and Section
5.4.8)*

Run statistics are included for the simulation discussed in this assessment.
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(

09. Were complete references Included In the repor* (Section 5.4.10)*

Yes. A total of 10 references are included in this assessment.

010. Were the objectives tellsfled?

Yes. This was a pretest calculation for LOBI Test BL-02. Results of the simulation

were later cormared to preliminary data from the exporiment.

C. DETAILED QUESTIONS
C1. Old the author describe the model nodalization, assumptlons, etc.? Were

they appropriate? Did the nodsiltation follow the Input deck preparation
guideIInes found In the TRAC User Guldes? Elsborate 11 necessary.
(Section 5.4.6)*

The rodalization used in this assessment is identical to that used in an input deck

developed for the ISP18 exercise. Diagrams are included that show the noding of the vessel,

steam generator, and the intact and broken loops. Complete dimensions are not given for all

components so it is not possible to determine whether the nodalization follows guidelines
>

found in the TRAC User's Guide in all cases. The number arxl Doomotry of cells appear to be

consistent wrth common practice.

C2. Orleily describe the thermst hydraulle phenomens and the reported code
predictions addressed in the report. It appropriate, describe the

phenomena In the context of thermal hydraullc behavior in the vessel
primary Icop, secondary loop, and other phenomens of Interest.

Experiment BL-02 was a 3% cold leg break at full reactor power. When the valve in

the break assembly is opened the pressure throughout the system drops. When the set

point of 131 bar is reached, the steatn-line valve is closed, the main coolant pumps begin

coastdown, the reactor power is scrammed, and vLives in the feedwater line are closed.

Auxiliary feedwater is tumed on after a delay of 60 s. The main coolant pumps reach zero

speed 201 s after the 131 bar set point is reached. When the pressure drops to 117 bar, tho

high-pressure injection starts after a 35-s delay. The cooldown control for the secondary side

is activated 600 s atter the 117 bar set point is reached. The accumulaton, begin injection
when the pressure reeches 41 bar.

Of primary interest in the experiment were pressures, temperJtures, densities, and

flow rates throughout the system, tr. ass inventory in the vessel, and fuel-rod temperatures.

The primary side pressure laitially drops rapidly but levels out somewhat when high-pressure

injection begins. The pressure drop becomes steeper again after loop-seal clearance in the

A-28 APPENDIX
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|

1

|

|
broken loop. The pressure in the secondary rises at the beginning of the imnsient because ,

of the closing of the steam valves and shutoff of the feedwater supplied to the steam

generators When it reaches the teoondary set point, steam is again oischarged from the
'

steam generator and the secondary pressure slowly drops for the rest of the transient.

Uncovery of the fuel rods depends on the break mass fk)w rate, whir;h is significantly aff ected

by loop seal Jearing in the primary, l

C3, If the author has identitled new user guldeIInes has he described them
thoroughly? What are they?

No new user guidelines were explicitly stated.

C4. What user quidelines can you infer from the results described In the report?

The author suggests that the core interphase-friction model underpredicts

interphase friction when INVAN - 0 is ut,ed and that a value of 1 would likely give a better
result,

C5. What deficiencies were Identitled in the unmodllled frozen version of the
code? (Section 5.2.5 and 5.4.7)*

Code deficiencies identified by the author are

the lack of an accurate offtake model,a

| inadequate rnodeling of heat-structures,*

possP>ly inadequate modeling of interphase friction associated with Cf.e

possibly overpredicted condensation rates,*

C6. Describe the impact of each identliled code deficiency.

The author states that it is not possible to draw definite conclusions regarding the
'

adequacy of TRAC models of individual phenomena vn the basis of a singie calculation. A

major difference between the experiment and calculations in this assessment was loop scal

clearance in the intact leg. That phenomena is a complex function of several of the

deficiencies listed here and the effects of individual deficiencies cannot be easily determined.

C 7. What code modifications were mada? What cliect did they have? (Section
5.2.3)*'

A second run was made with some variations needed to obtain the best fit to ISP18.

The results of tnat calculation were not discussed in this report.

APPENDIX A 29
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CS. Run sintlstics must be provided for the csIculation of one translent with the

UnmodIlled froxen code and the fully modllled code, Compare and evaluate.

The run statistics should laclude a description tf the computer and
operating system used to perform each csIculation, and
s. A plot Jf CPU vs RT
b. A pbt of DT vs RT
c. The value of the 'gri.)d time" s ((CPU x 10 )/(C x DT)]3

Where CPU e Total execution time
RT e Translent time

DT e Total number of time steps

Ce Total number of volumes in the model
Plots of CPU vs RT and time step size vs RT are Ircluded in this report. The

ratio of CPU to translent time for tu entire shlation r as 3.0. Time steps averaged

about 0.3 s, which implies a DT value of about 3000. loere are 175 volumes in the

rnodel. This gives a grind time of 5.1 s.

d. Evaluate the actual time step used. Old the transient run at the
Courant time step or did the user spectly a smaller maximum time
step? Compare the actus! Ilme step vs transient ilme and the user

specified maximum time step vs translent Ilme. (Section 5.2.5 pars.4,
Table 4 p. 25, and Section 5.4.8)*

The simulation was severely limited by the maximum allowable time step. The

calculation was discontinued after 900 s because of slow running. Average CPU
time / problem time was about 3.0. Toward the end of the transient, following

accumulator injection, this ratio was as h'gh as 18:1 as a result of selection of short

time steps. The author speculates that this difficulty may arise because of the use of a

control ystem to model the accurr;ulator and indicates that this problem may be

overcome by using a proper accumulator model.

C9. Does the work documented in this report appear to be good and generally
Valid or are there fundamental problems with it? (Solicit input of code
developers to answer this question.)

This work is well done and some useful information is obtained. Bewuse it was a

pretest calculation, it was not possible to run additional sensitivity tests to try to improve the

agreement between the simulations and experimental data. Nevertheless, the simulations

showed satisfactory agreement with data that were obtained after the calwlations had been
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completed. The author provides scr.ee insight into the calculation of loop-seal clearing ai,d

the effect it has on various system parameters.

C 10. What conclusions were drawn in the report? Are they well supported by the
results of the analysis? Elsborate. (Section 5.4.7 and 5.4.9)*

The author's conclusions were as follows:

TRAC ran efficiently for the first 900 s of the transient. After accumulator injectic,) began.

the code ran much slower but this may have been caused by the use of a control system

to modelthe accumulator.

As a pretest prediction, the generallevel of accuracy was concidered reasonable. The.

timing of the rnain events in the transient was reamiably well reproduced, and no

@nificar* temperature excursion was calculated within the simulated core region. The

only qualitative discrepanc!ss were related ta the loop-seal clearance. Only the broken

loop was predicted to clear, no prenoop clearance mixture-level s oression was pm@ted,

and the mixture-level depression after looo-seal clearance was overpredicted.

The following comments can be made about quantitative agreement with the.

experimental data. The secondary side cooldown was more rapid in the test thar had

been specified. Taking this into account, primary pressure is reasonably well predicted

prior to loop seal clearance. Break flow is initially well predicted. TRAC predicts no CCFL

although the experiment indicates that CCFL occurred. After loop-seat clearance, the

primary system continued to lose mass in the calculation to a larger extent than in the

experiment

It is not possible to draw definite conclusions regarding the adequacy of the TRAC.

models of individual phenomena on the basis of a single calculation. Nevertheless the

following potential deficiencies in tne code are noted. Interphase friction in the core may

be underpredictcJ There are serious inadequacies in modeling heat structures. The

interphasa friction associated with CCFL may need improving. Condensation rates may

be overpredicted.

These conclusions are suppoa . Dy the results. The author makes nn definite statements

about deficiencies in the code. A complete posttest analysis including sensitivity studies will

be required to further test the specific effect of each of the code deficiencies listed in this

report.

C11. Report summary. (This summary will be included in the year-end NUREG

report. It should be about 2 to 5 pages long and could include several
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figures. A short paragraph description of each facility should be included.
'

Also include a paragraph Cmmarizing the baseline results.)

The LOBI two-loop test f aciuty (Fig. A-6) simulates the cooling system of a four loop,

1300-M;Ve PWR. One test loop, having 3 times the capacity in water volume and mass flow of

the other, represents the three intact primary loops. The other represents the broken primary

loop. Both loops contain an active steam generator and coolant pump. An active secondary

loop system contains two condensers, a cooler, and a feedwater pump. The power input, the

primary-circuit coolant mass flow, and the volume are scaled from reactor values by a f actor of

712, leading to a heating power of 5.3 MW in the 8 x 8 heater rod bundle and to 28 kg's of

core mn: tiow. The absolute heights and relative elevations of the individual system

components have been kept at reactor values to preserve the gravitational heads. The

broken loop steam generator has 8 full-size active U-tubes while the intact loop steam

generator has 24. Both the primary and secondary side of the LOBt rig are extensively

instrumented. Emergency core cooling is provided by high-pressure injection and
accumulator flow to the intact loop.

Experirnent BL 02 is a 3% cold-leg break at full power. The break nozzle is at the
Icenter of the cold leg. The secondary side undergoes a controlled cooldown at the rate of 56 I

V1h. At the beginning of the test, the break valve is opened and the pressurizer heaters are

tumed off. When the primary side pressure reaches a set poir't of 131 bar the steam-line

olve is closed and the main coolant pumps begin coastdown. The auxiliary feedwater is

w on 60 s after the 131-bar set point is reached and the main coolant pumps reach zero

gr4 141 s later The high pressure injection system begins to operate 35 s after a 117 bar

w p: et is reacrr i The accumulators begin injection when the primary-loop pressure drops

ta a : t .r.

The input dock is a revision of a deck developed at the Atomic Energy Estabhshment

of Winfrith (AEEW) for participation in the ISP18 exercise. Changes were made in the control

system and boundary conditions to reflect the specification of BL-02. A control system was

used to mooel the accumulator.

The calculation was run to 900 s before being terminated because of slow running.

Only a short portion of the refill phase of the transient was modeled. Figure A-7 shows a

comparison of numerical predictions and experimental data for pressures in the primary and

secondary loo.os. In general the agreimant is reasonable. The primary-side pressure initially

drops rapidly but levels out somewhat when high-pressure injection begins. The pressure

drop becomes steeper again after loop-seal clearance in the broken loop. The pressure in

the secondary rises at the beg aning of the transient because of the closing of the steam

valves and shutoff of the feedwater supplied to the steam generators When it reaches the

A 32 APPENDIX
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secondary set point, steam is again dischargej from the steam generator and tM tiowly

drops for the rest of the transient. The measured secondary-side pressure drops somewhat

more rapidly than the calculated value but this is partly caused by the fact that the secondary-

side cooldowr was larger than was specified in the test. Given the slight diferences bebveen

the ettective boundary conditions in the experiment and those assumed in the calculation,

the TRAC pretest calculation gave a reasonable prediction of the pressure behavior

experienced in the test.

Figure A 8 shows the calculated and measured primary mass derived from the break

and injection flow rates. The early break flow is evidently reasonably well predicted by TRAC,

but after about 200 s, TRAC incorrectly credicts that the break flow increases. This increase is

probably caused by the upstream void fraction de reasing at 200 s. This takes the entical-flow

model into the interpolation region between void fractions of 0 and 0.1. The result of the

overprediction of the break flow is premature loop-seal cle3rance. The reason for the

Overprediction of the broken loop cold leg density that gives rise to this enor in break flew has

not yet been determined. It should be noted that there is some uncertainty attached to the

experimental primary mass measurement. A significant qualitative difference between the

experimental and calculated behavior is the failure of the intact loop seal to clear in the

calculation. The author gives a rather detailed discussion of the phenomena that contribute

to differences between numerical predictions and expenmental data. He does not, however,

draw definite conclusions regarding the adequacy of TRAC models of individual phenomena.

He does suggest several areas in the code that may contribute to the differences. These

include underprediction of interphase friction, inadequacies of heat-structure modeling,

possible overprediction of condensation rates, and inaccuracies in modeling the interphase

friction associated with CCFL in the hot legs of steam generators. Na new user cuidehnes

were explicitly stated in this assessnwnt.

The assessment included the following information on run statistics.

1. The ratio of CPU to transient time for the entire simulation was 3.0. Time steps averaged

about 0.3 s, which implies a DT value of about 3000. There are 175 volumes in the

tredel. This gives a grind time of about 5.1 s.

2. The simulations were severely limited by the maximum allowable time step. The

caiculation was discontinued after 900 s because of slow running. Average CPU

time / problem time was about 3.0. Toward the erd of the transient, following accumulator

injection, this ratio was as high as 18:1 as a result of selection of short time steps. The

author speculates that this difficulty may arise because of the use of the control system to

model the accumeaar and indicates that th5 problem may be overcome by using a

proper accumulator model.
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A 34 APPENDIX

_ _ - _ . _ _ . . _ - _ . - . _ _ _ . _ . _ _



- - - _ - _ . _ _ _ _ _ _ . _ _ _

0.I6E 00 - i ,

O.14E 08 - .

I

l
0.12E OB - i -

. . . . . )t
i
I

0.10E DA - i -

i i
l\
\

T
SEcowoARY CALC0. W 07 -

% g ...............,(
*=......

.

-

*
,,( .,,,,,,'-''%.,s,-a. . . . , , , . . . . ,

s'
D. E 07 \' PRIMARY y

w
5 PRIM ARY EXPi CALC SECONDARY'

w \
U 0.40E 07 -

s

E
's, -

,"%
',

0.20E 07 . .

O.00E 00 ' ' ' ' ' -

-200 0 200 LOO 400 000 1000 1200

TIMr !ECONDS

Fig. A-7. Primary and secondary pressures.

APPENDIX A-35

- _ _ _



. .

.. . _ _ _ _ _

v-

|

450 3 1 1 g

'

.

LDO ''.
' . ,.

.

.
'
.

350 '.'..

.

.,
.

300 - \. -

.,

,..
*
.

250 \.-

\., EXPT
\U 200 -

.u .,
*
.'... -

''150 -

?.
'

... ....... . . . . . . . . . . . . . . . . . . . . . . .-cac

100 -

50 -

0 ' ' . .

0 200 400 600 800 1000

TIME SECONDS

Fig. A-8. Primary mass inventory.

A-36 APPENDIX

_ _ _ - - - _ _ _ _ _ _ ____ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ - _ - - _ _ _ ..



REVIEW OF ICAP REPORT NO. AEEW.R 2288
l
|

A. BASIC DATA

A 1. Report Information:

Author: J. C, Birchley, P. Coddington, and C. R. Gill

Report Title: Analysis of LOFT Experiment LP-02-6 Using the

TRAC-PF1/ MOD 1 Computer Code

Report Number: AEEW R 2266

Author's Nationst!!y and Affillation: United K!ngdom, Atomic Energy

Establishment at Winfrith

Report Date: Noventer 1967

A 2. Reviewer's Name: Norman M. Schnurt

Date of Review: March 1990

A 3. Whicit code version was used for the baseline criculation: (Include cycle
,

number or vera;lon number and any updates. Section 5.2.2f
TRAC-PF1/ MOD 1, Version 12.2.;

A 4. Report Classificallon (Proprietary, or non proprietary, any restrictions.
Section 4.1)*

Commercialin confidence.

A S. Is this an untegral or separate-effects assessment? ~

An integral assessment.

A 6. Summarize why this assessment is being dono. (Section 5.2.5 and Table 3)*

Experiment LP-02-6 was the first large-break LOC A carried out in the LOFT f acihty

under the auspices of the Organization for Economic Cooperation and Development (OECD).

The programmatic objectives were directed toward an assessment of a large commercial PWR

with respect to a design-basis LOCA as defined by the United States federal regulations. The

purpose of the work discussed in this report was to assess the ability of TRAC to model this

type of accident. The PWR phenomena included for this assessment are (Table 3 of NUREG-

._._

~

Refers to section or table in NUREG 1271, " Guidelines and Procedures for the International
Code Assessment and Applications Drogram," April 1987.
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i

| 1271) break flow, liquid-inventory distribution, phase separation, ECC bypass and

penetration, core-wide void and tbw distribution, mixture level in cora, mixture level in

downcorner, core heat transfer, quench-front propagation, and asymmetric loop behavior.

A 7. Provide a IIst of keywords descriptive of this analysis.

LarDe-break LOCA, LOFT, PWR simulation, TRAC, fr. flood.

B. BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT '

(include report page number where information was found.)
B 1. Did the author describe each test facility and each tes* Used in the analysis?

Elaborate. (Section 5.4.5 and 5.5.4)*
_

The LOFT experimental fac;;ity is described briefly (p. 2). A reference to a more

complete description of the trility is given. A drawing showing the major components (Fig.

2.1) and a piping and instrumentation schematic (Fig. 2.2) are included. The LOFT reactor

vessel is shown in Figs. 2.6 2.B. Volumes and flow areas of all major components are given 0

in Table 1. Test LP-02-6 is de:,cribed in detail (pp. 6-7). Initial condaions are grven in Table 3.

An events sequence for the experiment is given ;n Table 5.

I

B2. The author must identify the experimental data used for the assessment in

the report. The data channels used for comparison with code results should

be easy to identify. It is desirable, but nof required, for the author to supply

the very data used in the assessment on hardcopy, floppy, of tape as
specified in NUREG 1271. Has the author donn these things? (Section

5.5.3 and 5.3)*

Figure 2.2 shows the locations and data channels for the instrumentation.

Experimental data are supplied in graphical form only. The data include primary aad

secondary pressures; flow rates, temperatures and densities of both the hot and cold legs of

the broken and intact loops; accumulator liquid levels and flow rates; HPIS and LPIS flow

rates; downcomer velocity, momentum flux, void fraction, and fluid temperatures; and a large

amount of cladding temperature data.

B3. The author must provide an evaluation of the experimental data unscertainty
or clearly retarence where it may be found.- Has this been done? (Section

5.2.1)*
The uncertainty of the data is briefly discussed in this assessment. The uncertainty of

the mass-flow rate through the bypass paths is estimated at 50%. Table 5 gives uncertainties
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for the time of events in the experiment. The accuracy of other experimental data is only

discussed qualitatively.

84. Was a base-case calculation performed using the unmodifled, frozen code?
Did the author include a clear, explicit figure of the Model? (Section 5.2.2).*

The simulation of the experiment was performed using Version 12.2 with a

modification to allow the specification of negative friction factors. The model is clearly

described.

B 5. The author must supply a copy of the input deck for one of his transient

calculations on hardcopy, or floppy, or both. Has he done this? (Section

5.4.8 and 5.5.1)*
A microfiche copy of the input deck was provided.

Bo. Were sensillvity studies performed? Were the sensitivity studles adequately

described? Were all identitled code deficiencies expIlcitly described?
(Section 5.2.3, 5.2.5, and 5.4.7)*

No sensitivity studies were performed. The authors refer to ' inherent weaknesses in

the code's finite difference representation of the three-dimensional vessel" but do not
i

elaborate. They also imply that the lack of an ertemal-thermocouple rnodel for fuel rods may

cause significant differences between predictions and data.

87. Were nodalization studies performed? Were the nodalization studies
adequately described? Elaborate if necessary. (Section 5.2.4)*

No nodalization studies were performed. The input deck is an adaptation of a model

developed at AEEW for TRAC PD 2 calculations of LOFT large break experiments L2-3 and

LP-02-6. It is also very similar to an input deck that has been used at Los Alamos.

B B. The report should include run statistice for at least one translent calculation

usIng the unmodllled fro.:en code. Was this done? If a modilled version of

the :nde was produced, run stellstics for the same transient calculation

performed with the final version of the modllled code should be included.

Was this done? (Section 5.2.5 - para. 4, and Table 4 - p. 25, and Section

5. ti. 8) '

Run statistics are incluoed.
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B 9. Were complete referenc6s included in the report? (Section S.4.10)*
Yes. A total of 14 references are included covering all important aspects of this

assessment.

B 10. Were the objectives satisfied?

Yes. Results of the simulation were comparod to experimental data and showed

generally good agreement.

C. DE'i AILED OUESTIONS

C t. Did the author deacilba the modal nodalization, assumptions, etc.? W ; '.e

they appropriate? Did the nodalizat%'s follow the input deck preparation
guldslincs found in the TRAC tirar Guides? Elaborate it necessary.
(Socilon 5.4.6)'

The nodalization used in this assessment is similar to that used in previous

simulations of the LOFT f acility. Diagrams are included that show the noding of the vessel,

steam generatc,r, and the intact and bmken loops. The number and geometry of cells appear

to be consistent with guidelines found in Se TRAC Users Guide.

I
C2. Briefly describe the thermal hydraullc phenomena and the reported code

predictions addressed in the report. If appropriate, describe the

phenomena In the context of thermal hydraullc Nnavlor in tha vessel
primary loop, secondary loop, and other phenornena of Inte:nst.

Experiment LP-02 6 was a 200% double-ended cold-leg LOCA test carried out at full !

power (47 MW). The transient was initia?cd by opening the qubk-opening blowdown varves.

The reactor was scramtr,ed on indication of loss of pru,sure in the intact loop hot leg arid the

coolant pumps were tripped within 0.1 s and a'lewed to coast down. The system pressure fell j

rapidly to the saturation pressure corresponding to the temperature of fluid in the hot leg.

The rapid discharge of 1, quid in the broken loop caused voiding of the core, a large reduction

of heat transfer from tne fuel rods, and a rapid rise in cladding temperatures. Saturated |
conditions in the broken-loop ccid leg wcre reached at about 4 s, accompanied by 0 r6 duction

in cold leg break flow. This reduced flow, acco nparfed by a partial sustaining influence from j
the pumps, produced a partial bottom-up flow through the core and quenching cf rods in the !

p bottom 60% of the core. The intset loop cold leg also began to void from about 5 s onward so |
that the break flow again exceeded the flow into the vessel and the core reemptied and the !

| fuel rods heated up again. At about 15 s a top < lown flow of liquid through the core began.

This quenched the top 25 in, of the central fuel assembly. Flow ton the accumulater began !
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at 17.5 s and the HPIS and LPIS were activated at 21.8 and 34.8 s, respectively. Quenching

of the fuel rods, which began at about 30 s, was completed very rapidly by the filling of the

core, with all the fuel quanched at about 56 s. Of primary interest in the experiment were

mass inventory in the ves.cel and fuel rod temperatures.

C3. If the author has identitled new user quidelines has he described them

thoroughly? What are they?

No new user guidelines were explicitly stated.

C4. What user guldeIInes can you Infer from the results described in the report?
The authc,rs indicate that careful representation of the rods and heat structures in the

vessells necessary for accurate calculation of vessel hydraulics,

C 5. What deficiencies were identitled in the unmodified frozen version of the
code? (Section 5.2.5 and 5.4.7)*

The authors believe there are inherent weaknesses in the code's finite-ditierence

representation of the 3D vessel but did not elaborate. There is also some question abcut the

adequacy of the reflood model but no definite conclusions could be made based on this work

because of uncertainties conceming the initial stored energy and the effect of thermocouples

on the quenching process,

C6. Describe the impact of each identitled code deficiency.

The impact of these code deficiencies could not be clearly determined.

C 7. What code modifications were made? What effect did they have? (Section

5.2.3)*
Only one simulation was made for this experiment.

CB. Run statistics must be provided for the calculation of one transient with the

Unmodllled frozen code and the fully modllled code. Compare and evaluate.

The rutr statistics should include a description of the computer and
operating system used to perform each calculation, and

a. A plot of CPU vs RT

b. A plot of DT vs RT
3c. The value of the " grind time" = [(CPU x 10 )/(C x DT)]

Whero CPU # Total execution time
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RT a Transient time

DT a Total number of time steps

Ca Total number of wlumes in the model
Timing statistics are given in Appendix A1. The entire simulation was divided

inte 9 runs. The transient time, execution time, and number of time steps are given

for eacu tun. The average time step for each run can be computed. The average time

step for the entire sirnulation is 3.25 ms. The value of the grind time is 3.78 s.

d. Evaluate the actual time step used. Did the translent run at the

Courant time step or did the user specify a smaller maximum time
step? Compare the actual time step vs transient time and the user

specirled maximum Ilme step vs transient time. (Section 5.2.5 para.4,
Teble 4 p. 25, and Section 5.4.8)*

The user-specified maximum time step is not given. The ratio of CPU to

RT was 398.8. The CPU per RT per cell was 1.163.

C9. Does the work documented in this report appear to be good and generally
valid or are there fundamental problems with it? (Solicit Input of code
developers to answer this question.) '

This work is judged to be a good simulation of an important experiment. There are

two problems that affected the results to some extent. The first was an overestimation of the

initial stored energy in the rods and vessei structure. This was largely the result of a lack or

sufficient experimental data. The second problem was an inadvertent over.:.pecification of

HPIS flow causing the combined ECC flow to be 510% too high. The effect of the

overestimate of stored energy is discussed qualitatively, it caused increased differences

between predicted and measured values for some parameters The overestimated flow rate

had no effect until relatively late in the simulation.

C 10. What conclusions were drawn in the report? Are they well supported by the
results of the analysis? Elaborale. (Section 5.4.7 and 5.4.9)*

The authors' conclusions were as follows:

Most of the characteristics of the primary system and vessel-hydraulic response to a large-.

break LOC A can be accurately calculated by TRAC.

The main weaknesses in the hydraulic representation are (1) flow distribution in the upper+

plenum following the draining of the liquid from the pressurizer and steam-generator hot

side and (2) condensation phenomenon during accumulator injection. The failure to
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b calculate the top-down quench had a tasting eff ect on the ca culation during subsequent

stages of the transient.

It is important to represent the energy stored in the fuel fods and lit the vess61 metalwork*

correctly if the subsequent vessel hydraulics are to be cek:uiated correctly.

The input model used in the calculation sought to represent the metclwork heat as-

accurately as possible, within the limNations of the code. Although the depressunzation

rate during blowdown was well calculated, discrepancies between calculation and data for

the vessel fluid temperatures during reflood suggesis that inadequactes remain in this

representation.

The adequacy of the podi-CHF heat 'ransfer pack 4 e for calculation of quanching cannot*

be evaluated with confidence for this analys!s, partly ' ecause of the excessive initial fuel-o

stored energy in the calculatiori, and Dadly beccuse of the probable effect of the
'

thermocouples themselves on the q"erdJng process.

The hydraulic behavior in the vessel &wncomer during accumulator injection appears to g-

have been well calculated.

The effect of the discharge of accumulhtoi nMogen into the primary-coolant system has-

an important influence in promotir.g reflood. D3 spite some differences in the flow rate

from the accumulator tank, tne code simulated this aspect of the system behavior well.

These conclusions are sun;orted by the resuhs.
,

C i 1. Report summary. (This summary will be included in the year-end NUREG

report. It should be about 2 to S pages long and could include several

figures. A short paragraph description of each facility should be included.

Alsu inclJde 8 paragraph GUmmar! Zing the baseline results.) -

The LOFT facility (Fig. A 9) simulates the major components and system response of

a commertsal PWR during a LOCA. It has a single active intact loop which simulates the three

intact loops of a commercial four-loop PWR during a targe-break LOCA. The intact loop

contains a steam generator, pressurizer, two primary-coolant pumps in paralb!, and

connecting pipe work. It also has two major measurement stations, one in the hot leg located

just downstream of the vessel connection, and one in the cold leg located a few inches

upstream of the ECCS cold-leg injection junction.

Experiment LP-02-6 was the first large-break (200%) double-ended cold-leg LOCA

experiment carried out at the LOFT f acility under the auspices of the Organization for

Economic Cooperation and Development (OECD). The programmatic objectives were

directed toward an assessment of a large commercial PWR with respect to a design-basis

LOCA as defined by the United States federal regulations. The experiment was carried out at
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full power (47 MW) with the primary coolant pumps tripped at the start of the transient and

albwed to coast down naturalty.

The experimcnt was initiated at time zeio by opening the blowdown valves. The

reactor was scrammed on indication of low pressure and the primary coolant pumps were

tripped within i s. The system pressure fel4 rapidly to the l'ot leg saturation pressure,

whereupon the core and upper plenum began to flash as liquid flowed out of the broken-bop

hot and cold legs. The tripping of the pnmary-coolant pumps resulted in a coastdown of the

fluid circulating in the intact bop, but the flywheers inertia caused the pumps tu continue to

deliver mechanical energy to the fluid for sevetai seconds so that suffic,ent liquid flowed into

the dowrKomer to produce a bottom-up flow through the core after about 5 s. The core flow

temporarily arrestod the cladding temper 1ture excursivn and resulted in a quench for the

lower half of the core. The bottom-up fbw through the core terminated at about 8 s. The flow

in the intact-loop hot log reversed at about 10 s as fluid from the pressurizer and steam-

generator hot side flowed bad < to the vessel, producing an accumulation cf liquid in the upper

plenum. This was followed by a quench of the upper part of the central fuel assembly. This

top-down quench began at t 5out 15 s. The cooling associated with the top down fbw was

only temporary, and the core began to heat up again after about 20 s.

Fbw from the accurnutator was initiated at 17.5 s at a trip point of 4.11 MPa. The HPIS

and LPIS were activated at 21.8 and 34.8 s, respectively. The ECCS injection was dominated
iby the accumulator until the accumulator flow terminated at about 55 s. During the I

accumulator-flow period, the injection of subcooled liquid caused a reduction in local pressure

as vapor condensed into the liquid, leading to a global reduction in pressure as more vapor

flowed toward the injection location. After the injection line was cleared, nitrogen flowed into

the intact loop cold leg and the condensation terminated. The accumulator nitrogen caused .

an increase in the cold-leg pressure of about 0.2 MPa. This forced the bulk of the liquid in the

intact-loop cold leg and at the top of the downcomer down throu;)h the downcomer and lower

plenum and into the core.- The surge of liquid into the core occurred between about 53 and

60 s and resulted in most of the core being filled with liquid. The fuel rods were completely

quenched at about 56 s. The reflood and quenching of the core was accompanied by a

series of flow oscillations in the vessel. Each time liquid flowed into the core, a fraction of the

fuel was quenched, generating vapor which pressurized the core and drove liquid back into

the downcomer, thus perpetuating the oscillations until all the fuel was quenched.

The Input deck used for the simulation of experiment LP-02-6 is similar to that used in

previous simulations performed at Winfrith for LOFT experiments. There are a total of 343

cells (192 in the vessel). The simulation accurately rep roduced most of the characteristics of

!- the primary system and vessel-hydraulic response. Calculated and measured pressures for
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the intact hot leg are shown in Fig. A-10. Agreement is very good. The calculations of flows

and fluid conditions are in quite good agreement with data for most of the trarisient.

Agreement is best in the early part of the blowdown when the flow is more strongty influenced

by the subcookd break flow roodel rather than conditions in the vessel. Calcula!!ans of

accumulator flow are also in (pod agreement with the data.

Calculations of reactor vesse! flows and rod temperatures do not agree with the

experimental data as well as the p"essures, temperatures, ard flow rates computed for the hot

and cold legs of the intact and broken loops. Nevertheless, the agreement is qualltative and

moderately good considering the uncertainties in initial conditions (energy conter,t of the

heat structures, pump characteristics, etc) and uncertainties in some of the experimental data.

Core entry velocity and momentum flux are shown in Fig. A 11. The similarity is qdte good

when onc takes into account that the velocity measurement is unidirectional and that there is

a time-depnndent zero offset on the momentum flux.

Calculated ard measured fuel-rod claddir a temperatures are shown in Fig. A-12 at

the 11-in. elevation for one of the highest-power rods. During the first few seconds there was

a rapid heatup following departure from nucleate boiling. The first ternperature peak occurs at

about 5 s for both the data and the calculations. The size of the peak is overpredictM. The

major cause of the discrepancy appears to be a signNicant overprediction of the initial stored

energy of the fuel. There is also some question concoming the siz9 of the fuel-cladding gap.

The fuel rods had experienced numerous power escalations, scrams, temperature transients,

and quenches prior to the conduct of this test. It is possible that the gap has been

substantially reduced. More recent calculations ue.ing zero gap gave much closer agreement

with the data for the initial temperature peak. The bottom-up flow of liquid caused a rapid

decrease in temperature at about 7 s,but as the water level in the core decreased, the rod

heated up again. After the onset of the reflood quench at 34 s, enoling and quenching

graduaily rnoved upwerd in the core, reaching the 11-in. elevation at slightly above 40 s. The

calculation did not show the second quench until nearly 80 s because the ternpcratures were

too high.

The authors conclude that rnost of the primary and vessel hydraulic response were

accurately simulated. The hydraulic behavior in the vessel downcomer and the effect of the

discharge of accumulator nitrogen in promoting reflood were also accurately simulated. The

major discrepancies were in the rod temperature calculations. The adequacy of TRAC's post-

CHF heat-transfer package could not be evaluated with confidence from this analysis, partly

because of the excessive initial fuel-stored energy and partly because of the probable effect

of the thermocouples on the quenching process.
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I

No new user guidelines were explicitly stated in this assessmant. Some code

deficiencies were identified. The authors believe there are inherent weaknesses in the

code's finite 4rfference representation of the 3D vessel There is also some question about

the adequacy of the refbod rnodel but no definde conclusions could be made based on this

work because of uncertainties concoming the initial stored energy and the eficct of
I therrnocouples on the quenching process.

The assessment included the following information on run statistics. The total CPU

time on the Winfrith Cray for a 106-s simulation was 11.74 h. The average tirne step was 3.25

x 10-3 s. The CPU time per transient time per cell was 1.163 and the CPU time per time step

per cell was 3.7/8 x 10 3 a.

-

numa
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REVIEW OF ICAP REPORT NO. AEEW M 2305

A. BASIC DATA

A 1. Report Information:

Author: R. O'Mabonoy

Report Title: A Study of the Reflood Characteristics of TRAC PF1/ MOD 1

Report Number: AEEW M 2305

Author's Nationality and Affiliation: Un|ted Kingdom, Atomic Energy

Establishment at Winfrith

Report Date: April 1986

A 2. Reviewer's Name: Norman M. Schnurr

Date of Review: April 1990

A 3. Which code version was used for the basellne calculation: (Include cycle

% number or version number and any updates. Roctlon S.2.2)*

TRAC-PF1/ MOD 1, Version 11.9.

A 4. Report Clarsification (Proprietary or non proprietary, any restrictions.

Section 4.1)*
Not for publication.

A S. Is this an Integral or separale etiects assessment?

A separate-effects assessment.

A S. Summarize why .%!a essessment is being done. (Section S.2.5 and Table 3)*

The purpose of this assessment is to study the reflood characteristics of TRAC-

PF1/ MOD 1. Particular attention is focused on the ability of the TRAC reflood-hydraulics

models to predict the ccrrect d:stribution and entrainment of liquid during reflood.

Calculations were made for comparison with data from the THETIS experimental rig at Winfnth.

The PWR phenomena included for this assessment are (Table 3 of NUREG 1271)

entrainment and deentrainment in the core, mixture level in core, core heat transfer including

partially covered cora, and cuench-front propagation.

Refers to section or table in NUREG-1271, " Guidelines and Procedures for the International
Code Assessment and Applications Program," April 1987.
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A 7. Provide a list of keywords descriptive of this analysis.

TRAC. THETIS, reflood, entralnment.

B. BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT

(include report page number where information was found.)
81. Old the author describe each test tecIllty and each test used in the enalysis?

Elsbcrate. (Section 5.4.5 and 5.5.4)*

The THETIS f acility and the two tests covered in this assessment are briefly described

(pp.14,15) and a reference to a more cetalled description of ine experimental f acility is g?ven.

B2. The author must Identify the experimental data used for the assessment in

the report. The data channels used for comparison with code results should

be easy to identity. It is desirable, but not required, for the author to supply

the very data used in the assessment on hardcopy, !!appy, or tape as
specified in NUREG 1271. Has the author rione these things? (Secticr:
5.5.3 and 5.3)*

The experimental data include flow rates and rod temperatures. Void fractions are

inferred from a collapsed-liquid level determined from differential pressure transducers.

Figure 3 shows thermocouple locations on a fuel-rod simulator. The experimental data are

; given only in graphical form (Figs. 5-8,11,15-22, 24 37,39-441
1

l-
B 3. The author must provide an evaluation of the experimental data uncertainty

or clearly reference where it may be found. Has this been done? (Section
I 5.2.1)*

The uncer1ainty of the thermocouple data is 6 K (p.16). Scatter in the void fraction

data is also discussed qualitatively (p.16).

1

B4. Was a base case calculation parformed using the unmodilled, frozen code?
| Did the author include a clear, expilcit figure of the Model? (Section 5.2.2).*

The simulation of the experiment was performed using Version 11.9. The model is

clearty described (p.15). The noding is shown in Fig. 4.
!

B 5. The author must supply a copy of the input deck for one of his transient

calculations on hardcopy, or floppy, or both. Has he done this? (Section
5.4.6 and 5.5.1)*

No input deck was provided.
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B 6. Were sensitivity studles perfonned? Were the sensitivery studies adequately
tiescIlbed? Were all Identitled code deficiencies explicitly described?
(Section 5.2.3, 5.2.5, and '5.4.7)'

A total of 11 simulations were perfonned. They showed the effect of various aspects

of the interface-sharpener logic on reflood hydraulics. These sensitivity studies were

discussed in detail (pp.16-29) and deficiencies in the code were discussed.

B 7. Were nodalization studies performed? Were the nodalization studles
adequately described? Elaborate if necessary. (Section 5.2.4)*

No nodalization studies were performed. The r.oding used for this separate-effects

assessment was finer than wou!d be practical for an integral hssessment. The effect of

replacing heat transfer slabs with rods, which has the effect of using much finer noding for the

heat structure, was investigated in the sensitivity studies (pp. 25,26).

B 8. The report should include run statistics for at least one translent calculation
using the Unmodilled frozen code. Was this done? If a modified version of

the code was produced, run statistics for the same transient csIculation
performed with the final version of the modllled code should be included.

Wes this done? (Section 5.2.5 - para. 4, und Table 4 - p. 25, and Section

5.4.8)*
Run statistbs are not included in this assessment.

B9. Were complete references included in the report? (Section 5.4.10)*

Yes. A total of 7 references are included covering all important aspect! of this

assessment (p. 35).

B 10. Were the objectives satisfied?

Yes. The aoility of TRAC to simulate reflood was analyzed in detail. The effect of the

interf ace-sharpener logic was assessed and the entrainment algorithm was compared to other

empirical models. Recomtnendations were made for improvement in the TRAC model.

C. DETAILED QUESTIONS

C 1. Did the author describe the model nodalization, assumptions, etc.? Were

they appropriate? Did the nodalization follow the input deck preparation
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guidelines found in the TRAC User Guldest. Elsborate if necessary.
(Section 5.4.6)*

The nodalization used in this assessment is described. The nodalization in the vessel,

.

is somewhat finer for this separate-effects assessment than might be used for an integral
assessment.

C2. Briefly describe the therms! hydraulic phenomens and the reported code
predicticna addressed in the report. If appropriate, describe the

phenomens in the context of thermal hydraulic behavior In the' vessel
primary loop, secondary loop, and other phenomens of Interest.

The experimental facility consists of a single cluster of heated rods in a shroud tube

housed in a pressure vessel. Reflood is simulated by introducing water into the bottom of the

cluster through a penetration in the pressure-vessel wall. The top of the shroud tube is open

to the pressure vessel via a steam separator. The vesselis then vented to the atinosphere

through a pressure-control valve. The cluster consists of a 7 x 7 square array of electrically
heated, inconebclad, fuel-rod simulators.

Before an experiment is begun, the rods are slowly heated to a given temperature.

Then the power is set at a high level and water is introduced at the bottom of the vessel to

simulate reflood. Rapid generation of steam causes an upflow of vapor that can entrain liquid.

Of particular interest is the upward flow of liquid. Since the interfaciahchear package

used in TRAC is not necessarily representative of the physical processes occurring dunng

reflood, a special model is to used lirr.i the upward flow of liquid to a value consistent with an

entralnmeru. correlation. The study of these thermal / hydraulic phenomena during reflood is

the primary goalof this assessment.

I F

C 3. -11 the author hss identitled new- user guidelines has he described them
thoroughly? What are they?

The author recommends that the interface-sharpener logic not be used.

. C4. What user guidelines can you infer from the results described in the report?
The use of slabs as heat structures during reflood can lead to inaccuracies because

the axial spacing of nodes can be no less than the length of the corresponding hydrodynamic

. cell. This means that all of a particular heat slab quenches at one time. This tends to cause

spikes in the fiquid and vapor mass flow above the stab. Replacement of the slabs by rods that

can have fine node spacing greatly decreases the axial discontinuities.
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C 5. What deficiencles were Identitled in the unmodified frozen version of the
code? (Section S.2.5 and 5.4.7)*

The interf ace-sharpener logic was found to be inaccurate.-

The limitation on axid node spacing for slabs as heat structures caused discontinuides in.

the fluid flow.

An error in the calculation of a film coefficient was dound.-

C5. Describe the Impact of each identitled code deficiency.

The interf ace-sharpener logc caused a very sharp liquid / vapor interface. A significant

amount of liquid is present ahead of the general interface if the interface-sharpener logic is

not used. This is in better agreement with the experimental data.

Stabs, as heat structures, quench as a s!ngle unit during reflood. This causes a

severe discontinuity in the axial fluid-flow distribution.

Correcting the error in the film-coefficient calculation caused differences in the film

coefficient by a factor of 10 in some cases. This had a significant impact on the local rod

temperatures.

C 7. What code modifictions were made? What effect did they have? (Section

S.2.3)*
Several code modification were mace. These included the following.

The lower bound on liquid velocity for which the interface-sharpener logic !s used was.

changed from 3/4 of the gas velocity to K.0 of the gas velocity. The effect of this

modification was a small reduction of the oscillation predicted during the refilling period.

The entrainment correlation used in TRAC was replaced by the COBRA TF correlation.+

This significantly increased the entrainment of liquid at vapor velocities less than 8 m's.

The droplet size calculation was also modified. The lower bound on the liquid velocity

was lowered to 0.001 m/s. These three changes resulted in a significant improvement in j

the results. There was a generalty smoother behavior and longer filling time for individual

cells. The discontinuities in the axial-flow distribution were much less pronounced.

The range of operation of a cubic spline was modified. A more physically based approach.

was used based on a measure of the height of a cell above the liquid / vapor interface. This

rnodification did not show a significant additionalimprovement.

A correction was made in the calculation of a liquid film coefficient. The input file was also--

changed to use rods rather than slabs .u model the shroud. These changes produced

some additionalimprovement in the results. The spikes were further reduced and overall

agreement of the calculated results with the experimental data was improved.
|

|
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CB. Run statistics must be provided for the calculation of one translent with the

Unmodified frozen code and the fully modilled code. Compare and evaluate.

The run statistics should include a description of the computer and
operating system used to perform each calculation, and
R. A plot of CPU vs RT

b. A plot of DT vs RT
3c. The value of the " grind time" e i(CPU x 10 )?(C x DT))

Where CPU a Total execution time

RT a Transient time

DT s Total number of time steps
C= Total number of volumes In the model

No timing statistics were provided,

d. Evaluate the actual time step used. Did the translent run at

the Courant time step or did the user specify a smaller

maximum time step? Compare the actual tims step vs

transient time and the user Specified maximum time step vs

transient time. (Section 5.2.5 para.4, Table 4-p. 25, and

Section 5.4.8)*
The time step was not discussed in this assessment.

!

C9. Does the work documented in this repon appear to be good and generally
valid or- are there fundamental problems with it? (Solicit input of code

developers to answer this questlan.)
! This work represents a rather comprehensive assessment of the capabilPy of the

TRAC code in hydraulic calculations during reflood. A series of simulations was performed to

determine the effects of various aspects of the TRAC model on accuracy. The results of this

! work lead to some recommendations for improvements in the code. The work appears to
!

have been well conceived and executed.

C10. What conclusions were drawn in the report? Are they well supported by the
results of the analysis? Elaborale. (Section 5.4.7 and 5.4.9)*

The author's conclusbns were as follows:

TRAC-PF1/ MOD 1 with the interf ace-sharpener model factuded is not adequate to predict+

the detailed hydraulic behavior observed during the THETIS reflood tests. The

predictions display an oscillatory and discontinuous behavior dominated by the

A-56 APPENDIX



,_._. _ _ _ _ _ _ . _ _ _ _ . ._ - . _ . . _ _ _ _ __ _ _ . _ . _ .

-)

movement of a sharp liquid interface. These phenomena Lre not observed in the
'

experiments.

Modifications of the interface-sharpener mooel at the relevant intertacial-shear model, in |
:*

line with published entrainment correlativas, remove much of the unphysical behavior. |

Significant amounts of stored metalwork heat cannot be adequately represented by heat.

slabs in TRAC during reflood.

The TRAC code contained an error in implementation of the rod to liquid heat-transfer*

- correlation used in the film-boiling regimo.

Excluding the' interface sharpener model signWicantly improves the overall hydraulic-

predictions of the THETIS tests although some oscillation is still predicted.

These conclusions are supported by the results.

>

C11. Report summary. (This summary will be inciuded in the year end NUREG
report. It should be about 2 to 5 pages-long and could include several
figures. : A short paragraph description of each facility should be included.
Also include a paragraph summarizing the 'basellne results.)

The purpose of this assessment was to determine the accuracy of the hydraulics

model in TRAC-PF1/ MOD 1 for reflood conditions. The accuracy of the TRAC simulations was

determined by comparison of calculated results with experimental data from forced-reflooding

| tests in the THETIS experimental rig at Winfrith. The THETIS facility consists of a single cluster,

of rods in a shroud tube housed in a pressure vessel. Water may be introduced into the

bottom of the cluster through_ a penetration of the pressure vessel wall. The top of the shroud

tube is open to the pressure vessel via a steam separator. The vessel is then vented to the

atmosphere through a pressure control valve.

The cluster consists of a 7 x 7 square array of electrically heated, Inconel-clad fuel-rod

simulators. Before an experiment is begun, a low power level is applied to the test section to

heat the rods to a selected temperature. The experirnent is then initiated by increasing the

power input to a specified level and, a few seconds later, closing a fast acting drain valve to

force the reflood water to rise in the test section. Simulations were performed for two THETIS -

experiments, Run 65 with a reflood rate of 2.0 cm/s and power of 99 kW, and Run 75 with a

reflood rate of 5.7 cm/s and a power of 200 kW.

The base case was run with TRAC-PF1/ MOD 1 Version 11.9. This version of the code

contains an interface-sharpener model (ISM) which attempts to compensate for the fact that

the interfacial-shear package is not necessarily representative of the physical processes ,

occurring during reflood. The model operates by explicitly attempting to limit the upward flow
'

of liquid at a liquid / vapor interface according to an entrainment correlation. Comparisons of
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the results of the base case simulation with the data from Run 65 are shown in Figs. A-13 and

A 14, The integrated liquid carryover calculated by TRAC ido f air overall agreement with the

experimental data (Fig. A-10) but the ualculated curve is a series of steps instead of the

srnooth curve one would expect. This effect is also clearly evident in the liquid volume

fraction predictions shown in Fig. A 14. TRAC predicts attemating periods of filhng and

emptying producing a sawtooth effect.

A series of modifications were made to TRAC in an effort to improve the esults. The

first modification was a reduction of the lower bound on Hquid velocity for which the ISM was

used. The limit was changed from 3/4 to 1/20 of the vapor velocity. The second moification

replaced the entrainment correlation with the COBAA-TF model, modified the interfac;al-shear

model to allow upflow of droplets, and further decreased the lower bound on the liquid

velocity to 0.001 m/s. The third modification changed the test for Inyt c ng the cubic spbne

model (used to interpolate the liquid fraction valus using a cubic equation) to one based on

height above the interface rather than void fraction. The first modification had a limited effect.

The second modification had a rather significant effect in smoothing vut the predictions of the

integrated core-outlet liquU flow (Fig. A 15). The third modification had little additional effect.

A detailed examination of the calculations indicated that the t' ming of the j
discontinuities was largely coincident wlth the quenching of the heat slabs used to represent

the shroud. A heat Slab is used in each fluid cell but the heat slab model does not allow any

axial subdivisions within a slab. This means that a particular heat slab will quench all at once
!

rather than in a smooth axial progression. This has the effect of causing spikes in the liquid

- and vapor flow rates above the slab. A simulation was therefore performed with the stabs

| replaced by rods. An error found in the equa:lon for calculating the liquid film ccefficient
I

during film boiling was also corrected. The results of a simulation of Run 65 with a code

j containing these modi'ications (as well as those discussed in the previous paragraph) are
'

shown in Fig. A 16. The core outlet liquid mass flow for this case is compared to the results of

a simulation performed with a code that did not include the error correction and substitution of

rods for slabs. Note that the amplitude of oscillations is greatly reduced.

Finally, a sensitivity study was performed to determine the effect of the ISM.

Simulations were performed, with and without the ISM, for the case with slabs Maced with

rods and the error correciion included. These calculations were performed with a later version '

of TRAC, Version 12.2. The results are somewhat better for the calculation with no ISM, The'

prediction of vapor fractions is significantly improved although some oscillation is still

predicted as the cells fill. There is also significant itnprovement in the overall cladding

temperature history, particularly in the time to quench.
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Two sets of simulations were also performod for Hun 75, an experiment wah a much

higher reflood rate. The first set compares the base version of TRAC (Ver.0n 11.9) with a

vere'on contaktirg tho bacic mo11ications but slabs raptcaerain; the shroud Both vwsbna

give good agreemont whh expenmental data up to 100 s but become increasingly poor after

that ;ime. The modified version dows no improvement over the base case other than being

slightly smoother. The second set compares the TRAC base case (Version 12.2) and TRAC

with no ISM These results show a significant change in both the hydraulic and itc nal

predictions when the ISM is e.cluded. The change in hydraulic predictions is towaro the

experimental trends alttough an early spike in the flows causes too much liquid to be carried

out. The change in heat. transfer predictions is also toward the experimental trend up until the

time of quenching in the experiment. The lower quench temperature in the calculations

causes rather late quenching in the to ISM calet'ation.

The author concludes that TRAC.PF1/ MOD 1 with the ISM included is not adequate

to predict the detailed tydraulic behavior observed during the THETIS reflood tests. The

predictions display an oscillatory and discontinuous behavior dominateo by the movement of

i a sharp liquid interf ar? Modifications of the ISM and the interfacial-shear model,in line with

published entrainmur.: %aelations, removes much of the unphysical behavior. A significant

amount of stored metalwork heat cannot be adequately represented by heat slabs in TRAC.

Replacing the slabs by heated rods improves the accuracy of the calculation. The lack of any

axial subdivisions leads to unpj1ysical discontinuities in the heat transfer and related fluid

behavior. Excluding the ISM significantly improves the overall hydraulic predictions altteugh

; some oscillation is still predic4ed.

The author recommends that the interf ace sharpener raodel not be used. Some

code deficiencies were identified. Using rods rather than slabs to represent stored heat in the

core for a reflood situation will largely eliminate oscillations in fluid flow. An error in ths

calculation of a film ocefficent for liquids in film boiling was uncovered. No run sitCstics were

ircluded for this separate effectG assessment.

,

J
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REVIEW OF ICAP REPORT NO. ICSP LP 02 06

A. BASIC DATA

A t. Report informstlon:
i

Author: J. Blanco, V. Lopez Montero, ard J. Rivero

Report Title: Analysis of Loft Experiment LP-02 06 Using TRAC PF1/ MOD 1

Report Number: ICSP LP-02 06

Autt ar's Nationality and Affiliation: Spain, Conse}o de Seguridad Nuclear

Report Date: January 1988.

A 2. Revlower's Name: Norman M. Schnurt

Date of Review: April 1990

A 3. Which code version was use ' ter V m W* calculation: (I:sclude cycle
numbec or version number ans py 995 w Q+ .,vn 5.2.2)*

.

1RAC PF1/ MODI, version not swe.1

A 4. Report CIsssification (Proprietary, or nen.pooprietary, any restrictions.
Section 4.1)*

LOFT members only.

A S. Is this an Integral or separate-effects assessment?

An L tegral assessment.

A 6. Summarize why this a ssessment is being done. (Section 5.2.5 and Table 3)*

Experiment LP-02-6 was the first large-break LOCA carried out in the LOFT f acility

| under the auspices of the Organization for Economic Cooperation and Development (OECD).

This experiment simulated a double-ended offset shear of a commercial PWR main-coolant

pipe, initiated from design-basis bc adary conditions. The purpose of the work discussed in

this report was to assess the ability of TRAC to model this type of accioent. The PWR

phenomena lacluded for tfus assessment are (Table 3 of NUREG 1271) break flow, liquid-

inventory distribution, phase separation, ECC bypass and penetration, core-wide vod and

flow distribution, mixture level in core, mixture level in downcomer, core heat transfer,

quench-front propagation, and asymmetric loop behavior.

* Refers to section or table in NUREG 1271, ' Guidelines and Procedures for the International
Codo Assessment and Applications Program,' April 1987.
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i
|

!

A 7. Provide a list of keywords descriptive of this analysis.

LarDe-break LOCA, LOFT, PWR simulation, TR AC, reflood.

|

B. BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT
'(Include toport page number where Information was found.)

B t. Old the author describe each test tecility and each test used in the analysis? ;

Elsborate. (Section 5.4.5 and 5.5.4)*

The LOFT facility and experiment LP-02 06 are described in some detall (pp. 3 5).

Otagrams of the LOFT system and the vessel are given in Figs.1 ard 2. A chronology of

events for the experiment, operational set points, and initlat cordllions are gNen in Tables 1 ill

A reference to a more complete descrip' ion of the LOFT facility is included.

B 2. The author must identity the experimental dals used for the essessment in

the report. The dats channels used for comparison with code results should

be easy to Identity. It is desirable, but not required, for the author to supply
the very data used in the assessment on hardcopy, floppy, or tape as
specified in NUREG-127t. Has the author done these things? (Section
5.5.3 and 5.3)*

The experimental cata (including flow rates, pressures, dentities, fluid temperatures,

pump speed, and rod temperatures) are given in the report in graphical form (Figs. 3 0,710,

1318, and 24 27). A tape containing the input data was also provided and a complete

description of the tape is included as Apperdix 3.

93. The author must provide an evaluation of the experimental dets uncertainly
or clearly reference where !! may be found. Has this been done? (Section

5.2.t)*
The uncertainty Of the experimental data is not discussed.

B4. Was a base case calculation performed using the unmodllled, frozen code?

Did the author include a clear, explicit figure of the Model? (Section 5.2.2).*
The simulation of the experimert was performed using TRAC PF1/ MOD 1. The

version number is not given. The model is discussed in detail (pp. 6 9) and the noding is

illustrated in Appendix I, Figs.1-4.
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85. The author must supply a copy of the Input deck for one of his transient
calcvIntions on hardcopy, or floppy, or both. Has he done this? (SectIon
5.4.6 and 5.5.1)*

A hardcopy of the input dock is given as Appenuix 1.

86. Were sensitivity studies performed? Were the sensltivlty studies adequately
described? Were all Identitled code deficiencies explicitly described?
(Section 5.2.3, 5.2.5, and 5.4.7)'

A study to determine the sensitivity of rod temperatures to the minimum film-boiling

temperature was discussed in this report. That study was performed using TRAC-

PD2/ MOD 1. The author indicates that those results are also applicable to TRAC.PF1/ MOD 1.

8 7. Were nodsllzstion studies performed? Were the nodalization studies
adequately described? Elaborsla !! necessary. (SectIon 5.2.4)*

No nodalizailon studies were performed. The noding was similar to that used in an

input deck developed at INEL for an earlier analysis of the same experiment using TRAC-

- PD2/ MOD 1. Some changes in the noding were made to reflect rJcent changes in the code.

B B. The report should include run stallstics for at least one transient calculation

using the Unmodllled frozen code. Was this done? If a modified version of

the code was produced, run stallstICs for the same transient calculation

performed with the final version of the modllled code should be included.

Was this done? (Socllon 5.2.5 para. 4, and Table 4 p. 25, and Section

5.4.8)* '

Run stattlics are included for the steady state ard transient simulations.

|

| 89. Were complete references included in the report? (Section 5.4.t0)*

Yes. A total of 11 references are included covering allimportant aspects of this assessment

(p. 20 ard Appendix 11, p. 7).

B 10. Were the objectives satisfied?

Yes. The ability of TRAC to simulate reflood was assessed. Some potential

weaknesses in the code were noted.
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C. DETAILED QUESTIONS

CI. Old the author describe the model nodalltallon, assumptions, etc.? Were

they appropriate? Did the nndailtation follow the Input deck preparation
guidelines found in the TRAC User Guldes? Elaborato if necessary.

(Section 5.4.6)*
The nodalization used in this assessment is described in detail. It is similar to

nodahzation used in a deck developed at INEL for a simulatbn of the same experiment using

TRAC-PD2/ MOD 1. Noding rnodtfications made to the onginal deck are hsted in the report.

The nodalization generally follows guidelines in the TRAC Users Guide. Only four azimuthal

sections were used in the vessel but this appeared to be necessary to reduce the CPU time

to a reasonable level.

C2. Orlefly describe the thermal hydraullc phenomena and the reported code

predictions addressed in the report. If appropriale, describe the

phenomena In the context of thermal hydraulle behavior In the vessel

primary loop, secondary loop, and other phenomena of Interest.

Experiment LP 02 6 was a 200% double-ended cold leg LOCA test carried out at full

power (47 MW). The transient was initiated by opening the quickapening blowdown valves.

The reactor was scrammed on indication of bss of pressure in the intact loop hot leg and the

coolant pumps were tripped at 0.8 s and albwed to coast down until 16.5 s, when they were

disconnected from their flywheels. The system pressure fell rapidly to the saturation pressure

corresponding to the temperature of fluid in the hot leg. The rapid discharge of liquid in the

broken loop caused voiding of the core, a large reduction of heat transfer from the fuel rods,

and a rapid rise in cladding temperatures. Saturated conditions in the broken-loop cold leg -

were reached at about 4 s, accompanied by a reduction in cold-leg break flow. This reduced

flow accompanied by a partial sustaining influence f rom the pumps, produced a partial bottom-

up flow through the core and quenching of rods in the bottom 60% of the core. The intact-

loop cold leg also began to void from about 5 s onward so that the break flow again exceeded

the flow into the vesset and the cora reemptied and the fuel rods heated up again. At about

15 s a top-down flow of liquid through the core began This quenched the top 25 in cf the

central fuel assembly. Flow from the accumulator began at 17.5 s and the HPIS and LPIS

were activated at 21.8 and 34.8 s, respectively. Quenching of the f Jet rods, which began at

about '30 s, was completed very rapidly by the fillir g of the core, with all the fuel quenched at

about 56 s. 01 primary interest in the experiment were mass inventory in the vessel and fuel

rod temperatures.
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C3. || the author has identified new user guldeIInes has he described them
thoroughly? What are they?

The authors suggest that the cell at the bottom of an accumulator tank should be

made as small as possible because when nitrogen appears in the bottom cell of the

accumulator, TRAC.PF1/ MOD 1 aHows it to diffuso into the adjacent accumulator line before

the bottom cell empties.

C4. What user guidelines can you Inter trorn the results described in the report?

The addition of a ctoked fbw modelin TRAC allows a reduction in the number of fluid
cells near a break.

CS, What deficiencies were identitled in the unmodified frozen version of the
Code? (Section 5.2.5 and 5.4.7)*

The minimurnfi!mbolling temperature correlation gives values that are too low, particularly*

for high-pressure, low quality situations.

The condensation model implemented in TRAC PF1/ MOD 1 gives too high aa
,

condensation rate.

C6. Describe the Impact of each identitled code deficiency.

The minimum film boiling te.nporature being ino low causes the code to

underestimate the film coe'ficients in some cases. This causes calculated rod temperatures

to be too high The cory.Hnsation model calculates excessively high condensation rates

during accumulator discharpt This has a significant effect on other system variables.

C 7. What code modIIIcstions were made? What effect dId they have? (Section
5.2.3)*

The sensitivity studies reported in this assessment were performed using

TRAC-PD2/ MOD 2 but are also applicabie to TRAC PF1/ MOD 1. Three different minimum-film-

boiling temperature correlations were tested. The algorithm that gave the best results used

Siegers correlation for pressures below 5 MPa. Above that value, the higher of the minimum

film-bolling temperatures calculated from Siegers and Sakural's cor, elations was used. This

modtlication in the code produced rod temperatures in better agreement with experimental

data than the unmoddled version of the code.

| C B. Run statistics must be provided for the calculation of one transient with the

unmodified frozen code and the fully modified code. Compare and evaluate.
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|

| The run statistics should include a description of the computer and
operating system used to perform sach cal::ulation, and

n. A plot of CPU vs RT

b. A plot of DT vs RT
3c. The value of the " grind time" s [(CPU x 10 )!(C x DT))

Where CPU = Total execution time

RT = Transient time

DT e Total number of time steps

Ca Total number of volumes In the model
The calculations were performed on a CDC 170 Cyber 835. The values of the

above parameters were CPU - 230699 s, RT - 110 s, DT -18563, and C - 336.

The grind time was 37.0 s.

d. Evalusie the acrust tImn step useo. Dio the transient run at the

Courant time step or did the user specify a smaller maximum time
step? Compare the actual tlme step vs transient Ilme and the user

specirled maximum tlme step vs transient time. (Section 5.2.5-para.4,
Table 4-p. 25, and Section 5.4.8)*

The time step was limited by the Courant condition during part of the

calculation.

C

C9. Does the work documented in this report appear to be good and generally
valid or are there fundamental problem with it? (Solicit input of code
developers to answer this question.)

This work represents a valid simulatic,n of an important experiment. The authors were

somewhat limited by the relatively slow speed of the computer used to periorm these

simulations.

C10. What conclusions were drawn in the report? Are they well supported by the
results of the analysis? Elaborate. (Section 5.4.7 and 5.4.9)*

The authors' conclusions were as follows:

The general thermal-hydraulic behavior was correctly predicted. Densities and mass flow.

rates throughout the hot and cold legs for both the broken and intact loops were in very

good agreement with experimental data.
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Some effort is needed in improving the reflood calculations. The minimum film-boiling-*

temperature correlation should be changed to One that gives a higher value for high-

pressure, low-quality situations.

The condensation model used h TRAC PF1 MODI gives condensation rates that are too.

large during accumulator discharge.

These conclusions are consistent whh the results of the simulations. I do not believe,

however, that the authors made a strong case for the second conclusion. Other f actors can

have a significant impact on rod temperatures during reflood. A more comprehenske study

would be necessary to isolate the main weaknesses in the telbod rnodel.

C 11. Report tummary. (This summary will be included in the year end HUREG
report. It should be about 2 to 5 pages long and could include several
figures. A short paragraph description of each facility should be included.
Also include a paragraph summarlzing the baseline results.)

The LOFT facihty simulates the major components and system response of a

commercial PWR during a LOCA. It has a single actke intact loop which simulates the three

intact loops of a commercial four loop PWR during a large-break LOCA. The intac' loop

contains a steam generator, pressurizer, two primary coolant pumps in parallel, and

connecting pipe work, it also has two major measurement stations, one in the hot leg located

just downstream of the vessel connection, and one in the cold leg located a few inches

upstream of the ECCS cold leg injection Junction.

LP-02 6 was a large-break (200%) double ended cold leg LOCA experimer 1. It was

carried out at full power (47 MW) with the primary-coolant pumps tripped at the start of the

transient and allowod to coast down naturally. The experiment was initiated by opening the

blowdown valves. The reactor was scrammed on indication of low pressure and the primary-

coolant pumps were tripped within 1 s. The system pressure fell rapidly to the hot leg

saturation pressure, whereupon the core and upper plenum began to flash as liquid flowed

out of the broken loop hot and cold legs. The tripping of the primary-coolant pumps resulted

in a coastdown of the fluid circulating in the intact loop, but the flywheers inertia caused the

pumps to continue to deliver mechanical energy to the fluid for several seconds so that

sufficient liquid flowed into the downcomer to produce a bottom-up flow through the core

after about 5 s. The core flow temporarily arrested the cladding temperature excursion and

resulted in a quench for the lower half of the core. The bottom-up flow through the core

terminated at about 8 s. The flow in the intact loop hot leg reversed at about 10 s as fluid from

the pressurizer and steam-99nerator hot sidc flowed back to the vessel, producing an

accumulation of riquid in the upper plenum. This was followed by a quench of the upper part
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of the central fuel assembly. This top-down quench began at about 15 s. The cooling

associated with the top-down flow was only temporary, and the core began to heat up again

after about 20 s.

Flow from the accumulator was initiated at 17.5 s at a trip point of 411 MPa The HPIS

and LPIS were activated at 21.8 and 34 8 s, respectivety. The ECCS injection was dominated

by the accumulator until the accumulator flow terminated at about 55 s. During the

accumulator-flow period, the injection of subcooled liquid caused a reduction in local pressure

as vapor condensed into the liquid, laading to a global reduction in pressure as more vapor

flowed toward the injection location. After the injection line was cleared, nitrogen flowed into

the intact loop cold leg and the condensation terminated. The accumulator nitrogen caused

an increase in the cold leg pressure of about 0.2 MPa. This forced the bulk of the liquid in the

intact loop cold log and at the top of the downcomer down through the downcomer and lower

plenum and into the core. The surge of liquid into the core occurred between about 53 and

60 s and resulted in most of the cote being tilled with hquid. The fuel rods were completely

quenched at about 56 s. The input deck used for the simulation of experiment LP 02 6 is

similar to an input deck produced at INEL and used for a TRAC PD2/ MOD 1 calculation. The ,

simulation accurately reproduced most of the general thermal hydraulic behavior. Predctions

of rod temperatures are not as accurato, however. Centertine and cladding temperatures at a

height of 0.647 m are shown in Figs. A 17 and A 18. The centerline temperature predictions

(Fig. A 17) are in fair agreement with the data, although there are differences in excess of i

300 K at t - 70 s. The cladding temperature predictions (Fig A 18) fall to simulate either the

initial or se<ondary quench accurately. This may be caused partly by the effect of the extemal

thermocouples on the quenching process. TRAC did not include an extemal thermocouple

model to simulate this effect. The authors also believe that the minimum film-boiling

temperature correlation in the code gives too high a value for high-pressure, low quality

situations.
'

One user guideline was proposed, The authors suggest that the cell at the bottom of

an accumulator tank should be made as small as pcssible because when n!trogen appears in

the bottom cell of the accumulator, TRAC PF1/ MODI allows it to drtfuse into the adjacent

accumulator line before the bottom cell empties. Two code deficiencies were identified:

(1) the minimum-fihTFboiling-temperature correlation gives values that are too low, particularly

for high-pressure, low quality situations, and (2) the condensalbn rnodel implemented in

TRAC-PF1/ MOD 1 gives a condensation rate that is too high.

The assessment included the following information on run statistics. The total CPU

time on a CDC 170 Cyber 835 for a 110-s simulation was 64.1 h. The average time step was

5.93 x 10-3 . The grind time was 37 s.s
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REVIEW OF ICAP REPORT NO. ICSP LP FP 1

A. BASIC DATA

A 1. Report Information:

Author: F. J. Barbero

Report Thie: TRAC PF1 Code Assessment Using OECD LOFT LP FP-1

Experiment

Report Number: | CSP LP FP 1

Author's Nationsilly and Afl!!Intion: Spain, Conse)o de Seguridad Nuclear

Report Oste: July 1980.

A 2. Reviewer's Name: Norman M. Schnurr

Defe of Reviewt - April 1990

A 3. Which code version was used for the baseIIne calculation: (include cycle
number or v2rsion number and any updates. Section 5.2.2)*

TRAC PF1/ MOD 1 Version 11.0 running on a CDC Cyber 830.

A 4. Report Classification (Proprietary, or non proprietary, any restrictions.
Section 4.1)*

LOFT members only.

A 5. Is this an integral or separate effects assessment?
An integral assessment.

!

A 6. Summarize why this assessment is being done. (Section 5.2.5 and Table 3)*

L LOFT experiment LP.FP 1 was a fission-products release test. It simulated a large-

! break LOCA in the cold leg wah dolayed ECC injection to allow pin rupture and fissionproduct

I release. The objectives of this assessment were to determine the ability of TRAC PF1/ MODI

to predict the thermal hydraults and core response and to determine the fission product-

retention effectiveness of the ECCS operating in the mode of a German ECCS, The PWR

phenomena included for this assessment are (Table 3 of NUREG 1271) break flow, liquid-

inventory distribution, phase separation, ECC bypass and penetration. core-wide void and

* Refers to section or table in NUREG 1271. * Guidelines and Procedures for the International
Code Assessment and Applications Program," April 1987,

i
'
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tiow distribution, mixture level in core, mixture level in downcomer, core heat transfer,

quench front propagation. and asymmetric loop behavior.

A 7. Provide a list of keywords descriptive of this analysis.

Large43reak LOCA, LOFT, PWR simulation, TRAC, fission product release.

D. BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT
(include report page number where information was found.)

S t. Did the author describe each test facility and each test used in the analysis?
Elaborate. (Section 5.4.5 and 5.5.4)*

The LOFT facility and experiment LP FP 1 are described in some detail (Section 2).

Diagrams of the LOFT system are given in Figs. 2.1 and 2.2. Details of the reactor vessel are

illustrated in Figs. 2.3 2.6. Details of the accumulator system are shown in Figs. 2.7 and 2.8.

Locations of all instrumentation are shown in Figs. A 1 to A-5. Initial conditions for the

experiment are given in Table 2.1. Operational set points are given in Table 2.2. A reference

to a trore complete description of the LOFT tacikty is also included.

02. The author must Identi'y the experimental data used for the assessment in

the report. The data channels used for comparlson with code results should

be easy to identity. It is desirabic, but not required, for the author to supply
the very data used in the assessment on hardcopy, floppy, or tape as

. Jyecified in NUREG 1271. Has the author done these things? (Section

3.5.3 and 5.3)*

The experimental data (including flow rates in hot and cold legs of the broken and

intact loops, upper plenum pressure, densities, and rod tenveratures) are given in the report

in graphical form (Figs. 4.1, 4.2, 4.4 4.9, 4.19, and 4.20). The sources of the data are

referenced.

03. The author must provide an evaluation of the experimental data uncertainty

or clearly reference where it may be found. Has this been done? (Section

5.2.1)*
The uncertainty of the experimental data is not discussed, initial conditions listed in

Table 2.1 are given with tolerances troniwhich data accuracy rnay be inferred.

84. Was a base case calculation performed using the unmodilled, frozen code?

Did the author include a clear, explicit figure of the Model? (Section 5.2.2).*
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The simulation of the experiment was performed using TRAC PF1/ MOD 1, Version

11.0. The modelis discussed in detail in Section 3 and the noding is illustrated in Fgs. 3 4-

3.6.

85. The author must supply a copy of the input deck for one of his transient

calculations on hardcopy, or floppy, or both. Has he done thIs? (Section
5.4.6 and 5.5.1)*

Hard copies of the input decks for the steady-state and transient calculations are

given in Tables 3.2 and 3.5.

B 6. Were sensltivity studies performed? Were the sensitivity studies adequately
described? Were all Identitled code deficiencies expIlcIlly described?
(Section 5.2.3, 5.2.5, and 5.4.7)*

No sensitivity studies were performed.

87. Were nodalization studles performed? Were the nodalization studies
adequately described? Elaborate 11 necessary. (Section 5.2.4)*

No nodalization studies were performed.

88. The report should include run statistics for at least one translent calculation

using the unmodified frozen code. Was this done? If a modified version of

the code was produced, run statistics for the same transient calculation
performed with the final version of the modIIIed code should be included.
Was this donti? (Section 5.2.5 - para. 4, and Table 4 p. 25, and Section
5.4.0)*

Run statistics are given in Section 5.

89. Were complete references included in the report? (Section 5.4.t0)*

Yes. A total of 9 references are included covering all important aspects of this
assessment.

B10. Were the objectives satistled?

The stated objectives were to predict thermal hydraulic and Core thermal response for
s experiment LP-FP-1 and to determine the fission product retention effectiveness of the

ECCS. The first objective was satisfied. The second could not be completely satisfied
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becausu the code cbes not track fission products. Sorne qualitative results were obtained in

the form of velocity vectors in thJ region of fission product release.

C. DETAlLED QUESTIOND
C 1, Old the ruthor describe the model nodallistion, assumptinns, etc.? Were \

they approprinte? ()Id the nodallzstion follow the input deck preparation
guidelinos found in the TRAC User Guides? Elsborute it necessary.

(Section 5.4.6)*
The nodalization used in this assessrr.ent is described in detail. It is nearly identical to

the noding used in AEEW R 2288. The nodalization generaly follows the TRAC User's

Guide guidelines. Only four azimuthal sections were used in the vessel but this appeared to

be necessary to reduce the CPU time to a reasonable level for the computer used.

C2. Brleily describe the thermsIhydraullc phenomens and the reported code
predictions addressed in the report. It appropriate, describe the

phenomens in the context of therms! hydraullc behnylor in the vessel
primary loop, secondary loop, and other phenomens of Interest.

'

Experiment LP FP 1 was a fission-products release test. It simulated a large break

LOCA in the cold leg with ECC injection delayed long enough to allow pin rupture and fission-

product release from 24 fuel rods that were enriched to 6% U235 and prepressurized at cold

conditions. The transient phase of the experiment started with reactor scram followed by the

opening of the OOBVs. The primary coolant system quickly depretsurized to saturation

pressure. A bottom-up partial core quelch occurred between 6 and 7 s followed at 12 to 18 s

by a total top 4own quench of the central fuel assembly. The cold leg OOBV was closed at

68 s, forcing all break flow out the cold log and core flow from bottom to top. A sustained

heatup of most of the core started at 90 s, resulting in the rupture of some of the enriched fuel

rods beginning at 325 s. The ECCS was initiated at 344 s and the entire core was quenched

by 365 s. Of primary interest in the experiment were the system thermal hydraulics, core

thermal response, and the fission product retention effectiveness of th 'CS.

C3. It the sulhor has identIIIed new user guldeIInes has he described them
thoroughly? What are they?

No new user guidelines were identNied.
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C4. What user guldelines can you Inter trorr. the results described in the toport?

A suff6cient nurnber of azimuthal sectors must be used in the core to accurately

predict asymmetrical effect?

C5. What deficiencies were Identitled In the unmodllled frozen version of the
code? (Section 5.2.5 and 5.4.7)*

No code deficiencies were identified. Inaccuracies in rod temperature calculations

may, towever, be caused by lack of a sufficiently detailed ref bod model.

C6. Describe the Impact of each identitled code deficiency.

MOD 1 did not contain a reflood model. The fine. mesh option used at that time may

not have given sufficiently close spacing to accurately predict cladding temperaturcs.

C T. What code modificat|ons were mads? What effect did they have? (Section

5.2.3)'
,

No code modifications were made in this assessment.

CO. Run statistics must be provided for the calculation of one transient with the
'

unmodllled frozen code and the fully modllled code. Compare and evaluate.

The run statistics should include a description of the computer and
operating system used to perform nach calculation, and

n. A plot of CPU vs RT

b. A plot of DT vs RT
3c. The value of the * grind time * a ((CPU x 10 )/(C x DT))

Where CPU s Total execution time

RT a Translent time

DT = Total number of time steps

Ca Total number of volumes in the model
The calculations were performed on a CDC Cyber 830, The values of the

above parameters were CPU = 1200000 s, RT = 400 s, DT = 37500, and C - 302.

The grind time was 106.0 s.

d. Evaluate the actual time step used. DId the transient run et

the Courant time step or did the user specify a smaller

maximum time stept Compare the actual time step vs

translent time and the user specified maximum time step vs
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translent ts:ne. (Section 5.2.5 pars.4, Table 4 p. 25, and

Section 5.4.8)*
,

The time step was limited by the Courant condition for the entire calculation.

The time step profile shows values mostly in the range of 10 to 25 ms.

C9. Does the work documente:. in this report appear lo be good and generally
valid or are there fundamental problems with it? (Solicit input of code
developers to answer this question.)

This work represents a valid simulation of an irnportant experiment. The work was

severely handicapped, however, by the relatively slow computer used to perform the

calculations. The entire transient simulation required 333 hours of CPU. It was therefore

impossible to do any meaningful sensitivity or nodalization studies. The lack of a fission-

ydoct tracking capabikty in TRAC made it impossible to determine the retention

effectiveness of the ECCS. The expansiors of tne fuel rods and resutting blockage of the flow

tubes cannot bo sirnulated by TRAC. The fiow pattom calculated in the portion of the ecte

where fission product release occurs are therefore questionab'e.

C 10. What conclusions were drawn in the report? Are they well supported by the
'

results of the analysis? Elaborate. (Section 5.4.7 and 5.4.9)*

The authors' conclusions were as follows:

The pressures, mass-flow rates, and densities were accurately predicted during*

blowdown.

TRAC cannot simulate observed initial quenches and final quench time.*

Good agreement is fourd between calculated and measured cladding temperatures for-

the 4Wenriched rods in the central fuel assembly.

Flow pattems during the rod-rupture period show two post,ble paths for fission products*
,

in the liquid phase.

These conclusions are generally consistent with the results of the simulations. I do not

believe that the flow pattems can be accurately calculated during rod rupture, however,

because the code does not simulate the blockage of the flow tubes caused by the expanding

cladding.

C 11. Report summary. (This summary will be included in the year end NUREG
report. It should be about 2 to 5 pages long and could include several-
figures. A short paragraph description of each facility should be included.
Also include a paragraph summariting the baseIIne results.)

,
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The LOFT facility simulates the major components and system response of a

cornmercial PWR during a LOCA. It has a single active intact bop which simulates the three

intact loops of a commercial four loop PWR during a large-break LOCA. The intact bop

contains a steam generator, pressurizer, two primary-coolant pumps in parallel, and
'

connecting ploe work, it also has two major measurement stations, one in the hot leg beated

just downstream of the vessel connectbn, and one in the cold leg located a few inches

upstream of the ECCS cold leg injection Junction.,

Experiment LP FP.1 is a fission products release test. The experiment simulates a

large break LOCA in the cold leg whh delayed ECC injectbn to albw pin rupture and fission-

product release. The core consists of 1300 enriched (4% U235) uranium fuel rods. For this

experiment,24 of the rods were enriched to 6% and were prepressurized at cold conditions

to 2.41 MPa. The transient phar a of the experiment started with reactor scram followed by

the opening of the OOBVs. The p.1 mary coolant system quickly depressurtzed to saturation

pressure. A bottom-up partial core quench occurred between 6 and 7 s followed at 12 to 18 s

by a total top-down quench of the contral fuel assembly. The cold-leg OOBV was closed at 68

s, forcing all break flow out the cold leg and core flow from bottom to top. A sustained heatup

of rnost of the core started at 90 s, resulting in the rupture os sorne of the enriched fuel rods

beginning at 325 s. The ECCS was inhiated at 344 s and th) entire core was quenched by |
365s.

The simulation of this exper! ment accurately reproduced the thermal hydraulic

behavior during the blowdown phase. There is also good agreement between calculated and

measured cladding temperatures for the 4% enriched rods in the central fuel assembly. The

predicted temperatures of the 6%-enriched rods which undergo quench during the

blowdown phase are in f air agreement with experimental data. For the remaining 6Wenriched

rods, the predicted temperatures are too high. The author suggests that quenching may be

prevented by the minimum stable film boiling temperature (MSFBT) used in the code.

An attempt is made to predict paths the fission p cducts might follow based on flow

directions in the vessel during the rod-rupture period. 70ere is some question about the|

accuracy of the flow calculations in this region, howevet, bec3use the code does not account

! for the severe changes in flow channel dimensbns caused by swelling of the roos. The code

| does not have the capability to track fission products.
,

No user guidelines were proposed and no code deficiencies were explicitly stated.;

| The assessment included the following information on run statistics. The total CPU time on 't

CDC Cyber 830 for a 400-s simulation was 333 h. The average time stop was 10.6 x 10 3 *s

The grind time was 106 s.
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REVIEW OF ICAP REPORT NO. SETh/LEML/89-165

A. BASIC DATA

A 1. Report Informstlon:

Author 8. Spindler ard M. Pellissier

Report Tit /s: Assessment of TRAC-PF1/ MOD 1 Versbn 14,3 Using Components

Separate Effects Experiments

Report Number: SETh/LEML/89165

Author's Nationality and Attillation: France, Centre D' Etudes Nucleaires

de Grenoble, Service d' Etudes

Thermohydrauliques.

Report Date: March 1989

A 2. Rev/ ewer's Name: Norman M. Schnurr

Date of Review: May 1990

A 3. Which code version was used for the baseline calculation: (Include cycle
number or version number and any updates. Section 5.2.2)*

TRAC PF1/ MOD 1 Version 14.3

A 4. Report Classification (Proprietary, or non proprietary, any restrictions.
Section 4.1)*

Restricted to the organizations or the persons to whom the report is addressed.

A S. Is this an Integral or separate effects assessment?
Separate effects assessment.

A 6. Summarize why this assessment is being done. (Section a.2.5 and Table 3)'

Separate-effects assessments are periormed using data from EPIS-2 simulating the

behavior of an emergency core cooling (ECC) system and from PATRICIA SG1 simulating the

behavior of a U-tube of a steam generator in accident conditions. These calculations assess

the ability of TRAC to simulate some of the important phenomena that take place in specific

components in a nuclear power plant under emergency conditions.

*

Refers to section or table in NUREG 1271, * Guidelines and Procedures for the International
Code Assessment and Applications Program," April 1987.
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A 7. Provide a list of keywords descriptive of this analysis.

TRAC, ECC in}ection, vapor generation.

B. BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT
(loclude report page number where informstlon was found.)

B 1. Old the author describe each test facility and each test used in the analysis?
Elsborste. (Section 5.4.5 and 5.5.4)*

The EPIS 2 test facility is described on p.15. A schematic diagram of the system is
lO ven in Fig. 2.1. The PATRICIA loop is described on p. 30 and a diagram of the test section is

given in Fig. 3.1.

B2. The author must identify the experimental dets used for the assessment in
the report. The dsts channels used for comparison with code results should<

be easy to identity. It is desirable, but not rcquired, for the author to supply
the very dsts used in the assessment on hardcopy, floppy, or tape as
specified in NUREG 1271. Has the author done these things? (Section
5.5.3 and 5.3)*

The experimental data (including pressures, temperatures, and void fractions) are

given in the report in graphical form (Figs. 2.4 2.8 for EPIS-2 and Figs. 3.4 3.10 for PATRICIA-

SG1). The sources of the data are referenced.

B 3. The sulhor must provide an evaluation of the experimental dsts uncertainly
or clearly reference where It may be found. Has this been done? (Section
5.2.1)*

The uncertainties of the pressure, temperature void fraction, and flow rate

measurements for the EPIS tests ars discussed on pp.16 and 17. The accuracy of pressure-

drop measurements for the PATRICIA loop is given on p. 31.

B4. Was ;rse casa calculation performed using the unmodllled, frozen code?

Did the author include a clear, expIIcit figure of the Model? (Section 5.2.2).*
The base-case simulations were performed using TRAC-PF1/ MOD 1, Version 14.3.

The models are discussed on pp.1718 and 32 33 and noding diagrams are given in Figs. 2.2L

L and 3.2.

!
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B5. The author must supply a copy of the Input dock for one of his translent
calculations on hardcopy, or floppy, or both, Has he done this? (Section

5.4.6 and 5.5.1)*
Hard copies of the input decks for the two test rigs are gNen on pp. 26-28 and 45-49.

B 6. Were sensitivity studies performed? Were the sensitivity studies adequately
described? Were all identIIIed code deliciencles explicitly described?
(Section 5.2.3, 5.2.5, and 5.4.7)*

The sensitkity of the existence of oscillations to upstream volume size was studied

for the EPIS 2 lests (p. 23). The sensitivity of pressure drop to the friction factor model

(NFF=1 or 2) was studied for the PATRICIA SG1 tests /p. 39).

87. Were nodalization studies performed? Were the nodalization studies
adequately described? Elaborate Il netostory. (Section 5.2.4)*

Nodalization studies were carried out for both cases. The results of these studies are

discussed on pp. 22-23 and 38.

B 8. The report should include run stallstics for at least one translent calculation
using the Unmodllled frozen code. Was lhls done? If a modified vers'on of

the code was produced, run statistics for the same translent calculation

performed with the final version of the rnodilled code should be included.

Was this done? (:ection 5.2.5 para. 4, and Table 4 p. 25, and Section

5.4.8)*
Run statistics are given on pp. 22 and 38.

B C. Were complete references included in the report? (Section 5.4.10)'

A total of four references are given including sourcer for test descriptions and

experimentat data.

B 10. Were the objectives satisfied?
,

'
The stated objectives were to present results of the code simulations and

comparisons with experimental data for tests selected from the EPIS 2 and PATRICIA SG1

experiments. This was done and some code deficiencies were identified.
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C. DETAILED QUESTIONS

C t. Did the author describe the model nodsflzstion, assumptions, etc.? Were

they appropriate? Did the nodalization follow the Input deck preparation
guidellnes found In the TI'AC User Guidest k?laborate 11 necess'

(Section 5.4.6)*

The nodalization used in this assessment is described in detalt. The nodalization for

both the EPIS and PATRICIA experimental rigs conforms to the TRAC manual guidehnes.

C2. Briefly describe the therms! hydraulle phenomens and the reported code
predictions addrassed in the report. If appropriate, descilbe the

' phenomens In the context of thermal. hydraulic behavior in the vessel
primary loop, secondary loop, and other phenornens of Interest.

EPIS 2 simulates the ECC injection system in the cold leg of a PWR. The cold leg is

simulated by a horizontal pipe 9.13 m long with an inside diameter of 23 mm. Two pipes

connected to the cold leg are used to simulate accumulator injection and pump injection.

During a test, vapor flows through the cold leg at a given rate and water is injected at a

specified rate which may vary with time. Pressures, temperatures, and void tractions are

measured at various k> cations along the test section and steam and water flow rates are

measured as functions of time. Hydraulic effects such as mixing, condensation, clug
'

formation, and pressure oscillations are of primary interest.

The PATRICIA experiments simulate the U tube of a steam generator. Water flowing

in the tube simulates the primary circuit. The secondary circuit is simulated by the flow of an

organic fluid in the annulus around the tube. In some of the tests a noncondensable gas

(nitrogen) was injected in the primary circuit upstream of the test section. The pressure drops

and heat transfer in the primary circuit for accident conditions are rnportant phenomena.

:

; C3. If the author has identitled new user guldeIInes has he described them
i thoroughly? _ What are they?

No new user guidelines were identified.

C4. What user guidelines can you Inter from the results described in the report?

The use of a relatively coarse mesh, consistent with acceptable accuracy, is

preferable in situations where water packing may occur because it reduces the pressure
peaks.

>

r
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C5. What deficiencies were idenillied In the unmodllled trozen version of the
code? (Section 5.2.5 and 5.4.7)* |

The condensation tro.iel used in Version 14.3 of TRAC PF1/ MOD 1 was judged to !
be unsatisfactory for the EPIS 2 calculations. This model cbes not give accurate results in I

situations where the 8:.gected Iquid is in the form of a jet because the code assumes a bubble j

flow regime and o'satly overestimates .he interfacial area. The use of the annular model !

f riction f actor (NFF - 2) gives significant errors over a wde range of conditions.

C 6. Describe the Impact of each identitled code deficiency.

The condensation model overestimates the interfacial area for cases where liquid

water is injected as a jet. The result was an overprediction of cordensation rates for the EPIS-

2 simulations. The use of NFF - 2 caused an overprediction of pressure drops in '.he primary

circuit for the PATRICIA-SG1 tests.

C 7. What code modificellons were made? What ellect did they have? (Section

5.2.3)*
No code modifications were made in this assessment.

CB. Run statistics must be provided for the calcu!ction of one transient with the

unmodllled frozen code and the fully modIIIed code. Compare and evaluate.

The run statistics should include a description of the computer and
operating system used to perform each calculation, and

a. A plot of CPU vs RT

b. A plot of OT vs RT
3c. The vaIUe of the '' grind time" a [(CPU x 10 )/(C x DT))

Where CPUc Total execution time

RT s Transient ilme

DT = Total numbar of time steps

Ca Total number of volumes In the model
The calculations were performed on a Cray XMP 2800 computer. The CPU

times per cell per time step were 1.3-18 ms for EPIS-2 and 0.9-1.0 ms for PATRICIA-

SG1. Grind times were in the range of 1.351.76 s for EPIS 2 and 0.871.09 s for

PATRICIA SG1.

d. Evaluate the actual time step used. DId the translent run at the
Courant time step or did the user specify a smaller maximum tlms
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step? Compare the actus; slme step vs translent Ilme and the user

specIlled maximum time step vs translent time. (Section 5.2.5 para.4,
Table 4 p. 25, and Section 5.4.8)*

The time step was limited by the Courant condibon for the first 20% of the

simulation for the EPIS 2 simulations a:d by a user specified maximum value for the,

rest of the calculation. The PATRICIA SG1 simulations were also limited by a user-

specified rnaximum time step for some portion of the calculation.

C9. Does the work documented in this report appear to be good and generally
valid or are there fundamental problems with It? (Solicll input of code

developers to answer this question.)

The simulations performed in this assessment give some insight into the ability of

TRAC in analyzing ECC injection and the performance of steam generators. The work was

well conceived and executed. Nodalization studies and a limited number of sensitivity studios

were performed. The only serious limitation was an inability to model the secondary heat

transfer in the PATRICIA-SG1 tests because an organic fluid was used in the experimenis and

TRAC does not include thermodynamic and transport property data for that fluid The power

extracted from the primary circuit was ussd as a boundary condition.

C10. Whst concitrsions were drawn in the report? Are they well supported by the
results of the analysis? Elsborste. (Sectlon 5.4.7 and S.4.9)*

The authors' conclusions were as fotws:

EPIS 2 simulations

The condensation rnodel in TRAC was not satisfactory fer simulating these tests. This is*

probably caused by an overprediction of interfacial area for liquid injection in the form of a

jet.

Pressure profiles are not well predicted..

The temperature at the outlet is overpredicted for tests with oscillations..

PATRICIA SGt simulations

Steady state is reached for tests with high mass-flow rates but not for tests with low mass-.

flow rates.

The pressure drops for > Ine test section are generally well predicted.*

The results of the c61e mons are rather insensitive to nodalization.*

Pressure drops were largely overpredicted with the u;.e of the friction factor option+
,

I- NFF-2. This option is not recommended.

These conclusions are consistent with the results of the simulations.
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b

l

C11. keport summary. (This summary will be included in the year-end NUREG
rvport. It should be about 2 to 5 pages inng and could include several
figures. A short paragraph (*9scripilon of each facility should be included.
Also include a pansgraph summarizing the basellne resulls.)

The EPIS-2 experiments sirnulato the ECC injection system in the cold leg of a PWR,

The cold leg is simulated by a horizonta; pipe 9.13 m long with .1n inside diameter of 28 mm.

Two pipes connected to the cold leg are used te simulate accumulator injection and pump

inj6ctior:. During a test, vapor flows through the cold le' 11 a given rate and water is injected at

a specified rate which may vary with time. Local pressuns, temperatures, and void fractions,

and steam ard water mass-flow rates were measured as functions cf time.

Tests were performed within four series covering a wide range of parameters. The

tests selected for the TRAC simulations were chosen from the last series of tests, which is the

most reliable. Test 81.23 corresponds to a stable regime. Test 80.19 corresponds to a large-

oscillation regime with a liquid plug passing alternately upstream and downstream of the

injection point. Test 85.14 is in a small-oscillation regime with the liquid front not passing

Lpstream of the injection point.

The cold leg was modeled with the primary side of a TEE component with the

secondary side modeling the injection pipe. The upstream end of the primary side was

connected to a PLENUM simulating the volume preceding the cold leg. The downstream

end of the TEE was cormected to a BREAK simulating the outlet of the test section where the

back pressure is imposed. A FILL component, connected to the secordary side of the TEE,

was used to provide the liquid-injection rate.

/, comparison of the experimental pressure distribution at steady state 10 the.

predicted by TRAC for Test 81.23 is shown in Fig. A-19. The measured pressure exhibits a ;

pressure increase near the injection point caused by condensation and vapor deceleration

followed by an increase attributed to liquid acceleration downstream of the injection point.

The predicted pressure shovis only the sharp decrease. The code does, however, accurately

predict the liquid and vapor temperatures.

In Test 80.19 a plug immediately fonTied and oscillated with a period of about 0.6 s.

The code predicted an oscitating plug with a period of 0.7-1.0 s but the simulation eventually

;dled because ths 7inimum-time-step limitation was reached caused by a water-packing

effect.

Test 85.14 had a Iquid-injection flow rate about 3 times that of test 80.19. The results

of the simulatione for this case showed osci!!ations with a period much larger than the data.

The amplitude 6f the oscil ations was approximately twice that of the data.
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The authors conclude that the condensation modelin TRAC was not satisfactory for

these tests. This is probably caused by an overpredaction of interfacial area for a case where

liquid injection is in the form of a jet. They also note that the use of the water packing option

sometimes causes a sharp reductiori in the time step. Nodalization studies show httle

difference in results for the range of cell lengths from 0.1 to 3.0 m. They recommended a

relatively coarse mesh. A study of the sensitivity of the pressure distribution to the volume of

the upstream plenum indicated that the period of the oscillations increases and the '42. ude

decreases as the upstream volume size is increased. This is in goalltat&e agreems i s 'a ' e

experiments. Grind times for these calculations were in the range of 1.35-1.76 s.

The PATRICIA experiments simulate the U-tube of a steam generator. Water flowing

in the tube simulates the primary circuit. The secondary circuit is simulated by the flow of an

organic fluid in the annulus around the tube. The test section is divioed into four sections,

each having an independent secondary circuit. Pressure drops across the test cection are

measured with a manometer. Temperatures in the primary circuit are measured with

thermocouples located in the connection pieces between segments.

About 600 tests were performed. Six raries of tests la total of 85 tests) were sel.,cted

for TRAC simulations. Twenty nine of these tests included the injection of a noncondensable

gas. Each pad of the test section is modeled with a P1PE component. Four nodes are used in I

the walls and experimentally measured power is extracted at the external node to simulate the

secondary aide of the steam generator. The first PIPE cornponent is connected to a FILL

where the inlet condit; 's are imposed and the last PIPE is connected to a BREAK

component where the back pressure is specified. An entire series of tests was simulated in

one run using a 10 s ramp in the boundary conditions. These conditions were then

maintained for 250 to1000 s to reach an equilibrium state. Steady state was reached for most

of the runs, although oscillations with small pressure 4 rop variations occurred in some cases.

For the series of tests with a noncondensatne gas, steady state was not reached and this

series was abando7ed.

The TRAC predictions are reasonably good for most calculations. Exceptions are for

a series of runs at high void fractions. This is attributed to the fact that TRAC uses a

homogeneous wall shear stress model whereas the flow is rather annular at large void

| fractions. In cases ' 'ith countercurrent flow, the pressure drops are too low in the first and

second segments, L it good in the third and fourth parts of the test section, where there is

little liquid. Thermal resistances calculated by TRAC are in poor agreement with measuredy

i - values. These discrepancies are attributed to the poor accuracy of the temperature
measurements.j
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A nodalization study for th!s apparatus indicates little eNect for the range of cell sizes

studied.' The sensitivity of pressure drops to the friction factor option was also performed.

Most calculations were performed using NFF-1. Calostations using NFF=2 were found to

larply overpredict the pressure drops. The use of that option was not recommended. Grind

times for these cakulations were in the range of 0.87 to 1.09 s.

|
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Fig. A-19. Steady state pressure distributions for EPIS-2, Test 81.23.
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REVIEW OF ICAP REPORT NO. Strathclyde-SB291, Phase 1

A. BASIC- DATA

. A 1. Report Information:
Aubor: . W. M. Dempster, A. M. Bradford, T. M. S. Callender, H. C. Simpson

Report Title: An Assessment of TRAC PF1/ MOD 1 Using Strathclyde 1110 Scale

Model RefillTests

. Heport Number: Contract RK:1642 Job No. SB291, Phase 1.
.

Author's Nationality and Affiliation: United Kingdom, University of

Strathclyde, Department of

Mechanical and Process Engineering.

. Report Dato: None

A 2. Reviewer's Name: Norman M. Schnurt

Date of Review: June 1990

A 3. Which code version was used for the baseline calculation: (include cycle
number or version number and any updates. Section 5.2.2f

Winfrith modified code 805 and version 803 rnodified by D. M. Tumer. -

A 4. Report Classification (Proprietary, or non proprietary, any restrictions.

Section 4.1)*
Restricted to the organizations or the persons to whom the report is addressed.

. A S. Is this an integral or separate-effects assessment?

Separate-effects assessment.

A 6. Summarize why this assessment is being done. (Section 5.2.5 and Table 3)*

The purpose of this work is to assess the capabilities of TRAC PF1/ MOD 1 to simulate

the conditions existing in the vessel downcomer during the refill phase following a large-break

LOCA.

A 7. ^ Provide a IIst of keywords descriptive of this ,snalysis.

Refers to section or table in NUREG-1271, " Guidelines and Procedures for the Intemational
Code Assessment and Applications Program," April 1987.
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TRAC, ECC injection, LOCA, refill, downcomer penetration, bypass.

B. BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT
(include report page numbel where Information was found.)

B 1. Old the author describe each test facility and each test used in the analysis?
Elaborate. (Section 5.4.5 and 5.5.4)*

The Strathclyde 1/10-scale facili'y is described on pp. 2 3 and is illustrated in Figs.

2.12.4. The test procedure is discussed on pp 3-5. Conditions for the four tests cov red by
this report are summarized in Table 4.1

B2. The author must identily the experimental data used for the assessment in
the report. The data channels used for comparison with code results should

be easy to identity. It !S desirable, but not required, for the author to supply
the very data used in the assessment on hardcopy, floppy, or tape as
specifIed in NUREG 1271. Has the author done these things? (Section
5.5.3 and 5.3)*

The experimental data include inlet steam (or air) flow rate, injected water flow rate,

water inventory in the lower plenum, and various temperatures, pressures, and pressure

differences in the lower plenum. Mass-flow rates are given in graphical form in Figs 5.1,5.2,

5.4,5.5,5.8,5.9,5.11,5.12,5.15, and 5.17. All data are 1aken from the Strathclyde test data

bank.

B 3. The author must provide an evaluation of the experimental data uncertainty
or clearly reference where it may be found. Has this been done? (Section,

5.2.1)*
The uncertainty of the experimental data was not disaJssed.

B4.
..

Was a base case calculation performed using the unmodllled, frozen code?

Old the author include a clear, expIlcit figure of the Model? (Section 5.2.2).*
The base <.ase simulations were performvd using the Winfrith rnodified code B05.

The models are discussed on pp. 5-6 and noding diagrams are given in Figs. 3.1-3.3.

B 5. The author must supply a copy of the input deck for one of his translent

calculations on hardcopy, or floppy, or both. Has he done this? (Section
5.4.6 and 5.5.1)"

The input deck is not included in this assessment.
l
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66. Were sensitivity studles performed? Wern the sensitivity studies adequately

described? Were all Identified code deIIclencies explicitly described?
(SectIon 5.2.3, 5.2.5, and 5.4.7)*

A sensitivity analysis of the interf acial drag rnodel is included (pp.1416). The

identified code deficiencies wers clearly described.

B 7. Wera nodalization studles performed? Were the nodalization studles
adequttely described? Elaborate 11 necessary. (Section 5.2.4)*

Nodalization stedies are not performed in this assessriient but were performed in

Phase 2 of this project. The Phase 2 report is among the assessments to be reviewed during

FY 1990.

88. The report should include run statistics for at least one transient calculation
using the unmodifled frozen code. Was this done? 11 a modllled version of
the code was produced, run statistics for the same translent calculation
performed with the final version of the modified code should be included.
Was this done? (Section 5.2.5 - para. 4, and Table 4 - p. 25, and Section

5.4.8)*
Run statistics are not included for this separate-effects assessment.

B 9. Were complete references included In the report? (Section 5.4.10)*

A''tal of 11 r ferences are given covering allimportant aspects of the work.

B10. Were the objectives satistled? -

The stated objective was to assess the ability of TRAC to simulate conditions existing

in a vessel downcomer during the refill phase of a large-break LOCA. This was done and

some code deficiencies were identified.

C. DETAILED QUESTIONS

C1. Did the author describe the model nodalization, assumptions, etc.? Were

they appropriatc? Did the nodalization follow the input deck preparation

guidelines found in the TRAC User Guides? Elaborate if necessary.

(Section S.4.6)*
The nodalization used in this assessment is described in detail. The number of cells

and their distribution are similar to the nodalization used in TRAC !arge-plant calculations that

have been recently carried out in the UK and conform to guidelines given in the TRAC-
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PF11 MOD 1 Users Guide. The suitability of this noding for refill conditions is determined in
'

Phase 2 of this project.

C2. Briefly describe the thermalhydraulic phenomena and the reported code
predictions addressed in the report, it appropriate, describe the

phenomena In the context of thermal hydraulic behavior in the vessel
primary loop, secondary loop, and other phenomena of Interest.

The Strathclyde experiments simulate the refill stage of a double-ended cold-leg-

break LOCA in a PWR. The reactor vessel includes four hot legs and four cold legs. Two of

the hot legs are used to supply steam (or air) to the core. Three of the cold legs are used as

ECC-injection points and the fourth represents the broken leg. A particularly critical phase of

the transient may occur when ECC water is prevented from entering the vessel due to an

opposing flow of steam originating from the core intact loops. This phase of the transient,

known as the refill phase, includes highly complex interactions of steam ard water involving

multidimensional, ronequilibrium countercurrent two-phase flow. Sorne or all of the injected

water may fail to penetrate the downcomer and may be carried out the broken cold leg,
bypassing the core.

C3. If the author has identitled new user guldelines has he described them
thoroughly? What are they?

No new user guidelines were identified.

C4. What user guldeIInes can you inter from the results described in the report?
A relatively fine mesh may be needed in the downcomer of the reactor vessel to

accurately calculate flow conditions during the refill phase. The authors indicate that the

quadrant type of vessel nodalization n ay not be sufficient to simulate the twow:limensional

effects of the process.

C5. What defIclencies were identitled in the unmodified frozen version of the
code? (Section 5.2.5 and 5.4.7)"

The film and droplet drag coefficients and the entrainment correlations are deemed

unlikely to be appropriate for the conditons that exist in the downcomer. The momentum

equation was not in conservative form for the version of the code used in this study. The
!

conservative form was found to produce better results.

C6. Describe the impact of each identitled code deficiency.
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The drag correlations gave interphase-shear values that were too small, resulting in

underpredictions of the amount of water penetrating the downcomer.

C 7. What code modifications were made? What effect did they have? (Section

5.2.3)*
The code was altered to use a conservative form of the rnomentum equation. This

change produced little effect on the overall mass balance for the tests with little or no bypass

but did cause marked improvement in the overall distribution of liquid fractions and velocities

for those cases. For the test in which total bypass occurred, changing the momentum

calculation to the conservative form caused marked improvement in the calculations.

CB. Run statistics must be provided for the calculation of one transient with the

unmodllled frozen code and the fully modllled code. Compare and evaluate.

The run statistics should include a description of the computer and

operating system used to perform each calculation, and

a. A plot of CPU vs RT

b. A plot of DT vs RT
3c. The value of the * grind time" = [(CPU x 10 )/(C. x DT)]

Where CPU = Total execution time

RT = Transient time

DT = Total number of time steps

C= Total number of volumes In the mM91

No run-time statistics were provided for this separate effects assessment.

.

d. Evaluate the actual time step used. Did the translent run at

the Courant time step or did the user specify a smaller

maximum time step? Compare the actual time step vs

transient time and the user specified maximum time step vs

transient time. (Section 5.2.5 para.4, Table 4-p. 25, and

Section 5.4.8)*
No information concoming time steps was given.

C9. Does the work documented in this report appear to be good and generally
valid or are there fundamental problems with it? (Solicit input of code
developers to answer this question.)
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The work documented in this report was well executed and gives some useful

information conceming the ability of TRAC to model the complex flow conditions in the

downcomer of a reactor vesselduring the refill phase of a large break LOCA. It represents the

first phase in a project sponsored by the Central Electricity Generating Board . _Some of the

elements that are lacking, such as nodalization sensitivity studies, are included in the Phase 2

report.

The report does lack some of the elements that should normally be included in ICAP

assessments such as timing studies, a discussion of the accuracy of the experimental data,

and a copy of the input deck. Neve theless, the conclusions are of significant value in

assessing TRAC capabilities.

C10. What conclusions were drawn in the report? Are they well supported by the
results of the analysis? Elaborate. (Section 5.4.7 and S.4.9)'

The authors' conclusions were as follows:

The refill process is highly complex, involving various flow regimes distributed around the.

downcomer.

The spatial distribution of ficw regimes is such that quadrant-type vessel nodalization is.

believed to be insufficient to capture tne two-dimensional effects of the process.

TRAC was found to urderpredict the amount of bypass as measured in Strathclyde 1/10-.

ccale PWR rrodel refill experimerits studied.

! An analysis of the current interfacial 4 rag modeling in TRAC has shown that the film and.

droplet drag coefficients and the entrainment correlations are unlikely to be appropriate

for the conditions that exist in the vesse! downcorner,

The use of the conservative form of the rnomentum equations in the code can, for the.
.

|

cases studied, produce better results than the standard code and therefore, any future

calculations should be carried out using the momentum equations set in the conservative

form.

These conclusions are consistent with the results of the simulations. The flow situations is so

complex, however, that more detailed examination of the interphase-drag calculations will be

necessary before final conclusions can be drawn. More experimental data covering a wider

range of conditions will be necessary for a more complete study. The effect of finer
nodalization, particularly in the azimuthal direction, should also be determined.

C11. Report summary. (This summary will be included in the year-end NUREG
report. !! should be about 2 to 5 pages long and could include several
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| figures, A short paragraph description of each facility should be included.
Also include a paragraph summarizing the baseline results.)

The Strathclyde test f acility was designed for operation with stearWwater and

steam / air as the working fluids and incorporates a closed loop recirculation system. The

reactor vessel test section was a 1/10-scale rnodel of a Westinghouse PWR, with particular

emphasis on the downcomer annulus. Two test sections were available, one with a

transparent exterior, restricting operation to pressures less than 1.7 bar and allowing visual

observation; the other of stainless steel permitted pressures up to 5 bar. The reactor vessel

simulation included the provision of four hot legs, connected through the annulus to the

core, and four cold legs connected to the annulus. Two of the hot legs were useo to supply

steam / air to the core; three of the cold legs were used as ECC-injection points, whila the _

fourth represented the broken leg.

The main measur9ments taken during the tests included inlet stearWair flow rate,

iri}ected water flow rate, water penetrating to the lower plenum, and various temperatures,

pressures, and pressure drfferences Two types of tests were performed. In the * water first"

tests a particular water flow rate was set and then the steam flow rate was increased in steps

until complete bypass occurred. In ' steam first* tests the steam flow rate was set and the

water flow rate was increased until bypass ceased.
,

The nodalization scheme used was similar to that used in TRAC large plant

calculations that had been previously carried out in the UK. The vessel nodalization included

13 axial levels,4 sectors, and 1 radial ring to represent the downcomer. The core also had 13,

4,1 noding and sirrply acted as a flow path for the flow of steam or air. The ECC-injection flow

rates were modelled using FILL components injecting into PIPE components. A BREAK
_

component was used to specify the experimental break pressure in the nozzle of the broken -

cold leg.

It was not possible to directly model the heat transfer between hydrodynamic cells

separated by solid rtructures using TRAC-PF1/ MOD 1. Therefore the 1D conduction slab

model was adapted in an attempt to include wall-heat-transfer effects. The first node of the

heat structure modeled the core steam temperature, which remained at an approximately

constant value throughout the test. To maintain a constant temperature boundary condition

at the first node, an artificial material with very high thermal capacity was used. The thermal

conductivity associated with this material corresponded to a value determined using the

Dittus-Boetter convective-heat transfer correlation.

Four tests were chosen from the Strathclyde data bank that covered the entire range

of available conditions varying from total penetration to total bypass at moderately high

subcooling. Test A was a steamtwater total-penetration test, tests B and C were partial-
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penetration tests with steam / water and air / water respectively, and test D was t. high-

subcooling steam / water bypass test. - All four tests were simulated using TRAC and

calculations for tests B and D were repeated using an upgraded code that used a
conservative form of the monentum equations.

Test A was a high-subcooling total-penetration test in which a high degree of thermal

equilibriurn was reached. The TRAC predidions of the test are shown in Fins. A-20 and A-21.

They indicate that TRAC calculated the correct situation with all the injected liquid flowing to

the lower plenum. The amount of steam condensed in the vessel was slightly
underpredicted, however. Overall, TRAC predictions agreed well with experimental resuhs
ior this case.

Test B was a partial-penetration test with approximately 45% of the inlet water flow

bypassing the lower plenum. The TRAO comparisons with the experimental results (Figs. A-

22 and A 23) show a far greater amount ol liquid predicted to penetrate the downcomer than

in the test. There is poor agreement between TRAC predictions and the experimental
measurements and (visually) observed flow pattems in the downcomer.

Test C was an air / water penetration test where 75% of the intet liquid flow rate was

Dypassed across the downcomer and out of the break. Again, the results are in very poor

agreement with the experimental values with the majority of the inlet liquid flow being
calculated by TRAC to penetrate the lower plenum.

Test D consisted of a total bypass condition at a relatively high subcooling. TRAC

calculated that approximately 55*/. of the steam flow condensed in the downcomer which

compared well with the measured value of nearly 57% of the steam flow condensed in the

vessel. TRAC correctly predicted that the majority of liquid flowing into the downcomer was

held up and bypassed the downcomer.

Simulations of tests B and D were repeated using a modified version of TRAC in

which the momentum equations were set in conservative form. Calculations for case B show

very little improvement in the overall predictions. However, noticeable differences are seen

when comparing the overail distribution of liquid fractions and velocities. The most dramatic

difference occurred when recalculating test D. It was row found that TRAC correctly
predicted total bypass.

A computer program was wrtiten at Strathclyde to carry out sensitivity calculations on

the annular-mist model used in TRAC. Conditions typical of the test simulated in this

assessment were used. The results of the calculations showed that the mist drag coefficient

was many magnitudes larger than the annular-film-drag coefficient across the whole void

fraction range. The consequence of this is that the entrainment fraction plays an important
;

role in determining if the annular-film coefficient has any significance in the total drag
i
|
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coefficient. It is found that the entrainment is negligible and the interfacial-drag coefficient is

dominated by the annular-film-drag coefficient for velocities up to 10 nys. For higher

velocities, the increasing entrainment causes the total drag to be quickly dominated by the

droplet drag. Velocities in the Strathclyde tests are generally larger ahan 10 nVs. Deficiencies

in the tredeling were attributed to the Wallis correlation. A correlation by Bharathan which is

more appropriate to countercarrent ficw than the Wallis correlation was found to produce

better results. This was attributed to the f act that this correlation produces interf aClal-isim drag

coefficients approximately 5 times higher than those predicted by the Wallis correlation.

The authors conclude that TRAC consistently underpredicted the amount of bypass.

This, in addition to the underprediction of the amount of steam being condensed, suDoests

that deficiencies in the interfacial-drag modeling exist. The use a conservativo orm of the

rnomentum equations produces better results and is a rnore correct formutation. Y is form s f

the momentum equation should be used together with suitable experimental data in

determine the validity of the interfacial closure relations.
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REVIEW OF ICAP REPORT NO. RD/U3455/R89

A. BASIC DATA

A t. Report Informallon:
Author: D. M. Turner

Report Title: Discretization Effects in TRAC-PF1/ MOD 1 on the Prediction of

Low Subcooling Countercurrent Flow in a PWR Downcomer

Report Number: ROILI345 SIR 89

Author's Nationality and Affiliation: United Kingdom, Central Electricity

Generating Board

Report Date: February 1989

A2. Reviewer's Name: Norman M. Schnurr

Date of Review: July 1990

A 3. Which code version was used for the baseline calculation: (include cycle
number or version number and any updates. Section 5.2.2f

Winfrith-modified code B038.

A 4. Report Classificallon (Proprietary, or non-proprietary, any restrictions.
Sectic? 4.1)*

CEGB Research in Confidence (not to be declassified).

!

A 5. Is this an integral or separate-effects assessment?
Separate-effects assessment.

i

A 6. Summarize why this assestment is being done. (Section 5.2.5 and Table 3)*
The purpose of this work was to determine the discretization effects for the,

|
momentum equation in TRAC-PF1/ MOD 1 on the prediction of low-subcooling countercurrent

flow in a PWR downcomer.

. A 7. Provide a list of keywords descr!ptive of this analysis.

1
I

*
Refers to section or tabb in NUREG 1271, " Guidelines and Procedures for the Internationa!
Code Assessment and Applications Program," April 1987.
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TRAC, ECC injection, countercurrent flow, refill, downcomer penetrstion bypass.

discretization, momentum equation.

B. BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT

(include report page number where information was found.)
B f. Old the author describe each test facility and each test used in the analysis?

Elaborate. (Section 5.4.5 and 5.5.4)*

The CREARE countercurrent flow experiments are discussed brictly (p. 6). A

schematic diagram of the experimental rig is shown in Fig.1 of the assessment.

B2. The author must identify the experimental data used for the assessment in

the report. The data channels used for comparison with code results should

be easy to identity. It is desirable, but not required, for the author to supply
the very data used In the assessment on hardcopy, floppy, or tape as
specified in NUREG 1271. Has the author done these things? (Section
5.5.3 and 5.3)*

The experimental data includa only a limited amount of nondimensional liquid-flow-
I rate vs dimensionless steam-flux data (Table 1 and Fig. 2). A reference to a complete

collection of data from the CREARE experiments is given.

B 3. The author must provide an evaluation of the experimental data uncertainty

or clearly reference where it may be found. Has this been done? (Section

5.2.1)*
The uncertainty of the experimental data was not discussed. The large range given

for the experimental results in Table 1 indicates a rather large amount of scatter in the

experimental data. A reference to a report that gives details of the experiments is given.

B 4. Was a base-case calculation performed using the unmodified, frozen code?

Did the author include a clear, exrd! cit figure of the Model? (Section 5.2.2).'

The base-case simulations wem portoined using the Winfrith-modified code B038.

The model is discussed on pp. 6-7 and noding (Jagrams are given in Figs.1 and 53.

B 5. The author must supply a copy of the input deck for one of his transient
calculations on hardcopy, or flop,,t, or both. Has he done this? (Section

5.4.6 and 5.5.1)*
The input deck is not included in this assessment.
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B 6. Were sensitivity studies performed? Were the sensitivity studies adequately
described? Were all identitled code deficiencies expIfcitly described?
(Section 5.2.3, 5.2.5, and 5.4.7)*

A series of sensitivity studies were performed to deterWe the effect of a

discretization of the momentum equation in conservative form. the 'ct of including cross-

derivatives in the discretization, and the eifect of an improved numerical treatment at the

junction between pipes and a 3D vessel. These studies were described in detail and

constitute the main thrust of the assessment. The only code deficiencies mentioned in this

report are those related to these sensitivity studies.

87. Were nodalization studies performed? Were the nodalization studles
adequately described? Elaborate if necessary. (Section 5.2.4)*

Initial calculations were performed for a vessel having four Pzimuthal nodes.

Additional computations were performed for the case of eight azimuthal nodes. A comparison

of results for these cases is discussed in Section 3.2 of the assessment.

88. The report should include run statistics for at least one translent calculation

using the unmodllled frozen code. Was this done? - If a modllled version of

the code was produced, run statistics for the same transient calculatlan
performed with the final version of the modllled code should be included.

Was this done? (Section 5.2.5 - para. 4, and Table 4 - p. 25, and Section
5.4.8)*

Run statistics are given for a standard TRAC run and for calculations using the

conservative discretization, cross-derivative discretization, and a combination of the two

(Table 2).

B 9. Were complete references included in the report? (Section 5.4.10)*
A total of 6 references are given covering allirmortant aspects of the work.

|

B10. Were the objectives satistled?

Although the objectives were not stated explicitly, the main thrust of the work was to

. determitie the effects of various discretization options on the prediction of low-subcooling
l countercurrent flow in a PWR downcomer. The effects of these options are determined in a

relative sense. There is insufficient experimental data to clearly determine their effects in an

absolute sense.
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C. DETAILED QUESTIONS

Ct. Did the author describe the model nodalization, assumptions, etc.? Were

they appropriate? Did the nodalization follow the input deck preparation
guldeIInes found in the TRAC User Guides? Elaborate !! necessary.
(Section 5.4.6)*

The nodalization used in this assessment is describcd in detail. The use of only four

azimuthal cells (for the original calculations) in the 3D vessel may not be sufficient for refill

calcutations. However, additional calculations were performed with eight azimuthal cells in the

vessel.

C2. Briefly describe the thermal hydraulic phenomena and the reported code
predictions addressed in the report. If appropriate, describe the

phenomena in the context of thermal hydraulic behavior in the vessel
primary loop, secondary loop, and other phenomena of interest.

The CREARE tests are 1/5-scale countercurrent flow experiments in a reactor vessel.

Superheated steam is injected at a constant rate at the top of the vessel, it flows downward

through the ' core" and upward through the downcomer and out the broken cold leg. ECC
,

water enters the top of the downcomer through the three intact cold legs. The pheromena of

interest are the flow of the ECC water countercurrent to the steam in the downcomer and the

traction of water that penetrates into the lower plenum. Condensation during refill is an

important aspect of the refill process.

C3. If the author has identified new user guldeIInes has he described them -

thoroughly? What are they?

No new user guidelines were identified.

C4. What user guideIInes can you inter from the results described In the report?

At least eight azimuthal nodes should be used in a 3D vesselif ECC bypass is likely to

occur to a signitcant extent.

C 5. What deficiencies were Identitled in the unmodllled frozen version of the
codo? (Section 5.2.5 and 5.4.7)'

The nonconservative discretization of the momentum equation is judged to be

inferior to the conservative form.
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C6. Describe the impact of each identitled code deficiency.

The effect of the nonconservative discretization of the momentum equation is

discussed in the reext section.

C 7. What code modifications were made? What effect did they have? (Section
5.2.3)*

Two major modifications were made in the TRAC numerical scheme. These were

called the ' conservative" scheme and the ' cross derivative" scheme. The conservative
scheme resulted in slightly lower filling rates. It also led to enhanced countercurrent flow

within a cell, lower pressure gradients, more unibrm variations between adjacent cells, and

less oscillatory solutions. With the eight azimuthal-node model, the original scheme showed

a!!emating flow pattems within the downcomer that were strongly linked to nodalization and

geometry and were believed to be nonphysical. The conservative scheme did not exhibit

these pattems. With the four-node downcomer model there was little difference in the

flooding curve predictions between the original and conservative schemes. The'

conservative scheme did have a slight tendency to underpredict the downcomer penetration.

The original TRAC scheme had been tuned to predict the CREARE data so any change in the

code would be expected .o give worse agreement with the data. The effect of the cross- l

derivative scheme was not judged to be significant.

CB. Run statistics must be provided for the calculation of one transient with the

unmodified frozen code and the fully modllled code. Compare and evaluate.

The run statistics should include a description of the computer and
operating system used to perform each calculation, and
a. . A plot of CPU vs RT

b. A plot of DT vs RT

c. The value of the " grind time" a [(CPU x 10 )/(C x DT)]3

Where CPU a Total execution time

RT e Transient ilme

DT = Total number of Ilme steps

Ca Total number of volumes in the model
CPU vs-RT and DT vs RT data are not included. Run statistics are given for a

standard TRAC calculation, a cross-derivative calculation, a conservative calculation.

and a run with both the conservative and cross-derivative discretizations used. The

grind times for these four cases were 2.90,3.04,2.23, and 2.93 s, respectively.
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d. Evaluate the actu:I tim 3 step u:ed. Old th) transl:nt run at
the Courant time step or did the user spectly a smuller

maximum time step? Compare the actual time step vs

transient time and the user specified maximum time step vs

translept ilme. (Secticn 5.2.5 pars.4, Table 4-p. 25, and

SectIon 5.4.8)*
No information conceming time steps was given.

C9. Does the work documented in this report appear to be good and generally
valid or are there fundamental problems with it? (SoIIcit input of code
developers to answer this questicn.)

The work documented in this report constitutes a very careful and c'etailed study of

tha discretization of the momentum equations in TRAC. It determines the effects of a

conservative approach and of including cross-derivative terms in the discretization. The

magnitudes of se various terms in the momentum equation are investigated to deteimine

how close TRAC calculations are to predicting a classical 1D countercurrent flow in the

downcomer. Unfortunately, the experimental data used for comparison is somewhat limited

and contr.:ns sufficient scatter so that it is !mpossible to draw firm conclusions conceming the

relative merits of the discretization schemes. The authors do make a case that the

conservative scheme is more physically realistic.

C10. What conclusions were drawn in the report? Are they well supported by the
| results of tha analysis? Elaborate. (Section 5.4.7 and 5.4.9)*

The authors' conclusions were as follows:

The results obtained from the cross-derivative scheme are no better than those obtained-

from the original scneme.

The results obtained from the conservative scheme appear to be much more physically-

realistic than those obtained from the original scheme.

Results from the conservative scheme lead to enhanced countercurrent flow within a cell,-

lower pressure gradients, more uniform variations between adpacent cells, and a less

oscillatory solution.

For the conservative scheme, when the time derivative is small the flow in the downcomer-

is very similar to a classical vertical countercurrent flow except that the convective

derivative in the vapor equation remains significant.

With the eight-node downcomer model, the original scheme showed unrealistic-

alterrating pattems in the downcomer while the conservative scheme did not.
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Wrth the four-node downcomer model there was very little difference between the..

floodings::urve predictions of the original and conservative schemes.

These conclusions are generally consistent with the results of the simulations.

C11. Report summary. (This summary will be included in the year end NUREG
report. It should be about 2 to 5 pages long and could include several
figures. A short paragraph description of each facility should be included.
Also include a paragraph summarizing the basellne results.)

The CREARE experimental rig consists of a 1/S-scale vessel with superheated steam

injected at a constant rate at the top. When equilibrium conddions prevail, subcooled water is

injected into the top of the downcomer from three pipes simulating cold legs. There is no

structure equivalent to hot legs in this vessel. An outlet pipe, simulating a broken cold leg,

has a larger diameter than the other cold legs to prevent a significant buildup of pressure

within the rig. Unless complete bypass occurs, the lower plenum gradually fills up with water

during the experiment as a steamwater mixture issues from the outlet pipe. The results from

the CREARE experimenta are presented as a flooding curve with a dimensionless

countercurrent steam flux on one axis and a dimensionless liqub fux delivered to the lower

plenum on the other axis.

The nodalization scheme used for the TRAC calcations used three, four, and seven
i

l

nodes in the radial, azimuthal,6nd axial directions, respecMe!y. Only Or.e radial node was i

used in the downcomer. Later calculations wcca performed wl!h eight azimuthat nodes.

Calculations were performed for a given liquid flow raf t and frv. different steam flow rates for

four different versions of TRAC. These were the stahrd *ersion, the modified crost,-

derivative version, a conservative scheme, ErW s versiort including both modifications. An

asymptotic filling rate for the liquid flow inh the bwer ple' ram was calculated for each run. This

filling rate was converted to a nondimentional flow rate for comparison to experimental data.

In general, the lower plenum filling rates were unoarpredicted. The conservative scheme

gave slightly worse agreemern but the original TRAC scheme had been tuned to predict the

CREARE data and any changes made to the code would be expected to produce worse

agreement. It shoM be noted that the scatter in the experimental data was quite large so that

the comparisons of cuculated and experimental results was inconclusive.

The major tivt of this assessment was a comparison of results produced by the

standard version to those predicted by the rnodified versions. Calculated vcid fractions and

liquid ar.J vepor velocities are shown for several cells using all four versions of the code.

Ther e resuf s show thai the conservative scheme significantly reducos the flow variability,

| both locally node-to-node and during the transient. Examples of vapor velocities calculated
{
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with the stardard and conservative versions are shown in Figs. A 24 and A 25. The solutions

produced by the conservative scheme are rnuch less oscillatory than trate produced by the

original scheme

A series of simulations were periormed using eight azimuthal nodes for comparison to

the four node results. With the eight node downcomer rnodel, the original scheme produced

flows with an afternating pattern in the downcomer. This pattern was strongly linked to

nodalization and the geometry of the ECC-water input and was thought to be nonphysical.

The conservative scheme with the eight node dowrtomer model did not exhibit the

attemating flow pattem. Predictions for the conservative scheme for the eight node

downcomer were similar to the four-node downcomer results with water flow up around the

break flow side of the vessel hnd down elsewhere.

A series or curves are presented showing the magnitude of the various terms in the

momentum equation. These terms irclude the * :rivative, interiacial f riction, convective'

derivative, pressure gradient, and velocity head. These data suggest that in general the

pressure gradients will be lower with the conservative scheme. This is believed to be the

reason for the lower liquid velocities observed with the conservative scheme. For the

conservative scheme, when the time derivative is small, the flow in the downcomer is very

similar to a classical vertical countercurrent flow except that the convective derivative in the

vapor equation remains significant.

Run-time information for each scheme is presented for the same conditions. The

conservative scheme is able to perform more time steps per unit time than the original

scheme.
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REVIEW OF ICAP REPORT NO. AEEW-R 2478

A. BASIC DATA

A 1. Report Informellon.-

Author: - P. Coddington

Report Title: OECD-LOFT LP-LB-1 Comparison Report

Report Number: AEEW-R 2478

Author's Nationefity and Affiliation: United Kingdom, Reactor Systems

Analysis Division, Winfrith AEE.

Report Date: February 1989.

A 2. Heviewer's Name: Norman M. Schnurr

Date of Review: September 1990

A 3. Walch code version was used for the baseline calculation: (include cycle
number or version number and any updates. Section 5.2.2)'

TRAC-PF1/ MOD 1 Version 11.0.

A 4. Report Classification (Proprietary, or .;orm-proprietary, any restrictions.
p Section 4.1)*
| Not for publication.

A S. Is this an Integral or separate effects assessment?

Integral assessment.

' A 6. Summarize why this assessment is being done. -(Section 5.2.5 and Table 3)*

This study is primarily a comparison of six posttest calculations of the LP-LB-1

transient submitted by five separate organizations from five different countries. TRAC-

PF11 MOD 1 was used by the UKAEA. Other codes used include DRUFAN/FLUT,

RELAPS/ MOD 2, and RELAPS/ MOD 1. Results of each calculation are compared to

experimental data in an effort to assess the strengths and weaknesses of the various codes.

*
Refers to section or table in NUREG-1271, " Guidelines and Procedures for the Intemational
Code Ascessment and Applications Program," April 1987.
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3 7.' Provide a list of keywords descriptive of this analysis.

TRAC, LOFT, LBLOCA, code comparison study.

B. BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT
(include report page number where information was found.)

B 1. Did the author describe each test facility and each test used in the analysis?
Elaborate. (Section 5.4.5 and 5.5.4)*

The LOFT facility is described in detail on pp. 2-4 and is illustrated in Figs.15. The

LP-LB-1 transient is described on pp.19-21. The sequence of events is given in Table 4.

B 2. The author must identify the experimental data used for the assessment in

the report. The data channels used for comparison with code results should

be easy to identity. et is desirable, but not required, for the author to supply

the very data used in the assessment on hardcopy, floppy, or tape as
specified in NUREG 1271. Has the author done thesc things? (Section
5.5.3 and 5.3)*

The data-measuring stations are shown in Figs. 2,4, and 5. A large amount c' data is

presented for comparison to the calculated results. These include pre.esure, momentum flux,

fluid density, and fluid temperature in the intact loop hot and cold legs and the broken loop

hot and cold legs, intact-loop differential pressure, pressurizer pressure, accumulator flow

rate, downcomer mass iqventory, and fuel-rod temperatures for both central and peripheral

fuel assemblies.

B 3. The author must provide an evaluaticn of the experimental data uncertainty
or clearly reference where it may be found. Has this been done? (Section
5.2.1)*

The accuracy of the data is discussed for several measured parameters (pp. 34,42,

59, and 61). Enror bands are given for mass inventory and vessel flow rates.

B 4. Was a base case calculation performed using the Unmodified, trozen code?

Did the author include a clear, explicit figure of the Model? (Section 5.2.2).*

Only one calculation was performed using TRAC. Noding diagrams are given in Figs.

6-10. Initial conditions are given in Table 2.

i
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B 5. The author must supply a copy of the input deck for one of his translent
calculations on hardcopy, or floppy, or both. Has he done this? (SM *lon

5.4.6 and 5.5.1)*
The input deck is not included.

86. Were sensitivity studiss performed? Were the sensillvity studies adequately

described? Were all identitled code deficiencies expIIcitly described?
(Section 5.2.3, 5.2.5, and 5.4.7)*

No sensitivity studies were performed.

8 7. Were nodalization studies performed? Were the nodalization studles
adequately described? Elaborate 11 necessary. (Section 5.2.4)*

No nodalization studies were performed.

88. The report should include run statistics for at least one transient calculation

using the unmodilled frozen code. Was this done? If a modified version of
the code was produced, run statistics for the satre translent calculation

performed with the final version of the modified code should be included.

Was this done? (Section 5.2.5 para. 4, and Table 4 - p. 25, and Section

5.4.8)*
The ratio of CPU time to real time is given in Table 1.

89. Were complete references included in the report? (Section 5.4.10)*

Twenty-four references are included (pp. 92-94) covering allimportant aspects of the

study.

B10. Were the objectives sallsfied?

The objectives were satisfied. The relative strengths and weaknesses of the various

codes in analyzing a LBLOCA were clearty demonstrated.

C. DETAILED QUESTIONS

C 1. Did the author describe the model nodalization, assumptions, etc.? Were

they appropriate? Did the nodalization folicw the input deck preparation
guideIInes found in the TRAC User Cuades? Elaborate 11 necessary.

(Section 5.4.6)*
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The nodalizatiot; used in this assessment is described in detail and conforms to

recommendations in the TRAC Users Guide.

C2. Briefly describe the theronalhydraulic phenomena and the reported code
predictions addressed in the report. It appropriate, describe the

phenomena in the conten of thermalhydraulic behavior in the vessel
primary loop, secondary loop, and other pnenomena of Interest.

OECD-LOFT experiment LP-LB-1 simulates a large-break (200% double-ended cold-

leg) LOCA. The transient was initiated by opening the blowdown valves in the broken loop.

The reactor was scrammed on indication of low pressure in the intact loop hot leg and the

primary pumps were tripped and decoupled from their flywhee!s, all within 1 s. The upper-

plenum and hot leg fluid began to flash as liquid flowed rapidly out of tha broken-loop hot and

cold legs. The voiding in the core resulted in the initial departure from nucleate boiling of the

core fuel rods at a time just less than 1 s. After this, the fuel-rod cladding temperatures ivse

rapidly. As a result of the decoupling of the pr nary coolant pumps frum their flywheel

systems, the flow in the intact loop cold leg fell rapidly. After 3.5 s, saturated cor@tions were

reached in the broken loop cold leg and the break flow fell initially the fuel-rod cladd;ng

temperatures rose rapidly as the stored heat in the center of the fuel was distributed across
'

the entire fuel pin. Once this was complete, the rate of the temperature rise fell, as the source

of heat became the co ;, deRy heat.

At about 13 s, a top-down flow of liquid through the core began. This caused a

quenching of the top 18 in. of the fuel rods. The ECCS injection was initiated at 17.5 and 32 s

from the accumulator and the LPlG, respectively. The liquid from the accumulator flowed into

the ve' el downcomer and down into the lower plenum with a minimal amount bypassing the

vessel and flowing across the top of the downcomer and out the breon-loop cold leg. The

lower plenum filled rapidly and fluid entered the core at about 33 s. A complete core reflood

was accortplished at about 48-50 s.

C3. If the author has identitled new user guidelines has he dJscribed them
thoroughly? What are they?

No user guidelines were identified.

C4. What user guidelines can you inter from the results described in the report?
No user guidelines were inferred by the reviewer.

-

I
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C5. Whst dellclencles were identliled in the Unmodified frozen version of the

code? b:ection 5.2.5 and 5.4.7)*
No code de:ciencies were spmNicaH,e stated.

C6. Describe the Impact of each ideL..tled code deliciency.

Not applicable.

C 7. What code modlilcations were mede? What effect did they havet (Section

5.2.3)*
No code modNicatbnn were mado.

C8. Hun statistics must be provided for the enlculatlon of 0"o translent with the
Unmodified frozen code arc the fully modified code. Compare and evaluate.

The run statistics should include a descripilon of the cot"puter and

operating system used to perform each calculation, and

a. A plot of CPU vs RT

b. A plot of CT vs RT
3c. The value of the '' grind Ilme" a f(CPU x 10 )/(C x DT))

Where CPU a Total execullon time

NT a Translent time

DT a Total number of time steps

Ca Total number of volumes In the omdel

10 ratic of CPU time to real time for the T RAC simulaton was 240:1.

d. Evatuste the actual time step used. Old the transient run at

the Courant Ilme step or did the user specify a smaller

maximum time slept Compare the actual time step vs

translent time and the user specified max! mum time step va

translent time. (Section 5.2.5 pars.4, Table 4 p. 25, and

Sect %'s 5.4.8)*
The time step size was not discussed.

C9. f'oes the work documented in this report appear to be good and generally

valid or are there fundamental problems with it? (SoIIcit input of code
devnlopers to answer this question.)
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This work is very useful and satisfied its intended purpose. It shows the relative

strengths and weaknesses of four different mdes in the transient analysis of a LDLOCA. The

assessments of the vanous codes are objective, detailed, and thorough.

C 10. Whrt conclusions were drawn in the report? Are they well supported by the
results of the analysis? Elsborste. (Section 5.4.7 and 5.4.9)*,

No specific conclusions are presented conceming the relative mert!g of the codes.

This is apparently because, for much of the experimental data, the error bands are so large

that firm conclusions regarding the accuracy of the varbus codes is not possible. The author

draws some general conclusions concerning the simulation of LBLOCAs. They include the
following:

Whether or not liquid flows up into the core following the initial voiding after a LBLOCA is*

very difficult to predict since this will depend on both the f eel flow into the downcomer and

the distribution of the hot and cold I, quid and the steam vdnin the vessel.

The ability to accurately predict blowdown behavior in the loops does not necessarily*

imply that the behavior in the vessel, r.nd particularly in the core, will be accurately
predicted.

The behavior in the peripheral assemblies of the core is yticularly ditficutt to model w;lh*

TRAC and impossible to model wit $ >ne dimensional codes.

C11. Report summary. (This surnmary will be Inc!uded in the year-end NUREG
report, !! should be about 2 to 5 pages long and could include several
figures. A Chort paragraph description of each incIllty should be included.
Also include a paragraph summstizing the basellne results.)

This report presents a complirative analysis of six posttest calculations performcJ by

five different organizations in five different countries for the LOFT experiment LP-LB-1. The
,

organizations and computer mdes used were

(1) UKAEA/UK Using TRAC PF1/ MOD 1,

(2) GRS/ Germany using DRUFAN/FLUT,

| (3) VTT/ Finland usiro RELAPS/ MOD 2,

f (4) E8R/ Switzerland u sing RELAP5/ MOD 2 (2 calculations), and

(S) University of Bolognvitaly using RELAPS/ MODI.

Only the TRAC PF1/MCD1 results will be discussed in this report summary.

OECD-LOFT expenment LP-LB 1 simulates a large-break (200% double-ended cold-

leg) LOCA. The transient was initiated by opening the blowdown valves in the broken loop.

The reactor was scrammed on indication of low pressure in the intact loop hot leg and the
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primary pumps were tripped and decoup ed from their flywheels, all within 1 s. The upper

plenum ard hot leg flud began to flash as liquid flowed rapdly out of the broken-loop hot and

cold legs. The voiding in the core resulted in the initial departure f rom nucleate boiling o' the

core fuel rods at a time just less than 1 c. After this, the fuel-rod cladding temperatures ruse

rapidly. As a result of the decoupling a the primary-coolant pumps from their flywheel y
Vsystems, the flow in the intact loop cold leg fell rapidly. After 3.5 s, sat rated conditions were

reached in the broken cold leg and the break flow fell. Initially the fuel-rod claddmg

temperatures rose rapidly as the storm heat in the ccnter of the fuel was distributed acrost '

the entire fuel pin. Once this was complete the rate of the temperature rise fell, as the source

of heat became the core decay heat.

At about 13 s, a top-down flow of liquid through the core began. This caused a
_

quenching of the top 18 in. of the fuel rods. The ECr ., injection was initiated at 17.5 and 32 s

from the accumulator and the LPIS, respectively. The liquid f rom the accumutator Ibwed into

the vessel downcomer ard down into the lower plenum with a minimal amoun' bypc.ssing the

vessel and flowing across the top of the downcomer and out the brokon loop cold nr.,g. The

lower pterLm filled rapidly and fluid entered the enr3 'it about 33 s. A comotete co.e reflood

was accomplished at about 48 50 s.

The input cescription used for the TRAC calcutations is similar to earher TRAC PD2

descriptions of LOFT used in the arialysis of experiments L2-3 and L2-5 as well as | P LB.1 at

vanous laboratories. It is also similar to the input deck used at Los Atarnos in the analysis of

experiments L2-3 and LP 02 6. The input deck contains a total of 112 loop ard 192 vessel

cells.

The TRAC simulation gave satisf actory agreement with test data for thermal bydraule

phenomena in both the intact and broken loops. The calculated parameters that were

compatad to experimental data included pressure, momentum flux, fluid density, ard fluid

temperatures in the intact and breSen loop hot and cold legs. The broken loop cold leg

pressure, for example, is shown in Fig. A 26. The calculations show a reasonably good

agreement up to about 12.5 s. After 24 s the absolute pressure is lower in the TRAC

calcutation because of the trofe rapid f allin pressure between about 10 ard 15 s, so that the

TRAC and exper': tental pressures do not begin to f all into line until after about 30 s. The

agreement between the calculated and experimental pressures after 40 s is very good The

density, momentum flux, and fluid temperatures are also in fairly good agreement with

experimental data. It should be noted that the data errors quoted on all of these

measurements are Qative!y large. In the broken-loop hot leg, for example, TRAC predicts a

maximum flow rate of 140 kg's compared to a measured value of 180 kg's but is still within the
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experimental error band The intact bop cold leg mass flow rate calculated by TRAC is in

good agreement with the test data ard is well within the large experimental error range.

One area where TRAC dd rot give accurate predictions was the calculation of steady-

state pump speed. The calculateo pressure drop through the 30 vessel was greater inan the

experimental value so that a larger than measured pump t, peed was needed to obtain the

required steady st 4 W.s flow rate. During the rapid coastdown of the pump following trip
and decoupling : A 'lywheels, however, the TRAC predictions accuratefy followed the
experimental data.

The most difficult phenomena 10 ac:urately predict in this type of simulation are the

hydraulic effects in the vessel and the core heat transf 3r during blowdown and refiH. The 1D

codes exhibited a core opflow after blowdown while the 30 TRAC calculation showed a

downflow that was in general agreement with the experimental data. The accuracy of the

calculations during the subssoaent refill and reflood stages is difficult to determine. The ermr

in the measurement of flow out of the vessel along the broken loop cold leg was large and the

momentum flux instruments on which thi, mass flow data is based were, after about 25 s,

operating at a level below the minimum of their ranga. The time for initiaion of reflood in the

TRAC calculation was in very good agreement with experimental data. However, an

underestimation of the broken loop cold-leg flow during the refill period helped to,

compensate for en equivalent overestimation during blowdown. |

Tne central fuel assembly fucl-rod cladding temperatures predicted by TRAC are in

very good agreement with the experimental data up to the time of reflooding of the core at 40

to 45 s (See Fig. A 27). After 45 s the calculations overpredict liquid fractions in the core fluid

cells which produces an overestimate of the clad-to-coolant heat transfer. The fuel rod i

center line temperatures predicted by TRAC are in good agreement with the experimental

data (Fig. A 28). Agreement is not as good for the peripheral fuel assemblies. An

examination of the experimental data from the peripheral fuel assemblies shows that there is a

significant azimuthal variation in the thermocouple transients across the core during the

blowdown period. The TRAC predictions for each of the instrumented assemblies shows a

much smaller azimuthal variation of the cladding temperatuiv.

In general, one may conclude that TRAC does en adequate job of predicting thermal-

hydraulic behavior in both the intact and broken loops. Hydraulic behavior in the vessel is not

as well predicted, although the large error bands on the experimental data makes assessment

of code performance difficutt; Maximum core temperatures are fairly well predicted but the

cpench times for cladding do not agree well with data, The large azimuthal temperature

variations measured in the peripheral fuel assemblies are tot predicted by the cakulations. I
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!

This report is a rather comprehensive study of the predictive capability of four j

d!fferent codes for analyzing a very d#ficut transient. It gives a clear description of the

complex phenomena that occur in the we during blowdown and refill ard points to areas in
ithe codes where future work should be concentrated.

s
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REVIEW OF ICAP REPORT NO. AEEW.R 2328

A. BASIC DATA |
A t. Report informallon:

Author: P. Coddington

Report T/fle: Analysis of the Blowdown of the Accumalator D Line in the OECD.

LOFT Fission Product Experiment LP-FP-1.

Report Number: AEEW.R 2328

Author's Nationality and Attillation: United Kirsgdom, Reactor Systems

Analysis Division, Winfrith AEE.

Report Date: February 1988.

A 2. Reviewer's Name: Norman M. Schnurt

Date of Review: September 1990

A 3. Which code version was used for the baseIIne calculation: (Include cycle
number or version number and any updates. Section 5,2.2)*

Winfrith Version 803.

A 4. Report Classification (Proprietary, or non proprietary, any restrictions.

Section ' 4.1)"
Commercialin confidence.

A S. Is this an Integral or separate elfects assessment?

An integral assessment.

A 6. Summarize why this assessment is being done. (Section S.2.5 and Table 3)*

This study is not a true assessment although it gives some ir sight into the ability of

the TRAC code to analyze certain types of phenomena. The purpose of the anatysis was to

examine the mechanism for the unintentional upper-plenum injection during the LOFT LP-

FP-1 experiment by rnodeling the process using the TRAC PFt/ MOD 1 code.

A 7. Provide a list of keywords desculptive of this analysis.

*

Refers to section or table in NUREG 1271. " Guidelines and Procedures for the International
Code Assessment and Applications Program." April 1987.

APPEWDIX A-123

-. -- . ----- - .- -- - . .. . - . - - - .. - - _.-



- - - _ _ _ _ - _ - _ _ _ - _ _ _ _

TRAC, LOFT, accumulator.

D.
BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT
(include report page number where information was found.)

B f. Old the author describe each test facility and each test used in the analysis?
Elaborale. (Section 5.4.5 and 5.5.4)*

The portion of the LOFT facility being analyzed is described in detail in Tables 1 and 2
and Figs.1 and 2.

B 2. The author must identify the experimental data used for the assessment in
the report. The data channels used for comparison with code resulta should

be easy to identity. It is desirable, but not required, for the author to supply
the very data used in the assessment on hardcopy, floppy, or tape as
specified in NUREG 1271. Has the author done these things? (Section
5.5.3 and E.3)*

The data channels are shown in Figs.1 and 2. The experimental data are shown
graphically.

83. The author must provide an evaluallon of the experimental data uncertainty
or clearly reference where it may be found. Has this been done? (Section
5.2.1)*

The data uncertainty is not quantified. Some general comments concerning the
uncei1ainty of the data are given on p.10.

B 4. Was a base case calculation performed using the unmodllled, trozen code?

Did the author include a clear, expIlcit figure of the Modelt (Section 5.2.2).'
All calculations used.Wintrith version B03. This corresponds to TRAC-PF1/ MOD 1

Verblon 13.0.

85. The author must supply a copy at the input deck for one of his translent
calculations on hardcopy, or floppy, or both. Has he done this? (Section
5.4.6 and 5.5.1)*

The input deck is included en microfiche.
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B 6. Were sensitivity studies performed? Were the sensitivity studies adequately
described? Were all Identitled code deficiencies expIIcIlly described?
(Section 5.2.3, 5.2.5, and 5.4.7)*

A series of studies were performed using various masses of a nitrogen bubble to

deterrrune its effoct on rnass fbw rate to the upper plenum.

B 7. Were nodalization studies performed? Were the nodalization studies
adequately described? Elaborate 11 necessary. (Section 5.2.4)*

No nodalization studies were performed.

88. The report should include run statistics for at least one translent calculation

using the unmodllled frozen code. Was this donet !! a modified version of
the code was produced, run statistics for the same translent calculation
performed with the final version of the modllled code should be included.

Was this done? (Section 5.2.5 Dara. 4, and Table 4 p. 25, and Section

| 5.4.8)*
No run statistics are included.

B 9. Were complete references included in the report? (Section 5.4.10)*

Nine references are included (p. 21) covering all important aspects of the analysis.

B 10. Were the objectives satistled?

The objectives were satisfied. The results of the calculations largely confirmed the

postulated explanation of the inadvertent water injection into the upper plenum.

'C. DETAlLED QUESTIONS,

C t. Did the author describe the model nodalization, assumptions, etc.? Were

they appropriate? DId the nodalization follow the input deck preparation -
guldelines found in the TRAC User Guides? Elaborate Il necessary.
(Section 5.4.6)'

The nodalization used in this assessment is described in detail and conforms to

recomrrendations in the TRAC Users Guide.

C2. Briefly describe the ' thermal hydraulic phenornena and the reported code
predictions addressed in the report. If appropriate, describe the
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phenomena in the context ut thermal hydraulic behavior in the vessel
primary loop, secondary loop, and other phenomena of Interest.

This study is confined to the behavior of the accumulator B line in the LOFT facility

during expenment LP FP 1, a fission-product experiment. During the experiment, most of

the water in the accurrulator B line was unintentionally injected into the upper plenum during

bbwdowa. The cause of this injection is attributed to a noncondensable gas (N ) trapped in2

the injection line prbr to the experiment from an earlier test that had been prematurely

aborted. During the time period between the two tests, the injection lines of the accumulators

were not vented or flushed with water so that gas left from the first experiment remained until

the b9 ginning of the second experiment. This noncondensable gas was then pressurized in

the injection kne to the system pressure during the pretransient phase of the experiment. As

a result. the system blowdown triggered a second bowdown in the injection line through the
expansion of the noncondensable gas.

C3. If the author has identitled new user guidelines has he described them
thoroughly? What are they?

No user guidelines were identified.

C4. What user gulde:Ines can you infer from the results described in the report?
No user guidehnes were inferred by the reviewer.

CS.
What deficiencies were Identitled in the unmodilled frozen vers!an of the
code? (Section 5.2.5 and 5.4.7)*

No code deficiencies were identified.

C6. Describe the Impact of each identifico code deficiency.
Not applicable.

C 7. Wha code modifications were made? What effect did they have? (Section
5. 2. :9) *

No code modifications were made.

CB. Run statistics must be provided for the calculation of one transient with the

unmodllled frozen code and the fully modllled code. Compare and evaluate.

The run statistics should include a description of the computer and
operating system used to perform each csIculatlon, and
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' n. A plot of CPU vs RT

b. A plot of DT vs RT
3c. The value of the " grind time" s [[ CPU n 10 )!rC x DT))

Where CPU = Tutal execution time

RT = Translent time

DT s Tots; number of time steps

Cs Total number of volumes in the model
No mn statistics were ghton.

d. tivaluate the actual time step used. Did the translent run at the
Courant time step or did the user specify a smaller maximum time
step? Compare the actual time step vs transient time and the user
specIIIed maximum time step vs translent time. (Section 5.2.5 para.4,

Table 4 p. 25, and Section 5.4.8)*

The time-step size was not discussed.

C9. Does the work documented in this report appear to be good and generally
valid or are there fundamental problems with it? (SoIIcit Input of code

developers to answer this question.)

This work is very useful and satisfied its intended purpose it showed that th? TRAC

code could simuate the flow in an accumulator line with satisf actory accuracy and that TRAC

could be used as a diagnostic tool to help explain unusual (and uninterided) pnenoraena

during a large-scale experiment.

C10. What conclusions were drawn In the report? Are they well supported by the
results of the analysis'? Elaborate. (Section 5.4.7 and 5. * 9)*

The author concluded that a comparison of the results of the calculations with

experim6ntal flow measurements show a surprising level of agreement. This almost certainly

confirms the assumption that the expansion of a bubble (or bubbles) of trapped nitrogen was

the mechanism that produced the unintentional upper plenum injection in the LP FP 1

experiment. This conclusion was consistent with the results of the simulations.

C11. Report summary. (This summary will be included in the year end NUREG

report. It should be about 2 to 5 pages long and could include several
figures. A short (nntgraph description of each facility should be included.
Also include a paragraph summarizing the basellne results.)
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The purpose of this study was to use TRAC to help in determining the cause of an

unintended injection of ECC water into the upper plenum during LOFT experiment LP FP 1.

It was not primarily intended to be an assessment of TRAC. Nevertheless,it is of sorno value

to the ICAP program in that it demonstrates another way in which the code may be used.

This study is confined to the behavior of the accumulator B line in the LOFT facility

during experiment LP FP 1, a fission-product experiment. During that experimcnt, most of

tha water in the accumulator B line was unintentionally injected into the upper plenum during

blowdown. The cause of this injection was attributed to a nonconden able gas (N ) trapped2

in the injection line prior to the experiment from an earlier test that had been prematurely

aborted. During the time period between the two tests, the injedion lines of the accumulators

were not ventad or flushed with water so that gas left from the first experiment remained until

the beginning G the second experiment. This noncondensable gas was then pressurtzed in

the injection line to the system pressure during the pretransient phase of the experiment. As

a result, the system blowdown triggered a second blowdown in the injection line through the

expansion of the noncondensable gas.

Two series of TRAC simulations were carried out in an effort to better understand the

phenomenon and to verify the proposed explanation. The first series of runs used the model

of a direct line connecting the accumult. tor to the upper plenum. Initially a single nitrogen

bubble was trapped in this line at the system pressure. A total of 10 simulations were

performed for this configuration using 5 different initial bubble sizes and 2 different

expressions for the upper-plenum system pressure. The general profile of the initial tiow from

the accumulator line into the upper plenum was in good agreement with the flow

measurements. The range of nitrogen masses used for these calculations was believed to be

consistent with the actual mass. One of the runs in this series gave flow rates that
approximately colrdded with the Ibw measurements.

A second series of simulations were performed usir'g an accumulator line

configuration that included an additional length of pipe th&t allowed two possible locations for

the compressed nitrogen to be tcpped. Six runs were made, four using the plenum pressure

history thought to be rnore probable and the other two runs using the other distribution. The

calculated flow was found to ba sii.!;ar to results from the first set of calculations. The multiple-

bubble calculations confirmed but did not particularly enhance the information obtained from

the single-bubble calculations.

In general, it was concluded that the observed and calculated flows exhibited the

same general behavior. There was a reasonable comparison of the general shape of the

volumetric tbw and the peak flow rate between the experiment and calculations. This almost

certainly confirms the assumption that the 41sion of one or more bubbles of trapped
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nitrogen was the trechanism that produced the unintentional upper plenum injection in LOFT

experiment LP FP 1.

A detailed flow-behavior study was also carried out as part of this analysis. A series of

graphics were produced (using the SM AR f program) at various times during the transient that

clearly show the vold fraction distribution within the pipe by using colored shading. This

an>1ars to be a very useful tool visualizing the distribution of field and gas within a pipe and

Olearty shows the location of bubbles and stratification effects.

i

|
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REVIEW OF ICAP REPORT NO. AEEW M 2552

A. BASIC DATA

A 1. Report Information:

Author: R. O'Mahoney

Report Title: A Study of Axla! Effects in the TRAC PF1/ MOD 1 Heat Conduction

Solution During Quenching

3eport Number: AEEW M 2552

Author's Nationellty and Affiliation: United Kingdom, Safety and

Engineerirg Science DMsion,

Winfrith Technology Centre

Report Date: June 1989

A 2. Reviewer's Name: Norman M. Schnurr

Date of Revlow: July 1990

A 3. Which code version was used for the baseline calculation: (Include cycle
number or version number and any updates. Section 5.2.2f

Winfrith version B03E (L.ANL Version 13.0).

A 4. Report Classillcation (Proprietary, or non p!cvrietary, any restrictions.
Set.tlon 4.1)*

Not for pubfcation.

A S. Is this an Integist or sepsrste-effects assessment?
Separate-effects assessment.

A 6. Summarize why this assessment is being done. (Section 5.2.5 and Table 3)*
The purpose of this work was to determine the effects of the choice of TRAC reflood

mesh parameters on calculations of ouenching, A secondary purpose veas to provide r.omo

understanding of the observed sensitivity to the DZNHT parameter.

A 7. Provide a list of keywords descriptive of this analysis.

*

Refers to section or table in NUREG 1271, " Guidelines and Procedures for the international
Code Assessment and Applications Program," April 1987.
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TRAC, quenching, retbod, bio vdown, axial conductior'.

D. BRIEF QUESTIONS RELATED TO THE COMPLGTENESS OF THE REPORT

(include report page number where information was found.)

D I. Old the author describe each test facility and each test used in the analysis?

Elaborate. (Section 5.4.5 and 5.5.4)*

No experimental data is used in this assessment.

D 2. The author must identify the experimental data used for the assessment in

the report. The data channels used for comparison with code results should

be easy to identity. It is desirable, but not required, for the author to supply

the very data used in the assessment on hardcopy, floppy, or tape as
specIlled in NUREG 1271. Has the author done these things? (Section

5.5.3 and 5.3)*

No experirnental data is used.

83. The author must provide an evaluation of the experimental data uncertainty

or clearly reference where il may be found. Has this been done? (Section

5.2.1)*
No experimentaldata is used.

84. Was a base case calculation performed using the Unmodllied, frozen code?
Did the author include a clear, expIlcit figure of the blodel? (Section 5.2.2).*

A base-case calculation was performed using a Winfrith version of the code. The

model is discusced on p. 2.

85. The author must supply a copy of the Input deck for one of hIs translent
calculations on hardcopy, or floppy, or both. Has he done this? (Section

5.4.6 and 5.5.1)*
The input deck is included as Appendix A.

B 6. Were sensitivity s;udies performed? Were the sensillvity studies adequately

described? Were all identitled code dellclencies expIIcitly described?
(SectIon 5.2.3, 5.2.5, and 5.4.7)*

A series of sensitivity studies were performed to determine the effects of user-

specified input parameters such as DTXHT1, DTXHT2, and DZNHT on heat conduction during
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quenching. The atiects of time step size and elimination of the axial conduction term frorn
the conduction equation were also stud Od.

07. Were nodalization studies performed? Were the nodalizatlon studles
adequately described? Elaborate If necessary. (Sectlen 5.2.4)*

Mesh size studies were an important part of this assessment. They are discussed in
detail.

D 6. The report should include run statistics for at least one translent calculation

usIng the Unmodllled frozen code. Was this done? If a modllled version of
the code was produced, run statistica lot the same transient calculation
performed with the final version of the modllled code should be included.
Was this done? (Section 5.2.5 para. 4, and Table 4 p. 25, and Section

5.4.0)*

Total CPU time, typical minimum time-step size, and problem times were given for
several runs on pp. 3-4.

B 9. Were complete references Included in the report? (Section 5.4.10)*
Only the TRAC code and documentation are referenced. No other references were

necessary for the work discussed in this report.

B10. Were the objectives satisfled?

The objectives were satisfied. The effects of various parameters on heat conduction

in fuel rods during reflood were determined and new guidelines for user input were
developed.

C. DETAILED QUESTIONS
C1 Did the author describe the mod.l nodalization, assumptions, etc.? Were

they appropriate? Did the nodalization follow the input deck preparation
guideIInes found in the TRAC User Guides? Elaborate !! necessary.
(Section 5.4.6)*

The nodalization used in this assessment is described in detail it is consistent with
the input-deck-preparation guidelines in the TRAC User's guide.

C2. Orlefly describe the thermal hydraulic phenomena and the reported code
predictions addressed in the report. If appropriate, describe the
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phenomens in the context at thermal. hydraulic behavior in the vessel
primary loop, secondary loop, and other phenomens of Interest.

The phenomenon studied in this awsessment is conduction heat transfer and the

temperature distributions in a fuel rod during quenching. A core component containing a

single fuel rod of typical PWR construction is used along with a FILL and BREAK component

to simulate both blowdown and refill conditions. TRAC simulations are performed for

conditions ranging from high temperatures ahead of the quench front combined with a low

reflood rate to low termeratures ahead of the quench front :ombined with a high reflood rate.

The effects of user-input parameters on the temperature profile is determined.

C3. If the author has identIIIed new user guldellnes has he described them
thoroughly? What are they?

The author recommends a value between 0.5 mn 10.2 mm for the user input

parameter DZNHT. For quenching under blowdown conditions, a value at the lower end of

the range is needed in order to reasonably represent the axial effcets. A value of 0.5 mm is

conservative in terms of quench front progression.

C4. What user guidelines can you Inter from the results described in the report?
The user guidelines are explicitly stated by the author.

C5. What deficiencies were Identliled in the unmodified frozen version of the
code? (Section 5.2.5 and 5.4.7)*

A futty implicit two-dimensional conduction calculation for the rod would be preferable

to the axial-explicit one used in TRAC PF1/ MODI. The surface heat transfer smoothing

sh. ;ld be done on a per second basis rather than a per-time step basis.

C 6. Describe the dmpact of each identitled code deficiency.

The effect of the axial-implicit conduction solution is to require unrealistically small

time steps if the atlat distance between nodes is reduced to very small values. This may make

it impossible to acamrately simulate reflood heat transfer for many practical cases. The lack of

sufficient smoothing can cause instabilities in the radial conduction ferm,

C T. What code modifications were made? What effect did they have? (Section
5.2.3)'

The smoothing technique applied to the surface HTC was disabled. Removing the

smoothing produced approximately one-third of the effect of reducing the maximum time step
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size. Th;s suggests that at least a part of the effect seen in going to a small time step is
attributable to heat transfer smoothing.,

Some simulations were also performed with a version of the code in which the axial

term in the conduction equation was removed. This caused a 35 45% reduction in quench-
front speed for high-temperature /bw-flow cabulations.

C8. Run statistics must be provided for the csiculatlon of one transient with the

UnmodIrred frozen code and the fully modllled code. Compare and evaluate.

The run statistics should include a description of the computer and
operating system used to perform each calculation, and
s. A plot of CPU vs RT

b. A plot of IW vs RT

The value of the " grind time" s [(CPU x 19)/(C x DT)]c.

Where CPU a Total execution time

RT = Translent time

DT a Total number of time steps

Ca Total number of volumes in the model
Total CPU time, typical minimum time step size, and problem time were given

for eight different simulations. Grind times are in the range of 2.18 - 2.82 s.

d. Evaluate the actual time step used. Did the translent run at

the Courant time step or did the user specify a smaller

maximum time stept Compare the actual time step vs

translent time and the user specified maximum time step vs

translent ilme. (Section 5.2.5 para.4, Table 4 p. 25, and

Section 5.4.8)*
i

The time-step size was limited by both the Courant condition and the stability

criterion for the explicit axial conduction solution. For very small values of DZNHT, the

conduction stability condition was the limiting condition.

C9. Does the work documented in this report appest to be good and generally
i valid or are there fundamental problems with it? (Solicit input of code

developers to answer lhls question.)

This work represents a rather comprehensNe analysis of the conduction in rods

during reflood. In particular, the effect of the user-input varlable DZNHT is investigated and a

new user guideline is suggested.
1
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C 10. What conclusions were drawn in the report? Are they well supported by the
results of the analysis? Elaborate. (Section 5.4.7 and 5.4.9)*

The authors' conclusions were as follows:

The commonly used value of 5 mm for DZNHT retlood mesh parameter is too large. A.

value of between 0.5 and 0.2 mm is needed in order to reasonably represent the axial

defects present during quenchina. For high-pressure blowdown quenching a value at-

the lower end of the range is needed. However, a high value of DZNHT is cx>nservative so

a value of 0.5 mm is probably sufficient for general calculations.

A significant part of the effect of using a smaller value for DZNHT is due to the reduction in.

time-step stze that occurs, rather than the reduction in axial mesh stze.

Removal of the axial term from the rod conduction equation reduces the quench Iront.

speed, it also removes the apparent mesh-size and time step size dependencies.

Removal of the surface heat transfer smoothing algorithm increases the quench front.

smed sligh4y 4 tho !* ads to apparerit instability in the rod corduction solution.

Further progress could be assisted by making two modifications in the code: replacing the.

explicit axial differencing in the conduction equation by an implicit scheme, and changing

the surface heat transfer smoothing to be on a per second basis instead of a per-time-

step basis.

These conclusions are consistent with the results of the simulations.

C I 1. Report summary. (This summary will be included in the year end NUREG

| report, it should be about 2 to 5 pages long and could include several
figures. A short paragraph description of each facility should be included.
Also include 3 paragraph summarizing the baseline results.)

The model for which all simulations were performed consisted of a CORE component

containing a single rod of typical PWR construction. a FILL component to provide reflood

water, and a BREAK component providing a back pressure at the outlet. The CORE

component was subdivided into 20 equal hydraulic cells. The calculations are initiated with all

but the bottom cell in dryout. The bottom cell is initially quenched. The quench front then

advances as the reflood water flows in.

A series of simulations was performed for each of the two extremos likely to be

encountered. These were (1) high temperature ahead of the quench front combined with a

low reflood rate, and (2) low temperatures ahead of the quench front combined with a h'gh

reflood rate. For each series of simulations the parameter DZNHT W1s varied from S.0 to 0.1.

The results for the low temperature /high-flow case are shown in Fig. A 29 in the form of

claddirg temperature histories at successive elevations for four sep trate values of DZNHT.
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| There are small differences in the quench time at elevations up to 50 cm. There are also small

differences in the apparent quench temperatures. Overall, the changes are not very
'

significant. The results of a similar series of calculations for the high-temperature / low fbw

case (Fig. A 301 show a much larger eff ect of DZNHT. Reducing the value of D2NHT leads to

an earlier quench time at each elevation and a higher apparent quench temperature. These

results strongly suggest that a choice of 5 mm for DZNHT will produce a rather poor

representation of the quench front. The author suggests a value in the range of 0.2 to 04
mm.

Additional simulations were performed for the high temperature / low flow case to

determine the effect of the axial conduction term on the quench front speed. This was done

with a version of the code having the axial term removed from the conduction equation. The

quench front speed was reduced 35 45% when the axlal term was removed. The
-

dependence of the solution on time step size ard mesh size disappears almost completely

for this case. The absence of the axial conduction term also has a significant effect on the

distance over which the temperature rise occurs at the quench front. That distance was about

1.5 mm with no axial conduction term and closer to 2.5 mm with that term included.

Additional calculations are performed using a version of the code that does not use

the smoothing / limiting techniques applied to the calculation of the surface-to-coolant HTC.

The author concludes that at least a part of the effect seen in going to a small time step is

attributable to heat transfer smoothing. He suggests that the heat transfer smoothing be

done on a per second rather than a per-time step basis. It is also recommended that the

conduction solution in TRAC be changed to r fully implicit forrmlation.

Run-time data is presented for eight simulations. Grind times are in the range of 218 -

2.82 s based on the typical minimum time step.

_
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REVIEW OF ICAP REPORT No. STUDSVlKINP 88/101 (S)
|

A. BASIC DATA

A 1. Report information:

Author: Anders Sjoberg

Report Title: Assessment of TRAC PF1/ MOD 1 Against an tr. advertent Feedwater

Une Isolabon Transient in the Ringhals 4 Power Plant

Report Number: STUDSVIK/NP 88/101 (S)

Author's Nationality and Affiliation: Sweden, Studsvik Nuclear

Report Date: November 1968

A 2. Reviewer's Name: Norman M. Schnurt

Date of Review: August 1990

A 3. Which code version was used for the baseline calculation: (Include cycle
number or verslan number and any updates. Section S.2.2)*

TRAC PF1/ MOD 1, Version 14.0.

A 4. Report Classification (Proprietary, or non proprietary, any lostrictions.

Section 4.1)*
No restrictions.

A S. Is this an Integral or separate-effects assessment?

Integral assessment.

A 6. Summarize why this assessment IS being done. (Section 5.2.5 and Table 3)'

The purpose of this work was to assess the capability of TRAC to predict conditions in

a full-scale PWR during a transient caused by a steam 9enerator-feedwater-line isolation.

A 7. Provide a IIst of keywords descriptive of this analysis.

TRAC, reactor transient, f eedwater-line isolation, Ringhals 4 Power Plant.

*
Refers to section or table in NUREG 1271, " Guidelines and Procedutos for the International
Code Assessment and Applications Program * April 1987.
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B. BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT
(Include report page number where information was found.)

81. Old the author describe each test facility and each test used in the analysis?
Elaborate. (Sectlan 5.4.5 and 5.5.4)*,

The Ringbals 4 power plant was described in some detail on pp. 5 aN 6.

B2. The author must identity the experimental data used for the assessment in
the report. The data channels used for comparison with code results should

be easy to identity. II Is desirable, but not required, for the author to supply
the very data used in the assessment on hardcopy, floppy, or tape as
specified in NUREG 1271. Has the author done ths a things? (Section
5.5.3 and 5.3)*

The data collected by the Ringhals 4 data acquishion system during the transient

included steam flow, main-feedwater flow, narrow range steam-generator level, wide range

steam-generator level, auxiliary-feedwater flow, local pressures and temperaturcs, and a time

sequence of trips, control signals, and pertinent time plots. These data are given in the report

in graphical form. They are also stored on the plant (x>mputer.

I
B3. The author must provide an evaluation of the exper|hoental data uncertainty

or clearly reference where !! may be found. Has this been done? (Section
5.2.1)*

The uncertainty of the experimental data is not discussed.. '

B 4. Was a base case calculation performed using the unmodliled, frozen code?

Did the author include a clear, explic.t figure of the Atodel? (Section 5.2.2).'
A base-case calculation was performed using the unmodified. frozen code. The

model is discussed in detail (pp. 812, Fig 5.1,2,3,22).

B 5. The author must supply a copy of the input deck for one of his translent

calculallons on hardcopy, or floppy, or both. Has he done this? (Section
5.4.6 and 5.5.1)*

The input deck was not included in the report.

86. Were sensitivity studies performed? Were the sensitivity studies adequately
described? Were all Identitled code deficiencies expIIcitly described?

. (Section 5.2.3, S.2.5, and 5.4.7)*
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Sensitivity studies were carried out to determine the effect of fuel gap conductance

on initial stored energy in the fuel and temperatures in the primary circurt. The effect t the

moderator temperature reactivity coefficient on core power was also investigated. Finally an

investigation was made of the importance of including pressure compensation to the steam

flow when calculated as a function of dome outlet pressure drop. These studies are

adequately described on pp. 2123. No specific code deficiencies were identified.

B 7. Were nodalization studles performed? Were the nodalization studles
adequately described? Elaborate if necessary. (Section 5.2.4)*

Two nodalization studies wuro parformed. The two areas of the model in which the

effects of nodalization were studied were the steam-line downstream generator and the

steam-generator downcomer. These studies were described on pp. 2123.

08. The report should include run statistics for at least one translent calculation

using the unmodified frozen code. Was this done? If a modllled version of

the code was produced, run statistics for the same transient calculation

FAormed with the final version of the modified code s'Juld be included.v~

Was this done? (Section 5.2.5 para. 4, and Table 4 p. 25, and Section

5.4.8)~

Complete run statistics are given for the base case simulation (p. 2) and foi a steady-

( state simulation. The code modifications made in this study would not be Expected to have a

significant effect on run times.

89. Were complete references included in the report? (Socilon 6.4.10)*
A totalof 5 references (p. 27) are included. These are sufficient for this assessment.

B 10. Were the objectives satisfied?

The objectives were satisfied. The code was found to simulate the steam-line-

Isolation transient with acceptable accuracy. The effects of various input parameters and

noding changes were determined.

C. DETAlLED OUESTIONS

C1. Old the author describe the model nodalization, assumptions, etc.? Were

they appropriate? Did the nodalization follow the input deck preparation
guldeIInes found in the TRAC User Guldes? Elaborate !! necessary.

*

(Section 5.4.61
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The nodalization used in this assessment is described in detail. ! is consistent with

the input-deck preparation guidelines in the TRAC Users guide. The boundary conditions

used for the sirrulatons are also discussed in detail.

C2. Briefly describe the thermal hydraulic phenomeno and the rvported code
predictions addrecsed in Ine report. If appropriate, describe the

phenomena in the context of thermal hydraulic behavior in the vessel
primary loop, secondary loco, and other phenomena of Interest.

The phenomenon studied in this assessment was an isolation of the steam-generator

feedwater line. Following the closure of the icedwater valves, the steam flow through the

feedwater-preheater train ceased, with a corresponding increase of flow through the turbine.

This was automatically compensated for by the throttling of the turbine valves. The impulse-

chamber pressure of the turbine was, as a conse(sence, decreased by about 10% This was

felt by the control logic of the turbines as a corresponding load rejection, resulting in
doblocking of 25% steam-dumping capacity.

Because of the loss of main-feedwater flow the average temperature of the primary

coolant increased while the reference temperature was decreased due to reduced impulse-

chamber pressure. This deviation resulted in a dump demand signal, and about 14 s after the

feedwater isolation, steam dumping from the turbines was initiated. The continued steam flow

resulted in depletion of steam-generator liauid inventory, and reactor scram was obtained on

low downcomer level signal. tsolation of the turbines was activated and auxiliary feedwater

supply was initiated. The level then slowly increased and finally reached the normal value.

C3. If the author has identitled new user guidelines has he described them
thoroughly? What are they?

No new user guidelines were explicitly stated.

C4. What user guidelines can you Inter from the results described in the report?
A thorough nodalization of the steam-generator downcomer is essential because of

the sensitivity of system response to downcomer conditions. Decreasing the maximum time-

step size may be necessary to maintain stabiltty for some transients.

C5. What deficiencies were identitled In the unmodIlled frozen version of the
code? (Saction 5.2.5 and 5.4.7)'

|

|
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Tho author suggests that the f ailure of TRAC to prop 3rly account for ekvation head

ano density differences when calculating pressure drop at the st**mse'wrator-dome outlet

may cause signficant error at very bw f bw rates.

C 6. Describe the Impact of each identified code deficiency.
The effect of omitting the terms acussed ir C51s an error in the pressure drop at the

steam-generator secondary side outlet and a resulting error in the steam flow mte.

C 7. What code modifications were made? What effect did they have? (Section

5.2,3)*
The code was cof"ed to include elevation head and the absolute pressure

influence !> rough the denay b 9e calculatk .. Of pressure drop sA the steam-generator-

dome outlet. This modification p oduced steam flow rates in better agreement with

experimental data. The only other code rnodifications were an update k' provirta p.cper

functioning of the restart capability of the core component and the en( 1 of additional

output for plotting with a separate program. These changes had no effect on the results of

the simulations.

CB. Run statistics'must be provided for the calculation of one transient with the
unmodifled frozen code and the fully madliled code. Compare ant' paluate.
The run statistics should include a description of the computer and
operating system useu to perform each cuculation, and

a. A plot of CPU vs RT

b. A plot of DT vs RT
3c. The value of the ' grind tims" = [(CPU x IO )/(C x DT)]

Where CPU = Total execution time

RT = Transicia time
DT a Total number of time steps

Cx Total number of volumes in the 'nodel
The 310-s base-case simulation used 1068 time steps w th a maximum

allowable time-step size of 0.5 s. This computation required 4784 s of CPU time on a

CDC Cyber 180-835 computer. The model contained 37 components and 144

nodes. The grind time for this calculation was 31.1 s. The steady-state calculation

was run for 180 s and required 985 s of CPU time. The grind time for tnat calculation

was 34 s. There were no code modifications that affected run time.

APPENDIX A-143



- _ - _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ ______-__________-_ _ _ _ _ _ - _ - _ - _ _ _ _ _ _ _ _ - _ _ - _ _ .

d. Evaluate lhk actual time step used. Old the transient run at

the Courant |ime step or did the user specify a smr'ler

maximum Ilme ' atop? Compare the actual time step vs

transient time and the user specified maximum time step vs

transient time. (Section 5.2.5-pars.4, Table 4-p. 25, and
Section 5.4.8)*

The maximum time step size had to be limited to 0.5 s to ensure
convergence during the entire transient.

C9. Does the work documentea this report appear to be good and generallya

valid or are there_ fundamental problems with It? (Solicit input of ccde
developers to answer this question.)

The work discussed in this report assesses the ability of TRAC to simulato a

specific type of transient. The sM>lations were accurately and carefully performed. Seveial-

nodalization and sensitivity studies were performed to determine the effects of various input

parameters and node spac:ng wi key components.

C 10. What con:lusions were drawn in the report? Are they well supported by the
results of the analysis? Elaborate. (Section 5.4.7 and 5.4.9)*

Tt'e authors' conclusions were as follows:

The TRAC code was capable of a satisfactory simulation of a feedwater-line isolation*

transient ' ) a full-scale PWR.J

The steam flow, taken as proportional 1o the square root o; a pressure drop, revealed for
*

the base case a discrepancy when compared to measurement. The basic reason for the

discrepancy was found to be the omission of pressure compensation in the flow
algorithm.

Initial calculations showed an oscillation in the narrow-rantle level signal which did not
*

occur in the measured data. A denser nodalization of the upper part of the downcomer in
'

the steam generator helped to alleviate this problem.

The primary temperature in the base-case model was lower than the measured datt This*

temperature could be raised by reducing the gap conductance of the fuel. A value of 5.0
2kW/m K gave reasonable agreement with the experimental data.

External restriction on the maximurn allowable time step had to be imposed for
*

convergence of the solution procedure.

These concludons are generallymnsistent with the results of the simulations. The second.
.

conclusion is somewhat questionable, however. The graphical results comparing the effect
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of including the additional terms is, in the opinion of the reviewer, inconclusive when the

accuracy of the data is taken into account. There is also the question of the effect other

pressure differences, such as irreversible form losses, may havc.

C11. Repon summary. (This summary will be included in the year end NUREG

report. It should be shouf 2 to 5 pages long anc could include several
figures. A shon paragraph description of each facility should be included.
Also include 2 paragraph summarizing the baseline results.)

A TPAC PF1/ MOD 1 simulation has been conducted to assess the capability of th.1

code to predict feedwater line isolation. The measured dats were obtained from an

Hadvertent feedwater line isolation at fuli-power operation in tho Ringhals *l power plant.

Pinghals 4 is a 915 MWe Westinghouse PWR with three loops and two turbines. It is

9 with three Westinghouse steam generators with a feedwater preheater scction'

v ~' 9 cold-leg side of the U-tube bundle and a division is made of the feedwater flow

lower feedwater inlet and the top inlet at the upper part of the downcomer.1" - - "

'etransient stationary phase the total feedwater was apportioned so that aboutt-

mW was delivered to the top inlet and the rest to the preheater. The circulation

.s cond!! ion was about 2.43.

l The transient was initiated by a failure in an electronic logical circuit, causing the

feedwater-line isolation valves to close in all three loops. Following the closure of the

feedwater valves, the steam flow through the feedwater-preheater train ceased, with a

corresponding increase of flow through the turbine. This was automatically compensated for

by the throttling of the turbine valves. The inpulse-chamber pressure of the turbine was, as a

consequence, decreased by about 10% This was felt by the controllogic of the turbines as a

corresponding load rejection, resulting in deblocking of 25% steam-dumping capacity.

Because of the loss of main-feedwater flow the average temperature of the primary

coolant increased while the reference temperature was decreased due to reduced impulse-

chamber pressure. This deviation resulted in a dump demand signal, and about 14 s after the

f eedwater isolation, steam dumping from the turbines was initiated. The mntinued steam flow

resutted in depletion of steam generator liquid inventory and reactor scram was obtained on

low downcomer-level signal. Isolation of the turbines was activated and auxiliary-feedwater

suppry was initiated. The level then slowly increased and finally reached the normal value,

in the TRAC simulation, only a single-loop representation was used and the core was

modeled by the TRAC neutron point kinetics specified with middle-of cycle conditions.- The

complete model comprised 37 components made up of 144 nodes. The boundary

APPENDIX A-145

_ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ -_ _. __ _ ._ _ . _ _ _ , _ - _. _

conditions were either taken directly from the recordings of the plant computer or were

inferred from those data.

Prior to the transient simulations, a steady-state analysis was run and conditions were

adjusted to replicate the actual pretransient conditions. A heat balarce calculation of the plant

during the stationary phase provided information of recirculation pump power and primary.

coolarn mass flow which were not known from measurements. The model steady state

conditions were saved for later use as initial conditions for transient simulations.

The base-case transient was simulated for 300 s, including 10 s of pretransient

steady-state condition. At 13 s ;he feedwater isolation started with feedwater flow being

ramped down to 0 in 2.5 s. The measured and calculated steam flow at the outlet of the steam

generator are shown in Fig. A-31. The curve ' Direct" indicates the total flow as represented

by a TRAC signal variable. This was in full agreement with the imposed boundary conditions

downstream of the turbine valves. The flow taken as drfferential pressure between the steam-

generator dome and the steam line did not agree well with the direct f'cw when the flow was

seduced and the pressure increased. The reason for this discrepancy was the omission of

pressure dependence in the flow algorithm. When this compensation was introduced a

f avorable comparison with measured steam flow was obtained.

As the steam generator level was decreasing there was an oscillation in the narrow-

range level signal precicted by the calculations that was not measured during the actual
,

Itransient. A denser nedalization of the upper part of the downcomer helped to alleviate this

problem. The primary temperature in the base case model was too low compared to

measurements. An increase of the initial stored energy of the fuel would have reaed the

coolant temperature. An increase of stored energy was obtained by decreasing the gap
: conductance of the fuel. A sensitivitv analysis showed that a gap conductance of 5.0

kW/m2.K (half the base case value) resulted in reasonable response of the reactor system

when compared to measurements.

Exteinal restriction of the maximum allowable time step of 0.5 s had to be imposed on

the solution procedura. For a 310 s transient 4748 CPU s was needed on a CDC Cyber 170-

835 computer. The grind time was 31.1 s.

t
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REVIEW OF ICAP REPORT NO. ICSP-R2MSIV-T

A. BASIC DATA
' A 1. keport information:

Atfhor: F. Peigo and A. Sjoberg

Report Title: Assessment of TRAC-PF1/ MOD 1 Against an inadvertent Steam

Une isolation Valve Closure in the Riry5.ls 2 Power Plant

Report Number: 1 CSP-R2MS1V T

Author's Nationality and Affiliation: Spain, Consejo de Seguridad Nuclear

and Sweden, Studsvik Energiteknik A. B.

Report Date: February 1988.

A 2. Reviewer's Name: Norman M. Schnutt
Date of Review: September 1990

A 3. Which code version was used for the baseline calculation: (Include cycle
number or version number and any updates. Section 5.2.2)*

TRAC PF1/ MOD 1 Version 14.0 updated to provide proper restart capability of the
CORE component.

A 4. Report Classil! cation (Proprietary, or non propI!elary, any restric!!Ons.
Section 4.1)*

Unlimited.

A S. Is this an Integral or separate-ettects assessment?
An integral assessment.

A 6. Summarize why this assessment is being done. (Section 5.2.S and Table 3)*

This simulation was performed to assess the capability of TRAC PF1/ MOD 1 to predict

a steam-line isolation-valve-closure transient.

A 7. Provide a list of keywords descriptive of this analysis.

TRAC, PWR sinr' ttion, TRAC, steam-line isolation valve.

*

Refers to section or table in NUREG-1271, " Guidelines and Procedures for the International
Code Assessment and Applications Program," April 1987.
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B. BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT

(include report page number where information was found.)

B 1. Did the author describe eaCh test faCllity and each test Used in :he analysis?

Elaborate. (Section 5.4.5 and 5.5.4)*

j The Ringhals 2 power plant is described in detail on pp. 5 and 6.

B 2. The author must identify the experimenta| d.ata used for the assessment in

the report. The data channels used for comparison with code results should

be easy to identlfy. It is desirable, but not required, for the author to supply
the very data used in the assessment on hardcopy, floppy, or tape as

specified in NUREG 127t. Has the author done these things? (Section

5.5.3 and 5.3)*

The experimental data are taken from plant signals that were monitored and stored on

the plant computer. The data are presented only in graphica! form in Figs. 4,7-14,18,19. and

21. These data include main-feedwater flow rate, steam-line pressure and Ibw rate, steam-
'

generator level, core power, pressurizer level and pressure, and saf ety-injection flow.

B3. The author must provide an evaluation of the experimental data uncertainty
or clearly reference where It may be found. Has this been done? (Section

5.2.1)*
The uncertainty of the experimental data is not discussed quantitatively. Some

qualitative statements are made concerning uncertainties in the deduced sequence of

events (p. 6) and in measured flows (p.13).
-

B4. Was a base-case calculation performed using the unmodified, frozen code?

Did the author include a clear, explicit figure of the Model? (Section 5.2.2).'

A base-case calculation was performed using TRAC-PF1/ MOD 2. The code was
,

modified only to provide proper functioning of tne restart capability of the core component

and to add printout for graphics. These modifications had no ettect on the results of the

TRAC simulation.

85. The author must supply a copy of the mput deck for one of his translent
calculations on hardcopy, or floppy, or both. Has he done this? '9ection

5.4.6 and 5.5.1)'
A copy of the input deck has not been provided.
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B 6. Were sensitivity studies performed? Were the sensitivity studies adequately
described? Were all Identitled code deficiencies expIIcitly described?
(Section 5.2.3, 5.2.5, and 5.4.7)* ,

Both single- and double-loop representations of the system wue simulated. An

additional simulation was also performed to determine the effect of gap conductance.

87. Were nadalization studles pet-formed? Ware the nodalization studies
adequately described? Glaborate if necessary. (Section 5.2.4)*

No nodalization studies were girformed.

B B. The report should include run statistics for at least one transient calculation
-

using the unmodllled frozen code. Was this done? 11 a modllled version of
the code was produced, run statistics for the same translent calculation
performed with the IInal version of the modlfled code should be included.
Was this done? (Section 5.2.5 - para. 4, and Table 4 p. 25, and Section

<

5.4.8)*
Run statistics are given on p. I::2.

89. Were complete references included in the report? (Section 5.4.10)*
Yes. A total of 7 references are included.

B10. Were the objectives satistled?

The stated objective was to assess the capability of TRAO-PF11 MOD 1 to predict a f
steam-line isolation-valve closure transient. This objective was satisfied. The accuracy of the

calculation was assessed, some user guidelines were inferred, and some suggestions for
code improvement were made.

C. DETAILED OUESTIONS
C 1. Did the author describe the model nodalization, assumptions, etc.? Were

;We .stu ropriate? Did the nodalization follow the input deck preparation
guideIInes found in the TRAC User Guides? Elaborate if necessary.
(Sectica 5.4.6)'

The nodalization used in this assessment is described in detail. Figure 1 is a

nodalization diagram of the er. tire system. The authors specifically state that the pressurizer

and all pressurizer valves were modeled according to recommendat;ons in the TRAC User's

Guide. The VESSEL was modeled uslag 1D components, but that should be adequate for
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the relatively mild transient being considered here. The omission of most of the structural

materials in the secondary side of the steam generator may have caused an overestimation of

the transient pressure decrease in the steam line, in general, however, the nodalization

follows guidelines presented in the TRAC User's Guide.

C2. Briefly describe the thermal hydraulic phenomons and the reported code
predictions addressed in the report. If appropilele, describe the

phenomena in the context of thermal hydraulic behavior in the vessel
primary loop, secondary loop, and other phenomena of interest.

Ringhals 2 is a three loop, two turbine PWR having nominal thermal power of 2400

MW and a net electrical output of 800 MW. An assessment was performed to determine the

ability of TRAC-PF1/ MOD 1 to simulate a transient caused by an inadvertent steam-line

isclation-valve closure in th6 Ringhals 2 power plant. The transient was initiated by an

interruption of power to the electrical coil in the pilot valve in the steam-line isolation valve of

loop 3. The isolation valve closed and and the steady flow decreased by 1/3 quite rapidly.

This caused a rapid pressure decrease in the other two steam lines and a corresponding

steam fbw increase. The steam flow in loops 1 and 2 increased to the trip set point, resulting

in a cbsure signal for the steam-line isolation valves in the two intact loops, activatbn of safety

injection, isolation of main feedwater, scram-signal generation, and termination of letdown and

!.

charging flows. The auxiliary-feedwater flow was automatically actit 'Jed. Because of the

isolation of the steam generators, the circulation flow on the secondary side ceased and a

stagnant condition occurred. The steam-generators downcomo level quickly decreased.

The core decay heat and the stored energy in the structures on the primary side caused the

secondary-side pressure to slowly increase.

The main phenomena of interest in the simulation wete pressure levels, water levels,

and flow rates in the reactor and steam generators. Heat transfer to structural components

was found to be important for the correct calculation of pressures and flow rates.

C3. If the author has identified new user guidelines has he described them

thoroughly? What are they?

No new user guidelines were explicitly stated.

C4. What user guide |!nes can you infer from the resu,'3 described in the report?

Proper modeling of steam-generator intemals and pressurizer walls are important for

accurate prediction of condensation phenomena. Time steps may have to be limited to
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values below that allowed by the code when the model contains controls with relatively small

time constants if severe oscillations are to be avoided.

C5. What deficiencies were identitled in the unmodllled frozen version of the "

codo? (Section 5.2.5 and 5.4.7)*
It 'vould be desirable to implement an intemal limitation on the time step as a function

of the performance of control systems. Another possible approcch is to allow for some

degree of implicitness by closing the thermal hydraulic and control loops during the

convergence calculations.

C 6. Describe the Impact of each identitled code deficiency. -

The lack of time step limitations related to control systems causes numerical

oschlations unless a user-specified maximum time step is input. This user-inp:st value would

be applicable for the entire transient, arx3 might greatly increase the cost of the calculation.

C 7. What code modifications were made? What effect did they have? (Section

5.2.3)*
The code was modified to provide proper functioning of the restart capability of the

core component and to print signal-variable and control-block output for plotting with a

separate program. Neither of these modifications caused any change in the results computed '

by TRAC.

C8. Run statistics must be provided for the calculation of one translent with the

unmodified frozen code and the fully modified cGde. Compare and evaluate. ~

The run statistics should include a description of the computer and
operating system used to perform each calculation, and
a. A plot of CPU vs RT

b. A plot of DT vs RT
3c. The value of the " grind time" a [(CPU x 10 )/(C x DT)]

Where CPU c Total execution time

RT = Translent time

DT a Total number of time steps
C= Total number of volumes in the model

The calculations were performed on a CDC Cyber 170-835 computer. The

300-s simulation required 435 time steps and a total CPU time of 5379 s. The model

had 96 components with 295 cells. The grind time was 39.2 s.
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d. Evaluate the actual tlme step used. Old the transler't run at the

Courant time step or did the user specify a smaller maximum time

step? Compare the actual time step vs transient time and the user
speciflod maximum time step vs translent time. (Section 5.2.5 pera.4,
Table 4 p. 25, and Section S.4.0)*

During the 300-s transient no limitation of tt e time step was imposed from the

input and TRAC was allowed to use as big a time step as the solution method

permitted. The size of the time step ranged from 0.01 to 3.8 s. Some unstable

behavior was observed with controls having short time constants.

C9. Does the work documented In this report appear to be good and generally
valid or are there fundamental problems with It? (Solicit input of code

developers to answer this question.)

This work represents a valid simula' ion of a relatively slow transient caused by an

inadvertent steam-line isolation-valve closure. The results give some indication of the

accuracy of the TRAC code for this type of calculation and the authors were able to provide

some useful guidelines related to model selection and time step selection. There are some

questions concerning the ccmparison of calculated results and plant data. There were

inaccuracies in measured flow rates that cat. sed the measured feedwater flows to be out of

balance. The plant signal follower, which records the time sequence of trips and control,

l

signals, was not functioning property during the transient and the sequence of events could

not be definitely established.

C10. What conclusions were drawn in the report? Are they well supported by the
results of the analysis? Elaborate. (Section 5.4.7 and S.4.9)*

The authors' conclusions were as follows:

Discrepancies between calculated and measured results were found in pressurizer liquid-

levels and pressures, thermal stratifcation of pressurizer liquid during the insurge perioci.

and the steam-generator liquid level calculated from a pressure difference algorithm.

These discrepancies were explained in terms of overestimated primary-to-secondry heat

transfer, the use of a slightly overestimated HPIS flow TRAC's inability to reproduce

thermal-mixing phenomena, the omission of major heat structures from the model, and an

oversimplified Ap algorithm ignoring the vapor.

The code's robtea was limited by the control system performance. The use of large-

time steps caused unstable operation of several control blocks, particularly those with

short time constants.
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For this fairly mild trar&0nt, rio probam with the thermal-hydraulic calcula30ns was.

encountered. The control system performance was the main source of difficuhy.

These conclusion.c are consistent with the resuRs of the simulations.

C 11. Report summary. (This summary will be included in the year end NUREG
report. It should be about 2 to 5 pages long and could Include uverei
figures. A short paragraph description of each facility should be included.
Also Include a paragraph summarizing the basellne results.)

The Ringhals 2 power plant is a three loop, two-turbine PWR of Westinghouse Stal-

Laval design with ASEA electrical generators. The nominal thermal power is 2440 MW and

the electrical net output is 800 MW. The plant is equipped with three Westinghouse steam

generators of the vertical U tube design. Because of problems with U tubes in the steam

generators, the core power has been reduced to atx>ut 80% of normat.

A transteat in the rystem operation was initiated by an interruption of power to the

electrical coil in the magnetic pilot valve of the steam-line isolation valve in loop 3. The

isolation valve closed and the steam flow decreased by 1/3 quite rapidly. This caused a rapid

pressure decrease in the other two steam lines and a corresponding steam flow increase.

The steam flow in loops 1 and 2 increased to the trip set point resulting in a closure signal for

the steam-line isolation valves in the two intact loops, activation of safeti njection, isolation ofi

main feedwater, scram-signal generation, and termination of letdown and charging flows. The

auxiliary-feedwater flow was automatically activated. Because of the isolation of the steam
'

generators, the circulation flow on the secondary side ceased and a stagnant coredition

occurred. The steam-generators downcomer level quickly decreased. The core decay heat

and the stored energy in the structures on the primary side caused the secondary-side

pressure to slowly increase. Throeghout the transient, impo-tant plant signals wore

| monttored and stored on the plant computer. Unfortunately, the plant signal follower , hich

f records the time sequence of trips and control signals, was not functioning properly and thus

! no true sequence of events could be established. The sequence of events was inferred from
.

the time plots of relevant signals.

; The simulation of the transient was made with TRAC-PF1/ MOD 1, Version 14.0. A
-

two-loop representation of the plant was used. A 1D representation of tha vessel made up of

of seven components was used. A bmped-parameter model and adiabatic walls represented

the vessel and its extemals. The axial-heat flux shape and hot rod peaking factors were

derived from in-core measurements. The pressurizer was modeled by a TEE containing six

cells, and the bottom of the pressurizer was a PlPE component divided into four cells. The

pressurizer wal!s were simulated by heat structures with four radial nodes. All the pressurizer
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valves ure sized to their rated capacities under choked flow conditions. The steam

generators were mod 6)ed in detail. Each steam get erator comprised a number of

components where the STGEN component includ?d the primary side of the U-tube bundle

and the secordary-side riser ard separcor parts. The downcomer was nodalized so as to

permit adequate tracing of the water level as well as correct placement of level pressure laps.

The steam flow was measured by means of a drtferential pressure between the steam-dome

pressure tap in the relief and safety-valve header. Control-system and trip-logic modeling was

extensive. Boundary conditions for the simulations were either taken directly from the

recordings of the plant computer nr were inf erred from them.

Prior to the transient sirnulatio- the TRAC model was adjusted to replicate the plant

stationary pretest corditions. The measured steam flows and corresponding feedwater flows

were found not to balance during the pretransient phase, indicating that some of the flows

were miscahbrated. A heat balance for the steam generator revealed that the steam flows

were erroneouMy recorded. Therefore, the steam flows were assumed to match the

f eedwatei flows.

The transient simulations were mada using both a single- and double-loop

representation. Measured inermal-hydraulic data were obtained for each loop and an

averaging procedure was used to provde data for the double loop. The main heat source

during the transient was the core power and decay heat. The default kinetic parameters were

used. The speed of the reactor-coolant pumps was assumed constant throughout the

transient. The feedwater tiow was specified ustnc a trip-controlled FILL component with

1abulated data as a function of time taken from recorded data.

The single-loop steam-generator pressure, level, and flow behavior were well

reproduced in the calculation (Fig. A-32). The calculated tran2nt pressure decrease in the

double-loop steam line prior to the reactor and turbine trip was slightly overestimated (Fig. A-

33). This was believed to be cau ied by the omission of most of the structural materials in the

secondary side of the steam-gonerator model. Following the reactor trip, the average

temperature on the primary side tiecreased more rapidly than the measured data indicated.

This may be due to overestimating primary-to. secondary heat transfer and underestimating

the stored energy in the fuel. The calculations were rerun with a modified gap conductance

which produced more stored energy in the fuel during steady state and better results were

obtained.

For this f airly mild transient, no problems with the thermal-hydraulic calculations were

encountered. Instead, the control system performance was a source of difficulty. No time-

step control was imposed i' the input deck, and TRAC was allowed to use as big a time step=

as the solution method permitted. This resulted in some unstable behavior f' c some of the
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controls having relatively small time constants. The authors suggest the implementation in

TRAC of internal limitations on the time step as a function of the performance of the control

systems.

The calculations were performed on a CDC Cyber 170-835 computer. The 300-s

simulation required 465 time steps and a total CPU time of 5379 s. The model had 96

components with 295 cells. The grind time was J9.2 s.
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REVIEW OF ICAP REPORT NO. AEEW M 2590

A. BAGIC DATA
(.

A 1. Report Information:

Author: R. O'Mahoney

Report TIlle Time Step and Mesh Size Dependencies in the Heat Conduction Solution

of a Semi-implicit, Finite Difference Scheme for Transient Two Phase Flow

Reoort Number: AEEW M 2590

Author's Nationality and Affiliation: United Kingdom, Safety and

Engineering Science Division,

Winfrith Technology Centre

Report Date: July 1989 -

A2. Reviewer's Name: Norman M. Schnurr

Date of Review: September 1990

A 3. Which code version wcs used for the baseIIne calculation: (include cycle
number or version number and any updates. Section 5.2.2)'

Winfrnh version B03E (LANL Version 13.0).

A 4. Report Classification (Proprietary, or non proprietary, any restrictions.
Section 4.1)*

Not for publication.
>

A 5. Is this an Integral or separate-effects assessment?

Separate-effects assessment.

A 6. Summarize why this assessment is being done. (Section 5.2.5 and Table 3)*

The purpose of this work was to examine and explain tha time-step and axial-mesh-

size dependencies of thermal calculation for fuel rods in the TRAC-PF1/ MOD 1 code.

A 7. Provide a IIst of keywords descriptive of this analysis.

TRAC, fuel-rod heat transfer, reflood, axial conduction.

*
Refers to section or table in NUREG-1271, " Guidelines and Procedures for the Intemational
Code Assessment and Applications Program," April 1987.
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1
i 3. BRIEF QUESTIONS RELATED TO THE COMPLETENESS 0}' THE r1EPORT

(include report pr.go number where information was found.)
B t. Old the author describe each test facility and each test used in the analysts?

Clabortle. (Section 5.4.5 and 5.5.4)'

No experimentaldata is used.

B 2. The author must ''fentify the experimental c'sta used for the assessment in

the report. The data channels used for comparison with code results should

be easy to identify, it is desirable, but not required, for the author to supply
the very data used in the assessment on hardcopy, floppy, or tape as
specifled in NUREG 1271. Has the autt'or done these things? (Section
5.5.3 and 5.3)*

No experimentaldata is used.

B3. The author must provide an evaluation of the experimental data uncertainty
or clearly reference where it may be found. Has this been done? (Section
5.2.1)*

No experimentaldata is used.

B4. Was a base case calculation performed using the unmodllled, frozen cme?

Did the author include a clear, expIlcit figure of the Model? (Section 5.2.2).*

A base-case calculation was performed using Winfrith version B03E (LANL Version

13.0). The rnodelis discussed on p. 2 of a related report, AEEW-M 2552.

_

B 5. The author must supply a copy of the input deck for one of his translent

calculations on hardcopy, or floppy, or both. Has he done this? (Section
5.4.6 and 5.5.1)*

The input deck is included as Appendix A of AEEW M 2552.

B 6. Were sensitivity studies performed? Wero the sensitivity studies adequately
described? Were all identitled code deficiencies explicitly described?
(Section 5.2.3, 5.2.5, and 5.4.7)*

A series of calculations were performed to determine the effects of time step size,

axial-mesh size, and axial conduction. The code deficiency was discussed in detail.
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\ 0 7. Were nodalization studles performed? Wers the nodalization studles
adequately described? Elaborate if necessary. (Section 5.2.4)*

Mesh size stu$es were an important part of this assessment. They are 6iscussed in ,

detail,

B S. The report shon:d include run statistics for at least one translent calculation

using the unmodllled frozen code. Was this done? It a modllled version of
the code was produced, run statistics for the same transient calculation
performed with the (Inal version of the modllled code should be included.

Was this done? (Section 5.2.5 para. 4, and Table 4 p. 25, and Section

S.4.8)*
Total CPU time, typical minimum time-step size, and problem times were given for

several runs on pp. 3 4 of AEEW M 2552

89. Were complete references included in the report? (Section 5.4.10)*

Only the TRAC code and the companion report are referenced No other references

were necessary for the work discussed in this report.

B10. Were the objectives satistled?

The objectives were satisfied. The effects of time-step size, axial-mesh size, and

axial conduction on heat transfer in fuel rods were determined.

C. OETAILED QUESTIONS

C 1. Did the author describe the model nodalization, assumptions, etc.? Were

they appropriate? Did the nodailzation follow the input deck preparation

guidellnes found in the TRAC User Guldes? Elaborate if necessary.

(Section 5.4.6)*
The nodalization used in this assessment is described in detailin AEEW-M 2552. It is

consisteirt with the input deck preparation guidelines in the TRAC User's guide.

C2. Briefly describe the thermal hydraulic phenomena and the reported code
predic!!ans addressed in the report, it appropriate, describe the

phenomena in the context of thermal hydraulic behavior in the vessel

primary loop, secondary loop, and other phenomena of Interest.

The phenomenon studied in this assessment is conduction heat transfer and the

temperature distributions in a fuel rod during quenching. A core component containing a
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single fuel rod of typical PWR construction is used along with a FILL and a BREAK component

to simulate conduction in fuel rods during reflood. Of particular interest is the numerical

calculation of the convective ' -Jndary condition at the rod surfaCO.

C3. If the author has identitled new user guidelines has he described them
thoroughly? What are they?

No new user guidelines are identified in this report.

C4. What user guldelines can you infer from the results described In the report?

The user should perform sensitivity studies to determine the effect of time-ster ' e

on the calculated temperature distribution in fuel rods.
_

C5. What deficiencies were Identitled in the unmodllled frozen versic. of the
cocte ? (Section 5.2.5 and S.4.7)*

A time-step dependency in thermal calculations for fuel rods is caused by the explicit

evaluation of film coefficierts and the appication of under relaxation to these coefficients.

C6. Describe the impact of each Identitled code deficiency.

The effect of this numerical solution procedure is to cause significant errors in

calculated rod temperatures unless very smalltime steps are used.

C 7. What code modifications were made? What offect did they have? (Section
5.2.3)*

Some simulations were performed with a version of the code in which the axial term in

the conduction equation was removed.

CB. Run statistics must be provided for the calculation of one translent with the

unmodilled frozen code and the fully modllled code. Compare and evaluate.

The run statistics should include a description of the computer and
operating system used to perform each calculation, and
a. A plot of CPU is RT

b. A plot of DT vs RT

c. The value of the " grind time" = [(CPU x 10 )/(C x DT)]3

Where CPU = Total execution !!me

RT r Transient time

DT = Total number of time steps
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Ca Total number of volumes in the model
Run statistics were provided in AEEW-M 2552.

d. Evaluate the actual time step used. Did the .;ansient run at the

Courant time step or did the user specify a smaller maximum time
step? Compare the actual time step vs translent time and the user ,

specified maximum time step vs translent time. (Section 5.2.5-para.4,
Table 4-p. 25, and Section 5.4.0)*

The time-step size was a parameter in the sensitivity studies performed in this

work. In general. it was less than the Courant limit. Time-step sizes in the range of 5-

10 ms were used for base-case calculatiors but values as low as 0.3 ms were used in

the time step sensitivity studies.

C9. Does the work documented in this report appear to be good and gene.~311y

valid or are there fundamental problems wIth it? (SoIIcit input of code

developers to answer this question.)
This work is a careful study of one specific aspect of the TRAC code. It satisties the

stated objective.

|

C10. What conclusions were drawn in the report? Are they well supported by the

results of the analysis? Elaborate. (Section 5.4.7 and 5.4.9)*

The author's conclusions were as follows:

A significant time-step-size dependency has been identified in the solution of the.

coupled system of heat-transfer and two-phase flow partial differential equations. This

dependency is caused by the explicit evaluation of the film coefficient at the rod surface

and by the smoothing techniques applied to the coefficient.

The time step-size dependency disappears if the axial conduction term cf the heat--

conduction equation is removed.

A small axial-mesh-size dependency was also identified.*

The time-step-size dependency represents a potential problem in the use of the TRAC--

PF1/ MOO 1 code with regard to running time.

These conclusions are consistent with the results of the simulations.

C11. Report summary. (This summary will he included in the year end NUREG

report. It should be about 2 to 5 pages long and could include several
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Ifigures A short paragraph . description of each facility should be .1cluded,
Also include a paragraph summarizing the baseline results.)

This report is not intended primarily as an assessment of the TRAC code, its purpose

is to establish the cause of time-step and mesh-size dependencies identified in a previous

report (AEEW M 2552) by the same author. These dependencies are related to the coupling

between the hydrodynamic equations and the haat-conduction equations used to calculate

the temperature distribution in fuel rods. The coupling takes place via the surface heat

transfer between the rod and the surrounding fluid. The convective soductance (film.

coefficient) at the surface depends on the surface temperature and fluid properties.11

provides a surface boundary condition for the heat-conduction equation and contributes to

the energy and mass conservation equations for the fluid.

The finite-difference representation of the conduction equation is implicit in the radial

direction but explicit in the axial direction. Of particular significance is the explicit treatrnont of

the convective boundary condition. The film coefficient is calculated using surface

temperature and fluid conditions from the pievious time step. The author shows that this

explicit evaluation, taken together with the smoothing that is applied to the HTC, is the major

cause of the time step-size dependency. Sensitivity studies show that reducing the time

step causes the solution to asymptotically approach the numerically correct result. However,

the time step required for good accuracy, particularly for reflood calculations, may be

significantly smaller than that determined by the Courant limit and may severely increase CPU !
time.

Additional calculations showed there was also an axial-mesh-size dependency. This

was found to be much smaller than the time step-size dependency. The author suggests that

some computation method should be found to improve or replace the explicit film coefficient

evaluation and that the time-step-size dependency be removed from the heat transfer-
smoothing technique.

I
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REVIEW OF ICAP REPORT NO. Strathclyde SB291, Phase 2

A. BASIC DATA

A 1. Report Information:

Author: W. M. Dempster, A. M. Bradf ord, T. M. S. Callender, H, C. Simpson

Report Title: An Assessment of TRAC-PF1/ MOD 1 Using Strathclyde 1/10 Scale

Model Refill Te.;ts,2nd Report

Report Number: Contract RK: 1642 Job No. SB291, Phase 2.

Author's Nationality and Affiliation: United K\ngdom, Univers|ty of

Strathclyde, Department of

Mechanical and Process Engineering.

Report Date: July 1989

A 2. Reviewer's Name: Norman M. Schnurr

Date of Review: September 1990

A 3. Which code version was used for the basellne calculation: (Include cycle
number or version number and any updates. Section 5.2.2)'

Winfrith version B03 modified by D. M. lumer.

A 4. Report Classification (Proprietary, or non proprietary, any restrictions.

Section 4.1)*
Restricted to the organizations or the persons to wnom the report is addressed.

_

A S. Is this an integral or separate-effects assessment?

Separate-effects assessment.

A 6. Summarize why this assessment Is being done. (Section 5.2.5 and Table 3)*

This report covers the second and final phase of a study whose goal was to assess

the capabilities of TRAC-PF1/ MOD 1 to simulate the refill phase of a double ended cold leg

* Refers to section or table in NUREG-1271, " Guidelines and Procedures for the international
Code Assessment and Applications Program," April 1987.
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break LOCA. The first phase report ** has been summarizoo in a separate assessment
review.

A 7. Provide a list of keywords descriptive of this analysis.

TRAC, ECC injection, LOCA, refill, dowr. comer penetration, bypass.

B.
BRIEF QUESTIONS RELATED TO THE COMPLETENESS OF THE REPORT
(include report page number where Information was found.)

B 1. DId the author describe each test facility and each test used in the analysis?
Elaborate. (Section 5.4.5 and 5.5.4)*

The Strathclyde 1/10-scale facility is described on p.1 and in Figs. 2.1 and 2.2. The

test iacility and procedure are also described in more detail in the Phase 1 report.
,

B2. The author must identify the experimental data used for the assessment in
the report. The data channels used for comparison with code issulta should

be easy to identity. It is desirable, but not required, for the author to supply
the very data used in the assessment on hardcopy, floppy or tape as
specified in NUREG-1271. Has the author done these th,n;s? (Sec. an
5.5.3 aIed 5.3)*

The experimental data are taken from the Strathclyde data base. Mass-flow rates and

condensation rates are given in graphical form.

B 3. The author must provide an evaluation of the experimental data uncertainty
or clearly reference where it may be found. Has this been done? (Section
5.2.1)*

The uncertainty of the experimental data was not discussed.

84. Was a base-case calculation performed using the unmodllled, frozen code?

Did the author include a clear, explicit figure of the Model? (Section 5.2.2).*
The base-case simulations (Phase 1) were performed using the Winfrith modified

code B05.1he noding for the various cases is given in Figs.1.3 and 4.1-4.5.

**

W. M. Dempster, A. M. Bradford, T. M. S. Callender, and H. C. Simpson, "An Assessment of;

TRAC-PF1/ MOD 1 Using Strathclyde 1/10 Scale Model Refill Tests", submitted to CERL,i

! [lCAP00112).
|
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B 5. Th3 culhor must supply a copy of th2 Input deck for on2 of his trcnslent
calculations on hardcopy, or floppy, or both. Has he done this? (Section

5.4.6 and 5.5.1)'
The input dsck is not included in this assessment.

86. Were sensitivity studles perforrned? Were the sensitivity studies adequately

described? - Were all identi!Ied code deficiencies explicitly described?
(Section 5.2.3, 5.2.5, and 5.4.7)*

A sensitivity analysis (pp.12) was performed for downcomer hydraulic diameter. The

identified code deficiencies were clearly described.

87. Were nodalization studies performed? Were the nodalization studies
adequately described? Elaborate 11 necessary. (Section 5.2.4)*

Nodalization studies were performed to determine the effect of increasing the

number of azimuthal sectors (pp. 6-12). The effect of altering the location of the cold-leg

connections to the vessel was also determined

B8. The report should includtr run stellstics for at least one translent calculation

using the unmodified frozen code. Was this done? If a modified version of
the code was produced, run statistlCs for the same transient Calculation
performed with the final version of the maaliled cods should be included.
Was this done? (Section 5.2.5 - para. 4, and Table 4 p. 25, and Section

5.4.8)*
CPU time is shown as a function of reactor time for four typical cakulations in

Fig. 4.31. A range of values for the time step is also included (p.13) and a graph of time-step

size vs reactor time is given in Fig. 4.32.

89. Were complete references includud in the report? (Section 5.4.10)*

A total of 11 references are given covering a'l important aspects of the work.

B10. Were the objectives satisfied?
The purpose of this phase of the work was to perform some sensitivity analyses and

nodalization studies. That goal was accomplished and some code deficiencies were

identified. No specific guidelines were developed but some general conclusions were

reached conceming nodalization for a reactor vessel.
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C. DETAILED QUESTIONS
C1. DId the author describe the model nodalization, assumptions, etc.? Were

they appropriate? DId the nodalization follow the Input deck preparation
guidelines found in the TRAC User Guides? Elaborate 11 necessary.
(Section S.4.6)'

The nodalization used in this assessment is described in detail. The number of cells

and their distribution are similar to the nodaEzation used in TRAC large-plant calculations that

have been recently carried out in the UK and conform to guidelines given in the TRAC-

PF1/ MOD 2 User's Guide. A nodalization study was carried out as part of this work

C2. Briefly describe the thermalhydraulic phenomena and the reported code
predictions addressed in the report. 11 appropriale, describe the
phenomena in the context of thermalhydraulic behavior in the vessel
primary loop, secondary loop, and other phenomena of Interest.

The Strathclyde experiments simulate the refill stage of a double ended cold-leg-

break LOCA in a PWR. The reactor vessel includes four hot legs and four cold legs. Two of

the hot legs are used to supply steam (or air) to the core. Three of the cold legs are used as

ECC-injection points and the fourth represents the broken leg. A particularly critical phase of

the transient may occur when ECC water is prevented from entering the vessel due to an

opposing flow of steam originating from the core intact loops. This phase of the transient,

known as the refill phase, includes highly complex interactions of steam and water, involving

multidimensional, nonequilibrium countercurrent two phase flow. Some or all of the injected

water may fail to penetrate the downcomer and mc.y be carried out the broken cold leg,

bypassing the core. For cases with substantial liquid subcooling, the effects produced by

interfacial heat transfer, interf acial friction, wall friction, and wall-to-fluid heat t'ansfer are
important.

C3. If the author has identlflod new user guidellnes has he described them
thoroughly? What are they?

No user guidelines were specifically stated.

C4. What user guidelines can you Inter from the results described in the report?
A relatively fine mesh may be needed in the downcomer of the reactor vessel to

accurately calculate flow conditions during the refill phase. The authors indicate that four

azimuthal sectors are not sufficient to provide a converged solution. For bypass conditions it

is important to accurately model the location of the broken-cold-leg vessel connection.
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C5. What deficiencies were identitled in the unmodllled frozen version of the

code? (Section 5.2.5 and 5.4.7)*
(1) The TRAC cordensation heat transfer rates can be an order of magnitude higher than

experimentally derived values. Thb may ocast in cases where the liquki is in the form of

a sheet adhering to a wall and the interfacial area is much lower than TRAC would predct

if it does not assume a stratified flow regime.

(2) The authors state that a more conservalue form of the conservation of momentum

equation gives better results for dowrcomer-penetration calculations.

(3) The TRAC code does not contain a momentum convection term associated with a radial

vessel / pipe connection.

C 6. Describe the impact of each identitled code deficiency.

(1) The condensation rates will be overpredicted.

(2) Downcomer penetration calculations will be in error.

(3) Flow distribution in the region where a pipo connects to the vessel will not be accurately

pred'cted.

C 7. What code modifications were made? What effect did they have? (Section

5.2.3)*
I The code was a!!ered to use a conservative form of the momentum equation. This

change produced httle effect on the overal! mass balance for the tests with Irttle or no bypass

but did cause marked improvement in the overall distribution of liquid fractions ard velocities

for those cases. For the test in which total byptss occurred, changing the momentum

calculation to the conservative form caused marked improvement in the calculations.

C 8. Run statistics must be provided for the calculailon of one transferst with the

unmodified imzen code and the fully modllled code. Compare and .9 Valvate.

The run statistics should Include a description of the computer and

operating system used to perform each calculatlan, and

a. A plot of CPU vs RT

b. A plot of DT vs RT
3c. The vaIUe of the '' grind time" = [(CPU x 10 )/(C x DT)]

Where CPU = Total execution time

RT = Transient time ;

1
DT = Total number of time steps j

!
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C= Total number of volumes in the model
The total CPU time and time-step size are given as functions of reactor time

for two different nodalizations. The total number of time steps is not given so the

grind is. ~ cannot be readily calculated,

d. Evaluate the actual- time step used. Old the transient run at the
Courant time step or did the user specify a smaller maximum time

I

/ step? Compare the actual time step vs transient Ilme and the user
1

specified maximum time step vs translent time. (Section 5.2.5-para.4,
Table 4 p. 25, and Section 5.4.8)*

The time step was apparently limited by the Courant condition.

C9. Coes the work documented in this report appear to be good and generally
valid or are there fundamental problems with it? (Solici: Input of code
developers to answer this question.)

The work documented in this report is the second phase of a project to assess the!

ability of TRAC to simulate the Strathclyde 1/10 scale model refill tests. In this phase of the

work, sensitivity studies have been carried out to determine the effect of hydraulic diameter |
| and nodalization. There are some difficulties in analyzing the ditterences betwoon test results

| and nv'nerical calculations because of the complexity of the problem and because of

geometrical complications asson 'ated with the downcomer thermal shield. Nevertheless

some useful conclusions were reached concerning vessel nodalization and the

condensation-heat-transfet calculations.
|

C 10. What conclusions were drawn in the report? Are they well supported by the
results of the analysis? Elaborate. (Section S.4.7 and S.4.9)'

The authors' conclusions were as follows:

The TRAC liquid-side HTC for the cor sation process is an order of magnitude greater
-

_

| Lan experimentally derived values.

' A .odalization study showed thi ' four-sector nodalization does not provide a-

converged solution for the dependent variables.

For bypass conditions it is imoortant to model the geometry of the break positions relative+

to the intact cold legs.

TRAC's inability to predict the circumferential redistribution of liquid injected into the-

downcomer due to the lack of appropriate terms in the momentum equations is a major
deficiency.
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TRAC's excessive computer run times is an important limitation in the progress to a*

poselble solution of the downoomer flows durirg the 'etill phase.

These conclusions are consistent with the results of the simulations.

C 11. Report summary. (This summary will be included In the year end NUREG

report. It should be about 2 to 5 pages long end could include several

figures. A short paragraph description of each facility should be included.
Also include a paragraph summarizing the baseIIne results.)

The Strathclyde test facility was designed for operation with stearnNvater and

5'eam! air as the working fluids and incorporates a closed loop recirculation system. The

reactor vessel test section was a 1/10 scale model of a Westinghouse PWR, with particular
r

emphasis on the downcomer annulus. Two test sections were available, one with a

transparent extenor, restricting opera 1 ion to pressures less than 1.7 bar and allowing visual ,

observation; the other of stainless steel, permitting pressures up to 5 bar. The reactor vescel j
I

simulation included the provision of four hot legs, connected through the annulus to the

core, and four cold !egs, connected to the annulus. Two of the hot legs were used to supply

steam / air to the core; three of the cold legs were used as ECC injection points, while the {
fourth represented the broken leg.

The main measurements taken during the tests included inlet steam' air flow rate,

injected-water flow rate, water penetrating to the bwer plenum, and various temperatures,

pressures, and pressure drtierences. Two types of tests wors performed. In the ' water first"

tests a particular water flow rate was set ar'd then the steam flow rate was increased in steps

until comp' rie bypass occurred. In ' steam first* tests the steam flow rate was set and the

water flow rate was increased until bypass ceased.

Comparisons of calculated results with experimental data for several tests were

reported in the Phase 1 report. The Phase 2 report discusses the results of some

nodal'2ation and sensitivity studies. The effect of the hyJraulic diameter selecied for the
"

downcomer was investigated. There is a thermal shield in the downcomer that divides it into

two separate flow paths. The dowrx.omer was, however, modeled with only onc rirg and the

two channels woru combined into a singie flow path. There was some question concoming

the hydraulic diameter that should be specified for the resulting cells. Two limiting values

were used, producing slightly different results, Agreement with experimental data,however, ,

was not markedly d:fferetit for the two cases.

A study was also carried out to assess the accuracy of the condensation-rate heat-

transfer calculations in TRAC Comparison of TRAC predictions with values deduced from

experimental data showed thai '% condensation rate heat transfer can be an order of
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magnitude higher than the experimentally derived values. This is apparently caused by the

use of interiacialareat based on a uniform flow distribution in cases where the flow is actually
stratified.

Nodalization stLdies were periormed for a case in which total bypass occurred. This

study was primarity restrk1ed to changirg tne nurrber of azimuthal sectors in the vessel. The

authors wnclude that us!?J only four azimuthat coctors is not suffc' leat for good accuracy.

They also find that it is imre1 ant to correctly model the position of the cold leg vessel
,

connections. TRAC's inability to predict the circumferential redistribution of Ikluid injected

into the downcomer is attributed to the !ack of appropriate terms in the (nomentum equations
at the pipe / vessel | unction.
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