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ABSTRACT

LOFT Experiment L2-5 was designated International Standard Problem 13
by the Organization for Economic Cooperation and Development. Comparisons
between measurements from Experiment L2-5 were made with calculations from
11 international participants using five different computer codes. LOFT
Experiment L2-5 simulated a double ended guillotine cold leg rupture of a

primary coolant loop of a large pressurized water reactor, coupled with a
loss of offsite power.

FIN No. A6047--Code Assessment and Applications (Transient Analysis)
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SUMMARY

The Organization for Economic Cooperation and Development designated
Loss=of-Fluid Test (LOFT) Experiment L2-5 as International Standard
Problem 13. Calculations were suomitted by 11 participants using five
computer codes. Eight calculations were preceded by mode! submittals and
qualified as blind calculations. The four remaining calculations were
classified as open submittals. Comparisons were made between participant
calculations and measurements from Experiment L2-5.

Exoeriment L2-5 simulated a double ended cffset shear guillotine cold
leg rupture in a large pressurized water reactor. A loss of offsite power
was alsc simulated with a reactor coolant pump trip and an emergency core
coolant system injection delay.

The participants calculated the hydraulic response of L2-5 adequately,
except where there were obvious modeling problems. Densities were
calculated adequately in the sections where condensation did not occur.
Break flows were generally over predicted. Clad temperature heatups were
calculated adequately but gquench times for cladding was predicted less well.
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INTRODUCTION

Experiment L2-5, conducted in the Loss-of-Fluid Test (LOFT) was
identified by the Organization for Economic Cooperation and Development
(OECD) as International Standard Problem 13 (ISP-13). This report
documents the comparisons between participant computer code calculations
and measured results from LOFT Experiment L2-5. The results from
Experiment L2-5 are documented in Reference 1.

LOFT Experiment L2-5 simulated a double ended, offset shear,
guillotine cold leg rupture. The reactor coolant pumps were tripped and
decoupled from their flywheels within 1 s after break initiation,
simulating a loss of offsite power. Consistent with this loss of power,
the high and low pressure emergency core coolant injection systems were
delayed. The system description and initial conditions are presented in
Section 2.

The purpose of this report is to present direct comparisons between
the calculated parameters and LOFT L2-5 data. It is beyond the scope of
this report to assess and analyze the reasons for discrepancies that
occurred. The models used by the participants are summarized in
Section 3. The eight blind calculations are compared with measurements and
discussed in Section 4. Section 5 presents the comparison between
measurements and results from the four open calculations. Section 6
contains the conclusions and recommendations drawn from the comparisons.
Appendices A through L present details about each submittal as provided by
the participants.



2. LOFT EXPERIMENT L2-5 DESCRIPTION

Experiment L2-5 was conducted on June 16, 1982 in the LOFT facility.
The LOFT facility is located at the Idaho National Engineering Laboratory
(INEL) and was operated for the United States Nuclear Regulatory Commission
by the Department of Energy at the time of the experiment. This section
describes the LOFT facility and presents the initial test corditions.

2.1 System Description

The LOFT system configuration for Experiment L2-5 s shown in
Figure 1. The major components of the LOFT system are: a reactor vessel
including a core with 1300 unpressurized nuclear fuel rods with an active
length of 1.67 m; an intact loop with a pressurizer, steam generator, two
pumps arranged in parallel, and piping connected to the break plane
orifice; a broken loop with a simulated pump, simulated steam generator,
two break plane orifices, two gquick opening blowdown valves (QOBVs), and
two isolation valves; an emergency core coolant system consisting of two
accumulators, a hich pressure injection system and a low pressure injection
system; and a blowdown suppression system consisting of a header and
suppression tank. The details of the LOFT system and instrumentation are
presented in Reference 2.

2.2 Test Conditions

After operating the reactor at 36.0 MW for 40 effective full power
hours to build up a fission decay product inventory, Experiment L2-5 was
initiated by opening the two QOBVs, in the broken loop hot and cold legs.
The primary coolant pumps were tripped by the operators at 0.94 + 0.01 s.
The pumps were not connected to their flywheels during the coastdown. High
pressure injection and low pressure injection were delayed to 24 s and
37 s, respectively, to simulate the delay expected for a PWR emergency
diesel to begin delivering power (in response to a loss of site power).
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2.3 Initial Conditions

A summary of the measured system conditions immediately prior to
Experiment L2-5 initiation is shown in Table 1. The mass flow rate in the
intact loop was 192.4 + 7.8 kg/s. The intact loop hot leg pressure was
14.94 + .06 MPa. The intact loop hot leg temperature was 589.7 + 1.6 K.
The initial core power was 36. ¢+ 1.2 MW with a maximum 1.near heat
generation rate of 40.1 + 3.0 kW/m.



TABLE 1. TNITIAL CONDITIONS FOR LOFT EXPERIMENT L2-5

Parameter

Primary Coolant System

Mass flow (kg/s)

Hot leg pressure (MPa)
Cold leg temperature (K)
Hot leg temperature (K)
Boron concentration (ppm)

Reac.ar Vessel

Power ‘evel (MW)

Maximum inear heat generation
rate (kW)

Control rod pcsition (above
full=in positicn (m)

Pressurizer

Steam volume (m3)

Liquid volume (ms)
Liquid temperature (K)
Liquid level (m)

Broken Loop

Cold leg temperature near
reactor vessel (K)

Hot leg temperature near
reactor vessel (K)

Steam Generator Secondary Side

Liquid temperature (K)
Pressure (MPa)
Mass flow (kg/s)

Measured Value

192.4 ¢+ 7.8
14.94 ¢+ 0.06
556.6 + 4.0
589.7 ¢ 1.6
668.0 ¢ 15
B0 = 1.3
40.1 ¢+ 3.0
1.376 ¢ 0.01
0.32 ¢+ 0.02
0.61 ¢+ 0.02
615.0 ¢ 3
1.14 ¢+ 0.03
554.3 = 4.2
561.9 = 4.3
547.1 ¢+ 0.8
5.85 ¢ 0.06
19.1 ¢ 0.4




3. SUMMARY OF PARTICIPANT MODELS

Calculations were received from 11 participa.ts of which eight were
preceded by mode! submittals to qualify as blind calculations. Table 2
Tists the participants and the identifier used for each participant in this
report. Five different computer codes were used in the calculations.
RELAP4/MOD6 was used in seven of the calculations and RELAPS used in two
analyses. Codes other than RELAP4 are identified as such on each

comparison plot. The following discussfon briefly summarizes the model of
each participant.

3.1 Gesellschaft fur Reaktorsicherheit (GRS)

GRS used the DRUFAN 02 computer code to perform the blind
calculation. The therma! hydraulic models in DRUFAN 02 are based on the
solution for conservation of liquid mass, vapor mass, overall energy, and
overall momentum. Determination of the critical flow at the break was made

using a one dimensional nonequilibrium mode! which uses the geometry of the .
break path. The GRS calculation was terminated at 28.76 s after break
initiation.

3.2 Japan Atomic Energy Research Institute (JAR)

The JAERI Division of Nuclear Safety Evaluation used an improved
version of RELAP4/MOD6 for their blind calculation. Most of the major
modifications to the code were developed for small break analyses, so the
code used in the ISP~13 calculation was essentially equal to the original
RELAP4/MOD6 code. Critical flow was calculated using Henry-Fauske/HEM with
a discharge coefficient of 0.85 for both the subcooled and saturated
region. The calculation was terminated 50 s after initiation of the break.




TABLE 2. SUMMARY OF ISP-13 PARTICIPANTS

Organization Participant Code 10
. Gesellschaft fur Reaktorsicherheit W. Pointner DRUFAN 02 GRS
mbh Forschungsgeland
(West Germany)
Japan Atomic Energy Research F. Tanabe RELAP4/MOD6  JAR
Institute K. Yoshida
Japan Atomic Energy Research M. Akimoto THYDE-P1 JAT
Institute M. Hirano
Centra) Electricity Research A. H. Schriven RELAP4/MOD6 CERL
Laboratories
(United Kingdom)
Studsvik Energiteknik AB 0. Sandervag RELAPS/MOD1  STUD
( Sweden)
Eidgenossisches Institute fur S. Guntay RELAP4/MOD6 EIR
Reaktorforschung S. N. Aksan
(Switzerland)
Los Alamos National Laboratory T. Knight TRAC-PD2 LANL
(USA)
r ENEL-CRTN L. Bella RELAP4/MOD6  ENEL
(Italy) F. Donatini
D' partimento di Construzioni M. Mazzini RELAP4/MOD6  DCMN
Miccaniche e Nucleari
(Italy)
Commissariat A 1'Energie Atomique R. Pochard RELAP4/MODE6  CEA
(France) Y. Macheteau
Technical Research Centre of H. Holmstrom RELAPS/MOD1, VIT
Finland V. Yrjola cycle 19
7




3.3 Japan Atomic Energy Research Institute (JAT)

The Nuclear Safety Code Development Laboratory at JAERI performed
their blind calculation with THYDE-P1. The critical flow mode! used the
modified Zaloudek and Moody correlations in the calculation with a Moodv
discharge coefficient of 0.6. Only the average core channel was modeled
with THYDE-P1; no hot channel analysis was performed. The calculation wis
terminated 69.84 s after the initiation of the break.

3.4 Central Electricity Research Laboratories (CERL)

The CERL blind calculation was performed with RELAP4/MOD6. Critical
flow was calculated using Henry-Fauske/HEM witt a multiplier of 0.875 and a
transition quality of 0.025. Separate hot pins and reflood models were
used in conjunction with the average core blowdown model. The calculation
was terminated 37 s after break initiation.

3.5 Studsvik Energiteknik AB (STUD)

Sweden's blind submittal of ISP-13 was performed using RELAP5/MODI,
Cycle 14. The RELAPS critical flow model was used with a discharge
coefficient of 0.87. The calculation was terminated 55 s after the break
initiation.

3.6 Eidgenossisches Institut fur Reaktorforschung (EIR)

EIR performed both a blind and an open calculation for ISP-13 using
RELAP4/MOD6. For the blind calculation only a single core volume was used;
in the open calculation, two parallel, multivolume core channels were
modeled. Except for the core, the blind and open models were identical.
Critical flow was calculated using Henry-Fauske/HEM, with multipliers of
0.8 and 0.848 respectively. The blowdown portions of the calculations were
terminated at 44 s, while separate reflood calculations were run out to
100 s.




3.7 Los Alamos National Laboratory (LANL)

The open calculation of ISP-13 submitted by LANL was performed using
the TRAC-PD2/MOD1 computer code. TRAC-PD2 features a three dimensional
treatment of the reactor vessel, two phase nonequilibrium hydrodynamic
models and flow regime-dependent constitutive equations. The code does not
contain a critical flow model; break flow was calculated using break
geometry and a normal field equations in the code. The LANL calculation
was terminated 100 s after break initiation.

3.8 ENEL-CRTN

The FNEL blind calculation was performed with RELAP4/MOD6. The model
used two parallel, multivolume core channels, representing the average and
hot channe s. Henry-Fauske/HFM was used to calculate critical flow, with
multipliers of 0.865 and C.7 for subcooled and saturated flow respectively.
The long term calculation was terminated at 160 s after break initiation.
Due to problems with the output tape, only the short term plots (0-30s)
were available for the comparisons in this report.

3.9 Dipartimento di Construzioni Meccaniche e Nucleari (DCMN)

DCMN performed an open calculation of ISP-13 using RELAP4/MODG .
Critical flow was modeled with Henry-Fauske/HEM with discharge coefficients
of 0.84. Transition quality was set at 0.003. The MOD6 heat transfer
package (HTS2) was used in the calculation. The calculation was terminated
30 s after break initiation.

3.10 Commissariat A 1'Energie Atomique (CEA)

The CEA blind submittal was performed using RELAP4/MOD6. Henry-Fauske/
HEM was used to model critical flow, with discharge coefficients «f 1.0 and
a transition quality of .0025. The calculation was terminated 56 s after
break initiation.



3.11 Technical Research Center of Finland (VTT)

The VTT open calculation was performed using RELAPS/MOD1, Cycle 19.
Updates to the FIDRAG subroutine, which calculates the drag between fluid
phases, were added. A discharge coefficient of 0.84 was applied to the
RELAPS critical flow model. The calculation was terminated 60 s after the
break was initiated.
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4. SUMMARY OF BLIND RESULTS

Eight ISP-13 submittals were designated blind calculations. This
designation was given to those participants who submitted the models to be
used in the calculation prior to the performance of experiment L2-5. The
comparison of these calculations with measured data is presented in the
following sections.

4.1 Sequence of Events

The measured and calculated sequence of events for L2-5 are summarized
in Table 3. The experiment was initiated by opening the two QOBVs. The
primary coolant pumps were turned off and the primary coolant system
depressurized to saturation, both by 1 s. The cladding temperatures in the
central fuel assembly departed from saturation within 2 s. Accumulator
injection began at 16.8 s. The maximum cladding temperature of 1077 K
(1479°F) was reached at 28.5 s, just prior to the completion of lower
plenum refill. High pressure injection (HPI) was initiated at 23.5 s; low
pressure injection began at 37.3 s.

Most of the blind calculated sequence of events were in accord with
data. The calculated end of subcooled blowdown ranged from 0.05 s (STUD,
CEA) to 0.09 s (JAR). Reactor scram ranged from 0.0 s (EIR) to 0.25 s
(STUD). Cladding temperatures began to deviate from saturation between
0.51 s (STUD) and 1.42 s (EIR). Both Japanese submittals tripped the
reactor coolant pumps early, at the time of the break. The participants
calculated pressurizer voiding between 5.0 s (ENEL) and 17 s (CEA),
compared to the 15.4 s seen in the data. Accumulator initiation ranged
from 12.8 (STUD) to 19.3 s (ENEL). The time of maximum peak clad
temperatures calculated by the participants deviated significantly from
data, ranging between 10 s (GRS) and 50 s (ENEL). Only CERL's calculation
reached a peak within 5 s of data at 24.0 s but their peak clad temperature
of 1155 K (1600°F) was significantly higher.

11



TABLE 3. MEASURED AND CALCULATED SEQUENCE OF EVENTS FOR LOFT EXPERIMENT L2-5

Event S8=% AR CERL =~ EIR ENEL GRS =~ JAT  _STUD  CEA  __ LANL = _EIR DCMN  _VII_
L2=% initiated 0.0 0.0 0.0 o.¢ --a 0.0 0. 0.0 0. 0.0 0.0 0.0 0.0
Subcooled biowdown 0.043 0.09 0.05%6 0=-.1 0.07 0.1 0.0% .05 - 0.-.1 - .06
ended
Reactor scrammed 0.24% 0.1 0.24 0.0 +8 0.097 0.0 0.251 .2h 0.0 .21
Clad temperatures 0.9 1.15% 0.8 1.42 - 0.67 0.6 0.%1 - 1.0 1.42 .9 +9
deviate from
saturation
RCP trip 0.94% 0.0 0,94 1.0 .9 1.0 0.0 0.951 .94 .2n 1.0 941 .94
Subcootled break 3.4 3.04 4.1 3-4 3.3 3.3 4.0 4.0 - 4.0 3.5 5.0
flow end
PZR tied 15.4 4.4 10.2 10. 5.0 12.1 - 15.0 17. 16.5(95%) 8.0 15.3 15.0

- 28.0 (9;;)
Accumulator 16.8 17.36 16.8 13.8 19.3 16.02 17.0 12.85 15.2 17.7% 19-16 16.6 16.3
initiated
HP! initiated 23.9 25.8 24.0 22.0 23.9 24.0% 22.2% 23.7 2h .4 23.9 22.0 23.91 25.0
Max imum PC 28.47 48.8 24.0 10. 50.0 10.0 9.0 12.8% .- 90.0 38.0 i 5.2
temperature
reachet
LPI initiated 37.32 35.0 37.0 5. 37.3 - .75 7.3 36.3 37.32 35.0 o 37.2
a. =-- = not calculated.
12



4.2 Pressure

The comparison between calculated pressurizer pressure and data is
presented in Figure 2. JAR and CEA calculated a pressurizer
depressurization slower than that seen in the experiment, while all other
participants calculated a faster depressurization with STUD's calculated
rate being the most severe, ENEL's calculation apparently included the
isolation of the pressurizer component at 5.0 s.

Comparisons of pressure for the intact loop cold leg, broken loop hot
leg, broken loop cold leg, and upper plenum are shown in Figures 3
through 5, respectively. Generally all participants, except ENEL,
calculated pressure histories below that actually observed in the data.
ENEL's calculation was consistently high out to 30 s. STUD again had the
lowest pressures over all. The CEA calculation displayed some interesting
discrepancies. Their calculation of cold leg pressures, both broken loop
and intact loop were extrenely close to data. However, the broken loop hot
leg pressure calculated by Mssrs. Pochard and Macheteau showed an initial
5 MPa (725 psi) pressure drop below that of all the other participants. In
the upper plenum, the CEA pressure history was decidedly higher than the
rest of the calculations. Analyzing the reasons for this pressure
discrepancy is beyond the scope of this report.

Comparison of the steam generator secondary pressure (Figure 6) was
complicated by the range of initial conditions used in the calculations.
STUD, GRS, and CEA all underpredicted the equilibrium pressure in the
generator. JAR's initial pressure was much higher than data, but
stabilized out only slightly high. JAT's and CERL's equilibrium pressure
exceeded data substantially. EIR's calculation predicted the secondary
pressure response quite well.

4.3 Fluid Temperatures

Calculated upper plenum temperatures when compared to data in Figure 7
showed the saturation temperatures corresponding to the respective pressure

13
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histories. Ony ENEL and CEA fluid temperatures were consistently above
data. Superheated fluid appeared in the data around 28 s. Several of the
participants registered superheat at various times, ranging from 20 s
(CERL) to 37 s (JAR). ENEL showed no superheat on the data plots, but
their report plots show superheat beginning around 40 s. JAT, STUD and CEA
showed no superheat at all in their upper plenum temperature histories.

Figure 8 compared calculated lower plenum temperatures with data,
ag:zin showing the saturation temperature correspondence discussed above.
JAR's RELAP4 calculation showed considerable superheat in the lower plenum
starting at 27 s and quenches at 39 s. The JAT THYDE-PI analysis
registered an abrupt 68 K (124°F) drop in their temperature at 42 s, the
only participant to calculate subcooling in the lower plenum.

In the intact loop cold leg temperature comparisons, seen in Figure %
there was considerable variance in the fluid temperatures. None of the
participants calculated the oscillatory behavior seen in the test. Most
calculated some <ubcooling with GRS and JAT being the most pronounced,
dropping to 310 K (100°F) at 20 s (GRS) and 31 s (JAT). The temperature
drop in GRS, ENEL, and CERL appeared to correspond to the initiation of
accumulator flow. There was no immediately available explanation for the
drops seen by STUD and JAT.

Comparison of measured and calculated intact loop hot leg temperatures
is presented in Figure 10. The LOFT experiment experienced some
superheating in the hot leg around 28 s. Superheat was calculated by CERL
(23 s), JAR (38 s) and JAT (34 s). None of the other participants
calculated this superheating in the intact loop hot leg.

Pressurizer average temperature, shown in Figure 11 was underpredicted
by all participants. This does not include the isolated pressurizer mode
used by ENEL.

The steam generator secondary temperatures, presented in Figure 12,
reflect the various initial conditions used by the participants. In
general the blind calculations, with the exception of JAT, remained above
the equilibrium L2-5 temperature.
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4.4 Fluid Density

The comparison between the calculated average volume density and the
measured density in the intact loop cold leg showed significant differences
as presented in Figure 13. Five calculations (CERL, EIR, ENEL, JAR, JAT)
resulted in an initial voiding of the cold leg, followed by a complete
refill. This refill time ranged from CERL's 16 s to JAT's 31 s. This
refill was considerably different from the oscillations seen in the data.
STUD calculated a single slug of liquid from 13 to 17 s, then calculated
complete voiding. The remaining submittals simply voided the cold leg.
The problem could be connected to the average density calculation and the
difficulty the codes have calculating the effects of subcooled ECC
injection.

There was better agreement between the average intact loop hot leg
densities and the data taken in L2-5 as shown in Figure 14. By 30 s, all
participants calculated a voided hot leg. JAT and ENEL calculated
significantly higher density between 5 and 20 s than other submittals.

In the broken loop, both cold leg and hot leg shown in Figure 15
and 16 respectively, there was again considerable difference in the
comparisons with the measured density and with the participants
calculations themselves. All of blind calculations, with the exception of
CERL, predicted a slower voiding in both legs during the first 10 s. In
the hot leg, all participants' submittals showed a voided pipe after 20 s.
In the cold leg, slug flow, seen in the data, was evident in the ENEL and
CERL calculations. STUD, JAT, and EIR calculated major refills of the cold
leg pipe starting at times ranging from 16 s (STUD) to 35 s (EIR). Both
STUD's and JAT's analyses showed the cold leg pipe emptying again between
35 s and 42 s. EIR's calculation was terminated before the cold leg
emptied.

4.5 Mass Flow

A comparison of the calculated core inlet flow, presented in
Figure 17, shows the characteristic reversed core flow signature of a major
cold leg break. All participants, except JAT, calculated approximately the
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same peak reverse flow rate. JAT's calculated peak flow was about 1/3 of
that seen by the other calculations. By 10 s all calculated flows had
essentially stopped.

For the calculation of a large pipe rupture, the break flow models
were critical. As discussed in Section 3, virtually all participants used
different models or multipliers for their break flow studies. Figure 18
and 19 present the results of these studies in comparison with data. In
general the agreement between calculations and data is quite good. Peak
cold leg flows calculated by CERL and CEA exceeded data significantly. In
the hot leg only EIR underpredicted the break flow while most of the
participants overpredicted the hot leg break flow. The discrepancies in
break flow are better seen in Figure 20 which shows the integrated mass
lost to the system through the breaks. EIR's calculated mass lost came the
.losest to matching data. JAT first underpredicted the mass lost during
the first 9 s, then overpredicted. All other participants overpredicted
the mass lost with STUD's mass lost being some 50% higher than data by 30 s.

Figure 21 shows the calculated mass inventory in the reactor vessel.
while discrepancies in the initial mass make exact comparisons difficult, a
qualitative review showed some explainable differences as well. EIR did
not experience a refill in inventory, while STUD calculated an insurge
between 15 s and 23 s, which emptied out by 30 s. GRS, JAT and JAR
calculated refills starting between 25 s and 40 s.

Emergency core coolant injection is shown in Figures 22 and 23. Al
participants underpredicted the initial HPI peak flow. High pressure
injection flow was overpredicted by STUD and JAT after the initial peak
flow. Low pressure injection was calculated reasonably well by all
participants, except JAR, which showed high flow as well as what appears to
be some possible modeling problems.

4.6 Pump Speed

Pump coastdown, simulating the loss of offsite power in L2-5, is
compared with data in Figure 24. Most participants followed the coastdown
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well, taking the various initial speeds into account. EIR calculated a
much higher speed for the first 20 s, then degraded to an abrupt shut off
at 34 s. Only the two Japanese submittals did not calculate a pump speed
turnaround. STUD calculated a tremendous increase in pump speed, to nearly
400% of initial speed between 16 s and 31 s. This peak fis similar to the
pump speed increase experienced in L2-5 between 25 and 59 s, but the data
never exceeded the pump's initial speed.

4.7 Rod Temperature

The comparison of cladding temperatures with data is difficult due to
the variety of modeling techniques used by the participants to model the
heat slabs in the core. With this in mind, Figures 25 and 26 present the
comparisons with data for the 0.76 m (30 in.) elevation and 0.99 m (39 in.)
elevation. For the first 30 s, GRS comes very close to matching the
temperature profile at the 0.76 m level, with a peak slightly higher than
data. JAR, ENEL, JAT and CEA al) underpredict the temperatures but show
the stable high temperature plateau seen in data. CERL overpredicts the
temperature plateau, while STUD reaches the same peak as CERL but shows a
definite quench. The quench seen in the STUD RELAPS calculation starts at
the same time as the increases in loop densities and the pump speed.

At the 0.99 m level, the data from L2-5 is characterized by two
quenchcs at 15 s and 47 s. None of the participants, except EIR and JAT,
calculated these quenches at the presented elevations. Initial increases
in temperature were well predicted by all except EIR, which used an average
core model for this elevation. Only JAR overpredicted the temperature
prior to the 15 s data quench.

4.8 Summary

In summary, the eight blind calculations performed satisfactorily when

calculating hydraulic behavior except when modeling problems, such as EIR's

pressurizer, STUD's pump and JAR's LPIS, interfered. The predicted
pressure-temperature histories were generally lower than data. Subcooling
and superheat within the primary were not well predicted. Except in the
intact loop cold leg, densities were adequately predicted. In the cold
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leg, however, the predictions ranged from liquid fu'l to vapor full without
the slug flow behavior seen in the data. Break flow and mass lost to the
primary was overpredicted by all participants, except EIR. Calculations of
ECC injection and pump speed were adequate except for the above mentioned
modeling problems. Rod temperature profiles were very model dependant.
Heatup rates were calcu ited well, while gquenches of the clad were not
predicted.
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5. SUMMARY OF OPEN RESULTS

The calculations submitted by LANL, OCMN, VTT and the second EIR
submittal were designated open calculations because the models used in
these analyses were not submitted prior to the L2-5 experiment. These

participants were allowed to make code or model changes to improve their
predictions. Comparisons of experiment L2-5 data with the code predictions
are provideC in the following sections.

5.1 Seguence of Events

The measured and calculated sequence of events for the open
calculation were included in Table 3. For the most part all open
submittals calculated “he experiment's sequence of events well. EIR and
VTT scrammed the reactor earlier than the 0.24 s experiment scram. vTT
predicted an early deviation from saturation temperatures while EIR
predicted a later one. LANL tripped the pumps early at 0.24 s rather than
0.94 s. The participants calculated pressurizer voiding between 8 s (EIR)
and 28 s (LANL). ECC initiation was well calculated. The time of peak
clad temperatures, however, ranged from 5.2 s (VTT) to 50 s ( LANL).

5.2 Pressure

The calculated pressure in the pressurizer, intact loop cold leg,
broken loop hot leg, broken loop cold leg, and upper plenum are compared
with data in Figures 27 to 31, respectively. EIR and VTT underpredicted
the pressure in the pressurizer, while LANL and DCMN calculated the drop
extremely well for the first 15 s, then overcalculated the pressure from
15 s to 40 s. In the loops and upper plenum, the same basic pattern was
seen with EIR and VTT generally under the data and LANL and DCMN generally
over. But all participants calculated the loop pressure history well.

Figure 32 shows the comparison between calculated secondary pressure
and data. The EIR calculation showed the best comparison with data,
following the pressure history quite well. The LANL calculation showed a
slow oscillation in secondary pressure, while the VTT depressurized
substantially.
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5.3 Fluid Temperatures

Upper plenum temperatures are compared to data in Figure 33. For the
first 28 s, the submittals showed the same relation to data as did the
pressure histories, with EIR and VTT below data, and LANL and DCMN above.
In this period, DCMN's RELAP4/MOD6 calculation followed data extremely
well. At 28 s both the L2-5 data and EIR's calculation began to register
some superheating. The magnitude of this superheat was higher in the
calculation than in the data but the shape and trend of the curve was
nearly identical.

Comparison of lower plenum and intact loop cold leg temperatures,
shown in Figures 34 and 35, again show the same relationship as the
pressure histories. EIR and TT were generally lower than data until 28 s
when the cooldown calculated by VIT slowed enough to reverse the trend.
LANL's temperatures were higher than data until the 35 to 40 s range when
the comparison reversed. OCMN's lower plenum temperature comparison was
excellent.

Hot leg temperatures (Figure 36) again showed some superheating in the
data. As in the upper plenum, only EIR calculated the superheat but at
much higher levels. Both LANL and VTT calculated a cooldown which followed
their depressurization histories.

A1l the open calculations underpredicted the average coolant
temperature in the pressurizer shown in Figure 37. Secondary temperatures
compared in Figure 38 show better results. The VTT calculation's secondary
cooldown followed the depressurization previously mentioned in

Section 5.2. The remaining two calculations stabilized by 15 s and

remained constant, with LANL calculating an average temperature nearly
identical to data.

5.4 Fluid Densities

The measured density and the calculated average density in the intact
loop cold leg is shown in Figure 39. The calculations all showed the cold
leg voiding with subsequent slug behavior later in the transient. The time
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the slug flow began varied from 16 s (VTT) to 39 s (LANL). The
oscillations calculated by VIT were much less severe than those seen in the
experiment and those calculated by other open participants.

Figure 40 compares the calculated average density in the intact loop
hot leg with the density seen in the data. All calculations showed similar
results with the hot legs simply voiding during the transient. The
agreement with data was good for all the calculations.

The comparisons of calculated and measured densities in the broken
loop are shown in Figures 41 and 42. All open calculations showed a slower
voiding in the cold leg than data for the first 20 s. Both EIR and LANL
calculated major slug flow through the cold leg at different times in the
transient, but this phenomenon w..s not observed in the data. In the broken
loop hot leg, the calculations showed a faster voiding than was observed in
the test for the first 20 s. After this point, all submittals remained
voided with the exception of the VIT calculation which experienced slug
flow after 44 s.

5.5 Mass Flow

A comparison of calculated core inlet flows is shown in Figure 43.
The reverse flow peak, characteristic of a cold leg rupture, was calculated
to be much more severe by EIR than either LANL or VTT. However, by 10 s,
all calculated flow had essentially stagnated.

One of the most critical comparisons was that of calculated break flow
with data and is shown in Figures 44 and 45. These results reflected the
various break flow models used by the participants. After 3 s, all of the
participants overpredicted cold leg break flow. LANL underpredicted the
peak flow in the first 0.5 s, while DCMN and EIR overpredicted the peak by
50 to 70%. VTT nearly matched the initial peak, earlier than data, then
underpredicted the flow until 3 s. In the hot leg, VIT overpredicted the
flow significantly, as did DCMN. EIR underpredicted the flow, while LANL
followed the hot leg flow history reasonably well. However, the bottom
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Tine, mass lost from the system in Figure 46, showed that EIR came closest to
correctly calculating the total mass lost while LANL, DCMN, and VTT
overpredicted the event.

A comparison of calculated reactor vessel mass inventories is shown in
Figure 47. EIR's initial mass inventory, was significantly lower than LANL or
VTT, and all calculations showed differences in final mass inventories.
Neither EIR or VTT showed an inventory turnaround or refill while the LANL
TRAC calculation began to increase at 20 s.

Emergency core coolant flows are compared to data in Figures 48 and 49.
EIR calculaced an earlier HPI initiation than the other participants, but tie
significant difference was LANL's flow rate, approximately two times higher
than the data or the other calculations. This high flow was probably a factor
in the fast turnaround of LANL's vessel inventory previously mentioned. LPI
flow comparisons showed EIR again preceding all calculations, as well as data.

5.6 Pump Speed
Measured and calculated pump speed is presented in Figure 50. Apart from

the initial value discrepancy, there were no major problems with any of the
submittals.

5.7 Rod Temperatures

Rod cladding temperatures are shown in Figures 51 and 52, at 0.76 m
(30 in.) and 0.99 m (39 in.) respectively. As with the blind calculations,
the significance of these curves was questionable due to the various modeling
approaches to core cladding heat slabs. At the 0.76 m level, VIT's peak
temperature at 5.2 s was close to the peak reached in the actual test but the
cladding cooled off significantly from that point. Neither EIR or LANL
reached the data peak, although the relatively stable high temperature history
seen by LANL is more characteristic of data. At the 0.99 m elevation, data
showed two major quenches, at 15 s and 46 s. VTT's calculation showed a
earlier downturn from 5 to 10 s, then stayed relatively low. LANL calculated
a temperature decrease near the first data quench at 14 s and a true quench at
89 s. EIR and DCMN did not display the characteristic quench behavior at all.
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5.8 Summary

In summary, as with the blind calculations the open submittals
performed well in calculating the hydraulic response of the LOFT system.
Pressure-temperature histories were somewhat closer to data than the
majority of the blind calculations; subcooling and superheat accounted for
the main discrepancies. Slug flow behavior in the intact loop cold leg was
handled better in the open calculations than the blind submittals. Slug
flow was also calculated to appear in the broken loop although it did not
appear in the data. Break flow was overpredicted by everyone except EIR.
ECC flow was calculated adequately except by LANL. Rod temperatures was
again quite model dependant and, while heatups were calculated adequately
quenches were less adequately predicted.
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6. CONCLUSIONS AND RECOMMENDATIONS

3

Comparison of the calculated results with L2-5 data™ and discussions

with the participants4 have led to the following conclusions.

Hydraulic parameters, such as depressurization rate and fluid
temperatures were calculated well by most participants. Some difficulties
were experienced when voiding and superheating occurred. (Sections 4.2,
4.3, 5.2, 5.3)

Densities in the hot legs of the facility were calculated correctly,
but the densities in the cold leg, which experienced cold ECC flow, were
less well predicted. (Sections 4.4, 5.4)

Break flow was overpredicted by nearly all participants with
particular problems encountered in flow from the broken loop hot leg.
(Sections 4.5, 5.5)

Comparisons of clad temperatures with data were affected by
nodalization, heat transfer models, hydrodynamics, and heat slab models.
In general, participants calculated the heatup of clad surfaces adequately
and predicted the clad quenches less well (Sections 4.7, 5.7).
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APPENDIX A

ISP-13 SUBMITTAL FROM GESELLSCHAFT FUR REAKTORSICHERHEIT MBH
FORSCHUNGSGELAND USING DRUFAN 02 (GRS)




Al

Appendix for the German participation (Gesellschaft fur Reaktorsicherheit)
in the blind international Standard Problem ISP-13

Listing of the appendix:

Description of the nodalisation diagram (Attachment Al)
Identification of the computer code (Attachment A2)
Description of the critical flow model (Attachment A3)
Listing of options (Attachment A4)

[T S

Discussion of the results of the blind and posttest calculation of L2-5
(Attachment AS)
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1. Description of the Nodalisation Diagram

Figure A1 shows the nodalisation diagram, which has been used for the
oretest calculation of the LOFT experiment L2-5. The primary and secon-
dary side is described by "lumped parameter” control volumes. All struc-
tures are represented.

The active core is simulated by two fluid channeis (Fig. A2,A3). 239 fuel
rods with the power factor of 1.4, 240 fuel rods with the power factor 1.2
and one average fuel rod are in the hot fluid channel (contrsl volume 77,
78, 79). These 480 fuel rods represent the centre of the active core (fuel
bundle 5 and the neighboured fuel rods). 244 average fuel rods and 376
fuel rods with a power factor of approx. 0.75 are in the outer cold channe!
(control volume 27, 28, 29).These 820 fuel rods represent the outer parts
of the active core (fuel bundie 1 - 4 and fuel bundle 6 - 9).

The downcomer is devided into the downcomer stalk | and the downcomer
stalk I1i.

Pressurizer and accumulator aire modelled.

HPIS and LPIS are given as input functions.

On the following tables the nodalisation diagram is described:

Description of the control volumes (table A1)
Description of fills and leaks (table A2)
Description of valves (table A3)
Description of pumps (table A4)

Description of heat slabs (table AS)
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Table Al: Description of the contrel volumes

index of control

description of control veolume

volume

1 Intact loop hot leg

2 intact loop hot leg

3 Steam generator inlet plenum

4 Steam generator primary side (U-tubes)
5 Steam generator primary side (U-tubes)
6 Steam generator primary side (U-tubes)
7 Steam generator primary side (U-tubes)
8 Steam generator primary side (U-tubes)
9 Steam generator primary side (U-tubes)
10 Steam generator outlet plenum

n Steam generator outlet pipe

12 Steam generator outlet pipe

13 Pump 1 suction pipe

14 Pump 1 suction pipe

15 Pump 2 suction pipe

16 Pump 2 suction pipe

17 Pump 1 outlet pipe

18 Pump 2 outlet pipe

19 Intact loop cold leg

20 Intact lcop cold leg

21 Downcomer (stalk 2)

22 Downcomer (stalk 2)

23 Downcomer (stalk 2)

24 Downcomer (stalk 2)

25 Lower plenum, lower volume

26 Lower plenum, upper volume

27 Active Core (cold channel)

28 Active Core (cold channel)

29 Active Core (cold channel)

30 Core-Bypass
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Table A1 (continued)

31
32
33
34
35
36
37
38
39
40
41
46
47
48
49

EHLELER2ERER S

57
58
59

81

63

64
65

Upper core region

Upper flow skirt region
Dead end of fuel modules
Upper plenum

Pressurizer Vessel

Accumulator

Broken
Broken
8roken
Broken
Broken
Broken
Broken
Broken
Broken
Broken
Broken
Broken
Broken

loop
loop
loop
loop
loop
loop
loop
loop
loop
loop
loop
loop
loop

-

hot leg

hot leg

steam generator
steam generator
steam generator
steam generator
steam generator
steam generator
pump simulator
pump simulator
cold leg

cold leg

cold leg

Pressurizer surge line

Top of riser, separator inlet
Downcomer
Downcomer

Downcomer

Condensor

Downcomer

Steam dome

(steam generator)
(steam generator)
(steam generator)

(steam generator)

Steam generator outlet pipe

simulater inlet plenum
simulator
simulator
simulator
simulator
simulator outlet plenum

Boiler section of steam generator

Boiler section of steam generator

Boiler section of steam generator

Beiler section of steam generator

Boiler section of steam generator

Lower part of riser

Downcomer (steam generator)
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Table A1 (continued)

66 Boiler section of steam generator
67 Pipe downstream of steam control valve
68 Feed water pipe

69 Biowdown orifice hot leg

70 Blowdown orifice cold leg

7 RABS of broken cold leg

12 RABS of broken hot leg

73 Downcomer (stalk 1)

74 Downcomer (stalk 1)

75 Downcomer (stalk 1)

76 Downcomer (stalk 1)

77 Active core (hot channel)

78 Active core (hot channel)

79 Active core (hot channel)



Table A2: Description of Fills and Leaks
Junction Fills and leaks

50 HPIS

51 LPIS

67 Spray of pressurizer

58 Auxiliary feed water
Table A3: Description of valves
Junction valve

64 Feed water control valve

77 Steam control valve

60, 78 Auxilliary valve

80 Break (hot leg)

81 Break (cold leg)
Table A4: Description of pumps
Junction Pump

15,18 Primary coolant pumps

63 Feed water pump
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Table A5: Description of heat slabs

index of heat slabs

Description of heat slabs

1-6

64

67

68
69-74
75-76
77-78
79-87
88-96
97-100
101-109
110-118

heat transfer from boiler section to downcomer
(steam generator)

heat transfer from riser to downcomer

(steam generator)

heat transfer from steam generator primary side to
secondary side

structure of broken loop hot ieg

strcuture of broken locop cold leg

structure of RABS (cold leg)

strucutre of RABS (hot leg)

active core (average rod, cold channel)

structure of the steam generator wall

tube sheet

structure of the vessel (downcomer wall-stalk 2)
internal structure of the core

structure of the upper plenum

structure of the intact loop hot leg

structure of the inlet plenum of the steam generator
structure of the outiet plenum of the steam generator
structure of the pump suction pipes

structure of the intact loop coid leg

structure of the pressurizer

active core (hot rod, power factor 1.4, hot channel)
active core (cold rod, power factor 0.75, cold channel)
structure of the vessel (downcomer wall - stalk 1)
active core (hot rod, power factor 1.2, hot channel)
active core (average rod, hot channel)

All heat slabs of the core are shown in Fig. A2. The heat slabs 35 - 43 and
88 - 96 are connected to the control volumes 27, 28, 29, and the heat slabs
79 - 87 and 101 - 118 are connected to the control volumes 77, 78, 79.




e e O

Figure, A1 :Scheme of nodalisation of LOFT L2-5
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2. Short Description of Code Drufan @2

The code DRUFAN has been developed for the simulation of the blowdown
and the initial refill phase of LWR-reactors. The code is to be used for the

analysis of large, medium sized and small breaks /1,2,3/.

The numerical method applied in DRUFAN is the "lumped parameter approach".
The physical system is described by "lumped parameter" control volumes
which are connected by flow paths. The ordinary differential equation sys-
tem of the thermo- and fluiddynamic model is based on the conservation
laws for vapcur mass, liquid mass, overall energy and overall momentum.
The liquid and vapour phases are treated as a homogeneous mixture, or in

case of mixture level-tracking as a nonhomogeneous mixture /3/.

The entire range from subcooled liquid to superheated vapour including
nonequilibrium effects is simulated by assuming either the liquid or vapour
phase to be saturated.

The velocity difference of the liquid and vapour phase may be determined
by a drift flux model /3/.

The table for the determination of critical discharge rate at the break is
calculated by a one-dimensional nonequilibrium mode! which is based on the
same four conservation equations used for the "lumped parameter" control
volumes. In this modei the geometry of the discharge flow path is considered
/2,4/.

Eor the simulation of structures, electrical heaters and fuel rods a heat
conductor model and a point neutron kinetics model is available. The heat
transfer coefficients coupling the structure and thermal hydraulic model
are determined by a comprehensive heat transfer package. The heat trans-
fer package contains also a set of critical heat flux correlations. A valve,
a pump, an accumulator, a steam generator and a pressurizer model are

available for the simulation of components.
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The differential equations are integrated by an explicit-implicit integration
method with automatic control of time step, order of consistency and local

discretization error.

References:

/1/ M.J. Burwell, D. Enix, G. Lerchi, F. Steinhoff
ORUFAN-01/MOD2, Volume I,
Program Description - System Code
GRS-A-646, November 1981

/2/ K. Wolfert
Die Berucksicht.gung thermodynamischer Nichtgleichgew.chtszustande
bei der Simulation von Druckabsenkungsvorgangen
Dissertation, TU-Miinchen, 5.4.1979

/3/ F. Steinhoff
DRUFAN-02
Interim Program Description
Part 1
GRS-A-685, Mdrz 1982

/4/ M.J. Burwell, D. Enix
DRUFAN-01/MOD2, Volume il
Program Description - Supporting Code
GRS-A-654, Dezember 1981
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3. Description of the critical Flow model

To determine critical discharge rates a 1-D FD model describing the one-
and two-phase flow is used to simulate the fluid flow in the flow path close
to the discharge orifice where local pressure drop is strongest. The criti-
cal mass flow rate is limited to sonic flow at the discharge orifice.

The influence of the hydraulic parameters (length, break-area, friction
loss coefficient) on the critical discharge rates is taken into account in
this model.

The fluid flow is treated as quasi-stationary due to the relatively slow
variation of the discharge rate when the flow is critical.

This assumption permits the calculation of a table of critical discharge rate
values for a set of representative upstream fluid conditions in a separate
computer run with the code DRUCDR. The 1-D FD model is programmed in
this code. As this table is input data for DRUFAN and can be used for
many instatic :ary simulations with the same discharge geometry this is a
time-saving method.

From the three-dimensional equation system the one-dimensional equation
system can be derived on which the discharge model is based.

:‘: oy (1-a)F] + :-' (py*(1-a)w-F] = - ¢F (A1)
-a—- [ -a.F] - g— [ ou-wcr] = *-r (AZ)
at Py as Py

% Loohw 8 w2ep)-Flop 5T+

+ g_' [(p'b'w" g °v’)°!] B q*'F'rp‘v'F %:. (A3)
g_r. (p-w-F] + g.; [(ptp-w?)F] - p+ - g.i.'

= .R*or-‘opcr - gz-
as (A4)
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with
P = PL'(I"G) + pv'o (AS)

p*h = pL'hL-(l-a) + pv-hv-a (A6)

This equation system can be brought into form:

du Jdu - %
PR 'RT? (A7)

In this equation us= (p,hL,w,a)T is the soiution vector ang B8 and C are
matrix valued functions of U and r is a vector valued fuction of U. Eigen-
values o of equation are determined by

det(C-0*B) = 0 (A8)

The flow is critical if ai = 0 and g, > 0 for all i # j.

Specifically
b Y2
e L (A9)
o, =w (37;;)
with
ap 9 ap ap
E o, SHPCRR. g W

In the one-dimensiunal calculations the time derivatives in equation (A7)
are neglected. Thus, equation (A7) is transformed into

3u % c-l; (Al11)
ds
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where the boundary values

Py 172
p_yl) y 0, 2 0 for all i # j

w= (

are prescribed at the flow path exit. The resulting velocity can be inter-

preted as Ma = 1,

Equation can be written in the form:

A
ds = "hT vy (A12)
e (A13)
ds w
dw
as 0 N (A14)
Y
g‘;‘ = :9- where (A15)
dz
% %8 p* 3s + R* (A16)
(g*+y, *w) 80
ol e 1 1 9F
Y =¢ (—-—’-—-( )-——. .l]- .p Wt = —
3 By hyhy oy TR it § e
3
. Pl ot (A18)
'y
3_‘. (A19)
Ys =p (l-a) “[g*+y, webe (hy=h, ) + Y ]
Y Py
= G 8 e o SR (A20)
% o e ATV
D 1
Y3*Y, 'Yyt (A21)
=
7 PL-Y, Pw?
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Y'Yy (A22)
(l-a;-y

y9 - Y6 - (*';Tv.p ap )'a’y7

YG'Y-

(A23)

The quasi stationary equation system given above is ‘liquid dominant' and
is used in the void range from 0 to 0.98. In the void range a > 0.98 the
'vapour dominant' equation system is taken which is derived in a similar
way.

For a given discharge geometry (Fig. A4) characterized Sy length L., flow

1!

cross sectional area F friction loss coefficient { and for representative

1'
L and a at the inlet of the 1-D FD model, the inlet velocity
w is determined by a shooting technique in such a way that

states of p, h

P 1/2
)

P'Yl

w= (

is reached at the exit. This means that the sonic velocity exists at the
break plane. The system of the equations along the flow path is integra-
ted by the explicit part of the method described in ref. /13, 14/. This
method includes convergence control and an automatically controlled step
size.
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Fig. A4: Application of the 1-D finite difference model

The reduction of the cross section area (C.S.A.) in the break flow path
(valve, orifice, nozzie) can be taken into account by calculation with the
1-D FD model.
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Listing of cptions

Fluid Dynamics

Drift flux model

The drift flux model (mod. RELAP correlation) is used in all vertical
junctions without the downcomer and steam dome of the steam gene-
rator.

Mixture level mode!

The mixture level model is used in the downcomer and steam dome of
the steam generator, in the pressurizer and the accumulator. For the
bubble rise the "Wilson" equation is used.

Collapsed level model

The collapsed level model is used in both downcomer of the reactor
vessel, in the core, in the pressurizer, in the accumulator and in the
downcomer of the steam generator.

Critical discharge modal
The critical mass flow is calculated by the 1-D FD discharge model.

HPIS and LPIS
The HPIS and LPIS are time dependet input functions.

Active Core

Heat generation

A point neutron kinetic model is used for the heat generation in the
core. The external reactivity and the post decay power is a time de~
pendent input function .

Critical Heat Flux
The smallest critical heat flux calculated by all following equations will
be used:
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westinghouse W3
- Babcock-Wilcox BU.w-2

General-Electric
Macbeth
Hench=-Levy
Barnett
Hughes
Israel-Casteriine-Matzner

Szmolin

3. Heat Transfer

Following heat transfer correlations are used

Dittus-Boelter |
Dittus-Boelter 11|

Chen

Mod. Dougall-Rhosenow

4. Loss of heat through structures
The loss of the heat through ail structures on the primary side amount
i to 300 kW and on the secondary side to 100 kW under steady state con-
ditions. The surrounding temperature is 35 (Grd C).

5. Heat generation in pumps
The heat flux from the primary pumps to the fluid is added to the con-
trol volumes 17 and 18 by a time dependent input function.

6. Stationary calculation
A stationary calculation is made for 5 seconds to have stationary con-
ditions in all control volumes. After 5 seconds the Oreak i initiated. At
this moment the steam control valve and the feed water regulation valve

begin to clecse.
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5. Discussion of the results of the blind and posttest calculations of L2-3

GRS used the DRUFAN-02 computer code to perform the blind and the post-
test caiculation at L2-5. In the blind calculation DRUFAN-02 had difficulties
in the calculation of the fluid temperature (Fig. 9) and the fluid density
(Fig.13) at the ECC injection point in the cold ieg of the intact loop. The
reason for this difference between the measurement and the calculation was
the reduction of the condensation at the condensation point to assure that
water packing in the cold leg at the intact loop would never occur. The
posttest calculation was performed with the normal condensation model. The
resuits of the posttest calculation for the fluidtemperature TF, the vapour
temperature TV (Fig. AS) and density RHOI (Fig. A6) show good agree-
ment with the measurement.

The pressure history of the pressurizer (Fig. A7) was improved in the
posttest calculation. The flow resistance was increased in consideration of
the flashing of the fluid in the pressurizer surgeline.

The comparison of the measured and calculated rod cladding temperatures
(Fig. 25,26) presents only an uncomplete view of the events in the core.
The figures A8, AS show in addition resuits in the centre of the core and
figure A10 shows results in the external region of the core.
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Appendix B Pre-Test Prediction of LOFT L2-5 with RELAP4/MOD§/U4/J3
(Japanene Contribution ISP 13 (JAR))

1. Nodalization

A schematic nodalization diagram of the LOFT system is shown in
Figure 1. The model consists of 41 control volumes, 48 junctions
and 25 heat slabs including 12 core fuel slabs. The brief descri-
ption of each control volume is given in Table 1.

2. Modelling
Models used in this blind calculation are as followed:

a) Henry-Fauske/HEM critical flow model with a discharge cecefficient
of 0.85 for both subcooled and saturated region, and transition
quality of 0.002 is used.

b) Two-phase pump head difference cirve was cbtained by the
analysis of L3~6 experiment.

c) MOD6 blowdown heat transfer model is used. Condie-bengston III
film boiling correlation and MOdified Zuber CHF correlation
are selected.

d) Macdonald-Broughton gap conductance model is used.

f) Accumulator gas expansion medel is used.

3. Discussions of the results
Overall features of the experiment had been well predicted in

our blind calculation. The major discrepancies between the predict-

ion and the experimental results are followings;

a) The prediction had not showed rewetting of fuel cladding at 0.99m
at about 15 s.

b) The fluid temperature in the lower plenum is superheated in
the prediction due to complete veoiding. It results from less
ECC water flowing into the lower plenum in the prediction due to
defect in modelling ECC injection line.

4. Concluding Femarks
Overall features are well predicted with RELAP4/MOD6/U4/J3
especially during blowdown ia spite of some difficulties.
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10
11
12
16
17

18
19
20
22
23
24
25
26
28
32
34
35
6
37
38
33
40
41

Table 1

Volume No.

through 5
and 7

and 9

and 15
and 14
and 13

and 21

and 27
through 31
and 33

Description of Control Volumes in LOFT System Model

Description

Nuclear core

Upper plenum

Intact loop hot leg

Steam generator inlet plenum and outlet plenum
Straight sections of steam generator tubes
Curved sections of steam generator tubes

Steam generator outlet piping

l4-in. piping leading to the tee precedeing the
coclant pumps

Piping from tee to primary coolant pumps
Primary coolant pumps

Intact loop cold leg

Upper annular region of the vessel inlet region
Downcomer region of the reactor vessel

Lower plenum

Core bypass region

Broken loop cold leg

Broken loop hot leg

Reflood assist bypass piping

Pressurizer surge line

Pressurizer

ECC accumulator

ECC injection line

Steam generator secondary downcomer

Steam generator secondary shroud region

Steam generator secondary steam dome
Supression Tank
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Appendix C Pre-Test Prediction of LOFT L2-5 with THYDE-PI1
(Japanese Contribution to ISP 13 (JAT))

i Nodalization

The nodalization applied in the present calculation is shown in Fig. 1.
The summary of the present THYDE-P! calculation is shown in Table 1. The
characteristic features of the present nodalization are summarized as

follows.

(1) The active core vas nodalized in 6 nodes (Nodes 18 to 23). Only
an average rod in the average channel is taken into
consideration.

' (2) The downcomer is simulated by one nodeNode 14),
3 (3) The Leakage path from the downcomer-top to the upperplenum is
simulated by Node Z7.

(4) Both structural heat and ambient heat loss are neglected(no
heat slab except the core and SG).

= Modelling

2.1 Break Flow model

The modified Zaloudek equation and the Moody correlation are
implementad in THYDE-F1. The discharge coefficient for the Zaloudek equation
is determined in the code 30 as ro smoothly comnect the flows at qua'ity
zern. The discharge coefficient for the Moody correlation vas given by an
input to be 0.8.




Steam outlet

SG secondary
system Pressurizer

49 48
SG simulator
SG primary
system 38
a2 #
i Pump simuiator
2 O : )
Core ,_’_:_f_“—' Sreck
bvposs
' O ) ) 40
S8reck
f ~=
HPIS LPIS 14
node |
50 : z
- 7 5 ot junction
S mixing junction
Accumulator .s_'\!_ln ? e
Lower plenum
Downcomer
Fig. 1 Nodalization for Pre-Test Prediction of LOFT L2-5
with THYDE-P!
Table 1 Summary of THYDE-P1 Calculation
Volumes —Junctions _ deat slabs
50 43 1l (SG and core)
Transient CcPU CPU Time Computer
Time (s) Time (hr) Ratio (=) Used

70. 2.24 115. FACOM M-200




Table ?2-1 Pre-CHF heat transfer correlations

Hn.d.:_S.LaL:..L Londition LHIRQE, —Corralation

Subcool Ty ¢ Tgat Dittus-Boelter

2! Subcool Ty > Tgat 1 Interpolation betwveen Mode 10
and Mode 3!

22 Subcool Ty > Tgat 2 [nterpolation betveen Mode 10
and Mode 32

31 Saturate T, > Tga: 1 Jens and Lottes

32 Saturate Ty 3 Tgat 2 Thom

60 Saturate T, > Tga: Condensation

Table 2-2 Post-CHF heat transfer correlations
(a) Saturated state

Mode Elov ____ Condition _Pressure IHTROP> Correlation
Candition

41 G >Cpin x> Xo1 P> 30psia - Groenevelt
42 G > Cuijn x: xo1 P < 30psia - Dougal!-Rohsenov
43 G > Cpin X< xg - Interpolation betveen
CHF 'x=0. ) and Mode
41 ‘x=xcy )
44 C < Cpin x> %2 | Berenson
2 Modified Bromley
: 3 Broaley-Pomerantz
45 C < Cpyn x< %2 - Interpolation betwveen
CHF (x=0.) and Mode
44!x=xcz)
(b Superheated state
Uode _Fiow cendition Lorrelation

5!

3000 > Re

Forced convection

52 3000 < Re < 5000 Interpolation betwveen Mode S1 and Mode 53

S3

Re

> 5000 McEiligot

Xel
ch

: Threshold quality (=0.5)
Threshold quality (=0.1)
Threshold mass flux (=271.2 kg/m@s)

IH*ROP : Optxon selection flag given by input
IHTROPZ : Option selection flag given by input



2.2 CHF and Heat Transfer Model

The Biasi correlation and the modified Zuber correlation vere selected
to be used for the CHF correlation set by inputs. The heat transfer
correlations implemented in the present version are listed in Tables 2-1 and
2-2.

2.3 Relaxation Meodel

A relaxat‘on model 1is 1iaplemented in THYDE-P1 to take thermal
non-equilibrium effects into consideration. The time constant for the delay
of the temporal density change is given by an input for each node in the
present version. In the present calculation, the relaxation model was not
applied before ACC injection initiation but was applied after that to avoid
unrealistically large pressure decrease due to cold water injection. The
time constants were determined from the experiences of the past LOFT
analyses and several sensitivity calculations.

2.4 Pump Model

The pump model in THYDE-P is almost identical to that in RELAP4 or
RELAPS. The input data such as the single-phase and two-phase pump
characteristic curves are refferred to the LOFT base input for RELAP-S5. The
recommented value for the pump inertia during Experiment [2-5 wvas applied to
simulate the atypically fast pump ccastdown.

3 Results and Discussion

Figure 3-1 shows the predicted pressure transient along wita the
experimental data. The overestimation of the pressure before ACC injection
initiation might be brought about by the underestimation of the cold leg
break flov just after the break as shown in Fig. 3-2. The underestimation of
the flov itself may be one of the possible reasons since the mass and energy
release are underestimatec. In addition to this, the underestimated cold leg
break flov might cause the overestimation of the core flow resulting in high
heat transfer rate at the core. This may be also the reason for the




overestimated pressure. The model to determine the discharge coefficient for
the Zaloudek equation stated in Sec. 2 should be improved.

Figure 3-3 shows the comparison of the hot leg break flows. The sudden
decrease of the flow observed just after the break could not be predicted by
THYDE-P!1. The input data for the initial temperature distribution along the
broken loop hot leg should be improved.

The three-dimensional views of the calculated cladding surface
temperature 1is shown in Fig. 3-4. Eight curves of the calculated cladding
temperatures at the core nodes are shown in one viewgragh in Fig. 3-5. Both
figures clearly show that the core-vide early rewet was neither predicted to
occur nor observed. In Fig. 3-5, the quenched regions are descriminated by
the dotted lines. Both bottom-up quench and the top-down quench vere
predicted to occur as observed.

Figure 3-8 shows the comparison of the cladding surface temperatures at
the hottest spot. The vertical locations of the node and the thermocouple
are shown in the right side of the figure by the dashed line and the cross,
respectively. The maximum linear heat generation rate in the experiment is
is 40 kW/m. In the present calculation, however, it is 25 kW/m since only an
average rod is taken into account. Therefore, a quantitative comparison may
have less meaning. Qualitatively, th~ trends are similar to each other in
the sense that the early revet did not occur in both prediction and
experiment and the calculated final quenching time is in good agreement with
the experimental data.

The calculated cladding surface temperature at the lowest node is shown
in Fig. 3-7 along with several experimental curves observed at the
peripheral bundle. ‘Bundle 2°. The vertical location of the experimental
curve with triangle-mark is corresponding to the calculation. As shown in
the exper:mental cata, the early rewvet is observed and the trends seem to be
siwilar to those sbserved in [2-2 and 12-3. In the calculation, such a
Sehavior is predicted to occure at the lovest core ncde, where tne heat

generation rate 1s low.

Figures 3-8 and 3-9 shov the comparison of hydraulic behavior at the
intact loop cold leg. What is called chagging phenomena induced by ECC
injection were cbserved as shown in these figures. In the calculation,
hovever, it is out of the scope to trace the oscillatory behavior. At
present, it may be rather important to simulate overall benavior without
numerical difficulties. From this point of view, the relaxation model wvorked
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. well to avoid so called water-packing or unrealistically large pressure drop

and oscillatory behavior was eliminated.

Figures 3-10 and 3-11 show the pump behavior. which is one of the
focused parameter in Experiment [2-5. The calculated pump rotational speed
is shown in Fig 3-10 along with the experimental data. A relatively good
agreement was obtained before ACC injection initiation. The pump behaviour
during this period is thought te be important in conjunction with the early
revet. The calculated pump speed showed negative value after about 40 sec
due to negative flow induced by condensation effects, but this descrepancy
did not have large effects to the overall core behavior. Figure 3-11 shows
the comparison of the differential pressure through the pump. Although the
pump degradation just after the break is predicted faster than in the
experiment, the overall trend is in agreement with the experiment.

4 Concluding Remarks

(1) The behaviors of the parameters of interest are appropriately
predicted by the THYDE-P! blind calculation, especially.

- the pressure transient and the final quenching time are in good
agreement vith the experimental data, and

- the core-vide early rewvet vas neither calculated to occur nor
observed and the top-down quench 1is calculated to occure as
observed.

(2) As to the following parameters, the agreement is poor.

- the break flows at both cold leg and hot leg just after the
break, and

- the pump behavior after ACC injection initiation.
3) The present THYDE-P! relaxation model worked well to avoid

unrealistically large pressure decrease and/or wvater packing
phenowciia due to condensation effects.
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APPENDIX

ISP-13 Submission EIR / Switzerland

This appendix presents the information as decided by the ISP-13 workshop

group.
The nodalization diagrams prepared for:

i - the blowdown model for the blind calculations,
ii - the blowdown model for the open calculations,
iii - the reflood model for the open calculations,

are presented respectively in figures ¥ to 3.

Various RELAP4/MO06 models used in the two Dlowdown calculations are shown
in Table- 1. This table lists the models used in the blind blowdown calcu-
lations and then indicates the additional models used in the open calcula-
tion.. The reflood models used during the high and the avarage channel re-
flood calculations (the second phase of the open calculations) are presented
on Table- 2. Both blowdown models essentially use the same nodalization and
the RELAP4/MOD6 models, however the differences lie in the following area:

- Representation of the core. The blind calculations utilize only one core
volume where four heat slabs supply the total power based on a core avera-
ge heat generation. In the open calculation, the central fuel bundle and
the surrounding bundles are separately modelled with each six axially
stacked heat slabs in two vertically stacked volumes, One stack of volu-
mes containing the heat slabs representing the central fuel assembly is
called as the hot channel, and the other is as the average channel, The
flow areas of the channels represent the free flow areas in the central
bundle and the rest of the flow area. In the early phase of the open cal-
culations, six horizontally located junctions were used to connect the
volumes in the average and the hot channels. These horizontal junctions
were eliminated due to numerical problems.

- Representation of the downcomer. One singel downcomer volume representation
was used in the blind blowdown model. Two split downcomer model was utili-




zed in the early phase of the open blowdown calculations. However, due
also to numerical problems, the single downcomer model was re-employed.

Representation of the pressurizer. A combined volume of the pressurizer
and its surge line was used in both calculations. The resultant volume
was modelled with the homogeneous conditions in the blind calculations.
This conditions did not display a proper drainage in the pressurizer.
The water level remained constant at its initial value during the course
of the calculation. This was prevented by applying the Wilson Subble
Rize mode) in this combined volume and the vertical slip model at the
junction connecting the simulated pressurizer volume to the intact loop
hot leg for the open calculations.

Discussion of the Results

Pressures, temperatures, densities and mass flows in or through several com-
ponents calculated in the open or in the blind calculations during the blow-
down phase are almost identical except, naturally in the core volumes. The
figures presented in the comparison report display adequately all the pre-
dicted system response. Therefore, the rest of the text will be devoted only
to the analysis of deviations or failures seen in the calculations.

The main cause of the deviation seen in the pressures (fig.2to5 or 28 to

31 of the comparison report) of various components such as the hot leg or

the upper plenum is due to the early predicted drainage of the pressurizer
(fig. 1 or 27 of the comparison report). This 3-5 seconds early drainage shif-
ted the predicted pressure response by about the same time. The early drai-
nage may be attributable to the loss coe”ficient (which may be low) used at
the connecting junction. The second deviation in the calculated system press-
ure starts after the calculated system pressure becomes equal to that of the
suppression tank pressure, Since the code is an homogeneous-equilibrium code,
the predicted system pressure is furhter reduced due to the increased amount
of the cold ECCS water in the system, after this time. The open bHlowdown cal-
culations were terminated at the time when the core reflood started. At this
time, since the calculated pressures in the hot or the average channel are
slightly lower than the pressure supression tank pressure, the backup pressu-
re used for the reflood calculations is also slightly lower than what it should
be.




The other considerable variation from the data is that the density fluctu-
ations seen in the intact loop cold leg are not predicted. The code pre-
dicts a full downcomer which causes the code not to predict the indicated

density oscillations. A split downcomer mode! may resolve this problem,

But as it was indicated before, this modelling technique was abondened du-
ring the early phase of the open calculations. The most consigerable devi-
ations are seen in the predicted slab temperatures. Since the predicted

slab temperatures during the blind calculations are not relevant with the
data, the results of post test calculations will be discussed here, Five
more figures are attached to this appendix in order to present the devi-
ations seen in the calculated surface temperatures at three different axial
elevations. The predicted qualities in the volumes (where the surface tempe-
ratures are presented) and the outlet flows from the hot and the average
channels are also presented in order to show where the code fails. The core
faces two extreme cooling phases resultinrg in quenching, one during early
stages in the blowdown, and a second one during the reflooding. The one
during the early blowdown occurs due to the inflowing surge of the water
from the upper plenum. The data shows a quench behaviour at the higher axial
positions. This quench behaviour is missed by the code (figures 4,5and6).
However the code calculates a certain quality drop around the first 10 se-
conds in the transient when the top down quenching was detected (figures

4, 5 and 6). This decrease in the quality can be attributable to the inco-
ming flow from the upper plenum (figures 7 and 8), Although the question of
this much of small flow causes that much decrease in the quality can not be
easily answered, but it can be excepted that it is the main cause of the
drop in the quality. Therefore one can conclude that the code hydrodynami-
cally indicated the tred, but failed to follow thermally. The experimental
surface temperature at the peak power elevation which de not show this top
down rewet, is properly predicted until the ECCS cooling starts (fig. 5).
After this time the code misses also this cooling, and results in relative-
ly higher temperature, The predicted reflooding sta~t time is proper. How=
ever two more deviations are seen in the reflood phase. The first is the
quench times predicted during the reflooding are relatively late. The second
is that the particular slope seen in the experimental temperature develop-
ment curve at quenching was not displayed, This is due to the calculation of
the displayed coarse heat slab temoerature by averaging of the individual
moving mesh temperatures within the coarse heat slab.



Discussion of the code shortcomings and how they were resolved

The RELAP4/MOD6 code is a homogeneous equilibrium and one dimensional code.
The bubble rise and the vertical slip models are built in to simulate the
non-homogeneous and the vapor superheat model to simulate the non-equili-
brium nature existing in the real phenomena. The split downcomer model,

two separate core channels with interconnections at various axial elevations
are the attempts to include the three dimensional characteristics seen in

the LOFT experiment to a certain extend. The inclusions of the above indi-
cated code models are believed to solve certain problems. But the attempts
made were unsuccessful. The .ain problems during the blind and the open cal-
culations were coming from the heat transfer package. Whatever the attempts
were by playing the input values, the code always terminated the calculations
a few seconds after the simulated pump completed its coastdown. The problems
during the blind calculaticns were solved by adapting all the modifications
made for HTS2 of MOD6 in order to obtain HTS2 of the RELAP4/MOD7. This ver-
sion also created some more problems during the open calculations. The main
problem was that the code did not continue the heat up after a certain heat
up lasting for sometime at the beginning of the calculations, but it kept
the surface temperatures almost constant afterwards. This was tried to be
eliminated by lowering the value of the mass flux which causes the code to
switch from high flow to low flow film boiling regime. However, this change
caused the code to enter the low film boiling heat transfer regime a bit
earlier, but did not solve the problem. The new HTS2 logic built in the
RELAP4/MOD7 code (called as HSU low flow logic) was also built in the pro-
gram with certain modifications made for low flow to natural convection heat
transfer. The results presented for the open calculations used the new option.
However, from the comparison of the surface temperatures predict at the high-
er elevations showed that further work is necessary in this area.

Input Data

The input listings of the RELAP4/MOD6 blowdown and the two reflood calcula-
tions for the open submission are attached at the end of this appendix. The
input listing used for the blind calculations, since it is not too different
than the open one, is not included in order not to increase the volume of

the comparison report.



Table 1

RELAP4/MOD6 Blowdown Models

No. of volumes

No. of junctions

No. of core heat slabs

No. of total heat slabs

Code

Heat transfer package

Critical flow models

at the critical junctions
Multipliers for HF-HEM
Boundary of transition quality
Slip model-vertical (at junctions)

Single mixture level calculation (volumes)

Accumulator polytropic expansion model (k=1.401) :

Solution technique

Phase separation model

Bubble rise model with

Vaus -1.0 ALPH = 0.0 (Wilson bubble rise)

VBUB’ -2.0 ALPH=0.8 (complete separation)

31 (37)
36 (43)
4 (12)

12 (20)

RELAP4/MOD6

HTS2

HF -HEM
18,22,24,25,26,27,28,29

: 0.8 0.848

0.0
1,2,3,4,5,6,7,10,12,15,31,
32,(27,38,39,40,41,42,43)
1,2,(33,32),3,4

Vol. 19

Fully implicit

1,2,3,4,5,6,7,24,28,29,
(32,33,34,35,36,37)
19,30

The numbers in parentheses indicate the figures used for the open calculations.



Table 2 RELAP4/MCD6 Reflooding Model

- No. of volumes : 3

- No. of junctions : 8

- Ne. of heat slabs : 6

- Heat transfer package : HTS4

- Solution technigue : Implicit.
Reflood Heat Transfer Options

- Exponential decay coefficient for HSU correlation : 0,0076

- Energy partitioning coefficient : 2.0

- Multiplier for the Bromlev heat transfer coefficient : 1.0

- Indicator for use of Bromley and HSU correlations : HSU+ Bromley

- Indicator for independent variable in the dispersed : quality

flow weighting function
- Exponent of superheated vapor partion of the weighting : 1.0

function

- Critical quality : 0.85
Entrainment Correlation

- Steen Wallis correlation with maximum entrainment t 0.7

fraction of
- Core model numerical coupling ¢ Implicit.
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