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released version. The main features of TRAC-PDZ include a

three-dimensional representation of the pressure vessel, one-dimensional
representation of piping and other components, a two-phase nonequilibrium
model, flow-regime-dependent constitutive equations, reflood tracking
capability for both bottom reflood and falling film quenching front, and a
consistent treatment of the entire accident sequence including the

generation of consistent initial conditions.

In the calculations, the steady state option was run for 70 s to reach
initial conditions that were consistent with test initial conditions.
After steady state was reached, transient calculations were performed. For
Test 5-28-1 the transient calculation ran for 60 s; for Test $-28-10 the
calculation ran for 120 s. Each calculation was terminated before
completing the entire transient because the calculations were running very
slowly and it was judged that no significant additional information on the
capabilities of TRAC-PDZ would be obtained in continuing the calculations.

This report documents comparisons between TRAC-PDZ calculations and
test data. Section 2 of this report contains a description of the
Semiscale Mod-1 test facility and Test S-28-1 and S-28-10 conditions. The
TRAC-PD2 system model is discussed in Section 3. Comparisons of calculated
results and measured data are presented in Section 4. The user experiences
drawn from this study whick will be helpful for future code application are
presented in Section 5. Con-lusions and recommendations are presented in

Section 6.
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4. The pressure suppression system was represented by break

components with constant pressure.

5. The break nozzles were finely nodalized to calculate the break
flow accurately.

6. The intact and broken loop ECC systems were each represented by
an accumulator component, a valve component with the check valve
option, single fill component representing the combination of the
high pressure injection system (HPIS) and the low pressure
injection system (LPIS). The fill component used the velocity

versus pressure option to simulate the actual pump performance.

7. The vessel contained 16 axial levels with each axial level
contaiiuing two radial segments and four azimuthal segments. This
nodalization had 128 cells in the vessel. The lower plenum was
represented by the first two axial levels and the upper plenum
was represented by the last axial levels.

8. The active heated rods were represented by 10 axial levels and
were modeled from Level 4 to Level 13. The elevations of each
heated rod level were listed in Table 4. Each rod level
corresponded to a power step in the slightly bottom-skewed axial
power profile., Each heated rod had 10 radial heat transfer nodes.

3.2 Code Options

The S-28 steam generator tube rupture tests were conducted according
to preset power versus time data, consequently, the core-power versus time
option {IRPOP=7) was used in the calculations. The pump speed versus time
option was used in the pump component since the pump coastdown option was
found to produce a considerably retarded coastdown rate.

The friction factor correlation option (input parameter NFF) and

hydrodynamics aumerical scheme option (input parameter IHYDRO) are two
ma jor user-selected code options in this calculation. Based on
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recommendations from Reference 7, the annular flow correlation (NFF=4) was
used for all components except the pressurizer and steam generator. For
these two components, the homogenous flow correlation (NFF=1) was used as
recommended by the TRAC Use: 's Manual. In the numerical scheme selection,
the partially implicit numerical hydr.odynamics option {IHYDRO=0) was used
throughout the system except at the secondary side of those components in
the intact loop connecting the pressurizer and ECT system and the entire
broken loop where fully implicit hydrodynamics option (IHDRO=1) was used
exclusively. The fully implicit option is recommended to be used at

locations where a rapid transient response is expected to occur.

At all junctions, added friction was included to account for losses
due to area changes, bends, tees, and instrumentation. Added friction was
also included as experimentally determined for the pressurizer surge line,
the accumulator lines, the steam generator, the simulated steam generator
and pump, and the core to upper plenum region.

3.3 Steady State and Transient Calculation

Prior to the transient calculation, the steady state option of
TRAC-PD? was run. The broken loop components and ECC system were replaced
by fill components with zero inlet flow as boundary conditions.

Steady state conditions could not be reached without changing the
steam generator feed water mass flow rate from the experimental value
of 0.7 kg/s to 4.45 kg/s, and changing the pump speed from data of 2000 rpm
to 2400 rpm. Without these changes, the liquid mass at the secondary side
of the steam generator was depleting and the temperature differential
across the vessel would not agree with the data. With these changes, the
calculated steady state cmperaturs in the hot leg was within 1.1 K of the
data and the calculated system pressure was within 1% of the measured
pressure.

In the transient calculations, the entire system shown in Figure 5 was

used, The inclusion of the broken loop and ECC system were to simulate the
LOCA and operating events as described in Table 2. Also, fill Components 7
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4, RESULTS
The calculated results of Tests S-28-1 and S-28-10 are analyzed in
this section. The overall system hydraulic response and core thermal

response are discussed.

4.1 Test 5-28-1 Rupture of Sixty Steam Generator Tubes

In this section, the TRAC-PD2 calculations for the large number of
ruptured steam generator tubes (Test S-28-1) are compared with experimental
data. The parameters examined are pressure, volumctric flow, mass flow,
density, system fluid temperatures and core temperatures. Results of the
calculation are stored on Tape A46257; the graphic file is stored on
Tape A50749.

Tne calculation was terminated after 60 s of the transient because the
calculation was running very slowly and it did not appear that additional
information on the capabilities of TRAC-PD2 would be obtained by continuing

the calculation.

4.1.1 System Hydraulic Response

Figure 7 shows a comparison of the measured and calculated system
pressure., The calculated pressure decreased slower than data for the first
2 s then faster than data until about 14 s.

A comparison of the calculated and measured broken loop cold leg mass
flow rates shown in Figure 8, indicates the calculated flow was smaller
than measured over the first 2 s and larger than measured until 14 s.

These differences in the break mass flow caused the differences in the
pressure responses, The measured break flow was established almost
instant)ly whereas the calculated break flow required approximately 1 s to
reach the maximum value. Between 2 and 14 s the higher calculated break
flow resulted in a faster calculated depressurization rate. After 14 s the
break flows agreed well and, as a result, the depressurization rates after

14 s agreed closely.
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injected liquid reached the pump, the pump head increased rapidly, forcing
the liquid back toward the vessel and caused the oscillations shown in

Figures 17 and 13.

It appears that the calculated condensation rates in the cold leg were
excessive thus causing both the calculation of a positive hot leg flow as
shown in Figure 11 and the large magnitude of the oscillations shown in

Figure 12.

Fiqure 15 shows a comparison of the calculated and measured core inlet
mass flow. Reflood did not occur with:in 60 s in «ither the experiment or

calculation. The flow surges in tine calculation at about 38 s were a

result of the condensation induced oscillations in the intact loop cold leg.

The calculated downcomer liquid mass is shown in Figure 16. The mass
initially decreased as a result of the break flow then increased following
the initiation of accumulator flow. The oscillations between 24 and 35 s
resulted from the cold leq oscillations previously discussed and from steam
generation in the core. After the steam generator tube ruptures at 40 s
and the intact loop accumulator was emptied, the level in the downcomer

decreased again.

A comparison of calculated and measured intact loop cold leg density
is shown in Figure 17. The cold leg refilled with liquid about 2.5 s
earlier in the calculation than measured because of the initiation of
earlier accum.:ator flow. A comparison of the calculated and measured
broken locp nut leg density, shown in Figure 18, illustrates good agreement
occurred except for a surge of liquid in the experiment but nc. the

calculation at about 10 s.

The calculated and measured broken loop cold leg fluid temperatures
are compared in Fiqure 19. The temperatures both followed the local
saturation temperature as the pressure decreased. Since the calculated
pressure was below the measured pressure after 10 s the calcu’ated
temperature was also below the measured temperature. Figure 20 shows a
comparison of lower plenum fluid temperatures. The rapid increase in the
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measured temperature was caused by the revorsal in core inlet flow at 39 s
that was shown in Figure 15. A’though the calculated tlow reversal was .
larger, the calculated lower plenum temperature increase was not as large.

This may be because the calculate” flow reversal was of a shorter duration

than for the measured flow.

One of the major features of TRAC-PD2 is the three-dimensional,
two-fluid hydrodynamic methodology used in the reactor vessel component.
The results of the calculation provide data on both the liquid and vapor
velocities in axial, radial and azimuthal directions. Other fluid
conditions such as pressure, temperature and void fraction were also
calculated in each cell. Figure 21 shows an example of the calculated
results in the vessel. This figure shows liquid velocities at 49.24 s in
level 16 of the vessel, which was the level connected to the intact loop
hot leg. At this time, the steam tube rupture fluid had already entered
the vessel. The rupture fluid was shown flowing into the vessel through
the intact hot leg. The void fraction in cell 4 was higher than in the
intact loop hot leg and cell 8 to which it connected. The lower void
fraction in cell 8 indicates that most of the liquid flowing in from the .

steam generator tube rupture flowed into cell 4 of the core. The volume of
steam generator secondary liquid reaching the core was significantly less
in the calculation than in the test. The preference for liquid to flow
into the core sector adjacent to the intact hot leg in the calculation was
not experimentally observed because sufficient liquid was available in the
experiment to flood all core sectors equally.

4,1.2 Core Thermal Behavior

Comparisons between calculated and measured temperatures in the lower,
middle, and upper core are shown in Figures 22 through 31.

Table 5 shows the maximum calculated and measured temperatures for
selected core elevations and locations. In general the results shown in
Table 5 indicate that the calculated maximum temperatures were slishtly
below the measured maximum temperatures. Table 6 summarizes the
differences between the calculated and measured maximum temperatures. .

28
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Table 7 V1ists the occurrence of critical heat flux (CHF) in the
experiment and calculation. In the experiment CHF occurred in the lower
and middle core (up to level B). Above level 8 the heater rods remained in
nucleate boiling., In the calculation CHF only occurred up to the sixth
level. In general, the calculated and measured temperatures were in good
agreement in levels 1 through 5, 9, and 10. In levels 6 through 8
differences in CHF occurred and temperature comparisons were poor.
Reference 6 discussed the relationship between the agreement of the
calculation of CHF and the overall temperature comparisons. For example,
Figure 24 shows a comparison of rod temperatures at the third core level
where CHF occurred in both the experiment and calculation. Figure 30 shows
the same comparison at the ninth core level where CHF did not occur p
either the experiment or calculation. These figures show rolatively good
agreement in the temperature response. Figure 28 shows a comparison at the
seventh level where the CHF was measured but was not calculated. The
comparison of the temperature response at *his level was poor.

Although a flat radial power profile was used in the TRAC-PDZ model,
identical temperature responses were not calculated for the four modeled
rods. Figure 32 shows the differences in the calculated midcore cladding
temperatures between the four rods The responses for the four rods were
identical for the first 6 s of the transient when all the rods were in
nucleate boiling., Differences occurred after 6 s when the rods experienced
transition and f° n boiling. After 40 s, when the steam generator tubes
were ruptured, the rod 3 behavior deviates significantly from the others.
Differences of this nature exist at other levels as well and have not been
explained. The previously identified preference for the injected liquid to
flow into the core sector adjacent to the intact hot leg was not apparent
at the lower vessel locations. The assymetry may be a result of the input,
which was identified after the calculation was performed. At the recent
TRAC workshop it was noted that core azimuth sections must be defined in
radians to fourteen significant figures to avoid azimuthal calculational
irregularities. The input for this calculation was to four significant
figres, and this may be a partial cause for some of the differences shown

in Figure 32.

37






e




In the experiment, quench of the top core levels occurred following
the steam generator tube ruptures at 40 s. The quench was caused by .
secondary fluid entering the ruptured <team generator tubes, flowing

through the intact hot leg and into the top of the core. Table 8

summarizes the downward progression of this top down quench which is also

shown in Figres 28 through 31. For Test S-28-1, the sixty ruptured steam

gener ator tubes provided sufficient flow of water to the upper plenum that

no radial or azimuthal preferential core quenching occurred in the test.

Thus, a strictly top down quench was measured in the experiment. In the

calculation a top down quench was also calculated as shown in Table 9. The

calculated top down quench began later and proceeded slower than in the

experiment. It appears this difference was a result of an improper

calculation of the flashing rate when the hot steam generator fluid was

injected into the iatact hot leg. Too high a flashing rate was calculated

causing too much of the injected liquid to be flashed and leaving little

liquid for quenching the core. The calculated core temperature resnonse in

the middle and lower core regions agreed well with the experiment as shown

in Figures 22 through 26.

4.2 Test S-28-10 Rupture of Twelve Steam Generator Tubes ‘

In this section, the TRAC-PD2 calculations of Test S-28-10 are
compared with data, The presentations follow the same format as for
Test S-28-1. Results of this calcelation are stored on Tape A41931 and the
graphic files are stored on Tapes A32452/A32284. The calculation was
terminated after 120 s of the transient because the calculation was running

very slowly.

4.2.1 System Hydraulic Response

Figure 33 shows a comparison of experimental and calculated primary
system pressures and Figure 34 shows a comparison of broken loop cold leg
mass fiow rates. The cilculated system pressure was lower than the
measured pressure from about 2 s tu 24 s. The calculated broken loop mass

flow rate was lower than the measured flow for the initial 2 s of the
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transient and higher than the measured from 2 s to 14 s, The difference
hetween the calculated and measured broken loop mass flow rate contributed

to the difference in Lhe pressure response.

The intact and broken loop accumulator injection rates are shown in
Figures 35 and 36, respectively. The results were similar to those
obtained for Test S-28-1. In the intact loop, the measured accumulator
liquid depletion time was 64 s and the calculated time was 35 s. This
ralculated depletion time was shorter than the 48 s calculated for
Test §-28-1 because, for Test $S-28-10, the accumulator injection line flow
resistance was decreased to correct an error. However, this change
resulted in an even higher accumulator discharge rate and a worse

comparison of ligquid depletion times.

The intact loop hot leg mass flow comparison is shown in Figure 37.

When these results are compared with the results for Test $-28-1, in

Figure 11 it is observed the calculation for Test $-28-10 more closely

agreed with the data during the period from 10 to 40 s. Since the only
di fference in the calculations during this period was the change in
accumulator injection line resistance, the improvement in the mass flow
comparison is attributed to it. In the intact cold leg, the mass flow
comparison (Figure 38) is similar to that obtained for S$-28-1 as shown in

Fiaqure 12.

Also because of the decrease in injection line resistance, the
calculated refilling of the intact loop cold leg (Figure 39) occurred
earlier than for Test S-28-1.

A comparison of the core inlet mass flows, shown in Figure 40,
indicates good agreement up to 30 s. Between 30 s and 55 s the calculation
oscillated more than the test, This difference was caused by the
initiation of reflooding at 35 s in the calculation, whereas, reflood
occurred at 5 s in the test. The earlier calculated reflood was caused by

an early intact loop accumulator initiation time and higher injected flow







e————

Mass filow (kg/s)

—— §=28=-10
- = TRAC

/s)

flow (kg

Mass

20 40 60 890 100
{ \
\S.I

Comparison of tre calculatec and mecsured

intact loop hot leg mecss flow for Test S$-28-10.

Time after rup‘ture

- v —— —_— — -— — e = = -

—— $-28-10
TRAC

!
o w4 ) i
~ ] 1 'Y ) " . A
T ¥ STy ~— , >
’ e
Rl ¥
0 40 6C 80 100 12¢
. ¢ A,
me qgfter rupture (s)

<
S
Comparison of the calculatec and mecsuraec
leg mass flow for Test S~28-10

o
w

o

4



o

’



rate. The earlier initiation of reflooding in the calculation than in the
experiment was also indicated by the core inlet density comparison shown in

Figure 41,

Figure 42 shows a comparison of intact loop cold leg densities. The
differences between 16 and 22 s were the result of the earlier accumulator
injection. Between 35 and 70 s the differences were caused by the earlier
termination of accumulator injection in the calculation than in the
experiment.

Figure 43 shows a comparison of lowe: plenum fluid temperatures.
Since the primary system depressurized faster in the calculation than in
the test and because the primary fluid temperature followed the saturation
temperature, the calculated fluid temperature was generally below the
measured temperature.

4.2.2 Core Thermal Behavior

Comparisons between calculated and measured core temperatures are
shown in Figures 44 through 51. Unlike Test S-28-1 where 60 tubes were
simulated to be ruptured, the injection rate based on 12 ruptured tubes was
insufficient to cause a top down quench in either the experiment or
calculation. The core refleud began at 35 s in the calculation and 55 s in
the test.

In the bottom of the core a significant difference occurred in the
temperature comparison during the first 3 s of the transient. Figure 44
shows that the calculated temperature rapidly increased during this period,
whereas, the measured temperature was nearly constant. This result
indicates that CHF was calculated at the initiation of the transient,
whereas, a delayed CHF was measured. The differences between the
calculated and measured CHF was not as large at elevations from the second
to sixth core levels as shown in Figures 45 through 49,

A summary of measured and calculated core quench times is shown in
Table 1G. None of the elevations above Level 4 were calculated to have
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USER EXPERIENCES

wn

This section discusses problems encountered in using the TRAC-PD2

computer program and the approaches to resolve these problems.

5.1 Steady State Calculation

One advantage of IRAC code is that, in the steady state calculation,
the user is not required to calculate the pressure and temperature
distribution throughout the system. Instead, a representative hot leq and
cold leq pressure and temperature can be usc ' for the entire hot leg and
cold leg components. [The code will perform a calculation to provide a
steady state system pressure and temperature distribution. However, it is
common that this calculated steady state condition does not agree with the
test initial conditions.

[f the calculated system pressure and temperature do not agree with
test data, the user can adjust either the steam generator secondary side
pressure or the feedwater mass flow rate.

When the calculated cold leg temperature is higher than the data, the
steam generator secondary side saturation temperature can to be lowered by
this difference. This new saturation temperature ana its corresponding
pressure are then used as new secondary side fluid conditions. Experience
has shown that about 0.22 MPa decrease in secondary side pressure yielded
better agreement on the system pressure and temperature.

5.2 Transient Calculation

ATl trip signals are set by the code during the initial transient
calculation. In the subsequent restart calculations, these trip data are
no longer required as input. In fact, the presence of trip data in the
transient restart calculation will reset the trip initiation time back to
zero which causes errors on those trip signals using time as reference

parameter.







I

6. CONCLUSIONS AND RECOMMENDATIONS

Conclusions and recommendations resulting from this study were:

The capability of TRAC-PD2 to calculate the core temperature
response was strongly dependent on its capability to calculate
the occurrence of CHF.

In those core regions (lower and middle core) where CHF occurred
in the experiment and was also calculated by the code, the
temperature comparisons were significantly better than in the
regions (upper core) where there were differences in CHF

occurrences.

TRAC-PD2 capabilities to calculate the effects resulting from
injecting hot secondary fluid into the hot leg were limited.

The amount of the injected liquid that was flashed to steam was
overestimated in the calculation which resulted in less liquid
flowing into the hot leg from the simulated tube ruptures. The
smaller amount of liquid flowing from the hot leg into the upper
core resulted in a smaller region of the core being quenched from
the liquid frcem the steam generator.

The code is capable of simulating both the top and bottom quench
observed in the experiment.

A top down quench from the rupture liquid in Test S-28-1 was
predicted in the calculation. The bottomup quench from the
reflooding process in Test S-28-10 was also predicted by the code.

In general, the code is capable of predicting the over-all trend
of the system thermal-hydraulic response.

The TRAC-PD2 calculation shows the general trends of the system
thermal-hydraulic parameters and the agreement is good in general.
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