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ABSTRACT

Recorded test data are presented for Test S-06-3 of the Semiscale Mod-1 LOFT
counterpart test series. These tests are among several Semiscale Mod-1 experiments
conducted to investigate the thermal and hydraulic phenomena accompanying an
hypothesized loss-of-coolant accident in a pressurized water reactor (PWR) system. Test
S-06-3 provided a data base for a Nuclear Regulatory Commission standard problem.

Test S-06-3 was conducted from initial conditions of 15 769 kPa and 563K to
investigate the response of the Semiscale Mod-1 system to a depressurization and reflood
transient following a simulated double-ended offset shear of the broken loop cold leg piping.
During the test, cooling water was injected into the cold leg of the intact loop to simulate
emergency core coolant injection in a PWR. The heater rods in the electrically heated core
were operated at an axial peak power density which was 75% of the maximum peak power
density of 52.5 kW/m.

The purpose of this report is to make available the uninterpreted data from
Test S-06-3 for future data analysis and test results reporting activities. The data, presented
in the form of graphs in engineering units, have been analyzed only to the extent necessary
to ensure that they are reasonable and consistent. ‘
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ABSTRACT

This report presents the results of the .RELAP5/MOD2 posttest
assessment utilizing a Semiscale-large break loss-of-coolant
experiment numbered S-06-3. Test S-06-3 is a 200% double ended
cold leg break experiment performed in Semiscale.Mod-1 facility
in 1978 for the purpose of investigating the thermal and
hydraulic phenomena accompanying a hypothetical large LOCA in a
pressurized water reactor (PWR) system and providing>a data base
for a U.S. Nuclear Regulatory Commission standard problem.
Through extensive comparisons between data and best;estimate
RELAP5 calculations, the capabilities of RELAP5 to calculate the
large LOCA accident were assessed. Emphasis was placed on the
capability of. the code to calculate break flow rates during
system blowdown stage,. emergency core cooling system (ECCS)
injection bypass during refill stage, guenching during reflood
stage, and the peak cladding temperature (PCT) behavior '
throughout the whole experiment. Besides, effects of several
different modelings which include radial connections between core
hot and average channels, maximum number of heat slab axial
interval for 2-D reflod calculation, number of nodes representing
the core, cross-flow 3junctions on vessel entrances, reflood

calculation etc., were all investigated.






SUMMARY

This paper includes the results and conclusions of
assessment studies which involve comparisons between data from
Semiscale test S-06-3 and RELAP5/MOD2 code calculation, and
important sensitivity studies investigating featurés of several
different modelings and options. Semiscale S-06-3 test simulated
a large cold-leg break LOCA with continuous reactor coolant pump
(RCP) operation. RELAPS5/MOD2 is an advanced, one-dimensional,
thermal-hydraulic computer code used to calculate reactor
transient and accident response.. The objective of this
assessment study is to provide systematic assessment of the
RELAP5/MOD2 code relative to code development, code improvement,
and the enhancement of user gquidelines.

Test S-06-3 was performed as part of the Semiscale Program
conducted by EG&G Idaho, 1Inc., for the United States Government.
This test was part of the LOFT counterpart test series (Test
Series 6) performed to investigate thevresponse of the Mod-1
system to specific variations in the peak power densities of the
heater rods to assist the LOFT Program in the planning of the
first LOFT nuclear test series. The test objective specific to
Test S-06-3 was to determine the maximum cladding temperature
associated with a high powered rod peak power density of 39.4
kW/m, or 75% of the maximum high powered rod peak power density
of 52.5 kW/nm. In addition, Test S-06-3 was designated as a

Nuclear Regulatory Commission standard problem.



In our assessment, RELAP5 calculation correctly catches all
important thermal-hydraulic phenomena except the counter-current
flow 1limit (CCFL) which takes place in the blowdown and refill
periods and makes the latter-on calculated consequence deviated.
The calculated break flow rates from both ends matched the data
very well especially for the break near the pump side. When
accumulator injection began, owing to the lack of CCFL model in
RELAPS, emergency core cooling (ECC) water bypass phenomenon was
not simulated well, which in turn caused more ECC water entering
the vessel. Thus, early refill and reflood were noted in the
calculation. As for the prediction of cladding temperature
responses, good agreement was achieved between the test and
calculation except the timing of rewetting. In our calculation,
earlier rewet was cleafly shown as compared to the test data. Two
likely reasons contributed to this; one was the early refill
depicted above, and the other was the overprediction of entrained
water pulled up by the up-going vapor after reflocd began.
Besides, superheated steam observed in the test was also
simulated qualitatively well.

The effects of several different modelings or options were
a156 investigated, which include pressurizer modeling, radial
connectibns between core average and hot channels, the maximum
number of axial heat slab axial interval for 2-D reflood calcula-
tion, number of hydraulic volumes representing the core, the

cross-flow junctions on reactor vessel entrances, and reflood
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calculation. Except the reflood calculation, effects of each
individual modeling on the calculation of peak cladding tempera-
ture were quite negligible, but to some extent gquench time
calculations were affected. Generally speaking, modelings with
in-core radial connection, larger number of heat slab axial
interval for 2-D reflood calculation, larger number of axial
hydraulic volumes representing the core, or cross-flow junctions
on vessel entrances would postpone the fuel gquench time. Basides,
responses of cladding temperature on hot spot were heavily
affected when defeating the reflood calculation, and it was

identified that the usage of different heat transfer packaée
majorly contributed to such difference insteaé of the two-
dimensional conduction. Finally, the total CPU time used in the
calculation with 22 axial volumes representing the core was about
3.4 times of that used in the base calculation in which 11 axial

volumes were involved.
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1. INTRODUCTION

The assessment study documented in this report is expected
to contribute to the overall code assessment effort, which 1is
coordinated within the International Code Assessment and
Applications Program (ICAP) sponsored by the U.S. Nuclear
Regulatory Commission (NRC). The objective of the ICAP is to
provide gqualitative assessment of the major thermal-hydraulic
computer codes relative to code development, code improvement,
and the enhancement of user guidelines. In aﬁdition, the ICAP
has the objective of providihg the necessary data base for thé
qualitative characterization of computer code when applied in a
best-estimate fashion to hypothetical accident scenarios.

This feport includes the results and conclusions of
assessment study involving comparisons between data from
Semiscale Test S-06-3 [1] and RELAP5/MOD2 [2) code calculation.
Test S-06-3 was performed as part of the Semiscale Mod-1 portion
of the Semiscale Program conducted by EG&G Idaho, 1Inc., for the
United States Government. This test was part of the LOFT
counterpart test series (Test Series 6) performed to investigate
the response of the Mod-1 system to specific variations in the
peak power densities of the heater rods to assist the LOFT
program in the planning of the first LOFT nucleér test series.
The test objective specific to Test S-06-3 was to determine the
maximum cladding temperature associated with a high powered rod

peak power density of 39.4 kW/m, or 75% of the maximum high



powered rod peak power density of 52.5 kW/m., In addition, Test
S-06-3 was designated as a Nuclear Regulatory Commission standard
problem.

The assessment of RELAP5/MOD2 using Test S-06-3 specifically
focused in the area of system blowdown, in-vessel water level
variations and fuel rewet. Particularly, since steam binding was
observed in the downcomer during the eariy phase of the test, the
effect of counter-current flow limit (CCFL) was also
investigated. Also examined were the sensitivities of several
different modelings which included the radial connections
between core hot and average channels, cross-flow junctions on
the vessel entrances, maximum number of heat slab axial interval
for 2-D reflood calculation, number of axial hydraulic volumes
representing the core, reflood calculation, and noding of
pressurizer.

The following two sections .of this report contain a
~description of the test and RELAP5/MOD2 modeling techniques
employed in the calculation. The fourth section includes
comparisons of calculated results to the test data and associated
sensitivity studies. Before the final section of conclusions and

recommendations is the run statistics statement.



2. TEST FACILITY AND TRANSIENT DESCRIPTION

2.1 Test Facility

The Semiscale Mod-1 system used for this test consisted of a
pressure vessel with internals, including a 40-rod core with 36
electrically heated rods; an intact loop with steam generator,
pump, and pressurizer; a broken loop with simulated steam
generator, simulated pump, simulated reflood bypass lines, LOFT
counterpart nozzles, and two rupture assemblies; a coolant
injection accumulator for the intact loop; high and low pressure
coolant injection pumps for the intact loop; and a pressure
suppression system with a suppression tank, and heated steam
supply system. Semiscale Mod-1 experimental system configuration
information is provided in Reference 3. Figure 2-1 shows the
system configurafion for Test S-06-3.

For Test §S-06-3, the 40-rod electrically heated core as
shown in Figures 2-2 and 2-3, was operated at an axial peak power
density which was 75% of the maximum peak power density (52.5
kW/m). Four rods (Rods D-4, D-5, E-4, and E-5) were operated at
approximately 39.4 kW/m, 32 rods were operated at approximately
24.9 kW/m, and four rods (Rods C-4, D-6, E-3, and G-6) were
unpowered to simulate LOPT passive rod. locations. This
configuration yielded a peaked power profile which simulates that
of LOFT and provides a total core power of approximétely 1.004 MW,

To achieve the desired: objectives during the LOFT

counterpart test series, it 1is necessary that the Mod-1



electrical heater rods behave in a manner that will produce the
same results as those expected from the LOFT nuclear rod. To
accomplish this, the Mod-1 core power must be controlled to
compensate for differences between the electrical and nuclear rod
thermal-physical_properties._ This contro; is based on analytical
results obtained from the LOFT RELAP4/MODS "Hot Pin" model
calculations ([4]. From these results two parameters (heat
transfer coefficient and fluid temperature) are used as boundary
conditions fér a one dimensional heat conduction model of a Mod-1
electrical rod. The Mod-1 core power is then iterated upon until
a core power transient is found that will produce, within a
certain accuracy, the same cladding temperature (and consequently
surface heat flux) as that calculated by the LOFT "Hot Pin"
model.

The Mod-1 system bxoken loop was subjected to simulating a
double-ended cold leg break through two rgpture assemblies and
two LOFT counterpart nozzles, each having a break area of
0.000243 mz. In this broken loop, the pump and steam generator
wére simulated with due resistances. For example, the broken
loop pump was simulated Qith an orifice having loss coefficient
equal to 8.97.

The performance of the system during test was monitored by
224 detectors. The data obtained were recorded on both digital
and analog data acquisition systems. Processing analysis has been

performed only to the extent ﬁecessary to obtain appropriate



engineering units and to ensure that the data are reasonable and
consistent. In all cases, in converting transducer output to
engineering units, a homogeneous fluid was assumed. Further
interpretation and analysis should consider that sudden decompre-
ssion processes such as those occurring during blowdown may have
subjected the measuremnt devices to nonhomogeneous fluid

conditions.

2.2 Transient Description

Test S-06-3 was performed as part of thé Semiscale Mod-1
portion of the Semiscale Program conducted by EG&G Idaho, Inc.,
for the United States Government. This test was part of the LOFT
counterpart test series (Test Series 6) performed to investigate
the responsé of the Mod-1 system to specific variations in the
peak power densities of the heater rods to assist the LOFT
program in the planning of the first LOFT nuclear test series.
Hardware configuration and test parameters were selected to yield
a system response that simulates the response of the LOFT nuclear
facility during the first nuclear test series.

The test was conducted from initial conditions of 15769 kPa
and 563 K (at the intact loop cold leg vessel inlet) with a
simulated full size (200%) double-ended offset shear of the
broken 1loop cold leqg piping at an initial core power 1level of
1.004 MW, and an initial core inlet flow rate of 6.68 1l/s. The
instantaneous offset shear of the broken loop cold leg piping was

simulated by simultaneous (within 10 ms) actuation of the rupture



assemblies. After initiation of blowdown, power to the heated
core was reduced to simulate the predicted heat flux response of
nuclear fuel rods during a loss-of-coolant accident. Blowdown
was . accompanied by.simulated emergency core coolant injection
into the cold leg piping of the intact loop. Coolant injection
from the high pressure injection system pump began at blowdown
and continued until test termination. Coolant injection from the
accumulator started approximately 18.5 seconds after rupture at a
system pressure of 4200 kPa and continued t§ depletion at 68
secopds after blowdown. Low pressure cooiant injection began
25.5 seconds after rupture at a sgstem pressure of 1900 kPa and
continued until test termination. The cdre power was tripped off

at 300 seconds after rupture and the test was terminated.
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3. MODELING DESCRIPTION

3.1 RELAP5/MOD2 Modeling

RELAP5/MOD2 is an advanced one-dimensional system analysis
compute; code developed at the INEL for the U.S. Nuclear
Regulatory Commission (NRC). The principal feature of the RELAPS
series is the use of a two-fluid, non-equilibriumm non-
homogeneous hydrodynamic model for gransient and accident
simulation of a two-phase system. Instead of only five equations
used in the RELAP5/MOD1 version, RELAP5/MOD2 employs a full non-
equilibrium, six-equation two-fluid model.

In this report, test data of Semiscale S-06-3 were used to
assess version 36.04 of RELAP5/MOD2. Iﬁ modeling of Semiscale
VMod-1 system, a total-of 95 hydraulic volumes, 107 junctiéns and
-64 heat strustures were used, as shown in 'FiQure 3-1. In
~modeling of the reactor core, a totél of 22 volumes were used to
.represent the core hydraulic space, which included both average
and hot channels in parallel. Besides, 11 cross-flow junctions
were also used to model radial connections between both average
and hot channels. In modeling of both average power rods (32)
and hot rods (4), a total of 22 heat strustures were used with
half set for each, in which the maximum number of axial interval
for 2-D reflood calculation was set to 8 in the base model. In
modeling of otherAparts of the pressure vessel, three. volumes
were used to model each lower and upper plena with attached

'heat slabs to simulate structure material, and annulus

10



components having 6 volumes were used to model vessel downcomer
also with heat slabs attached. |

In modeling of the pressurizer attached on the intact loop,
13 volumes were used to model the pressurizer vessel and 3
volumes were used to simulate surge line. In modeling of the
steam generator on the intact loop, six volumes were used to
repesent the primary side with ‘inlet and outlet plena included,
and six volumes were used for the secondary side which included a
downcomer and a separator. While in the modeling of the broken
loop steam generator, only two volumes were used for the primary
side with suitable resistances. In modeling of pumps, due pump
component was used for the intact loop coolant pump. As for the
broken loop pump modeling only a junction with adequate 1loss
coefficient (K=8.97) was adopted.
| In modeling of emergency core cooling system (ECCS), only
‘three sets of time-dependent volumes and'junctions were uéed to
simulate each sub-system, which consisted of the high pressure
injection system, the 1low pressure injection system and the
accumulator.

In modeling of the double-ended cold leg breaks, two normal
junctions with due area and chocking flag on were used to
simulate both near pump and near vessel breaks. Two identical
time-dependent volumes connected to each break junction were used

to represent the pressure suppression tank.

11



In addition to the system modeling, adegquate control
variables were generated so that direct comparison with data
could be made. Those reproduced parameters included- the
collapsed water levels, fuel temperatures and so on. aAll input

data are listed in the Appendix.

3.2 Assumptions and Initial Conditions
In simulating the Semiscale S-06-3 test, following

assumptions were made so that undesired calculation uncertainties

could be avoided:

(1) All ECCS injection flow rates including high pressure
injection, 1low pressure injection and accumulator were
provided as boundary,

(2) Recorded pressure history in the pressure suppression tank
was provided as boundary,

(3) Measured power variance supplied to heater rods was prdvided,

(4) Measured intact loop éump speed was also provided, and

(5) Because the measured cladding temperature was actually
obtained 0.076 cm below the surface of the cladding,
associated heater internal mesh temperature was used to
compare instead of heater surface temperature.

Steady state was achieved by using some initializ;tion
techniques including pressurizer desired pressure and water level
control, desired loop flow control and etc.. The resulting
initial condition is listed in Table 3-1., The calculated and

measured initial conditions [1] are matched quite well.

12
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Table 3-1 Comparison of Calculated and Measured
Initial Conditions

Parameter Measured RELAPS
Core power (MW) 1.004 1.004
Intact loop cold leg 563.0 563.0
fluid temperature (K)

Intact loop hot leg 598.0 598.0
fluid temperature (K)

Broken loop cold leg 562.0 562.0
£luid temperature (X)

Broken loop hot leg 591.0 591.0
fluid temperature (X)

Intact loop cold leg 6.68 6.68
flow (1/sec) : .
Pressurezer pressure (MPa) 15.769 15.766
Pressurizer liquid mass (Xkg) 9.09 9.09
'8.G. Secondary side 6.55 6.53

pressure (MPa)

* Uncertainties of each measurement are discussed in Reference 1
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4. RESULTS

In this section, analytical results from the base modeling
elaberated above are compared to the test data. Besides, effects
of several different modelings are also independently

investigated to ensure that results are within reliable domain.

4.1 Comparison with Measurement

Included in this subsection is comprehensive comparisons of
the calculated results and measured data. The whole test can be
classically divided into three different phases, namely blowdown,
refill and reflood. In general, the blowdown phase is
characterized by a fast system depressurization and £finally the
system 1is in equilibrium with the surroundings. During this
phase large part of fuel rods will experience critical heat flux
‘(CHF) due to rapid loss of reactor coolant. In the second refill
phase, owing to the activation of injectibns ECCS, emergency
coolant begins to accumulate in the reactor vessel. Once the
lower plenum is filled up, this phase is terminated by
defination. Because of continuous ECCS injections, vessel water
level will keep on ascending up to the active core in the last

reflood phase and -finally all fuel rods will be rewetted again.

4.1.1 Blowdown Phase (0-35 seconds)
After the artificial rupture took place in the broken loop,
the primary system began to blowdown. The resulting break flow

rates at two ends from both simulation and measurement are shown

15



in Figures 4-1 and 4-2 respectively. Observing the break flow
near the pump side, it can be found that the steam break flow
rate seemed to be underpredicted a little. As for the break flow
rate near the vessel side, they both matched quite well until the
ECCS flow bypassed tb the broken loop. When ECCS water bypassed
to the broken loop cold Ieg, break flow rates from calculation
and test began to oscillate. Nevertheless, oscillation
magnitudes were little different.

The pressureizer pressure responses are compared in Figure
4-3. It can be observed that they also‘matched guite well except
the timing of pressure inflection point. TThis inflection
difference basically was caused by diffe:ent pressurizer empty
time. As well known, the pressurizer empty would cause an
inflection of pressurizer pressure. Tb illustrate this feature,
pressurizer outsurge flow rates are also-compared, as shdwn in
Figure 4-4. It is clear that the empty time gxactly correspopded
to each pressure inflection point. The late prediction of the
pressurizer empty may come from several reasons. Among them are
the modelling of heat transfer between liquid and vapor space,
the stored heat of pressurizer vessel and the form loss of
pressurizer surge line.

The intact loop cold leg and hot leg flow rates are shown
in Figures 4-5 and 4-6 respectively. The calculated intact loop
cold 1leg flow rate matched the data very well. As for the hot

leg flow, the  calculated one reversed a 1little late. Also

16



compared are broken loop flow rates, as shown in Figures 4-7 and
4-8 for cold leg and hot leg respectively. Just the same as the
intact loop, the calculated cold leg flow rate matched the data
very well until the ECCS injection bypass occurred. With
reference to the broken loop hot leg flow, they also matched well
except in the early 3 seconds. Other than loop flow rates, the
core inlet flow rates are also compared, as shown in Figure 4-9,
As a result of ruptures, core flow was suddenly stagnated which
was clearly elucidated in this figure.

As a result of system blowdown, water levels in the reactor
vessel descended drastically. Collapsed water level responses
( AP/pg ) in the downcomer are shown in Figure 4-10. It can be
seen that after the rupture began, water level declined steeply
and at the end of blowdown there was almost no water existed in
the downcomer. From the comparison, it.can be found that the
RELAP5 calculation agreed with what was measured. Concerning the
water level in the lower plenum, since if is the lowest part of
the system, water level in it varied less violently and at the
end of blowdown it still detained about one-third of coolant in
it, as shown in Fiqure 4-11. Again, reasonable agreement between
calculation and measurement was also observed. Resulting core
collapsed water level responses are shown in Figure 4-12. It can
be seen that the calculated water level dropped below the active
fuel within 5 secondé after ruptures began, which was about 10

seconds ahead of what was measured.
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Peak cladding temperature responses of both high and low
power rods are also compared. After ruptures began, system
pressure would reduce sharply and core flow would quickly drop to
zero due to stagnation as depicted above. As a result, fuel rods
in the core experienced CHF quickly and consequently fuel
cladding temperatures jumped to certain elevated Values, as shown
in Figures 4-13 and 4-14 for high and low power rods respective-
ly. From the comparison, it can be found that calculated
responses had a good agreement with what was measured, especially
true for time to CHF.

As for the coolant temperature calculatioh, superheated
steam was observed in the reactor vessel. Calculated coolant
temperatures in both lower and upper plena are compared to
assoclated measured temperatures, as shown in Figures 4-15 and
‘4-16 respectively. From comparisons, it can be found that éuper-
'heated steam was calculated and reasonable agreement was
achieved. In addition, owing to the reversed steam flow through
the core the degree of steam superheating in the 1lower plenunm
ascended sharply and the resulting steam temperature was even
higher than the initial heat slab temperature in this region.
Basically, the reversed steam flow through the core was caused by
the effect of condensation induced by theAaccumhlator injecfion

(51.

4.1.2 Refill Phase (35-75 seconds)

Before the end of blowdown, emergency cooling water provided

18
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by the ECCS would enter the system when system pressure was low
enough. In our calculation ECCS ihject;ons were pfovided as a
given boundary condition to exclude unnecessary uncertainties.
When accumulator injection began at about 20 seconds,
apparent ECC bypass was observed in the test. While in the
calculation, due to lack of counter-current flow 1limit (CCFL)
model this phenomenon could not be caught well. In the test, two
ECC bypass delay periods were identified [6]; a blowdown-force
ECC bypass period supported by counter-current flow-flooding
phenomenon in the downcomer annulus; a "hot wall" delay period
due to steam generation as cold ECC water comes in contact with
the vessel hot walls. As an evidence of this phenomena, broken
loop cold leg densities and break flow near vessel side from both
experiment and calculation are compared and shown in Figures
4-17 and 4-18 correspondingly. From the comparison, it can be
‘'seen that the cold leg density in the test obviously increased
after accumulator injection began, while in the calculation the
density change was véry small only after the downcomer was filled
up with water, which will be described later. As for the break
flows near the vessel side, it can be also observed that after
accunulator injection began, measured break flow rate was
obviously higher than what was calculgted until about 60 seconds.
After 60 seconds, the downcomer was filled up with water in the
calculation and therefore following ECC water directly flowed to

the broken loop cold leg, which caused the break flow near the
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vessel side rose again just as appeared in the associated figure.
Serving as another evidence was the core barrel temperature
response. Comparison of core barrel temperatures is shown in
Figure 4-19. ' It can be seen that after accumulation injection,
core barrel temperature in the calculation began to decrease with
another slope, while in the test this temperature behaved just on
the contrary until ECC water penetrated the downcomer at the time
of 42 seconds.

As a result of inability to properly simulate ECC bypass,
the calculated water level in the downcomer rose much earlier
than what was measured, as shown in Figure 4-20. Same as in the
downcomer, the lower plenum was also filled up earlier in the
calculation, as " shown in Figure 4-21. As a result, the 1low
plenum was filled up with water at 52 seconds in the calculation,
while it was 71 seconds in the test.

During the refill pgriod, there is no water enter1n§ the
active core except a little droplets entrained by the up-going
vapor [(7]. As a result, the fuel cladding temperature would
remain elevated, as shown in Figure 4-22 and 4-23 for low and
high power rods respectively. Owing to the entering of ECC water
during this period, superheated steam existed in the lower
plenum began to be.suppressed, as shown in Figure 4-24. Since
the ECC water entered earlier in the simulation, calculated
superheated steam in this region was suppressed sooner as

expected. As for the coolant temperature response in the upper
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plenur shown in Figure 4-25, due to the overprediéted intérfécial
drag when flow was vertically stratified (8], once ECC water
entered the lower plenum droplets would entrain into the active
core, and some of them even could penetrate the core then
entering the upper plenum. As a result, the calculated super-

heated steam in this region was suppressed sooner in this phase.

4.1.3 Reflood Phase (after 75 seconds)

During this phase, water began to flow into the active core
and consequently fuel rods were rewetted again. Water levels
across the core (from lower to uppper pienum) are shown in
Figure 4-26. Same as in the lower plenum, the calculated core
water level ascended earlier than what was measured. From the
comparison, it also can be observed that the calculated water
level oscillated with larger magnitudes, especially after the
termination of accumulator injection. The accumulator injection
flow rates were shown in Figure 4-27. It can be seen thaf .the
injection was terminated at about 90 seconds which exactly
corresponded to the oscillations of the core water level. As
direct results of the injection termination, the calculated
broken loop cold leqg density and flow began to oscillate, as
shown in Figure 4-28‘and 4-29 respectively, which in turn would
cause core wvater level to oscillate. As for the reason why the
calculated cold 1leg density and flow began to oscillate right
after the termination of accumulator injection, the different

status of the broken loop cold leg may be the explanation. From
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Ehe comparison of cold leqg density (Figure 4-28), it can be
observed that prior to the injection fermination, the calculated
broken loop cold 1leg was filled with liquid provided by the
accumulator bypass. In the calculation, the accumulator bypass
revealed in Figure 4-29 began right after the occupation of
downcomer at about 60 seconds shown in.Figure 4-20. After the
termination of accumulator injection, part of water remained in
the broken loop cold leg flowed back to the vessel, which also
can be seen in Figure 4-29. |

Comparisons of peak cladding temperature responses are
shown in Figures 4-30 and 4-31 for low and high power rods respe-
ctively. From the comparisons, it can be observed that prior to
the rewetting of the hot spots, substantial heat transfer. took
place. This cooling was attributed to the interaction between
entrained water and rods above the guench front and was named
.precursor cooling [7]. As illustrated, the calculated preéursor
cooling seemed to be more effective. This difference probably
was resulted from the overprediction of liquid entrainment under
low flow reflood condition at low pressure [8] and the use of
Dougall-Rohsenow correlation for film boiling heat transfer [9].
| Other than this, it also can be easily found that the calculated
rewetting occurred much earlier than in the test. This
discrepancy basically was caused by the earlier refill in the
calculation. Furthermore, it also can be found that the

calculated rewet temperature was a little lower. The highest
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cladding temperatures along fuel rods were also compared. In the
test, there were 4 high power rods and 32 low power rods, among
which about 70 fuel temperature sensors were distributed. While
in our simulations, all fuel roés were modelled only wiﬁh' two
heat structures, one representing low power rods and the other
representating high power rods. To make comparisons more
representative, two curves were used to fit those distributed
measuements of cladding temperatures, one for lower power rod as
shown in Figure 4-32 and the other for high power rpds as shown
in Figure 4-33; the method used for cqrve fitting is Least
Squares (10]. In the following discuséi&hs, one should bear in
mind that the répresentative curves represent a generalized
concept of the maximum cladding temperature response and the real
data are always scattered around these curves. Comparisons of
‘representative curves with calculated results are shown in
Figures 4-34 and 4-35 for low and high power rods respectively.
It can be found from the comparisoﬂ that the calculated highest
cladding temperatures along low power rods matched the data very
well, while for the high power rods there was a little shifting
of the calculated one. As a result, the calculated position of
the highest cladding temperature of the high power rods was 17 cm
higher than measured. Bésides, the calculated peak value was
lower about' 30K. ° Concerning the quench time, ‘'same as the
fitting of peak cladding temperatures two curves were used to fit

the quench time distribution, as shown in Figures 4-36 and 4-
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37 for low and high power rods correspondingly. Comparisons of
fitting curves to calculated gquench time are shown in Figures
4-38 and 4-39 for low and high power rods respectively. As
observed, recorded top quenching phenomena was caught in
calculation for both low and high power rods. As is well known,
this phenomena occurs from cooling provided by the two-phase flow
moving upward through the core and the fallback of water which is
deentrained at the top of the core or in the upper plenum. The
net effect of this is to quench the uppermost part of the fuel
rods sooner than would occur from the propagation of the bottom
quench front. Top-down cooling generally does not extend to the
hot spot [7], which also can be easily observed in these figures.
However, all rods in calculation were obviously rewetted earlier,
especially for the high power sections. Besides, the latest
quenching positions in the calculation for both low and' high
power rods seemed to be a little lower than what was observed in
the test. Basically tﬁe calculated earlier rewet can be
attributed to the earlier refill and more liquid entrained upward
by the up-going vapor during reflood period.

As a summary, important sequence of events is listed in

Table 4-1 and compared to what were recorded in the test.

4.2 Sensitivity Study
To ensure that analytical results "are within reliable
domains and to investigate effects of several different

modelings and options, the following sensitivity studies are

49



0s

REACTOR EXCURSIGN AND LEAK ANALYSIS PROGRAM( RELAPS/MOD2/36.04 )
SIMULATION OF SEMISCHLE S-06-3 LARGE LOCA TEST

5.50

i oY 1 v | v 'l M i M ]

- 2.50- \ ..r’\/\ '
Jh El ‘ w%ﬂ IV L%‘V‘L‘Mq,ﬁ%é!h M,& hé,gﬁ% ﬁ*i

-

¢ RELAPS -

--%-- 3 TEST DATA

"20 00

e

60.00  90.00 120,00 150,00  180.00  210.00
TIME ( SEC )

0,00  30.00

Fig. 4-26. Collapsed Water Levels across The Core



IS

REACTOR EXCURSION- AND LEAK ANALYSIS PROGRAM( RELAPS/MOD2/36.04 )

6.00

SIMULATIGN OF SEMISCALE S-06-3 LARGE LGBCA TEST

(KG/SEC)

MFLGWJ 353000000

"1050

' ' ' ' ' "'s RELAPS

--x-~ ¢ TEST DATA

0.00

30,00

60.00  90.00  120.00 180,00  180.00
TIME ( SEC )

- Fig. 4-27. Accumulator Flow Rates

21

0.00



2s

214010000

RHO

REACTOR EXCURSION AND LEAK ANALYSIS PRAGRAM( RELAPS/MOD2/36.04 )

1200.00

( KG/M3 )

SIMULATION OF SEMISCALE S-06-3 LARGE LGCA TEST

T ¥ y T ' ¥ y T ' T RELAPS |
--%~-~ 3 TEST DATA

—

LLM il | ol

.

30.00 60,00 90,00 120,00  150.00  160.00 2

TIME ( SEC )

'Fig. 4-28. Broken Loop Cold Leg Coolant Densities

0.00



€9

REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MOD2/36.04 )

SIMULATION OF SEMISCALE S-06-3 LARGE LOGCA TEST
20.00_

T T Ve pelees |
--m~~ ¢ TEST DRTA
g 12.00_ Downcomer”, . -
Y f£illed up
&)
g .
quU_ -
| oM

MFLOWJ 214010000
&
8

~20.00 4 |
0.00 30.00 60.00 90.00 120.00 180.00 180.00  210.00
' "TIME ( SEC )

Fig. 4-29. Broken Loop Cold Leg Flow Rates -



¥s

REACTOR EXCURSION AND LEAK ANALYSIS PROBCGRAM!( RELAPS/MO02/36.04 )
SIMULATION GF SEMISCALE S-06-3 LARCE LOCR TEST

1200.00 B A L3 L] L] L] . ¥
1 1 1 ' LD B s RELAPS !
- --%-- & TEST DATA
100000 _ 4

o 800.00_] -
m
i .
_ 600.00_ - |
p- 4
w
z | ;
= ",

400.00_| E e

- -
200.00 L L ' R’ v |
0.00 30,00 60.00 40,00 12000 150,00 180.00  210.00

TIME ( SEC )

" Pig. 4-30. Low Power Rod Hot Spot Cladding Temperatures



qs

REACTOR EXCURSION AND LERK ANALYSIS PROGRAM( RELAPS/MOD2/36.04 )
SIMULATION OF SEMISCALE S-06-3 LARGE LOCA TEST

1200.00

| ' I ' { v | ' I: REI'-HPS |
_ —-m—- + TEST DATA :
,1000.00_ .
o 800.00_ \‘\‘ -
N :
) |

600.00_ - |
= |
=
= V!
'-—
’—
e \kﬁ
400.00_| g P
200.00 L] LI g L - ' 1 ‘r 1 l g 1 |
0400 30.00 60.00 90.00 120,00 150,00 180.00  210.00

TIME ( SEC )

Fig. 4-31. High Power Rod Hot Spot Cladding Temperatures



9g

REACTGR EXCURSIGN AND LEAK ANALYSIS PROGRAM( RELAPS/MGD2/36.04 )

SIMULATION OF SEMISCALE S-06-3 LARGE LOCR TEST

1050.00 - . .
' ' ' ‘ '3 FITTING 'CURVE

_ —»-- 3 DATA

s 950.00 -
850.00_| _

a

-

Ld

" 750.00_] i

D

=

=) ]

g

© 650.00_ _
550.00 ) L L L4  J I L 4

0,00 25,00 50,00 75.00 100.00  125.00 150,00
HEIGHT ( CM )

Fig. 4-32. Curve PFitting of The Low Power Rod'Peak
Cladding Temperature versus Elevation

75.00



LS

REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MOD2/36.04 )

SIMULATION OF SEMISCALE S-06-3 LARGE LOCA TEST

lm.m ] L 4 L § T LS L)
' ' ' P "'+ FITTING CURVE
_ ' —u-- ¢ DATA
,1130.00_ ]
1010.00_| i
a l
i
L
" ga0.00_| -
(ds )}
=
o ] ]
Q
b :
O 770.00_ \ i
< 1
650.00 L} R B ¥ l ¥ l  §
0400 25,00 50.00 ©  75.00 100.00 125.00 150,00 175.00

HEIGHT ( CM )

Fig. 4-33. Curve Fitting of The High Power Rod Peak
. Cladding Temperature versus Elevation .



89

REACTOR EXCURSION AND LERAK ANALTSIS PROGRAM( RELAPS/MOD2/36.04 )

1000.00

SIMULATION GF SEMISCALE S-06-3 LARGE LOCA TEST

S00.00_|

(-

800.00_

700.00_|

CLADDING TEMP.
g
8

|

500.00

1 v 1 v l v | v L s RELHP?

~~»-~- 3 TEST DATA

0.00

R

L

25.00 50,00  75.00  100.00
HEIGHT ( CM )

Fig. 4-34. Low Power Rod Peak Cladding Temperatures
Versus Elevation :

195,00 180,00




64

REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM!{ RELAPS/MOD2/36.04 )
SIMULATIGN OF SEMISCALE S-06-3 LARGE LOCA TEST

1250.00

L ° L M i ¥ bl | M ‘l‘ RE“-HPS ]

--x-- ¢ TEST DATA }

'CLADDING TEMP.

500,00 j I , . ; :
0400 25.00 50,00 75.00 100.00 125.00 15000 175,00
HEIGHT ( CM )

™

Fig. 4-35. High Power Rod Peak Claddi
ng T
Versus Elevation ? emperatures



09

SEC )

(

QUENCH TIME

REACTGR EXCURSIGN‘HND LEAK ANALYSIS PROGGRAM( RELAPS/MOD2/36.04 )

300.00 . : . i
' ' ' ' Vs FITTING CURVE
X ~-m~~ 3 DHTH
250.00_| _
t ]
-
b ,
21']0.(!!2!_T N -
X x
150.00_| _
100.00_ _
50.00 LI LJ ‘ ] ] L} L] 14
0.00 25.00 50.00 - 75.00 100,00  125.00  150.00 1
HEIGHT ( CM )
Fig. 4-36. Curve Fitting of The Low Power Rod Quench

SIMULATION OF SEMISCALE S-06-3 LARGE LOCA TEST

Time versus Elevation

15.00



19

REACTOR EXCURSION AND LERK ANALYSIS PROGRAM( RELAPS/MOD2/36.04 )

SIMULATION OF SEMISCALE S-06-3 LAGE LOCA TEST

QUENCH TIME
5
8

Zlo.m k 4 . T ¥ L]
' ! K J _"s FITTING 'CURVE
- ——%— % DATH -
2 100.00 ]
e 180.C 4 ¥ -
— . -l
150°00a \, -
\
A
| \ i
120.00_ \ -

25,00 50,00 - 75.00 100,00  125.00 150,00

HEIGHT ( CM

Fig. 4-37. Curve Fitting of The High Power Rod Quench
. Time versus Elevation

175.00




29

REACTGR EXCURSIGN AND LEAK ANALYSIS PROGRAM( RELAPS/MBD2/36.0% )

SIMULATION OF SEMISCALE S-06-3 LARGE LOCA TEST
200.00

v v T T " Vs ReLaps |

H, ’ ~-%-- 3 TEST DATA .
]
L3160.00_ i
w -
P-4
—
!—
7 9
xI
(o)
=
m —
o |
(e}

0.00 | L]  J | L) |

0400 25,00 50.00 75.00 100.00 125,00 150,00 175.00

HEIGHT ( CM )

Fig. 4-38. Low Power Rod Quench Time versus Elevation I



€9

REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MOD2/36.04 )
SIMULATION OF SEMISCALE S-06-3 LARGE LBCA TEST

200.00 L ) § I 2 R J
Il ¥ | D I ]‘ RELHPS |
- y /Me-——---—"‘"\ --%-- ¢ TEST DATA .
(160,00 / AN
72 M | // \\ -
[ i ) / *\ .
120.00_| // \\ i
- | | ™
., 800 1
=
—
- . .
X
QO
= 40.00_ -
=
(6 ]
]
0.00 R | B j ; R 4 L § 1 1
0.00 25.00 50.00  75.00 100.00 125,00  150.00 195.00

HEIGHT ( CM )

Fig. 4-39. High Power Rod Quench Time versus Elevation



Table 4-1 Sequence of Events

Event

Blowdown initiated

High pressure 1njection
started

Core power decay
transient started

Fuel hot spot temperature
excursion began

Pressurizer emptied
Accumulator injection started
PCT reached

Downcomer penetration

Lower plenum water level began,

to increase

Lower plenum filled up
Downconer filled up
Accumulator injection stopped

Fuel hot spot rewetted

* Fail to simulate
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Time (s)

Measured RELAPS
o.o 0.0
0.0 0.0
1.27 1.27
2.94 | 3.33
7.5 12.5
18.5 ' 18.5
20.5 ‘ 41.0
42.0 *
60.0 32.5
71.0 52.0
73.0 58.0
90.0 90.0

165.0 105.0



performed. Each different modeling or option is isolated and
results are compared to what were obtained from the base

modeling described in the previous section.

4.2.1 Pressurizer Modeling

In the base model pressurizer was represented by 13 volumes,
while in this study noding was reduced to 5. Pressurizer surge
flow and pressure responses during blowdown period from both
models are compared and shown in Figures 4-40 and 4-41. It can
be seen that the slope change of surge flow corresponding to the
pressurizer empty was better simulated in the base model, and
two-slope pressure response resulted from pressurizer empty was

also more obvious in the base calculation.

4,2.2 Radial Connections Between Core Average and Hot Channels

As depicted in the previous section, radial connections
between core average and hot channels were modelled in the base
case using cross-flow junctions; In this study, such radial
links are disconnected. The resulting peak cladding temperatures
of both low and high power rods along the fuel elevations are
shown in Figures 4-42 and 4-43 respectively. For the low power
rods, the peak temperatures along the fuel were almost identical
in both cases. However, for the high power rods the peak
temperatures located on the bottom and top sections of the fuel
were a iittle different. Such discrepancies actually were caused

by different cladding temperature responses on both sections.
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The cladding temperature responses on both end sections are
shown in Figures 4-44 and 4-45 correspondingly. As revealed from
the comparisions, it can be found that in both sections, the
cladding would not experience dryout in the calculation without
radial connections, while in the base'calculétion the fuel rods
do experience dryout and temperature excursions resulted
consequently.

The resulting’ fuel quench time along the fuel of both high
and low pdwer rods from both calculations are shown in Figures
4-46 and 4-47. For the high power rods, ‘other than the
difference in the bottom section which did not experience dryout
in sensitivity calculation, the quench time of lower part of fuel
in the calculation without radial connéctién was all postpﬁned by
about 6-10 seconds. While for the low power rods, except the
central section, the quench time was postponed a little in the
calculation without radial connections.

The core inlet flow rates and collapsed water levels from
both calculations are also compared, as shown in Figures 4-48
and 4-49 respectively. It can be observed that there were no
noticeable differences for these two parameters. In addition,
the CPU time used in the two calculations was also compared as
shown in Figure 4-50. The costs of the two calculations were

guite close.

4.2.3 The Maximum Number of Heat Slab Axial Interval for 2-D
Reflood Calculation
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In the base modeling the heat slab axial maximum interval
was set to 8. To investigate the effect of this number, it was
timed and divided by a factor of 4. The resulting peak cladding
temperatures along the fuel rod elevations for both high and low
power rods are shown in Figures 4-51 and 4-52 respectively. It
can be observed that there is no noticeable difference for both
high and 1low power rods. The resulting quench time on each
different elevation of both high and low power rods is also
shown in Figures 4-53.and 4-54; It can be seen that the effect
of the maximum axial number on the reflood calculation was not
obvious. Even though, there is an interesting tendency revealed
from the results implying that the laréer the maximum number, the
later the rewetting that may occur. The difference probably was
;esulted from the rewetting rate featured in Semiscale test
facility. As revealed from the test results, the rewetting rate
bwas about 1.8 cm/sec. In addition, fhe resulting clédding
temperature histories of the highest power sections of bothAhigh
and lower power rods are also put together for comparison and
shown in Figures 4-55 and 4-56. Both trends and magnitudes from
those different modelings were guite matched. Again, it can be
said that the effect of the maximum number on the integral
cladding temperature response was obscure. Finally, the CPU time
used in three cases is compared in Figure 4-57. It can be seen
that once the reflood calculation began, the difference appeared.

However, the difference was not noticeable.
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4.2.4 Number of Axial Hydraulic Volumes Representing the Core

In this study, the axial number of hydraulic volumes
representing the core was changed from the base model numbered 11
to 5 and 22, | éeveral important parameters associated with the
hot channel were compared. The resplting peak cladding
temperatures versus the hot fuel elevations are shown in Figure
4-58, It can be found that results from three ﬁodelings were
quite matched except a dip in the calculation with 22 axial
volumes representing the core. To illustrate such difference,
the cladding temperature responses at this location are compared
in Figure 4-59. It can be seen that although in all cases the
fuel has experienced dryout at this location, dryout time £rom
the modeling having 22 volumes was a little postponed and the
resulted magnitude of temperature excursion was smaller.

The quench time versus fuel elevations 1is also compared in
Figure 4-60. It can be seen that other than at ends of fuel
rodé, there existed a tendency Showing that fine noding of the
core may result in a later quench. The temperature responses of-
the highest power section from three modeling are compared too,
as shown in Figure 4-61. The noding difference seemed to have no
effect on the intergral cladding temperature response on the hot
spot.

Comparison of dore collapsed water 1levels from three
modelings are shown in Figure 4-62. Also, no noticeable

difference was noted, Nevertheless, the CPU time cost in the
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calculation of 22 axial nodes was much more than the other two

did, as shown in Figure 4-63. )
4.2.5 Cross-Flow Junctions on Reactor Vessel Entrances _

In the basé éalculation the entrances of four legs entering
the reactor vessel were modelled with normal junctions. In this
study, those normal junctions were replaced by four cross-flow
junctions to . investigate the effect of momentum flux in 1loops.
Resulﬁing break flow rates are shown in Figures 4-64 and 4-65
and compared to what was obtained from the base calculations. It
can be seen that it had almost no effect on break flow rates
especially for the break flow near the pump side. | As for
downcomer and lower plenum collapsed water levels, shown in
Figures 4-66 and 4-67, it can be seen that trends were quite
matched. However, the éssociated filled-up time was a 1little
aelayed in the calculation with cross-flow Jjunctions. As a
result, the core water 1level aécending in the sensitivity
calculation was a little postponed too, ' as shown in Figure 4-68.
The quench time of high power rods versus fuel elevations is
also compared and shown in Figqure 4-69. It can be seen that
other than on the ends of the fuel, the fuel quench éime was a
little put off in the calculation with cross-flow Jjunctions.
This postponement basically was cauied by the associated delayed
ascending of core water level depicted above. Other than the
guench time, the highest cladding temperature along the fuel

elevation is also compared and results are shown in Figure 4-70.

69



It can be found that both curves were almost identical. To
investigate the effect on the integral cladding temperature
responses, the cladding temperatures of the highést power section
versus time are shown in Figure 4-71. As revealed, both trend
and maguitude were quite matched except a little delay of the
quench 1in the sensitivity calculation which already has been
described. Finally, the costs of CPU time for both calculations
are also comparéd and shown in Figure 4-72. It can be observed
that the calculation with cross-flow junction modeling used more

CPU time than base calculation by a factor about 1.15.

4.2.6 Reflood Calculation

In the base modeling, reflood calculation is actuated when
the core is nearly empty. As addressed in Reference 2, ‘é two-
‘dimensional conduction scheme and different heat transfer
- correlations known to apply for the reflood process are employed.
In this study, normal reflood calculation is intentionélly
defeated to investigate associated effects. Resulting high power
rod hot spot cladding temperature is shown in Figure 4-73 and
compared with result from base calculation. It can be observed
that after the actuation of reflood calculation in the base~case,.
difference ﬁetween both calculations appeared and it was enlarged
after the £f1ill of the lower plenhm. Such difference basically
was caused by the effect of axial conduction along the fuel and
-different heat transfer package used. To further identify which
one plays the key role in making this difference, a reflood unit
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consisting of 11 sections in the base modeling to represent fuel
rods was changed to 11 reflood unit in series consisting of 1
section in each. The result is such that the two-dimensional
conduction effect can almost be suppressed in this alter modeling
while still using the same reflood heat transfer package.
Resulting temperature is shown in Figure 4-74 and compared to the
result from base modeling. From comparison, it can be aedﬁced
that the effect of two-dimensional conduction was rather small
and the difference shown in Figure 4-73 was mainly caused by the
usage of different heat transfer package when defeating of normal
reflood calculation. The comparison of CPU time used is shown in
Figure 4-75. It is clear that the cost of CPU time is very close

even without reflood calculation.
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\ERCTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELRPS/MODZ/36.04 )
SIMULATION OF SEMISCALE S-06-3 LARGE LOCA TEST
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versus Elevation .
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Fig. 4-53. High Power Rod Quench Time versus Elevation



98
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' Fig. 4-54. Low Power Rod Quench Time veréus Elevation



{8

~

K

(

1100618

HTTEMP

STARIF SR LA KIS X TN e U ST t eT e P e i - e TR YA e
REACTGR U TTERN e TR el VNI e T et RN LI S AR TRl

1200.00

1000.00

800.00_

400.00_|

200.00

oo bt e axIaL NODE-2

——»-- 3 FXIAL NGDE-8

--+-- $ AXIAL NODE-32

0.00

L L

20.00 4000

-7 1 L

] A} ¥
60.00 80.00 100.00 120,00

TIME ( SEC )

Fig. 4~55. High Power Rod Hot Spot Cladding Temperatures

140.00



88

K

(

2100618

HTTEMP

Tl T D L e N ¥ TR S PR
1000.00 _ . : l l , ,
' T 1 3 AXIAL NODE-2
. ——xe= t ALIRL NPDE-8 .
850.00 ——+—~ ¢ AXIAL NODE-~32 _
700.00_| i
~\
43 .
T
550,00 _| l \ 4
|
bl
A ! 1
fll
460,00 _| A e _
- -
250.00
I y T v T T T ¥ r y T y
0.00 20,00 40,00 60.00 80,00 100,00 120,00 140.00

TIME  ( SEC )

Fig. 4-56. Low Power Rod Hot Spot Cladding Temperatures




68

REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MODZ/36.04 )
SIMULATION OF SEMISCALE S-06-3 LARGE LOCA TEST
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Fig. 4-57. Comparison of CPU Time
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SIMULATIGN OF SEMISCALE S-06-3 LARGE LOCA TEST
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Fig. 4-58. High Power Rod Peak Cladding Temperatures
versus Elevation



16

REACTOR EXCURSIGN AND LERK ANALYSIS PROGRAM( RELAPS/MOD2/36.04 )
SIMULATION OF SEMISCALE S-06-3 LARGE LGCA TEST
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Fig. 4-59. High power Rod Top Section Cladding Tempefatures
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REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MOD2/36.04% )
SIMULATION OF SEMISCHLE S-06-3 LARGE LOCA TEST
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REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/M0D2/36.04 )

SIMULATION OF SEMISCALE S-06-3 LARGE LOGCA TEST
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Fig. 4-62. Collapsed Water Levels across The Core
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SIMULATION OF SEMISCALE S-06-3 LARGE LOCAR TEST
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Fig. 4-64. ‘Break Flow Rates near Pump Side
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REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MOD2/36.04 )
SIMULATION OF SEMISCALE S~-06-3 LARGE LOCA TEST
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Fig. 4-65. Break Flow Rate near Vessel Side
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REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MOD2/36.04% )
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REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MOD2/36.04 )
SIMULATION OF SEMISCALE S-06-3 LARGE LOBCA TEST
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REACTOR EXCURSIGN AND LEAK ANALYSIS PROGRAM( RELAPS/MOD2/36.04 )
SIMULATION OF SEMISCALE S-06-3 LARGE LOCA TEST
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REACTGR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MOD2/36.04% )
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Fig. 4-70. High Power Rod Peak Cladding Temperatures
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REACTOR EXCURSION AND LEAK ANALYSIS PROBGRAM( RELAPS/MOD2/36.04 )
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Fig. 4-72. Comparison of CPU Time
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REACTOR EXCURSIGN AND LEAK ANALYSIS PROGRAMU RELAPS5/MOD2/36.04 )
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5., RUN STATISTICS

The computer run statistics of the RELAP5 simulations is
summarized in Table 5-1. The CPU time is for a FACOM M200
computer which is compatible to IBM MVS system. All simulations
were calculated using same maximum and minumum time steps, and

was 5.0 x 10-2 and 1.0 x 10.2 seconds respectively.
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Parameter

Real Time (sec)

CMU Time (sec)

Actual Time
Steps

Cell Number

cru x 103

Cell x Step

Table 5-1 Run Time Statistics for S-06-3 Simulations

Incore Rodial Heat Slab Intervals Core Axial Modeling of Reflood Model

Connections for Reflood Volumes Vessel Entrances

With Withowt 2 8 32 5 11 22 Nomal X-Flow With u/0
120 120 120 120 120 120 120 120 120 120 120 120

3520 3370 3290 3520 3700 2643 3520 11792 3520 4130 3520 3572

9131 9027 9042 9131 9322 7639 9131 24008 9131 9367 9131 9283
95 95 95 95 95 83 95 117 95 95 95 95

4.06 3,93 3.83 4.06 4.18 4,17 4.06 4.20 4,06 4.64 4,06 4.05



6. CONCLUSIONS AND RECOMMENDATIONS

Generally speaking, RELAPS calculation correctly simulates
responses of vitél parameters and catches associated important
phenomena except the CCFL which takes place in the blowdown and
refill pericds and makes the latter-on consequency deviated.
Through extensive comparisons with measurement and important
sensitivity studies elaborated in the previous section, the
following congiﬁsions are reached with suggestions :

1. The calculated break flow rates from both sides matched the
data very well especially for the break near the pump side.
As for the flow from the break near the vessel side, before
the accumulator injection began, it also matched the data
well. However, owing to the inability to simulate CCFL and
the over-estimation of 1liquid downflow for a given steam
upflow [11], sdme differences appeared between the calculated
and measured break flow rates after the accumulator
injection. Once ECC bypass and downcomer penetration
phenomena can be caught well via the installation of CCFL
model and the modification of interfacial drag between vapor
and liquid in the code, prediction of the break flow from the
vessel side probably can be improved.

2. Pressurizer responses under large LOCA were simulated well
provided the nbding of pressurizer was fine enough. As
revealed from our.sensitivityAstudy, if the noding is fine

enough the pressure two-slope behavior resulted £from the
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pressurizer emptiness can even be calculated.

Before the accumulator injection began, water levels within
the reactor vessel were predicted well. However, due to the
inability to simulate ECC bypass and downcomer penetration
phenomena, calculated water levels rose again earlier than
what were measured. Therefore, the termination of refill
phase and the begining of reflood phase were all shifted
ahead in the calculation.

Superheated steam in the lowéf and upper plena was predicted
resonably well as compared to test data. Besides, core flow
reversal phenomenon caused by the condensation induced from
the ECC injection was also simulated, which was elucidated in
the compariébn of lower plenum coolant temperature responses.
The prediction of the highest cladding temperatures along the
fuel elevations was quite well especially for the low power
rods. As for the high power rods, the peak position moved a
little upward and the value was lower about 30 K. Also
concluded are the more effective precursor cooling prior to
the quench and the earlier rewet of fuel rods in the
calculation. Once the current interfacial drag model and
film boiling correlation can be improved, and the CCFL model
can be installed, those deficiencies probably can be
diminished.

Whether the radial connections between the hot and average

channels were modelled or not almost had no effect on the

11



predictions of peak cladding temperatures. However, cladding

temperature responses of both ends of high power rods were

affected. In the base calculation in which the radial

connections were simulated, both ends experienced CHF soon
after breaks occurred, while in the calculation without
radial connection both ends remained in the status of no
temperature excursion throughout the simulation. Besides,

the radial disconnection between the hiot and average channels

’;gaused the lower part of high power rods rewetted a little

late as compared to results with radial connections.

The maximum number of heat slab axial interval for 2-D
reflood calculatipn'almost had no effect on the calculation
of peak cladding téﬁperatures along the fuel. Nevertheless,
it had a little effect on the calculation of fuel quench
time. Generally speaking, refinement of 2-D reflood
calculation made the fuel rewetted a little late. This
tendancy probably was resulted £from the special feature of
Semiscale MOD-1 system. The rewetting rate of Semiscale MOD-1
is about 1.8 cm/sec.

The number of axial hydraulic volumes representing the core
showed some influence upon the thermal responses of fuel
rods. As depicted in the previous section, the number of
axial hydraulic volumés representing the core did not affect

the prediction of peak cladding temperatures too much.

However, it resulted in a tendancy showing that except at
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10.

1.

ends of fuel, fine noding of the core might result iﬁ a later
quench, but the postponed time was only about several
seconds. —

In the base calculation, the entrances of four legs entering
the vessel were modelled with normal junctions. The effect
of using cross-flow Jjunctions to replace those has been
investigated. Although the replacement had no effect on the
break flow calculatiqé, the filled-up time of lower plenum
was postponed a liétle and so was the core water level
ascending time. As a result, the fuel gquench time was a
little put off in the calculation with cross-flow junction,
but the peak cladding temperature prediction was not affected
at all.

Defeating normal reflood calculation would heavily affect the
response of hot spot cladding temperature. Through
sensitivity study, it was identified that different heat.
transfer package used majorly contributed to such difference
instead of the effect of two-dimensional conduction. Since
such discrepancy appears in the stage of film boiling which
is not necessarily related to the reflood, it is suggested
that the difference and the applicability of these two
packages should be further verified.

Generally speaking, modelings with in-core radial connec-
tion, larger number of heat slab axial interval for Z-D

reflood calculation, larger number of hydraulic volumes
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representing the core, or cross-flow junctions on vessel
entrances would cost more CPU time, especially for the last
two modelings. Particularly the total CPU time used in the
calculation with 22 axial volumes representing the core was
about 3.4 times of that used in the base calculation in which

only 11 axial volumes were involved.
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APPENDIX A

INPUT DATA LISTING
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13223201 4,.8147 5.,2802 ¢.0

) .

NL3GN0D  AVG=6 SRANCH

n120001 1 it
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2843477020
29.73R9984
30.TR23944
32.1737061
32-8694000
33.56590024
34.2606964
3543041992
35.9998016
37.7389069
38.4346009
20.1302032
40.1737061
41.9127960
42.6085052
£3.30640924
43.6519923
46.3575952
46.0867004
L6.7823944
48.,1737061
42.9127960
50.9562988

. 51.6519012

52.3475952
53.7389069
54.0867004
54.4344940
54.7823944
55.4779968
55.8258057
56.8692932
57.5650024
57.9127960
58.9562988
59.9996948
€1.7389069
63.47799€8
6641735992
64.5214996
64.8692932
656,2606049
67.6519012
67.9996948
68.6954041
69.0431976
69,.3910065
69.7388000
70.4344940
70.7823029
71.4779968
71.8258057
72.52139248
72.8692932
73.5648956
73.9127045
74,6083984
74.9562073

3.07957840
3.24961567
3.39359951
3.40354824
3.32010406
3.675564111
3.39810085
3,47435570
3.36234183
3.26429939
3.32018757
3.36281490
3.44133327
3.46£41078

3.45043755

3.45706%40
3.298100%5
3.426995258
3.43291187
3.41605E59
3,39218044
3.37296919
3.358199806
3.36322079
3.3610%£E56
3.24126472
3.32350340
3.31663704
3.25482559
3.23422166
3.22332859
3.20414829
3.19798946
3.18851852
3.20201588
3.14494228
3.13002300
3.11747169
3,08573723
3.0€750202
3.02795219
3.00687790
3,00166798
2.98627567
2.99266911
2.,97774982
2.99195862
2.67698956
2.27037334
2,64999104
2.53324127
3.10752487
3.83242512
4,10832024
4,72451782
5,31372261
5.95005512
6.12885094
6.81941414
T.12348747
7.85857010
8.08710098
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0.0

v

3520254 75.6519012 8.89286134 0.0
3520245 75.999694R 9.015%95647 2.0
Ab20286 76.6952972 92.34650135 0.0
3520287 77.3510065 9.51965264 n.0
3520288 77.7388000 9.63533539 0.0
3530239 26.7523029 9.56549492 0.0
3535290 R7.1200964 €.20348330 0.0
3530291 £7.4779053 2.65212345 0.0
2530292 67.8256989 1,29509533 n.0
3530223 88.1735992 0.802102923 0.0
3530294 8r.5213928 0,456953440 n.0
2530295 25.8692017 0,224266539 0.0
3530294 89.2169952 0,5233630022-01 0.0
A332297 39.5648956 0,1113044472-01 0.0
2520298 79,9127C45 0.9 n,0
2520299 300.0 0.9 0.9

2

B

%

ANIINIG ACCULULR THDPYOL

3020121 C.0 £.29 4,69 0.0 90,0 4.29 2,0 1.0 0
3¢2Q200 2 ’

anagezdl 0.0 £CC. E5. .
#3031101 112000000 4£.9900~3 282,79 223,79 21970
#3032200 2,0 2,7441355 1.0 C.0 C.0574 1 0.2 (.0
BUM BSOS SR NP NS DEBBORHRBRRBEBDI BB EHGRERRED
sanutrsr  LCOW PRESSURE INJECTION FErY-31.2-2
HRGLBGJRSNDLERBIERIEARI SRS IER SRS FaSFRHR0N

5 .

3520000 LPIS THMDPJUN

3520101 30200000C 112000000 4,993

3520220 1 202 #4023

ODDODONDODDDDOD
CODOOOODOO0O0D

3520201 0.0 0.0 0.0 90
3520202 2542171936 0.0 0.0 2
3520203 25.5650940 0.810508490 0.0 0
35202C¢4 2%.9129028 1,03220463 0.0 0
3520205 26.2606964 0,279370129 .0 0
352020¢ 2¢.6085052 0.378514588 0.0 0
3520207 27.6519928 0,49913859% 0.0 0
a%20208 28.3477020 0,501946330 0.C 0
3520209 29.3910960 0.544770241 0.0 ¢
3520210 29.7359984 0,561514199 0.0 ¢
3520211 31.4721036 0.5684147438 0.C Y
3520212  32.1737061 0.556101913 0.0 0
3520213 34.2626964 0,592329860 0.C 0
3520214 34.9562988 0,599061131 0.0 0
35202158 37.3910980 0,621724725 0.0 0
3520216  29.1302032 0.630959332 0.0 0
3520217  41.9127960 0.640159965 0.0 0
3520218 £5.2171021 0.668945968 0.0 0
3520219 70.0867004 0,632312238 0.0 ¢
3520220  90.6083069 0.669791818 0.0 0
3520221 98.6083069 0.668269634 0.0 0
3520222 125.738693 0,663776870 0.¢ 0
3520223 126.782104 0.672633052 0.C 0
3520224 146,260300 0.678451359 0.0 0
3520225 149.390793 0.676996708 0.0 0
3520226 150.782104 0,678417325 0.0 0
3520227 208,173203 0.691271186 0.0 0
3520228 209.216705 0,688362300 0.0 0
3520229 210,955795 0.68964T675 0.0 0

211,303604 0.690358162 0.0 0

3520230

20002

COoOQOODO0ODCOOOODDOOODDVOOO0ODDO



3520231
3520232
Av202323
Ah52¢234
A%20235
3520236
3520237
3520238
Ah%2022a6
252240
A520241
3520242
A520243
A5Z20244
3520245
Ab2An24¢
3520247
3520247
3520249
#

3020000
3020101
3020200
3020201
®

PP P PP PR PE T TP REEEEREET T T ET T P r e
HIGH PRESSURE INJECTION
O P P R A I P PP S PR Sy

[:2 22212

&
351¢000
3510101
3510200
3510201
3530202
2510203
3510204
3510205
A510208
3510207
35102038
- 3510209
3510210
3510211
3510212
35102123
A510214
a51021%
3310216
3510217
3510218
3510219
3510220
3510221
a5l0222
3510223
3510224
3510225
3510226
3510227
3510228
3510229
3510230

212,347107
212.694901
213,390594
216.,173203
216.520996
217.912292
716.,607895
213,95579%
219.651393
219.9%9207
221.042694
721.390503
222434006
222.TR1T79¢®
223.825302
?25.173096
227.6513¢¢%
222.357000
ann,ococo0

0.6R96R4484
0.620256596
0.699106584
0.6901R8825
0.68974924)
0.691233773
0.690899312
0.658971221
0,689952135
0.6R2998581.2
0.6913052290
0.688763089
0.691914022
0.659140320
0.690459371
0.689850569
0.6941804859
0.620662502
0.693233192

LPISPOOL TMDPVOL

1,0 0.0 1,44 0.0 0.0 0.0 0.0‘1.0 ¢

1
0.0 85. 0.0

HP1S THMDPJUN

301000000 112000600 0.00499
1 402 & 405
0.0 0.0

N,173799992 0.528852269E~0]
0.869499981 0.218777098E-01

1.21730C42
1.91200011
2.26080036
2.95639992
3.30430031
3.99989986
4,34770012
5.04339981
6.08689976
6,78250027
T.47819996
2,52159977
8.86950016
10.26C8004
10.6085997
12.3477001
13.3912001
13.73%0002
14,4347000
15.1302996
16.8694000
18.2606964
20.3477020
21.0433044
22.0868073
23.1302948
24.8694Q000

0.215791532€~01
0.319373980€-01
0.2982401485-01
0.392074399E~01
0.389030986E-01
0.359781832E~01
0.399175324E~01
0.408135951E-01
0.39968244TE-01
0.402367679E~01
0.408305116E-01
0.330363587E-01
0.291477405E-01
0.277951695E~01
0,215395652E-01
0.212438953E-01
0.229090378E~01
0.228245035E~01
0.250900462E-01
0.403063893E-01
0.389030986E~01
0.407628827E~01
0.325122438E-01
0,348623283E-01
0.248195343E-01
0.210154429E-01
0.279473364E-01
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AH1n23y
3L10732
AB1N233
3510234
35110235
3510236
3510237
3510236
ah1n239
5110220
asln241
3510242
3510243
3510244
Ah10245
3510246
3519247
3510243
av1e249
3510250
35190251
3510252
3519252
3510284
3510255
3510256
3510257
3510258
3510259
3510260
3510261
3510262
3510263
35107264
3510245
3510266
3510267
3510268
3510269
3510270
3510271
3510272
3510273
3510274
3510275
3510276
3510277
3510278
3510279
3510280
3510281
3510282
3510283
3510284
3510285
3510286
3510287
3510288
3510249
3510290
3510291
3510292

25.2171936
2%.9129028
21495640564
27.3041992
22.6954956
29.3910980
29.72899¢84
30.086R073
30.4346008
aN.7823944
31.1302948
31.8258972
32.1737051
32.8694000
33.2171953%6
34,2606964%
32,9562983
35.9998016
36.3475952
37.0433C5%
37.3%10920
36.43460C8
35.7823944
39,1302032
39.47310C36
60.1737C6L
40.5214996
41.2171936

- 41.5650024

£1.9127960
42.9562988
43.6519928
43.99938016
¢5.0433044
45.7389069
46.7823944
47.4779968
48.8692932
£9.,2171936
49.91279¢60
50.2606049
50.9562988
51.3040924
58.9562988
59.9996948
65.9127960
69.0431976
62.7388000
72.8692932
73.2171021
86.7823029
89.9127045
95.4779053
95.8256989
97.564R041
107.999603
111.477798
124,347397
150,434204
174.781998
190,434097
193,216703

0.2992545R)K~0)
0.2086232767
0.141799271
0.5011247845-01
0.9215178061E-01
0.111704226
0.9327€14312-01
0.854820013E-01
0.13173967¢
0.153279126
0.727509856£-01
0.9095984T0Z~03
0,4891208105-01
0.552353114£-01
0.854650734E-01
0.1530684%41¢4
0.161003516
0.65£5659C2E-01
0.752532452%-01
0.884745717E~01
0,757266283£-02
0,720747113£-C1
0,114173234
0,5156852962~-T1
0.1456972395
0.,145161079
0.,14878183%
0.120750129
0.9371572732-01
0.,121815264
0.148832679
0.157235324
0.105383784
0.131435335
0.159450293
0.162290633
0.162341356
0.121003687
0.146144271
0,128764033
0.158249915
0.930245342E-01
0.104231894
0.170642674
0.163051307
0.1465739715
0.150726080
0.161749482
0.153279126
0.150066853
0.158266723
0.178081751
0.165722728
0.167075157
0.172248840
0.176052988
0.173499942
0,205318987
0,216917157
0.217542887
0.206570089
0,230679512
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3510293 258.955566 0.196983874 0.0 c.0
3510294 272.172852 0.178453743 .0 0.0
3510295  295.390137 0.128935995 0.0 0.0
3510296  287.477051 0.182071805 0.0 0.0
3510297  294.781464 0.171927571 0.0 0.0
5510298  295.955322 0.201853037 0.0 0.0
3510799 300.000000 0,179113150 0.9 0.0
-

3010600 KPISPOOL T“DPV”L

2010101 1.G 2.© 1,44 0.0 0.0 0. 0.0 1.8 0
3010200 1

2010201 0.0 85. 0.0

4

N I LTy T T L L T LR L R P A S O S P I T P R 0 P R Py
#espeorents SECNNDARY SINE OF STEAM GEMERATOR INTACT LO0? woansoncasnt
Y R 2 Y R T L R P R P Y R P R T T 0 S R gy
1

Y I L N TR TP T PR T P Y P P s
SYSTEM

wuupse  FOED WATER spthtane
Y R Y Y Y Y IR Y T P T reey ot
#

2510G30 FEED THOPJUN

4510101 4031000000 402002000 2,012

£51070C0 1 602

4510201 0.0 1.2229 9.0 €.0

4510202 0.0 1.,2229 0.0 0.0

0510202 10, 0.60933 5.0 0.0

451¢20&¢ 20, 0.0 0.2 0.0

2510205 309. 0.0 0.0 0.0

&

4010000 FEEDOODL TMPPVOL

4010101 1.0 0.0 1.0 0,0 0.0 0,C 0.0 1,0 O
4010200 3

40106201 0.0 S50.0 434,53

o

LR tE oLt g 2 R 2R -2 2 22X 02 R T2 - 22X 2o X-2 -2 -2 0 L2 -2 1 R-g 2R X2 T 2-F: X3
st it STEAH GENERATOR Rt Eass

L Y R Ry R Y T Y LT L T ey
* : -

#aeas DOLNCOMVER

#

4030000 DCH BRANCH

4030001 10

4030101 0 nd04 0.0 0.4357 0.0 -90,0 9,66 0,0 0,0 0
4030200 947.70 529.81 1111.7 T.1670-4
4031101 ¢03010000 402000000 0.0 0.0 0,0 01000
4031201 4.0187 2.9488 0.0

P .

eaups EVAPORATOR

#

4020000 S/G PIPE

4020001 3

4020301 0.026 3

4020201 0.036 2

4020301 C€.0 3

£020401 2.2780 1 1.13976 2 0.5C17 23

£0205¢1 0.0 3

4020601 90, 3

4020701 5.6162 1 2.80777 2 1.23603 3

4020801 0.0 0 c 3 -
4020901 0.0 0.0 2

4021001 © 3

A-21



2023101
2021201
a121202
4021203
4021300
4021321
4021202
%

Far 0§
i
8043600
4080001
adadIny
4040200
4G41101
4043201
4042101
40L2201
4023101
$043201
*

oy S
-3
4352000
4OEODG)
£350101
4050201
4050301
4050401
4050501
4050601
4052701
40504801
£050°01
4051001
405110)
4051201
4051202
4051203
4051204
4051205
4051200
4051301
4051302
4051303
4051304
*

"}
] 948.17 529,79 1111.7 0.91100
n 947,57 530.66 1111.7 0.061587
n 947,218 530.62 1111.7 0.97061
0
£.2296 10.734 0.0 1
11.845 16.65% 0,0 2
EFARATOR
§/G SEDARATR 4
3
0.04 0 o 0. 4405 0.0 90.0 0,977 0.0 0.0 0
0 947.22 530.61 1111.7 0.85131
404910000 405000000 0.0 0.0 0.0 O01CCO
132.607 14,425 0.0
4C&Q00000 403000020 0.0 0.0 01000
&,0791 4.,1565 0.0
402010000 404000000 0.0 C.0 0,0 01000
15,348 16.514 0.9
TEAM DOME
S/G PIPE
g
0.C4 §
0.C4 &
0.2 5
0.4405 5
0.0 5
90, 5
0.977 5
0.9 0,0 5
0.C 0,0 4
0 5
01000 4
0 947.16 530,60 1111.7 1.00000
0 947.11 532.59 1111.7 1.00000
0 947.07 530.59 1111.7 1.00000
0 947.02 530,58 1111.7 1.00000
(o] 946.98 536.57 1111.7 1.00000
Q
14,426 14,426 0.0 1
14,427 14,427 0.0 2
14,427 14,427 0.0 3
14,428 14,425 0.0 4

LA LR LD R R R LS L R oL Ll 2]

L2 2-2-3-3 )

STEAM

LINE

[ 2.1 3-2 3321

-2 2-102-2-3-2-0- 2012 R 222 2-2- 20X 208 22 L2 2 L2 L F 12T 211 10

#

4520000
4520101

#4520201"

4520200
4520201
4520202
4520293
4520204
4520205
4520206
4520207

UUTLET THDPJUN
405010000 406000000 0,021

0
1 402
-0.0 0
0.0 0
8.0 0
12.30 0.
22,5 0
22.9 0
300. 0

27.582

0 1.21363 0.0
0 1.274868 0.0
0 1.27868 0.0
0 0.41433 0.0
0 0.14622 0.0
o 0-0 0'0
0 0.0 0.0

A-22
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-]

CUECCDD PUTLET THRPVOL

40623121 1.0 0.C 1.0 0,0 0.0 0,0 D,0 1,00
LOEG200 2

40€6020) ©€.0 947.0 1,0

®

fi2-2- 233 1-3-2 %1202 2 3. Y YL LY Y 2-2-2:2-3-2- 1. 2-2.-2.2:2-3- 32 1 - -]
wonper  S/G SESIRED MASS CNOMTRAL P YT
OB R O RSP ER SSRGS NS HER RGNS E RSN E RSN
-1

4530000 S/GMASS TMDPJUN

£530101  £D700000C 403000000 0,0

£53022¢ 1 501 CMTRLVAR &

£530201 -1.01+3 0,0 0.0 0.0

#4539202 <1.0+3 =1.0+2 0.0 0.0

#6£530202 0,9 0.0 0.0 0.0

#o530205 1,043 1.0+43 0.0 0.0

&

4370020 S/GMASS THDPVOL

07012y 3,0 0.0 1.0 0.0 CL,O0 0,0 0.0 1.0 OOC
GOTR200 3

&40707C1 C.C 230.0 434,93

1

C2-2-T2 2 2-2-28-F-2-F.- -3 F-2-2.F-0- 2.3 F-X-2-2-2-3-2-2-2- 2 2- 2.3 X X-F-F-2-2-3-T:5 2. F 2R 21 R-X-2 2202225 2R X2
stoanseraraeptaasseasr CINTROL VARIARLES ssaisttiigpspppooscdonpsdans
*a*aeaéﬁﬁuuaﬁﬁﬁa&&ﬁ%a&ﬁﬂu#a%*##»*a«#e*aanﬁuéaa*geu#o#u*&»**&ééﬁﬁua
#*

R g Y Y e Y X LT LYY T ey

aasas  PUMD SPEED CTR FOR FLDW(4,.993 KG/S)

PRI Y PET LY EEE e T e SR PPy T FETY - FrY ¥

#

20500102 ILMERR SUM 1.0 0,0 1

20500101 4,993 -1.0 MFLOWJ 110020000

o .

20590209 ILPSPD [HTEGRAL 190.98 3650.0 1

205CN201 CHNTRLVAR 1

@

&

PR T Y PR T TP TR T Y F T ¥

soans §/6 DESIRED MASS CNNTRAL(22.123 X6)
poapsradepoatabeatnaptsepsontaRSsst o aNs

%
20500500 S/G SUM 1.0 0.0 1
20500501 0.0 0.064510 RHD 402010000

20500502 0.032270 RH7 402020000
20500503 0.014210 RHO 402030000
20500504 0.012470 RHD 404010000
20500505 0.012470 RH9 405010000
20520506 0.012470 RHO 405020000
20509507 - 0.012470 RHN 405030000
20500508 0.012470 RHO 40504C000
20500509 0.012470 RHO 405050000
20500510 0.012338 RHO 403010000
@

20500600 SG-ERR SUM 0.66138 0.0 1
20500601 22.128 ~1,0 CNTRLVAR 5

9
[-2-2-7.%.2.3-2-2-%.2-7-3-F-2-T-%.X-2-2-¥-X-3-¥-¥.%.1-2-2-2-31-3-X-X-1-2:3-1-3-2-F.1
séngt  PUMP SPEED CTR FOR TEST SIHULATION
L2221 -2 12 12 12 - TR - 1222 22 2. 2 g T 2
+*

20500700 PUMP FUNCTION 1811.7 0.0 1
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200007¢Q) TIE 0 1

-}

SRR AT AP A IE 3 41 ISR PRSP AR AN LRI SR A L L BB L 23 2R L AR2S
tezns TEMP DIFFERENCE ACROSS CORE LA g
NN AIRAR BB RPR SRS LEIREREL
-3

20501000 DT Sud 1.0 0.0 1

- 20931021 0.0 1.0 TEHPF 101910000

20901902 -1.0 TEYPF 111010090

)

SUDBBRBLOSE NN IR IROFRBBBSODBESE LSS
suasn DESINED PARM. FOR COMPARISON auaons
L-L-212-2-2-X-2: 5-3-2-2-2- 2.3 -2-F'0-2-X-2-2:-2.0- X X0 R -2 - 2- 2 20182222 )
2

T EYY

snponssn SYSTEM PRESSURES
L-1-2-1-2-

*

His UPPER PLEKUY PRESSURE

*

20509900 UP-PL-P SUt 1,0-3 0.0 1
20509901 0.C 1.0 P 029010000

*

au FRZ PRESSURE

+

20510000 PRZ=-P SuM 1,0-3 0.0 1
20510001 0.0 1.0 P 113130000

&

LAY §/5 PRESSURE

o

20519109 SG-P SUM 1.0-3 0.0 1
20510101 0.0 1.0 P 405010000
)

PYTYe

sosponss VOLUMATRIC FLOY RATES

PE T

2

sy INTACT LROP HOT LEG

o

20510200 JLHLG=VF MULT 1.0 0.0 1

20520201 VELFJ 101030000 VOIDFJ 10130000
™

20510300 ILHLG-VG MULT 1.0 0.0 1

20510301 VELGJ 101030000 VOINGJ 101030000
#

20510400 ILHLG-V SUM 28.316 0.0 1
20510401 0.0 0.02058 CNTRLVAR 102
20510402 . €.02058 CNTRLVAR 103

2

aon IMTACT LGOP CALD LEG

»

20510500 1LCLG-VF MULT 1,0 0.0 1

20510501 VELFJ 112020000 VOIDFJ 112020000
»

20510600 ILCLG-VG MULT 1.0 0.0 1

20510601 VELGJ 112020000 VOIDGJ 112020000
*

20510700 ILCLG-V SUM 28.316 0.0 1
20510701 0.0 0.0378 CNTRLVAR 105

20510702 0.0378 CNTRLVAR 106

#

L2 2 IMTACT PRZ SURGE FLOW
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% 28,316=2FTau3/L

# 28,316aFTes3/L



5%
205810800
20510801
&
20510900
20510001
R i3
20511000
20522001
20512002
L]

o 1
4%
20511100
1
20511200
203511201
L +3
20811300
20521301
20531302
-]

L X+ R R R

[ XX -2 X -RIE -
EiX+ X< %)

4%

E-X 2+

+*
20512102
20512101
»
20512200
70512201
%
20512300
20512391
%
20512400
20532401
<+
20512500
20532501
-]
20517600
20512601
-]
20512700
20812701
L3
20512800
20532801
L]
20512900
20512901
3t
20513000
20513001
L - ]

[ 24 X-3

111
20513100

PRz=vF HULT 1.0 0.0 1
VELFJ 101020000 VNIDFY 101020000

PR7Z-VG MULT 1.0 0.0 1
VELGJ 101620000 VDINGY 10102C000°

I'P2=v SUM 28.316 0.0 1 # 28.216=FTaud/L
0.0 0.CO30 CHTRLVAR 108

0.0020 CNTRLVAR 109
VESSEL FLDW RATE

ICORE=VF ~tL.T 1.0 C.C 1
VELFJ D060100C0 VGIDFY 0N6010CCH

ICORE~-Y3 =T 1,0 2.0 1
VELGJ 00&210200 VOIDGY CI6D1C000

ICNRE-v SUM 23.316 2.0 1 # 258,31ié=FTaud/L

0.0 0.03142 CNTALVAR 111
0.73142 CNTRLVAR 112

FUEL TEWP, TU BE COMPAPED

HOT FUEL RODS

HF-1 Sy 1.0 0,01
0.0 1.0 HTTEMP 001100112

HF-2 Sur 1,0 0,01
0,0 1.0 HTTEMP 001100212

HF-3 sut 1.0 0,0 1
0.0 1.0 HTTEMP €01100312

KF=4 SUK 1.0 0.0 1 T
C.0 1.0 HTTEMP 001100412

HF-5 Sur 1,0 0,0 1
0,0 1.0 HTTEMP 001100512

HF-6 SuM 1,0 0,01
0.0 1.0 HTTEMP 001100612

HF=7 sum 1,0 0,0 1
0.0 1.0 HTTEMP 001100712

HF-8 Sut 1,0 0,0 1
0.0 1.0 HTTEMP 001100812

0.0 1.0 HTTEMP 001100912

KF-10 SUM 1,0 0,0 1
0.0 1.0 HTTEMP 001101012

AVERAGE FUEL RODS -
AF=-1 SuUM 1.0 0.0 1
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20812301 0,0 1.0 BHTTEP 002100112
-3

20%13200 AF-2 SUr 1,0 0,0 1
20513201 0.0 1.0 ETTEMP 002100212
*

208213300 AF=3 SuUM 1.0 0,0 1
20513301 0.0 1.0 HTTEMP n02100212
<

20513600 /F=-4 SUM 1.0 0,0 1
20813401 0.0 1.0 HTDEHP 002100412
-]

20513500 AF-5 Sur 1.0 0,0 1
20513501 0,0 1.0 HTTEMP 002100512
3

20513600 AF-5 SuUM 1,0 0,0 1
20513601 0.0 1.0 HTTEMP 0952100612
1@ . ..
20513700 AF=-T7 Sur 1,0 0,0 1
20533791 0.0 1.0 HTTEMP 002100712

on AF-8  sur 1,0 0,0 2
21 0.0 1.0 HTTEMP 002100812

20513500 AF-9 SuUM 1.0 0,0 1%
20513901 C.C 1.0 HTTEMP 002100912

205164000 AF-19 SuUM 1.0 0.0 1
20514201 0.0 1.0 HTTEMP 002101012

- ]

L-2:2-T-%-]

susassns DIFFERENTIAL PRESSURE

[-2-3-X°%. 3

*

woe ACRDSS DOWHCOMER

{’ .

20514100 DCH=DP SUM 1.0-3 0.0 1

20514101 0.0 1.0 P 005010090 -1.2152 RHN 005010000

20514102 -1.0 P 003010000 0.1176 RHO 053010000
#
wia ACROSS LDOW PLENM,

&
20214200 LPH-DP SUM 1.0-3 0.0 1
20514201 0.0 1.0 P 005010000 2.5015 RHD 00501C000

20316202 -1.,0 P 006010000 (©.3724 RHD 025010000
#*

#an ACROSS CDRE

#

20514300 CORE-DP SUM 1,0-3 0.0 1

. 20514301 0.0 1.0 P 005010000 =-1,2152 RHO €05C10000
20314302 -1.0 P 029010000 =-2.5234 RHC 029010000
3t

i-2-2-F.%-3

sironsns COLLAPSED WATER LEVEL ( DESITY=990.0 KG/:uu3 , 100.0 F )
-2 2- X%} ~

&*

FYEPr ACRUSS DOWNCOMER

i+

#os W/L D=-P

* .

20514500 DCM-WL] SUM 1,0307-4 0.0 1 ¢ 1.0307-4=1/(9.8499C.0)

20514501 0.0 1,0+3 CNTRLVAR 141
) A
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sas V/L CALCULATED BY VOID

L]
205144800
20514601
20514602
20514603
20514604
20514605
20514606
-3
20514700
20514701
20514702
20514703
20514704
20514705
20514706
-3
20514800
20814802
20514802
%
20514520
2051921
20534282
3t
20515000
20515001
20515002
-3

..2-2-%.%-3

&

£-2-2-

%
20515100
20515101
L+

[ 2% -]

% .
205815200
20515201
20515292
4%

20515300
20535301
20515302
-3
20515400
20515401
20515402
1%
20515500
20515501
20515502
#*
20515600
20515601
20515602
-

L-2-2:2-3-3

L]

[- 22

DCH=WLT] SUM 1.0 0.0 1

N.0 ©€.1537 VOIDF €03010009
1.2771 VOIDF 004010000
1.2771 VOIDF ©04020000
1.2771 VOIoF 004030000
0.2235 VOInF 006010000
£.1315 vnInF 005010000

HCH=wLIT SUM 1.9 0.0 1

0.0 ©.1537 VOING 003010000
1.2771 Va15G 004010000
1.2771 VOIDA 004020000
1.2771 VOIDG 024030000
0,2255 V0ING 006010000
0.1315 V0126 905010000

DCr=wL 1] LT 0,0010101 0.0

BROF 0050109090
CHTRLVAR 146
PCe=wL 1] #ULT 0.0010101 0.0
]HAG £05010000

CHTRLVAR 147

RCM=%LT] SUM 1.0 C.0 1
0.0 1.0 CNTRLVAR 143
1.0 CNTRLVAR 149

ACROSS LO¥W PLENYM
w“/L CALCULATED sY D~-P

LPN=wL] SUM 1,0307-4 0.0 1
0.2 1.0+3 CNTRLVAR 142

W/l CALCULATED RY VOID

\
LPy=wLIT SUM 1.0 0.0 1
0.0 0.1496 VOIDF.- 006012000
0.5104 VOIDF 005010000

LPH-wWLII SUM 1.0 0.0 1
0.0 0,1496 VOIDG 006010000
0.5104 VOIDG 005010000

LPH=-4WLY] MULT 0.0010101 0.0
RHOF 005010000
CHNTRLVAR . 152

LPHN=®WLIT MULT 0,0010101 0.0
RFOG 005010000
CHTRLVAR 153

LPN-WLIT SUM 1.0 0.0 1
0.0 1.0 CNTRLVAR 154
1.0 CMNTRLVAR 155
ACROSS CNRE

W/L CALCULATED AY D-P

1 & C,0010101=1/590.0

£ 1.0307-4%1/(9.86990.0)
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1
20515700
20515701
-
L-X-1-]
%
20515800
20515301
20515802
20515803
20515804
20515305
20515806
20515807
20513808
20515209
205315210
-1
20515920
20515901
20515902
20515903
20515904
20515905
20515904
20515907
20515908
20515909
%
205146000
20514001
20516002
20516003
20516004
20516005
20514005
20516007
20516008
20516009
205169210
*
205316100
20516101
20516102
20536103
20516104
20516105
20516106
20516107
20516108
20516109
@
205156200
20516201
20516202

#

20516300
20516301
20516302
o

20516400
20516401

CON=+L1 SUrt 1.0207=4 0.0 1

0.0

1.0+43 CHTRILVAR 143

v/L CALCULATED Y vinID

COR=wLI] SUM 1.0 0.0 1

0.0 0.1315
0.2235
C.5416
0.1524
0.1271
0.1269
0.1269
0,1591
0.0948
0.1272

VOIDF
VOIDpF
VOIDF
VOIDF
VOIRF
VOIDF
VOIDF
VOIDF
VOIDF
VOITDF

035010000
306012000
€07010200
008010000
609012902
01001¢000
011010000
121018000
122010000
213010000

0,1271
0.1777
0.2033
0.2539
0.7043
0.70%3
0.7043
0,1541
- 1.0

¢, 0

volnF
VOIDF
voloF
VOINF
vOoInF
VOIDF
VaInF
VOIDF

014010300
015010000
01£010000
0170100900
028018000
028020000
0250320309
029010000

CNTRLVAR 158

cHR=WLIL SUM 1.9 0.0 1

0.0 0.1315
0.2235
0.5416
0.152s
0.1271
0.1269
0.1269
0.1591
0.0948
0.1271

COR=WLI1

0.0 0.1271
0.1777
0.2033
0.2539
0.7043
0.7043
0.7043
0.1541
1.0

valpG
voIngG
voIo6
volps
valoG
vainG
volDpG
vDIDG
voIng
vninG

volpeG
voIDG
voIpG
volnG
Wbl
volipG
vaioG
voIDG

0050100090
0060100090
007010000
002010000
009010000
0100100C0
011010000
121010000
122010000
013011000

SUM 1.0 0.0 1

014010000
015010000
016010000
017010000
028010000
028020000
028030000
029010000

CNTRLVAR 160

COR=-¥WL1] MULT 0,0010102 0.0

RHOF

CNTRLVAR

005010000
159

COR=¥L1] MULT 0,0010101 0.0

RHOG

CNTRLVAR

005010000

161

0.0 1.0 CNTRLVAR 162
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20516402 1.0 CMTRLVAR 163

%

L Y T I e e
suops PRZ DESIRED HMASS COMTRAL(2.09 KG)#s
D Y I T Y LT T AT SO Y 1)

)
20519800
20819201
o
20316309
205192C1
#
20520000
"20520291
#
20520120
20520101
#*
20520220
20526221
)
20520300
20520201
@
20520400
20520401
)
20520500
20520501
%
20520600
20520601
#
20520700
20320701
#
20520800
20520801
&
20520600
20520901
#

205219C0
20521001
#

20521100
20521101

&

20521200
20521201
3

20521300
20521301
#

20521400
20521401
20521402
20521403
20521404
20521405
20321406
20521407

PRZASS I'ULT 1.0 0.0
VOIDF 114010000 RKNF

1
1140100200

PRZMASS MULT 1.0 0.0 1

VOIDF 114020000 RHOF

FRZMASS MULT 1.¢ 0.0
VOIDF 114030000 RHOF

“RZHMASS 1'ULT 1.9 0.0
VOIDF 113010000 RHUF

FRZMASS HMULT 1.9 0.0
VRIDF 113€20000 RHNF

FR724A8S5 MULT 1.0 0.0
VOIDF 1130300200 RHOF

PPZMASS MULT 1.0 0.0
VOIDF 113040000 RHOF

FRZIMASS MULT 1.0 0.0

VOIDF 113050000 RHOF

PRZMASS MULT 1.0 0.0
VNIDF 113060000 RHOF

PR7MASS MULT 1.0 0.0
VOIDF 113070000 RHOF

PRZMASS MULT 1.0 0.0
VOIDF 113080000 RHOF

PRZMASS MULT 1.9 0.0
VOIDF 113090000 RHOF

PRZMASS MULT 1.0 0.0
VOIDF 113100000 RHOF

PRIMASS MULT 1.0 0.0
VDIDF 113110000 RHOF

PRZMASS MULT 1.0 0.0
VOIDF 113120000 RHOF

PRZMASS MULT 1.0 0.0
VDIDF 113130000 RHOF

PRIMASS SUHM
OQO 1-227-4
1-227-4
1.227-4
1.093-3
1.093-3
1.093-3
1.093-3

CNTRLVAR
CNTRLVAR
CNTRLVAR
CNTRLVAR
CNTRLVAR
CNTRLVAR
CNTRLVAR

1.0 0.0 1

114020000
1
114630000

1
113010000

1
1130254680

1
113039000¢C

i
113040€00

1
112052000

1
113060000

1
113070029

1
113080000

1
113090000

1
113100000

1
113110000

1
11312000¢

1
113130000

198
199
200
201
202
203
204
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S 205214080 1.€93-3 CUTRLVAR 20

&
20521409 1.003-3 CRTRLVAR 204
20521410 1.093-3 CNTRLVAR 207
20521411 1.093-3 CNTRLVAR 208
20521412 1.093-3 CNTRLVAR 209
20522413 1.093-3 CNTRLVAR 210
20521434 5.£65-3 CMTRLVAR 211
20522415 5.465-3 CNTRLVAR 212
20521434 5.465=3 CNTRLVAR 213

*

20522507 PRZERR SUM 0.£6138 0,0 1

20521501 9.09 -1.0 CNTRLVAR 214

Y PR TR P TP PE R e YL LY FEET R R E ety PR L PFE e EY T e eey.)
soeangatassnsnsssess  HEAT STRUCTURES #ontaaaddssatansaaatoninsnsns
L Y Y Y e T LTy L Ly Y I T Y Y ey
1

HEppBRsosESsEptsatSssds IO RE SN0 NRRs

#nad CIRE (HDT CHAMMIEL) 22

EE Y L T Y P T T L LT T T Ty

3

10021000 11 12 2 1 0.0 1 1 2

10011100 ¢ 1

10011101 1 0,002617 4 0.010034 6 0,014334 & 2.017584

100131201 113519 217

100112301 €,0 1 1.0 5 0.0 17

10G11401  1226,1 1 102€.1 2 1C014,.6 3 e .51 4 93%.53'5
10011402 B879.51 6 846.61 7 216.79 8 789.32 ¢ T64 .61 1¢C
10012403 750,73 11 737.34 12 7T24.23 13 711.39 14 598,30 15
10011406 €R6,45 16 674.34 17 662.44 1E

10031501 © 0 0 0 0. 11

10011601 CLB010000 O 1 O 0.22097
10011602 019010000 O 1 O 0.18429
10011603 020010000 O 1 O 0.18416
10021604 -021010000 O 1 O 0,.18399
10021605 221010000 0 1 O 0.23078
10011696 222010000 0 31 0 0.13750
10012607 023010000 O 1 0 0.18416
10611608 024010000 0 1 O 0.1841¢
10011699 025010000 0 1 O 0.25779
10011610 ©€2601C000 0 1 3 0.294¢)
10C11é11 027010000 O 1 -0 0,.36832

10211701 100 0.00366 O. 0.
10C11702 100 0.01257 0. 0.
10011703 100 0.01617 0. 0.
10011704 100 0.01859 0. 0.
100112705 100 0.02481 0. 0.
10011706 100 0.01478 O. 0.
10¢11707 100 0.01859 0. 0.
10011708 100 0.01617 0. 0.
10011702 100 0.01760 0. 0.

10011710 100 0.01185 0. c. 10
10011711 100 0.00499 0. 0. 11
10011801 © 0. 0. 0. 11
10011901 O 0.0465 0.0465 0.500 1
10011902 O 0.0465 0.0465 0.417 2
10011903 o 0.0465 0.0465 0.4165 &
10011904 0 0.0465 0.0465 0.522 5
10011905 0O 0.0465 0.0465 0.311 6
10011906 O 0.0465 0.0465 0.417 8
10C11907 O 0.0465 0.0465 0.583 9
10011908 0 0.0465 0.0465 0.677 10
10011909 0 0.0465 0.0465 0.833 11
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L]

sapapeatestsddassspdntgratosagaatiigbson

Lo 2iX-3120)

CNORE (AVERAGE CHALNEL)

L2-1-2:3-2-3

Y- EX YOO YY. 222 2022 2 L0212 12 0 L L 0L -2-2-2 2]

)

10021000
10022100
10021101
10G21221
10621301
10021401
10021402
10021493
10621404
10C21501
10021601
- 10021602
10021603
10021604
10€21605
10021606
10021607
10021608
10G21609
10021619
10021611
10021701
10021702
10021703
10021704
10021705
10€21706
10021707
10021703
10021709
10C21710
10021711
10021801
10021901
10021902
10021903
© 10021904
10021995
10021906
10021907
10021908
10021909
#

1118 21 0.01 18

01

3. 0.002917 4 0,010084 & 0.014334 F 0.017584

1135169 217
7.0 1 1.0 5 0.0 17

ofu,%1 4
789,52 9

93a,53
164,61

13 711.39 14 69E.EQ

1026.1 1 1026.1 2 1014,6 3
RB79.51 6 B846.61 7 216.79 8
750.73 11 737.34 12 T24.23
686,45 16 6T4.34 17 £E2.44 18
0 0 0n 0 o. 11
008010000 O 1 0 1.7584782 1
0o901000¢ O 1 O 1.473731f 2
010010000 O 1 0 1.472A050 2
11010000 0 1 0 1.4726050 4
121010000 0 1 0 1.B84£3563 5
122010000 0 1 0 1,1000340 6
01301€000 O 1 0 1.4731967 7
014010000 @ 1 0 1.4731958 8
015010000 C 1 0 2.0624742 9
016010000 O 1 0 2.3371156 10
017010000 € 1 0 2.9463%45 11
100 0.044937 (. 0. 1

100 0.063580 0. 0. 2

100 0,081803 0. 0. 3

100 0.094019 0. 0, 4

1c0 0.125439 0. 0. 5

10C 0.074765 0. 0. 6

100 0.094019 0. 0. 1

100 0.081203 0. 0. 8

100 0.089013 0. 0. 9

100 0.059916 0. 0. 10

100 0,025232 0. 0. 11

0 0. 0. 0. 11
0 0.0352 0.0523 0.500 1
0 0.0352 0.0523 0.417 2
0 0.0352 0.0523 0.4165 4
¢ 0.0352 0.0523 0.522 5
0 0,0352 0.0523 0.211 6
0 0.0352 0.,0523 0.417 8
0 0.0352 0.0523 0.583 9
0 0.0352 0.0523 0.677 10
0 0.0352 0.0523 0.833 11

P rY Yy Y Y F ey ¥I I .01 122 22 2 2 )
1 L-T-2 ¥
BpdgppeastssARRAERERA RN RRORRBRERGRARNNN

L2 22 -1

#

10031000
10031100
10021101
10031201
10031301
10031401
10031501
10031601
10031602
10031701

UPPER

4 18 2 1 O,

0 1

1 0,002917 4 0.010084 4 0,014334 & 0.017584
113519217

0,0 1 1.0 5 0.0 17

597.0 18 . .

0 o 0 o0 0. 4

028010000 010000 1 0 1.0211

029010000 0 1 0 1.2023

c o0, 0. 0., &

PLENUM
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10021201 ¢ 0. 0. 0. 4
10031201 O 0.0405 0. Q. 4

%

LA 2 2-3-2-3-2-2.3- 2+ 2.2- 2, 2-2- -2 2T F- 02 -2-X- -2 2.0 3. 2. 2 X0, £ - 22 -2 PR 2
#RB00 UPPER PLENUM 11 e

LA DL DL B2 T Ly
» .

10C42002 4 18 2 1 O,

10041102 O 1

10041101 1 0.002917 4 0.ClO084 4 0,014334 F D.C1T7554
1008120) 11 3 5319 2 17

10041321 0,0 1 1.0 5 0.0 17

10041401 597.0 18

10041501 0 0 0 0 0. 4 -

10043601 0250100C0 010200 1 N 9.1902% 3

10041602 029010000 0 1 ¢ 10.€211 4
16Q41702 0 LA 0. Q. 4 - .
JUG§L1R0L ¢ L. 0. G. 4
1002901 0 0.03524 00,0478 C. 4

» :

LA L1221 212202 -1 -2 2 D - L2+ T R -1 21T )
L2120 S/G TURES :2-1-13
GUBHDHARBALNPBILOBSRBTRRIDREARNBILBB LS,
o

1«C22000 & 6 2 1 0.01¢75
14222169 O 1 . .
JaC22101 5 0.02075

14C27201 2 5

14022301 ¢.0 5

14022401 " 360.0 6

14022501 104010000 O 1 0 40.40439 1
14C22502 10501c000 O 1 0 20.2C%11 2
14022503 1C501500C¢ O 1 0 20.20211 3
1422504 10701C000 O 1 0 40.40432 &
14022401 402010000 O 1 0 50.0532 1
14022602 402020000 O 1 0 25.0265 2
164022602 402020000 O 1 0 25.0265 3
14G22604 402010000 © 1 0 50.0532 4
14022701 O 0. c. 2. )
14C22901 O 0. 0. 5.6162 4

&+

22223 ¥-1-¥-2-X-3.3-F-2-1-2.%-3-%.7.%-3-L-%.%-2-1-3-2-2-1-X-X-T-2-F-X-F.X-¥.)
#eeas DOUNCOMER SLA2 :VESSEL SICE #ouna
La-1-2-1-2-1-1-2-%.3.2°3-2-3-3.3-2-F-2-F-%-3-1-X-%-3-%-3-2-0°%-3.2:2-2-F-2- 1. ¥}
s .

1004300C 3 11 2 1 0.28167

10043100 0 1

10043101 2 0.29167 1 0.29584 3 0.35604 4 (,44104
10043201. 4 2 6 32 6 5 10

10043301 0,0 10

10C43401 564,.0 11

10043501 (0Q4010000 010000 1 O T7.415311 3
10043601 O 0 0 0 11.61092 3
10043701 © 0. 0. C. 3
10043301 ¢ 0.71 0. 0. 3
10043901 0 0. 0. 0. 3
-4

5.2 222 3-1-2.2-2-3- 2. 22T 2 YN TR YR R L YR Y R Y
aanny UPPER PLENUM 111 wiritn

LA 2l DDA AR e DL LT Y
*
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10284000
102r£100
102ps10l
10284201
102p4301
102p440)1
1022450,

“10Z2p4502
10224601
102e4502
10zra703
102ra801
102£4901
#

4 5 ? 1 0.265¢

0 1 _

2 0.2956 1 0.299717 1 N,a54907

& 2 & 3 5 &

0.0 &

590.0 5 .

028010000 010000 1 © 4,l61ir4 3

029010000 C 1 0 4,8B195 &
0 0 0 0 8%,2455¢ 3
0 ¢ 0 9 6,15321 &

o 0.0 0.0 0.0 &

) 1.4387 0.0 0.0 4

o 0.0 0.0 0.0 &

L3022 g 2-2 202 2222222 222121222 - 2- 22 FTIE- FLF- ¥ 3

L- 212X %]

PIPEING HEAT SLARS

[-2-2-1-1-)

AR NS NR OB RN GRS R BN R RN B BRI GLRGE AL

#
10125000
i01le5100
10125101
in01g5201
101p5301
101854801
10185301
10185562
10185503
101835046
101858505
10185506
10185507
101R550¢8
10165509
10125510
#10185511
10125511
101e5512
10185601
101e5602
101p5603
1018560¢
J0185605
101e560¢6
10185607
10185608
10185609
10145610
#1C1R5611
10185611
101R5612
10185701
10185801
101r5802
10125803
10185804
10185805
10185306
10185807
10185808
10185809
10185810
#10185811

-112010000

N

D i g w

NN DNANO -

02010000
109010000

201010060
202010000
202010000
20401000¢C
206010000
207010000 ©
212010000 0
212010c0¢ ©

OOOOOOOOOOOOO

DO0OO0O0O0VOOODIDOO COOO0OODDOOD

0.100

0 0.012

0.1094
1 0 1.220 1
1 0 L LR2 2
1 0 2.088 3
1 0 6.560 4
1 0 5.440 5
1 0 1.700 6
1 0 5.895 7
1 0 6.625 &
1 0 1.170 9
1 ¢ 1.200 10
1 0 1.420 11
1 0 1.2590 11
1 0 1.821 12
0 0 1.62592 1
0 0 5,97327 2 .
0 0 4,31545 3
0 0 B.T8265 4
0 0 7.25002 5
0 o] 2.26563 &
o] 0 T.85641 T
0 0 8.,82930 8
0 0 1.55929 9
0 0 1.59927 10
0 0 1.8%9247 11
0 o 1.66590 11
o 0 2.42689 12
0. 0. 12
0. 0. 1
0. 0. 2
0. 0. 3
0. 0. 4
C. 0. 5
0. 0. : 6
0. 0. 7
0. 0. 8
0. 0. 9
0. 0. 10
0. 0. 11
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10195811

n c.0776 0, Q. 11
J01R%512 € C.0776 0. c. 12
101e5%01 O 0. 0. c. 12
-3
L Y I T T Y R .2 L. L 2L 222 0 2 LR -T2 T2
suaze DCH HEAT SLARS :CORE RARREL SIDBE #a
LY XL L R Y 2 YIRS R LR L g Rt )
-3
10044000 3 6 2 1 0.20313
10Caslod ¢ 1 -
10066101 2 D,22876 1 0.23293 2 0.24293
10066201 7 2 é 3 4 <
100£A301 0.0 5
10n46401 564.0 €
100446501 O 0 ¢ ¢ 0.4037 3
10G&&6601 024010000 01C030 1 0 G.t228 3
100467901 ¢ (UN 0. 0, 3
10046501 O 0. c. . 3
100446901 O 0.71 C. 0. 3
*
[ FE PR Y- 22 TR TS L L2150 R DL X2 2 o
passs  LNWER  PLENUM SLABS ey
EXT-FELTEFELE LT LT Y21 -0 L2 LU LRl 2 L g 2 )
)
10057000 2 11 2 1 0.251€7
10C571¢C2 0 1 . _
10087101 2 0.251¢e7 1 0.29524 3 0,35604 &
10057201 &4 2 & 2 2 10 ’
10057301y 0.0 10
10057401 560.0 11
10057522 0060100C0 O 1 o 1.2977 1
10057502 005010000 O 1 ] 2.9638 2
10057601 0 (o} 0 0 2.0319644 1
10057622 0 0 0 0 4,660730 2
10057701 O 0. Da - 2
10C5T7801 © 0.2738 ' 0. 0. 1
10057802 © 0.6253 0. C. z2 -
10057901 ¢© 0.568 . 0. 2
s A .
XL RO R T Y ey 221122122 2 -2-%: 22221 223
aunas [MLET AMN SULARS : VESSEL SIDE- stanxn
L22-EX-1-2-3-2-2- 1, 00 F- 22 8- 22 F-2-3-2-2- 5. 2. 0 02 k-2 -3 -2 2102+ 12 2 2o
5 :
10018000 3 1 2 1 0.32604
10018100 O 1
10018101 2 0.34771 4 D.43271
10018201 2 2 5 6 .
10018301 0.0 6
1001R40) 563.0 7 ) -
10018501 00101C000 O 1 0 . 0.59924 1
10018502 002010000 O 1 0 0,67512 2
10018503 003010000 O 1 0 1.91423 3
10018601 © 0 4] 0 0.795292 1
10018602 ¢ 0 0 0 0.595998 2
1001R603 O 0 ¢ o 2.540506 3
10018701 0 0. 0. 0. 3
1001r801 . O 0.39437 0. 0. 3
10C18901 O 0.16 Q. 0. 3
.n .

- .
L2-2-X-2-2:2-2-F-2T-2- 2 0-2-2 302 -X-1-F-1-3-2:2-2- 112 8- 22 2-2-L.2 2 2 2-2-2- 0

eases INLET  AMMN  HEAT  SLABS adatn
TP T T Y YT PP P LR LT T T
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#
10016090

3621 020313
10016100 N2 1
1001A221 "2 0.22876 1 0.23293 2 D.24293
10016201 7 2 &6 3 4 S
10016301 0.0 5
10016401 564.0 &
10616501 © 0 0 0 0.378022 1%
10016502 0 0 e 0 0.,424597 2
10014503 ¢ 0 0 0 1.2953%30 3
10016601  £o101¢c000 O 1 0 0.45206 1
10216602 00201€000 O 1 t] 0.507719 2
10016603 0H03010000 O 1 0 1.43982 23
10016721 0 De 0. 0. 3
10016801 0 0. 0. 0. 3
10016901 © 0.016 Oe 0. 3

&

ﬁ&*%#ﬁﬁ%é&ﬁ%ﬁ*#&#*##*ﬁ#*%ﬂ#ﬁ#ﬁ6#*##ﬁ#ﬁﬂ*#§#a%#ﬁﬁ%#*ﬁéﬁﬁﬁ%ﬁﬂ%ﬁ*##ﬁ*ﬁﬁ%ﬁ%

puenasesss  HEAT STRUCTURE MATERIAL TARLE

X222 0:2.3-2-%- 23 -2 S b LR L 120 2

ﬁG#Q#iﬁG#GG%*EG&#Qéﬁ&*Q*%*#%ﬁ#&*ﬂﬂ%ﬁ*#%*##*%@&*Qk*¢#§*#*§###ﬁ#§§ﬁ*bﬁ*#§

#
PEPPPREEPTeT L P rrrr e et e -0 b L 0 LY 2 T
25415 3 8t BORON NITRIDE Py ¥
PETFYSET TRy LTyt X P12 g -2 -2 202
@

203100100 TARL/FCTH 1 1

220100101 500, 4,611-3 1000, 4,417-3 1520,
220160102 259C., 3.917-3 3000, 3.,75-3 3500,
20100101 32.0 0.00255 200,92 0.002¢41 5c¢0.0
20100102 1%00, 0,00133 2000. 9.09-4 2509.
20100193 4000, 7.40-5

20100151 32. 37.5 400, 37.5 £00.
20100152 1400. 58.3 20Cd., 60,5 2400,
& . .
pRSeRRaeRBREIBROBRSROREREIAREBBBOBRDRREEY

YT 22T 3 316 .SS Gadtaty

YR Y T X AT Y LB T L L R L g o)

3

20100200 TeL/FCTH 1 1

20100201 100, 2.153-3 800. 3.056-3 1400,
20100251 32.0 61.3 -400, 1.3 600,
20100252 2200. 82.9 :
&

P YEFY I T Fr ey Y1 23 £ 1122 1212 1-2+2- 2. 1.3+

naan CONSTANTAN spduns

RSB REHEBOBLSRBSRENERURRERRRESERESBGEOORE

*

20100300 TRL/FCTN b} 1

20100301 0. 3.889-3 3000. 3.889-3
20100351 212. 56. 572, 61, °32.
20100352 2192, 78. 2552, B84, 3000.
#

YT FY Yy Y s e ey it 72 Y2022 0 2 2 2-2.2. - 207

Y. 322 28 304 SS LYY T T3

pupastenseRetodsEaB RS RpnRSERS OGO EARRROR
s .

20100400 TRL/FCTN 1 1

20100401 100, 2.444-3 400, 2.8056-3 600,
20100402 1000. 3,5-3 1200. 3.75-3
20100451 100. 45.01 400, 45.01 600,

&
shdseasbansssdennatstntposttantsnieniaty
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4,25=3 2000, 4.083-3
3055‘-’-3
0.00216 1000, C,.CCL74
4,51-4 3000. 7.40-5
4R,3 . 1200. 54,6
€l.4 34CC. 62,5
3.,972~3 4006.0 3.572-3
64,6 son. 67.1
67. 1#72- 7:.

90. -
3-0278-3

46,09 1000 49.35



oHnabn CankLL! ST Bt
L Y Y T L PR E Y PR PP RNy
o

20100500 TRL/FCTN 1 1 , ~ :

20100501 212, C.O0N8E% 572, 0.00750  752. 0.004% 1112. .0N564
20100553 2312, 54,28 154, 54,28

&

LRl 2 D 2oL 2 3. 22 TR 2 R0 R 212 X1 X-2 -1 E- 2 2 R 2= 122 X LR -2 - XX T. 3- X7

#onnn TvD PHASE L opnats

LA R T I R LT I R L L L T L TR Y

)

201004809 TRL/FCTH 1 1 v
20100603 212, 5.536-6 572, 8.333-6 &60N0,0  8,233-%
20100651 212, 1. 572, 64, 4200.0 64,0
*

L-2:2-2-1-3-2-2 0 3-1: 0 5 LI 2R 2-2 B 20 2. X 322 8- 2 -2 -1 2-8 2- 5. X - 2.3 31

LR CU=-ag FETY-Y

LR R D EEFEEY P T L I I ET Y L L FEY 1. ¥

s ;

20100790 TaL/FCT: 1 i o

20100721 &%, 0.23758 572. C.03444
20100751 Zi2, S4.¢ 72, 54,6

%

. \. -
L R LT L L T PP L R LTI PR Y A R L Y T R Y
BHOARSATIINN onnsR TASLE PETE Y T E R R ey 9
222 2-2- 22 2 L. F- YR EE- TR R 5-2-2 1-1- B-2-2-R W R B 3-8 3-2 0L 212 T8 S CF RS2 210 2. 201 F- 2. F-F 8- R13 ]

*
20210C00
20210001
20210002
20210003
20210004
20210005
20210006
20210007
20210008
20210009
20210010
20210011
20210012
20210013
20210014
20210015
202100156
20210017
20210018
20210019
20210029
20210021
20210022
20210023
20210024
20210025
20210026
20210027
20210028
20210029
20210030
20210031
20210032
20210033
20210034

POWER

0.1738
0.5217
0.8695
1.2173
"1.5651
1.9130
2.2608
2.8086
2.9564
3.30%3
3.6521
3.9999
4.3477
L.6956h
5.0434%
5.3912
5.7390
6.0869
6.4347
6.7825
7.1303
T.4782
T.8260
8.1738
8.5216
2.9129
10.260C8
10.6086
10.9564
11.3042
11.6521
11.9999
12.3477
12.6955

402

1.004580565
1.004735710
1.004476929
9.,286203711D-01
7.1262768550-0).
5.963225023D~01
5.8384697270~01
6,504913330D-01

8.946907959D=01

9.25979218750-01
1.00344225)
1.004166626
1.004373535

"1.003338847

2.596895752n~01
T.5247290040-01

£.089981689D~01 -
4.775339966D-01 .
4.018942871D-01 °

3.,4017131400-01
2.59979243800=-01
2.09€69767446D-01

'2.045687561D-01
"2.036891785D-01

2.028614197D=01
2.0224057010~01
2.021888428D-01
2.021370850D-01
1.930830994D-01

~145091729740-01

1.2768731690-01
1.2479003910-01
1.245313416D-01
1.238587646D-01
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202100235
20210034
2072100237
20210032
20210039
20210049
2021004)
20210042
20210043
20210044
20210045
20210045
20210067
20220048
20210247
202100590

20210051 °

20210052
20210053
2021005+
20210055
202310034
20210057
20710052
20216859
20210CA0
20210061
20210062
20210063
70210064
20210065
20210%¢e6
20210067
20210062
20210069
20210070
202160071
20210072
202102073
20210074
20210075
20210076
20210077
20210078
20210079
20210080
20210081
20210082
20210083
20210084
20210085
20210086
20210087
20210088
20230089
20210090
202310091
20210092
20210093
20210094
20210095
20210096

13.0434
13.73°9C
14.4347
14,7825
15.1303
15.47E1
15.8260
14.1738
16.5216
16- g()qh
17.2173
17.5651
17.9129
18.2607
1p.95¢&4
19.3042
19,6520
19.9939
20.34677
20,6955

1,0633
21.3912
21.73%0
72.08¢8
22,4346
22.7825
23.1303
23.4781
24,8694
25,2172
25.5651
25.9129
26.2607
26,6085
26.9564
27.3042
27.6520
28.3477
30.0868
30.4346
30.7824
31.4781
34,6085
34,9563
35.3042
35.6520
35.9998
36.32476
36.6955
37.0433
37.3911
38.0868
38.4346
38.7824
39.1302
39.4781
39.8259
42,9563
43.9998
45,7389
46.0867
46.7824

1.2391050720-01
1.2349659730=-01
1.232931274D=04
1.226260356D=0]
1.164€03577N%0}
1.035772045D03
9.167825317N=02
3.583123970D~02
B 4TLS4ER1LD-02
B.6711484220=02
1.177537842D+01
1.5329721370=01
1.591434937D=01
1.605921326D-01
1.604326730D=01
1.5629797360-91
1.128904726D-0]
6.363670349D~02
5.5203552250=02
5.473721504D-02
5.4737915240-02
5,.042749726D-02
5.4013595530=02
£.4117073260-02
5.4013595580-02
5.3910118100~02
5.3853333180~02
5.427228546D=02
5.401359558D-02
5.3806640£30-02
5.370317841D-02
5.522055054D-02
5.308232880D-02
4.2527946470-02
2.809328079D0~02
2.3850830020~02
2.3436931610-02
2.333346176D-02
2.259214783D-02
2.322998810D0-02
2.317824936D~02
2.3540405C9D-02
2.369561768D-02
2.3902568820-02
2.4419940950-02
2.592032242D~92
2.736895752D-02
2.9231494995D-02
3.0783560748D-02
3.274961853D-02
3.445694733D-02
3.787159729D~02
3.963066864D=02
4.149320221D-02
4.3164879608D-02
4.563217163D-02
4,7132553100-02
4.7856880190~02
4.7545644775D-02
4.744297028D-02
4.723603058D-02
4.697734070D-02
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20210097 47.1737 4,70838)RLED~02
20230030 64.5215 4.5632171621=02
20210099 A00.0000 4.320053101D=02

L
BB LD AR RS ASISAS SNSRI ERAnpNARER RS RARRApppRRRERRLSORESORARY
EE P T Y HORMALIZED PUMP SPEED TAFRLE PR T PR r e eey.y
YT TR Tr PP rer e Pr P ey L L EY L P2 DAL LT L 22 A 2 L2 L g
+

20200109 RFEAC-T 402
20202101 -0.0 1.00069
20z2on1d2 0.0 1.00000
202080103 2.2 1.01235
2020082 7.0 1.005¢é8
20202105 10.0 1.02384
202p0106 12,5 1.01421
29200127 17.9 1.90803 .
20200198 30,0 1.02432
FUZ0D109 46,0 1.00327
Z02¢n110 5000 1.00432
23200111 1000, 1.00432
*

PP PPPTPERPPTTPrTEee FEREeeT T3 LT rer e e ety 2L EEELPFEY SR LRI L LS L L
puupnassans  PUMP CHARACTERISTJIC SURVE SETS pashatssBERROGRBERRE
P TP PR PRI T TP PR PPeRE T T PR LR L P L A T 2 R
3+

FHRar RN SOt ER SRRt ET BRI RER RS atD

fritde it SIHSLE PHASE CURVES wRFnans

RN ARG RO R RS AR RN R DR ORRN R R AR IR AR DD

%* .

1101100 1 1

1161101 0,000 1.200 1,000 1.009

1101200 1 2

1101201 0.000 =0.350 0,300 -0.200 ©.500 0.0C0 €.%00 0.545
1101202 1.000 1.000

1101300 1 3

1101301 -3.000 1.500 -0.809 1.275 -0,600 1.375 -¢.400 1.375
1101302 0.000 1.200

1101400 1 4

1101401 ~1.000 1.500 -0.800 1,150 -0.60C 0.952 -0,420 C.£30
11031402 -0.200 0.775 0,000 0,725

1101500 1 5

1101501 0.000 0.975 0,500 1.350 1,000 1.95

1101600 1 6 .

1101601 0.0 0.725 0.200 0.725 0,40C 0.800 0,600 1.025
1101602 1.000 1.950

1101700 1 7

1101701 ~1.000 0.175 -0,560 0.650 0,000 9.975

1101800 1 8 :

1101801 -1.000 0.175 =0,750 =0.150 -0.550 -0.30 =0.275 -0.4C0
1101802 0.000 -0.350 ‘

1101900 2 1

1101901 0.000 0.540 0.260 0.590 0,400 0.650 0.600 0.77C
1101902 0.800 0.950 0.900 0.980 0.95¢ ©€.960 1.000 0.870
1192000 2 .2 :
1102001 0.000 =0.150 0.200 0.020 0,40C 0.220 0,600 0.460
1102002 0.800 0.710 0.900 0.810 0,950 0.F50 1,000 C.AT0
1102100 2 3

1102101 =-1.000 0.620 -0.800 0.680 -0.600 0.530 =0,400 0.460
1102102 -0.200 0.490 0,000 0.540

1102200 2 4 :

1102201 =-1.000 0.620 =-0.800 0.530 =-0.600 0.460 =0,400 0.£20
1102202 =-0.200 0.390 0.000 0.360 ‘

A-38



11¢2300 2 5

1102301 2.000 -D,630 0,200 -0.510 0,420 =D.3950 0,600 0,690
1102302 ©0.p00 =0,200 0.900 =0,160 1.000 -0.120

1102400 2 6 : .

1102401 0.000 0,360 0.202 0,320 0.400 0.270 0,600 0.180
1102402 0.£00 0.050 1.002 ~G,130

1102500 2 7

1102501 =-1.007 =1,440 =0.8900 =1.250 =-0.600 =1.080 <~0.400 -0.%20
1102502 =2,200 «0,770 0.000 =0,630

1102600¢ 2 B

1102601 =1.C30 «1.44D =3.P00 =1,120 ~0.600 =0.790 =0,4C0 -0.522
1102602 =0.200 =0,310 90.000 =0,150

4¢

E:2-X-F.F-F-3:-R-R L:3:2-2:2-3-2:%-1.2.¥. 2.1 -2 .X-2.2:2-2:2:2-2-212. 2.2 3. ¥ 2+2. ¥

noans TYC~PUHASE MULTIPLIZER TAPLES ftansns
E2-2-2-2-%-2-X-Rig-2+2-2:2-2-2-F-2-2-F-F-1-2: 3 R 2-L-X-Xt2 L-2 2-2-L:2-F-X: 331

-]

1103000 O

1102001 0£.020 0.000 0.150 0.000 0,150 0.252 0,240 ¢C,ECH
1103002 0.30C 0.960 0.400 0,230 0,600 «270 0.B2C 9,900
1103003 0.9C0 0.800 0,950 0.500 1,000 0.0CO

1103100 0

110310 0.000 =5.170 0,001 -0,170 O.0n&6 0.0CH 0.100 0,000
1103102 0©.150 0,050 06,240 0,560 0,800 0.560 0,260 0.450
1103103 1.000 0.0020

%

L2 2R -1 22 2 2-X-2-X-F-2-3- X2 T-2-X-X-F.2-2.X-2-2-L: - 1.1 -X-2- X XX X33

#eraar TWN=PHASE DIFFERENCE TABLES twupds
-3i2-F:-1:2-3-3:2.3-2-2- 2 2-2-3-F-%.F ¥-X-3-2-2-2-%-7-2-2-3-2.2-3-2:1-F ¥ % 7.1

1]

1104100 1 1 ’
1104101 ©.000 0.000 O5,100 0.830 0,200 1.093 0,500 1.020
1104102 ©.700 1.010 0,900 0.940 1,000 1.002

1104200 1 2

1104201 0.000 0,000 0.100 =-0.040 0,200 92.C00 €,300 0.100
1104202 0.400 0,210 0,800 0.670 0,500 0.800 1.000 1.CCC
1104300 1 3

1104301 -1.000 ~1.160 ~0,900 -1.240 -0,80C =1.170 -0,7C0 =2.3€0
1104302 =0.600 «2.790 -0.500 =2.610 ~0,400 «2.5670 =0.250 -1.690
1304303 ~0.100 -0.,500 0.000 0,000 .

1104400 1 4 . .

1104401 -1.000 -1.160 -0,900 -0.780 -0.800 -0.500 =-0,700 -0,310
1104402 -9.600 ~0.170 =0.,500 -0.080 -0,350 0.000 -0,200 0.050
1104403 ~0.100 0.080 0,000 0.110

1104500 1 5

1104501 0,000 0.000 0,200 -0.034 0.400 -0.650 0.600 ~-0,93n
1104502 0.800 ~1.190 1,000 -1.470

1104600 1 6

1104601 0.000 0.110 0,100 0.130 0,250 0.150 0.400 9.130
1104602 0,500 0.070 0,600 =-0.040 O0.700 =0.230 0,800 -0.510
1104603 ©.999 -0.910 1.000 -1.470

1104700 1 7
1104791 -1.000 0.000 0,000 0.000
1104800 1 8
1104801 -1.000 0.000 0,000 0.000
1104900 2 1

1104901 0.000 0.540 0,200 0.590 0.400 0.650 0.600 0©.770
1104902 0.800 0.950 0,900 0.980 0,950 0.960 1.000 0,870
1105000 2 .2

1105001 0,000 -0.150 0,200 0.020 0,400 0.220 0.600 0.460
1105002 0.800 0.710 0,900 0.810 0,950 0.850 1.000 0.8£70
1105100 2 3 :

A-39



1105101 -1.000
1105102 =0, 200

. 1105200 2
1105201 -1.000
1105202 -0.200
11C5380 2
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