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Chapter 1

Introduction

1.1  Short Descriptior of

the LOFT
Experiment LP-02-6

The LOFT facility at Ilaho National Engi-
neering Laboratory was designed to simulate
the major components and syotem responses
of a commercial PWR duriug a LOCA for the
determination of system transient charac er-
istics and for the ass=ssment of code predic-
tive capabilities for design basis large- and
small break LOCAs in pressurized water re-
aciors. The experimental assembly includes
five major subsystems which have been in-
strumentsd such that system variables can be
measured and recorded during LOCA simula-
tion. The subsystems include the reactor ves-
sel, the intact and the broken loop, the blow-
down suppression system and the ECC sys-
tems; the arrangement of these major compo-
nents is shown in Fig. 1.1. The entire nuclear
core consists of five square and four triangu-
lar fuel bundles with a total f 1300 fuel pins
each of 1.67m long and 20 outside diameter of
10.72 mm. A complete system description is
given in ref.[1) and a discussion of the LOFT
scaling philosophy is provided in ref (2],
Experiment LP-02-6 was conducted on Oc-
tober 3, 1983, in the Loss-Of-Fluid Test
(LOFT) facility at the Idaho National En-
gineering Laboratory. It was the first large-

hreak loss-of-coolant accident (LOCA) sim-
ulation and the fourth exrzeriment at all
conducted in the LOFT facility under the
auspicies of ‘'~ HECD, This experiment,
which was designed to meet requiremenis
outlined by the USNRC as specified in the
OECD LOFT Project Agreement, simuiated
a doable-ended off-set shear of a commer-
cial pressurized water reactor (PWR) main
coolant inlet pipe coincident with loss of off-
site power. Experiment LP-02-6 addressed
the response of a PWR to conditions closely
ressmbling a "SNRC “Design Basis Acci-
dent” in that prepressurized fuel rods were in-
stalled and minimur US emergency coolant
injections were used.

The experiment was initiated from condi-
tions representative of those in a commercial
PWR; they have been listed in table 1.

The transient was initiated by opening
the quick-opening blowdown valves in broken
loop hot and cold legs. Pressure decreased
rapidly due to the blowdown, with saturated
conditions being reached in the upper plenum
at 0.05 seconds.

The primary coolant pumps were tripped
manually and allowed to coast down, simu-
lating loss of off-site power coincident with
the LOCA.

The core flow reversed immediately after
the initiation of the transient and fuel rod
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Figure 1.1: LOFT components showing thermo-fluid instrumentation
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Initial Conditions for experiment LP-02-6

I

1

—

parameter unit | measured value
froe

_! power | MW [ 46.0 %12

i maximum linear heat ' kW/m | 48.8 + 3.6

| AT ra K [831411
Pressuresn ieg MPa | 15.09 £+ 0.06
mass flow rate kg/s | 248.7 + 2.6
fluid temperature o ing intact toop K 555.9 + 1.1
fluid temperature iy tep sroken loop K 553.0 + 6.0

I fluid temperature oy ieg broken loop K 560.0 £ 6.0

| pressurizer !

' liquid level m | 1.04  0.04
pressure MPa | 153 + 0.11
water temperature l K 6156 + 5.8
ECC system accumulator ;

' liquid level m | 2.10 % 0.0

' standpipe position from bott. m | 1.44 + 0.03
pressure MPa | 4.11 £ 0.06
liquid temperature K 302.0 + 6.1
ECC system HPIS :
liquid temperature K 3050 £ 7.0
flow rate I/s | 1.04 & 0.04
ECC systemm LPIS :
liquid temperature K 305.0 £ 7.0
flow rate I/s | depending on pressure

difference between LPIS
and downcomer

1 |

Table 1.1: Initial Conditions for LOFT-experiment LP-02-6
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cladding temperatures started to increase.
This core wide temperature increase contin-
ued until 4 seconds, when the flow in the
broken cold leg saturated and choked with
a concomitant decrease in mass flow to be-
low the intact cold leg mass flow. During
this period, cladding temperatures reached
maximum values less than 1100 K; the maxi-
mum temperature has been measured on level
24 in the center bundle (24 inches from bot-
tom, assembly 5) to 1040 K. The decrease in
mass flow from the broken leg to below the
intact cold leg mass flow reversed the reac-
tor vessel mass loss and caused low quality
fluid to flow into the core, causing a partial
core bottom-up quench between 5.2 and 9.1
seconds, after which the core flow again re-
versed and the fuel rod cladding temperatures
again increased; during this period maximum
temperatures of less than 850 K have been
reached. A partial core top-down quench oc-
cured starting at 14.% seconds which extended
down to level 39, 1.e. 39 inches from the bot-
tom of the core. This quench has been as-
sumed to be caused by liquid fallback from
the upper plenum induced by gravity.

The fuel rod cladding again experienced de-
parture from nucleate boiling. There were ad-
ditional thermal cycies prior to the final core
quench, which was complete at 56 seconds.
For more details see ref. (3],

One of the major concerns with Experi-
ment LP-02-6 was whether fuel rod damage
would occur, Based on the indicated cladding
temperatures, the pressure differential across
the cladding and the evidence from isotope
detection systems, no fuel rod ballooning or
cladding rupture occured.

A comparison of results of Experiment
LP-02-6 with previous LOFT large break
LOCA experiments L2-3 and L2-5 (the first
with continous pump operation, the sec-
ond with pumps disconnected from their fly-

Rl s o

wheels) shows that the loss-of-offsite power-
induced pump operation resuits in a core
thermal response that closely matches that
resulting from continued pump operation.
That is, even though the pnmp is not powered
during the early seconds of the blowdown, a
typical pump coastdown results in sufficient
pump head to cause a positive core flow and
core quench during the early period of the
blowdown.

1.2 The Aim of the Pre-
sent Investigations

Codes like RELAPS5/Mod2 and TRAC have
been often used for the analysis of LOFT ex-
periments and LOFT results have been exten-
sively used to eliminate insufficiencies both
in the codes themselves and the more plant-
specific nodalization of the problem by com-
paring the predictions of the code with the
real measuremenis. Therefore, one has to be
aware of the fact that both the code and the
LOFT-specific nodalization, normally used
for pre- and post-test analyses, are somehow
“LOFT-tuned” resulting in quite acceptable
predicting capabilities.

To be sure of the code's predicting capa-
bility of abnormal situations in real power
plants, two main conditions have to be full-

filled :

e the different models of the code have to
be adequate for the problem

o the plart has to be nodalized adequately,
such that main expected phenomena are
simulated

For the veri‘ication and possibly also for the
optimization of the different models of the
code, comparisons of the results of “integral
test” like LOFT may be not an appropriate

I e e ——

T N L Ty R S P T S N _—



+ choice because poesible deviations cannot be
| simply attributed to a specific model. Here,
one should prefer the comparison with the re-
sults of “separate effect tests”.
For the plant to be analysed an “adequate
_ nodalization” is usually unknown and only
J some very rough criteria can be given to the
.ode user. Consequently, the accuracy of a
prediction may be strongly related to the “ex-
perience” of the user, a quite ursatisfactory
conclusion.

To get a feeling, how the nodalization may
influence the prediction of the code, Experi-
ment LP-02-6 has been analysed with respect
to the following questions :

¢ The general predicting capability of the
code, i.e. how accurate the sequence of
events of Experiment LI>-02-6 is calcu-
lated by RELAP5/Mod2 ¢y36-02 in time
and value, especially, if the code is able
to predict the phenomena of bottom-up
quenching during the blow-down phase
of the experiment which has an im-
portant influence on the peak cladding
| temperature; in fact it limits the peak
| cladding temperature to a value of ap-
proximately 1000 K i.e. far away from
the critical values.

i

! e The influence of the nodalization (num-
ber of volumes, junctions and heat struc-
tures which describe the whole system)
on the calculation, i.e. how the nodal-
ization may influence the accuracy of the

. results obtained.

l

l

Therefore, in what follows, we shall analyse
the LP-02-6 experiment by using the best
estimate code RELAP5/Mod2 ¢y36-02 with
different nodalizations of the LOFT system.
Starting with a nodalization similar to the
one used by the code developers at INEL
(espec.ally for the analysis of small break

|
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LOCAs) we shall reduce the number of vol-
umes, junctions and heat structures in the
primary loop of the LOFT system to nearly
half whereas the entire vessel stays nearly
unchanged to meet the requirements of the
given experimental axial positions in the core
region, especially for the cladding tempera-
ture measurements. We shall further inves-
tigate on the influence of the coast down be-
haviour of the pumps by using both the rapid
coast down as used e.g. in the LP-LB-1 ex-
periment and by imposing the pump speed of
experiment LP-02-6 , as retrieved from the
data tape.

Finally, we shall see, how the reduction of
volumes and junctions will influence the com-
puter time, needed to analyse the experiment,
a question which is important from the finan-
cial point of view. On the sther hand, in the
framework of this contribution, no attempts
will be made to improve models within the
code.
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Chapter 2
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Nodalization Schemes Used to Analyse
Experiment LP-02-6

The basis of all schemes of nodalization
normally used for LOFT analyses are those
developed at INEL for the RELAPS5/Modl
calculations of the small break Experiments
LP-SB-1 to LP-SB-3. Similar schemes have
been applied for the analyses of Experiement
LP-SB-3 by Andreani and Griitter, ref. [4],
as well as for all of the other LOFT post-test
ana.jses initiated by the OECD- LOFT- Con-
sortiun: and using RELAP5/Mod1 or -Mod2
codes,

This basic INEL LOFT nodalization
scheme for the RELAP5/Mod1 as well as the
-Mod2 code is divided in seven main parts
which may be distinguished by their “capital
comperent” numbers :

(1...

Intact Loop

)
(2...) Reactor Vessel
(3...) Broken Loop
(4. .) Pressurizer
(5...) Steam generator,

secondary side
(6...) ECC system
(7...) Containment
(suppression tank)

Similar to our LP-LB-1 calculations (ref.
[71), the ECC systems, the containment and
the reactor vessel remained quite unchanged

for the different nodalizations discussed in
due course, whereas the steam generator pri-
mary and secondary sides, the pressurizer as
well as intact and broken loops have been un-
dergone drastic reductions with respect to the
initial number of volumes and junctions re-
sulting in reduced computer time and simpli-
fication of the problem.

2.1 Standard

Nodalization

Let us start with the “standard nodalization”
(later on marked by 2-00...) which, com-
pared to the above mentioned INEL-schemes,
only has slightly modified to better meet the
requirements of the large break experiment
LP-02-6 , especially in the core region (Fig.
2.1).

The REACTOR VESSEL constists of the
reactor core, of the intact and broken loops
downcomer sections (volumes 200 to 210 and
270 to 280 respectively), the lower plenum
(220 to 225) and the upper plenum with the
vessel dome (240 to 260).

The REACTOR CORE itself has been
modeled by three parallel channels, the av-
erage channel (230) subdivided into 5 hy-
drodynamic volumes, the hot channel (231)
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subdivided into 13 volumes and the bypass
channel (235) into three equally spaced vol-
umes. In Fig. 2.2, a separate scheme il-
lustrating the nodalization of the active core
has been given. Here, the hydrodynamic vol-
umes are not equally sized and they were di-
me=sioned so that the “reference thermocou-
ple location” (¢cladding temperature measure-
ment indicated by arrows) are always located
nearly in the axial center of the requested vol-
ume.

The hot channel represents the center part
of the core (mainly fuel-assembly 5) and con-
tains 219 pins, the remaining 1081 pins are
assigned to the avergage channel. The ax-
ial linear heat flux distribution was choosen
according to ref. [5].

The total mass-flow through the core is
shared approximatly 79% by the average
channel, 16% by the hot channel and the re-
maining 5% by the bypass. Note that the
mass-flow distribution in the core region is
somehow arbitrary. The choice of these val-
ues is based on the relation of the pin num-
bers associated with each of the channels (ar-
bitrary!) minus the bypass flow which is
again an estimated parameter. No cross-
flow has been assumed between the three
channels, because preliminary runs using the
crossflow option had shown that the amount
of mass exchange in traverse direction re-
mained negligible during the whole transient.

The fuel pins have been modeled by heat
structures each radially meshed into 5 (av-
erage channel) and 10 nodes (hot channel)
respectively. In the “average pin”, one zone
represen‘s the cladding, one the gap and two
the fuel. For the “hot channel”, there are 3
cladding zones, one gap and 5 fuel zones. In
case of reflooding, the code performs an ax-
ial finemeshing for better modelling the ad-
vancement of the quench front. The maxi-
mum number of allowable fine meshes has to

12

be preset. Because the preliminary investi-
gations using different mesh numbers did aot
show significant differences between the re-
sults of runs using different preset numbers
(see ref. [T]), for the sake of saving computer
time, we normally have used a low number of
fine meshes, namely 4 in the average channel
and only 2 in the hot channel {or the calcula-
tions presented in this report,

The INTACT LOOP consists of 20 vol-
umes with 2 or 3 subvolumes. As in the ac-
tual LOFT system, the pumping system is di-
vided into two pump lines with two individual
pumps numberd 135 and 165 respectively.
The ECC-injection is connected to the cold
leg of the intact loop (volume 185). In ad-
dition to the ususl ECC line valve (600}, an
supplementary control valve (610) has been
inserted in the accumulator line to close this
line when the accumulator is empty. This
happens to be necessary in order to continue
with the calculation. Probably due to the
fact that the version RELAP5/Mod2 cy36-
02 used for these calculations was not able to
handle noncondensibles, the transient always
was terminated by an execution error when
the accumulator was just emptied and itro-
gen was released into the system.

The STEAM GENERATOR consists of 8
volumes on the primary and 5 volumes on
the secondary side. A simplified feed, back-
flow and steam separator modeling as well
as a steam flow control valve and conden-
sator unit complete vhe nodalization of the
secondary side, The steam flow valve is con-
trolled by a control logic which allows to keep
the secondary side pressure constant. Heat is
exchanged from the primary to the secondary
side of the steam generator via the wall which
is modeled by 8 heat structures each having
7 radial zones (8 nodes).

The PRESSURIZER is composed of the

surge line (2 volumes) and the entire pressur-
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izer. The latter is nodalised by a pipe com-
ponent (6 subvoluines) which represents the
main vessel, and another pipe (2 subvolumes)
which describes the pressurizer dome.

The BROKEN LOOP consists of two indi-

vidual lines, The hot line has been nodalised
by 3 volumes (300 to 310) and one pipe com-
ponent (315), representing the steam gener-
ator simulator. The cold line is consisting
of 4 volumes (335-344). At the end of each
lines, the two break-valves which have to be
opened by a trigger signal are placed and con-
nected with the suppression tank, modeled
here by two time-dependent volumes (pres.
sure is a function of time),
For preheating the broken loop, a bypass line
exists between volumes 310 and 342. This by-
pass line has been nodalised by two pipe com-
ponents. In our calculations, the connecting
vaive {3750 remained always closed.

Not ancluded in Fig. 2.1 are some addi-
tional control-valves and heat structures, es-
pecially for the pressurizer which are ounly
neccessary for steady-state runs to force the
system to a stable stationary solution at
the desired thermal conditions like circu-
lation mass-flow, core-inlet and core-outlet
fluid temperatures, liquid level in the pres-
surizer, elc,

Because of the rather fast transient of a
large break LOCA (the total duration of the
transient is about 100 seconds), heal capac-
ity effects of the piping walls, vessel walls
and other structures in thermal contact with
the coolant, may not play an important role.
Consequently, for the sake of saving computer
time, in the normal versions of nodalization,
heat structures were used only for modeling
the heat generation in the reactor core and for
the heat transfer from the primary to the sec.
ondary side of the steamn generaior. For some

i e i L
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runs, the influence of the heat capacity of the
reactor vessel on the transient behaviour of
the thermal-hydraulic parameters of interest
has been investigated and therefore, some ad-
ditional heat structures have been inserted
in the downcomer and the lower plenum of
the reactor vessel (heat-structures 200-210,
220, 222, 225 and 270-280); these runs are
marked by an additional “C" to the nodal
ization number (e.g. 2-00C).

in contrary to LOF 1 -experiments L2-5 and
LP-LB-1 where the main circulation pumps
have been disconnected both {rom power
as well us from their flywheels to enable
rapid coastdown, in Experiment LP-02-6 the
pumps have been switched of only but re-
mained connected to their flywheels. This
has led to a much slower coastdewn of the
puwnp-speed. To investigate the influence
of the pump-spead (and consequently pump-
head) on ... accuracy of the calculations, in
the Mk. 2-00 and 2-00C versions of nodal-
ization we have allowed a rapid coastdown of
the pumps similar to the L2-5 and LP-LB-
I experiments whereas {r the 2-00PU and
2-00PU,C versions we nave snperimposed the
time-dependent pump-speed curve as mea-
sured during the experiment: we have used
the average value of the two individual pump
speeds.,

2.2 Stripped
Nodalisations

To investigate the influence of reduced num-
ber of volumes and junctions on the accuracy
of the analysis as well as on a probable sav-
ing of computer time. *he number of junciions
and voluines of the standard nodalization has
heen drastically reduced.

e
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A scheme of the first stripped version, the
nodalization 3-00, is shown in Fig. 2.3. The
main changes have been inade in the pres-
surizer, the intact- as well as in the broken
loops and on the secondary side of the steam
generator, whereas the reactor vessel and the
EC'C-system remained nearly unchanged.

With respect to nodalization 2-00, the
REACTOR CORE remained nearly un-
changed. The nodalization differs only in the
maximum number of allowable fine meshes
during reflooding; this number has been in-
creased from two to eight in the hot and from
foar to 16 in the average channels,

The INTACT LOOP now mainly consists
of three pipe sections (110, 120 and 150 with
four, seven and six subvolumes respectively),
only one pump cow. ponent instead of two (but
of course, with the same pump-head) and a
steam generator primary side with six instead
of the previous 8 subvolumes.

The BROKEN LOOP consists of only two
pipe systems (310 and 330) with 11 and 4
subvolumes respectively. Since the bypass-
valve (see component 375 in Fig.2.1) is always
closed, in this stripped version of nodaliza-
tion, the whole bypass-line has been omitted,
Consequently, poxi ble mass and heat capac-
ity effects in this line are neglected.

The whole PRKESSURIZER system (vessel
&1d surge-line) has been reduced to one pipe
component with four subvelumes only.

The SECONDARY SIDE of the steam gen-
erator and the attributed system has been un-
dergone drastic reductions. In principle, the
steam generator has been turned into a sim-
piv heat exchanger with single-phase flow on
the secondary side. The flow is simply con-
trolled by a time-dependent junction (566)
and dumped into an outlet volume (542). To
maintain correct primary side inlet and outlet
conditions, the mass flow has been adjusted
to quite higher values than for the real steam

15
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generator conditions where the evaporation
of the water is the main heat sink.

The wall between the primary and sec-
ondary side of the steam generator has been
modeled by six heat structures each radially
divided by three zones.

A derivative of nodalization 3-00 is the ver-
sion 3-005 which differs from it in having a
higher number of allowable fine-meshing dur-
ing reflooding, namely an increase from 4 to
16 for the average and from 2 to B for the
hot channel, The additicnal version 3-006T
is identical to the version 3-005 except that
the reflood option of the code is initiated ex-
ternally; we shall come to this feature in due
course,

The reduced nodalization 3-00 can be
stripped even more by simply reducing the
subvolumes of each of the pipe com;-onents;
for the pipe 110 to two, for pipe 120 and 310
to three and for pipe 152 and 330 to onlv
one subvulume each. The nodalization <f the
eteam generator has been reduced to only ‘wo
on both sides but the radial meshing of the re-
lated heat structures remained at three nodes
(fig. 2.4).

The maximum number of fine meshes of the
heat stiuctures of the core during reflooding
has been reduce again to two in the hot and
tu four in the average channels. This very
much reduced nodalization is called 3-02.

Except version 3-005T, the stripped ver-
sions have been used with and without heat
capacity contribution in the vessel compo-
nent, as described above. For all st-ipped
down versions of nodalization, ihe time de-
pendent pump speed has been used.

—
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fig. 3.2a, the large number of oscillations in
the region of 30 to 60 seconds are somehow
slightly dampened.

In both plots, the very narrow first peaks
at nearly zero seconds are probably due to the
thermodynamic non-equilibrium during the
subcooled blowdown phase which only lasted
some hundreds of milliseconds after the open-
ing of the break valves.

A second basic criteria for the guality of a
certain nodalization is the “mass error™ which
is a measure for the numerical accuracy of
the code because it represents a check of the
mass balance in all of the system volumes,
Therefore, in Figs. 3.3a and 3.3b, the mass
errors have been plotted versus the experi-
mental time for all the calculations using dif-
ferent nodalizations, refered to in table 2.1,
In general, quantitatively no significant dif-
ferences have been found between the results
with the normal a.d the “C'" nodalizations.
The absolute value of the mass error never
exeeded values of 1.4 kg and for most of the
transient time remuined less than 0.6 kg. In
any case, because the total mass inventory of
the LOFT system is in the order of 7 tons, a
“numerical loss” of not more than two kilo-
grams is negligible.

3.3 Discussion of the
Code-Predictions of
the Main Events

Before starting the discussion of the perfor-
mance of RELAP5/Mod2 in calculating the
main events of the experiment, first, in Fig.
3 ' a graphic representation of the main
tr.p setpoints has been plotted where a value
of nearly one indicates that the trip is set.
The scheme divides the experiment in several

27
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characteristic sections. Shown here are the
settings of the break valves, which opened
at zero seconds, the power-trip at 0,13 sec-
onds (difficalt 1o distinguish from the bresk
valve line) and the pump-trip at 063 sec-
onds. The behaviour of the ECC system is
indicated by the — ... line. For the aceu-
riulator, its value is 0.4, for LPIS 0.35 and
for HPIS 0.25. The accumulator started in-
jection at 17.5 seconds, followed by HPIS at
21.8 seconds (trip value 0.65). Finally, the
LPIS has started at 34.8 seconds (trip value
equals 1). The trip curve falls back again
to 0.6 when the accumulator has emptied at
nearly 58 seconds (the exact time is slightly
depending on the nodalization of the prob-
lem) and LPIS and HPIS remained function-
ing.

In Table 3.2, some main events have been
listed and their occurence during the exper-
iment (time and value) have been compared
to the equivalent code results using the dif-
ferent nodalizations as given in table 2.1,
The setpoints of the different trips are again
listed in table 3.2. First, one should notice
that in contradiction Lo the experiment where
both the reactor power and the accumula-
tor injection have been initiated by an actual
pressure- dependent setpoint, for the calcula-
tion we have used a time-dependent setpoint
retrieved from the experiment thus avoiding
a multiplication of errors (if the pressure is
predicted wrong, this error will heavily influ-
ence the predictions of the other parameters
in the following time sequences).

Calculation  of  Mass
Flows in the Broken Leg

3.3.1

We start our comparison with the broken loop
and have to look at the peak mass-flow rates
as well as at the end of the subcooled break
flows in the hot and cold legs.
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"Empty point for “he calculation is a pressurizer level less than 001 m
® Abnormal termunation due to “water property error” when accumulator got nearly empty
*Experimental value at level 27. Indicated temperature is an average of thermocouples TE-JO8-024 and TE-FOS-024
Al predicted peak cladding temperatures at level-31

"m*mwdmmmauw@buumamuumwm

EVENT MEAS. RELAP5/Mod2 CALCULATIONS
DATA
Q| unmit | f200 200PU_ 300 3005 3005T 302 260C 200PUC_3-00C 3-02C
Sp— F
Pressurizer emptying” | T | s 155 44 M4 176 176 176 184 144 144 176 176
pressure |V | MPa 74 785 820 401 401 401 346 79 79 41 37
Accumulator emptying | T s 565 552 544 521°% 532 536 524 568 6.4 548 -
Peak cladding temp®™® | T | = 5.25 6.8 44 444 432 4¢ 00 64 44 48 40
V| K 107¢ 1054 1026 1066 1066 1026 1050 1047 1026 1034 1017
Blowdown peak
cladding temperature '
in hot channel level02 | T| s 33 72 44 52 52 44 40 68 44 48 40
V]| K 72 T4 T46 TS TIB  Ti4 82 6 743 729 ™
level11 I T| s 48 6 44 52 52 48 40 72 44 48 40
Vi K 914 72 T 42 T2 T2 845 ™ et 731 s
level21 {T| s 48 68 44 52 52 52 48 €4 44 52 40
Vi K 1037 J1003 977 815 815 78T 489 697 77 829 957
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flow measurement is the result of a multi-
plication of two independent measurements
which are assumed to produce area averaged
quantities. These independent measurements
are the momentum flux measurement by drag
bodies (or the velocity measurement by mini-
turbines) and the density measurement by a
three beam X-ray densitometer. Both signals
are errorneous, especially in high void flow
regimes. Furthermore, it is assumed that the
product of each of the individual two inte-
grale (i.e. the area-average of the measure-
ments ) is equal to the integral of the product
of the two variables, an assu:iaption which is
fullfilled rather seldom. The quantification
of the error of the mass-flow measurements
is quite difficult because its dependence of a
variety of parameters like flow regime, void
fraction, velocities, etc.

A be‘ter picture of what is going on in
he broken leg can be achieved by looking
at the integral mass losses through the break
at different times as listed in table 3.2 where
both code predictions and experimental val-
ues have been aetermined by sitply summing
up the product values of time-step times the
instantaneous mass flow at the two breaks.
Here, the general trend is that the code cal
culated higher losses for the first 30 tn 40
seconds and then stayed on a certain level
(sec aiso figs. 3.39a and b) and finally un-
derpredicted the actual mass losses through
the break. In fact, the sign of the flow even
changed, indicating a small amount of back-
flow out of the containment into the pri-
mary system due to slightly higher contain-
ment pressures (defined as boundary condi-
tion using the experimental values) than cal-
culated by RELAP5/Mod2 for the primary
system. Because the containment has been
modeled as an additional time dependent vol-
um  lownstream of the break, this backflow
is not “unphysical” with respect to the special
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“LOFT-system” as described by our nodal
ization schemes. As indicated above, the
pressure in this volume has been given as
boundary condition according to the exper-
imental recordings of the suppression tank
pressure. To indicate the occurence of the
flow reversal, the calculated peak mass loss
and the time of its occurence have been given
in table 3.2.

The code calculated similar mass losses
for the different nodalizations. In faci, two
groups may be distinguished, the results of
the most detailed 2.00 versions which have
produced slightly higher mass losses than the
more simplified 3-0, .. versions.

3.3.2 Minimum Collapsed Lig-
uid Level

The next value of interest is the time when
the collapsed liquid level in the core region
has reached its first minimum, i.e. when the
core region was nearly emptied luring the
blowdawn phase of the transient. Unfortu.
nalely, for the collapsed liquid level (or equiv-
alent to it, the average liquid fraction in the
core region), no experimental daia is avail-
able, In table 3.2, the collapsed liquid level is
given in percents relative to the total heated
core height of 1.63 m. The comparison of the
results with the different nodalizations indi-
cated no severe discrepancies with respect to
the values of the minimum collapsed liquid
levels. Their ranges varied between 3.2% and
74% in the hot and 3.6% and 8.4% in the
average channels. No significant trends have
been observed with respect to the sophistica-
tion of the nodalizations. The minimum col-
lapsed liquid level has been reached between
4.0 anl 5.2 seconds after initiating the tran-
sient except for runs 2.00 and 2-00C where it
took 7.2 and 6.8 seconds respectively,
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3.4 Time Behaviour of
Significant  Thermo-
Hydraulic Parameters

w4l Cladding Temperatures

Even it can be seen in table 3.2, tlhat the
RELAPS Mod2 only elightly underpredicts
the peak-cladding temperatures in the cen-
ter channel of the core, by looking at the time
history of the cladding tetaperatures 1t differ-
ent axial heights of the core, it can be noted
that rather significant discrepancies between
the predictions and the experimental data ex-
ist. Furthermore, it can be observed more
clenrly that the differences between the re.
sults of the different versions of nodalizations
acocur.

Due to vur specific nodalization of the core
region which is identical for all of the investi-
gated schemes, RELAPS /Mod2 is able to cil-
culate the cladding temperatures in only two
different representative channels, namely the
“hot channel” attributed here to the center-
box 5 and the “average channel” which can
be attributed to one of the side boxes of the
LOFT core; for the comparison with experi-
mental data, we have used the side-box 4 (in
priciple, any other of the four side-boxes or
an average of all of them could be used),

Let us start our discussion of the RE-
LAP5/Mod2 calculations of the cladding
temperatures in the “hot (hannel”, i.e. box 5
of the LOFT core.

Cladding Temperaturess in the Center
Box

In Figs. 3.5 to 3.14, the time traces of the
cladding temperatures at 10 different core
heights in the center box (box 5) as calculated
by RELAP5/Mod2 (“hot channel” have been
compared to the average temperature (1) at

1]

the specific core height (the averaging process
has been described in chapter 3.1), using the
different nodalizations as listed in table 2.1.
For the sake of better readability, for each ax-
ial position two figures are given in which it is
shown five comparisons of N-type (plot a; ver-
sions 2-00, 2.00PU, 3-005, 2-0057T and 3-02)
and four comperisons of C-type nodalizations
(plot b; versions 2-00C, 2.00PU ., 3:00C and
3-02C), i.e. where the heat capacity effects of
t+ vessel material have heen taken into ac-
count (Ctype) and where these uffects have
been neglected (N-ty; +),

At axial level G2, i.e. 2 inches from the bot-
tom of the core, the experimental clad ling
temperatures have undergone a significant
temperature increase of approximately 150
degrees mainly during the howdown phase
of the experiment, which tkz code has aver-
predicted between 20 K (for the case of rapid
coastdo 'n of the pumps, nodalization 2-00
and 2 00C) and 60 K for all the other nodal-
izations, where the realistic coastdown of the
pumps has been imposed (figs. 3.5a aund
3.5b). A first guench (bottom-up rewctting)
stops this core heat-up at about 8 secands af-
ter the initiation of the experiment. At level-
002, this early quenching has been calculated
by RELAPS, ModX for all types of nodaliza-
tion.

A second heat-up of the center bundles
started at approximately 13 seconds and ter
minated at nea'v 30 seconds. This second
hert-up nas been “indicated” by all of the
runs with quite different accuracy, In ad-
dition, for \he simplified nodalizations, this
core heat-up has been calculated approxi.
mately 10 seconds to long.i.e. the tirne of the
final quenching has been ot erpredicted by at
least 10 seconds for the 3-605 and 3-02 noc'al-
izations.

Generally, the final quencih during the re-
floocing phase of the experiment has been
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calculated by REIAPS Mod2 slightly more
accurate by the “C" than by the “N" ver-
sions of nodalizations; this finding is in con-
- adiction to our earlier findings whon analyz-
ing the LOFT experiment LP-LB-1 (ref[7)).
Wlievecs the predictions of the different C-
versions have been found to be close together,
the discrepancies of the "N"-versions are sig-
nificant. Here the poorest results have been
achieved using the 3-005 and 3.02 nodaliza-
tions, i.e. the two most simplified ones.

At the wilowipg two as'al levels (figs. 3.6
ard 3.7), the perk snriace temperatures gen-
esally have been ui_Gerpredicted at least 50 K
and for other nodalization more than 100 K
dwing the blowdowe phese. Only fir some
versiuns, carval bortom-up quenching, one
of the maie plienomena of the LP-02-6 ex-
periement, has been calculated.

For the next five axial positions, figs. 3.8
te 3.12, a general trend of overpredicting the
cladding temperatyres both during the blow-
down (betwec 3 and 7 seconds of the tran-
sient ) and the “refill” of the reflood phase (be-
tween 20 and 50 seconds of the transient) has
been found but the first higher peak cladding
temperature (“blowdown peak") has been
overpredicted not more than 50 K whereas
during the reflood interval the code has over.
predicted the cladding temperatures not less
than 150 K. Ouly the 3-005 and 3-005T ver.
sions tend fo give certain underpredictions,
especially during the reflood interval of the
experiment,

For level-27, the calculations of version
3-005T has nearly perfectly reproduced the
experimental data. Both the blowdown peak
terminated by the bottom-un quenching and
the second core heat-up during the refill in-
terval of the experiment have been described
perfectly; but we believe that this good ag-
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greement is coincidental because it only hap-
pened at level-27.

It should be noted that no significant differ-
ences have been observed between the predic-
tions of nodalizations 2-00 (rapid constdown
of the pumps) and 2-00PU (given pump speed
ve, time curves) with respect to the time be-
haviour of the cladding temperatures. Only
the temperatures at the "blow-down peak”
have been always predicted slightly higher (20
to 30 K) by the 2.00 version (rapid coastdown
of the pumps).

Whereas in the LOFT LP-LB-1 experiment
(see ref. [T]) at the upper levele » top-down
quench has been observed within the first 15
s: conds (blowdown pnase), there is no such
s‘rong evidence for the LP-02.6 . Because
the experimentally verified momentutn fluxes
at the exit of the core have been found to be
highly positive during the first 15 seconds of
the transient (see also fig. ”.43) indicating
a coolant flow out of the ~ore; on the other
hand, the momentum flax meter (one drag
body at a position at t} e inlet and une at the
outlet of the core) only indicated the momen-
tum flux at one specific position at the out-
let of bundle 5, so that one cannot exclude
revorse flow in some other parts of the flow
area. Therefore, we have attributed the first
sharp decrease of the cladding temperatures
in fig. 3.12 and -less pronounced- in fig. 3.13
to bottom-up refleoding, whereas the second
temperature drop (at about 15 seconds) prob-
ably is due to top-down quenching,.

None of the different RELAP5/Mod2 runs
has drawn a sufficiently conclusive picture of
what has been going on at these iwo upper
core levels as can be seen from Figs, 3.12
and 3.13. The initial core heat-up has been
reproduced quite poorly and the second sig-
nificant heat-up during the refill interval is
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Figure 3.11: Hot-channel cladding temperatures vs. time at axial level 39
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a) by neglecting wall heat capacity
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nearly missing; sonie vague increase of the
surface temperatures cannot be interpreted
ne & valuable description of the thermohy-
draulics in this core region.

Cladding Temperatures in Side Box 4
(Average Channel)

In figs. 3.14 to 3.17, the time traces of the
cladding temperatures at four different core
heights in the side box 4 as calculated by RE-
LAPS/Mod2 for the “average channel” have
been compared to an average temperature at
the specific core height (if the reference is in-
dicated by the word “level”) or to one single
thermocouple signal (if a specific number is
given as reference, e 5. 4G14;. Again, .or the
four axial positions, located 11, 21, 28 and 39
inches from the bottom of the core, two plots
are given showing the comparison of the “N”
(plot a) and the “C" type of noalizations
(plot b).

RELAPS Mod2 was not able to predict the
significant heat-up of the fuel cladding in the
average channels during the blowdown phase
but indicated some temperature increase dur-
ing the refill phase of the experiment.

For both the blowdown phase of the experi-
ment, surface temperatires have heen under-
predicted by RELAPS, Mod2 between 20 K
(&t axial position 21) and 200 K (positions
11 and 28). The highest surface temperainres
have been calculated for the 3-02 and 3-02C
nodalizations.

During the refill phase, a significant
core heat-up has been calculated by RE
LAP5/Mod2 , the magnitude of which de-
pends on the selected nodalizations. The
highest temperatures (overprediction at least
100 K) have been obtained by the 3-005 and
3-02 versions (i.e. the less elaborated ones)
whereas the lowest values have been found
with the 2-00 version.

e Al e e L e T e e e e

51

Summarizing Remarks on the Cladding
Temperature Calculations

Summariziug our findings with respect to
RELAPS,/ Mod2 -calculations of the cladding
temperatures in both the hot and the average
channels one has to onclude that:

e generally, at most of the core levels, the
peak cladding temperatures have been
underpredicted not more than 100 K,

o RELAPS Mod?2 has calculated th reak
cladding temperature at axial level 31,
i.e. 31 inches from the bottom of
the core, whereas the experimentally in-
ferred hotspot is located at level-27,

¢ with respect Lo the cladding tempera-
tures in the average channel only small
differences have been observed between
the results of the “N” and “C" versions
of nodalizations, i.e. whether the heat
capacity of the wall material of the reac-
tor vessel has been taken into account or
not did not make much difference.

The reasons for the deviations are multi-
ple. Concerning the axial shift of the hot spot
(second item), one of the reasons may be an
incorrect a.sumption of the axial power dis-
tribution in the LOFT core; as mentioned in
section 2.1, we have used (he one published by
16]. For investigating on this problem the ax- v
ial distributions of the cladding temperatures
have been compared to the equivalent exper- »
imental data for three different time points of v
the transient, namely at -1.2 seconds (i.e. the
stationary past of the transient), at 5.3 sec-
ond* {blowdown phase) and at 40.5 seconds,
i.e, during the refill phase (Figs. 3.19ab to
3.21a,b).

In figs. 3.18a,b, the comparison was
made for the stationary phase of experiment

LP-02-6 . All RLLAPS/Mod2 calculations
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indicated very similar axial distributions of
the cladding temperatures which only in the
middle of the core (core heights .6 to 1.2)
are quite close to the experimental data (cir-
cles in the plot) whereas they differ at the
bottom about 40 K, In fact, the experi
mentally inferred axial cladding temperature
distributions have been found to be much
more variing than the one calculated by RE-
LAP5/Mod2 . If a change in the axial power
distribution would bring any improvements is
an open question and has not been tested yvet.

During the blowdown interval, ie. 5.3
seconds after the initiation of the transient,
the RELAP5 /Mod2 calculated axial surface
temperature distributions of runs with the
different nodalization schemes differ quite
significantly both to each other as well as
in comparison to the experimeutal findings
(figs. 3.20a and 3.20b). The calculated peak
cladding temperatures are ceu'ered arcund
0.75 m whereas the corresponding experimen-
tal values (triangles) have been found at ap-
proximately 0.5 m. On top of this, the RE-
LAP5/Mod?2 calculated core heat-ups were
rather concentrated in the center region of the
core (0.4 to 1.2m) whereas the experimental
data indicated a more widened core heat up.
One of the reasons may be the fact that RE-
LAP5/Mod2 neglects the axial heat conduc-
tion in the cladding as well as in the fuel thus
preventing from smoothing out steep axial
temperature gradient in the cladding and the
fuel (axial conduction is only cunsidered by
RELAP5/Mod2 near the quench front when
the reflood model is applied).

Things do not change significantly for
the remaining time point of consideration,
namely 40.5 seconds after the initiation of the
transient (figs. 3.21a and 3.21b). Compared
to the experimental findings of a heat-up of
nearly the whole core with the peak value at
0.6 m, except for nodalizations 3-02 and 3-

02C, RELAP5/Mod2 still calculated a core
heat-up centered to the middle of the core
with the peak value at 0.75 m. The 3-02
and 3-02C calculations have indicated a more
widened core heat-up but on the other hand
have overpredicied the experimental surface
temperatures at least 175 K.

Void Fraction, Flow Regime and Heat
Transfer Coeflicients in the Core Zone

Besides the heat generation in the fuel
(source), the other important quantity influ-
encing the cladding temperature is the heat
transfer from the cladding to the surround-
ing fluid (sink). To find some reasons for the
deviations of the time traces of the cladding
temperatures for different nodalizations, one
has to investigate the heat transfer to the
fluid at the specific nodes for these different
nodalizations even no experimental reference
is available.

The heat transfer, expressed by the heat
transfer coefficient (HTC), is depending
on the mass flow, the local void frac-
tion and the flow-regime “assumed” by RE-
LAPS5/Mod2 which itsself mainly refers to the
local void fraction as well as to the mass flow
and the system pressure. Consequentely, er-
rorneous mass flows and void fraction distri-
butions will lead to wrong heat transfer coefhi-
cients and finally to questionab'> predictions
of the cladding temperatures.

In Figs. 3.22 to 3.27 from top to bot-
tom the local void fractions, the flow regimes
as choosen by RELAP5/Mod2 and the heat
transfer coefficients have been plotted ver-
sus time for axial levels 27 inches (figs. 3.22
to 3.24) and 43.8 inches from the bottom of
the core. The comparison has been made for
three versions of nodalizations, namely 2-00
(most detailed, plots 3.22 and 3.25), 3-005
{medium simplified, plots 3.23 and 3.26) and
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words, the code calculated the heat-transfer-
woeflic’ent from the cladd ng to the coolant
assuming completely other flow canditions
than the heat-iransfer-coefficient between the
steam ana liquid phases for longer periods.

With regard te ibe “stabilities” of the void
fraction (vpper plot) of the flow regime (mid-
dle plot) indicator as well as of the heat-
tratisfer-coefBcient (lower plot), the most
s.mplified 3-005 and 3-02 nodalizations seem
to be more stable than the more detailed ver-
sion 2-00,

As we have already mentioned above, flow
regime and heat transfer coefficients in the
core region are stronly depending on the ax-
ial void fraction distribution as well as on the
mass flows in the core region. Both of them
are cetermined by the thermohydraulic con-
ditions in the primary system of the LOFT
reactor like the intact and broken loons, the
pressurizer, the heat sink (steam generator
secondary side or a more simplified version of
it), the primary coolant pumps and the be-
haviour of the ECC-systems. The predictions
of their behaviour during the transient de-
pend on the ability of the code in describing
the sequence of thermohyraulic phenomena.,
Therefore, a realistic description of the main
phenomena has to be regarded as a “conditio
sine qua non” for the predicting capability of
the key parameters like the cladding temper-
atures,

In what follows, we shall concentrate on the
description of these phenomena by consider-
ing some other important parameters. But
before we start this discussion, we would like
to look also at the second key parameters
with respect to safety aspects, which in the
case of a large break are of less importance be-
cause the reactor has been scrammed within
parts of a second after the initiation of the
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transient, thus drastically reducing the heat
generation within the fuel.

3.4.2 Fuel Center Temperature

Only at crne axial level experimetally in-
ferred fuel center temperatures are available,
namely at position 27 (1.e. 27 inches {rom the
bottom of the core, where the “hot-spot”™ has
been found for experiment LP-02-€ ). The
equivalent predictions of RELAPS5/Mod2 for
the different nodalization schemes have been
compared to the experimental data «nd plot.
ted in fig. 3.28. The experimental data
are average values of fuel center temperature
data at 10 radially distributed positions on
axial level 27 of the center box 5,

Obviously, the highest fuel temperatures
have been reached at full power conditions,
before the transient has been initiated. For
these stationary conditions, the calculated
temperatures are quite close to the exper-
imental data, independently of the type of
nodalization.

During the transient, the calculated fuel
center temperatures have been found to be
only in qualitative aggreement with the ex-
perimentally inferred reference temperatures.
Except the results of the 3.-005T nodaliza-
tion which is surprisingly in good aggree-
ment with the measured temperature distri-
bution (because, as we have already men-
tioned, also the cladding temperatures have
been calculated with excellent accuracy at
this axial position; see fig. 3.9a), the fuel
center temperatures have been overpredicted
by RELAP5/Mod?2 between 250 K and 300
K for nearly the whole time period until the
rods have been quenched (10 to 55 seconds
of the transient). The temperature traces
as calculated by RELAPS5/Mod2 using differ-
ent nodalizations are similar. No significant
differences have been observed between the
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results of the most elaborated 2-00 and the
most s mplified 3-02 nod-lization. Further-
more, the differences between the normal and
the “C" versions (i.e. not taking and taking
into account heat capacity effects of the vessel
material) are quite small even the overpredic-
tion of the “C” versions seems to be by some
degrees less,

3.4.3 System Pressures

It is a wel known fact that most of ihe
' best-estimate codes do a quite satisfactory
; job when nredicting the system pressures.
i Our investigetion #lso confirme this common
! knowledge.

In figs. 3.29a and b, the system pres:ures
as calculated by RELAPS5/Mod2 have been
compared to the experimental data, i.e, the
absolute pressures as measured by the pres-
. sure transducer mounted in the cold leg of
| the intact loop at station 002. As usual in
| this contribution, we again have separated
our results into two plots, the upper show-
_. ing the results of the predictions using the
: normal nodalizations and the lower showing
the ones using the “C" versions. Obviously,
| for all the different nadalizations, the RE-
9 LAP5/Mod?2 calculations are fairly good even
though smaller discrepancies occur between
5 and 30 seconds of the transient. Closest
to the experimental findings seem to be the
calculations of versions 3-005 and 3-00C, i.e.
the results of calculations using a rather sim-
plified type of nodalizations of the LOFT-

system,
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Compared to those of the system pressu.~
the predictions of the pressure in the pressur-
izer have been found less accurate as one may
see in figs. 3.30a and 3.30b. Here, the calcu-
lations of the runs with 3-.. type of nodal-
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ization, i.e. the cases with a reduced mod-
elling of the pressurizer (instead of 11 vol.
umes used for the pressurizer in the stan-
dard version 2-00, in the 3-...versions only 5
voulumes have been used), are faltly poorer
than those of the standasd version 2-.. . which
sufficiently follow the experimental data. Es-
pecially between 3 and 15 seconds, the un-
derprediction «f RELAP5/Mod2 runs using
? . .nodalizations may exceed 2 MPa. These
seviations only occur in the proisurizer and
are not to be found at anv other location in
the system; we therefr.e believe that these
deviations are toleralle for the course of the
transient because ine predictions of the pres-
sure inside the pressurizer seem to be of sec-
ondary importance.

3.4.4 Fluid-Temperature in the
Downcomer

Besides the svsiem pressure, the fluid temper-
atures in the downcower siay be important
with respect to the void formation in the core
region because these temperetures are more
or less identical to those at the entrance of the
core, provided a positive flow out of the down-
comer into the core region oceurs. Therefore,
in figs. 3.31a and 3.31b, we would first like to
compare the fluid temperatures as predicted
by RELAPS5/Mod2 using the different nodal-
izations with equivalent temperature traces
as measured in the downcomer at position
005.

The initial values of the fluid temperatures
have been predicted fairly well (-10 to zero
seconds). This is also the case for the {ollow-
ing time interval between zero and approx-
imately 20 seconds where the temperatures
follow the saturation line. Because of the
~apid drop of the system pressure, the fluid
temperature becomes saturated at about 8
seconds after initiation of the transient.
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For all the versions of nodalizations, the
fluid temperatures start to deviate from satu-
ration at approximately 25 seconds and reach
the saturation temperature again at about 70
seconds. Beginning at 40 seconds, the sys-
tem pressure is more or less constant {see
figs. 3.20a and 3.29b). The straight line in
figs. 3.31a and 3.31b for tunes higher than
70 seconds can be regarded as the saturation
temperature at this pressure, i.c. all tem-
peratures below this line indicate subcooled
fluid. Cor - quentely, RELAP5/Mod2 pre-
dicted a certain amount of liquid subcooling
in the time interval between 20 and 70 sec-
onds which has reached peak values of up to
70 K for all of the “N” versions of nodaliza-
tion and minimum peak subcoolings of 55 de-
grees for most of the “C" versions. On the
o.her hand, the thermocouple signals have
indicated a significant “liquid superheat” of
nearly 20 K which probably is due to a dry
out of the thermocouple tip, measuring some-
thing in between saturated steam tempera-
ture and thermocouple heat-up due to radia-
tion heat transfer,

3.4.5 Core Mass Flows

Now, we have to look at mass flows into
and out of the core as calculated by RE-
LAPS/Mnad2 . In figs. 3.32a and 3.32b, the
mass {luxes into the core and in figs. 3.33a
and 3.33b, the mass fluxes out of the hot
channel have been plotted. Unfortunately,
no correspon ling experimental reference data
are available.

In figs. 3.32a and 3.32b, the inlet mass
fluxes into the hot channel as calculated by
RELAP5/Mod2 using different nodalizations
have been plotted. Generally, depending on
the nodalization, the mass fluxes are posi-
tive for some seconds between 3.5 and 15 sec-
onds and then remain nearly on the zero line
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whereas below 3.5 seconds to 6.5 seconds i.e.
durirg the blowdown phase, depending on the
nodalization, the flow direction indicates a
strong reverse flow.

Obviously, the amount of positive core
mass flux during the first 15 seconds of the ex-
periment is strongly depending on the pump
behaviour because only the predictions of the
2-00 nodalization (i.e. rapid pump coast-
down similar to that of experiment LP-LB-
| (see ref. [7]) have indicated a quite small
amount of positive core mass flux whereas all
the other runs with imposed pump behaviour,
i.e. pump speed has been given as a bound-
ary condition according to the experimental
pump behaviour, indicated as significant pos-
itive inlet flux.

The mass fluxes out of the core, figs. 3.33a
and 3.33b, experienced similar behaviour.
Again, for the st 3.5 seconds, the fluxes are
negative, i.e. the fluid streams from the upper
plenum through the core into the downcomer
(broken leg). Then for all the runs except
the 2-00 and 2-00C nodalizations, the mass
fluxes became highly positive reaching values
up to 850 kg sec 'm~? for at least two sec-
onds, indicating a fast liquid flow out of the
core. Again, only the RELAPS5 /Mod2 calcu-
lations based on the 2-00 and 2-00C nodaliza-
tions (rapid coastdown of the pumps) showed
rather low mass fluxes with peak values of
not more than 150 kg sec"'m?. The highly
positive mass fluxes into and out of the
core during the first seconds of the transient
seem to be a consequence of the pumrp op-
eration because they only occur when the
pumps remained connected to their flywheels;
for nodalizations 2-00 and 2-00C where the
flywheels have been disconnected, the mass
fluxes have been significantly lower.

Based on the RELAP5/Mod?2 calculations,
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these high positive mass fluxes into and out of
the core during at least three seconds of the
blowdown interval of experiment LP-02-6 are
a strong iudication that bottom-up reflood-
ing could have been taken place. Conse-
quentely, if the code has failed to predict
bottom-up rewetting (which on the other
hand has been observed experimentally) it
has to be attributed to a lack of pro, + mod-
elling the rewetting phenomena wichin the
RELAP5/Mod2 code. We shall come back
to this point in chapter 3.4.

On the other hand, there is no “calcula-
tional evidence” for the assumption of a sig-
nificant top-down quenching during the blow-
down phase because the mass fluxes do not
reach significant negative values within the
first 20 seconds of the experiment. Therefore,
top-down reflodding cannot be expected from
these calculations.

Somehow related to the mass fluxes are the
momentum fluxes. Therefore, in addition to
the mass fluxes, we slLall plot the in- and ut-
flow momentum fluxes in figs 3.34a, 3.34b,
3.35a and 3.35b, because for these param-
eters experimental references are available.
Although these references inferred from very
local measurements (small drag bodies) and
as indicated in the individual plots observed
high transducer uncertainties, they may allow
us to see a trend of the time behaviour of the
mass flows. Indeed, the time traces of themo-
mentum fluxes and mass fluxes as calculated
by RELAP5/Mod2 behave quite similar.

Both the momentum fluxes in the lower
plenum (figs. 3.34a and 3.34b) and in the
upper plenum (figs. 3.35a and 3.35b) de-
viated significantlv from the measured data
poin. Whereas the core outlet momen-
tum fluxes have been reproduced by RE-
LAP5/Mod2 within the right magnitude of
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2000 kg m~'s~?, with the only difference that
the measured peak is wider than the caliu-
lated one, the core inlet momentum fluxes
(figs. 3.34a and 3.34b) indicated even dif-
ferent signs, namely a negative momentum
flux of the measured and a positive one of
the calculated data; in fact one single data
point of the momentum flux at 5.4 seconds of
the transient is positive. On the other hand,
beciuse the measured momentum fluxes give
positive outflows on both sides of the core
which implies an impossible fluid source in-
side the core, at least one of the two local mo-
mentum flux measurements is somehow du-
bious with respect to their applicability to
global values.

3.4.6 Core Average
Fractions

Liquid

Very important for the behaviour of the
cladding temperatures are the average lig-
uid fractions in the core region (identical to
the relative collapsed liquid levels) because
low liquid fractions are essentially neccessary
to allow core heat-up whereas increasing lig-
uid fractions are the consequence of a refill-
ing process, Therefore, in figs. 3.36a and
3.36b, the average liquia fractions as calcu-
lated by RELAPS/Mod?2 far 4if :rent nodal-
izations have been plotted. Unfortunately,
for this very important quantity again no ex-
perimental references have been available,
After a very sharp drop of the liquid frac-
tion during the early blowdown phase ’-ero
to one seconds) bottom-up reflooding is in-
dicated by a very strong “blowdown refill
peak” at approximately B.5 seconds after ini-
tiation of the transient; this peak is less pro-
nounced for the 2-00 and 2-00C nodaliza-
tions. Then, for all the different nodaliza-
tions, RELAP5/Mod2 predicted a minimum
liquid level at approximately 30 seconds. Af-
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terwards, liquid fractions increased indicat-
ing the refill process which has been com-
pleted 60 seconds after the experiment has
been initiated (liquid fraction nearly one).
Allthough no experimental reference is avail.
able for the liquid fraction in the core region,
figs. 3.36a and 2.360 can give an impression
how the code treated the emptying and refill-
ing process during the simulation of the ex.
periment. In gencral, no large discrepancies
have been observed between the different ver.
sions of nodalizations except the 2-00 and 2.
00C nodalizations where the rapid constdovn
of the pumps has dampened the “blowdown
refill peak”. On top of this, with respect
to the time behaviour of the liquid fractions,
no siguificant differences have been found be-
tween the “N" and the “C'" type of nodaliza-
tions.

3.4.7 Mass-Flow Out
Broken Loop

of the

The comparison between predicted and ex
perimental mass flows out of the break of the
broken loop allows us to check the capability
of RELAPS5/Mod2 to describe two-phase flow
under critical flow conditions. Therefore, in
figs. 3.37 to 3.39, we would like to compare
the RELAPS/Mod2 calculations of the mass
flows in the cold and in the hot leg of the bro-
ken loop as well as the integral mass loss with
the equivalent experimental daia; the latter
gives a clearer picture how calculations and
experimetal data deviate. Nevertheless, one
has to keep in mind that mass flow measuro-
ments in transient two-phase flows are also a
iather difficult task, because 1he data are the
re..it of a multiplication of two independent
measurements which are assumed to produce
area averaged values.

In figs. 2.37a and 3.37b, let us start with
the mass flow in the coid leg of the broken
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loop. When opening the break valves, for
a few huadred milliseconds the fluid is sub-
cooled and the mass flow reaches its maxi-
mum value of 550 kg /s which value is slightly
overpredicted by all the RELAPS/ Mod2 cal-
culations. The following sharp drop of the
mass flow (due to fluid saturation and evap-
oration) has been well described by all types
of nodalizations. Between 5 and 15 sec-
onds for all of the different nodalizations,
hELAPSH/Mod2 has underpredicted the mass
flows out of the cold leg break by about 20 to
50 kg/s. During the following time period,
some instabilities have occured for some RE-
LAPS5/Mod2 -runs which probably are due
to numerical instabilities. These instabili-
ties more often have occured in more simpli-
fied versions of nodalizations, e.g. the 3-...
versions of nodalization, No severe discrep-
ancies have been observed between the RE-
LAPS/Mod2 results using the “N” or the “C”
types of nodalization but the “C" versions
seern to produce slightly more stable traces
of the mase flows.

In figs. 3.3%a and 3.38b, the mass flows in
the hot leg of the broken loop have been plot-
ted versus time. Except for the most simpli-
fied 3-02 and 3-02C versions of nodalization
(the break line consists of only 4 volumes in-
stead of 11 for the 2-00 and 3 00 veisions), the
peak values of the mass flow during the few
hundred milliseconds of subcooled liquid flow
conditions ‘measured value 193 kg/s) seemed
to be slightly underpredicted whereas the two
RELAPS/Mod2 runs (3-02 and 3-02C7) over-
predicted this peak value at least 50%.

In the intervall 3 seconds up 1o 20 seconds,
we may observe some scatter around the ex-
perimental reference which may be attributed
to numerical instabilities. Again, these insta-
hilities are slightly more pronounced for the
“N™ than for the “C" type of nodalizations.
It is remarkable that the smoothest curves




Figure 3.37: Calculated mass flows out of the broken cold leg vs. time
compared to the mass flow measured at position BL-105
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have been calculated by the most detailed
2.00 and 2.00C versic as (straight lines) as-
suming additionally a rapid costdown of the
pumps, whereas the equally detailed 2-00PU
and 2-00PUC versions (dashed lines) using an
imposed pump performance scatter similar to
the other runs,

Becuuse of the uncertainties of mass flow
measuring techniques in stationary and tran.
sient two phase flowe it cannot be totally ex-
cluded that deviations also are due to errors
in the experimental reference values.

Because a plot of the loss of mass focusses
more directly on the loss of water inventory
rathec than the time traces of the individ.
ual mass flews through the break, we finally
shall compare the instantaneous time inte-
grals of the two mass flows in the cold and
hot lege of the broken loop (ie. the mass
losses through the break) as predicted by RE-
LAPR 'Mod2 with the equivalent values of the
measurement. The integration of the mass
flows for both the calculations and the ex-
periment has been performed numerically by
simply summing up the products of the two
instantaneous values of the mass flows {cold
and hot leg of the broken loop) times the ac-
tual time step,

In fige. 3.39a and 3.39b, these mass losses
have been plotied as a function of time.
Generally, for all types of nodalizetions the
mass losses have been overpredicted by RE-
LAPS5/Mod2 in the time interval between
3 to 60 seconds., This means that RE.
LAPS5/Mod2 calculated emptying of the ves-
sel Lo be more rapidly, which should result in
an earlier uncovery of the core.

After the entire blow-down phase, the cal.
culation has been terminated because the sys-
tem pressure has decreased 1o the pressure in
tie suppression tank (for the code, the sup.
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pression tank pressure as a function of time
is & boundary condition; the pressure history
inferred from experiment LP-02-6 has been
used). RELAPS/Mod2 calculated no signif-
jcant increase but a slightly decrease of the
mass losaes (i.e. a certain amount of fluid is
flowing back out of the supression tank into
the primary system; in reality an unphysical
process ), whereax the experimental mass loss
data has still i creased with a significant gra-
dient. Again, some question marks can be
raised with respect to the nccuracy of the ex.
perimental reference data.

In figs. 3.30n and 3.39b, one may distin-
guish two different sets of curves, namely, the
two 2-... type cesults and the other three re.
sults of the 3.... nodalizations. For the more
detailed 2-. .. nodalizations, the loss of inven-
tory is significantly higher than for the more
simplified 3.. .. versions. On the other hand,
no significant differences have been observed
between the mass losses of the 3-005 and 3-02
runs even the simplification, especially of the
broken loop, has been rather drastic; e.g. the
hot leg has been reduced from 11 (3-005) to
4 13-02) volumes and the cold leg from 4 to
1.

3.4.8 Intact Loop Mass Flow
and Pump Speed

In figs. 3.40a, 3.40b, 3.41a and 3.41b, the
measured mass flows in the hot and cold
legs of the intact loop have been compared
with the equivalent quantities as calculated
by RELAPS/Mod2 using our different nodal-
izations, In both cases, the stationary val-
ves (-10 to zero seconds) difier significantly
f.om the measured values. Surprisingly, the
measured mass flows in this stationary phase
(even if sll possible leaks are closed) differ
from 265 kg/s in the cold leg to 300 kg/s
in the hot leg (for the initialization of the




T =1

I=I e i e e e b e s e

L irs

MRsSsS~L a5S

(KRG

MRSS-LOSS

Figure 3.39: Calculated mass losses out of the double ended break vs. time
compared to the integrated mass flows measured at position
BL-105 and BL-

e

4000,

e,

s -
LOFY LP-@2-6 7/ MASS-LOSS
q
NOOAL 1 ZATION
-——— 2" o
e 2-00PY
. - .“
PR
PRI b
® INTEGRAL (FR-BL-105 + FR-BL-205)
I A i o i i ] 4 sk “,
~18. 8. 3. 42, S50. 6. 7. B2, 98, 118,
TIME (SEC)
1 1 | ) i i L L 1) A L L
3 "
, e
” TSN S ¢ " — g | — -—J
NOOALTZATION o
— 2-BOC _
wmme 2700PULC
S
. 302 ]

@ INTEGRAL ‘FR-BL-185 ¢ FR-BL-205)

1 A i L 1 L i o

e e e e

20.

" |
’o "u 5.. “- 7.- nc “- l'.-
TIME (SEC)

205

a) by neglecting wall heat capacity
b) by taking into account wall heat capacity (“C")

P P e —




e e _—

problem, we have used the values given in
the quick-look report). With respect to the
accuracy of the measurements, the uncertain
ties of mass flow measurements in two-phase
flows as mentioned above, again, have to be
taken into account,

In fig. 3.40a and 3.40b, the hot leg
mass flows inferred from LOFT experiment
LP-02-6 have been compared to the RE.
LAPS Mod2 calculations. For the first sec.
ond (highly transient part of the experiment )
and after 30 seconds, the discrepancies be.
tween the measurement and all of the cal
culational cases with different nodalizations
are remarkably small. Between one and four
seconds, all RELAPS/Mod2 cases have pre.
dicied a significant “overshoot” of the mass
flow which also is observable to a lesser de-
gree in the measured data. Later, between
six and 22 seconds of the transient, RE-
LAPS /Mod2 has underpredicted the mass
flows; in fact, a flow reversal has been indi-
cated by the calculations which is not sig-
nificant iu the measurement. The calcula-
tions ~f this flow reversal seem to be slightly
higher for the “N™ thau for the “C'" versions
of nodalization. For the time period after 30
seconds, the calculated mass flows are nearly
zero, whereas the measurement still indicated
some positive amount of flow. But because
the measured flowrate is relatively low, it may
be due to uncertainties of the measuring tech.
nigue.

In figs. 3.41a and 3.41b, the mass fow in
the cold leg of the intact loop has been com-
pared to the equivalent RELAPS /'Mod2 cal-
culations, Generally, the predictions seem to
be more unstable than both the experimental
data and the hot leg results. Only the curves
of very low mass flow at times greater than
60 seconds seem to be somehow smoother.
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The stepwise increase of the experimen-
tally liferred mass flow during the first 5
seconds of the experiment (260 to 330 kg/s)
could not been calculated by any of the RE-
LAPS/Mod2 runs but some smaller hints
have been given that such a mass flow in-
crease may exist,

Except the results with nodalizations 2-00
and 2-00C (rapid pump coastdown) the de-
caying part of the mass flow between 6 and
10 seconds hae been reproduced quite satis-
factorly by RELAPS/ Mod2 ; the abnormal
behaviours of the 200 and 2-00C predictions
are probably due to the “wrong” description
of the pump performance.

During the time period between 10 and
20 seconds, RELAPS/Mod2 has slightly over-
predicted the mass flows in the cold leg.

Relatively high inctabilities occur in the
time period between 20 and 55 - sconds. Here,
the experimental data also exhibits signifi-
cant vscillations, indicating some strong flow
instabilities. Because between 20 and 40 sec-
onds, the accumulator has fed approximately
15 kg/s of highly subcooled ECC water and
.0 addition to this, the instabilities enly oc-
cur in the cold leg of the intact loop where
the ECCs is connected to the loop, we tend
to attribute these instabilities to the function-
ing ECC system.

Becavce for all the other nodalizations
the pump speed has been a boundary con-
dition and consequentely matches perfectly
with the measured data, only the results
of the 2.00 and 2-00C nodalizations are of
some interest. Therefore, in figs. 3.42a
and 3.42b, we may concentrate on these two
relative pump speeds as calculated by RE-
LAPS5/Mod2 which have been compared to
the equivalent average experimental data.
Here, the relative pump speed is defined as
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the actual value d.vided by the initial speed
under stationary conditions; because the ab.
solute value of the pump speeds has been ad.
justed so that the intact loop mass flow is
equivalent to the experimental one given on
table 1.1, only relative values can be com-
pared. Indeed, the coast down of the pumps
is much more rapid than for the other cases
plotied for reference in the two graphs which
may have induced different thermohydraulic
conditions inside the whole LOFT system.

3.4.9 ECC System

In fige 343 to 3.46, experimentally in-
ferred accumulator liquid level, accumula-
tor pressure, accumulator flowrate as well
as the flowrates of the low pressure injec.
tion systems (LPIS) have been compared
to the eguivalent | ELAPS/Mod?2 calcula-
tions. Bocause the HPIS system has sup-
plied water with a constant flowrate and its
value has been a Loundary condition, no
discrepancies between experimental and RE-
LAPS5/Mod2 calculated results are expected;
therefore, plots of the HPIS flowrates have
been omitted.

The time point of starting the accumula-
tor injection has been defined by a time trip
(boundary condition) instead of a code cal-
culated pressure trip which would model the
LOFT system in a more realistic way, but
on the other hand would multiply deviations
in the RELAPS/Mod2 calculation of the sys-
tem pressure to other parameters of interest
of the whole LOFT system (e.g. a later start
of the ECCS would probably influence signifi-
cantly the shapes of the cladding temperatur=
traces). Furthermore, the empty-point of the
accumulator, i.e. the time when the accu-
mulator level approaches zero, has been ad-
Justed once for all for the 6.00 nodalization of
the LOFT LP-LB-1 experiment (see ref. [7])
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by multiplying the forward and backward en-
ergy loss coefficients of the accumulator vol-
ume by nearly 3; for all the other types of
nodalizations, the same coefficients have been
used. In addition, it was necessary to close
the valve 610 (see fige. 2.1, 2.3 and 2.4) af
ter the accumulator was emptied to avoid an
execution error of RELAPS, Mod2 (message:
arithmetic overflow). This error is probably
due to an improper modelling of incondensi-
bles (nitrogen) by RELAPSH/ Mod2 | nitrogen
is released by the accumulator into the sys
tem after emptying.

First, in figs. 3.43a and 3.43b, the lig-
uid levels in the accumulator as calculated
by RELAPS/Mod2 have been plotted in the
time interval the accumulator is activated
and compared to the experimental data, The
curves are satisfactory close to the exper-
imental points. The longest accumulator
times have been achieved by using the most
detailed 2-... types of nodalizations whereas
the results closest to the measurements are
those inferred from the most s . plified 3-02
runs, even the discrepancies between the dif-
ferent results are quite low, namely less than
5 second.

In figs. 3.44a and 3.44h, the pressure
in the accumulator vessel interred from the
measurement has been compared to the
equivalent pressures as calculated by RE-
LAP5/Mod2 . Generally, the code tended to
slightly overpredict the real pressures but the
difference is less than 0.3 MPa. Because in
contrary to the experiment, as already men-
tioned above, for the RELAPS5/Mod2 predic-
tions a valve has to be closed for numerical
reasons, the predicted pressure remained con-
stant after this valve has been closed.

Closest to the measurements we have found
the results of the 3-02 nodalizations, i.e. of
the most simplified versions of the LOFT sys-
tem. The poorest results on the other hand
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have been found to be the 2.00 and 2.00C
calculations.

In figs. 3.45a and 3.45b, the flowrates
out of the accumulator as calculated by RE-
LAPS5,/ Mod2 using our different nodalizations
have been plotted but unfortunately, no ex-
perimental data has been available. The
highest flowrates have been calculated using
the most simplified 3.-02 and 3-02C types of
nodalization whereas the lowest values have
been calculated with the 2-00 and 2.00C
CAsES.

Finally, in figs. 3.46a and 3.46b, the
flowrates of the Low Pressure Injection Sys-
tem (LPIS) have been corupared to the equiv
alent RELAPS/Mod2 results.  For all the
different nodalizations, the caiculated results
have been found to be rather poor although
with respect to the qualitative aspect of the
total mass injected, the predictions are ac
ceptable.

At the beginning of the LPIS action, a sud-
den decrease from 6 to 1.5 kg/s followed by
an increase from 4.5 to 7 kg/s can be ob-
served in the experimental data which has not
at all been calculated by RELAPS/ Mod2 .
This strange behaviour of the LP1S mass flow
is believed to be due io a short high pres-
sure nitrogen release out of the accumula-
tor into the system at the moment when it
has been emptied completely. This nitrogen
release for some seconds caused a small in-
crease of the system pressure (which can be
observed in the system pressure data of figs.
3.20a and 3.29b at around 60 s) and even a
larger increase directly in the ECCS- viping
thus reducing the LPIS flow-rate which is
governed by the pressure difference between
ECCS-piping pressure and the constant LPIS
pressure. After some seconds, this increase
in the ECCS-piping pressure diminishes and
the LPIS flowrate recovered. Because the
“nitrogen injection” has not been taken into
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account by the RELAPS /Mod2 calculations,
the code has calculated a more or less smooth
curve which is close to the experimental data
after the experimentally observed flow insta-
bility has been dampened and which more or
less represents the time-average of the experi-
mentally inferred LP1S mass flow between 40
and 65 seconds.

3.5 Investigation on the
Prediction of Eariy
Bottom-Up
Rewetting

The occurence of a high flowrate, early bot-
tom up quench front has been regarded as one
of the “key events” of LOFT large break ex-
periments and also of experiment LP-02-6 .
This early bottom-up quench rewetted the
whole core between approximately 4.5 and 8
seconde after the initiation of the transient
thus reducing drastically the general core
heat-up during this experin.ent. As we have
already mentioned, RELAPSH/ Mod2 was not
able to predict this early bottom-up quench.

One of the features of RELAPS/Mod?2 code
is the fact that it uers differsnt sets of heat-
transfer correlations under non-reflood and
reflood conditions (e.g. correlations for nu-
cleate boiling, tran  on boeiling and film
boiling). On top of this, the calculation
of the temperature distribution of the fuel
rod is enhanced by subdividing the axial
length (correspondir to the length of the
connected hydrodynamic volume) into sev
eral “fine meshes” to better model the oc-
curence of steep temperature gredients inside
the cladding during reflooding. The “switch-
ing" from normal operation to reflooding can
be achieved by three different methods :

1. external trip (to be set by user defined
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options)

2. internally set by the code when the con-
nected hydrodynamic volumes are nearly
empty

3. wternally set by the code when dryout
begins in the connected hydrodynamic
volumes

In addition, the last two cases are limited
to system pressures less than 10 bars. Once
the reflood calculation has been initiated, it
remains activated until the end of the calcu
letion.

Obviously, the choice of a slightly differ.
ent heat transfer correlations combined with
as a better tracing of the axial cladding
temperature distribution by “fine meshing”
will have an important influence on the pre.
diction of cladding temperatures. Conge.
quently, the time of the reflood initiation,
i.e. the “switch” between both the different
sets of correlations and the numerical solu-
tion schemes may have a very important re-
sult. Therefore, one may argue that the cal-
culation of the early bottom-up quench by
RELAP5/Mod2 in experiment LP-02-6 only
failed because the reflood option has not been
initiated early enough.

For investigation of this problem, we have
performed two different RELAP5/Mod2 cal-
culation, using first nodalization 3-005 with
re..ood initiation option one (3-005T). Be-
cause we have observed earlier (see ref. (7))
that the last two options produce equivalent
results, we have not calculated the problem
using option number two. For version 3-005,
the reflood option usually has been initiated
automatically by the code between 30 and
40 seconds after opening of the break valves
when the system pressure has fallen below 10
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bars and the collapsed liquid level in the core
has reached its minimum (see figs. 3.29 and
3.36). For version 3-00567T, the reflood option
initiation trip has been set externally when
the average collapsed liquid level in *he core.
region reached & value of less than 10%, Ac-
cording to fig. 3.36, this happened for the
first time spproximately 4 seconds after the
initiation of the experiment; this external ini-
tiation of the reflood option is independent of
the system pressure.

In fige. 347 a to k, the cladding tem-
peratures measured at 10 axial positions
in the center box 5 (hot channel) have
heen compared to the equivalent two RE-
LAPS5/Mod2 calculations; figs. 3.47 have to
be regarded as an extract out of the figs. 3.5
to 3.14, which have been discussed above,
From a general point of view, for all the ten
levels, the deviations between the two pre-
dictions are quite considerable. On the other
hand, with respect to early bottom-up rewet-
ting during the first 10 seconds of the experi-
ment, no significant differences have been ob-
served for the firet four levels, namely levels.
02, <11, -21 and -24 (figs. 3.47 a to d).

Significant deviations start at level-27 (fig.
3.47e). Here, the 3-0067T calculation (i.e.
the run with external triggering of the re-
flood option) has done a nearly perfect job
in predicting the time trace of the cladding
temperature both during early bottom-up
rewetting as well as the during final refill,
whereas the 3-005 calculation failed totally
in predicting bottom-up rewetting. This op-
timistic picture has already been changed at
the next position, level-31 and again at level-
39, even the 3-005T calculations still have
been closer to the experimentally inferred ref-
erence data (figs 3.47f and g). At level.43.8
(fig. 3.4Th), for the 3-005T calculation RE-
LAPS5/Mod2 did an acceptable job concern-
ing the prediction of early bottom-up rewet-
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ting but failed in calculating the second core
heat-up during the refill phase of the exper.
iment whereas the calculation 3-00% totally
has missed the early bottom up rewetting.

For the last two levels 44 and -62 (figs.
3.47 1 and k), again no dramatic differences
between the RELAPS ModZ results of the
two nodalizations have been observed; in fact,
both calculations have missed whut was really
happened during the experimental transient
al these core levels,

In figs. 3.48a to d, the comparison has been
made for the predictions of the average chan-
rel at the four available core levels of side box
4. Here, for both of the RELAPS /Mud2 enl
culations, the results are rather posr. With
respect to the prediction of early bottem-
up rewetting, none of them was able even
to describe the core heat-up from which the
cladding can be cooled down by bottom-up
rewetting. Some exceptions to this stete-
ment we may identify at level-21 (fig. 3.48%h)
where the standard nodalization 3-005 indi-
cated some short temperature rise between 4
and 6 seconds which is still 40 K lower than
the temperatures irferred from the experi-
ment.

On the other hand, the core heat-up during
the refill phase has been calculated by the two
RELAPS/Mod2 -runs but it is hard to decide
which one of the two versions made a better
valculation because at some levels, the 3-005
results are more “on the line” (e.g. figs 3.48a
and 3.484) whereas at the two other levels
the 3-005T calculations seemed to be slightly
better (figs. 3.48b und 3.48¢).

Finally, in fig. 3.49, we would like to
look again at the time behaviour of the cen.
ter fuel temperature where reference tem-
peratures are available only for level.27. In
this graph, the prediction of the 3-005T RE-
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LAPS/Mod2 calculation seems to be nearly
perfect. This is not at all surprising because
we have already found the cladding tempera-
ture trace at this core level to be in excellent
agreement with the measurement. On the
other hand, we have seen this good agree-
ment with the reference cladding ternpera.
tures only at level 27 which may lead us to
the conclusion that the center fuel temper-
atures also might deviate at the other core
levels where no reference data is available.

Summarizing our observations with respect
to early bottom-up rewetting, one has to con-
clude that RELAPS /Mod2 generally has not
been able to predict this phenomenon. A
change in the logic of initisting the reflood
option (which forces RELAPS /Mod2 both to
use a slightly modified heat transfer pack-
age end to subdivide the axial meshing of
the claading as predetermined by the length
of the adjacent hydrodynamic volume in or-
der to keep hetter track of the axial tempera-
ture distribution in the vicinity of the quench
front) resulted only partially in better pe-
dictions without explaining the physical phe-
nomena bu* on the other hand created worse
results in other phases of the transient. E.g.
compured to the ones of the standard 3-005-
RELAPS5/Mod2 caleulations, the results of
the 3-0057T RELAPS/Mod2 prediction have
been found to be always lower,

In a recent work, Analytis and Liibbes-
meyer (1ef. [8]) investigated the failure of RE-
LAPS/Mod2 in descibing the early bottom
up phenomenon by looking at the differences
in the hea' transfer packages under rewet-
ting and non-rewetting conditions. 1t has
been found, that these differences are negligi-
ble small. There is only one statement which
prevents RELAPS/Mod2 froin describing the
early bettom up phenomena and this state-
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Chapter 4

Conclusions
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Experiment LP-02.6 was conducted in the
Loss-Of-Fluid Test (LOFT) facility at the
ldaho National F.gineering Laboratory. It
was the first large break loss-of-coolant ac-
cident simulation and the fourth experiment
overall conducted or the LOFT test fucility
under the anspices of the OECD,

During this experiment, the cladding tem-
peratures remained at temperatures lower
than 1060 K which mair'v was due to fact
that high mass flow, early bottom-up rewet-
ting took place during the blowdown phase of
the experiment, approximately 4.5 to 8 sec-
onds after opening of the break valves, In ad-
dition, in the upper part of the core, heat-up
might have been delayed due to partial top-
down quenching between 15 and 18 seconds
of the experiment.

For the plant to be analysed, the “adequate
nodalization” is usually unknown and only
some very rough criteria can be given to the
code user. Consequentely, the accuracy of
a prediction may be strongly related to the
“experience” of the code user, a quite un-
| satisfactory conclusicn. Therefore, we have
analysed the LP-02-6 experiment by using
thy vest estimate code RELAPS/Mod2 cy36-
| 02 with different nodalizations of the loft
| system. Starting with a nodalization sim-
| ilar to the one used by tie code develop-
| ers at INEL (specially dev-loped for small
|
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break LOCAs), we have reduced the numbers
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of volumes, junctions and heat structures in
the primary Loop of the LOFT system to
nearly half whereas the entire vessel stayed
unchanged to meet the requirements of the
given experimental axial positions, especially
for the cladding temperature measurements.
We further have investigated on the influence
of fine meshing in the core zone during re-
flooding on quench time and -temperature
and on the influence of the time of initial-
ization of the reflood option with respect 1o
RELAPS5/Mod2 s predicting capabilities of
the quench phenomena,

o RELAP5/Mod2 | ¢y36-02 has calcu-
lated the general thermo-hydraulic be-
haviour of experiment LP.02.6 satis
factorly although it failed in describ.
ing the early bottom-up rew- ‘ting which
happened between 4 and 8 seconds of
the transient (blowdown phase) quench-
ing the whole core. Independently
of the choosen nodalization, most of
the investigated parameters like pres-
sures, mass flows in the broken and in-
tact loops, pump speed and ECC sys-
tems have error bounds less than +20%.
The cladding temperatures have been
both over- and underpredicted (depend-
ing on the investigated core level) but
not more than 150 K. For all nodal-
izations, the hot spot has been calcu-
lated at a position more downstream







g S e e e g A e e R e R B e e P —— - e T T I T ——

| e Finally, a remarkable inconsistency has

| been observed concerning the heat trans-

fer and flow regime logics of RE-

: LAP5/Mod2 . Dy 1ng the refill phase

: of the calculation, at the same time

: RELAPS5/ Mod2 assumed different flow ‘
regimes on one side for its calculation ‘

' of the interfacial shear stresses and in- !

: terfacial heat transfers and on the other :

| side for the determination of the heat I

, tranefer from the wall to the fluid (lig- :

-' uid). This unphysical ruodeling of the ;

E thermo-hydraulic conditions in the core :

. 7ogion of the LOFT reactor may invali- i

date even results which have been proved
as to be satisfactory by a pure compari-

son with the experimental data, eg. at :
the same ¢ .al position and at the same :

time, REL..P&8/ Mod?2 assumed both wet !
and dry surface by .sfining mist flow and ’
slug flow for the same volume.

R RSN
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5.2 Listing of RELAP5/Mod2 - Input Mk. 2-00C

Finally, as an example, the RELAP5 Mod2 - inputdeck Mk, 2-00C will be listed (for the “Nor-
mal Version”, lines LP2-1742 to LP2-1889 and lines LP2-2256 to LP2-2202 have to be

deleted) :

-

= LOFT LP-02-6 [post test analysis] / mk 2-00 C
-

. LP-02-8 initial conditions

.

. pover = 46.0 MW

s pes flow = 248.7 kg/s

* t hot = §89.1 K

* tcold = b66.0 K

. pce pressure = 165.09 MPa

»

. pzr pressure = 15.3 MPa

. pzr level = 1,04 m (41 in)

-

.

»

* nodalisation

B e i e e

-

00C00100 new transnt

00000101 Yun

00000108 5.0 10.0 850.

00000110  nitrogen

-

» time step control cards

» end time min dt max dt optn  mnr
00000201 19, 1.0-6 2 16003 10
00000202 12. 1.0-12 01 15003 1
00000203 1.+46 1.0-12 A 16003 1

AR AR RIS RE RS RE D A DA R ER S8 B LF SRS T2 28 I1 B3 B 1% B 3% I 2 B I

-

. minor edit variables

*

AR RS AR LR R LA R DR DR DR RE ER S R R R 2 £ B8 28 2% B B B £ 2% T EF £ £ 0

*

*

112

( 1.4.87 )

* required

mir rst

1000 1000
1000 1000
1000 1000

Lp2-

»LP2~-

LP% -
LP2-
LP2-
LP2-
LP2~
LP2-
Lp2-
Lp2~
LpP2-
LP2~
LP2~
LP2-
LP2~
LP2-
Lp2-
Lp2r
LP2-
*LP2~
*LP2~
*LP2~
*LP2~
LP2~-
LP2~
P2~
*LP2-
sLP2~
LP2~
LP2-
LP2-
LP2~
Lp2~
LP2=
LP2-
LP2~
LP2-

o N ;Mmd W

-
o ©

T









00000377
00000378
0000u379
.

00000380
00000381
-

00000382
00000383
00000384
00000386
-

00000386
00000387
00000388
00000389
00000390

httemp
httemp
httemp

httemp
httemp

httemp
httemp
httemp
httemp

entrlvar
cntrlvar
entrilvar
cntrlvar
centrlvar

231001010
231001110
231001310

231000601
231001001

230000106
2300002086
2300003086
230000405

2
230
231
260
76

00000391 mflowj 245020000
00000392 mflowj 201000000
00000383 mflowj 208000000
00000394 mflowj 271000000

00000388 mflow) 275000000
-

*
t‘t..‘t'.‘t‘t'.‘#tt‘t’i‘v‘t‘v’.‘t‘l‘t‘#"“'t‘t"‘.".!‘.'t.t.#‘t
-

. trips

.
o’-'.‘n‘v‘a‘-‘w‘o’.‘n‘t‘.'-‘.Qo‘t‘-‘n'o‘t‘.Q.'u't‘t‘m‘n.t.t‘t‘-‘-

-

Resne - ek funie wiwe fusvn weee Srans neis b Ll B e
* [t-B00] end of job trip

Wi femces ey furne muns jessn nave JRess [aa S i fonasn mesu jomen
00000500 time 0 ge null 0 130.

00000600 600

Beinmm o ome femee’ snna Jrume Buny it e sy B e o fewne mueny frsne
e frone wown lommm somefeccs cosc]ennn covajecen cocafana-
. 510-616 test specific trips

By il funne. mnie gonsn wawn Sl C feswe wame iSens suns 3 o om
» break opens

115

sLP2-
*LP2-
*«LP2-
LP2-
sLP2~
*LP2~
LpP2-
*LP2~
*LP2~
*LP2-
*LP2-
LP2-
*LP2-
*LP2-
*LF2-
*LP2-
slP2-
LP2-
*LP2-
*LP2-
»LP2-
*LP2-
*LP2~
LP2-
LP2~
LP2-
LP2-
LP2-
LP2~
LP2-
LP2~
LP2-
LP2-
LP2~
*LP2-
*LP2-
LP2-
LP2-
LP2~
LP2-

LpP2-
LP2~

124
126
126
127
128
129
130
131
132
133
134
136
136
137
138
139
140
141
142
143
144
146
146
147
148
149
160
161
162
163
154
166
166
187
168
158
160
161
i62
163
164
165
166



00000610  time 0 ge null 0 10.0

-

.

. scram

00000611  time 0 ge timeof 610 0.13

. pecp trip

00000612  time 0 ge timeof 510 0.8

" lpis on

000005613 time 0 ge timeof 610 34.8

. hpis on

000005614 time 0 ge timeof 610 21.8

. accumulator valve

00000616  time 0 ge timeof 510 17.6

* broken leg bypass

00000616  time 0 ge null 0 1.049
Ropoemre: o A raes wawe &R Sh e Ao mme Sww AR e acm frums weau A
. different related trips

Wi i ok e Aoeve seéw Aere Mewe jrese re-s onEn e frnee avan
* 1t 681 ecc check valve card €000301

Rennn SRew]spen asew]reee | sesslusee sarsleann wrse]ese weselasee
00000877 mflowj 600000000 ge null 0 0.0
00000578 p 605010000 gt p 186010000 0,
00000681 577 and B78

bad S B L § R S R Jomman | e jeeed subslonne =ewns Aot
* 1t 682 accumulator valve card 6100301

s e s et L S L yvrs sy Aorns senwlenEe wikas Lamew
00000882 cntrlivar 4 1t  null 9 1.0~4
00000682  -b682 and 515

Rwonn aswe ferer aney =, e Jeere waws Juoen sswn] i e evme
* lt 685-686 steam valve card 5400301

ncahal AL L rens wewy fomae pows Irear eans jewns wowalawes wnww Jrenw
* open trip

00000688 p 530010000 gt null 0 5.566+6
00000680 p §30010000 1t null 0 5.60+46
00000870 685 or 589

00000671  -590 and ~€86

000006885 671 and 670

* close trip

00000641 p 530010900 gt null 0 5.10+6
00000682 p 530010000 1t null 0 6.06+6
00000672 686 or 592

00000673  -581 and 872

116

sLP2~
LP2~
LP2-
LP2-
LP2-
LP2~
*LP2~
LP2~
sLP2~
Lp2-
*LP2~
Lr2-
»LP2-
LpP2-
*LP2~
LP2-
LP2-
LP2~-
Lp2-
LP2~
LP2~
*LP2~-
*LP2-
*LP2-
LP2-
LpP2-
LP2-
«LP2-
*LP2-
LP2-
LP2-
LP2~
Lpa2-
“LP2-
sLP2~
*LP2-
*LP2-
*LP2-
LP2-
*LP2-
*«LP2~
»LP2-
*LP2~-

187

168

169

170

174

172

173

174

176

176
177

178
179
180
181
182
183
184
185
186
187
i88
189
190
191

192
183
194
196
196
197
198
199
200
201
202
203
204
208
2086
T
408
209



00000674 ~685 and 511 n

00000686 673 and 674 n

Hesan sensjenys woka]saper seosjisen ruaslsnnn sedbleedn sesn]senn
* job termination valve trips

Sosm jerve waew jomen enaw fonse mwas fenwe smaw aens mede foese
* open

00000687 686 or 685 n

* close

00000688 688 or 686 n

Bunmm sassiwenn seasjress sesn]sere cenn]snes  snbwldand whes]enn
-

-

-

-

-

-

I I I N NN D T S D B B BT B8 28 B £ £ £ £
»

* intact loop [ 100 ]
-

R R LR R TS S R R R R R R B T T R TR S8 T B T T £ 2% 25 £F £ TF £ B £

Rapry noapledrn kapnienss Sadnlagia anibleans adsdleoade Swnag ey
* reactor vessel nozzle - intact loop hot leg

W st ko jrses peew B Al it TR wew frven wénw AT pEmE g v
1000000  "rvn ilR1" branch

1000001 2 0

1000101 0.0 1.68878 0.102752 0.0 0.0 0.0
1000102 4.0e-5 0.0 00

1002200 © 1.62896+7 1410741. 2452888, 0.

1001101 252010000 100000000 0.0634 0.1 0.1 0002
1002101 100010000 106000000 €.0 0.1 0.1 0000
1001201 5.6727028 5.71110563 0. * (M = 247.56 kg/s)

1002201 5.6688271 5.6727905 0. * (M = 247.56 kg/s)

fnmer csppr]sses sensfasces sonsfoncs mrsofesds swnsivbes measlosue
* pressurizer connection tee reactor vessel side

Rueas ol dovne wses jrove secw g Evem i b Jrass dews Jomire same
1060000 "pzr t rv" branch

1060001 1 0

1060101 0.0634444 1.0531192 0.0 0.0 0.0 0.0
1050102 4.0e-5 0.0 00

1060200 © 1.62874+7 1410744. 2452862, 0.

1061101 106010000 107000000 0.0 0.12 0.12 0000

117

*LpP2-
»LP2-
LP2~
LP2-
LP2-
LP2~-
*LP2-
LpP2~
sLP2~
LP2-
LP2-
LP2~
Lpa~
LP2-
LP2~
LP2~
LP2-
LP2-
LP2-
LP2~
LP2~
LP2-
LP2~
LP2-
LP2-
sLP2-
*LP2-
»LP2~
*LP2~
sLP2-
*LP2~
»LP2~
LP2~
Lp2=
LP2~
LP2-
LP2~
«LP2-
»LP2~
*LP2-
*LP2-
*LP2-
*LP2~

210
211
212
213
214
216
216
217
218
219
220
221
222
223
224
226
226
227
228
229
230
231
232
233
234
236
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252



1061201

A — S p—

6.7986487 65.8006973 0. * (M = 247.55 kg/s)

Brons sowalrves wernlrens cessjoanne connirenn ssse]nncn soaafesdw
* pressurizer connection tee

Sameh emew denas suew feene woss jrees sees frsen onpu AR wsad B onnB
1070000 ‘“pzr t " branch

1070001 1 0

1070101 0.0620263 0.2810215 0.0 0.0 0.0 0.9
1070102 4.0e-5§ 0.0 00

1070200 © 1.52852+7 1410746, 24530086, 0.

1071101 107010G00 110000000 0.0 0.135 0.136 0000
1071201  5.9346313 5.9351082 0. *« (M = 247.57 kg/s)

Frien sesxlsves ssssfrese menviomme awy ol ebsis nesafrsee caen]wens
* pressurizer connection tee steam generator side

Wiwmin  Swief ivres enns fArers wane drans e frmrn seae foven mawn s
1100000  "pzr t sg" branch

1100001 1 0

1100101 0.0606063 ©.9207282 0.0 0.0 0.0 0.0
1100102 4.0e-b 0.0 00

1100200 0O 1.52827+7 1410749. 2453066. O,

1101101 110010000 112000000 0.0 0.15 0.16 0000
1101201 6.2683144 6.2684364 0. * (M = 247.57 kg/s)
R feeme aeee R lmmmn mmsa lomme meee foese owas 1eee-
* hot leg piping

Soove mmen l=wms weae fmmmm —een l=mme —me- R jovweme emen L
1120000 "hot leg " pipe

1120001 2

1120101 2.0 2

1120201 0.0 1

1120301 1.38883 1

1120302 0.707687 2

1120401 0.0796973 1

1120402 0.0679614 2

1120601 0.0 2

1120601 0.0 1

1120602 90.0 2

1120701 0.0 1

1120702 0.246447 2

1120801 4.0e-5 0.0

1120901 0,20 0.20 i

1121001 00 2

1121101 0000 1

1121201 0O 1.52786+7 1410762, 2453166. O. 0.
1121202 0O 1.52814+7 1410754. 2453098. O. 0.

118

LP2~

LP2=-

LP2~

LP2~
*LPZ-
*LP2~
*LP2~
*LP2-
*LP2~
sLp2-

LpP2-

LP2-

LP2-

LP2-
sLP2~
*LP2-
*LP2-
*LP2-
*LP2~
*LP2~

LP2~

LP2-

LP2-

LP2-
=LP2~
*LP2~-
*LP2~
*LP2-
*LP2-
*LP2-
*LP2-
»LP2~
«LP2~
=LP2-
»LP2-
xLP2-
=LP2-
*LP2-
*LP2-
*LP2-
*LP2~
=LP2~
=LP2-

263
264
2566
2566
257
268
2569
260
261
262
263
264
266
266
267
268
269
270
271
272
273
274
278
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
203
294
295
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1300101 0.0 0.457201 0.0177444 0.0 90.0 0.457201
1300102 4.0e-b 0.0 00

1300200 O 1.52183+7 1226621. 2454620, :
BPevid viahw lwved svns Pevne ceeu jevvn snes frrs wee jerver nnws jeves
¢ primary coolant pump 1

Aebsm sons jremm wwan joren anes foves mcme Jerwe sens foves ecom fomme
1350000 "pcpumpl" pump

13560101 w366 0.0 0.0991 0.0 80. 0.317900
1360102 O

1350108 130010000 0.0 0.017 0.017 0000

260109 140000000 0.0 0.08 0.086 0000

1360200 © 1.52814+7 1226902, 2453086. 0.

1360201 0 4.1930466 4.1830466 0. * (M = 116.56 kg/s)
1360202 © 4.1926749 4.1928749 0. * M = 116.55 kg/s)
1360301 0 0 0 | =1 6§12 0
1360302 369 0.448689 31656 96. §00.8 1.431
. 5 {pump speed = 165.56995 rev/s)
1360303 613.6 0. 207.433  .0444 19.6887 0.
1350310 ©.0 0.0 0.0

B phds foad mpne jv=we wmaim R P wmen Jhmas e Sl
* pump 1 outlet pump side

Bosne wmiw Frnie sney Joren wmaw frwee eri L memmil Sardm S - S
1400000 "pmpl out" snglvol

1400101 ©.0 0.602186 0.0183849 0.0 0.0 0.0
1400102 4.0e-5 0.0 00

1400200 0O 1.53468+7 1226905. 2451526. :

L L Rt — ek fesan Bears AE=SS e fveas Swew fiwiws wwwe e
* pumpl outlet pipe tee side

Boewn sonsfosvan srenjsmme snpa]eces wess]rene srsefesis revnfoaws
1450000 "pmpl out" branch

1450001 2 0

1460101 0.C 1.40843 0.0673861 0.0 0.0 0.0
1450102 4.0e-5 0.0 00

1460200 © 1.53488+7 1226911, 2451478, 0.

1451101 140010000 145000000 0.0 0.0 0.0 0000
1452101 145010000 150000000 0.0 0.567466 0.050347 0000
1451201 4.191433 4.191433 0O. * (M = 116.56 kg/s)

1452201  3.4095764 3.4095764 0. = (M= 116.56 kg/s)
v S SR Bacmivics “wpanen) Lrr=s ¥eow o (uk : Shaanealieg o g hess
* pump outlet tee

Benan sssalsens dase]sdne pensfensn sonmisann e e]anee. el oy
1600000 "pmp out" branch

1600001 1 0

122
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P2~
“LP2-
»LP2~
LP2-
LP2-
LP2~
=LP2-
sLP2~-
«LP2-
*LP2-
sLP2-~
»Lpa~-
LP2~
LP2-~
=LP2~-
«LP2-
LP3-
sLP2~
P2~
Lp2-
LP2-
LP2-
»LP2-
*LP2~
*LP2-
«LP2~
LP2-
LP2=
LP2~
*LP2-
»LP2~
=L P2~
*LP2-
«LP2~
*LP2-
*LP2~
LP2~
LP2~
LP2-
LP2-
LP2-
*LP2-
«LP2-

426
426
427
428
429
430
431
432
433
434
435
436
437
436
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
4566
456
457
468
459
460
461
462
463
464
4656
466
467

T e e S

|
|
|
|
:
i
|
|

e e A

A e e
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1600101 0.0 0.496511 0.0316011 0.0 0.0 C.0

1600102 4.0e-5 0.0 00

1600200 O 1.53404+7 1226911. 2451678, 0,

1601101 150010000 175000000 0.063427 0.0 0.0 0000
1501201 5.1387658 6.1387668 0. * (M = 247.56 kg/v)

Pruve cusafenss shvalssen sssnjessva ssdejesen senn]sben Sene]mues
* pump 2 suction tee cutlet

o . bl ASERE maw Furgm e e LA R e e
1650000 "pmp2 sct" branch

1660001 1 0

1660101 0.0 1.00308 0.0640548 0.0 80. 0,520704
1660102 4.0e-5 0.0 00

1660200 O 1.52263+7 1226819, 2454448. 0.

15651101 1865010000 160000000 0.0 0.13 0.13 0000
1651201  4.4447289 4.4447289 0. « (M = 131.01 kg/s)

Wepew  Seasietne sshalsbne wekeloosn Sowrsonn Ennalshom wmenl wees
* pump 2 inlet pipe

W sacle ue | faviarim o Jesne Rmedeiy e Qoavmy e iode R e B s L R -
1600000  "pmp2 inl" snglvol

1600101 0.0 0.457201 0.0177444 0.0 80. 0.4857201
1600102 &.Ce-5 0.0 00

1600200 0O 1.52168+7 1226820. 2454678. O,

$omnn smsilrrve messlesve stusiesis aranfjeven memsfrors wpsefacas
* primary coolant pump 2

Baniws wase e B pominses smedelwenk seaslasies B-ealeshe. stue]eses
1650000 "pecpump2" pump

1650101 .0366 0.0 0.0991 0.0 80. 0.317000
1660102 O

1660108 160010000 9.0 0.017 0.017 0000

1650108 170000000 0.0 0.1 0.1 0000

1680200 O 1.8279747 12269056. 2453138. 0.

1680201 0O 4.T7132797 4.7132797 0. * (M = 131.01 kg/s)
1660202 0O 4.7130966 4.7130966 0. » (M = 131.01 kg/s)
1650301 136 135 138 -3 . 512 0
165030,  369. 0.47249832 .31566 96. 500.6 1.431
* o (pump speed = 174.34998 rev/s)
1650303 613.¢ 0. 207.433  .0444 19.6887 0.
1660310 0.0 0.0 0.0

Mt g ortyiaas i - e Jromue wess jovmn sene St ecedepe Jrmew sams Lo
* pump 2 outlet

Ripprn | e Jrememn v dntme duwy g wene L winmin  waars gepon waw e
1700000  "pmp2 out" branch

1700001 1 0

»LP2~
sLP2-
sLP2-
*LP2-
LP2-
LP2-
LP2~
LP2-
=LP2~-
*LP2~
»LP2~
=LpP2-
*LP2-
*LP2~
LP2-
LP2-
'~P2"
LP2~-
«LP2~
*LP2~
*LP2~
»LP2~
LP2~
LP2~
LP2~
*LP2-
sLP2-
*LP2~
=LP2-
*LP2-
*LP2-
LP2-
LP2-
*LP2~
*LP2~
LP2-
P2~
*LP2-
LP2~
LP2~
LP2~
*LP2~
*LP2~

468
469
470
471
472
473
474
476
476
477
478
479
480
481
482
483
484
4856
486
487
488
489
490
491
492
493
494
495
4096
497
498
499
500
501
502
503
504
608
506
507
508
509
610



1700101 0.0 0.514071 0.01929868 0.0 0.0 0.0
1700102 4.0e-5 0.0 00

1700200 O 1.5345847 1226908, 2451548, 0.

1701101 170010000 160000000 0.036611 0.3847 0.6316 0000
1701201 4.7113162 4.7113162 0. *» (M= 131.01 kg/s)

Ssame wneejense cavnjosne oviu]rass sasn]scse nesafaces Zesulaans
* intact loop cold leg pipe

foans ssas frene see- jemne ena- jovne wrun lomwe wme= foei = memw e
1750000  "ilel pip" pipe

1760001 2

1760102 0.0 2

1760201 0.0 1

1750201 0.B68577 1

1760302 0.613244 2

1760401 0.036428 1

1750402 0.038885 2

1760801 0.0 2

1750801 0.0 2

1760701 0.0 2

1760801 4.0e-§ 0.0 2

1760801 0.0 0.0 1

1761001 00 2

1761101 0000 1

1761201 ¢ 1.63401+7 1226913, 2451686. 0. -
176120¢ O 1.53399+7 1226914. 24E1682, O, 0.
176130¢ 0O

1761301 5.1359198 5.1389188 0, 1 » (M = 247 .66 kg/s)
Bupren anew jemee wone frmen wtve frevee Sows frecbr et fomms caes g s
* ecc connection tee

Bpase . mwan Josws waen fonss wiuw Josee i foewe bt Jeess weom e
1800000 "ecc t " branch

1800001 1 0

1800101 0.0 1.16189 0.0730598 0.0 0.0 0.0
1800102 4.C~-§ 0.0 00

1800200 0 1.63396+7 1226918. 2451702. 0.

1801101 176010000 180000000 0.0 0.0 0.0 0000
1801201 5.1389236 5.1389236 0. * (M = 247 .66 kg/s)

i e jrecs swee joase annu fames amis fonse enwe s Rl
* reactor vessel nozzle - intact loop cold leg

Wi b duie: e e Awews seds S | Ay Frovm waus e -
1860000 "rvm ilel" branch

1850001 2 0

1860101 0.0 1.00866 0.0644920 0.0 0.0 0.0

»LP2~
*LP2~
*LP2-
*LP2~

LP2~

LP2~

LP2-

Lp2-
*I.P2-
*LpP2~
»LP2~
*LP2-
*LP2~
*LP2~
*LP2-
*LP2-
*LP2~
*LP2-
*LP2-
*LP2-
*LP2-
«LP2-
»LP2~
*LP2-
*LP2~
*LP2~

Lp2-

LP2-

LP2~

LP2~
*LP2-
*LP2~
*LP2-
=LP2-
*LP2~
P2~

LP2~-

LP2~

LP2-

LP2~
*LP2-
=LP2~
*LP2-

6511

512
513
614
516
516
517
518
519
520
6521

522
523
524
5286
526
627
528
529
530
631
532
533
534
5356
6536
637
6538
539
540
6541
542
543
544
545
5486
547
548
549
550
661
562
65563






2020601 -90.0 1 *LP2- 697

2020801 3.81-86 0.172 1 *LP2- 598
2021001 00 1 *LP2- 599
2021201 © 1.63206+47 1226823, 2452164, O, 0. 1 =LP2- 600
#mcee cmee e frere mems {eeen ssen Jmsmn meen frwms cmen fom=- LP2- 601
* junction - middle to lower inlet annulus intact side LP2- 602
Ponnn sown froes cwues feoee sesa S LR leves wous freee emem Rl LP2- 603
2060000 "inanmlit" sngljun *LP2- €04
2060101 202010000 210000000 0.0709408 0.0 0.0 0100 *LP2- 605
2060201 O 1.7637681 1.7637691 0. * (M = 176.20 kg/s) LP2- 606
Pnese sonsisenn ssas]renn seveisene sersjonns ssenjoben snsefnnes LP2- 607
* inlet annulus lower volume intact side LP2- 608
b Fesn]tien eawd ismnd weee iovwd i Jemme b Jmnn S L +~ 609
21u.00 "int dowc" annulus 1 €10
2100001 “ =L} 811
2100101  0.1464364 1 *LP2- 612
2100102 0.0 4 *LP2- 613
2100201  0.0709408 3 *LP2- 614
2100301 0,25256361 1 *LP2- 818
2100302 1.5200661 2 *LP2- 6816
2100303 1.2616333 3 »LP2- 817
2100304 1.0792691 4 *LP2- 618
~ 2100401 0.0 1 *LP2~ 619
| 2100402 0.1581866 2 *LP2- 620
; 2100403 0.1217000 3 *LP2- 621
| 2100404 0,.0986806 4 *LP2- 622
2100601 0.0 4 *LP2- 623
2100601  -90. B *LP2- 624
3 2100801 3.81-6 0.172 4 *LP2- 625
| 210u001 0.0 0.0 3 *LP2~- 628
' 2101001 00 04 *LP2- 627
2101101 00000 03 «LP2- 628
| 2101201 O 1.83177+7 1226826. 2452224. O 0. 1 =LP2- 629
[ 2101202 © 1.63233+47 1226837. 2462090. 0 0. 2 »LP2- 620
2101203 © 1.53331+7 127 946. 2451854. O 0. 3 =LP2- 631
2101204 O 1.63414+7 1228952, 2451664. O 0. 4 »LP2- 632
2101300 O *LP2- 633
2101301  3,2533512 3.2533512 0. 1 = (M= 176.29 kg/s) LP2- 634
2101302 3.263336 3.263336 0. 2 » (M=1,6.29 kg/s) LP2- 636
2101303 3.2633036 3.2533035 0. 3 * (M=176.29 kg/s) LP2- 636
Phnms Suds Lo et greah weme Jrmme Lenew meuw Juamus woww dRaan LP2- 637
* junction - lover downcomer to lower plenum intact side LP2- 638

Wome moee e i e fomme meme I O 1=men LP2- 639




2160000 "inanmuit" sngljun

2150101 210010000 222000000 0.0709408 0.0000 0.0000 0100
2160201 O 2.5241261 2.5241261 0. s (M= 1756.29 kg/s)
Semen cmme fesen semn e fmeme smew I fernn wove feme=
* lover plenum bottom volume

#ovrs mmsefesme semsfecss sessfeses csesfescs smmejeess cesmejeces
2200000  "lwr pl B" snglvol

2200101 0.0 0.3741720 0,29666 0©.0 90. 0.3741720
2200102 4.0e-56 0.0 00

2200200 © 1.63399+7 1227769. 2451692. O,

Pocmpman . o Imema wue L e [T s I L femes - g e R
* lover plenum top volume

WSS i R L TR R e T L imoen - mana 3 Taste jamwe
2220000  "lwr pl t" branch

2220001 2 0

2220101 0.0 0.3633183 0.2692277 0.0 90. 0.3633183
2220102 3.81-6 0.0 00

2220200 O 1.53426+7 1226874, 2451628, O,

2221101 222010000 220000000 0.0 0.0086 0.006 0000
2222101 222000000 226000000 0.1499 1.5 1.6 0000
2221201 O, 0. 0. * (M =-1,656-4 kg/s)
2222201  2.1743765 2.1743765 0. = (M = 247.566 kg/s)
bl P s e Rl L L= wm o s sy wewa 3 e
* lover core support structure

et oy e ] on TRl = im0 1 o e G S M g S e
2250000 "1 core s" branch

2260001 3 0

2260101  0.2832456 0.5709989 0.0 0.0 90.0 0.5709989
2260102 3.81-6 0.085 00

2260200 © 1.53386+7 1226979. 2451724, O,

2261101 226010000 230000000 0.0 1.8 1.8 00100
2262101 225010000 231000000 0.0 1.6 1.5 00100
2283101 226010000 236000000 0.0 12. 12, 00100
2261201  1.7612839 1.7612839 0. * (M = 197.33 kg/s)

2252201 1.661684 1.661684 O * (M = 38.994 kg/s)

2263201 0.706759 0.706768 O *» (M = 11.235 kg/s)
e U A= aia Jmis g immen e Nt B eoen nmin  § oot
* active core : average channels (75!)

RS Ay ERwe swiy $88un e feten wawn i=snw cove onos ewus irsen
2300000 '"core avg" pipe

2300001 B

2300101 0.,147610 1

2300102 0.137871 2

127

*LP2-
sLP2-
LP2-
LP2-
LP2~
LP2~
*LP2~
sLp2~
«LP2~
*LP2~
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LpP2~
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»LP2-
«LP2~
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sLP2-~
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LP2~-
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LP2-
LP2~
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Sueeow wevn §mani wna junde sses feeve wWers Irorn. agua Lawvin weme | ]
* core bypass volume (71)
Bumis mesefivne shorfrars wnwelueeh shunlésen seseliees newll s
2350000 "core byp" pipe
236000. 3
2360101  2.0830-2 3
2360201 0.0 2
2350301 0.5688068 3
2360401 0.0 3
2360601 0.0 3
2350601 90.0 3
2350801 3.81-6 0.003 3
2360801 0.0 0.0 2
2361001 00 3
2361101 0000 2
2361200 O 1.63317+7 1226988, 24Fi1888. O, J.
2361202 © 1.53263+7 1226996. 2462016. 0. 0.
2351203 0 1.6321047 1227008. 2452146. 0, 0.
2361300 O
2361301 0.7067667 0.T067667 0. 1 = (M = 11,236 kg/s)
2361302 C.7087709 0.7067709 0, 2 * (M= 1...36 kg/s)
RBebRs duek gunn sowe Jominw: wava § = nin wony fomew g Aesne yhow  § it
* upper end boxes and support structure
e it jemmw awaw R ey e i 1w swes jrese wnan Ramae
2400000  "upr end" branch
24000C1 3 0
2400101  0.2423341 0.5867979 0.0 0.0 90.0 0.5867979
2400102 3.81-6 0.145 00
2400200 O 1.53134+7 1410433, 2462314, 0,0016037
2401101 230010000 240000000 0.¢ 1.6 1.6 00100
2402101 231010000 240000000 0.0 1.5 1.5 00100
2403101 235010000 240000000 0.0 " 12. 00100
2401201  2.0379944 2.1104431 0 « (M= 197.33 kg/s)
2402201  2.0633316 2.7306183 0, * (M = 38.994 kg/s)
2403201 0.7067766 0.7620459 0 * (M = 11.235 kg/s)
RE RN Ao m lesen awon Juens wene Areas weews farpr womien AmAn oo Brres
* upper core support structure - cross flow region
WSl raich R, Jete REEEF - wreplEwsm i - L RSl iy Jeen
2450000 "upr cr 8" branch
2450001 2 0
2460101 0.0 0.4933248 0.1280806 0.0 90.0 0.4933248
2460102 3.81-6 0.1456 00
2450200 O 1.53008+7 1410683. 2452392, 0,

130
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I — e e S - e e e T e e B el

Swvmw vmm {reve awey I fonse mews Lwnee sees R 1eves
* upper plenum top volume

Snabs messfuunn sowsiense andb]dias wapalenny asbelEnnk kel e
2600000  "upr pl t" snglvol

2600101 0.0 0.7747094 0.1914009 0.0 90.0 0.7747094
2600102 3.81-86 0.0 00

2600200 0O 1.52066+7 1391188, 2462734. 0.

e e e e B C e

* inlet annulus upper volume broken side

oman mees T L B B L

2700000  "“inanuprbd" annulus

2700001 1

2700101 0.1308630 1

2700301 0.1876129 1

2700401 0,0 1

2700601 0.0

2700601 90,0 1

2700801 3.81-6 0.172 1

2701001 00 1

«701201 O 1.53114+7 1226931, 2452374. 0. C.

R o, ond= wesn Jessin ; welid 3§ st o v Lm e oy 3 e s e it o
* junction - middle to upper inlet annulus broken side

e il LDl frase - wnan dAhmss wele resw wacew Joresn wpae josew’ minw Jwminm
2710000 "ina.aub" sngljun

2710101 272000000 270000000 0.129467 0.0000 0.0000 0100
2710201 0O ~0.727187 -0.727167 0. * (M =-72.267 kg/s)
Rt ek i irvwe sewy Ivska wmew o momw oot e fawes wnae mmors
* inlet annulus middle volume broken side

Bowon wodkn fonms ewow g Sk e Qo vy Lrenniiowiy Puwny wawe e
2720000 "inanmidb" annulus

2720001 1

2720101  0.1308530 1
2720301 0.28651823 1

2720401 0.0 1

2720801 0.0 1

2720601 -90.0 1

2720801 3.81-6 0.172 1

2721001 00 1

2721201 1.53130+7 1226838. 2452336. 0. 0.
#rome sose Jemee wwne femee anee lemme mees L=mee wmas fmmme voee fmmee-
* junction - middle to lower inlet annulus broken side

Wmmons: v Q| o ise=r nasn Lomme- o e i RIS DAL el o m
2760000 "inanmlbk" sngljun

132

e s L omme e
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«LP2-
*LP2~
*LP2~
sLP2~
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*LP2-
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*LP2-
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sLP2-
*LP2-
sLP2-
«LP2-
*LP2-
*LP2-
LP2~
LP2-
LP2-
*LP2-
«LP2-
LP2~
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*LP2~
*LP2-
*LP2-
*LP2-
=LP2~
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*LP2-
*LP2~
*LP2~
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2760101 272010000 280000000 0.0T09408 0.0 0.0 0100
2760201 0O 0.7271685 0.7271686 0. * (M = 72.267 kg/s)
e e e jerme mme- jommn mmee frmen =men Qenmn
j * inlet annulus lowver volume broken side
, Bomee crmejeces seenfersn eces]eces wesafecns csssferes memefenes
' 2800000 "brok dow" annulus
! 2800001 4
2800101  0.1464364 1
2800102 0.0
i 2800201 0.0708408 3
: 2800301  0,2525361 1
: 2800302 1.5200861 2
' 2800303  1.2616333 3
5 2800304 1.0792591 4
' 2800401 0.0 1
2800402 0.16581866 2
2800403  0.1217000 3
2800404 0.0986806 4
2800601 0.0 4
| 2800601  -90. 4
? 2800801 3.81-6 0.172 4
_ 2800901 0.0 0.0 3
5 2801001 00 04
: 2801101 0000 03
g 2801201 0 1.53144+47 1226943. 2452304, O 0. 1
. 2801202 © 1.53208+47 1226966. 2452160, 0O 0. 5
; 2801203 © 1.53211+7 1226985. 2451904. O 0. 3
E 2801204 © 1.6330747 1226999. 2451696. 0 0. 4
; 2801300 0O
- 2801301  1.3412704 1.3412704 0. 1« (M = 72,267 kg/s)
[ 2801302 1.3412666 1.3412666 0. 2 » (M = 72.267 kg/s)
; 2801303  1.3412552 1.3412652 0. 3 » (M = 72.267 kg/s)
i Memmn e frme —m— fmmmn mee- fommn meme josen weme fe=rn wenn fmmm
; 2860000  "lrdec2lpb" sngljun
| 2850101 280010000 222000000 0.0709408 ©.0000 0.0000 0100
§ 2860201 O 1.04063561 1.040636° 0, » (M= 72,266 kg/s)
: e lomom mme- 1ommm —e fomme e {reme mmen frmmn mmme 1====
‘ 2900000  "lwrinan" sngljun
’ 2900101 200000000 270000000 0.0296780 1.8341 1.8341 0003
2000201 O 3.2060738 3.20680738 0. * (M = 72.268 kg/s)
R fmmmm ———— e frmmn m——— fomem mmm e Qommn

R R R R R RSN, W =,
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BSesu ane Aowige wmaw freon wena jeeen snuy jedva peaw Jrews wwes jen=s
* reector vessel nozzle - broken loop hot leg

g Lo L jJemee_ anas frcwe =i fevsa Funs A 1roes wous e
3000000  "rvm blhl" branch

3000001 2 0

3000101 0.0 0.876303 0.0675410 0.0 0.0 0.0
3000102 4.0e-b 0.0 00

3000200 © 1.63017+47 1410320. 2452608. 0.

3001101 262010000 300000000 0.067014 0,73856868 1.2309481 0002
3002101 300010000 306000000 0.063426 0.1006 0.10086 0000
3001201  ©. 0. 0. s (M =-6.193-4 kg/s)
3002201 © 0. 0 * (M =-5.762-4 kg/s)
e s rasy Jomesy dves jetne suma e B el Pomne smwe freee
* hot leg pipe to reflood assist bypass tee

$ucwe creaiearn sscaineun semajeere eassieecy ssss]onen seselesse
3060000  "hlp-rabs" branch

30560001 1 0

3060101 0.0 0.6098336 0.0442927 0.0 0.0 0.0
3060102 4.0e-6 0.0 00

3060200 © 1.53017+7 1410319. 2452608. O,

3061101 305010000 310000000 0,063426 0.1008 0.,1006 0000
3051201 0, 0. 0. * (M =-5.413-4 kg/s)

$owmm wesm]emme ssasjescs cscnlmres cmam]oses cees]sens sess]aneo
* broken loop hot leg contraction

Prehe wsas]ec s smesriebs sees]mses svve]venn asse]lonse snev]ises
3100000 "blhl com" branch

3100001 2 0

3100101 0.0 1.50013 0.0878467 0.0 0.0 0.0
3100102 4.Qe-6 0.0 00

3100200 0O 1.53017+7 1410292. 2462608. O.

3101101 380010000 310000000 0,0388 0.84 0.84 0000
3102101 310010000 315000000 8.3647-3 0.683 1,08066 0000
3101201 0. 0. 0. * (M = 1.442-4 kg/s)
3102201 0. 0. 0. * (M =-3.544-4 kg/s)

it el s I - Rrearen Bt SR THeas e Wt e
* gsteam generator and pump simulatior

W niammin. . (i in fonme wma Yo stere . ane it J e Ak frise Saw Sk L ke
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gonan szsujusee wvoesjosss sume]cone adusiabes ssielasss bease]wess
3420000 "blel 24t" branch
3426001 i 0
3420101 0.0 0.6716068 0.0362484 0.0 0.0 0.0
3420102 4.0e-b 0.0 00
3420200 O 1.63130+7 1227338. 2452336, 0.
3421101 342000000 370000000 0.0388 0.84 0.84 0000
3421201 0. 0. 0. ¢ (M =~1,109-49 kg/s)
REawe =vn sjesus ssssisase ssssiaces serafjsnns paaniseas srasieses
* broken loop cold leg dtt to break plane
Pomun sussfacad anve]sres scpu]enis swe jeanE whnalehen Rne wlesene
3440000  "Blel 2br" branch
3440001 1 0
3440101 0.0 0.9286231 0,0310679 0.0 0.0 0.0
3440102 4.0e-56 0.0 00
3440200 © 1.6313047 1227241, 2462336, 0.
3441101 367710000 344000000 0,0640167 6.5456 14,08 0000
3441201 0. 0. 0. ¢ (M »-1.607~6 kg/s)
ferce samajesns anssleanss sesslesies sccijusis snanjesch snssfecen
* cold leg break valve
Srson sesalrsse wrsn]es s snanjears mssclescn sssajecsn Sesn]sens
3470000 "¢l break" valve

7101 344010000 TOBOOOOO0 8.3647-3 0.81969 0 96836 0100
3470102 0.93 0.84
3470201 0 0. 0. 0. * (M = 0.0000 kg/s)
3470300  trpvlv
3470301 610
L fevrs sonn {ommn mees f=eme sesefenen sow ~jemes waee 1===e
* reflood assist bypaes piping - cold leg side
Sesei srwn]obns sshalesns asvulvens anhw joers fan vlenwe wwden dreuw
3700000 "“"rabs ¢ 1" pipe
aTo0001 3
3700101 0.0388 2
3700102 0.0776 3
3700201 0.0388 2
3700301 0.0 3
3700401 0.0279 1
3700402 0.070 2
3700403 0.11868 3
3700801 90.0 1
3700602 0.0 3
3700701 0.64 1
3700702 0.0 3

137

LP2-1070
*LP2-1071
*LP2-1072
*LP2-1073
*LP2-1074
*LP2-1076
*LP2-1076

LP2-1077

LP2-1078

LP2-1079

LP2-1080
*LP2-1081
LP2-1082
*LP2-1083
*LP2-1084
*LP2-10856
*LP2-1086

LP2~1087

Lp2-1088

LP2-1089

LP2-1090
*LP2-10091
*LP2-1082
*LP2-1093

LP2-1094
*LP2-1096
*LP2-1086

LP2-1087

LP2-1098

LP2-10v9
*LP2-1100
*LP2-1101
*LP2-1102
*LP2-1103
*LP2-1104
*LP2-1106
*LP2-1106
*LP2-1107
*«LP2-1108
*LP2-1108
*LP2-1110
*LP2-1111
*LP2-1112




3700801 4.0-6 0.0 3

370090x  0.28 0.24 1

3700902 0.84 0.84 Z

3701003 00 3

3701101 0000 2

3701201 © 1.63106+7 1227348, 2452384, O,

3701202 O 1.53082+7 1227348, 2452452, O,

3701203 © 1.53082+7 1227348, 2462462, O,

3701300 ©

3701301 0. 0. 0. 2 % (M =-9.648-6 kg/s)
Sonsie o sojever aspsjssne asnsleees ressineps arvefense cusriveve
* reflood assist bypass valves

Bebns hap Sinaks neve Beene ecwsn dtRss Suaw fevns sous Jears uwyuw frone
3760000 "rabes val" valve

37601014 370010000 380000000 0.0 0,90+4 0.90+44

3780201 O 0. 2. 0. ¢ (M = 00,0000 kg/s)
3750300  trpvlv

3760301 616

Sssan sese inses aane reve cnss fruce onas fusne’ enns Juenme sens remwe
* reflood assist bypars piping - hot leg side

Rumes owwe fevsr sone fornen snus fuens vass jrese akse Jetnis wnks §awne
3800000  "rabs h 1" pipe

3800001 3

3800101  0.UV76 |

3800102 0.0388 3

3800201 ©0.0388 2

3800801 0.0 3

3800401 0.0915 1

3800402 C.048 2

3800403 0.0489 3

3800601 0.0 i

3800602 -90.0 2

3800603 0.0 3

3800701 0.0 i

3800702 -0.64 2

3800703 0.0 3

3800801 4.0-B 0.0 3

3800901 0.84 0.84 1

3800902 0.28 0.28 2

3801001 00 3

3801101 0000 2

3801201 O 1.62074 7 1410320, 2452712, 0,

3801202 O 1.52996+7 1410329. 2452660, 0.

PR ——— - -
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sLP2-1113
*LP2-1114
*LP2-1116
*LP2-1116
*LP2-1117
*LP2-1118
«LP2-1119
*LP2-1120
*LP2-1121
LP2-1122
LP2-1123
LP2-1124
LP2-1126
*LP2-1126
«LP2-1127
LP2-1128
«LP2~1120
*LP2-1130
LP2-1131
LP2~1132
LP2-1133
*LP2-1134
*LP2-1136
*LP2-1136
*«LP2-1137
*LF2-1138
*LP2-1139
*LP2-1140
*LP2-1141
«LP2-1142
*LP2-1143
*LP2-1144
*LP2-1145
*LP2-1146
*LP2-1147
*LP2-1148
*LP2-1149
*LP2-1160
*LP2-11561
*LP2-1162
*LP2-1153
*LP2-~1164
*LP2-11566




3801203
3801300
3801301

L
-

-

1.63017+7 1410320,

2462608. 0. 0.

2 ¢ (M= 7.006-6 kg/a)

AR L B R R R TR R R RS T RS O O TR OE PN TN T % I EF I 2% O I Y TF T 1

. pressurizer

shadefodogogogototototogogogotototototogogofogodototogotogugagoags

[ 400 ]

e S jenvs wass jowes wwnu feras auee irewn sree frees seny dwewm
* surge line pcs side

e jovan Rese lenee shae frian’ ses fosem muns lesan asnn 1%
4000000 “srg 1n p" branch

4000001 2 0

4000101 1.44861-3 2.30 0,0 0.0 0.0 0.64
4000102 2.3622-6 0.0 00

4000200 © 1.52834+7 1454066, 2453048, 0.

4001101 107000000 400000000 1.44661-3 3.9 3.9 0002
4002101 400010000 405000000 1.44661-3 2.85 2.86 1000
4001201  -0.012242 -0.032187 0, * (M =-0.0118 kg/s)
4002201  -0.012243 -0.012243 0. ¢ (M =-0.0117 kg/s)

Banue wsswlvass ssanleans sboniosis sossfencn wesajearer sswefsess
* pressurizer surge line

Purua smar]: se= & welsase ensefanes sesnivene sesafssny savefvees
4060000 "y g 1n p" pipe

4060001 2

4060101  1.44661-3 2

4060201  1.44561-3 1

4060301 2 30 2

40560401 0.0 2

4060601 90.0 2

4050701 0.30 2

4060801  2.3622-6 0.0 2

4060901 2.86 2.66 1

40561001 00 2

40561101 1000 1

4061201 O 1.62807+7 1470694, 2453114, 0. 0.
4051202 O 1.52787+7 1476683, 2463160, 0. 0.
4061300 ©

4061301 -0.01224 -0.01224 O, 1+ (M =-0,0117 kg/s)

B e e e i e e e e e e e . A
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3

*LP2-1156
*LP2-11B7
LP2-11568
LP2-1169
1P2-1160
LP2-1161
LP2-1162
LP2-1163
LP2-1164
LP2-1166
LP2-1166
-P2-1167
LP2-1168
LP2-1169
LP2-1170
*LP2-1171
*LP2-1172
*LP2-1173
*LP2-1174
*LP2-1176
*LP2-1176
*LP2-1177
LP2-1178
LP2-1179
LP2-1180
LP2-1181
LP2-1182
*LP2-1183
«LP2-1184
*LP2-1185
*LP2-1186
*LP2-1187
*LP2-1188
*LP2-1189
*LP2-1190
*LP2-11901
*LP2-1192
*LP2-1193
*LP2-1194
*LP2-1196
*LP2-1196
*LP2-1197
LpP2-1198




E—_ ER———

B o e

Bemme = --;1--.- n-.ol---. -.u-1-~.-. -a--i---- --”.1--».— --.ul--—--

¢ pressurizer surge line

Senes sene jovee see cjeesn shunfanne soadirons sscafjesnd bsensiesos
4100000 "srg line" sngljun

4100101 406010000 416000000 1.44661-3 0.42 1.00 1000
4100201 0 =0.012236 -0.0122368 0, « (M =-0.0116 kg/s)
Suves srevjencs ssssiecss susajvens ssasisans stvsieses sessfwnas

* pressurizer vessel

Snore aspajesen ascnieces avesjrses arsaanse sees jrene snas fanee
4150000 "pzr vess" pipe

4150001 6

4160101 0.0 2

4160102 0.5663 b

4160103 0.0 6

4180201 0.0 6

4160301 0.,1815 |

4160302 0.1624 s

4150303  0.3067 3

4160304 0.5269 4

4150306 0,3967 6

4160306 0.1943 8

4160401 0.0684 1

4160402 0.0838 2

4160403 0.0 5

4150404 0.0732 6

4160601 0.0 6

4160601 90.0 €

4150801  4.0e-6 0.0 €

4161001 00 6

41561101 0000 L

4151201 0 1.6277247 1479974, 2453198, O 0. 1
41561202 © 1.B2761+7 15617248, 2483224, 0. 0. 2
4161203 O 1.F2744+7 16563270. 2453264. O. 0. 3
4161204 O 1.52722+47 1584998. 2464230, 0.4166959 0, 4
4161208 0O 1.62710+7 1506344, 2466824, 1. 0. b
4161206 O 1.62707+7 1696333, 2472040, 1. 0. 6
4151300 0O

4161301 0, 0. 0. 2 » (M =-0.0109 kg/s)
4161302 0. 0.8685241 3 + (M =-0.0103 kg/s)
4161303 ~0.672844 0, 0. & + (M »-0.0012 kg/s)
4151304 0. 0. 0. 6§ » (M =-3,527-4 kg/s)
Wkmus waps juese gow ajvane wasijawey pwesfware Suss]sscr wnenl]swes

* pressurizer vessel to top hat
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LP2-1199
LP2-1200
LP2~12014
oLP2-1202
*LP2~1203
LPL 1204
LP2-1206
LP2-12086
LP2-1207
sLP2-1708
«LP2-1°,09
*LP2+4210
sLP2-1211
«LP2-1212
*LP2-1213
*LP2-1214
«LP2-1216
«LP2-1216
sLP2-1217
*LP2-1218
*LP2-1219
sLP2-1220
*LP2-1221
sLP2-1222
*LP2-1223
*LP2-1224
«LP2-1228
*LP2-1226
sLP2-1227
*LP2-1228
»LP2-1229
*LP2~1230
*LP2-1231
«LP2-1232
*LP2-1233
*LP2-1234
*LP2-12356
LP2-1236
LP2-1237
LP2~-1238
LP2-1239
LP2-1240
LP2-1241




e e e e — = -~

e e e s e

B T S SRS S

BEsws ohpulines abuplrsas sRbulsine sVnalrhas eAeslasEs dSsan]pusne
4170000  "vssl-tph" sngljun

4170104 416010000 420000000 ©.0 0.0 0.0 0000
4170201 O 0. 0. 0. * (M =B .968-5 kg/s)
Banbs vassjecsn sssn]sssa snenlssss sndelsntn Sans]eans anselsnue
* pressurizer top hat and relief connection

fsees cxuninsse seusfense sevsiness sovriovsi panslusen geveluses
4200000 "pzr toph" pipe

4200001 2

4200104 0.0 <

4200201 0.0 i

4200301  0.11049186 2

4200401 0.0139870 2

4200601 90.0 ¢

4200801 4.e-b 0.346066 2

4201001 00 2

4201101 0000 i

4201201 O 1.B27068+7 1596328. 2486248, 1. 0,
4201202 O 1.827 1+ . me%.,. 2488128, 1. 0.
4201300 O

4201301 0. D. . . * (M »-4 6675 kg/s)
Bosmw —-a--l ........ Jomns we. i ""“i""" """”1"“ .....-1.....-

.
-

e I I S I I I I O D

-

* steam generator secondary side [ 500 ]
.
R A N e e N e e e N I S N N N N L

Benon wune frese sdse jecer suee {ores wuve frove aves jeone snay Jowwe
* primary separator

Bover sannjouvms sscslanen sssefonne sesnlrece sersfoven swnnfenes
5000000  "separatr" separatr

5000001 3 0

6000301 0.0 0.4445 0.2428 0.0 80.0 0.44456
5000102 4.e-6 0.2840 00

6000200 © 5404120, 1172042, 2694424. 0.8990386
5001101 500010000 620000000 0.087746 0.0 0.0 0100
6002101 500000000 BOB000000 0.087746 0.0 0.0 0100
5003101 515010000 8500000000 0.20187 0.4 0.4 0100
5001201  1.4813786 1.5064722 0. * (M= 22.629 kg/s)

002201 0.3410316 0.3108779 0. * (M = 97.089 kg/s)
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LP2-1242
*LP2-1243
*LP2-1244

LP2-1245

LP2-1246

LP2-1247

LP2-1248
*LP2-1249
*LP2-1260
*LF2-12861
*LP2-1262
*LP2-1263
*LP2-1264
*LP2-1266
*LP2-1206
*LP2-12867
«LP2-1268
*LP2-1269
*LP2-1260
*LP2-1261

LP2-1262

LP2-1263

LFP2-.264

LP2-1265

LpP2-1266

LP2-1267

LP2~1268

LP2-1269

LP2-1270

LP2-12M1

LP2-1272

LP2-1273

LP2-1274
*LP2-1276
*LP2-1276
*LP2-1277
*LP2-1278
*LP2-1279
*LP2-1280
*LP2-1281
*LP2-1282

LP2-1283

LP2-1284




P e Sr——

—

A—

003201  2.6684513 3.3779411 0. * (M= 119.60 kg/s)

Sanbs eumn fases sevs Jerne sesejesce ssucjerss sowslense anscjocee
* separator bypass

Ssvne nvsvjeven snsajesis sxvejrcte whss fenee wass feonry weww fomee
6030000  "sepbypas” branch

6030001 2 ¢

65030101 0.0 0.44456 0.4384 0.0 90.0 0. 4445
6030102 4.e-b 0,3678 00

65030200 O 5401448, 1170419, 2694416, 0.7823006
6031101  H0B000000 603000000 0.98627 (.0 0.0 0100
6032101 603010000 620000000 0.98627 0.8 0.0 0100
6031201 0. 0.362268 O. o (M= 1.3336 kg/s)

5032201  -3.233191 0.06856107 0. o (M= 1.4666 kg/s)

S 0de aunn fesee csssfuses crssfrnen snen]oces ssesfonns sses
* separator ocutlet regior

Soree voow jroes cwee jrmiks werefuascs ases Jonss snsafmmme woss fouwe
6060000  "lwr sepr” branch

5060001 1 0

6060101 9.0 1.2134 1.4850 0.0 -90.0 ~1.2131
5060102 4.e-6 1.9048 00

6060200 0 5406762, 1172323, 2594434, 0.1483004
5061101 606010000 BOBOO0VOO 0.0 0.0 0.0 0100
061201 0.4016728 0.06878293 0, « (M= 95.601 kg/s)

Penne waasieuen avmrirane yranjusee =sue jrmee anve R o i Lrenma
* feed inlet volume

foane o sjenss nnae fnude wene jrris snen fubive wpraufvane Feeiliass
6080000  “upr dwnc" branch

6080001 1 0

OBO101 0.0 0.6096 0.22107 0.0 ~90.0 ~0.6096
6080102 4.e-0 0.163687 00

65080200 © 5411968, 1113044, 12694394. 0.001081
65081101 608010000 610000000 0.0 0.0 0.0 0100
6081201 C.6533833 0.4960873 0. * (M = 119.60 kg/s)

Peswe sssslesen sssssene scesie bs wesafssve saselonss sassjaces
* steam generator downcomer

Sunes sussjesss sernjenes vecsjecen ssnn]ecan snssiesns ssssliness
5100000 "dwncmr annulus

6100001 3

6100101  0.232 3

100201 0.0 2

65100301 0.6096 3

61004C1 0.0 3

100601 -90.0 3

142

TR ST T

LP2-1286
LP2-1286
LP2-1287
LP2-1288
«L.P2-1289
LP2-1200
sLP2-1201
*LP2-1292
*LP2-1293
*LP2-1294
*LP2-1206
LP2-1296
LP2-1297
LP2~1298
LP2-1209
LP2-1300
*LP2-1501
*LP2-1302
»LP2-1303
«LP2-1304
*LP2-1306
*[P2-1306
LP2-1307
LP2-1308
LP2-1300
LP2-1310
«LP2-1311
*LP2-1312
*LP2-1313
*LP2-1314
«LP2-1316
*LP2-1316
LP2-1317
LP2-1318
LP2-1319
LP2-1320
*LP2-1321
*LP2-1322
*LP2~1323
“LP2-1324
»LP2-1326
«LP2-1326
«LP2~1327







65161301 0.9967246 1.3667104 O. 1 = (M= 119.61 kg/s)
65161302 1.6849476 2 2897224 0. 2 ¢ (M= 110.64 kg/s)
6161303  2.12294%9 3.1752206 0©. 3 o (M= 119.66 kg/s)
6161304 2.5998421 3.8117661 0, 4 » (M= 119.68 kg/s)
Bonee wins jresn abre jesss seesfrcns sprejeren sssa]esns sovc]ovas
¢ lover portion of steam dome
#ocoe sravlasce scssfencs scns fosms wee slemss wews frsms cnan L uwnn
6200000  "lwr etm " branch
6200001 1 0
6200101 0.0 0.46066 0.706312 0.0 90.0 0.469686
6200102 4.e-B 1.383 00
6200200 O 65401000, 1172068, 2694344, 0.9999096
6201101 620010000 626000000 0.0 0.0 0.0 0000
65201201 0,4609671 0.6822439 0, ¢ (M= 24.079 kg/s)
Ranan ssvslinde smbwidams assalaims bune freku meus ltame sese]erh
* upper portion of steam dome
Surre sesclanes serujsnes ancsiconr srsalssas sssaleres seasiacee
6260000  "upr stm " branch
6260001 1 0
5260101 0.0 0.46966 0©,.708312 0.0 90.0 0.469E66
6260102 4.e-§ 1.383 00
6260200 O 6400872, 1172061. 2694300, 0,.9999971
6261101 626010000 630000000 0.0 0.8 0.8 0100
5261201  11,321671 18.869934 0. * (M = 24.080 kg/s)
fesse sesn]ossas avsajesse cnssfoves ansujernd ransfiess apanfonie
* steam pipe from generator to control valve
Benss swey Jover nawe jsnen nase jreen wrsalcens sesi]abws wess feres=
5300000 "steam pi” snglvol
6300101 0.04636 26.074 0.0 0.0 0.0 0.0
5300102 4.e-b 0.0 00
6300200 O 6386864. 1171220. 2694480, 0,.9999866
$anse mrbdlnsee sins Wb hhbahbbh fhde Fmoms Hod "jeehie svwe jesen
¢« steam flow controel valve
Snvar sassjensn swasjesnn srusinene sesulsven sebe]ewne sesalvene
6400000 "cv-p4~10" valiva
6400101 530010000 641000000 0.0047772 J.0 0,0 1100
6400201 © 15.648279 18.917633 0. * (M = 24.080 kg/s)
6400300 mtrvlv
5400301 687 688 0.20 0.68774 540
20254000 normarea
20264001 0.0 0.0
20264002 9.26-4 9.26-4
20254003 1.0 1.0
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LP2-1371
LP2-1372
LP2-1373
LP2-1374
LP2-1376
LP2-1376
LP2-1377
*LP2-1378
*LP2-1379
*LP2-1380
*LP2-1381
*LP2-1382
*LP2-1383
LP2-1384
LP2-1386
LP2-1386
LP2-1387
«L.P2-1388
*LP2-1389
*LP2-1300
*LP2-1301
*LP2-1392
*LP2-1391
LP2-1394
LP2-1396
LP2-1396
LP2-1387
*LP2-1388
*1.P2~13989
*LP2-1400
*LP2-1401
LP2-1402
LP2-1403
LP2-1404
*LP2-1406
*LP2-1406
LP2-1407
*1P2-1408
*LP2-1409
*LP2-1410
*LP2-1411
*LP2-1412
*LP2-1413

= B Sl m' mEog & ol " e S
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*  ecc system
.

.‘c.o.o.o‘o...o.o.o'o‘o.o.t.-‘wQo‘o“'t.o.t‘o.t..‘o'o..'t'n.'..‘-
-

Borne weow levcne ~we. jruvns once e memes lesse ==us Jeren wonw  EE
* ecc check valve

D L e D B B

[ 600 ]

8000000 "ecec chk" valve

6000101 606010000 185000000 6.9896-3 0.936 0.836 1120

6000201 0 0, 0. 0. *» (M = 0.0000 k;/l)

8000300  trpviv

6000301 68!

Suvse smsnjence msssfencs scasjesce sessiscce cmsnjenss ssselenas

* eccs header to pcs

o wewe fowwe saow jresie enas jemww wmew jesee sese fones suse jenee

6060000 "eccs hdr" snglvol

8060101 5.9896-3 5.0148 0.0 0.0 $0. 3.3071202

6060102 4.0-6 0.0 00

6060200 0 4500000, 172410. 2689486, 0,

$omnm woane frves cwne jeven wces jrter wewe rsce asse feman wonn LR

* accumulator valve

tmene sescjonee sserjevns secalsses sedajincs cssnjocns sessiones

6100000 “accum v" valve

8100101 616010000 606000000 6.9896-53 6.278 6.278 1000

6100201 O 0. 0. 0. « (M = 0.0000 kg/s)

6100300 trpvlv

6100301 682

Beaow wows {=wen evee {ross cens jeser wwee e e D L JrasE waed e

* accumulator pipe

Buwen aaww joree seew reva wown jonve couse firmen sese {orow emes S

6160000 "acc pipe" snglvol

6160101 0.0 26.997166 0.4074774 0.0 0.0 0.0

6160102 4.0-6 0.0 00

6160200 © 4226000, 112409, 2600618, O.

Snemn suee Jrons ewow jomos wnua §oorr svee jonen wews fomme wwve fe=re-

* accumulator vessel

Prwse snsw jonae anse onen soce {eees wpuw frese asane feras Hrew b

6200000 "accvmul" accum

6200101 1.2938 1.806 0.0 0.0 80.0 1.806
146

LP2- 1467
LP2- 14686
LP2-1469
LP2-14€0
LP2-14€61
LP2-1462
LP2-14€23
LP2-1464
LP2-1466
LP2-1466
LP2-1467
*LP2-1468
*LP2-1469
LP2-1470
*LP2-1471
*LP2-1472
LP2-1473
LP2-1474
LP2-1476
*LP2-1476
*LP2-1477
*LP2-1478
*LP2-1479
LP2-1480
LP2-1481
LP2-1482
*LP2-1483
*[P2-1484
LP2-14856
*LP2-1486
*[LP2-1487
LP2-1488
LP2-1489
LP2-1490
*LP2-1491
*1P2-1492
*LP2-1493
*LP2-1494
LP2-1496
LP2-1496
LP2-1487
*LP2-1498
*LP2-1499
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12200100
12200101
122007201
12200301
12200400
12400401
12200601
12200601
12250701
12200801

Rrove wwmw

* volume 2
B -
12220000
12220100
12220101
12220201
12220301
12220400
12220401
122208601
12220601
12220704
12220801

Browmw moww

- -

* core sup

| R
12260070
12260100
12260101
12260201
12250303
12260400
12260401
12280601
12260601
12260701
12260801

Bovwmn wwmew

* volume 2

Bomer -

12700000
12700100

e

R ESSS——————

0 i

Bl 0.7264

4 4

0.0 4

b

6566.10 666.11 666,11 6Bo.11 B56.11

220010000 © 1 i 0.479 i

0 0 0 1 0.478

0 0.0 0.0 0.0 1

0 0.1016 0.0 0.0 1

jreee sesplesen sxvifeviv sonalreve avsajoyre suesfsaiy
2

jeren peve feven wosnlonen Suvhjopen mandjenre mush - Rl
1 b 2 0 0.47

¢ 1

4 0.7264

“ 4

0.0 4

666.06 555.06 B6BE6.06 656,05 656.06

222010000 © i 1 0.36 1

0 0 0 1 0.098 1

0 0.0 0.0 0.0 1

6] 0.10186 0.0 0.0 1

jenes sscsjaces sscc]ence sncaloncs sescfescn snucfocss
port structure (v226)

irres sussjesne prasiecnn vansfoces wonelennd saspfevns
1 & 2 0 0.282

0 i

- 0.3

4 “

0.0 4

=4

GE6.96 665.97 566.99 666.00 666,02

226010000 © 1 i 0.4260792 1

0 0 0 1 0.4269792 1

0 0.0 0.0 0.0 1

0 0.096 0.0 0.0 1

Jeene vessjecse snsaluces rucr]rsen sencsjocess snssjenss
70

i B Bt B, IS P
1 8 2 0 0.608

0 1

154

R R AR,

*LP2-1801
*LP2~1802
*LP2-1803
*LP2-1804
*LP2-1806
*LP2-1806
*LP2-1807
*LP2-1808
*LP2-1809
*LP2-1810
Lp2- 1811
LP2-1812
Lp2~-1813
*LP2-1814
*LP2-1816
*LP2-1816
*LP2-1817
*LP2-1818
*1P2-1819
*LP2-1820
*LP2-1821
*LP2-1822
*LP2~1823
*LP2-1824
LP2-1826
LP2-1826
LP2-1827
*LP2-1828
*LP2-1829
*LP2-1830
*LP2-1831
*LP2-1832
*LP2-1833
*LP2-1834
*LP2-1836
«LP2-1836
*LP2-~1837
*LP2-1838
LP2-1839
LP2-1840
LP2-1841
*LP2-1842
*LP2-1843

ke







——

e

12800604 0 0 0 i 0.5396 4
12800701 © 0.0 0.0 0.0 4

12800803 © 0.1016 0.0 0.0 4

R fenme meen foren wman 1-sen sees e foren maee fonne

L
*
R e T T e O R I R R R R R T TN O T TFT% I I BT IF O TF I £F T% I
.

* genera. =ble anc heat structure thermal property data
-

A L L R T T R TR E R DR S SR D RN Y I TR T T3 I X £F IF £F BF T% TF I T

frane uiy - R il Ll frrie nees uean a=uw osien swis Jssse azon el
. 800 reactor power ve time after scram

Brebhs sohe Grens wawme fuery sShew fvens nwan frers Ssow 148 Es wmas jonnw
20280000 pover b1l 1.0 46.046

20290001 -1.0 1.0 * lp-lp-02 (trac post-test)
20290002 0.0 1.0

20200003 0.1 0.913489

20390004 0.2 0.278186

20280006 0.3 0.166347

20280006 0.4 0.112396

20200007 0.5 0.092027

20200008 0.6 0.084394

20290009 0.8 0.074600

20200010 1.0 0.066306

20200011 1.6 0.064604

20200012 2.0 0.061312

20290013 3.0 0.068698

20200014 4.0 0.066506

20290016 6.0 0.063434

20200016 8.0 0.061091

20200017 10.0 0.049237

20200018 60.0 0.032621

20290019 200, 0.024929

€

L4

i B B B LS CE TS
¢ heat structure thermal property data

Bevesr wosn]aven ssssirean o sefsire asas]even seselrine wesnfsane
20100100 tbi/fctn 1 1 * uo2
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*LP2-1887
*LP2-1888
*LP2-1889
LP2-1890
LP2-1891
LP2-1892
LP2-18983
LP2-1894
LP2-1895
LP2-1896
LP2-1897
LP2-1898
LP2-1899
LP2-1900
LP2-1901
LP2-1902
LP2-1903
*LP2-1904
LP2~1906
*LP2-1006
*LP2-1907
*LP2-1908
*LP2-1909
*LP2-1910
*LP2-1911
*LP2-1912
*LP2-1913
*LP2-1614
*LP2-1916
*LP2-1916
*LP2-1817
*LP2-18..
*LP2-1919
«LP2-1920
+«LP2-1921
*LP2~1922
*LP2-1923
LP2-1924
LP2-19286
LP2-1926
LP2-1927
LP2-1928
LP2-1929

L ST —

R e R R R I NI

e N NI =




NN,

Y.

20100200 tbl/fctn 3 * gap LP2-1930

20100300 tbl/fetn 1 .z LpP2-1931 -
20100400 tbl/fectn 1 * g-steel LP2-1932 .
20100600 c-stesl *LP2-1933 |
20100800 +tbl/fetn 1 * inconel 600 LP2-1934 :
Bemmn besn Jeaven amns fosen munn e frens wass juvmn wmee o LP2-1938 h
* uo2 - thermal conductivity LP2-1936 -
rnme wone T {oame wums facss cone foses smus fapus aman fouse LP2-1937 |
20100101 2.7315e2 8.44 *LP2-1938 |
20100102 4.1667e2 6.46 *LP2-1939 L
20100103 6.3316e2 6.782386 *LP2-1940

20100104 6.99817e2 4.633177 *LP2-1941

20100106 8.66483e2 3.880307 *LP2-1042 ‘
20100106 1.03316e3 3.357626 *LP2-1943 !
20100107 1.08871e3 3.1656129 *LP2-1944

20100108 1.199823 2983787 *LP2-1945 |
20100109 1,28316e3 2.836674 SLP2-1946

20100110 1.36648e3 2.713792 sLP2-1947 E
20100111 1.533:6e3 2.6521680 *LP2-1948 n
20100112 1.61648e3 2.448990 *LP2-1949

201001, 1.60982e3 2.301875 *LP2-19850

20100114 1.977650e3 2.289762 *LP2-1061 i
20100116 2.26637e3 2.307068 sLP2-100"° :
20100116 2.53316e3 2.433413 «LP2-1953 !
20100117 2.81083¢3 2.661870 *LP2-1964 :
20100118  3.08871e3 2.994171 *LP2-1966 ;
Bomen wmen e Joere mmee S jemme emm- fmmee mmns SRR LP2-1856 |
* uo2 - volumetric heat capacity LP2-1957 .
Brsce wwse §ovan: sann Josrn shue Lenve surs PR L memimn §omn LP2-1968 f
20100161 2.73150e2 2.310427e6 «LP2-1959 !
20100162 3.23160e2 2 571986e6 *LP2-1960 i
20100163 3.73160e2 2.746357e6 «LP2-1961 j
20100164 6.7316e2 3.138604e6 +LP2-1962 !
20100166 1.37316e3 3,443844e6 *LP2-1963 :
20100166 1.77316e3 3.631030e6 +LP2-1964 '
20100167 1.97316e3 3.792588e6 *LP2-1966 I
20100168 2.17315e3 4.228518e6 +LP2-1966 |
20100169 2.37316e3 4.882412e6 *LP2-1967

20100160 2.67315e3 6.015829e6 *LP2-1968 {
20100161 2.77315e3 6.320980e6 *LP2-1860 :
20100162 2.873165e3 6.58253866 *LP2-1970 !
20100163 2.97315e3 6.713317e6 *LP2-19714 |
20100164 3.11316e3 6.800503e6 *LP2-1072 :
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20100166 4.69982e3 6.800603e6

it Gt B e CEE

* helinm(gap) - thermal conductivity

$uvnn wmne Jomes wonn fomen mnee oven woes jecns aves fosan wene Lemee
20100201 helium 1,00

$oone cnmn S et EET T fesme mmas fomen mmen e 1emen
* helium(gap) - volumetric heat capacity

e S T BT E S CET
20100261 273.15 6.4

20100262 6000.0 5.4

R fuses cmeafeces censfeses ssesfeces sessfeses ce

¢ zircaloy-4 - thermal conductivity

e T ooboio--.’ -.--1---.- -o--i---& -.g-l---u ---—1—.-9-

20100301 380.4 13.6

20100302 469.3 14 .6

20100303 B77.8 16.8

20100304 685.9 17.3

20100306 774.8 18.4

20100306 872.0 19.8

20100307 873.2 21.8

20100308 1073.2 23.2

20100309 1123.2 26.4

20100310 1162.3 24.2

20100311 1232.2 26.6

20100312 1331.2 26.6

20100313 1404.2 28.2

20100314 1576.2 33.0

20100316 16256.2 36.7

20100316 1785.2 41.2

20100317 2273.2 §6.C

Ruane sawe ieenr dome]uesn neww insen svun junee sxee jrene sean jumuv
* zircaloy-4 -~ volumetric heat capacity from matpro
Bowsn snwe famee wews Avres ansslenis Sewn jrose Buve AV ney wewe duewn
20100361 300.0 1.841e6

20100362 400.0 1.978e6

20100363 640.0 2.168e6

20100364 1090.0 2.466e6

20100366 1093.0 3.288e6

20100366 1113.0 3.86be6

20100367 1133.0 4.028e6

20100368 11863.0 4.709e6

20100369 1173.0 6.345e6

20100360 1193.0 §.044e6
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from matpro

*LP2-1973
LP2-1974
LP2-1975
LP2-1970

*LP2-1977
Lr2-19878
LP2-1978
LP2-1980

*LP2-1981

*LP2-1982
LP2-1983
LP2-1984
LP2-1986

*LP2-1086€

*LP2-1987

*LP2-1980

*[P2-1989

*LP2-1990

*LP2-1991

*LP2-1092

*LP2-19883

*LP2-1904

«LP2-1996

*LP2-10906

*LP2-1907

*LP2-1998

*LP2-1999

*LP2-2000

*LP2-2001

*LP2-2002
LP2-2003
LP2-2004
LP2-2006

*LP2-2006

*LP2-2007

*LP2-2008

*LP2-2009

*LP2-2010

*LP2-2011

*LP2-2012

*LP2-2013

*LP2-2014

*LP2~2016

R T——

e e e

TSN RS
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20100361 1213.0 4.054e6

20100362 1233.0 3.072e6

20100363 1243.0 2.332¢6

20100364 1477.0 2.332e6

Snmen vk fesow Shas A frosw. saing Jesma Swss jerre wens Jrnmn
¢ s-steel - thermal conductivity

Brsss susalsaps snas]svas ssssjucss Sessisese Sessissns  ssaslsswa

20100401 273.16 12.98
20100402 11909.82 26.1

Snnse wesw frene mass jsses sesn jesss sene jones suse jrene wome jueme
* p-steel - volumetric heat capacity
Goinme wmon jeens srne jrene s=ae Soone seme jenes sane feves wmaw fenns

20100451 273.16
20100462 366.5
201004563 477.69 19006
20100464 688.59 .336e6

3,836
3
4
4
20100466 609.82 4 .604e6
4
4
3
]

.B3e6

20100466 810.93 6396
20100467 ©922.04 77306
20100468 1144 .26 07606
20100468 1366.5 .376e6
20100460 1477.69 5.646e6

Senar ssasistwn ssxsissae scosjesns sasslancs sesslsses shneiieas
* inconel~600 - thermal conductivity

feses seasieens seeafesen buseclevns weas]eane wncblonns snek]oden
20100601 366.5 13.85

20100602 477.8 16.92

20100603 6588.7 18.17

20100604 700.0 20.42

20100606 810.9 22.50
20100606 922.0 24.92
20100607 1033.2 26.83
20100608 1144.3 29.42
20100609 1477.6 36.06

hurr s seapiesre tuanjondn seselsvew serilases Eehnfenat sexa]esie
* inconel-60C  volumetric heat capacity

Grise sdivifares nashfonds wessfsver crssferes saspiveun wvonfumse
20100661 366.5 3.908+6

20100662 477.6 4.084+6

20100663 6588.7 4.260+6

20100664 700.0 4.43646

20100666 810.9 4.666+6

20100667 922.0 4.920+6
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*LP2-2016
*LP2-2017
*LP2~2018
sLP2-2019

LP2-2020

LP2-2021

LP2-2022
*LP2-2023
*LP2-2024

LP2-2026

LP2-2026

Lp2-2027
*LP2-2028
*LP2-2029
*LP2-2030
*LP2-2031
*LP2-2032
*LP2-2033
*LP2-2034
*LP2-2036
*LP2-2038
*LP2-2037

L12-2038

LP2-2038

LP2-2040
*LP2-2041
*LP2-2042
*LP2-2043
*LP2-2044
*LP2-2046
*LP2-20486
*LP2-2047
*LP2-2048
*LP2~2049

LP2-2060

LP2-2051

LP2-2062
*LP2-20563
*LP2-2064
*LP2-20K6
*LP2-2066
«LP2-2067
*LP2-2068
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#mcen smmojecas sessjesss scssjesss cwerisces coos femns wnen foee-
¢ 007 reactor vei sl downcomer level intact siZe

$onme wmsefesse cessjeses messjescs sassfesscs o oce]emen cese  CEEE
20600700 rvdclvn sum 1. 6.3137666 ©
20600701 0.0 0.1876120 voidf 200010

20600702 0.2861823 voidf 2020100u 0

20600703 0.2626361 voidf 210010000

20800704 1.6200661 voidf 210020000

206007086 1.2616333 voidf 210030000

20600706 1.0792691 voidf 210040000

20600707 0.3533183 voidf 222010000

20600708 0.3741720 voidf 220010000

Semen smseimmes =serienes ssseler sn snsefrnns sena]escs cxss]eses
* 008 reactor vessel downcomer level broken side

$occs coen Qreee wees fovmn wons P frmes mmen fmsen wmns Jonme
20600800 rvdelbk sum - § §.31376656 O
20600801 0.0 0.1876129 voidf 270010000

20600802 0.2861823 voidf 272010000

20600803 0,2626361 voidf 280010000

208600804 1.65200661 voidf 280020000

205008086 1.2616333 voidf 280030000

206008086 1.0792691 voidf 280140000

20600807 0.3633183 voidf 222010000

20600808 0.3741720 voidf 220010000

$onae sven foven cmmn l=see mens fomen wmw= famen wwns e jumnn
¢ 230 level average channel

Brans swmew foees soes jonee weas jrese sone jomes wem sjonen rens R
20623000 "lvl avg" sum 1, 1.6842600 0
20623001 0.0 432 voidf 230010000

20623002 196 voidf 230020000

20623003 1986 voidf 230030000

20623004 . 28833 voidf 230040000

20823006 5744204 voidf 230060000

Pongs wEew phven ey Jomme | Wy 1P eEe wawe frese wcow i=vas ress iwman
* 231 level hot channel

Besse sssejesss susslecss srbn]renn srsu]snne sess]lesss cavsimonn
20623100 "1lvl hot" sum 1.6332083 0
20623101 0.0 . 1397017 voidf 231010000

20623102 . 268 voidf 231020000

20623103 08833 roidf 231030000

20623104 08833 roidf 231040000

20623106 .08833 voidf 231050000

20623106 .08833 voidf 231060000

161
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LpP2-2102

LP2-2103

LP2-2104
*LP2-2106
*LP2-2106
*LP2-2107
*LP2-2108
*LP2-2109
*«LP2-2110
*LP2-2111
*LP2~2112
*LP2-2113

LP2-2114

LP2-2116

LP2-2116
*LP.~2117
*LP2-2118
*LP2-2119
*LP2~2120
*LP2-2121
«LP2-2122
*LP2-2123
*1"2-2124
*LP2-2126

LP2-2126

LP2-2127

LP2-2128
*LP2-21290
*LP2-2130
*LP2-2131
*LP2-2132
*«LP2-2133
«LP2-2134

LP2-2136

LP2-2136

LP2-2137
*LP2-2138
*LP2-2139
*LP2-2140
*LP2-2141
*LP2-2142
*LP2-2143
*LP2-2144

T T |
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|
|
!
|
I
|
20609107 L 9 q 231070000 *LP2-2231 |
20509108 1.0 q 231080000 «LP2-2232 |
20609108 1.0 q 231080000 *LP2-2233 |
20609110 1.0 . 231100000 *LP2-2234 |
20609111 1.0 q 231110000 *LP2-2236 |
20609112 1.0 q 231120000 +LP2-2236 |
20609113 1.0 q 231130000 *LP2-2237 |
R e e B B B e LP2-223% |
* 092 total power LP2-2239 i
$oemn mean {umen =m=n D . it CETE e 1-=ne LP2-2240
20609200 powver «um 1 4.6000947 0 « 1 P2-2241 l
20609201 0,0 1.0 trlvar 90 *LP2-2242 |
20609202 1.0 entrlvar 91 *1P2-2243 |
Pumes e Pemmn mmes Prommn mmms jmeen wmee O e e L= LP2-2244
* 083 heat sink (steam generator) LP2-2246 ,
$mewy memefecse smme fomme e lomme mmme fommm mmme fmmme wmen Pmmmn LP2-2246 |
20609300 "heat sk" sum -1, 4.60636+7 © *LP2-2247 %
20609301 0.0 1.0 q 116010000 *LP2-2248 :
20609302 1.0 q 115020000 *LP2-2249 |
20809303 1.0 q 115030000 *LP2-226U |
20609304 1.0 q 115040000 *LP2-2261 :
20609308 1.0 q 116060000 *LP2-2252 !
20609306 1.0 q 115060000 *LI2-2263 |
20509307 1.0 n 116070000 *LP2-2254 |
20609308 1.0 115080000 *LP2-2266 |
#ommm mmee 1ovmm mee fmmmn e et fmmme mmse Lemes mnen 1=me- LP2-2256
. LP2-2267
*« 0896 - 098 power of structure heat capacity LP2-2268 |
. LP2-2269
* 096 structures downcomer intact loop LP2-2260
it CEE R femmn wmee Pmeme mene N e ST LP2-2261 r
20609600 "hc intl" sum 1, 1611.00869 © *LP2-2262 ;
20609601 0.0 1.0 q 200010000 *LP2-2263 |
20609602 1.0 q 202010000 *LP2-2264 |
20509503 1.0 3 210010000 «LP2-22856 |
20509604 1.0 q 210020000 *LP2-2266 |
20609505 1.0 g 210030000 *LP2-2267 i
20609506 1.0 q 210040000 +LP2-2268 :
i, Romnn fanme o s §raaeiimngy Lrssn, wons B i Ll Lt 2-2269 g
* 096 structures downcommer broken loop LP2-2270 i
#= = smesfiems swenfes - sscnlemes aee- fovmn rmee Lemmn mmen 1=mm- LP2-2271 |
20609600 "he brkl" sum 1. 1691.3711 0 *LP2-2272 |
20609601 0.0 1.0 q 270010000 *LP2-2273 |
|
i
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20609602 1.0 q 272010000

20609603 1.0 q 280010000

20606604 1.0 q 280020000

20609608 1.0 q 280030000

206096086 1.0 q 280040000

R jeens =en- josen emas forne ween jomen seee loses meee {==n=

* 097 structures core barrel

Bomen wans jreon woun fuemy some jreen caee frame ssen e ===

20609700 "he core” sum - 160.18909 0

20609701 0.0 1.0 q 220010000

20609702 1.0 q 22.:¢ 0000

206090703 1.0 q 225010000

Bomes Sewalneen sren]sese sewe]scnn shvelenes sedu]ve v oo (eeee

* 088 structures total

Bahew wee $ et - onmn sewE s R SR ey Fusen ss8n g owns

20609800 heatcap sum I 3262.5664 0O

20609801 0.0 1.0 cntrlvar 9§

20509802 1.0 cntrivar 96

20609803 1.0 cntrivar 97

BESee wordw frens anes foom mrwn fvewe wwey fomna e e e ats $esmw

»

* B10 -~ 620 trip-sets

»

*+ 510 blow-down valves

Mt e i o e B e Lmprehs- skl i oo Bk b Prm=a G 1#ees suns fwize

20651000 blowdown tripunit 0 0

206561001 510

ie i e Jo =i | e froms wexn St Lot i frawnw anow Jo i

* 511 power scram

i | e w6 e I J e A o : Fodam S £ S Rttt iy

20651100 powerscr tripunit 1. 0. 0

20661101 611

Pree= xanslanen secalscss  wess]sueas goeianen snesiesss Beks]esne

* FB12 pump trip

Reunn searfemipy asha]dtpe sewefaris  SRhg]evan o Are=s gusn j wene

20681200 pumptrip tripunit 0.

20551201 612

e Y e - ireme wwee g o pe - AL Jewen sy R

* 523 lpis trip

Ragin Audsliews ssaslsiss sani]epes okeslinde e forew Sbme g v e

20682300 lpistrip tripunit 1. 0. 0

20652301 613

By mn Jnvae swus fusva eoma fomas axed rene evsifeene wanw ir=e
165
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»LP2-2274
*LP2-2276
*LP2~2276
«LP2-2277
*LP2-2278
LP2-2279
LP2-2280
LP2-2281
*LP2-2282
*=LP2-2283
«LP2-2284
=LP2-2286
LP2-2286
LpP2-2287
LP2-2288
*[P2-2289
*LLP2~2290
=LP2-2291
*LP2-2292
LP2-2203
LP2-2294
LP2-2296
LP2-2296
LP2-2297
LP2-2298
*LP2-2299
*LP2-2300
LP2-2301
LP2-2302
LP2-2303
*LP2-2304
*LP2-2306
LP2-2306
LP2-2307
LP2-2308
*LP2-2309
*LP2-2310
LP2-2311
LP2-2317?
LP2-2313
*LP2-2314
*LP2-2316
LP2-2316

!
e
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* 524 hpis trip

20652400 hpistrip tripunit 1.

20662401 614

e L fosrs wwae jeres snim josee anan Irnes wnes jrese apnn  E sl
* 525 accumulator valve

A fomeme mne- jeeen =mw= 1=eme cee- fmeee wmee fresn wnm- foeee
20662600 accumuly tripunit 1.

20662501 682

Besen crssfusss eamwc]ucse sren]osse cmsnjenes csnen]emes smen]acss
« B14 eccs

Bamus. o jesne cnes feree weas Jowes seme inews soce favse swen jeaws
20651400 eccs swum 0
208661401 0.0 .36 cntrlvar 623

20661402 .26 cntrlvar 524

206651403 cntrlvar 526

Benew sosn]vuse snssles ¢ eussfwsen swssfunen Seaaleses wene]nae
* 516 steam valve

L Encta B P =as wanp Jewan wnow fomwn maws g o S v e mal] e
20662600 steamvop tripunit 1. 0

20652601 685

20562700 steamvcl tripunit -1, 0. 0
20652701 686

20651600 steamvlv sum 1, 0. (
20561601 0.0 1.0 entrlvar 526

20651602 1.0 entrlvar 527

B cmn jeees memw Prenn wews foren suve Juene wewe foein =mdo Sl
-

* 400-4564 calculation of fluid-momentum flux

-

* 404 momentum flux of junction 34001

ol Gl d e e Jinen wwee pome e P Wy - S o e
20540000 ‘'“abs vi" stdfnctn 1. 3.02687-6 ©
205640001 abs velf) 340010000

20640100 ‘"abs vg" stdfnctn 1. 3.02697-6 O
20540101 abs velg] 340010000

»*

20640200 ‘"momfluxi" mult 3. -6.9831-9 0
20640201 voidfj 340010000 rhof} 340010000

20540202 velfj 340010000 cntrlvar 400

20640300 ‘"momflux2" mult : 0. 0
20540301 voidgj 340010000 rhogj 340010000

205402 2 velg) 340010000 cntrivar 401
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LP2-2317
LP.-2318
P2 2319
*LP2-2320
LP2-2321
LP2-2322
LP2-2323
*LP2-2324
*LP2~2326
LP2-2326
LpP2-2327
LP2-2328
«LP2-2329
*«LP2~2330
«LP2-2331
*LP2-2332
LP2-2333
LP2-2334
LP2-2336
*LP2-2336
*LP2-2337
*LP2-2338
*LP2-2338
*LP2~2340
*LP2-2341
*LP2-2342
LP2-2343
LP2-2344
LP2-23456
LP2-2346
LP2-2347
LP2-2348
*LP2-2349
*«LP2-2350
*LP2-2361
*LP2-2352
LP2-2383
«LP2-2364
*LP2-23556
*LP2-2356
*LP2-2367
*L.P2-2358
*LP2-2359
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20640400 "m£3401" sum 1. -6.9531-9 0
20640401 0.0 1.0 entrlvar 402
20640402 1.0 entrlvar 403
$ommn cmen J=mmm mee D frmee mmes P et 1-==n

L —— P —

e e i e

* 414 momentum flux o* junction 31001

Bemce memajenes mssnjocsn ssselsces mrecjesns ssssfoscs seee]ee—-
20641000 '"abs vi" stdfnctn 1. £5.39944-6 0
205641001 abs velf) 310010000

20641100 "abs vg" stdfnctn 1. 6.39944-6 0
20641101 abs velg] 310010000

K

20641200 "momfluxi" mult 1 2.00727-8 0
20641201 wvoidfj 310010000 rhe” 310010000

22641202 velfj 310010000 cr rlvar 410

20641300 "momflux2" mult 1, 0, 0
20641301 voidgj 310010000 rhogj 310010000

20641302 velg] 310010000 catrlvar 411

-

20641400 "mf3401" sum 1. 2.00727-8 ©
20541401 0.0 1.0 cntrlvar 412

20641402 1.0 entrlvar 413

Pt s s dorw m doen e Jorer ene= o wens b Bl e jowes

*

* 424 momentum flux »f junction 18502

Pinmas mane femen wsas jomen wene
20642000 ‘"abs vf"

20642001 abs
20642100 '"abs vg"

20642101 abs

-

20642200 ‘"momfluxi"

20642201 veoidfj 185020000
20542202 velfj 185020000
20642300 '"momflux2"

20642301 voidgj 185020000
20642302 velg] 185020000

»

20542400 "mf3401"

20542401 0.0
20842402

Rermma meow jorer =wem jrens wepn

L R s funew awwe Jrmer maew irree
stdfnctn 1. £5.1388474 0
velf) 185020000

stdfnetn 1. 6.1388474 O
velg] 186020000

mrult s 20087.594 0
rhotj 186020000

cntrlvrr 420

mult 3 0. 0
rhogj 186020000

cntrlvar 421

sum b 20067.594 ©

1.0 entrlvar 422

1.0 cntrlvar 423

Qe e J=Frs el fenime | e e

LP2-2360
*Lr2-2361
*LP2-2362
*»LP2-2363

LP2-2364

LP2-2365

LP2-2366

LP2-2367
»LP2-2368
*LP2-2369
*LP2-2370
*LP2-2371

LP2~2372
=LP2-2373
*LP2-2374
*LP2-2376
=L P2-2376
=LP2-2377
«LP2-2378

LP2-2379
«LP2-2380
»LP2-2381
=L P2-2382

LP2-2383

Lr. -2384

LP2-2385

LP2-2386
*LP2-2387
sLP2-2388
=LP2-2389
«LP2-2390

LP2-2391
*LP2-2392
*[P2-2393
»LP2-2394
*«LP2-23956
*1.P2-2396
«LP2-2397

LP2-2598
*LP2-2399
*LP2-2400
*LP2-2401

LP2-2402
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20645100 "abs vg" stdinctn 1, 2.7306183 © *LP2-2446
20646101 abs velgj 240020000 *LP2-2447
* LP2~-2448
20646200 "momfluxi" mult 1, 2685.6641 0 *LP2-2449
20648201 voidfj 240020000 rhofj 240020000 *LP2-2450
206456202 velfj 240020000 cntrlvar 460 *LP2~-2451
206456300 ‘"momflux2" mult % 36.667471 0O «LP2-2452
20645301 voidgj  24U020000 rhogj 240020000 *LP2-2453
20645302 velgj 240020000 cntrlvar 451 *LP2-24864
- LF2-24556
20646400 "mf3401" sum g 2701.3223 © *LP2~-2456
20645401 0.0 1.0 cntrlvar 462 *LP2-2457
20646402 1.0 cntrlvar 463 *LP2-2458
s ik s Gt o waml sy wnsalans aune]ssan Wass ] Sens Smwe]eo s LP2-2459
LP2-2480
460 - 464 pressure differences LP2-2461
LP2-2462
Wercinl. L epmsas lowss sxosw ) e i AN A=mmm e Frnen s A LP2-2463
. LP2-~2464
20646000 "pdeO01™ sum : i 116991.5 0 *LP2-2465
20646001 0.0 -1.0 P 120010000 *LP2-2466 |
20546002 1.0 p 150010000 *LP2-2467
. LP2-2468
20646100 "pde002" sum 1. ~-57892.87 0 *LP2-2460
20546101 0.0 =1.0 P 112020000 *LP2-2470
20646102 1.0 P 120010000 *LP2-2471
» LP2-2472
20646200 "pde003" sum B -8269.584 0 *LP2-2473
20546201 0.0 1.0 p 100010000 *[P2-2474
20646202 1.0 P 112020000 *LP2-2476
- LP2-2476
20646300 "pdeQ05" sum 1. ~972.8379 © *LP2-2477
20546301 0.0 -1.0 P 160010000 *LP2-2478
20646302 1.0 P 180010000 *LP2-2479
» LP2-2480
20646400 "pdel06" sum N -49866.19 0 *LP2-2481
20646401 0.0 =148 ¥ 180010000 *LP2-2482
20546402 1.0 P 100010000 *LP2-2483
W apd wrBel e o Frena o jorne ane f=e s aan debey 5 Ml e 4 LP2-2484
* LP2-2485
* 470 reactor-power LP2-2486
i WY wwne LS (v ] e (i Jrmse e G e s LP2-2437
20647000 ‘"reac.pow" function 1 4.50000+7 0 *LP2-2488
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20647001 time 0 200
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* pump data

-

I e e e e I I N e R T R B B R O B B B T B B B 1% 2
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Wrmes seon jorim =ens {rene weca feann awid frnwn w=nk {reee mane 2 e
* single phase head curves

Hurme swse Jonda rava fonsn wewe Jevnm wens xonr Rebn §rnene nine : St
* head curve no. 1

Prras aswn]anan muwniecocs prasleses anusepor spsa]assn mees]sme
1361100 1 1

1361101 0.0000000+00 1.403600e+00

1361102 1.906100e~01 1.363600e+00

1351103 3.8986300e-01 1.318600e+00

1361104 5.939600e~-01 1.2328008+00

13611086 7.902000e~01 1.133600e+00

1351106 1.000000e+00 1.000000e+00

o smu wewnw Iwevr Somm osiww mane Jeoen sona Josne aw=e fores sums ety
* head curve no. 2

L Irewrs sows freme wmm~ I=er= cwww e {vrmr evwe frm=-
1351200 1 2

1361201 0.000000e+00 -6.700000e~01

1351202 2.000000e-01 =5.0000006~01

1351203 4.000000e-01 ~2.500000e-01

1351204 §.765400e-01 0.000000e+00

1351208 7 .443200e-01 2.583000e-01

13651206 7.734800e-01 3,778000e~01

1361207 8.631300e-01 6.326000e-01

1351208 1,000000e+00 1.000000e+00

s Iwwwn seenfoces sewe § e e | sswn weee forsna wama jr=vs
* head curve no. 3

W A e fosns wman jrsrs anna jreen woem J=ree eses jatme Sanm b Bl
1351300 1 3

1361301 ~1.000000e+00 2.4722000+00

1361302 -8,057400e-01 2.047400e+00

1351303 ~6,069000e-01 1.831000e+00

170

Y A R R TR R TR IR AR TS (T BTNt S ey R 7 TN Nt _B W= TN W LA TS R n | PRIt N T N

N R -—-—,..1

*1LP2-2489
LP2-249C
LP2-2491
LP2-2492
LP2-2493
LP2-2494
LP2-24956
LP2-2496
LP2-2497
LP2-2498
LP2-2499
LP2-2600
LP2-2601
LP2-2602
LP2-2603
LP2-2604
LP2-2506

*LP2-2606

*LP2-2607

«LP2-25608

*LP2-25609

*LP2-2610

*LP2-2511

«LP2-2512
LP2-25613
Lp2-2614
LP2-2616

*LP2-2516

*LP2-2517

+LP2-2618

*LP2-2619

+LP2-2620

*«LP2-2521

*LP2-2622

«LP2-2623

*LP2-2624
LP2-28628
LP2-2526
LP2-2627

*LP2~2528

*LP2-2629

*LP2-2630

*LP2-2631

e e R e e




1361504 -4.068300e-01 1:624000e+00 «LP2-2632
13513086 ~2.001710e-01 1.470600e+00 *1L.P2~-2633
1361306 0.000000e+00 1.403600e+00 =L P2-25634
Beven sssnfemce snasisiss seacisces sspilrten eassisrns smev]enes LP2-25636
* head curve no. 4 LP2-2636
WS Pem - dreee sdkadlSwes e B L S T L p el e 3 S LP2-28537
1351400 b 4 »LP2~2538
13561401 ~1.000000e+00 2.472200e+00 «LP2-2639
1361402 -8.229700e-01 1.988800e+00 sLP2-2540
1351403 -6.333200e-01 1.688700e+00 »LP2-25641
1361404  ~4.553400e-01 1.327900e+00 *LP2-2542
1361408 =2.710900e~01 1.184800e+00 «LP2-25643
1351406 ~-1.771600e~01 1.060500e+00 *LP2-2544
1351407 -9.073000e-02 1.015600e+00 «LP2-2645
1361408 0.000000e+00 8.342790e-01 *LP2-25486
Brwme e freme wwws oo smws omae wene jmemm sem- Jowiva  man i==== LP2-2647
* head curve no. 5§ LP2-2648
Beren sone focen =n=a omre mwwm Jsses vmen lree= wres e M T jo=en LP2-2649
1361600 1 5 *LP2~2550
1351601 0.000000e+00 2.500000e~01 *LP2~-2E61
13515802 2.000000e-01 2,800000e-01 *LP2-25652
1351503 4.000000e~01 3.400000e~01 *LP2-256563
1351604 4.118000e-01 2.768000e-01 *LP2-2564
1361506 §.976300e-01 4.584000e~01 *LP2-26556
1351506 7.934670e-01 6.992000e-01 *LP2-2556
13615607 1.000000e+00 1.000000e+00 *LP2-2687
B tmw o St LT i ] wmen mews {=wee aven frmes meme freew LP2-256568
* head curve no, 6 LP2-2659
Bremn meas]incs asbnfrirn semelerer mwme]anws essefmene ewenfonee LP2-2660
1351600 1 6 «LP2-2661
1361601  0.000000e+00 9,342790e~01 *LP2~2662
1361602 9.109900e-02 9.228000e-01 *[P2-~-2563
1361603 1.865090e-01 8.963000e-01 *LP2-2664
13651604 2.717620e-01 8.750000e~01 »LLP2-2666
1361806 4 .558720e~01 8.433000e~01 *LP2-25666
1351606 5.744060e-01 8.356000e~04 *LP2~2567
1361607 7.405760e~01 8.466000e-01 *LLP2-2568
1351608 7.666190e-01 8.489000e-C 1 *LP2-2569
1351609 8.71471%e-01 8.838000e-01 *LP2-2570
1361610 1.000000e+00 1.000000e+00 «LP2-2671
B i o Jasrm wawre Joree wmee nmmm = fnmen ema wimmer wnew rem= LP2-2672
* head curve no. 7 LP2~2873
B i jeres wumw Jerae asvax s Ir=we wees h E s R LP2-2574
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1351700 1

7

1381701 =1.000000e+00 ~1.000000e+00

1361702 ~8.000000e~01 ~6.3000006~01

1361703 -6.000000e~01 ~3.000000e~-01

1351704 -4 .000000e-01 ~5.000000e~02

1351706 ~2.000000e~01 1.600000e~01

1351706 0.000000e+00 2.500000e-01

Bunee snsmeomse swsnlovas pensl]cnonr sess]senn sonn]sone swaw]nxes
* head curve no. 8

Wuvme semsicems ssus]lrmes cesblisren svavirees seesloses aens]saes
1351800 1 8

1351801 =1.000000e+00 ~1.000000e+00

1351802  ~8.000000e-01 ~9.700000e-01
1361803  -6.000000e~01 ~9.600000e-01
1361804  -4.000000e~01 ~8.800000e-01
1351806  -2.000000e-~01 ~8.000000e-01
1361808  0.000000e+00 -6.7000008-01
et S B B L o Cat

* single phase torque data

W . St FR e Lrnes ety ] mremm d s bcrwmlnpmns e i}, xen e
* torque curve no. 1

Bosnn Jweve asxw nane _dema friemn mmis: et st ] guminr - b anoum B
13581800 2 1

1361801  0.000000e+00 6.032000e~01

1351902  1.830000e-01 6.326000e~01

1351903  3,930000e-01 7.369000e-01

1351904 5.955200e-01 8.331000e~01

1351905 7.978200e-01 9.228000e~01

1351906  1.000000e+00 1.000000e+00

PhSw= weawn]eanmn e J e aaw Jrrine o jreen messiacke ead } e
* torque curve no. 2

oo wani Fuwme mavem I=ore nénm s g reeia roun]eass ched Qi
1352000 2 2

1352001  0.000000e+00 ~8.700000e-01

1352002 4.002000e-01 =2.500000e~01

1352003 5.000000e-01 1.500000e~01

1352004 7.372580e-01 5.266860e-01

1362008  7.680490e~-01 6.065840e-01

1352006 8.672300e-01 7.436600e-01

1352007  1.000000e+00 1.000000e+00

L i B o fanay wokww frvas aepi e Jwewe . cods R <inSopee AT Anw
* torque curve no. 3

oty ayae jrewn seve feper Sund frbnd cawm A - il I § b

i e R e i D g e

*LP2-2676
*LP2-2576
*LP2-28677
»LP2-2678
*LP2-2679
*LP2-25680
*LP2-26814
LP2-2682
LP2-2583
LP2-2684
«LP2-25686
*LP2-2586
*LP2-2587
*LP2-2588
*LP2-2689
»LP2-2690
*LP2-2591
LP2-25692
LP2-2693
LP2-2594
LP2-2596
LP2~25696
«LP2-2597
=L P2-2598
*LLP2-2599
*LP2~2800
*LP2-2601
*LP2-2602
*LP2-2603
LP2-2604
LP2+2605
LP2-26086
*LF2~-2607
*LP2-2608
*LP2-2609
*LP2-2610
*LP2-2611
»[P2-2612
*LP2-2613
*LP2-26814
LP2-2615
LP2-2616
LP2-2617




1362100 2 3

1362101 =1.000000e+00 1.984300e+00
1352102 -8.008600e-01 1.394000e+00
13521083 -6.063800e~01 1.0976002+00
1362104 ~4.068600e-01 8.220000e~01
1352106 -1.992800e-01 6.648000e-01
1362106 0.C00000e+00 6.032000e~01
Brnun aonwe lo%en wosn Lonne, musx i

* torque curve no. 4

et M S LSS fovee bwnx -

1362200 2 4

1352201 ~1,000000e+00 1.984300e+00
1352202 -8.223400e-01 1.830800e+00
1362203 -6.337100e-01 1.682400e+00
1352204 ~4.585300e-01 1.667000e+00
1352206 -2,670230e-01 1.436200e+00
1362206 ~-1.761070e-01 1.387900e+00
1362207 -8.931000e-02 1.348100e+00
1352208  0.000000e+00 1.233610e+00
SR i S e i R e e 3

* torque curve no. 5

Sesie snrsuiniivw sesalrresr senalstocs trus]istws sppalnere Frws]eaes
1362300 2 b

1362301 0.000000e+00 -4 ,500000e~01
1352302  4.000000e-01 ~2.500000e-01
1352303 §.000000e-01 0.000000e+00
1362304 1.000000e+00 3.569000e~01
Prwteaver wisvay m goore amnw fasee cnen 1

* torque curve no. 6

ket St o Ll 1

1362400 2 6

1362401 0.000000e+00 1.233610e+00
1352402 9.064300e-02 1.196600e+00
1362403 1.885680e-01 1.109600e+00
1352404 2.734700e-01 1.041600e+00
1352406 4.586690e-01 8.9568000e~01
1352406 5.744800e-01 7.807000e~01
1352407 7.381600e-01 6.134000e-01
1352408 7.685200e-01 5.849000e-01
1352409 8.700870e-01 4.877000e~01
1352410 1.000000e+00 3.5669000e-01
Bminw. mune jomie mmew fuene smnk 1

* torque curve no. 7
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ceme mene 1emmm meme 1mmmn —mee Jemen

*LP2-2618
*»LP2-2618
*LP2-2620
*LP2-2621
*LP2-2622
*LP2-2623
*1.P2-2624
LP2-26256
LP2-2626
LP2-2627
*LP2-2628
*LP2-2620
*«LP2~2630
*LP2-2631
*LP2-2632
*LP2-2633
*LP2-2634
*LP2-2636
*LP2-2636
LP2-2637
LP2~-2838
LP2-2639
»LP2~-2640
*LP2-2641
»LP2-2642
*LP2-2643
*LP2-2644
LP2-26456
LP2-2646
LP2-2647
+LP2-2648
*LP2-2649
+LP2-2660
*LP2-2651
»LP2-26562
*LP2-2653
*LP2-26564
*LP2-26556
*LP2-2656
*LP2-26567
*LP2-26568
LP2-2659
LP2-2660
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e e _ e fe e AoREs  wern Bernn srap AESS e waws e fron= pasn L
1362600 2 7

1362601  -1,000000e+00 =1.000000e+0C0

1352602  -3.000000e-01 =9.000000e~01

1362503  -1.000000e-01 ~5.000000e-01

1562604  0.000000e+00 =4 .500000e-01

bhens terslnene stus]mene seinlasee gesefesen wnnaleses: yssedenes
* torque curve no. 8

Gumote s Jowes wane Jwnvan wme femen muka jomes woein s
1352600 2 8

1382601  -1.000000e+00 -1.000000e+00

1362602 -2.600000e-01 -8.000000e-01

1352603  -8.000000e-02 -8.000000e~-01

1352604  0.000000e+00 -6.7000000-01

Sowsis mebsivnags Srmalgevn  gene]eves stdniance SeielRsad e i =
* two - phase multiplier data from 13-6 test data

Bmmn o fpmme momw fowpw whus Ioens assi onan sewe J=wpe wenn f e
* head curve

Rommw puws fnems wwsw Iumbe weuuy Jrome Sme fosws. veusfosns huewn i
1353000 ©

1353001  0.000000e+00Q 0.000000e+00

1363002 1.000000e-01 0.000000e+00

1353003  2.000000e-01 1.000000e-01

1353004  3.000000e-01 2.000000e-01

1353006 3.500000e-01 3.000000e-01

1353008  4.000000e-01 6.000000e-01

1353007 5.000000e-01 6.000000e-01

1353008 6.000000e-01 6.000000e-01

1353009 7.000000e-01 6.000000e-01

1353010  8.000000e-01 §.000000e-01

1353011  9.000000e-01 3.000000e-01

1363012 1.000000e+00 0.000000e+00

Suers. Save Jemed: anwe 1vesn apen S i LAEE , Add i J o g e
* torque curve

Foen wamd Grmms wmwe oren wene Irmes sy Loprrean mwmn el e
1363100 ©

1363101  0.000000e+00 0.000000e+00

1363102 1.000000e-01 0.000000e+00

1353103  2.000000e-01 1.000000e~01

1383104 3.000000e-01 3.000000e-01

1363106  3.500000e-01 5.000000e-01

13563106 4.000000e-01 T.500000e~01

1363107 5.000000e-01 7.500000e-01
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LP2-2661
= P2-2662
*LP2-2663
=LP2-2664
*LP2-2665
*LP2-2666

LP2-2667

LP2-2668

LP2~2669
*LP2-2670
«LP2-2671
«LP2-2672
*LP2-2673
*[P2-2674

LP2-2676

LF2-26786

LpP2-2677

LP2-2678

LP2-2679
s P2-2680
*«LP2~-2681
*LP2-2682
«LP2-2683
*LP2-2684
*«LP2-2685
*LP2-2686
*LP2-2687
*LP2~2688
*LP2-2689
*LP2-2690
*LP2-2691
*P2-2692

LP2-2693

LP2-2694

LP2~26956
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