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ABSTRACT

This report presents the results of the RELAPS5/MOD2 posttest
assessment utilizing a Semiscale large break loss-of-coolant
experiment numbered S-06-3. Test S-06-3 is a 200% double ended
cold leg break experiment performed in Semiscale Mecd-1 facility
in 1978 for the purpose of investigating the thermal and
hydraulic phenomena accompanying a hypothetical large LOCA in a
pressurized water reactor (PWR) system and providing a data base
for a 1U,8. Nuclear Regulatory Commission standard problem.
Through extensive comparisons between data &..d pest-estimate
RELAPS calculations, the capabilities of RUT.APY to calculate the
large LOCA accident were assessed. Emp.agiz wae p’uaced on the
capability of. the code to calculate brezk flow rates during
system blowdown stage, emergency core rcoling system (ECCS)
injection bypass during refill stage guenching during reflood
stage, and the peak claddirr ‘emperature (PCT) behavior
throughout the whole experiment. 228ic-s, effects of several
different modelings which include radial connections between core
hot and avera_e channels, maximum number of heat slab axial
interval for 2-D refind calculation, number of nodes representing
the core, cross-flc+ Jjunctions on vessel entrances, reflood

calculation etc., were all investigated.
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SUMMARY

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

Test S-06-3 was performed as part of the Semiscale Program
conducted by EGA&G ldaho, Inc., for the United States Government.
This test was part of the LOFT counterpart test series (Test
Series 6) performed to investigate the response of the Mod -1
system to specific variations in the peak power densities of the
heater rods to assist the LOFT Program in the planning of the
first LOFT nuclear test series. The test objective specific to
Test S5-06-3 was to determine the maximum cladding temperature
associated with a high powered rod peak power density of 39.4
kW/m, or 75% of the maximum high powered rod peak power density
of 52.5 kW/m. In addition, Test S5-06-3 was designated as a

Nuclear Regulatory Commission standard problem.






calculation, Except the reflood calculation, effects of each
individval modeling on tae calculation of peak cladding tempera-
ture were gquite negligible, but to some extent gquench time
calculations were affected. Generally speaking, modelings with
in-core radial connection, larger number of heat slab axial
interval for 2-D reflood calculation, larger number of axial
hydraulic volumes representing the core, or cross-flow junctions
on vessel entrances would postpone the fue. guench time, Basides,
responses of cladding temperature on hot spot were heavily
affected when defeating the reflood calculation, and it was
identified that the usage of different heat transfer package
majorly contributed to such difference instead of the two-
dimensional conduction, Finally, the to.xl CPU time used in the
calculation with 22 axial volumes representing the core was about
3.4 times of that used in the base calculation in which 11 axial

volumes were involved.,
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1. INTRODUCTION

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

This report includes the results and conclusions of
assessment study involving comparisons between data from
Semiscale Test $-06-3 (1) and RELAPS5/MOD2 (2) code calculation,
Test 85-06-3 was parformed as part of the Semiscale Mod-1 portion
of the Semiscale Program conducted by EG&G Idaho, 1Inc., for the
United States Government, This test was part of the LOFT
counte-part test series (Test Series 6) performed to investigate
the response of the Mod-1 system to specific variations in the
peak power densities of the heater rods to assist the LOFT
program in the planning of the first LOFT nuclear test series.
The test objective specific to Test $-06-3 was to determine the
maximum cladding temperature associated with a high powered rod

peak power density of 39.4 kW/m, or 75% of th~ maximum high
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powered rod peak power density of 52.5 . W/m. {n addition, Test
$-06-3 was designated as a Nuclear kegulatory Commission standard
problem,

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

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

recommendations is the run statistics statement.
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2. TEST FACILITY AND TRANSIENT DESCRIPTION

2.1 Test Facility

The Semiscale Mod-1 system used for this test consisted of a
pressure vessel with internals, includiny a 40-rod core with 136
electrically heated rods; an intact loop +ith steam generator,
pump, and pressurizer; a broken loop witn simulated steam
generator, simulated pump, simulated reflood bypass lines, LOFT
counterpart nozzles, and two rupture assemblies; a coolant
injection accumulator for the intact loop; high and low pressure
coolant injection pumps for the intact loop; and a pressure
suppression system with a suppression tank, and heated steam
supply system. Semiscale Mod-1 experimental system configuration
information is provided in Reference 3, Figure 2-1 shows the
system configuration for Test $-06-3.

For Test 8-06-3, the 40-rod electrically heated core as
shown in Figures 2-2 and 2-3, was operated at an axial peak power
density which was 75% of the maximum peak power density (52.5
kW/m). Four rods (Rods D-4, D-5, E-4, and E-5, were operated at
approximately 39.4 kW/m, 32 rods were operated at approximately
24,9 kW/m, and four rods (Rods C-4, D-6, E-3, and G-6) were
unpoweread to simulate LOFT passive rod locations, This
configuration yielded a peaked power profile which simulates that
of LOFT and provides a total core power of approximately 1.004 MW,

To achieve the desired objectives during the LOFT

e»interpart test series, it is necessary that the Mod-1



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

The Mod-1 system broken loop was subjected to simulating a
double-ended cold leg break through two rupture assemblies and
two LOFT counterpart nozzles, each having a break area of
0.000243 m‘. In this broken loop, the pump and steam generator
were simulated with due resistances. For example, the broken
loop pump was simulated with an orifice having loss cosfficient
equal to 8,97,

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

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

conditions.

2.2 Transient Description

Test 5-06-3 was performed as part of the Semiscale Mod-1
portion of the Semiscale Program conducted by EGACG Idaho, Inc.,
for the United States Government., This test was part of the LOFT
counterpart test series (Test Series 6) performed to investigate
the response of the Mod-1 system to specific variations in the
peak power densities of the heater rods to assist the LOFT
program in the planning of the first LCFT nuclear test series.
Hardware configuration and test parameters wer> selected to yield
a system response that simulates the response of the LOFT nuclear
facility during the first nuclear test series.

The test was conducted from initial conditions of 15769 kPa
and 563 K (at the intact loop cold l:g vessel 1inlet) with a
simulated full size (200%) double-ended offset shear of .h~
broken loop c¢old leg piping at an initial core power level of
1,004 MW, and an initial core inlet flow rate of 6.68 1/s. The
instantaneous offset shear of the broken loop cold leg piping was

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

wn
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assemblies, After initiation of blowdown, power to the heated
core was reduced to simulate the predicted heat flux response of
nuclear fuel rods during a loss-of-coolant accident. Blowdown
was accompanied by simulated emergency core coolant i action
into the cold ley piping of the intact loop. Coolant injection
from the hiy™ vressure injection system pump began a. blowdown
and continued until test termination. Coolant injection from the
accumulator started approximately 18,5 seconds after rupture at a
system pressure of 4200 kPa and continued to depletion at 68
seconds after blewdown, Low pressure coolant injection began
25.5 seconds after rupture at a system pressure of 1900 kPa and
continued until test termination, The cure power was tripped off

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

3.1 RELAPS/MOD2 Modeling

RELAPS/MOD2 is an advanced one-dimensjonal system analysis
com, uter code developed at the INEL for the U.S8. Nuclear
Regulatory Commission (NRC), The principal feature of the RELAPS
series is the use of a two-fluid, non-equilibriumm non-
homogeneous hydrodynamic model for transient and accident
simulation of a two-phase system. Instead of only five eguations
used in the RELAPS/MOD1 version, RELAPS5/MOD2 employs a full non-
equilibrium, six-equation two-fluid model.

In this report, test data of Semiscale $-06-3 were nsed to
assess version 36.04 of RELAPS/MOD2. In modeling of Semiscale
Mod-1 system, a total of 95 hydraulic volumes, 107 junctions and
64 heat strustures we. used, as shown 4in Pigure 3-1. In
modeling of the reactor core, a total of 22 volrmes were used to
reprosent the core hydraulic space, which included both average
and hot channels in parallel. Besides, 11 cross-flow junctions
were also used to model radial connections between both average
and hot channels. In modeling of both average power rods (32)
and hot rods (4), a total of 22 heat strustures were used with
half set for each, in which the maximum number of axial interval
for 2-D reflood calculation was set to 8 in the base model. In
modeliny of other parts of the pressure vessel, three volumes
were used to model each lower and upper plena with attached

heat slabs to simulate structure material, and annulus

10



components having 6 volumes were used to model vessel downcomer

also with heat slabs attached.

In modeling of the pressurizer attached on the intact leop,
13 volumes were used to model the pressurizer vessel and 3
volmme. were wused to simulate surge line. In modeling of the
steam generator on the intact l1n:, s8ix volumes were used to
repesent the primary side with inlet and outlet plena included,
and six volumes were used for the secondary side which included a
downcomer and a separator. While in the modeling of the broken
loop steam generator, only two volumes were used for the primary
side with suitable resistances. In modeling of pumps, due pump
component was used for the intact loop coolant pump. As for the
broken loop pump modeling only a junction wi‘a adequate loss
coefficient (K=8.,97) was adopted.

In modeling of emergency core cooling system (ECCS), only
three sets of time-dependent volumes andAjunctiono were used to
simulate each sub-system, which consisted of the high pressure
injection system, the low pressure injection system and the
accumulator.

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

to represent the pressure suppression tank.



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

data are listed in the Appendix.

3.2 Assumptions and Initial Conditions
In simulating the 3Semiscale 85-06-3 test, following

assumptions wera made so that undesired calculation uncertainties

could be avoide:

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

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

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

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

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

Steady state was achieved by using some initialization
techniques including pressurizer desired pressure and water level
control, desired loop flow control and etec.. The resulting
initial condition 4is listed in Table 3-1, The calculated and

measured initial conditions (1) are matched guite well.

12
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4. RESULTS

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

investigated to ensure that results are within reliable domain,

4.1 Comparison with Measurement

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

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

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

rates at two ends from both simulation and measurement are shown

15
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in Figures 4-1 and 4-2 respectively. Observing the break flow
near the pump side, it can be found that the steam break flow
rate seemed to be underpredicted a little, As for the break flow
rate near the vessel side, they both matched guite well until the
ECCS flow bypassed to the broken loop. When ECCS water bypassed
to the broken loop cold leg, break flow rates from calculation
and test began to oscillate. Nevertheless, oscillation
magnitudes were little different.

The pressurecizer pressure responses are compared in Figure
4-3. It can be observed that they also matched quite well except
the timing of pressure inflection point. This inflection
difference basically was cauvsed by different pressurizer empty
time. As well known, the pressurizer empty would cause an
inflection of pressurizer pressure. To illustrate this feature,
pressurizer outsurge flow rates are also compared, as shown in
Figure 4-4, It is clear that the empty time exactly corresponded
to each pressure inflection point. The late prediction of the
pressurizer empty may come from several reasons. Among them are
the modelling of heat transfer between liquid and wvapor space,
the stored heat of pressurizer vessel and the form loss of
pressurizer surge line.

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

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

16



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

As a result of system blowdown, water levels in the reactor
vessel descended drastically. Collapsed water level responses
( 8P/ "¢ ) in the downcomer are shown in Figure 4-10, It can be
seen that after the rupture began, water level declined steeply
and at the end of blowdown there was almost no water existed in
the downcomer. From thie comparison, 1t can be found that the
RELAPS calculation agreed with what was measured. Concerning the
water level in the lower plenum, since it is the lowest part of
the system, water level in it varied less violently and at the
end of blowdown it still detained about one-third of cocolant in
it, as shown in Figure 4-11, Again, rea.onable agreement between
calculation and measurement was also observed. Resulting core
collapsed water level responses are shown in Figure 4-12. It can
be seen that the calculated water level dropped below the active
fuel within 5 seconds after ruptures began, which was about 10

seconds ahead of what was measured.
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REACTOR EXCURSION AND LEAK ANALYSIS FROGRAM{ RELAPS/MOD2/36.0% )

SIMULATION OF SEMISCALE S-06-3 LARGE LOCA TEST

3 ™ | Y e i . 3 | 5 3 i | = 1 - T 1“"‘]
—— & RELAPS
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T e
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Fig. 4-12. Coilapsed Water Levels across The Core
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by the ECCS would enter the system when system pressure wae lcw
enough. In our calculation ECCS injections were provided as a
given boundary condition to exclude \(rnnecegsary tncertainties,
When accumulator injection began at about 20 seconds,
apparent ECC bypass was observed in the test. While in the
calculation, due to lack of counter-current flow 1limit (CCFL)
model this phenomencn could not be caught well. In the test, two
ECC bypass delay periods were identified (6]); a blowdown-force
ECC bypass period supported by ccunter-current flow-flooding
phenomenon in the downcomer annulus; a "hot wall" delay period
due to steam generation as cold ECC water comes in contact with
the vessel hot walls., As an evidence of this phenomena, broken
loop cold leg densities and break flow near vessel side from both
experiment and calculation are compared and shown in Figures
4-17 and 4-18 correspondingly. From the comparison, it can be
seen that the cold leg density in the test obviously increased
after accumulator injection began, while in the calculation the
density change was very small nnly after the downcomer was filled
up with water, which will be des~cribed later, As for the .reak
flows near the vessel side, it can be also observed that after
accumulator injection began, measured break flow rate was
obviously higher than what was calculated until about 60 seconds.
After 60 seconds, the downcomer was filled up with water in the
caleculation and therefore following ECC water directly flowed to

the broken loop cold leg, which caused the break flow near the

w
wn



vessel side rose again just as appeared in the asssciated {igure.
Serving as eéenother evidence was the core barrel temperature
response. Comparison cof core barrel temperatures is shown in
Figure 4-13, It can be seen that after accumulation 4injectioen,
core barrel temperature in the calculation began to decrease with
another siope, while in the t- st this temperature behaved just on
the contrary until ECC water penetrated the downcomer at the time
of 42 seconds,

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

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

expected, As for the coolant temperature response in the upper

36






S8T3TSuUag JUeT00; pa7 prod dooT uayoig

( 93S )

JWIL

“Li-v *b1a

s L T s . I ..
go oS~
g .
d : . ] 00*002
| { “
1 : i ~.
w 1 m_“ 3!
1 pp 1 il =
2 I| | i1l ?._ 00°05h
' T..__ ' H
, fhol
i 1 1 da
i i i i _.L_".
4 Il | {EENEN il
i w m www N:“ 00°00L
L
00°058
1 pid0 1S3L ¢ ——w—- :
Ly SMBM e, 3 i . WA L L
00°*0021

1S31 Y307 30487 £-90-S 3THISIW3AS 40 NOBILUINWIS

( h0*SE/200W/SdUT3Y I WEEO0Ed SISATHNE U3 ONY NOISHNIX3 ¥01JH3Y

0C00T0hIZ OHY

( EW/9X )

38



00°t8

9PTS [9SSaA Iedu Sajey MOTJd Yeaxg

gL~y “brg

1531 Y3071 30487 €-90-S I THISIWIS 40 NOIIUTINWIS

( 335 ) SWIL
i d APl sl iRt A cdi o Rl el & me
00°9-
i
L S T00°0 X
»ﬁ‘ . f .. l—.d
® L =
i - Q
=
c
F s -
00°9 Mw
15’
3 o
o
o
o
o
¥ 0o+21<
- P
[o)
~
o
¥ 00°81c>
L #1490 1531 &t ——m-— E
S ¢ — .
i i 4 1 S ) L 1 B L i
— 00" ha

( #0"9E/20AW/SdET13Y T WBHIDYd SISATUNG NH3T ONY NOISHUNIX3 ¥0.1043d

39



-

So9J1 L PM T9l1x
Y
. ..
S (Y 1K
i Ju'0S
|
- A y W — i A
- SN,
/.\\(/.(;\/) ™ !

-
~ X 82
s
-
: e d
~ BI"TI\ -
g 138 8
. A A i il
e . B - o v
4 ’ P 4 2 | - — O3 o= -4
- - - . . - ! . ‘ot . ’
A . b ) 13 g 1} T
UN/ Sd 38 NoUCOUwada AIA |

2 B
W

.

J




J2wodumO(Q JYL SSOID®P ST3A97T I9jem pasderion "oz-¢ 614

( 335 ) NI L

ol s ) - B Motk st BT LS il s PV bl s s S Nl s PR, o o
| 0o*0
iy ; L L i
i \ PN P LA, MR
hai iAo Y AE t
i ey ﬁ(wz 02° 1
TE ‘ M
. _ | ’\,. 18
4 mm.w i :
_w Lr w. .:_
i it  Foas
i b [owz
Bl ] m
.“ sd } 3
; :W:u
vk Jligh
A gl %] fue
Y #\ TISE S
A T 5
- wn ."1 “11._ .
i
] d |l oat
] ¥ « HIYZ 1331 ¢ e |
ST
i h i w A r -3 P i — 1 \— A
009

1531 H307 30487 €-80-S IHISIWIS 48 NOILYINWIS
{ h0*9E/200W/SdET3Y I WHHIDYd SISATHUNE U3 ONY NOISHNOX3 ¥OLOHIY

A3 ¥3LEA

2

0ST

41






136

£r

HTTEMP

REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MODZ/36.0% )
SIMULATION OF SEMISCALE S-06-3 LARGE LOCA TEST

950.00

T : 1 ' T = T T T et 1 v
_—w-- 3 TEST DATH .
N\
. WL sty iy ST
300.00_| P [ B e NV
. /
-»-"'* / ‘\r
E End of refill -
M. e
8s0.00_| d
End of refill
y
800.00_|
750.00_|
m.m T L4 L L L 4 . i ' T
31.00 38,00 45.00 52.00 59.00 66.00 73.00 .00

TIME ( SEC !

Fig. 4-22. Low Power Rod Hot Spot Claddiny 'Wemperatures
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RERCTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/M302/36.04% )
SIMULATION OF SEMISCALE S-06-3 LARGE LOCA TEST

llm‘m v T v N L 2
i 1 1 1 T. m : §
--%~— 3 TEST DATA R
o~ End of refill
(108000 \ v
<L " - ""\\ *—"L '1
- frooo T

End of refill

870.00_

Bm.w ” r - - T - " o
31.00 38.00 45,00 52.00 59.00 66.00 73.00 .00
TIME £ SEC )

Fig. 4-23. High Power Rod Hot Spot Cladding Temperatures
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REACTOR EXCURSICN AND LEPK ANALYSIS PROGRAM( RELAPS/M0D2/36.04 )
SIMULATION OF SEMISCALE S-06-3 LARGE LOCR TEST

850.00
3 T Ll 1 R I h s r t r. ¥ o ﬁ L 2
; —m-— 3 RELAFS TG |
590.(!)_‘ —pe § TEST Mﬂ =
= & -J
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o i i - ' «
o 1 71 S V2] 1
= i it 1 F YR
o i i ! 1 1 N
® ! i Pt { | i /
o~ = { & i |
470.00_| e T A : '
g Bt ! !
L - '; I { 14 : 1
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u H
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Jhnaas b i T R J 4 T L ] " R I ¥ ﬁ i
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Fig. 4-25. Upper Plenum Coolant Temperatures



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

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

calculated rewet temperature was a little lower. The highest






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

As a summary, important sequence of events is listed in

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

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

modelings and options, the following sensitivity studies are
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REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELRPS/MBD2/36.04 )

6.00
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Table 4-1 Sequence of Events

Event

Blowdown initiated

High pressure injection
started

Core power decay
transient started

Fuel hot spot temperature
excursion began

Fressurizer emptied
Accumulator injection started
PCT reached

Downcomer penetration

Lower plenum water level began
to increase

Lower plenum filled up
Downcomer filled up
Accumulator injection stopped

Fuel hot spot rewetted

* Fail to simulate

64

Time (s)
.—.__-‘.

1.27

2.94

7.5

18,5
20.5
42.0
60.0

71.0
73.0
90.0
165.0

Measured

RELAPS

1.27

3.33

12,8
18.5
41,0

32.5

52.0

58.0

9r
102















calculation of 22 axial nodes was much more than the other two

did, as shown in Figure 4-63.

4.2.5 Cross-Flow Junctions on Reactor Vessel Entrances

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

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

REACTOR EXCURSION AND LERK ANALYSIS PROGRAM( RELAPS/MODY .04 )
SIMULRTION OF SEMISCALE S-06-3 LARGE LGCA TES.

o we

o s e de . da | e aha e
TIME { SEC )

Fig. 4-49. Collapsed Water Levels across the Core
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RODING TEMP.

-

C!

REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MODZ/36.04% )
SIMULATION GF SEMISCALE S-06-3 LARGE LOCA TEST

950.00 ’ > - & w " —~ —
X : "+ AXIAL NODE-2

: ——we- NI M-8 ;
870.00_ -—+— & AXIAL NODE-32

3 3
790.00_ a

1 1
710.00 _ -

1 .
630.00

~ .

ﬁ -
550.00

0.06  25.00  S0.00  75.00  100.00  125.00  150.00  1¥s.00
HEIGHT ( CM )

Fig. 4-52. Low Power Rod Peak Claading Temperatures
versus Elevation
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REACTOR EXCURSION AND LEAK ANALYSIS PROGRAM( RELAPS/MODZ2/36.04 )

.00

SIMULATION OF SEMISCALE S-06-3 LARGE LBCA TEST

164

WATER LEVEL
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4-68.
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Collapsed Water Levels across The Core
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6. CONCLUSIONS AND RECOMMENDATIONS

Generally speaking, RELAPS calculation correctly simulates
responses of vital parameters and catches associated important
phenomena except the CCFL which takes place in the blowdown and
refill periods aud mrkes the latter-on consequency deviated.
Through ~xtensi e comparisons with measurement and important
sensit.vity studies elaborated in the previous sect.  a, the
folloving conclusions are reached with suggestions :
'+ The calculated break flow rates fron both sides matchec the
data very well especially for the break near the pump side.
As for the flow {rom the break near the vessel side, before
the accumulator injection began, it also matched the data
well, However, owing to the inability to simulate CCFL and
the over-estimation of liqguid downflow for a given steam
upflow [(11), some differences appeared between the calculated
and measured break flow rates after the accumulator
injection. Once ECC bypass and downcomer penetratior
phenomena can be caught well via the installation of CCFL
model and the modification of interfacial drag between vapor
and liquid in the code, prediction of the break flow from the
vessel side probably can be improved.

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

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

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

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

Whether the radial connections between the hot and average

channels were mo 3lled or not almost had no effect on the
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predictions of peak cladding temperatures. However, cladding
temperature responses of both ends of high power rods wers
affected. In the base calculation in which the radial
connections were simulated, both ends experienced CHF soon
after breaks occurred, while in the calculation without
radial connection both ends remained in the status of no
temperature excursion throughout the simulation. Besides,
the radial disconnection between the hot and average channels
caused the lower part of high power rods rewetted a little
late as compared to results with radial connections.

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

The number of axial hydraulic volumes representing the core
showed some influence upon the thermal responses of fuel
rods. As depicted in the previous section, the number of
axial hydraulic volumes representing the core did not affect
the prediction of peak cladding temperatures too much.

However, it resulted in a tendancy showing that except at

11¢
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ends of fuel, fine noding of the .ore might result in a later
quench, but the postponed time was only about several
seconds,

9, In the base calculation, the entrances of four legs entering
the vessel were modelled with normal junctions. The effect
of using cross-flow Jjunctions to replace those has been
investigated., Although the replacement had no effect on the
break flow calculation, the filled-up time of lower plenum
was postponed a 1little and so was the core water level
as~ending time. As a result, the fuel quench timc was a
little put off in the calculation with cross-flow junction,
but the peak cladding temperature prediction was not affected
at all.

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

11, Generally speaking, modelings with in-core radial connec-
tion, larger number of heat slab axial interval for 2-D

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

only 11 axial volumes were involved,

B ——
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020501 G.0 3
a020601 90, 3
4020701 5.6162 1 2.80777 2 1.23603 3
4020801 0,0 0.0 2
4020901 0.0 0.0 2
4021001 © 2
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4071300 0
GUZLIADY E.229 10734 .0 i
4021392 11,848 16.65¢% He0 2
k=
wdese SFELAPATOR
¢
enaantn 876 SEMARATR
440703 3 0
a4NE81 006 DD 0,6405 5.0 90,0 0,077 0.0 9.0 0
L048200 a §87.22 53064 1111.7
GMEA191 &06D10000 A05000050 0.0 9,0 0.0 01000
4063701 13,607 14,428 0,0
&A1Y 474000000 403000000 0.0 0,0 &0 01000
LpNpany e 0781 4,1565 0.0
042301 «OIL0000 A04000000 0.0 £.0 o, 0 01020
5”53201 15.3‘! 16-516 ola
L3
sappn  STE& DOME
"
“eNNDAD 876 PIPE
SUEAD0), B
A0%0101 0.0 8
4050201 0.04 &
050305 02 B
4080601 0.4508 8
A050%01 0.0 S
4058401 90, 5
4050701 0.977 5
40B0R0Y 0.9 0,0 8
050901 0.0 0,0 4
051001 0 8
40531101 01000 é
405" 91 © 947.16 530,60 1111.7
4053202 € $47.11 §33.5% 11310
4051203 €@ 947,07 330.59 o BB B
4051204 0 $47,.,C02 530,58 1311.7
40831205 ¢ PLE L SA5.87T % %
&051300 0
40%1301 16,4626 14,62% 0,0 1
4051302 16,427 14,427 .0 2
40817303 14,827 14,427 0.0 3
GUS1304 14,428 16,425 0.0 4
L]
tEdangoeetantpen; THhpepRNEnsedpoenbRnRY
sbeace STEAM W IME oRECBEND
REPPRBBDLDBRVOT PRI R B BB ERBRBEBRDOLREDBLO Y
o
4520000 OUTLET THRPJUN
4520101 405010000 406000000 0.021
#4520201 O - gAY F 27,582 0.0
4520200 1 402
4520201 ~0.0 0,0 1.21368 0,0
4320202 0.0 0.0 1427358 0.0
4520293 8.0 0.0 1.27868 0.0
4520204 12,30 0.0 0.41632 0.0
4520205 22.5 0.0 D.16p22 0.0
4520206 22.9 0.0 00 0,0
4520207 300, 0,0 0.0 0.0
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LDLC2D0 2
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fLRooREPEENBUBLpBERABEDRICATARBEGS DB ODOVE Y
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4830000
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ERFGLBDERBVLESVUBRRLBVRCOROTBBOD BN Rp BB eV RBERF L OB e pRER OB DB R
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2u807565 0.012470 R4D 405010000
2005355986 0.012470 RHO 405020000
205072307 0.012470 RH4N 405020000
20500508 0.012470 R4) 4050402000
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20500510 0.012338 RHD 403010000
o

20500600 S6-ER]R SUM 0.66138 .0 1
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f 2058192 =1,0 TEYUPF 111010000
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205099300 YR -0 BUY 1,03 0,0 L
20509%91 0.0 1.0 P 026010009
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Fasjeonn PEZ=P SuM 1,03 0.0 1
20530063 0,0 1.0 P 113313¢0000
%
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FRZ PIESSURE

§7G PRESSURE
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20814100 SG~P S 1.0=3 0.0 1
20510101 0.0 1.0 P 415010000
@

SRLpn
acoptrae VILUMATRIC FLOYW RATES
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4

L0

©
205165200
20819201
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ITHTACT LOOF HOT LEG

TLMLG=VE MULT $,0 0.0 1
VELFJ 101030000 VUIDFJ 102030000

20830300
20510301
®

ILHLG=VF SULT 1,0 0.0 1
VELGY 101030000 VOINGY 101030000

20%10409
208510401
20510402
2

e

@
20510800
20510501
o

20510600
20310601

®
20510700
20510701
20510702
®
oo
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JLHLG=V SUM 28.316 0.0 1
0,0 0.02058 CNTRLVAR 102
C.02058 CNTRLVAR 102

IMTRECT LOOP COLD LEG

1LCLG=VF MULT 1,0 0.0 1
VELFJ 112020000 VOIRFJ 112020000

ILCLG=VG MULT 1,0 0.0 1
VELGJ 112020000 vOIDGY 112020C00

0.0 0.0378 CNTRLVAR 105
0.0378 CNTRLVAR 106

IMTACT PRZ SURGE FLOW

8 28,31h=FToed/L

2 28,318=FTaul/L
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20532100
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D

20817200
70812204

&
705123500
20512351
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F0512400
2083 2401
+

201512500
20812501
£

20512600
20532601

®
FU51270%
201832701
s

205124800
202312801
#

20532909
20812901

w
20513000
20513003
L2

22

R
20513490

PezevE TLT 1,0 0,0 1
VELES 101023000 VNINFG 18100400

I‘Rz=vg wULT 1,0 0,0 1
VELTY 1010:0000 Vﬂi”GJ 10162C02n

PRE=v St 28,316 0,0 1

37 ¢ (‘-Ct"!( c"?”l_\'ﬂq :0!
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VESSEL FLOW RATE
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VELFJ D0AD10D00 VLD
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YELBY DDEANL000 5 VRIDEY L0600
JCOFE~Y S0 28.814 C.0 1
(1.0 0.,02162 CNTLVAR 111
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FUglh Tewh, Ti BE COMGARED

MOT “UEL RODS

=1 SU1 1,0 0,0 1
0.0 1.0 HTTEMP 001100112

1.0 2.7 1
131100212

HE=2 UM
040 1.0 HTITEWP:

HF=3 SuH 1,0 0,0 1
0.0 1.0 HYTEMP £01100212

HF=-8 Sy 1,0 0,0 1
o 1.0 HYTEMP 001100412

fiE=<5  Sut’ 1,0 9,0 1
0.0 1.0 HTTEMP 0OD1100%12

bF-g  SUF 1,0 0,0 1
0.0 1.0 HTTEMP 001100617

PF‘T SUH 1.0 ooc 1
0.0 1.0 HTTEMP 001100782

ME=3  SUN 1,0 0,0 1
0.0 1.0 HTTEYP 001100812

HF=3 SuUM 1,0 0,7 1
0.0 1.0 MTTEMP 002120612

pF-10 SUM 1,0 0,0 1
0.0 1.0 HTTEMP 0011‘101:
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AF=1 SUY 1.0 0.0 1

A-25

p 25.M16eFTee]/L

A —————

BL.5 &mETasd/zL

e e el e e e e e e



[ S = 1§ .
4

——

|

S I T o o ) e e e T R N e e T g . W

AMESLMIH)L
@
208124200
20518201
%+

2073353
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208351
*
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@
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&
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20813945
o
2081300
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20%164000
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hospbose
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20514101
20514102
»

L2 2
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*®

LY 2]

*
20518300
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LR LR R
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T 0 36 MITER 002300142

AF«2 s 1,0 0.0 1
N0 1.0 FYTEMP n02100212

#F«=3  Sim 1,0 0,0 1
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fFwk  Sipt 1.0 0,01
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AF=S SU' 1.0 6,0 1
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D 1.0 HTTEMP 002100712
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A
5
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AF«108 St 1.9 0,0 1
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ACPDSS DOUHCOIMER

DCit=DP SL 1-0.3 0.0 1

0.0 1.0 P 0050310000 -1,21%2 RPN Q0S010000
=1,0 P 003010000 0.1176 =5-N 533010000

ACROSS LOx PLEN,

LPH-DF SUM 1.0+3 0.2 1

0.0 1.0 P 005010000 2.%01% RO 005010000
-1,0 P 006010000 0,3724 BH:) 004010000

ACRDSS CORE

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

0.0 1.0 P 00501000C «1,2152 RHO 005010000
«1.,0 P 029010000 =-2,5234 RHC 029010000

CHOLLAPSED WATER LEVEL ¢ DESITY=990.0 KG/Musd » 100.0 F )

ACRISS DOWNINMER

wor W/L D=P

»
20814500
20814501
#

DCHsWNLT SUM 1,0307-4 0,0 1 ¢ 1,0307-4=1/¢5,8899C.0)
0,0 1.G+3 CNTRLVAR 141
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o
20814400
20514m01
20514602
720514603
20514606
201514408
20814406
-]
20514702
20816 0}
20516702
2N514703
20814704
20814708
2RV ATNE
o
20814800
2081680%
70516802
@
2083653070
203516901
20336202
L3
ROS1500
20518031
20%15002
“

Beosn

»

R

t
20515200
2n%1 %184
*»

(.22

. -
30815230
20515201
20515292
£

20513300
20%8) 5301
20515302
©

20515400
205156401
20515402
&

20515500
20515501
20515502

®
20515600
20915601
20515602
*®

soBo G

®

L2

D=L ] SUM 1.0 6.9 )

e  G.1537 VOIOF 003010000
1..771 VOIDF 004010000
1.2771 VOINF £o4020000
1,2771 VOIoF 00403n000
0.,2235 VDINF Q06010000
D.1318% VOInF 0030109200

nee=L1l SU™ 142 9,21
0.0 C41531 VOLRG 0603010000
1.2771 ¥0l%9 004010000
1,2773% v2IDS 004020000
«2171 VOInG 924530000
0,223% V0inG 006010000
Cr131% vnInG 905010000

DEHL T UL T 0,2019301 0,0
Ehr 008015592
CLYRLVAR 146

LSRRI | UJLT 0,0:10131 N4
Sraa 003010609
CTRLVLR 187

hews%lL ] 2 1D 0,0 3

Q.0 147 NTRLVAR 148
lov JMTRLVAR 169

ACROSS LOV PLEMUM
WAL CALCULATED &' D«P

LPMN=wL] S 1.,0307=4 0.0 1
B0 1,03 CHTRLVAR 142

W/l CALCULATED =Y VAID

\
LPu=SL il SuM 1.0 0,01
0,0 0.1496 VOINDF 005012000
0.51048 VOIdF €0O5010000

LPH=NL]I] SUM 1.0 0,0 1
0.0 00,1496 VOING 006010009
0.%5104 VOIDG 003010000

LPr=wL 11 MULT 0,.0010101 0,0 1
MOF 005010000
CHTRLVAR 132

LPY=%L1T MULT 0,0010101 0.0 1
RHNG 005010000
CHTRLVAR 153

LPN=JLT] SUI* 1.0 0.0 1

0,0 1.0 CNTRLVAR 154
1.0 CHTRLVAR 155

ACRDSS CNRE
w/L CALCULATED QY D=P
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20518700
2051878,
°
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#
20518800
20515301
205158402
20515803
20515696
22515%A08%
2051%406
20515807
208188080
P0%14209
20819310
@
20513970
20815902
205158902
20515003
20581504
20515905
20:51%90¢%
20515907
20515908
2051590°
®
20514000
20514001
205146002
205146003
20816004
20816005
2518005
20816007
20515008
20514009
20514810
'y
208316100
20516101
205814102
20516109
20516104
20516208
20516106
20514107
20516108
20516109
@
20516200
20516201
20514202
©

2052300
20516301
208146302
-]

20516400
20516402

B —

€7l Sut 1,0297+4 0,01
D7 1.0e% CHETTLVAR 143

Y7L CALCULATED Y vnIDb

Chr=al 1] SUM 1.0 0,0 1

.0 00,1315
Q.223%
C.h416
0,1%2¢4
0.1271
N,1269
0.1289
0,1%591
0.024R
03272

ChR=¢L11 Su
0.1717
0.2033
02539
0. 7043
0.7042
0.704)
¢.1541
1.0

VOIDF
VOLInF

025010000
2060195008

VOIloF ©€07012909

VRI1GF
VulnF
NOIGF
VOILF
YOLs®
voloF
VOinfF

0380.5000
609012092
010018000
011010900
121010000
122019900
2130190200

1N 0-3 3

voing
vQIOF
vD1YF
VOINF
voInF
VOIoF
vain®
VDIOF

81401000
015010000
014010205
017010000
028018000
5228020000
0280230003
N2903L020

CNTRLVAR 15%

Cnn=wLll SuM 1.9 0,0 1

0,0 0.131%
0.2235
0.5416
0.1524
0.1271
0.1249
0.1269
0,1%591
0.0948
U.1271

CoR=-uL 1l SU
0.0 C.1271
0.1777
0.2033
0.253%

VOIDG
vaoinG
voizG
yoins
vainG
voinG
vVoIDnGe
voIDG
voing
v inhG

005019000
006010000
007012000
gCItL0009
00010000
010010900
011011000
121010000
122010000
013017000

1 1;‘3 0.0 1

v0ip6
velpe
volinG
valnes

Com=wL it
0.0 1.0 Ui

0.7043 VOINDG
0.7043 VOIDG
0.70623 VOIDG
0.1551 voIna

014012000
015010000
016019030
017010000
028010000
28020300
028030000
029010000

1,0 CNTRLVAR 160

COR=-vLIl MULT 0,0010101 0,0

6 1,030Teaml/ (G Bat0t, 1)

RHOF 005010000
CNTRLVAR 159
COR=¥LII MULT 0,0010101 0.0 !

RHDG 005010000
CMTRLVAR 161

.2 0,0 1

VAL 162
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2053109400 PR2MASS tULT 1.0 0.0 1
*R819En1 VNIDF 114910000 AKOF 11: 10000
©

20819300 PEZVASS PULT 1.0 0.2 1
20896341 VOIDF 1146020000 AHNF 114025020
&

20827690 FPZMASS SULT 1.2 0.0 1
20520291 YOIDF 114035000 OHOF 114020000
”»

20820100 ERZMASS 17T 140 0.l 3

0520301

"
20520220
20826201
#
70%20352
20520201
@
205204600
20520451
"
20520500
20520501
©

20820200
20520601
°

s08206700
208207018
o

20520800
20520801
*

20520800
20520901

®
205821000
20521001

®
20521100
20521102
©

20321200
2uUS21201
0

20521300
20521301
»

20521400
20521401
20521402
20821403
10521404
20521405
708214806
20521407

YOI DF 143010000 KHUF

FRIMAES MULT 1.2 0,0
VPIDFE 113020000 RUDF

ER74288 MULT 1.0 0.0
VOIDE 212035007 RHIF

DPEMASS BULT 1.0 0,0 4

VOIDF 113043003 RMDF

FRIMALS MOLT 140 0.9
VOIDF 113020000 RUDF

PRIMASS MULT 1.2 0490
VRIOF 1130640090 RuOF

PRIMASS MULT 1.0 0.9
VOLIOF 113070000 SHOF

PRIMASS MULT 1.0 0.0
VO{DF 1130820000 RHOF

BEIUASS (WULT 1.9 0.0
VYIDFE 113690000 RUOF

FRZMASS MULT 1.0 0.0
VOIDF 113100000 RHOF

PRZMASS MULT 1.0 0.0
VOIDF 113110000 RHDF

PE2ZMASS MULT 1.0 0.0
VOIPT 113120000 RHDF

PRIMASS MULT 1.2 0,0
VOIDF 113130000 RHMOF

1,0 0.0 1
CHTRLVAR
CNTRLVAR
CNTRLVAR
CNTRLVAR
CNTRLVAR
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CNTRLVAR
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1. 221“4
! -093'3
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-
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1
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1
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