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Abstract

Experiment LP-02-6 was conducted on October 3,1983, it was the first large-break loss-of-
coolant accident (LOCA) simulation and the fourth experiment at all conducted in the Loss-Of-
Fluid-Test (LOFT) facility at the Idaho National Engineering Laboratory under the auspicies of
the OECD. This experiment, which was designed to meet requirements outlined by the USNRC
as specified in the OECD LOFT Project Agreement, simulated a double-ended off-set shear
of a commercial pressurized water reactor (PWR) main coolant inlet pipe coincident with loss
of offs;te power. Experiment LP-02-6 addressed the response of a PWR to conditions closely

,

resembling a USNRC " Design Basis Accident" in that prepressurized fuel rods were installed
and minimum US emergency coolant injections were used.

This report presents the results and analysis of nine post-test calculations of the experiment
LP 02-6 by using the RELAP5/ Mod 2 cy36-02 computer code with different nodalizations; these
calculations have been performed within the International Code Assessment Program (IC AP).
Starting with a " standard nodalization" as more or less used by the code developers at EGkG,
we have reduced the number of volumes and junctions (especially in the pressurizer, the steami

generator secondary side and the intact loop) as well as the number of radial zones in the fuel
rods, for different nodalization studies.

Generally, the code has calculated most of the thermohydraulic parameters of the LOFT-
experiment within an accuracy of approximately 20% For the cladding temperatures, these
deviations are sometimes higher, but the code has never underpredicted the peak cladding
temperatures significantly. Except for the cladding temperatures, only small discrepancies have
been observed for the other main pr.rameters of the results of runs using different nodaliz-tions
but reduced numbers of volumes and junctions usually have lead to a decreased running time
for the problem.

The time behaviours of the cladding temperatures have been significantly affected by the
choosen nodalizations. The most comparable results with the experimental data have been

' achieved by using a medium numb.r of nodes.
With respect to high macs-flux, early bottom-up rewetting, one of the key-events of experiment

LP-02-6 as well as of most of the other LOFT large break experiments, RELAP5/ Mod 2 was not
able to predict this phenomenon except with a certain manipulation by initiating the reflood
option.

<
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Chapter 1 |
|

Introduction :

I
-1

1.1 Short Descriptior of break loss-of-coolant accident (LOCA) sim- [
ulation and the - fourth experiment at all .the LOFT conducted in the LOFT facility -under _the [

Experiment LP-02-6 auspicies of e e OECo. This experiment, y
which was _ designed to_ meet requirements !

The LOFT facility at Idaho National Engi- outlined by the USNRC as 'specified in the-
9

neering Laboratory was designed to simulate . OECD LOFT Project A reement, simulated - ;6
the major components and sfotem responses a double-ended off set shear of a commer- !
of a commercial PWR during a LOCA for the cial pressurized water reactor (PWR) main
determination of system transient charac'er- coolant inlet pipe coincident with loss of off- !
istics and for the assessment of code predic- site power. Experiment LP-02-6 addressed i
tive capabilities for design basis large- and the response 6f a PWR to conditions closely j
small break LOCAs in pressurized water re- resembling a ITSNRC " Design Basis ~Acci- [
adors. The experimental assembly includes dent" in that prepressurized fuel rods were in- [
five major subsystems which have been in- stalled and minimurr. US emergency coolant j
strumente.d such that system variables can be injections were used. !

measured and recorded during LOCA simula- The experiment was initiated from condi- ]
tion. The subsystems include the reactor ves- tions representative of those in a commerciali i

sel, the intact and the broken loop, the blow- - PWR; they have been listed in table 1.
,

down suppression system and_ the__ ECC sys- |
tems; the arrangement of these major compo- The transient ' was initiated _by opening- i

nents is shown in Fig; 1.1. The entire nuclear = the quick-opening blowdown valves in broken :{
core consists of five square and four triangu- . loop hot and cold legs. Pressure decreased !
lar fuel bundles with a total uf 1300 fuel-pins rapidly due to the blowdown, with saturated !
each of 1.67m long and en outside diameter of conditions being reached in the upper plenum {'

10.72 mm. A complete system. description is- at 0.05 seconds.
<

given in ref.(1) and a discussion of the LOFT The primary coolant _ pumps were tripped j
.

scaling philosophy is provided in ref.[2]. - manually and allowed. to coast _down, simu .
.{Experiment LP-02-6 was conducted on_Oc- lating loss of off site power coincident with 1

tober 3,1983, in the Loss-Of-Fluid Test -the LOCA. -!,

_.(LOFT) facility at the Idaho National En- The core flow reversed immediately after ,

2. gineering Laboratory. It was the first large- the initiation of the transient and fuel rad
I

,

I

L _ __ _.. _ . _ _ . _ . - . . . . _ -
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i

; Initial Conditions for experiment LP-02-6 {
!

: l

j parameter unit measured value
!
4

I I
power MW 40.0 * 1.2

,

maximum linear heat kW/m 48.8 i 3.6,

i

i

j A T,,, , K 33.1 1.1

| pressures:4,, MPa 15.09 0.0G !
j mass flow rate kg/s 248.7 2.6 f

fluid temperature,a4 ,,,,gne e 4,,, K 555.9 1.1
ffluid temperature,as r,,3,5,, i , K 553.0 6.0 "i

{ fluid te.mperature a41,p 6,n ro,, K 500.0 i 6.0 |c

,i t

e

i pressurizer : :

liquid level m 1.04 i 0.04 !,

{- pressure MPa 15.3 0.11 l

! water temperature K 615.6 5.8 !

t t
t

: ECC system accumulator :
,

{ liquid level m 2.10 0.0
i y

; standpipe position from bott. m 1.44 0.03
pressure MPa 4.11 ' O.06 |;,

liquid temperature K 302.0 6.1
'

.;;
ECC system HPIS :

,

.

j liquid temperature K 305.0 7.0
flow rate 1/s 1.04 0.04 '

i ECC system LPIS -
; liquid temperature K 305.0 i 7.0 !

flow rate 1/s depending on. pressure [
difference between LPIS ;

i and downcomer "

fI
1

,

i

, Table 1.1: Initial Conditions for LOFT-experiment LP-02-6 i
3

,
,

' .
|
E

i
r

, - , . - _ - - _ ,.
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cladding temperatures started to increase, wheels) shows that the loss-of offsite power- .

This core-wide temperature increase contin- induced pump operation results in a core ;

ued until 4 seconds, when the flow in the thermal response that closely matches that 1

broken cold leg saturated and choked with resulting from continued pump operation,
a concomitant decrease in mass flow to be- That is, even though the pumpis not powered .

'

low the intact cold leg mass flow. During during the early seconds of the blowdown, a
this period, cladding temperatures reached typical pump coastdown results in suflicient ;.

( maximum valuca less than 1100 K; the maxi- pump head to cause a positive core flow and ;

! mum temperature has been measured on level core quench during the early period of the ,

24 in the center bundle (24 inches from bot- blowdown.;
'

tom, assembly 5) to 1040 K. The decrease in,

mass flow from the broken leg to below the *i

1.2 The Aim of the Pre- :
.

) intact cold leg mass flow reversed the reac.
! tot vessel mass lose and caused low quality Sent Investigations

'

fluid to flow into the core, causing a partial
!core bottom-up quench between 5.2 and 9.1 Codes like RELAP5/ Mod 2_and TRAC have.

| seconds, after which the core flow again re- been often used for the analysis of LOFT ex-
; versed and the fuel rod cladding temperatures periments and LOFT results have been exten-

again increased; during this period maximum sively used to eliminate insufficiencies both ;
,
'

temperatures of less than 850 K have been in the codes themselves and the more plant-
!reached. A partial core top-down quench oc- specific nodalization of the problem by com-

cured starting at 14.3 seconds which extended paring the predictions of the code with the
down to level 39, i.e. 39 inches from the bot- real measurements. Therefore, one haa to be,

;

tom of the core. This quench has been as- aware of the fact that both the code and the
sumed to be caused by liquid fallback from LOFT-specific nodalization, normally used ;

; the upper plenam induced by gravity. for pre- and post-test analyses, are somehow f

The fuel rod cladding again experienced de- " LOFT-tuned" resulting in quite acceptable !
;

| parture from nucleate boiling. There were ad- predicting capabilities. ,

ditional thermal cycles prior to the final core To be sure of the code's predicting capa-;
'

; quench, which was complete at 56 seconds, bility of abnormal situations in real power
~

For more details see ref. {3}. plants, two main conditions have to be full-
! One of the major concerns with Experi- filled :
'

ment LP-02-6 was whether fuel rod damage
'

would occur. Based on the indicated cladding . the different models of the code have to -

temperatures, the pressure differential across .be adequate for the problem
P

( the cladding and the evidence from isotope e the plant has to be nodalized adequately,' detection systems, no fuel rod ballooning or
such that main expected phenomena are '

cladding rupture occured.
simulated; - A comparison of results of Experiment

| LP-02-6 with previous LOFT large break For the veri:ication and possibly also for the
'LOCA experiments L2 3 and L2-5 (the first optimization of the different models of the

: with continous pump operation, the sec-- code, comparisons of the results of " integral :

ond with pumps disconnected from their fly- test" like LOFT may be not an appropriate

e

!

, . . . _ - _ . . . . _, ___,_s ..-.. .
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; choice because possible deviations cannot be LOCAs)'we shall reduce the number of vol- ;

; simply attributed to a specific model. IIere, umes, junctions and heat structures in the !

one should prefer the comparison with the re- primary loop of the LOFT system to nearly !

: sults of " separate effect tests". half whereas the entire vessel stays nearly |
For the plant to be analysed an " adequate unchanged to meet the requirements of the i

nodalization" is usually unknown and only given experimental axial positions in the core j,

some very rough criteria can be given to the region, especially for the cladding tempera- j-

code user. Consequently, the accuracy of a ture measurements. We shall further inves- {

prediction may be strongly related to the "ex- tigate on the influence of the coast down be- i

perience" of the user, a quite ur.;atisfactory haviour of the pumps by using both the rapid
i conclusion, coast down as used e.g. in the LP-LB-1 ex. :

To get a feeling, how the nodalization may periment and by imposing the pump speed of
'

influence the prediction of the code, Experi- experiment LP-02-6 , as retrieved from the
ment LP-02-6 has been analysed with respect data tape. ,

'to the following questions - Finally, we shall see, how the reduction of
volumes and junctions willinfluence the com-

. The general predicting capability of the puter time, needed to analyse the experiment, i
code, i.e. how accurate the sequence of a question which is important from the finan- i
events of Experiment LP-02-6 is calcu- cial point of view. On the other hand,in the +

lated by RELAP5/ Mod 2 cy36-02 in time framework of this contribution, no attempts
and value, especially, if the code is able will be made to improve models within the
to predict the phenomena of bottom-up code. !
quenching during the blow-down phase i
of the experiment which has an im- |

portant influence on the peak cladding i

temperature; in fact it limits the peak [
'

i cladding temperature to a value of ap-
proximately 1000 K i.e. far away from ;

the critical values, j

. The influence of the nadalization (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 j

results obtained.

Therefore, in what follows, we shall analyse I

ithe LP-02-6 experiment by using the best
estimate code RELAP5/ Mod 2 cy36-02 with v

different nodalizations of the LOFT system. j
Starting with .a nodalization similar to the '

,

| one used by the code developers ~ at INEL >

(espee. ally for the analysis of small break :
'

:

f.
i

.
r

|
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[ Nodalization Schemes Used to Analyse

j Experiment LP-02-6.
,

. .

-

!
i

# t

!-

t i
; The basis of all schemes of nodalization for the different nodalizations discussed in :

normally used for LOFT analyses are those - due course, whereas the steam generator pri- !

: developed at INEL for the RELAP5/ Mod 1 mary and secondary sides, the pressurizer as '

,' calculations of the small break Experiments well as intact and broken loops have been un- |
' LP-SB-1 to LP-SB.3. Similar schemes have dergone drastic reductions with respect to the

'

been applied for the analyses of Experiement initial number of volumes and junctions re. |:

| LP-SB-3 by Andreani and Grutter, ref. [4), sulting in reduced computer time and simpli- ;

j as well as for all of the other LOFT post-test fication of the problem. :

|
analy ses initiated by the OECD- LOFT- Con-

7

sortium and using RELAP5/Modl or -Mod 2 "-

codes. 2.1 Standard |
i

. This basic INEL LOFT nodalization Nodalization- i
! scheme for the RELAP5/ Modi as well as the 3

-Mod 2 code is divided in seven main parts Let us start with the " standard nodalization" !
which may be distinguished by their." capital (later on marked by 2-00. . .) which, com- !,

component" numbers : pared.to the above mentioned INEL-schemes, i
n y has sHgWy mon toteuer meet Ge(1. . . ) Intact Loop ;

(2.. .) Reactor Vessel
requirements of the large break experimenti ;

(3. . . ) Broken Loop h 02-6 , especially in the core region (Fig.i

(4. . ) Pressurizer
~'

The REACTOR VESSEL constists of the |(5...) Steam generator, -s

reactor core, of the m. tact and broken loops
!

'

secondary s.dei
downcomer sect,ons (volumes 200 to 210 and !i

(6.~. . ) ECC system,

t (7. . . ) Containment
Olo- 280 mpectively), the lower plenum .

(suppression tank) (220 to 225) and the upper plenum with the'
;

! vessel dome (240 to 200). ,

! The REACTOR ' CORE itself has - been
; - Similar to our LP-LB-1 calculations '(ref, modeled by three parallel channels, the av-- !

'

(7}), the ECC systems, the containment and- erage channel (230) subdivided .into 5 hy- |
<

the reactor vessel remained quite unchanged - drodynamic volumes,'the hot channel (231)- t

:
.

?
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I subdivided into 13 volumes and the bypass be preset. Because' the preliminary investi-
; channel (235) into three equally spaced vol- gations using different mesh numbers did not !

I umes. In Fig. 2.2, a separate scheme 11- show significant differences between the re- |

| lustrating the nodalization of the active core sults of runs using different preset numbers i

has been given. Ilere, the hydrodynamic vol- (see ref. [7]), for the sake of saving computer :
:

! umes are not equally sized and they were di- time, we normally have used a low number of .

j mensioned so that the " reference thermocou- fine meshes, namely 4 in the average channel ;

j ple location" (cladding temperature measure- and only 2 in the hot channel for the calcula- |

j ment indicated by arrows) are always located tions presented in this report.
: nearly in the axial center of the requested vol. The INTACT LOOP consists of 20 vol- :

I umes with 2 or 3 subvolumes. As in the ac- |ume.
The hot channel represents the center part tual LOFT system, the pumping system is di- i

of the core (mainly fuel assembly 5) and con- vided into two pump lines with two individual
'

! tains 219 pins, the remaining 1081 pins are pumps numberd 135 and 105 respectively. !

} assigned to the avergage channel. The ax- The ECC-injection is connected to the cold i

; ial linear heat flux distribution was choosen leg of the intact loop (volume 185). In ad- |

! according to ref. [5). dition to the usual ECC line valve (600), an |
| The total mass. flow through the core is supplementary control valve (610) has been i

!inserted in the accumulator line to clooe thia; shared approximatly 79% by the average
j channel,16% by the hot channel and the re- line when the accumulator is empty. This |

maining 5% by the bypass. Note that the happens to be necessary in order to continue
j mass-flow distribution in the core region is with the calculation. Probably due to the !

j somehow arbitrary. The choice of these val- fact that the version RELAP5/ Mod 2 cy36- '

i ues is based on the relation of the pin num- 02 used for these calculations was not able to

j- bers associated with each of the channels (ar- handle noncondensibles, the transient always j

| bitrary!) minus the bypass flow which is was terminated by an execution error when ;

{ again an estimated parameter. No cross- the accumulator was just emptied and :.itro- |
:

| flow has been assumed between the three gen was released into the system.
*

j channels, because preliminary runs using the The STEAM GENERATOR consists of 8
crossflow option had shown that the amount volumes on the primary and 5 volumes on . -!2

; of mass exchange in traverse direction re- the secondary side. A simplified feed, back- |

| mained negligible during the whole transient. flow and steam separator modeling as well .

; The fuel pin _s have been modeled by heat as a steam flow control valve and conden- !

| structures each radially meshed into 5 (av- sator unit complete the nodalization of the ,

erage channel) and ~t0 nodes (hot channel) secondary side. The steam flow valve is con- |;

respectively. In the " average pin", one zone trolled by a controllogic which allows to keep
represents the cladding,'one the gap and two the secondary side pressure constant. IIeat is

,

;
I'

the fuel. For the " hot channel", there are 3 exchanged from the primary to the secondary
cladding zones, one gap and 5 fuel zones. In side of the steam generator via the wall which !

| case of reflooding, the code performs an ax- is modeled by 8 heat structures each having
'

ial finemeshing for better modelling the ad- 7 radial zones (8 nodes).
^

vancement of the quench front. The maxi- The PRESSURIZER is composed of the
t

i mum number of allowable fine meshes has to' surge line (2 volumes) and the entire pressur-

f

i, !
.

t !
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izer. The latter is nodalised by a pipe com- runs, the influence of the heat capacity of the j
,

ponent (6 subvolmnes) which represents the reactor vessel on the transient behaviour of j

main vessel, and another pipe (2 subvolumes) the thermal-hydraulic parameters of interest $

which describes the pressurizer dome. has been investigated and therefore, some ad. |
The DROKEN LOOP consists of tuo indi- ditional heat structures have been inserted i

vidual lines. The hot line has been nodalised in the downcomer and the lower plenum of j

by 3 volumes (300 to 310) and one pipe com- the reactor vessel (heat-structures 200-210, j

ponent (315), representing the steam gener- 220, 222, 225 and 270-280); these runs are ;4

ator simulator. The cold line is consisting marked by an additional "C" to the nodal. |
of 4 volumes (335-344). At the end of each ization number (e.g. 2-00C). |
lines, the two break-valves which have to be ;

opened by a trigger signal are placed and con- |
nected with the suppression tana, niodeled In contrary to LOP 1 experiments L2-5 and :

here by two time-dependent volumes (pres- LP LB-1 where the main circulation pumps i

sure is a function of time). have been disconnected both from power !
For preheating the broken loop, a bypass line well as from their flywheels to enable ;as

exists between volumes 310 and 342. This by- rapid coastdown,in Experiment LP-02-6 the |
pass line has been nodalised by two pipe com- pumps have been switched of only but re- i

ponents. In our calculations, the connecting mained connected to their flywheels, This ;

valve (3751 remained always closed. has led to a much slower coastdown of the ;
Net meluded in Fig. 2.1 are some addi- pump speed. To investigate the influence ;

' tional control-valves and heat structures, es- of the pump-speed (and consequently pump- !
pecially for the pressurizer which are only- head) on ...e accuracy of the calculations, in !
neccessary for steady-state runs to force the the Mk. 2-00 and 2-00C versions of nodal- |
system to a stable stationarf solution at ization we have allowed a rapid coastdown of *

,

the desired thermal conditions like circu- the pumps similar to the L2-5 and LP-LB- -!
I Ilation mass-flow, core inlet and core-outlet i experiments whereas for the 2-00PU and

fluid temperatures, liquid level in the pres- 2-00PU,C versions we have superimposed the |
surizer, etc. time-dependent pump speed curve as men- |

sured duririg the experiment; we have used i

the average value 'of the two individual pump |
Because of the rather fast transient of a. speeds. j

large break LOCA'(the total duration of the' i

transient is about 100 seconds), heat capac- i
2.2 - S tripped . 1

.

ity effects of the piping walls, vessel walls
and other structures in thermal contact with - Nodalisations i

the coolant, may not play an important rola. {
Consequently, for the sake of saving computer To investigate the influence of reduced num-

'

time, in the normal versions of nadalization, ber of volumes and junctions on the accuracy |
heat structures were ueed only for modeling . of the analysis as well.as on a probable sav-- |
the heat generation in the reacto core and for ing of computer time: 'he number of junctions j
the heat transfer from the primary to the sec- and vohunes of the standard nodalkation has!

,

ondary side of the steam generator. For some been drastically reduced. i
t

v

5

I
i
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} A scheme of the first stripped version, the generator, conditions where the evaporation j
j nodalization 3-00, is shown in Fig. 2.3. The of the water is the main heat sink. ;

j main changes have been made in the pres. The wall between the. primary and sec-

|_ surizer, the intact. as well as in the broken ondary side of the steam generator has been. ,

[ loops and on the secondary side of the steam modeled by six heat structures each radially !

! generator, whereas the reactor vessel and the divided by three zones. |

) ECC-system remained nearly unchanged. A derivative of nodalization 3-00 is the ver- |
j. With respect to nodalization 2-00, the sion 3-005 which differs from it in having a j

higher number of allowable fine-meshing dur- ;! REACTOR CORE remained nearly un-

| changed. The nodalization differs only in the ing reflooding, namely an increase from 4 to !

{ maximum number of allowable fine meshes 16 for the average and from 2 to 8 for the
i during reficoding; this number has been in- hot channel. The additicnal version 3-005T j

creased from two to eight in the hot and from is identical to the version 3-005 except that ;

j foar to 16 in the average channels, the reflood option of the code is_ initiated ex. :

| The INTACT LOOP now mainly consists ternally; we shall come to this feature in due .|
j of three pipe sections (110,120 and 150 with course. :

four, seven and six subvolumes respectively), l4~

| only one pump congonent instead of two (but -|
! of course, with the same pump-head) and a The reduced nodalization 3-00 can be :

i steam generator primary side with six instead stripped even more by simply reducing the |
of the previous 8 subvolumes, subvolumes of each of the pipe components; |

The BROKEN LOOP consists of only two for the pipe 110 to tivo, for pipe 120 and 310 |3 _

pipe systems (310 and 330) with 11 and 4 to three and for pipe:150 and 330 to only j

subvolumes respectively. Since the bypass- one subvolume each. The nodalization d the j

valve (see component 375 in Fig.2.1)is always eteam generator has been reduced to only two ;
,

| closed, in this stripped version of nodaliza- -on both sides but the radial meshing of the re- !

j' tion, the whole bypass-line has been omitted. lated heat structures remained at three nodes |

[ Consequently, podbl- mass and heat capac- (fig. 2.4). |
| ity effects in this line are neglected. The maximum number of fine meshes of the -

| The whole PRESSURIZER system (vessel heat structures of the core during reflooding- 1

| and surge-line) has been reduced to one pipe has been reduc-1 again to two in the hot and
j component with four subvolumes only. to four in the average channels. This very
| The SECONDARY SIDE of the steam gen- much reduced nodalization is called 3-02; i

t erator and the attributed system has been un- Except version 3-005T, the stripped ver. t

[ dergone drastic reductions. In principle, the sions have been used with and without heat - !

] steam generator has been turned into a sim- - capacity contribution in- the vessel compo- i
'

j ple heat exchanger with_ single-phase flow on nent, as described above. For all st-ipped-
i the secondary side. The flow is simply con- down versions of nodalization, the time de- |

[ trolled by a time-dependent junction (566) - pendent pump speed has been used. !
and dumped into an outlet. volume (542). To

'

!

. maintain correct primary side inlet and outlet !

3
conditions, the mass flow has been adjusted {

_

j1 to quite higher values than for the real steam ;

! !

-|
-

.
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, _ _ _ , _ - _ . _ _ _ _ _ _ _ _ _ _ _ - _ _



- _ _ _ _ _ _

. -

542 Secondary side

[500]' ' '
m._ 4
9

-

'

5 3[M 3 Pressurizer
Broken loop

[400]- _g- 3p -q
W 2 : 5 2 ;j 2 300

_e_ 2 4s; Reactor vesset-- - _j -

_5 g ~ ~I 1
-

5"| ses |G
jigg ., s , P i f[200] e ,-

7 -

= ;r 4 .. |260|
-

30 10

[$ 71 -

no _ ,,,

a. 5- | 232 f 'i1 2 1 3 1. 4'
_

H
| 2 | 1 30s 100 700 |

-

c. .
a. o totact loop "* n 27o 1e

-

'v'
2 ra

;r [100]
,

347 <n

ig 6
27:20 I- 250EG

2o2 222 i | 2 | 2 1 4'

!' lE$ 8
- |213|t sisi ,s ias , ,,s ,

i zi2 33o333
20{I

,
,

240 1iso
, o 3

600 U 1 1< M 4

3 *O s

7 % 5
.
-M '3 :

,:. ' T-j -$
505 ' 2

~
@

-

g
- - ECCS [ -

T] ~_j q-
5

'

System __g.5 gs T 7 , n,=; 7 g
4

2
' s,m , , ,

| 3 c.

O* d & [ 3 N -W ~-#

sto i
;

c a ,

-" ,' -N -

- s

d ,,57 ' I

[f - 7 ,T2is .
s25 s sis '

I, ,2,2~ , , , , , , , , , .

.2esT=- '
9 ''" w, ,,,''',,,,,1

5
| 120 |
W,Z,,,,,,2 ,,,A

9 _



.m.
ou 5'2g Secondary side
o I sto - -

[500Jo-
* t
n..

'

8g [ Pressurizer
[400] Broken loop3 o- 3

:

E. 1 : 1 [300j,
-

., -- + 2 4isa
~

N K 3s3 | Reactor vesset 3,2g{ ,
H><H 7eo l[200]

" ' 'g* 5' I 1o -

I$ |2so| 3,o'
2 3gw no

7 ok | i i ios ioo ' 252 P' i i'
,

o - 2

" '7 Intact loop
22o 12'' '"'

00] _& *
O roi 1 2so 1m 22 347

% ros]' '

] 5 , i _j iss - 202 272 i
i 24s i

33 3
1 - 20 s i aos 33o

. iso ,

w
- 1 24o I

.1 L_, 1.' R% 600 $ i 3'=5 La _2_ ;-
,

s

^'
'

2 - -d
-4 <-' 3 ECCS y 4 s

'
2ses s 2System 4 3 ;

-0 ;-B DZ j +- 2 =o w a , ;

-H y 2~ n% e :: :: _~ -~3 ~ :; .=; z 3 ~o s, 6:o i
; ,,

.

k- '
h - s

-$ R-- - s

- 25 43 % lli > 4 I Y Y E

I 22,s i s:n _
.

,, wri 11. 11111 n u,

l #'' ' 2asTa
c' u 22

-1111-11,,,,1,g
2 1 220 I

111111111/11ia. g-
.D.



. _
_ _ _ _ _

-

- - - .. .

.

.

:{

H-
>-
g.
a
tJ'

~

.-

gy NAME. HYDRODYNAMICS HEAT STRUCTURES RTM0
^

G5
*f primary side - secondary side

, 5- number number m?u volume mass volume number
3
'# E of of struct./ finemesh

' 5' $ volum. junct. to m to m meshp. avg / hot3 3

xnm=
E s, 2-002 133 139. 6.8 9.9 2.3 11.4 2G/219 4/2 26.2

2-00C 3 133' 139 - 6.8 9.9 2.3 11.4 41/29G ' 4/2 27.6m t
, } ;,
-=- E 2-00PU 2 133 139 6.8 9.9 2.3 11.4 26/219 4/2 25.0

s_k. 2-00PUC * - 133 139 6.S 9.9 2.3 11.4 41/296 .4/2 28.9

,_,

7 =C - ca .

E. Ja -3-00 101 103 6.6 9.6 1.G' I.9 24/1/3 4/2 (32.3) e.

8

E =O---

EE
e . t,,1

- W ::7
Rc
O"
,-

'O *RTMO = 1 CPU {t,,,s) - CPU (tup )]]{t,.a - tup.}

-E . Rapid pump coae+down similar to experiment LP-LB-12

. 2 Rapid pump coastdown similar to experiment LP-LB-1~ E. .-

' 3 Pump-speed is controlled by table inferred from LP-02-6 experimental data:n
(
)' 5 *Pemp-speed is controlled by table inferred from LP-02-6 experimental .Tata

5 Reduced number of volumes in intact loop, broken loop and pressurizer! ~$ ' ' Abnormal termination 'of this calculation at 52.051 s of the transient just before accumulator has b+en nearly emptied. RD10 only takes into account 52j-
: seconds of the transient. (results of this calculation only partially have been used in this report)

t g.
5
$

.. . .. ..

.. . . .. .. .
.. .

.. _. . . . . .
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NAME HYDRODYNAMICS HEAT STRUCTURES RTM0

primary side secondary side
number t: umber mass volume mass volume number

of of ' struct./ finemesh

volum. junct. to m'' to m' meshp. avg / hot

;!
3-005 101 '103 6.6 9.6 1.6 1.9 24/173 16/8 21.17

3-005T s 101 103 6.6 9.6 1.6 - 1.9 24/173 16/S 21.1 !

p 3-00C .101 103 6.6 9.6 1.6 1.9 39/24S 4/2 21.8 |
'

i. .

g-

' ' '$ 3-02 8 74 76 6.6 9.6 1.6 1.9 2G/161 4/2 13.7

3-02C 74 76 6.6 9.6 1.6 1.9 35/236 4/2 (24.5) 2 g

:
.

I 3
5

7Same as 3-00 but number of fine meshes increased frorn 2 to 8 (hot) and 4 to 16 (avg.)
' 8Same as 3 005 but with reflooding option tripped by level dependent external trip (fluid les d in channel less than 0.1 m) -;.

' " 8Same as 3-00 but with even more reduced number of volumes and juctions in the intact and broken loops as weil as on the steam geserator secondary-

| side -

|, Abnormal termaination after 42 seconds of the transient due to " water property error" (IITA10 only takes into account 42 s)18

|

|

f

I
!

.
.
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- Finally, in table 2.1, characteristic param-
eters of the different nodalizations (e.g. num-
ber of volumes, junctions and heatstructures,
mass inventory of primary' and secondary
sides as-well as the corresponding system vol.
umes) used for this study have been listed.
Included in table 2.1 are the average "Real-
Time-hlultipliers" RTh10 which are the quo-
tient of the CPU time (un a CYBER 855 ma-
chine) divided by the duration of the analyzed
transient; the RTh10 should illuminate the ci-
fect of nodalization from the economical point
of view.

,

-
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Chapter 3

Results

Starting from thermal-hydraulic conditions factory calculation of the time behaviour of.

very close to the ones given in table 2.1, total the cladding temperatures could be the re-
of ten calculations of the LOFT. experiment sult of an " optimized summation" of individ-
LP 02-6 each lasting 120 seconds have bee. ual errors. Therefore, one has to look care-
performed using the code RELAP5/ Moo 2 fully if the code has accurately described the
cy36-02 with different nodalizathn schemes main phenomena occu.-ing during the exper-
described la chapter 2. iment. Consequentely, one has to investigate

In our understanding, with respect to re- in detail the time traces of the other thermal-
actor safety one set of " key-parameters" of a bydraulic param-ters of importance as well.
large break calculation are mainly the time
behaviours of the cladding temperatures at
different axial positions (peak temperature, In what follows, we would like to start with

as well as the duration af being over a cer. some words on the updatiag of the experi-

tain temperature level, which may cause par- mental data especially on the averaging pro-
i s me temperature traces and of thecesstial zircaloy- water react;on) and with minor

importance the peak fuel temperatures. Be. power (neutron flux data),
The discussion of the results of the calcu-cause the reactor was scrammed after a very

short time from the initiation of the exper, lations we shall start by looking at the influ-

iment, the center fuel temperatures seldom ence of the nodalizations on computer time
and mass errors.exceed the values of normal operation at full

power. Consequentely, we shall focus on the Second, we shall discuss the capability of

time behaviour of the cladding temperatures. RELAP5/ Mod 2 to predict significant events

But even a satifactory aggreement between i the experiment like peak cladding temper-

the experimental and the calculated cladding atures (value and time of their occurence),
temperatures or between other significant pa- the time when pressurizer and accumulator

rameters of the experiment like pressures den, empties as well as the positions of the quench

sities or mass-flows should not t utomatically fr at during the reflood period of the experi-

lead to the conclusion that the code predic. ment.

, ions are accurate and RELAP5/ Mod 2 per. Third, we shall analyse additional thermal-

fectly has done its job. Because one may hydraulic parameters of the LOFT-plant
argue that the code has gicen "right an- as given by RELAP5/ Mod 2 , starting with -

swer for the wrong reasons", i.e. a satis. the time behavioitr of our " key parameters"

.
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(cladding and center fuel temperatures) and est surface temperatures have been measured
we shall compare these results with the cor- during the experiment, wherens the code pre-
responding data of Experiment LP-02-6 , if dicted the highest temperatures at level 31.
available, in Fig. 3.la, the traces of 10 thermocou-

Finally, in a separate section, we shall in- pie signals at core level 27 have been plotted.
vestigate on the question of how the code Whereas six of them behave quite siinitar, the
has modeled the bottom up quench occuring other four have undergone additional heat-
during experiment between five and ten sec- up and quench cycles which would lead to
onds of the transient. This early bottom up a lower " average temperature". When com-
quench has had a very important influence on puting the " reference temperature", we have
the time behaviour of the cladding tempera- omitted these four signals; the resulting refer-
tures because it has limited their peak values ence temperature is indicated by squares. Inc

to temperatures not higher than 1000 K at addition to their different time behaviour, the 4

the hot spot during both the blowdown and thermocouples have indicated different peak
the refill phases, cladding temperatures during the blowdown

interval of the ( xperiment, the temperatures
ranged from about 930 to 1070 K. All ther-

3.1 Experimental Results mocouples have quenched for the first time
nearly at the same time due to the bottom-

,l'he experimental results have been retrieved up reflooding, nearly 8 seconds after opening -

from the LOFT-transnuttal tape. For most of of the break valves,
the experimental values only one set of data In Fig. 3.lb, the time behaviour of the
is avadable except for the temperature data seven thermocouples at level 31 have been
m the core region, the neutron flux and a few plotted. Again, at least two of these sensors
other vanables. g; g g g g;

'I he uncertamty of most of the expenmen' terval between 10 and 50 seconds. The vari-
tal data can be found m table VI of the at. ion of the different peak cladd.mg tempera
"Trarsm.ttal Tape Descr. t.ip ion" (ref. [9}). tures ranges only about 65 K (935 K to 1000i

We have used the values listed there for giv- K). All thermocouphs at th.is core he. ht m.-ig
mg the respect.ive transducer uncerta. ties on
.

m dicated quenching at nearly the same time
each indmdual plot,if possible. dur.mg the bottom-up reflood, g, namely be-m

h,o problems occur when aversging the tween 7 and 8 seconds. With one exception,
four power channels to get the matantaneous also the final quench occured at nearly the
power trace of the reactor. But dilliculties same time; the average temperature out of
may occur in using the surface temperature the 5 similar thermocouple signals (the two
traces at the different core heq;hu of the " hot cyclic', ones have been om.tted) has been .m-

-

o i
bundle" 5, only when these values are aver- dicated by uparrows and is used as reference
aged. In Figs. 3.la and 3.lb, the tempera- temperature.
ture traces of all the ara.dable thermocouple In addit. ion to the problem of aseraging, the-
signals at one specific level have been plotted -

,
-

uncerta. ty of the temperature measurementm
for level 27 (27 inches from the bottom of the .tsself is not fully established yet. Because.

I

core) and for level 31. We have celected these the thermocouples of the LOFT facility were
two examples because at level 27 the high' surface mounted ones, there are still some

{

_ _ _ _ _ _ _ _ _ _ _ _
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doubts whether these thermocouples always sient; in addition, also the interval immedi.
measure the temperature of the soutround- ately after the opening of the break where
ing cladding material and are not quenched the scram of the reactor has taken place is
in advance by impinging water (ref. (1bj). characterized by a rather low consumption of

-omputer time.
The relatively low itTM values during the

8.2 Innuence Or tiie NOda- nore or less itationary parts of the tran.

liZation On COmpnley a ent have been somehow compensated dur-
ing the second blowdown (5 to 25s) and the

Tinie and Mass Error nrst an i second renood interval (2s u 4n s)
where large number of numericalinstabilities

Starting with the influence of the nodalira' may occur due to a great degree of thermo-
tion on the computer time and disregarding dynamic non equilibrium in the intact cold
the accuracy of the predictions themselves for leg and downcomer region mainly caused by
the present, a first look to the RTM0s in table the injection of cold water of the ECC system
2.1 will lead to the conclusion that a severe into the saturated fluid inside the intact cold
reduction of the number of volumes and junc- gyg,
tions will usually lead to a significant decrease A vishlization of the table 3.1 has been
of the computer time consumption, e.g. the presented in figs. 3.2a and 3.2b where the
comparison between cases 2 000 and 3 02 in- IITMadues for the dinhent nodaHrations
dicated a reduction of nearly 20% hve been plotted versus the experimental

A more detailed anlaysis of the computer time.
time needed to analyse the LOFT LP-02 6 ex- In Fig. 3.2a, the RTM values are shown
periment is shown in table 3.1. llere, the for th cm of di the noddimius which m
transient times have been subdivided int not taking into account heat capacity effects
nme time mtervals, the stationary part frorn (normal nodalization). One easily recognizes
-10 to zero seconds, the initial blowdown part very sin minstabHities of aH tb cddations
(zero to i s) two entire Slowdown parts (1 t in the interval 30 to 60 seconds probably due
5 s) and (5 to 25 s), three reflood intervals to high non-equilibrium of the two phase flow
(25 to 30 s), (30 to 40 s) and (40 to 60 s) i.e. due to cold water injection out of the ac-
with the starting sequence of the Emergency cumulator into the saturated flow of the in.
Core Coc.1;ng System (ECCS) during the first tact loop cold leg. liigh non equilibriumleads
of these intervals (i.e. the feed of cold water o the above mentioned relatively high RTM-
out of the accumulator, the Low Pressure In- value in this interval of the transient. The
jection System (LPIS) and the liigh Press" overall benifits of the simplified versions of
injection System (IIPIS) into the saturand nodalization can well be noticed in the time
fluid of the intact loop) and tally a more regions -10 to 30 seconds and 'TO to 120 sec-
stationary interval (60 to 120 s). ands.

The reduction of the computer time due to In Fip 3.2% th RTM vdues for all the
a reduction of volumes, junctions rad heat C-versions have been plotted (i. . the ver-
structures became mostly significant within sions cf nodalization where the heat capacity,

the first a.,d the last two time intervals, i.e. effects of the wall material of the vessel have
in the mo" sr less stationary part of the tran- been taken into accou..t) llere, compared to
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RTLa = [ CPU (ta)-CPU (f )]/[f - f ] (computer : CYBER-855)i i

4
P
E
o

Time interval Nodalisation{
k | 2-00 2-00C 2-00Pu 2-00PUC 3-00 3-005 3-005T 3-00C 3-02 3-02C
r
{ -10 - 0 17.6 18.1 17.6 18.2 12.7 12.9 12.9 13.1 9.7 10.1

= 0 - 1 13.8 14.2 13.S 14.0 9.7 10.3 10.5 10.5 8.9 9.3'

o
a 1 - 5 17.7 21.1 17.9 18.8 19.6 12.8 12.8 13.1 7.1 7.6

'E 5 25 34.5 36.9 34.7 36.2 26.9 27.0 28.6 29.4 10.5 12.5-.

% 25 - 30 62.4 67.3 34.0 39.0 28.5 26.3 26.1 23.9 21.2 27.6

30 - 40 43.0 43.5 39.4 55.0 33.2 35.2 M.4 31.2 34.4 31.5 0-[
40.2 35.9 38.4 32.5 -2

@ 40 - 60 43.3 42.2 42.9 47.6 -'

C. 75 - 120 12.4 13.7 13.2 15.7 - 10.2 9.6 11.5 5.2 -

Q -10 - 120 26.2 27.6 25.0 23.9 (32.3) 21.1 19.9 21.8 13.7 (24.5)
. E. -
=

1
G
G

| C-
' >

IAlcormal termination of transient after 52.1 s due to water property errorE
2 Abnormal ternunation of transient after 40.7 s due to water property error

1
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a) by neglecting wall heat capacity '

ib) by taking into account wall heat capacity ("C") .
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fig. 3.2a, the large number of oscillations in characteristic sections. Shown here are the j
the region of 30 to 60 seconds are somehow settings of the break valves, which opened j
slightly dampened. at zero seconds, the power-trip at 0.13 see- :.

in both plots, the very narrow first peaks onds (difficult to distinguish from the break |,

at nearly rero seconds are probably due to the valve line) and the pump trip at 0 63 sec. ;

thermodynnmic non equilibrium during the onds. The behaviour of the ECC. system is ;

; subcooled blowdown phase which only lasted indicated by the ...- line. For the accu-
] sorne hundreds of milliseconds after the open- r.mlator, its value is 0.4, for LPIS 0.35 and

ing of the break valves. for llPlS 0.25. The accumulator started m- |,

jection at 17.5 seconds, followed by llPIS at -

21.8 seconds (trip value 0.65). Finally, the |
A second basic criteria for the quality of a LPIS has started at 34.8 seconds (trip value i

equals 1). The trip curve falls back again 5certain nodalization is the " mass error" which
is a measure for the numerical accuracy of to 0.0 when the accumulator has emptied at !

the code because it represents a check of the nearly 58 seconds (the exact time is slightly ;

mass balance in all of the system volumes. depending on the nodalization of the prob- '

Therefore, in Figs. 3.3a and 3.3b, the mass
lem) and LPIS and IIPIS remained function-

errors have been plotted versus the experi- In g.
mental time for all the calculations using dif- In Table 3.2, some main events have been i

ferent nodalizations, refered to in table 2.1. listed and their occurence during the exper- |In general, quantitatively no significant dif- iment (time and value) have been compared .'
ferences have been found between the results to the equivalent code results using the dif- |
with the normal m.d the "C" nodalizations. ferent nodalizations as given in table 2.1.
The absolute value of the mass error never The setpoints of the different trips are again i

execded values of 1.4 kg and for most of the listed in table 3.2. First, one should notice !
transient time remained less than 0.0 kg. In that in contradiction to the experiment where i
any case, because the total mass inventory of both the reactor power and the accumula- i
the LOFT system is in the order of 7 tons, a tor injection have been initiated by an actual
" numerical loss" of not more than two kik" pressure- dependent setpoint, for the calcula-
grams is negligible. tion we have used a time-dependent netpoint #

retrieved from the experiment thus avoiding

3.3 Discussion of tlle a multiplicati n f err rs (if the pressure is
predicted wrong, this error will heavily influ-

Code-Predictions of ence the predictions of the other parameters
'

tlie Main Events i" th' f"U *i"8 tim * $e4"e"ce$)- I

t

Defore starting the discussion of the perfor- 3.3.1 Calculation of Mass
mance of RELAP5/ Mod 2 in calculating the Flows in the Broken Leg
main events of the experiment, first, in Fig.
3.' - a graphic representation of the main We start our comparison with the broken loop
tr.p setpoints has been plotted where a value and have to look at the peak mass-flow rates *

of nearly one indicates that the trip is set. as well as at the end of the subcooled break [
The scheme divido the experiment in several flows in the hot and cold legs. |

!
i

!

>
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b) by taking into account wall heat capacity ("C")
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For all of the difierent runs, the end of the noted that the most detailed versions 2-00,
subcooled break flow in the hot leg lies be- 2 000,2-00PU and 2 00PU,C indicated only
tween zero and one second, in the cold leg, 124 kg/s. Even for the nodalizations 3 02 and
the end of subcooled break flow occurs be- 3 02C with their strongly simplified piping in
tween 3.0 and 4.2 seconds, slightly depend- the intact and broken loops, the peak val-
ing on the selected nodalizations; the smallest ues for the cold leg is in quite good aggree-
values have been predicted by the 3 02 nodal- ment with the experimental data (573 kg/s)
:zations where the cold leg is represented by whereas this value for the hot leg is about
enly one single volume tims invalidating a 50% higher than in all the other runs (200
correct positioning of the measurement sta- kg/s).
tion. As a general trend, it can be observed

For all the nodalizations, the peak value that a simplification of the piping of the
of the mass-flow has occured at the first broken loop tends to give higher predictions
printed time step after initiation of the tran- of the peak break flows, especially in the
sient (0.4 s) and has to be compared to a ref- hot leg. The most complex 2-00 nodaliza-
erence value measured at 0.25 seconds of the tion underpredicted the peak values about
transient. All the nodalizations except 3-02 30% whereas the most simplified 3-02 ver-
and 3 02C produce very similar peak values sions overpredicted it about 50%. On the
of 562 kg/s from the cold 'eg and 166 kg/s other hand, one has to keep in mind that
from the hot leg which are quite close to the two ehase flow mass flow measurements both
measured values of 550 kg/s for the cold leg under stationary and transient conditions are
and 193 kg/s for the hot leg. It should be increasingly difIicult tasks because the mass

-
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. _ _ _ - _ _ _ _ _ _ _ _ _ _

EVENT MEAS. RELAP5/ Mod 2 CALCULATIONS
DATA

|Q ! unit I 2-00 2-00PU 3-00 3-005 3 005T 3-02 2-00C 2 00PUC 3-00C 3-02C

Pressurizer emptying * T s 15.5 14.4 14 4 17.6 17.6 17.6 18.4 14.4 14.4 17.6 17.G

p-m e V MPa 7.4 7.85 S.29 4.01 4.01 4.01 3.46 7.9 7.9 4.1 3.7

8Accumulator emptying T s- 56.5 55.2 54.4 52.1 53.2 53.6 52.4 5G.8 56.4 54.8 -

Peak cladding temp.''' T s 5.25 6.8 4.4 44.4 43.2 4.4 40.0 6.4 4.4 4.8 40
m V K 1074 1054 1026 1066 10GG 102G 1050 1047 102G 1034 1017

E,
.

Blowdown peakca

!E cladding temperature ' O8

: in hot channel level-02 T s 3.3 7.2 4.4 5.2 5.2 4.4 4.0 6.8 4.4 4.8 4.0

h V K 722 704 746 735 735 714 782 694 743 729 781

5- level-11 T s 4.8 7.6 4.4 5.2 5.2 4.8 4.0 7.2 4.4 4.S 4.0
~ V K 914 732 776 742 742 712 645 721 774 731 S43

level-21 T s 4.8 G.8 4.4 5.2 5.2 5.2 4.0 C.4 4.4 5.2 4.0
V K- 1037 1003 977 S15 S15 787 'J59 097 977 829 957 f

I !,
!

!

!

[

7 Empty point foi4he calculation is a pressurizer level less than 0.01 m i
'

8 Abnormal termination due to " water property error' when accumulator got nearly empty
' Experimental value at level-27. Indicated temperature is an average o thermo<.ouples TE-JOS024 and TE-F0&O24r

" All predicted peak cladding temperatures at level-31 ;

11 Reference value are averages of several temperatures inferred from thermocouple signals at the same axial level but difr.r-nt radial conditions |
|
.

$

- !
i

,~m- ,,._.._,....--.....,_m..........,...,,......,.....m ., . - , _ , ~ . - , , . . . . . m _ .- , . _ _ . _ , . . . . - _ _ , . _ . . . . ~ . . _ - . . ._.__m
_____,b

-



;ih ,I< [l i i!Ir ,! [f,Li||*[ (j6 ; r |if I6 [f Ii$ f. &)i !f- i< * :

_
_ .
_

- _

_
-

ww

-
. _
. .

_
.-

- |

.

- C
66000 0.7

4 750 907 8 - - 0. 12 1 7 5 35- 0 584 4 0 4 94 8 07 47
1 1

._ 3

C 3 3 52 3 8 0 S. 6 8. 0 - - 8 20 G. 2580 80 9 2 60 56 4 4 49 4 907 46
- 1 1

3
_
_

S C _
-
.

N U 8 6

_0. J- 2.08 7 34 - - 4P 4 4 4 21 5 9 49O 0 4 9 4 0 4 0 4 91 706 46
1 1

.
.

I 0
-

.

_
T 2

.

A C 3 8 T

N.90 6 8. 878.089 8. 2L 7

406340 4 1 4 3U 0 606 69070706 66 .
- 1 1 I2C

L 6 32 2 - - 0. 90 07 0. 0 00 0. 79 0.C38 2 _-A 1 14
3 68 4 0 47- 4 496S4 7

C .

1 1
.

.

.

.

2 T .-
.

6 G 5
0 6. 6540 40 4 54 3 8. 0 - - 8 5

.d 5 1 2 5 2 0

.

.o 0 574 4 49 4907 46 .

- 1 1

M 3 ,
,

_/ ,-

5 5
0 2. 88 2.S 2. 83 2. M 8. 2980 - - 2. 4

,

5 ,

2 5P 0

_.
575 05 0 5 - 1 907 56-

1 1A 3

L
E 0 2832.S22.832.9 8298.0 - - 2. 5 _

0 4 5 4
- 5 75 0 5 0594907 56R 3

_
1 1

U
P 8 6 1 2 - - 4 4 _

. 4 M40 40 0. 80 2. 4 2. 0 - - 4G
1 2 4 -0

0 494 4 491 71 6 .

1 1 .

_2

- - 2. 6. _0 0 5 4 2

80 8 4 8 5 8 0 8.0 8 72 3 _0 4 9
6 6 0 6 0 600706 76 --

2 1 1 1 1
..
-

| .

_
.

SA .

AT 9.2 3 0 36 36 36 3. 3 8 S. 8 _
4 3 4 5 1 9 9 _

4 1EA 4 0 5 0 59 5 9 5858 57 4 81 1
-

,

MD -
_

~|

~t

n sKsFsKsKsKKsK sK _
i

u _
.

l> .

_Q TVTVTV" VTVTVTV TV _

' _
.

4 7 1 9 8 9 2 1 -

T 2 2 3 3 3 4 6 1 .
-

.

4 - - -- - - -

N l l l l l l l-e e e e l e e ev v v v e v v v
.

E e e e e v e e e _
l l l l e l l l

_.V l leE n ,

n .

a .
h _
c

-

_.
.

g'
v

.a .

' m _
,

|
-
.

-
.

-

e .
_Hs" .[b gS _" . -

,
.

.

,

.

_;

,

.
_

_
_

1 2i 4 :. 1 1 i4 i L|1!aL ) Ti 41j i [ ji
.

rt!L!i:!I. !i * ;3jI !; a|1ii



w*

C 9 O0.20900 5. O - - - - - - - -2 1 00 474747 6S
3

C 05 0.0 0. 30 2. o 2. 6 - -8.S 8 7 - -0
5757 1 To 17360 4646-

3

S C
N U
O P 4 7 - - - - 5.0 5. 705 - - - - - -4

0 46 47 47
I 0
T 2

-

A
L C

0 2. 532.3 - - 0. 95 0. 20020 - - - -U 0 76 76
4 86 8 726-

C 2
L

- 5 022 1 1 - - - - - - - -A 0 0 00 0. 9 S1

C 3 47 47 46 '47-

2 T
0. 0 0 0 0. 8506300d 5 00 - - -

- 0 0 0o 0 5 57576767880 46
M -

3.
/
5 5 51 2 5.0 5 0 0.0 0.7 - -0 29 2. 7 - -P 0 4 4 1

- 5656 57579867
A 3
L

0
- - 0. 2 0.2 5.2 0.3E 0 2. 1 22 - -4 4 8 09 7 5757 5798R 3 56 56-

U
P 4. 6 - - - - 0.5 0.5 - - - - - -0 7 4 7
0 46 57 57

-
2

0
0 66367 - - 0.3 0 3 - - - - --0 34 -77 772 7676-

|
.

SAAT 8. S 3 9 3. 9 878 4 3. 5 3. 02 853 42 9 4 9 1EA 375858 4649 5 050 591 1

MD
|

t

n sEsKsK e K s K s K ~s K s K
i

u

._ Q TVTVTV TVTVTVTVTV
0

1 3 9 2 1 1 4 7

T 2 2 3 0 1 2 2 2
- - - - - - - -

l l l l ll l

d. - v v v v vN e e e e ee ev v
E e e k p e e e e e

l l u l l l l l

. V m A
-

E o
=

t
t
o
b A
ahl

ct
t n oi

r eh
a u nP qi

.

-

yErub;;3n-

_

l f| |||\t



_trIr
!, ti l, ;ii{( i |-(! D,[[;I: | t | I;f[|,>|f.| i.![ :h< ;. IIe . : ?- fi. '{6t

.

-

-_
_ -

_ %
-
-

_. - ,

,

,

0 ,

.-

+

.

_. --

-

-
_

_ -

-C 5550 020 0. 5 - - -

e- _ - - - - 0. 0 42 -0 7836 5656 --

3 o

_
c
,
-

C
-

0. 05'- - 5. 60 5. 8 0. 7
-

-

_
5 50 - _ - - - - ,0 1 7 464656 -

- ,

3 ,

.
~

_- N U
S C -

,

O P - _ - - 0.0 0.0 - - 5. 5 5.5 - -4 0 4 7
0 1 7 1 7 4G46

_ T 2
,

I 0
-

,.

A- .
L C

0 0. 0 0 0 - - 030 0.0 0. 50 #

U 0 - _ - - 4 5 4 -
- 1 7 1 7 767G 7 6

C 2
-

,
.

.
mL

. m._
2 00020003- _ - - - - 8. 0 - -A 0 24

47 4747 4 7-

C 3
_.
.

2 T .

wd 5 - _ - - 005 0.5 - - - - - - - - -,o 0 0
781 70-

_ M
- -
3

. ~
.

_ /
5 5 -

5 s,

P 0 - _ - - - - 0. 0 - - 2. 55290 5. TO ev
0.

1 7 56565G-

A 3 ,
. .

v.

L -

_
,

0 -E 0 - _ - - - - - - - - - - - - - - ,

_.
nR 3

-
-

m

-
mU

P - _ - - 5. 0 O 5 - - 5. 35 5. ~0 - - .

..
m4 9. 0 1 7 L 6 46460

_. - .

2 -

w
_ -

r0 . - - - - - - 5056055 w

- - _ - - -0 3 5 .

7670 76 .-
2 -

|
-

m

_ . ,

SA r
w

_ AT 3. 9 S. 908.80 3. 2 3. 5 36 32 0. 5
-

5 7 4

E A' 68 6867 5 6 4 4 5
1 71 5 8 5768

_. MD
' 6 -

.
. ,e|

_ t ,

i

n sgsKsKsKsK sKsKsK -

u
v

,=

_ | .

r.

Q . TyTVTVTVTV- TVTVTV
.

e

_ l ~.
_

. 1 9 8 9 2 1 1 S g
.

,
.

._ T
. l l l l l l l 't

2 2 m v.3 3 3 4 6 1
- 4 - - - -

N . v v e v v v v v e.
. - e e e e e te e l

E e e v e e e e e w1 1 l l ll l e 2 2 e
m V 1 n 2 l r

E m n m.n w
. a o. e_ h l

c s W
_ r ,

.

g o ,
v T. :

_
,

a 2 . ,
1 #

n ,-
i .

. m
_ -

m

;- . ,
3; E n w i : .n $ ~-

-

; o

,-
.

.

_ . #

-
m +-

-
.

w

.-

.

' -

!4 .. d ,jj; ii . j| j j,I |l }1j 14|1|!t4$i:$3 43' : <4; 1Ii 1i14"



i! t!I> ii li Lr!Irl|r[ !|[ I!l,[ :I~ |f;Ii|r ! i! Ie! [ j ! ;

_.
_

w*

_
- _.
. ._

-
.

_
_C

0. 0 "- - - - - - --

2
0 - - 4 9 _

2 5
_

-

3
_

_C 085 5.0 _
0 - - 5. IS59200 50 3 3 11 1 9

3 G 4 55 75 G5 S
.

i-

-
3

S C.

N U 5 58526- O P - - - - - - 04 2-

_730
0 5 7 5 7 5 7 .

- T 2

-_.
I 0

-

. A

- L C 0. 0 520 5. 0 0. 0 5. O a.0 05
4 6 0 9 1 35 07 GU 0 7G 2 6 2 0 5 75 8 5 7-

C 2 .

- L _
0. 5 - 29 07340.5580 0 52

- A 0
.

47 4 6 5 75 75 7
.

1 4 2 4
_.

- .

- C 3

_2 T .

0.2 0 0
.

- d 5 0. 3 O 0. 0 00.S080- - 800 00 0o 0 4 5 4 54 5 4 5 5 7
.
.

. M
-

3_ .
-- /

5 5 . 0236 060 5 5 55. G 20935 5

- P 0
0 - - 60

- 4 5 4 G 5 7 5 6 5 7A 3-

- L
0 0.0 0. 0 06 01 - -5 0E 0 - - 0 7 5 4 4 5

R 3 3 5 4 6 565 G-

U.

5. 0 5. 0 060P - - - - - - 9 81 1 6
-

0
0 4 7 5 S 5 7

-

2.

._
0 0. 5 0. 3 2. 3 5600 - - - - 6 1 9 525 4
2 27 4 7 5 7 5 7
|

.

SA n
uAT 00 5. 5 5. 0 0 0 0.0 0. 0 r

6 9 S0 7 6 5 0 58 2EA 7 7 2 5 4 G 4 G 5 G 4 G o
f

MD " n
oei

r t| ua
t t n
n sK sKsKsKsKsK aii

u emr
pr

] e

Q TV TVTVTVTVTV mt
el

|
t a

9 2 1 1 4 7 eme r
3 0 'l 2 2 2T no

- - - - -g-
l .l l k nl 1-l

N e n e r e e e " b.v i v v v v vr e e e e e f aE e u l l l l l o ol

d etV t l u e.E n e l

n au
%gan vd

d s
nh n e' uhi c' alcd atn o o e v

e oh mul of i

Qri TNe n
s "t

3k'$".: 8 %."
.



. __

. .

' EVENT MEAS. RELAP5/ Mod 2 CALCULATIONS
DATA

| Q | unit j | 2-00 2-00PU 3-00 3-005 3-005T 3-02 2-00C 2-00PUC 3-00C 3-02C

level-31 T s 52.0 56.5 57.0 -'S 60.0 54.5 56.0 60.0 58.5 58.5 -

V K 670 765 760 - 755 745 800 750 770 890 -

level-39 T s 48.5 48.5 51.0 - 60,0 54.0 55.0 55.0 53.5 57.5 -

V K 610 895 875 - 735 780 790 800 780 780 -

level-43.0 T s 53.0 33.5 - - 54.5 - 50.5 - - 52.5 -

H V K 675 625 - - 790 - 755 - - 772 -

k level-49 T s 54.0 - - - - - - - - - -

V K 605 - - - - - - - - - -

{
- level-62 T e 54.0 - - - - - - - - - - w

"e
y K 490 _ _ _ _ - _ - - _ _

;- !.

' in avg. channellevel-11 T s 3S.0 - - - - - - - 27.5 23.0 -

,% V K 540 - - - - - - - 550 580 -

level-21 T s 38.0 - - 45.0 43.5 - - - 27.5 28.0 -

V K 510 - - 5f>0 630 - - - 550 582 -

level-28 T s 43.5 26.5 - -'S 48.0 43.5 40.5 - - 32.0
'

-

V K- 530 635 - - 575 555 570 - - 525 -

level-39 T s - 39.0 - - - - 44.0 43.0 - - - -

V K. , 580 - - - - 550 570 - - - -

_ _
6

"No values due to abnormal termination of run

.
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flow measurement in the result of a multi- " LOFT-system" as described by our nodal-
; plication of two independent measurements iration schemes. As indicated above, the

which are assumed to produce area averaged pressure in this volume has been given as,

} quantities. These independent measurements boundary condition according to the exper-
; are the momentum flux measurement by drag imental recordings of the suppression tank j
; bodies (or the velocity measurement by ndni. pressure. To indicate the occurence of the |

turbines) and the density measurement by a flow reversal, the calculated peak mass loss |
3 three beam X ray densitometer. Both signals and the time ofits occurence have been given ;

; are errorneous, especially in high void flow in table 3.2. |
regimes. Furthermore,it is assumed tint the The code calculateri similar mass losses |'

product of each of the individual two inte- for the different nodalizations. In fact, two !
j grals (i.e. the area-average of the measure- groups may be distinguished, the results of j
j ments)is equal to the integral of the product the most detailed 2-00 versions which have {'

of the two variables, an assumption which is produced slightly higher mass losses than the
'

| fullfilled rather seldom. The quantification more simplified 3 0. . . versions.
of the error of the mass flow measurements'

i is quite difficult because its dependence of a 3.3.2- Miniinutu Collapsed Lig-
j variety of parameters like flow-regime, void
i fraction, velocities, etc. g gg

A better picture of what is going on in The next value of interest is the time when
.

'he broken leg can be achieved by looking the collapsed liquid level in the core region
; .

; at the integral macs losses through the break has reached its first minimum,i.e. when the
1 at different times as listed in table 3.2 where core region was nearly emptied luring the
: both code predictions and experimental val- blowdown phase of the transient. U nfortu-'

ues have been oeterndned by simply summing nately, for the collapsed liquid level (or equiv-
| up the product values of time-step times the alent to it, the average liquid fraction in the
: instantaneous mass flow at the two breaks. core region), no experirnental data is avail-

Ilere, the general trend is that the code cal- able. In table 3.2, the collapsed liquid level is
.

culated higher losses for the first 30 to 40 given in percents relative to the total heated
seconds and then stayed on a certain level core height of 1.03 m. The comparison of the

. (see also figs. 3.39a and b) and finally un- results with the different nodalizations indi-
! derpredicted the actual mass losses through cated no severe discrepancies with respect to
I the break. In fact, the sign of the flow even the values of the minimum collapsed liquid

changed, indicating a small amount of back- levels. Their ranges varied between 3.2% and
flow out of the containment into the pri- 7A% in the hot and 3.6% and 8.4% in the

,

mary system due to slightly higher contain- average channels. No significant trends have
ment pressures (defined as boundary condi- been observed with respect to the sophistica-
tion using the experimental values) than cal- tion of the nodalizations. The minimum col-

-

culated by RELAP5/ Mod 2 for the primary lapsed liquid level has been reached between
system. Because the containment has been 4.0 au I 5.2 seconds after initiating the tran-
modeled as an additional time dependent vol- sient exccpt for runs 2-00 and 2-000 where it
um. Jownstream of the break, this backflow took 7.2 and 0.8 seconds respectively.
is not "unphysical" with respect to the special

|
|

__
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3.3.3 Eruptying Points of Pres > original EGkG, to about 125.
surizer and Accuinulator

3.3.4 Peak Cindding Tennpera-Two of the signdicant events during the. .

LOFT-experiment have been found to be the tures During tiie Blow-
emptying of the pressurizer and the accumu- dowit Plinse
lator. The pressurizer emptied during the
experiment at about 15.5 seconds after the Peak cladding temperatures of 1074 K have

opening of the break valves; at this moment, been measyred by only one of the ten ther-
" P *" ".* I"'I ".s sem y 5 (center of core)I- *" Cpressure in ' e pressurizer has reached a value

og 7j yp,, on level 27,i.e. 27 inches from the bottom of

k '"'''lculated peak cladd.RELAP5/ Mod 2 calculated this emptying
The ca mg temperaturespoint between 14.4 seconds for the 2 00,

2-00PU,2 000 and 2 00PU,C nodalizations always occured at level 31, i.e. 31 inches

and 18.4 seconds for the most simplified 3 02 fr m the bottom of the core (by the way,
but not for the equivalent 3-02C nodalization. I"' "'" "" 8'" "I "" ""*"I*," "I "*

It is not surprising that the time for emp- core which was used for nearly all of the pre-

tying' the pressurizer strongly depended on and p st test analyses of the LOFT experi-

the choosen nodalization. Whereas the pres- ments, core levels 27 and levels-31 fall m the
sana volume of the nodalization and conse-sures in the pressurizer as predicted by the

code have been found to be quite close to the quentely indicated the same calculated tem-

experir' ental data for the 2 00 and 2 00PU peratures). Their values only depend on the

nodalizations, for the 3-0. . . series of nodal- choosen nodalization and vary between 1017

izations with their crude modelling espe- K (3-020) up to 1054 K (2-00). The highest

cially in the pressurizer, the ItEL A P5/ Mod 2 - values have been predicted by the 2-00 ver-
sions f n dalizations because a rapid coast-calculations of the pressurizer pressures are

rather poor, namely around 4 MPa or even down of the pumps has been allowed for this

less instead of the measured 7.4 MPa (the 4 '"IC"I"d " '"8"I d "E * " I "E"' "" C"*''7 P"'
"I U* CI'"""*I'MPa is comparable to the system pressure at

the time of emptying point). The next values of interest are the peak

The accumulator empties at about 56.5 cladding temperatures reached at different

seconds after the initiation of the experi- core heights during the blowdown period of

ment. In general, the code predictions seern the experiment which occur in the first 10

to be sufliciently close to this experimental seconds a ter opening the break valves,

setpoidt. This relatively good aggreement of With respect to the central core region (hot

the code results with the experimental find- channel), the blowdown peak cladding tem-

ings is not at all surprising because the emp- peratures have been slightly overpredicted by

tying time has been tuned once for all for the the code (not more than 20 K). On the other
6 00 version of nodalization of the post test hand, the code har. located the blowdown

analysis of the LOFT LP LB 1 experiment peak cladding temperatures at axial locations
further downstream m the core. Whereas(see ref [7]) by increasing the forward and

reverse flow energy loss coefficients of the ac- the cladding temperature has been measured

cumulator junction from 13, as given in the at level-21 (1037 K, radially averaged value),
the code calculated the highest cladding tem-

c

- - ' - - - - -
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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peratures (varying from 1017 K (3-02C) to potated in coluinn " partial bottom-up rewet-
1054 K (2 00)) at level-31 (32),i.e.10 inches ting" of table 3.2.
downstream of the experimentaHy inferred
hot spot. 3.3.5 Quench Front Positions

With respect to the outer core (average
D ur.ing the R.eflood,ingchannel) for all nodalizations, the blowdown

peak cladding temperatures have been un. Phase
derpredicted at least between 10 K (r.t ao- The quench front positions during the r~
sition 21 inches) and 200 K (at position Hooding phase of the experiment have been
27 inches). The lowest underpredictions found to be one of the most sensitive pa sm-
have been achieved using the most simplified eters of the calculations. Therefore, the last
nodalizations 3-02 and 3-020, values of tabl- 3.2 will show the comparison

At lower levels of the LOFT core, high between the experimental results (time and
flooding rate bottom-up rewetting took place value at the " knee point" of the temperature k
during the blowdown period of the experi- trace of one individual thermocouple at a cer-
ment. It enables the quenching of the hot tain axial core level) and the equivalent code
rods between 4.8 and 0.8 seconds of the tren- predictions at 10 diRerent core levels where

In table 3.2, t mes and values of thesient. i
Omomb have been installed, llecause

experimental " knee cladding temperatures" at a certain core height the core wide radi-
have been listed at which quenching took dly dimibuted thermocouples may indicate
place at a certain level of the core.

different quench front positions, we have used
The predicting capa' an averaged value for time and temperature

bilities of RELAP5/hlod2 have been found at e m W A
to be rather poor with respect to bottom up Different to our findings for the LOFT
rewettmg during the blowdown phase. Only experiment LP-Lib 1 (ref. (71), where wewith some of the nodalizat,icn a some kind of

have found enormous discrepancies between
prediction was possible; with respect to early the results of the different nodalizations, for
bottom up quenching, the best results have um LP-02 0 aMim h pdMw of
been obtail < d with nodalization 3 005T. In the quench front positions using the different
chapter 3.4, we shall discuss in more detail nadalizations are quite close together. Fur-
the_ problem of early bottom-up rewetting. O mre, we have not found significant dif-
l'he bettom-up rewetting was also observed i M & dts of b udd-
in the side chranels of the LOFT core dur- izations which have taken into account the,

ing the test but again the predictions of im.
heat capacity effects of the wall material and

LAP 5/hlod2 have been found to be rather which did not; i.e. taking into account the
poor. heat capacity of the wall material has not led

In addit. ion to the early hottom up quench- to negative effects on the predictions of the
ing, the upper parts of the core (level-40
,

quench front positions like they have been
and level-62) have been qt.enched due to top- found for our LP-Lib 1 post- test analyses
down rewetting between 14.3 and 15.3 sec^ M M). For the moment, we can give no
onds. RELAP5/hlod2 was also not al
predict this phenomenon, as one can see le treasonable explanations for this observations.

in ta-

ble 3.2 for levels 49 and levels 62 (also incor-

. . ..
. .. . . ._ .

- .- .
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3.4 "?ime Behaviour of the specific core height (the averasing pmcesa i
| 81gniflCant ,I,her1HO- has been described in chapter 3.1), using thei . .

different nodsdizations as listed in table 2.1.
Hydraulic Parameters For the sake of better readability, for each ax- !

ial position two figures are given in which it is {o.4.1 Cladding Temperatures shmvn five comparisons of N type (plot a; ver-
sions 2 00, 2 00PU, 3 005,3-005T and 3 02) vEven it can t)e seen in table 3.2, that the and four compr.risons of C-type nodalizations iRELAPS/ Mod 2 only slightly underpredicts (plot b; version 3 2 000,2 00PU,C,3 00C and ithe peak-cladding temperatures in the cen- 3 02C),i.e. where the heat capacity effects af j

ter channel of the core, by looking at the time t' vessel material have been taken into ac- [history of the cladding temperatures st differ * count (C-type) and where these effects have (ent axial heights of the core,it can be noted been neglected (N-in,). i
that rather significant discrepancies between At axiallevel 02,i.e. 2 inches from the bot-
the predictions and the experimental data ex* tom of the core, the experimental claddingist. Furthermore, it can be observed more temperatures have undergone a significant -

ciently that the differences between the re-
temperature increase of approximately 150

suits of the different versions of nodalizations degrees mainly during the blowdown phase {occur. of the experiment, which the code has over- !Due to our specific nodalization of the core
predicted between 20 K (for the case of rapid 2

region which is identical for all of the investi* constdo in of the pumps, nodalization 2-00 fgated schemes, RELAP5/ Mod 2 is able to ctJ* '

and 2 000) and 60 K for all the other nodal-culate the cladding temperatures in only two irations, where the realist 4c coastdown of the i
different representative channels, namely the pumps has been imposed (figs. 3.5a and [" hot channel" attributed here to the center- 3.5b). A first quench (bottom up rewetting)box 5 and the " average channel" which can .

'

stops this core heat-up at about 8 seconds af-
he attributed to one af the side boxes of the ter the initiation of the experiment. At level- |LOFT core; for the comparison with experi- 002, this early quenching has been calculated
mental data, we have used the side-box 4 (in by RELAP5/ Mode for all types of nodaliza- [

.

priciple, any other of the four side-boxes or
tion,

an average of all of them could be used). A second heat up of the center bundles ;
Let us start our discussion of the RE- started at approximately 13 seconds and ter

'

LAP 5/ Mod 2 calculations of the cladding
minated at nearb 30 seconds. This secondtemperatures in the " hot thannel",i.e. box 5 her.t-up has been " indicated" by all of the !of the LOFT core,
runs with quite different accuracy. In ad- '

dition, for the simplified nodalizati_ons, this !
Cindding Temperntures in the Center core heat-up has been calculnted approxi-

'

Box mately 10 seconds to long,i.e. the time of the |
In Figs. 3.5 to 3.14, the time traces of the nnal quencMng has been m erpredicted by at

h"ti "8'".10 semnds for the 3 005 and 3 02 nodaj-cladding temperatures at 10 different core t :

heights in the center box (box 5) as calculated '*"

by RELAP5/ Mod 2 (" hot channel" have been Generally, the final quench during the re-

compared to the average temperature (!) at fl oding phase of the experiment has been

,

k

h

,,, ,,,.y.- . . - . m , n w-v ~ +--=-"+* " - - - - ' " - * " " - ' - ~ " ~ - ' ' ' ' ~ "
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J calculatal by REl.AP5/ Mod 2 slightly more greement is coincidental because it only hap-
! accurate by the "C" than by the "N" ver- pened at level 27.
) sions of nodalizations; this finding is in con- It should be noted that no significant differ-

! adiction to our earlier findings when analyz- ences have been observed between the predic.
| mg the LOTT experiment LP-LB 1 (ref.[7]). tions of nodalizations 2-00 (rapid coastdown
i Whereca the predictions of the different C- of the pumps) and 2-00PU (given pump speed
j versions have been found to be close together, vs. time curves) with respect to the time be-

the discrepancies of the "N"-versione are sig- haviour of the cladding temperatures. Only;

nificant, llere the poorest results have been the temperatures at the " blow down peak"
achieved using the 3-005 and 3-02 nodaliza- have been always predicted slightly higher (20:

i tions, i.e. the two most simplified ones. to 30 K) by the 2-00 version (rapid coastdown
i of the pumpa).

;-
,

f At the followit!g two arnl levels (figs. 3.6
; and 3.7), the peak sntface temperatures gen. Whereas in the LOFT LP-LB-1 experiment
; etally have been ut derpredicted at least 50 K (see ref. [7}) at the upper levels c. top down
i and for other nodalization more th.n 100 K quench has been observed within the first 15
'

din .2ng the blowdc.wt phase. Only fcr some suonds (blowdown p' nase), there is no such
j vereons. partial bottom-up quenching, one strong evidem e for the LP 02 0 . Because
i of the male phenomena of the LP-02-0 ex- the experimentally verified momentum fluxes
'

periement, has been calculated. at the exit of the core have been found to be

| For the next five axiol positions, figs. 3.8 highly positive during the first 15 seconds of
; te 3.12, a general trend of overpredicting the the transient (see also fig. ''.J3) indicating
! cladding temperattites both during the blow- a coolant flow out of the tore; on the other
; down (betweca 3 and 7 seconds of the tran- hand, the momentum flax meter (one drag

3ient) and the " refill" of the reflood phase (be- body at a position at t) e inlet and one at the4

i tween 20 and 50 seconds of the transiert) has outlet of the core) only indicated the momen-
'

been found but the first higher peak cladding tum flux at one specific position _at the out-
temperature (" blowdown peak") has been let of bundle 5, so that one cannot exclude,

! overpredicted not more than 50 K whereas reverse flow in some other parts of the flow
durinS the reflood interval the code has over- area. Therefore, we have attributed the first'

j predicted the cladding temperatures not less sharp decrease of the cladding temperatures
than 150 K. On!y the 3-005 and 3-005T ver- in fig. 3.12 and -less pronounced in fig. 3.13
sions tend !o give certain underpredictions, to bottom up reflev> ding, whereas the second

;- especially during the reflood interval of the temperature drop (at about 15 seconds) prob-
experiment, ably is due to top-down quenching.

For level-27, the calculations of version None of the different RELAP5/ Mod 2 runs
3 005T has nearly perfectly reproduced the has drawn a sufficiently conclusive picture of
experimental data. Both the blowdown peak what has been going on at these two upper

| terminated by the bottom up quenching and core levels as can be seen from Figs. 3.12
the second core heat op during the refill in- and 3.13. The initial core heat up has beenF

terval of the experiment have been described reproduced quite poorly and the second sig-
; perfectly; but we believe that this good ag- nificant heat up during the refill interval is

.
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nearly missing; some vague increase of the Sunnnarizing Hemarks on the Cindding

f surface temperatures cannot be interpreted Temperature Calculations
: as a valuable description of the thermohy- b,unnnarizing our findings w.th respect toi1 drauh,es m, this core region,

itELAP5/ Mod 2 -calculations of the cladding
temperatures in both the hot and the average'

i

f Cindding Temperatures in Side Box 4 channels one has to sonclude that:
1 (Average Channel)

* E'"''"U ' ".t mod of Ge com leMs, de| In figs. 3.14 to 3.17, the time traces of the T
peak claddmg temperatures have beeni; claddm.g temperatures at four different core underpredicted not more than 100 K,.

.

; height s .m the s.de box 4 as calculated by RE-i

| LAP 5/ Mod 2 for the " average channel" have . RELAP5/ Mod 2 has calculated th peak
been compared to an average temperature at cladding temperature at axial level 31,;

; the specific core height (if the reference is in- i.e. 31 inches from the bottom of
j dicated by the word " level") or to one single the core, wherean the experimentally in-
| thermocouple signal (if a specific number 18 ferred hotspot is located at level 27,
; given as reference, e g. 4G14). Again, ,or the

four axial positions, located 11,21,28 and 39 * with respect to the cladding tempera-'

| inches from the bottom of the core, two plots tures in the average channel, only small
j are given showing the comparison of the "N" differences have been observed between

(plot a) and the "C" type of no411zations the results of the "N" and "C" versions2

| (plot b). of nodalizations, i.e. whether the heat

! REL AP5/ Mod 2 was not able to predict the capacity of the wall material of the reac-
significant heat-up of the fuel claddin;;in the tor vessel has been taken into account or

,

average channels during the blowdown phase not did not make much difference.
3

I but indicated some temperature increase dur-
reasons for the deviations are multi-ing the refill phase of the experiment,

For both the blowdown phase of the experi. ple. Concerning the axial shift of the hot spot

I ment, surface temperatures have been under- (see nd item), one of the reasons may be an

, predicted by RELAP5/ Mod 2 between 20 l{ inc treet usumption of the axial power dis-

(at axial position 21) and 200 K (positions tribution in the LOFT core; as mentioned in'
.

i 11 and 28). The highest surface temperatures secti n 2.1, we have used the one published by

I have been calculated for the 3 02 and 3 020 [5b Forinvestigating on this problem, the ax.

! nodalizations, ial distributions of the cladding temperatures

significant have been compared to the equivalent exper-During the refill phase, a
i core heat-up has been calculated by RE imental data for three different time points of

| LAP 5/ Mod 2 , the magnitude of which de- the transient, namely at -1.2 seconds (i.e. the-

pends on the selected nodalizations. The stationary part of the transient), at 5.3 sec-'

highest temperatures (overprediction at least onb (bh>wdown phase) and at 40.5 seconds,
i

i 100 K) have been obtained by the 3-005 and i.e. during the refill phase (Figs. 3.19a,b to

3-02 versions (i.e. the less elaborated ones)
3.21a,b).

- whereas the lowest values have been found in figs. 3.18a,b, the comparison was

| with the 2-00 version. made f r the stationary phase of experiment :

; LP 02-6 . All RLLAP5/ Mod 2 calculations

.i

~

_. . -__ ~_ __ - _ _.- _ _. _ _ . _ _ . _ ._ _ _ ._._._. _ .



. . ___ . _... -. _ .- _ _ . . _ _ . . . . _ . ..

i r

52

1

4 :

!*

<

$.
'

1

!

900.'

,,,m,,,.ym,7mmu . g . .,. .,.. ..,. ..,. .,.

i '

NODALIZATION a;' g
' '' 2-00 ;600. ; _

' '
. 2-000

'
, ' ._-..-3-005vt

'.1
v -- .,_ 3-005T !

-

j| [ 700. . _. , 3-02 4L ': ,

.| Y TE-5 LEVEL-49 .

; u,

$ ': !
.< .

,y,v ",rym,vrv,'t f. .- - |.E 600. M qv
,

vv, y

%k*
y y

|
j .-

Y
1 g 500. ; ;

% ( . t. *\.%)],y! g
e s. i. __

# .

. .
'' "

d LOFT LP-02-6 / POS 049 -
'

; gga,
,,

'g'

1

!
'

< .

| 300. - -i- - - i- -i t ....i ,

-10. O. 10. 20. 30, 40. 50. 60. 70. 80.
TIME (SEC)

e
i ,

900.
. , . . . . , . .,.. .,. . . , . . . . , . .,.. ..,.

*
.

4

y, N00Atl2ATION i ;
i ,

'' 2-00u ;
-

i 800. ;
4 ..___ 2-00PU.C''

' I
_._. 3-00C'

f' 3-02C
-2:

70J. - v ' v -+

j| # Y TE-5 LEVEL-49'
; -

i M -

* '

| 600. ; '] yv*Y' v ;

j M ', v",y,' '
'

' 5 v v
e .- .

,

'g 500. ; . ;!

g
' s,a

-% sg ;,1 .s ,,

3 400. .
. ~~ a, -u

4 | -!.-
! -

300. i-- i- i- i- . .. *. 1

-10. O. 10. 20. 30. 40, 50. 60. 70. 60

TIME ISEC) .

t

.

1
i

4

)

Figure 3.13: Ilot-channel cladding temperaturet vs. time at axial level 49 ,

compared with the equivalent reference temperature *

| a) by neglecting wall heat capacity i

; b) by taking into account wall heat capacity ("C") ~ ;

t i

._ _ . _ . . -... . . . _ , . _ , _ , - - _ _ , - , ., , . . . . . . . . . , - . -



53

900.
. , . . . . , . .,. .,. . , . . .,. ..,.. . . .

s

800. .

N00ntl2AT10N *,

[", 2-00 -
* 700. ;
~

, " = ___ 2-00PUg
, = f ._ . 3-005g "g * _ _ 3-00ST-
"g 600. - 3-02

~

w

$ , , x TE-5 LEVEL-62
-

500. ; -

g ==eme="p _

" *o
.-, =

=
@

".

d ' = * * _ _"
400. _ "I LP-02-6 / POS 062 - -- w, .

e

300, i-- -i- i- - i - ' - i- i--a
-10. D. 10. 20. 30. 40. 50. 60. 70. 60.

TIME (SEC1

920.
.,.. .,. ..,.. .,. ..,.. . , . .,. ..,..

620. ; ;

N00ALIZAT10N i

C / 2-00C7eg' , ",~

, = " _ _ 2-00P".C -

-

_..._. 3-00Cw =

h
"" 3-02C. =

cr ' "

@
600. _

X TE-5 LEVEL-62
;

a
,

5 .
~ s
a 500. _ p =.=j, _

N % % @ % gg.
e =

'-d age,
_

,
_

:

1

300. i-- -t- > i- t-- i- i i

-10. O. 10. 20. 30. 40. 50. 60. 70. 80.
TIME (SEC1

Figure 3.14: Hot-channel cladding temperatures vs. time at axial level 62
compared with the equivalent reference temperature

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

_. _ _ _ ______ _ _ _____ _______



._

54

' ' ' ~ ~ ' ~ ''' ''' ''"''''M'' '''900. ; ;
e

?
'

NOOALIZAll0N a
800. ; . .:

2-00
- o _ _ 2-00PU

,_ 700. ;
.

_ ., 3-005:.

f: . -. 3-0051 -

,, I , ... 3-02g

5 / O TE-4Gid-011
E 600. .:'

,e e

500. } -

5 . ~ !
'

Mj
@ 400.

(- %
u ; v.,

LOFT LP-02-6 / CLA00 LNG TEMPERATURE AVG-Oli

300. -t- -t i- t t -i- i- -i

-10. O. 10. 20, 3e. 40, 50. 60. 70. 08.
TIME (SEC)

ggg, . . , . . , . .,. ,,. . , . . . , . ..,.
. . . .

_

O

?
.

800. ; . .:

N00All2RT!0N

[ 2-00C

_ 700. ; ,4 2-00PU.C ;-___

I 3-00C-._._.

y 3-02C
*

" 60a, < f O TE-4Gid-011
d- * ;

*w i -

%fdb **

h 500. .Ik; a,

s \
h400. NMN.~1_ s;

, 300. i- L t t i-. i i i

! -10. O. 10. 20. 30. 40, 50. 60. . 70. 80.

| TIME (SEC)-

Figure 3.15: Average channel cladding temperatures vs. time at axial level 11
compared with the equivalent reference temperature

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



55

000.
r -i- i- -r- i-- -r - - -

i--

H00AL12 fit 10N e.
700. .

,'f[| - . - . 3-005

2-00 -

2-00PU-

-'

||\ . -- 3-005T
*

600. '*: 'j ./ ,.vt. - - . 3-02
.

y N I 4' ! 6 TE-LEVEL-021Lb /.- ' I '^ v
@ h. aa.- !

7) ,- e.gs* g| ,
-'f 500. _

-

y y(.Ia a.t g , a.
- .-

- is
h Jk s. ..m '# "a
c 400. . .

LOFT LP-02-6 / CLAD 0 LNG TENT (RATURE AVG-021

300. L i. i- .L i-. -i. i- i-

-10. O. 10. 20, 30. 40. 50. 60. 70. 80.
TIME (SEC)

800.
i.- ..r r -i- r- -i-- -i-- i--

700. . 'f. ~

N00ALIZRTION e'

2-00C
~

4|' -- 2-00PU. C
*
~

: - ._. 3-00C
i 600. 'ali ----. 3-02C,

\Q .m A TE-LEVEL-021
~"

h
A . <'I *5E //' 1

'
u N' %
b 503. _

Il} ~,. ,

!'! ,.

400. - |= g:q

300. <- i- -i- .i- n. -t i ,

-10. O. 10. 20. 30. 40. 50. 60. 70. 80.
TIME (SEC)

Figure 3.16: Averaged channel cladding temperatures vs. tirr.e at axial level 21
compared with the equivalent reference tempe:ature

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

)



. .

56

1000.
.,.. . . , . .,. .,. .,. ..,.. .,.. .,.

900. ; . -

'+ N00ALIZAil0N i

. ' . 2-00
r

800. ; .. 2-00PU -
-

*x _. 3 005
___-_ 3-005T+- 4

- - 3-02w 700. ;
,

5 + TE-4H14-028+;

@ - '\

. . s\
~

.'~

* ,.f

'' +N : -

'9 500. ; +

b. E t. i.

.

g . . + + , , ,,
_a

,j / . , . .
- u 4gg, ; ye _

LOFT LP-02-6 / CLA00 LNG TEMPERATURE AVG-028

300. t- i- t- t- '- ' i

' . 50. E0. 70 80.40-10. O. 10. 20. 30.
TIME (SECl

e
1020. . . . . . . , . . ..,..- . . , . ..j.. .,.. .,.. . , . .

920. _ .

*,
.

. ' , NOOALIZATION i
'

~ 000. L 2-0BC -

,
* ____ 2-00PU.C+_ .

_._ 3-00C
u 700. ; -

,,,,_,, 3 02C -

5 .

$ sea. P j,,
+ TE-4H14-028g ,

-+ --

' "

$ .g#A
Y1....%^g 500. ._ / .. .-

4eg, . '''"|_ - 4"*!d
_

.

300. ' a- '- i- - ' - - ' '-- '

-10. O. 10, 20, 30. 40, 50. 60. 70. 80.
TIME ISEC1-

Figure 3.17: Averaged channel cladding temperatures vs. time at axial level 28 -
compared with the equivalent reference temperature

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

-

_



57

I

900.
. , . . . . . , . .,. .,. . , - - . . . . .,.. .i.-

F

#' ' ~*

,= HOOALIZATION i
* 2-00~ "

____ 2-00PUx 700. L /
_. 3-005 -

-

."./.
-_ 3-005I

- ____._. 3-02w
5 fj \ *g 600. ;

X TE-4114-039 ~**

$ 7
. .1s

"N -

*
500. ;

.

-
d 400. ; ' W ' ^~~ ~ ~~ ~

LOFT LP-02-6 / CLADDING TEMPERATURE AVG-039

300. i- - - -'- '- '- '- - ' - ' '

-10. D. 10. 20. 30. 40. 50. 60, 70. 80.
TIME (SEC)

900.
.,_ . , . . . , . - . . , . .,..

. . . - .... ..,.-

&
'*

800. ; -,,
*

N00ALIZRT10N,

~ *
2-00C

x 700. L .g ____ 2-00PU. C - -
~

"f _._ 3-00C

g p|, __. 3-02C

- 600. ~
'*

-

@ \ ) X TE-4114-039w

$
'

..x 7<
* 500. L

* *
~ -,

3 -

5
. .

-

8 % x.E '_sd 400. L ~~ 'W- --

:

300. - ' - - - '- '- '- '- '- ' '

-10. B. 10, 20. 30. 40. 50. 60. 70. 80.
TIME (SEC)'

Figure 3.18: Averaged channel cladding temperatures vs. time at axiallevel 39
compared with the eo,uivalent reference temperature

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



. - . . . -- _ - . . - .

!
58

:

'

i !
~

!
'indicated very similar axial distributions of 020, RELAP5/ Mod 2 still calculated a core>

| the cladding temperatures which only in the heat-up centered to the middle of the core
,

'

middle of the core (core heights .6 to 1.2) with the peak value at 0.75 m. The 3 02 '

are quite close to the experimental data (cir- and 3-02C calculations have indicated a more '

'

cles in the plot) whereas they differ at the widened core heat-up but on the other hand
bottom about 40 K. In fact, the experi- have overpredicted the experimental surface ;

| mentally inferred axial cladding temperature temperatures at least 175 K.
,

distributions have been found to be much
more variing than the one calculated by RE- Void Frnction, Flow Regime and Heat;

LAP 5/ Mod 2. If a change in the axial power Trnusfer Coeffleients in the Core Zone
distribution would bring any improvements is ;|

Besides - the heat generation in the fuel ;i an open question and has not been tested yet.
1 During the blowdown interval, i.e. 5.3 (source), the other important quantity influ- [

seconds after the initiation of the transient, encing the cladding temperature is the heat ,

the RELAP5/ Mod 2 calculated axial surface . transfer from the cladding to the surround.^
-

temperature distributions of runs with the ing fluid (sink). To find some reasons for the ;

different nodalization schemes differ quite deviations of the time traces of the cladding
,

significantly both to each other as well as temperatures for different nodalizations, one '

! in comparison to the experimental findings has to investigate the heat transfer to the ;

j (figs. 3.20a and 3.20b). The calculated peak fluid at the specific nodes for these different *

; cladding temperatures are cevered around n dalizations even no experimental reference
is available.

] 0.75 m whereas the corresponding experimen-
| tal values (triangles) have been found at ap- The heat transfer, expressed by the heat

transfer coefficient (IITC), is dependingproximately 0.5 m. On top of this, the RE_ ,

n the mass flow, the local void frac. jLAP 5/ Mod 2 calculated core heat-ups were4

! rather concentrated in the center region of the tion and the flow-regime " assumed" by RE- ;

! core (0.4 to 1.2m) whereas the experimental LAP 5/ Mod 2 which itsself mainly refers to the !
I cal void fraction as well as to the mass flowdata indicated a more widened core heat up.

One of the reasons may be the fact that RE- and the system pressure. Consequentely, er- .

rorneous mass flows and void fraction distri-LAP 5/ Mod 2 neglects the axial heat conduc.
tion in the cladding as well as in the fuel thus butions willlead to wrong heat transfer coefli- ,

preventing from smoothing out steep axial' cients and finally to questionabb predictions ;
,

temperature gradient in the cladding and the f the cladding temperatures.
''

i fuel (axial conduction is only considered by in Figs. 3.22 to 3.27 from top to bot-
| RELAP5/ Mod 2 near the quench front when tom the local void fractions, the flow regimes

the reflood modelis applied). as choosen by RELAP5/ Mod 2 and the heat :

; Things do not change significantly for transfer coeflicients have been plotted ver- -

the remaining time point of consideration, sus time f r axial levels 27 inches (figs. 3.22

namely 40.5 seconds after the initiation of the to 3.24) and 43.8 inches from the bottom of
,

transient (figs. 3.21a and 3.21b). Compared the core. The comparison has been made for i
4

| to the experimental findings of a heat-up of three versions of nadalizations, namely 2-00

nearly the whole core with the peak value at (most detailed, plots 3.22 and 3.25), 3 005 jI

0.6 m, except for nodalizations 3-02 and 3, (medium si plified, pl ts 3.23 and 3.26) and ;

;
;

i

.
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3-02 (most simplified, plots 3.24 and 3.27). portant for the determination of the heat-
For all three types of nodalizations, the transfer-coeflicient (IITC) from the wall to

time behaviour of the local void fraction at the liquid but may result in enormous difTer-
the equivalent axial level seem to be com- ences when evaluating the interfacial friction
parable, except that there is a " dip" in the factors and the interfacial heat transfer coefli-
time trace of the void fraction at 8 seconds cients. Probable oscillations in these two im- *

and at the same location for the 3-005 and portant quantities are then feedbacked, caus-
3-02 nodalizations, which cannot be found in ing instabilities in the void fraction calcula-

,

the results of the 2-00 nodalization. After tion.
the initiation of the transient, the void frac- The lower graphs on figs. 3.22 to 3.27
tion has increased very rapidly from zero to show the heat-transfer-coeflicients (llTC) as
nearly 100%, where it remained until refilling a fuction of time. As expected, heat-transfer- "

has reached level-27 at about 45 seconds and coeflicient drops rapidly into the inve-ted-
level 43.8 at 50 seconds. When the quench slug / mist-flow regimes thus resulting in
front has reached axial levels 27 and 43.8 re. heat-up of the fuel. Occurance of the rewet-
spectively, the void fraction was quite unsta- ting is well indicated by the steep increase of
ble for about 10 to 20 seconds, the oscillations the heat-transfer-coeficient between 49 and

,

of the void fraction nearly covered half of its 60 seconds, depending on the axial location -

range. and the type of nodalization.
The void fraction is one of the main param. We would like to focus the rttention of

eters of REL AP5/ Mod 2 to determine the flow the reader on some inconsistencies between h
regime which itself is a key information for the flow regime indicator (middle plot) and
the evaluation of the interfacial heat trans- the heat-transfer-coefficient (lower plot) more
fer as well as of the interfacial shear stress or less pronounced in all of the six calcu.
coefficient which, to close the circle, again lated cases, namely that the timearaces of
highly influences the void fract'on distribu- the flow regime indicator und J the heat-.

tion. Therefore, the graphs in the center of transfer-coeflicient indicate " quench" at dif-
figs. 3.22 to 3.27 show the flow regimes, as ferent times. We have reported similar in-
defined by the code, as a function of time. In consistencies in our LP-LB-1 post test analy-
the stationary phase of the experiment, RE- sis. Whereas in fig 3.22, this discrepancy is
LAP 5/ Mod 2 decided for slug-flow in the hot only about two seconds (the " quench time" of
zone of the core. After the initiation of the the heat-transfer-coefficient is comparable to
transient, it decided for inverted slug-flow or the value given by the steep negative gradi-
alternatively mist-flow until the occurence of ent of the cladding temperature, see flg. 3.9),
the quench at this specific position. 'I hen in fig. 3.23 this difTerence is raised to 24
again, slug-flow has been assumed alterna- seconds (again, the heat-transfer-coeflicient
tively with annular-mist-flow. Depending on " quench" is comparable to the cladding tem-
the nodalization used for the claculation, e perature " quench" on fig. 3.12). This was a
smaller or even greater number of " switches" calculation using the 2-00 nodalization. For
between inverted slug and mist flow on one the other examples, e.g. nodalizations 3-00.5
side and between slug and annular-mist-flow and 3-02, these inconsistencies are slightly
on the other side may occur. The differences smaller but still exist. Generally, they were
of the latter two flow regimes are minor im- larger at level 43.8 than at level 27. In other

_ _ _ . . . . . .. . . . .. . . -__ _ _______ _ -______ - _ ___ _ _ _ _ _
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:
!words, the code calculated the heat-transfer- transient, thus drastically reducing the heat

coeflicient from the cladding to the coolant generation within the fuel.
_ ;

!
assuming completely other flow conditions ;

than the heat-transfer-coefficient between the 3.4.2 Fuel Center Temperature-
|steam and liqu.id phasec for longer periods.

With regard te ibe " stabilities" of the void Only at one axial level experimetally in- j
fraction (upper plot), of the flow regime (mid- ferred fuel center temperatures are available,
die pint) indicator as well as of the heat. namely at position 27 (i.e. 2'T inches from the :
transfer-coeflicient (lower plot), the most bottom of the core, where the " hot-spot" has |
simplified 3-005 and 3-02 nodalizations seem been found for experiment .LP-02-0 ). The ;

to be more stable than the more detailed ver- equivalent predictions of RELAP5/ Mod 2 for j|

sion 2-00. the different nodalization schemes have been i
compared to the experimental data and plot, j
ted in fig. 3.28. The experimental data ;

As we have already mentioned above, flow are average values of fuel center temperature - !
regime and heat transfer coeflicients in the data at 10 radially distributed positions on- |core region are stronly depending on the ax- axial level 27 of the center box 5. 6

ial void fraction distribution as well as on the Obviously, the highest fuel temperatures i
mass flows in the core region. Both of them have been reached at full power conditions,

'

3are determined by the thermohydraulic con- before the transient has been initiated. For i
ditions in the primary system of the LOFT these stationary conditions, the calculated
reactor like the intact and broken loons, the temperatures are quite close to the exper-
pressurizer, the heat sink (steam generator imental data, independently of the type of i
secondary side or a more simplified version of nodalization. !
it), the primary coolant pumps and the be- During the transient, the calculated fuel .

haviour of the ECC-systems. The predictions center temperatures have been found to be I

of their behaviour during the transient de- only in qualitative aggreement with the ex- [
pend on the ability of the code in describing perimentally inferred reference temperatures. '

the sequence of thermohyraulic phenomena, Except the results of the 3-005T nodaliza- !Therefore, a realistic description of the main tion which is surprisingly in good aggree- !
phenomena has to be regarded as a "conditio ment with the measured temperature distri- ;

sine qua non" for the predicting capability of bution (because, as we have already men- -

the key parameters like the cladding temper-- tioned, also the cladding temperatures have |atures. been calculated with excellent accuracy at
in what follows, we shall concentrate on the this axial position; see fig. 3.9a), the fuel

description of these phenomena by consider- center temperatures have been overpredicted :
ing some other important parameters But by RELAP5/ Mod 2 between 250 K and 300.

,

before we start this discussion, wc_would like K for nearly the whole time period until the
to look also at the second key parameters - rods have been quenched (10 to 55 seconds
with respect to safety' aspects, which in the of the transient). The_ temperature traces

.

,

case of a large break are ofless importance be- as calculated by RELAP5/ Mod 2 using differ- |
cause the reactor has been scrammed within '

ent nodalizations are similar. No significant
parts of a second after the initiation of the differences have been observed between the

!
i

i
t

*
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results of the most elaborated 2-00 and the -ization, i.e. th cases with a reduced mod-
|

{ most s:mplified 3-02 noddization. Further- elling of the pressurizer (instead of 11 vol-
4

' more, the differences between the normal and umes used for . the pressurizer in the stan- |
'

: the "C" versions (i.e. not taking and taking dard version 2-00,in the 3. . versions only 5
into account heat capacity efTects of the vessel voulumes have been used), are fairly poorer ;

material) are quite small even the overpredic- than those of the standard version 2 ...which i

tion of the "C" versions seems to be by some sufficiently follow the experimental data. Es-
,

degrees less. pecially between 3 and 15 seconds, the un-
derprediction of RELAP5/ Mod 2 runs using ;

? / " d"li2*ti "" *"7 exceed 2 MPa. These3.4.3 System Pressures
u viat.mns only occur m. the presurizer and -
.

i

It is a well-known fact the.t most of the are not to be found at anv other lacation in'

best. estimate codes do e quite satisfactory the system; we therefere believe that these ;
d

| job when predicting the system pressures, deviations are tolerable for the course of the |
3

Our investigation elso confirms this common transient because the predictions of the pres- !

j knowledge. sure inside the pressurizer seem to be of sec.
,

; In figs. 3.29a and b, the system pressures ondary importance. ?

1 as calculated by RELAP5/ Mod 2 have been |
compared to the experimental data, i.e. the 3.4.4 Fluid-Temperature in the !

: absolute pressures as measured by the pres- :
Downcomer >

sure transducer mounted in the cold leg of;

; the intact loop at station 002. As usual in Besides the system pressure, the fluid temper- !
i this contribution, we again have separated atures in the downcomer ruay be important ;
j our results into two pkts, the upper show- with respect to the vcid formation in the core

ing the results of the predictions using the region because these tempecrtures are more4

; normal nodalizations and the lower showing or less identical to those at the entrance of the !

| the ones using the "C" versions. Obviously, core, provided a positive flow out of the down.
| for all the different nodalizations, the RE- comer into the core region occurs. Thrrefore,
.

L AP5/ Mod 2 calculations are fairly good even in figs. 3.31a and 3.31b, we would first like to
i though smaller discrepancies occur between compare the fluid temperatures as predicted

'

5 and 30 seconds of the transient. Closest by RELAP5/ Mod 2 using the different nodal- i

to the experimental findings seem to be the izations with equivalent temperature traces ;
'

calculations of versions 3-005 and 3 000,i.e. as measured in the downcomer at position
'

,

the results of calculations using a rather sim- 005. !
,

plified type of nodalizations of the LOFT- The initial values of the fluid temperatures,

system, have been predicted fairly well (-10 to zero |
'

seconds). This is also the case for the follow-

Compared to those of the system pressur, ing time interval between zero and approx-
,

the predictions of the pressurein the pressur- imately 20 seconds where the temperatures >

, f 11 w the saturatmn hue, Because of the'

izer have been found less accurate as one may
Pap 2d drop of the system pressure, the fluidsee in figs. 3.30a and 3.30b. Here, the calcu-

lations of the runs with 3 . .. type of nodal- temperature _ becomes saturated at about 8 '

seconds after initiation of the transient.'
>

.

'

.

I

i
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For all the versions of nodalizations, the whereas below 3.5 seconds to 6.5 seconds i.e.
fluid temperatures start to deviate from satu- during the blowdown phase, depending on the
ration at approximately 25 seconds and reach nodalization, the flow direction indicates a ' ;

the saturation temperature again at about 70 strong reverse flow. !
seconds. Beginning at 40 seconds, the sys- Obviously, the amount .of positive core

,

tem pressure is more or less constant (see mass flux during the first 15 seconds of the ex- ,

figs. 3.29a and 3.29b), The straight line in periment is strongly depending on the pump - |
figs. 3.31a and 3.31b for tunes higher than behaviour because only the predictions of the ;

70 seconds can be regarded as the saturation 2-00 nodalization (i.e rapid pump: coast- !

temperature at this pressure, i.e. all tem- down similar to that of experiment LP-LB--

-

peratures below this line indicate subcooled 1 (see ref. [7)) have indicated a quite small |
fluid. Cor > quentely, RELAP5/ Mod 2 pre- amount of positive core mass flux whereas all !

dicted a certain amount of liquid subcooling the other runs with imposed pump behaviour, !
in the time interval between 20 and 70 sec- i.e. pump speed has been given as a bound--
onds which has reached peak values of up to ary tondition according to the experimental
70 K for all of the "N" versions of nodaliza- pump behaviour, indicated as significant pos. |
tion and minimum peak subcoolings of 55 de- itive inlet flux.

|pees for most of the "C" versions. On the t

wher hand, the thermocouple signals have :

indicated a significant " liquid superheat" of The mass fluxes out of the core, figs. 3.33a [

nearly 20 K which probably is due -to a dry and 3.33b,-. experienced similar behaviour. I

out of the thermocouple tip, measuring some. Again, for the first 3.5 seconds, the fluxes are i

thing in between saturated steam tempera, negative,i.e. the fluid streams from the upper
,

.

ture and thermocouple heat-up due to radia, plenum through the core into the downcomer !

tion heat transfer. (broken :eg). Then for all the runs except . !
the-2-00 and 2-000 nodalizations,- the mass !

fluxes became highly positive reaching values j3.4.5 Core Mass Flows up to 850 kg sec"m-' for at least two sec- t

Now, we have to look at mass flows-into onds, indicating a fast liquid flow out of the -

and out of the core as calculated by RE. core. Again, only the RELAP5/ Mod 2 calcu-- :
L AP5/ Mod 2 . In figs. 3.32a and 3.32b, the lations based on the 2-00 and 2-000 nodaliza- :

mass fluxes into the core and in figs. -3.33a - tions (rapid coastdown of the pumps) showed i
'and 3.33b, the mass fluxes out of the hot- rather low mass fluxes with ' peak values of

d 2
channel have been plotted. - Unfortunately, ' not. more than.150 kg see m. The highly ;

no correspon ling experimental reference data positive mass fluxes into and out of the [
*

are available. core during the first seconds of the transient
'

In figs. 3.32a and 3.32b, the inlet mass seem to' be a consequence of the pump op-
fluxes into the hot channel as calculated by eration because they only occur' when the ;

RELAP5/ Mod 2 using different nodalizations pumps remained connected to their flywheels;
.

have been plotted. Generally, depending on for nodalizations 2-00 and 2-000 where the ' f

the nodalization, the . mass fluxes are posi. flywheels have been disconnected, the mass - ;

tive for some seconds between 3.5 and 15 sec. fluxes have been significantly lower.
'

onds and then remain nearly on the zero line Based on the RELAP5/ Mod 2 calculations, !

!

!
,

1

-- - + - , , . + . . . u.,-., - - - . . . , ..- ,.,-n...- . . . ~ , - + - ~ .,.--,,ce-.
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|i these high positive mass fluxes into and out of 2000 kg m-2s-2, with the only difference that !
i the core during at least three seconds of the . the measured peak is wider than the calcu-

blowdown interval of experiment LP-02-6 are lated one, the core inlet momentum fluxes - a
'

; a strang iudication that bottom-up reflood-- (figs. 3.34a and 3.34b) indicated even dif- )
ing could have been taken place. Conse- ferent signs, namely a negative momentum !:

^

| quentely, if the code has failed to predict flux of the measured 'and a positive one of
t bottom up rewetting (which on the other the calculated data; in fact one single data
' Ihand has been observed experimentally) it point of the momentum flux at 5.4 seconds of

has to be attributed to a lack of pro, r mod- the transient is positive. On the other hand, I
'elling the rewetting phenomena within the bect.use the measured momentum fluxes give;

| RELAP5/hlod2 code. We shall come back positive outflows on both sides of the core .

; to this point in chapter 3.4. which implies an impossible fluid source in-
; On the other hand, there is no "calcul& side the core, at least one of the two local mo- !

! tional evidence" for the assumption of a sig- mentum flux measurements is somehow du- . f

|- ni'icant top-down quenching during the blow- blous with respect to their applicability to |
i down phase because the mass fluxes do not global values.

,

; reach significant negative values within the r

{ first 20 seconds of the experiment. Therefore, 3.4.0 Core Average Liquid ftop-down reflodding cannot be expected from ).

} these calculations. Fractions j

| Very important for the behaviour of the !-

.

*" "8 * P #" "'**'"#* "* "8Somehow related to the mass fluxes are the
md fract. ions in the core region (identical to !

.
4

momentum fluxes. Therefore, m. addit.wn to
the relat.ive collapsed h.qu d levels) because

.

-

:the mass fluxes, we sLall plot the in- and ut-.
-

lo w h.qmd fract. ions are essentially neccessary
.

flow momentum fluxes m. figs 3.34a, 3.34b, *>

t all w core heat-up whereas increasing h.q.! 3.35a and 3.35b, because for these param- ,

* '"*" "" "'*
"8 P " ' *** - *'*!".'.9""**

' "** " "
'i

'

i eters experimental references are available.
in f gs. 3.30a andAlthough these references inferred from very

* " " "8* "* ** "" "' '" *"~local measurements (small drag bodies) and ': '

lated by RELAP5/hlod? for dir; rent nodal-
- as indicated in the m. dividual plots observed

. .

! izat.mns have been plotted. Unfortunately'
-.

r

high transducer uncerta. ties, they may allow
.

' m r. . .

# ' *I'*P "" 9""" 7 "8"* " **us to see a trend of the time behaviour of the;

mass flows. Indeed, the time traces of themo- P*'**""'*I*""***k""*"""". !
"*

; After a very sharp drop of the hquid frac- imentum fluxes and mass fluxes as calculated . .

5"" " '' " 8 "" 7 * "" P " * * *by RELAP5/hlod2 behave quite similar., .to one seconds) bottom-up reflood.ing is in- . ,
.

Both the momentum fluxes .in the . lower
dicated by a .very strong " blowdown refillplenum ffigs. 3.34a and 3.34b) and in the.

<

- peak,, at approximately 8.5 seconds after im- |
. .

upper plenum .(figs. 3.35a and 3.35b) de- _

tintion of the trans.ient; th. -
.

is peak- less pro-
- ,-

.

isvinted significanti~v fro.m the measured data
. . .

'

nounced for the 2-00 and 2 000 nodah.za-
1 poin. Whereas the core outlet momen- tions. Then, for all the different nodaliza.

-

,

tum fluxes have been reproduced by RF,
i

. t. ions, RELAP5/hiod2 predicted a m. .inimum 1

j LAP 5/htod2 w.th.in the right magnitude of
h.qmd level at approximately 30 seconds. Af-

.

.

|>

1

? 6

.

6
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terwards, liquid fractions increased indicat- loop. When openins the break valves, for
ing the refill process which has been com- a few huadred milliseconds the fluid is sub.
pleted 60 seconds after the experiment has cooled and the mass fbw reaches its maxi-
been initiated (liquid fraction nearly one). mum value of 550 kg/s which value is slightly
Allthough no experimental reference is avail- overpredicted by all the llELAP5/ Mod 2 cal-
able for the liquid fraction in the core region, culations. The following sharp drop of the
figs. 3.30a and 3.30b can give an impression mass flow (due to fluid saturation and evap-
how the code treated the emptying and refill- oration) has been well described by all types
ing process during the simulation of the ex- of nodalizations. Between 5 and 15 sec-
periment. In gencral, no large discrepancies onds for all of the different nodalizations,
have been observed between the different ver- REL AP5/ Mod 2 has underpredicted the mass
sions of nodalizations except the 2 00 and 2 flows out of the cold leg break by_ about 20 to
000 nodahzations where the rapid constdown 50 kg/s. During the following time period,
of the pumps ha dampened the " blowdown some instabilities have occured for some RE.
refill peak". On top of this, with respect LAP 5/ Mod 2 runs which probably are due
to the time behaviour of the liquid fractions, to numerienj instabilities. _These instabill-
no significant differences have been found be. ties more often have occured in more simpli-
tween the "N" and the "C" type of nodaliza- fled versions of nodalizations, e.g. the 3 . . .
tions. versions of nodalization. No severe discrep.'

ancies have been observed between the ItE.

3.4.7 Mass-Flow Out of the LAP 5/ Mod 2 results using the "N" or the "C"

'7 P'' d "d "U * * *" h"' *" # "'''I"""Broken Loop seem to produce slightly more stable traces
,

The comparison between predicted and ex. of the mass flows.
perimental mass flows out of the break of the In figs. 3.38a and 3.38b, the mass flows in
broken loop allows us to check the capability the hot leg of the broken loop have been plot-

of RELAP5/ Mod 2 to describe two-phase flow . ted versus time Except for the most simpli-
under critical flow conditions. Therefore, in fled 3-02 and 3-02C versions of nodalization
figs. 3.37 to 3.39, we would like to compare (the break line consists of only 4 volumes in-

the RELAP5/ Mod 2 calculations of the mass stead of 11 for the 2 00 and 3 00 veisions), the

flows in the cold and in the hot leg of the bro- peak values of the mass flow during the few
_

ken loop as well as the integral mass loss with hundred milliseconds of subcooled liquid flow

the equivalent experimental data; the latter- conditionsjmeasured value 193 kg/s) seemed
gives a clearer picture how calculations and to be slightly underpredicted whereas the two

experimetal data deviate. Nevertheless, one RELAP5/ Mod 2 runs (3 02 and 3-020) over.
has to keep in mind that mass flow measure predicted this peak value at least 50%
ments in transient two-phase flows are also a In the intervall 3 seconds up to 20 seconds,

ather difficult task, because the data are the we may observe some scatter around the ex-~

re. alt of a multiplication of two independent perimental reference which may be attributed

menmrements which are assumed to produce to numericalinstabilities. Again, these insta--

area averaged values, bilities are slightly m' ore pronounced for the

In ' figs. 3.37a and 3.37b, let us start with "N" than for the "C" type of nodalizations,
the mass flow in the cold leg of the broken it is remarkable that the smoothest curves -
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have been calculated by the most detailed pression tank pressure as a function of time !

2 00 and 2 000 versicas (straight lines) as- is a boundary condition; the pressure history j
suming additionally a rapid costdown of the inferred from experiment LP-02 0 has been ,

pumps, whereas the equally detailed 2 00pU used). ItELAPS/ Mod 2 calculated no signif. [
and 2-00PUC versions (dashed 1:nes) using an icant increase but a slightly decrease of the i

'
imposed pump performance scatter similar to mass losses (he. a certain amount of fluid is
the other runs. flowing back out of the supression tank into |

Ilecause of the uncertainties of mass flow the primary system; in reality an unphysical |
measuring techniques in stationary and tran- process), whereas the experimental mass loss i

sient two phase flows it cannot be totally ex- data has still increased with a significant gra- |
I

cluded tbt deviations also are due to errors dient. Again, some question marks can be
in the experimental reference values. raised with respect to the accuracy of the ex-

| perimental reference data,
in figs. 3.30a and 3.39b, one may distin-

llecause a plot of the loss of mass focusses guish two diRetent sets of curves, namely, the t

| more directly on the loss of water inventory two 2+. . . type results and the other three re- !
rather than the time traces of the individ- sults of the 3.. . . nodalizations. For the more

'

ual mass flcws through the break, we finally detailed 2 . . . nodalizations, the loss of inven-
shall compare the instantaneous time inte- tory is significantly higher than for the more .

grals of the two mass flows in the cold and simplified 3.... versions. On the other hand, I

hot legs of the broken loop (i.e. the naiss no significant differences have been observed
losses through the break) as predicted by 11E- between the mass losses of the 3 005 and 3 02
LA17/ Mod 2 with the equivalent values of the runs even the simplification, especially of the !

measurement. The integration of the mass broken loop, has been rather drastic; e.g. the i

flows for both the calculations and the ex- hot leg has been reduced from 11 (3 005) to !
Iperiment has been performed numerically by 1 (3-02) volumes and the cold leg from 4 to
isimply summing up the products of the two 1,

instantaneous values of the mass flows (cold
and hot leg of the broken loop) times the ac-

3.4.8 Intact Loop Mass Flow ;iual time step.
In figs. 3.39a and 3.39b, these mass losses a11(1 Pump Speed !

have been plotted as a function of time. In figs. 3.40a, 3.40b, 3.41a and 3.41b, the
Generally, for all types of nodalizrtions the

".inss H ws m. die im and cold
.

*""*"'#
mass losses have been overpredicted by itE-

"E" " * ' " " 'E "*" '""""P"''
LAP 5/ Mod 2 in the time interval between with the equivalent quantit.ies as calculated >

3 to 60 seconds. ,Th,s means that ItE-
'

i by ItELAP5/ Mod 2 using our different nodal- +

LAI,5/ Mod 2 calculated empty.ing of the ves- ;
. .

#" "'' " '"***' * " #7sei to be more rapidly, which should reruit in to zero seconds) Mer n. ""hcantlyces(- gnt
an earlier uncovery of the core. "* u" *'"*"''d Y"*" Surpn,s,mgly, the ;

measured mass flows in th:is stationary phaseAfter the entire blow down phase, the ca!-
i

culat. ion has been terminated because the sys- >

(even .f all possible leaks are closed) differ !i
tem pressure has decreased to the pressure in from 265 kg/s .in the cold leg to 300 kg/s
the suppression tank (for the code, the sup. +

m the hot leg (for the m. .tializat. ion of the.

i
i
e

f

- , , , , - - ..,,-,,,,_g ,me-.--.-v..,3---- -,ww-m-,~~w-,m- -w- -- nmw -..n~.-~~-r-mwe v ~~~ev .-+ ~~~c r w = w" - ~~.-+~mm ~v'
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Figure 3.39: Calculated mass losses out of the double ended break vs. time
compared to the integrated mass flows incasured at position i
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a) by neglecting wall heat capacity j
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b) by taking into account wall heat capacity ("C") ;
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;

problem, we have used the values given in The stepwise increase of the experimen-
the quick look report). With respect to the tally inferred mass flow during the first 5 !
accuracy of the measurements, the uncertain- seconds of the experiment (200 to 330 kg/s) |
ties of mass flow measurements in two phase could not been eniculated by any of the RE. |
flows as mtationed above, again, have to be LAP 5/hiod2 runs but some smaller hints i
taken into account. have been given that such a mass flow in- j

in fig. 3A0a and 3A0b, the hot leg crease may exist. j
mass flows inferred from LOFT experiment Except the results with nodalizations 2 00 j
LP 02 6 have been compared to the RE. and 2-00C (rapid pump coastdown) the de- |
LAP 5/hiod2 calculations. For the first sec- enying part of the mass flow between 0 and j
ond (highly transient part of the experiment) 10 seconds has been reproduced quite satis- |
and after 30 reconds, the discrepancies be. factorly by RELAP5/hfod2 ; the abnormal j
tween the measurement and all of the cal. behaviours of the 2-00 and 2 000 predictions !
culational cases with diff rent nodalizations are probably due to the " wrong" description |
are remarkably small. Between one and four of the pump performance. [
seconds, all RELAP5/hlod2 cases have pre. During the time period between 10 and |
dicted a significant " overshoot" of the mass 20 seconds, itELAP5/hiod2 has slightly over- |
flow which also is observable to a lesser de- predicted the mass flows in the cold leg. !

gree in the measured data. Later, between Relatively high inctabilities occur in the -

six and 22 seconds of the transient, RE- time period between 20 and 55 -conds, llere, ;

LAP 5/hlod2 has underpredicted the mass the experimental data also exhibits signifi. |flows; in fact, a flow reversal has been indi- cant oscillations, indicating some strong flow '

cated by the calculations which is not sig- instabilities. Because between 20 and 40 sec-
nificant in the measurement. The calcula- onds, the accumulator has fed approximately j
tions ~' this flow reversal seem to be slightly 35 kg/s of highly subcooled ECC water and |
higher for the "N" than for the "C" versions in addition to this, the instabilities only oc- |
of nodalization. For the time period after 30 cur in the cold leg of the_ intact loop where

'

seconds, the calculated mass flows are nearly the ECCs is connected to the loop, we tend
rero, wherens the measurement stillindicated to attribute these instabilities to the function-
some positive amount of flow. But because ing ECC system.
the measured flowrate is relatively low,it may

;

be due to uncertainties of the measuring tech-
-

I

nique. Becaue f r all the other nodalizations '

th_e pump speed has been _a boundary | cont
'

dition and consequentely matches' perfectly
in figs. 3Ala and 3Alb, the mass f%w in with the measured data, only- the- results j

the cold leg of the intact loop has been com- of the 2 00 and-2-000 nodalizations are of !

3A2a !pared to the equivalent RELAP5/hfod2 cal. some interest. Therefore, in figs. .
culations. Generally, the predictions seem to and 3A2b, we may concentrate on these two 1

be more unstable than both the experimental relative pump speeds.as calculated b'y RE- ~(
data and the hot leg results. Only the curves - - LAP 5/hlod2 which have been compared to ;
of very low mass flow at times greater than the equivalent average experimental data. !

60 seconds seem to be somehow smoother, Here, the relative pump speed is dermed as j
t

!

I
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Figure 3.40: Calculated mass flows in the intact hot leg vs. time
compared to the mass flow measured at position PC-205
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a) by neglecting wall heat capacity
'

b) by taking into account wall heat capacity ("C")
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!
the actual value d vided by the initial speed by multiplying the forward and backward en- [
under stationary conditions; because the ab- ergy loss coeflicients of the accumulator vol. -

solute value of the pump speeds has been ad- ume by nearly 3; for all the other types of ;

justed so that the intact loop mass flow is nodalizations, the same coeflicients have been
;

equivalent to the experimental one given on used. In addition, it was necessary to close i
table 1.1, only relative values can be com- the valve 610 (see figs. 2.1, 2.3 and 2.4) af- ;

pared. Indeed, the coast down of the pumps ter the accumulator was emptied to avoid an
is much more rapid than for the other cases execution error of itELAP5/hlod2 (message: [

| plotted for reference in the two graphs which arithmetic overflow). This error is probably !

( may have induced different thermohydraulic due to an improper modelling of incoudensi- |
'

conditions inside the whole LOFT system. bles (nitrogen) by itELAPS/htod2 ; nitrogen

| is released by the accumulator into the sys- |
'

3.4.0 ECC System tein after einptying.
| First, in figs. 3A3a and 3.43b, the lig-
! In figs 3.43 to 3.40, experimentrdly in- uid levels in the accumulator as calculated [

ferred accumulator liquid level, accumula- by ItELAP5/ Mod 2 have been plotted in the ;
tor pressure, accumulator flowrate as well time interynl the accumulator is activated -

'

| as the flowrates of the low pressure injec- and compared to the experimental data. The |
tion systems (LPIS) have been compared curves are satisfactory close to the exper- [
to the equivalent I ELAP5/ Mod 2 calcula- imental points. The longest accumulator

'

tions. Ibcause the llPIS system has sup- times have been achieved by using the most i
plied water with a constant flowrate and its detailed 2... types of nodalizations wherens

,

value has been a boundary condition, no the results closest to the measurements are |
discrepancies between experimental and ItE- those inferred from the most i. uplified 3-02 ;
LAP 5/ Mod 2 calculated results are expected; runs, even the discrepancies between the dif- !

therefore, plots of the llPlS flowrates have ferent results are quite low, namely less than i
been omitted. 5 second. l

The time point _of starting the accurnula- In figs. 3.44a and 3.44b, the pressure ;

tor injection has been defined by a time trip in the accumulator vessel interred from the ,

(boundary condition) instead of a code cal- measurement has been compared to the |
culated pressure trip which would model the equivalent pressures as calculated by llE- !
LOFT system in a more realistic way, but LAP 5/ Mod 2 Generally, the code tended to
on the other hand would multiply deviations slightly overpredict the real pressures but the |
in the ILELAP5/ Mod 2 calculation of the sys- difference is less than 0.3 MPa. Because in :
tem pressure to other parameters of interest contrary to the experiment, as already men-
of the whole LOFT system (e.g. _a later start tioned above, for the ILELAP5/ Mod 2 predic- !
of the ECCS would probablyinfluence signifi- tions a valve has to be closed for numerical I

cantly the shnpes of the cladding temperature reasons, the predicted pressure remained con-
,

traces). Furthermore, the empty point of the stant after this valve has been closed.

]|
accumulator, i.e. the time when the accu- Closest to the measurements we have found
mulator level approaches zero, has been ad- the results of the 3-02 nodalizations, i.e. of
justed once for all for the 6 00 nodalization of the most simplified versions of the LOFT sys-

'

the LOFT LP LB-1 experiment (see ref. [7]) tem. The poorest results on the other hand :
?

, - - - -. - - - - - , - - - . - - - - - - . - - - - - . - _ - - - -
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have been found to be the 2-00 and 2 00C account by the ItELAP5/ Mod 2 calculations,i

calculations. the code has calculated a more or less smooth1

1 in figs. 3.45a and 3.45b, the flowrates curve which is close to the experimental data
out of the accumulator as calculated by ItE- after the experimentally observed flow insta-
L AP5/ Mod 2 using our different nodalizations bility has been dampened and which more or
have been plotted but unfortunately, no ex- less represents the time average of the experi-a

penmental data has been available. The mentally inferred LPIS mass flow between 40
' highest flowrates have been calculated using and 65 seconds.

| the most simplified 3 02 and 3 02C types of
i nodalization whereas the lowest values have

d, . 5 Investigation on the. .

! been calculated with the 2-00 and 2 000
! cases. Prediction of Early

Finally, in figs. 3.40a and 3.40b, the4

Botton1-Upj flowrates of the Low Pressure injection Sys-

: tem (LPIS) have been compared to the equiv- Rewetting
nient RELAP5/ Mod 2 results. For all the4

! different nodalizations, the calculated results The occurence of a high flowrate, early bot-
i have been found to be rather poor although tom up quench front has been regarded as one
! with respect to the qualitative aspect of the of the " key events" of LOFT large break ex-
_

total mass injected, the predictions are ac- periments and also of experiment LP 02 6 .
] ceptable. This early bottom up quench rewetted the
| At the beginning of the LPIS action, a sud- whole core between approximately 4.5 and 8

den decrease from 6 to L5 kg/s followed by seconds after the initiation of the transient
' an increase from 4.5 to 7 kg/s can be ob- thus reducing drastically the general core

served in the experimental data which has not heat-up during this experin,ent. As we have;

; at all been calculated by ItELAP5/ Mod 2 . aheady mentioned, ItELAP5/ Mod 2 was not
! This strange behaviour of the LPIS mass flow able to predict this early bottom-up quench.

is believed to be due to a short high pres- One of t he features of itEL A P5/ Mod 2 code
i sure nitrogen release out of the accumula- is the fact that it uees different sets of heat-

tor into the system at the moment when it transfer correlations under non reflood and
has been emptied completely. This nitrogen reflood conditions (e.g. correlations for nu.'

| release for some seconds caused a small in- cleate boiling, tran<.'.on boiling and film
crease of the system pressure (which can be boiling). On top of this, .the calculation,

observed in the system pressure data of figs. of the temperature distribution of the fuel
3.29a and 3.29b at around 60 s) and even a rod is enhanced by subdividing the axials

larger increase directly in the ECCSviping length (correspondicg to the length of the
thus reducing the LPIS flow-rate which is connected hydrodynamic volume) into sev i

Igoverned by the pressure difference between eral " fine meshes" to:better model the oc.
j ECCS-piping pressure and the constant LPIS curence of steep temperature gredients inside
'

pressure. After some seconds, this increase the cladding during reflooding. The " switch-
in the ECCS piping pressure diminishes and ing" from normal operation to reflooding can, _

: the LPIS flowrate recovered. Ilecause the be achieved by three different methods :
" nitrogen injection" has not been taken into

'

1. external trip (to be set by user defined

.
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j options) bars and the collapsed liquid level in the core
,' has reached its minimum (see figs. 3.20 and

2. internally set by the code when the con- 3.30). For version 3 005T, the reflood option
nected hydrodynamic volumes are nearly initiation trip has been set externally when

j nupty the average collapsed liquid level in the core-
! 3. internally set by the code when dryout region reached a value of less than IDE Ac-
'

begins in the connected hydrodynamic c rding to fig. 3.30, this happened for the
first time rpproximately 4 seconds after theyg39 ,

initiation of the experiment; this externalini-
In addition, the last two cases are limited tintion of the reflood option is independent of I

i to system pressures less than 10 bars. Once the system pressure.

the reflood calculation has been initiated, it in figs. 3.47 a to k, the cladding tem-
remains activated until the end of the calcu. peratures incasured at 10 axial positions.

{ IMion. in the center box 5 (hot channel) have
been compared to the equivalent two itE-.

! LAP 5/ Mod 2 calculations; figs. 3.47 have to
| Obviously, the choice of a slightly differ- be regarded as an extract out of the figs. 3.5

;
2 ent heat transfer correlations combined with to 3.14, which have been discussed above. !

better tracing of the axial cladding From a general point of view, for all the teni as a

temperature distribution by " fine meshing" levels, the deviations between the two pre- y
; will have an important influence on the pre- dictions are quite ccmsiderable. On the other
a diction of cladding temperatures. Conse- hand, with respect to early bottom-up rewet-
j quently, the time of the reflood initiation, ting during the first 10 seconds of the experi- 1

; i.e. the " switch" between both the different ment, no significant differences have been ob.
sets of correlations and the numerical solu- served for the first four levels, namely levels-
tion schemes may have a very important re- 02, -11, -21 and .24 (figs. 3.47 a to d).

! ault. Therefore, one may argue that the cal- Significant deviations start at level 27 (fig.
| culation of the early bottom up quench by 3A7e). Ilere, the 3 005T calculation (i.e.
j RELAP5/ Mod 2 in experiment 1,P-02-6 only the run with external triggering of the re-

failed because the reflood option has not been flood option) has done a nearly perfect job,

! initiated early enough, in predicting the time trace of the cladding
: For investigation of this problem, we have temperature both during early bottom up
| performed two different REl,AP5/ Mod 2 cal- rewetting as well as the during final refill,
; culation, using first nodalization 3 005 with whereas the 3-005 calculation failed totally

rehuod initiation option one (3 005T). Be- in predicting bottom-up rewetting. This op-
cause we have observed earlier (see ref. [7]) timistic picture has already been changed at
that the last two options produce equivalent the next position, level 31 and again at level-
results, we have not calculated the problem 39, even the 3 005T calculations still have I

uoing option number two. For version 3-005, been closer to the experimentally inferred ref-
the reflood option usually has been initiated erence data (figs 3.47f and g). At level 43.8 -
automatically by the code between 30 and (fig. 3A7h), for the 3-005T calculation RE-

|40 seconds after opening of the break valves LAP 5/ Mod 2 did an acceptable job concern- '

when the system pressure has fallen below 10 ing the prediction of early bottom-up rewet-

1
i

..
.I
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| ting but failed in calculating the second core LAP 5/ Mod 2 calculation seems to be nearly
| heat up during the refill phase of the exper- perfect. This is not at all surprising because
| iment whereas the calculation 3 005 totally we have already found the cladding tempera-
j has missed the early bottom.up rewetting. ture trace at this core level to be in excellent
; For the last two levels 49 and -62 (figs. agreement with the measurement. On the
i 3.47 i and k), again no dramatic differemes other hand, we have seen this Sood agree-
| between the ItELAPS/ Mod 2 results of the ment with the reference cladding tempera-
' two nodalizations have been observed; in fact, tures only at level 27 which may lead un to

both calculations have missed what was really the conclusion that the center fuel temper-
: happened during the experimental transient atures also might deviate at the other core
} at these core levels. levels where no reference data is available.
| In figs. 3.48a to d, the comparison has been
} made for the predictions of the ave rage chan.
i nel at the four available core levels of side box Summarizing our observations with respect

I 4. llcre, for both of the RELAP5/ Mod 2 c4 to early bottom up rewetting, one has to con-
'

culations, the results are rather poor. With clude that ItELAP5/ Mod 2 generally has not
, respect to the prediction of early bottom- been able to predict this phenomenon. A

up rewetting, none of them was able even change in the logic of initiating the reflood
to describe the core heat up from which the option (which forces itELAP5/ Mod 2 both to'

cladding can be cooled down by bottom-up use a slightly modified heat transfer pack-
i rewetting. Some exceptions to this state. age cmt to subdivide the axial meshing of I

ment we may identify at level-21 (fig. 3.48b) the clatiding as predetermined by the length

] where the standard nodalization 3-005 indi, of the adjacent hydrodynamic volume in or-

| cated some short temperature rise between 4 der to keep better track of the axial tempera-

I and 6 seconds which is still 40 K lower than ture distribution in the vicinity of the quench
! the temperatures inferred from the experi- front) resulted only partially in- better pe-
! dictions without explaining tlic physical phe-ment,

! On the other hand, the core heat-up during n mena but on the other hand created worse
j the refill phase has been calculated by the two results in othe.r phases >f the transient. E.g.

! ILEL AP5/ Mod 2 -runs but it is hard Io decide compared to the ones of the standard 3 005-

|_ which one of the two versions made a better itELAP5/ Mod 2 calculatior.r, the results of
| calculation because at some levels, the 3-005 the 3-005T llELAP5/ Mod 2 prediction have
| results are more "on the line" (e.g. figs 3.48a been f und i be always lower.

i and 3.48d) whereas at the two other levels in a recent work, Analytis and Lubbes-

i the 3-005T calculations seemed to be slightly meyer (ref. [8)) investigated the faih re of RE,3

better (figs. 3.48b and 3.48c). LAPA/ Mod 2 in descibing the early bottom-'

i up phenomenon by looking at the differences
'

in the heat transfer packages under rewet.
Finally, in fig. 3.49, we would like to tirig and non-rewetting conditions. It| han -

. look again at.the time behaviour of the cen. been found, that these differences are negligi.

.' - ter fuel temperature where reference tem- ble small. There is only one statement which
| peratures are available only for level 27. In - prevents ItELAP5/ Mod 2 from describing the

{ this graph, the prediction of the 3-005T RE- early bottom up phenomena and this state-
_

;

<
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ment is independen'. of the status of the re-
flooding option of the ILEunP5/ Mod 2 code.
In the frozen version of ItELAP5, the heat
transfer logic forces the code to stay in film
boiling and does not allow it for_ any reason
to return to transition boiling if the cladding,

temperature is higher than 1350 =l( minus
T . . , ,, , ,4.,, . The same restriction is valid in
the Post and Pre-dryout flow regimes where
the code is prevented from returning to nucle-
ate boiling,if the above temperature criterion
is valid. By removing thesa two restrictions,
one was able to calculate the -arly bottom up
rewetting using the 3 005 nodalization (e.g.
without "artificialinitialization of the reflood -
option) much more accurate at nearly all core -
level than the results shown in this report.
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Chapter 4
,

4

Conclusions
.

i

a

Experiment LP-02 6 was conducted in the of volumes, junctions and heat structures in
Loss-Of-Fluid Test (LOFT) facility at the the primary Loop of the LOFT system tou

{ Idaho National E.igineering Laboratory. It nearly half whereas the entire vessel stayed
" was the first large break loss of coolant ac- unchanged to meet the requirements of the

cidrat simulation and the fourth experiment given experimental axial positions, especially;

overall conducted on the LOFT test facility for the cladding temperature measurements.
! under the auspices of the OECD. We further have investigated on the influence
] During this experiment, the cladding tem- of fine meshing in the core zone during re-

peratures remained at temperatures hmer flooding on quench time and -temperature;

; than 1000 K which male v was due to fact and on the influence of the time of initial-i
i

! that high mass flow, early bottom up rewet- ization of the rellood option with respect to
ting took place during the blowdown phase of itELAP5/ Mod 2 's predicting capabilities of
the experiment, approximately 4.5 to 8 sec- the quench phenomenn.
onds after opening of the break valves. In ad-,

ditwn,in the upper part of the core, heat-up * REllP5/ Mod 2 , cy36 02 has calc u. I

imght have been delayed due to partial top- lated the general thermo-hydraulic be-

down quench.ing between 15 and 18 seconds haviour of experiment LP 02 6 satis-.
,

,

f * Mo h f&d in dmildof the experiment.
.

l',or the plant to be analysed, the " adequate ing the early bottom-up rew''t,ng whichi

happened between 4 and 8 eaconds ofnodalizat. ion,, is usually unknown and only
,

come very rough cnteria can be given to the the transient (blowdown phase) quench- l

code user. Consequentely, the accuracy of ing the whole core, independently |

iof the choosen nodalizat, ion, most of
I

a

. a prediction may be strongly related to the*

the invest.igated parameters like pres-
.

uexperience,, of the code user, a quite un-
sures, mass flows m. the broken and m.-satisfactory conclusion. ,Therefore, we have

analysed the LP 02 6 experiment by using tact loops, pump speed and ECC sys-
tems have error bounds less than 20 %thc aest est.unate code RELAP5/ Mod 2 cy30-
'I,he cladd, g temperatures have beenm02 w.th different nodalizat,mns of the lofti

. . both over- and underpredicted (depend-system. Startm.g with a nodalizat. ion sim-
slar to the one used by t, e code develop. ing on the investigated core level) but.

. .

iu
not more than 150 K. For all- nodal-ers at INEL (specially devdoped for small . .

break LOCAs), we have reduced the numbers izations, the hot spot has been calcu-
lated at a position more downstream

.
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of the core; instead at the experimen- and within a band .i less than ten sec-
tally inferred positior 27 inches from the onds. Also for me other parameters,
bottom of the core, RELAPS/ Mod 2 al- the deviations between the results of the
ways calculated the hot spot at axial calculatioe with the difierent nodaliza-
level 31. We believe that the, gener- tions under investigation remain rela-
ally spoken, relatively good agreemcnt tively small,
of most of the RELAP5/ Mod 2 results . The time point of initiating the re-with the measured LOFT data is not

fl d option determines the " quench be.really surp '4ng because codes like RE-
haviour" of the code because it startsLAP 5/ Mod 2 have been extensively used ,

for analysing LOFT experiments and the fine meshin i the core-zone thus~

LOFT results have been extensively used enabling a mort. orrect tracing of the'

to eliminate insufficiencies both in the axial cladding temperature distribution

codes themsehes as well as in the more and consequentely a better reflood mod-

plant specific nodalization of the prob- eling. Therefore, the comparison of two

lem. Therefore, even if these "adjuste- of three nmsible methods of initiating
ments" have been mainly made for small the refk tion have manifested a
break LOCAs, one has to be aware of strong / ence of the results on this

~

the fact that both the code and the settings. An external trip based on the
fluid level in the core alone has lead toLOFT specific nodalization (also used

here as the basic nodalization scheme), uch lower values of the cladding tem-

are somehow " LOFT tuned" which re. peratures at nearly all axial leva of the
LOFT core but still was nm able tosulted in these quite acceptable results.
correctly calculate the early bottom-up

With respect to the computation time, rewetting which has quenched the wholee

the degree of specification of the nodal- core within the first 4.5 to 8 seconds of
ization, i.e. the numbers of volumes and the experiment and therefore has had
junctions, is of course an important pa- a very important influence on the be-
rameter. [htt not always a h>wer number haviour of the witole system.
of junctions and volumes automatically - Early bottom-up rewetting probably is
has lead to a faster calcula* ion. Some- a consequence of the coast-down be-

( times, with respect to computing time, haviour of the primary pumps. RE-
the profit of a much reduced nodaliza- LAP 5/ Mod 2 has been able to give an
tion is re er small. indication for this dependence. Looking

at the different mass fluxes as calculated
For large bre ' ' DC As, the nodaliza- by the code using different assumptions.

tion seems o Iv 1portant only for about the pump coast.down behaviottr,
the cladding ten 4 rature s where signif- one easily will observe the strorg rela-s

icant differences can be observed for the tionship between coast-down behaviour
g diffi tent nodalizatior 4 under investiga- d m fl4 q ' rapid pump coast -

uon. But, opposite to our findmp when down lead to much lower core -in and,

analysing the LP-LB-1 experiment (see out mass fluxes than normal coast-dov>n
ref. [7}), the differences in the times of (see figs. 3.32 and 3.33).,

f' al quenching are usually rather small[ m
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Finally, a remarkable inconsistency hase
'

been observed concerning the heat trans-
fer and flow r egime logics of R E.
L Al'5/ Mod 2 . Dt ing the refill phase
of the calculation, at the same time
RELAP5/ Mod 2 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
transfer from the wall to the fluid (lig-
uid). This unphysical inodeling of the
thermo-hydraulic conditions in the core
n gion of the LOFT reactor may invali-
date even results which have been proved
as to be satisfactory by a pure compari-
son with the experirnental data, e.g. at
the same r ->al position and at the same
time, REL..P5/ Mod 2 assumed both wet
and dry surface by afining mist flow and
slug flow for the same volume.
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5.2 Listing of RELAP5/ Mod 2 - Input Mk. 2-00C .

'

Finally, as an example, the llELAP5/ Mod 2 - inputdeck Mk. 2 00C will be listed (for the "N.ar.
mal Version", lines LP2-1742 to LP2-1880 and lines LP2-2250 to LP2-2202 have to be
deleted) : |

m

* LP2- 1 '

= LOFT LP-02-6 [ post test analysis] / mk 2-00 C ( 1.4.87 ') *LP2- 2 !

* LP2- 3
* LP-02-6 initial conditions LP2- 4 !
* LP2- 5 !

power = 46.0 MW LP2- 6*

pcs flow = 248.7 kg/s LP2- 7*

* t hot = 589.1 K LP2- 8
* teold = 556.0 K LP2- 9 I

pcs pressure = 15.09 MPa LP2- 10*

* LP2- 11
'

pzr pressure = 15.3 MPa LP2- 12*

| pzr level = 1.04 m (41 in) LP2- 13*

; * LP2- 14 *

; LP2- 15*

2 * LP2- 16 *

! * nodalisation LP2- 17 ;

* ------------ LP2- 18 !;

; LP2- 19 [
*

j 00C00100 new transnt *LP2- 20
4 ;

00000101 run *LP2- 21,

' 00000105 5.0 10.0 850. *LP2- 22 ;

00000110 nitrogen *LP2- 23> *

* * LP2- 24
i * time step control cards * required LP2- 25

j end time min dt max dt optn mnr m,ir rst LP2- 26*

00000201 10, 1.0-6 .2 15003 10 1000 1000 *LP2- 27 f

00000202 12. 1.0-12 .01 15003 1 1000 1000 *LP2- 28
1 00000203 1.+5 1.0-12 .1 15003 1 1000 1000 *LP2- 29-
* * LP2- 30 ,

*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$+i-$*$*$*$*$*$*$*$*$*$*$*$* LP2- 31

LP'2- 32*
. , -

* minor edit variables LP2- 33
i* LP2- 34;

*$*$*$*$*$*$*$*$*$$$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2- 35 |

* LP2- 36
* LP2- 37

112*

.

. , w- - . , , -, - -r er- - -



. _ - _ _ _ .
. .

|

|

+---- ----l---- ----1---- ----1---- ----1---- ----l---- ----1---- LP2- 38

* transient plot requests LP2- 39
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 40
00000301 cputime 0- *LP2-- 41

00000302 emass 0 *LP2- 42

00000303 p 340010000 *LP2- 43
00000304 rho 340010000 *LP2- 44

00000305 mflowj 340010000 *LP2- 45
00000306 entrivar 404 *LP2- 46
00000307 tempf 340010000 *LP2- 47

00000308 tempg 340010000 *LP2- 48
00000309 p 342010000 *LP2- 49
00000310 p 344010000 *LP2- 50
* LP2- 51
00000311 p 305010000 *LP2- 52

0000C312 rho 305010000 *LP2-- 53

00000313 mflowj 305010000 *LP2- 54
00000314 cntrivar 414 *LP2- 55
00000315 tempf 305010000 *LP2- 56
00000316 tempg 305010000 *LP2- 57
00000317 p 315070000 *LP2- 58
* LP2- 59
00000318 rho 180010000 *LP2- 60
00000319 mflowj 185020000 *LP2- 61-
00000320 entrlvar 424 *LP2- 62
00000321 velf 180010000 *LP2- 63
00000322 tempf 180010000 *LP2- 64
00000323 tempg 180010000 *LP2- 65
03000324 entrlvar 80 *LP2- 66
* LP2- 67
00000325 rho 100010000 *LP2- 68
00000326 mflowj 100020000 *LP2- 69
00000327 cntrivar 434 *LP2- 70
00000328 tempf 100010000 *LP2- 71-
00000329 tempg 100010000 *LP2- 72
00000330 p 100010000 *LP2- 73
00000331 -p 420010000 *LP2--'74
* LP2- 75-
00000332 cntrlvar 460 *LP2- 76
00000333 cntrlvar .461 *LP2- 77
-00000334 cntrlvar 462- *LP2- 78
00000335 cntrlvar 463 - *LP2- 79-
00000336 cntrivar- 464 *LP2-' 80
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* LP2- 81

00000337 mflowj 610000000 *LF2- 82
00000338 entrivar 4 *LP2- 83

00000339 p 62001C000 *LP2- 84

00000340 mflowj 630000000 *LP2- 85

00000341 mflowj 640000000 *LP2- 86
* LP2- 87

00000342 p 240010000 *LP2- 88

00000343 voidf 240010000 *LP2- 89
00000344 cntrivar 240 *LP2- 90
00000345 "oidf 225010000 *LP2- 91

00000346 voidf 210020000 *LP2- 92

00000347 velfj 225020000 *LP2- 93

00000348 entrivar 444 *LP2- 94
00000349 cntrlvar 454 *LP2- 95
00000350 entrivar 90 *LP2- 96
00000351 cntrlvar 91 *LP2- 97
00000352 cntrivar 93 *LP2- 98
00000353 cntrlvar 98 *LP2- 99

00000354 voidg 231010000 *LP2- 100

00000355 voidg 231020000 *LP2- 101

00000356 voidg 231040000 *LP2- 102

00000357 voidg 231050000 *LP2- 103

00000358 voidg 231060000 *LP2- 104

00000359 voidg 231070000 *LP2- 305
00000360 voidg 231090000 *LP2- 106
00000361 voidg 231100000 *LP2- 107

00000362 voidg 231110000 *LP2- 108
00000363 voidg 231130000 *LP2- 109
00000364 cntrivar 470 *LP2- 110
* LP2- 111
00000365 tempf 202010000 *LP2- 112
00000366 tempf 210020000 *LP2- 113
00000367 tempf 210030000 *LP2- 114
00000368 tempf 21004uo00 *LP2- 115
00000369 tempf 220010000 *LP2- 116
00000370 httemp 231000110 *LP2- 117
00000371 httemp 231000210 *LP2- 118
00000372 httemp 231000410 *LP2- 119

00000373 httemp 231000510 *LP2- 120
00000374 httemp 231000610 *LP2- 121
00000375 httemp_ 231000710 *LP2- 122
00000376 httemp 231000910 *LP2- 123
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00000377 httemp 231001010 *LP2- 124 ;

00000378 httemp 231001110 *LP2- 125
00000379 httemp 231001310 *LP2- 126
* LP2- 127 '

00000380 httemp 231000601 *LP2- 128
00000381 httemp 231001001 *LP2- 129 ,

* LP2- 130
00000382 httemp 230000105 *LP2- 131 .

00000383 httemp 230000205 *LP2- 132
00000384 httemp 230000305 *LP2- 133 ;

00000385 httemp 230000405 *LP2- 134 i
* LP2- 135 ;

00000386 cntrlvar 2 *LP2- 136 :

f00000387 cntrivar 230 *LP2 137
00000388 cntrivar 231 *LP2- 138 i

00000389 cntrlvar 250 *LP2- 139
00000390 entrlvar 76 *LP2- 140
* LP2- 141
00000391 mflowj 245020000 *LP2- 142
00000392 mflowj 201000000 *LP2- 143 f

00000393 mflowj 205000000 *LP2- 144
00000394 mflowj 271000000 *LP2- 145 I

00000395 mflowj 275000000 *LP2- 146 '

LP2- 147 -|
*

* '-LP2--148
*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2- 149 ;|
* _LP2- 150 ;

' trips LP2- 151 [
*

* LP2- 152
*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2- 153
e LP2- 154

----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 155*----
,

[t-5003 end of job trip LP2- 156* '

____1____ ____1____ ____1____ ____1____ ____1____ ____1____ LP2- 157 |
e____

00000500 time 0 ge null 0 130. 1 *LP2- 158
00000600. 500 *LP2- 159

'

____1.___ ____1____ ____1____ ____1..__ ____1____ ____1---- LP2- 160e____ '

e LP2- 161 -

!- * LP2- 162' '

e____ ____1____ ____1 ___ ____1---- ----1---- ----1---- ----1---- LP2- 163- I
,

* 510-516 test specific trips LP2- 164 :

____1____ ____1____ ____1____ ____1____ ____1.___ ____1____ Lp2--165-
, e.___

break opens LP2- 166 6
*

,
4
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|

|

00000510 time 0 ge null 0 10.0 1 *LP2- 167 |
* LP2- 168 |
* LP2- 169
* scram LP2- 170 ;

00000511 time 0 ge timeof 510 0.13 1 *LP2- 171 ;

Pep trip LP2- 172 )*

00000512 ties O go timeof 510 0.8 1 *LP2- 173 |

1pis on LP2- 174 |*

00000513 time 0 ge timeof 510 34.8 1 *LP2- 175 ;

hpis on LP2- 176 {*

00000514 time 0 ge timeof 510 21.8 1 *LP2- 177 |
* accumulator valve LP2 -178 |

00000515 time 0 ge timeof 510 17.5 1 *LP2- 179
broken leg bypass LP2- 180*

00000516 time 0 ge null 0 1.0+9 -l *LP2- 181
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 182
* LP2- 183 -

i

different related trips LP2- 184*
7

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 185 !

* lt 681 ecc check valve card C000301 LP2- 186 :

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 187
00000577 mflowj 600000000 ge null 0 0.0 n *LP2- 188 i

00000578 p 605010000 gt p 185010000 0, n *LP2- 189 '

00000681 577 and 578 n *LP2- 190 ;

;.____ ____1____ ____1____ ____1 ___ ____1____ ____1____ ____1____ .Lp2- 191
'

* lt 682 accumulator valve card 6100301 LP2- 192
.____ ____1____ ____1____ ____1____ ____1____ ____1____ ____1____ Lp2- 193 I

00000582 entrlvar 4 lt null 0 1.0-4' 1 *LP2- 194 ,I

00000682- -582 and 515 n *LP2- 195 i
*---- ----1---- ----1---- ----1---- ----1---- ----i---- ----1---- LP2- 196 i

'

* lt 685-686 steam valve card 5400301 LP2- 197
>

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 198 |
* open trip LP2--199 - !

00000589 p 530010000 gt null 0 5.55+6 - n *LP2- 200 |
00000590 p 530010000 lt null 0 5.50+6 n *LP2- 201 |
00000670 685 or 589 n *LP2- 202 .i

00000671 -590 and -686 n *LP2- 203 ;

.LP2- 204 !00000685 671 and 670 n *

close trip LP2- 205 I*

00000591 p .530010000 gt null 0 5.10+6 n *LP2- 206 [
00000592 p 530010000 lt null 0 5.05+6 n *LP2- 207 i

00000672 686 or 592 n *LP2- 208 |

00000673 -591 and 672 n *LP2- 209 ;

>
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f00000674 -685 and 511 n *LP2- 210
00000686 673 and 674 n *LP2- 211
*____ ____1____ ____;____ ____1____ ____1.___ ____1____ ____1____ Lp2- 212

* job termination valve trips LP2- 213
,

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----i---- LP2- 214 j

I
* open LP2- 215

00000687 685 or 685 n *LP2- 216
! * close LP2- 217 ;

00000688 686 or 686 n *LP2- 218 ,

____1____ ____1 ___ ____1____ ____1____ ____1____ ____1__ - LP2- 219* . _ _
,

* 'LP2- 220 :I

LP2- 221 |*
'

* LP2- 222
* .LP2- 223
* LP2-'224 ,

* LP2- 225 -

*$*$*$*$*$*$*$*$*$.$*$*$.$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2- 226 i
* LP2- 227 ,

. intact loop [ 100 ) LP2- 228*
:

',
* LP2- 229
*$*$*$*$*$*$*$ $*$*$*$*$*$*$*$*$*$*C*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2- 230
* LP2- 231 !

6

*____.____1____ ____1____ ____1 ___ ____1____ ____1____ ____1____ Lp2- 232 ;

* reactor vessel nozzle - intact loop hot leg LP2- 233 :

'*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 234
1000000 "rvn ilhl" branch *LP2- 235 |

1000001 2 0 *LP2- 236 I

1000101 0.0 1.58878 0.102752 0.0 0.0 0.0 *LP2- 237 - ;

'000102 4.0e-5 0.0 00 *LP2 '238 |
1000200 0 1.52896+7 1410741. 24528P8. O. *LP2- 239 'I

'

1001101 252010000 100000000 0.0634 0.1 0.1 0002 *LP2- 240
1002101 100010000 105000000 0.0 0.1 0.1 0000 *LP2- 241

;

1001201 5.6727028 5.7111053 0. * (M = 247.55 kg/s) LP2- 242 !

1002201 5.6688271 5.6727905 0. * (M = 247.55 kg/s) LP2- 243 |
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 244 -

* pressurizer connection tee reactor vessel side LP2- 245 ,
'*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 246

1050000 "pzr t ry" branch *LP2- 247. '

1050001 1 0 *LP2- 248 |
1050101 0.0634444 1.0531192 0.0 0.0 0.0 0.0- *LP2- 249 !

f1050102 4.0e-5 0.0 00 *LP2- 250

1050200 0 1.52874+7 1410744. 2452952. O. *LP2- 251
1051101- 105010000 107000000 0.0 0.12 0.12 0000 *LP2 -252 !

L
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'1051201 5.7985497 5.8006973 0. *-(M = 247.55 kg/s). LP2-'253
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 254 )

* pressurizer connection tee LP2- 255 i
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 256 -!

'

1070000 "pzr t branch *LP2- 257" '

1070001 1 O *LP2- 258
1070101 0.0620253 0.2810215 0.0 0.0 0.0 0.0 -*LP2- 259 >

$1070102 4.0e-5 0.0 00 *LP2- 260,

' 1070200 0 1.52852+7 1410746. 2453006, O. *LP2- 261 '

1071101 107010000 110000000 0.0 0.135 0.135 0000 *LP2- 262 .

1071201 5.9346313 5.9351082 0. * (M = 247.57 kg/s) LP2- 263 i
,____ ____1____ ___.2____ ____1____ ___ 1____ ____1____ ____1____ Lp2- 264

* pressurizer connection tee steam generator side LP2- 265
.____ __.-1____ ____1____ __--1---- ----1---- ----1---- ----1---- LP2- 266 ;

1100000 "pzr t eg" branch *LP2 -267 t

1100001 1 0 *LP2- 268-
'

1100101 0.0606063 0.9207292 0.0 0.0 0.0 0.0 *LP2- 269
1100102 4.0e-5 0.0 00 *LP2- 270 -|
1100200 0 1.52827+7 1410749. 2453066. O. *LP2- 271 I

1101101 110010000 112000000 0.0 0.15 0.15 0000 *LP2-'272 |

1101201 6.2683144 6.2684364 0. * (M = 247.57 kg/s) LP2- 273
*---- ----1---- ----1---- ----1---- ----1---- ----l---- ----1---- LP2- 274 .

* hot leg piping LP2- 275 -

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 276
1120000 " hot leg " pipe *LP2- 277
1120001 2 *LP2- 278 '

,

1120101 0.0 2 *LP2- 279
s1120201 0.0 1 *LP2- 280

1120301 1.38893 1 *LP2- 261 ;
1120302 0.707687 2 *LP2 2E2 '

1120401 0.0796973 1 *LP2- 283 1

1120402 0.0579614 2 *LP2- 284 ;

1120501 0.0 2 *LP2- 285 !
1120601 0.0 1 *LP2- 286 |1120602 90.0 2 -*LP2- 287 |1120701 0.0 1 *LP2- 288
1120702 0.246447 '2 *LP2- 289 !
1120801 4.0e-5 0.0 2. *LP2- 290 f

r1120901 0.20 0.20 1 *LP2- 291 _j
1121001 00 2 *LP2--292 j
1121101 0000 1 *LP2- 293

_

1121201 0 1.52785+7 1410752. 2453166. O. O. 1 *LP2- 294
1121202- 0 1.52814+7 1410754. 2453098. O. O. 2 *LP2- 295 !

.

.
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1121300 0 *LP2- 296
(M = 247.57 kg/s) LP2- 2971121301 6.2683678 6.2683411 0. 1 *

+---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 298
* sg inlet plenum LP2 299
. ___ . ..i ___ ....i____ ____1.___ -...i____ ... 1---- ----1---- LP2- 300

1140000 "sg in p1" branch *LP2- 301
1140001 2 0 *LP2- 302
1140101 0.0 0.629795 0.33532 0.0 90.0 0.512756 *LP2- 303

1140102 4.e-5 0.0102 00 *LP2- 304
1140200 0 1.52560+7 1410762. 2453710. O. *LP2- 305

1141101 112010000 114000000 0.0512 0.0 0.0 0100 *LP2- 306

1142101 114010000 115000000 0.0 0.0 0.0 0100 *LP2- 307
1141201 4.391552 4.3915901 0. * (M = 247.57 kg/s) LP2- 308
1142201 2.3794098 2.3794098 0. * (M = 247.56 kg/s) LP2- 309
.---- ____1_... ___ 1_. . ... 1.... ____1___. ... 1.__. ----1---- LP2- 310

* sg u-tubes LP2- 311
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2 312
1150000 "sg tubes" pipe *LP2- 313
1150001 8 *LP2- 314

1150101 0.0 8 *LP2- 315
1150201 0.151171 7 *LP2- 316

_
1150301 0.902 1 *LP2- 317
1150302 0.6096 3 *LP2- 318
1150303 0.462908 5 *LP2- 319
1150304 0.6096 7 *LP2- 320
1150305 0.902 8 *LP2- 321

, 1150401 0.136356 1 *LP2- 322
1150402 0.0921538 3 *LP2- 323

1150403 0.0699783 5 *LP2- 324
1150404 0.0921538 7 *LP2- 325
1150405 0.136356 8 *LP2--326
1150501 0.0 8 *LP2- 327 ,

1150601 90.0 4 *LP2- 328-
1150602 -90.0 8 . LP2- 329*

1150701 0.902 1 *LP2- 330
1150702 -0.6096 3 *LP2- 331

1150703 0.299572 4 *LP2--332
g

1150704- -0.299572 5 *LP2-'333 1
1150705 -0.6096 7 *LP2- 334
1150706 -0.902 8 *LP2- 335 |

1150801 1.27-7 0.01022- 8 *LP2- 336 l
1150901 0.0 0.0 7 *LP2- 337
1151001 00 8 *LP2- 338
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1151101 0000 7 *LP2- 339
1151201 0 1.52468+7 1367802. -2453930. O. O. 1 *LP2- 340
1151202 0 1.F?390+7 1333644. 2454120. O. O. 2 *LP2- 341
1151203 0 1.52326+7 1306228, 2454274. O. O. 3 *LP2- 342
1151204 0 1.52275+7 1288303. 2454396. O. O. 4 *LP2- 343
1151205 0 1.52260+7 1272624. '2454434. O. O. 5 *LP2- 344
1151206 0 1.L2275+7 1255106. 2454396. O. O. 6 *LP2- 345
1151207 0 1.52300+7 1239987. 2454336. O. O. 7 *LP2- 346
1151208 0 1.52331+7 1226804. 2454260. O. O. 8 *LP2- 347
1151300 0 *LP2- 348
1151301 2.318?809 2.3187809-0. 1 * (M = 247.56 kg/s) LP2- 349-
1151302 2.274880 2.274889 0. 2 * (M = 247.56 kg/s) LP2 350

1151303 2.242157 2.242157 0. 3 * (M = 247.56 kg/s) LP2- 351
1151304 2.2215405 2.2215405 O. 4 * (M = 247.56 kg/s) LP2- 352
1151305 2.2040806 2.2040806 0. 5 = (M = 247.56 kg/s) LP2- 353

1151306 2.1854172 2.1854172 0. 6 * (M = 247.56 kg/s) LP2- 354
1151307 2.1697006 2.1697006 0. 7 * (M = 247.56 kg/s) LP2- 355
.____ ____1____ ____1____ ____1____ ____1____ ____1____ __--1---- LP2- 356
* sg outlet plenum LP2- 357
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 358
1160000 "sg out p" branch *LP2- 359

1160001 2 0 *LP2- 360
1160101 0.0 0.629795 0.33532 0.0 -90.0 -0.512756-*P2- 361
1160102 4.e-5 0.0102 00 *LP2- 362
1160200 0 1.52375+7 1226810. 2454156. O. *LP2- 363
1161101 115010000 116000000 0.0 0.0 0.0 0100 *LP2- 364
1162101 116010000 118000000 0.0512 0.0 0.0 0100 *LP2- 365
1161201 2.1562672 2.1562672 0. * (M = 247.56 kg/s) LP2 366

1162201 3.9985161 3.9985161 0. * (M = 247.56 kg/s) LP2- 367
---- ----1---- ----1---- ----1---- ----1---- ----l-~~~ ----1---- LP2- 368

* pump suction piping LP2- 369
.___ ____1____ ____1____ ____1.___ ____1____ ____1 ___ ____1____ Lp2- 370-

"
1180000 "pmp suc " . pipe *LP2- 371
1180001 3 *LP2- 372
1160101 0.0 3 *LP2- 373
1180201 0.0 2 *LP2- 374
1180301 0.546638- 1 *LP2- 375
1180302 0.688596 2 -*LP2- 376
1180303 0.558577 3 *LP2- 377

-1180401 0.0445625 1 *LP2- 378
1180402 0.0445137 2 *LP2--379

1180403 0.0354278 3 *LP2- 380

1180501 0.0 .3 _.

*LP2- 381
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1180601 -90.0 3 *LP2- 382

1180701 -0.498052 1 *LP2- 383-

1180702 -0.688596 2 *LP2- 384
1180703 -0.355604 3 *LP2- 385
1180801 4.e-5 0.0 3 *LP2- 386
1180901 0.083 0.083 1 *LP2- 387
1180902 0.104 0.104 2 *LP2- 388
1181001 00 3 *LP2- 389

1181101 0000 2 *LP2- 390

1181201 0 1.52202+7 1226811. 2454574. O. O. 1 *LP2 391
1181202 0 1.52200+7 1226812. 2454578. O. O. 2 *LP2- 392

1181203 0 1.52222+7 1226814, 2454524. O. O. 3 '*LP2- 393

1181300 0 *LP2- 394
1181301 5.0425262 5.0425262 0. 1 * (M'= 247.56 kg/s) LP2- 395
1181302 5.1394501 5.1394501 0. 2 * (M = 247.56 kg/s) LP2- 396
.__ _ _ __1__.. . __1.___ .__.1._.. ..._1___. ..._1 .__ ....i __. LP2 .397
* pump suction tee LP2- 398

*--------1--------1--------1--------1--------1--------1---- LP2-;399

1200000 "pmp set branch *LP2- 400"

1200001 3 0 *LP2- 401 ,

1200101 0.0 0.759614 -0.0487901 0.0 0.0 0.0 *LP2- 402
1200102 4.0e-5 0.0 00 *LP2- 403
1200200 0 1.52235+7 1226815, 2454494. O. *LP2- 404
1201101 1180.0000 120000000 0.063427 0.0 0.0 0000 *LP2- 405

1202101 120010000 125000000 0.063427 1.075 1.25 0000 *LP2- 406

1203101 120010000 155000000 0.063427 1.075 1.25 0000 *LP2- 407
(M = 247.56 kg/s) LP2--408-1201201 5.1392822 5.1392822 0. $

(M = 116.55 kg/s) LP2- 4091202201 2.4195442 2.4195442 0, *

(M = 131.01 kg/s) LP2 4101203201 2.7197304 2.7197304 0. *

*---- ----1---- -- -1---- ----1---- ----1---- ----1----1----1---- LP2 -411
"

* pumpi suction tee outlet. LP2- 412
*--------1--------1--------1--------1--------1--------1---- LP2- 413
1250000 "pmpi set" branch *LP2- 414

1250001 1 0 -*LP2- 415
1250101 0.0 1.00308 0.0640548-0.0 90. 0.520704 *LP2- 416
1250102 4.0e-5 0.0 00 *LP2- 417-
1250200 0 1.52266+7 1226819. 2454418. O. *LP2- 418.
1251101 125010000 130000000 0.0 0.13 0.13 0000 *LP2- 419
1251201. 3.9541416_3.9541416 0. * (M = 116.55 kg/s)- LP2--420-
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 421-
* pump 1 inlet LP2 422
*---- ----1---- ----1---- ----1--- ----1---- ----1---- ----1---- LP2- 423
1300000 "pmpi in1" snglvol *LP2- 424
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j- 1300101 0.0 0.457201 0.0177444 0.0- 90.0 0.457201 *LP2- 425- |
1 1300102 4.0e-5 0.0 00 *LP2 426 !

! 1300200 0 1.52183+7 1226621. 2454620. O. *LP2- 427 i' t
( .________1________1________1____--__1__.._ .___3____ ____1.___ Lp2- 428

* primary coolant pump i LP2- 429;

{ .____ ____1____ ____1____ ____1.___ ____1 ___ ____1____ ..__1____ tp2-'430 t
+i

i 1350000 "pcpumpi" pump *LP2- 431 |

| 1350101 .0366 0.0 0.0991- 0.0 90. 0.317900 *LP2- 432

i 1350102 0 *LP2- 433

| 1350108 130010000 0.0 0.017 0.017 0000 *LP2- 434 |
i 1350109 140000000 0.0 0.05 0.05 0000 *LP2- 436 ;
i ,

1350200 -0 1.52814+7 1226902. 2453096. O. *LP2- 436 i
i

(M = 116.55 kg/s) LP2- 437-| 1350201 0 4.1930466 4.1930466 0. *
;

i 1350202 0 4.1925749 4.1928749 0, * (M = 116.55 kg/s)- LP2- 436 !

1350301. 0 0 0 -1 -1 512 0 *LP2-2439 i:

1350302 369. 0.448699 .3155 96. 500.6 1.431 *LP2- 440

f(pump speed = 165.56995 rev/s) LP2- 441i
~~*

j 1350303 613.6 0. 207.433 .0444 19.5987 0, *LP2-0442
| 1350310 0,0 0.0 0.0 *LP2- 443
,

.____ ____1___. ____1____ .__1____ ____1____ ____1____ ----1---- LP2- 444 ;

; * pump 1 outlet pump side LP2- 445
,

| +---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 446 ;

; 1400000 "pmpi out" snglvol. *LP2- 447 j
1400101 0.0 0.502185 0.0183849 0.0 0.0 0.0 *LP2- 448 i

[ 1400102 4.0e-5 0.0 00 *LP2- 449 |

| 1400200 0 1,53468+7 1226905, 2451526. O. *LP2- 450 i
'

;_ *---- ----1---- ----1---- ----l---- ----1---- ----1---- ----1---- LP2 .451
j * pumpi outlet pipe tee side ;LP2- 452

|
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 453

; 1450000 "pmpi out" branch *LP2- 454 *

1450001 2 0 *LP2- 455 '

1450101 0.0- 1.40843 0.0623861 0.0 0.0 0.0 *LP2- 456' i

1450102 4.0e-5 0.0 00 *LP2- 457-

1450200 0 1.53488+7 1226911. 2451478. O. *LP2 c458 !

i 1451101 140010000 145000000 0.0 0.0 0.0 0000 *LP2- 459 !

| 1452101 145010000 150000000 0.0 0.57456 0.050347 0000 *LP2- 460 !
1451201 4.191433 4.191433 0. * (M = 116.55 kg/s) LP2- 461; ;

1452201 3.4095764 3.4095764 0. * (M.= 116.55 kg/s) LP2- 462 j
,

.

j .____ ___.i____ ____1____ ____1____ ____1____ ____1.--- ----1---- LP2- 463 i

* pump outlet tee LP2- 464- !

.____ ____1.___ ____1____ ____1____ ____1____ ____1 ___ ____1____ Lp2- 465

1500000 "pmp out" branch- *LP2- 466 ,

| 1500001 -1 0
__ *LP2- 467 I

i
'

,
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| 1500101 0.0 0.496511 0.0316011 0.0 0.0 0.0 *LP2--468 |
! 1500102 4.0e-5 0.0 00 *LP2- 469.

| 1500200 0 1.53404+7 1226911. 2451678. O. *LP2- 470
] 1501101 150010000 175000000 0.063427 0.0 0.0 0000 *LP2- 471

(M = 247.56 kg/c) LP2- 472 |1501201 5.1387558 5.1387558 0. *

*---- ----1---- ----1---- ----1---- ----l---- ----1---- ----1---- LP2- 473
) * pump 2 suction tee cutlet LP2- 474

.____ ____1____ ____1 .__ ____1____ ____1____ ____1____ ____1 ___ Lp2- 475

; 1550000 "pmp2 set" branch . *LP2- 476
| 1550001 1 0 *LP2- 477
.

j 1550101 0.0 1.00308 0.0640548 0.0 90. 0.520704 *LP2- 478

| 1550102 4.0e-5 0.0 00 *LP2- 479
! 1550200 0 1.52253+7 1226819. 2454448. O. *LP2- 480

'

i 1551101 155010000 160000000 0.0 0.13 0.13 0000 *LP2 481-

| 1551201 4.4447289 4.4447289 0. * (M = 131.01 kg/s) LP2- 482
'

.____ ____1____ ____1____ ____1____ ___.1____ ____1____ __--1---- LP2- 483
; * pump 2 inlet pipe LP2- 484
j .____ ____1____ ____1____ ____1____ ____1____ ____1 ___ ____1---- LP2- 485
- 1600000 "pmp2 in1" anglvol *LP2- 486

f 1600101 0.0 0.457201 0.0177444 0.0 90. 0.457201 *LP2- 487
,

j 1600102 4.0s-5 0.0 00 *LP2- 488 l
*

1600200 0 1.52158+7 1226820. 2454678. O. *LP2- 489
]- *---- ----1---- ----1---- ----1---------1---- ----1---- ----1---- LP2- 490
i * primary coolant pump 2 LP2- 491
|- . ____1____ ____1____ ____1.___ ____1____ _-__1____ ____1____ Lp2- 492

j 1650000 "pepump2" pump *LP2- 493
j 1650101 .0366 0.0 0.0991 0.0 90. 0.317900 *LP2- 494

|1650102 0 *LP2- 495
i 1650108- 160010000 0.0 0.017 0.017 0000 *LP2 z496 |

1650109 170000000 0.0 0.1 0.1 0000 *LP2- 497 l

1650200 0 1.52797+7 1226905. 2453133. O. *LP2- 498
1650201 0 4.7132797 4.7132797 0. * (M = 131.01 kg/s) LP2- 499
1650202 0 4.7130966 4.7130966 0. *-(M = 131.01 kg/s) LP2- 500

|
1650301- 135 135 135 -1 -1 512 0- *LP2- 501 I
1650302 369. 0.4724932 .3155 96. 500.6 1.431 '*LP2- 502-

(pump speed n 174.34998 rev/s) LP2- 503
***

1650303 -613.6 0. 207,433 .0444 19.5987 0. *LP2- 504
1650310 0.0 0.0 0.0 *LP2- 505-
*---- ----1---- ----1 --- ----1---- ----1---- ----1----'----1---- LP2- 506
* pump.2 outlet LP2 507-
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1--- - -LP2- 508
1700000 "pmp2 out"- branch *LP2- 509
1700001 1 0 *LP2- 510
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1700101 0.0 0.514071 0.0102958 0.0 0.0 0.0 *LP2- 511 +

1700102 4.0e-5 0.0= 00 *LP2- 512 |
'

1700200 0 1.53458+7 1226908, 2451548. O. *LP2- 513
1701101 170010000 150000000 0.036611 0.3847 0.6316 0000 *LP2- 514 I

1701201 4.7113152 4.7113152 0. * (M = 131.01 kg/s) LP2- 515- ,

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 516
* intact loop cold leg pipe LP2- 517

,

*---- ----1---- ----1---- ----1---- ----1---- ----1-- - ----1---- LP2- 518- |

1750000 "ilcl pip" pipe *LP2- 519
,

1750001 2 *LP2- 520 ,

1750101 0.0 2 *LP2- 521
1750201 0.0 1 *LP2- 522 ;

1750301 0.558577 1 *LP2- 523 !
1750302 0.613244 2 *LP2- 524

1750401 0.035428 1 *LP2- 525

1750402 0.038895 2 *LP2- 526 |
1750501 0.0 2 *LP2- 527 ;

175060?. 0.0 2 *LP2- 528; ;
1750701 0.0 2 *LP2- 529 q

1750801 4.0e-5 0.0 2 *LP2- 530

1750901 0.0 0.0 1 *LP2- 531 i

1751001 00 2 *LP2- 532 ;

? 1751101 0000 1 *LP2- 533
; 1751201 0 1.53401+7 1226913. 2451686. O. O. 1 *LP2- 534
J 1751202 0 1.53399+7 1226914. 2451692. O. O. 2 *LP2- 535- -

4 t
' 1751300 0 *LP2- 536

1751301 5.1369198 5.1389198 0. 1 * (M = 247.56 kg/s) LP2- 537-

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 538 ii

* ecc connection tee LP2- 539
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 540

branch *LP2- 541 I1800000 "ecc t "

1800001 1 0 *LP2- 542 i

1800101 0.0 1.15189 0.0730598 0.0 0.0 0.0 *LP2- 543
1800102 4.0s-5 0.0 00 *LP2- 544
1800200 0 1.53395+7 1226918. 2451702. O. *LP2- 545 j
1801101 175010000 180000000 0.0 0.0 0.0 0000 *LP2- 546
1801201 5.1389236 5.1389236 0. * (M = 247.56 kg/s) LP2- 547
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 548

* reactor vessel nozzle - intact loop cold leg LP2- 549
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1- -- LP2- 550 ,

1850000 "rvn ilcl" branch *LP2- 551
1850001 2 0 *LP2- 552

'

1850101 0.0 1.00965 0.0644920 0.0 0.0 0.0 *LP2- 553
.
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1850102 4.0e-5 0.0 00 *LP2- 554

1850200 0 1.53395+7 1226921. 2451700. O. *LP2- 555

1851101 185010000 202000000 0.0634 2.8 2.8 0001 *LP2- 556

1852101 180010000 185000000 0.0 0.0 0.0 0000 *LP2- 557
(M = 247.56 kg/s) LP2- 5581851201 5.1409569 5.1409569 0. *

(M = 247.56 kg/s) LP2' 5591852201 5.1388474 5.1388474 0. *

.____ ____1 ___ __--1---- ----1---- ----1---- ----1---- ----1---- LP2- 560
* LP2- 561
+ LP2- 562

*$*$=$*$*$*$.$*$.$.$*$*$.$+$.$*$+$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2- 563
* LP2- 564
* reactor vessel [ 200 ) LP2- 565

LP2- 566.

.$+$.$.$.$.$*$.$.$.$.$.$.t.$.$.$.$.$.$.$*$.$.$.$*$.$*$.$.$.$*$.$+ LP2- 567

LP2- 568=

.____ ____1____ ____1.___ ____1.___ ___ 1 ___ ____i_ -- ----1---- LP2- 569

* inlet annulus upper volume intact side LP2- 570
----1----- ----1---- ----1--- ----1---- -- -1--- ----1---- LP2- 571*----

2000000 "inanuprt" annulus *LP2- 572
2000001 1 *LP2- 573
2000101 0.1308530 1 *LP2- 574
2000301 0.1876129 1 *LP2- 575
2000401 0.0 1 *LP2- 576
2000501 0.0 1 *LP2- 577
2000601 90.0 1 *LP2- 578
2000801 3.81-6 0.172 1 .LP2- 579
2001001 00 1 *LP2- 580
2001201 0 1.53186+7 1226927. 2452202, O. O. 1 *LP2- 581 Y

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 582-
* junction - upper to lower inlet annulus intact side LP2- 583
.____ ____1___- ----1---- ----1---- ----1---- - --1---- ----1---- LP2- 584
2010000 "inanmuit" sngljun *LP2- 585
2010101 202000000 20000C000 0.129467 0.0000 0.0000 0100 *LP2- 586
2010201 0 0.7271485 0.7271485 O. * (M = 72.268 kg/s) LP2- 587
*---- ----1---- ----1---- ----1--- ----1---- ----1---- ----1---- LP2- 588

. inlet annulus middle volume intact side LP2- 589
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 590
2020000 "inanmidt" annulus *LP2- 591
2020001 1 *LP2- 592

2020101 0.1308530 1 *LP2- 593
2020301 0.2851823 1 *LP2- 594
2020401 0.0 1 *LP2- 595
2020501 0.0 1 *LP2- 596
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2020601 -90.0 1 *LP2- 597
2020801 3.81-6 0.172 1 *LP2- 598

2021001 00 1 *LP2- 599
2021201 0 1.53206+7 1226923. 2452154. O. O. 1 *LP2 600
.___. ..__1_.._ -.. 1.. . ..__3.___ ___ g____ .. _g__ _ ___.g____ Lp2- 601

* junction - middle to lower inlet annulus intact side LP2- 602
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 603
2050000 "inanmlit" sngljun. *LP2- 604
2050101 202010000 210000000 0.0709408 0.0 0.0 0100 *LP2- 605
2050201 0 1.7637691 1.7637691 0. * (M = 175.29 kg/s) LP2- 606
.___. ..__1..__ ... 1 __ . i_... __. 1--.. -. 1..-- ----1---- LP2- 607
* inlet annulus lower volume intact side LP2- 608
. . . - ____1.... ... 1____ __._1___. ____1____ ....g__.- ----1---- L-<- 609
21bcv00 " int dowc" annulus +1' 010-
2100001 4 *LE 611
2100101 0.1464354 1 *LP2- 612
2100102 0.0 4 *LP2- 613
2100201 0.0709408 3 *LP2- 614
2100301 0.2525361 1 *LP2- 615
2100302 1.5200561 2 *LP2- 616
2100303 1.2616333 3 *LP2- 617
2100304 1.0792591 4 *LP2- 618
2100401 0.0 1 *LP2- 619
2100402 0.1581866 2 *LP2- 6202

2100403 0.1217000 3 *LP2- 6214

:
2100404 0.0986806 4 *LP2- 622

; 2100501 0.0 4 *LP2- 623

| 2100601 -90. 4 *LP2- 624
2100801 3.81-6 0.172 4

.
*LP2- 625,

! 2100001 0.0 0.0 -3 *LP2- 626
2101001 00 04 *LP2- 627,

.

* 2101101 00000 03 *LP2- 628
2101201 0 1.53177+7 1226925. 2452224. O. O. 1 *LP2- 629,

2101202 0 1.53233+7 1226937. 2452090. O, O. 2- *LP2- 630
; 2101203 0 1.53331+7 12T 945. 2451854. O. O. 3 *LP2- 631'

2101204 0 1.53414+7 1220952, 2451654. O. O. 4 *LP2- 632
2101300 0 *LP2- 633;

2101301 3.2533512 3.2533512 0. 1 * (M = 175.29 kg/s) LP2- 634
e 2101302 3.253336 3.253336 0. 2 * (M = 1,5.29 kg/c) LP2-'635

2101303 3.2533035 3.2533035 O. 3 * (M = 175.29 kg/s) LP2- 636
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 637
* junction - lower-downcomer to lower plenum intact side LP2- 638
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2 -'639
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2150000 "inanmuit" sngljun *LP2- 640

2160101 210010000 222000000 0.0709408 0.0000 0.0000 0100 *LP2- 641 ;

(M = 175.29 kg/s) LP2- 642 ;2150201 0 2.5241261 2.5241261-O. .

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 643 [
* lower plenum bottom volume LP2- 644 i
.... ..__1____ __..i..__ ____1____ ____1____ ____1_.__ ____1.___ tp2- 645

7

2200000 "lvr pl b" anglvol *LP2- 646 }
2200101 0.0 0.3741720 0.29656 0.0 90. 0.3741720 *LP2- 647 j

2200102 4.0e-5 0.0 00 *LP2- 648 *

2200200 0 1.53399+7 1227769. 2451692. O. *LP2- 649 :

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 650 !

f* lover plenum top volume LP2- 651
.____ ___ 1____ ____1.__. ..__1____ ____1____ ___.1____ ___.1---- LP2- 652 [
2220000 "lvr pl t" branch *LP2- 653 -

2220001 2 0 *LP2- 654 '

2220101 0.0 0.3533183 0.2592277 0.0 90. 0.3533183 *LP2- 655- [

2220102 3.81-6 0.0 00 *LP2- 656 i
'

2220200 0 1.53426+7 1226974. 2451628. O. *LP2- 657 ;

2221101 222010000 220000000 0.0 0.005 0.005 0000 *LP2- 658

2222101 222000000 225000000 0.1499 1.5 1.5 0000 *LP2- 659 *

|2221201 0. O, O. * (M =-1.556-4 kg/s) LP2- 660

2222201 2.1743755 2.1743755 O. * (M = 247.56 kg/s) LP2- 661 ;
. __. ____1____ ____1____ ..__1____ __. 1____ ____1____ ___1____ Lp2- 662 !

* lower core support structure LP2- 663 f
*---- ----1---- ----1---- ----1---- ----1---- -- -1-- - ----1---- LP2- 664 ;

2250000 "I core s" branch *LP2- 665 ;

2250001 3 0 *LP2- 666 |
2250101 0.2832456 0.5709989 0.0 0,0 90.0 0.5709989 *LP2- 667 ;

2250102 3.81-6 0.095 00 *LP2- 668
2250200 0 1.53385+7 1226979. 2451724. O. *LP2- 669

.

2251101 225010000 230000000 0.0 1.5 1.5- 00100 *LP2- 670

2252101 225010000 231000000 0.0 1.5 1.5 00100 *LP2- 671
2253101 225010000 235000000 0.0 12, 12 . _ 00100 *LP2- 672 1

2251201 1.7612839 1.7612839 0. * (M = 197.33 kg/s) LP2- 673 |
2252201 1.661684 1.661684 0. * (M = 38.994 kg/s) LP2- 674 {

LP2- 675 {2253201 0.706759 0.706759 0. * (M = 11.235 kg/s)_
*---- ----l---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 676 |

* active core : average channels .(75!)- LP2- 677 !

.____ ____1____ ____1___. ____1.--- ----1---- ----1---- ----1---- LP2- 678- i

2300000 " core avg" pipe *LP2- 679 |
2300001 5 *LP2- 680 i

2300101- 0.147510 -1 *LP2- 6811
2300102 0.137871 2 *LP2- 682

,
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2300103 0.139239 3 *LP2- 683

2300104 0.138031 4 *LP2- 684

2300105 0.140191 5 *LP2- 685

2300201 0.142384 1 *LP2- 686

2300202 0.120254 2 *LP2- 687

2300203 0.142384 3 *LP2- 688

2300204 0.120254 4 *LP2- 689

2300301 0.432000 1 *LP2- 690

2300302 0.195000 3 *LP2- 691

2300303 0.280000 4 *LP2- 692

2300304 0.5744204 5 *LP2- 693

2300401 0.0 5 *LP2- 694

2300501 0.0 5 *LP2- 695

2300601 90.0 5 *LP2- 696
2300801 1.27-7 0.0124 5 *LP2- 697

2300901 0.0 0.0 1 *LP2- 698

2300902 0.66 0.66 2 *LP2- 699
2300903 0.0 0.0 4 *LP2- 700
2301001 00 5 *LP2- 701
230?101 0000 4 *LP2- 702
2301201 0 1.53318+7 1273867. 2451886. O. O. 1 *LP2- 703>

2301202 0 1.53287+7 1300012. 2451960. O. O. 2 *LP2- 704
2301203 0 1.53257+7 1328641. 2452032. 0.0010644 0. 3 *LP2- 705
2301204 0 1.53234+7 1365651, 2452078. O. O. 4 *LP2- 706
2301205 0 1.53196+7 1405308, 2452136. 0 0, 5 *LP2- 707
2301300 0 *LP2- 708
2301301 1.8661213 1.8661213 0. 1 * (M = 197.33 kg/s) LP2- 709
2301302 2.2392406 2.4544048 0. 2 * (M = 197.33 kg/s) LP2- 710
2301303 1.9214153 2.0573864 0, 3 * (M = 197.33 kg/s) LP2- 711

2301304 2.321682 2 4601345 0, 4 * (M = 197.33 kg/s) LP2- 712
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 713
* active core hot channels (14 prozent) LP2- 714-
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 715-
2310000 " core hot" pipe *LP2--716

2310001 13 *LP2- 717
2310101 3.0897-2 1 *LP2- 718-
2310102 2.98875-2 2 *LP2- 719
2310103 2.90272-2 8 *LP2- 720-
2310104 2.89101-2 12 *LP2- 721

2310105 2.9381-2 13 *LP2- 722
' LP2- 723*-2310201 3.1031-2 3

2310202 2.6208-2 4 *LP2- 724

2310203 3.1031-2 9 *LP2- 725
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2310204 2.6208-2 10 *LP2- 726

2310205 3.1031-2 12 *LP2- 727

2310301 0.1397017 1 *LP2- 728

2310302 0.265 2 *LP2- 729-

2310303 0.08833 8 *LP2- 730

2310304 0.1325 12 *LP2- 731

2310305 0.2117387 13 *LP2- 732

2310501 0.0 13 *LP2- 733

2310601 90.0 13 *LP2- 734

2310801 1.27-7 0.0124 13 *LP2- 735

2310901 0.0 0.0 3 *LP2- 736
2310902 0.66 0.66 4 *LP2- 737

2310303 0.0 0.0 9 *LP2- 738

2310904 0.66 0.66 10 *LP2- 739
2310905 0.0 0.0 12 *LP2- 740

2311001 00 13 *LP2- 741
2311101 0000 12 *LP2- 742
2311201 0 1.53335+7 1247369. 2451844. O. O. 1 *LP'i- 743
2311202 0 1.5331G+7 1290795, 2451890. O. O. 2 *LP2- 744
2311203 0 1.53299+7 1307016, 2451926. O'0020526 0. 3 *LP2- 745.

2311204 0 1.53291+7 1324140. 2451946. .O.003501 0. 4 *LP2- 746
2311205 0 1.53272+7 1341869. 2451982. 0.0060557 0. 5 *LP2- 747
2311206 0 1.53264+7 1359890. 2452004. 0.0109216 0. 6 *LP2- 748
2311207 0 1.53256+7 1377786. 2452022. 0.0177716 0. 7 *LP2- 749

,

2311208 0 1.53248+7 1395020. 2452036, 0, d60033 0, 8 *LP2- 750
2311209 0 1.53238+7 1418119, 2452058. 0.0393193 0. 9 *LP2- 751
2311210 0 1.53226+7 1437675. 2452076. 0.0492094 0, 10 *LP2- 752
2311211 0 1.53203+7 1453285. 2452106. 0.0578185 0. 11 *LP2- 753
2311212 0 1.53191+7 1465710. 2452132. -0.0571978 0, 12 *LP2- 754
2311213 0 1.53178+7 1479893. 2452164. 0.047818 0, 13 *LP2- 755
2311300 0 *LP2- 756
2311301 1.6706018 1.8061981 0. 1 * (M = 38.994 kg/s) LP2- 757

_

2311302 1.7080393 1.8510113 0. 2 * (M = 38.994 kg/s)- LP2- 758
_

2311303 1.7239475 1.8758583 0. 3 * (M.= 38.994 kg/s) LP2- 759

2311304 2.062048 :2.3587456 0. 4_ * (M =-38.994 kg/s) _ _LP2- 760
2311305 1.7623568 1.9251204 0. 5 * (M = 38.994 kg/s) LP2- 761:
2311306 1.7877073 1.9422255 0. 6 * (M = 38.994 kg/s) LP2- 762
2311307 1.8165417 1.9692841 0. 7 -* (M = 38.994 kg/s) LP2- 763

-2311308 1.8482618.2.0023212 0, 8 * (M = 38.994 kg/s)- LP2- 764

2311309 1'.8967094:2.0517426 0. 9: * (M = 38.994 kg/s) LP2- 7651

2311310 2;2930279 2.5529308 0. 10 * (M = 38.994-kg/s) LP2 766-

$ 2311311 1.971818' 2.1296444 0. 11- * (M = 38.994.kg/s) LP2- 767

2311312 1.9859562 2.294836 0. 12 * (M = 38.994 kg/s) LP2- 768-
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*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2 769 r

* core bypass volume (71) LP2- 770
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 771
2350000 " core byp" pipe *LP2- 772 !
2350001 3 *LP2- 773 ,

2350101 2.0930-2 3 *LP2- 774 |
2350201 0.0 2 *LP2- 775-

2350301- 0.5588068 3- *LP2- 776 [

2350401 0.0 3 *LP2- 777
2350501 0.0 3 *LP2- 778 [

'2350601 90.0 3 *LP2- 779

2350801 3.81-6 0.003- 3 *LP2- 780 i

2350901 0.0 0.0 2 *LP2--781 [

2351001 00 3 *LP2- 782 [
2351101 0000 2 *LP2-'783
2351201 0 1.53317+7 1226988. 24E1888. O. O. 1 *LP2- 784 . i

2351202 0 1.53263+7_1226996. 2452016. O. O. 2 . *LP2- 785 . !,
2351203 0 1.53210+7 1227005. 2452146. O, O. 3 *LP2- 786 i

t2351300 0 *LP2- 787 -

2351301 0.7067657 0.7067657 0. 1 * (M = 11.235 kg/s) LP2- 788 )
2351302 0.7067709 0.7067709 0. 2 * (M = 11. 35 kg/s) LP2- 789 j
*---- ----1---- ----l---- ----1---- ----1---- ----1----'----1---- LP2- 790 .

* upper end boxes and support structure LP2- 791 '

.____ ____1____ ____1____ ..__1 --- ----1---- ----1---- ----1---- LP2- 792
-

2400000 "upr end" branch' *LP2- 793 '

2400001 3 0 *LP2- 794
:2400101 0.2423341 0.5867979 0.0 0.0 90.0 0.5867979 *LP2- 795- -

2400102 3-81-6 0.145 00 *LP2- 796.

2400200 0 1.53134+7 1410433. 2452314. - 0.0016037 *LP2- 797 ,

2401101| 230010000 240000000 0.6- 1.5 1.5 00100 -*LP2- 798 f
2402101 231010000 240000000 0.0 1.5 1.5 00100 *LP2- 799 ;

2403101 235010000 240000000 0.0 12. 12. 00100 *LP2- 800 ;

2401201 2.0379944 2.1104431 0. * (M = 197.33 kg/s) LP2- 801 !
(M = 38.994 kg/s). LP2- 802 |2402201 2.0633316 2.7305183 0. *

_

(M = 11.235 kg/s). LP2- 803 {
2403201 0.7067766 0.7620459 0. *

.____ ____1____ ____1____ ____1____ ____1 ___ ____1____ __--1---- LP2- 804 - j

* upper core support structure - cross flow region LP2- 805- ~I

*---- ----1---- ----1---- ----1---- ----1---- ----l---- ----1---- LP2- 806 F

2450000 "upr cr s" branch -*LP2- 807-

2450001 2 0 -*LP2L-808
2450101 0.0 0.4933248 0.1280806 0.0 90.0 0.4933248 *LP2- 809
2450102 3.81-6 0.145 00 *LP2- 810 ;

2450200 0- 1.53098+7 1410683. 2452392. O. *LP2- 811 |

!
;
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ - _ _ _ _ - _ ___- ____

2451101 240010000 245000000 0.0 0.0 0.0 0000 *LP2- 912

2452101 245010000 251000000 0.0 0.0 0.0 0000 *LP2- 813

2451201 1.4857721 1.6411304 0. * (M = 247.55 kg/s) LP2- 814
2452201 0. 0.0901192 0, * (M =-3.466-4 kg/s) LP2- 815
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 816

upper flow skirt region LP2- 817e

..__1.... ____1.___ ____1____ ....i__.. ..__1.-_. ....i.... LP2- 818.____

2500000 "u fiv sk" branch *LP2- 819
2500001 1 0 *LP2- 820

2500101 0.1547532 0.7850547 0.0 0.0 90. 0.7850547 *LP2- 821

2500102 3.81-6 0.131 00 *LP2- 822

2500200 0 1.53042+7 1410729, 2452526. O. *LP2- 823

2501101 245010000 250000000 0.0 0.0 0.0 0000 *LP2- 824
2501201 2.3244343 2.4370956 0. * (M = 247.55 kg/s) LP2- 825
...._ ____1 ___ .__.i..._ ____1__ _ ....i.... ----1---- ----1---- LP2- 826

* dead end of fuel modules LP2- 827
.____ __ 1____ . __1____ ____1____ __. 1____ .. 1---- ----1---- LP2- 828

sn5 vol *LP2- 82912510000 "de fl m"

2510101 0.0 0.7844123 0.1154214 0.0 90.0 0.7844123 *LP2- 830

.2510102 3.81-6 0.214 00 *LP2- 831
2510200 0 1.53062+7 1391389. 2452502. O. *LP2- 832
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 833
* upper head LP2- 834
.____ .__1____ ____1___ _ __1____ ____1...- ----1---- ----1---- LP2- 835
2520000 "upr head" branch *LP2- 836

2520001 1 0 *LP2- 837
2520101 0.2622585 0.2869580 0.0 0.0 90.0 0.2869580 *LP2- 838

2520102 3.81-6 0.0 00 *LP2- 839

2520200 0 1.53017+7 1410736. 2452600. O. *LP2- 840

2521101 250010000 252000000 0.0 0.006 0.006 0000 *LP2- 841
2521201 2.3240528 2.3864136 0. * (M = 247.55 kg/s) LP2- 842
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 843
* upper plenum bottom volume LLP2- 844
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 845
2550000 "upr pl b" branch *LP2- 846

2550001 2 0 *LP2- 847
2550101 0.2622585 0.6312304 0.0 0.0 90.0 0.6312304 *LP2- 848
2550102 3.81-6 0.0 00 *LP2- 849

2550200 0 1.53013+7 1387737. 2452618. O. *LP2- 850

2551101 250010000 255000000 0.0 0.006 0.006 0000 *LP2- 851
2552101 255010000 260000000 0.0 0.03 0.03 0000 *LP2- 852-
2551201 0. 0.0596712 0, * (M =-2.917-4 kg/s) LP2- 853
2552201 0. 0.0020278 0. * (M =-1.428-4 kg/s) LP2- 854
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*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 855 |
* upper plenum top volume LP2- 856 |
.____ ....i____ ___.i __. ... 1... ..._1.___ .__.1.___ ____1____ Lp2- 857 !

2600000 "upr pl t" anglvol *LP2- 858 |
2600101 0.0 0.7747094 0.1914909 0.0 90.0 0.7747094 *LP2- 859

I2600102 3.81-6 0.0 00 *LP2- 860

2600200 0 1.52965+7 1391188. 2452734. O. *LP2- 861-
.____ __. 1 __. .__.i____ ..__1____ ____1___. ___.1..-- ----1---- LP2- 862 !

* inlet annulus upper volume broken side LP2- 863 :
..... .__.i.._. ....g.. _ _.__1.___ ___ 4,____ ____1.. . ...-1---- LP2- 864 |

2700000 "inanuprb" annulus *LP2- 865 j
2700001 1 *LP2- 866 ;

-

2700101 0.1308530 1 *LP2- 867 |
2700301 0.1876129 1 *LP2- 868 ,

2700401 0.0 1 *LP2- 869 [
2700501 0.0 1 *LP2- 870 f
2700601 90.0 1 *LP2- 871 i
2700801 3.81-6 0.172 1 *LP2- 872
2701001 00 1 *LP2- 873 [
1701201 0 1.53114+7 1226931, 2452374. O. C. 1 *LP2- 874 !

..... .. 1 __ .. 1____ ___1____ ....i____ __. 1.___ __.-1---- LP2- 875
* junction - middle to upper inlet annulus broken side LP2- 876
..... ... 1.___ ___.1---- ----1---- ----1---- ----1---- ----1---- LP2- 877 ,

2710000 "inaLaub" sngljun *LP2- 878
'r

2710101 272000000 270000000 0.129467 0.0000 0.0000 -0100 *LP2- 879
2710201 0 -0.727157 -0.727157 0. * (M =-72.267 kg/s) LP2- 880 |
+---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 881
* inlet annulus middle volume broken side LP2- 882 !

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 883 !
2720000 "inanmidb" annulus *LP2- 884 '

2720001 1 *LP2- 885 |

2720101 0.1308530 1 *LP2- 806 ,

2720301 0.2851823 1 *LP2 887 ,

2720401 0.0 1 *LP2- 888 i
2720501 0.0 1 *LP2- 889
2720601 -90.0 1 *LP2- 890
2720801 3.81-6 0.172 1 *LP2- 891 '

2721001 00 1 *LP2- 892
2721201 0 1.53130+7 1226938. 2452336. O. O. 1- *LP2- 893 i

*---- ----1---- ----l---- ----1---- ----1---- ----1---- ----1---- LP2- 894 !

* junction - middle to lower inlet annulus broken side LP2- 895 '

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 896 i

2750000 "inanmlbk" sngljun *LP2- 897 [
t

!
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2750101 272010000 280000000 0.0709408 0.0 0.0 0100 *LP2- 898 j

2750201 0 0.7271585 0.7271585 0, * (H = 72.267 kg/s) LP2- 899 ;

s .____ ___.i____ ____1____ ____1____ ____1 ___ ____1___- ----1---- LP2- 900 i

i * inlet annulus lower volume broken side LP2- 901
! .____ ____1____ ____1____ ____1____ ____1____ ____1____ ____1____ Lp2- 902 I

| 2800000 "brok dow" annulus *LP2- 903

2800001 4 *LP2- 904 !
'

| 2800101 0.146435A 1 *LP2- 905
'

;

j 2800102 0.0 *LP2- 906
j 2800201 0.0709408 3' *LP2- 907 j
j 2800301 0.2525361 1 *LP2- 908

] 2800302 1.5200561 2 =LP2- 909
' 2800303 1.2616333 3 *LP2- 910 ;

| 2800304 1.0792591 4 *LP2- 911 '

! 2800401 0.0 1 *LP2- 912 i

2800402 0.1581866 2 *LP2- 913 |
e

2800403 0.1217000 3 *LP2- 914 i

2800404 0.0986806 4 *LP2- 915 |
! 2800501 0.0 4 *LP2- 916 .
:

t
j 2800601 -90. 4 *LP2- 917 I

2800801 3.81-6 0.172 4 *LP2- 918 I
2800901 0.0 0.0 3 *LP2 919; ,

j- 2801001 00 04 *LP2- 920

| 2801101 0000 03 *LP2- 921
| 2801201 0 1.53144+7 1226943. 2452304. O. O. 1 *LP2- 922

2801202 0 1.53208+7 1226966. 2452150. O. O. 2 *LP2- 923 !

| 2801203 0 1.53311+7 1226985. 2451904. O. O. 3 *LP2- 924 -
2

2801204 0 1.53397+7 1226999. 2451696. O. O. 4 *LP2- 925
2801300 0 *LP2- 926 |;

t. 2801301- 1.3412704 1.3412704 0, 1 * (M = 72.267 kg/s) LP2- 927 [
4 2801302- 1.3412666 1.3412666 0. 2 * (M = 72.267 kg/s) LP2- 928

{2801303 1.3412552 1.3412552 0. 3 * (M = 72.267 kg/s) LP2- 929,

j .____ ____1____ ___-1---- ----1---- ----1---- ----1---- ----1---- LP2- 930 t

2850000 "lrdc21pb" angljun *LP2- 931 !
,

i 2850101 280010000 222000000 0.0709408 0.0000 0.0000 0100- *LP2- 932' ,

2850201 0 1.0406351 1.040635: O. *' (M = 72.266 kg/s) LP2- 933 '

,

; *---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2 .934 6

2900000 "lvrinan" sngljun *LP2- 935
2900101 200000000 270000000 0.0296780 1.8341 1.8341 0003- *LP2- 936
2900201 0 3.2060738 3.2060738 0. *-(M = 72.268 kg/s) LP2- 937--

;- *---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1--- LP2- 938
e' LP2- 939 i

[ * LP2- 940
:
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.' *$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2- 941 *

l * LP2- 942 i

| broken leop [ 300 ] LP2- 943*

* LP2- 944

: *****$ $*$*$*$ $*$*$*$*$*$*$ $*$*$*$*$*$*$*$*$*$*$*$*$=$*$*$*$*$* LP2- 945 <

j * LP2- 946

{ .____ ____1____ ____1____ ____1____ ___-1---- ----1---- ----2---- LP2- 947 j

{ * reactor vessel nozzle - broken loop hot leg LP2- 948 i

! *---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 949

3000000 "rvn blhl" branch *LP2- 950- |
j 3000001 2 0 *LP2- 951
4 3000101 0.0 0.876303 0.0575410 0.0 0.0 0.0 *LP2- 952 ;
"

3000102 4.0e-5 0.0 00 *LP2- 953 |
3000200 0 1.53017+7 1410320. 2452608. O. *LP2- 9544

3001101 252010000 J00000000 0.067014 0.7385868 1.2309481 0002 *LP2- 955 :;
. s

| 3002101 300010000 305000000 0.063426 0.1005 0.1005 0000 *LP2- 956 i
-

3001201 C. O. O. * (M =-6.193-4 kg/s) LP2- 957 {;
; 3002201 0. O. O. * (M =-5.752-4 kg/s) LP2- 958

,

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 959,

: * hot leg pipe to reflood assist bypass tee LP2- 960
____1 ___ ____1____ ____1____ ____1____ ____1.___ ----1---- LP2- 961._m._

s

i 3050000 "hlp-rabs" branch *LP2- 962 [

050 1 0.0 .698336 0.0442927 0.0 0.0 0.0 * P2-

: 3050102 4.0e-5 0.0 00 *LP2- 965
,

| 3050200 0 1.53017+7 1410319. 2452608. O. *LP2- 966 '

3051101 305010000 310000000 0.063426 0.1005 0.1005 0000 *LP2- 967'

I3051201 0. O. O. * (M =-5.413-4 kg/s) LP2- 968.

| +---- ----1---- ----1---- ----1---- ----l---- ----1---- ----1---- LP2- 969 i
i * broken loop hot leg contraction LP2- 970

*--------1--------1--------1--------1--------1--------1---- LP2- 971,

| 3100000 "blhl con" branch *LP2- 972
t

3100001 2 0 *LP2- 9731

3100101 0.0 1.50013 0.0678467 0.0 0.0 0.0 *LP2- 974
' '3100102 4.0e-5 0.0 00 *LP2- 975

3100200 0 1.53017+7 1410292. 2452608. O. *LP2- 976
3101101 380010000 310000000 0.0388 0.84 0.84 0000 *LP2- 977. .

3102101 310010000 315000000 8.3647-3 0.553 1.09056' 0000 *LP2- 978
. e

3101201 0. O. O. * (M = 1.442-4 kg/s) LP2-_979 *

3102201 0. O. O. * (M =-3.544-4 kg/s) ?2- 980 '

,

.____ ----1---------1---- ----1---- ----1---- ----1---- ----1---- LP2- 981 '

'

* steam generator and pump simulatior LP2- 982
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2- 983 {

,

!
'
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3150000 "sg+pmp s" pipe *LP2- 984
-3150001 8 *LP2- 985
3150101 0.0 8 *LP2- 986
3150201 8.36 -3 1 *.'P2- 987
3150202 1.12-2 2 *LP2- 988
3150203 0.105626 3 LP2- 989*

3150204 1.12-2 4 *LP2- 990
3150205 8.3647-3 7 *LP2- 991
3150301 0.919969 1 *LP2- 992
3150302 1.987956 2 *LP2- 993
3150303 0.849744 4 *LP2- 994
3150304 1.987956 5 *LP2- 995
3150305 1.371350 6 *LP2- 996
3150306 1.365029 7 *LP2- 997
3150307 1.674812 8 *LP2- 998
3150401 7.75291-3 1 *LP2- 999
3150402 0.1721108 2 *LP2-1000
3150403 8.97552-2 4 *LP2-1001
3150404 0.1721108 5 *LP2-1002
3150405 1.82303-2 6 *LP2-1003
3150406 5.46687-2 7 *LP2-1004
3150407 1.82489-2 8 *LP2-1005
3150601 90.0 3 *LP2-1006
3150602 -90.0 7 *LP2-1007
3150603 90.0 8 *LP2-1008
3150701 0.679201 1 *LP2-1009
3150702 1.987956 2 LP2-1010*

3150703 0.457202 3 LP2-1011*

3150704 -0.457202 4 *LP2-1012-
3150705 -1.987956 5 *LP2-1013
3150707 -1.371350 6 *LP2-1014'
3150708 -0.520701 7 *LP2-1015.
3150709 1.212851 8 *LP2-1016
3150801 4.0e-5 0.0 8 *LP2-1017
3150901 0.93596 0.93596 1 *LP2-1018
3150902 2.0 2.0 2 *LP2-1019
3150903 0.5 0.5 3 - *LP2-1020
3150904 2.0 2.0 .4 *LP2-1021
3150905 0.23025 0.23025 5 *LP2-1022
3150906 2.534 2.534 6 *LP2-1023
3150907 5.069 5.069 7 *LP2-1024
3151001 00 0 *LP2-1025
3151101 0000 7 *LP2-1026
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3151201 0 3.52994+7 1365077. 2452664. O. O. i *LP2-1027
3151202 0 1.5290047 1333628. 2452890. O. O. 2 *LP2-2078
3151203 0 1.5281447 1306323. 2453098. O. O. 3 * L' <.44

3151204 0 1.52814 7 1288477. 2453098. O. O. 4 *Le

3151205 0 1.52903*7 1272854, 2452884. O. O. 5 *LP2 31

3151200 0 1.53026+7 1255389. 2452588. O. O. 6 *LP2-1032
3151207 0 1.53095+7 1240304. 2452420. O. O. 7 *LP2-1033
3151208 0 1.53069+7 1227222. 2452482. O. O. 8 *LP2-1034

3151300 0 *LP2-1035

3151301 0. O. v. 7 * (M =-3.560-4 kg/s) LP2-1036
*.... ... 1.... ... 1.... ... 1.... ....i.... ....i.... ... 1.... LP2-1037

* hot leg break valve LP2-1038
' *---- ~~--1---- ----1---- ----1---- ----1- -- ----1---- ----1---- LP2-1039

3170000 "h1 break" valve *LP2-1040
3170101 315010000 700000000 8.3647-3 1.'0813 1.06560 0100 *LP2-1041
3170102 0.93 0.84 *LP2-1042
3170201 0 0. O. O. * (M = 0.0000 kg/s) LP2-1043
3170300 trpviv *LP2-1044
3170301 410 *LP2-1045
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1046
* reactor vessel nozzle - broken loop cold leg LP2-1047
*------1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1048
3350000 "rvn bic1" branch *LP2-1049
3350001 2 0 *LP2-1050
3350101 0.0 0.749305 0.047979 0.0 0.0 0.0 *LP2-1051
3350102 4,0e-5 0.0 00 *LP2-1052
3350200 0 1.53130+7-1227348.- 2452330. O. - *LP2-1053-
3351101 272000000 335000000 0.064130 1.455594 0.812933 0002 *LP2-1054
3352101 335(10000 340000000 0.063426 0.1005 0.1005 0000 *LP2-1055
3351201 0. O. O. * (M a-1.935-4 kg/s) LP2-1056
3352201 0. O. O. * (M =-1.687-4 kg/s) LP2-1057
* --- ----1---- ----1---- ----1---- ----1---- ----1-.-- ----1---- LP2-1058
* cold leg pipe to reflood assiat bypass tee LP2-1059
*---- ----1---- ----1---- ----1---- ----1---- ----|<--- ----1---- LP2-1060
3400000 "cip-rabs" branch *LP2-1061
3400001 1 0 *LP2-1062
3400101 0.0 0.698336 0.0443927 0.0 0.0 0.0 *LP2-1063-
3400102 4.0e-5 0.0 00 *LP2-1064
3400200 0 1.53130+7 1227348, 2a.02336. O, *LP2-1065
3401101 340010000 342000000 0.003426 0.1005 0.1005 0000 *LP2-1066
3401201 0. O. O. * (M =-1.457-4 kg/s) LP2-1067
*---- ----1---- ----i---- ----1---- ----1---- ----1---- ----1---- LP.-1068-
* broken loop cold leg rabi to att LP2-1069
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*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1070 |

3420000 "bici 2dt" branch *LP2-1071
3420001 1 0 *LP2-1072 ,

3420101 0.0 0.5715069 0.0362484 0.0 0.0 0.0 *LP2-1073 f
3420102 4.0e-5 0.0 00 *LP2-1074 |
3420200 0 1.53130+7 1227338. 2452336. O. *LP2-1075 |
3421101 342000000 370000000 0.0388 0.84 0.84 0000 *LP2-1076 !

3421201 0. O. O. * (M =-1.109-4 kg/s) LP2-1077 |
..... ....i.... ... 1.... ....i.... ....i.... ....i.... ....i.... LP2-1078 j
* broken loop cold leg dtt to break plane LP2-1079 j

j ..... ....i.... ....i.... ... 1.... .....i.... ....i.... ....i.... Lp2-1080
}
i3440000 "bici 2br" branch *LP2-1081

3440001 1 0 -*LP2-1092
3440101 0.0 0.9286231 0.0310679 0.0 0.0 0.0 *LP2-1083 |

3440102 4.0s-5 0.0 00 *LP2-1084 [
3440200 0 1.53130+7 1227241, 2452336. O. *LP2-1085
3441101 347^10000 344000000 0.0540157 6.545 14.05 0000 *LP2-1086 j
3441201 0. O. O. * (M =-1.607-5 kg/s) LP2-1087 j
..... ....i.... ....i.... ....i.... ....i.... ... 1.... ... 1.... LP2-1088 !

f* cold leg break valve LP2-1089
..... ... 1.... ....g.... ....i.... ....i.... ... 1.... ....i.... LP2-1090 |

f3470000 "c1 break" valve *LP2-1091
0101 344010000 705000000 8.3647-3 0.81969 0.96836 0100 *LP2-1092-

'

3470102 0.93 0.84 *LP2-1093
3470201 0 0. O. O. * (H = 0.0000 kg/s) LP2-1094 J
3470300 trpviv *LP2-1095- |

3470301 510- *LP2-1096 -!
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1--- - LP2-1097 :

i* reflood assist bypass piping - cold leg side LP2-1098'
.

----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1099 |
*----

3700000 "rabs c 1" pipe *LP2-1100 !

3700001 3 *LP2-1101
3700101 0.0388 2 *LP2-1102 r

!

3700102 0.0776 3 *LP2-1103 ;
i

3700201 0.0388 2 LP2-1104*
,

3700301 -0.0 3 *LP2-1105- f

3700401 0.0279 1 *LP2-1106 'i

3700402 0.070 2 *LP2-1107. |
3700403 0.1165 3 *LP2-1108 :

3700001 90.0 1- *LP2-1109- |
3700602 0.0 3 *LP2-1110- I

3700701 -0.64 1 *LP2-1111 |

3700702 0.0 3 *LP2-1112 [
J !

4
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3700801 4.0-5 0.0 3 *LP2-1113 ^

3700901 0.28 0.28 1 *LP2-1114 |
3700902 0.84 0.84 2 *LP2-1115 !
3701001 00 3 *LP2-1116 |
3701101 0000 2 *LP2-1117 !

3701201 0 1.53106+7 1227348, 2452394. O. O. 1 *LP2-1118
3701202 0 1.53082+7 1227348. 2452452. O. O. 2 *LP2-1119
3701203 0 1.53082+7 1227348. 2452452. O. O. 3 *LP2-1120 !

3701300 0 * LP'2 -1121
3701301 0. O. O. 2 * (M =-9.649-5 kg/s) LP2-1122 i

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1123 :

* reflood assist bypass valves LP2-1124 !

. ... ....i.... ....i.... ....i.... ... 1.... ....i.... ....i.... Lp2-1125 i

3750000 "rabs val" valve *LP2-1126 j
3750101 370010000 380000000 0.0 0.90+4 0.90+4 0000 *LP2-1127 !

3750201 0 0. 9. O. * (M = 0.0000 kg/s) _ LP2-1128 |7

3750300 trpviv *LP2-1129 [
3750301 516 *LP2-1130 !

'

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1131 i
* reflood assist bypars piping - hot leg side LP2-1132 |
..... ....g.... ....i.... ... 1.... ... 1.... ....i.... ....i.... LP2-1133 !

'
3800000 "rabs h 1" pipe *LP2-1134-
3800001 3 *LP2-1135
3800101 0.0776 1 *LP2-1136 !
3800102 0.0388 3 *LP2-1137 i

3800201 0.0388 2 *LP2-1138 f
'

3800301 0.0 3 *LP2-1139' !
'

3800401 0.0915 1 *LP2-1140
3800402 0.048 2 *LP2-1141

.

3800403 0.0489 3 *LP2-1142 e

3800601 0.0 1 *LP2-1143 ;

3800602 -90.0 2 *LP2-1144 i
3800603 0.0 3 *LP2-1145 !

3800701 0.0 1 *LP2-1140- |

3800702 -0.64 2 *LP2-1147_ [
3800703- 0.0 3- *LP2-1148 |
3800801 4.0-5 0.0 3 *LP2_-1149 j
3800901. 0.84 0.84 i *LP2-1150 3

3800902' O.28 0.28 2 *LP2-1151' ,

r
3801001 00 3 *LP2-1152 y

3801101 0000 2 *LP2-1153 ,

3801201 0 1.52974:7 1410329, 2452712. O. O. 1 -*LP2-1154 i
3801202 0 1.52996+7 1410329, 2452660. O. O. 2 *LP2-1155 i

i
!
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3801203 0 1.53017+7 1410329, 2452608. O. O. 3 *LP2-1156 |
3801300 0 *LP2-1157 |

'

3801301 0. O. O. 2 * (M = 7.006-5 kg/s) LP2-1158
..... ... 1.... ....t.... ... 1.... ....i.... ... 1.... ... 1---- LP2-1159
* LP2-1160
* LP2-1161
*$*$*$*$*$*$*$*$*$*$*$*$*$*$$$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2-1162 !

LP2-1163 !*

I '
pressurizer [ 400 ] LP2-1164*

j
LP2-1165*

i

*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2-1166 j
LP2-1167 j

*

..... ... 1.... ... 1.... ... 1.... ... 1.... ... 1.... ... 1.... Lp2-1168 i
,

surge line pcs side LP2-1169 |
*.

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----2---- LP2-1170 >

f4000000 "arg in-p" branch *LP2-1171
4000001 2 0 *LP2-1172 j
4000101 1.44561-3 2.30 0.0 0.0 90.0 0.54 *LP2-1173 |
4000102 2.3622-5 0.0 00 *LP2-1174 !

4000200 0 1.52834+7 1454066. 2453048. O. *LP2-1175 i
, ,

4001101 107000000 400000000 1.44561-3 3.9 3.9 0002 *LP2-1176 |
4002101 400010000 405000000 1.44561-3 2.85 2.85 1000 *LP2-1177 I

4001201 -0.012242 -0.012187 0. * (M =-0.0118 kg/s) LP2-1178 [
4002201 -0.012243 -0.012243 0. * (M =-0.0117 kg/s) LP2-1179 [,

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1180 j
* pressurizer surge line LP2-1181 !

..... ....:.... . . 2---- ----1---- ----1---------2---- ----i---- LP2-1182 f
4050000 "s.g In p" pipe *LP2-1183 |4050001 2 *LP2-1184 i

|4050101 1.44561-3 2 *LP2-1185
4050201 1.44561-3 1 *LP2-1186 j
4050301 2,30 2 *LP2-1187 '

l4050401 0.0 2 *LP2-1188 |
4050601 90.0 2 *LP2-1189- -|
4050701 0.30 2 *LP2-1190 I

l4050801 2.3622-5 0.0 2 *LP2-1191 L

4050901 2.85 2.85 1 *LP2-1192 h
4051001 00 2 *LP2-1193 ,

4051101 1000 1 *LP2-1194 I
4051201 0 1.52807+7 1470594. 2453114. O. O. 1 *LP2-1195- [,

4051202 0 1.52787+7 1476693. 2453100. O. O. 2 *LP2-1196 f4051300 0 *LP2-1197 i

4051301 -0.01224 -0.01224 0. 1 * (M =-0.0117 kg/s) LLP2-1198 [
,

139 L

:
v
!

_e. , _ _ _ . - _ , . . _ , . . _ . _ . , . . - . _ _ , . , _ _ ~ . . . . . _ . _ , _ , _ . . _ _ _ _ , _ _ _ _ .



_ .. _ _ _ _ __ _ _ ____.___._._.__._..____.m___ _..

; I

| !
t i

J -|

! !
! |
. r

i !
: |
| *---- ----1---- ----1---- ----1---- ----1---- ----1---- --+-1---- LP2-1190- f
| * pressurizer surge line LP2-1200 t

j ..... ....i.... ....i.... ... 1.... ... 1.... ....i.... ....i...- LP2-1201 i

f 4100000 "org line" angljun *LP2-1202 i

j 4100101 405010000 415000000 1.44561-3 0.42 1.00 1000 *LP2-1203 |
i 4100201 0 -0.012236 -0.012236 0. * (M =-0.0116 kg/s) LP' 1204 ;

4 *---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1205 !

| * pressurizer vessel LP2-1200 f
i *---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1207 !

j 4150000 "pzr vess" pipe *LP2-1?O8 f
} 4150001 6 * LP2-1'409 }
l 4150101 0.0 2 *LP2-1210 |1
4 4150102 0.5653 5 *LP2-1211 i

j 4150103 0.0 0 *LP2-1212 !

| f4150201 0.0 5 *LP2-1213
j 4150301 0.1815 1 *LP2-1214 '

j 4150302 0.1524 2 *LP2-1215

| 4150303 0.3967 3 *LP2-1216 1
,

4150304 0.5289 4 *LP2-1217 j;

4150305 0.3967 5 *LP2-1218 -!
| 4150306 0.1943 6 *LP2-1219 !
; 4150401 0.0684 1 *LP2-1220 [
$ 4150402 0,0838 2 *LP2-1221 i

! 4150403 0.0 5 *LP2-1222 f
1 i4150404 0.0732 6 *LP2-1223 !

i 4150501 0.0 6 *LP2-1224 !
| 4150601 90.0 6 *LP2-1225 !
i 4150801 4.0e-5 0.0 6 *LP2-1220 !

4151001 00 6 *LP2-1227 !

4151101 0000 5 *LP2-1228 !

{ 4151201 0 1.52772+7 1479974. 2453198. O. O. 1 *LP2-1229
: 4151202 0 1.52761+7 1517248. 2453224. O. O. 2 *LP2-1230

tj 4151203 0 1.F2744+7 1553270. 2453264. O. O.- 3 *LP2-1231 6
; e'

4151204 0 1.52722+7 1584998. 2464230. 0.4156959-0, 4 *LP2-1232 '

i 4151205 0 1.52710+7 1596344, 2466824. 1. O. 5 *LP2-1233

| 4151206 _0 1.E2707+7 1596333. 2472040. _1. O. 6 *LP2-1234 i
j 4151300_ 0 -*LP2-1235 [.

4151301 0. O. O. 2 ' * (M =-0.0109 kg/s) 'LP2-1236 i
*

j 4151302 0. 0.8685241 . 3 * (M =-0.0103 kg/s) LP2-1237 [
j 4151303 -0.672544 0. O. 4 * (M s-0.0012 kg/s) LP2-1238 {

4151304 0.- O. _ 0. - 5 * (M =-3,527-4 kg/s)- LP2-1239 !
..... ....g.... ....i.... ... 1 ... ....i.... ....i _.. ... 1.... LP2-1240- i

j * pressurizer vessel to top hat LP2-1241 i
! 1

i
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| ..... ... 1.... ... i.... ... 1.... ... 1.... ....g.... ....g.... LP2-1242 !

| 4170000 "vssi-tph" sngljun *LP2-1243 |
j 4170101 415010000 420000000 0.0 0.0 0.0 0000 *LP2-1244 |

{ 4170201 0 0. O. O. * (M =-8.968-5 kg/s) LP2-1245 f
j ..... ....g.... ....i.... ....i.... ....i.... ... 1.... ....g._ . LP2-1246 :

i * pressurizer top hat and relief connection LP2-1247 [
! ..... ....i.... ....g.... ... 1.... .....g.... ....i.... ... 1._.. LP2-1248 |
< ,

j 4200000 "ptr toph" pipe *LP2-1249 :
*

4200001 2 *LP2-1250
4200101 0.0 2 *LP2-1251

_
4200201 0.0 1 *LP2-1252 {

| 4200301 0.1104915 2 *LP2-1253 j

j 4200401 0.0139870 2 *LP2-1254 |
1 4200601 90.0 2 *LP2-1255

| 4200801 4.e-5 0.340066 2 *LP2-1256
'

4201001 00 -2 *LP2-1257 >
.

. 4201101 0000 1 *LP2-1258 !
4 r
1 4201201 0 1.52706*7 1596328. 2486248, 1. O. 1 *LP2-1259 i

! 4201202 0 1.527s a*/ ?* * <4 . 2488128, 1. O. 2 *LP2-1260 (.

4201300 0 *LP2-1261 !
'

(M =-4.667-5 kg/s) LP2-1262 f4201301 0. O. 3 4 +

; ........1.......1.....~_2 -..gm. . ,.. 1..... ....i.... gp2-1263 f
i * LP2-1264

*

! LP2-1265*

! *$*$*$*$*$*$*$*$*$*$*$$$*$*$*$*$*v*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2-1200 |
! LP2-1267*

f . * steam generator secondary side [ 500 ) LP2-1268 |
i * LP2-1269 !

f *$*$*$*$*$*$*$*$*$*$*$*$*$$$*$*$*$*$*$*$*$*$*$$$*$*$*$*$*$*$$$a$* LP2-1270 -|
.

-* LP2-1271 f

| ..... ....i.... ....i.... ....i ... ....g.... ... 1.--- ----1---- LP2-1272 h
I. * primary separator LP2-1273 !
j ..... ... 1.... ....i.... ....i.... ....i.... ....i.... ....g..... LP2-1274 (
| 5000000 "separatr" separatr *LP2-1275

5000001 3 0 *LP2-12764

5000101 0.0 0.4445 0.2425 0.0 90.0 .0.4445 *LP2-1277
2 5000102 4.e-5 0.2840 00 *LP2-1278
| -5000200-- 0- 5404120. .1172242. 2594424. 0.8999395 *LP2-1279 !
.' 5001101 500010000.620000000 0.087745- 0.0 0.0 0100 *LP2-1280 !,

5002101 500000000 505000000 0.087745 L0.0- 0.0. 0100 *LP2-1281-

| 500310$ 515010000 500000000 0.29187 0.4 0.4 0100 *LP2-1282
5001201 1.4813786 1.5054722 0. * (M = 22.624 kg/s) LP2-1283; .

5002201 0.3410316 0.3109779 0. * (M ='97.089 kg/s)- LP2-12844

:
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5003201 2.6684513 3.3779411 0. * (M = 119.69 kg/s) LP2-1285 |

1 ..... ....g.... ....g.... ....g.... ....g.... ....g.... ....g.... tp2-1286 i
'

4

LP2-1287* separator bypass
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1288

3

j 5030000 "sepbypas" branch *LP2-1289
,

! 5030001 2 0 *LP2-1290 ;

! 5030101 0.0 0.4445 0.4384 0.0 90.0 0.4445 *LP2-1291 |

l 5030102 4.e-5 0.3678 00 *LP2-1292

.i 5030200 0 5401448. 1170419. 2594416. 0.7823005 *LP2-1293 '
'

i 5031101 505000000 503000000 0.98627 C.0 0.0 0100 *LP2-1294 ;

i1

5032101 503010000 520000000 0.98627 0.8 0.0 0100 *LP2-1295 i

i 5031201 0. 0.362268 0. * (M = 1.3335 kg/s) LP2-1296 |
'5032201 -3.233191 0.0686197 0. * (M = 1.4555 kg/s) LP2-1297 |
..... ....g.... ....g.,.. ....g.... ....g.... ....$.... ....g..-- LP2-1298

LP2-1299 .* separator outlet region
..... ....g.... ....g-... ....$.... ....g.... ....g.... ....g.... _ Lpg.g3no

i 5050000 "lvr sopr" branch *LP2-1301 |

5050001 1 0 *LP2-1302 ['

5050101 0.0 1.2131 1.4850 0.0 -90.0 -1.2131 *LP2-1303 !

5050102 4.e-5 1.9048 00 *LP2-1304 |4

5050200 0 5405752. 1172323. 2594434. 0.1483094 *LP2-1305 i
f'

5051101 505010000 508000000 0.0 0.0 0.0 0100 *LP2-1300 ;

5051201 0.4016726 0.0678293 0. * (M = 95.591 kg/s) LP2-1307 |
..... ....g.... ....g.... ....g.... ....g.... ....g.... ... 1---- LP2-1308 |
* feed inlet volume LP2-1309 I

l
*---- ----1---- ----1---- ~~--1---- ----1---- ----1---- ----1---- LP2-1310

'

j5080000 "upr dunc" branch *LP2-1311

5080001 1 0 *LP2-1312 ;

5080101 0.0 0.6096 0.22107 0.0 -90.0 -0.0096 *LP2-1313 !

5080102 4.e-5 0.163697 00 *LP2-1314 '!
5080200 0 5411968. 1113044, 2594394. 0.001001- *LP2-1315 |

5081101 508010000 510000000 0.0 0.0 0.0 0100 *LP2-1316 [
5081201 0.6533933 0.4960883 0. * (M = 119.60 kg/s) LP2-1317f i

*---- ----1---- ----1---- ----2- -- ----1---- ----1---- ----1---- LP2-1318

* steam Senerator downcomer LP2-1319 j
..... ....i.... ....g.... ....g.... ....g.... ....i.... ....g.... Lp2 1320 i

5100000 "dvncmr annulus- *LP2-1321 1"

5100001 3 *LP2-1322-

5100101 0.232 3- - *LP2-1323 j

5200201 0.0 2 *LP2-1324-

5100301 0.6096 3 *LP2-1325 i

5100401 0.0 3 *LP2-1326 >

i

5100601 -90.0 3 *LP2-1327 f

,
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5100701 -0.6096 3 *LP2-1328
5100801 4.e-5 0.10793 3 *LP2-1329
5100901 0.0 0.0 2 *LP2-1330
5101001 00 3 *LP2-1331
5101101 0000 2 *LP2-1332
5101201 0 5416568. 1113115. 2594358. O. O. 1 *LP2-1333
5101202 0 5421272. 1113138. 2594324. O. O. 2 *LP2-1334
5101203 0 5425976. 1113146, 2594290. O. O. 3 *LP2-1335
5101300 0 *LP2-1336
5101301 0.6527472 0.5822005 0. 1 * (M = 119.60 kg/s) LP2-1337
5101302 0.6527133 0.6326365 O. 2 * (M = 119.60 kg/s) LP2-1338
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1339
* junction - downcomer to boiler LP2-1340
..... ... g.... ... 3.... ... 1.... ....i.... ....i.... ...-1---- LP2-1341
5130000 "dncmr-b1" angljun *LP2-1342
5130101 510010000 515000000 0.0 17.5 17.5 0100 - *LP2-1343
5130201 0 0.6527085 0.9282889 0. * (M = 119.60 kg/s) LP2-1344
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1345
* steam generator boiler LP2-1346
*---- ----1---- ----1--- ----1---- ----1---- ----1---- ----1---- LP2-1347
5150000 " boiler " pipe . LP2-1348*

5150001 5 *LP2-1349
5150101 0.2776 4 *LP2-1350
5150102 0.306294 5 *LP2-1351
5150201 0.0 4 *LP2-1352
5150301 1.8288 4 *LP2-1353
5150302 1.2131 5 *LP2-1354
5150401 0.0 5 *LP2-1355
5150601 60.0 4 *LP2-1356
5150602 90.0 5 *LP2-1357-
5150701 0.6096 4 *LP2-1358g
5150702 1.2131 5 *LP2-1359
5150801 4.e-5 0.0234 4 *LP2-1360
5150802 4.e-5 0.5962 5 *LP2-1361
5150901 4.05 4.05 4 *LP2-1362
5151001 00 5 *LP2-1363
5151101 0100 4 *LP2-1364
5151201 0 5423840, 1165477. 2594306. 0.4626362 0. 1- *LP2-1365
5151202 0 5419924. 1172424, 2594332. 0.6820841 0.- 2 *LP2-1366
5151203 0 F415480. 1172881. 2594364. 0.7778749 0. 3 *LP2-1367
5151204 0 5410208, 1172598. 2594400, 0.8280373 0. 4 *LP2-1368
5151205 0 5405076. 1172299. 2594416. 0.8481822 0, 5 LP2-1369*

5151300 0 *LP2-1370
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6151301 0.9967246 1.3567104 0. 1 * (M = 119.61 k /s) LP2-1371 1B

5151302 1.5849476 2,2897224 0. 2 * (M = 119.64 kg/s) LP2-1372 !

5151303 2.1229419 3.1752205 0, 3 * (M = 119.66 kg/s) LP2-1373 |

| 5151304 2.5998421 3.8117561 0. 4 * (M = 119,68 kg/s) LP2-1374 |

+---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1375 i

* lover portion of steam dome LP2-1376 i

..... ... 1.... ....i.... ....i.... ----1---- ----1---- ----1---- LP2-1377 {
5200000 "1vr etm " branch *LP2-1378 j

5200001 1 0 *LP2-1379 [
5200101 0.0 0.46956 0.705312 0.0 90.0 0.46956 *LP2-1380 ;

5200102 4.e-5 1.383 00 *LP2-1381 (
5200200 0 5401000. 1172058. 2594344. 0.9999995 *LP2-1382 j

5201101 520010000 525000000 0.0 0.0 0.0 0000 *LP2-1383 |
5201201 0.4609571 0.5822439 0. * (M = 24.079 kg/s) LP2-1384 !

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1385 |
* upper _ portion of steam dome LP2-1386

!

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1387 i

5250000 "upr stm " branch *LP2-1388 -

5250001 1 0 *LP2-1389 |
5250101 0.0 0.46956 0.705312 0.0 90.0 0.46956 *LP2-1390 j

5250102 4.e-5 1.383 00 *LP2-1391 !
t

5250200 0 5400872. 1172051. 2594390. 0.9999971 *LP2-1392 i'
5251101 525010000 530000000 0.0 0.8 0.8 0100 *LP2-1393
5251201 11.321671 18.869934 0. * (M = 24.080 kg/s) LP2-1394 f
..... ....i.... ....i.... ....i.... ... 1.... ....i.... ....i.--- LP2-1395 |
* steam pipe from generator to control valve LP2-1396 |
*---- ----1---- ----1---- ----1---- ----1---- ~~--1---- ----1---- LP2-1397 ;

f5300000 " steam pi" -snglvol *LP2-1398
5300101 0.04635 25.074 0.0 0.0- 0.0 0.0 *LP2-1399 !

5300102 4.e-5 0.0 00 -*LP2-1400 |
5300200 0 5386864. 1171229. 2594480. .0.99998S6 *LP2-1401 }

..... ....i.... ....i.... ....i.... ... 1.... ... 1.... ... 1.... Lp2 1402

* steam flow control valve LP2-1403 !

{..... ... 1 ... ....i.... ....i.... ... 1.... ... 3.... ....g.... Lp2 1404

5400000 "cv p4-10" valve *LP2-1405
5400101 530010000.541000000 0.0047772 0.0 0.0 1100 *LP2-1406 i

5400201 0 15.548279 18.917633 0. * (M = 24.080 kg/s) _LP2-1407 !

:5400300 mtrylv *LP2-1408_ |--

5400301 687 688 0.20 0.58774 540 *LP2-1409 [
20254000 normarea *LP2-1410

.

20254001 0.0 0.0 *LP2-1411- !
,

20254002 9.25-4 9.25-4 *LP2-1412 |
+

_j20254003 1.0 -1.0 *LP2-1413
.
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..... .__.1.... ....i.... ... 1.... ___ 1..._ ... 1.... ....g ..- LP2-1414
pipe downstream of steam control valve LP2-1415*

.__.. ....i. .. ... 1.... __. 1.... ....i.... ....i.._. .. 1___. Lp2-1416

5410000 "cond ini" branch *LP2-1417
5410001 1 0 *LP2-1418
5410101 0.06557 54.44 0.0 0.0 0.0 0.0 *LP2-1419
5410102 4.e-5 0.0 00 *LP2-1420
5410200 0 2077408. 915023. 2598362. 0.9981079 *LP2-1421
5411101 541010000 542000000 0.0 0.0 0.0 0100 *LP2-1422
5411201 15.508499 32.88266 0. * (M = 24.080 kg/s) LP2-1423
..... ..._1.... ....g.... ... 1.__ ....i.... ..._1..-- ----1---- LP2-1424
* air cooled condenser LP2-1425
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1426i

5420000 "condens" tmdpvol *LP2-1927
5420101 0.21677 17.67 0.0 0.0 0.0 0.0 +LP2-1428
5420102 4.e-5 0.02 00 *LP2-1429
5420200 2 *LP2-1430
5420201 0.0 2.069+6 1.0 *LP2-1431
.__.. ....i.... ... 1. . ....g.... ... 1.... ..._1.... ..._1.--- LP2-1432
*-simplified feed system LP2-1433
..... ..__1._.. ....i.... ....g____ ... 1.... ... 1.... ----1---- LP2-1434
* feed storage tank LP2-1435
..... ..._1.... ... 1.... ....i.... ... 1.... ___.1.... ._..i____ Lp2 1436

5650000 " feed tnk" tmdpvol *LP2-1437
5650101 29.81 3.048 0.0 0.0 0.0 0.0 *LP2-1438
5650102 4.e-5 0.0 00 *LP2-1439
5650200 3 0 *LP2-1440
5650201 0.0 2.15323+6 477.6 *LP2-1441
..... ....i___. ....i.... ... 1.... _.. 1.... ....i.. . .__.i_... Lp2-1442
* feed water LP2-1443
...__ ....i.__ ... 1.... .__.1.... _.. 1.... ....$.... ....i.. . Lp2-1444

5660000 " feed" tmdpjun *LP2-1445
5660101 565000000 508000000 0.05 *LP2-1446
5660200 1 511 *LP2-1447
5660201 -100.0 24.012 0.0 0.0 *1p-02-6 LP2-1448
5660202 0.0 24.012 -0.0 0.0 *1p-02-6 LP2-1449,

5660203 0.5 15.36 0.0 0.0 *1p-02-6 LP2-1450
5660204 1.0 3.88 0.0 0.0 *1p-02-6 LP2-1451
5660205 1.5 1.39 0.0 0.0 *1p-02-6 LP2-1452
5660206 2.0 0.424 0.0 0.0 *1p-02-6 LP2-1453
5660207 2.5 0.105 0.0 0.0 *1p-02-6 LP2-1454
5660208 3.0 0.0 0.0 0.0 *1p-02-6 LP2-1455
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1456
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. * LP2-1457 .i
4

| * LP2-145G !
*

i **$*$*$+$*$*$*$*$at*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2-1459*

i LP2-1460*
t

ece system [ 600 ) LP2-1461 !j *

* LP2-1462 |j
$*$***$*$*$*$*$*$***$*$*$*$*$*$*$*$*$***$*$*$*$*$*$*$*$*$*$*$ata LP2-1463j * ;

! * LP2-1464 |

....i.... ___.1.... ....i ... ....i..._ ___.i.... ... 1.... Lp2-1465 f
a

j .. ..

[} * ecc check valve LP2-1466,

; .... ..._1.... ... 1.... . _.i.... ..._1.... ....i.._. ... i.... Lp2-1467

| 6000000 "ece chk" valve *LP2-1468
5 6000101 605010000 185000000 5.9896-3 0.935 0.935 1120 *LP2-1469

! 6000201 0 0. O. O. * (M a 0.0000 kg/s) LP2-1470
|

I 6000300 trpviv *LP2-1471 !
< t

6000301 681 *LP2-1472 (
.

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1473 i
+

! * ecca header to pcs LP2-1474 !

j *---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1475 f_

| 6050000 "ecca hdr" anglvol *LP2-1476 |
| 6050101 5.9896-3 5.0148 0.0 0.0 90. 3.3071202 *LP2-1477 i

} 6050102 4.0-5 0.0 00 *LP2-1478 |
6050200 0 4500000. 172410. 2599486. O. *LP2-1479 |

'

! ..... ....i.... ....i____ .. .i ._ ... 1___. ....i.... ___.i____ -Lp2-1480 i
i r

| * accumulator valve LP2-1481 '

i *---- ----1---- ----i---- ----1---- ----1---- ----1---- ----1---- LP2-1482 [
6100000 "accum v" valve- *LP2-1483 -

t
6100101 615010000 605000000 5.9896-3 6.278 6.278- 1000 *LP2-1484 t

f
J

(M = 0.0000 kg/s) LP2-1485j 6100201 0 0. O. O. *

{ 6100300 trpviv *LP2-1486 - |

6100301 682 *LP2-1487 |,

| *---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1488

i * accumulator pipe LP2-1489 ;
! ...._-... 1___ ... 1_... ....i.... ....i.... ....i____ __ _1.... Lp2-1490

|
6150000 " ace pipe" snglvol *LP2-1491 .

; 6150101 0.0- 25.997165 0.4074774 0.0 0.0 0.0 *LP2-1492 !
' 6150102- 4.0-5 0.0 00 *LP2-1493

6150200 0 4225000. 112409. 2600518. O. *LP2-1494.,
.

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1495 [

| * accumulator vessel: LP2-1496 .

. -

| +---- ----1---- ----1---- ----1---- ----1--- ----1---- ----1---- LP2-14S7 -

! 6200000 "acenmul" accum *LP2-1498' i
I

6200101 1.2938 1.806 - 0.0 0.0- 90.0 1.806 *LP2-1499 ;

. r
f |
'
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6200102 4.0-5 0.0 00 *LP2-1500
6200200 4.1146 302.00 0.0 *LP2-1501
6201101 615000000 8.2132-3 125. 125. 00000 *LP2-1502
6202200 0.0 1.03795 3.3266 0.8 0.04445 1 *LP2-1503
+ 0.0 0.0 *LP2-1504
..... .. 1.... ....i.... ... 1.... ....i__._ ____1.... ... 1.... Lp2-1505

* bvut 1pis LP2-1506
.___ ___.1.... ....i..._ ... 1.... ....i.... _. 1.... .__.1.... Lp2-1507

6250000 " bust 1pe" tmdpvol *LP2-1508
6250101 20.44 5.0 0.0 0.0 90.0 5.0 *LP2-1509i

6250102 4.0e-5 0.0 00 *LP2-1510
6250200 3 *LP2-1511
6250201 0.0 1.045 300.0 *LP2-1512
...__ ...i_... _...i.... ....i. .. ....i.__ ____1__. ___.1.... Lp2-1513

* low pressure injection system LP2-1514
..... .._.i..__ ....i ... ..__1____ ..._1..._ .. .g_ -- ----1---- LP2-1515
6300000 "1pis" tmdpjun *LP2-1516
6300101 625000000 605000000 5.9896-3 *LP2-1517
6M0200 1 513 p 605010000 *LP2-1518
6300201 -1.0 0.0 0.0 -0.0 *LP2-1519
6300202 0.0 0.0 0.0 0.0 *LP2-1520
6300203 8.483+4 7.045 0.0 0.0 *LP2-1521
6300204 4.297+5 6.091 0.0 0.0 *LP2-1522
6300205 7.745+5 5.045 0.0 0.0 *LP2-1523-
6300206 9.448+5 4.313 0.0 0.0 *LP2-1524
6300207 1.119+6' 3.454 0.0 0.0 *LP2-1525
6300208 1.186+6 3.173 0.0 0.0 *LP2-1526
6300209 1.257+6 2.673 0.0 0.0 *LP2-1527
6300210 1.326+6 2.159 0.0 0.0 *LP2-1528
6300211 1.395+6 1.536 0.0 0.0 *LP2-1529
6300212- 1.464+6 0.7182 0.0 0.0 *LP2-1530
6300213 1.517+6 0.0 0.0 0.0 *LP2-1533
...._ ___ 1_.__ ....i.... ....i.... ... 1.. .. 1.... ..._1...- LP2-1532
* bvst hpis LP2-1533
..... ....i.... ....g.... ....i.__. ... 1.... ... 1.... .. _1. ,. Lp2 1534

6350000 "bvst hps" tmdpvol- *LP2-1535
6350101 20.44 5.0 0.0 0.0 90.0 5.0 *LP2-1536-
6350102 4.0-5 0.0 00 *LP2-1537
6350200 3 *LP2-1538
6350201 0.0 1.0+5 305.0 *LP2-1539
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1540
* high pressure injection system LP2-1541
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1542
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6400000 "hpis" tmdpjun *LP2-1543
6400101 635000000 185000000 5.9896-3 *LP2-1544
6400200 1 514 p 185010000 *LP2-1645
6400201 -1.0 0.0 0.0 0.0 *LP2-1546
6400202 0.0 1.035 0.0 0.0 *LP2-1547
6400203 7.72514+6 1.035 0.0 0.0 *LP2-1548
6400204 8.35970+6 .315 0.0 0.0 *LP2-1549
6400205 1.72436+7 .315 0.0 0.0 *LP2-1550
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1551
* LP2-1552
* LP2-1553
*$*$*$***$at*$*$*$*$*$*$*$*$*$*$ $*$***$*$***$*$*$*$*$*$*$*$*$*$* LP2-1554
* LP2-1555
* containment [ 700 ) LP2-1556
* LP2-1557
*$*$*$*$*$*$*$*$*$$$*$*$*$*$*$*$*$*$*$*$$$*$*$*$*$*$*$*$*$*$*$*$* LP2-1558
* LP2-1559
..... ....g.... . ..g.... ....g.... ....g.... ... g.... ....g...- LP2-1560
* containment broken loop hot leg LP2-1561
..... ....g.... ....g.... ... 3.... ....g.... ... 3.... ....i.--- LP2-1662
7000000 "cott bhl" tmdpvol *LP2-1563
7000101 5.1966-2 0.0 104.68 0.0 0.0 0.0 *LP2-1564
7000102 0.0 0.0 00 *LP2-1565
7000200 2 511 *LP2-1566
7000201 -1.0 106681. 1.0 * containment pressure Ip-02-6 LP2-1567
7000202 0.0 106681. 1.0 *LP2-1568
7000203 0.25 118070. 1.0 *LP2-1569
7000204 0.75 197780. 1.0 *LP2-1570
7000205 2.25 188490. 1.0 *LP2-1571
7000206 5.25 205010. 1.0 oLP2-1572
7000207 20, 309910. 1.0 *LP2-1573
7000208 45. 259190. 1.0 *LP2-1574
7000209 70. 307540, 1.0 *LP2-1575
7000210 12v. 314600. 1.0 *LP2-1576
7000211 1.+5 100000. 1.0 *LP2-1577
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1578
+ containment broken loop cold leg LP2-1579
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1580
7050000 " cont bel" tmdpvol *LP2-1581
7050101 2.35203-2 0.0 104.703 0.0 0.0 0.0 *LP2-1582
7050102 0.0 0.0 00 *LP2-1583
7050200 2 511 *LP2-1584
7050201 -1.0 106681. 1.0 * containment pressure Ip-02-6 LP2-1585
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7050202 0.0 106681. 1.0 *LP2-1586
7050203 0.25 118070. 1.0 *LP2-1587
7050204 0.75 197780. 1.0 *LP2-1588
7050205 2.25 188490. 1.0 *LP2-1589
7050206 5.25 205010. 1.0 - *LP2-1590
7050207 20. 309910. 1.0 *LP2-1591
7050208 45. 259190. 1.0 *LP2-1592
7050209 70, 307540, 1.0 *LP2-1593
7050210 120. 314600. 1.0 *LP2-1594
7050211 1.+5 100000. 1.0 *LP2-1595
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1596
* LP2-1597
* LP2-1598
. n n n n n n n n .n. n .. n n u n n n n .. .. n n n n . . n .. n .. u n n n n n n n .. n n .. n .i n u n n n n n n n n u n n .. u n n n .. .' LP2-1599
. n n n n n en.n n n n n n. n o..n n n n n n n n n n n n n n n n n n n n n n n n o n n o n.n n n n n n.n.n n..""""""" LP2-1600
* LP2-1601

LP2-1602heat structures* ---- -------

* LP2-1603
. .n. n n n n n n u n en n n n n n n.nno.n n n n n n inn n n en n n n u n nni n n ennon. n n u n n ."""""'"""" LP2-1604
. n n n u n n n n n n n u n n n n n n.n.n n n .n. n.no. n n n n n n n n n n n n n n n n n n n n n n n n o n n ."'""""""" LP2-1605
* LP2-1606
*---- ----1---- ----1---- ----1---- ----1---- ----1--- ----1---- LP2-1607

steam generator heat structures LP2-1608*

....i.... ....i.... ....i.... ....i.... ....g.... ...-1---- LP2-1609.....

11150000 8 8 2 0 0.0051054 *LP2-1610
11150100 0 1 *LP2-1611
11150101 7 0.006348984 *LP2-1612
11150201 6 7 *LP2-1613
11150301 0.0 7 *LP2-1614
11150400 -1 *LP2-1615
11150401- 567.10 564.39 56i.68 558.98 556.27 553.56 550.85 548.15 *LP2-1616
11150402 563.90 561.75 559.60 557.44 555.29 553.14 550.96 548.83 . LP2-1617*

11150403 561.20 559.47 557.74 556.01 554.28 552.55 550.83 549.10 *LP2-1618
11150404 559.10 557.60 556.10 554.60 553.10 551.61 550.11 548.61 . LP2-1619*

11150405- 557.16 555.85 554.54 553.22 551.91-550.60 549.28 547.97 *LP2-1620
11150406 554.98 553.87 552.77 551.66 550.55 549.44 548.33 547.22- *LP2-1621
11150407 552.91 551.95 550.99 550.03 549.07 548.11 547.15 546.20 *LP2-1622
11150408 551.00 550.16 549.33 548.49 547.65 546.82 545.98 545.14- *LP2-1623

-11150501--115010000-10000 1- 1 -- 1124.71- 3
- *LP2-1624-

11150502 115040000 10000 1 1 849.063 5 *LP2-1625
11150503 115060000 10000 1 1 1124.71 8 *LP2-1626
11150601 515010000 10000 1- 1 1124.71- 3 *LP2-1627
11150602 515040000 0 1 1 849.063 4 *LP2-1628
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11150603 515040000 0 1 1 849.063 5 *LP2-1629
11150604 515030000 -10000 1 1 1124.71 8 *LP2-1630
11150701 0 0 0 0 8 *LP2-1631
11150801 0 0 0 0 8 *LP2-1632
11150901 0 0 0 0 8 *LP2-1633

LP2-1634*

..... ..._1.... ....i.... ....g._ _ ... 1____ .. 1_.. ....i...- LP2-1635
* active core LP2-1636
* LP2-1637
* peripheral fuel modules LP2-1638
*---- ----1---- ----1---- ----1---- LP2-1639
12300000 5 10 2 0 0.0 2 1 32 *LP2-1640 i

12300001 7.869e+6 230050000 *LP2-1641
12300011 1.0e-6 2.0e-6 0.0 0.0 5 *LP2-1642
12300100 0 1 *LP2-1643
12300101 5 4.647-3 *LP2-1644
12300102 1 4.742-3 *LP2-1645
12300103 3 5.359-3 *LP2-1646
12300201 1 5 *LP2-1647
12300202 -2 6 *LP2-1648
12300203 -3 9 *LP2-1649
12300301 1.00 5 *LP2-1650
12300302 0.0 9 *LP2-1651
12300400 -1 *LP2-1652
12300401 1147.01 1124.54 1059.17 957.45 830.77 693.34 626.88 619.18 *LP2-1653
+ 611.69 604.48 *LP2-1654
12300402 1310.59 1281.81 1198.11 1067.83 905.60 729.01 644.50 634.63 *P2-1655
4 625.05 615.81- *LP2-1656
12300403 1394.25 1362.15 1268.77 1123.46 942.49 746.17 651.23 640.23 *P2-1657.
+ 629.53 619.22 *LP2-1658
12300404 1185.14 1161.65 1093.33 987.00 854.59 710.94 641.47 633.42 *LP2-1659
+ 625.60 618.05 *LP2-1660
12300405 781.08 773.68 752.13 718.60 676.84 631.55 609.64 607.10 *LP2-1661
+ 604.63 602.25 -*LP2-1662
12300501 0 0 0 1 466.992 1 *LP2-1663
12300502 0 0 0 1 210.795 3 *LP2-1664
12300503 0 0 0 1 356.730 4 *LP2-1665
12300504 0 0 0 1 1064.091: 5 *LP2-1666

~

12300601 230010000 0 1 1 1466.991 1 --- *LP2-1667
12300602 230020000 10000 1 1 210.795 3 *LP2-1668
12300603 230040000 0 1 1 356.730. 4 *LP2-1669
12300604 - 230050000 0 1 1 1064.091 5 *LP2-1670
12300701 900 .20308197 0.0 0.0 1 *LP2-1671
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12300702 900 .11333616 0.0 0.0 2 *LP2-1672

12300703 900 .12500311 0.0 0.0 3 *LP2-1673

12300704 900 .16034587 0.0 0.0 4 *LP2-1674

12300705 900 .17183945 0.0 0.0 5 *LP2-1675

12300901 0 0.013633 0.0 0.0 5 *LP2-1676
..._. ____1.... ___ 1. -- ... 1---- . --1---- ----1---- ----1---- LP2-1677

* center fuel modulo LP2-1678
*---- ----1---- ----l---- ----l---- LP2-1679

12310000 13 10 2 0 0.0 2 1 8 *LP2-1680 -

12310001 7.869e46 231130000 *LP2-1681

12310011 1.0e-6 2.0e-6 0.0 0.0 13 *LP2-1682

12310100 0 1 *LP2-1683

12310101 5 4.647-3 *LP2-1684

12310102 1 4.742-3 *LP2-1685

12310103 3 5.359-3 *LP2-1680

12310201 1 5 *LP2-1687

12310202 -2 6 *LP2-1688
12310203 -3 9 *LP2-1689
12310301 1.00 5 *LP2-1690
12310302 0.0 9 *LP2-1691
12310400 -1 *LP2-1692
12310401 1355.56 1323.34 1228.12 1079.33 897.49 711.34 641.95 632.46 *P2-1693
+ 623.12 614.22 *LP2-1694
12310402 1483.20 1445.66 1334.71 1161.35 949.47 732.57 651.72 640.67 *P2-1695
+ 629.78 619.42 *LP2-1696
12310403 1627.48 1583.71 1454.36 1252.24 1005.21 752.33 658.07 645.1 *P2-1697
+ 632.49 620.40 *LP2-1698
12310404 1703.81 1656.76 15i7.68 1300.36 1034.75 762.86 661.52 647.6 *P2-1699
+ 634.01 621.02 *LP2-1700
12310405 1761.50 1711.96 1565.53 1336.73 1057.08 770.83 664.12 649.5 *P2-1701
+ 635.16 621.48 *LP2-1702
12310406 1819.83 1767.77 1613.91 1373.49 1079.64 778.84 666.72 651.3 *P2-1703
+ 633.29 621.01 *LP2-1704
12310407 1839.48 1786.57 1630.22 1385.91 1087.30 781.64 667.70 652.1 *P2-1705
+ 636.78 622.17 *LP2-1700
12310408 1810.66 1759.01 1606.37 1367.86 1076.34 777.93 666.70 651,4 *P2-1707
+ 636.51 622.25 *LP2-1708
12310409 1682.56 1636.47 1500.26 1287.42 1027.29 761.00 661.73 648.1 *P2-1709
+ 634.80 622.07 *LP2-1710

12310410 1486.85 1449.25 1338.11 1164.45 952..'O 734.93 653.94 642.86 *P2-1711
+ 631.96 621.58 *LP2-1712
12310411 1267,83 1239.71 1156.60 1026.74 868.01 705.54 644.97 636.69 *P2-1713

+ 628.53 620.77 *LP2-1714
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12310412 1096.11 1075.41 1014.25 918.68 801.88 682.31 637.74 631.64 *LP2-1715
+ 625.64 619.93 *LP2-1716 v

12310413 911.85 899.10 801.45 802.61 730.69 657.07 629.63 625.88 *LP2-1717
+ G22.19 618.67 *LP2-1718
12310501 0 0 0 1 30.5947 1 *LP2-1719
12310502 0 0 0 1 58.035052 2 *LP2-1720
12310503 0 0 0 1 19.344287 8 *LP2-1721
12310504 0 0 0 1 29.017526 12 *LP2-172*.
12310505 0 0 0 1 46.370817 13 *LP2-1723
12310601 231010000 0 1 1 30.5947 1 *LP2-1724
12310602 231020000 0 1 1 58.035052 2 *LP2-1725
12310603 231030000 10000 1 1 19.344287 8 *LP2-1726
12310604 231090000 10000 1 1 29.017526 12 *LP2-1727
12310605 231130000 0 1 1 46.370817 13 *LP2-1728
12310701 900 1.74501-2 0.0 0.0 1 *LP2-1720
12310702 900 3.7340-2 0.0 0.0 2 *LP2-1730
12310703 900 1.4071-2 0.0 0.0 -3 *LP2-1731
12310704 900 1.4937-2 0.0 0.0 4 *LP2-1732
12310705 900 1.5587-2 0.0 0.0 5 *LP2-1733
12310706 900 1.6235-2 0.0 0.0 6 *LP2-1734
12310707 900 1.6452-2 0.0 0.0 7 *LP2-1735 ,

12310708 000 1.6127-2 0.0 0.0 8 *LP2-1736
12310709 900 2.2017-2 0.0 0.0 9 *LP2-1737

~12310710 900 1.8672-2 0.0 0.0 10 *LP2-1738
, 12310711 900 1.4612-2 0.0 0.0 11 *LP2-1739
i 12310712 900 1.1203-2 0.0 0.0 12 *LP2-1740

12310713 900 1.1675-2- 0.0 0.0 13 *LP2-1741
12310901 0 0.013633 0.0 0.0 13 *LP2-1742
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1743
* LP2-1744
* vall heat structures (core) LP2-1745
* LP2-1746
* volume 200 LP2-1747
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1748
12000000 1 5 2 0 0.508 -*LP2-1749-
12000100 0 1 *LP2-1750
12000101 4 0.7264 *LP2-1751
12000201 4 -4 *LP2-1752
120C3301 0.0 4 *LP2-1753
12000400 -1 *LP2-1754
12000401 555.98 555.99 556.01 556.03 556.05 *LP2-1755
12000501 200010000 0 1 1 .093810 1 *LP2-1756
12000601 0 0- 0 1 .09381 1- *LP2-1757
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12000701 0 0.0 0.0 0.0 1 *LP2-1758

12000801 0 0.1624 0.0 0.0 1 *LP2-1759

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP?-1700
LP2-1761* volume 202

..... ... 1.... ... 1.... ... 1.... ....i.... ....i.... ...-1---- LP2-1762

12020000 1 5 2 0 0.508 *LP2-1763
*LP2-176412020100 0 1

12020101 4 0.7264 *LP2-1765
*LP2-176612020201 4 4
*LP2-176712020301 0.0 4
*LP2-176812020400 -1

12020401 556.02 556.02 556.03 556.04 556.05 *LP2-1769

12020501 202010000 0 1 1 .1426 1 *LP2-1770

12020601 0 0 0 1 .1426 1 *LP2-1771

12020701 0 0.0 0.0 0.0 1 *LP2-1772

12020801 0 0.1524 0.0 0.0 1 *LP2-1773

..... ....i..... ... 1.... ....i.... ....i.... ....i.... ... 1..-- LP2-1774
LP2-1775* volume 210

..... ....i.... ....i.... ....i.... ....i ... ....i.... ----1---- LP2-1776

12100000 4 5 2 0 0.47 *LP2-1777
*LP2-177812100100 0 1

12100101 4 0.7264 *LP2-1779

12100201 1 4 *LP2-1780

12100301 0.0 4 *LP2-1781

12100400 -1 *LP2-1782

12100401 555.94 555.97 555.99 556.02 556.05 *LP2-1783

12100402 555.94 555.97 555.99 556.02 556.05 *LP2-1784

12100403 555.94 555.97 556.00 556.02 556.05 *LP2-1785

12100404 555.95 555.97 556.00 556.03 556.05 *LP2-1786

12100501 210010000 0 1 1 0.1267 1 *LP2-1787

12100502 210020000 0 1 1 0.7603 2 *LP2-1788

12100503 210030000 0 1 1 0.6308 3 *LP2-1789

12100504 210040000 0 1 1 0.5396 4 *LP2-1790

12100601 0 0 0 1 0.1267 1 *LP2-1791

12100602 0 0 0 1 0.7603 2 *LP2-1792

12100603 0 0 0 1 0.6308 3 *LP2-1793

12100604 0 0 0 1 0.5396 4 *LP2-1794

12100701 0 0.0 0.0 0.0 4 *LP2-1795

12100801 0 0.1016 0,0 0.0 4 *LP2-1796

..... ....i.... ....i.... ....i.... ....i..., ... 1.... ... 1.... Lp2 1797

LP2-1798* volume 220
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1799

12200000 1 5 2 0 0.47 *LP2-1800
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I
12200100 0 1 *LP2-1801
12200101 4 0.7264 *LP2-1802 i

12200101 4 4 *LP2-1803 |

12200301 0.0 4 *LP2-1804 |
'

12200400 -1 *LP2-1805
12100401 556.10 556.11 556.11 55o.11 556.11 *LP2-1806 !

12200501 220010000 0 1 1 0.479 1 *LP2-1807
12200601 0 0 0 1 0.479 1 *LP2-1808
12230701 0 0.0 0.0 0.0 1 *LP2-1809 i

12200801 0 0.1016 0.0 0.0 1 *LP2-1810. I

*---- ----1---- ----1---- ----1---- ---1---- ----1---- ----1---- LP2-1811 I
* volume 222 LP2-1812 i

*---- ----1---- ----2---- ----1---- ----1---- ----1---- ----1---- LP2-1813 '

12220000 1 5 2 0 0.47 *LP2-1814 -i
12220100 0 1 *LP2-1815 |
12220101 4 0.7264 *LP2-1816 !

>

12220201 4 4 *LP2-1817 |
12220301 0.0 4 *LP2-1818
12220400 -1 *LP2-1819 !

12220401 556.05 556.05 556.05 556.05 556.05 *LP2-1820 !

12220501 222010000 0 1 1 0.36 1 *LP2-1821 i

12220601 0 0 0 1 0.56 1 *LP2-1822 f
12220701 0 0.0 0.0 0.0 1 *LP2-1823 i

12220801 0 0.1016 0.0 0.0 1 *LP2-1824 (
..... ... 1.... ....i.... ... 1.... ....g.... ....g.... ....i.... Lp2-1825 |
* core support structure (v225) LP2-1826 i,

*---- ---1--------1--------1--------1--------1--------1---- LP2-1827 |
12250000 1 5 2 0 0.282 *LP2-1828 ;
12250100 0 1 *LP2-1829, [
12250101 4 0.3 *LP2-1830
12250201 4 4 *LP2-1831 !
12250301 0.0 4 *LP2-1832 [

t12250400 -1 *LP2-1833 1

12250401 555.95 555.97 555.99 556.00 556.02 *LP2-1834 i
i12250501 225010000 0 1 1 0.4269792-1 *LP2-1835

12250601 0 0 0 1 0.4269792 1 *LP2-1836
32250701 0 0.0 0.0 0.0 1 4LP2-1837 .!

t12250801 0 0.095 0.0 0.0 1 *LP2-1838 ;
'*--- ----1--- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1839

* volume 270 LP2-1840 $

..... ....i.... ... 1.... ... 1.... ... 1.... ... 1.... ... 1.... Lp2-1841 ;

12700000 1 5 2- 0 0.508 *LP2-1842 j

12700100 0 1 *LP2-1843 [
,
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"
12700101 4 0.7264 *LP2-1844
12700201 4 4 *LP2-1845
12700301 0.0 4 *LP2-1846
12700400 -1 *LP2-1847
12700401 555.97 555.99 556.01 556.03 556.04 *LP2-1848
12700501 270010000 0 1 1 0.09381 1 *LP2-1849
12700601 0 0 0 1 0.09381 1 *LP2-1850
12700701 0 0.0 0.0 0.0 1 *LP2-1851
12700801 0 0.1524 0.0 0.0 1 *LP2-1852
*---- ----1---- ----1---- ----1---- ----i---- ----1---- ----1---- LP2-1853
* volume 272 LP2-1854
*.... ... 1.... ....g.... ....g.... ....g.... ... 1.... ....i.... Lp2-1855

12720000 1 5 2 0 0.508 *LP2-1856
12720100 0 1 *LP2-1857
12720101 4 0.7264 *LP2-1858
12720201 4 4 *LP2-1859
12720301 0.0 4 *LP2-1860
12720400 -1 *LP2-1861
12720401 555.97 555.99 556.01 556.03 556.04 *LP2-1862
12720501 272010000 0 1 1 0.1426 1- *LP2-1863
12720001 0 0 0 1 0.1426 1 *LP2-1864
12720701 0 0.0 0.0 0.r i *LP2-1865
12720801 0 0,1524 0.0 0.0 1 *LP2-1866
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1867
* volume 280 LP2-1868
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1869
12800000 4 5 2 0 0.47 *LP2-1870
12800100 0 1 *LP2-1871
12800101 4 0.7264 *LP2-1872

'

12800201 1 4 *LP2-1873
12800301 0.0 4 *LP2-1874
12800400 -1 *LP2-1875
12800401 555.97 555.99 556.00 556.02 056.04 *LP2-1876'
12800402 555.96 555.98 556.00 656.02 556.04 *LP2-1877
12800403 555.97 555.99 556.01 556.03 556.05 *LP2-1878
12800404 555.97 555.99 556.01 556.03 556.05 *LP2-1879
12800501 280010000 0 1 1 0.1267 1 *LP2-1880
12800502 280020000 0 1 1 0.7603 2 *LP2-1881
12800503 280030000 0 1 1 0.6308 3 *LP2-1882
12800504 280040000 0 1- 1 0.5396 4- *LP2-1883
12800601 0 0 0 1 0.1267 1 *LP2-1884
12800602 0 0 0 1 0.7603 2 *LP2-1885
12800603 0 0 0 1 0.6308- 3 *LP2-1886
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j 12800604 0 0 0 1 0.5396 4 *LP2-1887
8 12800701 0 0.0 0.0 0.0 4 *LP2-1888 '

!. 12800803 0 0.1016 0.0 0.0 4 *LP2-1889
'

{
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1890

';

j LP2-1891*

1 * LP2-1892 i

| * LP2-1893
i *$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2-1894 ;

| * -LP2-1895 |

} Seneral able and heat structure thermal property data LP2-1896 |
*

* LP2-1897 !|

| *$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2-1898
~

LP2-1899 |*

* LP2-1900. i

..... ....i.... ... 1.... ....i.... ....i.... ... 1.... ... 1.... Lp2-1901
* 900 reactor power vs time after scram LP2-1902

{ ..... ... 1.... ... 1.... ... g.... ... 1.... ... 1.... ....i.... Lp2-1903

| 20290000 power 511 1.0 46.0+6 *LP2-1904-

| 20290001 -1.0 1.0 * 1p-1p-02 (trac post-test) LP2-1905
q 20290002 0.0 1.0 *LP2-1906 L

20290003 0.1 0.913489 *LP2-1907 i;

20290004 0.2 0.278195 *LP2-1908 i

| 20290005 0.3 0.155347 *LP2-1909
| 20290006 0.4 0.112396 *LP2-1910 i
! 20290007 0.5 0.092927 *LP2-1911 f

20290008 0.6 0.084394 *LP2-1912
'

j 20290009 0.8 0.074600 *LP2-1913
; 20290010 1.0 0,066306 *LP2-1914 |

; 20290011 1.5 0.064594 *LP2-1915 |
| 20290012 2.0 0.061312 *LP2-191G !
| 20290013 3.0 0.058698 *LP2-1917 !

! 20290014 4.0 0.056596 *LP2-19;) |;

i' 20290015 6.0 0.053434 *LP2-1919 f1
. i

20290016 8.0 0.051091 *LP2-1920 j
20290017 10.0 0.049237 *LP2-1921 -

,

20290018 60.0 0.032621 *LP2-1922 i

20290019 200. 0.024929 *LP2-1923 .
- i

* LP2-1924 i
4 r

. LP2-1925 *

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1926 |
heat structure thermal property data- LP2-1927

'

*

..... ....i.... ... 1.... . . 1.... ....i.-.. ....i.... ... 1.... . Lp2-1928-

20100100 tbl/fetn. 1 1 * uo2 LP2-1929

:
'

,
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20100200 tbl/fetn 3 1 * gap LP2-1930
20100300 tbl/fctn i 1 * zr LP2-1931

20100400 tbl/fctn 1 i * s-steel LP2-1932
20100500 c-steel *LP2-1933 !

'

20100600 tbl/fetn 1 i * inconel 600 LP2-1934
...._ ... 1_... __..i.... ... 1.... ....g..._ .__.g.... ... 1.... Lp2-1935 |

* uo2 - thermal conductivity LP2-1936 {
..... ...g.... ....i.... ....g.... ....i.... .. g.... __..i_ .. Lp2-1937 i

20100101 2.7315e2 8.44 *LP2-1930 |i
'

20100102 4.1667e2 6.46 *LP2-1939
20100103 5.3315e2 5.782385 *LP2-1940 I

20100104 0.99817e2 4.633177 *LP2-1941 *

20100105 8.66483e2 3.880307 *LP2-1942- !

20100106 1.03315e3 3.357625 *LP2-1943 |

20100107 1.08871e3 3.155129 *LP2-1944
20100108 1.19982e3 2.983787 *LP2-1945 ;

20100109 1.28315e3 2.836674 *LP2-1946
20100110 1.-36648e3 2.713792 *LP2-1947 [
20100111 1.53315e3 2.521680 *LP2-1948

f20100112 1.61648e3 2.448990 *LP2-1949
20100143 1.69982e3 2.391875 'LP2-1950- ;

20100114 1.97759e3 2.289762 *LP2-1D51 !

20100115 2.25537e3 2.307069 *LP2-1950 |
20100116 2.53315e3 2.433413 *LP2-1953 !

20100117 2.81093e3 2.661870 *LP2-1954 !

20100118 3.08871e3 2.994171 *LP2-1955 !

f.... ....g.... ....g.... ... 3.... ....g.... .._.i.... ....i.... Lp2-1956

* uo2 - volumetric heat capacity LP2-1957 i
e.... ... 1.... ....g.... ....i.__. ....i.... ... 3..-- ----1---- LP2-1958 I

20100151 2.73150e2 2.310427e6 *LP2-1959
,.

20100152 3.23150e2 2.571985e6 *LP2-1960 |
20100153 3.73150e2 2.746357e6 ' *LP2-1961 [
20100154 6.7315e2 3.138694e6 *LP2-1962

f20100155 1.37315e3 3.443844e6 *LP2-1963
20100156 1.77315e3 3.531030e6 *LP2-1964 [
20100157 1.97315e3 3.792588e6 *LP2-1965
20100158 2.17315e3 4.228518e6 *LP2-1966 r

20100159 2 37315e3 4.882412e6 *LP2-1967 [
20100160 2.67315e3 6.015829e6 *LP2-1968 f
20100161 2.77315e3 6.320980e6 *LP2-1969
20100162 2.87315e3 6.582538e6 *LP2-1970 '

20100163 2.97315e3 6.713317e6 *LP2-1971
20100164 3.11315e3 6.80050386 *LP2-1972

>

'
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20100165 4.69982e3 6.800503e6 *LP2-1973 |
.__ _ ... 1.... ... 1.... ....i.... ....i.... ....i.... ..--i---- LP2-1974 [

* helium (gap) - thermal conductivity LP2-1975 i

..... ....i.... ....i.... ....i.... ... 1..._ ....i.... ... 1.... Lp2-1970 t
r

20100201 helium 1.00 *LP2-1977 '

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-1978 |

* helium (gap) - volumetric heat capacity LP2-1979- |
I..... ... 1.... ....f.... ....i.... ....i.... ....i.... ....i..__ Lp2-1980

20100251 273.15 5.4 *LP2-1981
20100252 5000.0 5.4 *LP2-1982 :

..... ....i.... ... 1.... ....i.... ....i.... ....i_... ... 1.... Lp2-1983 |
* zircaloy-4 - thermal conductivity from matpro LP2-1984 {
..... ___1.... ..._1.... ....i.... ....i.... ....i.... ..._1.--- LP2-1985 t

20100301 380.4 13.6 *LP2-1986
20100302 469.3 14.6 - *LP2-1987
20100303 577.6 15.8 *LP2-1988 )
20100304 685.9 17.3 *LP2-1989 ;

20100305 774.8 18.4 *LP2-1990 j

20100306 872.0 19.8 *LP2-1991 i

20100307 973.2 21.8 *LP2-1992
20100308 1073.2 23.2 *LP2-1993 }
20100309 1123.2 25.4 *LP2-1994 |

520100310 1152.3 24.2 *LP2-1995
20100311 1232.2 25.5 *LP2-1996 !

20100312 1331.2 26.6 *LP2-1997 {
20100313 1404.2 28.2 *LP2-1998 !

20100314 1576.2 33.0 *LP2-1999 f

20100315 1625.2 36.7 *LP2-2000
20100316 1765.2 41.2 *LP2-2001
20100317 2273.2 55.0 *LP2-2002 |
+---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2003 ;

* zircaloy-4 - volumetric heat capacity from matpro LP2-2004
|..... ... 1.... ....i ... ....i.... ....i.... ... 1.... ....g.... Lp2-2005

.

- 20100351 300.0 1.841e6 -*LP2-2006' i

20100352 400.0 1.978e6 *LP2-2007 |
320100353 640.0 2.168e6 *LP2-2008-

20100354 1090.0. 2.456e6 *LP2-2009
'

20100355 1093.0 3.288e6 *LP2-2010 [
20100356 1113.0 3.865e6 *LP2-2011 . i.
20100357 1133,0 4.028e6 *LP2-2012 I

20100358 '1153.0 4.709e6 . *LP2-2013 .

20100359 1173.0 5.345e6 *LP2-2014
20100360 -1193.0 -5.044e6 *LP2-2015 [

<

'

;
'
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20100361 1213.0 4.054e6 *LP2-2016 |
{20100362 1233.0 3.072e6 *LP2-2017

. #

20100363 1243.0 2.332e6 *LP2-2018 |

20100364 1477.0 2.332e6 *LP2-2019 !

..... . 1.... ....i.... ....i.... ...g.... ._. 1..__ ... 1---- LP2-2020 |
t

* s-steel - thermal conductivity LP2-2021 !

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2022
20100401 273.15 12.98 *LP2-2023

t
20100402 1199.82 25.1 *LP2-2024 i

r
*---- ----1---- ----i---- ----1---- ----1---- ----1---- ~~--1---- LP2-2025 - |
* s-steel - volumetric heat capacity LP2-2026 [
..... ....i.... ....g.... ... 1.... ....i.... ... 1.... ....i...- LP2-2027

,

20100451 273.15 3.83e6 *LP2-2028
20100452 366.5 3.83e6 *LP2-2029 |

{20100453 477.59 4.190e6 *LP2-2030
20100454 588.59 4.336e6 *LP2-2031
20100455 699.82 4.504e6 *LP2-2032
20100456 810.93 4.639e6 *LP2-2033 !

20100457 922.04 4.773e6 *LP2-2034 [,

20100458 1144.26 5.076es *LP2-2035 !

20100459 1366.5 5.376e6 *LP2-2036 i

20100460 1477.59 5.546e6 *LP2-2037 - >
f,

i
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- L!2-2038 ;

f* inconel-600 - thermal conductivity LP2-2039
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----i---- LP2-2040 f
20100601 366.5- 13.85 *LP2-2041 !

20100602 477.6 15.92 *LP2-2042
20100603 588.7 18.17 *LP2-2043
20100604 700.0 20.42 *LP2-2044
20100605 810.9 22.50 *LP2-2045 {
20100606 922.0 24.92 *LP2-2046 [
20100607 1033.2 26.83 *LP2-2047 - |t
20100608 -1144.3 29.42 *LP2-2048 !

20100609. 1477.6 36.06 *LP2-2049. f
..... ....g.... ....i.... ... 1.... .. .i.... .. 1.... ..--1---- LP2-2050 - f_

* inconel-600 volumetric heat capacity LP2-2051 j
- ..... . . 1.... ... 1... ....i.... ....i.. . ....i.... ... 1.... LP2-2052 - .

20100651 366.5 3.908+6 *LP2-2053 - [
t

20100652 477.6 4.084+6 *LP2-?054 ~

20100653- 588.7 -4.260+6 sLP2-2055
20100654 700.0 4.436+6 *LP2-2056 |
20100656 810.9 4.665+6 *LP2-2057 |

- 20100657 922.0 4.929+6 *LP2-2058 !

:
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20100658 1033.2 5.105+6 *LP2-2059
20100659 1477.6 5.727*6 *LP2-2000
* LP2-2001
* LP2-2002
.nnnnnnnnnnnn.nninnnnnnnnnnen n..""""""""""""""""""""""""""""""""""" LP2-2063
*"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" LP2-2064
* LP2-2005
*$*$$$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$$$*$*$*$*$*$*$* LP2-2006
* LP2-20f7
* control variables LP2-206J
* LP2-2006
*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2-2070
* LP2-2071
..... ....i.... ....i.... ....i.... ....g.... ... 1.... ....i.. - LP2-2072
* LP2-2073

001-008 and 230-235 level calculators LP2-2074*

* LP2-2075
* 001 steam generator level LP2-2076
..... ....i.... ....i.... ....i.... ... 1---- ----1---- ----1---- LP2-2077
20500100 sgivl sum 1. 3.5676594 0 *LP2-2078
20500101 0.0 0.4445 voidi 503010000 *LP2-2079
20500102 1.2131 voidf 505010000 *LP2-2080
20b00103 0.6096 voidf 508010000 *LP2-2081
20500104 0.0096 voidf 510010000 *LP2-2082
20500105 0.6096 voidf 510020000 *LP2-2083
20500106 0.6096 voidf 510030000 *LP2-2084
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2085
* 002 pressurizer level LP2-2086
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2087 '

20500200 pzrivl sum 1. 1.0396376 0 *LP2-2088
20500201 0.0 0.1815 voidf 415010000 *LP2-2089
20500202 0.1524 voidf 415020000 *LP2-2090
20500203 0.3967 voidf 415030000 *LP2-2091
20500204 0.5289 voidf 415040000 *LP2-2092
20500205 0.3967 voidf 415050000 *LP2-2093
20500206 0,1943 voidf 415060000 *LP2-2094-
20500207 0.1029 voidf 420010000 *LP2-2095
20500208 0.1029 voidf 420020000 ' *LP2-2096
*---------1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2097
* 004 accumulator level -LP2-2098
. ... ....i.... ....i.... ....i.... ....i.... ....i.... . ..i....- LP2-2099
20500400 acem1v1 integral -0.006348-1.0379496 0 IP2-2100 -*

20500401 velfj 620010000 +LP2-2101
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....i___. ... 1.___ ....i.... .....i.... ... 1.... ....i___. LP2-2102 ;..__.

007 reactor vetu41 downcomer level intact sife LP2-2103 I
*

'

....i.... ....g.... ....i_... ... 1.... ..,.1.___ ..__1.... Lp2-2104.....

20500700 rvdelvn sum 1. 5.3137665 0 *LP2-2105 [

20500701 0.0 0.1876129 voidf 200010 *LP2-2100 !

20500702 0.2851823 voidf 2020100vs *LP2-2107 f
20500703 0.2525301 voidf 210010000 * LP2 -2108 :

20500704 1.5200561 voidf 210020000 *LP2-2109 |
20500705 1.2616333 voidf 210030000 *LP2-2110 ;

20500706 1.0792591 voidf 210040000 *LP2-2111 i
t

20500707 0.3533183 voidf 222010000 *LP2-2112 .

20500708 0.3741720 voidf 220010000 *LP2-2113 |
...__ ....i.... ....i.... ..._i_... ... 1.... .. 1_... ... 1.... Lp2-2114

|
* 008 reactor vessel downcomer level broken side LP2-2115 i

..... ....i_.. __. 1.. . ....i.... ....i.... ._. 1.... ... 1.... Lp2-2116 f
'

20500800 rydcibk sum 1. 5.3137665 0 *LP2-2117

20500801 0.0 0.1876129 voidf 270010000 *LP2-2118 i

20500802 0.2851823 voidi 272010000 *LP2-2119 [
20500803 0.2525361 voidf 280010000 *LP2-2120 j

20500804 1.5200501 voidf 280020000 *LP2-2121 !

20500805 1.2616333 voidi 280030000 *LP2-2122

20500806 1.0792591 voidf 280040000 *LP2-2123 |

| 20500807 0.3533183 voidf 222010000 *LD2-2124 |

20500808 0.3741720 voidf 220010000 *LP2-2125 ';
i

| *---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2126 ;

! * 230 level average channel LP2-2127 [
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2128 }

20523000 "1vl avg" sum 1. 1.6842699 0 *LP2-2129 ;

20523001 0.0 .432 voidf 230010000 *LP2-2130 !

20523002 .195 vo-idf 230020000 *LP2-2131 }

20523003 .195 voidf 230030000 *LP2-2132 t

20523004 .28833 voidf 230040000 *LP2-2133
20523005 .5744204 voidf 230050000 *LP2-2134 .

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2135 |
* 231 level hot channel LP2-2136 .i

s

; *---- ----1---- ----1---- ----14--- ----1---- ----1---- ----1---- LP2-2137 -j
i

20523100 "lvl hot" snm 1. 1.6332083 0 *LP2-2138'
20523101 0.0 .1397017 voidf 231010000 *LP2-2139
20523102 .265 voidf 231020000J *LP2-2140 .

20523103 .08833 voidf 231030000 *LP2-2141' I

| 20523104 .08833 voidf 231040000_ *LP2-2142 !

20523105 .08833 voidf 231050000 *LP2-2143 I

20523106 .08833 voidf 231060000 *LP2-2144 !

i
.
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20523107 .08833 voidf 231070000 *LP2-2145
20523108 .08833 voidf 231080000 *LP2-2146
20523109 .1325 voidf 231090000 *LP2-2147
20523110 .1325 voilf 231100000 *LP2-2140
20523111 .1325 voidf 231110000 *LP2-2149
20523112 .1325 voidf 231120000 *LP2-2150
20523113 .2117387 voidf 231130000 *LP2-2151
.____ .. 1..__ ... 1____ ..__1.___ _.._1 ... ... 1.... __. 1_... Lp2-2152

* 235 level bypass channel LP2-2153
.____ ... 1..._ ___ i.__. ....i_... ..__1 ... ....i...- ----1---- LP2-2154
20523500 "1vl byps" sum 0.5588068 1.6764202 0 *LP2-2155
20523501 0.0 1.0 voidf 235010000 *LP2-2156
20523502 1.0 voidf 235020000 *LP2-2157
20523503 1.0 voidf 235030000 *LP2-2158
..... ... 1.... ____1.... ....i.___ __..i_... .. 1.... ___.1_... Lp2-2159

* 240 average voidfraction coreliquid void fraction LP2-2160
*---- ----1---- ----1---- ----1---- ----1---- ----i---- ----1---- LP2-2161
20524000 " void av5" sum 2.9926155 0.9995193 0 *LP2-2162
20524001 0.0 .14751 entrlvar 230 *LP2-2163
20524002 3.0897-2 cntrivar 231 *LP2-2164
20524003 2.093-2 cntrlvar 235 *LP2-2165
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2160
* 250 reactor vessel level LP2-2167
..__. .___1_ __ .___1.... ... 1 .-- ----1---- ----1---- ----1---- LP2-2168
20525000 rvivl sum 1. G.5309792 0 *LP2-2169
20525001 0.0 0.7747094 voidf 260010000 *LP2-2170
20525002 0.6312304 voidf 255010000 *LP2-2171
20525003 0.286958 voidf 252010000 *LP2-2172
20525004 0.'850547 voidf 250010000 +LP2-2173
20525005 0.4933248 voidf 215010000 *LP2-2174
20525006 0.5867979 voidf 240010000 *LP2-2175
20525007 0.74 entrivar 230 *LP2-2176
20525008 0.155 entrivar 231 *LP2-2177
20525009 0.105 cntrlvar 235 *LP2-2178
20525010 0.5709989 voidf 225010000 *sP2-2179
20525011 0.3533183 voidf 222010000 *LP2-2180
20525012 0.3741720 voidf 220010000 *LP2-2181
.___. ....i ... ....i__._ ___.i.... ... 1_.. _.--l --- ----1---- LP2-2133
* LP2-2183
* 075-076 mass loss calculator LP2-2184
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2185
20507500 losssum sum 1. O. 0 *LP2-2186
20507501 0.0 1.0 mflowj 317000000 *LP2-2187
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20507502 1.0 mflowj 347000000 *LP2-2188
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----i---- LP2-2189
20507600 lossmas integral 1. O. 0 *LP2-2190
20507601 cntrivar 75 *LP2-2191
..... ... 1.... ....g.... ....i.... ... 1.... ... 1.... ....$.... Lp2-2192

* LP2-2193
* LP2-2194
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2195
* 080-081 average values of pumps LP2-2190
* LP2-2197
* 080 average pump spved LP2-2198
..... ....i.... ....i.... ....i.... ....g.... ... 1.... ...-i---- LP2-2199
20508000 avgpmps sum 1. 169.95996 0 *LP2-2200
20508001 0.0 0.5 pmpvol 135 *LP2-2201
20508002 0.5 pmpvol 165 *LP2-2202
..... ... 1.... ... 1.... ....i.... ....g.... ... 1.... ....i.... Lp2-2203

* 081 average pump head LP2-2204
..... ... 1.... ....g.... ....g.... ....i.... ....i.... ... 1...- LP2-2205
20508100 avgpmph sum 1. 134888.12 0 *LP2-2206
20508101 0.0 0.5 pmphead 135 *LP2-2207
20508102 0.5 pmphead 165 *LP2-2208
+---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2209
* LP2-2210
* 090-098 power to fluid calculation LP2-2211
* LP2-2212
* 090 power average channel LP2-2213
..... ....i.... ....i.... ... 1.... ... 1.... ... 1.... ....$ ... LP2-221A
20509000 " power a" sum 1. 3.55872+7 0 *LP2-2215
20509001 0.0 1.0 q 230010000 *LP2-2216
20509002 1.0 q 230020000 *LP2-2217 -

20509003 1.0 q 230030000 *LP2-2218
20509004 1.0 q 230040000 *LP2-2219
20509005 1.0 q 230050000 *LP2-2220
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2221
* 091 power hot channel LP2-2222
..... ... g.... ....i.... ... 1.... ... 1.... ... 1.... ....i...- LP2-2223
20509100 " power h" num 1, 1.04137+7 0 *LP2-2224.
20509101 0.0 1.0 q 231010000 *LP2-2225
20509102 1.0 q 231020000 *LP2-2226
20509103 1.0 q 231030000 *LP2-2227
20509104 1.0 q 231040000 *LP2-2228
20509105 1.0 q 231050000 *LP2-2229
20509106 1.0 q 231060000 *LP2-2230
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20509107 iS q 231070000 *LP2-2231 |
20509108 1.0 q 231080000 *LP2-2232 |
20509109 1.0 q 231090000 *LP2-2233
20509110 1.0 q 231100000 *LP2-2234 |

20509111 1.0 q 231110000 *LP2-2235

|20509112 1.0 q 231120000 *LP2-2236-
20509113 1.0 q 231130000 *LP2-2237 {
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----l---- LP2-2233 ;
* 092 total power LP2-2239 ;

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2240 |

20509200 power mim 1. 4.60009+7 0 *LP2-2241 !

20509201 0.0 1.0 .ftrlvar- 90 *LP2-2242
20509202 1.0 entrivar 91 *LP2-2243 |
,____ .___1.___ ____1____ ____1____ __.-1____ ____1____ ____1____ Lp2-2244 f
* 093 heat sink (steam generator) LP2-2245 !

{
.___. ____1____ ____1 ___ ____1____ ____1____ ____1____ ____1____ Lp2 2246

20509300 " heat sk" sum -1. 4.60636+7 0 *LP2-2247-
20509301 0.0 1.0 q 115010000 *LP2-2248
20509302 1.0 q 115020000 *LP2-2249
20509303 1.0 q 115030000- *LP2-2250 -

20509304 1.0 q 115040000 *LP2-2251
20509305 1.0 q 115050000 *LP2-2252 |
20509306 1.0 q 115060000 *L."2-2253 t

20509307 1.0 o 115070000 *LP2-2254 !

20509308 1.0 115080000 *LP2-2255
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----l---- LP2-2256 ,

'

LP2-2257*

*-095 - 098 power of structure heat capacity LP2-2258
,

* LP2-2259- !

* 095 structures downcomer intact loop LP2-2260 *

|
.____ ____1.___ ____1____ ____1____ ____1____ ___-1---- ----1---- LP2-2261 '

20509500 "hc intl" sum 1. 1511.0059 0 *LP2-2262 ;

20509501 0.0 1.0 q: 200010000 *LP2-2263- :

20509502 1.0 q 202010000 *LP2-2264 -

20509503 1.0 q 210010000 *LP2-2265 {
20509504 1.0 q 210020000 *LP2-2266
20509505 1.0 q 210030000 *LP2-2267

-;

20509506 1.0 q. 210040000 *LP2-2268 [
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- .LI2-2269 ;

096 structures downcommer broken loop LP2-2270-* -

*------in--- ----1-- ----1---- ----1---- ----1---- ----1---- LP2-2271 ;

20509600 "he brkl" sum - 1. 1591.3711 0 *LP2-2272 :
'

20509601' O.0 1.0 q 270010000 *LP2-2273

t
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2G509602 1.0 q 272010000 *LP2-2274
20509603 1.0 q 280010000 *LP2-2275
20509604 1.0 q 280020000 *LP2-2276

LP2-227720509605 1.0 q 280030000 *

20509606 1.0 q 280040000 *LP2-2278 j

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2279- {
097 structures core barrel LP2-2280 ;*

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2281 |

20509700 "hc core" sum 1. 150.18909 0 *LP2-2282 I
20509701 0.0 1.0 q 220010000 *LP2-2283 |f-
20509702 1.0 q 223p ;0000 *LP2-2284 |

LP2-2285 i20509703 1.0 q 225010000' *

].____ ____1.___ ..__1.___ ____1.___ ____1____ ____1____ . _ g____ Lp2-2286

098 st~tuctures total LP2-2287 |
*

.____ ____1____ ____1_.__ ____1 ___ ____1____ ____1____ ____1____ Lp2-2288 j

20509800 heatcap sum 1. 3252.5664 0 *LP2-2289 |
20509801 0.0 1.0 cntrivar 95 *LP2-2290 y

20509802 1.0 entrlvar 96 *LP2-2291 !
I20509803 1.0 entrlvar 97 *LP2-2292
&

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2293 '

* LP2-2294 :

* 510 - 520 trip-sets LP2-2295 ,.

* LP2-2296 i

510 blow-down valves LP2-2297 |*

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2298 ;

20551000 blowdown tripunit 1. O. 0 *LP2-2299 |
20551001 510 *LP2-2300

-

*

'*---- ----1---- ---1---- ----1---- ----1---- ----1---- ----1---- LP2-2301 ,

>

511 power scram LP2-2302 |
*

.

*---- ----1---- ----l---- ----1---- ----1---- ----1---- ----1---- LP2-2303 !
;

20551100 powerscr tripunit 1. O. 0 *LP2-2304 i

20551101 511 *LP2-2305 |
.____ .___1____ ____1____ ____1____ __..-1---- ----1---- ----1---- LP2-2306

512 pn=p trip LP2-2307 |*

*---- ----1---- ----1---- ----1---* ----1---- ----1---- ----1---- LP2-2308 I

20551200- pumptrip tripunit 1. O. 0 *LP2-2309 .

20551201 512 *LP2-2310 i
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2311 ;

523 1pis trip _LP2-2312 ;*
,

.____ ____1____ ____1____ ____1____ ____1____ ____1____ ____1____ Lp2-2313 :

20552300 1pistrip tripunit 1. O. 0 *LP2-2314
20552301 513 *LP2-2315 I

i*---- ----1---- ----l---- ----1---- ----1---- ----1---- ----1---- LP2-2316 :
!
t
t
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524 hpis trip LP2-2317*

..___ ____1 ... ___.i.... .. 1____ ___.i ... ....i__.. __.-1---- LP2-2318 {
20552400 hpistrip tripunit 1. O. 0 *LP2-2319 j

20552401 514 *LP2-2320 |

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2321
* 525 accumulator valve LP2-2322 |
*---- ----1---- ----1---- ----1---- --- .1---- ----1---- ----1---- LP2-2323 .

i

20552500 accumulv tripunit 1. O. 0- *LP2-2324 ;

20552501 682 *LP2-2325 !
!

. ... ____1____ ____1 __. ..__1.... __. 1.... ... 1____ .._i___. Lp2-2326 :
,

* 514 eces LP2-2327 ;

.____ ... i_... ... 1____ ..__1___. __..i.... ____1__._ ..__1____ Lp2-2328 j

20551400 ecca sum 1. O. 0 *LP2-2329 |

20551401 0.0 .35 cntrlvar 523 *LP2-2330 |
-r

{ 20551402 .25 cntrivar 524 *LP2-2331

1 20551403 cntrivar 525 *LP2-2332-
*---- ----1---- ----1-- - ----1---- ----1---- ----1---- ----1---- -LP2-2333 :

*

1 ,
t * 516 steam valve LP2-2334 j
j .___. .___1__.. _.. 1.... .___1___. ----1---- ----1---- ----1---- LP2-2335 ;
. ,

20552600 steamvop tripunit 1. O. 0 *LP2-2336
,

} 20552601 685 *LP2-2337 j
20552700 steamycl tripunit -1. O. 0 *LP2-2338g

1 20552701 686 *LP2-2339
; 20551600 steamviv sum 1. O. ( *LP2-2340 ;

J,
20551601 0.0 1.0 cntrlvar 526 *LP2-2341 ;

- ,

'

20551602 1,0 cntrlvar 527 *LP2-2342 -;
j *---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1--- - LP2-2343 |
4

. LP2-2344 !

* 400-454 calculation of fluid-momentum flux LP2-2345 {
! LP2-2346.

* 404 momentum finx of junction 34001- LP2-2347 r
4

a t

4 .____ ____1____ ____1___. __..i____ ____1____ ____1_... __..i___. Lp2-2348 . ' ,
a ,

! 20540000 " abs vf" stdfnctn 1. 3.02597-6 0 . *LP2-2349- :
4

| 20540001 abs velfj 340010000 *LP2-2350

j 20540100 " abs vg" stdfnctn 1. 3.02597-6 0 *LP2-2351- |
; 20540101 abs .velgj 340010000 *LP2-2352 |
j

'

. LP2-2353_
.LP2-2354

| 20540200 '"momfluxi"' mult 1. -6.9531-9-0 *

20540201 voidfj 340010000 rhofj 340010000 *LP2-2355 '

; ,

| 20540202 velfj 340010000 entrivar 400 *LP2-2356 '

d

i 20540300 "momflux2" 'mult 1. O. 0 *LP2-2357 |

| 20540301 voidgj 340010000 rhogj 340010000 *LP2-2358 '

205403[2 velgj 340010000 entrlvar 401 *LP2-2359 - ii

; *

'

i

166 $

4 ,

I

L,

i
-_ - - , , . -_,2_.-. _ . . - _ . - , . - , _ , . , _ . - . - . , . . - , . . . _ . , . _ ,.. ...,.. _ ,_,,.,_,_,, _ _ _. _ _...._ _ ,-



.---~.-_w - - . - - - . - - ~ . - -- - . - - - - _ . --

|

1

i

LP2-2300 |.

!|20540400 "mf3401" sum 1. -6.9531-9 0 *LP2-2361

20540401 0.0 1.0 entrlvar 402 *LP2-2362
>

20540402 1.0 entrlvar 403 *LP2-2363 |
.____ ____1 ___ ____1 ___ ____1 ___ ____1.___ ____1____ ____1____ Lp2-2364

|
LP2-2365 ;*

* 414 momentum flux o# junction 31001 LP2-2366 |
.____ ____1____ ____1____ ____1____ ____1____ __.-1---- ----1---- LP2-2367 |

LP2-2368 !20541000 " abs vf" stdfactn 1. 5.39944-6 0 *
+

20541001 abs velfj_ 310010000 *LP2-2369 ;
! 20541100 " abs vg" stdfnctn 1. 5.39944-6 0 *LP2-2370 ' |
,

20541101 abs velgj 310010000 *LP2-2371 !

* LP2-2372 j

20541200 "momflux1" mult 1. 2.00727-8 0 *LP2-2373 1

{20541201 voidfj 310010000 rhe'; 310010000 *LP2-2374

20541202 velfj 310010000 cr rivar 410 *LP2-2375
LP2-2376 [20541300 "momflux2" mult 1. O. 0 *

LP2-2377 !20541301 voidgj 310010000 rhogj 310010000 *

20541302 velgj 310010000 catrlvar 411 *LP2-2378 {
LP2-2379 i*

|!LP2-238020541400 "mf3401" sum 1, 2.00727-8 0 *

20541401 0.0 1.0 entrlvar _412 *LP2-2381 {
20541402 1.0 entrlvar 413 *LP2-2382

. i
.____ .___1 ___ ____1____ ____1____ ____1____ ___-1---- ----1---- LP2-2383 ;

* Li. 2384-
;

i * 424 momentum flux of junction 18502 LP2-2385 |
|

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2386 ,

20542000 " abs vf" stdfactn 1. 5.1388474 0 *LP2-2387 I'

l ' *LP2-2388 ;i 20542001 abs velfj 185020000
20542100 " abs vg" ~ stdfnctn 1, 5.1388474 0 *LP2-2389 j
20542101 abs velgj 185020000 *LP2-2390 {
* -LP2-2391 ;

20542200 "momflux1" mult 1. 20057.594 0 *LP2-2392 |

20542201 voidfj 185020000 rhofj 185020000 *LP2-2393 !

20542202 velfj 185020000 entrlver 420 *LP2-2394 |

20542300 "momflux2" mult 1. O. 0 *LP2-2395
LP2-2396 ;20542301 voidgj 185020000 rbogj 185020000 *

LP2-239720542302 velgj 185020000 entrivar 421 *
.

* LP2-2398 . ;

20542400 "mf3401" eum 1. 20057.594 0 *LP2-2399 |

20542401 0.0 1.0 entrlvar 422 *LP2-2400
- :

'

20542402 1.0 cntrlvar 423 *LP2-2401 !
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1----- LP2-2402 - j

<
'
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* LP2-2403
434 momentum flux of junction 10002 LP2-2404*

... 1.___ ___ 1___ ----1---- ----1---- ----1---- ----1---- LP2-2405.---.

20543000 " abs vf" stdfnctn 1. 5,3488271 0 *LP2-2406
20543001 abs velfj 100020000 *LP2-2407
20543100 "aba vg" stdfnctn 1. 5.6727905 0 *LP2-2408
20543101 abs velgj 100020000 *LP2-2409
* LP2-2410
20543200 "momflux1" mult 1. 22119.25 0 *LP2-2411
20543201 voidfj 100020000 rhofj 100020000 *LP2-2412
20543202 velfj 100020000 cntrlvar 430 *LP2-2413
20543300 "momflux2" mult 1. 0.0038276 0 *LP2-2414
20543301 voidgj 100020000 rhogj 100020000 *LP2-2415
20543302 velgj 100020000 entrlvar 431 *LP2-2416

LP2-2417*

20543400 "mf3401" sum 1. 22119.266 0 *LP2-2418
20543401 0.0 1.0 entrlvar 432 *LP2-2419
20543402 1.0 cntrlvar 433 *LP2-2420
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----;---- LP2-2421
* LP2-2422
* 444 momentum flux of junction 22502 LP2-2423
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2424
20544000 " abs vf" stdfnctn 1. 1.661684 0 *LP2-2425
20544001 abs velfj 225020000 *LP2-2426
20544100 " abs vg" stdfnctn 1. 1.661684 0 *LP2-2427
20544101 abs velgj 225020000 *LP2-2428
* LP2-2429
20544200 "momflux1" mult 1. 2097.1621 0 *LP2-2430
20544201 voidfj 225020000 rhofj 225020000 *LP2-2431
20544202 velfj 225020000 entrlvar 440 *LP2-2432
20544300 "momflux2" mu3t 1. O. 0 *LP2-2433
20544301 voidgj 225020000 rhogj 225020000 *LP2-2434
20544302 velgj 225020000 entrlvar 441 *LP2-2435
* LP2-2436
20544400 "mf3401" sum 1. 2097.1621 0 *LP2-2437
20544401 0.0 1.0 entrlvar 442 *LP2-2438
20544402 '.0 cntrlvar 443 +LP2-2439
*---- ----1---- ----1---- ----1---- -- -1---- ----1--- ----1---- LP2-2440
* LP2-2441
* 454 momentum flux of junction 24002 LP2-2442
*---- ----1---- ----1--- ----1---- ----1---- ----1---- ----1---- LP2-2443
20545000 " abs vf" stdfnctn 1. 2.0633316 0 *LP2-2444
20545001 abs velfj 240020000 *LP2-2445
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| 20545100 "aba vg" stdinctn 1. 2.7305183 0 *LP2-2446 I

20545101 abs velgj 240020000 *LP2-2447 ,

* LP2-2448, ;

{ 20545200 "momfluxi" mult 1. 2665.6641 0 *LP2-2449 |

} 20545201 voidfj 240020000 rhofj 240020000 *LP2-2450 [
; 20545202 velfj 240020000 cntrlvar 450 *LP2-2451 '

; 20545300 "momflux2" mult 1. 35.657471 0 *LP2-2452 !

|
20545301 voidgj 240020000 rhogj 240020000 *LP2-2453

; 20545302 velgj 240020000 cntrivar 451 *LP2-2454 _ ;

j fLP2-2455*

| 20545400 "mf3401" . sum 1, 2701.3223 0 *LP2-2456
; 20545401 0.0 1.0 entrivar 452 *LP2-2457 *

1 20545402 1.0 entrivar 453 *LP2-2458
|

i *---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2459
| * LP2-2460 f
i * 460 - 464 pressure differences LP2-2461 -[
|

** LP2-2462
| +---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2463- |

| * LP2-2464
20546000 "pde001" sum 1, 116991.5 0 *LP2-2465

.
20546001 0.0 -1.0 p 120010000 *LP2-2466

! 20546002 1.0 p 150010000 *LP2-2467 !

,

LP2-2468 f*

! 20546100 "pde002" sum 1. -57892.87 0 *LP2-2469 f
} 20546101 0.0 -1.0 p 112020000 *LP2-2470 |
j 20546102 1.0 p 120010000 *LP2-2471

LP2-2472 |
.

f 20546200 "pde003" sum 1. -8259.594 0 *LP2-2473 !
{ 20546201 0.0 -1.0 p_ 100010000. *LP2-2474 j

: 20546202 1.0 p 112020000 *LP2-2475- !
* LP2-2476

} 20546300 "pde005" sum 1. -972.8379 0 *LP2-2477
{

j 20546301 0.0 -1.0 p 150010000 *LP2-2478
'

! 20546302 1.0 p 180010000: *LP2-2479 |
LP2-2480 '

,

! 20546400 "pde006" sum 1. -49866.19 0 *LP2-2481 !
' 20546401 0.0 -1.0 p 180010000 *LP2-2482 f
( 20546402 1.0 p 100010000 *LP2-2483 '

.
4 .____ ____1____ ____1____ ____1____ ____1____ ____1____ ___-1---- LP2-2484
$ . LP2-2485' -

a '

j * 470 reactor power LP2-2486-
1 *---- ----1---- ----1---- ----1---- ----1---- ----1---- ----l---- LP2-2487

20547000 "reac. pow" function 1. 4.S0000+7 0- *LP2-2488
.

6
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20547001 time 0 900 *LP2-2489 i

* __. ___ i.__. ___.i.... ....i.... ____1 ... .---i..._ __ 1. .. Lp2-2490 !

* LP2-2491 ;

* LP2-2492 ?
r

*$*$*$*$*$*$*$*$*$*$*$***$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$+$*$* LP2-2493 ;
.

* LP2-2494 |
pump data LP2-2495*

LP2-2496* .;
*$*$*$*$*$*$*$*$*$*$*$*$*$*$$$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$* LP2-2497 {
* LP2-2498 .

t

* " " '""""' p ump 1 LP2-2499- '

LP2-2500 :*
L

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2501 [
* single phase' head curves LP2-2502
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2503
* head curve no. 1 .LP2-2504 .!

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2505
1351100 1 1 *LP2-2506
1351101 0.000000e+00 1.403600e+00 *LP2-2507 i

1351102 .1.906100e-01 1.363600e+00 *LP2-2508 |
1351103 3.896300e-01 1.318600e+00 *LP2-2509
1351104 5.939600e-01 1.232800e+00 *LP2-2510 :

1351105 7.902000e-01 1.133600e+00 *LP2-2511 {
1351106 1.000000e+00 1.000000e+00 *LP2-2512 !

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----l---- LP2-2513
* head curve no. 2 LP2-2514 ;
*.___ ____1.___ _ __1 ___ ____1_... __._i__.. ____1_.__ _-_.1. -- LP2-2515 !

1351200 1 2 *LP2-2516 |

1351201 0.000000e+00 -6.700000e-01 *LP2-2517
1351202 2.000000e-01 -5.000000n-01 +LP2-2518 |
1351203 4.000000c-01 -2.500000e-01 *LP2-2519. i

1351204 5.755400e-01 0.000000e+00 *LP2-2520 [
1351205 7.443200e-01 2.583000e-01 *LP2-2521 +

1351206 7.734800e-01 3.778000e-01 *LP2-2522 f
!1351207 8.631300e-01 6.326000e-01 *LP2-2523

1351208 1.000000e+00 1.000000e+00 *LP2-2524
*---- ----1---- ----1---- ----1---- ----1---- -- -1---- ----1---- -LP2-2525 [
* head curve no. 3 LP2-2520 ;

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----l---- LP2-2527 [
1351300 1 3 *LP2-2528 '

1351301 -1.000000e+00 2.472200e+00 *LP2-2529. (
1351302 -8.057400e-01 2.047400e+00 *LP2-2530 |

f1351303 -6.069000e-01 1.831000e+00 *LP2-2531

,
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!

1351304 -4.068300e-01 1.624000e+00 *LP2-2532 !
t

1351305 -2.001710e-01 1.470500e+00 *LP2-2533 j
1351306 0.000000e+00 1.403600e+00 *LP2-2534 |

..... ....i .._ ... 1..__ ... 1--.- ....i.___ .__-1 ___ ____1__ - LP2-2535 ,

* head curve no. 4 LP2-2536' f
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2537 j
1353400 1 4 *LP2-2538 1
1351401 -1.000000e+00 2.472200e+00 *LP2-2539 |
1351402 -8.229700e-01 1.996800e+00 *LP2-2540 (
1351403 -6.333200e-01 1.589700e+00 *LP2-2541 [
1351404 -4.553400e-01 1.327900e+00 *LP2-2542 {
1351405 -2.710900e-01 1.194900e+00 ' *LP2-2543 |

1351406 -1.771600e-01 1.060500e+00 *LP2-2544 [
1351407 -9.073000e-02 1.015600e+00 *LP2-2545 I

1351408 0,000000e+00 9.342790e-01 *LP2-2546- i

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2547
* head curve no. 5 LP2-2548 |
...__ __. 1.___ ____1.___ ____1-___ ~~~-1---- ----1---- ----1--- - LP2-2549 !

|1351500 1 5 *LP2-2550
1351501 0.000000e+00 2.500000e-01 *LP2-2551 j
1351502 2.000000e-01 2.800000e-01 *LP2-2552. |
1351503 4.000000e-01 3.400000e-01 *LP2-2553 i

,

1351504 4.118000e-01 2.768000e-01 *LP2-2554 |
1351505 5.976300e-01 4.584000e-01 *LP2-2555 i

t

'1351506 7.934670e-01 6.992000e-01 +LP2-2556 )

1351507 1.000000e+00 1.000000e+00 *LP2-2557 I
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2558 j
= head curve no. 6 LP2-2559- j

'
.---. ... 1.... ----1.___ -___1..__ --. 1..__ ____1.... __.-1---- LP2-2560
1351600 1 6 - *LP2-2561 [
1351601 0.000000e+00 9.342790e-01 *LP2-2562

.,

1351602 9.109900e-02 9.229000e-01 *LP2-2563 -|
1351603- 1.865090e-01 8.963000e-01- *LP2-2564- -!

1351604 2 717620e-01 8.750000e-01. - *LP2-2565' l

1351605 4.558720e-01 8.433000e-01 *LP2-2566 :

1351606 5.744060e-01 8.355000e-01- *LP2-2567_ f
*LP2-2568- !1351607 7.405760e-01 -8.466000e-01 :

1351608 7.666190e-01 8.469000e-01 *LP2-2569 I

1351609 8.714710e-01 8.838000e-01 - *LP2-2570 [
1351610 1.000000e+00 1.000000e+00 *LP2-2571 '

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2572 i

* head curve no. 7 LP2-2573
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2574

.:
t

!
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1351700 1 7 *LP2-2575 f

I1351701 -1.000000e+00. -1.000000e+00 *LP2-2576
1351702 -8.000000e-01 -6.300000o-01 *LP2-2577 {
1351703 -6.000000e-01 -3.000000e-01 *LP2-2578 :|

t
1351704 -4.000000e-01 -5.000000e-02 *LP2-2579 r

1351705 -2.000000e-01 1.500000e-01 *LP2-2580 ;

1351706 0.000000e+00 2.500000e-01 *LP2-2581 !

f.____ ____1____ ____1____ ____1____ ____1____ ____1 ___ ____1____ Lp2-2582

* head curve no. 8 LP2-2583 ,

t

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2584 '

-1351800 1 8 *LP2-2585 ,

v
1351801 -1.000000e+00 -1.000000e+00 -*LP2-2586 !

t

1351802 -8.000000e-01- -9.700000e-01 *LP2-2587 j
'1351803 -6.000000e-01 -9.500000e-01 *LP2-2588.

1351804 -4.000000e-01 -8.800000e-01 *LP2-2589 *

'1351805 -2.000000e-01 -8.000000e-01 *LP2-2590
1351806 0.000000e+00 -6.700000e-01 *LP2-2591 ;

i.____ ____1____ ____1 .__ ____1____ ____1.___ ____1__-- ----1---- LP2-2592- ;

* single phase torque data LP2-2593 :
*---- ----1---- ----1---- ----l---- ----1---- ----1---- ----1---- LP2-2594 i

* torque curve no. 1 LP2-2595 i
*---- ----1---- ----1 --- ----1---- ----1---- ----1---- ----1---- LP2-2596 ;

1351900 2 1 *LP2-2597 !
51351901 0.000000e+00 6.032000e-01 *LP2-2598
.

1351902 1.930000e-01 6.325000e-01. *LP2-2599 [
1351903 3.930000e-01 7.369000e-01- *LP2-2600 |
1351904 5.955200e-01 8.331000e-01 *LP2-2601 !

1351905 7.978200e-01 9.229000e-01 *LP2-2602 |
1351906 1.000000e+00 1.000000e+00 *LP2-26031 ;

*---- ----1---- ----1---- ----1---- ----1 _--- ----1---- ----1---- .LP2-2604 {
* torque curve no. 2 LP2-2605
.____ ____1____ ____1 ___ ____1 ___ -___1.___ ____1___- ----1---- LP2-2606 i

1352000 2 2 *LP2-2607 I
1352001 0.000000e+00 -6.700000e-01 +LP2-2600 {
1352002 4.000000e-01 -2.500000e-01 *LP2-2609 [
1352003 5.000000e-01 1.500000e-01 *LP2-2610 >

1352004 7.372550e-01 5.265860e-01 *LP2-2611 |

I-1352005 7.680490e-01 6.065940e-01. *LP2-2612:
1352006 8.672300e-01 7.436600e-01 *LP2-2613 +

1352007 1.000000e+00' 1.000000e+00 *LP2-2614 ;
'*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2615

* torque curve no. 3 LP2-2616 !
'

.____----i________1________1________i- - i____ ___- 1---- LP2-2617,

| i
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;

1352100 2 3 *LP2-2618 !

1352101 -1.000000e+00 1.984300e+00 *LP2-2619
.

1362102 -8.009600e-01 1.394000e+00 *LP2-2620 i

1352103 -6.063800e-01 1.097500a+00 *LP2-2621 5

1352104 -4.068600e-01 8.220000e-01 *LP2-2622 i

1352105 -1.992800e-01 6.648000e-01 *LP2-2623 |
1352106 0.000000e+00 6.032000e-01 *LP2-2624
*---- ----1---- ----1---- ----1--- ----1---- ----1---- ----1---- LP2-2625

,

* torque curve no. 4 LP2-2626 I

e____ ____1____ ____1____ ____1____ ____1 ___ ____1____ ____3____ Lp2-2627 ;

1352200 2 4 *LP2-2628 >

1352201 -1.000000e+00 1.984300e+00 *LP2-2629 i

1352202 -8.223400e-01 1.830800e+00 *LP2-2630 ,

1352203 -6.337100e-01 1.682400e+00 *LP2-2631 .!
1352204 -4.585300e-01 1.557000e+00 *LP2-2632 |
1352205 -2.670230e-01 1.436200e+00 *LP2-2633 !

1352206 -1.761070e-01 1.387900e+00 *LP2-2634
1352207 -8.931000e-02 1.348100e+00 *LP2-2635 :

1352208 0.000000e+00 1.233610e+00 *LP2-2636 !
,

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2637 i

* torque curve no. 5- LP2-2638 ;
*

*---- ----l---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2639
1352300 2 5 *LP2-2640 ;

1352301 0.000000e+00 -4,500000e-01 *LP2-2641 !

1352302 4.000000e-01 -2.500000e-01 *LP2-2642
1352303 5.000000e-01 0.000000e+00 *LP2-2643 :

1352304 1.000000e+00 3.569000e-01 *LP2-2644
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2645
* torque curve no. 6 LP2-2646
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1----- LP2-2647
1352400 2 6 *LP2-2648
1352401 0.000000e+00 1.233610e+00 *LP2-2649
1352402 9.064300e-02 1.196500e+00 *LP2-2650
1352403 1.8856908-01 1.109600e+00 *LP2-2651
1352404 2.734700e-01 1.041600e+00 *LP2-26b2
1352405 4.586690e-01 8.958000e-01 *LP2-2653
1352406 5.744800e-01 7.807000e-01 *LP2-2654
1352407 7.381600e-01 6.134000e-01 *LP2-2655
1352408 7.685200e-01 5.849000e-01 *LP2-2656
1352409 8.7005708-01 4.877000e-01 *LP2-2657
1352410 1.000000e+00 3.569000e-01 *LP2-2658
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2659
* torque curve no. 7 LP2-2660
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4 .____ ____1____ ____1____ ____1____ ____1.__. ____1____ __--1---- LP2-2661 s
'i

1352500 2 7 . LP2-2662*

1352501 -1.000000e+00 -1.000000e+00 *LP2-2663
1352502 -3.000000e-01 -9.000000e-01 *LP2-2664 [

l 1352503 -1.000000e-01 ~5.000000e-01 *LP2-2665 -

'
1
a 1552504 0.000000e+00 -4.500000e-01 *LP2-2666 :

J
'

.____ ____1.___ ___ 1____ ____1____ ____1 ___ ____1____ ____1____ Lp2-2667

* torque curve no. 8 LP2-2668' |
'

.____ ____1____ ____1 ___ ____1____ ___.1 ___ ____1____ ____1____ Lp2-2669

1352600 2 8 *LP2-2670-;

: -1352601 -1.000000e+00 -1.000000e+00 *LP2-2671 ,

'1352602 -2.500000e-01 -9.000000e-01 *LP2-2672;

; 1352603 -8.000000e-02 -8.000000e-01 *LP2-2673. *

- ,

.i 1352604 0.000000e+00 -6.7000000-01 *LP2-2674 .;
.____ ____1____ ____1____ ____1.___ ____1 ___ ____1 ___ ____1____ Lp2-2675 ?

,

| = two phase multiplier data from 13-6 test data LP2-2676 ;

4 .____ ____4-___ ____i____ ____1 __. ____1____ ____1____ ____1 ___ Lp2-2677 |
a

* head curve LP2-2678 .i

----1---- ----l---- ----1---- ----1---- ----1---- ----1---- LP2-2679 |i *----

1353000 0 *LP2-2680 !

1353001 0.000000e+00 0.000000e+00 *LP2-2681
i 1353002 1.000000e-01 0.000000e+00 *LP2-2682
: 1353003 2.000000e-01 1.000000e-01 *LP2-2683 !
1

; 1353004 3.000000e-01 2.000000e-01 *LP2-2684
1353005 3.500000e-01 3.000000e-01 *LP2-2685 !

| 1353006 4.000000e-01 6.000000e-01 *LP2-2686 ;

; 1353007 5.000000e-01 6.000000e-01 *LP2-2687- i

I 1353008 6.000000e-01 6,000000e-01 *LP2-2688
1353009 7.000000e-01 0.000000e-01 *LP2-2689,

1353010 8.000000e-01 5.000000e-01 *LP2-2690 !
1

! 1353011 9.000000e-01 3.000000e-01- *LP2-2691
t
i 1353012 1.000000e+00 0.000000e+00 *LP2-2692 j
| *---- ----l---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2693 ,

. .?
* torque curve LP2-2694 |

e

} *---- ----l---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2695 .)
; 1353100 0 *LP2-2696
' 1353101 0.000000e+00 0.000000e+00 *LP2-2697'

'

1353102 .1.000000e-01 0.000000e+00 *LP2-2698
I 1353103 2.000000e-01 1.000000e-01 *LP2-2699 +

'

1353104 -3.000000e-01 3.000000e-01 *LP2-2700 .

i 1353105 3.500000e-01 5.000000e-01 *LP2-2701 ;

1353106 4.000000e-01 7.500000e-01 *LP2-2702 f
1353107 5.000000e-01 7.500000e-01 -*LP2-2703'

!
*

.
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|

1353108 6.000000e-01 7.500000e-01 *LP2-2704
1353109 7.000000e-01 7.500000e-01 *LP2-2705 -

1353110 8.000000e-01 7.500000e-01 *LP2-2706
1353111 9.000000e-01 5.000000e-01 *LP2-2707
1353112 1.000000e+00 0.000000e+00 *LP2-2708-
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2709
* pu:np 2 phase diff erence data LP2-2710
.____ ____1____ ____1____ ____1____ ____1____ ____1___- ----1---- LP2-2711
* head curve no. 1 LP2-2712
.____ ____1____ ____1____ ____1____ ____1 ___ ____1.--- ----1---- LP2-2713
1354100 1 1 *LP2-2714
1354101 0.000000e+00 1.000000e+00 *LP2-2715
1354102. 1.000000e+00 1.000000e+00 *LP2-2712
.____ ____1.___ ____1____ ____1____ ____1____ ____1____ ____1---- LP2-2717
* head curve no. 2 LP2-2718
.__._ ____1____ ____1 ___ ____1.__- ----1---- ----1---- ----1---- LP2-2719
1354200 1 2 *LP2-2720
1354201 0.000000e+00 1.000000e+00 *LP2-2721-
1354202 1.000000e+00 1.000000e+00 *LP2-2722
.____ ____1____ ____1.___ ____1____ ____1____ ____1.___ ..__1____ Lp2-2723

* head curve no. 3 LP2-2724
.____ ____1____ ____1____ ____1____ ____1.. . ____1 ___ ____1.___ Lp2-2725

1354300 1 3 *LP2-2726
1354301 -1.000000e+00 -1.160000e+00 *LP2-2727
1354302 -9.000000e-01 -1.240000e+00 *LP2-2728
1354303 -8.000000e-01 -1.770000e+00 *LP2-2729
1354304 -7.000000e-01 -2.360000e+00 *LP2-2730
1354305 -6.000000e-01 -2.790000e+00 *LP2-2731
1354306 -5.000000e-01 -2.910000e+00 *LP2-2732
1354307 -4.000000e-01 -2.670000e+00 *LP2-2733
1354308 -2.500000e-01 -1.690000e+00 *LP2-2734
1354309 -1.000000e-01 -5.000000e-01 *LP2-2735
1354310 0.000000e+00 0.000000e+00 *LP2-2736
*---- ----1---- ----1---- ----l---- ----1---- ----l---- ----1---- LP2-2737
* head curve no. 4 LP2-2738
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2739
1354400 1 4 '*LP2-2740
1354401 -1.000000e+00 -1.160000ct00 *LP2-2741
1354402 -9.000000e-01 -7.800000a-01 *LP2-2742
1354403- -8.000000e-01 -5.000000e-01 *LP2-2743-
1354404 ~7.000000e-01 -3.100000e-01 *LP2-2744
1354405 -6.000000e-01 -1.700000e-01 +LP2-2745
1354406. -5.000000e-01- -8.000000e-02 *LP2-2746
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1354407 -3.500000e-01 0.000000e+00 *LP2-2747
1354408 -2.000000e-01 5,000000e-02 *LP2-2748
1354409 -1.000000e-01 8.000000e-02 *LP2-2749
1354410 0.000000e+00 1.100000e-01 *LP2-2750
.____ ____1____ ____1____ ___1____ ____1.___ ____1____ ___-1---- LP2-2751 f

|
* head curve no. 5 LP2-2752
+---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2753
1354500 1 5 *LP2-2754
1354501 0.000000e+00 0.000000e+00 *LP2-2755 ;

1354502 2.000000e-01 -3.400000e-01 *LP2-2756 i
1354503 4.000000e-01 -6.500000e-01- *LP2-2757
1354504 6.000000e-01 -9.300000e-01 *LP2-2758. [
1354505 8.000000e-01 -1.190000e+00 *LP2-2759 [
1354506 1.000000e+00 -1.470000eiOO *LP2-2760 [
.____ ____1 .. ____1____ ____1____ ____1 ___ ____1---- ----1---- LP2-2761 -;
* head curve no. 6 LP2-2762 [

|*--------1--------1--------1--------1--------1--------1---- LP2-2763
1354600 1 6 *LP2-2764 [
1354601 0.000000e+00 1.100000e-01 *LP2-2765 !

1354602 1.000000e-01 1.300000e-01 *LP2-2766-- |1354603 2.500000e-01 1.500000e-01 *LP2-2767
1354604 4.000000e-01 1.300000e-01 *LP2-2768 ?

135'605 5.000000e-01 7.000000e-02 *LP2-2769 [
1354606 6.000000e-01 -4.000000e-02 *LP2-2770
1354607 7.000000e-01 -2.300000e-01 *LP2-2771
1354608 8.000000e-01 -5.100000e-01 *LP2-2772 t

i

1354609 9.000000e-01 -9.300000e-01 *LP2-2773 i

1354610 1.000000e+00 -1.470000e+00 *LP2-2774 I

.____ ____1____ ____1____ ____1____ ____1____ ____1__-- ----1---- LP2-2775 '

* head curve no. 7 LP2-2776 |
*---- ----l---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2777 i

1354700 1 7 *LP2-2778
1354701 -1.000000e+00 0.000000e+00 *LP2-2779 !

I1354702 0.000000e+00 0.000000e+00 *LP2-2780
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2781

~

,

* head curve no. 8 LP2-2782 5

*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1-- LP2-2783 1

1354800 1 8 *LP2-2784
13548C1 --1.000000e+00 0.000000e+00 *LP2-2785
1354802 0.000000e+00 0.000000e+00 +LP2-2786

[
*---- ----1---- ----1---- ----l---- ----1---- ----1---- ----1---- LP2-2787
torque curve no. 1 LP2-2788-* '

----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2789*----
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1354900 2 1 *LP2-2790

1364901 0.000000e+00 1.000000e+00 *LP2-2791

1354906 1.000000e+00 1.000000e+00 *LP2-2792 .

*---- ----1---- ----1---- ---1---- ----1---- ----1---- ----1---- LP2-2793

* torque curve no. 2 LP2-2794

----1---- ----1---- ----1--------1------~-1--------1---- LP2-2795*----

1355000 2 2 *LP2-2796

1355001 0.000000e+00 1.000000e+00 *LP2-2797

1355007 1.000000e+00 1.000000e+00 *LP2-2798
*--------1--------1--------1--------1--------1~-------1--- LP2-2799

torque curve no. 3 LP2-2800*

.--._ ____1_... ___.1.___ ____1.___ _--_1---- ----1---- ----1 --- LP2-2801

1355100 2 3 *LP2-2802

1355101 -1.000000e+00 1.984300e+00 *LP2-2803
1355102 -8.009600e-01 1.394000e+00 *LP2-2804

1355103 -6.063800e-01 1.097500e+00 *LP2-2805
1355104 -4.068600e-01 8.220000e-01 *LP2-2806
1355105 -1.992800e-01 6.648000e-01 *LP2-2807
1355106 0.000000e+00 6.032000e-01 *LP2-2808
.---- ----1---- - --1---- ----1---- ----1---- ----1---- ----1---- LP2-2809

* torque curve no. 4 LP2-2810
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2811
1355200 2 4 *LP2-2812
1355201 -1.000000e+00 1.984300e+00 *LP2-2813
1355202 -8.223400e-01 1.830800e+00 *LP2-2814
1355203 -6.337100e-01 1.682400e+00 *LP2-2815
1355204 -4.585300e-01 1,557000e+00 *LP2-2816
1355205 -2.670230e-01 1.436200e+00 *LP2-2817
1355206 -1.7610708-01 1.387900e+00 *LP2-2818
1355207 -8.931000e-02 1.348100e+00 *LP2-2819
1355208 0.000000e+00 1.233610e+00 *LP2-2820
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2821
* torque curve no. 5 LP2-2822
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2823
1355300 2 5 *LP2-2824
1355301 0.000000e+00 -4.500000e-01 *LP2-2825
1355302 4.000000e-01 -2.500000e-01 *LP2-2826
1355303 5.000000e-01 0.000000e+00 *LP2-2827
1355304 1.000000e+00 3.569000e-01 *LP2-2828
*---- ----1---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2829

* torque curve no. 6 LP2-2830
*---- ----i---- ----1---- ----1---- ----1---- ----1---- ----1---- LP2-2831
1355400 2 6 *LP2-2832
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1355401- 0.000000e+00 1.233610e+00 *LP2-2833-

1355402 9.064300e-02 1.196500e+00 *LP2-2834

1355403 1.885690e-01 1.109600e+00 *LP2-2835

1355404 2.734700e-01 1.041600e+00 *LP2-2836

1355405 4.586690e-01 8.958000e-01 *LP2-2837

1355406 5.744800e-01 7.807000e-01 *LP2-2838

1355407 7.381600e-01 6.134000e-01 *LP2-2839

1355408 7.685200e-01 5.849000e-01 *LP2-2840

1355409 8.700570e-01 4.877000e-01 *LP2-2841

1355410 1.000000e+00 3.569000e-01 *LP2-2842
.____ ____1____ ____1____ ____1____ ___ 1.___ __--1---- ----1---- LP2-2843

LP2-2844* torque curve no. 7
*---- ----1---- ----1---- ----1---- ----1---- ----l--- ----1---- LP2-2845

1355500 2 7 *LP2-2846

1355501 -1.000000e+00 -1.000000e+00 *LP2-2847.

1355502 -3.000000e-01 -9.000000e-01 *LP2-2848

1355503 -1.000000e-01 -5.000000t-01 *LP2-2849

1355504 0.000000e+00 -4.500000e-01 *LP2-2850
.____ ___ 1____ ____1.___ ____1____ ____1 ___ ____1____ ___-1---- LP2-2851

* torque curve no. 8 LP2-2852

*---- ----1---- --- t- -- ----1---- ----1---- ----1-- - ----1---- LP2-2853

1355600 2 8 *LP2-2854

1355601 -1.000000e+00 -1.000000e+00 *LP2-2855

1355602 -2.500000e-01 -9.000000e-01 *LP2-2856

1355603 -8.000000e-02 -8.000000e-01 *LP2-2857

1355604 0.000000e+00 -6.700000e-01 *LP2-2858
*---- ---1--- -- -1---- ----1---- ----J --- ----1---- ----1---- LP2-2859 ;

LP2-2860*

RELAP5/ MOD 2 (LP-02-6 / Mk.2-00C) *LP2-2861
.......

1
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