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ABSTRACT

LOFT' Experiment L2-5'was designated International Standard Problem 13
~

~

by the Organization for Economic. Cooperation and Development. Comparisons

. between measurements from-Experiment L2-5 were made with-calculations from

Lil international participants ~using .five different computer codes. LOFT-
Experiment L2-5 simulated a double ended guillotine cold leg rupture of a .

primary _ coolant loop of a large pressurized water reactor, coupled with a-

,

' loss of offsite power.
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ISUMMARY-
.

,

'

(The Organization for Economic Cooperation and Development designated -

Loss-of-Fluid Test (LOFT) Experiment L2-5 as International Standard.
problem:13. . Calculations were-s'uomitted by 11 participants using five:

.

computer' codes. Eight calculations, were preceded by model submittals,and'' '

qualified as-blind'_ calculations. The four remaining calculations were - 1:

cla'ssified as'open submittals. Comparisons were made between. participant-
~

- calculations and measurements from Experiment L2-5.

e . ,

Experiment L2-5 simulated-a double ended offset shear guillotine cold
, - .

. . .

.

A loss of offsite power.leg yupturelin a'Yarge: pressurized water reactor.
~/was: also' simulated with a reactor coolant pump trip ~and an emergency core.-E '

-

'
' coolant system injection ' delay.

,

(42 - :
4

-The participants calculated the.ihydraulic response of 'L2-5 adequately,

y - except where there were obvious modeling problems. Densities were
.

calculated adequately in'the sections where; condensation did not-occur.-
,

~
'

Break flows were generally over predicted. Clad temperature heatup.s werey
! calculated adequately but quench times |for cladding was p'redicted less well~.
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1. INTRODUCTION

<

Experiment L2-5, conducted in the loss-of-Fluid Test (LOFT) was
identified by the Organization for Economic Cooperation and Development.

(OECD) as International Standard Problem 13 (ISP-13). This report
documents the comparisons between participant computer code calculations
and measured results from LOFT Experiment L2-5. The results from

Experiment L2-5 are documented in Reference 1.

LOFT Experiment L2-5 simulated a double ended, offset shear,

guillotine cold leg rupture. The reactor coolant pumps were tripped and
decoupled from theia flywheels within 1 s after break initiation,
simulating a loss of offsite power. Consistent with this loss of power,
the high and low pressure emergency core coolant injection systems were
delayed. The system description and initial conditions are presented in
Section 2.

.

The purpose of this report is to present direct comparisons between'

the calculated parameters and LOFT L2-5 data. It is beyond the scope of

this report to assess and analyze the reasons for discrepancies that*

occurred. The models used by the participants are summarized in

Section 3. The eight blind calculations are compared with measurements and

discussed in Section 4. Section 5 presents the comparison between
measurements and results from the four open calculations. Section 6

contains the conclusions and recommendations drawn from the comparisons.

Appendices A through L present details about each submittal as provided by
the participants.

o

1
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2. LOFT EXPERIMENT L2-5 DESCRIPTION

e
Experiment L2-5 was conducted on June 16, 1982 in the LOFT facility.

The LOFT facility is' located at the Idaho National Engineering Laboratory
(INEL) and was operated for the United States Nuclear Regulatory Commission

~

by the Department of Energy at the time of the experiment. This section
describes the LOFT facility'and presents the. initial test corditions.

2.1 System Description

The LOFT system configuration for Experiment L2-5 is shown in
Figure 1. The major components of the' LOFT system are: a reactor vessel
including a core with 1300 unpressurized nuclear fuel rods with an active
length of 1.67 m;-an intact loop with a pressurizer, steam generator, two
pumps arranged in parallel, and piping connected'to the break plane
orifice; a broken loop'with.a simulated pump,. simulated steam generator,

'two break plane orifices, two quick opening blowdown valves (QOBVs), and
two isolation valves;.an emergency core coolant system consisting of two .

. accumulators, a high pressure injection system and a low pressure injection
system; and a blowdown suppression system consisting of a header and

,

suppression tank. The details of the LOFT system and instrumentation are
presented in Reference 2.

'

2.2 . Test ~ Conditions

After operating the reactor at 36.0'MW for 40 effective full power
hours to' build.up a fission decay product inventory,~ Experiment L2-5 was-
initiated by: opening the two 00BVs, in the broken loop hot and cold legs.
The primary coolant pumps were tripped by the operators at 0.94 1 0.01 s.
The pumps were not connected to their flywheels during the coastdown. High

!= pressure injection and low pressure injection were delayed to 24 s and
37 s, respectively, to simulate the delay expected for a PWR emergency . ,

' diesel to begin delivering power (in. response to a loss of site power).

,

t

_ _ _ - _ _ _ .
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,2.3--Initial Conditions

.

A summary of the measured-system conditions immediately prior to
Experiment.L2-5 initiation is shown in Table 1. The mass flow rate in the

' intact loop was 192.4 7.8 kg/s. The intact loop hot leg pressure was
.

14.94 i .06 MPa. The intact loop hot leg temperature was 589.7 1.6 K.
The initial core power was 36. i 1.2 MW with a maximum linear heat
generation . rate of 40.1 3.0 kW/m.

,
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TABLE 1= ~ INITIAL CONDITIONS FOR' LOFT EXPERIMENT L2-5.

; -- g-
-

, ' - ' Parameter- Measured Value
.m

Primary Coolant System

4 . Mass flow (kg/s) 192.4 i :7.8.

Hot leg pressure (MPa)~ 14.94 1 0.06
3 Cold leg' temperature (K) 556.6 1 4.0

? Hot leg-temperature (K) 589.7 1 1.6-
Bo'ron concentration (ppm)_ 668.0 1 15

Reactor Vessel:
,

~

Power level (MW)~ 36.0 1 1.2m

Maximum linear heat generation 40.1 1 3.0
rate'(kW/n)'

- Control rod position-(above 1.376 1 0.01
> - full-in positicn (m)

.

Pressurizer-
3

Steam volume (m ) 0.32 1 0.02'
3

'

'F Ltquid' volume (m ) 0.61 i 0.02r .

. Liquid temperature (K) 615.0. 13
Liquid level (m). 1.14 1 0.03'

Broken Loop-
w

Cold leg temperature near .554.3~ i 4.2
reactor vessel (K),^

Hot: leg temperature,near. 561.9 i 4.3
reactor-vessel (K)

' Steam Generator Secondary Side
.

Liquid -temperature (K) 547.1 i 0.8
Pressure (MPa) 5.85 i 0.06

. Mass flow (kg/s) 19.1 i -0.4-
,

:
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3. SUMMARY OF PARTICIPANT MODELS

.

Calculations were received from 11 participaats of which eight were
preceded by model submittals to qualify as blind calculations. Table 2
lists the participants and the identifier used for each participant in this *

report. Five different computer codes were used in the calculations.

RELAP4/M006 was used in seven of the calculations and RELAPS used in two
analyses. Codes other than RELAP4 are identified as such on each

comparison' plot. The following discussion briefly summarizes the model of
each participant.

3.1 Gesellschaft fur Reaktorsicherheit (GRS)
'

GRS used the DRUFAN 02 computer code to perform the blind

calculation. The thermal hydraulic models in ORUFAN 02 are based on the

solution for conservation of liquid mass, vapor mass, overall energy, and
overall momentum. Determination of the critical-flow at the break was made
using a one dimensional nonequilibrium model which uses the geometry of the ..

break path. The GRS calculation was terminated at 28.76 s after break
initiation.

.

| 3.2 Japan Atomic Energy Research Institute (JAR)

The JAERI'Oivision of Nuclear Safety Evaluation used an improved
version of RELAP4/M006 for their blind calculation. Most of the major
modifications to the code were developed for small break analyses, so the

. code used in the ISP-13 calculation was essentially equal to the original
RELAP4/M006 code. Critical. flow was calculated using Henry-Fauske/ HEM with
a discharge. coefficient of 0.85 for both the subcooled and saturated
reg i on'. The calculation was terminated 50 s after initiation of the break.

.

0
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TABLE 2. SUMMARY OF ISP-13 PARTICIPANTS -

3
Organization' Participant- -Code ID

-Gesellschaft fur Reaktorsicherheit W. Pointner DRUFAN 02 GRS-*

- mbh Forschungsgeland
(West-Germany)

-

Japan Atomic Energy Research F. Tanabe RELAP4/M006 JAR'
Institute K. Yoshida

Japan Atomic Energy Research- M. Akimoto THYDE-Pl~ JAT

Institute M. Hirano -|

Central Electricity Research A. H. Schriven RELAP4/M006 CERL

Laboratories
-(United Kingdom)

Studsvik Energiteknik AB 0. Sandervag RELAP5/M001 STUD

(Sweden)

Eidgenossisches Institute fur S. Guntay- RELAP4/M006 EIR
Reaktorforschung S. N. Aksan:

(Switzerland) .

. . .

Los Alamos National Laboratory T. Knight TRAC-PD2 LANL

(USA)-
~

J

'

ENEL-CRTN L. Bella=. RELAP4/M006' ENEL-

(Italy). F. Donatini -

RELAP4/M006 DCMND'partimento di Construzioni - M. Mazzini- >*

Miccaniche e Nucleart
-(Italy)

Commissariat A l'Energie Atomique- R. Pochard. RELAP4/M006~ CEA

(France) Y. Macheteau '
.

'
Technical Research Centre of . H'.: Holmstrom - RELAP5/M001, -VTT

Finland V. .Yrjola ' ' cycle 19
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3.3 Jjpan Atomic Energy Research Institute (JAT)

- e

. The Nuclear Safety Code Development Laboratory at JAERI performed

their blind calculation with THYDE-Pl. The critical flow model used the
,

'

modified Zaloudek and Moody correlations in.the calculation with a Moody
- discharge coefficient of 0.6. Only the average core channel was modeled

with THYDE-P1;.no hot channel analysis was performed. The calculation was
~

terminated ~69.84 s after the. initiation of the break.

. 3.4 Central Electricity Research Laboratories (CERL)

'The CERL blind calculation was performed with RELAP4/M006. Critical

flow was calculated using Henry-Fauske/ HEM witt a multiplier of 0.875 and a
- transition quality of 0.025. Separate hot pins and reflood models were
used in conjunction with the average core blowdown model. The calculation
was terminated 37J s af ter break. initiation.

3.5 Studsvik Energiteknik AB (STUD) .

Sweden's blind submittal of ISP-13 was performed using RELAPS/M001,
~

,

Cycle 14. ;The RELAPS critical. flow model was used with a discharge

- coefficient of O!87. 'The calculation was terminated 55 s after the break
"

initiation.

3.6 Eidgenossisches Institut fur-Reaktorforschung (EIR)

'EIR performed both a-blind and an open calculation for ISP-13 using-
RELAP4/M006. CFor,the b'ind calculation only a. single core volume.was used;l

4

in~the open. calculation, two parallel, multivolume core channels were
g ' modeled. Except for the core, =the blind and open models were identical.

- Critical- flow was calculated using Henry-Fauske/ HEM, with multipliers of
'

O.8.and 0.848 respectivelyc The blowdown portions of the calculations were .

terminated at 44's, while' separate reflood calculations were run out to
100 s.

.
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3.7 Los Alamos National Laboratory (LANL)

v

The open calculation of ISP-13 submitted by LANL was performed using
the TRAC-PD2/M001 computer code. TRAC-PD2 features a three dimensional

3

treatment of the reactor vessel, two phase nonequilibrium hydrodynamic

models and flow regime-dependent constitutive equations. The code does not
contain a' critical flow model; break flow was calculated using break
geometry and a normal field equations in the code. The LANL calculation
was terminated 100 s after break initiation.

3.8 ENEL-CRTN

The ENEL blind calculation was performed with RELAP4/M006. The model

used two parallel, multivolume core channels, representing the average and
hot channels. Henry-Fauske/ HEM was used to calculate critical flow, with
multipliers of 0.865 and 0.7 for subcooled and saturated flow respectively.
The long term calculation was terminated at 160 s after break initiation.

'

Due to problems with the output tape, only the short term plots (0-30s)*

were available for the comparisons in this report.
.

3.9 Dipartimento di Construzioni Meccaniche e Nucleari (DCMN)

DCMN performed an open calculation of ISP-13 using RELAP4/M006.
Critical flow was modeled with Henry-Fauske/ HEM with discharge coefficients

of 0.84. Transition quality was set at 0.003. The M006 heat transfer
package (HTS 2) was used in the calculation. The calculation was terminated

30 s after break initiation.

3.10 Commissariat A l'Energie Atomique (CEA)

The CEA blind submittal was performed using RELAP4/M006. Henry-Fauske/

HEM was used to model critical flow, with discharge coefficients cf 1.0 and*

a transition quality of .0025. The calculation was terminated 56 s after
break initiation.9

9
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E3.11 Technical Research Center of Finland (VTT)
4

+
The VTT open calculation was performed using RELAP5/M001, Cycle 19.'

Opdates''.to the FIDRAG-subroutine, which calculates the drag between flu.id
'

- phases; were.added. A discharge coefficient of 0.84 was applied to.the
- RELAPS critical flow model. The calculation was terminated 60 s after the,

break ~ was initiated.
.
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4. SUMMARY OF BLIND RESULTS
.

-

Eight ISP-13 submittals were designated blind calculations. This
designation was given to those participants who submitted the models to be.-

used in the calculation prior to.the performance of experiment L2-5. The

comparison of these calculations with measured data is presented in the
-following sections.

4.1 Sequence of Events

The measured and calculated _ sequence of events for L2-5 are summarized

in Table 3. The experiment was initiated by opening the two QOBVs. The-
1

primary coolant pumps were turned off and the primary coolant system
- depressurized~to saturation, both by 1 s. The cladding temperatures in.the

-central fuel assembly departed'from saturation within 2 s. Accumulator

injection began at 16.8 s. The maximum cladding temperature of 1077 K

-(1479 F) was reached at 28.5 s, just prior to the completion of lower
.

plenum refill. High pressure injection (HPI) was initiated at'23.9 s; low:
pressure injection began at 37.3 s.

..

Most_of the blind calculated sequence of events were in accord with-
data. The calculated end of subcooled blowdown ranged from_0.05 s (STUD,-

CEA) to 0.09 s'(JAR), Reactor scram ranged from 0.0 s (EIR) to 0.25 s
(STUD). Cladding temperatures began to deviate from saturation between"

0.51 s (STUD) and 1.42 s (EIR). Both Japanese submittals tripped the.
-reactor coolant-pumps early, at the time of the break. The participants' -

,

calculated pressurizer: voiding between 5.0 s (ENEL) and 17 s (CEA), .
compared to-the 15.4 s seen in the data. Accumulator initiation ranged
from 12.8-(STUD) to 19.3 s (ENEL). The time of-maximum peak ~ clad

temperatures calculated byithe participants' deviated significantly from
data, ranging between 10 s (GRS) and 50~s-(ENEL). Only CERL's calculation-

*
= reached a peak within 5:s of data at 24.0 s but their. peak clad temperature
of 1155 K (1600*F) was significantl'y higher.

..

11
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TABLE 3. MEASURED AND CALCULATED SEQUENCE 0F EVENTS FOR LOFT EXPERIMENT-L2-5 "

' Event -,_LR:2_y JAR .CERL ElR ENEL. 2GRS la0EL. STUO. CEA LANL EIR ' DCHN ' VTT'

L2-5. initiated. 0.0 '0.0 0.0- 0.0 .--a -0.0 > 0. 0.0- "O. 0.0 ' ' O.0 'o.0 "0.0i,

'~

Subcooled blowdown f0.043- ~0.09 0.056 0 .1 0.07- 0.1 0.05 .05~ J-- 0. .1 .06- - -

-ended

-Reactor scrammed 0.24 0.11 .0.24 -0.O' .1 .0.097 0. 0 - 0.251 .24 .24 0. 0 ' .248 .1-

Clad temperatures 0.91 :1.15 0.8 ~1.42 0.67 0.6- 0.58 -' 1. 0 - 1.42 .9 ~ .5'----

- deviate troe
sa tura t ion

RCP trip 0.94 0.0 0.94' 1.0 .9 1.0 0.0 0.951 .94 ' . 24 ' 120 .941 .94
. Subcoo led b rea k ' 3.4 3.04 4.1- 3-4. 3;3' 3.3 4.0 4.0 o- - - 4. 0 - - 3.5 4.0
riow end- -

PZR emptied 15.4 14.4- 10.2 10. 5.0 12.1 15.0 17. 16.5(95%) 8.0 15.3 15'.0--

28.0 .(995)
,

Accumula to r 16.8 17.36 16.8 13.8 - 19.3 -16.02 - 17.0 12.85- 15.2 17,75 15-16 16.6. ~16.3initiated '--

HPt initiated 23.9 2re.8 24.0 22.0 23.9' 24.05 22.25' 23.98 24.4 23.9 22.0 23.91 24.0'
~

. Maximum PC 28.47 48.8' ; 24.0 - 10. 50.0 10.0 5.0 12.85 .-- 50.0 38.0 -- 5.2~:

tempe ra ture
reached

LPI initiated 37.32 35.0 -37.0 .35. 37.3 34.75 37.31 36.3 37.32 35.0 37.2.-- --

a. -- = not calculated.

..
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4.2 Pressure

9
The comparison between calculated pressurizer pressure.and data is

presented in Figure 2. JAR and CEA calculated a pressurizer
^

;..

Ldepressurization slower than that seen in the experiment, while all other
participants calculated a faste'r depressurization with STUD's calculated
rate being the most severe. ENEL's calculation apparently included the
isolation of the pressurizer component at 5.0 s.

Comparisons of pressure for the intact loop cold leg, broken loop' hot
leg, broken . loop cold leg, and upper plenum are shown in Figures 3
through 5, respectively. Generally all participants, except ENEL,

: calculated pressure histories below that actually observed in the data.
ENEL's calculation was consistently high out to 30 s. STUD again had the

lowest pressures over all. The CEA calculation displayed some interesting-

discrepancies. Their calculation of cold leg pressures, both broken loop
~

and intact loop were extreniely close to data. However, the broken loop hot'

leg pressure calculated by Mssrs. Pochard and Macheteau showed an initial
5 MPa (725 psi) pressure drop below that of all the other participants. In
the upper plenum, the CEA pressure history was decidedly. higher than the~

'

rest of the-calculations. Analyzing the reasons for this pressure
discrepancy is beyond the. scope of this report.

Comparison of the steam generator secondary pressure (Figure 6) was

complicated by.the range of initial conditions used in the calculations.
. STUD, GRS, and CEA all'underpredicted the equilibrium pressure in the

,

generator. JAR's initial pressure was much higher than data, but
stabilized out only slightly high. JAT's and CERL's equilibrium pressure.
exceeded data substantially. EIR's calculation predicted the secondary

pressure response quite well.

'I 4.3 Fluid Temperatures

Calcul.ated upper plenum temperatures when compared to data in Figure 7*

showed the saturation temperatures corresponding to the respective pressure

13

C - . _ ___ __ _



. _ _ _ _ _ _ _ _

s

.

20000 ' ' ' 3 .

} JAR l,
. C CEPw

\,25000 CIR
A ESEl.

15000 ( -- PC-PC-00A l r
a

e
40 4'% -2000 ,3o. o#s6 ss s ;_ . i e

a 3'

" "x '%. - am

8
, 10000 ~- s ' 1500 m..,

', S ua g, I 3* \ i3 -:.'( '\-k' oe
,,3000 ,C3

u a
"X s

a..

'N5000 -

k - I

s

500
1 % kN

y''~~00 '

g 1 30 33 50

Time (S) -

.

20000 ' >

)
'

1 GRs (OPL)
-

,

i

JAT (THY) -2500i, " stuc 65)
.

o
!ga CEA

15C00 %g 4
,_., PC-PC-00An ,,

- ex L1000 ,?0

W Q S.s ~U. %
a.

o6
'N~. 3i sj

8 10000 [
(N s a's \ 3

& - j tsou o
3 u

t

B \ N
N

:
. N man I

' w
1000 S

'('q:.5s i

,,

c.,
, _

ysa
i .

i , . ' b-QWO -

O
o 10 N 3o 'O go

Time (S) ,

Figure 2. Comparison of measured and calculated pressurtzer
pressure for the bitnd calculations,

14

,
_ _ _ .



. - -

fo

'
20000 i, . .

JAR
|2500O CEPL p

1 C ElR
!I a ENEL

15000 3 .- - FE-PC-001 1 ^

. g 2000 o
,

I a .

O
m

'

d

-] 1500
3 o10000 *,. u,

3
t->Q

I 3
|1000

*m : n

[ J '45 ,c
*
,

d%. j '0-

5000 t- iW . ,

' ' 'k.2;, s. [500i ' N.

; ~
i

' 5 %.? - _ . - ~,_ , . J_.

0o. 2- --

O to 20 30 40 50
.

Time (s)

.

20C03 ,
|

i i i

! ! 09S (OPU) |j iO STUC (15) t.2500
.S CEA.

I |- PE-PC-001
~

15000 2+ m
g ) -2000 o

,

a. - I e
6 . i O
$ 10C00 ~

E
a a*

$ $!
.,

K '1000 ** -

D,4 ~

a. I Q.
5000 - sg%q

\k -500g

Df |

w .; .c_ I '**<t*4~%YC.: bo.

_3

e 3 to 20 30 40 50

Time (s)
Figure 3. Comparison of measured and calculated intact loop

cold leg pressure for the blind calculations.

15
-1

m __ _



.

20000 t i i *
.,

JAR
_ O CEPL -2500

O CIR
A ENEL15000 0 *pc_gt.002. _ . .

g J m
}-2000 ,c

1
| ne a,

$ 10000 h' "I *
3

f 3
$

f ES
.

F1000 *
~

,

5000 - Og
. 'p 500

"

,_.w _._,__.,_. ._'
i rg

,_

- -
- -C

0 10 20 30 40 50
Time (s) .

.
20000

. . i

| GRS (OPU)
. O J AT (THY) ' 2503-

C STUD (95) j
6 CEA -

15000 O
PE-O'_-C 0 2 1^ ' m

-2000 0
n.
a a 7
v a

v v
*

10000 1 00 e
R \ R

f' $ 4 -
*

1000c. .

5000 % * a.
k s. ~

e.
-500

% ~ y. t , . .. . aq,ygn
'

&. -

~7 -,

o to 20 30 to 50
Time (s) *

Figure 4a. Comparison of measured and calculated broken loop
hot leg pressure for the blind calculations.

16



7.
_ - _ ._. . - - _ _ _ __ -_____. _ _ - _ _ _ - _ _ _ _ _ _ _ _

i -

1 ,

|

-

k

- o '.,

i. .,_

[ .f 20000 i .i i i
;

JAR- 5

'
~

~ O 'CERL -2500 .

,

O CIR
1 a ENEL ,

15000 m PE-BL-001.. n- -- .

T -2000 0 t.n
c 1' ~

S. O
- . v

, i _-1500 e
10000.u 6'

3 3*
$

o

.$.
, 1000 *

G-

-
%sN

~*

$000 * -
50021 ,-q

' he. -_;---
0 - 7 --

.- --.m
0,

0 10 20 30 'to 50

Time (s)
*-

.

)
.,

20000 , i i i '

GRS (DRU)~
. '. ' O JAT (THY) 2500

'

'' - O STUD (95).
A CEA- ,

'^
i

i t$000 G-

' PC-BL-001- -

n , 2000 ,oO.
h n

C - Q-.

y. v

1500 e-". 10000

|| )%:4
"

~

'aoa~ ;
,,,,

' 500'-

.

..

AM i * * 1r t- .#s .f' #.

%Joe i.g _ _ , - _ . .

e' O 10 . 20 - 30 40 50

Time .(s)'
- Figure 4b. Comparison of measured and calculated broken loop

cold leg pressure for the blind calculations.

>>

17

.-in - ;.

*.=
_



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

b

4

- *

20000 , , , ,
,

JAR
- O CERL -25000 CiR -

A NEL150000'

m.
-

PC-10P-001A1
_

--
r no p2000 ._0. m

. 6

' 8 10000 --1500 o
@ - 5., n
g .. M

''w *

-1000 EQ.
...

5000 - s -

-

I
-500

0|
'

l
- ' ' --~- 0=

0 10 20 30 40 50
Time (s) .

.

20000 , , , ,

- |C GRS (DRU)
'

JAT(THY) -2500
0 STUD R5)

15000 -- A CEA
-

-- PC-luP-Octal ",T -
,

e
2000 0

0. 76 o-m
'[- sogon - .-1500 e
o
a os n

- \ 1000

5000 -
-

-500-

- -, - . ~

0 " -

'O
0 to 20- 30 40 '$0

Time (s) '

Figure 5. Comparison of measured'ond calculated upper
'

plenum pressure f or the blind colculeflons.

-s.

18

*
__ - - _ _ _ _ . - . _ _ . - - - __ . - _ - - -- - - - - - _ _.



w ,
#

..
"' [ 1h.

c

e

k

) .

,

.

,

s.9'-

'
- + - -7000

.
. . . i

-1000- MR
0 CCRL
O CIR

PE-SGS-001
6500 -

--950--
,

m
^ 0'

O -. -

na- _.

-900 c.. .x - + g\.
|

/'

6000 f ./
-

- u
~ - e.e

. u m

3 850 3
m . . 4 e
e v - _ _ _ e
g - . -- v._s - . ,~ .,,,, _ % - ,_,,,_, u.

A o.
5500-- -800-

-750

' ' ' '
I5000

0 10 20 30 40 50

' Time (s)
..

., ' .
.

..

7000 , , , ,

-1000
~CRS (090)-

O JAT (THY).,

O STUD (RS)C - % _- _. .-
~" " - - A CEA' ~950'

6500'- --

]- gPC-SGS-001 ~

-
-

~

o. -

-

3 L 900 a.-
,

E 6000 #-

5 850- ~$
*

a N, - s .

m,

? (h* ''~*~1~~~ ...
*

-. ~ , m .,, , ,._ , ,,,_, .u
n. a, -:m _- m m ,.-

9800'A -.%,
- w- -" "^

5500 -'
-: .

-p_.- - .

-
u

.
- -750-

' ' ' '

5000
0' 10 - 20 30 40 50.

. . ' Time (s)
. !*Igure 6. Comparison of mecsured'ond calculated stoom .

generator secondary pressure f or ll e blind calculations.

.

19

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



-j

. .

650 - * ' ' ' -700 .

k JAR
O CERLn

6 600
- O ElR

-, .s

b
4 O 4 ENEL ;-600 v

E :f' ; |- - TE-10P-001 |- e-

,

3 550 - -% y 5'C
'

h , {500

h500- ' \.{N' 'l $'

N, / -

I;'"
} Ef. : u s ,. I, \ :-

450 - h I/
C **

% - '. c8 E- -
' '' . 3. "%- -300

,o a
.

, <

j 400 - A - a .

'

' -200
' ' ' '350

O- ' 10 20 30 40 50

Time (s) ,

*
650 , , , , ,

! GRS (DRU).
'O.: JAT(THY)^ m

6 600- O STUD (RS) E-

E
.

A CEA. "600 v'

TC-10P-001 e'' --
,

3 550 -
_ 5

C ~ -500 ' os,

'e. . . *~
C- 500

. 5 .
s f % ~, E

,

/
g . -400 e-

.

.. ' /, / \ ~

.* 450 - s% .\ { V :s .

7 _ -C J _7c -- g-*
,

_c - "

-
,

--'" '" N -300o
Oj 400 -- -

.

0.)
* '

- 200
' ' ' ' '

'350-
0' 10 - 20 30 40 50

Time (s)-
'

- -

Figure 7. Comparison of moosured and calculated upper
plenum. fluid temperature f or ' the blind calculations.

20

__---__-x_ _ _ _ _ _. _ _ . ___ ,



histories. Ony ENEL and CEA fluid temperatures were consistently above

L. data. Superheated fluid appeared in the data around 28 s. Several of the

participants registered superheat at various times, ranging from 20 s
(CERL).to 37 s (JAR). ENEL showed no superheat on the data plots, but

,

their report plots show superheat beginning around 40 s. JAT, STUD and CEA

showed no superheat at all in their upper plenum temperature histories.
.

Figure 8 compared calculated lower plenum temperatures with data,
ag in showing the saturation temperature correspondence discussed above.
JAR's RELAP4 calculation showed considerable superheat in the lower plenum

starting at 27 s and quenches at 39 s. The JAT THYDE-P1 analysis

,- registered an abrupt 68 K (124*F) drop in their temperature at 42 s, the
only participant to calculate subcooling in the lower plenum.

In the intact loop cold leg temperature comparisons, seen in Figure 9,
~

zthere was considerable variance in the fluid temperatures. None of the

participants calculated the oscillatory behavior seen in the test. Most
.

calculated some subcooling with GRS and JAT being-the most pronounced,'

' dropping to 310 K (100*F) at 20 s (GRS) and 31 s (JAT). The temperature
.-

,

drop in GRS, ENEL, and CERL appeared to correspond to the initiation of
accumulator flow. .There was no immediately available explanation for the

drops seen by STUD and JAT.

. Comparison of measured and calculated intact loop hot leg temperatures

is presented in Figure 10. The' LOFT experiment experienced some

superheating in the hot leg around 28 s. Superheat was calculated by CERL

(23 s), JAR (38 s) and JAT (34 s). None of the other participants
2 calculated this superheating in the intact loop hot leg.

Pressurizer average temperature,'shown in Figure 11 was underpredicted
by all participants. This does not include the isolated pressurizer model

* used by ENEL.

The steam generator secondary temperatures, presented in Figure 12,=*

reflect the various initial conditions used by the participants. In

general the blind calculations, with the exception of JAT, remained above
-tha equilibrium L2-5 temperature.
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4.4 Fluid Density

,:..

The comparison between the calculated average volume density and the

measured density in the intact loop cold leg showed significant differences.-

- as presented in Figure 13. Five calculations (CERL, EIR, ENEL, JAR, JAT)
resulted in an initial voiding of the cold leg, followed by a complete
refill. This refill time ranged from CERL's 16-s to JAT's 31 s. This

~

refill was considerably different from the oscillations seen in the data.
STUD. calculated a single slug of liquid from 13 to 17 s, then calculated
complete voiding. The remaining subnittals simply voided the cold leg.
The problem could be connected to the average density calculation and the

- difficulty the codes have calculating the effects of subcooled ECC
injection.

There was better agreement between the average intact loop hot leg
densities and the data taken in L2-5 as shown in Figure 14. By 30 s, all
participants calculated a voided hot leg. JAT and ENEL calculated
significantly higher density between 5 and 20 s.than other submittals.

~

46 : / In the broken loop, both cold leg and hot leg shown in Figure 15
and 16 respectively, there was again considerable difference in the
comparisons with the measured density and with the participants
calculations themselves. All of blind calculations,-with the exception of

, y.

CERL, predicted a slower _ voiding in both legs during the first 10 s. In

'the hot leg, all participants'- submittals showed a voided pipe after 20 s.
In the cold leg, slug flow, seen in the data, was evident in the ENEL and
CERL calculations. STUD, JAT, and EIR calculated major refills of the cold
leg pipe starting at times ranging from 16 s (STUD) to'35 s (EIR). Both'
STUD's and JAT's analyses showed the cold leg pipe emptying again between

35 s'and 42 s. EIR's calculation was terminated before the cold leg

emptied.
.

r- 4.5 Mass Flow
. . .

A comparison of the calculated core inlet flow,' presented in
Figure 17, shows the characteristic reversed core flow signature of a major =
cold leg break. All participants, except JAT, calculated approximately the

27
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same peak reverse flow rate. JAT's calculated peak flow was about 1/3 of
that seen by the other calculations. By 10 s all calculated flows had'

essentially stopped.

.

For the calculation of a large pipe rupture, the break flow models
were critical. _ As discussed in Section 3, virtually all participants used
different models or multipliers for their break flow studies. Figure 18
and 19 present the results of these studies in comparison with data. In
general the agreement between calculations-and data is quite good. Peak
cold leg flows calculated by CERL and CEA exceeded data significantly. In

the hot leg only EIR underpredicted the break flow while most of the
participants.overpredicted the hot leg break flow. The discrepancies in'

break flow are better seen in Figure 20 which shows the integrated mass'

lost to the system through the breaks. EIR's calculated mass lost came the
closest to matching data. JAT first underpredicted the mass lost during
the first 9 s, then overpredicted. All other participants overpredicted
the mass lost with STUD's mass _ lost being some 50% higher than data by 30 s.

> :

Figure 21 shows the calculated mass inventory in the reactor vessel.
While discrepancies in the initial mass make. exact comparisons difficult, a*

qualitative review showed some explainable differences as well. EIR did.
not experience a refill in inventory, while STUD calculated an insurge
between 15 s and 23 s, which'~ emptied out by 30 s. GRS, JAT and JAR

calculated refills starting between 25 s and 40 s.

Emergency core coolant injection is shown in Figures-22 and 23. All
, participants underpredicted the initial HPI peak flow. .High pressure
injection flow was overpredicted by STUD and~JAT after the initial peak

~

flow. Low pressure injection was calculated rsasonably well-by.all
participants, except JAR, which showed high flow as well f as what appears to

~

be some possible modeling problems-.
? .

4.6 Pump Speed
..

s

Pump coastdown, simulating the loss of offsite power in L2-5, is.
-compared with data in Figure 24. 'Most participants followed the coastdown

~

f
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EIR calculated awell, taking the various initial speeds into account.
much higher speed for the first 20 s, then degraded to an abrupt shut off.

Only the two Japanese submittals did not calculate a pump speedat 34 s.
STUD calculated a tremendous increase in pump speed, to nearlyturnaround.*

400% of initial speed between 16 s and 31 s. This peak is similar to the

pump speed increase experienced in L2-5 between 25 and 59 s, but the data
never exceeded the pump's initial speed.

4.7 Rod Temperature

The comparison of cladding temperatures with data is difficult due to.
the variety of modeling techniques used by the participants to model the

With this in mind, Figures 25 and 26 present theheat slabs in-the core.
comparisons with data for the 0.76 m (30 in.) elevation and 0.99 m (39 in.)

For the first 30 s, GRS comes very close to matching theelevation.
temperature profile at the 0.76 m level, with a peak slightly higher than

JAR, ENEL, JAT and CEA all underpredict the temperatures but showdata.
the stable high temperature plateau seen in data. CERL overpredicts the

,

temperature plateau,.while STUD reaches the same peak as CERL but shows a
definite quench. The quench seen.in the STUD RELAPS calculation starts at*

the same time as the increases in loop densities and the pump speed.

At the 0.99 m level,.the data from L2-5'is characterized by two

quenches at 15 s and 47 s. None of the participants, except EIR and JAT,
Initial increasescalculated these quenches at the presented elevations.

in temperature were well predicted by all except EIR, which used an average
core model for this elevation. .Only JAR overpredicted the temperature

prior to the 15 s data quench.

4.8 Summary

In summary, the eight blind calculations performed satisfactorily when.-

calculating hydraulic behavior.except when modeling problems, such as EIR's

' pressurizer, STUD's pump and JAR's LPIS, interfered. The predicted*

Subcooling
pressure-temperature histories were generally lower than data.
and superheat within.the primary were not well predicted. Except in the

In the cold. intact loop cold leg, densities were adequately predicted.
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leg,-'however,'the predictions ranged from liquid full to vapor full without-
the slug flow behavior seen in the data. Break flow and mass lost to the

,

primary was overpredicted by all participants, except EIR. Calculations of.
ECC infection and pump speed were adequate except for the above mentioned

modeling problems. Rod temperature-profiles were very model dependant. *

Heatup rates were calcu'.ited well, while quenches of the clad were not
. predicted.
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5. SUMMARY OF OPEN RESULTS
:.'

,

The calculations submitted by LANL, DCHN, VTT and the second EIR

submittal were designated open calculations because.the models used in*

these analyses were not submitted prior to the L2-5 experiment. These
participants were allowed to make code or model changes to improve their
predictions. Comparisons of experiment L2-5 data with the code predictions
are provided in the followir.g sections.

5.1 Sequence of Events

The measured and calculated sequence of events for the open

calculation were included in Table 3. For the most part all open
submittals caldulated the experiment's sequence of events well. EIR and
VTT scrammed the reactor earlier than the 0.24 s experiment scram. VTT

,

predicted an early deviation from saturation temperatures while EIR
predicted a later one. LANL tripped the pumps early at 0.24 s rather than

,

0.94 s. The participants calculated pressurizer voiding between 8 s (EIR)
and 28 s (LANL). ECC initiation was well calculated. The time of peak
clad temperatures, however, ranged from 5.2 s (VTT) to 50 s (LANL).*

5.2 pressure

The calculated pressure in the pressurizer, intact loop cold leg,:
broken loop hot leg, broken loop cold leg, and upper plenum are compared
with data in Figures 27 to 31, respectively. EIR and VTT underpredicted
the pressure.in the pressurizer, while LANL'and DCMN calculated the drop
extremely well for the first 15 s, then overcalculated the pressure from
15 s to 40 s. In the loops and upper plenum, the same basic pattern was
seen with EIR and VTT generally.under the data and LANL and DCMN generally

over. LBut all participants calculated the loop pressure history well.
.

Figure 32 shows the comparison between calculated secondary pressure
and data. -The EIR calculation showed the best comparison with data,'

following the pressure history quite well. The LANL calculation showed a*

slow oscillation in secondary pressure, while the VTT depressurized
substantially.
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5.3 Fluid Temperatures
.

Upper plenum temperatures are compared to data in Figure 33. For the"

first 28 s, the submittals showed the same relation to data as did the''

. pressure histories, with EIR and VTT below data, and LANL and DCMN above.

In this period, DCMN's RELAP4/M006 calculation followed data extremely
well. At 28 s both the L2-5 data and EIR's calculation began to register
-some.superheating. The magnitude of this superheat was higher in the
calculation than in the data but the shape and trend of the curve was

nearly identical.

Comparison of lower plenum and intact loop cold leg temperatures,

.shown in Figures 34 and 35, again show the same relationship as the*

pressure histories. EIR and '.TT were generally lower than data until 28 s
,

.when the cooldown calculated by VTT slowed enough to reverse the trend.

'LANL's temperatures were higher than data until the 35 to 40 s range when
the comparison reversed. ~ DCMN's lower plenum temperature comparison was-

..

excellent.

Hot leg temperatures (Figure 36) again showed some superhea' ting in the*

data. As;in the upper plenum, only EIR calculated the superheat but at
much higher levels. Both LANL and VTT calculated a cooldown which followed
their~depressurization histories.

~

All.the'open calculations underpredicted the average coolant
temperature in the pressurizer shown in Figure 37. Secondary temperatures
compared in Figure 38 show better results. The VTT calculation's secondary

~

cooldown followed the.depressurization previously mentioned in.

Section 5.2. The remaining two calculations stabilized by 15 s and
remained constant, with LANL calculating an average temperature nearly

identical to data.
,

5.4 Fluid Densities
'

..

'The measured density and the calculatedLaverage density in the intact

loop cold leg is-shown in Figure 39. The calculations all showed the cold
The time.. leg voiding with subsequent slug behavior later in the transient.
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the slug flow began varied from 16 s (VTT) to 39 s (LANL). The'

oscillations calculated by VTT were much less severe than those seen in the~*

experiment'and those calculated by other open participants.
:.

Figure 40 compares the calculated average density in the intact loop
hot-leg with the density seen in the data. All calculations showed similar
.results with the hot legs simply voiding during the transient. The
agreement with data was_ good for all the calculations.

The comparisons of calculated and measured densities in the broken

loop are shown in Figures 41 and 42. All open calculations showed a slower
voiding in the cold leg than' data for the first 20 s. Both EIR and LANL

calculated major slug flow througt. the cold leg at different times in the
. transient, but this phenomenon wi.s not observed in the data. In the broken

loop hot leg, the calculations saowed a faster voiding than was observed in
the test for the first'20 s. After this point, all submittals remained

. voided with the exception of the VTT calculation which experienced slug
.

flow after 44 s.

5.5 Mass Flow*

A comparison of calculated core inlet flows is shown in Figure 43.
The reverse ' flow peak, characteristic of a cold leg rupture, was calculated
to be-much more severe by EIR than either LANL or VTT. However, by 10 s,
all calculated flow had' essentially stagnated.

x-
One of the most critical comparisons was that of calculated break flow

with data and is shown in Figures 44 and 45. These results reflected the~

various break flow models used by the participants. After 3 s, all of_the
participants overpredicted cold leg break flow. LANL underpredicted the

..

peak flow in the first 0.5 s, while DCMN and EIR overpredicted the peak by
* 50 to 70%. VTT nearly matched the initial peak, earlier than data, then

underpredicted the flow until 3 s. In the hot leg, VTT overpredicted the
* - flow significantly, as did DCMN. EIR underpredicted the flow, while LANL

followed_the hot leg flow history reasonably well. However, the bottom
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.

line, mass lost from the system in Figure 46, showed that EIR came closest to
'

correctly calculating the total mass lost while LANL, DCMN, and VTT
.

overpredicted the event.

- A comparison of calculated reactor vessel mass inventories is shown in *

Figure 47. EIR's initial mass inventory, was significantly lower than LANL or
VTT, and all calculations showed differences in final mass inventories.

1

Neither EIR or VTT showed an inventory turnaround or refill while the LANL,

TRAC calculation began to increase at 20 s.

Emergency core coolant flows are compared to data in Figures 48 and 49.
EIR calculated an earlier HPI initiation than the other participants, but the

- significant difference was LANL's flow rate, approximately two times higher
than'the data or the other_ calculations. This high flow was probably a factor
in the fast turnaround of LANL's vessel inventory previously mentioned. LPI
flow comparisons showed EIR again preceding all calculations, as well as data.

5.6 Pump Speed
.

Measured and calculated pump speed is presented in Figure 50. Apart from~

.

the-initial value discrepancy, there were no major problems with any~of the
- submittals.

5.7 Rod Temperatures

Rod cladding temperatures are shown in Figures 51 and 52, at 0.76 m
^

(30 in.) and 0.99 m (39 in.) respectively. As with the blind calculations,
the significance of these curves was questionable due to the various modeling
approaches to core cladding heat slabs. At the 0.76 m level, VTT's peak
temperature at 5.2 s was close to the peak reached in the actual test but the
cladding cooled off significantly from that point. Neither EIR or LANL
reached the data peak, although the relatively stable high temperature history

,

seen by LANL is more characteristic of data. At the 0.99 m elevation, data
showed'two major quenches, at 15 s and 46 s. VTT's_ calculation showed a

.

earlier downturn from 5 to 10 s, then stayed relatively low. LANL calculated
' a-temperature decrease-near the first data quench at 14 s and a true quench at
- 89 s. EIR and DCMN did not display the characteristic quench behavior at all.
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,

5.8 Summary
.

.

In' summary, as with the blind calculations the open submittals
performed well'in calculating the hydraulic response of the LOFT system.

*

Pres'sure-temperature histories were somewhat closer to data than the

majority of the blind calculations; subcooling and superheat accounted for
the main discrepancies. Slug flow behavior in the intact loop cold leg was
handled better in the open calculations than the blind submittals. Slug
flow was also calculated to appear in the broken loop although it did not
appear'in-the data. Break flow was overpredicted by everyone except EIR.
ECC flow was calculated adequately except by LANL. Rod temperatures was

again quite model dependant and, while heatups were calculated adequately
quenches were less adequately predicted.

.
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6. CONCLUSIONS AND RECOMMENDATIONS

. . .

3Comparison of the calculated results with L2-5 data and discussions
with the' participants have led to the following conclusions. .

,
,

' Hydraulic parameters, such as depressurization rate and fluid
temperatures were calculated well by most participants. Some difficulties

~

were experienced when voiding and superheating occurred. (Sections 4.2,
' 4.3,5.2,5.3)

.

. Densities in the hot legs of the facility were calculated correctly,
= but the densities in' the cold leg, which experienced cold ECC flow, were-

less well predicted. (Sections 4.4, 5.4)

Break. flow was overpredicted by nearly all participants with
particular problems encountered in flow from the broken loop hot leg.
(Sections 4.5, 5.5)

..

Comparisons of clad temperatures with data were affected by
nodalization, heat transfer models, hydrodynamics, and heat slab models.*

In general, participants calculated the heatup of clad surfaces adequately
and predicted the clad quenches less well (Sections 4.7,:5.7).

.
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- Appendix for the German participation (Gesellschaft fur Reaktorsicherheit)
.,

in the blind international Standard . Problem ISP-13

...

Listing of the appendix:

1. Description of the nodalisation diagram (Attachment A1)

2. Identification of the computer code ( Attachment A2)

- 3. Description of the critical flow model ( Attachment A3)

4. Listing of options (Attachment A4)
5. Discussion of the results of the blind and posttest calculation of L2-5

(Attachment AS)
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1. Description of the Nodalisation Diaoram
.

Figure A1 shows the nodalisation diagram, which has been used for the
pretest calculation of the LOFT experiment L2-5. The primary and secon-

.

dary side is described by " lumped parameter" control volumes. All struc-
tures are represented.

The active core is simulated by two fluid channels (Fig. A2, A3). 239 fuel
rods with the power factor of 1.4, 240 fuel rods with the power factor 1.2
and one average fuel rod are in the hot fluid channel (control volume 77,
78, 79). These 480 fuel rods represent the centre of the active core (fuel
bundle 5 and the neighboured fuel rods). 244 average fuel rods and 576
fuel rods with a power factor of approx. 0.75 are in the outer cold channel
(control volume 27, 28, 29).These 820 fuel rods represent the outer parts
of the active core-(fuel bundle 1 - 4 and fuel bundle 6 - 9).

The downcomer is devided into the downcomer stalk I and the downcomer
stalk II.

,

Pressurizer and accumulator ar e modelled.
.

HPIS and LPIS are given as input functions.

On the following tables the nodalisation diagram is described:

Description of the control volumes (table A1)
'

~ Description of fills and leaks (table A2)
Description of valves (table' A3)
Description of pumps (table A4)
Description of heat slabs (table AS)

.
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Table A1: Description of the control volumes

1 ..

Index of control description of control volume
"

| volume

4

1 Intact loop hot leg

'2 . intact loop hot leg<

3 ' Steam generator inlet plenum
:4 Steam generator primary side (U-tubes)
5 Steam generator primary side (U-tubes)

i - 6. Steam generator primary side (U-tubes)

:71 Steam generator primary side (U-tubes)
8 - Steam generator primary side (U-tubes).
9 Steam generator primary side (U-tubes)

,
,

10 Steam generator outlet plenum -

11 Steam generator outlet pipe
12 Steam generator outlet pipe ,

,;

- 13 Pump 1 suction pipe
-14 Pump 1 suction pipe

'
2 *' 15 Pump 2 suction pipe >

16- Pump 2 suction pipe
'

17- Pump 1 outlet pipe-

'18 Pump 2. outlet pipe

19 Intact loop cold leg

20- Intact loop-cold leg"

21 Downcomer (stalk 2) -

22 Downcomer (stalk 2)
23 ~ Downcomer (stalk 2)
24 Downcomer (stalk 2) .
25 Lower plenum, lower volume

,

- 26 - ' Lower plenum,. upper volume

27- Active Core-(cold channel)'*

' 28 , Active Core (cold channel)
29 . Active Core (cold channel), ,

.30 . Core-Bypass

,

a.

4

4
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a '

. . .

.._e .

' "
.A4-

' Table A1 (continued)

[ 31 .. Upper core region *

$32~ Upper. flow skirt region
_

33 ' Dead'end of fuel modules
.-

..

~34 Upper plenum-

35 Pressurizer. Vessel

' 36 - Accumulator . A

37' Broken loop hot leg
.

38_ . Broken loop hot leg

39; . Broken loop steam generator. simulator inlet plenum
_

- 40 Broken loop _ steam generator simulator
l'- ._'41 ; Broken loop steam generator. simulator

46' Broken loop steam generator simulator
47 ~ Broken loop ' steam generator simulator

48 Broken loop steam generator simu.lator-outlet plenum
49, - Broken ' loop pump simulator

50 . Broken loop pump simulator -

42 . Broken loop ' cold legj ,

43 L Broken, loop cold leg

44 ' Broken loop. cold leg
*

.45 : Pressurizer, surge, line -

N' 51 , Top of rlser, separator: Inlet,
"

'52 Downcomer. (steam generator).,-
.,

.53- 'Downcomer (steam generator).
,

-54 Downcomer.'(steam generator)

55 Condensor

56' Downcomer. (steam g'enerator)-

< 57 . - Steam dome .

58 Steam generator _ outlet pipe

59 BollerL section of, steam generator .

60- Boiler section of.* steam generator-

- 61 . Boller.- section of.' steam generator

'62 Boller , section . of : steam generatorf ')*

7
; 63 . Boiler section of steam generator _-'

64, . Lower part of riser ,

65: Downcomer, (steam . generator)-
,

'T

.,'
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Table -Al (continued)

..
^

.66 Boller section of steam generator

67 Pipe downstream of. steam control valve

.68 Feed water pipe

- 69 . Blowdown orifice hot leg

70- Blowdown orifice cold leg

71 - RABS of broken cold leg

72 RABS of broken hot leg

73 Downcomer (stalk 1)
74 Downcomer (stalk 1)

'75 Downcomer (stalk 1)
.76 Downcomer (stalk 1)
77 Active core (hot channel)
78 .- Active core (hot channel)

~

-79 Active core (hot channel)

. ,_

.O.

L

T -

3-
r

e-e

+

%

$
_ . _ _ . . . . _ _ . - - _ - _ . - . - _ - _ _ - - - _ _ _ _ - . - _ . . _ _ _ _ _ _ _ _ . - - _ - _ _ _ _ . _ _ _ _ J
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Table A2: Description of Fills and Leaks

.

,
Junction Fills and leaks

. -

50 . HPIS

51 LPIS

.67 - Spray of pressurizer

68 Auxiliary feed water

|-
i

,
. Table A3: Description of valves

,

Junction valve

,

64 Feed water control valve -

77 Steam control valve
60, 78 Auxilliary valve - ,

,

80 Break (hot leg)c

81 Break (cold leg)

Table A4: . Description of pumps -

Junction Pump

15,18 Primary cool' ant pumps
,

63 Feed water pump
,

.

i

&

O

st.. . - --- - _ _ - - - _ - . . - - - .- ----___n.-- _ -_-_____.-------_---__--~s = = m, "r + 'r " ' * ' *'-~' **r ''''T' *
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Table AS: ' Description of heat slabs

:s'

'index of heat slabs Description of heat slabs

1-6 heat transfer from boiler-section to downcomer*

(steam generator)

7' heat transfer from riser to downcomer
(steam generator)

8-19 heat transfer from steam generator primary side'to

secondary side

20-29 structure of broken loop hot leg

'30-32 streuture of broken loop cold leg

33 structure of RABS (cold leg)

34 strucutre of RABS' (hot leg)

35-43 active core.(average rod, cold channel)

44-49' structure of the steam generator wall

50 tube sheet

51-56 structure of the vessel (downcomer wall-stalk 2)
-* 57-63 Internal structure of the core

64 structure of the upper plenum

65-66 structure of the intact loop hot leg..-
67 structure of the inlet plenum of the steam generator

68 structure of the outlet plenum of the steam generator

69-74- structure of. the pump suction pipes -

: 75-76 structure of the intact loop cold leg
;

77-78 structure of .the pressurizer

79-87: active core (hot rod, power factor .1.4, hot channel)

88-96'. active core (cold rod, power factor 0.75, cold channel)
~

'

97-100 structure of the vessel-(downcomer wall - stalk 1)4

1101-109' active core (hot rod, power factor 1.2, hot channel)

110-118. , active core (average rod, hot channel)
,

All heat slabs of the core are shown in Fig.' A2.' The heat slabs 35 - 43 ~and*

88. '96 are connected to the control volumes 27, 28, 29, and the heat slabs
'79 - 87 and 101 -' 118 are connected to the control volumes 77, 78,-79.

.-

+

$
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2. Short Description of Code Drufan 2.-

w c

- The code DRUFAN has been. developed for the simulation of the blowdown
,

- and the initial refill phase of LWR-reactors. The code 'Is to be used for the
..

- analysis of-large, medium sized and small breaks /1,2,3/.

The numerical method applied in DRUFAN is the " lumped parameter approach".

. The -physical system is described - by " lumped parameter" control volumes

. which~ are connected by flow paths. The ordinary differential equation sys-
-

tem - of the thermo- and . fluiddynamic model is based on the conservation
laws e for vapeur, mass, liquid mass, overall energy and overall momentum.

- The liquid and vapour phases are treated as a homogeneous mixture, or in'

' case of mixture level-tracking as 'a nonhomogeneous mixture /3/.

, _

The. entire range from subcooled. liquid to superheated vapour including-
nonequilibrium effects is simulated by assuming either the liquid or vapour

.

,

' phase to be sat'urated.
.

.

The velocity -difference -of the liquid |and vapour phase may be determined
by :a drift flux model /3/.

..-

- The -- table for the determination of critical discharge. rate at the break is
calculated by: a one-dimensional nonequilibrium model which-is based-on the
same four conservation equations used for. the " lumped parameter" control -
volumes. In this model the geometry of the discharge flow path is considered -|

| /2,4/.

For the simulation of structures, electrical heaters and fuel: rods a heat
conductor model and .a point' neutron kinetics model :.is- available. The heat

the structure an' . thermal hydraulic model-dtransfer coefficients coupling

,

are determined 'by a_ comprehensive heat. transfer.' package. The heat. trans-'

for package contains 'also a set .of critical > heat flux correlations. A valve, -
a pump, .an accumulator, . .a steam generator 'and .a pressurizer .model ~ are -'

,

available for the simulation of components.

...

v

i 1

)

$

/ Lp

h __ __.- __m._ _ _ _ _ _ _ _i-._.________.___m..__.__ ._ _ _ _ _ _ _ _ . . _ _ _ _ .m.___..m ._m_.____.____-_.-________-- . _ _ _ _
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The differential equations are integrated by an explicit-implicit integration
method with automatic control of time step, order of consist'ency.and local
discretization error. .

.

References:

/1/. M.J. Burwell, D. Enix, G. Lerchi, F. Steinhoff

DRUFAN-01/ MOD 2, Volume I,.

Program Description - System Code
GRS-A-646, November 1981

/2/ K. Wolfert

Die BerGeksicht; gung thermodynamischer Nichtgleichgewichtszustunde
bei der Simulation von Druckabsenkungsvorgungen
Dissertation, TU-Munchen, 5.4.1979

/3/ -F. Steinhoff
DRUFAN-02

.-

Interim Program Description
Part 1

GRS-A-685, MMrz 1982 *

/4/ M.J. Burwell, D. - Enix

DRUFAN-01/ MOD 2, Volume il

Program Description - Supporting Code
GRS-A-654, Dezember 1981

.

D
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3. Description of the critical' Flow model

. -

To determine critical discharge rates a 1-D FD model describing the one- .

and two-phase flow is used to simulate the fluid flow in the flow path close
-- to the discharge orifice where local pressure drop is strongest. The criti-

cal mass flow rate is limited to sonic flow at the discharge orifice.

The influence of the hydraulic parameters (length, brea k-area, friction

.' loss coefficient) on the critical discharge rates is taken into account in
this model.

The fluid flow is treated as quasi-stationary due to the relatively slow

variation of the discharge rate when the flow is critical.
,

This assuniption permits the calculation of a table of critical discharge rate

values ~ for a set of representative upstream fluid conditions in a separate 1

computer run with the code DRUCDR. The 1-D FD model is programmed in
this code. As this table is input data for DRUFAN and can be used for

many instatioaary simulations with the same discharge geometry this is at

time-saving mathod.
,

'..

From the three-dimensional equation system the one-dimensional equation
system can be derived on which the discharge model is based.

| Jg[pg(1-a)'F]+h[pg(1-a)*w'F]=--$F (A1) 2

'

g [p a F] + g [p a w F] ~ = $*F (A2)y y
.

8h[(ph?hw.p).y),pa +

+h,[(phw+f*w)F]=q**Fgp*wF[ (A3)3
_

_

g [p w F] + g [(p+p*w ) *F] - p + - -2
'

:= _R**F-g p*F OJE* = s

'
. ,

Bs (A4)-
s ;

.. ,

4 s

-..

>

'? )
'I

/ ?

-

m..aJ , _
_

. _____..,__,_,____.._____,__i___,_,_.__,__________________________
.
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.

with

-p = p '(1-a) + p *a (A5)g y
,

p*h = p h *(1-a) + p .h .a (A6)
'

g g y y
.

This equation system can be brought into form:

B+ +C* =i (A7)

in this equation O = (p,h ,w,a) is the solution vector and B and C are
matrix valued functions of C and r is a vector valued fuction of U. Eigen-
values o'of equation are determined by

~ det(C-o B) = 0 (A8)

The flow is critical if o = 0 and o > 0 for all I # j.
y g

Specifically .

E 1/2L (A9)
J = w --(p*Y ).. o ~

3

with';

'Y ,= (1-a).'8p
Bh Sp pg 3 y L L . apy

(p a.
g 3p p y -1). p + a ap (A10)y

In the: one-dimenslunal calculations the. time derivatives in equation (A7)
are neglected. Thus, equation (A7) is transformed into

= C'IE -(All)-
..

..

.
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where the boundary values

- . .

t )1/2
P

w = (p, I ,og > 0 for all i #'j
.

are prescribed at the flow path exit. The resulting velocity can be inter-
preted as Ma = 1.

Equation can be written in the form:

h = -y2 ~ P'"*Y (A12)
7

db y (^I }
8

W*7
=Y (A14)

7

= -where (A15)

.

y. = g p- + R* (A16)
2

. .

E Ph' I N Y *") OP
1 2 L 1 SF

Y = $ *j L + p*(Vh )*p -lb ' 3 -P *w* F ast -

3 _p t p
V L L (A17)

ah
, . . y.

= 1-P *a.
.Y4 y ap- (A18)

T *Y
Y *"~**I V'k) * 3 4}

(A19)~1
:Y ~* *

5 p -(1-a)| 2 y.g 3

)y6 -(*~" * P '"*"* '**

V

y *T *T *" ^ ~'

3 1 2
Y *

a7 p _y .p.w1

,

f 3 .' g.

s

__ s _.m__m___:__-____ _. ______._ . _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ . . . _ _ _ _ m.__ _. _ . . _ _ _ _ . - _ _ _ _..._m .
-
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Y *Y (A22)4 7y =y .

(1-agy,

4

.

p Opg y
~I )*"'Y (A23)Y *Y6 ~

94 y .p ap 7
-

y
.

The quasi stationary equation system given above is ' liquid dominant' and
is used in the void range from 0 to 0.98. In the void range a > 0.98 the
' vapour dominant' equation system is taken which 'is derived in a similar
way.

For a given discharge geometry (Fig. A4) characterized by length L), flow
sectional area F), friction loss coefficient ( and for representativecross

states of p, h and a at the inlet of the 1-D FD model, the inlet velocityL
w is determined by a shooting technique in such a way that

p 1/2t
w = (p*Y )

3

.

is reached at the exit. ' This -means that the sonic velocity exists at the
! - break plane. The system of _ the equations along the flow ' path 'is integra-

ted by the explicit part of the method described in ref. /13,14/. This
'

method includes convergence control and an automatically controlled step
,

' size.

,

f

4 $

,

O

t'

2

.

- _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ . _ _ . _ _ - _ _ - -
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lumped percmeter model w,e.

representaticc' - volume V .3 Wi

M flow pcth inlet !< Volume Vi
of the 1-D medel i

( 1
'

,,___--- ____w. ,.,, . .,,, , ,

| t c .

F: 4 --=--Nem). :-.

. . .
8 Y

;--------- v,,,,, ,. . ,, .

---------
*i g> I

; i
~- r" L1 ;{

M 1-0 FD medel W-
applied

Dischcrge geometry chcracterized
-length Lt

-cross sectional crec. F3
-f riction loss coefficient {

, .

Fig. A45 Application of the 1-D finite difference model

._ .

The reduction of the cross section area (C.S. A.) in the break flow . path
(valve, orifice, nozzle) can be taken into account by calculation with the
~1-D FD model.

4

J

9 W

k

4
I, 9 ' ,

e

"***"9 - *- S y - - = . . ~ , . , - _ . y, ,
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4. Listina of options

1. Fluid Dynamics *

1.1 ~ Drift flux model
.

The-drift flux model (mod. RELAP correlation) is used in all vertical
junctions without the downcomer and steam dome of the steam gene-
rator.

1.2 Mixture' level model

The mixture level model is used in the downcomer and steam dome of
the steam generator, in the pressurizer and the accumulator. For the
bubble rise the " Wilson" equation is used.

1.3 Collapsed level model

The -collapsed level model is used in both downcomer of the reactor
vessel, in the core, in the pressurizer, 'in _the accumulator and in the

.

downcomer of the steam: generator.

1.4 Critical discharge modal'

..

The critical mass flow is calculated by 'th'e 1-D FD discharge model.

1.5 HPIS and LPIS
,

The HPIS and LPIS.are time dependet input functions.
r- s

'2. ' Active Core

' 2.1 Heat generation

A point neutron kinetic model is used for the' heat generation ;in the
core. The external. reactivity and the post. decay power is a time de-
pendent input function .

'2.2 - Critical Heat Flux
The' smallest critical heat flux calculated' by.all following equa'tions will

'
~

_

be used:
'

. . .

+

+
, ,

?

L

4
.4

&
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Westinghouse W3
' '

Babcock-Wilcox BU.W-2-*

General-Electric

Macbeth
.

Hench-Levy

Barnett

Hughes

Israel-Casterline-Matzner
Szmolin

3. Heat Transfer
Following heat transfer correlations are used

Dittus-Boelter i
Dittus-Boelter il
Chen

Mod. Dougall-Rhosenow

.

4. Loss of heat through structures
.

The loss of the heat through all structures on the primary side amount
~

to 300 kW and on the secondary side to 100 kW under steady state con-~~

ditions. The surrounding temperature is 35 (Grd C).
<

5. Heat generation.in pumps
The : heat flux from the primary pumps to the fluid is added to the con-
trol volumes 17 and 18 by a time dependent input function.

6. Stationary calculation
A _ stationary calculation is made for 5 seconds to have stationary con-
ditions in all control volumes. After 5 seconds the break is initiated. At
this moment the steam control valve and the feed water regulation valve

,

begin to close.
.

' O

P

s

. . . _ . _i'_,]
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5. Discussion of'the results of the blind and posttest calculations of L2-5
.

GRS used the DRUFAN-02 computer code to perform the blind and the post-

test calculation at L2-5. In the blind calculation DRUFAN-02 had difficulties -

in the calculation of the fluid temperature (Fig. 9) and the fluid density
(Fig.13) at the ECC injection point in the cold leg of th'e intact loop. The
reason for this difference between the measurement and the calculation was
the . reduction of the condensation at the condensation point to assure that
water . packing in the cold leg at the intact loop would never occur. The
posttest calculation was performed with the normal condensation model. The

results of the posttest calculation for the fluidtemperature TF, the vapour
temperature TV (Fig. AS) and density RHOI (Fig. A6) show good agree-
ment with the measurement.

The pressure history of the pressurizer (Fig. A7) was improved in the
posttest calculation. The flow resistance was increased in consideration of

. the flashing of the fluid in the pressurizer surgeline.
.

The comparison of the measured and calculated rod cladding temperatures
- (Fig. 25,26) presents only an uncomplete view of the events in the core.

.

The figures A8, A9 show in addition results in the centre of the core and-

figure A10 shows results in the external region of the core.

t

.

de

?

t

--
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' Appendix B Pre-Test Prediction of LOFT L2-5 with RELAP4/ MOD 6/U4/J3
(Japanene Contribution ISP 13 (JAR) )

.

1. Nodalization.

A sche.matic nodalization diagram of the LOFT system is shown in
Figure 1. The model consists of 41 control volumes, 48 junctions

and 25 heat slabs including 12 core fuel slabs. The brief descri-

ption of each control volume is given in Table 1.

2. Modelling

Models used in this blind calculation are as followed:
a) Henry-Fauske/ HEM critical flow model with a discharge coefficient

of o.85 for both subcooled and saturated region, and transition

quality of 0.002 is used.

b) Two-phase pump head difference cirve was obtained by the
analysis of,L3-6 experiment.

c) MOD 6 blowdown heat transfer mo' del is. used. Condie-bengston III

film boiling correlation and Modified Zuber CHF correlation-

are selected.
~

d) Macdonald-Broughton gap conductance model is used.
.

f) Accumulator gas expansion model is used.

3. Discussions-of the results

Overall features'of the experiment had:been well predicted in
our blind calculation. The major discrepancies between the predict-
ion and the experimental results are followings;

a) The prediction had not showed rewetting of fuel cladding at 0.99m
at about 15 s.

b) The fluid temperature in the lower plenum is superheated in
the prediction due to complete voiding. It results from less~

ECC water flowing into the lower plenum in the prediction due to
defect in modelling ECC injection line.

.

4. Concluding Femarks

Overall features are well predicted with RZLAP4/ MOD 6/U4/J3*
:

7

especially during blowdown in spite of some difficulties.
-

. - _ _ - , . _ - - _ . .. _--.
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Table 1 Description of Control Volumes in LOFT System Model, .,

volume No. Description
-.

I through 5 Nuclear core

6 and 7 Upper plenum
*

8.and 9 Intact , loop hot leg
10 and 15 Steam generator inlet plenum and outlet plenum

11 and 14 Straight sections of steam generator tubes

12 and 13 Curved sections of steam generator tubes

16 Steam generator outlet piping

17 14-in. piping leading to the tee precedeing the

coolant pumps

18 Piping from tee to primary coolant pumps

19 Primary cool. ant pumps

20 and 21 Intact loop cold leg

22 Upper annular region of the vessel inlet region

* ' 23 Downcomer region of the reactor vessel

24 Lower, plenum . ,

.25 Core bypass region
,.

26 and 27 Broken loop cold leg

28 through 31 - Broken loop hot leg

32 and 33 Reflood assist bypass piping

34 Pressurizer surge line

35 Pressurizer

i 36 ECC accumulator'

37 ECC injection line

-38 Steam generator secondary downcomer -

;- 39 _ Steam' generator secondary shroud region

40 -Steam generator secondary steam dome

;; - 41- Sup=ession Tank

E..

.g-''

'

f,.

a

k

y , ,.w.- ~,.---mn, ,m- , ye -v , ,~n., , , , ,e ., s-,-a , e--
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Appendix C Pre-Test Prediction of IIFT 12-5 with THYDE-P1
(Japanese Contribution to ISP 13 (JAT))

..,

1. Nodalization

~ The nodalization applied in the present calculation is shown in Fig. 1.
- The summary of the present EYCE-P1 calculation is shown- in Table 1. The

characteristic features of the present nodalization are summarized as ;

.follows.

(1) The active core was nodalized in 6 nodes (Nodes 18 to 23). Only

an average rod in the average channel is taken into

consideration.

'(2) The downcomer is simulateh by one nodeiNode 14).*

(3) The Leakage path from the downcomer-top to the upperpienum is
,

simulated by. Node 27.
.

(4) - Both structural heat and ambient heat loss are neglectied(no -

heat' slab except the' core and SG).

*

2. Modelling

2.1 Break Flow model
.

The.- modified Zaloudek equation and the Moody correlation .. are
: implemented in EYDE-Pt. The discharge coefficient for the Zaloudek equationp
is determined in the cede so as to sr.oothly connect the flows ~ at -qua.'ity-

'

zero. The ' discharge coefficient for the Hoody correlation was given by an
~

} input to be 0.6.

.
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.
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Fig'. 1 Nodalization for Pre-Test Prediction of LOFT L2-5
.

with THYDE-P1

. c

Table 1 Summary ~of THYDE-P1 Calculation

::

'

Volumes- Junctions Heat slabs
> - ' 50 43 11 ' (SG and core)
f

.

Transient. CP U --

Time (s) Time (hr) . CPU Time
Computer-

Ratio (-) Used -

t

-70. 2.24 115. FACOM M-200

~

M i

, , _ , , ___a ____ ---
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Table 21 Pre-CHF heat transfer correlations
..

02dg State Condition IHTROP, Correlation
10 Subcool Tv ( Tsat - Dittus-Boelter
21 Subcool Tv > Tsat ! Interpolation between Mode 10

and Mode 31
22 Subcool Tv > Tsat 2 Interpolation between Mode 10

and Mode 32
31 -Saturate Tv > Tsat ! Jens and Lottes
32 Saturate Tv 3 Tsat 2 Thom
60 Saturate Tv > Tsat Condensation

Table 2 2 Post-CHF heat transfer correlations
- (a ) Saturated state

dade Flov Condii_ ion Prassure IHTROP3 Correlation
coadition

41 G>Gmin X> Xct P > 30 psia - Groenevelt--

-42 C>Gmin x; Xct P < 30 psia - Dougal-Rohsenov
43 G>Gmin X< Xci - Interpolation between-

CHF(x=0. ) and Mode*-

4t(x=xc3J-44 C_< Gmin x> x2 I Berenson.c
'

.2 Modified Bromley
3 Bromley-Pomerantz

45 G<Gmin X< x2 - Interpolation betweenc
CHF(x=0. ) and Mode -
44(x=xc2)

(b ) Superheated state.

Unda Flow cenditior._ -Correlation.

51 3000 ) Re _ Forced convection
. .

'

52| 3000 < Re < 5000 Interpola tion bdtveen Mode 51 and Mode 53
53 Re > 5000 McEligot-

,

<. a . -

.

:.

xct Threshold ~ quality-(=0.5)

x2 : . Threshold quality (=0.~ t )c
'Gmin- :' Threshold mass ~ flux (=271.2 kg/m2s )
IHTROPg * Option selection' flag _given by input
IHTROP2: Option selection flag given by' input

'

.

.

. , -



. . . - . .. - - ..~ .-- . . . -. - - -. - -

4

.e

., .

12.2- !QF and' Heat Transfer Model.
_

.

/The Biasi-correlation and the modified Zuber correlation were selected
~

,

s

to'.:be used for the .QF correlation set :by- inputs. The heat transfer
.

'

correlations implemented in the present version are listed in Tables 2-1 and
- 12-2.

_

J 2.3 Relaxation Model
.

~
'

'

A-frelaxatton model is iaplemented in 'lEYDE-P!- to take thermal

non-equilibrium effects into consideration. The time constant for the delay

of the| temporal density changeLis given by an input for each node in the
present version. In the present calculation, the relaxation model was not

applied !before ACC injection initiation but was applied after that to avoid
-unrealisiicallylargepressuredecreasedueto'' cold-water injection. The.

-time"co$stants were determined from the- experiences of the past IIFf~

analyses and several sensitivity calculations.
.

:2.4' . Pump Model
"

.

.The pump'model in THYDE-P|is almost identical. to that in RELAP4 or

;
~ RELAP5. :The;; input RdataL such as .the''sinale-phase and two-phase pump

- characteristic curves are refferred to' the llFf. base input for RELAP-5.- The
E recommented value for' the pump' inertia during Experiment 12-5 was applied to

simulate'the atypically; fast pump coastdown.'

t - - $3 ,Results and Discussion

,

'

Figure 3-1:shows fthe predicted?. pressure transient Lalong vita the* -

experimentalL data. The' overestimation of the-pressure before ACC injection l'

initiation u:ight be brought about by the underestimation of the Ecold les
. break flow;just'atter the break as shown in Fig.13-2.' The' underestimationJof ' :*-

- r

- m : the flow itself may be one of the possible reasons since the mass and energy .
release are underestimated. In addition to this. the underestimated cold leg .,

break' flow might cause the overestimation of the core flow resulting in high,

heat : transfer -rate: at- the : core. This may be .also the reason for the-

.

..
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overestimated pressure. The model to determine the discharge coefficient for
the'Zaloudek equation stated in Sec. 2 should be improved.

7

Figure 3-3'shows the comparison of the hot leg break flows. The sudden

x decrease of the flow observed just after the break could not be predicted by
THYDE-Pl. ''Ihe inp~ut data for the initial temperature distribution along the
broken loop hot leg should be improved.

The three-dimensional views of the calculated cladding surface

temperature is shown in Fig. 3-4. Eight curves of the calculated cladding
temperatures at the core nodes are shown;in one vievgragh in Fig. 3-5. Both

figures clearly show that. the core-vide early revet was neither predicted to
occur nor observed. In Fig. 3-5, the quenched regions are descriminated by
-the dotted lines. Both bottom-up quench and the top-down quench were

predicted to occur as observed.
Figure 3-6 shows the comparison of the cladding surface temperatures at

the hottest spot. The vertical locations of the node and the thermocouple
are shown in the right side of the figure by.the dashed line and the cross,
respectively.~ The maximum linear' heat generation rate in the experiment is
'is 40 kW/m.' In the present calculation, however, it is 25 kW/m since only an .-

_ _
average rod is taken into account. Therefore, a quantitative comparison may
have less meaning.-Qualitatively, the trends are similar to each other.'in-

-.
the-' sense that the~ early revet did not . occur in both prediction and

~

-experiment and the calculated final quenching time is in good agreement-vith-

,

the experimental' data.
The calculated cladding surface temperature at the.lovest node is shown

~

,

in Fig. 3-7 along with several experimental curves observed at- the

peripheral bundle. * Bundle' 2*. The vertical location of the experimental

curve with triangle-mark is corresponding to the calculation. As shown in'

s

h the experimental data, the early revet is observed and the trends seem to be ~ 1

- sic:ilar to those obser7ed in L2-2 and 12-3. In the calculation. such a '.g

behavior. is predicted ;to occure at the lovest core acde, where the heat
,

generation rate is lov.'

Figures 3-8'and 3-9 show the comparison of hydraulic behavior at the
, ..

intact : loop . cold leg. What is called chagging phencmena induced by ECC-
' injection were observed as shown in -these figures. In the calculation..-

-

c

however. it. is -out of the scope to trace the oscillatory behavior. At'

.present, it may be rather important to : simulate overall behavior- without-
: numerical: difficulties. From this point of view, the relaxation model workedr:

.

L _1. _ :2
~
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vell to avoid so called water-packing or unrealistically large pressure dropa.
rand oscillatory behavior was eliminated.

Figures 3-10 and 3-11 _show the pump behavior, which is one of the
focused parameter in Experiment L2-5. The calculated pump rotational speed'

is shown in Fig 3-10 along with the experimental data. A relatively good
agreement was obtained before ACC injection initiation. The pump behaviour
during this period is thought tb be important in conjunction with the early
revet. The calculated pump speed shoved negative value after about 40 sec
due to -negative flow induced by condensation effects, but this descrepancy
did not have large effects to the overall core behavior. Figure 3-11 shows
the comparison of.the. differential pressure through the pump Although the
pump degradation jugt after the break is predicted faster than in the.

experiment, the overall trend is in agreement with the experiment.

4 Concluding Remarks

-(1) The behaviors of 'the parameters of interest are appropriately
' predicted by the HiYDE-P1 blind calculation, especially;

- . .

- the pressure transient and the final quenching time are in- good
' 'T agreement with the experimental data, and

.

- the " core-wide early revet was neither calculated to occur nor
. . s

observed and the top-down quench is calculated- to occure as
observed.

!a .. ,.

(2) As to the following parameters. the agreement is poor;

- the break ~ ' flows at - both ; cold leg and hot leg _just after the
break,-and

;
- the pump behavior after ACC injection initiation.

,

3 (3) The -present THYDE-P1 relaxation model worked well to avoid-

unrealistically-- 'large pressure decrease and/or water packing-
- [s . _

-phenotena due to condensation effects.
.p, ,m.3.g

f(
tJ ~

.

J d

s
I-



_.

: -,

.

APPENDIX D

ISP-13 SUBMITTAL FROM CENTRAL ELECTRICITY RESEARCH

LABORATORIES USING RELAP4/MOCC (Cent)

..

O

@ ,

G



APPENDIX D
*

!

ISP-13 SUBMITTAL FROM CENTRAL ELECTRICITY RESEARCH

LABORATORIES USING RELAP4/M006 (CERL).
.

No appendix documentation was received.

.

O

'I
-

3

.$''

% _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ . . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _



th

,G-

APPENDIX E

ISP-13 SUBMITTAL FROM STUDSVIK ENERGITEKNIK AB USING

RELAPS/M001 (STUD)
,

@

i

a-

@

!..

!



APPENDIX E
,

ISP-13 SUBMITTAL FROM STUDSVIK ENERGITEKNIX AB USING

RELAP5/M001 (STUD). .

No appendix documentation was received.

>

0

s

.& 5

4

@

_ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - __m



9.

e'

APPENDIX F

ISP-13 SUBMITTAL FROM EIDGENOSSISCHES INSTITUTE FUR

REAKTORFORSCHUNG USING RELAP4/M006 (EIR)

.

o

O

.O

.I



_- -
,

.

APPENDIX

ISP-13 Submission'EIR / Switzerland

...

This appendix presents the information as decided by the ISP-13 workshop

group.

'The nodalization diagrams prepared for:

1 - the blowdown model for the blind calculations,

ii - the blowdown model for the open calculations,
iii - the reflood model for the open calculations,

are presented respectively in figures 1 to 3.

Various RELAP4/M006 models used in the two blowdown calculations are shown

in Table- 1. This table lists the models used in the blind blowdown calcu-
lations and then indicates the additional models used in the open calcula-

-

tions. The reflood models used during the high and the avarage channel re-
flood calculations (the second phase of.the open calculations) are presented

.

on Table- 2. Both' blowdown models ess'entially use the same nodalization and
,

the RELAP4/M006 models, however the differences lie in the following area:

- Representation of the core. The blind calculations utilize only one core-'

: volume where four heat slabs supply:the total power based on a core avera-

ge heat generation. In the open calculation, the central fuel bundle and
the surrounding bundles are separately modelled with each six axially
stacked heat slabs in two vertically stacked volumes. One stack of volu-

mes containing the heat' slabs representing the central. fuel assembly isO

called as the hot channel, and the other is as-the average channel. The
flow areas of the channels represent-the free flow areas in the-central
bundle and the rest of the flow area. In the early phase of the open cal-

gg
culations, six horizontally located junctions were used to connect the
. volumes .in the average and the hot channels. These horizontal junctions

.

were eliminated'due to numerical problems..

.- Representation of the downcomer. One singel downcomer volume representation
was used in the blind blowdown model.1Two split downcomer model was utili-

4

- _ - . - - - . - _
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: zed.in the early phase of the'open blowdown calculations. However, due

- also to' numerical problems, the single downcomer model was re-employed.*
s ,

Representation of the pressurizer.'A' combined volume of the pressurizer'

-

,

and its surge line 'was used in both calculations. The resultant volume
.

was modelled with-the homogeneous conditions in the blind calculations.

: This conditions did not d'isplay a proper drainage in the pressurizer.
The water level r'emained constant at its initial value during the course
'of the calculation. This was prevented by applying the Wilson Bubble
Rize'model in this combined volume and the_ vertical slip model at the

' junction connecting the; simulated pressur'izer volume to the intact loop

hot leg for the open' calculations.'

8
, .

Discussion of the Results

Pressures,1tegeratures, densities and mass' flows -in or through several com-

ponents: calculated in the open or in'the blind calculations during the blow-
~

(down' phase are almost identical except,. naturally in the core volumes. The
.

figures presented in the' comparison report display adequately all the pre-
dicted_ system response.-Therefore,.the rest of the' text will be devoted only

4 to the' analysis of deviations or failures seen in the calculations. .

-

The main-cause of the deviation seen in the pressures (fig. 2 to 5 or 28 -to

-
31 of the comparison report) of various components such as'the hot leg or. (

, the upper plenum is due to the'early predicted drainage of the pressurizer
'(fig.1 or,27 of the comparison report). This 3-5- seconds ~ early drainage shif-

: ted the predicted pressure response by about the same'.ti;ne. The early drai-

nage may be attributable to-the loss coefficient (which may be low) used at-
~

:

the connecti~ng-junction. The second' deviation in theLcalculated system press-
. urestartsafter_thecalculathdsystempressurebecomesequaltothatofthe~

suppression tank pressure.' Since the code is an homogeneous-equilibrium code,

h: ;the predicted system pressure,is furhter reduced due to the increased amount-
~ of'the cold ECCS water in the system, after-this time. The'open blowdown cal- .

.

culations were terminated at the time when the core reflood started.--At this-
~

time; since the calculatied pressures-in the hot or'the average channel are .

. sl.ightly lower th'an'the pressure supression tank' pressure, the backup pressu '
' ~

'

_re used for the reflood calculations is'also slightly lower than what it should

be.
,

,
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The other considerable variation from the data is that the density fluctu-
-ations seen in the intact loop cold leg are not predicted. The code pre-

' dicts a full-downcomer which causes the code not to predict the indicated

density oscillations. A split downcomer model may resolve this problem.i

But as it was indicated before, this modelling technique was-abondened du-

ring the early phase of the open calculations. The most considerable devi-
ations-are seen in the predicted slab temperatures.-Since the predicted

slab temperatures during the blind. calculations are not relevant with the
-data,:the results of post test calculations will be discussed here. Five
more figures are attached to this appendix in order to present the devi-
ations seen in the calculated surface temperatures at three different axial

elevations. The predicted qualities in the volumes (where the surface tempe---
.ratures are presented) and the outlet flows from the hot and the average
channels are also presented.in order to show where the code fails. The core
faces two extreme cooling phases resulting in quenching, one during early

stages in the blowdown, and a second one during the reflooding. The one..

during the early blowdown occurs due to the inflowing surge of the water..:
from the upper plenum. The data shows a quench behaviour at the. higher axial

. positions. This quench behaviour is missed by the code (figures 4, 5 and 6). -

However.the code calculates a certain quality drop around the first 10 se-
*

conds in the transient when the top down quenching was detected _(figures

4, 5 and'6). This decrease.in the quality can be attributable to the inco--
ming flow from the upper plenum (figures 17 and 8) ~ Although the question of
this much of small flow causes that much decrease in the quality' can not be .

easily answered, but it can be excepted that it is the main'cause of the'
drop in the quality. Therefore one can conclude that the code hydrodynami--
cally _ indicated the tred, but failed to follow thermally. The experimental|~

surface temperature at the peak power elevation which do not show this top

down rewet, is properly predicted until the ECCS cooling starts (fig. 5).
After this time the code misses also this cooling, and results in relative-- ;

,

' ly higher temperature. The predicted reflooding start time _is proper. How--
~

ever two more deviations are seen in the reflood phase. The first is the

quench times predicted during the reflooding are relatively late. The secondL*-

_ is that the particular slope seen in the experimental temperature develop-
ment curve at quenching was 'not- displayed. This is due to the calculation of.

.the displayed coarse heat _ slab temperature by averaging of the individual

moving mesh. temperatures within the coarse heat slab.

.
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Discussion of the code shortcomings and how they were resolved

*

The RELAP4/M006 code is a homogeneous equilibrium and one dimensional code.

The bubble rise and the vertical slip models are built in to simulate the
non-homogeneous and the vapor superheat model to simulate the non-equili- ,

brium nature existing in the real phenomena. The split downcomer model,

two separate core channels with interconnections at various axial elevations
are the attempts to include the three dimensional characteristics seen in
the LOFT experiment to a certain extend. The inclusions of the above indi-
cated code models are believed to solve certain problems. But the attempts

made were unsuccessful. The aain problems during the blind and the open cal-

culations were coming from the heat transfer package. Whatever the attempts

were by playing the input values, the code always terminated the calculations
a few seconds after the simulated pump completed its coastdown. The problems

during the blind calculaticns were solved by adapting all the modifications

made for HTS 2 of M006 in order to obtain HTS 2 of the RELAP4/M007. This ver-
sion also created some more problems during the open calculations. The main

. problem was that the . code did not continue the heat up after a certain heat ,

up lasting for sometime at the beginning of the calculations, but it kept
the surface temperatures almost constant afterwards. This was tried to be

*

eliminated by lowering the value of the mass flux which causes the code to

switch from high flow to low flow film boiling regime. However, this change
caused the code to enter the low film boiling heat transfer regime a bit

earlier, but did not solve the problem. The new HTS 2 logic built in the
RELAP4/M007 code (called ~as HSU low flow logic) was also built in the pro-

gram with certain modifications made for low flow to natural convection heat
transfer. The results presented for the open calculations used the new option.

However, from the comparison of the surface temperatures predict at the high-
er elevations showed that further work is necessary in this area.

Input Data ,

The input listings of the RELAP4/M006 blowdown and the two reflood calcula-
'

tions for the open submission are attached at the end of this appendix. The

input listing used for the blind calculations, since it is not too different
than the open one, is not included in order not to increase the volume of

the comparison report.

_ _ _ _ - _ _ - _ _ - _
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Table 1 RELAP4/M006 810wdown Models

.. .

No. of volumes : 31 (37)
: 36(43)No. of junctions

No. of core heat slabs : 4 (12)

No. of total heat slabs : 12 (20)
RELAP4/M006

- Code

Heat transfer package : HTS 2

Critical flow models : HF-HEM

at the critical junctions : 18,22,24,25,26,27,28,29

: 0.8 0.848Multipliers for HF-HEM
: 0.0Boundary of transition quality'-

1,2,3,4,5,6,7,10,12,15,31, ;

Slip model-vertical (at junctions) :

32,(27,38,39,40,41,42,43)
.. : 1,2,(33,32),3,4Single mixture level-calculation (volumes)

' Accumulator polytropic expansion ~model (k'=1.401): Vol. 19
: Fully implicit-Solution technique

Phase separation model

Bubble rise model'with'

: -1,2,3,4,5,6,7,24,28,29,
LVggg = -1.0 ALPH = 0.0 (Wilson bubble rise)

(32,33,34,35,36,37)"
*

V = -2.0 ALPH = 0.8 (complete separation) : - 19,30
BUB

The numbers'in parentheses indicate.the figures used for the open calculations.

...

..

.

i

+

s.
-
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Table 2 _RELAP4/M006 Reflooding Model

.

No. of volumes : 3-

No.' of junctions : 5-

No. of heat slabs : 6-

Heat transfer package : HTS 4-

Solution technique : Implicit.. -

Reflood Heat Transfer Options

Exponential decay coefficient _ for HSU correlation : 0.0076-

' Energy partitioning coefficient : 2.0-

Multiplier for the Bromley heat transfer, coefficient : 1.0
~

' -

Indicator for use of Bromley and HSU correlations : HSU + Bromley .-

,.

Indicator for independent variable in the dispersed : quality --

flow weighting function-

Exponent of superheated vapor partion of the weighting : 1.0 *-

function

Critical quality : 0.85-

Entrainment Correlation

Steen Wallis correlation with maximum entrainment : 0.7-

fraction of
Core model numerical coupling- : Implicit.-

.

| |

.
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FIG. 6 CALCULATED QUALITY IN THE CORE VOLUME 37
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016002 37.5 1. C 0.Oseo 3526 0 32.1 1940.31

*
* MihLa c011 VAH1AdL65
.

020000 ML 33 J. 29 rL 2 ML 1 Ar i ML 47 ML 3o $d 12 $d o

.

.

* I!Mi hitP OATA CAk0%
.

* NMIN NMAX NOMP hCHK OcLTk DTMIN TLAST s *40 C dU

.

030010. 4C 10 6 0 0.01 0.0001- 0.1 0.
.

030020 30 10 o 0 0.01- 0.0003 1.To
030030 40 10 b 0 0.cl 0 0c03 20

030u40 40' 10 0 0 0.01 v.090od $.s

030u$0 4C 1C 6 0 0.1 0 0007 4.
.

030000 4L 10 .o 0 0.2 0.0007) 9.

030070 40 10 0 0 0.2 0.000s$ 10.0
0300e0 40 10 o 0 0.3 v.0v09 12.
030090 40 10 o' O 0.4 0.001 1$.
03c104 40 10 0 0 0. o. 0.001 120.
.

*
* WATE4 P AC n i hG, C NO K !bG SMOG T HING, E t.T AL P Y TA AhSPOR T C AR)
*
* twPFOT .PiirE STCHun IIENTH

030003 0. 0.0 0.0 u.000001
.

* TMIP C0hTx0L CATA

101kP 105IG; Ix1 lx2 StiPT DiLAY
*.

o.

'040010 1 'l u u 150.0 0. * ENO fl16
040020 2 L U 0 0. C. * inLAK QN

ACCU 1ULATJR VALVE Ott040030 3 -4 17 .0 613.37 c. +

04C040 4 'l 0 0 0.94 0. * # UMP 0FF.

3 G F ::0 d A fi9 TRIP040000 $ 1 0 0 0. O. *

040000 e 1 0 0 10000. 0.- * PkESudllEl VALVC OFF
u*wJTO 7 1 0 0 37.32 v. * L/15 GN
040080 e 1 C 0 3. G. * SG STfA1 FLOW TRIP
04c090 9- 1 0 0 23.v L' . + 1915 d.4"

~
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v

i
n

- p
040100 10 -$ 19 0 3. e34o 0. * - ACC UMUL A T J4 0FF

040110 11 1 0 0 .24~ C. * R&ACT04 SCRAMMID
t

- t ;

t v0Lbnt'0A1A C AK05
'

,

o-
J6 1
T

9 E.
P

9 L .

Mp A

o 1dus 0 F T-ne nadx v Iv]L 2n U

50011 1 C 2106.19291 604.99 -1 0 1o.47346 3.93167 3.951o7 0

03u021 1 C 2169.7194o t00.00 -1.0 13.1$ts3 5.47125 5.47125 0

03003A- 1 .6 '2175.us49 $$2.30 -10 2.731s 1. 3334 1.o3334 0

030041 1 C '2179.067: 540 56 -1.0 24.01317 4 109J0 4.109CC L

v5us$1 1 0 2171.04271 $40.30 -1.0 1.772o0 13.44140 13.4v740 0

0$00o1 0 0 2176.54258 540.50 -1.0 19.91747 15.08 15.0e 0

050011 0 C 2174.72713 549.59 -1.u 6.ui412 4.3od33 2.3eb33 u

0$0001 1 C 2166.30000 -1 0 0.0 33.2046 5.1037 3.77070 0

05u091 0 0 2160.34u74 602.00 -1.0 13 360n3 0.17s3a 0.77c30 0

050101 1 0 2104.41431 60$.00 -1.0 11.e4807 2.5 2.5 C

0b0111 0 0 21o2.o200u $71.17 -1.0 13.litle .1. 79 2 2 L u.75521 0

050121 0 0 2162.04814 122.73 -1 0 13.19L3e 8.75i21 8.7'521 0

0$0131 t 0 21e4.25134 340 30 -10 11.34c07 2.5 2.3 0

0$0141 0- 0 2103.370t9 540.10 -1.0 c.39t 4.00s24 4.n0629 0

v50131 0 0 2162.67307 340.50 -1.u 4.494 2.1743 2.1745 C

050161 0 C 216o.9 140.$0 -1.0 c.74230 2.47371 2.47577 (-

0$0471 L u et75.7223 b49.50 -1 0 12.107 v.52J34 0.<2034 9

050181 0 C 2174.502$ 362.83 -1.0 1$.63tb3 4.1623 9.1603 0 .

0$0191 2 u cOS. loc v1.04 0.0 134.24 9.4437 7.42519 0

050201 0 0 2169.28 $4o.$0 -1.0 c.13too 2.73100 2.73700 0

0$0211 0 0 21od.o9 541.40 -1.9 4.ouisb -6. 13 7 6.7t7 0

0$u221 0 C 2169.0a $41.20 -10 9.0020e 6. 757 c. 75 7 0 .

0$0231 0 0 2170.o) 54u.d0 -1.0 2.11bd8 o.71oll o.71017 0

0$0241 .0 0' 2170.95 540.50 -1.0 0.57916 4.3177) 4.31775 0-

. 0$0231 0 0' 2179.29 thu.30 -1.u 3.27720 0.' u s 112 0. 411$ 0

050261 C 0 2171.32 531.$0 -1.0 4.09297 0.83745- 0.0L746 0

050211 0 0 1171.$3 $40.30 -1 9 2.4325e 0.93231 0.93233 0

0:0281 0 0 2171.01 540.50 -1.9 '7. lot $3 2.0b$01 2.0650'; O

b50291 O c 21ci.00 $46.$u -1.u a.uh940 2.o95d3 2.o9363 c

Ot0301 3 0 L.C L22.07 1 912-2 23$.001$ 27.45 10.20341 0

OSG311 0 1 14 204- 67.64 1.0 3644.44s3 16.0937 16.0937 0~

0$0321 1 0 2174 24T20 sol.vu$ -1.u 2.731s 1.oJ334 1.c3334 0

0$0331 1 C 2173.673$ t97.485 -1.0 2.7313 1.13334 1.83334 )

Otu341- 1 0 2171.u129 b > o . 2 v b - 1. 0 0.4v42 1.o3334 1.c3334 0

0$0351 1 0 2177.2601- 190.t1 -1 0 C.2471 11o67 i 416 t> 7 0

0$03ol- 1 0 2170.93714 60 a . 61 -1.0 v.2471 .disot 410o7 0

050371 1 0 2176.44u14 62 2. 72 $ -1.u' L.4v42 1.33334 1.L3334 u

o:
-

o 1

0 A

e- b
L ,o

o FLOWA '01AM cLiV 0
0

0$0012 2.18 7 $ C. 0 -1 2 e b 0

0$u022 .2.5044- 0.0 -0.7502) 1

0:0032 1.4s011 0.0 -12.23626 32

050044 2.199 L.9 -16.J0$ 3

.

u-_



030052 0.12163 0.u - 13. v c 3 c 0

050062 1.5279 0.0 -13.9636 -0

050072 2 7c71 00 -1 2 t 5 0

0$0082 S.7134- 0.G. 0.26117 0

0$0092 0.0b243 0.0 -0.40017 0

000102 1.62$3h C. 0 0.31219 0
*

050112- 1.t2535 0.0 2. d 1219 0

050122 1 42$3: 0.0 2.61219 0

0$0132 7.94161 u.0 0.31214 0

* . 010142 '0.75U24 0.0 -4.2961 0

Lt0132 0.6824J L.v -4.2961 0

0$0162 0. 7t79 2 L. C -2 1216 0

0$0172 0.88479 0.0 -0 32417 0

'050182 6.44704-2 0.0- -9.1663 0

050194 13.49794 0.0 -9.16o3 0 '

03C232 0.68243 C.0 -C.4ct17 0

050212 1.1t03% 0. 0 2.470c3 0

050222 2.92671 0. 0 2.270h3 0

050232 0.50o33 0.0 -4.44)33 0

050242 9.0036t-2 0.0 -4.14d46 0

05G2)2 b.592tb-1 v.4 s.40b>7 w

050262 5.$92$L-1 C. 0 -C.40057 0

0$0272 0.662430 0. 0 -0.4oo17 0

0$0232 0.41764 0.0 -0.46617 0

u$0292 0.41704 0.0 -0.3c4t1 0

0$c302 17.L99S$- 0.c 1.99 L

.030312 9.62111 00 -13 5104 0

0$0322 1.49011 0 0445 -10 42292 33

350332 1.49011 0.0445 -e.5e95d 2
,

0$0342 .26957 0.0434 - 12. 2 S e2 6 C

v5L3b2- .26957 u.u434 -10.42292 v*

0$03e2 .26957 0 0434 -9.50625 0

0$0372 .2t937 0.0434 -d.$b936 -0

*
e

.

.

* AC CUhul A1 LM POLYTktPl? Aid CXPANSLOf. idC~L
e

* POL f .L1
e

060006 1.401 19
.

e duecLF DAIA C AWO3
e

* ALPH VHUd
.

00001'4 C.C -1,6 * .1L50s $UButE k15E MLOCL
900021 C.o -2.0 * COMPLhic PHAst StPh<Af10N N0 DEL
veCJ31 C.23 6.c491

* fIMt OsPLNotNI V OL UMi CLN0!!!CN5
,

.

.

*" * IRIN l!MioP PTAdl IIAOL AIAdL /IAIL

070100 le 2. 13.06 180.6% 4.u 10.J)31
070101 7. 22 00 197.64 1.C 16. 0'J 3 7.

01L194 17.1 a4.3u 257.64 10 16.0d31

070103 20 0- 3o.t0 260.64 1.0 16.0937 .

-070104 22.5 3o.10 263.64 10 16.09J7

,
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,

r.
,

I
- '070105 25.L 39.50 26$.64 1.u 16.0937

:070106 3C.0 40.E0 267.64 1.0 16.0737
070107 32.5 41.20 26e.64 1.0 16.0937
070108 33.0 41'. $0 268.64 1.0 16.0937
v70104 37.5 41.01 2 6 e . 64 1.0 16.0437 .

070110 4L.0 41 61 268.64 1.0 16.0937
070111 45.0 41 50 2o6. 64 1. 0 16.0937
070112- 50.0 41.10 267.64 1.C 16.0937
070113 70.0 su.76 - 267.64 1.0 lo.J937 .

070114 10 0. 0 44.96 267.64 1.0 16.0937
3

v7911b- 1$0.u 44.96 267.64 1.L 16.9937
=070116 1.E+3 14.504 67.64 1.0 16.0937
*

,

o-
.o
*- SLIP VE LOCITf CARD
e.
* SL%AMX .LvtlZ SLVP=R S L V 5L 1 ilBOPF ;LV1AA di VM1 OLVM2

e

060001 C. O. O. O. v. 1. M 0.

o

* JUhCTICN DATA CAWO5
,

* 11 tw2 (PUMP IVALVe JP A0 Jutt ZJU1;

000011 2 1 0 0 417.33 w.9s918 -1.2d3
080021 33 2 0 C 351.b2 1 05277 -6.75624
080031 4 3 0 0 331.e2 .sb6110 -12.2$626
060041 4 5 0 0 21.96 0 12140 -13.1636- * .

De0031 > 1 0 0 21 96 0.10940 -0.46620
060061 6 4 L u 439.29 1 3279 -13.9636
060071 7 t 0 0 439.2v 1.5272 -1.2849

:

080081 1 9 0 0 439.29 U.6e2t$ 0.0

Oc0091 9 10 0 0 439.29 0.b$o00 0.31219
06u101-10 11 ' 0 0 439.29 1 62621 2.61211
0o0111 11' ik 0 L 439.29 A.62621 10.d4612
080121 12 13 0 0- 439.29 1.62621 2.J1219
Oe0131 13 14 0 0 43v.2v u.thou0 U.31219
080141 14 1$ 0 0 439.29 0 6s243 -4.2931

060131 1) 16 -1 0 437.29 0.be243 -2.12160
G80161 16 17 +1 c 439.29 U.78792 0. 0

050171 17 7 0 0 439.29 0 6d26$ 0.0

0801e1 b - 9 0 1 0.0 C.01116 0.26111
080191 le 17 0 2 U.u 0.Lo447 0.0

0o0201 19 le 0 3 0.C 0.020LO -9.1663

-080211 1 20 . 0 0 0.0 0 6o270 0.0

0 0 0.0 0.09004 2.270n3080221 20 21 j
usu231 21 22 u 0 0.0 0.206C3 s.77114

060241 22 23 e u u.c c.L99t4 2.27J81'

0o0231'23 '24 u O 0.0 0.u,004 -3.47411~

*

080261'24 2$ 0 0 0.0 c.C40(4 0.J

0o0271 2) 31 u 4 0.0 0.92013 0.0

Odotel 20- 31 0 4 -0.0 0.t2013 0.0

Ob4291 27 et u u 0.9 9 49094 0. 0 .

080301 7 27 0 0 0.0 0 68270 0.0
ObO311 21 2e 0 0 0.u 0 41731 0.46611

080321 20 29 0 d' O.0 0.4171s U.36451

Deujjl 0- 1) 2 0 0.0 10 0.0

08C341 C 17 1 u 0.0 1.C 0.0

ue03$1 30 0 2 0 42.9902 .04os71 lo.Joll

r _ . _ . _ _ _ _



g-

Ouv3ot 0 30 3 0 42.9902 1.u 12.12v17
0b0371 3 32- 0 0 3$1.82 1.307CS -10.42292

.0bv381' 32 33 0 0 351.o2 1.30706 -1.2d950 -

Oc0391 4 34 0 0 6$.$1 0.10499 -12.25616
'

Ocus01 44 3: u O o$.$1 0.23o00 -10.42242
obc 411 33 3c 0 C 65.11 J.23aco -9.5062$.

0o0421 36 37 0 0 c$.51 v.2Jow0 -d.$d958
cec 431-37 2 0 C 65.51 0.10142 -6.75624

.,
.

-,-

..

,

* 1AERilA faunCF FJUNCk
.

0u0012 2.311e 0.1 del 0.3401

Ce0022 2.36103 u.6702 0.b762
Osus32 0.73:33 a.406v4 12.3550$
cov042 55 391 1.4o965 1.46901
OdCJ$2 $$.o4. 2.93767 2.93767
De00o2 $.4903 0.70 20.1

060072 4.1193 0.67b3 0.1362
Co0Jod 4. $4 : . 0.9v73 U.60c0
080392 4.491C. ;.40 1.59

0o0102 1.001 U.3147 0.4990
080112 .2.:c7 t.02t26 0.u2626
0u0122 1.601 0.4v90 0.3147
0h0132. 1.3712 1.Cs1 1.2609
Ceui42 9. oth u.932 1.u:97
060122 o.to$ 2.7151 0.2441+

Oc01o2 c.179 'e.2711 2.409o
~

060172. c.$ t.61: 0.9527
vo0to2 73.33 1.u s.620
Odc192 643.99 12.t$ 12.2$-

.0cL202- 649.95 1.30cv 1.30a9
0dO212 9.tt$ G.7e21 1.20314
Utc222- 19.901 0.v359) 0.93596
Cou232 S .~ 7 $ c 7 L.olc34 $.elo34

vbuest 27.'257 0.2342: 0.23022 "

Ocu232 132.751 a.7o201 e.78206
Oe02o2 40.914 v.94et) 1.c+9

Ceu272 23.25tt 0.0 1.i,9

Gob 2ot 23.2$co v.0 1.c,v

ucL292- 1 .lb L.41: 1.E+9
-0ob304 v.3cc 0.97b2 1.ose2
Oe0312 24 223 1.247 s.,:7t

Oo0J24 19.34u 4.291 v., Lib

Oc0332- 0.0 t 1.w 1.9

bebJ4e L.b | ..w 1.w
0403 2 C ~. 0 %.C 0.0

0o0332 0.0 09 9.0
'. vouJ72 0. cit 13 0.012999 0.012959

vovJo2 L.01:1: v.ubch91 c.00a$vi

'JuCJ92 7 177 w.t9011 L.1$49
Gov *v2 3.4LO u.ussel 0.04981

.

Ot0412 3.4C0 0.L4 sol u.049b1
0ou424 3.900 v.v49di- 0.04901
Oc4532 12 2c0 12.c21977 10.0000
e

.

' .Jvt>ll JCVAc sCALCl MvM1A O! AMJ CONCO ICHunt (HQCua adCu; IFLudo IA0 Jar. |

,- .. . . . .
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r k+

)
Q
r+g
'08C013 ~C 't J C C.w 1.C -1 ] -1.0 0 0

Eur0023- 0 C 0 3 1. 7 s 1.0 -1 0 -1.0 0 0

{0o0033- C 0 0 3 1.78 1.C -1 0 -1.0 0 0

pu0uh3 0' O 0 m v.9 1.0 -1 o -1.o 0 0 .

bL0023- C C 0 3 C.0 1.0 -1 J ~1.0 0 0

[0300o3 L 0 0 0 0.0 1.0 -1 0 1.0 0 0 -

.Qe0373 0 C. 0 0 0.0 1.0 -1 0 1.0 0 0

000JoJ 1 9 0 w 0.u 19 -1 0 0.0 0 0

030093 C C 0 C t.0 .1.0 -1 0 F.O 0 C

~ 0s Gl'u 3 't L. v v C.o 1.0 -1 0 -1.0 0 0

08011J 1 0 0 0 0.0 1.0 -1 0 0.0 0 0

De0124 0 0 0 0 0.0 1.0 -1 0 $.u 0 L

Os0133' 't 0 C 0 0.0 1.0 -1 0 0.0 C U
.

w 0 v 9.0 1.C -1 0 0.0 .0 0.'GsG19 3 0-
Os0153 C L U 0 C.0 1. 0 -1 0 -1.0' O O

Obblo3 1 0 0 0 6.0 1.0 -1 0 00 0 0

000173 1 0 0 0 0.0 1.0 -1 'O t.0 C C

veut 3' L L 0 3 0.0 -S.0 -1 0 1.0 0 0

-udbi9s c L v 3 c.L 1.C -1 0 0.0 0- |C

0s0203 L L 0 0 0.0 1.0 -1 0 0.0 0 0

OdO213 'l 0 0 0 00 10 -1 3 0.0 0 0

usu223 v *> v v s.u 1.9 -1 J J.e w V

0e0233 1 0 0 0 u.C 1.0 -1 0 0.0 C. t

0d0243 c- t u o_ u.0 1.0 -1 0 v.o 0 0

Cou2)J 1 S C 0 0.0 1.0 -1 0 0.0 0 0

0302o3 1 3 0 u 0,0 1.0 -1 o :0.0 0 0
*

080273 1 : J- u u.L 1.C~ -1 0 3.h 0 0

Os02a3 1 5 0 o v.c t.0 -t 0 .v.e L v

Quc293 1 : 0 0 c.C 1. C ~1 0. 0.0 0 0

Ot0303 1 0 0 0 0.0 1.0 -l' 0 0.0 0 0
*

Oc0313 C *C 0 3 0.0 1.0 -1 0 -1.0 0 .0
0o0322 L t 0 3 0.0 1. 0 -1 0 -1 0 C 0

da0333 C 0 2 3 e.0 10 -1 0 0.c 0 0

0;uJ,3 L *u 2 3 0.0 19 -1 ) v.6 e v

Jo0333~ L 0 2 0 C.0 1.C -1 J 4.0 C C

4 s 2 3 v.9 5.w -4 s v.0' 6 b-devJoJ '

Oc037s C C 0 0 1. 7 s 1.0 -1 0 -1.0 0 0

0203d3 C G u u 1.7s 1.L' ~1 0 -1.0 0' 'O

006393- C C 0 3 L.5:C 1.4 -; O ~1.0 C C

,0 su% u J w c o 0 9.p,03 1.0 -1 o -1.0 C- %

w .13 f, 1.6 -1 0 -1.0 e t
Cocs.J t L c .

usuw2J v L u 0 0.5303 1.0 -1 s -1.o u u

'000433 C O C 3 c.t:0: 19 -1 ~1 -L.0 0 0-

@

* d:NnY-FAU$K Hin CRITICAL FLUW nJ0tL 014LS
o
* ULNtn DLHdf OLEHdf OL41FE

:s .

Ot2J0J v. os o i.d 1.9 u.32

Hl1RT-FA05Af h t .1 -LLwth L!ril ikAr ,illum OUALiff 01AL C/.>0
-

..

* OAlklL
e

Oo2033 0.0

o. rude L:)Lniilsch uala LAa03 (COnashc0 tenP)
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* IPC !TPUE 1 A P- iPM IMT P0MGAk PSAAI PFLagh PHfAOR P[04KR PIND T A VRH01
.

090011 1 4 0 1 0 3330. .420 10000. 315.00 711.0 br.0 3L.31
.. ,

* TORKF(3) 10RnNk TORni(11 TORKF(2) TONKF(4)
.

090012 152.994 0. 0.C327 14.4$2 U.0
- .

*- PUMI HEAL nULf!PLlik
e

* N P H P, FHDM1 PHur2
.

0.1 c.u u.2 0 .' 1 0. 3 0.7
0913L1 -12 L .o v.9

U91ov2 c.3b v.3 L.4 0.6 0.5 .06 0.6 0.0

091003 L.I U.o L.d 0.$ 0.7 03 1. 0.0

.

* PUMP 10boU MutilPL1-0
.

* iPir P 1 K M( 11 PinM(21
Ov2001- -12 0.0 0.0 0.1 0.0 0.2 0.1 u.3 0.3

092302 U.33 U.) 0.4 0.75 0.5 0.75 0.6 0.75

uvesu3 0.7 v.7) 0.o u.7) 0.4 0.5 1. 0.0

.

* PJMF SILF DAIA
.

-* CAVCON FPvMP > PUMP

e

u95011 v.u 0. v.0
* .

.

PUMP CU k Ve input thu12Aidd*

*
* * NCI NC 2 .NC3 NC4

.

10C000 16 0 0 16
e

* Pune HLSU Aht Tun %Le

li IC to PHkAU1 PHtA02
ti IL P I 0a n1 P T 0k n2*

1C1311 1 1 t 0,
.

1 4)36 C.19061 1.3636 0.389$3 L.3186 - * PUMP-HD

161012 . $v 3v 0 1.2J2o 0.7902 1.1336 1. 1.0000 ' * POM P-HD

101021 1 2 6 0. -0.3/' u.2~ -0.5 0.4 -0. 2.* * P UP. P- HO

101022 .57524 6. 0.74432 0.22t3 v.77341 0.377e * PUMP-nu

1u1023 .cb313 C.032t 1. 'I.00L0 - * PUMP-HD

i.4742 .00574 2.9474 -0.o067 1. c 31 *PUnP-HD
ACAJ3A 1 -3 t 4.

101032 .40te3 1.674 .'20017 1.4TC) 0, 1 4036 * PUMP-HD

191J41 1 4 e 1- 1. - 2.4722 .d22v7 1.vsto .63332 1.2007 *PuaP-HD

6 *AUMP-HD
0- . - 101042 .4: 534 1.3279 .2740, 1 1947 .1771, 1 000.

* PUM P-ilD
:101043 .09073 1.01tt O. 93421
101051 1 5 7 u. 0.25 0.2 0.2u 0.4 0.34 * rump-nu

101032 0.411t 0.276o 0.19763 0.45b4 0.79347 0.6007 *PU3P-HD
* PUMP-nu

1. 1.0101J 2 3_ ..

'

1C1061 1 6 1C 'U. .9342c u.0911 L '. 9 2 2 9 c.18$51 0 . 8 9 r:3 * P1'M P - HD

1010o2 .2717e 0.373 0. 4 ) $ o 7- 0.4433 0.97441 0.635) *PUnP-HD

101063 .740576 .e406 . 7 6 t 619 .e4bs .e71471 0.323r * PUMP-HD
* PUMP-HD

101004 1. 1.0
101071 1 7 e -1.- -1. .y .o1 .o .3 * PUMP-HD

.101012 .4 .cd .2 c.12 4. 0 2$ * F ur. P- h D



.

1010d1 1 e 6 -1. -1. .o .97 .6 .95 * PUMP-HD
101002 .4 .de .2 .e O. -.67 * PUMP-HD
10A0vi 2 i e 0. u.0032 c.1930 v.5325 u.393 0.7349 * PUMP-TQ
101042 .59532 C.h331 0.797o2 C.i22i 1. 1.0 *PUNP-To
101101 2 2 '7 0. .o7 .4 .2d .5 .1) ' PUMP-Tc

*

101102 .73726 .52659 .76605 .60o59 .86723 .7436(i * PUMP-TQ
101103 1. 1.0 . * PUMP-Tu
101t11 2 3 t. -1. 1.9843 .8609b 1.394 .60633 1.0975 *PUNP-TC

-101112 .406o6 .622 .1992u .664e 0. .6032 * PUMP-TC
*

101121 2 4 6 -1. 1.9e43 .82234 1.u301 .63371 1.6824 *PU"P-TC
101122 .45bb3 1.d>7 .26702 1.*J62 .11o11 1.3o79 * PUMP-TQ
101123 .0a931 1.3481- O. 1.2336 * PUMP-TC
10113A 2 5 4 0. .45 .4 .25 .5 0. *PHMP-Tu r
101132 1. .3569 * PUMP-TQ

101141- 4 e 10 v. 1.23361 .090643 1.19e5 1.b8964 1.100h * PUMP-TC
101142 .27347 4.3416 .45c667 .titt .57441 . 7t 0' ' PUMP-TC

1011*3 .7351e .c134 .76e52 .3894 .8 7u051 .4677 *&LMP-Tc
101144 1. .35t* * PUMP-70
101151 2 7 4 -1. -1. .3 .9 .1 .! * PUMP-T&

. 101152 0. .43 * PUMP-TV
A01101 2 6 4 -1. -1. .25 .9 .Os .e * PUMP-Tc
101162 0. .67 *FUMP-Tc
104011 1 1 7 0. 1. 0 .1 10 .2 1.0 .5 1.0 *PbMP-H00
104012 .7 1.0 4 1.0 1. 10 * PUMP-n00
10'021 1 2 b 0. 1.0 .1 1.0 .2 1.0 .3 1.0 * PUMP-HOU

104022 .4 10 .t 1.0 .5 1.0 1. 10 *PUM.P-HOO

194031 1 31C -1. -1 16 .9 -1.24 .6 -1.77 .7 -2.36 *Pu19-H00
104032 .6 -2.79 .5 -2.91 .4 -2.67 .25 -1.60 * PUMP-H00

104033 .1 .h 0. O. * PUMP-H00

104041 1 4 10 -1. -1 16 .9 .78 . .5 .7 .31 * PUMP-H03 .

104042 .6 .17 .$ .0a .33 U. .2 .s5 * PUMP-Hbu
* PUMP-HC0104J43 .1 .08 9. .11 .-

104v51 1 5 e 0. O. .2 .34 4 .65 .6 .93 * PUMP-H00 -

1U4052 .c -1.19 1. -1.47 8 P UM. P-H00 .

104001 i e Ic u. .11 .A .A3 *25 .15 .4 .13 * PUMP-M00

104062 .2 .07 .6 .u4 .7 .23 .6 .51 * PUMP-H00

.v .41 1. -1 47 * PUMP-H001040o3 .

7 2 - 1. c. O. O. *PU9?-H00104071 1

1040o1 1 e 2 - 1. o. v. O. * PUMP-h00

1C4C41. 2 1 6 J. 1.J .193 1.0 .393 1.0 * PUMP-TCO

104092 .19352 1.0 .79782 1.0 1 10 * PUMP-TQD

104101 2 2 7 0. 1.0 .* 10 .5 1.0 * PUN P-100

104102 .737215 10 .766044 10 .66723 1.0 *PU*?-TCO

104103 1. 1.0 * PUMP-TOO

104111 2 3 e -1. 1.4843 .50046 1.394 .60631- 1.C970 *PU.9P-TCO

104212 .4uebo .d2 2 .19 v 2s .6ehe 0. .e032 * PUMP-Tu0

104121 2 4 u -1. 1.9843 .b2234 1.8303 .63371 1.6624 * PUMP-TCO

104122 .42o$3 1 537 .207023 1 43t2 .17o107 1.3679 *FU=P-TOO

104123 .00931 1.34nt O. 1.23361 * PUMP-TOO

104131 2 b 4 v. .45 4 .25 .5 0. * PUMP-Tv0
.

* PUMP-TCO .

104132 1. .3569
104141 2 6 10 0. 1.23361 .090043 1.1ves . lod 564 1 109e * PUMP-lu0

'104142 .27347 1.0416 458669 .e99t .57446 .7e07 * PUMP-TGO

10414J .73e16 .6134 .76622 .3149 .o70057 4677 *PUNP-Tuu
*

* PUMP-TQ3
104144 1. .3369
104121 2 7 4 - 1. - 1. .3 .9 .1 .5 * PUMP-TOO

* PUMP-700
104152 0. .43

104161 2 e 4 -1. -A. .2b .y .00 .t * P UN P- TC O

104162 0. .67
* VALVE DATA

L



!

* 1

* I T C.V 1 ACV L ATCH PC V CV1 CV2 CV3
'

110010 +6 C 0 0. O. O. O. * Pat $$Ud!Zik VALVE 73 nt OFF JUNC.18

11C02) +10 0 v 0. O. O. O. * ACCun0LAIOx valve TO de OFF JUNC.19
* - 110030 -3 0 0 v. O. U. O. * ACCurutAT0R VAL V E TO R E Oil JUNC.20

4'00*v -2 1 0 v. G. O. O. * Bnian Valves r0 dd On JUNC . 2 7-2
4

*
* LCAn DATA

.-

NAAtA IltcAK SINK IAggAl IAkcA2
I

'

1291oA -3 2 13.c3 v. c. .0172 1. 150. .
1.0 *BRdAK FLOW ;

'

12G201 -3 L 300.0 c. 0.5 1c.9 J. 110. O. e $G !TCAM FLO4
.

.

,

F1LL TABLE DATA*

.

ITFILL !TYPi hPTS ! CALC 13AIFL J'a i T $ Puni NORX ATRAC TAUnX
*

*
.

*

1301u0 4 2 2 4 0 GALIntN 100. 75. G. O.
eHPIS FL3h

13G1911 0.0 12. 3000. 12.0
.

.

130200 7 2 13 4 o GAL /n!N 100. 73. _ 0. O.

130201' O.o 114.9 12 3 111 3 62.3 96.6 112.3 79.8

140402 137.3 o v. 2 1o2.3 56.1 172 3 .50 2 la2. 3 42.6

' 130203 142.3 34.2 202.3 24.3 212.3 11 4 !!0.0 0.C
.-

130204 3000.0 0. 0 + tr13 Plug

*
*

13030w -5 1 3 4 0 OAL/n!N div.23-407.c4 0. O..

* FILIDL(1) _FILT8L(2)
130301 L.0 300.2c51 3.0 v. 0 150. 0.0

* $G FFL'D WATLF FLUW*
.

,

* A ANeTIC S con 5!Ahl 0ATA

+ nubet Anot 80bt WHOIN J0uF PAunel LAn0A TAv
4' .

140sou o 0 v. v. O. v. v. O.
.

SC4Ar. lacLe OAIA*

e .
,

* N>cW !TsCRM T 2 Cx( 1) IsCW(2)
.

141000 -20 11 0. 1.0 0.1 a.vvvos9 U.2 J.2743 0.3 v.13J1#1

... - 191001- w.4 C.110c21 3.6 c.Lh3212 1.0 J.co477' 1 . .*- 0.C ( 3 0 4's

- 141092- 1.9 0.09vos4 3. 0 v.0372o5 9.v J. J$! 204 - 6.0 v.09/0 ;

141003 ~o.0 0.049770 10.0 0.041947 15.0 0.044!7' 20.0 0.06217t-
141004 30.0 0.uJv7aj 40.0 0.03034d o0.0 J.03154c, tru.v v.vu14eb

, . * - FRJ1 L(IFT L-2-3
,

' 'HtAl TR&hhFtM $UPFAC: 0ATA

'- .N5 c8 - te35 10Ts 13F3
.-, , .es;y _

!

_

h

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

i

t
15C000 2 0 0 3

o
t HEAT SLAS OAIA
2

.

1
o 1 1 1 1 1 1

o y V G 1 x n M

0 $ $ C 5 L C C

L h M e O L 4 AnTL AHik VOL5 HDMLj .

130011 0 3 1 0 2 0 30 0. 110.4553 0.v75c 0. 0
130021 0 3 1 1 2 0 30 0. 110.9953 0.9750 0.0'

150031 0 32 1 1 2 0 30 0. 110.9953 0.975o 0.0

1$0091 .o 32 1 1 2 0 JC 0. 11C.v953 0.67$c 0.0

150051 0 33 A 1 2 0 3u 0. 119.9953 0 97t8 t.0

15C061 0 33 1 1 2 0 30 0. 110.3953 0.175e 0.0

IS0071 0 34 1 0 2 0 30 0. 20.0347 J.lato 0.0

1300s1 0 34 1 1 2 0 30 0. 20.6597 J.1816 0.0

130Jvi u'3s A A 2 0 30 0. 20.6397 0.1o16 U.0
ItC101 0 3c 1 1 2 C 3. c. 2s.6t97 J.1816 C . ';

150111. 0 37 1 1 2 0 30 0. 20.65v7 0.1d10 0.0

1$0121 0 37 1 1 2 0 30 C. 20.oS51 0.Lc16 0.0

1$0131 3 L 2 0 0 30 0 49.5774 0.0 6.791 0.0

130141 7 s J u o Ju u 41.oul6 9.0 1.e40 0.0

15u131 0. 2 7 0 G 0 30 0. 556.27 5. 774 0.0

IS0161. 6 0- 3 0 0 30 0 232.314e u.0 4u.9340 C.0

130171 _L 4 4 0 2 0 30 0.0 103.730) 3.3u3 C.0

15 Clot 0 1 3 0 2 0 30 0.0 o42.37ao lo.eds 0.0

120191 11 30 6 u 6 30 30 1646.2C65 it30.0236 7.541360 0.0334: 7 -

t$0201 12 30 6 G 0 30 30 1646.200$ lb30 0236 7.541300 0.0334o2~

e

o
o H0 r.k DHe t- On k C HNL CbNx Zant ZTCP

-

o

150012 u.0 v.c u.c L.0 3.0 0.0 916670
129022.0.0 0.0 0. 0 0.0 0.0 .91o61 1.833340
150032 0.0 0.0 C.C 0.0 C.3 0.0 91tb70
150042 0.0 0.0 0.0 L.0 v.J .viool 1.c33340
150352 0.0 0.0 C.0 0.0 0.0 0.3 .' 91t.6 7 0

1500o4 u.0 0.u u.w C.0 0.0 .91o67 1.c33340
1303T2 0.0 0.0 0.0 0.0 0.0 0.0 916670
1500o2 J.0 u.0 0.0 0.0 0.0 .91o67 1.633340
150092 0.0 u.0 u.C L.0 J.0 0.0 v.0

130102 0.0 v.0 'O.0 0.0 0.0 0.0 v.0

1$0112 0.0 0.0' O.0 0.0 0.0 0.0 910670

130122 0 0 0.0 u.0 0.0 0.0 .910o7 1.o33340
130132 0.0 0.0 C.0 0.0 0.0 0.0 0.0

150144 w.u 90 u.9 0.0 0.J J.J 0.0

1 0132 0.1797. 0.0 C. 0 0.0 0.0 0.0 0.0

130162 0.0 0.0 0.0 AL.uo 0.0 0.0 v.0
' -

130172 4.9383. 0.0 4.9583 C.0 w.3 a.] 0.0

~1501o2 u.0 0.0 0.0 0.0 0.0 0.0 t' . 0

15u192 0.0149Cc2 0.033482 0 149u62 b. 75 $ 21 16.09 3 7 0.12219 4. 2'd 5 7 6

130202 0.0149062 0.033462 0.149062 b.75521 16.0937 0.d2219 9.29$76 .

e

01 STEAM GEhEh A10n C0hykC T10m D AT A
=c

o 15hb
o

190194 2



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

15020* 2
e

COME aLAo DATA CAnus*

* ISLAB N001 CLil 0$kAC kPh00 0 0 n 0-)
,

160010 1 1 2 3 0. 0.127344 u.01co 0.
160020 2 1 2 3 0. 0.19 717 3 U.01t s 0.

16c030 3 1 2 3 0. 0.201d26 0.01ed O.
100040 4 1 2 3 0. C.150136 0 01t3 0..

100020 $ 1 2 4 0. u.uc433o u.01co 0.
160000 t 1 2 3 0. 0.02022e 0.01td O.
locuTw' 7 4 i 3 0. 0.036117 L.01es 0,

1600du b 1 2 3 0. 0.0t3710 0.01ts 0.

160040 4 1 2 3 0. 0.0 $ $ 911 0.01 bd 0.
ioulue 1G 1 2 3 0. 0.040662 0.01eo 0.
ICL11w 11 1 2 3 J. G.323104 0.0168 0.

0. 00 71v 3 0.01 bo 0.100i20 12 1 2 3 v.
.

* SLAo G e c.a. E l k f bATA CA805
e

!G IGP hM '1 M NOK KO X> PF
*

,

170101 2 4 1 1 0.0 0.00d9e4 0.3333
170102 C 1 1 0.003721 0.3333
-170103 0 1 1 u 0c2atS 0.3334

*

170104 C 2 1 C.LL2625 0.0

17G2wl 2 1 3 1 1.2$ 0.902$ 0.0

170301 2 1 4 1 1.4$813 0.16eo7 0.0
.

*17J401 't 1 3 1 1 54162 u . 20 3 o 3 4 0.0

170401 2 1 3 1 3.v440e1 0.ve144 J.0

*170301 2 1 3 1 1.25 0.177L76 0.0

17C301 2- 't 4 1 10.50357 C.C1894 0.0
-

17C6G1 2 1 3 1 0.01673 0.uusub3 0.0'

170701 2 1 3 1 0.0 1 04176-2 .0
*

e

* IHcMMAL C0h0VCT!v!TY CAROS
.

-* TdcanAL C0hCu2if41TY CATA F0d-UO2 .

e

* NKP TEnr(f) CONO.(STU/HN.F7.F)
-icG1dv -40 212.. 4.143 342. 3.221 7$2. 2.710 1112.- 2.20c

toGiot 1472 1.ute 1832. 1.623 2192. 1 497 2372. ,1 37u r

1o0102 2$b2. 1 320 2732. 1.272.2412. 1.239 30u2. 1.220

1c0103 3020. 1.2 74 ~ 3042. 1.2b4 3172. 1.315'3h32. 1.4u0

150tu* 3992. 1.231 4352. 1.741 4712. 2.03V D l'* 7 2 . 2.3c0

e

* IHtdMAL CuhLUCilvaif LATA FOK Z ikC AL0f
* NAP Ic nP(F i CONL.(dTU/Hm.FT.F1
1o0200 -20 ot. 7.24o 212. o.142 342. d.91o 572. 9.bo5

1dO201 7$2. 10.240 932. 10.402 1112. 11.o03 1292, 12.371

icut02- '1%74.- .13.'241 1440. 13.347 abo 2. 1 3. 74o lo52, .19.24*4-

180203 1742. 24.u31 17b7. 'l$.121 1832. to.412 2012. 10.700

lo0204 2152. |18.341 2372.- 20.16o 2002. 22.274 27J2. 24.043
_,

THtdh AL Cuh00C i t y l li '0 AT A FvA 55-304*

*- NCP itMP t F ). CONO (UTU/HN.FT.F)

dL331 -17 32. .s. 61 212.0 9.42 302.0 10.109 3 t.3, 2 10.343

1e0302 410, 10.c32 402 2 10.o03 501.d 11.094 .'90.9 11.3c3

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



..

*

,

N
i

100303 645.4e 11.014 6ao.3 14.o4t 147.1 L1.9s 791.2 12.249
18C304 932.J 12.943 103C.4 13.347 1167.6 L3.871 1.121.6 14.329
160305 1334.o 14.963
6

'

i
o THEAMAL CO NC UC T i v i ! Y CATA FOA INC ONd L 600
o
o NKP 1E r P(F ) CCNO.(dTU/dA.FT.F) -

180400 -16 e6. 8.372 212. 9.162 392. 10.129
160401 572. 11.100 752. 12.076 132. L3.053
Lov%u2 1022. 13.b3b 1112. 14.029 1~92. Lb.000
;1e0403 13b2. it.491 4474. 15.976 1652. 16.953
do0404 lb32. 17.924 2012. lo.900 2L92. 14.Bo2
18040) 2372. 20.859
0

0

* v0Lund TRIC ncAl CAPACITY DATA FOR UQ2
e

* NCP TEMP (F) CP(6Tu/FT3.Fl
190100 -20 212. 40.321 392. 43.232 752. 46.249 1112. 47.941

190101- 1472. 49.174 1o32. $0.24c 2192. 51.422 2372. 52.let

19.0 a 0 2 2552. 33.0e2 2732. 34.21b 24L2. 55.754 3002. 56.740

t90103 3020. 96.obv 3092. 57.che 3272. 59.994 3632, oc.207

190104 3992.. 74.856 4352. 8S.839 47L2. vs.107 107?. 114.41

VJLun: T h 1C HEAT CAPACITY CATA F0k Z1RCALOY
o
* NCF l en P( F ) C F( $ Tu /F T 3. F 1
190200 -20 ca. Ze.106 212. 28. 7 t 7 392. 29.370 $72. 30.373

*

19020L 752. 31.593 932. 32. 1112. 34.835 1292. 34.b3t

190202 .1472. 3 4.~ o 3 $ 1990. 34.c35 1t62. 5s.322 1652, 79.9c2

190203 1742. $2.o$$ 1787. 34.429 1632. 34.429 2012, 34.'424

190204 2191. 34.429-2372. 34. 4 2v 2332. 34.429 2732. 34.42#-
,

9

e vJLuntikic HEAT CAPAC1If OATA F0k $$~30%
o
o
o NCF TiMP(F) CP(3Tv/FT3.Fl

.*

190301 -19 32. .. 43.61
19vJ02 159 .04 44.44- 29v.64 44.5% 400.6% 44.94 499.04 43.4

190303 CCC.44 4t.93 699.44 46.42 800.24 46.91 d99.24 4 7. r.

190304 1000.04 no.39 1099.04 49.de 1199.d4 31.3o 1300.6% > 2. s

190303 1399.e4 $3.d3 1500 44 34.01 .L599.44- ' >5.8 1700.24 'o.?
~

.

190300 _1799.24 $c.7v 1409.04 $ 1. 4 c -

** VOLUMc Tk!C Ni AT C AP ACIT y DATA PLR INCCNel 600
* 1

* NCP TEMPtF) CP(diu/FT3.Fl
190400 -16 co. ob.len 212. So.274 392. ot.291

1904Ji S72. 63. 7 o t' 752. 6o.001 432. oo.306

190%02 1c22. es.b26 1112. 71 92: 1492. 79.272 ,

190403 13e2. 7o.504 1472. 77.19's 1632. 71.138

-19040, .1u32. ~7e .89 3 2012. 19 647 2192. o0.401

19C40t 2372. el.1$6 .

O

-9 INO OF DATA"
.

. _ _ _ - _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ .
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Lilfthg Q$ jgPQ( gg(( Pgg (ggg g
11 P-13 e 4 081-4 2=1 2 01 * Lasst estaa IttfentGM P0ven Cuan, 8374000 CaLCutallous

i *

: *

Peattin OIMIM1871 flat A3 *
4 *
3 * Le e e e u 4 e a e E a 4 e 4 m 4 I I
6 4 0t I ! y 8 f J P C 4 7 3 6 A C n 8 U

-7 * ae C a-0 0 0 y a a a L L 0 a O f P a*

B e P t P L 8 Y a P W L 8 9 f 8 8 8 I
C 3 7

e *
6 5

10 e

11 010001 *t s 1 4 3 1 1 1 0 0 0 5 4 4t 40 0 2

Il *
.

7e0sL14 COM1T AMil 0&f a11 *

14 *

13 e Puven OmtCA P0'It f L 70UlfM feUlfL TOUffM
16 e

17 *010002 '37.9 1.0 0 0406 $486.0 32.8 8940.33

14 8

19 * P0vte Pt000Ct0 14 MICH 70vte Cuau4fL ll 0.ftsf17 CP f0 fat PWta
&&nt satta 70 min til MICJs Poule Cmammf L 81 3 f.380.24873F20 *

ft *

22 01J002 8.40330s 1.0 0.0846 1626.0 32 8 8340.3%

21 *

24 *

21 * #inO4 1917 vas:sstis
26 *

t 17 at0100 at 3 se 1 ga : 3a 3 se 4 ja 3 ja 6 af f

is *

*to
10 *
31 *

flat litP Sala CAA0112 *

13 *'

34 * RAIN llM A S NOM P MCas OILIA OlAls Italt (40 CPU
15 *

36 030010 LO 12 6 0 0.01 0.004 .4 6.

If 191020 to to 6 0 0.2 0 001 10.

34 030030 to i 4 0 0.2 0.001 100.

19 *
4

40 e

41 *~ ft!P comte 0t D&fA ,
,

42 8

43 * 10fsP 10!I6 _ !!! Itt Stit! Oftet-
4s *

45 040010 1 1 0 0 99.0 9. * I40 Tint*

46 060020 2 1 0 0 6. 4. e scala fatt

47 040010 3 1 0 0 6. O. * 40f!M6 milM 4CflVAfl0N
48 04J040 * 1 0 0 . tl- F 0. * PI6L ttIP

to *e
10 *

11 * V0tURE Omf a Caant
32 * J

13 * I f

se e a P

SS * I a

$6 * a

$7 * IBUS O P flap *C88 * IVOL tr U

)* 050064 e o 15.4736 4:9.Fs 0. 3.67176 4 109CO 4.10900 410 *

ao 050021 1 0 16.JF27 417.76 1.6 1.4426 f.9 1. 5 C

4 *. 0*0031 0 1 15. 2 '00 fif. f t L. J.JLSS) *.tFt25 ?.*f t!) 0

6: *

,t*
a. )

*s. "
amg

t
*e,s.

s L le a etsi (Liv C
*..
*sp

ee 050012 0.26e17 0.91 -14.165 0

to 05 30t! 0.theSF 0.33 =*2 23621 0

ft 050012 0.26e97, 0.01 -6.75625 0

*1:
*tt
*- 76
* Suesti CafA CA401f*
*

- .' 76 . * at#4 veUSpp
*70

to 060011 0.0 =$.0 *

*80
*

I
~ 11 fint Oligt:0(MT VCLUMCe a; e

*s1
so e It!M f!RE PRC13. IIAP. OUAL. AL.

*e*
t, Of0101 136'

sf *

| *48 JitMC f f 0M oaf 4 Caagtpe *
*
* tvt 1st IPU9P !Vilvf WP A0JU4 IJumC90-

. e3

e3 013011 ' e I L 0 0.0 1.0 *t6.165e: *

et - 000028. O t 2 0 0.0 1.0 -16.365

e4 070034 0 1 1 4 0.0 1.0 -86.369

96- 003344 L t 0 0 -0.0 0.260SF =12.23625

e*, OP00$t 2- 3 0 0 0.0 0.86997 +4.73629
[ .- --- _ _ - _ _ . _ _ _ - - _
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APPENDIX H: LOFT L2-5 TEST ENEL ANALYSIS
t-

Hl. INTRODUCTION- .

The following appendix documents the blowdown, refill'-

and reflood analysis of LOFT Experiment L2-5, performed
at ENEL by the Nuclear Safety Area of Thermal and Nuclear.

~ Research Center as prediction for International Standard
Problem 13, using RELAP 4/ MOD 6 Update 4 Computer Code /1/.

~ The appendix. presents some1information about the noda
lization, initial conditions, analytical models-and code
options'used for the calculation.

A sequence of events from the code prediction is in-~

cluded, and the. results of the blowdown, refill ~and ref;md
calculation are discussed.

H2. INPUT MODELS
s

_

The ENEL prediction of ISP13 was performed using two
models: a model with a detailed nodalization for the blow-
down portion of the transient and a-model with a coarser'- '

nodalization for the refill /refloc portion of the tran-

sient. This section discusses the model nodalizations and
the major modeling options. chosen to perform each calcula-
tion.

'For the first part-of transi'ents (blowdown) theL

- LOFT /2/. test-facility was-modelled by 39 volumes, 47 junc-
tions and 26 heat-slabs as'shown in Fig. 1 and describe'd
in Table 1 and 2L

The blowdown analysis involved the use of numerous~

analytical modeling features contained in<the RELAP 4/ MOD 6'
computer code. .

Comments on the major modeling options used (both' a-
'nalytical and systemic)Jare listed below.
a) Compressible flow with momentum flux was used at all

junctions, except incompressible flow with no momentum_,

flux-was used at:
JCN.'31' (pressurizer outlet)-

y_
'JCN 32 '(accumulator outlet)
JCN 45' (steam generator' secondary feedwater inlet)
.JCNS 43,44- -(LPIS, HPIS)

.

]

' m_
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JCNS 12,20 (upper plenum to hot intact / broken loop)
JCN 19 (Annulus to cold leg broken loop)

a

b) Vertical slip was used in the following junctions:
JCNS 8, 9 (downconer inlet / outlet) ,

JCNS 10,11 (core bypass in1<t/ outlet)
JCNS 13,15 (steam generater inlet / outlet)
JCNS 21,22,23(simulated s.g. junctions)
JCN 24 (simulated pumps suction)
JCN 31 (pressurizer outlet)
JCN 35 (lower plenum)

c) Wilson bubble rise model was used only in the pressuri-
zer (VOL 31) . Complete separation was used in the follo
wing volumes:
VOL 27 (suppression tank)
VOL 32 (accumulator A)
The bubble rise model with a constant bubble velocity
(a = .8 y = 3 ft/s) was used in the steam generator se

condary (VOL 30) .

d) Heat slab were included in the upper plenum. .

e) A single channel downcomer was employed.

f) The pressurized surge line volume was lumped into the '

.pressuriser volume.
g) The Henry Fauske/ HEM critical flow model was used with

a transition quality of 0.02 and disharge coefficients
of 0.865 and 0.7 for subcooled and saturated flow, re-
spectively.

h) RELAP 4/ MOD 5 heat transfer correlations with their lo-
gic (HTRC subroutine) was used.
For all slabs Dougall Rosenow and B&W Barnett, modified
Barnett as film boiling and transition boiling respec-
tively was used.

i) The accumulator polytropic air expansion model with a
coefficient of 1.3 was employed.

_

1) The natural convection heat tran sfer model across steam
#

generator slabs was used.
m) LOFT pumps caratteristics with single /two pkase head-

torque difference models (set 3 and 4) was used /2/, ,

As principal feature a double channel for the cure re

- _ - _ _ _ - _ _ _ _ - _ _ _ _ __ _. _ . _ _ _ _ _ _ _ _
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gion was used without comunications between average andg

hot regions.
-The reflood model used for the ISP13 prediction is

,

shown in Fig. 2 and described in Table 3. The model con-
sists of 8 volumes, 12 junctions, and 16 heat slabs. The
reflood analysis involved the use of several analytical
modeling features contained in the RELAP 4/ MOD 6 computer
code. Comments on the major modeling options used are li-
sted below.

Incompressible flow with no momentum flux was used ata.
all junctions.

b. Wilson bubble rise model was used in the lower plenum,

upper plenum and downcomer. Complete phase separation
was modeled in the accumulator A and suppression tank.

c. The Steen-Wallis implicit entrainment model was used
in the core with the following imput parameters.

hcl (Core Shaping Factor): 1 x 106
,.

HC2 (Entrainment Onset Factor): 3 x 10-6
_

EN2 (Maximum Entrainment Fraction): .75
d. The core superheat model was used in both core channels.

s
The HTS 4 refood heat transfer surface was used with
the following heat transfer options:
Exponent in Hsu correlation: 0.0115.
Energy partitioning coefficient internally calculated.
Multiplier on Bromley-Pomeran: correlation: 1.0.
Maximum of~Bromley-Pomeranz and Hsu correlations used
for transition from transition boiling to film boiling.

Independent variable used in the dispersed flow weight-
ing function was quality.i

The exponents in the liquid and vapor weighting factors
are 0.333 and 1.0, respectively.
Dryout void fraction and quality are 1.0.
Quality times mass flux was used to calculate Reynolds
number for superheated vapor.

O e. Numerical model coupling for alla case volumes was ex-
plicit scheme.

f. The moving mesh option was not used due too large cpug
time employed.

The refill /reflood calculation was initiated starting
from the end of-blowdown and the correspondent values of

_. . _ _ .
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parameters at that time were used in the new modelli:ation.
The core was modelled using two hydraulic volumes and

two stack of heat slabs simulating hot and average power .

rods.
The intere intact loop was lumped in one single volu-

-

me and the broken leg were modelled as equivalente junc-
tions.

H3. COMPUTER CODE DESCRIPTION

The ENEL ISP13 analysis was perforned using the stan-
dard IBM version of the RELAP 4/ MOD 6 update 4 code stored
on ENEL computer system, IBM 3032.

The calculation was performed using code best estimate
options.

The running time was about 280 minutes for the calcu-
lation of the complete transient, 80 minutes for the blow-
down phase and 200 for the refill and reflood phases.

.

H4. CONCLUSIONS

The results/4/ of blowdown analysis of ISP13 indicates ,

that use of 0.865 and 0.7 break flow multiplier respective-
ly in the bubcooled and saturated region with the HF-HEM
critical model provides a good prediction of system pres-
sure and break mass flow rates response during the tran-
sient.

The sequence of events from the computer code predic-
tion is described in Table 4.

The useHof the accumulator politropic air expansion
model with a constant at 1.3 provides a good prediction
of the LOFT accumulator pressure response.

The cladding temperature response does not strictly
agree experiment, in particulary the early rewet of core
due to upper plenum fallback phenomena, that was not predi-
cted in the model.

The results of the ISP8 reflood calculation indicate ^
/4/that use of current recommended reflood options in RELAP

/ MOD 6 in conjunction with a parallel core channel model
do not adequately predict the experiment. In fact the re- ,

sults of calculation show a later core rewet that in expe-
rimental transient.

N.
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VOLUME No. DESCRIPTION

.

7 . . Upper plenum. . . . . . .

8 . Annulus-. . . . . . . .

12 .' Intact loop- hot leg. . . . . . .

13' Steam generator primary and inlet plenum. . . . . . . .

14 . Steam generator primary and outlet plenum.. . . . . .

15 . Pump suction. . . . . . .

16,17. . . . Pumps. . .. . .

18,19 . ' . Intact loop cold leg -downstream of pump. . . . .

9.. . Dowcomer-. . . . . .

39,10 . . Lower plenum ~
. . . . .

l',2,3,4,5,6 . . Average core channel. .

33,34,35,36,37,38 . Hot core channel -

11' . Core by pass. . . . . . . .

29,28.. . Broken loop _ cold leg. . . . .

20 . Broken loop' hot-leg -vessel to simulated;. .. . . . . ,

steam generators

~21,22'. . Simulat'ed' steam generator. . . . .

23 . Broken loop hot leg -simulated steam gene-. . . . . . .

rator to simulated pump

. 24 . ~ . .. Simulated pump-._ . .. .
, -

. .

. . Broken loop hot leg -' simulated pump to'. 25,261. . .. . .

break nozzle

32 . . Accumulator. * ;.. . . ..
.

30- .=. Steam generator.seconda'ry'

. . . . . . . .

#27 7 Pressure 1 suppression tank; _.. . . . . . . .

31 .LPressurizer. .. . . ..,

' Table 1: Volume' description'for the blowdown calculation-

. . 3
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HEAT SLAB ~No. DESCRIPTION.
.

Average power rods1,' 2 ,3 ,4 ,5 , 6 . ,. . . . . . . . . .

. Hot power rods7,8,9, 10,11,12. . . . . . . ..

Lower plenum structures24 . . . . . . . . . . . . . . .

15 . Downcomers vesse1~ wall. . . . . . . . . . . . . .

14 Core barrel. . . . . . . . . . .. . . , , .

t 18,19 Steam generator tubes. . . . . . . . . . . . .

Upper plenum structures26 . '.. . . . . . . . . . .. .

23 . Vessel upper head. . . . . . . . . . . . . .
.

Vessel bottom-39 . .c.. . . . . . . . . . . ..

L25 Vessel filler'
- . . . . . . . . . . . . . ..

13 . Annulus. structures* . . . . . . . . . . . . . .

'- Table 2 : Heat ' slab description for the blowdown
calculation

1
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VOLUME No. DESCRIPTION

*

.

4. Upper plenum. . . . . . . . . . .

6. Intact loop / Steam generator. . . . . . . . . . .

primary

1. Downcomer - inlet annulus. . . . . . . . . . .

2. Lower plenum. . . . . . . . . . .

8. Average core channel. . . . . . . . . . .

3. Hot core channel. . . . . . . . . . .

5. . Pressure suppression tank. . . . . . . . . .

7. Accumulator A. . . . . . . . . . .

.

HEAT SLAB No. DESCRIPTION

"

1,2,3,4,5,6. Average power rods. .. . . .

7,8,9,10,11,12 Hot power rods. . . . .

13 . Barrel. . . . . . . . . .

14 Vessel, cylindrical region. . . . . . . . . . .

15 . Vessel bottom. . . . . . . . . .

16 . Lower plenum internals. . . . . . . . . .

Table 3: Volume and heat slab description for

the refill /reflood calculation

,

d

I
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Time After
EVENT Experiment Initiation

(s)'s .

.
Experiment L2-5 initiated O.

,

Reactor' scrammed 0 .~ 1'

3:

Primary coolant pumps tripped 0.9-

Subcooled break flow ended (cold leg) 3.3

Pressurizer emptied 5.

Accumulator A injection init;ated 19.3

HPIS injection-initiated- 23.9

Maximum cladding temperature. reached 50.*

LPIS injection initiated 37.3

~ Accumulator emptied 68.

Core cladding quenched (Average channel) 7 0. ,
..

,

Co're cladding quenched (Hot channel) 110.-

:,

Table 4 : Calculated sequence of events for ISP13-*

.

W

'

,--

'

d

.

.s'
~

.

.
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9- APPENDIX I: DCMN RELAP4 Mod 6 CALCULATIONi
e

,

*
--I;1- ' INTRODUCTION-

'
.

The "Dipartimento di1Costruzioni >feccaniche e Nucleari"i

(DC'IN) 'of the University of Pisa performed the study ofae
% ~ ' /1/LOFT experiment L2-5 chosen as the International Stan-"

,

. dard Problem n.13. (ISP13), by CSNI, by RELAP4 Mod 6. Code ,
4 '.
r## runr.ing on:the IBM 370/168 computer of~CNUCE-PISA.
r

The studf.has been carried out in the framework of

q the:ENEA safety.research program.
AM
f'

' I.'2 SIMULATION MODELS

.

For'ISP.13 analysis, two simulation models have been-~

used:ua detailed ~nodalization-for.the blowdown =and refill-
s

? portion of,the; experiment;-aicoarse nodalization'for the re- -'~
4

N
3x, flood phase.

. .

-Two cases..-have . been modelled for .both portions - of -. the -~

-experiment , y with t and 2 : core channels , respectively.
"

|pkf ~ '
}khyv.b

" .I .2.1 - Blowdown and re fill pha'se ''
,

s

.I.-2.1.1~- Plant no'dalization?-

--

-,:sg
~ ' '

:-. .

.. . .

% g-
: The. nodali::ation- showniin Fig. jI .1 ~ has beeneused for -

ev : the; calculation of thelreference case, (s,ee Table I.1); it -.

~

& 2 . .

. consists- ofi 38 Leontro1Jvolumes ,|43(junctions = and 33 heat slabs.
'

- The-LOFT vesseliis^ mode 11ed'byf12-control ~ volumes: 5 in:
~

-

g [. . the; core , |2 ' in iboth thei lower and ithe. upper plena , -.the others-L
f

;&.
~' ' ~

,.

>'

i-r

'

I
..: =3
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Comparison among the main runs of the ISP13 analysisTABLE I.1 -

xa to CLk of MELR OF 11h*R CF ' 09 TI>E/ MAL %N 5R0f AMLCLD TI>t I

f6 ICD.TIFICATION 50LlFCS SIABS JG CIONS T!LE/N.0F iDLiffS CaJrc IN~:T.RVALL

|
# *

{ . r e1 oLvmel 38 33 43 1.29 Reference case

2 esannels il 33 $1 1.33 Hot channot 20 s before rAe break
effect 38 s after the break

A) Blowdown and refill analysis

| ANALY2 D TDS103 m'tER OF MEER CF mtPER OF CPU TDE/RFAL MI.'i Sn?UY
I C RVALLiT.~IFICATION '.cLRES SIAES Jt2CIc3 rDE/N. CF VOL12ES CBJrd

|

1 '3annel 7 12 10 15.13 Reference case 73 s after refall

2 Otannels 3 22 '13 32.?S Hot channel
effect 65 s af:er rett!!

B) Reflood analysis

simulating the core-bypass, the downcomer distributor anulus-

and the downcomer anulus,.respectively.

The structures of the reactor vessel and the filler are
-

collapsed in one slab; while another slab simulates the bar-

I rel; 3 slabs are put in both the lower and the upper plena
and one slab describes the heat exchanges between the upper

plenum and the distributor anulus.
The pressurized surge line is lumped together the pres-

surize control volume.

The steam generator has been detailed in 5 control volu
.

mes (included the two plena), with 5 heat slabs; the seconda
ry side of the steam generator is a time-dependent volume,
which exchanges heat with the primary side by natural convec,

,

tion through 3 slabs.

Two control volumes, each with a' heat slab, connect the
.

pressure vessel to the steam generator.and the steam genera-
tor to the pumps, which are modelled by a homogeneous con-

trol volume.

t-

is i
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'

:The cold leg intact loop consistsaaf 2 control volumes,
'

-with I heat siab: the accumulator is represented by 1 volu-

meCwithout the surge-line and heat slabs. +

The llPIS-and LplS are simulated by 2 fill junctions,

turned on by a-time-elapsed trip.
.

The broken loop hot leg is-detailed by 8 volumes,

without heat slabs-(preliminary runs showed no influence.of-
-_the broken loop structures on the flow from the related
break-plane).

Finally, two control volumes, each with one heat slab,''

' ~ represent the broken loop cold-leg, while the suppression
tank is modelled;by a' time-dependent volume.

Core - thermal power production 1is simulated by j12 sis 6s,
dividedfinto.2' stacks: 5 to simulate.the average fuelD assem=

-

bly and 7~the hot one. To assign the power to:the core
- slabs , the criterium1been used o'f. weighting the . axial . lirmar

! power distribution on the number'of pins of the fuel assem-- ..

bly (256 for the hot channel,.1096 for the average one) .
For~the 2 core channels model,'the'nodalisation shown

,.

.in Fig. I.2 hastbeen'used'.
.

Now the core .is simulated. by 2 channels, each' with four .

:contro1Lvolumes and six heat. slabs: the." hot" channel silu--

:lates the central 1 fuel assembly,- the " average" .one the re- j

.maining' fuel rods. A junction connects each control volume
~

Jin one-~ channel,to.the corresponding. volume in-the other'chan-
'

nel'. The'same-criterion usedLin the'1' channel:no'dalization'
has been. employed to. assign the3 power to the core slabs. .

The other' nodalization options f are ' unchanged with re-
'

~

spectJtoLthej1 channel'nedali:ation. .

x

j

3 x

k+ +
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' I.2.1'.2 ' Physical models

a

- a) Critical flow models

- 'The critical flow models: finally used are'those of Henry
Fauske and Homogeneous Equilibrium (HF/ HEM) with dialsi

0.84 for the saturated flow and I. for the subcooled phase;
. ,

. _

the boundary quality of the trrasition region has been
_ chosen equal: to 0.003..

TheseVolues are the result of a number of sensitivity

runs carried out to detect their influence on mass- flow at-
the break planes .

.

1The inertial ~ model is.used in the pressuri:er-hot leg

junction.
. .

, .

b) Momentum equations.

.

The complete momentum equation (MVMIX=0), with momentum7
.

flux, is appli d to all . junctions with clearly defindd: -

' flow direction in the connected-volumes.
All T junctions and the"j. unctions at .the lower plenum _ out-
let and at the upper plenum inletLare calculated with the
simplerJincompressibic momentum equation' form OIDlIX-3);-

-
according to this criterium the'>n31IX=3 option is used in~

-

j unct ions : 6, _ 8, 20, ; 21,7 2 2, 26, 2 9p o f. Fig . I.1 and in jung
> - .

.

22, 25 of Fig. I.2.tions|2,1 4, 16,117, 18,
s

c) Bubble rise-and slip models
~

Th'e: homogeneous model is' applied.to-the. primary. circuit.
Thenvert'icalis11p model has -been used in all reactor yes-
:selfjunctionsiand at the inlet 1and. outlet of the steam'ge-.

l-neratorisimulator: in the broken loop and of the steam gene

,

i

e

J<I

. - - - - _ _ __i,
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rator in the intact loop.
_

Bubble rise models are applied in the other control volu-

mes; with values of the rise velocity (V ) and of the den- *

B

sity gradient (a) listed in Table I.2.

TABLE I.2 - Bubble sise parameters in the blowdown and refill
analysis

DESCRIPTION a V3 (ft/sec)
Pressurizer 0.8 Calculated by Wilson model

D
Accumulator 0.0 Complete separation (10 )

Suppression tank 0.0 " " "

SG secondary side 1.0 3,0

L .

d) Accumulator gas expansion model

The behaviour of the gas present in the upper part of the
.

accumulator is simulated by a polytropic expansion wiht

n = 1.40.

e) Heat transfer correlations

The RELAP 4 Mod 6 blowdown correlations (subroutine HTS 2)

are used in the calculations o.f the blowdown and refill-
phases, with the following option:

-implicit wall temperature solution;

-DNB correlation: W3, Hsu-Becker and modified Zuber;

-transition boiling correlation: modified Tong-Young;

-film boiling correlation; Condie-Bengston III. -

-The natural convection option is adopted for the heat tran

sfer on the secondary side of the S.G. heat slabs. -

.!.

E
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f)' Pumps
P'

As indicated above,_ the two LOFT pumps are simulated by_' '

- .one volume; the standard homologous LOFT pump curves are

used,

g).0ther code options

The two-phase- friction multiplier with Fanning friction 1
losses and smooth pipe walls are hglied to calculate di-9

.

stributed frictional losses.
Water packing, choking and enthalpy transport models are
used to activate the calculation procedure for incompres .

'

sible flow.
-

-Mixture level smoophing is also used to activate.another.I

of calculation procedure, sto ' avoid loss of CPU time when a.>

~

controltvolume is empty.

.

I.-2.2 :Reflood phase -

.I.2.2.1 - Plant'Nodali:ations
.

The reflood phase starts at the'' end o f the refillo phase ,~

i.e. when the lower phenum.is~ full'of water. For theoreinitia
lizations of :the--calculations , the assumption that all-jtnction,

flows are1:erocis made;-of' course, this is not the . real situa-
~

tion butiit'makes_the1new initialization much easier,iwith no'-"
- . trouble, arising from:the residua 11 terms in the' momentum balan

p
ce equation. Besides, it would be' difficult to specify the-

,

j unction flows = on- the basis tof the experimental datai rep, rt ,;oP

. .J
due.' to.:the 'use of a plant simplified'nodalization and to: the

,

low value' of' flow : rates at the reflood starting ~ time..a.

.

-
o

-

A

.

- ' - - - - - - .- ___ _ _ _ _ _ _ , __

_

'
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The other initial conditions for volumes and slabs are
'taken from the previous calculation for the blowdown and re-

*

fill phases.
'

A first study was performed with the nodalization used
~

in the ISPS and ISP11 ; with poor results, due to the'

injection of subcooled water into a volume containing steam.
Other runs were performed using a control volume to simu

late the LOFT pumps and with the downconer and lower plenum

volumes separated or combined: both runs stopped, due to the
very high depressurization rate in the pump volume.

Finally, the noda11:ation shown in Fig. I.3 has been cho
sen: the only difference with the first one is that all ECCS

inject into the lower plenum (which is filled with liquid.wa-
ter), instead of into the downcomer.

.

As is shown in Fig. I.3, this nodali:ation includes 7

control volumes, 10 junctions and 12 heat slabs.
-

One control volume simulates the core, with 10 core heat

slabs, equally spaced; they represent combined high and low
powered rods, in such a way that the total core power is pre-
. served.

The upper plenum comprises the broken loop hot leg and
another control volume describes the whole intact loop; the

-downcomer and the lower plenum are separated into two volu-

_mes.

The vessel structures alone are simulated by two slabs,

one placed in the lower plenum and the other in the upper ple
-

num.

The accumulator is simulated by a control volume and the
~

suppression tank by a time-dependent volume.
Two. fill junctions represent the high and the low pressu

- - _ _ _ _ _ - _ _ - _ _ - _ _ - _ - _ _ _ _ - _ _ _
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re injection systems.

The heat transfer between the primary and the secondary
.

loop is not taken into consideration.

Also the reflood phase has been studied by a two channel
nodalization of the core (Fig. I.4): now, each of the two co-
re volume is equipped with a heat slabs stacks, each subdivid
ed into 10 heat slabs.

-

I.2.2.2 - Physical models

a) Critical flow models

The same models and parameters as for the blowdown and re-

fill phases have been used.
..

b) Momentum equation

The incompressible single stream flow without momentum
.

flux (MVMIX=3) has been used in all the junctions,

c) Bubble rise and slip models

Complete separation between steam and liquid' water is assuI'
-

med in the intact loop volume, in the accumulator and in-

the suppression tank volumes.
In the volume simulating the upper and lower plenum and
the downcomer, the Wilson model is applied, with a bubble
density gradient = 0.8.

The special reflood option to activate Mod 6 implicit en-
trainment calculation is used in the core.~

The' slip correlation is applied in the junction at the co-
u-

re exit.
!
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fd)-Accumulator gas expansion model

The'same.model has been assumed as used in the blowdown
*

.

-analysis.

' ' 'e)' Heat ~ transfer correlations

'The RELAP4 > Icd 6 reflood heat transfer correlations have
'been used in the analysis (subroutine HTS 4) with an in-

m
plicit wall temperature solution'.

The important. input parameters.for-r9 flood correlations
-are as follows: .

the coefficient.of'the exponential degay for Hsu Qorre-
_

lat ion - ( =0.0115) ,

'- the energy partitioning coefficient for the core super-. ,
u

heat model,' calculated.in subroutine-HTS 4;
,

~

.

the ' indicator for .the use of Bromley and Hsu correlations; ^

--~the cho. ice of the indep.9ndent. vari'able:in'the dispersed -

: flow: weighting function, (i void.' fraction); =_
.

- -1 the exponent of th.e superheated vapor- portion of the

_

- weighting function.. (51)';
.

-t.the calculation of .Reynold.'s number - for , the Dittus' Bogl--

'

-ter}superheat vapor-equation, considering-quality times.
.

,

total-mass' flux =in the core;' m
~

.,,

. . .~' ..

-Lthe dry-out void: fraction (=.1);-
.

.

:the' dry-out void quality. (=.1.) .
-

: Sensitivity. ' tests have_ been per,f[ormed for the. following pa,,

_ rameters(*,) :
*

.

~

'(*)'._-For.each parameter, ~ in addition to,the value suggested in the u- *

'ser manual, ~a.~second limit value, has been used, with the aim to
. ,

' understood the. relative . influence..

,.

M

&

F

T

* . -
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- multiplier for the Bromley-Pomeran: heat transfer coef-
ficient (1 or 10);

,

- exponent of the independent variable in the liquid por-
tion of the weighting function (0.33 or 60);

- maximum entrainment fraction (0.75 or 1) and entrainment
fraction exponential factor parameter HC2 (10 or 3 10 (t6 -

);

- use of Wallis flooding correlation.

I.3 - ANALYSIS OF THE RESULTS

.

In the following section some measured experimental data

are compared with the calculation results.

The comparison of the time sequence of the events is- e-

ported in Table I.3..

TABLE I.3 - Sequence ( } of events for ISP13
..

5~xperl. it ~I~C I ~2 C eis

Experiment L2-5 initiated 0.0 0 0

Subcooled blowdown ended 0.04310.01 - -

Reactor scrammed 0.24 10.01 0.24** 0.24**
Cladding temperatures initially deviated 0.91 20.2 0.M0.2 0.910.2

from saturation
Primary coolant punps tripped 0.94 10.01 0.94** 0.94**
Subcooled break flow ended (cold leg) 3.4 10.5 3. 2.5

Partial rewet initiated 12.1 11.0 10.*" 14.***
Pressuri:cr emptied 15.4 11.0 (14.5,15: (14.5,15)

Accunulator A injection initiated 16.8 t0.1 16.9 17.9

Partial rewet ended 22.7 11.0 23.*** 22.5***

HPIS injection initiated 23.90 t0.02 23.9'* 23.9''
h --

Sfaximun cladding temperature reached 28.47 to.02 44.*** 44.***
LPIS injection initiated 37.32 20.02 37.32** 37.32**

Accunulator emptied 49.6 10.1 50.** 50.**
--

Core cladding quenched 65 !2 62.*** 85.*"

(*) Time (s) after Experiment Initiation
( * *) - used as input data (***) at hot spot

. - _ .
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I.3.1 - Blowdown and refill phases
-

The most interesting phenomenon during a large bredc LOCA .

is the behaviour of-the nuclear fuel rods. Figs 5+10 show
the comparison between cladding temperatures calculated by
the 1 and 2 channels nodalizations and measured in the high-

-powered fuel rods at different axial levels.
With regard to the blowdown and refill phases, the high

,

powered fuel assembly thermal response can be best characteri
zed by examining separately the lower half (0+0.84 m, Figs 5+
+8) and the upper half (0.84+1.68 m, Figs 9 and 10) of the
rods.

' Cladding temperatures in the first region depart from sa
turation within the first 2 s after the beginning of the ex-

periment; then they quickly rise in response to degraded cool
-

ing and reach a plateau within 10 s, where remain up to 30 s.
-The maximum measured cladding temperature of 1077 *K occurs .

at about 28 s. At approximately 30 s a gradual cooling begirs,
as the ECCS water fills the lower plenum.

A very different thermal response has been measured in
the second region, as shown in Fig. 9: the cladding behaviour
is similar to that in the first region for nearly 15 s. At

this point a top down quench occurs, lasting about 5 s; it is
followed by a second cladding temperature excursion with a ge

nerally lower peak value.
The 2 channels calculation foresces an earlier onset of

CHF in the hot channel, due to the overestimation of the coo- ,

lant enthalpy in the whole core; the values of the cladding
temperature maxima are generally well calculated ( ). ,

(*) The uncertainties associated with the heat transfer correlations
Olod 5 of Mod 6 package) are analysed in /2/.

- -

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

\
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In the 1 channel' calculation, on the contrary, the CHF
- onset is in good' agreement with the experiment, but the peak

s.

cladding temperature is underestimated: as a consequence of
the averaging on the whole core cross-section, the cool.st
enthalpy is now too 1ow.~

All the calculated cladding temperatures show a partial
rewet la. sudden and rapid decrease, without reaching in the
hot channel the saturation temperature), due to an increase
of the reverse coolant mass flow in the period of 6.+12. s,'

after the emptying of the intact loop hot leg; in the test,
this phenomenon occurs only in the upper part of the core.

. The: discrepancy is probably caused by incorrect assumptions
for the input pressure loss coefficients in the intact loop.
/1/c.

.

The pressure trends are shown in Fig. I.11 for the pres
surizer and in Fig. I .12 for the intact loop hot leg; the

...

Jagreement between the calculations and the data is excellent
during most of the transient (theicalculated pressures are
.within 0.3 .fPa of the measuredLvalues).\

During the first phase of the, blowdown the calculated
= system pressure decays rapidly than-the measured.one,.rea-

Such,ching' saturation conditions earlier than in the' test.
-a tendency might:be a consequence of the overestimation of.
the mass flowrate through the break orifice in .the broken

.,,

1oop hot leg (Fig.-I.13).~

On'the' contrary the mass flowrate through the break
..-.

orifice in the broken loop cold leg has. been calculated well
(Fig. I.14). (*).'- The distribution ~of coolant inventory in the intact and
in the broken loops is documented in

I
.

(*) The_ results of a sensitivity study perfomed to improve the evaluation
of the mass flowrate through the break orifice, are reported in /2/,

,

' . . . . . i.-,... . .r- ..

'g, -

. __m_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _
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I.3.2 - Reflood phase -

The reflood calculation starts as mentioned above, when
,

the lower plenum liquid level rises to the core bottom (end

of refill phase). In the experiment, this happens about 8 se

conds earlier than in the calculation (in the reference case),

due to the lower residual mass in the loop during the blow-

down phase. At this point the pressure and temperature condi-
tions of the various volumes of the LOFT plant remain almost

constant.

This allows of studying the reflood phase by gathering
most of volumes of the previous nodalization, provided the
vessel is represented relatively in detail; this simplifica-

tion has no noticeable influence on the most important physi

cal phenomena in the reflood transient. .

However, during this phase non-homogeneous and non-equi

librium phenomena occur, while the RELAP4 code is based on a
.

=cro-dimensional, homogeneous, equilibrium treatment of the

two-phase thermalhydraulics; this means that local quantities
cannot be provided with accuracy.

In particular, the lack of a non-equilibrium volume mo-
del causes a too high depressurization in the plant at the
beginning of the ECCS injection compared with the experimen-;

tal data: the istantaneous mixing of injected subcooled water
and saturated fluid present in the volume, assumed by the co-
de, does not happen, due to stratification phenomena. A fluid

,

injection at high temperature (the adjustment used to solve
.

the problem during the blowdown-refill phase) is not possible
during the reflood phase, because it would prevent the rewet- ,

ting or delay it for too long time. Therefore, it i:; necena-

. .-. - _ - _ _ - -
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ry.to make the ECCS injection.into a volume filled with li-
(quid-steam mixture: so the lower plenum has been chosen.

v

The-combining of the. broken loop hot leg volume with

, upper-plenum volume improves the results: the steam generat-
:ed in.the core has n' greater expansion space and this allows

z easier rewetting.
- The core thermal response is, .of course , the me t impor'

.

. tant variable also in_the'reflood phase and special models -

can be used .to improve the results of the calculations: ;

, -

- HTS 4 heat 1 transfer coefficients set;

, moving mesh;

-elocal mass' flux;<
,

,

- core superheat.

' Figures-I.S + I.10 show the calculated and the measured ~-'--
-

,

tiends of'the c'ladding temperature in the central fuel assem
~

-bly-for the'reflood phase too.
As far as the 2 channel nodalization:is concerned, all

calculated cladding temperatures present an.i'nitial quenching,- j

-followed by a~new temperature climb and a plateau which-lasts

until the final quench.'The RELAP4 assumption of saturation. ;

conditions' icads.to a quickly decrease in'the heat transfer
; -

rate.and,to-a delay in the final quenching. The 1' channel cal i'

culation is less sensitive.to-this phenomenon,-perhaps because
,;. g

' - the volume'of.the-single channel:is greater as compared to
~

~

3 -
.each of the tw'o channels-in the' previous _nodalization.

LThe. experimental. data show a falling back and a bottom,

.,

quench front.:Due to the fact that the RELAP4 Mod.6 version- j
,

!

running. at DCMN isf unable' to simulate the former phenomenon,
4.

-the calculations'present only a bottom quench front I1;then
!

(*) The results of a sensitivity analysis of the core rewetting phase are j

J

reported.in /2/.- ;

;

!

f
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- the rewetting- time of the upper half of the high powered fuel -

g

rods:is. greatly overestimated.
'On the other hand the behaviour of the average ~ fuel- rod ,

Lin' this core region matches the.exper'imental data fairly clo
~

sely,.even in the 2 channels nodalization.
.The quench times, calculated on the basis of the 1 chan

nel nodalization in the lower half region of the core, are

generally in closer agreement with the experimental data than
- those.obtained through the 2 channels nodalization.

I.4 - CONCLUSIONS

The analysis presented in the previous chapter shows:the-
capability of RELAP4 code to predict. the blowdown, refill and.
reflood phases of large LOCAs; a suitable nodalization allows' -

one to'save CPU time without loss l'n the reliability-of the
C results. ~~

.; . . ,

- The calculations of blowdown and refill phases show, :in ' b5

;particular, the importance of asgood simulation of the follo-
. wing aspects (for a LARGE LOCA analysis):

a. stationary conditions;

- break mass flow-rate;

-<-heat transfer in core region.

The hot. rod. peak cladding temperature is well. calculated
.in the blowdown-rc~ fill phase, but,the~overall trend is not'

' well reproduced,"probably due to excessive top-down' quench'as
far.as~the1 experiment-is. concerned. . , *

1 The reflood results are more-interesting.'They confirm^

the conclu'sions of the ISP8 and ISP11 ! !:'
,

- provided the. pressure drops at' vessel-intet and outlet are

A

1

hm--sm.--summ--.m- . . ..-mmmm-. --
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well simulated, some volumes of'the blowdown nodali:ation
z '_5 r'

can be collapsed in a single voltme, without influencing
N.

the core thermal and hydraulic response;
the effect of the intact loop pumps need not be taken into-

. account due to head losses.
.The changes in the input heat transfer coefficients of

,

the.Bromley-Pomeran: correlation improve the results of

' the reflood phase calculation; in this way, pratica11y, the
< . inadequacy of the code in studying non-equilibrium conditions

@' (subcooled liquid - superheated steam) in-the core region can
' ;

be overcame.
i t'

It can be stated, however, that the gathering of some

volumes and the "reinitialization"'for the reflood calcula-
tion involves assumptions in the: input therlakhydraulic con-o

ditions -(quality, pressure -losses, etc.), which require 'expe-

-

rience and a good sensitivity of the code user.

4
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NEA/CSNI ISP 13 (LOFT TEST L2-5) - FINNISH CALCULATIONS

s.

.

1. INTRODUCTION
O j

.

The calculations have been carried out using the
.

RELAPS/MODl/ Cycle 19 computer program. A FIDRAG smoothing
update (by Chow) has been added. This modification smooths

the calculation of the interfacial drag when the flow
5' patterns change.
s- -

i'
she computer code characteristics are summarized in Table

,; J-1.
N

.

The nodalization of the whole system consisted of 83

volumes, 101 junctions and 78 heat structures.

,,

The average CPU /real time ratio for the calculation of

the LOFT experiment I.2-5 to 60 seconds was 107 with VTT's

non-LCM CDC Cyber 173 computer. -

t

'2. MODELLING THE FACILITY

The nodalization used for the calculation was based on an,-

+ earlier nodalization for . ISPil (LOFT L3-6). However, a

number of important changes were made. A new stean,

generator model was applied. The models for the reactor

vessel and the broken loop were made more detailed. The

inlet annulus and downcomer were split into two parallel-

flow paths with branch components and cross flow junctions.

The core was modeled using two parallel six-volume channels

(average- and hot channel) with branches and cross flow

junctions. The hot channels represented the center fuel
.

assembly.

*

The final nodalization diagram is shown in Figure J-1.
,

Descriptions of the components and heat alaba are given in
Tables J-2 and J-3.
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In addition to those discu'ssed above the following
features of the nodalization may be worth listing:

..

1) Both of the primary coolant pumps are represented by one
ut.e.p in the model.

,.

2) The 0.25 in filler gap (second downcomer) in the reactor
is modeled.

3) The walls of the steam generator, pressurizer, main
. primary piping and reactor vessel are modeled by heat
slabs with ambient heat losses.

4) Tees are normally modeled by one dimensional branching
(exceptions: ECC injection, reactor vessel inlet)

5) No leaks in the reflood assist bypass valve or the main
steam control valve are modeled. Leak from the inlet
annulus of the reactor vessel to upper plenum is

,

modeled.

The core bypass flow rates were set as follows:-

1) Lower plenum to upper plenum 4.5 % of the total primary
loop flow.

2) Inlet annulus to upper pier.um 3.4 % of the total primary
loop flow.

At the break junctions the two velocity option and a
dischnrge coefficient of 0.84 for both the subcooled and
saturated critical flow regimes was used.

The pump speed was given in a table as a function of time'

(measured data).
.

The following heat transfer coefficients between the walls

.
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and the environment (T = 311 K) were applied:

1) pressurizer: 0.0 (insulated)
'

22) steam generator wall: 13.0 W/m K
3) other: 12.0 W/mK

.

3. INITIALIZATION AND CALCULATIONS

A rather satisfactory steady state compared to the measured

initial conditions was achieved. An exception was the

secondary side pressure, which was clearly lower than

measured. Some of the main initial conditions for the

transient calculation were as follows.

1) Pressurizer pressure = 14.9 MPa

2) Secondary side pressure = 5.5 MPa

3) Core power = 36 MU

4) Total primary loop flow = 195.15 kg/s
5) Pump speed = 134.7 rad /s .

6) Pressure difference across pump = 72 kPa

reactor vessel = 27 kPa7) "
- -

-

8) "- steam generator = 36 kPa-

9) Secondary side steam flow rate = 19.0 kg/s
|

The calculated sequence of events was the following:

1) L2-5 initJation at 0.0 s

2) Fist voiding in the core occured at 0.06 s

3) Reactor scram at 0.1 s

4) Cladding temperature rise began at about 0.5 s
5) Primary coolant pump trip at 0.94 s

6) Subcooled cold leg break flow ended at about 4 s
.

7) Pressurizer emptied at about 15 s

8) Accurnulator injection initiated at 16.3 s
*

9) HPIS injection initiated at 24.0 a



10) Maximum cladding temperature reached at 5.2 s
11) LPIS injection initiated at 37.2 s

12) Accumulator did not empty before 60 s*

13) Core cladding did not quench before 60 s

Compared to the data, e.g. the following may be observed. The.

precsurizer was calculated to empty clearly too fast (Figure
27). The system pressure prediction in Figures 28 trough 31
(except in the secondary side, Figure 32), however, was quite
good, although the hot leg break flow rate in Figure 45 was
severily overpredicted for the first 7 seconds. Accumulator

loss offlow was underpredicted due to the too high pressure
the accumulator line. The density calculations in Figures 40
and 41 were rather satisfactory, although some problems exist,
particularly concerning the intact loop cold leg in Figure 39
(accumulator flowl) and the broken loop hot leg in Figura 42
(density increase between 5 and 16 seconds, which no code
could predict). The slug flow behaviour in the intact loop
cold leg was impossible to simulate with the coarse

.

nodalization used in the calculation. The fluid temperature

increase in the upper plenum and hot leg in Figures 33 and 36
at about 30 seconds was not predicted. The calculated peak

*

cladding temperature in Figure 51 was close to the measured
value, but after reaching the peak the cooling was overpre-
dicted, probably due to excessive entrainment of water in the
steam.

The RELAP5/ MODI code ran well, but all the results of the
satisfactory. One of the main problems iscalculation were not

the need for a large number of nodes in order to model phase
separation accurately enough (liquid level). Another major
source of problems is the heat transfer package of the
computer code.

-.

One additional. calculation was done with minor changes in the
discharge coefficient, the pressure . loss coefficients of the*

accumulator line and the core cross flow and heat losses to
However,'the results did not change much.the environment.

,
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!

,

! A sensitivity study of the fluid density and the flow rate in

the broken loop hot leg was also performed by varying the

initial temperature distribution along the loop. The RELAP5/
*

110D1 code had a strorig tendency to smooth the fluid conditions
between hydrodynamic volumes. So the initial temperature

' distribution disappeared soon and it was impossible to achieve
.

the same kind of shape for the break flow rate curve as was
.

measured.

|
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Table J-1 ' Ozputer Code maracteristics

,

Name and version of the conputer code RELAP5/toDl/ CYCLE 19
,

Ganges in the conputer mde not FIDRAG snoothing update (by Gow) fx the~

-

-included in the basic mde description calculaticn of the interfacial drag

Classificaticn of the hydrodynamic nodel A two-fluid, five equation nodel fx two- *

phase flos

Critical flow nodel REIAP5 standard nodel -
(A choking nodel by Ranscxn and Trapp)

Interphase drag nodel REIAPS standard nodel with FIDRAG
snoothing update by &cw

Wall friction model RELAPS standard model ( IfrFS nodificaticn
of the Baroc=y two-phase friction
nultiplier nodification of correlation)

Flashing / Condensation model RELAPS/tODI standard nodel-no superheat
is required fx flashing (Vaporization
model,' condensatim nodel and rucleation -' *

criterien)

REIAPS standard nodels' (frczn REEAP4/M006Heat transfer models
package).

Forced convecticn heat transfer: .Dittus-'
Boelter

_.

Saturated In.icleate Boiling: Gen .,

Subcooled Nucleate Boiling: ttxiified Gen
High ficw transitico boiling: . Modified
Condie-Bengston
High ficw film boiling Condie-Benston.,

Ice Flow Post-QF Transiticn and: Film
boiling
Cmdensation-^

,

O F-carelation REIADS standard correlations '
High Flow Subcooled OF Cxrelation: Tong
High Floa Saturated OF (berelation: Hsu

'i
and Beckner*

Itw ficw QF Cbrrelation: tiodified "alber

a

_

4

f- . _ _ _ _ - . . -___.__________.___1._____________m._ m_.._._.__________._._____.____._. _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _. _m_ . . _ . .
-



- TEbl'o J-2. ' DO2cription of the componcnts

Components Description

*
100,106,108 Intact hot leg

J 110 Steam generator _(without plenums)
111,112,114' . Intact cold leg before pump
115; Pump .

'

120,124,125 Intact cold leg af ter pump
200,204 Vessel inlet annulus
280,284 Vessel-inlet annulus (broken loop

side)
'205,206,20'7- Intact 1oop side downcomer

.

285,286,287 Broken loop side downcomer
251,252 Filler gap (0.25 inches)

210 Lower plenum
215 Lower core support structure

221.. 226 Average core>

s291.. 296 Hot channel of core
-228 Core bypass channel

230 Upper core support structure

~235' Upper flow skirt region

245' Upper plenum
,

1300,310 Broken loop hot leg from vessel
,.

to SG simulator'

~315 Steam generator-pump-simulator

370,380,375 Reflood assist bypass system

335,345,350 Broken loop' cold leg -

800,805 . Suppression tank

330. - Hot leg break junction
' 365 . Cold leg break junction

,

.415,420- Pressurizar

.405 Pressurizer-surge line valve

-400- Pressurizer surge line-

-500,505,510,515,520,530 ~ Secondary side
.

"

540- Steam control valve ~
1550 - Air-cooled condenser ~
536 Feed water tank

'524: . Feed ' water line -
620. Accumulator vessel -

600,630 . Accumulator surge line -
615,616~ : Borated water . storage tanks. for -

HPIS and LPIS-

650-- HPIS'line
'

~651 LPIS'line

.

p

h

.



Tablo J-3. Dsacription of ths. hsat clabs
.

Ileat slabs Volumes Description
- .

100 100,E Intact hot leg wall

112 ll2,E Intact cold leg wall (before pump)
*

122- 120,E Intact cold leg wall (after pump)
305 315,E Steam generator simulator wall
335 335,E Broken loop cold leg wall

110 110,515 Steam generator tubes

.500,510 500,505,510,515 Steam generator shroud

525 500,505,510,520,E Steam generator wall

200,280 200,280,E Top filler block in vessel'
204,284 204,284,251 Middle filler blocks

205,285 205,206,207,210, Lower filler blocks

251,252,285,286,

1287,282,E

251,261 251,252,E Vessel wall
'

210 210,E Vessel bottom

216 215 Lower core. support structure*

20' 200,204,205,206, Core support barrel (intact' loop
207 side)'

281.. 280,284,285,286, Core support barrel.(broken loop-.

287 side)
215 215,221.. 226, Flow 1 skirt

230,235-

221 221.. 226 Average core fuel rods-~

291 291.. 296 -Core hot channel fuel rods
246 -235 ' Fuel modules

230 230 Upper core' support structure
240- 245 Upper plenum internals
243 245~ Upper plenum top plate

245 245 Upper plenum-core. support barrel

415 415,420 Pressurizer wall.
.

. -

Note! E =-Environment-

;

--.-_.:--_-___- _ _ - _ - _ ,
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The submittal from AEEW was not included in the data comparison'
section because it was not received in time. The submittal was reported to

the participants at the July 1983 workshop and.is included here-for
information purposes.
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APPENDIX K

.

AEEW CALCULATIONS OF L2-5 USING TRAC-PD2

*

I BRITTAIN

1. INTRODUCTION

The LANL calculations for L2-5 submitted for the ISP13
comparison exercise were carried out using a version of
TRAC-PD2 different from the released version. The
calculations have been repeated at Winfrith using the LANL
data deck 'and the standard released version of TRAC-PD2.
This note compares the two sets of calculations.

The standard version of TRAC-PD2 will be referred to as
MODl, and the LANL version as MODI *.

2. NODALISATION

The nodalisation used is shown in Figures 1-4. It will

be seen that the reactor vessel is modelled in 3D using a
total of 192 fluid cells. A complete listing of the input ,

data is also given.

3. DIFFERENCES IN TRAC CODE AND MODEL
*

The significant changes in MOD 1* were as follows:

(a) The condensation model was changed in = such a way
that condensation rates were significantly lower.

(b) The accumulator phase separation model was altered
to improve mass conservation.

(c) Control system ~ logic was incorporated to allow
greater flexibility in valve operation.

(different)The Winfrith version also included a
modification in the accumulator model. In the event the
required mass discharge was obtained by manual intervention
on restart. The steam generator secondary side valves were
also controlled " manually" in the Winfrith runs. This gave a

different secondary side transient to that obtained by LANL,
but it is - believed that this has _ a negligible effect on the .

primary side transient.
The only input data difference appears to be that the *

RABV flow was reduced to lh% in the LANL model, whereas the
earlier Winfrith deck modelled the total core by-pass of 4%
through the RABV.



-

'
.

4. RESULTS OF CALCULATIONS
e. .

Piqures 5 and 6 .show the intact loop cold leg

~ densities. It can be seen-that the MODI oscillations start
~

at about 30 seconds, whereas in MOD 1* they are delayed to ~38
seconds.- The experimental data support the MOD 1 results,

~

thus suggesting that the condensation model in MOD 1 is better,

than that in MOD 1*.

.

. Figure 7 shows the vessel liquid mass. The difference
between MOD 1 and MOD 1*:is clearly visible during accumulator
injection, with the increased condensation of MOD 1 giving
increased oscillations and a slower average refill. However
these differences are essentially lost at later stages. From

50 to 60 seconds it can be seen that the two calculations are
giving oscillations of the same frequency, but different
amplitudes.

. Figure 8 shows the core -liquid fraction predicted by
MODl, while Figure'9 shows = the response of an in-core SPND.
It is seen that the SPND results give qualitative support for
the TRAC calculations.

Figure '10 shows. the downcomer liquid fractions, showing
minor differences, but:overall: agreement.

. Figures 11 and 12 'show the peak. clad temperatures on-

two of ' the rods. It is seen that the two code versions are
' - in ; general agreement. The major difference seen during

blowdown, where MODI * predicts a. period'of.. cooling not seen
in MODI, is. believed to be due to the difference in the RABV.

flows. The lower '' flow used in . MOD 1* gives clad temperature
-

.behaviour ' closer. 'to . that seen experimentally.
,

5. COMPARISON WITH EXPERIMENT'

This Appendix -' concentrates on the differences between
the standard version :of . TRAC-PD2/MODl and the version used at
LANL'. For a more detailed discussion of the comparisonjwith
experiment (the reader - is referred to the LANL' contribution.
In general, the - conclusions of the Winfrith study are in
agreement with.those of LANL' .

-6. . PROBLEMS IN RUNNING THE CODE-

>
- No significant problems were encountered in performing-

'

the calculation.

:;;
|.,

4
'

AEE .

.WINFRITH
.

JUNE 1984-

.
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LOFT Experiment L2-5 was desi ate International Standard Problem 13
by the Organization for Economic C p ation and Development. Comparisons
between measurements from Experimen 2-5 were made with calculations from

.- 11 international participants using 've different computer codes. LOFT
Experiment L2-5 simulated'a double n d guillotine cold leg ruptura of a
primary coolant loop of a large p ssu ' zed water reactor, coupled with a
loss of offsite power.
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