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A Through Calculation of 1,100 MWe PWR
lL.Large Break LOCA by THYDE--P

(Sample Calculation‘Run 20
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THYDE-P is a code to analyze loss-of—coolant accidents
(LLOCA’s) of the pressurized water reactor (PWR). In this
report, the calculated results of THYDE-P sample calculation
Run 20 is presented, which 1s a through BE (best estimated
model; calculation of IOCA for a comercial 1,100 MWe class

PWR plant.
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1. Introduction

THYDE-P(1) is a computer code to analyze the transient
thermal hydraulic response of a PWR plant to a postulated LOCA
loss of coolant accident),.

The present status of THYDE-P may be considered to be at the
stage of verification, so that what 1is needed at present for
THYDE-P development may be to conduct a systematic study by
sample calculations.

Thus far, sample calculations 10(2), 30(3) and 40{4) have
been reported. In these calculations, a large break in the cold
leg is assumed to occur. Run 10 is calculated for a typical
4-loop comercial PWR, while Runs 30 and 40 for LOFT.

. In this report, sample calculation Run 20 by the latest
version (SV02L03) for a typical 4-loop PWR plant will be
presented, which is characterized by

(1) BE calculation,

(2) two core channels calculation with single cross flow area,
(3) discharge coefficient 0.6,

(4) through calculation to end of reflooding,

(5) locked rotor of centrifugal pumps,

(6) ECC water enthalpy 30Okcal/kg,

(7) same heat transfer correlations in reflooding as 1in

blowdown, and
(8) double ended guilotine break at the cold leg

The geometrical plant data are_almost ijdentical with those
used in RELAP4/MOD5 sample problem(2).
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2. Code Modifications

The detail of the THYDE-P code was described in Ref.(l), part
of which, however, had been revised since its publication. Among

those, maln items were;

(1) solution technique at low pressure,

(2y flow model at low pressure, .

(3) implicit solution of fuel rod temperature, and
(4) improvement of CHF and heat transfer correlations

2.1 Mass Equation

In Run 10 calculation, the mass and energy conservation
equations were used in the form of

. }
h = SR{Gaha - Sghg = Gy 6g) * 14 - T+ e} - )

i +%§—E(h-hA)SGA - {l + %%ﬁ(h-hE)SGE
L8 - LR - @

where

b= fosugj (hgs hfs)
They were obtained from

ap _ . o
L3t =% " G (3}
and
oPh _ - - --— (5%)
LE?E_ GAhA GEhE + lA IE +Q

with the help of
ap =32Ldn+ ap - ()

Since it was found in the course of sample calculation Run
10 that relationship(5) broke down at low pressure and low
quality, it was decided to implement Eq. (3) instead of Eq. (2)
in THYDE-P so that mass is strictly conserved,.

2.2 Flow Model

When low enthalpy ECC water was injected into primary loop,
depressurization of the system caused by a rapid condensation
took place and the calculations by the homogeneous equilibrium
models failed. In the refill-reflood phase of a large break LOCA
analysis for a comercial PWR plant., the enthalpy of ECC water was
30kcal/kg, whereas the coolant enthalpy was about 500~8600
kcal/kg, so that the situation was beyond equilibrium model.

In the present calculation, a non-equilibrium model for

_2A
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density calculation was introduced to cover this non-equilibrium
phenomenon by means of a relaxation equation;

dp _ P - P* -
ic = T ¢ (6)

¢ ; equilibrium density
oF s non-equilibrium densiyt
T ; delay parameter

2.3 Implicit Solution of Fuel Rod Temperature

The heat conduction equation within a fuel rod was given by
2 (o 2T

PCPZ—I =“|l:3r kr£o) + 53lkgg) + @ - (7)

Radial mesh width was the order of 10° m, while axial mesh
width was the order of 1 m. So the equation was simplified
ignoring the second term of the right hand side which was
originally included in the equation, and was solved using a fully
linear implicit method. By this improvement coupled with other
implicit techniques for various parameters, calculations go ahead

with a larger time step width.

2.4 Improvement of CHF and Heat Transfer Correlations

In the present version, various types of '~ correlations for
CHF and heat transfer were included in THYDE-P code, and the user
can select appropriate correlations.

Presently available CHF correlations are;

(1) Biasi correlation

(2} GE correlation

(3) B&W-2, Bernett, Modified Bernett correlation
(4) Modified Zuber correlation

and available heat transfer correlations are;

for nucleate boiling condition
(1) Jens-Lottes correlation
(2 Thom correlation

for post-CHF forced convection condition
(1) Groenevelt correlation and,
(23 Dougall-Rhosenow correlation

for post-CHF pool condition
{1) Berenson correlation
{(2) Modified Bromley correlation
{3) Bromley-Pomeranz correlation
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Asumptions and Conditions for Run 20

n 20 Plant Representation

overall description of the specified 4-loop 1,100MWe PWR
n in section 2 of Ref. (2).
e input data used in the present calculation are listed in
x A. In the following, the main inputs and assumptions
20 are shown.

The specific enthalpy of ECC water in pumped injection and
accumulator injection were assumed to be 30 kcal/kg.

The nodalization of the present calculation is shown in
Fig.3-1.

Nodes from 23 to 28 represent average core channel and a
hot core channel was nodalized into nodes from 29 to 34.
Node 36 was added for a cross flow simulation. The lower
plenuym and the upper plenum were expressed by a single
node (node 22 and node 37, respectively), and the
downcomer was simulated also by a single node (node 21).
The upperhead was simulated by linkage node 38. The steam
generator and the accumulator were modeled as special
nodes and were nodalized into nodes 46,47 and nodes 41,42,

respectively.

The double-ended break were assumed to occur at junction 8
at 0.01 sec after the calculation started. The pressure
at the break was assumed to drop to the containment
pressure exponentially with a time constant 0.4 sec,

In the steady state adjustment, THYDE-P requires initial
mass flux and enthalpy at one point of the primary loop.
They were selected to be

G =9.0 x 10° kg/m sec
h 360 kcal/kg
at point A of normal node 1.

1

The geometrical data and loss coefficients for each node
are shown 1in Table 3-1 and Table 3-2. Fig.3-2 shows the
distribution of node average pressure in the primary loop
which was obtained following the procedure described in
section 4 of Ref. (2).

Steam generator was modeled by the following data.

secondary system pressure 62atm
U-tube pitch 3.0 x 102 m
number of U-tubes of one unit 3265
specific enthalpy of feedwater 222 kcal/kg
feedwater mass flow rate 474.0 kg/sec
subcooled water level 4.0 m

void fraction of saturated region 0.85
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initial heat flux

node no. heat flux(kcal/m sec)

14 65.65
1o 438.24
16 41.03

The feedwater was cut off at 0.4 sec after LOCA initiated.
In the present calculation, a relief valve could not be

simulated.

The core was divided radially into two regions, i.e.

average channel region and hot channel region, The hot
channel simulated the most hottest assembly in the core,
and its hot channel factor was assumed to be 1.30. Input

data for the core nodes wvere;

reactor themal powver 3,479 MWt
initial heat flux and number of fuel rods
hot channel region average channel region
node no.| heat flux node no.| heat flux
{(kcal/m’ sec) (kcal/m? sec)
initial] 29 non-heated 23 non-heated
heat 30 203.0 24 156.0
flux 31 304.0 25 234.0
32 304.90 26 234.0
33 203.0 27 156.0
34 non—heated 28 non—heated
number
of rods 200 38170
fuel length 3.66 m .
plenum gas volume 1.235 x 10® m
clad outer diameter 1.0732 x 102 m
clad thickness 6.187 x 107* m *
pellet diameter 9.3146 x 10 m
fuel rod pitch 1.42 x 107 m

ﬁThe last four values are those at a full power operating
condition)

Input data for the pressurizer were,

cross—sectional area 3.58 m?
height 1i5.66 m
subcooled water level 9.00m

void fraction of saturated region (.99
stand pipe length 0.1 m
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ECC water was assumed to be injected into mixing Jjunction
o8 in the intact loop, and into mixing junction 34 in the
broken loop. Input data for ECC were;

Accumulator
initial water volume 23.3 m
initial nitrogen volume 10.0 m®
specific enthalpy of water 30 kcal/kg
initial pressure 44 atm
Pumped injection
specific enthalpy of water 30 kcal/kg
mass flow rate 220 kg/sec

for each loop.

Pumped injection was initiated after the break took place
with a delay time of 25 sec.

No structual heat source or sink was assumed.

No paticular model for the container was provided except
the temporary behavior of the container pressure which was
an input function of time, i.e.;

time(sec) 0.0 7.5 15.0 30.0 1000.0

pressure (atm) 1.02.7 4.0 4.0 4.0

Reverse flow at Lhe break point occurred when the pressure
in the primary loop became below the containment pressure.
The quality for this reverse flow was set to 0.001. The
loss coefficient at the break point for a reverse flow was
20.0, so that the total amount of reverse flow turned out
to be small compared with ECC water injected.

Because the flow area at the pump node was small compared
with the other nodes, the pressure in the broken loop pump
node dropped very rapidly in the early stage of blowdown.
To avoid this unrealystically great pressure drop., the
momentum flux term was omitted from the momentum equation

only in the pump node.

Core bypass area vwas nodalized into a single node, so
condensation at this node became soO large in reflooding
stage that flow tended to go into the bybass region rather
than into the core nodes. To prevent this flow pattern,
the loss coefficient of bypass node was increased
gradually from 47.9 to 150.0 after 60.0 sec.

lLoss coefficient of node 10 for a reverse flow was
increased gradually from 0.1 to 10.0 to account for a form
loss at the connection between the downcomer and the pilpe
after 21 sec.
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3.2 CHF Correlations

In the present calculation, in the same way as RELAP-4
code(6), B&W-2, Bernett, and Modified Bernett correlations were

used as follows,

p >1500 B&W-2 correlation
1500> p >1300 Iterpolation between B&W-2
and Bernett
1300> p >1000 Bernett correlation
1000> p >725 Interpolation between Bernett
and Modified Bernett
25> p : Modified Bernett

in pool condition i.e. G<G.,; » CHF was calculated by
= (¢CHF B (pﬁiin)G/Gmin + (Pmin

Gain 1 B7.9 keal/mt sec (90000 Btu/ft.hr)
Gimin T 271.2 kg/m*.sec (20000 lbm/ft*. hr)
$enp ; CHF value at G=G.un

3.3 Heat Transfer Correlations

The heat transfer correlations used in the present
calculation were summarized in Table 3-3 and Table 3-4. In the
post CHF calculation, heat transfer correlations which assume
film boiling conditions are likely to be underestimated compared
with experimental data at low qualities. So transition boiling
are assumed if quality becomes smaller than a threshold value in

the following way.

(1) Forced convection transition boiling

tr g tr_ L Ery X 42 tr_ ctry X tr
h™" = (hy = h. )(XT) + 2(h_"- hy ) X o
* . H.T.C. in transition boiling
h’ ; H.T.C. by Mode 4 at x=0.0

ht" ; H.T.C. by Mode 4 at x=x

X ; quality

Xt ; threshold quality (=0.5)

(2) Pool transition boiling

tr .
h =¢CHF/(TN TB)

h H.T.C. in transition boiling
¢ewr ; CHF value at present condition

Ta bulk temperature

Tw ; wall temperature
X 5 threshold quality (=0.1)
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3.4 Critical Flow

7aloudeck equation and Moody table are implemented for a
subcooled condition and a saturated condition respectively. At
the region, 0.0<x<0.02, critical flows calculated by these two
models are connected smoothly. The discharge coefficient for

Moody model was 0.6.

3 5 Relaxation Parameters

In the THYDE-P the relaxation models are implemented to
avoid discontinuity or rapid change which may be brought about by
various mode transiticns.

{(1) In order to ensure smooth variation in enthalpy with the
flow direction change, Ve introduce parameters for each

node such that

dme S - My 0 o
dt <, (8) (n; = A or E)

where S 1 when G £ O
0 when G 2 O .
T delay parameter (=0,05 sec)

Eq. (8) is calculated using a linear implicit method.

(2) To ensure contlnuous transition of the heat transfer
coefficient with mode changes, h*" is smoothed by

tr tr tr
dh - hg - h — (9)

where h™ ; effective H.T.C.
HE : H.T.C. calculated by correlations
T, » delay parameter (=0.08 sec)

Eg. (9) is calculated using a linear implicit method.

(3) As shown 1in Section 2.2, to avoid a rapid depressurization
caused by a condensation, coolant density change is
moderated as follows;

de* _ o - p*

dt T

Yince there is no theoretical basis to determine T until
now, we have no choice but to set the values empirically
in the way that T 1is proportional to node volume.
In the present calculation, T was set as follows;
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after 8 sec

1.0 sec for nodes 8,9,19,20 and nodes 41,44

0.08 sec for other nodes
1.0 sec for mixing junctions 28 and 34

Q.08 sec for other mixing junctions

after 21 sec

1.0 sec for nodes 23 and 29

2.0 sec for nodes 24 28 and nodes 30 34
4.0 sec for nodes 17 20 and nodes 41 44
6.0 sec for nodes 5 7 and node 9

10.0 sec for nodes 10,22 and 35D

12.0 sec for node B

20.0 sec for node 21 {(downcomer node)

0.1 sec for other nodes

4.0 sec for mixing junctions from 28 to 34
0.1 sec for other mixing Jjunctions

3.6 Drift Flux Model

In the THYDE-P code, the relative velocity between gas and
liquid is given by

-9l -—- (10}

where Ugj is the drift velocity,

L0 2 (ar(Bafel) T2 .
agy = uoy Si = 1M J'ss (1)

and Sq is chosen to be of the form

-
Sg=1-¢ 1o, --- (12)

so as to avoid that Ujej becomes unrealistically great as Ch
approaches unity. , .

As the energy equation is the form of (1) in section 2.7,
the term 'I°' plays an important role, when flow becomes stagnant
i.e. G = 0. On the other hand, in the RELAP4 code(6) a vertical
slip model is introduced to account for the energy transport
effect by two phase flow, using the vertical slip velocity
defined only by void fractions as follows;

Vorpp = (100 + boosad) 6 (1-gh (T 7 12500 (43

51

In the reflooding stage., flow in the core becomes nearly

_9*
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stagnant and void fractions are great, so the drift flux model
becomes important in energy transport calculation and the value
of the drift velocity has a great influence on a quenching time.
In the reflooding stage, the system pressure becomes nearly

equal to the containment pressure (in the present calculation 4.0
atm), so the drift velocity U3; has almost the same value anywhere
in the system (in the present calculation, about 0.21 m/sec).
Plot data in Fig.3-3 are calculated using these values.

As be seen from Egqs. (11) and (12), the relative velocity in
a high void region depends greatly on the value of g¢.

In Fig.3-3 Urel for G¢ = 0.8, 0.97, 0.99 are shown
with Vsup clculated by Eq. (13). In the present calculation Qe
vas set to 0.97, as will be discussed in section  4.10.
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Table 3-1 Node Geometrical Data

Node No. Description Flow Area Node Length Node Volume
A (n?) L {(m) v (md)
1 Broken loop hot leg 0.4266 5.240 2.235
2 $G inlet plenum 2.8953 1.665 4,821
3 SG U-tube 0.9952 £.000 4,976
b SG U-tube 0.9952 5. 460 5.434
5 SG U-tube 0.9952 10.460 10.410
6 SG outlet plenum 2.8953 1.665 4,821
7 Broken loop cold leg 0.4865 7.340 3.571
8 Pump 0.1917 12.412 2.37%
9 Broken loop cold leg 0.3837 2.825 1.084
10 Broken ltoop cold leg 0.3837 3.130 1.201
11 Intact loop hot leg 1.2798 2.000 2.560
12 intact loop hot leg 1.2798 3.240 4ov47
13 SG inlet plenum §8.6859 1.665 4. 5462
14 SG U-tube 7.9856 5.460 14.928
15 SG U-tube 2 .9856 5.460 16.301
16 SG U-tube 2.9856 10.460 31.22%
17 5G outlet plenum 8.6859 1.665 14 462
18 Intact loop cold leg 1.4594 7.340 10.712
15 Pump 0.5750 12.412 7.137
20 Intact loop cold leg 1.1512 5.955 &.855
21 Downcomer 2.7k435 7.248 19.88%5
22 Lower plenum 4.8578 6.075 29.511
23 non-Active core in average 4.3552 0.230 1.002
24 Active core in average lh.3552 0.800 3.484
25 Active core in average L.3552 0.800 3. 484
26 Active core in average 4.3552 0.800 3.484
27 Active core in average 4,3552 0.800 3.484
28 non-Active core in average 4.3552 0.230 1.002
29 non-Active core in hot 0.0222 0.230 5.11-3
30 Active core in hot 0.0222 0.800 1.78-2
31 Active core in hot 0.0222 0.800 1.78-2
32 Active core in hot 0.0222 0.800 1.78-2
33 Active core in hot 0.0222 0.800 1.78-2
34 non-Active core in hot 0.0222 0.230 5.11-3
35 Core bypass 0.2419 3,660 0.885
36 Core cross area 9.079-4 0.100 3.08-5
37 Upper plenum 9.2941 4. 341 40,346
38 Upper head 3.8568 3.658 14.108
39 Pressurizer surge line 0.0661 15.00 0.992
40 Pressurizer surge line 0.0661 14,30 0.945
K1 Pumped injection duct 0.2192  12.00 2.630
42 Pumped injection duct 0.0731 12.00 0.877
43 Accumulator duct 0.1161 120.00 13.932
Ly - Accumulator duct 0.0387 120.00 L.ehl
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Table 3-2 Loss Coefficient

E
KAr KEf r

KAF

Nade No.

e o) o [e0] o
B g o =1 o cO
0000090200600000902000OOOOODOOOOOO?OOOOOOOOO

0OAUOO].-OOGHUOOOGDO]DOOOOOOOOOOOOOOOOOOOOOOOOOO

e
4
o o e o o) r~ o~ — oy o
o P~ -T P~ 0 fee] M~ T ~ O = e} N oy~ =& T
O900nu003000090000030007000001400003800.&,800000
O.,IOOOOOOOOOO.IOOOOOOOOOOOOOOOZOOOOOOOO]OOOODD
=r
+
M o e o o N o = — o O
=T on N o~ = ala - P~ =+ 0 O~ oy — oo
0700000200007000002000700000200007700:4.40001.1
O300000000003000000000000000]00000000.{00000D
o
31.18709389&.835]7923]28612857520.42..47;4_
221013]02]221222220139]671“39“7760558
O000000300000000003003:41020726556]8300000000
000000000000000D000011666666555_._:,&6.”225550000
— p— p— - —
.i23.456?890123&.567890123&.567890123&.567890123&.
1111111111 222222222233333333334.4&.&.&.



JAERI-M 9819

Table 3:3 Heat Transfer Correlations

Mode Conditions Correlations

Coolant Condition Other Londitions

] subcooled T <7 Dittus-Boelter
w sat :
2 subcooled TW)TSat Iinterpolation between
Model and Mode3
3 saturated 95(¢>CHF Thom
4 saturated P> che { see Table 3.4 }
5 superheated Re £ 3000 Forced convection
6 superheated 3000{Re<5000 Interpolation between

Mode5 and Mode?

7 superheated Re > 5000 McEligot

Table 3-4 Heat Transfer Correlations in Mode-4

Mode Conditions Correlations
4| GPG . , x7x Groenevelt and
min cl
Dougall-Rhosenow
4-2 G>G . , x<xX Forced convection
min cl .. -
transition boiling
4-3 G(Gmin . x')xcz Modified Bromley
-4 GLG . , x<x Pool transition boiling
min c?

Tw ; Wall temperature

: Minimum mass flux (=271.2 kg/mzsec)

min
X1 Threshold quality {=0.5)
Xog * Threshold quality (=0.1)
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Fig. 3-3 Relative Velocity
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4. Calculated Results

In this section, we will show the calculated results of Run
20 along with the discussions on them.

The maximum time step width was set to 32 ms after 20sec,
and the total CPU time required for Run 20 by a FACOM M-200

computer was about 1.5 hours.

4.1 Overall Description

The chlonology of events is shown in Table 4-1. If we
define the end of Dblowdown to be the time when the system
pressure stops decreasing and the injected ECC water starts to
flow down the downcomer, then it was 38 sec after the break
occurred. The accumulator in the intact loop started injection
at 18 sec and a duct node (node 20) was filled with subcooled
vater at 25 sec, but almost all of injected ECC wvater flowed out
directly through the break until 38 sec. After ECC water
penetrated the downcomer, an upward flow persisted in the heated
section of the core by 49 sec which ve define to be the time of
the start of the reflooding. The accumulator was exhausted at 862
sec, but the P.I. kept injecting low enthalpy water. The driving
force of the P.I. together with the static head of water in the
downcomer supplied subcooled water to the heated section of the
core and eventually quenching took place. After 140 sec all
heated nodes in the average channel quenched, so that the average
quench velocity was about 3.5 em/sec.

The system pressure was shown in Fig.4-1-1, At 0.05 sec
after the break occurred, the system was depressurized to 14 Mpa
and bubbles appeared at the core nodes. After 0.1 sec, the upper
plenum and the hot leg region became saturated successively so
the system depressurized more gradually to the containment
pressure. Except the period of ECC water penetration through the
downcomer and the lower plenum, the system pressure wvas kept
constantlly at a little bit above the containment pressure after

45 sec.

4.2 Fuel and Core

In Figs.4-2-1 to 4-2-4, the clad surface temperatures in the
average channel and in the hot channel are shown. The fuel
center temperatures for two channels are shown in Fig.4-2-5 and
in Fig.4-2-6, respectively.

The clad surface temperatures reached the peak temperature
after 10 sec, and then they dropped owing to a reverse flow in

the core. After 25 sec the core flow became stagnant agaln so
the surface temperature rose gradually till 50 sec wvhen
reflooding began. After reflooding started, the surface
temperature began to decrease and the lowest part of the heated
section of the average core became quenched at 74 sec. After
that. the core quenched from lower part to upper part
successively and all of the heated section of the average core
became quenched by 140 sec. On the other hand, in the hot

channel region quenching delayed compared with the average
channel.
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The period during which film boiling was dominant was rather
long after reflooding started (see Figs.4-2-7 and 4-2-8). By
taking a node average quallity as the arithmetic mean of xa and Xg

instead of the outlet quality, an average quality would decrease
more rapidly and as a result, the heat transfer mode would shift
to the pool transition mode more earlier.

Fig.4-2-7 and Fig.4-2-8 show the behavior of the heat
transfer coefficient in the average channel along with the heat

transfer modes designated by

2 ; subcooled boiling

3 : nucleate boiling

4 ' film boiling
- 4' ; transition boiling

"5 ; forced convection by superheated steam

In Figs.4-2-9 to 4-2-12, the mass flux in the core inlet and

in the core outlet are shown. Fig.4-2-13 shows the heat
generation rate in fuels. Fig.4-2-14 and Fig.4-2-15 show the
behavior of the fuel gap pressure and the heat transfer
coefficiedt in the gap, respectively. The gap pressure was

"controlled mainly by the temperature in the gas plenum. The heat
transfer coefficient in the gap vwas almost constant during the
transient, so the initial value would become an important factor

for the calculation of fuel temperatures. Fig.4-2-16 showvs
gqualities in the average channel, which indicates that qualities
oscillate around 0.1, because the heat transfer modes change

betveen the film boiling condition and the pool transition
boiling condition at the threshold quality of 0.1.

Figs.4-2-17 and 4-2-18 show enthalpies in the core inlet and
in the core outlet, Fig.4-2-19 shows a core Cross flow. By
comparing the core inlet flow with the core outlet flow in the
hot channel region, it is seen that a cross flow Tflattens the
flow distributions in the upper region of the core. This fact
coincides with our phisical intuition.

4.3 Downcomer and Lower plenum

Figs.4-3-1 and 4-3-2 show the mass flux in the downcomer and
in the lower plenum, respectively. Figs.4-3-3 and 4-3-4 show
qualities in_the downcomer and in the lower plenum. e
By 44 sec, Gz started to increase and at 48 sec Gz became
positive, After that, the difference between G% and GL became
small indicating that the downcomer was filled with liquid.

As for the flow in the lower plenum, in _the early stage of
blowdown from 1 sec to 3 sec the value of Gg,— G:, was negative,
indicating that flashing occurred in the node, but water flowed
out of the system through the downcomer rather than into the
core. The reason is supposed to be that the upperhead reached
saturation earlier than the lower plenum on account of the high
initial enthalpy, and that the water from the upperhead flowed
down the core during this period. A .

From 46 sec till 72 sec, the value of Gz — Gz remained
positive and a moderate condensation occurred in the lowver
plenum. This is because a large delay parameter for the density
calculation was used in the downcomer node.
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4.4 Break

Fig.4-4-1 shows break flows Gl and Ga . In Fig.4-4-2
enthalpies at the break point are shown. It should be noted that
G% took on a positive value at the initial steady state. As

soon as the break occurred, G5 deccelerated and began to reverse
its direction. But the other break flow GQ- remained mostly
positive throughout the LOCA. _

From 30 sec till 47 sec, the break flow GE increased and
its enthalpy was below 100 kcal/kg. It shows that the ECC water
bypassed over the downcomer to the break during this period.
Fig.4-4-4 shows the pressure at the break, PE and P? , which
indicate that break flows G% and Gg returned to inmertial flows
at 268 sec and 30 sec, respectively.

4.5 Pressurizer

At 1.9 sec, region 2 (the lover region of the pressurizer)
became saturated. At 22.5 sec, the level of region 2 reached the
top of the stand pipe SO that the coolant in region 1 started to
flow out of the pressurizer. Fig.4-5-1 shows the surge flow Gxg
whose rate of change varied at 1.9 sec and 2.5 sec,
corresponding to the times when region 2 became saturated and
when its level reached the top of the stand pipe. Fig.4-5-2 shows
P55 and P% , the former of which has the same tendency as those
in the primary loop, and the latter is_ pressure 1in the
pressurizer. The difference between P and Pag can be regarded as
the driving force for the flow 1in the pressurizer duct.

Fig.4-5-3 shows the mass flux in the intact loop hot leg. The
surge water from the pressurizer flowed into the core from 10 sec
till 25 sec and it cooled the core effectively.

Fig.4-5-4 shows the water level in the pressurizer. At 2.5
sec it vanished. From 76 sec the water level increased to about
3. 0 m, but the integrated mass of this flow was about 50 kg and

had no effect on core cecoling.

4.6 Pumped Injection

Figs.4-6-1,4-6-2 and 4-6-3 show the behavior of _the P.I.
system. When the P.I. system was actuated at 2b sec, PE deviated
from P;} as shown in Fig.4-6-2, and their difference accounted
for the driving force of P.I. flow shown in Fig.4-6-1. Fig.4-6-3
shows hi which gradually approached to the ECC water enthalpy of
30 kcal/kg after the actuation of P.I.

The mass flow rate in the intact loop P.I. duct was 660
keg/sec, and about one third of it flowed into the core after the
termination of the accumulator injection. So the P.I. systenm
played an important role on core cooling.

A.7 Accumulator
The accumulator was actuated at 16 sec and it was terminated

at 62E7sec with a time constant of 3.0 sec. Fig.4-7-1 shows Pas
and P,y . The former is practically the system pressure, while
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the latter the pressure of the accumulator. The difference
between Rg and Pf% is the driving force of the accumulator.
Fig.4-7-2 shows Gg . Fig.4-7-3 shows hE , which started to
decrease at 16 sec to 30 kcal/kg and after the termination of the
accumulator injection increased due to flow reversal at the
injection duct.

Fig.4-7-4 shows entalpies at 19E and 20A, which tend to
deviate from each other with the actuation of A.I. and P.I. When
A.I. terminated at 62 sec, the quality at 20A increased because
of the superheated steam flow through The S.G., but a steady flow
to the core continued due to the low enthalpy water from P.I.

system.

~,4-8 Steam (Generator

Fig.4-8-1 shows the S.G. feedwater flows in the broken and
intact loops. Figs.4-8-2 and 4-8-3 shov the heat transfer
coefficient between nodes 47 and 14, and between nodes 46 and 3,
respectively. Fig.4-8-4 shows the heat inputs to nodes 3 and 14
from the+ corresponding steam generators, both of which became

" heat sources to the primary flow at 17 sec. Fig.4-8-5 shows the

pressure 1in the S.G. secondary systen. "The pressure in the
broken loop S.G. reached 8.2 MPa, but a relief flow was not taken

into account.

4.9 Pump

Fig.4-9-1 shows the relative pump speed. It was shown that
the rotor was locked when the break occurred and pump speed
decreased exponentially with a time constant 0.05 sec.

Fig.4-9-2 shows pump heads in each loop.

4 10 Difference due to Drift Velocity

In Fig.4-10-1, the clad surface temperatures calculated on
the condition that de = 0.97 (see Eg. (12) in section 3.6) are
shown, and in Fig.4-10-2 the clad surface temperatures for Ce =
0.8 are shown,. In Figs.4-10-3 and 4-10-4, heat transfer
coefficients for each case are shown.

In the case where oc was set to 0.97, the lowest part of
the heated section in the average channel became quenched at 74
sec, while 1n the case where ¢c was set to 0.80, the quenching
time was delayed. The reason is that when 0Jc is set to small
value such as 0.80 the drift velocity becomes nealy zero at the
quench front where a large amount of bubbles are formed, and
energy transfer by rise effect of these bubbles can not be taken
into account.

At the quench front, heat from fuel rods 1is transfered to
coolant by forming bubbles, and these bubbles rise faster than
liquid. To evaluate a relative velocity between vapour and
liquid at the quench front is difficult, though, in the present
calculation this velocity was limited to about 2.5 m/sec (when
e = 0.97) as the maximum velocity.



Table 4-1

Time (sec)
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Chronology of Events Tabtle

Events

0.

16.

22.

25.

38.

47.

49.

7h.

140.

0l

L221
)

.40

01

Break took place and pump was tripped.

Upperhead became saturated.
SG feed water was tripped,

Lower plenum became saturated.

Accumulator in intact loop started injection,

Pressurizer water level reached stand pipe,

Pumped injection started.

£CC water penetrated the downcomer .

(start of refill)

Bypass ended.

Subcooled water reached the bottom of core

(start of reflood)

Bottom core node in average channel quenched .

All nodes in average channel quenched.
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5. Conluding Remarks

This work was a through LOCA calculation for a commercial
1,100 MWe class PWR plant from the occurence of a double—ended
break till complete fuel quenching due to core reflood,

Therefore, the calculated chronology of events discussed 1n
section 4 is of great interest. The assumptions and conditions
for Run 20 are shown in section 3. Their effects on the
calculated results should be examined in comparison with other
sample calculations by THYDE-P under different assumptions.

The discharge coefficient for critical flow at break points
and the delay parameters for non-equilibrium effects have a big
influence on the calculation of clad surface temperature and on
the quenching time of the core.

It was shown in the present calculation that surge flow from
the pressurizer, drift flux model during reflooding phase, pumped
injection flow rate and its enthalpy play important roles on core

cooling.
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Appendix A. Input Data List

—— 1000 MWE PwWR BLOWDOWN ANALYSIS  WITH HOT CHANNEL) 81.05.13 --
!
/ x#xx DIMENSION DATA =x*xx
BBO1
0 0 % 3 16 49 40 9 2 2 2 2 3 & 5 302
/
/ wxzx MINOR EDIT DATA x=xxx
BBOZ
PRE-0F PRA-12 GLA-23 GLA-29 GLE-35 GLE-36 GLA-37 GLA-38 PRA-2¢
/
/ wxxx TIME STEP CONTROL DATA x%x=x
BBO3
SBO301
0.2 0.2 100.
SBO304
20 3 50 0 1.0:-3 1.,0E-6 0.3 0.1
SBO30S
30 3 50 0 8.0E-3 1.0E-& 90.0 0.1
$SBO308
6 3 50 0 4.E~3 1.E~4 2000.0 G.1

/
/ xxxx TRIP CONTROLL DATA xxxx

BBO4
S5BR4BO

1 0 1 0 1000.0 6.0
SBO4B81

s 46 1 O C.4 0.0
SBG4B2

s 47 1 D 0.4 2.0
SBO483

2 8 1 ¢ 0-01 0.0
SBO4B4

2 19 1 © 0.01 0.0
SBC4BS

3 ¢ 1 0 ¢.01 0.0
SBO&4BE

& 1 1 0 25.01 0.0
5B048BY

-4 1 1 © 1000.0 c.
§po4g8

4 2 1 0 25.01 0.0
SBO4BY

-4 2 1 0 1000.0 0.
SBC4F2

6 1 -3 1 240.0 0.005
SBOLS3

6 2 -3 1 250.0 c.cC
8§B0474

6 3 -3 1 350.0 0.0
SBO4FS

-6 1 3 1 3I5C.0 0.0
S5BO4%S

-4 2 3 1 305.0 0.0
SBO4LS7

-6 3 3 1 380.0 0.00
f
/  xxxx FLOW AJUST DATA =*xx2
BBOCS

1 9000.0 360.0

oeooo010
cooeoQ20
oooCoo3Q
00000040
00000050
00000060
00000070
00000080
Coceeo9o
Coco01C0
00000110
00000120
000Q0130
00000140
00000150
00000160
oooo0170
00000180
00000120
00000200
00000210
00000220
00000230
00000240
00000250
ooco0260
0000o0270
00000280
00000290
00000300
00000310
oooo03290
00000330
00000340
00000350
0c000360
ooCee37oe
oQo00380
00000390
00000400
000C0410
co0004L20
00000430
00000440
00000450
00000460
Q0000470
00000480
00000490
ooCC0os00
coCC0si0
coooes2o
o00CO530
Q0000540
Q000GS50
00000560
00000570
00000580
00000590



/

/ kx%xx NODE

BBOG&
SBO&D1
1 1 26

5B0&02
2 1 1

SBCOSO3
3 7 2

SBO&0O4
L 7 3

SBQ&O5
S 7 4

SBO&0S
6 1 5

SBO6C7
7 1 6

SBos0O8
g8 8 7

SB0&0Y
9 1 34

SBO610
10 1 8

SBO611
11 1 26

SBos12
12 1 27

SBO613
i3 1 9

SBOs14
14 7 10

SBO&1S
15 7 11

SB0&16
16 7 12

SBOS&17
7 1 13

SBO&18
18 1 14

SBO61Y
19 8 15

3&

29

27

10

11

12

13

14

28
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DATA *xs%x

o 1 158.4538 0.737 0. 5.24 0.0
0.043 0.084 0.0 C.0

o 1 158.9708 1.92 0. 1.665 1.865
3.73  1.97 0.0 ¢©.0

1 3245 158.7624 0.01%97 0. 5.0 5.0
0.033 ¢.048 0.0 0.0

1 3245 158.1581 0.0197 0. 5.46 5.46
0.0 .0 0.0 .0

1 3265 157.4B98 0.0197 0. 10.46 -10.486
C.0 0.0 0.033 0.048

o 1 157.7862 1.92 0. 1.845 -1.665
0.0 ¢.0 3.73 1.97

0 1 157.4L466 0.787 0. 7.34 -3.54
0.042 0.077 -1. -1.

0 1 154.7227 0.494 0. 12.4117 3.54
-1. -1. 0.202%9 0.2027

0 1 162.0607 0C.&£99 0. 2.825 0.0
0.0 0.0 Q.0 0.0

01 162.0332 0.69%9 0. 3.13 0.0
0.0 0.0 0.0 0.0

03 158.4538 0.737 0. 2.0 0.
0.043 0.083 0.0 0.0

c 3 158.4334 D.737 0. I.24 0.
0.0 0.0 0.0 0.0

0 3 158.9528 1.92 0. 1.665 1.6485
3.73 1.97 0.0 0.0

1 6795 158.7445 0.0197 0. 5.0 5.0
0.033 0.048 0.0 0.¢C

1 9795 158.1387 0.0197 0. 5.46 5.46
0.0 G.0 0.0 0.0

1 9795 157.4691 0.0197 0. 10.486 -10.46
0.0 0.0 0.033 0.048

o 3 157.7645 1.92 0. 1.6653 -1.665
0.0 0.0 .73 1.97

0o 3 157.4249 (C.787 0. 7.34 =3.54
0.042 0.077 -1, -1.

D 3 154 .6997 0.494 (. 12.4117 3.54

~-1. -1. 0.2029 0.2027

00000600
Q0000610
00000620
00000630
00000640
00000650
Q0000660
00000670
00000680
00000670
00000700
00000710
00000720
00000730
00000740
00000750
00000760
ooCo0770
co000780
00000790
00000800
00000810
00000820
00000830
00000840
00000850
CCCOOBSGO
0CQ00870
coocegse
00000890
00000900
00000910
00n00920
00000930
00000940
00000950
Q0000960
00000970
CO000%80
QO000%%0
Q0001000
ceecl101e
cCcocel1020
cC001030
00001040
00001050
00001060
00001070
00001080
000010%0
Q0001100
00001110
00001120
Go0CL130
00001140
geee11s590
co001160
00001170
00001180
00001190



C&20

e
1 28

[N}
ow

5B0s21
21 4 29

$BOs22
22 5 16
SBOs23
23 2 3¢

$BO&2S
25 & 18

§BOsZS
26 2 31

§BQ627
27 2 1%

$BO&EB
28 2 20C

580629
29 2 30

SBO63C
30 2 21

5BC&31
31 2 22

SBO&32
32 2 32

SBO&33
33 2 23

SBOs&34
34 2 24

580635
X3 3 30
SBOS63S
36 1 32

SBO&37
37 1 33

SBO&38
38 13 26

SBO&3R
¢ 13 27

27

ié

30

17

18

31

1¢

20

23

21

22

32

23

24

33

33

26

40

23

PRy

[y

39170

19170

9170

39170

39170

39170

200

200

200

200

200

200

200
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162.0373 0.699 0. 5.935 C.
¢.0 0.0 0.0 0.0
162.4638 1.B69 0. 7.248 -7.248
¢.0 0.0C 0.0 0.0
162.9140 2.487 0. 6.075 1.948
0.0 c.e 0.0 0.2
162.6047 1.0 0. 0.23 0.23
0.74 0.74 0.0 c.0
162.1173 1.0 ¢. .80 0.80
6.0 C.o 0.0 Q.0
141.53410 1.0 0. 0.80 0.80
¢.0 0.0 0.0 0.0
160.9317 1.0 ¢. 0.80 ¢0.80
0.0 0.0 c.0 0.0
160.32%96 1.0 ¢. 6.80 0.80
c.o 0.0 ¢.0 0.0
159.7062 1.0 0. 0.23 0.23
0.0 0.0 0.0 0.0
162.8047 1.0 0. 0.23 0.23
1.284 2.482 0.0 0.0
is2.1173 1.0 0. 0.80C .80
0.0 0.0 c.0 c.0
16L.5410 1.0 0. 0©0.80 0.80
2.0 c.¢ 0.0 0.0
160.946155 1.0 0. ¢.80 0.80
0.0 c.0 0.0 0.0
160.32%6 1.0 0. ©.80 0.80
0.0 .0 0.0 ¢.0
159.7062 1.0 0. 0.23 0.23
0.76 0.34 0.0 c.0
162.6047 0.555 0. 3.56 3.66
0.77 0.B3 0.87 0.78
141.029550 0.036 0. 0.1 0.
c.0 0.0 c.¢ 0.0
155.17209 3.44 0. 4.341 1.64
0.0 0.0 c.0 0.0

5.0 2.216 0. 3.658 2.073

1.491E4 1.491E4 0.0 ¢.C

15.0 1.7

00001200
00001210
000061220
ooo01230
COC0L1240
gQQo125¢
oCQRl1260C
ooc01270
00CG1280
0Q0C12%90
co001300
00001310
Q0001320
00001330
00001340
00001350
00001350
00001370
00001380
Q0001390
coc0i4co
CoC01410
ocooi420
00001430
00001440
OC0C1450
Q0001460
Go001470
C0001480
00Q014%0
00001500
0Q001510
J0001520
GO001530
00001540
Go0C15S50
00001560
oQC01570
00cC1580
00001590
00001600
Qo001410
00001620
CODQ1&30
00001640
Co001650
00001640
00001470
00001680
00001690
00001700
00001710
QoQo1720
c0001730
00001740
00001750
Q0001760
00001770
00001780
co001790
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SBO&4LO Q0001800
40 13 25 35 0 1 5.0 0.29 0. 14.3 1.6 00001810
¢c.0 . 0.0 0.0 0.0 00001820

$BO64LY 00001830
41 13 28 37 0 3 10.0 0.305 0. 12.¢ 0.0 00001840
0.0 0.0 0.0 0.0 00Q01850

SBO&42 00001840
42 13 34 38 © 1 10.0 0.305 0. 12.0 0.0 00001870
0.0 0.0 ©.0 0.0 00001880

SBOGLD 040001890
43 13 28 36 0 3 10.0 0.z222 0. 120.0 0.0 00001900
0.109 0.04%9 0.0 0.0 00001910

5BO&LS Q00001920
44 13 34 39 0 1 10.0 0.222 0. 120.0 0.0 00001930
6.109 0.049 0.0 0.0 00001940

/ 0Cco01950
/ txxx JUNCTION DATA =xx=» 00001940
BBO7 Q0001970
1 1 0.0 00001980

2 1 0.0 Q0001990

3 1 c.0 00002000

4 1 0.0 00002010

5 1 0.0 00002020

& 1 6.0 00002030

7 1 0.0 00002040

8 1 0.0 QC002050

Cl 1 c.0 00002060

10 1 0.0 00002070

11 1 0. 00002080
12 k4 0.0 00002090

13 1 0.0 00002100

14 1 0.0 Q0002110

15 1 0.0 o0002120

15 i .0 00002130

17 1 0.0 00002140

18 1 0.0 Q0002150

19 1 0.0 00002160

20 1 0.0 Q0002170

21 1 0. 00002180

22 1 0. 00002190

23 1 0. ' 00002200

24 1 0. 00002210

25 1 0. 00002220

26 2 1.027 00002230

27 4 0.049 00002240

28 4 0.351 0002250

29 3 0.531 00002260

30 4 0.1 cooo2270

31 4 0.01 00002280

32 4 0.01 QCcQo22%0

I3 [ 0.05 00002300

34 [A 0.117 00C02310

3s 3 0. oo002320

36 5 0. Qeee233e

37 7 Q. 0CQo0234C

38 7 0. ¢oo023se

39 5 0. 00002360

LG & 0. 00002370

/ Qooe2380
/ rrxx MIXING JUNCTICN DATA sxxz 00002390



BBGD
3B0O80L

26 3 1 11 3B
SBO8OZ

£ 2 12 3% 0
SBUBOS

g4 3 20 41 43
SBoad4

Z23 121 G 0
SBOBOS

30 3 23 2% 35
SB080OS

31 1 26 o 0

32 é 32 36 0

SBOROE
3z 1 37 o G
SBOBO%
34 3 9 42 &
!
/ =xxxx PUMPED INJECTIOCN
BBO9
$BO9OL
1 37 30.0
2 1
¢.G &66.0 1000.0
SBO%0Z
2 38 30.0
2 1
0.0 222.0 1000.0
/
/  xxxx PUMP DATA xx%xxx
BB10O
$B1001

& 1 0 1185.0 5.38
0.05
581002

19 1 0 1185.¢C 5.58
0.05
/
/i *x&kxx PUMP DATA TABLE
EB1Z
$SB1101
1
14
-1.0 1.56 -0.55
-0.62 1.35 -0.50
~3.311 1.23 0.0
0.75% 1.07 1.0
14
-1.90 0.18 -0.85
=-0.62 0.556 -0.50C
-0.11 - 0.89 0.0
0.75 1.62 1.0
11
-1.0 0.18 -G.75
-0.16 -C.42 0.0
0.5¢ 0.01 0.75%
11
-1.0 1.56 -0.75
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0 0.25 0.75 0. 0.
¢ 1.0 0.0 0. o.
¢ 1.0 0.0 ¢.¢ 0.0
o 1.0 0.0 6.0 0.0
& 0.945  0.00S 0.05 0.0
o 1.0 0.0 0. 0.
o 0.99 ¢.01 0. 0.
v 1.0 0.0 6.0 . 0.0
& 1.0 0.0 0.0 0.0
DATA xxxx
666.0
222.0
4.33E4  105.0 74%9.0 1150.0 3460.0 0.5 0.0
4.33E4 105.0 74%.0 1150.0 3460.0 0.5 0.0
Kll‘l
1,33 -0.80 1.28 -0.72 1.30
1.36 -0.34 1.34 -0.21 1.2%
1.22 6.25 1.16 6.50 1.13
0.98 _
¢.34 -0.80 0.40 =-0.72 0.48
0.67 -0.34 0.77 -0.21 0.84
0.95 0.25 1.16  0.50 1.35
1.94
-0.13 -0.50 -0.32 -0.32 -0.40
-0.39 0.16 -0.28 0.32 0.16
0.40 1.0 0.98
1.12 -0.50 0.0 =-0.32 0.82

CC002400
00002410
00002420
00002430
00002440
00002450
00002460
00002470
00002480
00002490
00002500
00002510
00002520
00002530
00002540
00002550
00002560
00002570
00002580
00002590
00002600
00002610
00002620
00002630
00002640
00002650
00002660
00002670
00002680
00002690
00002700
00002710
00002720
00002730
00002740
00002750
00002760
00002770
00002780
00002790
06002800
00002810
00002820
00002830
00002840
00002850
00002860
00002870
006002880
00002850
00002900
00002910
00002920
00002930
00002940
00002950
00002960
00002970
00002980
000062990



R
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-0.16 0.76 0.0 0.71 0.16 0.71 0-32 0.76 00003000
0.50 0.%0 0.75 1.33 1.0 1.94 0C0C3010
14 . 0QoGe3020
-1.0 0.70 -0.90 0.70 -0.80 0.68 -0.70 0.63 00003030
-0.60 0.53 ~0.50 0.47 -0.40 0.46 -0.30 0.45 00003040
-0.20 0.45 0.0 0.48 ¢.25 0.55 0.50 0.66 00003050
0.75 0.8B3 1.0 .02 000030860
14 00003070
-1.0 -i.42 -=0.%0 -1.32 -0.BO -1.23 -0.70 -1.14 00003080
~-0.60 -1.07 ~0.50 -0.9% ~0.40 -0.91 -0.30 -0.84 Q0003090
=0.20 -0.77 0.0 -C.é4 0.25 ~0.49 0.50 -0.34 00003100
0.75 -0.20 1.0 -1.10 00003110
13 coo03120
-1.0 -1.42 -¢.8 ~-1.12 ~-0.6 -0.82 -0.5 -0.68 QQce3130
~0.4 —-0.55 -0.2 -0.28B 0.0 -0.08 0.1t 0.0 oooc3140
0.25 0.12 0.50 0.33 0.75 0.61 0.92 0.82 0o003150
1.0 1.02 00003160
13 00003170
-1.0 .70 -0.8 0.5 -0.4 0.4 -G.5 0.39 00003180
~0.4 0.38 -0.2 0.33 0.0 0.28 0.11 06.25 000031%0
0.25 0.22 0.50 0.14 0.75 ¢.03 0.92 ¢.01 00003200
1.0 ~0.10 00003210
2 00003220
0.0 1.0 1000.0 0.5 00003230
2 00003240
-1.0 ~-50.0 1.0 50.0 00003250
12 00003260
-1.0 -1.15 -0.9 -~1.24 -0.6é ~2.8 -0.5 -2.9 00003270
-0.4 -2.7 0.0 0.0 c.12 0.85 0.2 1.1 0000328¢C
6.5 1.02 0.7 1.0 0.9 0.95 1.0 1.0 00003290
4 00003300
~-1.0 0.0 c.C 0.0 0.5 ~-0.8 1.0 ~1.46 00003310
7 coCo3320
-1.0 c.0 0.0 0.0 0.1 -6.02 0.2 0.0 00003330
0.3 c.1 0.9 0.78 1.0. 1.0 CoC03340
12 gCC0oI350
-1.0 -1.15 -0.8 -0.5 -0.6 -0.2 -0.4 0.03 Co0C3360
-0.2 C.04 0.0 0.1 0.2 c.15 0.4 0.12 CCCC3370
0.6 ¢.05 0.8 -0.5 0.9 -0.9 1.0 -1.46 00003380

0 COCC33%0
G 000C340C0
0 cooG3410
0 QOCC3420
13 CCCO034Z0
0.0 0.0 0.05 0.0 0.1 0.025 0.15 0.075 0.2 0.8 00003440
C.3 0.475 0.4 0.625 0.5 0.74 C.6 c.82 COCO3450
.7 0.87 0.8 ¢.84 0.9 0.72 1.0 c.08 Coo03460
11 00003470
0.0 0. 0.1 0.0 0.20 0.13 0.3 0.24 00C03480
0.4 .31 0.5 0.33 0.& 0.3 0.7 0.23 00003450
0.8 G.16 0.9 0.08 1.0 0.0 00003500
& 6 00003510
0.0 ©¢.2 0.4 0.6 0.8 1.0 00003520
0.0 ©0.0 0.0 0.0 C&.0 0.0 0.0 00003530
0.2 0.0 3.0858-5 7.7239E-5 1.,3263E-4. 1.946E-4 2.6207E-4 Q00003540
0.4 0.0 4.B66E-5 1.2261E-4 2.1053E-4 3.0996E-4 4.1602E-4 00003550
0.6 0.0 &.376E-5 1.6066E-4 2.7587E-4 &.0485E-4 S.4514E-4 00003560
0.8 0.0 7.7239E~5 1.94463E-4 3.3419E-4 4.F044E-4 6.6037E-L 00003570
1.0 0.0 B8.9628E-5 2.25B85E-4 3.87BE-4 5.691E-4 7.6631E-4 00003580
00003590



/ wux*x ACCUMLATOR DATA =xxs
BEL?

SB1z201
48 36 70. 30. 30.0 Lb .
0.9 3.0
$B1202
49 39 23.3  10. 0.0 L.
0.9 1.0
/
/  xxxx BREAK POINT DATA xxxx
BB13 '
8 0.01 0.4 0.8 0.6 0.6 0.8 0.6 0.6
6
D.0 1.6 7.5 2.7 45. 4.0 30. 4.0 60. 4,0 1000. 4.0
/
/i kxxx% PRESSURIZER LATA =xxx%
BBI4&
L5 33 141 3.58 15.56 9.0 0.99 0.1
1.7 385.0
50.0 1.0 0.1 ¢.0 0.0 .
0.915 0,915 (©.915 1.525 3.05 4.58
0.564 0.67 C.61¢%
2
0. 1.0 1.0 1.0 1000. 1.0 1.0 1.0
/
/ *xxx STEAM GENERATOR DATA xx=xx
BB15
SB1501
46 3265 3 5 32 1
5.5 18.9 0.7 0.5 3.0E-2 1.0E-2 10.4 4.0 222.1
0.1 0.935 62.0C
2.0 11.¢
40, =30. -25.
0.001 80. 0.5 0.5 0.5
3
0.0 1.0 1.0 1.0 1.0 1.0 1.C 1.0 1000.0 1.0 1.0 0.0
SB1502
47 9795 14 16 3 1
16.5 18.9 2.1 0.5 3.0E-2 1.0E-2 10.4 4.0
0.1 0.95 &2.0
2.0 11.0
-40.0 -3C.0 -25.0
0.003 E0. 0.5 0.3 0.5
3
0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 f000.0 1.0 1.0 0.0

/  *xxxx CORE DATA =xxxx
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BB1S
/ --~ AVERAGE CHANNEL ~=-—=--
SB1601
1
39170 23 28 © 3 1 2 2
9000.0 S5.3458E-3 C.4187E-3 4. 6573E~3 1.42E-2 0.6
0.0124 ©0.02128-062 ©£.0305 0.1402E-02
0.111 0.1254e-02 0.301 ©0.252%E-02
1.13 0.0736E-02 3.00 C.0246%E-02
5.0 0.6 &.91E-04 3.41E-06 1.2 1.54E03
o. 156. 234. 234. 156. OC.
1.61225-07 6.42E-07 7.56E-07 7.56E-07 &.42E-07 1.622E-07
1.6122E-07 6.42E-07 7.56E-07 7.56E-07 6.42E~07 1.622E-07

674.5

222.1 1423.5

00003600
00003610
00003620
00003630

- 00003640

0C003650
00003660
00003870
00003680
CO003690
CCc003700
00003710
Goo03720C
00002730
00003740
00003750
CO003760
oeee3??o
00003780
00003790
00003800
00003810
ocooo3820
00003830
Q0003840
00003850
Q0003860
00003870
00003880
00003890
00003900
00003910
00003920
00003930
00003940
00003950
00003960
00003970
00003980
C00039%0
00004000
00004010
00004020
00004030
00004040
Cco004050
00004060
00004070
00QCLCBO
00004090
oooo4l00
coo04110
00004120
C0C04130
CC004140
C0004150
00004160
00004170
0c004180
c00041%0
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1.6122E-07 6.42E-07 T7.56E-07 7.56E-07 6.42E-07 1.422E-07
1.6122E-07 &.4L2E-07 7.56E-07 ¥.56E-07 &.42E-07 1.622E-C7
/ —=~= KHOT CHANNEL ~--
5B14&02
2
200 29 34 0 3 1 2 2
P000.0 5.3665E-3 0.6187VE-3 4L.6682E-3 1.42E-2 0.6 1.0E-4
0. 203.0 304.0 304.0 203.0 0.
1.46122E~-07 6&.42E-07 7.56E-07 7.36E-07 6.42E-07 1.622E-07
1.6122E-07 &.42E-07 7.56E-07 7.56E-07 6.42E-07 1.622E-07
1.6122E-07 &6.42E-07 7.56E~-07 7.56E-07 &.42E-07 1.622E-07
1.86122E~07 &.42E-07 7.54E-07 7.56E-07 6.42E-07 1.622E-07
f
J  xxxx REALTIVITY DATA xxx%
BB17
3
0. ©. 0.5 -5. 1. -25.
5
20. 0.5 300. 0. 1500. -0.5 2500, -1. 4500. -5.
5
0.0 ©0.0 1.0 ~p.1 1.5 -0.2 2.0 -3.0 1000. -8.0
/
/ «xxsMETAL WATER REACTION DATA *xxxx*
BB18
1.54E03 0.775E-04 2.29EC4
/
/7  xxxx FUEL GAP DATA #xx*x
BB19
0.0301 0.0 %.235E~5 0.C 0.0 0.0 0.0 0.6 0.6 0.0
0.9495 0.0157 ©0.0028 ©¢.0 0.032 0.0 0.0
r
/ xzxx BURST DATA s=xxx
BB21
2 2 S5.0E7 6.96E-08 2.87E4 2.8B6E-03 1.15E0 1.528ER0
1.49E-07 2.0E-08 1.25E-16 1.85E-01 8.0EQ9 3.3E-03
0.1
/
/ #xxx DTHER DATA &xsx%
BBe22
0. 1.4 1.4 0.
BEND
5
O 0 © 0 0 0.0
0. 1.0-7 0. 0. C. C.
0
0 0.0
0 0.0

00004200
00004210
00004220
00004230
00004240
Qoocaz2se
00004260
00004270
GoC04280
00004290
CCoC4300
CC004310
CO0C4320
COC04330
0CCC4340
C00C4350
00004360
00004370
00004380
00004390
00004400
00004410
00004420
00004430
00004440
00004450
00004460
00004470
00004480
00004490
00004500
00004510
00004520
Q0004530
Q0004540
00004550
00004560
00004570
CQOGC4EEE
00004550
00004600
00004610
C0004620
CO004630
C0004640
CQ0004650
CC0D4&40




