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A through calculation of 1,100 MWe PWR large break LOCA
by THYDE-P1 EM model

{ Sample Calculation Run 80 )

Masayuki KANAZAWA, Yoshiro ASAHI and
Masashi HIRANO

Department of Reactor Safety Evaluation,
Tokai Research Establishment, JAERI

{ Received June 28, 1984 )

THYDE-P1 is a code to analyze both the blowdown and refill-
reflood phases of loss-of-coclant accidents (LOCAs)} of pressurized
water reactors (PWRs). Up to how, THYDE-P1 has been applied to
various experiment analyses, which show its high capability to
analyvze LOCAs as a best estimate (BE) calculation code.

In this report, evaluation model (EM) calculation method,
especialy in the blowdown and refil! phases, 1is established
equivalently to WREM/JZ2 which is regarded as appropriate for an EM
calculation code, and the results of them are compared and
discussed. The present calculation was the first executed by
THYDE-P1-FM, and was performed as Sample Calculation Run 80 which
wvas a part of a series of THYDE-P sample calculations. The
calculation was carried out from the LOCA initiation till 400
seconds for a guillotine break at the cold leg of a commercial 1,100
MWe PWR plant. The calculated results agreed well to that of the
WREM/J2 code.

Keywords : THYDE-Pi Code, lLarge Break, LOCA, PWR, Evaluation Model,
WREM/J2, Blowdown, Refill, Reflood
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1. Introduction

THYDE-P1 D9 is a computer code to analyse transient thermal-
hydraulic responses of a pressurized water reactor (FWR) plant to a
postulated loss-of-coolant accident (LOCA). Up to now, THYDE-P! has

-1 yhich show its

been applied to various experiment analyses
high capability to analyse 1L OCAs as a Best-Estimate {(BE) calculation
code. The THYDE-P! interim version SVO2L0O3 had been released through
NEA DATA BANK in April 1982.°
On the other hand THYDE-Pl1 had been designed to be used as an
Evaluation Model (EM) calculation code. But no EM calculation had
been executed.
The main features of the present EM calculation by THYDE-P1/EM
are |
a. heat generation rate of the fission products is
multiplied by a factor of 1.2
b. operation time to be used for the calculation of
actinide decay is infinity
C. saturated water is injected into lower plenum (L.P.)
during reflooding phase, and
d. no ECC water is injected from the End of Bypass (EOQBP)
to the start of the Lower Plenum injection {(IPinj).

e, no rewetting during blowdown

{item d is characteristic of THYDE-P1-EM calculation:see subsection 2.1.5.)

Now the heat slab model had been included in the latest version
SVO3L02, so that THYDE-P1 is equipped with almost all of the models
needed in EM calculation.

In this report the result of the first through EM calculation,
Sample Calculation Run 80, will be presented for a typical 4-lcop
PWR plant via the latest version of THYDE-P!, SVO3L0OZ, with some
tentative modifications. The major models and assumptions applied in
this calculation are summarized as follows :

a. Through EM calculation complied with the "Safety

Fvaluation Guideline for the performance of ECCS of
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LWRs® D

Two core channels with a single cross flow
Single downcomer noding calculation
Double-ended guillotine break at cold leg

Pump coast down just after rupture

Discharge coefficient 0.8 for Moody correlation

FLECHT HTC correlation in reflooding phase

m = 0 A 0 o

Among these items, a. and g. must have been implemented or
developed, so that the focal points of the present work are ;

a. development. of a series of valve operations in
accordance with EM logic for ECC bypassing through
downcomer top and

b. implementation of the FLECHT '2:'® correlation in the

code .

The input data were made based on those used in the Sample
Calculation Run 21 '9 |, which had been provided as the Base Input
for THYDE-P1 Published Version. And the heat slab data were added
based on RELAP4,/FM sample problem '¥) because the geometrical data

were almost identical with those used in it.
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2. Code modification

The details of the models and methods used in the THYDE-P1 code
are presented in Refs. 1) to 3) and some modifications made in the
published version, SVO2LO3, are described in Refs. 4) to 1073,

By FM logic, we define the special logic in use for WREM/J2
19).20) with respect to ECCS analysis. It seems that there are some
paradoxical treatments in the EM logic used in WREM/JZ2. But it is
hoped that such treatments make it possible to assure conservatism,

In establishing a through THYDE-P1-EM calculation, it was
thought to be the most important that the calculation should be
executed in a logic similar to that of the WREM/JZ code so that a
conservatism equivalent to that of WREM/JZ2 could be assured.

The main objective of this work is to establish an EM logic in
THYDE-P1 as closely to that of WREM/J2 as possible.

The present calculation, Sample Calculation Run 80, was
performed by the latest wversion, SV03L02, with the code
modifications to execute an FM calculation which will be summarized
in this section. Among them the main items are ;

EM logic for ECC bypassing through the downcomer top
application of the FLECHT correlation

break flow model, and

o 0 o o

two phase multiplier.

2.1. EM logic for ECC bypassing through downcomer top.

In  this subsection the comparison between the present
THYDE-P1-FM ECC downcomer bypassing model and that in WREM/J2 will
be made along with the explanation of the modifications adopted in
THYDE-P1-EM.

The main items of the THYDE-P1-EM ECC downcomer bypassing model

are ,
a. estimation of the mass flow rate from the accumulator
{ACC),
b, changing the FECC injection peint by a geries of
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simplified valve coperations,

c. estimation of the time at which ECC LL.P. injection
starts, and

d. removal of the liquid water from the loop.

2.1.1. Comparison between THYDE-P1 calculation scheme
and that of WREM/JZ2

 The WREM/J2 code package is composed of several codes. They are
RELAP4/EM-BLOWDOWN,  RELAPA-FLOOD,  RELAP4-HOTCHANNEL.,  TOODEE-Z,
CONTEMPT-LT, etc., each of which calculates some special features of
LOCA. For example, RELAP4-HOTCHANNEL. executes only thermal
calculation in core during blowdown phase.

The relationship of constitutive codes in the WREM/JZ2 code
package is shown in fig. 2-1. compared with THYDE-P!. As shown in
it, thermal-hydraulic calculation is executed by RELAP4/EM and
RFLAP4-FLOOD, and thermal calculation in core is done by
RELAPA-HOTCHANNFL., RELAP4-FL.OOD and TOODEE-2. As THYDE-P! has no
models for the hottest pin calculation and container pressure
calculation, it is impossible to compare the results to those of

TOODEE-2 and CONTEMPT-LT.

2.1.2. Estimation of mass flow rate from ACC

In the WREM/J2 code, the history of the ACC injection is
calculated by the RELAP4/FM calculation, and its result is used in
the RELAPA-FLOOD calculation as input data.

In the THYDE-P1-FM model, ECC injection stops for a while after
FOBP and restarts (see subsection 2.1.3.) under the assumption that
all the injection should be made to the lower plenum. So a scheme is
needed to estimate the ACC mass flow rate during the hypothetical

second injection period. Thus the following equation was used -

Wice = C- A /20 Pacc—Po )/k (2-1)
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A : cross section of ACC linkage duct
Py © pressure of ACC

Pa : pressure of cold leg in the intact loop

k . loss coefficient
€ ! adjusting factor to assure Wicc(rT-T,.,-¢) = WACC(T=T,.,+e)
2.1.3. Change of ECC injection point by a series of

simplified valve operations

. In the WREM/J2 code, FCC feed water is directly injected into
lower plenum (L..P.) in the reflood calculation, though it is to be
injected into cold leg during blowdown phase (see fig. 2-2). In
order to adopt this scheme in THYDE-P1-EM, we assume that

a. ECC cold-leg injection stops at end of
downcomer bypass (FOBP) and,

b. BECC L.P. injection starts at few secconds
after FOBP., (see subsection 2.1.4.)

Tentatively,'we implemented this scheme by the simplified valve
model to be explained next. In the future version of THYDE-PI, these
operations will be executed automatically by the THYDE-Pl valve
model .

In order to facilitate item a,, EOBP was considered to be one
of the signals to trigger to cut off the ACC injection and pumped
injection (PI). For item b., starting L.P.injection, the mass
equation { fi equation) at L.P. was changed as ;

I (2-2)
W . mass flow rate of the ECC feed water (kg/sec)
A : cross section of L.P. ('m?)
vhere the part of W contributed by ACC injection is given by Eq.
(2-1).

According to the RELAP-FILOOD calculation, the enthalpy of L.P.

injection water was assumed to be hy, . Because subcooled water

injection could trigger abnormal condensation.
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Following WREM/J2, the perfect phase separation model at L.P.
vas presumed to avoid the fact that flow carries out the water from
LLLP. to the core and quenching begins at very early stage. The
perfect phase separation model means that the enthalpy and the
density of outlet flow from L.P. are assumed to be

hgs and py when 1.C > x > 0.0

‘h  and p when x =2 1.0 or 1x = 0.0

2.1.4. Estimation of ECC L.P. injection start time

According to the WREM/J2 code, L.P. injection start time was

evaluated as follows .

Tipin; = Teogp + ATt + ATfaq) (2-3)
A T¢ip = time needed to fill the cold leg volume
A Tsa; = time needed to fall down the downcomer
2.1.5. Removal of liquid water from loop

Iin the WREM/J2 code, the total mass of ECC water, which has
been injected before FEOBP, is deducted successively from water in
the L.P., the downcomer and the cold legs when EOBP is detected. If
the result is negative (usually it is negative indeed), the enthalpy
of those nodes are set to hy . Furthermore the system condition is
changed more severely in starting RELAP-FLOOD calculation; 1i.e. the
qualities of all nodes except L.P. and downcomer are assumed as 1.0
or higher.

In order to introduce this algorithm into THYDE-P!, a scheme to
expel the water is conceived such that heat is given to the nodes
where it is subcooled or saturated, until it becomes superheated. In
this method, it takes only a short while to do so, and since the
core is insulated during refill phase in the calculation, 1t does
not disturb the result such as the cladding surface temperature at
all.
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2.2, Application of FLECHT correlation

In the reflooding phase, only FLECHT heat transfer coefficient
(HTC) correlation was adopted, and the carry over rate fraction
(CRF) was not implemented. If we include the CRF correlation in
THYDE-P1, we have to discard one of the conservation equations 1in
THYDE-P1. In other words, we can obtain CRF itself in the THYDE-P1
calculation without a correlation for it. It means that we gave
priority to the check of the FLECHT HIC correlation and the history
of the fuel and cladding temperature.

With regard to quenching, the main difference between THYDE-PI
and WREM/J2 is that the latter uses the notion of water level and
CRF correlation to evaluate the quenching parameters, but the former
does not, and solves physical equation strictly even at the cecre

nodes.

2.2.1. Decision of quenching node

In the THYDE-P1 code, there is no notion of water level. So the
criteria for a node to be regarded as being quenched were set to be
the following conditions ;

a, all the lower nodes have been quenched,

b. the cladding surface temperature must be below the Henry's

quench temperature 13, and

c, the coolant of that node must contain liquid water.
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2.2.2. HTC of the quenching node

To evaluate the HIC of the quenching node , an interpolation by

the quality x was used in accordance with WREM |

HIC = 50 + 950(1-x)° (Btu/f1%/hr/F ) (2 -4
where 0.0=zx=1.0

2.3. Break flow model

In THYDE-PI, the slightly modified Zaloudek 16)  equation and
the Moody |7 correlation were connected smoothly at what is called
the “transition quality” x = 0.02. In the present calculation the
discharge coefficient Cy for the Moody correlation was set as
Cs** = 0.6 by an input. In order not to underestimate the break
flow, it was recommended ' to use a different Cy value for the
Zaloudek equation in EM calculations, which was set as ce = 0.901 .

Consequently the following egquations was adopted.

for r = 0.0 ;

Gy = C3° - /20 (P-CoPsat) (2-5)

for 0.0 < x < 0.02 ;
Gy = 1 G=0.0) + (1-10GHE=0.02) _ (2-6)

for 0.02 = x
Gy = CF*-ay (2-7)

where n = Oéogéx

and gy . Moody correlation value
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2.4, Two phase multiplier

In the present calculation we used the following expression for

the frictional pressure loss,

o Y L GG -
Prre = —g vl wt GLEL (2-8)

Xt =1 forx =00 o zx=1.0

=@2£—- for 0.0 <z < 1.0

where X* : Modified two phase multiplier

and & 1is given as follows ; (see figs. 2-3 to 2-6)
interpolation of

Martinelli-Nelson's table ¥ P = 100psia
double interpolation of

Thom' s (Z50psia) 19 and

Martinelli-Nelson’s(100psia) ' values. 100psia < P < 250psia

interpolation of Thom's table '® 250psia = P
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3. Description of input data

Most of the input data was made based on those used in THYDE-P1
Sample Calculation Runs 20 ® and 21 '9 , which were very similar to
those of the RELAP4-EM/MODS sample problem '¥

The input data used in the present calculation are listed in
App. A-1 and A-2. The first data set, App. A-1, 1is for the first
calculation starting from the initial steady state and the other,
App. A-2, is for restarting from a restarting dump point of the
previous run, ’

In this section, we will give the main input data in use for

the present calculation.
3.1. Nodalization

The nodalization scheme in the present calculation is shown in
fig. 3-1.

Broken lecop Nodes 1 to 10
Intact loop Nodes 11 to 20
Downcomer Node 21

Lower plenum Node 22
Average core channel Nodes 23 to 28
Hot core channel Nodes 23 to 34

(nodes 23,28,29,34 are non-heated parts)

Core bypass Node 35

Core crossflow Node 36

Upper plenum Nodes 37

Upper head Nodes 38
Linkage nodes to pressurizer Nodes 3¢ and 40
Linkage nodes to PIS. Nodes 41 and 42
Linkage nodes to ACC. Nodes 43 and 44
Pressurizer Node 45

S.G. secondary Nodes 46 and 47
Accumulator Nodes 48 and 49
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Table 3-1 Node
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geometrical data

Node Description Flow area [Node length|Ncde volume
No A (w® ) L{m) |V {(m)
1 Broken loop hot leg 0.4266 5,240 2.235
2 | 5G inlet plenum 2.8953 1.865 4.821
3 | &G U-tube 0.83%2 5.000 4.978
4 | 8G U-tube 0.9852 5.460 5.434
5 | 5G U-tube 0.9252 10.480 10.410
B | SG outlet plenum 2.8953 1.865 4,821
7 | Broken loop cold leg 10,4865 7.340 3.571
8 | Pump 0.4266 5.576 2.379
9 | Broken loop celd leg 0.3837 2.82b 1.084
10 | Broken loop cold leg 0.3837 3.130 1.201
{1 Intact loop hot leg 1.2738 2.000 2.560
12 | Intact loop hot leg 1.2798 3.240 4,147
13 | SG inlet plenum 8.8859 1.655 14.462
14 | SG U-tube 2.8858 5.000 14.928
15 1 SG U-tube Z.98E8 5,480 16.301
16 | SG U-tube 2.9856 10.450 31.228
17 | &G outlet plenum 5.6859 1.685 14,462
18 | Intact loop cold leg 1.4%¢4 7.340 10.712
19 | Pump 0.5750 5.578 7137
20 Intact loop cold leg 1.2798 5,855 6.855
21 Downcomer 2.7435 T.248 19.885
22 | Lovwer plenum 4 8578 6.075 £79.511
23 | non-active core in average| 4.3552 0.230 1.002
24 | Active core in average 43552 0.800 3.484
75 | Active core in average 4.,32h2 0.800 3.484
26 | Active core in average 4 3062 0.800 3.484
27 | Active core in average 4, 3552 0.8C0 3.484
o8 | non-active core in average| 4.3052 0.230 1.002
29 | non-active core in hot 0.0222 0.230 5.11x107°
30 | Active core in hot 0.0222 0.800. 1.78%x107%
31 | Active core in hot 0.0222 0.800 1.78x 1072
32 | Active core in hot 0.0222 0.800 1.78x107°
33 | Active core in hot 0.0222 0.800 1.78% 1072
34 | non-active core in hot 0.0222 0.230 5.11x 107
35 | Core bypass 0.2419 3.660 0.885
36 | Core cross flow 9.079x 107 0.100 9.08x 107
37 | Upper plenum Q. 2841 4. 341 40 .348
38 | Upper head 3.86568 3.658 14.108
33 | Pressurizer surge line 0.0861 15.00 0,991
40 | Pressurizer surge line 0.0661 14 .30 0.945
41 Pumped injection duct 0.2182 12.00 2.630
42 | Pumped injection duct 0.0731 12.00 0.877
£A3 | Accumulator duct 0.1181 120.00 13.932
44 | Accumulator duct 0.0387 120.00 4.844




JAERI—M 84— 132

KEr

g~ 8 g 8
OOOOOWOEOOOOOOOO 020000000OOOOOOOO?OOOOOOOOO
OOOOO100OOO000001000000000OOOOOOOOOOOOOOOOOO

KEf

Bo 3 Bo 3

00000702000000007020000000000000008000000000
OO000300000000003000OOOOOOOOOOOOOOOGOOOOOOOO

KAr

491 x 10*

oo
44

wmoooows 8 I e <

O OOOOOOOOOO«[OOOOOOOOOOOOOOOEOOOOOOOO1000000

KAf

1mw

208 c0o¥Booforlooo¥Booor 283

03000000000030OOOOOO000000001000000001000000

Tahle 3-2 Loss coefficients of nodes

OOOOOOO

N§5858888

O 021
0.011

85

0.017
0.030
0.029
O 028
0.019
0.024
0.028
0.013
0.025
0.02t
0.027
0.028
0.0298
4.8357
0.011
1.032
1.588
6.416
6.160
6.072
6.218
6.044
B.737
5.285
5.642
5.570
5.574
4.661
6.194
47,855
6.9189
0.021

Node
No,

—NOIDO~ODO

11

12
13
14
15
16
17
18
19

QUNRIHRENERBH08S

35
36
37
38
39
40
41
42
43
44




JAERI—M 84— 132
3.2. Initial thermal-hydraulic state

The geometrical data and loss coefficient for each node are
listed in Tables 3-1 and 3-2 respectively. And the initial mass flux
and enthalpy at node 1 were set as ;

G =90 x 10° (kg/m® - sec)
h = 360 (Kcal /kg)
to be used for the initial distributions of the flow rate and

it

the specific enthalpy in the network.

3.3. Break data

- The double-ended guillotine break was assumed toc occur at

junction 8 at 0.01 second after the calculation started.

3.4, Steam Generator data
U-tube pitch 3.0 x10% m
Number of U-tubes of one unit a5
Initial secondary system pressure 62 atm
Initial specific enthalpy of feéd water o2 kecal /kg
Initial mass flow rate of feed water 474 ke/sec
Initial subcooled water level 4.0 m
Initial void fraction of saturated region 0.6

Table 3 -~ 3 Initial heat flux

Node No.|Heat flux (kcal/m* sec)

14 65.65
15 49.24
16 41.03

The feed water was assumed to be cut off at 0.4 sec after LOCA

initiation.
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3.5, Pump data

Pump data were made based on those used in the RELAPA /MODS

sample calculation. They are as follows

Rated speed 1185 ( rpm )
Rated flow 5.583 (m® / sec )
Rated torque 43250 (J / rad )
Rated head 9.704 (m )

Rated density = 747.8 (Kg / mw’)

The data of the single-phase head and torque homologous curves
are shown in figs. 3-2 and 3-3, respectively. And the head
difference homologous curves are shown in fig.3-4 , which are taken
from the RELAP4/MODS built-in data of Westing-House pump. The head

and torque multipliers as functions of void fraction are shown in

fig.3-5.



head/w’ or head/a’
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3.8.

Core data

The core was divided
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radially

into two regions ,

i.e.

an

average channel and a hot one. The radial peaking factor of the hot

one was assumed as 1.30.

Table 3 — 4 initial heat flux and number of fuel rods

average channel region| hot channel region
node no. heat flux node no. heat flux
(keal/m.sec) (kcal /m.sec)
linitial 23 non-heated 29 non-heated
heat 24 155.0 30 203.0
flux £5 234.0 31 304.0
6 234.0 32 304.0
27 156.0 33 203.0
28 non-heated 34 non-heated
number
of rods 390170 200
Reactor thermal power 3479 MWt
Fuel length 3.66 m
Plenum gas volume 1.235 x10° o’
Clad ocuter diameter 1.0732 x102% m
Clad thickness 6.187 x10* m
Pellet diameter 0.3146 <1072 m
Fuel rod pitch 1.42 x10% m

where the last four values are those at a full power operating

condition,
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3.7. Pressurizer data

The initial condition for pressurizer were !

Cross sectional area 3.58 n°
Height 1556 m
Stand pipe length 0.1 m
Initial subcocled water level 9.0 m
Initial void fraction of saturated region 0.99
3.8, ECCS data
Accumulator data
Initial water volume 23.2 m?
Initial nitrogen volume 10.0 m®
Specific enthalpy of water
for cold leg injection 51.7 keal/kg
for L.P. injection hys
Initial pressure 44 atm
Pumped injection data
Specific enthalpy of water
for cold leg injection 37.8 kcal/ke
for L.P. injection Ris
Mass flow rate 220 kg/sec for one loop
3.9, Heat slab data

As the heat slab models were newly adopted into the THYDE-P1,
there was no data of them in the previous Sample Calculation Runs.
So heat slab data were made based on those of the RELAP4-EM/MCD5

sample problem '



JAERI—M 84— 132

Table 3 - 5 Geometry and number of heat slabs

inner |outer |No.of |shape|No.of | length |inner radius|outer radius
node |node |slabs regioniof slabs {width)* (thickness)”
- 21 1 |Rect. 1 4.573 (8.019) (0.03556)
2t | - 1 1 Cyl. 2 .7.303 2.197 0.2199
22 - 1 ] Cyl. 2 2.871 2.195 0.1405
11 - 3 ! Cyl. 2 - 2.00 0.3682 0.06351
12 - 3 | Cyl. 2 3.182 0.3682 0.08351
1] - 1 |cyl.| 2 | 5182 0.3682 0.08351
18 - 3 | Cyl. 2 7.315 0.3938 0.08732
7 - 1 Cyl. 2 7.315 0.3838 0.08732
20 - 3 | Cyl. 2 6.400 0.3493 0.06031
S - 1 | Cyl. 2 3.200 0.3493 0.06031
10 - 1 Cyl. 2 3.200 (0.3483 0.06031
37 21 1 Cyl. 1 3.174 1.8797 0.05715
35 21 1 | Cyl. 1 4,267 1.8797 0.05715

{ ) * is for rectangular shape.

3.10. Container pressure

No particular model for the container was provided except the
temporal behavior of the container pressure which was a function of

time , i.e.

Time (sec) 0.0 7.5 15.0 30.0 1000.0

Pressure {(atm) 1.0 27 4.0 4.0 4.0
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3.11. Time constants of relaxation model for density change 8

Time constants t4 were set as follows ;

Table 3 - B8 Time constants for relaxation model

Time (sec) ) Nodes and/or {junctions)
0.0 - 13.8 none
13.8 - 18,7, 0.08] 10 20
18.7 - 33.1] 0.08] 10 20
: 1.0 Q
33.1 - 45.8 1.0 9 10 19 20 43 44 (29
10.0 | 21
45.8 - END 1.0 g 10 19 20 21 2334 43 44 (£9)
10.0 | 22 : :
3.12. Maximum time step used in the present calculation

The maximum time step width allowed in the present calculation

was given by input as follows ;

At = 0.001 sec. for t < 0.3 sec.
= 0,008 sec. for 0.3 <t <B60.0 sec.
= 0.0186 sec. for B80.0 < t < 80.0 sec.
= 0.032 sec. for .0 < t
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4, Calculated results and discussions.

In a postulated LOCA, it has been conventional to divide the
whole process into the three phases, 1.e. blowdown, refill and
reflood phases. As for the end of blowdown, it is usually defined as
the time when the system pressure has decreased almost to that of
the containment. And for the end of refill, it is defined as the
time when the lower plenum is filled with water, which is called
BOCREC. In the present calculation they are 29.5 sec. and 46.1 sec.,
respectively. ’

Therefore we call the period before 29.5 sec. as BLOWDCWN
PHASE, the period between 28.5 sec. and 46.1 sec. as REFILL PHASE
and- the rest as REFLOOD PHASE for convenience. The chronology of
events is summarized in Table 4-1, compared with the results of WREM
code. 92920 The detailed discussions about the events will be
made in the following subsections.

Note that the expression like "at T sec.’ represents "at T sec

after the initiation of LOCA" in this section.

4.1. Blowdown phase

In this subsection, the detailed discussion about the blowdown

phase will be presented.

A.1.1, Pressure transient

The calculated pressure transient from O to 48 sec. are shown
in figs. 4-1 to 4-6. They show the pressures at the core center, the
break points, the upper plenum, the pressurizer, the S.G. primary
and secondary in the broken loop, and those of S$.G., in the intact
loop, respectively.

The system pressure decreased very quickly form 1.63x107 Pa.
(initial pressure) to 1.31x107 Pa. in 0.18 sec. just after the
ipnitiation of LOCA. And after that, the choking at the break points
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Table 4 — 1 Chronology of events

Time(sec) |Time (sec) Events
THYDE-P WREM
0.01 0.01 Break took place and pumps were tripped off,
' and-core scrammed.
0.18' - Voiding started at center of hot channel.
0.20 -—— Voiding started at center of average channel.
0.28 e Voiding started at upper head.
0;4 e S.G. feed waters were tripped off.
1.0 1.3 Voiding started at lower plenum.
1.9 — Voiding started at down comer.
52 1.1 ACC injecticn to broken loop started.
14.5 13.2 ACC injection to intact loop started.
22.5 8.4 Pressurizer emptied.
25.01 25.01 Pumped injections tripped on.
29.5 23.5 End of blow down
34.1 26.02 ECC water started to penetrate downcomer . (EOBF)
37.7 7.0 FCC water filled up cold leg.
38.9 ——= ECC water reached downcomer.
(L..P. injection started)
46,1 41.9 Reflooding started. (BOCREC)
70.5 40.4 Acc injection ended.
T2 —e Bottom of core node in average channel quenched.
86. — Bottom of core node in hot channel quenched.
96.0 —— Burst occured in hot channel.
192. - Burst occured in average channel.
294 . —_— Lower half of average channel quenched.
333, -—— Lower half of hot channel quenched.
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and voiding at the core made the gradient rather slow. At 4.3 sec,
the break flow of the core side became a two-phase flow and that
made the gradient less steep.

At 20.5 sec., the system pressure is almost equal to that of
the containment (about 4x10° Pa.), and it is the end of blowdown.

The pressures at the break points, the upper plenum and the
S.G. primary showed a very similar behavior except that that of the
pump-side break point showed a rather faster transient for about 4
seconds. And that of the pressurizer showed very gradual transient
because of the choking at the surge line ; i.e. it decreased slowly
with an almost constant gradient until 22.5 sec., when the water
level in the pressurizer reached the minimum level, and then it
decreased quickly because of steam releasing. Compared with the
results of the RELAP4/EM-BLOWDOWN calculation, it can be said that
the THYDE-P evaluated the pressure transient milder. Such a tendency
is more marked at the pressurizer.

The pressure at the pressurizer caught up with that of the
system at 12 sec. in RELAP4/EM, and at 46 sec. in THYDE-Pi-EM, Such
a difference of the system pressure transients is caused by that of
the break flow, which will be discussed in the next subsection, and
the difference of pressure transient at the pressurizer is caused by
the difference of the critical flow at the pressurizer surge line,

which will be shown in the other subsection, 4.1.5.

4.1.2. Break flow

The break flow rates and their qualities are shown in figs. 4-7
to 4-10. Note that as the negative flow means discharging at the
core side of the break, so does the positive flow at the pump side.

At the core side of the break, the discharge flow decreased
swiftly until 4.3 sec., because it was a single phase flow. And
after that, the two-phase critical flow made the gradient slow. The
quality began increasing after 5 sec. because of decompression
boiling, and was suddenly stopped at 17.5 sec. by the ACC water

whose injection had begun at 14.5 sec. ACC waler also made the flow
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rate high. PIS water injection, which was started at 25.01 sec.,
made it subcooled at 28 sec.

At the pump side of the break, a similar behavior was observed,
but no subcooled critical flow could be seen and the transient was
about 4 or B seconds faster. That is, the decompression was so rapid
that vioding at the pump side break began at a very early stage, at
0.5 sec., and the quality increased up to @ sec. when it started to
decrease due to ACC water whose injection had begun at 5.2 sec., A
slight increase of flow rate could also be seen at about 10 sec. but
PIS  water whose injection started at 25.0! sec made it subcooled
after 28 sec.

When these results are compared with those of the RELAPA/EM
calculation, it can be said that the flow rate at the core side of
the break pcint are calculated to be considerably small by
THYDE-P1-EM from 3 sec. to 10 sec. As the quality of the break flow
in this period was between 0.0 to 0.1, it can be said that these
difference are caused by the smoothing method between the subcooled
and saturated regimes, and by the value of the discharge
coefficients {(Cp). They are 0.91 for Zaloudek and 0.6 for Moody in
THYDE-P1-FM, while both are 1.0 in RELAP4/FM. These values used 1in
the present calculation were chosen by the experience of the BE
calculation of many experiments, which would represent the discharge

flow realistically.

4.1.3. Core flow

As shown in figs. 4-11 and 4-12, the core flow at the hot
channel and at the average channel showed quite similar behavior.
That 1is ; at first, just after the rupture, a reverse flow occurred
at the bottom of the core and continued up to 2 sec. After that,
forwvard flow took place and persisted up to 8 sec. caused by the
voiding at the L.P. and the downcomer which began at 1.5 sec., and
1.9 sec. respectively. At the top of the core, a reverse flow
occurred at 1 sec and continued until 2 sec. This time lag of one

second can be explained by the voiding at the core center which
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started at a very early stage. After 2 sec. the behavior was quite
similar to that of the core bottom.

The differential pressure across the core, which denotes the
core flow and water accumulation in the core, is shown in fig., 4-13,

In the RELAP4/EM calculation, a reverse flow took place at O
sec. and the flow rate was larger. As this flow was supplied from
the upper head and the pressurizer, it came from the difference of
the pressurizer surge flow and the difference of noding at the upper

plenum and the hot-leg linkage junction.

4.1.4, Intact loop flow

The pump outlet flow and its quality are shown in figs. 4-14
and 4-15 respectively.

Up to B sec., the flow decreased slowly, for 1t 1is a
single-phase flow. At B sec. the voiding began and the two-phase
flow made it decrease rapidly.

As shown in fig. 4-18, the hot leg inlet flow decreased and
then became a reverse flow at 6 sec. This is caused by both the
decompression in the core and the injection from the pressurizer,
but the latter contributed mainly.

The cold leg outlet flow is shown in fig. 4-17 and it showed a
similar behavior to that of the pump outlet flow. The main
difference between them are caused by the ECC injection. That is |
ACC injection started at 14 sec. which stopped voiding at the cold
leg and the quality was suddenly reduced from 0.9 to 0.2, and the
PIS injection, which began at 25.01 sec. made it subcooled at 29
sec., and increased the mass flow rate. The mass flow rate was
larger by 1700 kg/sec at the cold leg than that of the pump outlet
flow. This difference was equal to the mass flow rate of the ACC
injection,

Comparing them with the results of the RELAP4/EM calculation,
we can see that the pump outlet flow and the cold leg outlet flow
matched well. But after 17 sec. the cold leg outlet flow was about
1 6 times as large as that of the THYDE-P1-EM. It is because the ECC
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behavior differs. And in RELAP4/EM, the hot leg inlet flow became a
reverse flow at B sec., which is mainly caused by the difference of
the pressurizer surge flow and the difference of the noding scheme
at the upper plenum. '

The pressurizer surge flow and the water level in  the

pressurizer are shown in figs. 4-18 and 4-19, respectively.

4.1.5. Broken loop flow

. The pump outlet flow and its quality are shown in figs. 4-20
and 4-21, respectively. They show almost the same behavior as those
of the pump side break flow in the early phase of blowdown, except
that after 10 sec. the break flow was larger by 500 kg/sec and the
quality decreased gradually because of the ACC injection. The hot
leg inlet flow is shown in fig 4-22. It was a forvard flow at any
time and the flow rate was twice as large as that of the RELAP4 /EM
calculation. As seen in the noding scheme, this flow was supplied
from the intact loop hot leg or from the core. After 10 sec. wvhen
the flow was a reverse flow in the core, it was supplied from the
intact loop hot leg. The division rate between the two sources
differs very much between THYDE-P1-EM and RELAP4,/EM. The difference
mainly comes from the difference of the noding scheme. That is, in
THYDE-P1-EM, water entered a small volume mixing junction, mixing
junction number 26, and divided into two passes without any
gravitational effect. While in REIAP4/EM water entered a large
volume node, the upper plenum, and divided into two directions. The
gravitational effect was taken into account in the downward flow,
which causes the core reverse flow. So the most part of flow went
toward the core in the RELAP4/FM calculation but the considerable
part went toward the broken loop hot leg in the THYDE-P1-EM

calculation.
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4.1.6, FCC behavior

The ECC behavior is shown in figs. 4-23 and 4-24. ACC injection
started when the pressure of the linkage junction decreased under 44
atm. It was at 5.3 sec. at the broken loop, and at 14.5 sec. at the
intact loop. PISs started at 25.01 sec. at both loops by trip
conditions. ACC water stopped voiding at the cold leg and increased
the flow rate, and PIS water made the coolant subcooled in both
broken and intact loops.

Comparing them with the results of the RELAP4/EM calculation,
we observe that ACC injection is delayed in THYDE-P1-EM. That is
because the decompression was estimated milder in THYDE-P1-EM. And
in RELAP4/EM, the ACC injection mass flow rates were about 1.6 times
as large as those in the THYDE-P1-FM, i.e. 2700 kg/sec for intact
loop and 800 kg/sec for broken loop in RELAP4/EM, while 1700 kg/sec
for intact loop and 500 kg/sec for broken loop in THYDE-P.

Though it may seem that FCCs stopped at 34.1 sec. 1in the
THYDE-P1-FM calculation, it was only for convenience's sake and the
ACC injection really stopped at 70.5 sec. ACC discharge continued
and the water mass in the ACCs were kept being reduced continually

as shown in figs. 4-25 and 4-26. (see subsection 2.1.)

4.1.7. Dowhcomer and Lower Plenum

The mass flow rates and their qualities at the downcomer and
the L.P. are shown in figs. 4-27 to 4-30. The results of THYDE-P1-EM
and RELAP4,/FM are quite similar to each other. A reverse flow
occurred just after the rupture and became a forward flow caused by
voiding which started at 3 sec. in the L.P. and at 4 sec. in the
downcomer, and again returned to a reverse flow at 6.5 sec in both
nodes. After that, the quality rose rapidly because of the high
enthalpy reverse flow from the core. At 17 sec. the reverse flow
rate decreased and hence the quality dropped a little, but socon
recovered and it kept being superheated up to 34.1 sec.

As shown in fig. 4-28, no forward flow could be seen between 4
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to 6 sec in the RELAP4/FM calculation. That is partly because the

break flow was too large to allow a reverse flow to occur at the

downcomer or L.P.

4.1.8. Temperature and HIC at core

" The temperature at the center of the fuel, the temperature and
the HTC at the cladding surface, and the quality of the coolant are
shown in figs. 4-31 to 4-38. _

- It can be seen that the temperature at the center of the fuel
suddenly fell just after the rupture due to the scram, and kept
almost constant value after 10 sec.

The cladding surface temperature rose quickly for 3 seconds
just after the rupture, because the decrease of the flow rate and
the flashing at the core made the cooling condition worse. But after
3 sec. it stopped rising until 8 sec. for the sake of the low
quality forward flow caused by the voiding at the [..P. and the
downcomer. After that, a reverse flow took place and it made the
coolant superheated. The HIC showed the minimum value at 10 sec.,
and the cladding surface temperature showed the maximum value at 11
or 12 sec. The peak temperature was 948 K in the average channel,
and 1,041 K in the hot channel.

After 12 sec. the increase of reverse flow rate, and the drop
of the coolant quality caused by the pressurizer surge flow improved
heat transfer until 24 sec., but again the surface temperature
tended to increase because of the small HIC of superheated steam
forced convection.

In the RELAP4/FM HOT CHANNEL calculation, the peak cladding
surface temperature is higher by 100 K than that of the present
calculation, and the time 1is earlier by 4 or 5 seconds. That is
bhecause the RELAP4/FM calculation evaluates the larger discharge
flow . It made the system decompression rapid and the coolant in the
core becomes superheated much earlier. And the cladding surface
temperature rose to the peak on a stretch because no forward flow

caused by voiding at the downcomer and the L.P. was calculated at 4
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or 5 sec.

After B8 sec., the temperature dropped swiftly. This is because
of the large amount of the reverse flow at the core, vwhich changes
the heat transfer mode from superheated steam forced convection to

film boiling.

4.1.9. Comparison to the RELAP4/EM calculation

Comparing the present results with those of the RELAP4/EM
calculation, it can be said that the overall behavior is very alike.
But as for the time , it ig somehow late in THYDE-P1-EM. It is
mainly because the injection flows are small in THYDE-P1-EM compared
with RELAP4,/FEM. That is, to say about ACC injection, the average
flow rate to the intact loop was 1700 Kg/sec in THYDE-P!{-EM, while
it wag 2700 Kg/sec in RELAP4/EM. Similarly it was 500 Kg/sec and 800
Kg/sec in the broken loop respectively. As for the pressurizer surge
flow at 1.0 sec., it was about 1300Kg/sec in THYDE-P1-EM but 2500
Ke/sec in RELAP4/EM. These differences, wvhich may be due to the
difference in C; , cause the delay of the pressurizer empty time or
ACC injection stop time.

The difference in the period from the end-of-blowdown to ECBP
comes mainly from the diffefence in the noding. That is, in the
THYDE-P1-EM calculation the cold leg outlet flow enters junction 29,
which is a mixing junction and has small volume without height.
While in the RELAP4/EM calculation it enters the large node, upper
half of the downcomer, the height of which is about 3 meters with a
considerable gravitational force. lgnoring this gravitational force
in THYDE-P1-EM, EOBP could not be observed even at 50 sec. or later.
In order to minimize this difference, THYDE-P!-EM was modified to
consider pgh ( h = 0.699 m = diameter of the cold leg ) term at the
downcomer top mixing Junction, but. the effect seemed to be small
yet. The same thing can be said about the upper plenum. As the
- reverse flow rate differed so much between the THYDE-P1-EM and
RELAP4/EM calculation, we should have considered a gravitational

term at the upper plenum junction in the present calculation.
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4.2. Refill phase

The refill phase starts at 29.5 sec. and ends at 46.1 sec. As
for the refill phase, there is little to be discussed. That is
mainly because many unrealistic assumptions were adopted in this
phase in order to execute an equivalent calculation and to make up
an equivalent initial reflood conditions to thogse of the WREM/J2
code. As these methods were presented in the subsection 2.2., they
are strictly based on those used in the REILAP4/FM and RELAP-FLOOD
calculations. They were adopted to simulate the following models
which had been used in the WREM/J2 code. Those are :

1. The total ECC mass injected is subtracted from the cold-leg,
the downcomer and/or the lower-plenum, just after ECBP.

2. ECC injection point 1is changed from the cold-leg to the
lower-plenum in starting RELAP-FLOOD calculation.

3. BOCREC time used in the RELAP-FLOOD calculation is not the one
calculated by RELAPA/EM, but is evaluated by a- manual

calculation as below:

Teoceee = Teowp + ATgine 4 ATgall
Trosp . EOBP-time calculated in RELAP4/EM
AT¢ip) ¢ time needed to fill the cold-leg and L.P.

ATfqp1 + time needed to free-fall the downcomer

Consequently  Tgorree differs from that computed in the
RELAP4 /EM-BLOWDOWN calculation..

4.2.1. Fuel temperature and HIC

The temperatures at the fuel center and at the cladding surface
are shown in figs. 4-31 to 4-34. As seén in them, they increased
linearly in this phase because an adiabatic calculation had been
executed. And the gradients of them are quite similar to those of
the RELAP4,/EM-HOT CHANNEL calculation.

HICs were set as zero in the refill phase, which can_be seen in
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figs, 4-35 and 4-38. The qualities at the core dropped to 1.0
because an adiabatic condition gave no heat to the coolant in the

core nodes, which are shown in fig. 4-37 and 4-38.

4.2.2. Other variables

As seen 1in fig. 4-23 and 4-24, ECC injections to the cold-leg
were stopped at 34,1 sec. But ACC ejections were  kept
hypothetically, and water mass left in ACC were reduced gradually as
shown in figs. 4-25 and 4-26. That was evaluated by equation (2-9).

Hypothetical ECC injection to the lower-plenum started at 38.9
sec. and the BOCREC was at 46.1 sec. The cold-leg heating (see
subsection 2.1.5.) started at 34.1 sec. and ended at 40.3 sec. (node
9y, 41.2 sec. (node 10) and 41.6 sec. (node 20).

The effect of this heating can be seen in fig. 4-9 and 4-10. It
disturbed the flow a little. That is, the pump outlet flow in the
intact loop became a reverse flow and its quality dropped because
the flashing in the adjacent node, node number 20, rout water toward
the pump node. But the disturbance diminished soon and the
RELAP-FLOOD initial condition was satisfied at the time of BOCREC.
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4.3, Ref'lood phase

The reflood phase begins at 46.1 sec. As it was noted in the
subsection 2.2., we gave priority to the check of the FLECHT HIC
correlation and of the history of the fuel and cladding surface
temperature. So the results of flow calculation considerably differs
from those of the RELAP4-FLOOD calculation. It is because a perfect
phase separation is assumed at downcomer and core, and FLECHT CARRY
OVER RATE FRACTION (CRF) was also used in the RELAP-FLOCD
calculation, But they were not used at all in the present
calculation because THYDE-P1-FEM solves physical equation strictly
even 1in the reflood phase calculation. Consequently the discussion
and comparison will be made mainly about the thermal calculation
results. And as the version SVO3L0Z of the THYDE-P does not have a
hottest-pin calculation model, it 1is impossible to compare the

results with those of the TOODEEZ calculation.

4.3.1. Temperature, HIC and Metal-Water reaction

The fuel center temperature, the cladding surface temperature,
the HTC at the cladding outer surface and at the inner surface (gap
conductance ), the M-W reaction heat generation rate, and the
thickness of the cladding oxide layer are shown in figs. 4-38 to
4-64. They show the transients from 45.8 sec. to 400 sec. Each
variable is shown for the four types of rods., They are the non-burst
rod in the average channel, the non-burst rod in the hot channel,
the burst rod in the average channel and the burst rod in the hot
channel. The burst occurred at 96 sec, in the hot channel, and at
192 sec. in the average chamnel. The burst nodes were node 32 and
node 2B, respectively, which were the same as the peak power nodes
at the steady state.

The fuel center temperature of both channels showed similar
behavior with a constant difference about 100 K. Maximum temperature
was 1,283 K at 243 sec. in the hot channel, and 1,180 K at 196 sec.

in the average channel. As for the burst rods, the fuel temperature
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of the burst nodes rose after the burst, and the maximum temperature
was 1,456 K at 243 sec in the hot channel, and 1,225 K at 243 sec in
the average channel. It is because the gap conductance of the burst
nodes suddenly dropped to 1/50 by the steam as shown in fig 4-53 and
4-54. Its effect can be seen in the cladding surface temperature of
the burst rods. As shown in figs. 4-45 and 4-48, the cladding
surface temperature suddenly fell down just after the burst. It 1is
because a small gap conductance made the amount of heat supply very
small,

- The claddlng surface temperature of the non-burst rods are
shown in figs. 4-43 and 4-44. The average channel temperature is
shown in fig. 4-43 along with the results of the RELAP-FLOCD
calculation. Though they cannot be compared directly because of the
difference of noding, it can be said that they agree well. The
difference of noding is that the slabs 1 to 3 of the RELAP-FLOOD
calculation are equivalent to nodes 24 and 25 of the THYDE-P1-EM
calculation,

The HTCs at the cladding surface are shown in figs. 4-47 to
A-50. HTC behaviors agreed with those of the RELAP-FLOCD calculatioen
beyond our expectation, in spite of the fact that the flow
calculation models, the method to identify the quenching node and
the HTC formula for quenching node.differs from those used in the
RELAP-FLOOD calculation. The main differences of the results are
summarized as follows

1. Quenching proceeds a little too fast in the present
calculation.

o At the beginning and the ending of quench, HTC jumped up 1in
the present calculation.

3 Sometimes HIC of the quenching node decreased in the present

calculation

These differences are due to the absence of the phase
separation model at the core and the L.P., and to the unusage of the
FLECHT CRF in the THYDE-P!-EM calculation.

Metal-Water reaction began when the cladding temperature rose

to Q00 K, and became more active accompanied with the temperature
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rise. So the thickness of oxide showed the maximum value at the core
center, node 26 and node 32, and it was 0.007 mm in the average
channel, 0,018 mm in the hot channel for the non-burst rods. As for
the burst rods, temperature drop due to the gap conductance decrease
made it thinner at the outer surface of cladding. It was 0.006 mm in
the average channel and 0.017 mm in the hot channel. But oxidization
began even at the inner surface and it grew to 0.0015 mm in the
average channel, 0.012 mm in the hot channel, the maximum total
oxide thickness was about 0.03 mm for a burst rod in the hot
channel. It is only 5% of vwhole cladding thickness and is safe
enough.

But there is a result calculated by TOODEE-2, which estimated
the maximum oxide thickness as 0.012 mm, that is only 2% of
cladding. in a severer condition that the peak cladding temperature
rose as high as 1300 K. So it may be said that M-W reaction is
considerably large in the THYDE-P1-EM calculation as compared with
the WREM/JZ2 calculation.

4.3.2. Other variables

Figs. 4-65 to 4-72 show the mass flow rate at the core, their
quality, the differential pressure across the core, across the
downcomer and between them. As seen in figs. 4 67 and 4-88, quality
did not become negative even in those nodes which had already been
quenched, And the differential pressure between the core top and
bottom is only 5x10° Pa. When it is converted to water head, it is
less than one meter. As for the downcomer it is twice as large as
that of the core, but when it is converted, it 1is less than 2
meters. All these are caused by the lack of phase separation model
at the core and the downcomer. Consequently we cannot make a
comparison about the flow calculation between THYDE-P1-EM and
WREM/J2 in the reflood phase. If we wish to do so, we should
implement the phase separation model and FLECHT CRF in the

THYDE-P1-EM code.
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TIME SEC

Fig. 4-50 HTC at cladding surface (hot,burst)
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EM MODEL-1 [ WG] «2-1 ([ BOTTOM NODE 3
EM HODEL-1 © HG] -3-1 | CENTER(LOWER})
EM HODEL-1 & HG] -4-1 [ CENTERIUPPER}}
EM HODEL-1 4 HBG) -5-1 { TOP NODE 1
83-07-01
EM C.HLUCI.LFITI?H 1 EEFLO'DD PHASE 3 . . .
" ,;‘ A n g ,' N .
o—"e""‘e":#:'; e e .
B ‘-\
PRIV N N R PP
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0x10°
TIHE SEC
Fig. 4-51 Gap conductance (ave,non-burst)
EM MODEL-1 © HGI -2-2 ( BOTYOM NODE )
EH HODEL-1 © MBI -3-2 | CENTERILONER))
EH HODEL-1 & HGl -4=2 { CENTERIUPPER))
€M HODEL-1 + WG -5-2 ( TOP NODE )
23-07-01
£ C'RLUCULRTH_)N [ REFLO'DD PHASE ‘ ’ ’
el O v = e o I N B S
i "] N h‘“‘=\\
mi:'\’ ﬁ\a\ *\LI<
A S S Gk\f?‘??:%#hqa&-a—ﬂ 0
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.5 4.0x10%
TIME SEC

Fig. -4-52

Gap conductance (hot,non-burst)
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EN MODEL-1 T HG2 -2-1 { B8OTTOM NODE )
EH MODEL-1 ® HGZ -3-1 { CENTER(LOWER)}
EH HODEL-1 A HG2 -4-1 { CENTERIUPPER))
£H HODEL-1 + MHG2 -5-1 ( TOP NODE )
83=-07-01
10‘ ENM ﬁ‘HLUclLﬁTII')N 1 REF'LDPD PHASE ! . .
e O — S ———H)
10°
102
-\-A-._A " "
10" lo—o—i—me—eno—te—o . .
0.4 0. 1.2 1.6 2.0 2.4 2.8 3.2 3.6 1.0x10°
TIME- SEC
Fig. 4-53 Gap conductance (ave,burst)
€M MODEL-1 (0 HG2 -2-2 ( BOTIOM NODE |
EN MODEL-1 ©® MHGZ -3-2 | CENTER(LOWER])
EH MODEL-1 & HG2 -4-2 [ CGENTERLOPPER))
EH HMODEL-1 + HGZ -5-2 { TOP NODE )
. 83-07-01
IU‘ EH C'HLUCULR”?H t REFLD'UU PHRSE l , .
gt +—it
N —— b B
1o’
102
A . - - A M*\“
*"ﬂ_“
1¢' b tol .
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 a.ox10?
TIHE SEC

Fig. 4-54 Gap conductance (hot,burst)
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EM MODEL-1 D LI) -2-1 ( BOTIOM NODE |
EH haDEL-1 © LI} -3-1 ( CENTERILONER))
EM MODEL-1 & LJ1 -4-1 { CENTER(UPPER))
EM HODEL-1 + L11 -5-1 { TOP NODE )
EN CALUCULATION | REFLOOD PHASE ) 23-07-01
!
ygiﬁii: S—O—0—a -t D
.B/;;km. PR PR S Ax—---—""'",:{—_ m in m' J h
=3 L B - L™ [* =) d Trd - T a5 B 3 3 ’J
0.4 0.6 1.2 1.6 2.0 - 2.4 2.8 3.2 3.5 4.0x10°2
TIME SEC
Fig. 4-55 Oxide thickness (ave,non-burst,outer)
EM MODEL-1 @ Li] -2-2 ( BOTTOM NODE |
EM MODEL-1 @ LIl -3-2 ( CENTER(LOWER))
EM HODEL-1 & L}l -4-2 ( CENTERIUPPER})
EH HODEL-1 + LIl -5-2 [ TOP NODE |
EM_CALUCULATION | REFLOOD PHASE ) 83-07-01
- /‘(/‘(’ N P
| e
,/A/"+rﬂ4'ﬁ 1
/ - o F. .Y o 44’ . i, o) 4T o P, Y £
a/e__.\—v o =4 \—4 L= =4 =3 = L=
&3 ::*:7“’E+'E:(:, @@ m gn mo
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.5 a.ox10?
TIME SEC

Fig. 4-56 Oxide thickness (hot,non-burst,outer)
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EH MODEL-1 [ L12 -2-1 ( BOTTOH NODE
EH HODEL-1 ® L12 -3-1 1 CENTER(LOWER)!
" EM MODEL-1 & L12 -4-1 { CENTER[UPPER})
o EH MODEL-1 + L1Z -5-1 [ TOP NODE ]
el ) 83-07-01
< EM C.RLUCULRHU_N [ REFLOPO PHASE l , ’ . -
W "-__‘*___ "N . " a3 " " " "
. /
5" /
r o /]
-
=
S e
- m
S /
a r
wl
¥ E/
x oo o—0—l0———A9—— G- 5Dt D—
[N ] o~
et —t
o ]
= " i
| Bt 5 e B— {31
U. A i
o 2
0.4 0.8 1.2 1.6 2.0 2.4 2.8. 3.2 3.6 4.0%10
TIHE SEC
Fig. 4-57 Oxide thickness (ave,burst,outer)
EM MODEL-1 0 L12 -2-2 ( BOTIOM NODE !
EM HODEL-1 (® L12 -3-2 ( CENTER{LOWER))
e EM MODEL-1 & L2 -4-2 ( CENTER{UPPER)]
o EM HMODEL-1 4+ L12 -5-2 ( TOP NODE |
> 83-07-01
- EM C'ﬂtUCULR‘FH'JH 1 REFLD.OD PHRSE l
o~
e
o~

H OoOat

s
@ il
— JP--*—-
o~ / /
E L
w
o=
o~ ® / /
; 7
™~ 9,451—9 &—B— {0 O D D—H— D—F
b
o P ’/
o [E—8 ~1'*"5'{+9'+5—H H—g— B84
Q
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 s.0x10°

TIME SEC
Fig. 4-58 Oxide thickness (hot,burst,outer)
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En MODEL-1 0 LO2 -2-1 ( BOTTOM NODE )
- EM HODEL-1 © LD2 -3-1 ( CENTER(LOWER))
© EM HOBEL-1 & ({02 -4-1 ( CENTER(UPPER})
o EM HDDEL-1 + LOZ -5-1 [ TOP NDDE 1
> 23=-07-0]
- ER C'RLUCULRTI?N t !EFLO.UD PHASE 3 .
o~
+ 9
é ~
b= 7+
- . | o A P, PR N N
e J
o
° /
w . Y
W
-
[« o} o
w
®
550-&-@*-%—9—-9—04—63%3 F—6—1—0—
| BB — B H— B — BH— 5 B — B
-
Q
e . . .
o
0.4 0-8 1.2 1.6 2.0, _ 2.4 2.8 3.2 3.6 4.0%1
TIHE SEC
Fig. 4-59 Oxide thickness (ave,burst,inner)
EM MODEL-1 [0 LO2 -2-2 ( BOTTOM NODE )
EM MODEL-1 @ LD2 -3-2 ( CENTER(LOWER})
» EM MODEL-1 & LOZ -4-2 ( CENTER(UPPER)}
o EH HMODEL-1 + LOZ -5-2 ( TOP NODE H
x REFLOOD PHASE ) 83-07-01
~ EM CRLUCULAT]ION | L
_-' T T Y T T "mwpﬁ
- //
é —
T o
o
f—
=
o
O w A
o w
b [=]
[
[+ 4 1
wt
o
f ‘! ra
x o /‘//}/f
L 4
6: v,
Q
[ = &t =8y
o 'y A A A
o
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0¥10
TIHE SEC

Fig. 4-60 Oxide thickness (hot,burst,inner)
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EM HODEL-1.00 QM) -2-1 ( BOTION NOOE )
EM MODEL-1 ®@ OM1 -3-1 f CENTERILOWER))
EN MODEL-1 & OM] -4-1 { CENTERIUPPER)!}
EM HODEL-1 + @OMl -5-1 ( TOP NDDE ¥
EN_CRLUCULATION i REFLODD PHASE ) ?"°7f°' ]
\3/0 N
Pp—t ]
T i St £)
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0xi0?
TINE SEC
Fig. 4-61 M-W reaction heat generation rate {ave,non-burst}
EM MODEL-1 0 OM] -2-2 ( BOTTON NODE )
EH MODEL-1 © Ol -3-2 ( CENTER(LOWER])
N MODEL-1 & OM] -4-2 ( CENTERIUPPER])
EM HMODEL-1 + OMI -5=-2 [ TDP NODE ]
83-07-0)
EH C_ﬂLUCULR”?ﬂ 1 RE?LDIOD PHASE I .
0/% f\ et :J-"k
< XK\N\‘
”1#"5V1;r’3 5 ﬁe\*ﬂf s ) — T ;;j:iiqn
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 a.ox10?

TIME SEC

Fig. 4-62 M-W reaction heat generation rate (hot ,non-burst)
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ENW HMODEL-1 O 0OM2 -2-1 { BOTTOH NODE )
EH HODEL-1 © QM2 =-3-1 ( CENTERILONWER))
EM HODEL-1 & QH2 -4-] ( CENTERLUPPER))
EM HODEL-1 + OH2 -5-1 ( TOP MNODE }

83-07-01

T ¥

EM CALUCULATION t REFLOOD PHASE )

9

|
7

g — B B
“ 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0x102
TIME SEC

Fig. 4-63 M-W reaction heat generation rate (ave,burst)

EH MODEL-1 00 QM2 -2-2 [ BOTTOM NQDE )
EM MODEL-1 © QN2 -3-2 ( CENTERILOKWER})
EH HODEL-! & QN2 -4-2 [ CENTERIUPPER))
EHM HODEL-1 + QHZ -5-2 ( TOP NODE !

83-07-01
EX CIHLUCULRHDH I_REFLOOD PHASE )

o
~ |

\ o\ .
r‘/ TR
L JF——-"‘P/ P
Lo Saftrk”gxbggz:
. 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0v10°
TIHE SEC

Fig. 4-64 M-W reaction heat generation rate (hot,burst)
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EH MODEL-! 00 GLV
EHW HODEL-! O OGLV
EX HODEL-1 & [GLV
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BOTTOH NODE
CENTER(LOWER)
CENTERIHIGHER}

REFLOOD FHRSE 1

Ny

%{*tmv/ o

TIHE SEC
Mass flow rate in core (average channel)

BOTTOH NOOE
CENTERILORER)
CENTER(HIGHER)

Fig. 4-66 Mass flow rate in core (hot channel)
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EM MODEL-1 [0 XLV -24-3  ( BOTTOM NODE )
EM MODEL-1 O XLV -25-3 { CENTER{LOWER} I
EM MODEL-1 & XLV -26-3 ( CENTER{RIGHER)!
EH MODEL-1 + XLV -27-3 ( TOP NODE g
83-07-01
- E.H, CQLUCULRTIUN REFLOOD PHHSE' 1 - .
] . ( .
e
™~
b
~ N,
" N
o .
.t w-\_‘ B\ -b\“
o \e—
B"\@\M
o . I T S W 17 OO S - - S W . SR S S W
L =]
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0x102

TIHE  SEC
Fig. 4-67 Coolant quality in core (average channel)

EXH HWODEL-1 00 XLV -30-3 { BOTTDM NDDE ]
EM HODEL~! O XLV -31-3 ( CENTER(LDHWER) )
EH HMODEL-1 & XLV -32-3 [ CENTER(HIGHMER)])
EH HODEL-1 #+ XLV -33-3 [ TOP NODE )
w  E.M. CALUCULATION { REFLDOD PHASE 3 83-07-01
i " ! 3 3 - . .
e
o~
@
3 ' I ‘\ « -
~ ;I/_V-‘ Bl 1
R TS,

£

N\

j

wiis
\
ARE
,g

\alda\\1*~1%~er/£k\ﬁu4
P U PO U P N )

0.4 0.8 1.2 1.6 2.0 2.4 2.9 3.2 3.6 s.ox1o0?
TIME SEC

Fig. 4-68 Coolant quality in core (hot channel)
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EM MODEL-1 O
33-07-01

1.2 x10"
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C
1
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~
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]
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Fig. 4-69 Differential pressure across core (average channel)
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TIME SEC

Fig. 4-70 Differential pressure across core (hot channel)
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EM HODEL-1 OO

B3-07-01
E-H.‘ CRLUCULR‘!’ION REF'LDOD PHHS§ } .
R
\RLvﬂ//a\dyr\*f/“\z( <z i
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0x10°
TIME SEC
Fig. 4-71 Differential pressure across downcomer
EH HODEL-1 [
. e3-07-0f
E.H.' CHLUCU’LFIIIOH REF_I.DOD PHRSE' 1
. A H\,“E
\\J [+))
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0x10°
TIME SEC
Fig. 4-72 Differential pressure between core and downcomer
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5. Conclusion

In this report, the results of the first through EM calculation
executed by THYDE-P1-EM have been presented. The main purpose of the
present work is to establish EM logic equivalent to that in use for
WREM/J2 with respect to ECCS analysis,

The code modifications were done so that the calculation would
comply with the "Safety Evaluation Guideline for the performance of
FCCS -of LWRs™ 'Y which is equivalent to those used in WREM/J2.

As shown in the preceding sections, we got the satisfying
results especially for the BLOWDOWN and REFILL phases.

The problems which have been pointed out in the course of the

present calculation are summarized as follows :

(1} The discharge coefficient for the break flow model seems
to have a large effect on the overall system states in
the BLOWDOWN phase. So a sensitivity analysis should be
made.

(2) The gravitational force term at the upper plenum mixing
junction may have a considerable effect on the reverse
flow in core at the early stage of the BLOWDOWN phase.

{3) The gravitatibnal force term at the downcomer top mixing
junction plays a very important role to terminate the
ECCS water downcomer bypassing.

(A The model to decide the quenching node and the
expression of the HIC at the quenching node should be
improved.

(5) There may be room for improvement in M-W reaction model
of THYDE-P1-EM.

(6) The adaptation of the FLECHT correlation should be
improved in THYDE-P1-EM.
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Appendix A-l Input data for an initial job

- 1000 MWE PWR BLOWDOWN ANALYSIS ( WITH HCT CHANNEL) 82.07.0% -- 0000100
/ 00000200
/ *xx3x DIMENSION DATA =*xxx QG000300
BBO1 0O0O040C
. 0 0 9 &4 16 49 40 € 2 2 2 2 3 6 5 302013 2 14 00000500
/ 00000600
/ txxx MINOR EDIT DATA #xxx 00000700
8BO2 0CO00800
CRE-O8 PRA-12 GLA-23 - GLA-29 GLE-35 GLE-36 GLA-37 GLA-38 PRA-26 00000900
/ _ 00001000
/ xxxx TIME STEP CONTROL DATA xxxx 00001100
3803 Q0001200
520301 ) QOR01300
0.2 0.2 1¢0. Q0001400
SBO302 00001500
20 3 50 0 1.0e-3 1.0E-6 0.3 0.1 00001600
SBO303 ' 00001700
100 3 50 0 B.CE-3 1.0E-6 60.0 0.1 00001800
SBO304 00001900
200 3 50 0 16.08-3 1.0E-é6 90,0 0.1 Q0002000
~SBO30S 00002100
200 3 50 0 32.0E-3 1.0E-6 2000.0 0.1 00002200
/ 00002300
/ *xxx TRIP CONTROLL DATA =x=xxx Q0002400
BBO4 oCo02500
SBO4EO Q0002600
1 0 1 ] 1300.0 0.0 ooo02700
SBO481 Q000D2800C
5 46 1 0 0.4 0.0 00002900
580482 00003000
5 47 10 0.4 0.0 . 000031C0
SBQ4B3 000032C0
2 B 1 0 0.01 0.0 00003300
SBOLBL 000034C0
2 19 1 s} 0.01 0.0 00003500
SB0O485 Q0003600
3 0 1 0 0.01 .0 Q0003700
SBO48BS Q0003800
4 1 1 0 25.01 0.C 00003900
SBO&87 0004000
-4 1 1 0 16C0.90 0. Q0004100
SB0488 00004200
& 2 1 0 25.01 0.0 CQ004300
SBO4LBY Q0004400
-4 2 1 o} 1000.0 0. Q0004500
SBOALG2 C000LAGO
[} 1 -3 1 240.0 0.005 ooQ0&700
SB0493 00004B0O0
& 2 -3 1 25C.0 0.0 0004900

SBO&94 Q0005000
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Appendix A-1 (continued)

e ]emmmkmm—w P fm— -3 e ufammmfm—mmk=~——=G-l——mr—-f————%-——=7-R--%-—--8§
6 3 -3 1 360.0 0.0 00005100
SBO4®5 co005200
-6 1 3 1 350.0 0.0 oQ005300
S80495 00005400
-6 2 3 1 305.0 0.0 00Q05500
SBLLYY 00005600
-5 3 3 1 380.0 0.00 Q0005700
/ Q000S58C0
/  xxx%x FLOW AJUST DATA =xx#%x 00Q0s900
BBOS : 00006000
1 9000.0 360.0 00006100

/ . 00006200
/  xxzxx NODE DATA xxxx 00006300
BBOS 00006400
$BO&01 Q0006500
1 126 1 0 1 158.4538 0.737 0. S5.24 0.0 Q0006600
: 0.043 0,084 0.0 0.0 0.0 00006700

SBO&02 QCC06800
2 1 1 2 0 1 158.9708 1.92 0. 1.665 1.665 00005900
3.73 1.97 0.0 0.0 0.0 oQo07000

$BO&03 00007100
37 2 3 1 3265 158.7624 0.0197 ©0. 5.0 5.0 00007200
0.033 0.048 0.0 0.0 0.0 00007300

SBO&CL 00007400
4 7 3 4 1 3285 158.1581 0.0197 0. 5.46 5.46 00007500
0.0 0.0 0.0 0.0 0.0 00007600

SBO&OS Q0007700
5 7 4 5 1 32565 157.4898 0.0197 0. 10.46 -10.46 00007800
. 0.0 0.0 0.033 0.048 0.0 0000?7900
SBO&OS Q0008000
6 1 5 & 0 1 157.7862 1.92 0. 1.665 -1.665 Q0008100
. 0.0 0.0 3.73 1.97 0.0 00008200
SBOSO7 Q0008300
71 &6 7 0 1 157 .4466 0.787 0. 7.34 -3.54 00008400
0.042 0.077 -1. -1. 0.0 Q0008500

SB0&608 Q0008600
g8 8 7 34 0 1 157.5243 0.737 0. 5.57635 3.54 Q0008700
-1. -1. ¢.202%9 0©0.2027 0.0 00008800

580609 Q0008900
g 1 34 g8 0 1 162 .0607 0.699 0, 2.825 ¢©.0 00009000
0.0 0.0 0.0 0.0 0.0 00009100

SBO610 00009200
10 1 829 01 162.0332 0.699 0. 3.13 0.0 000093200
¢.0 0.0 0.0 0.0 0.0 00009400

SBO&11 ' Do009500
11 1 26 27 0 3 158.4538 0.737 0. 2.0 0. 000094600
0.043 0.083 0.0 0.0 0.0 Qo009 700

SBos1Z 00009800
12 127 9 o3 158.4334 0.737 0. I.24 0. 00009900
0.0 0.0 0.0 0.0 0.0 00010000

SBO613 00010100
13 1 @ 10 o3 158.5528 1.92 0. 1.665 1.665 00010200
3.73 1.97 0.0 .0 0.0 . 00010300

5BOs14 00010400
14 7 10 11 1 97%5 158.7445% ©.0197 C, 5.0 5.0 00010500
0.033 D.048 0.0 0.0 0.0 00010600

580615 00010700
15 7 11 12 1 9795 158.1387 0.0197 0. 5.46 5.46 00010800
’ 0.0 0.0 ¢.0 0.0 0.0 00010900
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SBO&1S

16 7 12 13 1 9795 157.4691 0.0
9.0 0.0 O©.

SB0617

17 1 13 14 0 3 157.7645 1.
0.0 0.0 3

SB0&18

LB 1 14 15 o} 3 157 .4249 0.7
0.042 0.077

SBO&61Y

19 8 15 28 0 3 157.5027 ©.7
-1. -1.

SBD620

20 1 28 29 0 3 162.0373 0.6
0.0 0.0

580621

21 4 29 16 0 1 1462.4638 1.
¢.0 0.0

SB0O622

22 516 30 01 162.9140 2.4
0.0 0.0

5B0&23

23 2 30 17 0 39170 182.6047 1.0
0.746 0.74

350624

24 2 17 18 1 39170 162.1173 1.0
0.0 0.0

SB0625

25 2 18 31 1 39170 161.54610 1.0
0.0 0.0

SB0&26

26 2 31 1% 1 39170 140.9517 1.0
0.0 0.0

880627

27 2 19 20 1 39170 140.3296 1.0
0.0 0.0

SB0628

28 2 20 33 © 39170 159.7062 1.0
0.0 0.0

SB0629

2% 2 30 21 0 200 162.6047 1.0
1.284 2.482

SB0&30

36 2 2% 22 1 200 162.1173 1.0
D.0 0.0

SB0631

31 2 22 32 1 200 161.5610 1.0
0.9 0.0

SBO&32

32 2 32 23 1 200 160.946155
0.0 0.0

SBO&33

3% 2 23 24 1 200 160.3296 1.0
0.0 0.0

SBOS34

3L 2 24 33 0 200 159.7062 1.0
0.76 0.34

SBO&3S

35 3 30 33 0 1 162.6047 0.5

g m—mmhm———# e -Gm—mmdmanfr k= ——=F-Ro—% =8
00011000

197 0. 10.46 -10.46 00011100
033 0.048 0.0 00011200
00011300

92 0. 1.8665 -1.665 Q0011400
.73 1.97 0.0 00011500
00011600

87 0. 7.34 -3.54 co0117C0
-1. -1. 0.0 000118Q0C
06011%9Q0

37 0. 5.57635 3.54 00012000
0D.2029 0.2027 0.0 00012100
00012200

99 0. 5.955 0. 00012300
0.0 0.0 0.0 00012400
¢G012500

869 0, 7.248 ~7.248 00012600
0.0 .0 0.0 00012700
GC012800

87 0. &6.075 1.948 00012900
0.0 0.0 0.0 cR013000
0Cc013100

0. 0.23 0.23 Q0013200
0.0 0.0 0.0 00013300
00013400

¢. 0.80 0.80 00013500
0.0 0.0 0.0 00013600
00013700

0. 0.80 0.80 c0013800
.0 0.0 c.0 00013900
C0014000

0. 0.80 0.80 00014100
0.0 0.0 0.0 00014200
00014300

¢. 0.80 0.80 ¢0014400
2.0 0.0 0.0 000145Q0
00014600

0. 0.23 0.23 00014700
0.0 0.0 .0 00014800
00014900

0. 0.23 0.23 000615000
0.0 0.0 0.0 00015100
00015200

0. ©0.80¢C 0.80 00015300
0.0 0.0 0.0 00015400
Q0015500

¢. 0.80 0.80 Q015600
0.0 0.0 0.0 00015700
00015800

0o 0. 0.80 0.80 00015900
0.0 0.0 0.0 00016000
000616100

0. 0.80 0.80 00016200
0.0 0.0 0.0 00016300
00016400

0. 0.23 0.23 00016500
0.0C 0.0 0.0 Q001660C
Qo016700C

55 0. 3.466 3.66 00016800
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$B0636
36 1 32 31 0 200
SB0O637
37 13326 0 1
$B0638
38 13 26 40 0 1
580639 ]

319 13 27 25 0 1
SB0O640
L0 132535 0 1
SBO&41
41 13 28 37 0 3
SBO&42
L2 13 3¢ 38 0 1
SBC6&L3
£3 13 28 36 0 3
580644
44 13 34 39 0 1

/
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(continued)

0.77 0.83 0

161.029550 0.
0.0 0.0 Q

159.17209 3.4
0.0 0.0 0

5.0 2.216
1.491E4 1.49
5.0 0.29
0.41 0.87
5.0 0.29
0.0

10.0Q 0.305
0.0 0.0

10.0 0.305
0.0 0.0

10.0 0.222
0.109 D0.049

.87 0.

034 0.
.0 0.

4 0.
.0 0.

0. 3.6
1E4 O.

0. 15.
0.0

0. 12
0.0

a. i2
0.0

c. 12¢
0.0

10.0 0.222 €. 120

0.109 0.049

/ sxxx JUNCTION DATA s=sx*%x

BBOY

A N el e o)
[ 3EVe 2N BN BRI NPV WIS e T o e RN I ST B o RS W)

AV Y]
[FYRN VI

[RCRR AN BN
o~ o

[ASENpS]
w ~

T O e R e I e e e

. e
[sReNeloResRoRoRoRelol

. .
CCoCOoCOOOaO0O

.027
049
0.351

e NeReNoleNelsNoNeNeNoloNeoNoNeNe oo o olole o lleoie
P . . .

0.0

78

0.1
0

0.0

0.
0.0

4.341 1.64

0

58
0

-0
0.0

.0
C.0

.0
c.0

.0
0.0

0.0

P kmmmad o img————fm—~e%e—==§————k=——wfg-——--g===-7-R--¥---—8

00016900
00017000
00017100
00017200
00017300
00017400
00017500
00017600
00017700
00017800
00017900
00018000
0001B10C
00018200
00018300
00018400
00018500
00018600
00018700
00018800
00018900
00019000
00019100
00019200
00019300
00019400
00019500
00019600
00019700
00019800
00019900
00020000
00020100
00020200
00020300
00020400
00020500
00020600
00020700
00020800
00020900
00021000
00021100
00021200
00021300
00021400
00021500
00021600
00021700
00021800
00021900
00022060C
00022100
00022200
00022300
00022400
00022500
00022600
ooO22700
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Appendix A-1  (continued)
emm— e gmem—@ecaafmemnFec——ke-e—hem=m—k====5--=-k--——f-=-—k-—--7-R--x----§
29 3 0.531 00022800
10 & 0.1 00022900
31 4 0.01 00023000
32 4 0.01 00023100
33 4 0.05 00023200
34 4 0.117 00023300
35 & 0. 00023400
36 S 0. 00023500
17 7 o, 00023400
8 7 0. 00023700
39 5 0. 00023800
40 8  O. 00023900
/ ) 00024000
/ xxxx MIXNING JUNCTION DATA =xxx 00024100
BBOB 00024200
SBO801 ' 00024300
26 3 1 11 38 0 0.25 0.75 0. 0. 00024400
SBO8O2 00024500
27 2 12 3% 0 0 1.0 0.0 0. 0. 00024600
580803 00024700
28 3 20, 41 43 0 1.0 0.0 0.0 0.0 00025800
SBOB0G 00024900
29 1 21 0 O O 1.0 0.0 0.0 0.0 00025000
58080% 00025100
ig 3 23 29 35 0 0.945  0.00S 0.05 0.0 00025200
SBOBOG 00025300
T3 1 26 0 0 0 1.0 0.0 c. 0. 00025400
580807 00025500
T2 2 32 36 0 O 0.99 0.01 0. 0. 00025600
S8080B 00025700
=3 1 37 0 0 0 1.0 0.0 0.0 0.0 00025800
SEOBQY 00025900
36 3 ¢ 42 4&L 0 1.0 0.0 0.0 0.0 00026000
‘ 00026100
/ wxsxx PUMPED INJECTIDN DATA =xsxx 00026200
28B0Y 00026300
580901 00026400
1 37 7.8 00026500
2 1 00024600
0.0 666.0 1000.0  666.0 00026700
SBOG02 00026B00
2 38 37.8 000246900
2 1 00027000
0.0 =222.0 1000.0  222.0 00027100
/ 00027200
/ xxxx PUMP DATA =xxx Qonz273Q0
BB10 00027400
381001 00027500
411 1185. 5.583 43250. 97.54 747.6 11BS. 3455. 0. 0. 0.05 00027600
581002 00027700
16 1 1 1185. 5.583 43250, 97.54 747.6 1185. 3455. 0. 0. 0.05 00027800
/ 00027900
Jxxes PUMP DATA TABLE =xxs (RELAP4 BUILT-IN DATA} WESTINGHOUSE PUMP 00028000
BE11 00028100
SB1101 00028200
1 00028300
13 00028400
1. 3.5  -.6 2.73 -.32 2.20 -.18 2.00 .0 1.73 .2 1.50 0002850C
46 1.24 .52 1.23 6 1.26 L6686  1.24 .8 1.17 .9 1.10  0D02B400
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Appendix A-1 (continued)
. T St DR TR SRR RS S PR T TP
1. 1.00 00028700
12 00028800
-1. ©0.00 -.01 0.00 .0 -0.16 .1 -0.12 .2 -0.06 .28 0.00 00028500
.4 0.09 .6 0.31 .7 0.42 .8 0.50 .88 0.54 1. 0.59 00029000
11 Q0029100
-1. 0.00 -.01 0.00 .0 -0.96 .1 -0.90 .2 =-0.81 .3 ~-0.70 00029200
4 -0.54 .53 -0.30 .65 0.00 .8 0.37 1. 1.00 00029300
14 00029400
-1, 3.55  -.89 3.20 ~.74 2.80 -.6 2.47 ~.46 2.20 -.2 1.73 00029500
0. 1.40 .37 0.80 43 0.74 .5  0.68 .58 0.64 .64 0.62 00029600
.7 0.61- 1. 0.59 ' 00029700
17 00029800
-1, 2.98 -.82 2.40 -.6 1.87 -.hé 1.60 ~-.34 1.40 =-.2  1.21 00029500
-.1 1.10 0 1.01 1 0.96 .2 0.92 .3 0.90 s 0.89 0C0O300CC0O
.5 0,91 7 0.99 8 1.02 .9 1.02 1. 1.00 00030100
9 : 00030200
1. 0.00 -.01 0.00 .0 ~-1.00 .25 -0.60 .4 ~0.37 .5 ~-0.25 00030300
.6 -0.16 .8 -0.01 1. 0.11 00030400
5 00030500
-1, 0.00 -.01 0.00 .0 -0.87 .1 -0.76 .2 ~0.63 .3 ~0.48 00030600
.6 -0.31 74 0.40 1. 1.00 00030700
10 00030800
-1, 2.98 -.91 2.80 ~-.8 2.60 -.7 2.42 ~-.6 2.25 ~.42 2.00 00030900
e 1.42 6 0.61 .8 ©.35 1. 0.1 000631000
16 00031100
S1. -1.16  -.9 -1.24 =-.8 -1.77 -.7 -2.36 =-.6 -2.79 ~-.5 -2.91 00031200
-.4 -2.67 -.25 -1.69 ~-.1 -0.50 .0 0.00 .1 0.83 .2 1.09 00031300
.5 1.02 7 1.01 .9 0.94 1. 1.00 00031400
7 Q0031500
-1. 0.00C .0 0.00 .2  -0.34 WA -0.65 6 -0.93 .8 -1.19 00031600
1. -1.47 Q0031700
9 00031800
-1. 0.00 .0 0.00 .1 -0.04 .2 0.00 3 0.10 .4 0.21 00031900
.8 0.487 .9 0.80 1. 1.00 00032000
19 00032100
-1. -1.16 -.9 -0.78 ~-.8 -0.50 =-.7 =-0.31 =~-.6 =-0.17 ~-.5 -0.08 00032200
~-.35 0.060 -.2 0.05 -.1 Q.08 .0 0.11 .1 0.13 .25 0.15 00032300
40,13 5 0.07 .6 -0.04 .7 -0.23 .8 -0.51 .9 ~0.91 00032400
1. ~1.47 00032500
0 00032600
0 00032700
0 00032800
0 00032900
11 00033000
.0 0.00 1 0.00 .15 0.05 .24 0.80 3 0.96 4 0.98 00033100
.6 0.97 8 0.90 .9 0.8¢C .96 0.50 1 0.00 00033200
2 Q00033300
0.0 0.00 1.0 Q.00 00033400
& 6 00033500
0.0 ©.2 0.6 0.6 0.8 1.0 00033600
0.0 0.0 0.0 0.0 g.o - 0.0 0.0 00033700
.2 0.0 3.065E-5 7.723%9E-5 1.3263E-4 1.946E-4 2.6207E-4 0003380C
C.4 0.0 4.866E-5 1.2261E-4  2.1053E-4 3.0996E-4 4.1602E-4 00033900
0.6 0.0 6.376E-5 1.6066E-4 2.7SB7E-4 4.C4BSE-4 5.4514E-4 00034000
0.8 0.0 7.7239E-5 1.9463E-4 3.3419E-4 4.9044E-4 &6.6037E-4 00034100
1.0 0.0 B.962BE-5 2.25856-4 3.878E-4  S5.691E-4  7.6631E-4 00034200
/ 00034300
/ wxxx ACCUMLATOR DATA xxxsx 000346400
BB12 00034500

— goi
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Appendix A-1 {continued)

e e e S S B R et e e e e A S dalattl
spl201 Q0034600
48 34 70. 30. 51.7 44 . DOO34700
0.194 3.0 00034800
5B1202 00034900
L9 39 23.3 10. 51.7 Lk, 00035000
0.194 1.0 ‘ Q00351¢C0

/ 00035200
/ xxxx BREAK POINT DATA =xxx 000353C0
8B13 DD035400
8 ©0.01 0.4 0.8 0.6 0.6 0.8 0.6 0.6 0¢.0 0.0 0.0 0.0 D0035500

] ’ 000354600
0.0 1.¢ 7.5 2.7 15. 4.0 30. 4.0 60. 4.0 100C. 4.0 Q0035700

/ . 00035800
/ =xxxx PRESSURIZER DATA xxxzx : 0035900
BB14 00036000
L5 '35 11 3.58 15.586 9.0 0.99 0.1 000361C0
1.7 385.0 00036200

S¢.0 1.0 0.1 0.0 0.0 00036300
0.915 0.91% 0.915 1.525 3.05 4,58 00034400
0.564 0.67 0.61% 000346500

2 00034600

o. 1.0 1.0 1.0 1000. 1.0 1.0 1.0 Q0036700

/ 00036800
/ «xxx STEAM GENERATOR DATA =xxx 00036900
BB1S 00037000
SB1501 QO037100
4¢ 3265 3 5 3 1 00037200
5.5 18.9 0.7 0.5 3.0E-2 1.0E-2 10.4 4.0 222.1 474.5 Q0037300
.1 0.95 6&2.0 CO0374Q0
2.0 11.0 ¢c003750¢C

-40. -~30. -25. 00037600
0.001 80. 0.5 0.5 0.5 00037700

3 00037800
g.¢ 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1000.0 1.C 1.0 0.0 00037900
SB1502 : 00038000
L7 2795 14 16 3 1 0o038100C
16.5 18.9 2.1 0.5 3.0E-2 1.0E-2 10.4 4.0 222.1 1423.5 00038200
0.1 0.95 6&2.C CO0038300
2.0 11.¢0 00038400

-40.0 -30.C -25.0 00038500
0.003 80. 0.5 0.5 0.5 0003840C

3 CO0038700
0.01.0 1.¢ 1.0 1.0 1.0 1.0 1.C 1000.0 1.0 1.0 G.O 60038800

/ . CC0389C0O
/ xxxx CDRE DATA xxxx 00039000
9816 00039100
/ --~ AVERAGE CHANNEL ----- 00039200
SB1601 00039300
b 00039400
9170 23 28 1 3 1 2 2 00039500
2000.0 5.3658E-3 0.6187¢-32 4, 6573E-3 1.42E-2 0.6 1.0E~4 00039600
5.0124 0.0212E-0G2 0.0305 0.1402E-02 Q0039700
Jo111% 0.1254E-Q2 0.301 Q.2529E-07 R 00039800
1.13 0.0736E-02 3.00 0.0269E-0Q2 Q0039900
5.0 0.6 4_.91E-04 3.41E-06 1.2 1.54E03 Q0040000
0. 156. 234. 234, 156, 0. Qo04010¢C
1.6122E-07 6.42E-07 7.56E-07 7.56E-07 6.42E-07 1.622E-07 QQC40200
1.6122E-07 &.42E-Q7 7.56E-07 7.36E-07 &.42E-07V 1.622E-07 00040300
1.86122E-07 &4.42E-Q7 7.564E-07 7.S6E-Q7 &.42E-07 1.622E-07 00040400



JAER[--M 84— 132

Appendix A-1 (continued)
e gmmmm] e g e @ —mmfm = o wm—fymm——K—===f - k-———f=—m—gem=nT-R--%--=-~§
1.61226-07 6.42E-07 7.56E-07 7.56E-07 6.42€-07 1.622E-07 00040500
/ -—- HOT CHANNEL --- 00040600
831602 00040700
2 00040800
200 29 34 1 3 1 2 2 00040900
9000.0 5.3665E-3 0.6187E-3  4.6682E-3  1.42E-2 0.6 1.0E-4 00041000
0. 203.0 304.0 304.0 203.0 O. 00041108
1.6122E~07 6.42E-07 7.56E-07 7.56E-07 6.42E-07 1.622E-07 00041200
1.6122E~07 6.42E-07 7.56E-07 7.56E-07 6.42E-07 1.622E-07 00041300
1.61226-07 6.42E-07 7.56E-07 7.56E-07 6.42E-07 1.622E-07 00041400
1.6122E-07 &.42E-07 7.56E~07 7.56E-07 6.42E-07 1.622E-07 00041500
/ 00041600
/  xxxx REACTIVITY DATA sxsx 00041700
BB17 00041800
3 00041900
0. 0. 0.5 -5. 1. -25. 00042000
5 00042100
18. 3.568-3  S38. 0 1093, -3.08E-3  1649. -2.7E-3  2760. -2.44E-300042200
5 00042300
0.01 0.0 1.0 -0.1 1.5 =-0.2 2.0 -3.0 1000. -8.0 00042400
/ 00042500
/  xxxsxMETAL WATER REACTION DATA x*x 00042600
8818 00042700
1.54E03 0.775E-04 2.29E04 00042800
; 00042900
/ xxxx FUEL GAP DATA sxx=» CC043000
8819 00043100
0.0301 0.0 1.2356-5 0.0 0.0 0.0 0.0 0.6 0.6 0.0 00043200
C.9495 ©.0157 0.0028 0.0 0.032 0.0 0.0 00043300
/ 00043400
/  xxxx BURST DATA sxx« 00043500
8820 00043600
2 2 5.0E7 6.96E-08 2.87E4 2.86E-03 1.15E0 1.528EQ 00043700
1.49E-07 2.0E-08 1.256-16 1.85E-01 8.0E09 3.3£-03 00043800
0.1 00043900
/ 00044000
/fxxxx CONTROL DATA FOR HEAT SLAB »xxx 00044100
BBZ21 00044200
31 00044300
/ 00044400
Jexxx HEAT SLAB DATA sxsx 00044500
BB22 00044600
582201 00044700
1111 021 4.573 8.019 B8.05456 0. 0. O. 00044800
12 7 0 0.03556 O. 00044900
582202 00045000
221221 07.303 2.197 2.4169 0. 0. O. 00045100
11 4 0 0.00397 0. 00045200
2310 0 0.21593 0. 00045300
$B2203 00045400
321222 02.871 2.195 2.3355 0. 0. O. 00045500
i1 4 0 0.00397 ©. 00045600
23 8 0 0.13653 0. 00045700
$B2204 00045800
423211 0 2.00 0.3682 0.43171 0. 0. O. 00045900
11 5 0 0.01270 0. 00046000
21 5 0 0.05081 0. 00046100
$B2205 00046200
523212 0 3.182 0.3682 0.43171 0. 0. O. 00046300
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Appendix A-1 (continued)
prmegammm]e ke 2k — =B = ——f————k———-5i=n=k———-f-—~—Kh——--F=R--¥=-~=-§
11 5 © 0.01270 O. 00046400
21 5 o0 0.05081 O. 00046500
SB2206 00046600
6212 1 ©05.182 0.3682 0.43171 0. 0. O. 00046700
11 5 0 0.01270 0. 00046800
21 5 0 0.05081 O. 00046900
$B2207 00047000
7 23218 0 7.315 0.3938 0.46112 0. 0. O. 00067100
11 5 0 0.01270 O. 00047200
21 5 0 0.05462 O. 00047300
582208 - 00047400
8 212 7 0 7.315 0.3938 0.46112 0. 0. O. 00047500
11 s 0 0.01270 0. 00047600
21 5 0 0.05462 O, 00047700
582209 00047800
923220 0 6.400 0.3493 0.40961 0. 0. O. D00A7900
11 5 © 0.01270 0. 00048000
21 5 0 0.04761 0. 00048100
582210 00048200
16212 9 © 3.200 0.3493 0.40961 0. 0. O. 00048300
11 5 ¢ 0.01270 0. 00048400
2 1 5 o} 0.047861 0. 00048500
582211 Q0048600
-2 212 10 0 3.200 0.3493 0.40961 0. 0. 0. 00048700
11 5 0 0.01270 O. 00048800
21 5 0 0.04761 0. 00048900
sp221z 00045000
12 2 1 1 37 21 3.176 1.8797 1.93685 0. 0. O. 00049100
12 9 ¢ 0.05715 0. 00049200
582213 00049300
13 2 1 1 35 21 4.267 1.8797 1.93685 0, 0, O. 00049400
12 9 ¢ 0.05715 0. 00049500
/ 00049600
Jxwxx MATERIAL DATA =xxx 00049700
8823 00045800
582301 00049900
1 00050000
STAINLESS STEEL ¢ COMPOSITION UNXNOWN ) 00050100
2 00050200
20.0 7850, 1000. 7850. 00050300
9 _ _ 00050400
93.3 0.1165 148.9 0.1206 204.4 0.1247 260.0 0.1288 315.6 0.1319 00050500
3171.1 0.1349 426.7 0.1370 537.8 C.1411 1093.3 0.1636 00050600
2 00050700
93,7 3.43E-3 S37.8 4.BBE-3 00050800
582302 00050900
2 00051000
STAINLESS STEEL ¢ 18-CR , 8-NI ) 00051100
2 00051200
20.C 7820.  1000. 7820. 00051300
o . 00051600
93.3 0.1170 148.9 0.1211 204.4 0.1252 260.0 0.1293 315.6 0.1324 00051500
371.1 0.1354 426.7 0.1375 537.8 0.1416 1093.3 0.1642 00051600
2 00051700
93.3 3.94E-3 537.8 5.42E-3 00051800
582303 00051900
7 00052000
MN-MO-NI-STEEL ¢ AS533 2 : 1.5-MN , 0.5-MO , 1.0-NI ) 00052100
2 00052200
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Rppendix A-1 (continued)

———-l--—-],———-i——--2————*—--—3—--—*—-"—-l;————i————5-———*——--6'———-i—-‘--?*R--*———-—B
20.0 7800. 1000, 7800. 00052300
5 00052400
75.0 0.1249 225.0 0.1279 275.0 0.1340 325.0 0.1380 375.0 0.1441 00052500
5 00052600
5.0 1.24E-2 100. 4.8BE-3 200. 1.17E-2 300. 1.10E-2 &00. 1.02E-2 00052700

/ 00052800

/xxxsx RELATIVE POWER DATA FOR HEAT SLAB sxxx(DUMMY DATA) 00052900

3824 . 00053000

582401 00053100
1 00053200
2 : 00053300
0.0 0.0 100.0 0.0 00053400

/ , 00053500

/ sxxx DTHER DATA xsxx 00053600

BB2S 00053700

0. 1.4 1.4 O, _ 00053800

BEND 00053900

4 00054000
©c 0 0 0 O 15. 00054100

0. 1.0+1C 0. -1.0€+10 0.01 0.01 00054200
0 00054300
0 0.0 00054400
0 0.0 00054500
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Appendix A-2 Input data for a restart job

—— 1000 MWE PWR BLOWDOWN ANALYSIS ( WITH HOT CHANNEL) B2.07.09 --
/
/ xzzxx DIMENSION DATA xxxx
BBC1
0 2 9 & 16 49 4O 9 2 2 2 2 3 & 5 302013 2 14
/
/ wxxx MINOR EDIT DATA *xxxx
BBO2
PRE-0O8 PRA-12 GLA-23 GLA-29 GLE-35 GLE-3&6 GLA-37 GLA-38 PRA-26
/ .
/ =xxsxx TIME STEP LCNTROL DATA =xxx=x
8B0O3
SB0O301
0.2 0.2 100.
SB0302
20 3 5C 0 1.0E-3 1.0E-46 0.3 0.1
580303 .
100 3 50 0 B8.0E-3 1.0E-6 60.0 0.1
SBO30L
200 3 50 0 16.0E-3 1.0E-6 ©90.0 0.1
SBO30S
200 3 50 0 32.0E-3 1.0E-& 2000.0 0.1
/
/ xxxx TRIP CONTROLL DATA =%xxx

BBO4
SBO4BO
1 0 1 © 1000.0 0.0
5Bo481
S 46 1 0 0.4 0.0
SBO&8Z
547 1 0 0.4 0.0
SBC4B3
2 8 1 0 0.01 0.0
Sp0484
2 19 1 0 0.01 0.0
SBO4BS
3 0 1 0 0.01 0.0
SBO486
4 1 -1 0 25.01 0.0
SBOLB7
-4 1 1 ¢ 10C60.0 0.
SB0488
4 2 1 ¢© 25.01 0.0
580489
-4 2 1 0 1060.0 o.
Sa0492
6 1 -3 1 240.0 0.005
SBOALY3
6 2 -3 1 250.0 0.0
SBO4FL

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000
Qooci1iod
ocoC1200
00001300
00001400
00001500
00001600
Q0001700
00001800
Q0001900
00002000
Q0002100
00002200
Q0002300
00002400
Qooe2s500
Q0002600
QQo02700
00002800
00002900
00003¢C00
00003100
00003200
Q0003300
00003400
00003500
000036090
00003700
00003800
00003900
00C04000
000046100
00004200
00004300
00004400
00004500
00004600
00004700
00004800
00004900
00005000
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Appendix A-2 (continued)
S R R T Mm—m—fm———m oG wasfomm—fm——mk===m—F-R——%~—=—§
6 3 -3 1 360.0 0.0 ' 00005100
5B049S 00005200
-6 1 3 1 350.0 0.0 00005300
$B0496 00005400
-6 2 3 1 305.0 0.0 00005500
580497 00005600
6 3 3 1 380.0 0.00 00005700
/ 00005800
BEND 00005900
10 00006000
0 0 0 0 O 40. 00006100
0. 1.0+10 0. =1.0E+10 0.01 0.01 00006200
0 00006300
0o 0.0 00006400
0 0.0 00006500
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- Appendix B Nomenclature

Q=

Céa t

Céub

Pfs

Cross-sectional area of flow { m® )

Adjusting factor used in eq. 2-1 ( - )

Discharge coefficient for saturated critical flow { =)
Discharge coefficient for subcoocled critical flow { —
Hydraulic diameter (m )

Friction factor ( - )

Jacobian equation’ value derived from mass equation

Mass flow rate at the upstream point of node ( kg/mt - sec )
Mass flow rate at the downstream point of node (kg/h@- sec)
Critical mass flow rate at the break point ( kg/h@- sec )
Critical mass flow rate by Moody ( kg/mz- sec )

Saturated fluid enthalpy ( Kcal/kg )

Loss coefficient

Length of the node ( m )

Pressure at accumulator ( kew/m )

Pressure at cold-leg ( kgwyh? 3

Frictional pressure drop ( kegw/m )

Time of End-of-Bypass { sec )

Time of L.P. injection start ( sec )

Time step width ( sec )}

Volumetric flow rate ( m /sec )

Volumetric flow rate from accumulator ( m3/sec 3

Quality ( - )

Coefficient used in the eq. 2-6 ( - )

Density ( kg/m )

Node average density ( kg/m®

Node average density at one time step before { kgyhﬁ 3
Saturated fluid density ( kg/m* )

Delay time constant for density change ( sec )

Two phase multiplier ( - )
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Appendix B Nomenclature

A Cross-sectional area of flow ( m )

C Adjusting factor used in eq. 2-1 ( - )

et Discharge coefficient for saturated critical flow { - )
Cﬁm . Discharge coefficient for subcooled critical flow ( - )
D Hydraulic diameter (m }

f ‘ Friction factor { - )

11 - Jacobian equation value derived from mass equation

Gt Mass flow rate at the upstream point of node ( kg/m?- sec )
GE Mass flow rate at the downstream point of node (kg/mf - sec)
Gy Critical mass flow rate at the break poinf { kg/m’ - sec )
Oy Critical mass flow rate by Moody ( kg/n’ - sec ).

hys Saturated fluid enthalpy ( Kcal/kg )

k Loss coefficient

L Length of the node (m )

Pace Pressure at accumulator ( kegw/m’ )

P Pressure at cold-leg ( kegw/m* )

Pric Frictional pressure drop kgw/* )

Trose Time of End-of-Bypass ( sec )

Tipinj Time of L.P. injection start { sec )

AT Time step width { sec )

W Volumetric flow rate ( m /sec )

Wice Volumetric flow rate from accumulator { m /sec )

x Quality ( - )

] Coefficient used in the eq. 26 ( - )

p Density ( ke/m’ )

D Node average density ( kg/m )

Dold Node average density at one time step before ( kg/m )
Dfs Saturated fluid density ( kg/m )

™ Delay time constant for density change { sec )

& Two phase multiplier { -



