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THYDE-P is a code to analyze loss-of-coolant accidents (LOCA) of the

3 pressurized water reactor (PWR). 1In this report, the blowdown portion of

| THYDE-P sample calculation Run 10 is presented along with THYDE-P inputs
requirements. Run 10 forms a portion of a series of THYDE-P sample salcu-
lations to be performed by the evaluation model option on a specified plant
design and is characterized by a simple nodalization such as a single active

core node and discharge coefficient 0.6,
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I. Introduction

THYDE—P(l)is a computer code to analyze the transient thermal-
hydraulic responses 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 is needed at present for
the THYDE-P development may be to conduct a systematic study by sample
calulations. Thus far, three series (10, 20 and 30) have been started
for sample calculations by THYDE-P. This document presents the sample
calculation Run 10 which is the first of the series 10.

These calculations are hoped to become the bases for the future
safety calculations by the THYDE-P code. It is expected, however, that
in order to meet the objective, at least several runs are needed for
each of the series, until the true base cases will be established. They
will be performed by the EM (evaluation model) option on a specified
plant design, a typlcal 4-loop PWR. The inputs and assumptions for these
sample calculations are almost identical with those of the "base case"
2) of WREM(B)
ratory, JAERI or those of sample problem 5 in RELAP 4 (mod 5) tape

calculation scrutinized by Reactor Safety Evaluation Labo-
acquired through NEA CPL, Series 10 are characterized by a simple nodali-
zation such as a single active core node and discharge coefficient 0.6,
In section 2, a brief description of the specified PWR plant is
given for which the sample calculations will be conducted., In section 3,
the THYDE-P representation of the PWR plant is presented along with Run
10 nodalization. In section 4, remarks are made on the steady state
adjustment of the primary loop pressure distribution. In section 5, the
time step width control of Run 10 is described. In section 6, some of the
modifications implemented after publication of Ref.(l) are explained. In
section 7, the calculated results of Run 10 are presented in order. In
section 8, code modifications yet to be made, which have been found
necesgsary in the course of this work or after pubiication of Ref,(l) are
described ( as of Oct.15, 1979, items (1), (2) and (7) cited in section

8 have been resolved.).
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2. PWR Description

A typical 4-loop, 1,100 MWe PWR was selected for the THYDE-P sample
calculations.

The reactor is a vertical cylinder 12 feet high (active fuel length)
and approximately 12 feet in diameter. The core is made up of 193 fuel
assemblies. Each fuel assembly contains a 15 x 15 array of rods. A fuel
rod consists of U0, fuel pellets c¢lad with zircaloy-4 tubing.

Light water coolant (and moderator) flows up through the core to the
upper plenum of the reactor vessel and into the four coolant loops. EFach
coolant loop consists of a heat exchanger, a pump, and the cennecting
piping. The heat exchangers are an inverted U-tube design with steam
generation on the shell side of the tubes. Primary coolant flows from the
upper plenum of the reactor vessel to the inlet plenum of the heat exchanger.
The inlet plenum water flows into the heat exchanger tubing and back te the
outlet plenum of the heat exchanger. The water then goes to the centrifugal
pump and back to the annulus of the reactor vessel. The water flows down
the annulus to the lower plenum of the reactor vessel and then flows up

through the core,
3. THYDE-P Plant Representation

The Run 10 nodalization of the 4-loop PWR system is shown in Fig.3.1,
where numbering of nodes and junctions are made according to the rules
given in section A.l1 of Appendix A. Run 10 is characterized by a simple
nodalization such as a single active core node. The main inputs and
assumptions for Run 10 are presented below. 1In the next section, we give
a brief remark on the steady state adjustment of the primary loop pressure
distribution. The complete list of the input data is given in Appendix B.
(1) The double-ended break was assumed to occur at junction 8. And the

pressure at the break was assumed to drop exponentially with time

constant 0.4 sec,
(2) 'In the steady state adjustment, THYDE-P requires G and h at one point

of the primary coolant network. They were selected to be;

G =9.0 x 10 kg/m%sec
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and

h = 360 kcal/kg

at point A of normal node 1.

(3) 5C {(Steam generator);

secondary system pressure 45 ata
shut—off time of feedwater and steam flows 0.4 sec
specific enthalpy of feedwater _ 140 kecal/kg
set point of relief valve 80 ata
U-tube outer radius 0.0111 m
U~-tube pitch 0.030 m
number of U~tubes of one unit 4,000
subcooled water level 4 m

initial heat flux (relative wvalue)

node p(=)

3 60

4 65

5 70

12 60

13 65

14 70

(4) Core;
reacter thermal power 3,479 MWt

initial heat flux

node ¢(kcal/m2/sec)

22 n.0

23 208.0

24 0.0
number of fuel rods 40,000
active fuel length 3.66m
plenum gas volume 1.229 x 107° n?®
clad outer radius 5.36 ¥ 107° m
clad thickness 6.20 X 107° m
pellet radius 4.62 % 107% m
fuel rod pitch 1.42 x 1072 m

(The last six values are those at the initial operating condition.)



JAERI-M 8560

(5) Pressurizer;

cross-sectional area 3.58 m?
height 15.56 m
initial water level 9.0m

(6) Accumulator;

initial water volume 70 m®
initial nitrogen volume 30 m®
specific enthalpy of water _ 50.9 kcal/kg
initial pressure | 40.0 ata

(7) Pumped injection;
specific enthalpy of water 50.0 kcallkg
mass flow rate 600 kg/sec
(8) No structural heat source or sink was assumed.
(9) ©No particular model for the container was provided except the temporal
behavior of the container pressure which was an input function of time,

i.e.,

time (sec) ‘ 0.0 | 7.5 I 15.0 ’ 1000.0

press. (ata) I 1.0 l 2.7 l 3.0 j 3.0

{10) The rotor of the centrifugél pump was assumed to be locked at
time = 0.1 sec.
(11) The discharge coefficient was selected to be 0.6.
(12) The loss coefficients for the linkage nodes are;
kzs = ks = 1.0
k7 = kzg = 10.0

4, Steady State Adjustment of Primary Loop Pressure Distribution

THYDE-P is capable of setting up the steady state not only of the
primary loop, but also of all the other plant elements such that it is the
exact solution of the equations governing the transients. These steady
state adjustments are straightforward, except for the primary loop pressure
distribution.

The steady state adjustment of the primary loop pressure distribution
may need a good deal of experience, since if the input pressure distribution
is not proper, some of the resulting loss coefficients may turn out to be

either negative or unrealistically large. In the following, we will give a
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recipe for steady state adjustment of primary loop pressure distribution.
We will have to put the THYDE-P code on a computer for a short computer
time at least several times by changing the primary loop pressure distribu-
tion until we obtain a set of realistic loss coefficients. 1In view of the
quantities printed out on the output list for each run, we may modify the
input pressure distribution so that we can obtain realistic less coeffi-
cients. We note that the steady state pressure distribution has nothing to
do with the enthalpy and mass velocity distributions and hence that a small
variation in the input pressure'distribution only gives rise to a small
perturbation in the flow properties other than the loss coefficients.
Suppose that the loss coefficient of node n resulted in an unrealistic
value and thus try to obtain a suitable value for it by changing the
pressure at point A of the adjacent node n'. To this end, we will obtain

a relationship among pﬁ, pi, and kn'

A B A B

From Eq.(2-1-22) of Ref.{1l), we obtain

2 2
& GF
E_ A o l.(‘ﬁﬂm -—D) (1)
Pn 7 Pur 2 A E
Py P,

since a steady state of a PWR is subcooled throughout the primary loop.

From Eq.(2-1-16) of Ref.(l), we obtain

2 2
A ¢ fL G
0=ph -2 B L+ Byl (2)
Pp 7P A T F 2omT Dy né ™ Ho
n n n

Eliminating pE from Eqs.{1l) and (2), we cbtain

A A
Pnl = pn = ann + gnnv (3)

where
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2 2 2 2

1 Gn' Gn Gn 1 fnLn Gn

= - — —— __———-—H+

San? 2 At R YA T2 5, T Pt
[ 8] o n
n n n
and

_ 2

SN /e

It is assumed that the value obtained for k, has been found inappro-
priate which satisfies Eq.(3) with inputs pﬁ, and pﬁ. We note that Cn and
gnn, can be evaluated by the wvarious vaiues printed out on the output list
and that they do not change much with Py and Py v- Thus, choosing any
desired value for kn’ we can obtain a new candidate for pﬁ, from Eq.(3)
with the help of Cn and gnn' evaluated from the last calculation provided
that the resultant pi, is sufficiently close to the original omne.

We can repeat this procedure from one node after another, for example,

up to a pump node.
5. Time Step Width Control

THYDE-P has an option which allows automatic time step width control.
We define a relative increment R of quantity ¥ in the interval t (old) and

t + At (new) as

1d
o b
il b

(4)

+E3

where E; is an Input value, If any R is greater than E; (an input value),
the time step width will be halved and the calculation is to be done over
again. TIf all R's are less than E,E, (E,: an input value), then the cal-
culation proceeds to the next time step which will have twice as large a
width as the last. Tt all R's are less than E; and, moreover, any R is in
between E; and E E;, then the calculation proceeds to the next time step

with the same width as the last. 1In Run 10, we sellected E;, E, and E; as

E) = 0.2 for G (5)
Eo 0.2
Es 100.0 kg/m?/sec
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It is assumed that the value obtained for k,, has been found inappro-
priate which satisfies Eq.(3) with inputs pﬁ, and pﬁ. We note that Cn and
Enn' can be evaluated by the various values printed out on the output list
and that they deo not change much with pﬁ and pﬁ,. Thus, choosing any
desired value for kn, we can obtain a new candidate for pﬁ, from Eq.(3)
with the help of Cn and gnn' evaluated from the last calculation provided
that the resultant pi, is sufficiently close to the original one.

We can repeat this procedure from one node after another, for example,

up to a pump node.
5. Time Step Width Controil

THYDE-F has an option which allows automatic time step width control.
We define a relative increment R of quantity x in the interval t (old) and
t + At (new) as
new old
R o= =
L0
2

(4}

+ E3

where E, is an input value. If any R is greater than E; (an input value),
the time step width will be halved and the calculation is to be done over
again, If all R's are less than E;E, (E,: an input value), then the cal-
culation proceeds to the next time step which will have twice as large a
width as the last. It all R's are less than E, and, moreover, any R is in
between E; and E;E;, then the calculation proceeds to the next time step

with the same width as the last. In Run 10, we sellected E;, E, and E; as

E1 = 0.2 for G (5)
E, 0.2
Es 100.0 kg/m*/sec
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and
Et = 0.1 for the others (6)
E; 0.2
Ez 0.001

In the present version of THYDE-P, all the time step control parameters
E,, E, and E; are set in subroutines TSCHK and TSCHK2, except E,(EPSMX) for
variables other than G and DELTMAX (the maximum allowable time step width)

which are specified by dinput data block BBO3. For Run 10, we chose

DELTMX = 4 x 107°% sec N
EPSMX 0.1

We should note that the time step control parameters (5), (6) and (7)
are only tentative and that there should be better choices for them since

the computer time critically depends on them.

Finally, we did not apply in Run 10 the time step width control te

the linkage nodes.
6. Code Modifications
6.1 Node Equations

The node equations described in section 2.1.3 of Ref.(l) has undergone
several modifications which are explained below. The notations are the
same as in Ref.(1). The quantities with a bar on top should be interpreted
as the average values defined in the following.

As mass and energy equations, we have

LE=GA—GE (8)
and
dph _ _ - "
L at GAhA GEhE + IA IE + QL (9)
where
I = prs ugj hfg
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Since

do _ %0 3h  9p dp

dt  9h dt = 3p dt (10

we obtain, from Eq.(8) and (9), Egs.(2-1-14) and (2-1-15) in Ref. (1), i.e.,

i 1 - . fti .
h = EE'{GAhA - Gghp = h(G,~Gp) + I, - Izy+QL} (11)
and
o _ . o de s
{1+ ad(hArh)}GA {1+ ag(hg=h) 16, +b - L ap £ =0 (12)
where
I )
4 ¢ dh
_ _ H
b = ay (IA IE + QL)
We now define an average f of quantity f(p,h) as
f=f(p,h) . (13)
where

P=(p, + Py) /2

and h is the solution of Eq.(11). Eqs.(ll) and {12) contain hA and hE’
which will be expressed in terms of h as follows.
In order to ensure smooth change in enthalpy with flow direction

change, we introduce parameters nA and g for each node such that

-1t (i = A or E) (14)

where

With the help of nA and nE’ we define hA_and hE as
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new _ _ —new
hA = hfrom (1 nA) + h nA {15)
and
new —new
hE = h (l—nE) + hto Ng (16)

where h and h are the enthalpies just outside points A and E of the
from to

node in question, respectively, as shown in Tablel.

adjacent velume hfrom hio
normal node i of from—node E™Y of to-node
mixing junction h+new h+new
container (break) O.lth(Pref)+O.9hfs(Pref) O.lhgs(Pref)+O.9hfs(Pref)
AC or PZR or PI (not defined) enthalpy of AC or PZR or PI
Table 1. hfrom and heg

For Run 10, we used T = 15 ms for enthalpy smoothing for flow direction

change.
6.2 Smoothing of Heat Transfer Coefficients

One of the characteristics of THYDE-P code is the automatic time step
width control which requires, for example, complete steady state adjustment
so that the initial state is the exact solution of the equations governing
the following transients. It also requires continuity of various parameters
such as those appearing in Eqs.(11) and (12), which could have discontinuity
with various mode changes. Discontinuity in hA and hE with flow direction
change, for example, is avoided by introducing the delay parameters M and
Np (see section 6.1), Discontinuity in thermodynamic properties which could
take place with phase change is circumvented in terms of another kind of
delay parameters N in Eq.{(A-2) in Ref.(1).

There is still another kind of mode changes, which may introduce large
discontinuities leading to numerical instabilities i.e., the mode changes
in heat transfer. Since there are so many heat transfer modes invelved in
LOCA analysis, we introduced another smoothing technique to ensure continuous

transition of heat transfer coefficient with the mode change. Thus, we

‘consider
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4t g -l
dt B T (17

c . .
where htr is the heat transfer coefficient calculated from the correlations.

if

" heat transfer coefficient hir obtained

We will make use of the "effective
from Eq.(17), in order to evaluate the heat input to the coolant flow.

For Run 10, we selected T = 160 msec for Eq.(17).

7. Calculated Resulits

7.1 CPU Time

The CPU time depends on various factors, especially on (1)
the time step width contrel parameters and (2) the iteration method for
obtaining the solution of the hydraulic network equations. The parameters
Ei1, Ez, E3, DELTMX and EPSMX for Run 10 are given by Eqs.(5) to (7), which
are only tentatively chosen. Therefore, it is very likely that other sets
of values for these parameters couid yvield shorter CPU times.

We note that the THYDE-P solutien technique for the primary loop flow
is a nonlinear implicit technique which invariably requires an iterative
method. Normally, 5 or 6 iterations are needed to obtain the solution for
the primary loop flow. If we relax the criterion for comvergence of the
iteration, the computer time will of course be reduced. We note that if
we adopt a linear dimplicit technique such as those in RELAP(B) or FLASH(a),
we can considerably reduce the computer time, since it is equivalent to
performing no iteration for the loop flow,

The CPU time required for Run 10 by a FACOM 230-75 computer was about
7 hours.

7.2 - Steady State Adjustment
Fig.7.1 shows the distribution of the average pressure p = (pA+pE)/2

in the primary loop which was obtained following the procedure described in

section 4.
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where htr is the heat transfer coefficient calculated from the correlations.
We will make use of the "effective" heat transfer coefficient hiif obtained
from Eq.{17), in order to evaluate the heat input to the coolant flow.

For Run 10, we selected T = 160 msec for Eq.{17).

7. Calculated Results
7.1 CPU Time

The CPU time depends on various factors, especially on (1)
the time step width control parameters and (2) the iteration method for
obtaining the solution of the hydraulic network equations. The parameters
E;, E2, E3, DELTMX and EPSMX for Run 10 are given by Egs.(5) to (7), which
are only tentatively chosen. Therefore, it is very likely that other sets
of values for these parameters couid yield shorter CPU times.

We note that the THYDE-P solution technique for the primary loop flow
is a nonlinear implicit technique which invariably requires an iterative
method. Normally, 5 or 6 iterations are needed to obtain the solution for
the primary loop flow. If we relax the criterion for convergence of the
iteration, the computer time will of course be reduced. We note that if
we adopt a linear implicit technique such as those in RELAP(3) or FLASH(a),
we can considerably reduce the computer time, since it is equivalent to
performing no iteration for the loop flow.

The CPU time required for Run 10 by a FACOM 230-75 computer was about
7 hours.

7.2 - Steady State Adjustment
Fig.7.1 shows the distribution of the average pressure p = (pA+pE)/2

in the primary loop which was obtained following the procedure described in

section 4.
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It was found that the steady state adjustment for the SG secondary
system is not adequate. The input value of the SG secondary system pressure
for Run 10 is chosen to be 45 ata, for which a solution was found to exist.
The actual value of the SG secondary system pressure is about 65 ata, for
which, however, the present steady state adjustment failed to obtain a
solution for the U-tube wall temperatures, The reason why the present
adjustment failed for 65 ata and succeeded for 45 ata has not entirely
been clarified, There might be two reasons conceivable for it. One is the
fact that the steam table of THYDE-P is so crude in the neighborhood of
65 ata that the bulk temperatures of the secondary coolant become too close
to those of the primary coolant. The second possibility is that the
numerical technique to obtain the U-tube wall temperatures is not able to
cope with some of the heat transfer mode changes during iteration. Finally,
we note that at the primary nodes corresponding to the SG subcooled water
level there may be a discrepancy between the initially uniformly assumed
heat input and the resultant non-uniform heat input to the secondary system.
In order to obtain consistency, we will have to resort to an iterative

technique, In Run 10, the calculated SG feedwater flow rate is

Q N
II
feed hfs hfeed
= 082 kg/s

at 45 ata for the input water level 9,0 m. The actual value of Me o od is
about 470 kg/s, while Eq.{(18) for 65 ata gives 899 kg/sec. The actual
initial subcooled water level seems to be much lower than 9.0 m.

In order to obtain a realistic value for the initial value of Meoed?
in addition to giving a realistic value for the initial subcooled water
level, we will have to implement an overall iterative technique stated

above.
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7.3 Plant Transient Behaviors

Division of the primary loop into 5 sections, as shown in Fig.7-2
may help us to classify the various calculated results:

A ; flow path composed of the intact loop 5G, hot legs, broken loop
5G and broken loop pump

B ; flow path in the intact loop composed of the SG, crossover leg,
cold leg down tec mixing junction 24

C ; flow path composed of the rest of the intact loop cold leg,
downcomer top and broken loop cold leg

D ; flow path composed of the downcomer, lower plenum and core

E ; the ECC ducts and the pressurizer duct

The positive direction of a flow is taken to hbe that of the initial
steady state. State of a node is represented by various quantities at

the entrance and exit of the node, designated by A and E, respectively.

7.3.1 Pressures

The asymptotic behaviors of the pressure throughout the primary loop
are almost identical except their amplitudes., Figs.7-3 to 7-5 show some
of the calculated results for pressures. The rate of depressurization of
the system is closely related to the value of the discharge coefficient

which is 0.6 in this sample calculation.

7.3.2 Mass fluxes _

Figs.7-6 to 7-19 show the calculated results for mass fluxes at
various points in the primary loop. The positive direction of a flow
coincides with that at the initial steady state. By examining these
figures, we can find that the flows in each of paths A, B, C and D have
common features so that the figures may be classified into the groups
designated by A, B, C, D and E corresponding with the respective flow
paths:

A ; Figs.7-6 to 7-9
y Figs.7-11 and 7-12
s Figs.7-13 and 7-14
; Figs. 7-15 and 7-16
;3 Figs.7-17 to 7-19

m Y o =



(win

JAERI-M 8560

=Y

Fig.7-2 Flow Paths
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Fig.7-10 shows that G?B first belongs to group B, but later to group A.
The asymptotic difference in magnitude between G?B (Fig.7-12) and G?g
(Fig.7-13) is due to ECC injections (see Fig.7-18 and 7-19).

The asymptotic flows in paths A, B and C are composed of two main
streams, one which starts at the SG of the intact loop, passes through the
upper plenum and goes out of the primary loop as the break flow and the
other that starts at the SG of the intact loop with the oposite direction,
passes through the downcomer top and goes out of the primary loop as the
other break flow, The flow resistances for the two streams through A and
B plus C may be considered identical.

It is interesting to note that the core flow mostly flowed downward
and tended to be stagnant.

Fig.7-17 shows Gé7 which increased at 28 sec. when the pumped
injection was initiated. Figs.7-18 and 7-19 show the flows out of the

pressurizer and accumulator, respectively,

7.3.3 Enthalpies
Figs.7-20 to 7-32 show the calculated results for specific enthalpies
which also can be divided into the groups associated with paths A, B, C,
D and Ef
; Figs.7-20 to 7-23
; Figs.7-24 and 7-25
; Figs.7-26 and 7-27
; Figs.7-28 and 7-29
; Figs.7-30 and 7-32

m Y 0o @

Looking over Figs.7-20 to 7-253, we can find that the specific enthalpies
in paths A and B were almost constant till the flows became superheated
steam. It is interesting to note that paths A and B became superheated
steam almost at the same time. Specific enthalpies at 9A and 19A shown
in Figs.7-27 and 7-26, respectively, started to decrease when the accumu-
lator was actuated at 19.6 sec and decreased more rapidly after the
initiation of the pumped injection at 28.0 sec.

‘Figs.7—28 and 7-29 show the specific enthalpies of the downcomer
inlet and the core inlet, respectively. The oscillation till 16.5 sec.
correspondes with the flow oscillation in Fig.7-15 or 7-16 which shows
that the direction of the flow alternated. Therefore, the specific

enthalpies in path D oscillated between the saturated enthalpy of the
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downcomer top and the superheated steam enthalpy of the core. Then, as
shown in Figs.7-28 and 7-29, after 20A or 23A became superheated steam

at 16.5 sec., the enthalpies first decreased and then again increased.
This can be explained as follows. The flow in path D remained negative
and didn't change its direction after 16.5 sec. {(see Figs.7-15 and 7-16)
so that the coolant did not have enough time to heat itself up inside the
core. Later, however, after 25 sec., the specific enthalpies of the hot
legs gradually increased (see Fig.2-21 and 2-22) to become as large as
600 kcal/kg so that heat transferred to the coolant inside the core was
large enough to make it superheated steam. ‘The influence of ECC on 20A

is seen in Fig.7-28 after 28 sec, but not yet in Fig.29.

7.3.4 Qualities
Figs.7-33 to 7-48 show the calculated results for qualities which
also can be classified into the groups associated with paths A, B, C, D
and E:
; Figs.7-33 to 7-38
Figs.7-3%9 and 7-40
Figs.7-41 and 7-42
Figs.7-43 to 7-45
; Figs.7-46 to 7-48

-

'y

o I = B N - - - 3

The quality behaviors are directly related to the behaviors of the
specific enthalpies. The figures of qualities, however, clearly show the
phase transition during the transients. Path A except the hot legs
became superheated steam at about 30 sec, while path B became superheated
steam later at about 40 sec. It is interesting to note that the hot legs
remained saturated during the blowdown. The effect of ECC is clearly
shown in Figs.7-41, 7-42 and 7-43. Figs.7-47 and 7-48 show the qualities

of the ECC injection ducts.

7.3.5 Temperatures

As we have seen in 7.3.4, the hot legs did not become superheated
steam. This is in agreement with Figs.7-49 and 7-50, in which the tem-
peratures were monotone decreasing. In path B and the rest of path A,
the temperatures gradually decreased until coolant became superheated
steam., Temperatures in path C also decreased and the temperature of node

19 decreased more rapidly after 29 sec due to ECC water, while the effect
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of ECC on the temperature of the cold leg of the broken loop was yet to
be seen.

The lower envelope of each of Figures for paths A, B and D is equal
to the saturation temperature of the pressure whose asymptotic behavior
was observed in 7.3.1 to be identical throughout the system.

Figs.7-58 to 7-62 show the temperatures in path D, whose behaviors
should be understood in light of the discussions in 7.3.3 and 7.3.4.

7.3.6 Densgities
Figs.7-63 to 7-75 are the densities which can be classified as
A ; Figs.7-63 to 7-66
B ; Figs.7-67 and 7-68
C ; Figs.7-70 and 7-71
D ; Figs.7-72 to 7-75

The crossover legs and the cold legs femained subcooled longer sinée
the initial steady state subcoolings were large. Therefore, the densities
of the crossover legs and the cold legs also remained large for a consid-
erably long time. The density at 13E (see Fig.7-69) may be considered as
an intermediate of the demnsities of the hot leg and crossover leg.
Figs.7-70 and 7-71 show the densities in path C, which first decreased
like the others, but later increased due to ECC water. The effect of ECC
water can also be seen in Fig.7-72, which shows the density of the down-
comer. Figs.7-74 and 7-75 show that the density at the core inlet (23A)
was mostly lower than that at the core outlet (23E), especially in the
range of 16.5~30.0 sec. This can be explained in the light of the dis-

cussions in 7.3.2 to 7.3.4.

7.3.7 Pressurizer Behavior

Fig.7-76 shows the temporal variation of mass in region 2 (lower
region) which decreased rapidly till 13 sec, with depressurization of the
primary loop. Fig.7-78 shows the temporal variation of the level of
region 2. After 13 sec., mass in region 1 instead of region 2 flowed out
of the pressurizer (see Fig.7-77) and as a2 result the pressure in the _
pressurizer decreased more slowly (see Fig.7-78). Figs.7-80 and 7-81 show
the specific enthalpies of regions 1 and 2, respectively. Fig.7-82 shows
the density of the flow out of the pressurizer. Figs.7-18, 7-31, and 7-46

show the temporal variations of the mass flux, specific enthalpy and
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quality at 25A, respectively.

7.3.8 Accumulator Behavior

- The calculated results for the accumulator are shown in Figs.7-83 and
7-84. The specific enthalpy of the accumulator water remained 50 kcal/kg.
At 19.5 sec. when the pressure at node 28 decreased below the initial
accumulator pressure 40 ata, the accumulator started to discharge water
to the primary loop. The discharge flow is showﬁ in Fig.7-19. As the
discharge of water proceeded, the accumulator preséure decreased (see

Fig.7-83) and instead the nitrogen gas volume increased (see Fig.7-84).

7.3.9 Pump Behavior

The rotor of the centrifugal pump was assumed to be locked at 0.1 sec.

Figs.7-85 and 7-86 show the heads of the centrifugal pumps of the broken

and intact loops, respectively.

7.3.10 SG behavior

In the present version of THYDE-P, the rates of the feed water,

turbine flow and mass transfer at the region interface are assumed to be
identical. Therefore, mass in each region of the SC secondary systems
did not change after the container isolation (see Fig.7-87, 7-88 and 7-89) .
Figs.7-90, 7-91 and 7-92 show the temporal variations of the pressure
and the specific enthalpies of the upper and lower regions, respectively,
for the SG secondary system of the intact loop. Figs.7-92, 7-93 and 7-94
show the corresponding quantities of the broken loop.
Figs.7-96 to 7-107 show the heat transfer coefficients of the SG's.
After the initiation of the LOCA, first the temperature of the SG secondary
system is lower than that of the primary coclant in the U-tubes. Later,

however, the relationship reverses so that the SG secondary coolant becomes

a heat source to the primary loop flow. This transition occured at 25.4,
8.0, 18.6, 25.9, 9.9 and 19.9 sec. for nodes 3, 4, 5, 12, 13, 14,
respectively. This transition is most clearly shown in Figs.7-98 and 7-99
for node 4 and Figs.l1l04 and 105 for node 13. Sufficiently after the
secondary system became a heat source to the primary flow, the heat transfer
coefficient for the primary side decreased two orders of magnitude due to

a transition of coolant state from saturated mixture to superheated steam.
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7.3.11 Core Behaviors

Fig.7-108 shows the heat generation inside the fuel rod. Fig.7-109
shows the temporal variation of the heat transfer coefficient at the core
node obtained directly from the various heat transfer correlations.
Fig.7-110 shows the effective heat transfer coefficient htgff obtained
from Eq.(17). Fig.7-112 and 7-113 show the temporal variations of the
fuel center and surface temperatures, Since only one active node is set
for the core, the peak of the rod surface temperature during the blowdown
turned out to be 540 °C which should be understood to be the maximum of

the temperature averaged over the fuel rod length,
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JAERI-M 8560

Needs for Code Modifications

In the following, 9 items for THYDE-P modifications yet to be

made are cited, which have been found necessary in the course of this

work and after publication of Ref.{1l). As of Oct. 15, 1979, items (1),

(2) and (7) has been resolved. Among the remainder, items (3), (4), (5),

(8) and (9) may be easy or straightforward, but have not yet been

implemented. Item (7) has been considered rather difficult and in fact

is the reason why Run 10 failed at time 43 sec after end of blowdown.

Ttem (7) is the reason why one makes it a practice in existing

LOCA analysis codes after end of blowdown either to calculate with a

congiderably high value of ECC water enthalpy or to ignore the time

derivatives in the flow equations., To overcome this difficulty, we

have implemented a new model in the THYDE-P cdde, which phenomenclogi-

cally simulates the pressure recovery at low pressure, Implementation

of such a model in the flow equation is not always possible. The reason

why it was possible for THYDE-P is the new flow netework model incor-

porated in THYDE-P, which matches our phisical intuitiom.

(1

(2)

Irreversible Loss Coefficient at Expansion and Contraction of Flow Path
In the present version of THYDE-P, irreversible loss coefficient

at expansion and contraction of flow path is not accounted for as such.

Instead, we regard that it is included in the node loss coefficient.

As a result, steady state adjustment gives rise to loss coefficients,

some of which are very large. To correct this point, we will have to

incorporate a friction loss term in node equation f; or f3, We note

that the kinetic energy term in f; or f; corresponds with the reversible

portion of pressure loss at flow area change.

SG Secondary Coolant and U-tube Wall Temperatures
As mentioned in section 6.2, there are at least three possible
modifications needed with respect to SG secondary coolant and U~tube

wall temperatures., The first is the refinement of the steam table

especially of saturation temperature in the neighborhood of 65 ata.

The second is the examination of the numerical technique for determi-
nation of the U-tube wall temperatures. The third is the implementa-
tion of an iterative technique for the steady state adjustment.

After it is implemented, a reasonable value for the feed water flow
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rate is expected to be obtained, provided that a suitable value for

the initial subcooled water level is given.

Steady State Adjustment of Primary Loop Pressure Distribution

If a suitable set of input data is provided, computer will
automatically accomplish steady state adjustment., For most input
data, empirical values will suffice for steady state adjustment,
except for primary loop pressure distribution. The steady state
adjustment for primary loop pressure distribution is rather subtle,
and frequently requires a tedius procedure as described in section 4.
Tt is expected, however, that is will be simplified to some extent by
printing out some of the quantities involved in this procedure such

as Cn and Enn' in Eq.(3).

Linkage Flow with a Dead or Break End and/or Mixing Junctions
A linkage flow with a dead or break end and/or mixing junctions
is not presumed in the present version of THYDE-P. Those provisions

are needed for THYDE-P, since such configurations are frequently found
in experimental facilities. Moreover, the provision for a linkage

flow with a break end is needed to analyze split break LOCA's.

Heat Transfer between Coolant and Structure
Since structural material of a PWR plant ‘is massive, energy
initially stored in structure is substantial and may influence sipgnifi-

cantly the coolant behavior especially during refill and reflood phases.

Solution Technique at Low Pressure

A number of quantities involved in the flow equations such as
average density of two-phase mixture p(p,h) and its derivatives are
very sensitive to variations in p and h at low pressure, which occurs
during refill and reflood phases of a LOCA. Such tendencies bring
about a couple of difficulties inherent in low pressure.

In the formulation of THYDE-P, we utilize the relationship

i e
dp = g dh + 25 dp (19)

“in Eq.(10) to transform the flow equations. At low pressure, however,

(838 %E—and g%-change so drastically, especially near saturation enthalpy

that Eq.(19) may break down and its inconsistency may be numerically
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substantial, unless dh and dp are sufficiently made small. Neglecting
the inconsistency, we may be able to continue the calculation, but
then convergence of the solution of hydraulic network will be greatly
deteriorated and will eventually fail due to the momentum flux term
G%2/p in the momentum equation. To solve this problem, we may have to
put a more strict restriction on the time step width control, at the

expense of computer time which may then become so large as impractical.

Flow Model at Low Pressure

As the system pressure drops below the saturation point, bubbles
grow and, by increasing the specific volume of the coolant, reduce
the rate at which the pressure drops. It is known, however, that if
the calculation is continued with a realistic value of enthalpy for
ECC water after end of blowdown, the pressure keeps dropping and
finally the calculation fails. To avoid this, one makes it a practice

in existing LOCA analysis codes after end of blowdown either to cal-

‘culate with a considerably high value of ECC water enthalpy or to

ignore the time derivatives in the flow equations. Since these
assumptions are likely to lead to incorrect conclusioms, it is needed
that a LOCA code is capable of analysis with realistic values for ECC

water enthalpy.

Multiple Discharge Tank

Usﬁally, a pressure suppression system is made of a series of
discharge tanks. The present version of THYDE-P 1s not able to
simulate such a system, but is equipped with a very simplified
container model in terms of Pref(t) and two phase mixture of quality

0.1.

Electric Heater

Electric heater models are needed to analyze behaviors of LOCA
experimental facilities, since they are frequently equipped with an

electric heater.
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Appendix A THYDE-P Inputs Requirements

In the following, requirements for noding, contrel cards, data deck

organization, input data cards and problem restart are presented.

A.l Noding

When we intend to use THYDE-P, first of all we have to reticulate the
plant by means of nodes and junctions according to the THYDE-P network
theory(l). It is required that the network has at least one mixing junction
except for the core heatup calculation mode and that a normal node without
heat source {(or sink) must be placed at both the top and bottom ends of
the core. After reticulating the plant, we have to number the nodes and
junctions separately, strictly in numeric order in accordance with the
following rules: .

{a) Normal nodes {except linkage nodes) should be numbered in numeric
order chain-wise from a mixing junction to a mixing junction
according to the direction of the steady state chain flow.

(b) Linkage nodes should be numbered after all the other normal nodes
and in numeric order from the corresponding mixing junction.

{c) Special nodes should be numbered after all the normal and linkage
nodes. '

{d) Normal and break junctions should be numbered first. Then mixing
junctions should come. After them, injection junctions‘should be
nunbered,

(e) In the present version of THYDE-P, it is required that either of
the hot leg nodes adjacent to the upper plenum mixing junction
must be numbered as ome and that the upper plenum should be

numbered first among the mixing junctions.
A.2 Control Cards

Control cards for execution and tape manipulation are computer system
dependent so that they will not be discussed in detail. General tape
input and output needed are as follows.

Input File (Plot-Restart File):

This file contains information from a previous run that is to be
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restarted. Restart information is presented in section A.S5.

OQutput File:
The output file to be generated will be a plot-restart file if
requested by the file control variable on the data block BBOL

for the Problem Dimension Data.
A.3 Data Deck Organization

A THYDE-P data deck, ending with the terminator card, could contain
more than one problem, each of which consists of a title card, data cards
and the sub-terminator card. The terminator is a card whose first 4
columns are punched as BEND, while the subterminator is the identification
card for dummy data block 99. A listing of the data cards is printed at
the beginning of“each THYDE-P problem,

A block identification card is placed for the top of each data block
and is punched in the first 4 columns as BBXX, where XX indicates the data
block number. If the block XX has more than one sub-block, a sub-block
identification card must be placed at the top of each data sub-block and
will be punched in the first 6 columns as BBXXYY where YY indicates the

sub-block number starting with 01.
A.4 Data Card Summary

In the following description of the data cards, the data Block number
is given along with a descriptive title of the data block and the number
of the sub-blocks. Then, the order of the data (1,2,......), the variable
name, the format (I,R or A) and the input data description are given where
applicable. The format of the field, integer, real or floating, or
alphanumeric is indicated by I, R, or 4, respectively. Table data should
be given as follows., First, the number of points must be given. Then as
many sets of the independent and dependent variables as the point number
must be inputted.

Reading input cards is performed solely by the free-format input

routime REAG(Z).
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Data block number ( no block number .)

Number of sub-blocks

Descriptive title .
of data block Problem Title

order| YariablelFormat| Range Input data description
name
I |ITITLE | Ak Problem title

The problem title must be punched

in columns 1 to 72 on an IBM card,

— 138 —



JAERI-M 8560

Data block number BBOI

Number of sub-blocks 1

Descriptive title

of data block Problem Dimension Data

Order ::;;able Format| Range Input data description
] NMODL i 0~ 2 Caculation mode(])
2 | Lomp | 0 ~ File Control (2)
3 NEDI } 0 ~9 Number of minor edit variables
desired
L | NTC f I~ 20 Number of time step controls
5 | NTRP I 1~ 20 Number of trip controls
& | NVOL I Ir»IOOV Number of normal and special nodes
7 1 NJUNC i I~ 100 Number of junctions (including break

and injection junctions)

8 | NMIX ! 0~ 20 Number of mixing junctions

9 { NPINJ | 0~ 10 Number of pumped injection flows

10 | NPUMP | 0~ &4 Number of pumps

1T | NACCUM | I 0. 4 Number of accumulators

12 | NSG I O~ & Number of steam generators

13 NSGT | 0~ 10 Maximum number of SG nodes per unit
14 [ NCORE I 3~ 50 Number of axial fuel nodes

I5 | NR l 0~ 50 Number of radial fuel nodes

16 | NF I 0~. 50 Number of radial pellet nodes

1 ; core heatup mode

(1) NMODL =(O ; standard mode
2 5 loop hydraulics mode

(2) LDMP =40 ; no file used
(N ; restart at restart number N using the file
on FORTRAN Unit 3
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Data block number BBO2

Number of sub-blocks i

Descriptive title . \ R

of data block Minor Edit Variable Data

Variable|p
ormat Range inti
name g Input data description

Order

1 | AAR XX | Al

™
NEDI | BBB YY Al

(a) Data block BB02 is required if NED| is greater than zero. This data

block specifies the variables to be edited in the minor edits. NEDI
specifications must be inputted. Each specificatioa consists of an
alphanumeric entry and an integer entry as shown above, in which
AAA~ BBB ; are variable symbols to be edited, and

XX~ YY ;. (1) is set equal to the number if the variable refers to a

" node except core nodes,

(2) is the number in numeric order from the bottom core
node if the variable refers to a core node, and

(3) is the primary node number for HT! and HT2.
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symbols of available minor edit variables

Symbo!

PRA
PRE
GLA
GLE
HLA
HLE
RHA
RHE
XLA
XLE
ALA
ALE

QQQ
TMP

Symbol

JMI

Symbol

HDP
AAA
BEBB
Wi
PEY
XEY
HEY

Variable (with reference to normal node)

Pressure at point A

Pressure at point E

Mass velocity at point A
Mass velocity at point E
Specific enthalpy at point A
Specific enthaopy at point E
Density at point A

Density at point E

Quality at point A

Quality at point E

Void fraction at point A
Void fraction at point E
Power density

Temperature

Variable (with reference to injection)

Injection flow rate

Variable (with reference to pump)

Pump head

Relative pump speed

Relative pump torque

Relative volumetric flow rate
Pump eye pressure

Pump eye quality

Pump eye specific enthalpy
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Symbol Variable (with reference to accumulator)
PAC Nitrogen pressure

GAJ Mass flow rate

HAC Water specific enthalpy

VAG Nitrogen volume

VAL Water volume

XAC Phase indix
Symbol Variable {with reference to.SG secondary system)
PSG Pressure

MUG Feed water flow

MRG Retief fliow

MSG Spray line flow

IVG Phase index

HS I Specific enthalpy of region |

HS2 Specific enthalpy of region 1l

MG1 Mass of region | '

MG2 Mass of region ||

HT1 . Heat transfer coefficient of primary side
HT2 Heat transfer coefficient of secondary side
Symbol Variable (with reference to pressurizer)
PPP Pressure

GPR Surge flow rate

MRP Relief flow rate

MSP Spray line flow

ISV Phase index

HP1 © Specific enthalpy of region |
HP2 Specific enthalpy of region il

M51 : Mass of region |

MS2 Mass of region 11

— 142 —



Symbol

QCR
PG1
PG2
HCI
HC2
HGI
HGZ
Lit

Li2
LO1

Lo2

QM1
QM2
TS1
TS2
TC1
‘TC2
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Variable {with reference to fuel)

Relative power

Gap pressure of rod 1

Gap pressure of rod 2

Heat transfer coefficient of rod |
Heat transfer coefficient of rod 2
Gap conductivity of rod 1

Gap conductivity of rod 2

Thickness of zircaloy reacted at the
surface of rod 1

Thickness of zircaloy reacted at the
surface of rod 2

Thickness of zircaloy reacted at the
surface of rod 1

Thickness of zircaloy reacted at the
surface of rod 2

Metal-water heat production rate of r
Metal-water heat production rate of r
Fuel rod surface temperature of rod 1
Fuel rod surface temperature of rod 2
Fuel rod center temperature of rod |

Fuel rod center temperature of rod 2
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Data block number

BB 03

Number of sub-blocks

NTC

Descriptive title
of data block

Time Step Control Sequence Data

Variable

Order Format| Range Input data description
name
1 NMIN I 1 ~ 1000 Number of DELTM's per minor edit
2 NMAJ | I ~- 1000| Number of minor edits per major edit
3 NDMP ] 0 ~ 100 | Number of major edits per restart
file edit
4 NCHK | o, 1 Option for time step control
NCHK =(0 tlme_step control
1 no time step control
5 DELTM R 0. ~ Maximum time step size {sec)
6 DTMIN R 0.~DELTM[ Minimum time step size (sec)
7 TLAST R 0. ~ End of control by this subblock data
8 EPSMX R 0.~ 1.0} Maximum allowable relative increment

except for G
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Data block number BB o4

Number of sub-blocks NTRP

Descriptive title

Trip Control Data
of data block P

Order| Variablelpormay Range Input data description
name
] IDTRP | -10~ -10| Action to be takenU)
2 1z | 0n~r NVOL Location where action is to be takgﬁ
3 IDSIG I o~ Signal being compared to trigger
the action(B)

I . . Eﬁ)

i X | O~ NVOL Location where signal IDSIG belong
5 SETPT R Setpoint for signal IDSIG
6 DELAY R 0.0 ~ Delay time for initiation of action

after reaching setpoint (sec)

(1) IDTRP =7+ 1 ; end of problem
+ 2 ; locking of pump rotor
+ 3 ; scram
pumped injection
+ 5 ; 56 feedwater stop
+ 6 ; pressurizer heater off
If IDTRP is ﬁositive, the corresponding trip is in action.

Otherwise, it is out of action.
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(2)  1Z =, node number for |IDTRP| = 2 and 5
injection number NOPINJ (see BB0O9) for IIDTRPI = 4

heater number (see BBi4) for |IDTRP| =6

(3) IDSIG =/,1 ; time
2 ; pressure

3 ; temperature

(4) IX can not refer to any junction, but only to nodes.
IX is the node number where signal IDSIG belongs. IX is set

equal to 0 when IDSIG = 1,

Data block number © BBO5S

Number of sub-blocks ]

Descriptive title Data for Steady State Adjustment of
of data block Loop Hydraulics
order| YariablelFormat| Range Input data description
name .
1 VoL | [ 1~NL00P| Node number (V)
2 A R 0.0 ~ G at point A (Kg/mzlsec)
3 hA R 0.0 ~ h at point A (Kcal/Kg)
(1) in the present version, it is imperative to set IVOL = 1.
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Bata block number

BB 06

Number of sub-blocks

NLOOP

Descriptive title
of data block

Normal or Linkage Node Data

Order Variable Format Range

Input data description

name
1 NOV i 1~ NLOQP Node number
2 IVTYP | i~9 Node type
3 [W] ] T~ NJUNC From-junction number
4 W2 l 1~ NJUNC | To-junction number
5 10 I 0,1 With (10=1) .and without (1Q=0) heat
source or sink
A

6 |P” or k R 0. ™~

tnitial pressure (ata) for IVTYP#13

or loss coefficient for IVTYP=13

7 Dk R 0. ~— Hydraulic diameter {m)
8 L R 0. ~ Node length (m)
g LH R -50.~50.1 Height of point E with reference

to point A (m)

IVTYP =

]

1
2
3
4
5
6
7
8
9
3

Note: (1) The input data Dh {order 7) for core normal nodes
are dummy, They are set by data block BBl6.:
(2) Node type IVTYP should be given as follows:

duct

core

core bypass

downcomer

lower plenum

upper head

SG primary duct (U-tube)
pump

orifice

linkage duct

wr oMe WM e ot us W e s s

Node types 3 to 6 may be 1, while node type 13
must be distingished from node type 1.
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Data block number BB 07
Number of sub-blocks NJUNC
Descriptive title .
of data block Junction Data
Order| Variablelgormat Range Input data description
name
] NOJUNC | l~~NJUNC Junction number
2 PJTYP | 1~ 7 Junction t\,fpe“J
3 | vJunc R |0, ~ Junction volume (m)
(1) IJTYP = 1 ; normal junction

2 ; wupper plenum

3 ; downcomer top

4 ; mixing junction

5 ; -accumulator fnjection junction

6 ; pressurizer injection junction

7 ; pumped injection junctiocon

( 1JTYP = 2 and 3 can be replaced by [JTYP = &, )
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Data block number

BB 08

Number of sub-blocks

NMIX

Pescriptive title
of data block

Mixing Junction Data

Variable(pq, at R .
Order name m ange Input data description
I NOMIX | I ~NJUNC Junction number
2 NOUT I 1~ 4 Number of outgoing flows at
steady state
3 ] JOUTH t I~NVOL | To-node number (1)
4 JOUT2 I i~ NVOL To-node number (2)
5 JOUT3 | 1~ NVOL To-node number (3)
6 JOUTH | 1~ NVOL To-node number (4)
7 OMAS1 R 0.~ 1.0 Fraction of rate of outgoing flow (1)
at steady state
8 OMAS2 R 0.~1.0 Fraction of rate of outgoing flow (2)
at steady state
9 OMAS3 R 0.~1.0 Fraction of rate of outgoing flow (3)
at steady state
10 OMASYH R 0.~1.0 Fraction of rate of outgoing flow (4)

at steady state

Note : Data (3,4,5,6) must correspond

to data (7,8,9,10), respective-

ly.
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Data block number BB 09

Number of sub-blocks NPINJ

D . . .
escriptive title Pumped Injection Data -

of data block

Variable

Order name Format| Range Input data description
1 NOPINJ ! ] ~NPINJ Number of pumped injection
2 iJ I I ~NJUNC | Number of injection junction
3 R dummy
L R dummy
5 hINJ R 0.0 ~ Specific enthalpy of injected water
{(Kcal/Kg)
6 oINJ R 0.0 ~ Density of injected water (Kg/m3)
7 IPUMP | I I o~ Table points number for time vs.
m NJ curve
(Feed IPUMPI pairs of';he following inputs.)
t R 0. T time {sec.)
mINJ R 0. ~~ Pumped injection flow  (kg/sec)
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Data block number BB 10
Number of sub-blocks NPUMP
Descriptivé title '

P
of data block ump Data

Order g:;;able Format| Range Input data description

1 NOVOL I 1~ NVOL Node number

2 IPTABL I I~ NPUMP | Number of Table Group to be used

3 Qr R 0. ~ Rated pump speed (rpm)

4 W R 0. ~ Rated.flow (ms/sec)

5 f?; R 0. ~ Rated torque (Kg-mz/seczfrad)

6 Hheadr R 0, ~ Rated head {m)

7 pfr R 0. ~ Rated density (Kg/m>)

8 £ (0) R 0.~ initial pump speed (rpm)

9 I R 0. ™~ Moment of inertia (kgm2/rad2)
10 ki R 0.~ toefficient of angular momentum

equation (See Eq.(2-3-51) in Ref. (1))

11 k2 R 0. ~ Coefficient of angular momentum

equation (See Eq.(2-3-51} in Ref. (1))
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Data block number BBIT (contined)

Number of sub-blocks less than or equal to NPUMP

Descriptive title

of data block Pump Characteristic Curves Data

Order| Yariablel Format]  Range Input data description
name
w/a R BLETA R RN (wrﬁ)
; R Torque-discharge curve for positive
speed
:72 R Torque-discharge curve for negative
speed
IV P4 I 1 ~ Table points number of torque-speed
curves

(Feed IP4 sets of the vollowing inputs.)

a/w R “lo~1. Qwr/(WQr)

\5>5 R Torque-speed curve for forward flow

575 R Torque-speed curve for reverse flow
v IP5 o | Table points number of time vs.

electric torgue

(Feed IP5 sets of the following inputs.)

t R 0. ™~ time
\j*(:? R Electric torque relative to the rated
e’ Jr
value
Vi iP6 [ 1~ Table points number of caviation

effect curve

(Feed 'IP6 pairs of the following inputs.)

R O.~1. Eye quality

X
evye
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Data block number BB11 (continued)

Number of sub-blocks less than or equal to NPUMP

Descriptive title
of data block

Pump Characteristic Curves Data

Variabl
Order nz;éa “|Format| Range fnput data description
o R 0. Cavitation effect on pump head
Vi (IP7)a I | Number of values considered for a
in NPSHr table
(lP?)W I | Number of values considered for w
in NPSHr table
(Firsr, feed the following (IP7)a data.)
a(l) R -
’ Values of relative pump speed for
\ g which NPSHr is to be given
a((tP?%) R
(Rpea; the F?]lowing set of inputs for J = 1,2,...(IP7)W.)
w(J) R Value of w for which NPSHr is given
NPSHr(
wid),al R
1)) Required net positive suction head
g S ftabie as a function of a (= a(1),
NPSHr( a(2),... a(lP?)a) when w = w(J}.
wd),a( | F
(|P7)a)
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Data block number

BB 11

Number of sub-blocks

less than or equal to NPUMP

Descriptive title
of data block

Pump Characteristic Curves Data

Order| Variablel Format Range Input data description
name
1 NPTB I l~ NPUMP Table group number
| IP1 | 1 ™~ Table points number of head-discharge
curves
(Feed 'iP1 sets of the following inputs.)
w/a R “1.~1. W /(W Q)
r r
F . L
HQ R Head-dischrge curve for positive
speed
Hg R Head-discharge curve for negative
speed
I IP2 { I~ Table points number for head-
speed curve
(Feed IP2 sets of the following inputs.}
alw R =l.~1. Qwr/(wszr)
H; R Head-speed curve for forward flow
HS R Head-speed curve for reverse flow
I iP3 i 1~ Table points number of torque-
discharge curve
(Feed IP3 sets of the following inputs.;}
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Data block number

BB 12

Number of sub-blocks

NACCUM

Descriptive title
of data block

Accumulator Data

Order| Variableirornay Range inpuf data description
name

] NOV | I 1~ NVOL Node number

2 1JUNC I 1~ NJUNC | Injection junction number

3 VL(O) R 0. ™ Initial water volume .(m3)

4 VG(O) R 0. ™~ Nitrogen gas volume (m3)

5 hL(O) R 0. ™~ initial specific enthalpy of water

(Kcal/Kg)

6 PG(O) R 0. "o Initial pressure  (ata)

7 R . dummy

8 R dummy

9 R dummy

10 R H dummy

11 R dummy

12 | <cpep R 011~ | hyep(0)/h, (P (0))

13 VACD R 0. ™~ Dact volume from accumulator to

check valve (m3)

— 155 —




JAERI-M 8560

Data block number

BB 13

Number of sub-blocks

Descriptive title
of data block

Break Description Data

Order| Variablelrormat Range Input data description
name
1 NBREAK t T~NJUNC Break junction number
2 TBRK R 0. ~ Break time  (sec)
3 T R 0. ~ Decay constant of pressure of
break junction {sec)
4 c, R 0. ~— See Eq.(2-1-35) of Ref.(l)
5 CD R 0. ™~ Discharge coefficient (critical flow)
6 Cofe R 0. ™~ Discharge coefficient (inertial flow)
7 c, R [0.~1.0]| See Eq.{2-1-35) of Ref. (1)
8 CD R 0. ~ Discharge coeffigient {critical flow)
9 Ceff R 0. Discharge coefficient (inertial flow)
10 P | ]~ Tabie.points number for time VS,
container pressure curve
(Feed iP pairs of the fgllowing inputs.)
t R 0. ~~ Time (sec)
Prof R 0. ~v Container pressure (ata)
Note : Data 4 to 6 are associated with the from-junction

of one of the two break nodes, while data 7 to 9

are associated with the to-junction of the other

break nodes.
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Data block number

BR 14

Number of sub-blocks

Descriptive title
of data block

Pressurizer Data

Order| Variablelpormay Range Input data description
name
1 NOV | T~ NVOL Node number
2 1J ! I~~NJUNC Injection number
3 NSP [ I~ NVOL Number of node to which point L'
(see Fig.2-3-3 of Ref. (1)) belongs
4 AT R 0. ~ Pressurizer cross-section (mz)
5 Hy R 0.~ Pressurizer height (m)
6 Asp R 0.~ Cross-section of spray line (mz)
7 L R 0.~ Length of heater 1 (m)
8 L, R 0.~ Length of heater 2 (m)
9 L3 R 0. ™~ Length of heater 3 (m)
e
10 b] R 0. \
1 b, R | 0.~ } See Fig.3-2-2 of Ref.(1).
12 b3 R 0. ~ J
13 ZW(O) R 0.~ Initial water level (m)
14 aI(O) R 0.~1.0 Initial void fraction of region I
(m)
15 R dummy
16 R dummy
17 Pset R 0, ™ Setpoint of relief valve (ata)
18 R dummy
19 Teub R 0. ™~ Heater time constant when coolant
is subcooled (sec)
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Data block number BB 14 (continued)

Number of sub-blocks 1

Descriptive title Pressurizer Data
of data block
Order| Yariable|rormat Range Input data description
name
20 Teat R 0. ~ Heater time constant when coolant
is saturated (sec)
2] Tsup R 0. ~ Heater time constant when coolant
is superheated steam (sec)
22 R
\
23 R
24 R
25 R »dummy
26 R
27 R
28 R
29 Loy R 0. ~ Length of stand pipe  (m)
30 R dummy
3i R
32 A R 0. ™~ Cross-sectional area of relief line
re 2
(m™)
33 1P | | I Table points number for time vs
heater outputs
(Feed IP sets of the fqQllowing inputs.)
t R 0. ~~ Time (sec)
GI R 0. "~ Relative power Input to heater |
G2 R 0. ~ Relative power input to heater 2
] 1
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Data block number

BB 14 (continued)

Number of sub-biocks

]

Descriptive title
of data block

Pressurizer Data

Order| Variablelrqornat Range Input data description
name
33 G3 R 0. ~ Relative power input to heater 3

Note : Data (7,8,9) must correspond
to data (10,11,12}, respecti-

vely,
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Data block number

BB 15

Number of sub-blocks

NSG

Descriptive title
of data block

Steam Generator Data

order| VariablelFormat Range Input data description
name
] NOV | 1~ NVOL Node number
2 NTUBE I 1~ 2000 Number of U-tubes
3 NSGS | 1~ NVOL Number of inlet node for SG
primary flow
b NSGE I 1~ NVOL Number of ocutlet node for SG
primary flow
5 NSGN i 1~ NSGT Number of SG primary nodes
b NREF I T~ § Numbers of relief values in turbine
steam supply flow
7 AT R 0. ~— SG vessel cross-section (mz)
8 He R 0. 56 vessel height (m)
9 A -line R 0. ~nr Cross-sectional area of turbine
steam supply line {(m)
10 R- dummy
11 1 R 0. ™ U-tube pitch
pu
12 $Gou R 0. ~ U-tube outer radius {m}
13 ITSG R 0. Wetted perimeter of SG vessel (m)
14 ZW(O) R 0. ~ Initial water level (m)
15 hsu(O) R 0. ~~ Inttial specific enthalpy of
feedwater  (Kg/Kcal)
16 R dummy
17 R dummy
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- Data block number

BB 15 (continued)

Number of sub-blocks

NSG

Descriptive title
of data block

Steam Generator Data

Order ::;;ab]e Format| Range Input data description

18 ) R durmmy

19 P(0) R Initial pressure of SG secondary

system (ata)

20 R \

21 R {

22 R dummy

23 R

24 R
25-1 [bg. (1,0) R |(negative) Initial heat flux of node NSGS

(Kca]/mz/sec)

25-2 ¢SG(2,O) R (negative) Initial heat flux of node NSGS+]

(Kcal/mz/sec)

(1 ¢

”

T T

1

)

25- ¢%§SGN,O) R [{negative)] Initial heat flux of node NSGE
NSGN| ° 2

(Kcal/m“/sec)
(Repeat the following data set for relief flow NREF times.)

26-1 A R 0. ™~ Cross-sectional area of relief line
re 9
(m®)
26-2 PSet R 0. o Setpoint for relief valve (ata)
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Data block number

BB 15 ({continued)

Number of sub-blocks

NSG

Descriptive title
of data block

Steam Generator Data

Order ﬁ:;iable Format! Range Input data description

%31 ¢, R |o.~T1.0 | see Eq.(2-1-27) of Ref.(1)

26-4 CD R 0. ~o Discharge coefficfent (critical flow)
26-5 Ceff R 0. ™~ Discharge coefficient (inertial flow)
27 iP ! 1 Table points number of time vs.

SG secondary flow

(Feed IP sets of the fol

owing inputs.)

t R 0. ™ Time (sec)
Rm R 0. ~ Relative feed water flow
su
Rh R 0. ™~ Relative feed water specific enthalpy
su
R DUmmy
Note : Input functions Rm and Rh (and a dummy function)
"su su

describes the feed water behaviors up to container

isolation. Since the time of container isolation

is not known in advance, but depends on the situation,

it would be necessary to give Rm and Rh

su su

for a

sufficiently long time.
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Data block number Bg 16
Number of sub-blocks
Descriptive title Core Data

of data block

Order| Variable[rormay Range Input data description
name ‘
I NRODS I 1 ~50000 Number of fuel rods
2 NCL I T~/ NVOL Number of core bottom node
3 NCH ] T~ NVOL Number of core top node
b {EM ! 0, 1 Option for calculation mode
|EM=0 Best estimate model
=1 Evaluation model
5 T0 R 0. ~ Reactor operating time before LOCA
{hour}
6 NF R 0] Fuel rod outer radjus (m)
in .
7 "NR C R 0.~ 1 Clad thickness (m)
8 FNE R 0.l Pellet radius (m)
9 ﬁp R 0.~ 1] Fuel rod pitch (m)
10 [BLMINI R 0.~ 1 Minimum blockage
11 2 R 0. ~ Neutron lifetime (sec).
12 Ai R 0. ~ Decay constant of delayed
neutron precursor of i-th
group (1/sec) [i=1,2 \
13 Bi R 0. ~ Delayed nelitron fraction \ ----- 6 }
of i-th group
14 T R 0. ~ See helow.
15 CR R 0. ~ Conversion ratio
16 A] R 0, ~ Decay constant for U239 (1/sec)
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Data block number B8 16 (continued)
Number of sub-blocks i
Descriptive title C D
of data block ore Data
Variable|f . L.
Order ormat| Range Input data description
name :
~ 239
i7 AZ R 0. Decay constant for Np
18| ¥ /T, R 0. ~ |See Egs.(3-1-5) and (3-1-6) of Ref.(l)
a
19 R Dummy

(Repeat inputs 20 to 22 ,NCORE times (J = NCL to NCH.))

2
20 ¢O(J) R 0. ~— tnitial heat flux (Kcal/m"/sec)
21 £](J) R 0., ™ Initial thickness of zircaloy reacted
for rod 1 {m)
22 RZ(J) R 0.~ initial thickness of zircaloy

reacted for rod 2 (m)

Note: {1) After neutron density becomes sufficiently small,
it will be made to vanish with a time constant,
which is to be specified by T (input order 14).
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Data block number BB17

Number of sub-blocks 1

Descriptive title

of data block Reactivity Data

Order xz;;able Format] Range Input data description
] Pl | b~ Table points number for void frac-
tion vs, void coefficient
(Feed IP1 sets of the following inputs.)
o R 0. ™ Void fraction
Ya R Void coefficient {s)
2 IP2 I | B Table poits number for temperature
vs. temperature coefficient curve
(Feed P2 sets of the %ol}owing inputs.)
T R 0. ~ Temperature (°c)
Yt R 0, ~ Temperature coefficient ($/°¢)
3 IP3 i [ Table points number of time vs.

external reactivity curve

(Feeq IP3 sets of the following inputs.)

t R 0. — time (sec)

Rex R External reactivity (s)
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Data block number B 18

Number of sub-blocks 1

Descriptive title Metal-~water Leaction Data
of data block

Order Variablelformat Range Input data description
name
1 Ah R 0. T~ Heat of metal-water reaction
reac .
(Kcal/Kg)
2 k] R 0. Coefficient of Eq.(3-1-7) in
Ref. (1) (mzlsec)
3 k2 R 0. ~— Coefficient of Eq.(3-1-7) in
Ref. (1) : (°k)
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Data block number BB 19
Number of sub-blocks 1
g?ssgigtérgciit]e Gap Conductivity Data
Order ::;;ab]e Format| Range input data description
[ N R 0. Mols of gas in pin
2 ch R 0. ™o Contact pressure | (ata)
3 Yhe R 0. ~_ Molecular fraction of helium in gap
4 Y e R 0. ~_ Molecular fraction of xenon in gap
5 Yir R 0. ~_ Molecular fraction of kripton in gap
6 Yair R 0 Molecular fraction of air in gap
7 yN2 R 0.~ Molecular fraction of nitrqgen in
gap
8 YHZ R 0. ™ Molecular fraction of hydrogen in
gap
9 YH,0 R 0.~ Molecular fraction of water in gap
10 Vpi R 0. ~— Plenum gas volume (m3)'
11 R ]
12 R )dummy
i3 R j
14 C; R 0. ™~ tons. in Eq.(3-3-29) in Ref. (1) (°C)
15 ENE R 0., ~_- Fuel pellet emissivity
16 € R 0. ~_- Fuel clad emissivity
17 | FRASM R 0. ~_ Mean free path {m)
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Data block number BB 21
Number of sub-blocks ]
Descriptive title Clad Burst Description Data
of data block
Order :g;;able Format| Range Input data description
] Ni I # of non-burst diagonal rods
2 Mi | # of non-burst off-diaQOnaT rods
3 A R \
4 c R
5 | B R ? See Eq.(4-1-11) of Ref. (1)
6 | o R \
7 | e R | )
8 AO R : \
9 A] R A
10 A2 R - See Eq. (4-1-14) of Ref.{T1)
Ii A3 R ‘
i2 Aﬁ R J
13 | A R X_See Eq. (4-1-13) of Ref. (1)
15 | B R ]
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Data block number BB 22

Number of sub-blocks 1

Descriptive title
of data block

Miscel laneous Data

Order| Variable rornay Range Input data description
name
I R dummy
2 Y .
H50 R 0. ™~ Isentopic exponent of water
3 Yy R 0. ~ Isentropic exponent of nitrogen
2
4L | HTRCON R 0. ~r Constant for reflood calculation
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A.5 Input for Restarting

An old restart data file to be used must be mounted on FORTRAN Unit 3
and a blank file must be mounted on Unit 2. A new plot-restart file will
be generated on Unit 50.

THYDE-P is used with the following input definitions.

Problem Dimension Data BRO1

LDMP a positive integer
NEDI ; can be changed.
NTC ; can be changed.

NTRP ; must be equal to the value at the previous run.

The others must be set equal to the values at the previous run.
Minor Edit Variable Data BBO2
The quantities being edited on the new run need not have any
relation to those of the original run. The same rules apply
as for the original problem.
Time Step Control Sequence Data BBO3
TLAST ; must be greater than the time at which the present run
starts. The same rules as for the original problem apply to the
rest of the variables.
Trip Control Data BBO4
Data block BB04 must not be changed only with the follbwing
exception. For the sub-block corresponding to IDTRP = 1, the

value for SETPT must be greater than that of the previous run,

The other data block need not be inputted except the terminator card

and the dump card.
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Input Data List of Run

10

== BLOWOCOWN  AND  CORE REFLOOD TEST (RUN L0

BB01

0
BrO2
FRE~DA
B8O3
S80301
580305
SB2308

BBO4
SBI48Q

SB0481
SBO482
580483
5B0484
SBO485%
SBO48G
SBO48T
580490
SB0491
SBO492
SB049)
SBO494
5804950
580496
5B0497
BBOS

BRO&
S5BCAO1L

SBO6C2
SHO603
SB80604
sSBO60OS
SB060A

sB0607

0 9 3 16

PRA=09 oLE=21 GLA-

30
30
40

-5

-6

-6

2 10 o)

2 20 o

1 1 0
¢ 1 0
29 1 o
30 1 G
8 1 0
17 1 0
0 1 0
1 1l o
1 1 0

-3 1
1 3 1
2 3 i
3 3 1

2 2 1

2 2, 1
9000.0 ° 360,0
1 21 1
1 12
7 2 3
7 3 4
7 4 5
1 5 6
1 6 7

32 27

2l GLE~

28,0

1600,0

240,0

250,0
360,0
350,0
395.0
330.,0
1le0,0

1%0,0

‘4 N

25 GLE=26

158,420
158,515
158,502
157,947
137,454
157,814

157,476
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2 1
GLA=0Y

90,0

2000,0

1,9215

0,787

2

3

PRE-C8

5.25
1,665
549
5.0
9.0
l.568

T.33

3 5
PRA=09

0.0
5.0
4,0
=340
~1.,0
.0

DDDOGO1D
PONGOG20
DDB00030
DDDLO04 O
BODANASO
DODOOOED
DOBENOTN
DDD0G0BD
DDDOO0YO
DOR00100
bDLO0110
LDDO0120
DDD00130
DDDOO140
DDDOO150
DDDOC14C
DDDOO1TO
DDDO018E
DDDOC1 90
DDODG0200
ooOD00210
DDD00220
DDDU0230
PDDC0240
DDDOO250G
DDDO0026C
DDD00270
ODDO0280
DLDON2 30
PDOOG300
DDOC0310
DODUB320
DPDO0330
DDDGO34D
DDN00350
DDDO0360
ODDOB3TO
DDDCG3BG
DDD00395
DDBGO400
DODO0410
DDDO0420
DDDO0A3C
DUDOOS 40
DDDGO450
DOBOOEED
DDD004 70
DDDGCABY
DDDO049G
DDDOOS5AD
DDOCO5 10
DDDOOS 20
DDOOUS30
DDOO540
POLO0S50
DDO0C560
DDD00570
BODONSEG
DLD00590
DDDOGE00
DODUGELO
PDN00620
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550608 pDONCCE3D
8 8 7 A 0 154,872  0,494% 12,39 0.0 ODOCGAS0D

SBUBRY : DDDCOGSO
9 1 8 22 0 161,630 0,699 6,788 0,0 ODDO0KKD

SEO06L0 DODO0GTO
10 1 21 23 0 158,420 1.2748 - 4,357 0,0 DND006BO

SB0611 : DLDOOESD
11 1 23 9 0 158,575 3,327 1,665 0.0 DDDOOTO0

SH0612 pDDOOT710
12 7 g 10 1 158,502 0,02 5,0 5,0 pDDOOT20

SB0613 DRDEOTI0
13 7 10 11 1 157,947 0,02 5.0 4.0 DODOOTA0

SHOb14 coDOOTS0
14 7 11 12 1 157,454 0,02 $.0 -9.,0 DODOOTE0

SA06153 : LDDOOTTO
15 1 12 13 o] 157,814 3,3281 l.hé4 =1,0 DDDO0780

SBOG61G nDDCOT90
16 1 13 14 0 157,476 11,3631 7.33 0.0 DODOOBOD

SB0617 bODOCS10
17 B 14 15 9] 154,872 00,8565 12,39 0.0 LOoDO0820

SB0618 poODGOA30
18 1 15 Z4 0 161,630 1.2107 2,7045 0,0 DODO0B4D

SA06LY oDDO0BSO
19 1 24 22 1) 161,368 1,2107 3.144 0,0 DODGOBED

580620 ‘ oDDCO8TO
20 4 22 ) 4] 161,575 1.777 4,577 =4 57T7 DODCOEBO

SBUG2L DDDOOAYD
21 5 1% 17 0 161,400 5,544 1,02 0.3 DDOOOYI0

SBOR22 pDDDO0910
22 2 17 18 0 161,295 1,0 .3 0.3 pPbO00920

SB0623 . pDDOO930
23 2 18 19 1 160,860 1.0 3.0 3,0 oop00940

SBO&2A ‘ DDDO0YS0
24 2 19 21 ] 159,440 1,0 0.3 0,3 DD00960

SB0&25 _ DDDOOSTO
25 13 23 20 0 1,0 0.3 15,0 15,0 DODVOSS0

SB06206 nppog9sl
26 13 20 27 0 1,0 0,3 15,0 15,0 noh0o09se?

SB0&27 , onnopgs3
21 13 24 25 0 10,0 0,2447 1,0 1.0 DHDO0984

580422 DDDODYBS
28 13 24 26 0 10,0 0,223 1.0 1.0 DDDO0IAE

BEBUT DDD01230
1 1 0.0 . LDDUL1240

2 1 0.0 DHLO1250

3 1 0.0 DDDO1260

4 1 0.0 DDDG1270

5 1 0.0 DDRO1280

6 1 0.0 LDLIYG1250

7 1 0.0 nDD01300

8 1 0,0 DPOGC1310

9 1 0.0 DDDO3I320

10 1 Q.0 POBULI3AY

11 1 0.0 DDDO1340

12 1 0.0 DDDO1350

13 1 0.0 DODO136D

14 1 0.0 DODQ1370

15 1 0.0 DODOLI3BO

16 . 1 0.0 DODO1390

17 1 0,0 DDDUL400

18 1 0.3 DDDO1410

19 1 Q.0 nPODOCL1420

20 1 0.0 DPDOL1430

21 4 4144 : DPRGL1440

22 4 9,068 DPDO1450

23 4 0. DDDOL1460

24 4 0+504 _ DODOLATO

23 7 Q. DDhiX01480

26 ) O LOLOL490

21 4 G DDDOL5N0
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BRO3
S5R0O801
21 2 1 10 v 0 0,25 0.75 0. a,
SBOB0D
22 1 29 0 Q o 1,0 a,0 0. Q.
$B080Ns
23 2 11 25 0 0 1.0 0,0 o, 0,
SBO8OT
24 3 17 27 28 Q 1,0 ,0 o, g,
BRO9
SB0901
1 25 0.0 0.047 50,0 1000.0
2
0.0 600,00 1000,0 603.0
BR10
SBi001
4 1 1185,0 5,58 4,33E4 LG0,0 T49,0 1150.0 3460,0 -0,5 0,0
581002
L7 1 1185.0 16,74 4.33E4 160,0 749.,n0 1150.0 3460,0 -0,5 0,0
BB11
581101
1 .
14
-1.0 1.%6 0.18 ~0.85 1,33 0,34 0,80 1.23 0,40 =0,72 1,30 0,48
“0.62 1.35 0,556 =0,50 1.36 0,67 =0,34 1,34 0,77 =C,21 1,29 N, 84
=0,11 1.29 0,89 V.00 1,22 9,95 0.25 1,16 1,16 0,50 1,13 1,35
Q.73 1,07 i1.62 1,0 0,98 1.94
11
=1, 0,18 1.56 =0.,75 =0,13 .12 =0,50 ~2.,32 0,90 =0,32 =0,40 0.82
~0.16 =0,42 0,76 0.0 =0.39 3,71 0.16 =2,28 0,71 0.32 0.16 0,7s
0,52 0,01 9,90 C.75 0,40 L,33" 1,0 3,98 1,94
14
"1.0 OI?O _1|42 "0.90 0|,O -1'32 -Ouao 0.&3 -1|23 -C.TO 0|63 -lilq
=060 2.53 =1,07 -0.50 0,47 =0,99 ~0,40 0.46 =0.%1 ~0,30 0,45 =0,84
=0,2Y 0.45 =0.77 s 0,48 =0,.64 0,25% 5,55 -0,49 C,50 0,66 =0,34%
0.75 0,83 -0.20 1.0 1,02 =1,1n .
13
“1.0 ~1.,42 0,70 =0,8 =1,12 0.5 ~0,%& =0,82 Ci4 =0,5 =0,68 0,39
~0.4 =-0,5%% 0,33 =9,2 -0,28 0.33 0,0 ~0,08 0,23 c.11 0.0 92,25
0,25 0412 0.22 9,50 0,33 0,14 0.75 0.61 0,03 0,92 0,82 0,01
1,9 1,02 =0,10
2
0.0 1,0 1000,0 0.5
?
~1.J3 =50,0 1,0 50,0
& 6
0.0 0.2 0,% G,6 0,38 1.0
0,0 0,0 .0 0,0 0,0 0,0 0,0
0.2 0,0 34065E=5 7,T7239E=5 1.32638~4 1,9460FE=4 2.4207F~4
9.4 0,0 4,B66E~-5 1,2261F=~4 2,105%3g=4 3,0996E=4  4,1602E=4
0.6 0.0 6,376E-5 1,6066E~4 2, 71587F=4 4.04R5E=4 5,4514F-4
0.8 0.0 T.T2395=5 1,9463E=4 3.34195=4  4,9044FE -4 €,6037FE=4
1.0 0,0 8+9628==5 2,2585¢=4 3,8780F~4 5,6910E=-4 Teb631F=4
BR12
SH1201
32 26 T, o, 50,9 40. 0, 0, ‘0, 0. o0,
0.9 3,0
BB13 '
8 2,001E~3 C.4 0,8 0,6 0.6 0.8 0,6 0,6
6
0.3 1.0 7,5 2,7 15, 3,0 30, 3.0 60, 3.0 1000, 3.0
BE14
31 217 19 3.58 15,56 0,1
0,215 0,915 29,915 1,525 3,05 4,58 g,0 6,99 157,0
Qeid 50,0 2,38 5.0 20,0 2,n 0,0 0G0 C.564 0,57 0.619
0.47 Qs 1, 1o, 10, 1,0
2
2, 1.0 1.0 1.0 1000, 1,0 1,0 1,0

OhdO1600
LDDO1610
BHLO1620
LRBO1630
DPDOL164D
DDDO1650
BRD01660
SBDOL6TO
DDDO1680O
LRDO1T10
DLDOLT20
LODO1TI0
DODO1T40
DhBO17So
DDDO1760
DDDO17TQ
Beo01780
DANCLTI0
DERG1800
2On0181o
PEDO1820
DDO1E30
LORO18B4O
DDDC1850
DODO1860D
nopoL8TOo
DDD01880O
oepo18g0
DBDC1900
2DD01910
pNDOL1920
DRDO1930
pDODO1940
DDDO1950
DDD01960
DDOO1970
DDOO1980
DDDO1S90
RODO2CO0
DhDO2010
DND02020
DBB0Z030
DDD0O2040Q
DDDY2050
DDO2060
DODO207D
DDDO208G
DDD02090
DDPO2100
DBR02110
oDDN2120
oODD02130
DDN02140
DhR02150
DHNO2160
DDDO2170
nbbo2130
poDo219%0
oBR02200
DONO2214
o0n02220
DDNG2230
DNDY2240
DbE022%0
DON02240
BDDa2270
oNNG2280
DDDG229%0



BB15
581501
23 4900
8.355 12,0 0,
C. 0.05 45,
~60, =6%, =70,
0.001 80,
3
2.9 1.0 1,0
SB1502
30 12200 i
25,65 12.0 2
g, Q.05 45
-60, =-65, =T0,
c.003 80,
3
2.0 1,2 1,0
B31s&
40000 22
90C2.0 5,36E=3
0,012% 0,0212F
0,111 0.1254€
1,13 D.,0736F
5.0 J.6
0,0
1.,61228~-07
1,6122E-07
BB17
3
0,2 0.0 0,5
5
20,0 0.1 3
5
0.0 0,0
B318

1.54€03 0.7
BB19%

2.0301 0.0
1,235£=05 0.0
BG21
2 2 5,NE7
1,49E~07
BB22
9. 1.4 1,4 0
BEND
¢ 2 0o ¢
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3 5 3 1

T 0,0001 3,0E=2 1,0E=2 10,4 0 180,
0 0.1 0,564 0,619 0.47 0,963
045 0.5 0,5
1,0 1.0 1,0 1,0 1,0° 1003,0 1.0 1.0 0,0
é 14 3 1
10,0001 3,06-2 1,08=2 10,4 4,0 140,
0 0,1 0,564 0,619 C.47 0,963
0.5 0.5 0,5
1,0 1,0 1,0 1,0 1,0 1000,0 1,0 1,0 0,0
24 1
D.6206~3 4,89F=3 1,42-2 0,6 1.0E-4
-J2 00,0305 3,1402E=02
~52 0,301 0.2329E=~02
=32 3,00 0,0269E=02
4,91€-04  3,41c=06 1,2 1,54E03
2,08E02 0.0
6,3E=D7 1.622e-07
6,8E=07 1.622E=07
-1.0 1,0 =5.0
03,0 0,0 1500,0 -0,1 2500, =0.2 4500,
1-0 'Onl 1-5 -0|2 2.0 "'3|0 10000
1SE-04 2.29E04%
0.9495 0.0157 00,0028 3,0 0,032 0,0
0,0 0,0 0.0 3,6 0,6 0,0
6,95E=08 2,874 2,86E-03 1,15E0 1.528£0
2,0F-08 1.,25€-1% 1.85E-~01 8,0ED9 3.3E~03
o 0,
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LibDO2300
0202310
bDDO2320
ppDR2330
EDDo2340
DDDO2350
DDLDO2360
DEPOZ3TO
0OD02380
obD023%0
CDDO2400
sLD02410
ubDI2420
DDDG2430
DODO2440
DDDO2450
DLDO2&460
DDDG247T0
Dpo02480

DDDO02490

DODG2500
Cbbozs510
Dopo2520
20002530
DDD02540
DDDOZ2550
EoDoO2560
DDLCZ2570
oono2580
bpDo2590
oppozeoe
bPD02610
DDD0R620
oDDO2630
DDBO2640
oDDO2650
DDDC2e60O
DDDO2670
LDLU2680
DODUZ2690
oopo2va00
ubpe2T10
bpp02720
eDpO2730
poDO%000
DODO9010
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