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A code system PLES/PTS has been developed at the Japan Atomic
Energy Research Institute (JAERT) to evaluate the integrity of the
pressure vessel during plant thermal-hydraulic transients related to
pressurized thermal shock (PTS) in a pressurized water reactor {(PWR).
The code system consists of several member codes to analyse the thermal-
mixing behavior of emergency core cooling (ECC) water and primary
coolant, transient stress distribution within the vessel wall, and
crack growth behavior at the inner surface of the vessel. The crack
growth behavior is evaluated by comparing the stress intensity factor
(k1) with the crack initiation toughness (k1) and crack arrest
toughness (kla)s taking into account the fast neutron irradiation
embrittlement.

This report describes the methods and models applied in PLES/PTS

and the input data requirements.

Keywords: PLES/PTS, Pressurized Thermal Shock (PTS), Integrity of

Pressure Vessel, Thermal-Mixing, Crack Growth
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1. Introduction

Under certain postulated accidents such as small-break loss-of-coolant accidents
(SBLOCAs), main steam line breaks (SLBs) and other overcooling scenarios, reactor
pressure vessels (RPVs) of pressurized water reactors (PWRs) undergo a large cooling rate
keeping significantly high internal pressure, especially after high pressure injection (HPI)
system is actuated. This combination of thermal stressing and high internal pressure,
called pressurized thermal shock (PTS), could pose a serious challenge to the integrity of
RPV. The PTS problem was designated as Unresolved Safety Issue A-491) by the U.S.
Nuclear Regulatory Commission (USNRC) in 1981. Since then, a lot of experimental and
analytical efforts have been made to resolve the problem mainly in U.S.A., as shown, for
example, in Ref. (2).

The RPV is recognized as one of the critical components which may limit the plant
life. Among various threats to challenge the RPV integrity, PTS is one of the most impor-
tant ones in view of plant life extension because it involves cumulative effects of neutron
irradiation, i.e. neutron embrittlement of RPV material. Although early research showed
that no PTS concern existed on Japanese RPVs because they have lower copper contents,
further research programs have been continued to obtain a public acceptance for RPVs
integrity and to provide the data base for their life extension®.

Under these circumstances, the code system PLES/PTS(‘*) has been developed at
the Japan Atomic Energy Research Institute (JAERI) with the objectives to establish the
methodology for the evaluation of RPV integrity under the PTS conditions, and to supply
a part of the technical basis for the plant life extension. This code system is also aimed
to be a prototype software to synthesize analytical techniques, data bases, etc. of various
fields relating to plant life extension.

In order to evaluate the integrity of pressure vessel during a transient related to PTS,
first of all, the thermal-hydraulic condition at the downcomer region has to be identified
and then the structural integrity can be evaluated against the condition. Tn the evaluation
procedure with PLES/PTS, therefore, analyses of the following items are performed:

(1) the plant thermal-hydraulic behavior during the PTS event to obtain the pressure
transient and overall coolant behavior at the cold leg and downcomer,

(2) the local behavior of coolant temperature at the inner surface of the RPV wall,

(3) the transient stress distribution within the RPV wall, which is composed of the ther-

mal stress and stress due to the internal pressure, and

(4) the crack growth behavior at the inner surface of the RPV wall resulting from the

stress transient.
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The severity of the event under consideration could be defined by whether or not -
the crack, which is assumed to exist initially, grows. This can be done by comparing the
stress intensity factor to the crack and the fracture toughness of the RPV material in the
analysis. If any kinds of probabilities are not taken into consideration in the courses of
analyses from 1} to 4), the evaluation is called deterministic. In this case, the evaluation
is done assuming a certain geometry of the initial crack under a certain plant transient
condition related to PTS. In the probabiristic evaluation, on the other hand, various
kinds of probabilities and frequencies, such as the initial crack existing probability which
depends on its geometry, probabilities that the initial crack is escaped from detection in
pre-service and/or in-service inspections, occurrence frequencies of the plant transients
under consideration, etc., might be considered.

PLES/PTS has capabilities to analyze items 2) to 4) only in a deterministic way.
The item 1) is designated to be analyzed with existing transient thermal-hydraulic codes.
This document provides the description of the methods and models applied in PLES/PTS
in addition to the input data requirements to be served as the user’s manual.

2. Overall Description of:PLES/PTS

The code system PLES/PTS consists of several member codes, not subroutines in
a single program. Each member code plays its role along the evaluation flow shown in
Fig.2.1. In the PTS evaluation, it is indispensable to analyze transient thermal-hydraulic
responses of the plant to miscellaneous transients which may cause a serious overcooling of
the primary system. This should be done with transient thermal-hydraulic analysis codes
such as TRAC-PF1(®3, RETRAN(®), etc. This calculation step is corresponding to item
1) stated in Sec.1 and is called the plant thermal-hydraulic analysis.

In the thermal-hydraulics related to PTS, the natural circulation termination, which
is abbreviated to NCT in the following, plays an important role because it deteriorates
the mixing of high pressure injection (HPI) water with primary coolant and the HPI water
may conform a cold stratified layer in the cold leg. Then, the cold layer may directly
contact the RPV wall in the downcomer as schematically shown in Fig.2.2. However, the
transient thermal-hydraulic analysis codes cannot predict such local behavior since they
assume complete mixing in a large computational mesh cell. The cold leg and downcomer
are usually discretized only several mesh cells considering the running cost.

The first member code in PLES/PTS evaluates the temperature transient of the
cold layer, when NCT is calculated to occur in the plant thermal-hydraulic analysis. This
analysis is corresponding to item 2) in Sec.1 and is called the thermal-mixing analysis.
There may be two ways to do this analysis. One is to perform a multi-dimensional single
phase flow analysis to obtain detailed coolant temperature distribution within downcomer

region. The other way is to utilize the empirical correlations or models based on experi-
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Fig. 2.1 Calculation flow in PLES/PTS
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ments, which are called engineering models in contrast to the multi-dimensional fluid flow
analysis. In PLES/PTS the latter way is adopted. The models presently implemented are
the model proposed by Theofanous™, the empirical correlation developed base on the 1/3
scale thermal-mixing test conducted by MHI® and the those proposed by EPRI(®:10:11),
In these models, the temperature transients at the cold leg and/or downcomer, and ECC
injection flow rate obtained by the plant thermal-hydraulic analysis are used as the initial
and/or boundary conditions.

The second member code in PLES/PTS calculates the transient stress distribution
within RPV wall. This step is corresponding to item 3) in Sec.1 and is called the stress
analysis. In this calculation, the transient temperature distribution is obtained by solving
the one-dimensional thermal conduction equation with using the temperature of the cold
Jayer as the boundary condition. Then, the transient stress distribution is calculated
based on the temperature and pressure transients which are obtained in the plant thermal-
hydraulic analysis. ~

The third member code in PLES/PTS calculates the FM parameters such as the
stress intensity factor k; and fracture toughness parameters ki, and kj.. This step is
corresponding to item 4) in Sec.1 and is called the FM analysis. The k; value is obtained
based on the model applied in the OCA-I code(?). In this model, an infinitely long axial
flaw is assumed to exist at beginning and the unit-load k; values (k*) for a selected crack
depth are summed with weighting in accordance with the crack-free stress distribution as-
sociated with the equivalent problem. The k* value for a certain flaw depth is given
as a table, which can be generated by using, for example, an existing code with finite
element method (FEM). A built-in table of (£*), whichis applicable to a pressure vessel to
a typical Westinghouse PWR, being used in OCA-I, is implemented in PLES/PTS. The
fracture toughness parameters kj, and kjc are evaluated with an existing empirical corre-
lation, which is either the ASME Sect. XI lower-bound curvest12~1®), ORNL mean curve
or USNRC mean curve™). As for the reference temperature for nil-ductility transition
RTypr to be used to evaluate the fracture toughness parameters krq and kj., the curvein
US Regulatory Guide 1.99(Rev.1)121) and so called the Guthrie equation (1517:33-28) are
tmplemented. |

As stated above, the code system PLES/PTS consists of several member codes, not
subroutines in a program, and therefore, the job control langnage (JCL) cards and the
input data are rather complicated. Therefore, for ease of the users, the driver program('®)
which has been developed at the Oak Ridge National Laboratory (ORNL) is applied to
control the execution of member programs including data transfer between them.
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3. Methods and Models in PLES/PTS
3.1 Plant Thermal-Hydraulic Analysis

The plant thermal-hydraulic analysis is to supply the following quantities to the
further calculation steps by PLES/PTS as shown in Fig.2.1 :

[l

system pressure transient,
coolant temperature and fiow transients at upstream of ECC injection point,

S ]
e N N N

flow transients of HPI water(temperature is assumed constant),

W

time of natural circulation termination.

In PLES/PTS, this analysis is designated to be done by the TRAC-PF1 or RE-
TRANO2 code. When these codes are used, the output data of 1) to 3) can be retrieved
from the output file(s) and transferred to the further steps by PLES/PTS. If these quan-
tities are calculated by using other codes or known in advance, they can be specified as
input time tables.

3.2 Thermal-Mixing Analysis

The schematic drawing of the flow configuration under consideration is already
shown in Fig.2.2. In PLES/PTS, the thermal stratification is assumed to occur just
after NCT takes place. The time of NCT is either given by an input or defined by an
input threshold value of flow rate at cold leg. It is shown in this figure that the injected
HPI water is not well mixed with primary coolant and stratified into hot and cold layers
after natural circulation is terminated. This situation is called thermal stratification phe-
nomenon. The thermal-mixing analysis is to supply the temperature transient of the cold
layer based on the temperatures and flow rates of the primary coolant at upstream of the
ECC injection point and HPI.water, which are obtained in the plant thermal-hydraulic
analysis. This temperature is used as that at the inner surface of the pressure vesse] as a
boundary condition to solve the thermal conduction equation within the vessel wall. This
means that the heat from the vessel wall to coolant is neglected to obtain conservative
results for the purpose of PTS evaluation.

~ If a temperature transient is given in advance, this step can be omitted. In this
case, time-dependent temperature of the cold layer is specified by inputs as time table in
the stress calculation.

The following four kinds of models are provided in the present version of PLES/PTS:
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1) Empirical bulk mixing model proposed by EPRI®,
2) Regional mixing model proposed by Theofanous(”,
3) Empirical correlation proposed by MHI®), and
4) Model proposed by Kim®Y,

Among the models listed above, the model in 4) is not sufficiently assessed, and
therefore, is not recommended to be used at present. Thus, only the three models in 1)
to 3) are described in the following. The model in 2) has been extensively used in the
United States relating to the Unresolved Safety Issue A-49. The empirical correlation in
3) was developed based on the experimet which took into account the specific features to

Japanese plant designs (See Ref. (8)).
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3.2.1 Empirical Bulk Mixing Model by EPRI®

The empirical bulk mixing model proposed by the Electric Power Research Institute
(EPRI) in the United States is implemented in PLES/PTS. The temperature T¢ that
is used to evaluate the temperature distribution within the RPV wall in the next step is
calculated by the following empirical correlations :

&
I
~

+ (TeoL — T0n) . e—t (Qupr + Qc1) - Ver

Tm = min (ng, Tn) y

EHEL

. Qe .
To = pCL THPI + QHpPr Ter

pEPI SoL. d

+
PCL QHpr

T T 0.01 ok 0.07
w = T+ (Tor— upr) 60  (erpr = ecL) T
PHPT
and
D 2
Ver = Ler (——gi) ul

T.; : Coolant temperature at cold leg (°C) \
Typr : Temperature of HPT water (°C)

por  : Coolant density at cold leg (kg/m?)

prpr : Density of HPI water (kg/m?)

Qcr : Volumetric flow rate at cold leg (m?*/s)
Qupr : Volumetric flow rate of HPI water (m’/s)
Lor @ Length of cold leg (m)

Dep @ Diameter of cold leg (m) /

The temperature Ty is corresponding to the lower bound of that measured in region
Il in Fig.3.1in the scaled experiment.  As for detailed physical meaning of the equations,
their uncertainties, etc., reference should be made to Ref.(9).
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Fig. 3.1 Schematic explanation of bulk mixing model proposed
by EPFI



JAERI-M 52006

3.2.2 Regional Mixing. Model (RMM) by Theofanous!”

Conceptual drawing of the system under consideration in RMM is shown in Fig.3.2
This model can be applied after NTC takes place. First of all, the temperature transient
at downcomer is obtained by solving the simplified energy equation assuming complete

mixing as follows :

hn+1 — hn
Viom: '—mzt——m” = Q%p; pupr (hapr— 1)+ Q4 ,
(2)
hupr = Ciep Thpr
hm = Cref Tm
Pm = f(Tm)
where
V=Vor+ Vasa -

{ hn : Enthalpy of mixture (J/kg) \
om  Density of mixture (kg/m?)

Q. : Heatinput (J/s)

Cres : Reference specific heat (J/kg°C)
f : Function

V.24 : Additional volume (m®)

Vor @ Cold leg volume (m?®)

V  : Total volume (m?)
At : Time step width (s)
\ n : Time step /

The initial conditions are as follows :

hmO = Cref TCLO
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and

fmo = f(TCLO) )
(4)

where Twzo is an initial temperature at cold leg. This step is called the bulk mixing

model.

In the next step, the temperature transient of the cold layer is evaluated base on the
density and enthalpy of mixture at n+1 time level obtained in the step stated above. In
the following, the subscripts k, ¢ and m denote, respectively, the hot layer, cold layer and

mixture. The equations to be solved are shown as follows.

Mass balance :

Qupr pupr+Qn on = Qe pe -

Energy balance :

Quer pupr hapr+ @ pn A = Qe pe he

and

V. pe het Viopr hw = (Ve Va) oo ATT
(7)

The temperature T¢ to be evaluated is calculated from Ac. The volumes V. and

V;, for cold and hot layers, respectively, are expressed as follows :
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V., = Ac Lct
(8)
and
V, = (Acp— Ac) Lo + Veas
(9)
where
D%, L 1
Ac = - ¢ —(O.S'DCL—“HC) H? (DCL-—HC)’,
and
L 1
. Hi(Dgp—H.)? DcL
= 1 { H < —
@ = tan e Doy — He or FezT
or
Dy ¥ L
A, = (W—CY) +(0.5'DCL—H},) Hh (DCL—"Hh)z,
and
_ Hc%(DGL_Hh);— Decr,
= tan~t- ! H. > —.
It is noted that :
Hc+Hh = DCL)
(10)
and
Ac+Ah = AGL-
(11)
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H, : Thickness of cold layer (m)

H, : Thickness of hot layer (m)

A, : Flow area of cold layer (m?)
A, : Flow area of hot layer (m?)

A : Total flow area of cold leg (m?)

In addition to these equations, the following flooding condition is assumed to be

fulfilled :

Friq Fri =1

where

1
. Ac c T o7
Frc::Qc(g""_'p ph) 3

A w Pe

- A '_'%
Fry = _£<g._h_.p_c_ﬁ) |

A w Pe
Q= Q. —05-Qn,
Q;‘z = O'S'Qh:

and

D2 i 2 ;‘
w = 2 Ii——c"'[—"—{EDCL—mZ.n(Hh, Hr_)} J .

As for the flow rate of hot layer, the following correlation is applied
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Qh = Qc
H 1.236
= 0.5176'@3}:1( A ) Fryoa
Dypr
(13)
where
-1
_— 2
Fri = - QHP; (g_DHPI_PHPI PCL) _
£ 7 Dapr PHPI

The numerical solution procedure is as follows. First of all, A% and prtt which
are the mixture enthalpy and density at new time level to be solved, are obtained from
Eq.(2). If the thickness of the hot layer Hj, is assumed to be a certain value, the hot layer
flow rate @ is obtained from Eq.(13) and hence the cold layer flow rate Q. is obtained from
Eq.(5). Then, h.and A, which are the enthalpies of cold and hot layers, respectively,
can be obtained from Eq.(6) and (7). However, Eq.(12), which is the flooding condition,
may not be fulfilled. Thus, the problem can simply be expressed to solve the following

equation :
F(H,) =0
where

F(H,) = Fri4 Fri—1.

In PLES/PTS, the above equation is solved by a simple conventional method.
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3.2.3 Empirical Correlation by MHI®

This model can be applied after NTC takes place. Before that, complete mixing
is assumed. The empirical correlation developed by MHI is shown as follows :

T-T) 1 - 0.526 R0 ezp (—0.0186R; %1 t7)

(Typi —Th)
for R,’ S 100,
= 1-—0.838 ezp (—0.0095 t)
for R, > 100.
(14)
where
- - Yeit : non—dimensional time,
Lor
R, = g D¢y prpI i : Richardson number,
PHPI UéL
and
Ucp = Qs . velocity at cold leg.
Acy

T, : Temperature of primary coolant (°C)
o+ Density of primary coolant (kg/m?)
g : Gravitational acceleration (m/s?)

The method to apply this correlation to evaluate the downcomer coolant tempera-

ture is shown in Fig.3.3¢®.
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3.3 Stress Analysis

The stress analysis is to supply the transient of the total stress distribution within
the RPV wall to evaluate the stress intensity factor to a initial crack in the FM analysis.
The total stress imposed on the RPV wall is composed of thermal stress and stress due to
difference in static pressures at inner and outer surfaces of RPV wall. In order to obtain
the transient of thermal stress distribution within the RPV wall, one-dimensional thermal

conduction equation is solved :

aT, 1 0 aT,
b O 7 = 775 o7 5

T, : Temperature within pressure vessel wall (°C)

o, : Density of pressure vessel wall (kg/m®)

C,, : Specific heat of pressure vessel wall (J/kg-" C)

k, : Thermal conductivity of pressure vessel wall (J/m-s-°C)
r : Radial coordinate (m)

The boundary conditions at the inner and outer surfaces of the pressure vessel are

assumed as follows :

¢ = he (T, —Ty) at inner surface, and

(16)

= 0 at outer surface.

(17)

T, : Vessel wall surface temperature (°C)
he. : Heat transfer coefficient (J/m?.s-"C)
é : Heat flux (J/m?:s)

T, : Fluid bulk temperature
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where T, is taken as 7; which is the temperature of the cold layer evaluated by the thermal-

mixing calculation.
The heat transfer coefficient h, is given as an input constant or evaluated by the

following correlation‘!® :

k
htc = EENU:ﬁ'"—"

where the reference Nusselt Number N is given by the Petukhov and Kirrilov

correlation® :

c ,
Nus = Ry Py (—Zi) / {12.7 (%i) (P}f - 1) + 1.07} .

(18)

The skin {riction coefficient Cy is given by

C; = 1/ (3.64logio Ref — 3.28)?

(19)
and the Nusselt number ratio is given by the Jackson and Fewster correlation®® :
N, 2 1\ 03
—_ L] 1
V= (144500 Gy / B P} )
(20)
where
T, ~T,
Grs = Gijo
s fo AT,
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{ kg . Thermal conductivity of fluid (J/m-s-°C)
D. . Equivalent diameter (m)
R, @ Rynolds number of fluid
P, . Prandtl number of fluid
Grpo Grashof number of fluid
\ AT,.; : Reference temperature difference (°C) /

Based on the calculated temperature distribution within the pressure vessel wall,
the thermal stress o is evaluated by the following equationt?) :

2 2 d r
gr = ob 1 Lljl%/ Trdr + /lTrdr——Trf .
d2—‘.'"0 TG e

@ : Thermal expansion ratio (1/°C) \
E : Young's modulus (Pa)
~ : Poisson’s ratio

ro : Inner radius (m)
ri : Outer radius (m)

d . Wall thickness (m)

The stress ¢ p due to pressure difference between inner and outer surfaces is evaluated

as follows :

(22)

where the inner pressure P is given as a result of the transient thermal-hydraulic analysis
or by an input table.  Thus, the total stress ¢ is given as :

g = dp+or.
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3.4 Fracture Mechanics Analysis
The fracture mechanics (FM) analysis is to obtain the transient of the stress inten-

sity factor to an initial crack on the inner surface of the RPV wall and to estimate the
fracture toughness parameters of the vessel material by using empirical correlations.

3.4.1 Fracture Toughness Properties

The following three empirical correlations are implemented to evaluate material frac-

ture toughness properties ky, and ky. .

1) ASME Section XI lower-bound curve(t®

ki, = 36.5+ 3.084 00T+ (M Pay/m),

(24)
and
Ky, = 20.5+ 1.344 20T (A Pay/m)
(23)
where
T' = T = (RTxpro+ ARTNDT)
= T - Rlypr
T . Actual temperature from thermal analysis (°C)
RTwpr : Reference temperature for nil ductility transition {°C)

RTwypro : RTwypr for unirradiated material (°C)
ARTypr : Changein RTxpr caused by radiation damage (°C)

Figure 3.4 shows the kj, and ky; vs (T — RTxpr) from ASME Section XI(Appendix
A)(12,14)'
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2) Mean curves by ORNLUY

k. = 1.43 ks evaluated by Eq.(24)

(26)
and
kr. = 125k, evaluated by Eq.(25).
| (27)
3) Mean curves by NRCO®
ko = 39.8+4 54.3 208TT for T' < —28,
= 60.6 + 30.8 08T for T'> —28,
(28)
and
ki, = 21.9 +48.2 20T for T < 28,
= 77.0 +7.14 20537 for T'> 28.
(29)

The value of ARTypr is evaluated by either the correlation proposed in US Regu-
latory Guide 1.99 (Rev. 1) (12180,

ARTnpr =

1 3
Tgl 40 + 1000 (%C, — 0.08) + 5000 (%P — 0.008) (F - 107°):] (°C)

(30)
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or by so called the Guthrie equation (15,17,23-26}

ARTNDT = 'flg[ 38 + 470 %C, + 350 %N, - %C, (F - 10-19)0.27] (oC)

(31)

Whichever is used, the lesser one is used compared with the following equation

ARTwpr = i[zs:s (F-107°)%1% ] (°C).

1.8
(32)
The attenuation of the fast-neutron fluence throﬁgh the wall of vessel is given by(!*1%
F= Fg 8_‘3'380'.
(3)
F . Tast neutron fluence (neutron energy > 1Mev) (n/cm?) \
F, : Fluence at inner surface of wall (n/cm?)
a . Radial distance from inner surface of cylinder (m)

%P : Weight percentage of copper content
%C, : Weight percentage of phosphorus content
\ %N; : Weight perceutage of nickel content

Figure 3.5 shows the ARTypr vs fast neutron fluence data taken from USNRC Regula-
tory Guide 1.99(Revision 1)(12:19),
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3.4.2 Stress Intensity Factor?

The method to evaluate the stress intensity factor k; is the same as that used in the
OCA-I code, where a one-dimensional axial flaw is assumed to exist. The method is to
calculate k; curves separately for each of several unit load applied at specified points along
o crack surface. The unit load k; values & for a selected crack depth are weighted in
accordance with the crack-free stress distribution associated with the equivalent problem.
Then the actual k; value is obtained by superposition as follows :

n

ki(a) = Z o; Aa; k (a, a)

r=1

(34)

where
( Ag, : an increment of a about o' )
Z Ag; = a,
=1
/@ : crack depth (radial distance from open end of crack) \
¢! : radial distance from open end of crack (cylinder surface) to point of

application of unit load,

o; : average stress overAa;for equivalent problem,

k* : stress intensity factor per unit load applied atajper unit length of
cylinder, and :

\ n: number of points along length of crack for which k* values are available.

Figure 3.6 shows the conceptual illustration of stress along crack line in uncracked
cylinder and application of unit load to crack surface along with the table of £* used in
OCA-I12).  The same model and table are used in PLES/PTS.

— 24_
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|
]
|
1

.

CRACK LINE

U/4

UNIT LOAD RESULTING IN K7

Crack—depth Fractlional crack Number of
identifigation depth K*
No. (a/w) values
1 G 0
2 0.02647 6
3 0.05588 11
4 0.07641 14
5 0. 10147 16
6 0.1500 17
7 0.20147 19
8 0.2500 21
9 0.30I1 23
10 0.40L47 25
11 0. 5000 27
12 0.60012 31
13¢
14 0.70735 34
15 0.8000 37
16 0.8500 a7
17 0.9000 37

2Cylinder has a 172-in. 1D x 189-in. OD.
bused {nternally in OCA-TL.
CNot used.
Fig. 3.6 Illustration of stress along crack line in uncracked

cylinder and application of unit load to crack
surface
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4. Code Organization
4.1 Structure of Code System

Figure 4.1 shows the structure of the code system. The code system PLES/PTS

consists of :

(1) Member codes to perform the calculations described in Subsecs. 3.2 to 3.4
and to display the results, which conform the main body of PLES/PTS, and
(2) Programs to control the execution of the member codes in the main body
of PLES/PTS and data transfer between them, which is called the driver

program.

Fach member code in the main body of PLES/PTS can be executed independently.
In the case where a user desires to perform only the thermal-mixing analysis, for example,
it is enough to execute only one of the member codes. The driver program® which
is supplied for ease of users, is helpful to perform a combined calculations with several
member codes such as a once-through calculation from the thermal-mixing analysis to
fracture mechanics analysis including the plotting of the calculated results.

The input data requirements to the main body of PLES/PTS is supplied in Ap-
pendix A. The data flow and sample inputs and outputs are shown in Appendeces B and
C, respectively.

4.2 Driver Program

As described in Subsec. 4.1, the driver program is used to execute several member
codes simultaneously. The driver program can reduce such endeavor that users have to
set up rather complicated JCL, which includes the data transfers to link the calculations
with member codes.  The driver program has been developed at the Oak Ridge National
TLaboratory (ORNL).in U.S.A. for the code system SCALE to design and evaluation of
transportation casks of nuclear fuels. The driver program is used in pair with a program
called the control module, as shown in Fig.4.1. The control module determine the order
of programs to be executed and the data transfers between them and the driver program
executes the programs one by one following the order. At each execution, it returns the
completion code to the control module and then the control module generate the next order
to the driver program. The control module to be used to execute each member code in
PLES/PTS is incorporated together with the driver program as a part of PLES/PTS.

As for more detailed information on the driver program, reference should be made
to Ref.(18).

._27_.
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JCL

Input Data

for PLES/PTS Submit Job
Byecution of
Program in PLES/PTS

............................. Driver Program

Excecution Completion Code

List of Excecution

+» Control Module Input Data for PLES/PTS

S o

File to Store

Coentrol Module ; Program for Retrieval of Data

and Main Body -1 from TRAC-PFI Dutput File{s)

of PLES/PTS b Assign Input Data te

Each Program

Program for Thermal-mixing

Calculation

Program of FH Parameter

Catculation

Program for Plotting of

Okamura's Map

Main Body of PLES/PTS

Fig. 4.1 Structure of PLES/PTS
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5. Summary

The code system PLES/PTS has been developed at JAERI for evaluation of the
integrity of the pressure vessel in PWR during miscellaneous transients related to PTS.
The code system handles the combined calculation of the thermal-mixing analysis, stress
analysis and fracture mechanics analysis. The major methods and models applied in the
present version of PLES/PTS were described in this report in addition to the input data
requirments.
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Appendix A Input Data Requirements for PLES/PTS

The input datz set for PLES/PTS consists of 4 data blocks corresponding to
the following 4 programs.

Identifier Program

1. TRAC Retrieval of data from TRAC-PF1 cutput file(s)

2. ENGI Thermal-mixing calculation

3. FRAC Stress and fracture mechanics(FM) parameter calculations
4. DAKZ Plotting of Ckamura's map

Each data block must be started by a card which contains DATAID and [EXEC.
The variable DATAID is an identifier to select which program is to be executed.
When I[EXEC is net 0, the corresponding program is executed. When IEXEC = 0,
it is not executed. In this case, therefore, the residual input data in the
data block have to be cmitted. In the following, the input data requirements to
each data block are summarized.

1. Input Pata for Retrieving Data from TRAC-PFL Qutput Data File{s)

When the temperature and pressure transients are to be read from the output
data file{s) for plotting from the TRAC-PFI code, this progranm is to be executed.

Record-01 (A4, 14)

DATAID Must be TRAC

1EXEC =0 Not to be executed,
# 0 : To be executed.

Record-02 (A72)
TITLE Tite : Any words

Record-03 (i4)
NFILE Number of TRAC-PFI output files to be used

Record-04 (2F8.3)
TSTART Start time for data retrieval(s)
TEND End time for data retrieval (s)

Record-05 (F3.3, [4)
TSTEP interval for data retrieval (s)
NSTEP Interval for data retrieval
TSTEP>0 : every TSTEP seconds(NSTEP is not used.)
TSTEP<O : every NSTEP time steps{TSTEP is not used.)

_BZT
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Record-06 (14)
NUMCMP Component number of data to be retrieved

Input Data for Thermal-Mixing Calculation

When the thermal-mixing calculation with the engineering models is to be per-
formed, this program is executed. The input data block for this program consists
of 10 sub-blocks of input data. Each sub-block must be started by a card with an
identifier IDSB and be ended by a card with a character string FIN, for example,

as follows:

TIME - Sub-block identifier

&TIME MT=0,DT=10.0, NTP=1, NTDAT=10, : Input data by namelist statement
TINIT=0.0, TEND=2000.0, &END

FIN . Must be closed by a character string FIN.

In the above example, the identifier IDSB is TIME. In-between the identifier
[DSB and FIN, the input data are given by a namelist statement and/or by cards

with fixed formats.

Record-01 (A4, 14)

DATAID Must be ENGI.
IEXEC = 0 : Not to be exscuted.
# 0 To be sxecuted.

Sub-block 1 : Calculation title

[DSB Must be TITL.
TITLE (A72) Title : Any words
FIN Must be FIN

Sub~block 2 : Controlling parameters

1DSB Must be TIME.
NALELIST &TIME
FIN Must be FIN.
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NAMELIST &TIME:

NT Number of time steps
DT Time step width
NTP Printout interval({steps)

TINIT Start time of calculation(s)
TEND End time of calculation(s)
NTDAT  Number of data points

Sub-block 3 : Options

1DSB Must be OPTN.
Option input card{4[4)
Namelist &QQW

FIN Must be FIN

Namelist &QQW:

1CALC  Option flag for methed to be applied:
. Empirical correlation proposed by EPRI
. Theofanous bulk mixing model (Not supported)
- Theofanous regional mixing model
. Xim's method (Not supported)
. Empirical correlation proposed by MHI
IPNO Option flag for calculation:

=0 : Wall temperature transient is read from NAMELIST &QQ¥

H
o = [ [T el

and time dependent data are read from sub-block 9.3
> 1 : Time dependent data are read from Fortran Unit 3(See
Table A.1) and heat from wall cannot be considered.)
IDEBUG Option flag for printing for dsbugging:
1 : Printing for debugging is given on Fortran Unit 8.
ITERMX Maximum iteration number for RMM calculation(see sample
input in Appendix C)

NAMELIST &QQW( When IPNO = 0 ):
Qw Wall temperature{ C)

Sub-bloek 4 : Convergence criteria

1DSB Must be EPSC.
NAMELIST &EPSC
FIN Must be FIN.
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NAMELIST &EPSC:

EPSIN
EPS2
QLMIN

Convergence criterion for inner loop in RMM calculation
Convergence criterion for cuter loop in RMM calcuiation
Criterion of NCT (Natural Circulation Termination) (m%/sec)
( When cold leg flow < QLMIN, NCT is assumed to oceur. )

Sub-bloek 5 : Physical variables

1DSB Must be QTDE.

NAMELIST &QTDE

FIN Must be FIN.

NAMELIST &QTDE:

TCL
QCL
RHOCL
THPI
QEPI
RHOHPI
TDC

Coolant temperature at cold leg (' C}
Volumetric flow rate at cold leg(m®/s)
Coolant density at cold leg (kg/n®)
HPI water temperature { C)

EP1 volumetric flow rate (m®/s)

HP1 water density (kg/m®)

Coclant temperature at downcomer {"C}

Sub-bloek 6 : Geometrical data

[DSB Must be SIZE.

NAMELIST &SIZE

FIN Must be FIN

NAMELIST &SIZE:

bCL
ALCL
VADD
DHPI
THETA
ySYC

Cold leg diameter {(m)

Cold leg lerngth (m)

additional volume (m®) (Normally 1/4 of pump volume)
HP! leg diameter

Angle of HPI leg to cold leg

Total volume (m3) (Except pump volume)

Sub-block 7 : Physical properties

IDSB Must be CNST.

NAMELIST &CNST

FIN Must be FIN.
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NAMELIST &CNST:

CREF
NTEMP
FTEMP
FDENS
NSHEAT
FHTEMP
FCREF

Reference specific heat (keal/kg C)

Number of points in temperature and density tables
Temperature (' C) (NTEMP points)

Density (kg/m®) (NTEMP points)

Number of points in temperature and specific heat tables
Temperature (' C) (NSHEAT points)

Specific heat (kcal/kg) (NSHEAT points)

Sub-block 8 : Input data for Kim' s model

Although the caleulation model is implemented, it has not been well

verified. Thus, this model is currently not recommended to be used

[DSB Must be CALC.

NAMELIST &CALC

FIN Must be FIN

NAMELTST &CALC

LCALCP
Z

X

HPI leg

0 (— X
yA

Number of data points (£201)
7-coordinate of data point {(m)
7-coordinate of data point {(m)

0 : Origin

Cold leg

Sub-bloek 9 : Time dependent data

[f IPNO>1, only IRKOPT should be specified. The other data are read from
Fortran Unit 3(See Table A.L).
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[DSB Must be TQTD.
NAMELIST &TQTD
FIN Must be FIN.

NAMELIST &TQTD
TTITME Time (s) (NTDAT Points)

TTCL Coolant temperature at cold leg ("C) (NTDAT Points)

TRCL Volumetric flow rate at cold leg (m3/sec) (NTDAT Points)
TRHOCL Coolant density at cold leg (kg/m®) (NTDAT Points)

TTDA Coolant temperature at downcomer (' C) (NTDAT Points)
TTEPI HPI water temperature (' C) (NTDAT Points)

TQHPI HP1 volumetric flow rate {m3/sec) (NTDAT Points)

TRHOHP HP1 water density (kg/m®) (NTDAT Points)
[RHOPT Option flag for cold leg density calculation:
= ] : Cold leg density is to be calculated.

The input variables required for each engineering model specified by option flag
ICALC in Sub-block 3 are summarized in Table A. 2.

Table A.1 Format of input file(Flow and flow rate data)
to thermal-mixing culation

Record-01
NTDAT 1%4 Number of data points
Record-02 (NTDAT Records)

TTINE(I) R¥8 Time (s)

TQHPI(I) R¥8 HP1 volumetric flow rate (m3/s)
TTHPI (1) B8 HP! water temperature (" C)
TRHOHP (1) R#8 HP] water density {(kg/m®)

TQCL(I) R*8 Volumetric flow rate at cold leg (m%/s)
TTCL (D) R%§ Coolant temperature at cold leg ('C)
TRHOCL ()™ R*8 Coolant density at cold leg (kg/m®)
TTDA(I) R#8 Coolant temperature at downcomer (°C)

¥)¥hen IRHOPT=1, TRHOHP and TRHOCL are not used.
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Table A.2 List of input variables required for each engineering
- model specified by option flag ICALC

] Option flag ICALC

Variables NAMELIST _— - — _— — 5
MT &TIME FANE JANE

DT §TIME O O O O
NTP &TIME O O O

TINIT §TIME O O O O
TEND &TIME O A AN O
NTDAT &TIME. O Ok (e
TCL &QTDE O O

QCL &QTDE O O

RHOCL %QTDE O QO

THP ] &QTDE O O

QuP1 &QTDE O O

RHOHP &QTDE O @

TbC &QTDE O O3 ®
DCL &SI1ZE O O O O

ALCL &STZE O O O

VADD &S17ZE O

DEPI ES1ZE O Q

THETA &S1ZE O

VSYC &SIZE O O

CREF &CNST O O

NTEMP &CNST O O O O
FTEMP &CNST @ O Q O
FDENS &CNST @) @ O O
NSHEAT &CNST O
FHTEMP RCNST O
FCREF &CNST O
LCALCP &CALC O

7 LCALC O

X &CALC O

EPSIY &EPSC O O

EPS?Z &EPSC O O

QLMIN &EPSC O O O

%1) Either TEND or MT is to be given. When TENDs0.C, MT=(TEND-TINIT)/DT+l.
%2) Not necessary, when IPNO>1 in namelist &QQW.
¥3) Not necessary, when [PNO=1 in namelist &QQW.

_38ﬁ
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‘Table A.2 List of input variables required for each engineering

option flag ICALC (Continued)

. Option fiag [CALC

Variables NAMELIST 3 i — 3 1 =
TTIME®! &TQTD Q O O
TTCL"! &TQTD @ O O
TQCL* ! &TQTD O Q O
TRHEGCL*! &TQTD o Ore O®
TTDATY | &TQTD O O O
TTHPI*! &TQTD O O O
TQHPI*! &TQTD O Q O
TRHOHP"! &TQTD 02 Qe Ot
1RHOPT &TQTD O @ O
QW LQQW O3 O3 *3 O3 O3

%¥1) To be read from Fortran Unit §, when [PNO>IL.
£2) Not necessary, when IRHOPT = 1 in namelist &TQTD.
£3) Necessary, when IPNO = 0 in namelist &QQW.

Table A.3 TFormat of input file (pressure data)
to stress calculation

Record-01
IBCP 1%4 Number of data points
Record-02 {IBCPF Records)

BCTIME(!)  R#d Time{min)
BCPRES (I} R¥4 Pressure{ksi or MPa)
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3. Input Data for Stress and Fracture Mechanics{MF) Parameter Calculation

Record-01 (A4, 14)

DATAID Must be FRAC.
[EXEC = ( : Not to be executed.
# 0 : To be executed.
Record-02 {(4X,214)
KOPT Option flag for execution:
= (0 : Both FM parameter calculation and plotting are to be

executed.
> 0 : Only FM parameter calculation is to be executed.

<0 : Only plotting is to be executed.

NUNT Option flag for units:
= | : Both calculation and plotting are done by British units.

= 9 - Both calculation and plotting are done by MKS units.
= 3 - Caleulation is done by British units and plotting is
done by MKS units.

Records from 03 to 25 must be inserted when KOFT=0.

Record-03 (4X, 1844)
TITL Title : Any word

Record-04 (4X, 414, F3.0)
NOD Number of mesh points for thermal conduction calculation

Record-05 (4X, 6F12.4)

RATE Ratio of i-th mesh length to i-1-th mesh length
RIN Vessel wall inner diameter {(in or m)
ROUT Vessel wall outer diameter {in or m)

Record-06 (4X,6F12.4) ( When RATECC.0 )
R(I),J=1, NOD Coordinates at mesh points (in or m)

Record-07 (4%, 6F12.4)

RHO (1) Specific weight of cladding (1b/in® or kg/m3)

sP1 (1) Specfiic heat of ciadding (Btu/1b-"F or kJ/kg- C)

COND(1) Thermal conductivity of cladding (Btu/min-in+"F or
kI/min-m-"C)

TCINI Initial temperature of cladding ('F or "C)
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Record-08 (4%, 6F12.4)

RHO (2) Specific weight of vessel wall (1b/in® or kg/m?)

SP1 (2) Specific heat of vessel wall (Btu/lb-"F or kJ/kg: C)

COND{(2) Thermal conductivity of vessel wall (Btu/min-in<"F or
kJ/min-m" C)

TVINI Initial temperature of vessel wall ('F or "C)

Record-09 (4X, 6F12.4)
RCR Outer diameter of cladding {in or m)

Record-10 (4X, 14,5F12.4)
THT Option flag for heat transfer coefficient (HTC):

= ( : HTC is given by input.
=1 : HTC is to be calculated.
HTRA HTC (Btu/min-in2+"F or kJ/min-m2:°C) ( When IHT=0 )

Record-11 (4X, 6F12.4) ( When [HT=1 )

DIAM Equivalent diameter of downcomer (in or m)
RE Reynolds number

PR Prandt] number

GR _ Grashof number

DTREF Reference temperature ('F or "C)

Record-12 (4X, 414, F8.0)
IHF Option flag for fluid temperature transient input:
| = 0 : To be read from cards.
= 1 : To be read from TRAC-PFL output file(s).
= -1 : To be read from TRAC-PFl output file(s) before
TFSTOP and be read from results of thermal-
mixing calculation after that.

=2 . To be calculated by defaulted function(see
record-13).
=% - To be read from results of thermal-mixing

calculation.

1BCT Number of data points for temperature transient(=500)
( When [HF=0 ) -
IST Sampling interval (steps)( When IHF=1 )
TFSTOP Time of natural circulation termination {(min)( When [HF=-1)

Record-13 (4%, 6F12.4) ( IF [HF=2 )

TAUT Time constant (min)
TINIT Initial temperature (F or “C)
TFINAL Terminal temperature ('F or ")

iiil_
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The defaulted function is defined as follows:
TEMP = TFINAL + (TINIT - TFINAL) EXP{-Time/TAUT)

Record-14 (4X, 6F12.4) ( When IHF=0 )
BCT (J), TEMP(J), J=1, IBCT
BCT : Time (min)
TEMP : Fluid temperature (F or "C)

Record-15 (4X, 3F12.4)

DT Time step width (min)
TIMS Start time {min)
TIML End time (min)

Record-16 (4X,214)
1KY Option flag for Kie and K;e calculations:
= 1 : ASME Section XI lower-bound curve
= 2 : ORNL mean curve
= 3 : NRC mean curve
IRT Optien flag for DRTNDT calculation:
= 41 : Regulatory Guide 1.99(If positive, impurity
concentrations are assumed to be zero).
= +72 : Randall's (Guthrie s correlation) correlation
{If positive, Impurity concentrations are
assumed to be zero).

Record-1T (4X.6FiZ.4)

RTNDT RTNDT ('F or "C)

UPK T4 Maximum value of Kja (ksi-in'“2 or MPa-m'”?)

GPKIC Maximum value of Xic (ksi-in*”2 or MPa-m'”?)

FO Fast neutron fluence at inner surface

CCU Copper concentration (w%)(If blank, 0.25.)

CCP Phosphorus concentration for IRT=Z1 {(w%) (If blank, 0.012.)
Nichel concentraticn for IRT=%2 (w%)

Record-18 (4X, 6F12.4)

E Young s modulus {ksi or MPa)

UYN Poisson's ratio

ALPHA Coefficient of thermal expansion (1/°F or 1/°C)

Record-19 (4X, 414)
IPF Option flag for pressure transient input:
=0 : To be read from cards
= | : To be read from TRAC-PF1 output file(s).
= 2 : To be calculated by defaulted function
{see record-20).
= 3 : To be read from external file(Sce Table A.3).
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1BCP Number of data points{<500){ ¥hen IPF=0 )
1C Starting record( When IPF=1)
IST Data sampling interval( When IPF=1 )

Record-20 (4X,3F12.4) ( When IPF#0 )

TAUP Time constant (min)
PINIT Initial pressure (ksi or MPa)
PFINAL Terminal pressure (ksi or MPa)

The defaulted function is defined as follows:
PRES = PFINAL + (PINIT - PFINAL) EXP(-Time/TAUP)

Record-21 (4X, 6F12.4) { When [PF=0 )
BCP (1), PRES(I), I=1, IBCP
BCP : Time {(min)
PRES : Pressure (ksi or MPa)

Record-22 (4X, 214)
XTIM Ki-value is to be calculated at every KTIM steps.
ICOPT Option flag for Ki-value calculation:
= 0 : Thermal conduction calculation is to be executed
but ¥i;-value is not to be calculated.
=1 : Kr-value is to be calculated.

Record-23 (4X, [4) ( When DTI=0.0 )
[DMAX Number of time step width for thermal conduction
calculation(=<120)

Record-24 (4%, 6712.4) ( When DTI=0.0 in record-15)
DT(1), 1=1, IDMAX
Time step width for thermal conduction calculation (min)

Record-25 (4X,6F12.4) ( When DTI=0.0 in record-15 )
DTSTOP(I), I1=1, IDMAX
Maximum time (min)

Records from 26 to 52 must be inserted, when KOPT=0.

Record-26 (a4, 714) Option flags for plotting:
DATAID Must be IPLO.
[PLOTI Critical-crack-depth curve:
=1 : To be plotted.
=0 : Not to be plotted.
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IPLOT2 Ki. Kie, K1a, wall temperature(TEMP), thermal stress{SIGMAT),
stress due to inner pressure(SIGMAP), total stress(SIGMA)
vs normalized crack depth(a/¥) curves:

1 : To be plotted.

0 : Not to be plotted.

IPLOTS Ki, Kie, K1sa vs a/W curves:
=1 : To be plotted.
= { : Not to be plotted
[PLOT4 SIGMAT, SIGMAP, SIGMA vs a/W curves:
=1 : To be plotted.
=0 : Not to be plotted.
IPLOTS Kre. Kis vs TEMP curves(Okamura' s map):
=1 : To be plotted.
= 0 : Not to be plotted.
IPLOTS Fluid temperature transient:
=1 : To be plotted.
= 0 : Not to be plotted.
1PLOTY Pressure transient:
= 1 : To be plotted.
0 : Not to be plotted.

Record-27 (4X, 2F§.0)
XLONG Length of X-axis (mm){ 300mm, when £0.0 )
YLONG Length of Y-axis {mm){ 250mm, when =0.0 )}

Records from 28 to 30 must be inserted when IPLOTI#0.

Record-28 (4X, 2F8.0)
TMIN Minimum value of X-axis (min)
TMAX Maximum value of X-axis (min)
{ X-axis is automatically scaled, when TMAX=TMIN. )

Record-29 (4X, I4)
NDATA Number of data points{(=100)

Record-30 (4X, 3F8.0) ( Must be repeated NDATA times, when NDATA>(.)
XDATA (1) Time data (min)
IDATA(L, 1) Normalized flaw depth(a/¥) at initiation
IDATA(I, 2) Normalized flaw depth{a/W) at arrest

i44._
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Records from 31 to 37 must be inserted, when IPLOT2#0.

Record-31 (4X, TI4)
JPLOT (1), I=1,7
Option flags for plotting:
JPLOT(1) : Ky vs a/¥ curve:
=1 : To be plotted.
=0 ; Not to be plotted.
JPLOT{2) : Xic vs a/W curve:
=1 : To be plotted.
= 0 : Not to be plotted.
JPLOT(3) : K1a vs a/W curve:
= 1 : To be plotted.
=0 : Not to be plotted.
JPLOT(4) : TEMP vs a/W curve:
=] : To be plotted.
=0 : Not to be plotted
JPLOT(5) : SIGMAT vs a/W curve:
=1 : To be plotted.
=0 : Not to be plotted.
JPLOT{6) : SIGMAP vs a/W curve:
=1 : To be plotted.
=0 : Not to be plotted.
JPLOT(7) : SIGMA vs a/W curve:
=1 : To be plotted.
=0 : Not to be plotted.

Record-32 (4X, 14)
[TMAX Number of time data to be plotted
( To be plotted at all time steps, when [TMAX=O. )

Record-33 (4%, 8F8.0) ( When ITMAX>0 )
TIME(1), 1=1, ITMAX

Time data (min)

Record-34 {(4X, 214)

JMAX Option fiag for plotting
( When JMAX>0, plotting is dome. )
NDATA Number of data points to be plotted{=100)

Record-35 (4X, 8F8.0) ( When JMAX>O0 )
XDATA (I}, 1=1, NDATA
Normalized flaw depth (a/W) or r-coordinate (inm or m)
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Record-35 (4X, 2F8.0, 14) ( When JPLOT{K) #0 )
YMIN(K) Minimum value of Y-axis
YMAX(K) Maximum value of Y-axis (Y-axis is automatically scaled, when

YMAX < YMIN.)
IMAX(K) Number of data points in one curve(=100)

K must be repeated from 1 to 7.

Record-37 (4X, 8F8.0) ( When JMAX>O )

YDATA (), I=1, JMAX {K)
Variables to be plotted:

K=1:K
K=2:Kic
K=3:Kia

K =4 . TEMP

K = 5 : SIGMAT
K =6 : SIGMAP
K =T : SIGMA

Records from 338 to 42 must be inserted when IPLOT3+#0.

Record-38 (4X, 2F8.0)

YMIN Maximum value of Y-axis
YMAX Minimum value of Y-axis (Y-axis is automatically scaled when
YHAX = YMIN. )

Record-39 (4X, 1814)
NTMAX Number of time data to be plotted (=100}

NDATA Number of data points in one curve(<£100)

Record-4{0 {4X, 8F8.0)
TIME(I), 1=1, NTMAX
Time data {min)

Record-4: (4X, 8F8.0) ( When NDATA>OQ )

XDATA (1), I=1, NDATA
Normalized flaw depth or r-coordinate (in or m)

Record-42 (4X, 8F8.0)} { When NDATA>D)
(YDATA(I,J),I=1,NDATA), J=1, 3
VYariable to be plotted:

J=1: K.
.]=2.'ch.
J =3 : Kia.



JAERI-M 92--006

Records from 43 to 47 must be inserted when IPLOT4A+#0.

Record-43 (4X, 2F8.0) _
YMIN Minimum value of Y-axis
YMAX Maximum value of Y-axis (Y-axis is automatically scaled,

when YMAXZYMIN)

Record-44 (4X, 1814)
NTMAX Number of time data to be plotted(=100)
NCATA Number of data peoints in one curve{=100)

Record-45 (4X, 8F8.0)

TIME(1), I=1, NTMAX
Time data (min)

Record-46 (4X, 8F8.0) ( When NDATADC )
XDATA (1), I=1, NDATA
Normalized flaw depth or r-coordinate {in or m)

Record-47 (4X, 8F8.0) ( When NDATAC )
(YDATA(1,J). 1=1, NDATA), J=1, 3
Variable to be plotted:

J = 1 : SIGMAT
J =2 : SIGMAP
J = 3 : SIGMA

Records from 48 to 50 must be inserted when [PLOTS#0.

Record-48 {(4X, 4F§.0)

XMIN Minimum value of X-axis ('F or "C)
XMAX Maximum value of X-axis ('F or "C)
YMIN Minimum value of Y-axis {(ksi-in'”% or MPa-m'’2)
YMAX Maximum value of X-axis (ksi-in'”? or MPa:n'”2)
{ Axis is automatically scaled when corresponding
MAXSHMIN, )

Record-49 {4X, (614)
KIPL Option flag for Okamura's map:

= 0 : Not to be plotted.
= 1 : Both upper and lower curves are to be plotted.

= 7 : Only lower curve is to be plotted.
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KIACPL Option flag for Kie. Kie vs TEMP curve:
=0 : Not to be plotted.
=1 : Kie vs TEMP and XK1a vs TEMP curves are to be
plotted in one Tigure.
= 2 : Kte vs TEMP and K1a vs TEMP curves are to be
plotted separately in two figures.
151G Number of time data to draw line to connect points at
equal time(=10). { Not necessary, when KIPL+#0. )

Record-50 (4X, 8F8.0) { When ISIG>0 )

TIMEI (1}, t=1, [SIG
Times when points are connected by lines {(min).

Record-51 must be inserted, when IPLOT§+0.

Record-51 (4X, 4F8.0)

IMIN Maximum value of X-axis (min)
AMAX Minimum vaive of X-axis {min)
YMIN Maximum value of Y-axis ("F or "C}
YMAX Minimum value of X-axis {F or "C)
{ Axis is automatically scaled, when corresponding
MAX=MIN. )

Record-32 must be inserted, when IPLOTT#0.

Record-52 (4X, 8F8.0)

XXMIN Maximum value of X-axis (min)
XMAX Minimum value of X-axis (min)
YMIN Maximum value of Y-axis {psi or MPa)
YMAX Minimum value of X-axis (psi or MPa)
( Axis is automatically scaled, when corresponding
MAXZMIN, )

When plotting the temperature and/or pressure transients, interpolation is
performed if data points are less than 20. Symbcl marks are also attached if

data points are less than 20.

4. Input Data for Plotting Okamura' s map

Record-01 (A4, 14)
DATAID Must be 0AK2.
[EXEC = 0 : Not to be executed.
# 0 : To be executed.



Record-02 {(4X, 18A4)
TITL Ti

Record-03 (4X,F8.0)
ADMM Fl

Record-04 (4X, 14)
JCASE Nu

Eecord-05 must be r

Record-05 (4X,2
IF§
[PLOT

Record-06 (4X, 4F§.0
IMIN
XMax
YMIN
YMAX

Record-07 (4X,1414)
KIPL

KTACPL

151G

NOKTA

Record-08 (4X,8F8.0
TIME(1), I=1, 1S1G
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tle : Any words

aw depth (mm)

mber of curves to be plotted(=10)
epeated JCASE times.

14)

Number of Fortran Unit to read data.

Option flag for plotting:

= 0 : Data points are connected by line with symbol.
= 1 : Only symbols are plotted at data points.

)
Miminum value of X-axis (C)
Minimum value of X-axis (CC)

Maximum value of Y-axis (MPa-m'”?)

Minimum value of X-axis (MPa-m!”2)

{ Axis is autcmatically scaled when coerresponding
MAX=MIN. )

Option flag for plotting of Ki vs TEMP curve:
= 0 : To be plotted.
= 1 : Not to be plotted.

Curves to be plotted:
0 : No variable.

= +1 : Kie and Kra vs TEMP curves.

- %7 : Kie and Kra vs TEMP curves.

= +3 : Kr, Kle and Kia vs TEMP curves.

( Only one curve is plotted when sign is negative. )
Number of time data to draw line to connect points at equal
time(<10) ( Not neccessary, when XIPL#0. )
Kis curve is not outputted, when NOKI[A#O.

) { When ISIG>0 )

Times when points are connected by line {(min).
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Appendix B Data Transfer and Environmental Programs
B.1 Data Transfer

The data flows in PLES/PTS are shown in Fig.B.1. In order to perform the thermal-
mixing calculation and the stress calculation, the initial and boundary conditions such
as coolant temperature and flow rate at cold leg are necessary. They can be supplied
either input time tables or through the data written on files (see App.A) which are shown
in Fig.B.1 as the temperature and flow rate data, and pressure data. The formats of
the former and latter files are shown in Tables A.1 and A.3 in Appendix A, respectively.
When using TRAC-PF1, the files can be generated from the TRAC-PF1 output file(s)
by one of the member codes in PLES/PTS. When using RETRANO2, a supplemental
program is included in PLES/PTS to generate the files from the RETRANO2 output file(s).
The procedure to do this is described in B.2.

PLES/PTS has its own plotting programs to plot the calculated results of the stress
and fracture mechanics calculations. In order to plot the input data and/or calculated
results in the thermal- mixing calculation, however, the SPLPLOT program‘!) is designed
to be used as shown in Fig.B.1. The SPLPLOT program is a plotting program for general
purpose which has been developed in JAERI. The program has a capability to read data
from a file(s) with fixed-format, which is called SPL format, and draw figures. The
conversion program from the PLES/PTS output data file(see Table B.1 and B.2) to SPL-
format data file is included in the PLES/PTS. The information on the variables converted
and to be plotted with SPLPLOT is shown in Table B.3. The user can select the variables
to be plotted in the JCL cards to perform the SPLPLOT program. The sample JCL cards
to for conversion and plotting, please see Appendix C (sample inputs and outputs). The
users manual of SPLPLOT is included in Ref.(1} in this appendix.

Except for plotting with SPLPLOT, all the calculations in PLES/PTS can be
executed by a single JCL cards shown in Fig.B.2, because the driver program is used
as stated in the text. The information on the Fortran Units used in the JCL cards are

summarized in Table B.4.

B.2 Procedure to generate input files to PLES/PTS from the RETRANO2 output file(s)

In order to generate the input files to PLES/PTS from the RETRANO2 output
file(s), the re-edit capability of RETRANO2 is used. TFirst of all, the transient calculation
is performed with RETRANOQ2. Next, the following calculated variables are retrieved

from the RETRANO2 output file(s) by using the re-edit capability :
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(1) system pressure,

(2) coolant temperature at cold leg,

(3) mass flow rate at cold leg,

(4) coolant temperature at downcomer, and
(5) HPI mass flow rate.

It should be noted that the major edit frequency (MAJOR) must be larger than the time
span of interest in the transient calculation with RETRANO2. In the re-edit calculation,

the cutput must be written on a file as shown, for example, as follow :

//FTO6F001 DD DSN=Jxx%X. XXXXxX. xxxxxx, DISP=(NEW, CATLG, DELETE).
/! SPACE=(TRX, (10, 5), RLSE), UNIT=TSS¥K,
// DCB=(RECFM=FBA, LRECL=137, BLXSIZE=19043)

The JCL cards to execute the job to generate the input files to PLES/PTS from the out-
put file from the above re-edit calculation is shown in Fig.B.3. The information on
Fortran Units used in the JCL cards are summarized in Table B.5. It should be noted
that IRHOPT in the thermal-mixing calculation must be 1, when using this capability.

References

(1) Muramatu, K., et al., ”Users Manual for SPLPLOT-1: A Program for Plotting and
Editing of Experimental and Analytical Data of Various Transient Systems,” ,JAERI-
M 83-166, (1983)(in Japanese, but English version of user’s manual is included.).



Table B.1
Record-01 TITLE
Record-02 MT
Record-03 TIME
Record-04 TDCC
Record-05 TDC!
Record-06 QHPI
Record-07 THPI
Record-08 RHODC
Record-09 QHPDC
Record-10 HD
Record-11 TEMPNE
Record-12 TSNT

JAERI-M

A¥72
144
R¥4
R#4
R4
E*4
R#4
R#4
R¥4
R¥4
R¥4
R¥4

92 —006

Format of output file from thermal-mixing calculation

Title

Number of data points

Time(s)

Coolant temperature at downcomer {(Cal.){'C)
Coolant temperature at downcomer (Input)( C)
EPI volumetric flow rate (m3/s)

HPI water temperature (" C)

Coolant density at downcomer (kg/m®)
Volumetric floe rate at downcomer {(m3/s)
Height of cold layer at Celd leg (m)
Non-dimensional temperature

Non-dimensional time

Table B.2 Contents of output file from thermal-mixing
calculation depending on model to be used

. Option flag ICALC

Variables

=1 =2 =3 =4 =5
TITLE O O O — O
MT O O O - O
TIME O O @ — O
TDCC O O O - O
TDCI A O O — O
QHPI FaY O @ - O
THPI O S, O - O
RHODC Jay O A -~ A
QHPDC AN O AN - AN
HD A A O — Ja
TEMPND A A AN — O
TSNT A A FaY - O

() :To be written.
A) +To be set 0.0
—3 :Not to be written.
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Table B.3 Information onm variables converted to SPL-format data

Variable Label Information Unit Unit Description

Name Name

TIME TIME TIME  SEC Time

TDCC DC TEMP. (CALCULATED) TEMP  DEGC Coolant temp. at downcomer(Cal.)
TDCI DC TEMP. (INPUT) TEMP  DEGC Coolant temp. at downcomer{Input)
QHP 1 HP1 FLOW RATE YFLY  M3/SEC HP! volumetric flow rate

THP ] HP1 WATER TEMP. TEMP  DEGC HP! water temperature

RHODC DC DENSITY DENS KG/M3  Coolant density at downcomer
QHPDC HPI FLOW TO DC VFLW  M3/SEC Volumetric flow rate at downcomer
iD COLG STREAM HIGHT LNGT M Height of cold layer at cold leg
NDTEMP TEMP. (NON-DIM.) - - Non-dimensional temperature

TSNT TIME (NON-DIM.) - - Non~dimensional time
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Table B.5 Fortran Units used in JCL cards to generate input files
te PLES/PTS from RETRANOZ re-edit calculation

Fortran Unit Description

FTLOF001 Output from RETRANOZ re-edit calculation
FT20F00 1 Resuited input temperature and flow rate data file to PLES/PTS

FT30F001 Resulted input pressure data file to PLES/PTS
FTOSFCO1 Input data to control the calculation

CARD-01 (2F10.0)
TNCT : Time of natural circulation termination (s)

TEND : End time of file output (s)

CARD-02 (F10.0)
EPTMP : HPI water temperature ( C)
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Fig. B.l Data flow in PLES/PTS (Continued)
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....:....1....-....2....:....3....-....A....-....5....:....6....t....?....:....s

/4JCLG JOB 00Cc10000
F7JCLG EXEC JCLG 00020000
J/SYSIN DD DATA,DLM="++"' 00030000
/} JUSER 99999999 XX .XXXXXX,B888.77 coo40000
T.4 ¢.2 W.4 I.5 SRP GRP coos0000
OPTP PASSWORDsXXXXXXXX,NOTIFY=J®%99 Qoos0000
IR g AT EEITIISSARTTEEETRRN coO07000¢C
Jfx EXECUTE PLES/PTS SYSTEM = COo0BOOOC
JIFEERARRIENSEATIEILETERLANERY ¢ou90000C
JFPLESPTS EXEC PGM=LPCNTROL 00100000
7/STEPLIB 0D OSN=J3149.DRIVER.LOAD.DISP=SHR Q011000C0
I DD OSN=J3149.PLESPTS.LOAD,DISP=SKHR 00120000
/fPRINT DD SYSOUT=s,DCBa(RECFMaFBA,LRECL=137,BLKSIZE=19043) 00130000
J/FTOSFOOL DD UNIT=WK10,SPACE=(4B0,¢200,100)),0CB=BLKSI1IE=4LB0 00140000
J/EENTLIRATRTRLERERK 00150000
s/ COMMON FILE{(S) = 00140000
J/EERITXRTXELTTLLRRR 00170000
F/FTO6F001 DD SYSOUT=%,DCB=¢RECFMaFBA,LRECL=137,BLKS1ZE=19043) 00180000
F/MPTMST DD DS5H=5$YS1._KPATNLIB,DISP=aSHR 001%0000
}IGDFILE DO SYSOUT=G,0UTLIM=0 00200000
JITEETERERRERIIRNLELTLS 00210000
//x INTERFACE FILE(S) = 00220000
J/ETLELEENRATRXTITETEELE 00230000
J/FTH1FO01 DD DSN=8ETRAC,SPACE={TRK.,(5,2)),UNIT=WX10, 00240000
i DCBa(RECFMaFB,LRECL=B0O,BLXSIZE=3200} 00250000
JIFT42F001 DD DSN=8RENGI.SPACE={TRK.,(5,2)),UNIT=WK10, QQ2600C0
’ DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200) Q270000
J/ET43FQ01 DD DSNuBEFRUP,SPACE=(TRK,(5,2)),UNIT=WK10, 002BGO0O
x4 DCB=(RECFM=FB,LRECL=BO,BLKSIZEa3200) QU290000
J/FT4LFO01 DD DSN=&8X1RA,SPACE=(TRK,{5,2}),UN1T=WwK10, 00300000
i DCB=(RECFM=FB,LRECL=B0,BLKSIZE=3200) Q0310000
J/FT4L5F001 DD DSN=Z&PLOT,SPACE=(TRK,(5-22,UNIT=WK10, 00320000
/ DCB=(RECFM=FB,LRELL=B0,BLKSIZE=3200) Q0330000
J/ETLAFOOL DD DSN=2Z0AXKP,SPACE=(TRK, (5,223, UNIT=WK10, 00340000
1 DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200) 00350000
J7ETLTFOOL DD DSH=2R0AK2,SPACE=(TRK,{5,2)),UNIT=WK10Q., 00360000
X DCBa{RECFM=FB,LRECL=BO,BLKSIZIE=32007 00370000
J/EEE R YL TSR T AR R RERENNIIALETFNNRL 00380000
/7t TRAC DATA HANDLING PROGRAM = 00390000
A EEERRA SRR LR NS ERIB R ITITERRRER go4co000
J/FTO1F001 DD SPALE=(TRK,(20,10)),UNIT=WK10, 00410000
1 DCB=(LRECL=X,BLXSIZEw327560,RECFMaVBS) 00420000
f7ETO2F001 DD DSM=RRTRAC,SPACE=CTRK,(20,10)) UNIT=WK1O, 060430000
’ pCB=(LRECL=X,BLKSIZEn32760,RECFMaVES) 00440000
/7ETE1F001 DD DSN=J3149.TRACOUT.DATA,DISP=SHR,LABEL=(,,,IN) 00450000
f/FT70F001 DD SPACE=(TRK,(20,10)),UNIT=WK10, 00440000
i DCB=(LRECL=X,BLKSIZE=32760,RECFM=VBE) 00470000
/I EE LT EEHARIITTANILER AL NESRRS 00480000
f/s ENGINEERING MODEL PROGRAM = 00490000
J/ASTETTEEEIIIITIAIXTALXTLLEIND Q0500000
//FTOZF0OO0L DD DSN=J3149.MIHAMA_TEMPBC.DATA,DISP=SHR,LABEL=(,,,IN) 00510000
J/FTCBFOO1 DD SYSOUT=2,DCB={RECFM=FBA,LRECL=137,BLKSIZIE=19043) 00520000
J7ET21FOD1 DU DSN=J3149,MIHAMA.ENGMHI.DATA,DISP=(NEW,CATLG.DELETE), 00530000
rs SPACE=(TRK,(20,10),RLSE)UNIT=TS3WK 00544000
PRI E R R R R R RS R R R 2R R ) g0sSsSo000
f/x X1 MESH DIVISION PROGRAM « co560000
S AR TTTIEAIILILSATNTETRIELDE 00370000
JIFT26F001 DD DSN=22MESH,SPACE={TRK,{(10,2),RLSE)UNIT=WK10, 0058000C
fi DCB=(RELFM=FB,LRECL=BO,BLKSIZE=3200) 00590000
IFESI SRR E 220 R R R R 2 0 Q0600000
Ji® KI VALUE CALCULATIION PROGRAM « 00610000
I/ AR RN EETIAT IR SR TALESESEILIITRARNEELD 004620000
J/ETZ7F001 DD DSN=%£&KI,SPACEZ(TRK,{10,2),RLSE),UNIT=WK10, 00430000
r DCB=(RECFM=FB,LRECL=BO,-BLKSIZE=32007 00640000
//FT31F001 DD SPACE=(TRK,(20,5},RLSE) UNIT=WK10 00650000
FIFT32F001 DD SPACE=(814,(500,10),RLSEY,UNIT=WK10 00640000
JIFT37F001 DD SPACE=(144.,(500-10},RLSE} UNIT=WK1D 00670000
F/ETIBEFOCT DD SPACE=(144,(5C0,10),RLSEY,UNIT=WK10 00680000
//FTS0FC01 DD 5YSQOUT=¥,DC8={(RECFMaFBA,LRECL=137,BLKSIZE=1%043) 004690000
XIS 2232222222222 22 R S 00700000
//» FRACTURE MECHANICS PROGRAM = 00714000
J /AT TR AT R EANEFTITERTEERERILS 00720000
//FTO9FOCY DD DSN=EZFRUOUT,SPACE=(TRK,(20,5),RLSE),UNITaWK10D, 00730000
7 DCB={RECFM=FB,LRECL=80,BLKSI1ZE=3200) 00740000
//FTO4LFQO1 DD DSN=J314% .MIHAMA PRESBC.DATA,DISP=SHR-LABEL=(,,,IN} 00750000
JI X TR RIS IR L TEITTRRETERAINEETENRS 00750000
f/x INPUT DATA FOR PLES/PTS SYSTEM = 00770000
F /RIS LR T ERTRRLELE S ARSI ATEN LRI 00780000
F1SYSIN DD = 00790000
aPLESPTS Q0800000
Ixs DD DSN=J3149.PLESPTS.DATACALL) DISP=SHR,LABEL=(,,,1N) 00810000
oD = 00820000

END Q0830000
= 008400C0C
¥ coB50000C
17 c08600C0
-.-.:....1....-....2....a....3....t....4....t....5....:....6....t,..‘?....!....B

Fig. B.2 JCL cards to execute PLES/PTS
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....:....1....x....z....:....3....:....4....:....5....:....6...ft....7....t....s
/7JCLG JOB 00010000
fFJCLG EXEC JCLG £0020000
F/SYSIN DD DATA.DLM='++' 00030000

00040000

/7 JUSER 99999999, XX . XXXXXX,8888.77

T.4 €.2 W.1 1.4 SRP 00050000
OPTP PASSWORD=XXXXXXXX,NOTIFY=J999¢ Q0040000
//zzzaxxxztt-t:t:tmxtttt:s:tt::tzssstattxgs::x:::;:*tttt::tat*:st:ttt 00070000
//x GENERATE PLES/PTS BOUNDARY INPUT FROM RETRAN CALCUALTION RESULT = 00080000
Il*:ttx:::txt:z::::xxtxstsxttttxxz*s:xtrsst::::tsxz:::::xnxttzt:xt::s 0oo9C0o00
TR bl COMPILE STEP : 00100000
//FORTY7 EXEC PGM=JZKaFDRT:REGION=1024K;PARM='DPT(2);NOSOURCE‘ Q0110000
//S5YSUT2 DD SPACE=(TRK:(3G;10)),DCB=BLK5IZE=3200,UNIT=WK10 Q0o120000
//SYSPRINT DD SYSDUT:tzDCB=(RECFM=FBA;LRECL=137;BLKSIZE=19043) 00130000
//SYSTERM DD SYSOUT==,DCB=(RECFM=FBA;LRECL=13?:BLKSIlE=19043) 00140000
//SYSLIN o] DSN=R&&0BJ,DISP=(NEW,PASS) UNIT=WK10, pois0000
%) 5PACE=(TRK:(30:10)rRLSE);DCB=BLKSIZE=3200 00160000
/fSYSIN DD DSN=J3149.PLESPTS.FDRT??(RETEPTS);DISP=SHR 00170000
[ x=—mm LINK STEP 001BOQOO
//LINK EXEC PGM=JQAL,REGIGN=102LKfCGND=(L/LT}rPARM='NOMAP,LET' Q0190000
//SYSLIB 00 DSN=SYS2.FORTLIB.DISP=SHR 00200000
//SYSPRINT DD SYSOUT=%,DCB=(BLKSIZE=4840) 00210000
//SYSTERM DD SYSOUT==* 00220000
//8YSuUT1 DD UNIT=VID,SPACE=(TRK,(30,10)) 00230000
//SYSLMOD DD DSN=8E&LM,DISP=(NEW,PASS3). 0240000
I SPACE=(TRK.,(20,5,1)-RLSE) ~UNIT=WK10 00250000
//SYSLIN DD DSN=2&0BJ,DISP=¢(0LD,DELETE} 00240000
/7 DD = 00270000
ENTRY MAIN Qoz280000
NAME TEMPNAME (R) 00290000
/% 00300000
/ /RUN EXEC PGM=TEMPNAME,COND=(4,LT) 00310000
//STEPLIB DO DSN=E&LM,DISP=(OLD,DELETED 00320000
//SYSPRINT DD SYSOUT==;DCB=(RECFM=FBA;LRECL=137fBLKSIZE=19043) 00330000
//FTO&FO0LT DD SYSDUT=t;DCB=(RECFH:FBA;LRECL=137,BLKSIZE=19063) 04340000
J//FTI1I0F001 DD DSN=J3149 .MIHAMA.NBASE2SG.BC.QUTLIST, Q0350000
I DISP=SHR,LABEL=(,»,IN} co3450000
J/FT20FCC1 DD DSN=J31L9.MIHAMA.TEMPBC.DATA:DISP=(NEH,CATLG;DELETE): Qo370000
I/ SPACE={TRK,(5,2),RLSEY,UN1IT=00950 00380000
//ET3QF001 DD DSN=J3149.MIHAMA.PRESBC.DATA;DISP=(NEW;CATLG,DELETE)z 00390000
Iy SPACE=(TRK,(5-2),RLSE) ,UNIT=D0?50Q 00400000
J/FTOSFOQ1 DD ¥ Q0415000
1500.0 34600.0 00420000
27.0 00430000

/® 00440000
++ Q0450000
/7 004560000
...,s....1....s....z....:....3....:....4....s....S....x....6....:....?....!.-..8

Fig. .3 JCL cards to generate input files to PLES/PTS
from RETRANO2 re-edit results
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Appendix C  Sample Inputs and Outputs

This appendix contains the sample inputs and outputs to perform the thermal-
mixing calculations with the empirical correlation proposed by MHI and RMM proposed
by Theofanous based en the calculated results of plant system thermal-hydraulic calculation
with RETRANO02, to perform the stress and fracture mechanics calculations based on the
results of the thermal-mixing calculation with the MHI correlation.

Figure C.1(a) shows the JCL cards to execute the thermal- mixing calculation, stress
calculation and fracture mechanics calculation to be shown in this appendix. Figures
C.1(b), {(c) and (d) show the input data sets for the thermal-mixing calculations with
“the MHI correlation, Bulk Mixing Model (BMM) and Regional Mixing Model (RMM),
respectively. Before performing RMM calculation, BMM calculation has to be done.
Figure C.1(e) shows the sample JCL cards to plot the calculated results of the thermal
mixing calculation by using the SPLPLOT program. The resulted output figures from
SPLPLOT are shown in Figs.C.1{f) to C.1(h).

Figure C.2(a) shows the input data the stress and fracture mechanics calculation
based on the thermal-mixing calculation with the MHI correlation. In this case, the
calculated results are automatically plotted as shown in Fig.C.2(b)-(o), if desired. When
the Okamura plot is desired, an additional input data, for example, shown in Fig.C.3(a) is
needed. The resulted plot is shown in Fig.C.3(b). The Okamura plot is useful to examine
whether or not the postulated initial crack grows. The margin to the crack growth could
be quantified by the distance between the stress intensity factor (k;} and crack initiation
toughness {(k;.) (See Fig.C.3(b)).



00001
oooo2
00003
Qo004
00005
ageos
ogoar
aco08
ooo0?
oooig
00011
ooo12
oCo13
oool4
00015
oDo1l1é
¢og1?
ooo1d
0001%
o0ce0
ooe21
0u022
Q0023
0o02e
00025
0002s
ooe27
00028
oogzy
00030
00031
00032
00033
Lol DTS
GD035
00038
coa37
00038
0Q03%
00040
00041
00042
o0043
00044
00045
[eEelol ¥
00067
oooLs
Qo049
00as0
009051
00052
0Qes53
00054
1:1:5:3-3
000se
oQus7
coQsa
00059
00060
00061
00042
QDCes3
00064
00065
00066
00067
0aced
000679
00070
0671
00072
00973
00074
00075
00074
ogov?
0eovs
00079
goo8ag
pooal
00082
00083
onoBge
00083
Q0086
oooa?
gooas
polelvr.3
Goe9o
ooo91
QQoez
Goa93
00094
000%S

Fig., C.1{(a)

JAERI-M §52—006

I UUE DU S UL SIS Ty SR DU, B R R
f4JCLG JaB goci0qCo
J/JCLG EXEL JLLG Qoo2o000
J/SYSIN DD DATA,DLMa 44" Q0030000
2t JUSER 99999999-KX ., KXXXXX,BB88.77 0004000
T.& C,2 W.4 [.5 SRP GRP 0C05C000
QGPTP PASSWORD=XXXXKXXX,NOTIFYml99®9 00040000
JiEma e Ty e s E TR TR BRI 0007000
J/x EXECUTE PLES/PYS SYSTEM = 00OBCO00
Al A AN TN AT R AR AT EEER Y [efeolq ehelele]
J/PLESPYS EXEC PGM=LPCLNTROL 00100000
J/STEPLLIA DD DSN=J3149.GRIVER.LGAD,DISP=SHR ¢0110000
i b DSN=J3149,PLESPTS.LOAD,DISPeSHR 00120000
{/PRINT DD SYSOUT=#,DCB=(RECFM=FBA,LRECL=137,BLKSIZEn19043) GO0130000
JJFTOSFOOL DD UNLT=WKi0,SPACE=({4B0, (200,100)3,DCBBLXSIZE=4B0 Q0140000
FiEETE e AN TR ESRTE 00150000
f#s COMMON FILE{S) » 0g1&0000
fleszsrusnavserasacy 0017000C
JJETOGFO01 DD SYSOUT=s,DCB=(RECFMaFBA,LRECL=137,BLKSIIE=159043) 00180000
/IMPTHST DD DSN=SYS1.KPATNL1B,DISP=5HR 00120000
/{GDFILE BO SYSDUT=G.OUTLIM=0 00200000
Jivstsessaseisasrsasensy Qc2100Cc0
Frx INTERFACE FILE(S) =* 40220000
Jlvkdcasaraassnskansnan co23noco
//FT41F0G) DD DSN=EZ&TRAC,SPACE«{TRK,45,2)) UNITuWK1C, 00240000
Iy DLO=(RECFM=FB,LRECL=BO,BLKSIZEm3200) oozscon
FFFT62F001 DD DSH=ZLENGI, SPACE={TRK,{5,2)) UNIT=WX10+ Q0zZs0000
i DCBx(RECFM=FB,LRECL®HO,BLKSIZE=3200) 00270000
J/FT4L3F001 DD DSNwEBFRUP,SPACE=(TRX, (5,2)),UNIT=WK10. c0260000
i DCA=(RECFM=FB. LRECL=BO,BLRSIZE=3200) 00290000
F/FT44FO01 DD DSNwELKIRA,SPACEWCTRX,(5-2)) UNIT=WK10, 00300000
i D{B=(RECFMuFB,LRECL=B0 -BLKSI2E=3200) 00310000
JFET65F001 0D OSH=EEZPLOT,SPACE=(TRK, (5,22} UNIT=WKiO, 003200480
i DCB» (REGFM=FB,LRECL=80,BLKSIZE=3200) 00330000
JIFTLEFO0L DD OSN=@ROAKP,SPACE=(TRK,(5,2) 1 UNIT=HK1D, 00340000
i : DCBa(RECFM=FB,LRECL=B80,BLXKS12E=3200) ge3s50000
JIFTLTFOCT DD DSH=REDAK2,SPACE=CTRE, (5,23}, UNITeWK10, Q0340000
Iy QCB=(RECFMuFB,LRECL=80,8LKSI2E~3200% 00370000
J7AB AT AR AR I NS A AT E I TR E RN N A AR 00380000
J7v TRAC DATA HANDLING PROGRAM = 00390000
JiABE R IR NI E IR ST IT AR RALITIEITS 00400000
f7FTOLFOQL DD DUMMY 00410000
/7FTQ2ZFOD1 DD DUKMY 00620000
FIFT14F0CT DD DUMMY 00430000
JFET7OFQ01 DD DUMMY 00440000
J /N EE I T LN E N AU E NIRRT EEANARINE 00450000
ffe ENGIHEERING MODEL PROGRAM = 00440000
JlEaREEIRaTANIEIFIESRITIEETIINE 00470000
J/FTOIFOO0L 0D DSH=J3149. xxxx .TEMPBC.DATA,DISP=SHR,LABEL=C,/ IN) 00480000
J7FTOAF0QL DD SYSDUT=w,DCB=(RECFMuFBA,LRECL=137,3LKS]2E=19043) . GO490000
fFFT21iF001 0D DSH=J314%, xxO0KX LENGMHI .DATA.DISP={NEW,CATLG,DELETE)» 00500000C
JFwT21IFQCT DD DSN-J!lLV.zxxxx.EHGTHB.DATA,DISP-(MEH;QATLGrDELETE)a oos510000
F/eT21FOCL DD DSNIJ31¢9.szx;.EHGTHR.DATAoDISPI(NEH;CATLG:DELETEJt 60520000
Iy SPACE=(TRK, (20,10} ,RLSE),UNIT2TSSWK 0C530000
[N A ST E T AN R AR A S I AN NANINFTRE 0@540000
f/+ X1 MESH DIVISION PROGRAM = 00550000
J /N ER B IESEICIRIRI K I AKFEITFUICLS Q0540000
JIFT26FQ01 DD OUMMY Q0570000
[t R SR T A AN E I KA RN EIT AT OETI S 00580000
f/% KL VALUE CALCULATIION PROGRAM = oQ590000
P ER AR AT AT I TN TR P ARSI AT TATEIRY 004600000
J4FT27F001 DD DSN=J3149.PLESPTS.DATACDCALB) /DISPwSHR,/LABEL=(rr/IN) 00610000
FFFT31F001 DD DUMMY aps20000
//FT32F001 DD DUMMY Q0630000
/fFT3ITFDO01 DD DUMMY 00840000
FfFT3BFCD1 DD DUMMY 00&50000
FfFTS50FC01 DD DUHMY 00660000
J/ERN LRI IR NRTEI RS ERRIRENNT RS Q0670000
/fs FRACTURE MECHANICS PRCOGRAM « 004000
SIS TN S EIATA PN ER A RS RAEIREETE 00690000
FFFTOPFOO0L1 DD DSN=LZFRUOUT,SPACE=(TRX, (20,5),RLSE),UNIT=WK10, Qo7o0000
1r DCB={RECFM=FB. LRECL¥BO0,BLKSIZE=3200) 00710000
JIFTOLFO0L DD DSH=J3149. ¥xsus PRESBL.DATA DISPuSHR,LABEL=L -/ IN) 00720000
J SIS R NSRS RS NIRRT ANTATANEAN 00730000
/7« IHPUT DATA FOR PLES/PTS SYSTEM » ooraQuo0
J /T TE R R AR S RIS NI RN N A RS RARTETEITE Q0750000
FISYSIN pD ¥ 00740000
=PLESFTS cor70000
I DD DSHaJ3169.PLESPTS.DATACENGMHIY ,DISPeSHR,LABEL=(,/srIN) GQ780000
fis DD DSHeJ3149.PLESPTS.DATA(ENGTHR)Y ,DISPuSHR,LABEL=(,., IN) 0Q7%0000
s oo DSN-J}I&?.FLESPTS.DATA(ENGTHR}:DISP-SHR'LASEL-(,;flﬂl 008060430
i DD OSHmJf3149,FLESPTS.DATACOAKCASEL) ,DISPwSHR,LABEL= (4, IN) poB10008
4w DD OSN=J3149 . PLESPTS.DATACOAKCASER) ,OISP=SHR/LABEL=(,/ /1K) 00820000
e 00 DSNwJ3149.PLESPTS.DATACDAKCASE3) ,DISP=SHR,LABEL®(,r-IN) 008309000
i DD DSNwJ34149.PLESPTS.DATA(OAKCASES) ,DISPuSHR,LABEL=(srr1N) 00B40000C
i bo DSN-J}lLQ.PLESPTS.DATA(DAKCASES!:DISP-SHR:LAEEL-(;::IH) 00B50000
X oo DSN®J3149.PLESPTS,.DATACOAK2C1),DISPaSHR,LABEL=(srs 1N Qo8s0000
ifs DO DSN=J3149.PLESPTS.DATACOAK2CZ) »DISP=SHRALABEL={sssIN2 goB7Q000
i DD DSNwi3149.PLESPTS.0ATACOAKZCI) DISPuSHRALABEL=(,, 1N} ¢0BEO000
ihs DD DSNwJ3349.PLESPTS.DATACOAKZC4) DISP=SHR/LABELw( /s 1N) 00890000
ifs BD DSN=J3149.FLESPTS.DATA(DAKZLS) ,DISP=SHA, LABEL=Cru 1D 80990000
DD = 00910000

END Go920000
2l 00930000
+h 00940000
it 00950000
....r....:l....-....2....-....3....-....L....-...AS....t....ﬂl.-..t....?....t....B
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JCL to execute sample calculation



pooo1
oQeoz2
00003
00004
00C0s
00C0é6
oQgQo?
00008
003609
00010
00011
oooc12
00Q13
Q0C14
00015
00016
00017
Qo018
Q0019
00020
00021
00022
00g23
00024
00025
00026
00027
ogoz2e
ooo02¢
00030
06031
00032
Q0033
00034
00035
c0036
GoQ37
coo38
00039
00040
c0041
00042
00043
00044
00045

e we

TR T

TR T R T

S R S - S . B I e I L T T U T T TR TR PP I
ENGI 1
TITL
2-L00P SGTR BOUNDARY=NBASEZS MHI QLMIN=0.04
FIN
OPTN 5 2 0 50
FIN
SIZE
@SIZE DCL=0.74,ALCL=5.3,0KPI=0.12741, VADD=0.415,V5YC=28.58892~
LEND
FIN
TIME
&TIME MT=0,DT=20.,NTP=1,TINIT=0.,TEND=36CC.,&END
FIN
CNST
ZCNST CREF=1.0,NTEMP=31, NSHEAT=31.,
FTEMF= 0., 10.., 20., I0.» 40.7 50., &0, s
70.. 80, $0., 100., 110.., 120.. 130..,
140., 150., 140., 170., 180., 1%0., 20Q..
210., 220., 230., 2&0., 250., 260Q., 270.-
280., 290., 291.41, 170%0..,
FDENS=1003.613, 1003.311, 1001.703, 999.101, 993.520, 991.375,
9854.4B5, 9$B81.065, $75.039, 96B8.617, 961.723, 954.381.
946.611, 93I8.438, 92%9.887, $20.895. $11.494, 901.632,
891.345, B880.591, B869.263, B857.486, B45.023, B31.947,
818.063, B03.342, 787.4650, 770.832, 7522.502, 732.38%,
729.39, 1700, .,
FHTEMP= 0.~ 10., 20. - 30., 40., 50.. 60. .,
70.- 80.., 90., 300., 110.., 120., 130..
1406., 150., 160., 170.. 180., 1%0.., 200..
210.- 220., 230., 240.., 250.- 240.. 270.,
280., 290., 291.41, 170x0..,
FCREF =1003.613, 1003.311., 1001.703, 99%.101, 995.520, 991.375,
986.485, 981.065, 975.039, 968.617, 961.723, 954.381,
946.611, 938.438, $29.887., 920.B95, 911.494, F01.632,
891.345, BB80.591, B849.263, BS7.686, B45.023, B31.947,
818.063, B03.342, 787.650, 770.832, 752.502, 732.386,
729.39, 17020., &END
FIN
EFSC
REPSC EPSIN=1.E-5,EPS2=1.E~-5, QLMIN=0.04, &END
FIN
TQTO
ETGTD IRHOPT=1.,
BERND
FIN
U S (RS- DU S I e SR N T L F T L

Fig. C.1(b)

JAERI-M 92—006

Input data to thermal-mixing calculation with
MHI correlation
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....z....1....t....2....:....3....t....A....:....S....:....6....1....7....x....8
go001 = ENGI 1
Qo002 TITL
00003 2-L0O0P SGTR BOUNDARY=NBASE2S (YTHEOFANOUS BULK} QLMIN=0.04
00004 @ FIN
oooos ¢ OPTN 2 2 0 50
¢o006 = FIN
00007 SIZE
ooQ08 - 2SIZE DCL=0.74,ALCL=5.3,DHPI=0.12741, VADD=0.415,VS5YC=28.588%2,
oQo09 ¢ &END
00010 ¢ FIN
00011 @ TIME
00012 LTIME MT=0,DT=20.,NTP=1,TINIT=0.,TEND=34600.,&END
00013 : FIN
00014 = CNST
00015 = ZENST CREF=1.0.NTEMP=31, NSHEAT=31.,
00016 = FTEMP= O0.r 10., 20., 30.., 40. - 50.., &0, .,
00017 : 70.» §0.» %0., 100., 110., 120.. 130..
00018 = 140., 150., 160., 170., 180., 190., 200.-
00019 210., 220., 230., 240.. 250., 260., 270..
Q0020 : 280., 290.s 291.41, 170=0..,
Q021 FDENS=1003.613, 1003.311, 1001.703, 999.101, 995.520, 991.375.,
ogo22 ¢ 986.485, 9B1.045, 975.039, 96B.617, 961.723, 954.381,
Qoe23 946.611, O938.438, 929.887, 920.895, 911.494, 901.4632,
00024 2 891.345, B880.591, 869.265, 857.486, B45.023, B31.947,
o00es @ 818.063, B03.342, 787.650, 770.832, 752.502, 732.386-
00026 @ 729.3%9., 1700, .,
00027 = FHTEMP= 0., 10.- 20., 30.. 50 ., 50.r 50. -
00028 @ 70., 80.., $0., 100.. 110., 120., 13C..
00029 @ 140., 150.., 140., 170.., 180., 1%0., 200..
00030 210.~ 220.« 230., 240, . 250. ., 260., 27C. -
Q031 : 280., 290.. 291.41, 170#%0..,
00032 = FCREF =1003.413, 1003.311, 1001.703, 999.101, 995.520. 991.375,
QUQ33 : 986.L85, 981.06463%, 975.039, 968.517, 961.723, 954.381.,
00034 ¢ R46.4611, ?38.438, $29.887, 920.895, 911.4%4, 901.632,
00035 : 891.345, 880.591, 8649.263, 857.4B64, 845.023- 831.947,
00036 = 818.063, B803.342., 7B87.650, 770.832, 752.3502, 732.386«
Qo037 @ 729.3%, 170=0., &END
Qo038 - FIN
Q0039 EPSC
[leYe X NI ZEPSC EPSIN=1.E-S5.EPS2=1.5-5, QLMIN=0.04, EEND
co041 = FIN
Qoo4se TQTD
00043 : &TQTD IRHOPT=1.
00044 3 LEND
Q0Q45 FIN
....:....1....t....2....:....3....:....4....:....s....-....é....:....?....:....a

Input data to thermal-mixing calculation with Bulk
Mixing Model preposed by Theofanous

Fig. C.1(c)



00001
00002
00003
00004
00005
00008
00007
Q0008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
0o0QZs
00028
00027
ooozsa
00029
Q0030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
00041
0Q042
CO043
00044
00045

H

YT P

JAERI-M 92—-006

I IPIE SRR DA SUR. SUPIDANS JUNI SUPNR S B R L L L TR T T Y -
ENGI 1
TITL
2-L00P SGTR BOUNDARY=NBASE2S (THEOFANOUS REGIONAL} QLMIN=0.04
- FIN .
OPTH 3 2 0 100
FIN
SIZE
251ZE DCL=0.74,ALEL=5.3,0HPI=0.12741, VADD=0.415,V5Y(=28.58829.
REND
FIN
TIME
ZTIME MT=0,DT=20.,NTP=1,TINIT=0.,TEND=3600.-&END
FIN
CNST
RCNST CREF=1.0,NTEMP=31, NSHEAT=31.,
FTEMP= Q.r 10.. 20., 30., 60,2, 50., 40. .
70.- 80.. $0., 100.., 110., 120., 130.,
140., 15%0., 140,, 170.., 180., 190.., 200.-
210., 220.. 230., 240.., 250., 260., 270..,
280., 290., 291.41, 170x0..,
FDENS=1003.613, 1003.311, 1001.703, $99.101, 995.520, 991.375,
984.485, 981.065, 975.039, 968.617, 961.723, 954.381~
- P4s6.611, 938.438, 929.887, 920.895, 911.494, 901.632.,
B9t.345, BB0.591, B69.263, 857.4B6, B45.023, 831.947.
818.06%, B803.342, T7B7.650, 770.832, 752.502, 732.384~
729.3%, 17¢20. .,
FHTEMP= Q.. 10.. 20.» 30.- 40., 50.« 60. s
70.- B8O.« ?0., 100.. 110., 120.. 130..,
140., 150.., 150.. 170.. 180.., 190., 200..
210., =220., 230., 240., 2530., 260.., 2Z70.,
280., 290., 291.41, 17020..
FCREF =1003.613, 1003.311, 1001.703, 999.101, 995.520, 991.375,
984.485, 981.065, 975.039, 9568.4617, 961.723, 954.381,
946.611, $38.438, 9$29.887., 920.895, 911,494, 901.632,
891.345, B880.591, B&9.263, B57.4B6, B45.023, 831.947,
818.06%, B03.342, 787.650, 770.8B32, 752.502, 732.386~
729.39, 170%0., &END
FIN
EFSC
SEPSC EPSIN=1.E-4,EPS2=1.E-4, QLMIN=0.04, ZEND
FIN
TQTD
&TQTD IRHORT=1.,
&END
FIN
U TPIE DU DD SN SUNE SR AT U DU Sy JUpRE SR SR
Fig. C.1(d) Input data to thermal-mixing calculation wtih

Regional Mixing Model proposed by Thecfanous
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....-....1....:....2....-....3....n....A...:-....s....-....5....:....7....-....3

gogol f4JCLG JOB 00010000
ocoo2 : JHJCLG EXEC JCLG G00z0000
00003 : JISYSIN DD DATA,DLM='+4! ¢0030000
00004 @ /1 JUSER 99999999, XX.XXXXXX,BBEB.77 0OC40000
00005 @ T.6 €.2 W.2 1.4 SRP GRP 00050000
¢oCcos OPTP PASSWORD=XXXXXXXX,NOTIFY=J9999 00040000
Goog7 ¢ ijtstsstn:ct-:t:--nu-unt---su-u-u:s:stcltlusnncttssat:------t-n:--tut 00070000
Looes i f7/% CONVERT OQUTPUT OF ENGINEERING MODEL PROGRAM TO SPL FORMAT & PLOT = 0DOBCQQQ
Q0009 3 fft'tt!!ltlittltlll!tl!llllllttlltlttttllllll!ttt!tsltll!i!llll!!lllxl [efelnL-RoTalele]
00010 Fltmme— COMPILE STEP 00100000
00011 ¢ 7/FORTT?1 EXEC PGM=JIXKGFORT,REGION=1024K, . 00ii0000
00812 i PARM='DPT(2),BYNAME,NOPRINT' 0012000C
00013 i JF5YSUT2 [»]] SPACE-(TRK:(30'10))-DCB-BLKSIZE-BEOO;UNIT-HKlO 00130000
00014 i //S5YSPRINT DD SYSDUT-tlDCB-(RECFH-FBA,LRECL-137pBLKSIZE-190£3) 00140000
00015 ¢ //SYSTERM DD SYSOUT-t,DCB-(RECFM-FBA;LRECL-iS?:BLKSIZE-L?OLB) Q0150000
00016 ¢ //SYSLIN 00 DSNw&BOBRJ,DISP=(NEW,PASS)  UNIT=WK10, 00140000
¢ooL7 ¢ i SPACE-(TRK;(30:10),RLSE);DCB-BLKSIIE-3200 00170000
oooig * fI8YSIN oD DSN-JSiA?.FLESP?S.FURT??(ENGSPL).D:SP-SHR 0018C000
00019 }/FORYT?72 EXEC PGM=JZKBEORT ,REGIDON®1024K, CONDmCAALT) » 00190000
Qo020 rf PARM='0PT(2) ,BYNAME,NQPRINT' 00200000
poo21 3 FFSYSUT2 oD SPACE-(TRKr<30;1D)),DCB-BLKSIlE-SEOO;UNIT-HKiO p02100G0
00022 FFSYSPRINT DO SYSOUT-I,DCB-(RECFH-FBA:LRECL-l!?;BLKSIZE-19043) 00220000
Qo023 //SYSTERM DD SVSOUTvlfoca-(RECFH-FBA,LRECL-iBT:ELKSIZE-l?OkS) c0230000
goozé ¢ JISYSLIR DD DSH=EEOBJ,DISP=(MOD,PASS) UNIT=WK10, Q0240000
ggozs - I SPACE=C(TRK,(30,10) ,RLSE),DCBw8LKSIZE=3200 og250000
00026 ¢ JISYSIN o DSN=J3IOBO.¥UNTCNA.FORT(YUNTCA),DISP=SHR 00250000
00027 ¢ //FORTT?I  EXEC PGM=JIKBFORT,REGION®1024K, COND=L4, LTS, 00270¢000
00028 o PARM='ELM(%),OPT(2),BYNAME,NOPRINT" opzagcoo
00029 JISYSUTZ DD SPACE‘(TRKI(30110])IDCBBBLKSIzE-SZOOIUNIT-HKlo 0Q2%Geo0
00030 F/SYSPRINT CD SYSUUT-:;DCB-CRECFH-FBA,LHECL-lS?.BLKSIZE-lQOLS) 00300000
o031 * //SYSTERM DD 5750“7-::068-(RECFH-FBA;LRECL-iJ?rBLKSIIE-19OLSJ 60310000
0oe32 @ 1/8YSLIN DD DSN=220BJ-DISF=(HMOD,PASS) UNIT=WX1G., 060320000
Q0033 1 SPACE=(TRK,(30,10) ,RLSE) ,DCBwBLKSIZE=3200 00330000
00034 = FFSYSIN DD DSN=J3080.¥SPLEDIT.FORT,DISP=SHR 00340000
00035 @ PR LRl b LINK STEP Q0350000
00038 ¢ fILIRK EXEC PGM-JOAL;REGION-iDZ&K.CDND-(G-LTJaPARH-'NDHAP;LET' 00340000
00037 ¢ //5YSLIB DD DSN=J2695.1CLIUCLZ.LOAD,DISPuSHR 00370000
coo3g ¢ o DO DSN=5YS9.GG5.L0AD.DISP=SHR oo330000
00039 ¢ I D0 CSH=SYS59.PNL.LOAD,DISP=5HR 00390000
00040 = I DD DSH=SYS9.JSSL.LDAD,DISP=SHA 48400000
go041 1 il DD DSH=SY$9.55L.LO0AD,D1SP=SHR 20410000
00042 ¢ i DD DSNwSYS9.55L2.LDAG,DISP=5HRA 00420000
a0043 i i . DD DSN=SYS2.FORTLIB,BISP=3SHR 00430000
00044 ¢ f/SYSPRINT DD SYSOUT=»,DCB=(BLKSIZE=4B40Y 00440000
00045 J/SYSTERM DD S5Y50UT=» : 00434000
00044 3 F/SYSUT1 DD UNIT=VIO,SPACE=(TRK,{30-10)) 00460000
00047 3 [/SYSLMOD DD DSN=2ELM,DISP=(NEW,PASS), Qo4700C0
0oosan i SPACE=(TRK,(20,5,1) RLSE) (UNIT=WK10 Q0480000
00048 ¢ //SYSLIN DD DSN=220BJ,DISP={OLD,DELETE) 00490000
ooouso ¢ 1% DD = 00500000
goos1 ¢ ENTRY MAILN 00510000
ooos2 ¢ NAME TEMPNAME 00520000
00053 ¢ /= Q0530000
Qo054 * f/RUN EXEC PGMuwTEMPNAME,CONDa{4,LT) 00540000
0O00s5 @ F/STEPLIB DD DSNwLELM,DISP={OLD,DELETE) Q0550000
40054 ¢ //SYSPRINT DD SYSOUTm%.DCB=(RECFM=FBA,LRECL=137,BLKSIZE=19043) Q0540000
QQos7T = f/FTO4FQDL DD SYSOUT=#,DCBe{RECFMaFBA,LARECL=137,BLKSLZE=19043) 20570000
0058 : //FT10FCO1 DD DSN=J3149 . XAKAX . ENGMHL .CATA,DISP=SHR,LABEL=(,,,IN) 00580000
Qocse 3 JF/FT11FC0OL1 DD DSN=J3149. xxxwX -ENGMHI.SPL.DATA, 00590000
00G40 H DISP-(NEH;CATLG;DELETE)/SFACE-(TRK'(1Or5):RLSE)4UNIT-DO950 00600000
Quosl 3 ife———== SPLPLOT 00610000
000462 : //SPLPLOT EXEC PGM=TEMPNAME,COND={4,LT) 0062000GC
00063 : //STEPLIB DD OSN=J2695.¥S5PLPLT3.LOAD.DISP=SHR 00630000
00064 ¢ JF/SYSPRINKT DD §YS0UTms, D 8n (RECFM=FBA,LRECL=137,BLKSIZE=19043) C0s40000
00065 ¢ JfFTO6F001 DD SYSOUTo#,DCB=(RECFM=FBA,LRECL=137,BLKSIZE=19043) C0650000
00066 ¢ J/FTOLFODL DD SPACE=(TRK,(200,50),RLSE) UNIT=WKIQ Q0660000
0pase7? = I IMPTMST DD DSN=SYS1.KPATNLIB,DISP=5HR 00470000
00048 = /IGOFILE DD SYSOUT=G,OUTLIM=0 00480000
Q0069 F/FT11F001 DD DSN-JSik?.xXxxK.ENGMHI.SPL.DATA;DISP-SHR,LABEL-(,;;INJ 00490000
Qogv7o : F/FTQ5F001 DD = 00700000
0Qo71 ¢ 01MKSC 00011000 50.0 4 12.0 10 00710000
00072 00720000
goov3 ¢ 0073000C
00074 ¢ 00740000
00075 : ¢c0750000
00074 & 03 007460000
0gQe?7? Q770000
00078 3 TbCC DC TEMP. (CALCULATED} 00780000
00079 ¢ 00790000
00080 = DOWNCOMER TEMP. 60800000
00081 = ToL1 bt TEMP. (RETRAN) 00810000
0Qoaz : o1 00B20000
cooas ¢ QHPI HPL FLCW 00830000
oQo84 = Q0B40000
cooas 0.0 S_DE-2HP INJECTION FLOW ¢0ascoo
Q0084 Ix ¢0840000
60087 3 4 GUAa70000
00088 1 ¢G880000

....t....l....-....z....x....3....:.4..L....-....S....8....6....-....7....:....8

Fgi. C.1(e) JCL to convert to SPL-format data and plot the results
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M TRCC [ BC TEMP. TCRLCULATED)?
- © TOCR ( DC TEMP. [RETRRN) 1 "
o & OHP [ HPI FLOW o
-; »
c SGTR_BOUNDARY=NEASEZS (MHT METHOD) DLMIN=D.04 o
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<
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o~ o™ =)
\e::'; :
i W@—-W 1 [T
H‘—E—-{E—-—B._‘ =
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Fig. C.1(f) Results with MEI correlation plotted by SPLPLCT

8 TO0LC [ DC TEMP- ICRLCULRTED):

w o TOCR { OC TEMP. [RETRAN] w
[=] 4 QHP { HPI FLOW o
= o)
o 60TR_BOUNDARY=NAASEZE {THEOFANOUS BULK MIXING) GLMINz0.04 =
- 0
<
o~ (=]
- - o
m - ]
0
~
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=
- =]
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-
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o
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w
=
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—
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< - A A e
o Sy
0.0 1.0 2.0 3.0 4.0x10

TIME SEC

Fig. C.1(g) Results with Bulk Mixing Model proposed by
Theofanous plotted by SPLPLOT
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@ T0CC { DL TEHMP. (CRLCULHTED)}

-~ ©® TOCR 1 0& TEHP. (RETRRN] w
o A OHP 1 HPI FLOW =]
X e
o BUTRA SOUNDRRY-NAASEZA | THEOFANCUS REDIONAL MINTHO) OLMIN=0.04 o
- w
4
8 « o
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L - ut
[X] 0w
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Fig. C.1(h) Results from Regional Mixing Model proposed by
Theofancus plotted by SPLPLOT
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RPN S S S b T DRI S AU SRR I S e T N
0001 : FRAC 1
goo02 KOPT ¢} 1 0
00003 TITL M2CASES F=2.0E19 C=0.15 P=0.008
00004 NOD 1CO0
00005 ¢ RATE 1.10000 84.0C000 24 .50000
00008 RHO1 0.28298 0.12000 0.03330 554.28700
0Qoo07 = RHOZ2 0.28298 0.12000 0.03330 554.,28700
QQoo08 RCR 94 .50000
00009 : IHT 0 2.37056E-Q2
00010 : IHF 3 0 o 0
00011 : DT1 0.01000 0.00000 60.0000
00012 : IKV 1 -1
Q0013 ¢ RTND 2.86000E+01 2.000COE+02 2.00000E+02 2.00000E+1% 0.15 Q9.008
00014 2.B80000E+04 3.00Q000E-Q1 8.0340CE-06
00015 IFP 3 o} o} Q0
00016 ¢ IXKTM 200 1
00017 @ IPLD 1 1 1 1 1 1 1
00C18 : XLOG 0.0¢C 0.00
Qoc1e TMIN 0.00 40.0
00020 ¢ NDAT ¢}
gQo21 ¢ JPLD 1 1 1 1 1 1 1
pagaze : ITMX [}
QoQp23 - TIME 10.00 20.00 30.00 40,00 50.00 60.00
Qo024 ¢ NMAX Q c
0Qoes @ XYJ1 0.0G0 0.0C0 0
apeo2s XYJd2 g.000 250.0 0
00027 XYJ3 0.000 250.0 o]
00028 XYJé& 0.000 0.0400 o}
Q0029 = XYJS 0.000 0.000 o}
00030 XYJé 0.000 0.000 o}
00031 : XYJ7 0.000 0.000 o)
Qog3e - XYIL2 0.000 0.000
Q0033 = ITMX 1 ¢]
Q0034 ¢ TIME 60.00
00035 : XYi3z 0.0C0 0.000Q
00036 : ITMX 1 Q
Q0037 = TIME 40.00
00038 XYI4 0.000 0.000 0.0600 0.000
00039 & KIPL 1 1 6
00040 = TIME 10.00 20.00 x0.00 40.00 50.00 60.00
Qo041 = XYIS 0.000 0.000 0.000 0.000
Q0042 : XY1lé 0.000 0.000 8.000 0.000
00043 ¢ XYI17 0.000 0.000 0.000 0.000
PP SR, IR SR DA SN, NP S U SIS DI S-S SR e

Fig. C.2(a) Tnput data for stress and fracture mechanics
calculations
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R/

M2CRSES F=7.0E19 C=0.15 P=0.008

1.0
0.8+
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0.8 O®ppoefo uﬂ"
g ® ° o °
)

7 ®ogaonnee®®
D.4F
0.2
0.0 L 1 ! 1 L

G 10 20 0 40 50 60

TIHE (HIN]

CRITICAL-CRACK -0OEPTH CURVE

AINITIARTION
MRARRREST

Fig. C.2(b)

curve)

Plotted results with PLES/PTS (Critical-crack-depth

M2CASES F=2.0F19 C=0.15 P=0.008
1 10.0 MIN
500} 2 20.0 MIN
3 30.0 MIN
4 40.0 MIN
- 5 50-0 MIN
o
Y 400 5 50.0 MIN
S
=
" 200
Z
=
0
] 1 1 1
0.0 0.2 .4 0.8 0.8 1.0
8/
Kl ¥S A/KW. TIME
Fig. C.2(c) Plotted results with PLES/PTS (Distribution of k1

within vessel wall)
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M2CHASES F=Z2.0E1% £=0.15 P=0.008
250
t 10.0 MIN
2 20.0 MIN
3. 30.0 MIN
200 8 &
4 40.0 MIN
- 5 §0.0 MIN
N 6 0.0 MIN
T 1501
I
(=]
=
— 100
W)
=
o
S0
0 1 I 1 I
8.0 0.2 0.4 0.6 g.8 1.0
R/W
KIR VS A/W. TIME

Fig. C.2(d) Plotted results with PLES/PTS (Distribution of krg
within vessel wall)

M2CASES F=2.0E19 C=0.15 P=0.008
250
1 0.0 MIN
2 20.0 MIN
200 i 3 3 30.0 MIN
4 40.0 MIN
- 5 50.0 MIN
od
~ B 60.0 HIN
* 180F
=
12
=z
— (00
%p]
p -
=
S0k
0 1 ! | |
0.0 G6.2 g.4 0.6 0.8 1.0
A/H
KIC VS R/W. TIME

Fig. C.2(e) Plotted results with PLES/PTS (Distribution of ky.
within vessel wall)
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MZCASES F=2.0E19 C=0.15 P=0.008

1 10.0 MIN
2 20.0 MIN
; 3 30.0 MIN
4 40.0 HIN
§ 50.0 MIN
E  BO.0 MIN

400

TEMP { DEG:F
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Fig. C.2(f) Plotted results with PLES/PTS (Temperature
distribution within vessel wall)
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Fig. C.2(g) Plotted results with PLES/PTS (Distribution of
thermal stress within vessel wall)
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Fig. C.2(h) Plotted results with PLES/PTS (Distributicn of stress
due to internal pressure within vessel wall)
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Fig. C.2{i) Plotted results with PLES/PTS (Distribution of
total stress within vessel wall)
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Fig. C.2(3)

Plotted results with PLES/PTS (Transient of kg
distribution within vessel wall)
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Fig. C.2(k) Plotted results with PLES/PTS (Transient of total

stress distribution within vessel wall)
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Fig. €.2(1) Plotted results with PLES/PTS (kg for varicus initial
crack depths as a function of temperature at the crest
of crack)
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Fig. C.2(m) Plotted results with PLES/PTS (ky, and ki as a
function of temperature at crack crest of crack)
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Fig. C.2(n) Plotted results with PLES/PTS {Cocant temperature

used in stress calculation)
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Fig. C.2(o) Plotted results with PLES/PTS (Internal pressure

used in stress calculation)
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Fig. C.3(a) Input data to generate Okamura's plot for specific
initial crack depth
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Fig. C.3(b) Plotted results with PLES/PTS {(Okamura's plot for
specific initial crack depth : ky. and k1 for a
specific initial crack depth as a function of
temperature at crest of crack)



