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*

The work reported here was performed at Oak Ridge National Labora-
tory (ORNL) under the ficavy-Section Steel Technology (HSST) Program,
C. E. Pugh, Program Manager. The program is sponsored by the of fice of,

Nuclear Regu1 story Research of the U.S. Nuclear Regulatory Ccmmission
(NRC). The technical monitor for the NRC is Milton Vagins.
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ADAPTATION OF OCA-P, A PROBABILISTIC FRACTURE-
! MECHANICS CODE, TO A PERSONAL COMPUTER
|
r .

D. G. Ball R. D. Cheverton

.

ABSTRACT
!

|
'

t

| The OCA-P probabilistic fracture-mechanics code can now be
i executed on a personal computer with 512 kilobytes of memory, a

i

math coprocessor, and a hard disk. A user's guide for the par- '

ticular adaptation has been prepared, and additional importance
I sampling techniques for OCA-P have been developed that allow

the sampling of only the tails of selected dist ributions. Fea-i

| tures have also been added to OCA-P that permit RTNDT to be
! used as an " independent" variable in the calculation of P(F|E). !

!

i
,

t

1. INTRODUCTION

OCA-P, which is a probabilistic fracture-mechanics code, was devel-*

oped for the Nuclear Regulatory Commission (NRC) to help in the evalua-
tion of pressurized water reactor (PWR) pressure-vessel integrity during ,

pressurized thermal-shock (PTS) transients. The code was originally I,

, written for a main-f rame computer, but because of the popularity of per- |
! sonal computers (PC), OCA-P has now been adapted to a PC. The adapta- '
I tion requires 512 kilobytes of memory, a math coprocessor, and a hard i

! disk. These requirements were met with an IBM PC-XT and PC-AT, using I
! the IBM Professional 1.0 compiler.! '

This report provides the necessary user's guide information for
running OCA-P on a PC. In addition, it describes improvements that have

| been made in the importance-sampling techniques that are used in OCA-P
| and discusses further the use of RTHDT as an independent variable in the
!

probabilistic analysis. The original version of OCA-P is described in
Ref. 2, and typical applications are found in Refs. 3 and 4.

I
i

'

I r

I

|
*

;

1

e

!

I
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2. USER'S CUIDE

.

OCA-P is composed of two parts: a one-d! ensional heat transfer
code (1-R) and a probabilistic f racture-mechani c s code (PFM). A de- '

| scription of the input and output associated with OCA-P is given in Ref. *

2. It should be noted that the plotting options are not yet available
in the PC version.

The file names used by the PC version are given in Table 2.1.
,

Although the digital output to each unit is routed to a specific file by,

! the code, this may be overridden by using the DOS " SET" command. For
! example, during a run of the 1-R code, unit-l output in a file named
! CASEl. BIN is obtained by issuing the commands:
!

SET ONER01. BIN =CASEl. BIN
| ONER.

j To obtain unit-6 output on the console during a run of the PFM code,
issue the commands:

,

SET PFM.LPT= CON
PFM.

!Due to its size, the load module for the PFM portion of the code '

must be stored on a 1.2 megabyte floppy disk for transmittal, or, the
.

i

source or object modules may be included on a 360 kilobyte floppy.
[ l*

F

Table 2.1. OCA-P file information
!

FOR AN
File name File type Description '

1-R Coder

| 55 ONER.DAT Formatted Control input
6 ONER.LPT Formatted Digital output

| 1 ONER01. BIN Binary Data for input to PFM

PFM Coder

55 PFM.DAT Formatted Control input
56 KICK!A.DAT Formatted Override toughness curves

! ONER01. BIN Binary Output from 1-R code
2 L1860945. BIN Binary 2-D axial influence coefficients
7 L18603D. BIN Binary 3-D axial influence coefficients

| 8 C1860945. BIN Binary 2-D cire. influence coefficients
,

| 6 PFM.LPT Formattod Detailed digital output
i

; 17 CCD.LPT Formatted Deterministic summary
{

} 29 PFHSUM.LPT Formatted Probabilistic summary (

,

l 19 Scratch Formatted
! I

l

i

,!I
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Using the PROFORT linker, the PFM load module may be constructed f rom
the object modules by the command

.

LINK FFM1+PFM2.PFM CONT.

*
After the input files are set up, the codes are run by typing ONER for
the 1-R code and PFM for the PFM code. In addition, it is necessary to
include the statement FILES =15 in the CONFIC.SYS file.

Input control data for a sample problem is contained in files
ONER.DAT and PFM.DAT, which will be on the transmitted floppy disk. The
problem is the same an that given in Appendix A of Ref. 2 with the ex-
ception that only one weld is analyzed in PFM using 10.000 trials. The
execution times for the sample problem are given in Table 2.2 for dif-
ferent machinen.

The PC version of OCA-P has a timing ro'itine which writes the date
atid time of the run on unit 6. Also, the elapsed tim of the run is
calculated and included at the end of the unit-6 output.

Table 2.2. Timing information on sample problem

.

F.x s tim (PC time)/(3033 time)Code Computer
{ ,)

,

1-R PC 62.37 H3.7
PC-XT (hard disk) 60.97 81.8
PC-AT 52.32 70.2
IBM 3033 0.745

PFM PC-XT (hard disk) 18.98 61.8
PC-AT 16.98 '' 3.
IBM 3033 0.307

.

.
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3. IMPROVEMENTS TO OCA-P

.

Since the time that the OCA-P report was isaued, several additions
have been made to the code. This section discusses the additions and
indicates the necessary corresponding changes in the user's manual. -

(These latter changes are included in detail in Appendix A.)

3.1 Inclusion of Improved importanco Sampling Capability

As discussed in Ref. 2, the OCA-P probabilistic model is based on
Monte Carlo techniques; that is, a large number of vessels is generated,
and each vessel is then suojected to a deterministic FM analysis to de-
termine whether the vessel will fail. Each vessel is defined by ran-
domly selected values of several parameters that are judged to have sig-
nificant uncertainties associated with them. The calculated conditional
probability of vessel failure (P(F|E)] in simply the number of vessels
that f ail divided by the total number of vessels generated. Thus,

v

P(F|E)= I
V N) f(n)B(a)da (3.1),

I o
,

where
N'

. - U.p .

J N 'j
'

v
N = number of vessels with a flaw in the jth region that fait,
N' = number of vessels simulated with a flaw in the jth region,
V = volume (or area) of jth region,
N = flaws of all depths per unit volume (or surface area) of the

jth region,
a = flaw depth,

f(a) = flaw-depth density function,
B(a) = probability of nondetection,

w = wall thickness.

The parameters N and f(a) pertain to vessel conditions prior to preser-
vice inspection and repair, and B(a) is derived on the basis of repair-
ing or otherwise disposing of all detected flaws.

For ve ry small values of P(F|E), the values of N' required to
achieve reasonable accuracy become quite largo. (Jnde r'I some circum-
stances, the value of N' can be reduced by using importance sampling
techniques. This can tud one in some cases by eliminating flaw depthsd

that do not contritmte significantly to initiation and by sampling only ,

the tails of other distribution functions. The portion of the distribu-
tion function not sampled is necounted for by multiplying the number of

,

simulated vessels, N , by a correction f actor. Equation (3.1) then

_ _ _ _ ____ - _ ____________
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becomes

a w.

P(F|E)= -

N) A) f(a)B(a)da (3.2),

where

Pkj = c rrection factor for kth simulated parameter.

Va as of Fg are a function of the points on the distribution curve
at which sampling is started and stopped (truncation point). When im-
portance sampling is used f or the flaw-depth density function given in
Ref. 2, and only the first flaw-depth increment is omitted,

I
F (flaw depth density) = = 3.24

/8
f(a)B(a)da

1

Table 3.1 includes values of F fr several different startingk
points on a normal distribution curve that is truncrted at la . As in-
dicated, if the distribution is sampled above to. F = 6; if it is sam-
pled above 20, F = 46. If just two normal distributions are sampled, if
they are sampled above 1.250, and if the first crack-depth increment can

'

300, which represents a significant savings in com-be omitted, I!F =

puter costs for the same accuracy in P(F|E). Of course. this type of
importance sampling can only be used when the ftrat crack-depth incre-

' *

ment does not contribute much to P(F|E) and when P(F|E) is small enough

Table 3.1. Values of F for a normal distributionk

Identifying Start of sampling
Fraction ofNo. (number of stan-
distribution F , Fj2(NDi.RS or dard deviations d"

NRTRS) above mean)

1 1.0 0.8422 6

2 1.25 0.8954 10

3 1.50 0.9343 15

4 1.75 0.96II 26

5 2.00 0.9784 46

6 2.25 0.9891 92
*

7 2.50 0.9951 204

8 2.75 0.9983 5HH
,

" Assuming truncation at alo.

|

|

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ - _ _ _ - _ _ _ _ _ _ _
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|

!

!

| that only the tails of the distribution functions contribute signifi-
( cantlytoP(F|E). (At the time of this writing, importance sampling is
| applied to the crack-depth density function and to the normal distribu- -

| tion for RTNDT and ARTNDT.)
,

, ,

3.2 The Use of RTNDT as an Independent Variable

.

In some cases it is convenient to use RTNDT as an independent var- '

inble in the probabilistic FM analysis, where RbDT is the nil ductil-;
'

ity reference temperature at the inner wurface. Va$ues of RTNDT at any
radial position in the wall can be estimated using Eq. (11) in Ref. 2
and the relation

RTNDT = RTNDTo + ARTNDT ,

where RTNDT, is the initial value of RTNDT, and ARTNDT is the increase
| in RTNDT due to radiat. ion. However, since ARTNDT = f(F , Cu, N1) [whereo i

F is the fast-neutron fluence at the inner surface, and Cu and Ni are
tb concentrations of copper and nickel in the vessel material (wt %)),
RTNDT is not actually an independent variable t that is, the actual in-
dependent variables are RTNDT , F , Cu, and N1. Thus, an error is in-o o
troduced when RTNDT is used as the independent variable. This error is
discussed below and in greater detail in Ref. 5.

A distributioa function for ARTNDT, can be obtained by performing a
Monte Carlo analysis with

, ,

ARTNDT (*C) = f(Cu, N1, F) ,
1

in which case F. Cu and Ni are simulated. However, as discunsed in Ref.
5, the distribution is somewhat sensitive to the mean values of F , Cu !oand N1. Furthermore, for a given value of RTNDT, different combinations
of RTNDT andARTNUTwillresultinsomewhatdifferentvaluesofP(F|E). i

The size,of thn error depends on details of the transient and can he as
large as an ortler of magnitude.5 ;

r

;

I

e

i

i

:
>

'

t

I

!

I
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APPENDIX A. UPDATES TO ORIGINA1. REPORT

.

Appendix A includes the revised probabilistic contral input to the
OCA-P code. The revised control input replaces pagen 48-50 af Ref. 2.
Also, a revised susunary sheet for the probabilistic analysis (page 81 of.

Ref. 2) is included. There is a charge in the calculated probability of
vessel failure that reflects the existence of an error in the code re-
lated to use of SI units in the Monte Carlo part of the analysis.

.

.

.

.

. . . - _ _ _ _ _ _ _ _ _
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Card Type 6.0 - Probahtlistle Control Parameters

.

S/R
Name Variable refault Desertgtton

*
RDPTSS NSIM 0 Haulmum number of trials to be generated

for each weld if IACCEL > 0 p 2; for each
flew depth if IACCKL < 0 or = 2.

A positive value indicates use of fluence
| and copper on Card Type 6.2. whereas a

nefa gve value indicates the the use of
ARTNDT, on Card Type 6.1.

1
1 ACCEL 0 Controle use of importance samplina on 1

crack depth.

- 0- no toportance samplina
<

= le first-Increment flaw does not j,

'

initiate hit is counted in number of
trials. thus accelerating conver-
gence.

= 2: uniform sampling of crack depths
(NSIM trials used for each track
depth)

= 3r first and second-increment flaws do
not inttiste but are counted in I-

number of trials thus accelerating
convergence.

< 0: only one crack depth is sampled; for
,

instance. for IACCEL --? the second
depth would be the only depth sampled
(see Table 4.2 in Ref. 2).

I V01.WLO I Volume of weld I on Card Type 6.2. or
l6.1. e .

IWELDN I Number of flaws /m .

CONVPC 10 MAsteum percent error in P(FlE) for each
veld at a 9%t confidence level.

FLWSTR 551.1 Flow stress for plastle instehtitty

determination. MPa.

( K ,),,, . MPa. /m.USKIA 220 g

NPCRK 9 Number of inctements to be used for initial
crack depth (eastmum of 15).

AWINT 4.1 Site of first crack-depth increment, mm.

CDLlH 57.2 Ent reme dimension of deepest crack-depth .

Inc rement . mm.

i A Roometric progression of NPCpK inc r e men t s
*

! to generated between 0 and CDLIM to model
Initial crack depths. Kg values are
sampled at midpoint of each increment.

i

!

|
t

. _ _ _ _ _ _ . _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ -
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Card Type 6.1 - Probabilistic Distribution Parameters

S/R
*

Name Variable Default Description

*

RDPTSS SDFDRT 13 ARTNDT standard deviation, 'C.

SDFKIC 0.15 K standard deviation (fraction ofge
mean). If positive, use ORNL mean curve,
Eq. (3) (Ref. 2); if negative, une NRC mean
curve, Eq. (5) (Ref. 2).

SDFKIA 0.1 K , standard deviation (f raction ofg

mean). If positive, use ORNI, mean curve.
Eq. (4) (Ref. 2); if negative, use NRC mean
curve, Eq. (6) (Ref. 2).

SDLDRT 3.0 ARTNDT-standard truncation point (number of
standard deviations).

SDLKIC 3.0 K -distribution truncation point (numberic
of standard deviations).

SDLKIA 3.0 K -distribution truncation point (numbe r
*

73
of standard deviationn).

* CONKIC 1.43 K -equation multiplier.gc

CONKIA 1.25 K ,-equaticn ruttiplier.g

NDLRS 0 Controla une of importance sampling on ARTNDT :

- 0: no importance nampling.

> 0: sample only the tail of the

distribution where NDLRS determines
the starting point (see Table 3.1).
Applies to all welds in Card
Type 6.3.

NRTRS 0 Controln une of importance sampling on
RTNDT:

= Os no importance nampling.

> Os sample only the tail of the,

distribution where NRTRS determinen
the starting point (see Tahic 1.1).
Applies to all wolds in Card.

Tyrm 6.1.
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Card Type 6.2 - Weld Characteristics

Only required if NSIM > 0 (defined on Card Type 6.0). *

I

I

S/R *

Name Variable Default Description

RDFTSS NWELDS 1 Number of welds to be simulated, NWELDS j[ 6.

PF0(I) i Mean inside-surface fluence, neutrons /cm ,2

PCU(I) i Hean copper content, %.

PNI(I) i Mean nickel content, %.
t

PRTN0(I) None Mean initial reference temperature, 'C.

SIGF0(I) 0.3 Fluence standard deviation, f raction of f
| mean.

| SIGCU(I) 0.025 Copper standard deviation, %.
|

SIGNI(I) 0.0 Nickel standard deviation, %. * i

| SIGRTO(I) 9 Initial reference temperature standard
deviation, 'C. *

VOLFAC(I) 1.0 FractiontoadjustP(F|K)g for weld I based
on the volume of the weld relative to weld

f 1. VOLFAC(1) = 1.0. )

| |

| The READ list ist NWELDS, (PF0(I), PCU(I), PNI(I), PRTN0(!), SICF0(!),
SICCU(1), SIGNI(I), SIGRTO(I), VOLFAC(I), I = 1. NWELDS).

!

|
I If NWELDS = 1, these parameters are obtained f rom Card Type 4.0, if

not provided here.

!
|

I
,

'

,

.

:

i

: !
_ _ - _ _
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Card Type 6.3 - Weld Characteristics

only required if NSIM < 0 (defined on Card Type 6.0).
,

S/R.

Name Variable Default Description

RDPTSS NWELDS 1 Number of welds to be simulated NWELDS i 6.

IRTNDT,PF0(I) None

PRTN0(I) None Mean initial reference, temperature. *C.

SICF0(1) 0.14 ARTNDT}standarddeviation, fraction of
mean.

SICRTO(I) 9 Initial reference temperature standard
deviation. *C.

SIGNI(I) None Associated fluence (optional).

VOLFAC(I) 1.0 FractiontoadjustP(F|E)g;forweldi
based on the volume of the weld relative to

'

weld 1. VOLFAC(l) = 1.0.

The READ list ist NWELDS, [PF0(I), PRTN0(I), SICF0(I), SIGRTO(I),
* SIGN!(I), VOLFAC(I), I = 1 NWELDSl.

.

a

9
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TYPICAL IOS1UIRED 'I1tANSIDfr H=5678 1. f1JWWM**3 F0 = 1.500D+19
.DISCIUSIE -ADIUSTE

WELD P(F/E) 95tCI % ERR , P(INITIA) N*V P(F/E) %DR NmIL If! RIALS

1 1.6(IH)2 7.64D-04 4.79 1.60M2 1.000 1.600-02 1632 60000 *

2 6.25D-03 3.05 M 4 4.88 6.27D-03 0.500 3.13 M 3 1597 150000

VIESEL 1.91 H 2 4.08

DEPIHS FOR INITIAL INITIATICN (f91)
2.16 6.68 11.62 17.03 22.95 29.42 36.51 44.25 52.72

MJpeER 37 2031 762 300 84 16 7 2 0
PERQNT 1.1 62.7 23.5 9.3 2.6 0.5 0.2 0.1 0.0

WEIGH 1EI) TIES CE' mILURE(MIMTIES)
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0

PERONI 0.0 0.0 0.0 5.7 37.3 45.5 11.5 0.0 0.0 0.0

INITIATICN T-RINDr(DEIG.C)
-55.6 -41.7 -27.8 -13.9 0.0 13.9 27.8 41.7 55.6 69.4 83.3 97.2 111.1NJleER 0 14 239 1096 1432 442 18 0 0 0 0 0

PERONT 0.0 0.4 7.4 33.8 44.2 13.6 0.6 0.0 0.0 0.0 0.0 0.0
,

.

AltREET T-RINDT(DEC.C)
-27.8 -13.9 0.0 13.9 27.8 41.7 55.6 69.4 83.3 97.2 111.1 125.0 138.9IsleER 0 0 2 6 3 0 0 1 0 0 0 0PDONr 0.0 0.0 16.7 50.0 25.0 0.0 0.0 8.3 0.0 0.0 0.0 0.0

KIC HIS1DGRAM

0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60IUleER 0 85 362 845 1011 662 241 32 3 0 0 0
PERO Nr 0.0 2.6 11.2 26.1 31.2 20.4 7.4 1.0 0.1 0.0 0.0 0.0
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