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ADAPTATION OF OCA-P, A PROBABILISTIC FRACTURE=
MECHANICS CODE, TO A PERSONAL COMPUTER

D. G, Ball R. D. m"rto’l

ABSTRACT

The OCA-P probabilistic fracture-mechanics code can now be
executed on a personal computer with 512 kilobytes of memory, a
math coprocessor, and a hard disk. A user's guide for the par-
ticular adaptation has been prepared, and additional (mportance
sampling techniques for OCA-P have been developed that allow
the sampling of only the talls of selected distributions, Fea~
tures have also been added to OCA=P that permit RTNDT to be
used as an “Independent” variable in the caleulation of P(F|E).

I+ INTRODUCTION

OCA=P, which is a probabllistic 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
written for a main-~frame computer, but because of the popularity of per-
sonal computers (PC), OCA-P has now been adapted to a PC. The adapta-
tion requires 512 kilobytes of memory, a math coprocessor, and a hard
disk, These requirements were met with an I[BM PC-XT and PC-AT, using
the IBM Professional 1.0 compiler,!

This report provides the necessary user's gulde 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-F
and discusses further the use of RTNDT as an independent variahle in the
probabilistic analysis, The original version of OCA=F (s described in
Ref., 2, and typlcal apnlications are found 1n Refs., 3 and &,



2. VUSER'S GUIDE

OCA-P 1is composed of two parts: a one-¢ i onal heat transfer
code (1-R) and a probabilistic fracture-mechar - code (PFM). A Je-
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 glven in Table 2.1.
Although the digital output to each unit {s 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
CASE1.BIN is obtained by {ssuing the commands:

SET ONEROL.BIN=CASE!l,.BIN
ONER.

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

SET PFM.LPT=CON
PPM,

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

Table 2.1. OCA~P file {nformation

. o~ File name File type Description
unit
IR Code:
55 ONER . DAT Formatted Control input
6 ONER. LPT Formatted Digital output
1 ONEROI .BIN Binary Data for lnput to PFM
PP Code:
55 PFM, DAT Formatted Control input
56 KICKIA.DAT Formatted Override toughness curves
| ONERO|.BIN Binary Output from |1-R code
2 LIBGOJ4AS . BIN  Binary 2<D axial influence coefficlents
7 LIBKOID.BIN Binary 3=D axial influence coefficlents
L} CIBK0945,8IN  Binary 24D elres influence coefflclents
) PFM.LPT Formatted Detailed digital output
17 cen,.LpPT Formatted Deterministic summary
29 PPMSUM, LPT Formatted Probabilistic summary

19 Serateh Formatted




Using the PROFORT linker, the PFM load module mav be constructed from
the object modules by the command:

LINK CFM1+PFM2 ,PFM CON; .

After the input files are set up, the codes are run by typing ONER for
the <R code and PFM for the PFPM code. In addition, it (s necessary to
include the statement FILES=15 in the CONFIG.S5YS file.

Input control data for a sample problem (s contained in filles
ONER.DAT and PFM.DAT, which will be on the transmitted floppy disk, The
problem is the same as that given in Appendix A of Ref, 2 with the ex~
ception that only one weld is analyzed {n PFM using 10,000 trials. The
execution times for the sample problem are given in Table 2.7 for dif-
ferent machines.

The PC version of OCA-P has a timing routine which writes the date
and time of the run on unit 6, Also, the e¢lapsed time of the run {s
calculated and included at the end of the unit=6 output.

Table 2.7, Timing information on sample problem

Execution time

Code Computer (PC time) /(300 time)

(minutes)
I-R pPC 62,37 8.7
PC=XT (hard disk) 60,97 RBl.R
'C'AT 520‘2 7“.2
1M 3033 0,745
PFM PC=XT (hard disk) 18,98 61,8
PC~AT 16,98 N

IsM 3033 0,307




3. IMPROVEMENTS TO OCA-P

Since the time that the OCA-P report was issued, 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 nelusion o 1 tance § 11 11

As discussed in Ref, 2, the OCA-P probabllistic mode! is based on
Monte Carlo techniques; that {s, a 'arge number of vessels is generated,
and each vessel 1s then subjected to a deterministic FM analysis to de~
termine whether the vessel will fail. Each vessel {s 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 fatlure [P(F|E)] 1s simply the number of vessels
that fail divided by the total number of vessels generated. Thus,

P(FIE) = 25’ v u/ f(a)B(a)da , (3.1)
: i 1°

where
u’
P, = o
J "\,J
l;j = number of vessels with a flaw in the jth reglon that fall,
l;’ * number of vessels sisulated with a flaw in the jth reglon,
V., = volume (or area) of jth reglon,
N; = flaws of all depths per unit volume (or surface area) of the
Jth region,
a = flav depth,
f(a) = flaw-depth denstty function,
Bla) = probability of nondetection,
w = wall thickness,

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

Por very small values of P(FIE), the values of n", required to
achieve reasonable accuracy hecome quite large, Under "some clrcum-
stances, the value of N° can be reduced by using importance sampling
techniques. This can bv'dom in some cases by eliminating flaw depths
that do not contribute signiflcantly to Initiation and by sampling only
the tails of other distribution functions., The portion of the distel b
tion function not sampled 1s accounted for by multiplying the number of
simulated vessels, l;’. by & cortrection factor. Equation (3,1) then



becomes

P
P(F|E) .2#. !‘Aj/ f(a)B(a)da , (3.2)
0

1 K
where

'M = correction factor for kt\: simulated parameter,

Va .us of F, are a function of the points on the distribution curve
at which sampling is started and stopped (truncation point), When im=
portance sampling {s used for the flaw-depth density function given in
Ref. 2, and only the first flaw-depth increment is omitted,

1

r. (flaw depth density) = - 3.2

f(a)B(a)da
1

Table 3.1 {includes values of F for several different starting
points on a normal distribution curve that (s trunceted at Yo . As in-
dicated, {f the distribution s sampled above lo, F = 6; {f 1t 1s sam-
pled above 20, F = 46, If just two normal distributions are sampled, (f
they are sampled above 1.250, and (f the first crack-depth increment can
be omitted, Ilth = 300, which represents a significant savings (n com-
puter costs for, the same accuracy in P(F|E). Of course, this type of
importance sampling can only be used when the first crack-depth incre~
ment does not contribute much to P(F|E) and when P(F|E) s small enough

Table 3.1. Values of P for a normal distribution

Identifying  Start of sampling Fraction of

(IID::; or ‘w:n‘:'a:tm. -, Fie 1)
NRTRS ) shove soms) not simulated
1 1,0 00,8422 f
2 1.25% 0. 8954 10
3 1,50 01,9341 15
4 175 D961 1 6
5 2.00 0.97”4 “h
b 2.2% D.9891 a9
7 2.%0 0.99%) 204
L 2,75 0.9981% RLL)

‘Mwﬂng truncation at &g,



that only the tails of the distribution functions contribute signifi-
cantly to P(F|E). (At the time of this writing, importance sampling 1s
applied to the crack-depth density function and to the normal distr{bu-
tion for RTNDT and ARTNDT.)

3.2 The Use of RTNDT as an Independent Variable

In some cases it {s convenient to use RTNDT_ as an independent var-
fable in the probabilistic ™™ analysis, where Iﬁb‘l‘ is the nil ductil-
ity reference temperature at the inner wirface. V.‘uu of RTNDT at any
radial position in the wall can be estimated using Eq. (11) in Ref., 2
and the relation

mm-m'rooa.nm.

where mmo is the initial value of RTNDT, and ARTNDT s the increase
in RINDT due to radiation. However, since ARTNDT = f(F,, Cu, N1) [where
F_ 1s the fast-neutron fluence at the inner surface, and Cu and Ni are
t& concentrations of copper and nickel in the vessel material (wt ],
RTNDT s not actually an independent variable; that fs, rhe actual in-
dependent variables are l‘l’lmo. 'o' Cu, and Ni. Thus, an error is in~
troduced when RTNDT is used as the Independent variable. This error is
discussed below and in greater detail in Rei. 5.

A distribution function for nmn. can be obtained by performing a
Monte Carlo analysis with

ARTNDT (°C) = f(Cu, N1, ¥) ,

in which case F, Cu and N1 are simulated, However, as discussed in Ref.
5, the distribution is somewhat sensitive to the mean values of ¥ , Cu
and Ni. Purthermore, for a given value of RTNDT, different combinalions
of nm, and ARTNDT will result in somewhat different values of pivie),
The size of the ervor depends on details of the transient and can be as
large as an order of magnitude.’
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APPENDIX A. UPDATES TO ORIGINAL REPORT

Appendix A includes the revised probabilistic control input to the
OCA~P code. The revised control input replaces pages 48-50 >f Ref. 2.
Also, a revised summary sheet for the probabilistic analysis (page 81 of
Ref. 2) is included. There is a charge in the calculated probabi ity 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 - Probabilistic Control Parameters

S/n
Hese  Verieble [Defoult

LACCEL

ik

FLWSTR

ChLIM

10

5%1.7

B Description

Maximum number of trials to be generated
for each weld {f LACCEL > 0, ¢ 2, for each
flaw depth 1f TACCEL € 0 or = 2.,

A positive value indicates use of fluence

and copper on Card Type K.2, whereas a
ve value Indicates the the use of
. " Card Tvpe 6,1,

Controls use of importance sampling on
crack depth,

= 0 no lsportance sampling
It flest-increment flaw does not
inftiate bt is counted in number of
trials, thus accelerating conver-
gence,
= 2. uniform sampling of crack depths
(NSIM trials used for each crack
depth;
= 3 first and second-increment flaws do
not inftiate but are counted in
number of trials thus asccelerating
convergence,
< 0: only one crack depth (s sampled, for
instance, for [ACCEL =] the second
depth would be the only depth sampled
(aee Tahle 4.2 in Ret, 7).

Volume of weld | on Card Type 6.2, or
5.3, o,

Number of flaws/n’,

Maximum percent srroar 1n PIFIE) for each
weld at a 95% confldence level,

Flow streas for plastic Instahiltty
determination, MPa,

L P S MPas .

Number of Increments to he used for initial
crack depth (maximum of 15),

Stlze of fiest crack-depth Increment . mm,

Extreme dimension of deepest crack depth
Increment | am,

A geometrlc progression of NPCRE (ncrements
in generated between O and COLIM ta model
inftial crack deptha, K. values are
sampled at midpoint of each Increment,



Card Type 6.1 - Probabilistic Distribution Parameters

Variable
SDFDRT

SDFKIC

SDFKIA

SDLDRT
SDLKIC
SDLKIA

CONKIC
CONKIA
NDLRS

NRTRS

Default

13
0.15

3.0

3.0

3.0

1.43
1,25

Description

ARTNDT standard deviation, °C,

‘!e standard deviation (fraction of

mean). If positive, use ORNL mean curve,
Eq. (3) (Ref. 2); {f negative, use NRC mean
curve, Eq. (5) (Ref. 2).

‘lu standard deviation (fraction of

mean). [f positive, use ORNL mean curve,
Eq. (4) (Ref. 2); 1f negative, use NRC mean
curve, Eq. (6) (Ref. 2).

ARTNDT~standard truncation point (number of
standard deviations).

K c~distribution truncation point (number
o‘ standard deviations).

Ky -distribution truncation point (number
of standard devia*ions).

l‘c-oquation multiplier,

K,.-aquutlon miltiplier,

Controls use of importance sampling on m:x

= 0: ne laportance sampling.,

> 0t sample only the tatl of the
distribution where NDLRS determines
the starting point (see Table 3.1).
Applies to all welds in Card
T’" 6.3,

Controls use of importance sampling on
RTNDT :

= 0: no {mportance sampling,

2 0Ot wample only the tall of the
distribution where NRTRS determines
the starting point (see Table 1.1).
Applies to all welda i(n Card
Type 6,13,
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Card Type 6.2 - Weld Characteristics
Only required if NSIM > 0 (defined on Card Type 6.0),

_;:. Variable Default Description

RDPTSS  NWELDS ! Number of welds to be simulated, NWELDS <6,
PFO(1) t Mean inside-surface fluence, neutrons/cm?,
PCU(T) t Mean copper content, X%,
PNI(I) ' Mean nickel content, I,

PRTNOC(I) None Mean initial reference temperature, °C.

SIGFO(1) 0.3 Fluence standard deviation, fraction of
mean,

siGeu(r) 0.025 Copper standard deviation, X%,
SIGNI(I) 0.0 Nickel standard deviation, I,

STGRTO(T) 9 Initial reference temperature standard
deviation, °C.

VOLFAC(T) 1.0 Fraction to adjust ?('ll)‘ for weld 1 based
on the volume of the weld relative to weld
1. VO!.PK(!) - ‘000

The READ list f{s: NWELDS, [PPO(I), PCUCI), PNICI), PRTNO(I), SIGFO(I1),
SIGCU(T), SIGNI(T), SIGRTO(I), VOLFAC(I), T = |, NWELDS].

"It MWELDS = 1, these parameters are obtained from Card Type 4.0, 1f
not provided here.
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Card Type 6.3 - Weld Characteristics

Only required 1f NSIM < 0 (defined on Card Type 6.0),

Variable Default Description

NWELDS l Number of welds to be simulated, NWELDS < 6.

—— i e

PFO(1) None umrr.

PRINO(I) Mean inftial reference, temperature, °C.

SIGFO(1) ﬁm—. standard deviation, fraction of
mean.

SIGRTO(I) Initial reference temperature standard
deviation, °C.

SIGNI(1) Assoclated fluence (optional).

VOLFAC(1) Fraction to adjust P(FIE) ; for weld {
based on the volume of the weld relative to
weld 1. VOLFAC(1) = 1.0,

The READ list (s: NWELDS, [PPO(1), PRTNO(I), SIGFO(1), SIGRTO(I),
SIGNI(I), VOLFAC(I), 1 = |, NWELDS]|,
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TYPICAL FOSTULATED TRANSIENT H=5678 1. FLANS/M**) FO = 1.5000+19
UNALJ USTED- e e - ===ADJUSTED-—~
WED  P(F/E) 958CI SERR , P(INITIA) NW P(F/E) \ERK NFAIL NTRIALS
1 1.60-02 7.64D-04 4.79 1.60002 1.000 1.60D-02 1632 60000
2 6.250-03 3.05004 4.88 6.270-03 0.500 3.13p-03 1587 150000

VESSEL 1.91002 4.08

DEPTHS FOR INITIAL INITIATION (MM)
2.16 6.68 11.62 17.03 22.95 29.42 36.51 44.25 52.72
NUMBER 37 2031 762 300 54 16 7 2 0
PERCENT 1.1 62.7 235 9.3 2.6 0.5 0.2 0.1 0.0

WEIGHTED TIMES OF FAILURE(MINUTES)
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70,0 80.0 90.0 100.0
PERCENT 0.0 0.0 0.0 5.7 37.3 4.5 11,5 0.0 0.0 0.0

INITIATION T-RINDT (DEG.C)
=55.6 -41.7 -27.8 -13.9 0.0 13.9 27.8 41.7 55.6 69.4 €.3 97.2 i11.1
NUMBER 0 14 239 109 1432 442 18 0 0 0 0 0
PERCENT 0.0 0.4 7.4 33.8 44.2 13.6 0.6 0.0 0.0 0.0 0.0 0.0

ARREST T-RINDT (DEG. C)
=27.8 -13.9 0.0 13.9 27.8 41.7 55.6 69.4 3.3 97.2 111.1 125.0 136.9
0

NUMBER 0 0 2 6 3 0 0 1 0 0 0
PERCENT 0.0 0.0 16.7 0.0 25.0 0.0 0.0 83 0.0 0.0 0.0 0.0
KIC HISTOGRAM
0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60
NUMBER 0 85 362 845 1011 662 241 32 3 0 0 0
PERCENT 0.0 2.6 11.2 26.1 31.2 204 7.4 1.0 0.1 0.0 0.0 0.0

IRKTP = 1 IACCEL = 0 NLRS =0 NRIRS = 0 DATE: 10/03/85 TIME: 22.21.17
CRU TIME: 4 MIN 21 SEC
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