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ABSTRACT

The purpose of this document is to collect under one cover and update the documentation related
to the PRAISE Computer Code. pc-PRAISE is the most recent version of the code, which is
a probabilistic fracture mechanics code that has recently been modified to run on an IBM-
personal computer to evaluate the reliability of welds in nuclear power plant piping systems, i

pc-PRAISE was adapted from the PRAISE Computec Code, which was originally developed in
1980-81 by Lawrence Livermore National Laboratory (LLNL) under funding from the U.S.
Nuclear Regulatory Commission for assessment of the influence of seismic events on the failure
probability of piping in pressurized water reactors. PRAISE is an acronym for fiping
Reliability Analysis Including Seismic Events, and has been significantly expanded in recent

-years to allow consideration of both crack initiation and growth in a variety of piping materials
in pressurited and boi_ ling water reactors. PRAISE has a deterministic basis m fracture
mechanics. Some of the inputs, such as initial crack size and inspection detection probability,
are considered t be random variables, and the failure probability versus time for a given
weldment is evaluated by Monte Carlo simulation. Complex realistic stress histories can be
treatcJ by'the code, and sets of random material properties for representative piping materials
are built mto the code. This document provides a comprehensive summary of the deterministic
basis of the code, along svi h description of statistical distributions of random variables. Codet

. inputs are described and an extensive set of sampic problems is provided, along with <.escriptions
of representative outputs.
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EXECUTIVE SUMMARY

The reliability of piping in commercial power reactors is of paramount importance in the safe
operation of these power sources. This is es,necially true of the large piping attached to the
reactor pressure vessel. Questions arise concerning the inGuence of seismic events, inspection,
plant operation,- remedial measures, etc.. on piping reliability. Such questions can be addressed
by use of the PRAISE Computer Code. PRAISE is a acronym for J'iping Ecliability Analysis
including Seismic Events, and is a code originally developed in 1980-81 by Lawrence Livermore
National Laboratory to address questions concerning load combinations involving seismic events
and loss of coolant accidents (LOC A). Over the intervening years, the code has been expanded
to include additional piping materials and degradation mechanisms. Pre- and post-processors
have also been implemented and an IBM personal computer version developed. The
documentation on these expansions and enhancements is either nonexistent or distributed among
a number of reports -- some of which are not readily available. This document gathers together,
updates, and expands information on the PRAISE Code, and constitutes Theory and User's
Manuals for the current version of the code: pc-PRAISE 2.4. This documentation, along with
the recertly dev: loped pre- and post-processors, should make the code easier to use, and its

; implementation on a personal computer should facilitate its more widespread use. An extensive
set of sample problems is included, many of them drawn from realistic problems analyzed by
PRAISE in past studies.

The PRAISE Code considers the initiation and/or growth of crack-like defects in piping
w :ldments. The initiation analyses are based on the results of laboratory studies and field
observations in austenitic piping materials operating under boiling water reactor conditions. The
considerable scatter in such results is quantified and incorporated into a probabilistic model. The
crack growth analysis is based on (deterministic) fracture mechanics principles, in which some
of the inputs (such as initial crack size) are considered to be random variables. Monte Carlo
simulation, with stratified sampling on initial crack size, is used to generate weldment reliability
results.

The PRAISE Computer Code should be useful to vendor, utility, and regulatory personnel and -

consultants concerned with the influence of a wide variety of factors on the reliability of reactor
piping possibly subject to failure due to the initiation and unchecked growth of cracks in welds.
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1. INTRODUCrlON -

The purpose of this document is to collect under one cover and update the documentation

related to the PRAISE Computer Code, pc PRAISE is a probabilistic fracture mechanics

computer code written for the IBM personal computer to evaluate the eliability of welds

in- nuclear power plant piping systems. pc PRAISE was adapted from the PRAISE
'

Computer code which was originally developed for CDC 7600 in 1980-81 [ Harris 81, Lim 81]

by Lawrence Livermore National laboratory (LLNL) under funding from the U.S. Nuclear

Regulatory Commission, and has been considerably expanded and updated over the

intervening years [ Harris 82a, 83, 86, FaAA 90]. The documentation is distributed

throughout the six references given above, plus a closely related document that describes a

useful related tool [Dedhia 82]. Additionally, some code enhancements have been

. performed, such as putting the code on a personal computer and expanding it to include

additional piping materials. This document consolidates and updates the earlier reports and

provides a set of sample problems generated by use of the current version (pc-PRAISE 2.4).

The PRAISE Code was originally developed in 1980-81 [ Harris 81, Lim 81] for assessment

of the influence of seismic events on the failure probability of piping in pressurized water

reactors (PWRs). PRAISE is an acronym for Eiping Reliability Analysis including Seismic

Events and originally considered failure to occur due to the unchecked growth due to cyclic

loading of pre existing crack-like weld defects. PRAISE has a deterministic base that

calculates the weld lifetime for a given deterministic set of inputs by fracture mechanics

principles.

- - Some of the. inputs, such as the initial crack size, are considered to be random variables.

That is, their values fall within a given range with a defined probability. PRAISE generates

the pipe failure probability as a function of time by performing a series of deterministic

-lifetime calce'ations for different sets of inputs drawn- from their respective statistical
~

distributiors. 'In this way a histogram 'of lifetimes is generated, from which the failure

probability as a function of time is derived. This process is called Monte Carlo simulation.

,

1-1
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Figure 1-1 is a schematic diagram of the steps involved in analysis of the reliability of a given

weld location. This figure also provides the locations within this document where each of

these steps is discussed.

Soon after the completion of PRAISE, the code was expanded to consider the following:

* longitudinal welds (the original and current versions consider only
circumferential welds)

* stress corrosion crack growth (the original version considered only fatigue |

-

crack growth)

* residual and vibratory stresses.

This version of the code was known as PRAISE-B [ Harris 82a).

A- major extension of the code capabilities was developed in the mid-1980s to allow a

probabilistic trea: ment of the initiation and growth of stress corrosion cracks. (Recall that

earlier versions considered only the growth of cracks from pre-existing defects.) This allows

' the analysis to be performed of the reliability of sensitized weldments in 304 stainless steel

piping in boiling water reactor (BWR) piping. Provisions for analyzing 316 No piping welds

were also included. This version of the code is known as PRAISE-C [ Harris 86]. Figure 1-2

is a schematic diagram of the expanded PRAISE model. Also shown in this figure are the

locations within this document where each of the components of the code are discussed.

More recent code expansions ir.:lude updated failure criteria based on tearing instability

analysis [ Harris 83, FaAA 90], adaptation to IBM personal computers, and an enhanced pre-

and post-processor for pc-PRAISE [FaAA 90]. These recent expansions will be included in

this document.

| Concurrent with the code expansion and enhancements mentioned above, PRAISE has been

! applied to a variety of reactor piping reliability problems. This has included extensive-

studies on primary coolant piping of Westinghouse [LLNL 84bj and Babcock & Wilcox

[LLNL 85) pressurized water reactors, as well as recirculation piping in boiling water

1-2
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|$ - reactors [Holman 88,89a.- 89b, Lo 89). Other applications in the U.S. include the work of

Hong [Her.g 84].
.

The PRAISE Code has also been used in Europe [Schomburg 85, Bruckner 89], and a

modified version has been developed in Japan for high temperature breeder reactor piping

[Matsumom 87).-

y ,; Sections 2 through 6 of this document describe the bases of the PRAISE Code, and can be

considered as a Theory Manual for the code. Sections 8 and 9 describe inputs and outputs
|

- of the code, and Section 10 provides sample problems. Hence, these -sections can be

considered as a User's Manual. Section 8.1, entitle'd "Getting Started", is suggested as a

starting poiret for the new user.
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i- 2. FRACTURE MECilANICS IIASES
L

|. With notable exceptions, the PRAISE Code is a probabilistic fracture mechanics code with

|~ - a deteiministic fracture mechanics basis. Consequently, the code has a strong fracture '

mechanics base, which will be described in th;s section. Basicahy, the code considers pre-

existing crack-like weld defects whose suberitical growth and final instability are treated by

' fracture mechanics principles. The notable exception is the initiation and early growth of

stress corrosion cracks in sensitized austenitic stainless steel piping welds in boiling water

reactors.

.

The purpose of this section is to describe the fracture mechanics procedures involved in
PRAISE calculations; Considerable familiarity with fracture mechanics is' assumed.

Numerous fracture mechanics books are now available. The following are suggested for

those readers desiring additional background [Broek 87, Kanninen 85, Anderson 91].

2.1 ' Evaluation of Stress Intensity Factors and J integrals

. The stress intensity factor (K) controls the level of stresses and strains near a crack tip in

L a linearly elastic body *, and the ~ cyclic value of K has been observed to have the primary

affect on the growth rate of a fatigue crack. In a nonlinear-elastic body, which is similar to

an elastic-plastic body under monotonic loading, the stresses and strains near the crack tip

are controlled by the value of Rice's J-integral. Procedures for calculating K and J for cases

of interest in PRAISE are covered in the following section.

2.1.1 - Suess Intensity Factors for Part-Throuch Cracks

All cracks considered by PRAISE start out as semi-ellipticalinterior surface cracks, generally

circumferentially oriented, as shown in Figure 2-1. In some cases, such as elbows, there are

longitudinal welds, and thus interest in longitudinal semi-elliptical cracks. For the pipe sizes-

and thicknesses used in commercial light water reactors (LWRs), to a good degree of

accuracy, for a given stress, crack size, and. wall thickness, the stress intensity factors for flat,

plates, circumferential cracks, and longitudinal cracks are the same. This is discussed-in
i

;;

[ *
- Only Mode I stress intensity factors are considered in PRAISE and the "I" subscript is omined.

2-1
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Appendices A and B of Harris 81, as well as in Lim 83. More recent results, such as

Poette 91 are consistent with this.

For a semi-elliptical surface crack, the stress intensity factor varies along the crack front.

When considering the growth of such cracks due to cyclic loading,it k teapting to consider

the local value of the crack growth rate to depend on the local value of K. However, this

results in considerable complexity in the crack growth analysis, and quickly leads to cracks

that are not semi-elliptical in shape. This, in turn, leads to the necessity of generatirg new
_

stress intensity factor solutione for non-elliptical cracks. In order to circumvent such

problems,it is generally assumed that the crack remains elliptical as it grows, and the growtb

rate in the depth and length directions (a and b direc; ions) ir controlled by either the local

values at the deepest point und surface point or by RMS-averaged values of K associated

with growth in the two directions. The RMS-averaged approach is used in PRAISE, because

it seems reasonable that the growth rate is controlled by more than the local value of K, the

RMS-averaged values are related to energy release rates, and the RMS-averaged values of

K for arbitrary stress gradients can easily be evaluated by the use of influence functions.

t

Referring to Figure 2-2 for a semi-elliptical surface crack netturbed in the "a" degree of

freedom direction
-

I ' ''2

K (6) d AA,($) (2-1)2"G,= =

E EAA, ~*/2

,

where G, is the strain energy release rate for a crack perturbed in the man: er shown in

Figure 2-2, AA,(c) is an incremental area [see Page 282 cf Harris 81 for an expression for

AA,(4) and AA (4)], K($) is the local value of K and K, is the "RMS-averaged" value of3

K. There is an expression analogous to Equation 2-1 for growth in the "b" direction. If

stresses are not symmetrical with respect to the "a" direction, then a third expression exists,

but this situation is not considered in PRAISE (see, for instance, Section 2.3 of
,

NASCRAC 96).
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One major advantage of tne use of RMS-averaged values of K for multi-degree-of freedom

cracks is the economy with which K, can be evaluated for complex spatial stress gradients.

If a(x,y) is the stress on the crack plane if the crack was not present, then K, can be

obtained by aumerical integration of influence functions that, in turn, are determined by

curve fits to numerical results for crack surface displacements [ Rice 72, Cruse 75,

Besimer 76,77,78], by use of the following expression

k, = ,' a(x,y) h (x,y,a,b, geom)dA
.-

(2-2)iA

There is an influence function, h,, for each degree of freedom. In the current case, there

are two, one for the depth direction, h,, and one for the surface length direction, h . Then

integration is performed over the crack area, A, and a(x,y) is the stress normal to the crack

that would be on the crack region if the crack wa not present.

The influence functions, h, and h , for a semi-elliptical surface crack in a body of thicknesse

h was determined as part of the initial PRAISE development and reported in Appendix C

of Hr.rris 81. These influence functions were also reported in Lim 83, and their use for

complex stress gradients was demonstrated in Dedhia 83. The original influence functions

were not vey accurate for shallow cracks and were improved for such cracks in Dedhia 84.

These improved influence functions have been incorporated into the TIFFANY Code ;

[Dedhia 82).

As described in Appendix C of Harris 81 ar.d Dedhia 84, the influence function h (j = aj

or b) is written as

g, + w , 082/aw'
aa, aa,h=h,

i i m

g, + U , 88:/BU'

aa, aa,

2-5
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1

~ 3NW*=- ~&
E'* ('3) !uniform stress,

JU ' = 4 7to a b
3 E ' 4 :.

2I 1 a4 x
g
y

- - _ +
a1 & aa a 4-

3
.

h =:
a - r e in

feb 1@ 2 -l 8 4
-

3 ,a 4 a a ,.

2~104 y (,a-

3& ab b (-h,=
3-

1/2r- s-

ab 1- 1: a$
Tr -- 4

-

. - - -

3 , b - $ ab ,.

2

4 = 7/2 () _ ( 3_ a ) sin 4)u dS ~ [ 1 + 1,464 ( " )'*5 ] u2-
2

-

-,o -b 2 b +

- y
g-1-(*)2_-(b):.a

E' = E/(1 -v )2

t

x = coordinate in depth direction

y = coordinate. in surface length direction
.

.

- The "*" items above are for uniform stress,-which was chosen as the reference stress for-
~

evaluation of the inficace functions by numerical calculmion of crack surface displacements.
e

- The curve fit to numc scal results is: embodied.in the. functions gi and g2, which are_ the

following for a semi-clliptical surface crack
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g3 = (1.1328 + 0.05753# -0.007625p2) + (-0.12727 +0.4902s -0.06515# )a2

(2-4)
+ (-0.3005 +0,73192g -0.2839# + 0.03572# )a2 3 2

g2 A (") + A R 0 " + A R '50"3"
o i

+AR 25 0"" + A (a)R 230*' (2-5)3 4

+ A (a)(1-1) + A ,(a) (1 -1)2
3 7y p

where R = ((x!a)2 + (y/b)2]"2
,

$d0= 1- tan
r x/a

c >

a, au

# = b/a
2

A (a') = 1.323 + 0.13831a + 0.60229ao

A = 0.54443i

A; = -1.27014

A = -0.551443

A (a) = C.98756 - a4

2
A (a) = -0.0=6579 - 0.5250Sa + 0.43354a3

2A,(a) = 0.01471 - 0.82792a + 2.6834a
.

The numerical integration procedure used to evaluate Equation 2-2, which includes a

singularity is the influence function h, at the crack tip, are discussed in detail in Section D.1

of Harris 81. The integration procedures are incorporated in TIFFANY [Dedhia 82] to

provide an easy way for the user to calculate K values..

The cases of uniform stress and linearly varying stress (in the depth direction) occur most

frequently in PRAISE calculations. In fact, nonlinear stress gradients are only infrequently

considereo, because inclusion of radial gradient thermal stresses (see Section 5.2), which

have nonlinear gradients, have been found to generally have a minimal influence on

cz.lculated weld reliability [ Harris 81, Page 155], while adding significantly to the complexityc

2-7
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of the analysis. Since constant and linearly varying stresses are of particular interest in

PRAISE calculationsi poiynomial curve fits to results generated using the above influe'nce

functions have been obtained for computational efficien y. The ' allowing are the curve fits,

- with a =' a/h and ( = alb.

Uniforr.. Stress

._

K" = - [(1.8781 -0,7248(-0.2035(2 +0.2432(3) i

a a '' |

+ (-1.9181 -0.4252(-8.0667(2 -7.4870(3)a

+ (7,1762 - 11.3209(-10.4922(2 + 15.9368(3)a

3 (2-6)
- + ( -6.0324 - 10.4694 +2.0322(2 -7.6101(3)a ]/( 1 -a)t/2

_

K 6-
= [().3003 +0.1046(-0.1943(2 +0.03935(3)ICaa

+ ( .-1,3745 -0.7675( + 1.3877(2 - 1.5430(3)a

+; ( 4.0255 - 7.0179( - 10.6008(2 -7.7883(3)a 2

+ (-3.2410 -5.3097(-7.8403(2-5.4374(3)a ]/(1 -a)3C
' 3

!

;. .

,
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K" 2 3
[(1.01392 -0.7850&r +3.3150&r -0.991159a )=

Wo,a
2 3

+ (-0.34032 +2.589&r -9.02996a +2 88101a )(

+ (0.045722 -1.90305u +6.05041a _ j,933g7,3)g2)2

(2 7)
_

K"
|(0.47954 -0.206885a + 1.112738a -0.19908a')2=

vio,a

+ ( -0.0249092 +0.144091a - 1.61755a2 + 0.176543a )(
3

'

+ (0.0450383-0.223205a + 1.97511a +0.779899a )(2
2 3

+ ( -0.04859 +0.37304a - 1.5687a -0.3790668a )(3)
3

Equations 2 7 are for a stress that varies linearly through the th.ekness, being zero at the

inside surface and equal to o, at the location of the crack tip (x = a). The above K relations

are suitable for either axial or circumferential cracks.

Stress intensity factors due to radial gradient thermal stiesses are generated by the

TIWANY Code [Dedhia 82] and input to PRAISE in uimensionless form as a table (see

Sample Problem 3, Section 10.3). The dimensior'. i form allcws the maximum temperature

excursion of the transient to be eas?v considered as a random variable. A separate table

of dimensionless stress intensity factors are needed for each transient type that considers

radial gradient thermal stresses. Each such transient is considered as a perturbation on the

steady-state normal operating stress, which .3 considered a be uniform through the pipe wan

(see Section 5). If k,g(a,g)is the K for the hth degree of freedom, then E ,a and K,in,im

for a transient t' a includes radial gradient thermal stresses is considered to t.2

2-9
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mat.l " op,1 * mat.i
(2 8)

K ,,,, = K,,,,, - K,no (a,#)
- - -

,,,

- - no
where K,no (a,p)~ and K ,,i(a,#) are the maximum and minimum, respectively, of the K,, g

due to only the radial gradient stresses.

Dimensionless functions g*,J and g',, are defined as

K ,"",, = AT,,, a g ,,,(a,#)84 *

(29)

- Es,i=AT,,a'8 g ,,,,(a,#) |
*

The functions g',wi and g*,in3 can be evaluated directly by TIFFANY, using only the time-

temperature flow rate history of the coolant in the piping, and the dimensions-and
'

material (s) 'of the pipe-wall. This is accomplished by numerically evaluating the time

variation of K, during the transient for a given crack size and picking off the maximum and
>

cminimum values as time progresses. The tabulated values of g',,3 and g*,,,, are input to

PRAISE. The values of b/a and n/h used in the tables can be varied by the user, but the

tables are generally composed of six columns for b/a = 1 to 6 in increments of I and nine

rows for a/h from 0.1 to 0.9 in increments of 0.1_(see Sections 5.4 and 8.2.6, and Sample

Problem 3 of this dociiment and Sections 3.6 and 4.6 of Lim 81 and Dedhia 82).

2.1.2 'J Integrals for Part Through Cracks

The J integral is the strain energy release rate and controls the stresses and strains near a

crack tip in a material whose uniaxial stress strala curve is expressed as

'

" " (2-10)
e. = _ + ( D)aE

2-10
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This stress strain relation is referred to as Ramberg Osgood and provides a good
representation of the elastic plastic behavior observed in metals. Consideration of the i

J integral and nonlinear stress strain behavior allows extension of stress intensity factors to
,

nonlinear behavior. When n = 1 or D = m, or a is small, Equation 210 reduces to linear I

material behavior, in which case J can be expressed in terms of K
-

.

'

'K2
plane stress-

E
(2 11)j .,

2K (1-v) :
plane strain

E,

and J is equal to G of Equation 21.

Fatigue crack growth is treated by consideration of cyclic stress intensity factors. However,

in order to include plasticity effects in calculation of aal crack instability, a J integral

approach is used. Evaluntion of J for a semi-elliptical surface crack of depth a and surface

length 2b is on the current frontier of fracture mechanics. However, J integral solutions are
'

readily available for axisymmetric and planar problems, including a complete circumferential
,

crack in a pipe [Kumar 81]. Ilence, for the purposes of accounting for plasticity in crack
'

stability calculations by use of handbook J solutions, the semi-clliptical crack is idealized as

being completely around the circumference with a depth a.

The following expression applies to the fully plastic value of J-
,

'n.
a*1 h(a,n,y) 3:n 2y+1 (2-12)y '' , g i

D" (1 a)a 2 2y+1+a.

where n = a/h, y = R/h, and a is the uniform axial stress in the pipe. The functions h arei

obtained by nonlinear finite elements and are tabulated for a complete circumferential crack

in Kumar 81, as well as in Kanninen 85 and Anderson 91 for a = 0 to 0.75, n = 1 to 7, and -

-y = 5,10, and 20. PRAISE uses bicubic spline interpolation for a fixed y to obtain values

of h for values of n and a intermediate to the tabulated values.3

;

2 11
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The values of the J-integral for elastic plastic conditions is obtained by en interpolation

scheme that utilizes the value of J for n = 1 (clastic J, Equation 211) and the fully plastic

value of J [Kumar 81). This handbook approach involves use of the relation

J = J, + J (2 13)
p

where J is the fully plastic value, such as expressed in Equation 212, and J,is J for n = 1,p
p

but with a plasticity correction to the physical crack size a to provide an effective crack

length, ag.
_

ad " II + 'Y I y

(2 14)
* '

I n-1 J e
f y

# tr < n + 1, y',n

(J,is calculated froin Equation 212 using a and n = 1)

2 plane stress
#=

6 plane strain

1/[1 +(a/a )2] a < a,y
't "

1/2 a>o g
,

is the applied stress for general yield under perfectly plastic conditions with yield strengthan
u.p

!n the case of a complete circumferential crack in a pipe

- s

2 (2 15)
3 r2 (3 y) 2y +1 a2y+1 ,"

yy" ,

i
,

The above equations are generally applicable when the expression corresponding to

Equations 212 and 2-15 for the specific geometry is available, along with the corresponding

set of calibration functions, h .i

2-12
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1

2.1.3 Shess Intensity Facers and J Integrals for Through Wall Cracks

The part through initial cracks considered in PRAISIIcan grow as fatigue or stress corrosion

| cracks, or can become unstable (in the depth direction), and become through wall cracks.
'

A crack of surface length 2b at the time of break through is considered to transition to a
,

through wall crack of length 2b. The stability of this through wall crack is checked (see !

Section 2.3) and the leak rate estimated (see Section 6.2). If the leak rate is below the
detection limit and the crack remains stable, then the crack growth rate is evaluated by use i

of the stress intensity factor. The following K solution is employed [Forman 85)
,

,

K = u(rb)U2 F (2-16)o

- *in

i"F =
o 2rg,

l =# g(n)+ " C 2(A)-22 38
o

A

1+# 2 3A -0.0293k As1
15-

*

C(A) = <
38

(2 A)u2 . (RlW)w
^

' x>j
w A

'
la

'

1-# cot #3v2 3g(g) ,
,

2#cotp +2'2# cot ( #~0)
2'8 ?

# = b/(R,+I) A = b/[h(R,+I)]u2
2 2

axial stress in pipe walla =

The fully plastic J solution for a through wall crack of length 2h is required for stability

analysis that accounts for plasticity. The following expression is used [Kumar 81]

-2 13
i
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i

e

is

ff!

" .n h ,(a, n,y)
b(1-g) (2-17)J -

p

II-# --sin'3(.dsinwg)]a*1Da
w 2

where # is given above. The stress at general yield is given by

= a /[1 -# -asin-3( j sinw#)]"*3 (2-18)
9

og p w 2

|

Values of h, are available for y = R,/h = 5,10, and 20, n = 1 to 7, and # from 1/16 to 1/2

[Kumar 84). PRAISE uses bicubic spline interpolation for a fixed y to obtain values of h i

for values of n and # intermediate to tabulated values. The above expressions are used in

the interpolation scheme described in Section 2.1.2 (at Equation 213) to estimate J for

elastic plastic conditions.

2.2 Calculation of Crack Growth

This section discusses the procedures for calculation of crack growth. The K-solutions from

Section 2.1 are combined with the crack growth " laws" from Section 4 to calculate crack size

as a function of number of fatigue cycles or time.

2.2.1 Fatigue Crack Growth
In the case of fatigue crack growth, the crack growth " law" can be expressed as

da (2-19)- F(AK,R)
dN

where a is crack size, N is number of fatigue cycles, AK = K , K,io, and R = K,,,/K,,.m

1 F is soroe general function of dK and R. Section 4 describes some specific examples of F.

Crack growth in PRAISE is generally calculated on a cycle by-cycle basis or a group of n

identical cycles. The stress intensity factor, Kmo,i and K ,3 (where i refers to the degree ofmi
|

freedom) are evaluated for the transient based on the crack size at the beginning of the

block of N cycles. The crack size after the block is given by

2-14
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+ N F(AK,,R,)a ,n ,, = amm,
Q 20)

b ,n ,, = b + N F( AK,,, R,,)g

(The case of cycle-by-cycle crack growth corresponds to N = 1.) N is referred to as the

" blocking factor".

In some instances, it is not convenient to analyze crack growth on a cycle by cycle basis.

Seismic events are a prime example. In such instances, the user inputs an equivalent stress

history composed u. groups of cycles of constant 'iplitude. The means of defining an

equivalent stress history is left .a the user, but a procedure suitable for the Walker relation

(see Section 4.2.1) with m = 4 is described in Sections 2.6.2 and 3.7 of Harris 81 and
Section 3.7.1 of Lim 81.

.

PRAISE also has the capability of performing deterministic fatigue crack growth calculations

for a specified initial crack size and deterministic fatigue crack growth properties. The initial

crack size is defined by specifying a small stratum surrounding the desired size and that a

single sample is to be drawn from that stratum. The deterministic fatigue crack growth

relation is specified t>y defining KONPRP = 1,in which case the median value of da/dN is

used. This corresponds to a zero standard deviation of.: if a Walker relation is used

(Equation 4 3, but exponent of 4 not required), or Cp = 0 if the ferritic crack growth

relation of Section 4.2.2 is used.

If the above conditions (1 stratum,1 sample, KONPRP = 1) are met, then PRAISE

performs a single simulation and automatically prints out the crack size as a function of time

(rather than the usual failure probability results). Time can be reinterpreted as cycles

knowing the frequency cf the cycles,
e

$.

In this manner, PRAISE can lie used to analyze the growth of multi-degrees-of-freedom

cracks subjected to. complex stress histories involving arbitrary through-thickness stress

gradients.

2-15
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2.2.2 Stress Corrosion Crack Growth

Stress corrosion crack growth is time, rather than cycle, dependent. For a one degree of

freedom crack, the crack growth rate can be expressed as

d. ,ja = G(K) (2 21)
dt

:

This is generalized to multi-degree of freedom cracks, and the stress intensity factor is

evaluated at the beginning of a time step. The crack size after a time step, At,is given by j

a , = %,,, + G(K,)At (2 22)-
b,n,, - b,,,,, + G(K,,)At

-The time step, At, is defined by the expression

at = smallest of [t, or 0.1 in/(da/dt)] (223)

where t,is a time step defined by the user that is often taken to be 0.1 year, and da/dt is the .

growth rate in the depth direction at the beginning of the time step.

2.2.3 Combined fittigue and Stress Corrosion Cracking-

Crack growth under fatigue and stress corrosion cracking conditions is treated within

PRAISE as simply the sum of the fatigue contrib'ution and the stress corros!nn cracking

(SCC) contribution. That is, crack extension during a load cycle is governed. by the
'

da/dN AK relation (see Section 4.2), and the crack growth while at load is governed by the

p da/dt K relation (see Section 4.1).

2.3 Crack Instability ;

initiated or initial defects grow suberitically by fatigue or stress corrosion cracking until they

reach the point of final instability and the pipe breaks catastrophically. Reactor pipingg-

materials are tough and ductile, so the failure criterion considers plasticity. Two such criteria p

: ire used, net section stress and tearing instability, and both are incorporated into the

PRAISE Code.

p
2-16
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L 2.3.1 Net Section Stress

This criterion is applicable to very tough material where failure occurs because of insufficient
f

remaining area to support the applied loads. For circumferential cracks, this is expressed
as :

s

A,, > u <>(A ,- Ama) (2 24)u ,cg n r

;

in this expression A,,is the cross sectioned area of the pipe, A ,,is the area of the crack, 4y

ute is the load controlled componcnt of the axial stress (deadweight plus pressure, see -

Section 5.1), and o , is the flow stress of the material. A complete and sudden pipem

severance is considered to occur when IIquation 2-24 is satisfied. Figure 2 3 shows the crack ,

Iconfiguration considered.

' The flow stress, u ,,, is the average of the yield and ultimate strengths of the material andn

may be considered to be a random variable. The PRAIS!! Code allows u <, to be normallyn

distribt.ted, and the following default values for austenitic stainless steels are provided

.

mean u , = 44.9 ksim

std. dev, of u , = 1.9. ksim

The net section stress criterion is n.,t considered to be applicable to axial cracks.
_ __

'

2.3.2 Igaring Modulus

The PRAISII Code can treat crack instability (calculation of critical crack size) by the tearing
'

instability approach [ Paris 79, IIutchinson 79, Kumar 84, Kanninen 85]. This approach is
-

suitable for fairly tough materials which exhibit extensive plasticity prior to failure, but can

fail before the critical net section stress (based on flow stress) is reached in this case, the

- crack. growth resistance is considered to increase linearly as the crack extends, as shown

schematically in Figure 2 4.

m.

' 2-17

x
''

# ,- . e4, .. ..-_,- ,+ ,_d.._ ,. ..,,.w, ,,%.. , y ,y ,_.~...,..,m_s,,,..,m ~ _ , , , , . . , - , _ _.,v_,_,._,_ -w..,c.,, . , . - ,,



_ _ _ - _ - _ _ _ _ _ _

p - m[(Rf+b) Rf ]A

= [(R;+a)2.Rf )b/RA ig

I

,/'~

y
,

ya )
''

\
'

. -.-
. - -{

),

R;i ,
,,

\ .A

Yy'' f
'

i'

h ,'\,
x x,-

--

\

Figure 2 3, Geometry of part circumferential interior surface crack used for calculation
of critical crack area.
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Figure 2-4. Schematic representation of J. integral R-curve.
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The criteria for crack instability which results in a sudden and complete pipe severance, is

*PP''[nd (225)
#

T,ppi,,, > To

where
T=E dJ (2-26)-

2 daano

J,pppa is calculated by the interpolation scheme and fully plastic J values described in
Sections' 2.1.2 (part through cracks) and 2.1.3 (through wall cracks).

The discussion for the remainder of Section 2.3.2 draws heavily on liarris 83, which provides

much additional; detail, but is limited to n = 1,4, or 5. The value of (dj/da),ppi,,, can be

. influenced by load relaxtition that occurs as the crack extends. The load controlled portion )

of the stresses (ai,c) will not change with crack extension, but the displacement controlled ,

portion (one) can relax as the crack grows. (See Section 5.1 for discussion ofload controlled

and displacement controlled stresses.) >

For the case of complete circumferential crack in a pipe (where a = a/h)

, s

dJ d. +J)=1 dJ, + dJ,
= __ (J *.__

P
da- da h ,da da,

1 ' dJ, da,, .. dJ 'p

h da da da,ct

'

1 da,r ' aJ, aJ dae
=- +

h da an,c * 00 a t dae et,
,

DJ aJ dap p+. + -

an 9 au G Ya

,
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A set of enalogous equations are easily obtained for the through wall crack [ replace a with '

E and h with w(R +%h)). All of the derivatives are obtainable from the J solution, excepti

- for do/da (and do/da,,). The derivatives are expressible in closed form except Oh /aa (andi

Oh /Ba,i), which are evaluated numerically from the h calibration functions.i 3

The derivatives remaining to be evaluated are do/da and do/da,c. In principle, they can be-

evaluated from the h function for elastic plastic conditions by integration, or by use of thei

h, functions of Kumar 81. The approach taken here is to evaluate the derivative (stress

changes) for linear clastic conditions and fully plastic conditions by integration of the h,

functions. This will also provide the variation of a with a (and a ), which is needed toer

account for stress rehtxation in the calculation of J versus a.-

Consider the completely elastic case, then <

r ,2
2 h (a,1,y) 3 2y+1 (2-28)J' = a

3
a

E- (1-a) 4 . 2y +1 +a )

Noting that [Kumar 81, Kunninen 85, Anderson 91]

aU
^

J* = N II'" ) =
E_ a A,,

and A , = crack area = 2 wR,a, along with the resultc

U=IPS2 = 1CP 2

2 2

(where 6 is the load point displacement, P is the load, and C is the compliance, S = CP)

leads to the following ordinary differential equation
P

2-21
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dC ,3 h ah(a,1,y). 2 +1 (2-29)7i

da 2 EA 1-a ,2y+1+a,
p

where A is the cross sectional area of the pipe (=2rR,h). This can be solved by separating
p

variables and integrating
i

,2,

XN(X 19 2y +1
C(a) -C(0)- , dx (2 30) .3h a

2EA 0 1-x 2y + 1 +x ,
p

C(0)is the compliance of the pipe where no crack is present. For a pipe oflength 2L (with
'i

the crack location at the center)

PL
= C(0)P8 =

AEp
b

C(0) = AEp

.

Using the definition -

x h (x,1,y) ' 2y+1 ' __ (2-31)i. , ,
. ,

0 1 -x 2y + 1 +x
'

p in conjunction with the definition of C(0) and Equation 2-30 provides the following result
,

:

C(a)= 1. 2 31(a) (2-32)L
EA 2 L. !

p

-The integral in Equation 2-31 can be evaluated in closed form when h (a,1, y) is curve fiti

by a second order polynomial. This function is not highly' dependent on y (R,/h) and the;-

following provides a good fit in the range of a from zero to one

2-22
|

. . _ _ , , . . . , . . ..-.,-:,.-.--...,...~ ... . . - - . .L.. . . --, a -



- ._ . _ _ _ _ _ __. _ _ _ _ _ _ _ . _ _ _ . . _.

t

|

.

!

T

h (a,1, y) ~ tr(1 + 1.461a -1.388a ) (2-33)2

1(a)is then expressible in closed form, with the results included in the PRAISE Code. The '
|

function C(a) is then completely defined.
,

, +

The change in stress as the crack grows is evaluated from C(a). Consider the displacement,

5, at the end of the pipe to be fixed, and let one be the displacement controlled portion of

- the applied axial stress. Then

6 = constant = C(a) P(a) = A onc(a)C(a)p

This leads to

voc(")
2h ](a) (2-34)),

anc(0) L ,

anc(0)is the displacement controlled portion of the stress in the absence of the crack, which

is a portion of the piping stress that is input to PRAISE. Once anc(a) is available from -

-Equation 2-34, the derivative M/aa (and M//%) are easily evaluated. Additionally, the stress

for the calculation of J is defined (o(a) = oic + anc(a)), and J and dj/da can be obtained.

<

Equation 2-34 is for a linearly clastic body. Corresponding results for a fully plastic body
_

can be obtained using the h tabulated functions from Kumar 81. It is found that the stress3

reduction for a given crack size is less for n = 1 than for n > 1. Thus, it is conservative to

use the' n = 1 results in evaluation of J and T, and this is done in PRAISE. This

circumvents 'he need to perform interpolation to determine the elastic plastic compliance.

.Similar procedures are used to evaluate the compliance of a pipe with a through wall crack.

This is needed to calculate J and d3/da for a pipe in tension with a circumferential through-

-wall crack. This leads to the following expression

2-23 ,
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1

b w s x( 1 -x)dx
C(#)

A E
+

.
(2 35)

. a (1 sm wx)],*hE " [1-x 2- smP

n 2

where h (#,1,1) = r has been used. This approximation agrees well with reponed linear
3

elastic results. The integral can be evaluated in closed form for # small or nearly unity. For

intermediate values of #, the integral was evaluated numerically and cuive fitted. The results

are included in PRAISE. Equation 2-35 is used to obtain the stress reduction as the crack

extends [a(a) = aic + anc(a)], which provides results needed to calculate J(a) and dj(a)/da.

and T, to check on crack stability.These, in turn, are compared to ja

It remains to define the length of the pipe, L, relevant to the stress reductions in the

particular weld being considered. The relevant value of L is not necessarily the length to

the nearest vessel, steani generator, or support. Calculations of the effective length can be

made by finite element analysis; such as reported in Cotter 82. However, the value of L

generally has a minimal impact on the calculated failure probability, and a large value of L

is conservative. As L approaches infinity, stress reductions go to zero, and the calculated

value of J corresponds to all of the stress being load controlled. lience, the use of a large

value of L is suggested, without significant effects on the calculated weld failure probability.
p

2.3.3 Axial Cracks
The critical net section stress criterion of Section 2.3.1, and the J integral solution of Section

2.3.2 are both applicable to circumferential cracks. In some instances, axial cracks are of

concern, such as the case of longitudinal welds in elbows. The stress imensity factor

solutions for part-through cracks covered in Section 2.1.1 are suitable for axial cracks, when

used in conjunction with the appropriate stresses.110 wever, in order to apply PRAISE to

axial cracks, a failure criterion is required. A suitable failure criterion for axial cracks is not

contained in PRAISE, but has been included in earlier studies (Section 2.6 of Harris 82a].

The failure criterion used for axial crackn was based on Kiefner 73, which can be expressed

as

1

2-24
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part-through cracks
a, o , jg

i-

= 1 +1.255 |-0.0135g|)*#
U U 1r LC+ -1 (2 36)

!

h a no

B, a b,/[h(R +.I.h))where i
2,

|- i

| |
- !

'

!~ 1hmygh wall cracks -

= (1 +1.255p|-0.0135p|)'' (2 37)#

u na ,.

If a crack ii deeper ,than given by Equation 2 36 then it can unstably run through the wall.

If it is then longer than given by Equation 2-37, it can grow unstably in the axial direction

resulting in a large slot failure.
.

Results in Section 5.3 of Harris 82a indicate that the leak probabilities due to axial cracks

are lower than nearby circumferential cracks. In the case of double-ended pipe break

(DEPB) and large slot failure, both have a very low probability, but the slot failures can have

a higher prooability.'

The tailure criteria in PRAISE must be changed by the user to use the criteria for axial '

cracks expressed in Equations 2-36 and 2 37.

.

2.3.4 Eailure Due to Vibratory Stresses

Vibratory st; esses can be set up in reactor piping. They result in many cycles being imposed

over a relatively small time span. Consequently, failure is considered to occur if fritigue

: threshold conditions are exceeded due to vibratory stresses - As the crack grows through
'

wall, crack growth in the length direction is taken equal to that in the depth direction'(Ab =

Aa). The stability of a through wall crack of length equal to the interior surface ngth at

break through is then checked to see if a leak or DEPB occurs.
,
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2.3.5 Eailure of the Uncracked Pips

Probability of f ailure of an uncracked pipe is estimated by calculating the probability of the

load controlled stress exceeding the ultimate tensile strength of the pipe material. The

ultimate tensile strength is assumed to be normally distributed; the mean and the standard

deviation are supplieu by the user.

2.4 Crack S're Distribution

The initial crack size has a very strong influence on the (deierministic) lifetime of a

component. The PRAISE Code considers only cracks that start out as semi cllipticalinterict

surface cracks, generally circumferentially oriented. Consequently, two variables are

required to define the crack size, a and b.* In addition to the size distribution of cracks

(given the presence of a crack) the probability of having a crack present is also required.

Hence, the initial crack distributiou is composed of three points

crack depth distributione

crack aspect ratio distribution*

* crack existence frequencies

The PRAISE Code allows the user to consider a wide range of crack depth and aspect ratio

distributions, but default distributions are provided. PRAISE generates the probability of

failure _(leak or DEPB) for a given wcid as a function of time. The effect of crack existence

probability is treated by the user outside the PRAISE Code.

2.4.1 Craels Qgndi Distrilmilon

PRAISE is set up for considering either exponential or lognormal crack depth distribution,-

with the parameter of the distribution under control of the user. Section 2.3.1 of Harris 81

reviews the crack depth data available at that time. Additional data have become available

since 1981, such as that reported in Wellein 81, Bruckner 83, and Dufresne 85. The most

common depth distribution used in PRAISE runs is the Marshall bribution [Marsnall 76],

In sorne cases, such as multiple initiation sites in stress corrosion cracking. the positior. of the crack around*

the circumference of a girth weld is also required (see Section 3.1.3).

| 2-26
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l

!
4

;)

- which is exponential .vith a mean of 0.246 inch. The corresponding probability density |

function (pdf) is I

p(a) = 1 e '"'" Osas= 1

L p (2 38) |

p = 0.246 inch
L

| ' This distribution was originally suggested for reactor pressure vessel welds, which are quite
li

thick. The use of this distribution for thick pipes (3 to 4 inch wall thickness) is reasonable,
-]

'

but us the pipe wall gets thinner, a mean crack depth nearly equal to the wall thickness

becomes questionable, and changes to the depth distribution are in order. Such possible

changes include altering the distribution type and/or mean crack depth. A minimal' change ;

is o eliminate _ the possibility of having a crack deeper than the wall thickness. This can be
'

accomphshed by renormalidng an exponential distribution
.

*

* - h!p'p(a)- Osasb (2-39)
(1 - e -'*)

This| normalization .is taken care of. in PRAISE by sampling from the conventional

exponential distribution (Equation 2-38), and discarding the sample if a > h. *

t

PRAISE can also censider a lognormal depth distribution, whose density function is

, ,

-

in *

1 In(a/a ) (2 40)yp(a).' =-- exp" '-

' A a(2tr) n A2 ni'
,

,

- where PRAISE accepts as inputs the value of

a,w = median crack size-
'

A w shape parameter, .

The parameter A is equal to the standard deviation of in a.

1
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2 5.2. 6.ipac1 Ratio Distribution

Section 2.4.1 discussed the distribution of the crack depth. The surface length !s also

rcquired to specify tiie initial size of the semi-ellipticalinterior surface cracks considered by

PRAISE. At the Ome the original PRAISE was developed, there was no information on

eurface length that clso included depth data. Consequently, it was assumed that the depth
iano aspect ratio are independent, and PRAISE provides the capability of considering either

an expenentially or lognormally distributed aspect ratio. In both cases, the distribudon is

modified to preclude the posibility of having,.b < a. Let # = b/a, then the shifted

- exponential pdf ol ji E. givca by

i

.
g<1 (3,4;)

'

P(#1 * { OA e W-0 g>1 |

The only required inpe is A. For a shifted lognormal, the probability density function ej #

is gbr' by

-
,

0 #<1

PN * ' 2 expf- In(#/g )/(A2u2) 2}

,Ap(2tr)uz eric In(1/#,)/(x2)u2 }

where #, and A arc required inputs (erfc x is the complementary error function
*

| :(Abramowitz 64)).
1

Wlues of A and #,in the above equations based on data are difficult to obtain. They were

- impossible:to obtain from data at the time PRAISE was originally developed. Hence,

estimates were made based on the proporticn of cracks with 2b/a > 10 (i.e., p > 5).

Denoting this proportion as p, the value of A in Equation 2-41 is easily shown to be

4- A= (exponential-#)- (2-43) .
In(1/p)
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n

in the case of a lognormal #, with no cracks having # < 1, an additional requiremerd of a

mode of the density function at # = 1 results in the following two equations for g, and A '

in terms of p

#, e ' A =1
'

(2-44)
in(1/#,) In(5/#c)p erfc = erfc

A 2 '4 A2 8
,

These nonlinear equations can be solved for #, and A once p is specified. Once #, and A,

are known, the mean, median, and standard deviation of # are determinable from the

density function, as also is a:e cumulative distribution of F, Values of the parameters and
4selected results are included in Table 2-1 for values of p of 10 2 and 10 (1 in 100 and 1 in

-10,000 cracks having 2b/a > 10). Figure 2-5 plots the complementary cumulative distribution

of # for the two distribution types and the two values of p. Once the density function and

its parameters are specified, the distribution of crack area and crack length, b, can be
,

derived. Such results are presented in Section 2.3.3 of Harris 81.

Table 21
VARIOUS VAI.UES OF-PARAMIT. ERS FOR

LOGNORMAI,# FOR SELECTED VALUES OF p -

2 4p= 10 10

A 0.5382 0.3830

#, 1.336 1.158

#3o 1.638 1.379

# 1.883 1.494

#a 0.8570 0.4371

c.o.v. 0.46 0.29
'
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Figure 2-5. Various complementary cumut ive marginal distributions of crack aspect ratio,
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It has been found that the calculated pipe weld failure probability is not strongly dependent

on the aspect ratio distribution type or value of p [Section 4.3.3 of Ilarris 81). Such :

probabilhies are much more dependent on the crack depth distribution. A lognormal

distribution of # with p = 10-2 was used as the baseline in the origi ial PRAISE development

[ Harris 81].
I >

o

The assumption of independent depth and aspect ratio has been adopted by others. This

assumption was adopted because of the total lack of data on both depth and length for

cracks at that time. Some such data has become available during the intervening years |

[Wellein 81, Duftesne 85) which could be used to evaluate the assumption and perhaps alter|

the treatment of surface length. The data of Dufresne 85 suggests that a and b/a are r.ot

independent.

-!
i

2.4.3 Crack Existenes Frenuencies

The PRAISE Code considers piping weld failures to occur due to either the initiation and ,

growth of stress corrosion cracks and/or the' growth of pre existing defects due to fatigue

and/or stress corrosion cracking. In cases where only crack initiation is considered, multiple

cracks within a weld are treated (see Section 3.3). In cases where only pre existing cracks
'

cre ccasidered, the PRAISE Code calculates the probability of a weld failure given that one

crack exists.. - The probability of one crack existing must be accounted for outside of
-- PRAISE. (In addition, the probability of failure in a piping mitm must be accounted for

outside of PRAISE by combining PRAISE results for all the welds in the piping system, see

-Section 7.4.) PRAISE is generally applied to fiel.1 welds in pipes, and shop welds are not

considered. This is because shop welds are performed under much better conditions than
'

~

- field welds and are usually given a post well stress relief. Field welds also tend to be located

at high stress points (terminal ends, nozzles, elbows, etc.).
*

As mentioned earlier, attention is focussed on cracks located on the interior surface of the
~

pipe.: Even though surface cracks are considered, the. probability of a crack being present

Lis taken to be controlled by the weld volume, but all cracks present are conservatively

assumed to be on the interior surface. C her parameters, such as length of weld or surface
,

2-31 -
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area of weld and heat-affected rone could have been considered. Which of these are taken

will not have a large affect on the results, unless large variations in thickness are

encountered.

The weld volume, V, will be taken to also include the heat atfected zone which will be taken

to be two wall thicknesses wide. The weld volume V is then equal to

Va nD,h(2h) = 2rD,h : (2-45)

The rate of cracks per unit volume will be denoted as p *, and the number of cracks in a

body of volume V will be taken to be Poisson distributed. There are theoretical reasons for

making such an assumption (see for instance [ Mood 50, Page 59}). The following expression

for the probability of having N cracks in a body of volume V is therefore applicable

[llahn 67).
+

_v p*
e (2-46)

P(N) = (Vp|)N
N!

The probability of having at least one crack in a body of volume V is one minus the

probability of having no cracks, which is given by the followin;; expression

probability of having a crack in V:

*P (2'47)
a p + ,1 e ~y|p

The probability of having exactly 1 crack is:

P I )
P(l) = Vp| e ~ V p|

The above approximations hold if Vp,* 1. This shows that the probability of having a

crack is approximately equal to the probability of having exactly 1 crack, and that p* varies

2-32
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,

,

;

linearly with p/ (for Vp/ u 1). This also means that the probability of having more than
,

one crack is small.

The remaining part of the problem is to estimate the parameter p/. The data available in

1981 is reviewed in Section 2.3.4 of liarris 81. A wide range of values of p/ are included

in the data reviewed, and a value of p/ = 10 /in' was suggested. This value was used in4

the baseline calculation in Harris 81. The value of py has at most a linear influence on the

calculated failure probabilities.
.

Much additional data on weld defect frequencies has become available in recent years, which

could be used to improve estimates of p/ (see for example [Dufresne 85]).

2.4.4 Combination of Pre Existing and initiated Cracks

Failure of pipes in BWRs due to the presence of cracks can be caused by either a pre-

existing crack or a crack that initiates and grows to failure during the plant lifetime. The

original PRAISE Code considered only the former cause of failure. The probabilist:c

treatment of cre/k initiation in Section 3 provides a means of treating failure due to the

. latter cause. In most instances, piping failures in commercial reactors are dominated by one

or the other cause of failure. However, in some instances, both causes may be contributors

to comparable degrees, in which case careful consideration of procedures for combining the

two causes of failure are necessary. This can be accomplished by the following procedure.

The cumulative probability of failure of a weld within a time t due to the presence of cracks

can be written as

P(t < t). = (prob. of no initial crack) x [P(t,< t)| no initial crack]r

+ - (prob of 1 initial crack) x [P(t,< t)| 1 initial crack]

(prob of 2 initial cracks x [P(t < t)| 2 initial cracks]4'
r

+ ....
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As discussed in Section 2.4.3, the probability of having more than 1 initial crack is small.

Therefore, using p* as defined in Equation 2-47, omitting terms with more 'h r me crack,

: and noting that the probability cf no initial crack is closely approximated by (1 p*),

-Equation 2-49 ce be rewritten as

P(t < t) = - (1-p ') [P(t,< t)| no initial crack]r (2 50)
+ p '[P(t,< t)| 1 initial crack]

The term [P(t, < t)|1 initial crack) is generated in PRAISE for the case of pre existing

cracks with no possibly initiated crack contributing significantly to the failure probability.

The term [P(t < t)|no initial crack] is generated directly by PRAISE considering initiatingr

cracks in SCC. Hence, PRAISE is capable of generating results for cases in which either

pre existing or initiating (SCC) cracks are significant contributors to failure. In actuality,

PRAISE does not perform computations based on Equation 2 50 Separate runs for pre-

exist!ng and initiating cracks with post processing based on Equation 2-50 is suggested.

-In some situations,it is possible that a weld may contain a pre existing crack but initiating

cracks may also be significant contributors to failure. This could occur if the pre existing

crack is small. PRAISE can handle combined initiating and pre existing cracks. In order i

to improve computational efficiencies, a user-defined boundary is provided such that if

calculations for pre-existing cracks are being peitormed, initiated cracks are also included 1

I
in. the simulation only if the sampled pre-existing crack is smaller then the specified

" boundary". This eliminates the unnecessary burden of combining (small) initiated cracks

with large pre existing cracks when the calculated failure probability is controlled by the

large pre-existing crack. Such considerations are not important in reactor piping analyses

_ performed to date, because either crack initiation does not occur (PWR primary piping) or

- the problem is totally dominated by crack initiation (304 stainless BWR piping). See Sample

Problem 9.-
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3. INITIATION AND EAltlJ GitOWl'lf OF STitESS COllllOSION CitACKS
Crack initiation in large diameter reactor coolant piping has historically been limited to

austenitic staidess steel in boiling water reactors (HWils). The initiation and early growth

of such cracks is not amenable to analysis but has been approached empirically. A statistical

treatment of the empirical observations has been used in PRAISE to estimate the probability |
of crack initiation. The early growth of initiated cracks is treated from the same '

i

observations. Once the crack is large enough to treat by fracture mechanics, such

procedures as described in Sections 2.2.2 and 4.1 are employed.

3.1 Time to Initiation

As depicted in Figure 31, three conditions are required for stress corrosion crack initiation

in austenitic piping materials.

Sensitizatiom This is a microstructural affect due to the material-

spending too much time within a critical temperature range, which can
occur due ia welding.

Stress: Applied loading and/or residual stresses are required. Welding-

can produce considerable residual stress. This, along with sensitization
at welds, leads to stress corrosion cracks being observed primarily at
welds.

Environment: An adverse environment is also required. The oxygen-

levels in BWR water are often sufficient to provide the adverse
environment.

3.1.1 Constant Conditions

The time to stress corrosion crack initiation under constant load or strain rate conditions can

be _. empirically related to operating conditions by use of laboratory tests and field

observations (Eason 82, as described in Section 2.1 of Harris 86]. Most of the available test

data is actually for time to failure, rather than time to initiation of a crack. In order to

make use of the much more voluminous time to failure data, initiation is assumed to

coincide with failure, for the purposes of the remaindes of Section 3.1.1,

3-1
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Figure 31. Three conditions required for stress corrosion crack initiation in austenitic
pining material.
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Since three simultaneous conditions are required for initiation of stress corrosion cracks, a

damage parameter that includes three multiplicative terms is postulated

D = f (material) f (environment) f (loading) (3-1)
3 2 3

The time to initiation is considered to be a random var. ble whose distribution depends

on D. The above functions are assumed to have the following forms:

fi = C (Pa)c2 (3-2)
i

where Pa is a measure of the degree of sensitization known as the EPR, .vhich has unite of
2C/cm ,

f=O exp C/(T + 273) log (C 'Y ') (3-3)
3 2 5

where 0 is the oxygen concentration in parts per million, T is tempc ture in degrees2

centigrade, and y is the water conductivity in ps/cm. The loading term, f , is considered to3

be a function of strain rate if the applied load is changing, or stress, if the applied load is

constant

t ,g7 (3 4a)e

_

where e is the strain rate (sec' ),

C)C (3-4b)f , = (C a S 7
3 g

where a = stress in ksi. In the above expression, C; (i = 1 to 9) are constants that are

evaluated by curve fitting procedures to laboratory and field data.

For convenience, separate damage parameters (as expressed by Equation 3-1) are

considered for changing load and constant load conditions as f allows:

,

b
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.

D, = f f f , (changing load) (3-Sa)3 2 3

D, = f, f f , (constant load) (3-Sb)2 a

The constants C (i = 1 to 9) were evaluated by least squares procedures, as described ini.

Section 2.1 of Harris 86, for 304 and 316 NG stainless steel. The value of the constants are

summarized in Table 3-1. Once the values of C are defined, the damage parameters arei

known for a given set of conditions.

Table 31
NUMERICAL VALUES OF CONSTANTS C,

,

304 316 NG

C 23.0 1.879-

3

C 0.51_' O.0 (9
2

C 0.18 0.243

C; -1123 -1123 (2)

C 8.7096 4.0
5

Cy 0.35. 0.35

C 0.55. 0.49
7

C 2.21x10 is 2.21x10''5 (3)3

C, 6.0 - 6.0 (?)

(1) Taken to bc zero because degree of sensitization for
316 NG is very low.

(2). C for 316 NG assumed equal to Cj for 304.4

4

(3) Assumed same as 304 due to lack of data.

-- For a given set of conditions, i.e., a given value of D (D, or D.), the time to crack initiation

exhibits considerable scatter. The available data for initiation time (or time to failure if
' initiation time was not available) was plotted as a function of D, and D, on a log log scale..

This initiation time for a given D was assumed to be lognormally distributed, and the mean

- and standard deviation of log t; was evaluated by standard maximum likelihood estimations.

This. allows both failure and non failure data to be used. This provides the mean and

3-4
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standard deviation of log t as a function of D, and D,. In all cases, the following functional3

form was found to proside a good representation of the data for the mean.

mean value of log ti=Bo + B, log (D) (36)

(where D is D, or D,). The values to Bo and B, are summarized in Table 3-2.

Table 3-2
VALUES OF CONSTANTS IN EQUATION 3-6

FOR MEAN OF log t,

Changing Imad Constant Load
1

B B, B, Bo

4304 10 -0.108 -3.10 -4.21 -

316 NG -0.65 -0.76 -7.72 (0 5.39 (3)
_ _ .

-(1) Not based on data. See Page 20 of Harris 86 for basis of estimate.

The plotted data appear to be symmetrically distributed about the mean (on a log scale),

L which provides justif'Jation of the assumption of a lognormally distributed t . The followingi
1

| expression was found to provide a good fit to the standard deviation as a function of the

damage parameter

std. deviation of log t3=B2 + B log (D) (3-7)3

where D is D, or 0,. The values of B and B are summarized in Table 3-3.2 3

The above expressions for the mean and standard deviation of log t , combined with thei

assumption of a lognormal distribution, defines the statistical distribution of time to initiation

- of a stress corrosion crack under either constant load or constant strain rate conditions.

However, reactor operating conditions change with time, being varying strains during start

up. and constant stress during steady operation. The following section discusses the

procedures for estimating time to initiation under varying conditions.
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Table 3 3
VALUE OF CONSTANTS IN EQUATION 3 8

FOR STANDARD DEVIATION OF log t i

Changing lead Constant Imad

Range of log D, 11 II 11 B
2 3 2 3

4
304 All 10 0.108 0.3081 0

316 NG Less than -3.96 0.32744 0 (1) (1) _

-3.96 to -3.32 -0.7461 -0.2731 (1) (1)
| greater than -3.32 0.16056 0 (1) (1)
_

(1) Assumed same as changing load due to lack of data.

3.1.2 Varving_C_pnditions

Section 3.1.1 provided the distribution of time to initiation of a stress corrosion crack under

either constant load or constant strain rate (changing load) conditions. Actual plants are

operated under conditions that vary with tune, and a procedure for accounting for this is

described in Section 2.1.3 of Harris 86. Briefly, the procedure consists of generating a

cumulative distribution of initiation time for each reactor condition to be considered, and

them combining them by the method shown pictorially in Figure 3-2. The figure depicts two

reactor conditions or states, A and B.
_

3.1.3 Multiole Cracks and Size at Initiation

Sections 3.1.1 and 3.1.2 describe the procedures for estimating the statistical distribution of

time to initiation of a stress corrosion crack. Since the bulk of the data used is for

laboratory specimens, the information is applicable to laboratory sized pieces of material,

say about 2 inches long. Consequently, a given weld in a reactor pipe is considered to be

composed of 2-inch segments of sufficient number to add up to the length of the weld. The

initiation time for each segment is assumed to be independent, and the stress within each

segment is assumed to be constant. The stress can vary from segment to segment, so

angular variations of bending and residual stress can be accounted for [Section 2.1.5 of

Harris 86].
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Figure 3-2. Schematic representation of combining reactor states to obtain overall
probability of crack initiation.
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~ The sur ' ace length of initiated cracks (t = '2b) is assumed to be lognormally distributed with

a median value of 1/8_ inch. The second parameter of the lognormal distribution follows

from the assumption that P(e > 1 inch) = 10-2, which corresponds to the second parameter

of the lognormal distribution of 0.85 (= std. dev. of in b). The depth of initiating cracks is

taken to be 10-3 inch. Sensitivity studies have shown that calculated pipe failure probabilities

are only weakly dependent on the assumed distribution of surface length.

3.1.4 Distribution of Degrees of Sensitization

Data on the degree of sensitization of as-welded 304 stainless steel piping was collected from

the literature and analyzed to estimate the statistical distribution of this important variable

-[Section 2.1.2 of Harris 86). The data was found to be approximated Weibui' distributed

with the following cumulative distribution

P(Pa < x) = 1 - e M (3.g)
2b = 17.3 C/cm , c = 1.05

The data used in determination of this distribution was most likely gathered from conditions

-with high degrees of sensitization,'because it was mostly drawn from situations where cracks

were observed. Consequently, Equation 3-8 is believed to be a conservative estimate of the

sensitization distribution.

3.2 Growth Rate Following Initiation

Once a crack has initiated, its early growth may or t..ay not be explainable by fracture

mechanics. It is usually found that small cracks do not grow at a rate that correlates to

fracture mechanics parameters, such as the stress intensity factor. Once the crack has grown

to a larger size, fracture mechanics generally can be used to predict growth rate. Conditions

for transition to fracture mechanics controlled crack growth are diserssed in Section 4.1.2.

Consequently, the growth of stress corrosion cracks is considered to consist of two parts: (i)

. an early phase treated by means analogous to those used for initiation, and (ii) a later phase'

treated by fracture mechanics principles. An initiated crack is assumed to grow at a constant

velocity until conditions are appropriate for treating crack growth by fracture mechanics.

The fracture mechanics controlled growth rates are presented in Section 4.1.1.

3-8
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. The same data that was used for initiation time in Section 3.1 is employed for crack velocity

at initiation. The apparent crack growth velocity (A) is calculated by dividing the depth of

the intergranular crack of the failed specimen by time to failure, and correlating the results

with the damage parameters of Section 3.1. In all cases, considerable scatter was observed,- )

with the results being representable by a lognormal distribution of A for a given D, with the |

. mean oflog A varying linearly with log D, and the standard deviation of A being independent

of D. This is represented by the following expression
1

l
log (A) a F + G log (D) -(3-9)'

_

|

L where D is D,(or D,), G is a constant, and F is normally distributed. Values of G and the

mean and standard deviation of F are summarized in Table 3-4. Crack growth rates are in

inches per day.

3.3 Multiple Cracks and Linking

As mentioned in Section 3.1.3, the time to initiation, which is a random variable, is

applicable to a laboratory sized length of sensitized material. Consequently, each weld is

broken up into 2 inch long segments, and the initiation time is independent for each

segment. The means that, with a certain probability, multiple cracks can be present in a

given weld. These cracks can coalesce as they grow. Only inside surface cracks are

considered, because stress corrosion cracks must be exposed to the environment inside the

pipe in order to initiate. Figure 3-3 summarizes the crack linking criteria, which are based

- on Section XI, Article IWA-3000 of the ASME Boiler and Pressure Vessel Code (as it

existed in 1986).

3-9
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Tnble 3-4
VALUE OF CONSTANTS IN EQUATION 3-9.

FOR EARLY GROWTil OF INITIATED STRESS CORROSION CRACKS

Changing l>>ad Constant Isad

F, G, F, G,

Mean Std. Dev, Mean Std Dev.

304 0.4587 0.3578 0.7044 2.551 0.4269 1.3447

316 N O -0.02266 0.2052 0.63136 (1) (1) (1)

(1) Assumed same as changing load due to lack of data. F, and F, are normally distributed.
Crack growth rates arc in inches per day.
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. Figure 3-3. Schematic representation of the. crack link-up procedure.
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4. CilACK GitOWTil ItATES

The suberitical growth rate of cracks is discussed in this section. The growth of stress

corrosion cracks once they are controlled by fracture mechanics is discussed in Section 4.1.1.

Section 3.2 discusses stress corrosion crack growth rates following initiation but prior to

being treatable by fracture mechanics. Section 4.1.2 discusses criteria for switching from

initiated to fracture mechanics cracks. Fatigue crack growth is discussed in Section 4.2.

4.1 Stress Corrosion
_

Stress corrosion crack growth rates and criteria for switching to fracture mechanics related

crack growth are described.

4.1.1 Growth Rate

Data on stress corrosion crack growth rates in fracture mechanics specimens of 304 and

316 NG tested under UWR environmental conditions was gathered and reviewed in

Section 2.2.2 of Harris 86. Preliminary analysis of the data indicated a linear variation,

between log n and K. The dependence of n on environment was assumed to be described

by the environmental term, f;, in the treatment of stress corrosion crack initiation (see

Equation 3-4 of Section 3.1.1) with the same set of constants. This led to the following K-

related damage parameter
,

Dg=C log [f (env.)] + C K (4-1)u n

The relation between n and D was then assuntedg

log n = Cn+C D (4-2)g g

Curve fits were then made to determine C , C , C , and C . To describe the scatter ina o n n

the data, C was taken to be a random variable, and a value of C was calculated for everyg n

data point using the value of C , C , and Cn from the curve fit. C was found to beu o n

representable by a normal distribution. Table 4-1 summarizes the results of this procedure.

4-1
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Table 41
. VALUES OF CONSTANTS IN EQUATIONS 41 AND 4 2

FOR FRACTURE MECIIANICS STRESS CORROSION CRACK
GROMTil RATE

304 316 NG
n

C. 0.8192 0.8192 (2)i2

C 0.03621 0.0362; (2)
33

C (4u
Mean - 3.1671 - 4.006
Std. Dev. 0.7260 0.5792

C 1.7935 1.19
13

Threshold AK - 0.85 - 0.89o
_

u _ ormally distributed.(1) C n

(2) Assumud same as 304.

IUK in Lsi-in
a in inches per day

Otnes anits as in Section 3.1

A threshold value of D was selected. Otherwise there could be a finite A even where Kg

is equal to zero. The crack growth rate data did not show a dependence on the degree of

sensitization, so the f term of Equation 3-1 was omitted.i

4.1.2 Criteria for Transition to Fracture Mechanics

Stress corrosion cracks are considered to grow at an initiated velocity, as described in

Section 3.2, or a fracture mechanics controlled velocity, as described in Section 4.1.1. The

following procedure is used to govern the transition from initiation to fracture mechanics

crack growth rate:

1. Pre existing cracks always grow at fracture mechanics velocity.

2. laitiation velocity is always assigned to initiated cracks.

42
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3. At any given time, if the fracture mechanics velocity for a crack is
higher than the initiation velocity, that particular crack grows at
fracture mechanics velocity thereafter.

4. If the depth of the crack is greater than 0.1 inch, its growth will always
be by fracture mechanics velocity.

5. If the stress intensity factor for a crack (degree of facedom) is negative,
the crack will not grow (in the direction corresponding to that degree 4

of freedom).

The growth of semi-elliptical stress corrosion cracks is treated with multiple degrees of
freedom, as described in Section 2.2.2.

4.2 Fatigue

The PRAISE Code has built in features for analysis of fatigue crack growth in the two most

commonly used pipe materials in the primary piping of LWRs, ferritic and austenitic steels.

s

4.2.1 Artenitic Materials --

The original PRAISE Code. was constructed to analyze fatigue crack growth in austenitic

stainless steel primary piping in'PWRs. Section 2.5.1 of Harris 81 reviews the approash,.

which is described below. The available data (in 1981) en fatigue crack growth in 304
_

stainless steel was reviewed, including the influence of temperature, environment (air or

water), and mean load affects. Within a scatter band of about one order of magnitude on
'

crack'gr_owth rate, it was found that tiie data could be represented by the following relation

. 4
^

d - AK
- =C (4-3)
dN . (1 -R)'n

where AK = KgK ,mi

.R'= Kmin/K ,m

The scatter in the data is represented by a legnormal value of C with a median of 9.14x10-l2

and standard deviation of 2.20x10~" (where da/dN is inches per cycle and K is ksi-in'#). This
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relation is applicable to weld metal, base metal, and heat-affected zone, and is suitable for

' air or water.

^ A threshold value for fatigue crack growth is also applied, which provides' for no crack

growth if AK is less than AK , where AK n _is given by [Section 2.4.2 of Harris 82a)i i3 i

4.6 (1 -R)'8 R<R'
th * ' (4 4)'~,

,

R * = 0.9

' Much additional data on fatigue crack growth in austenitic stainless steels has become

available since the original PRAISE development that provides finer discrimination between

various environments and material states (see'[ James 85) for example).
~

4.2.2 f Ferritic Matcrials

The ' original PRAISE Code considered 'only austenitic piping materials. It was later

expanded to include ferritic piping materials [LLNL 84b, Vol. 2, Section 4.5), with the

following representation of the fatigue crack growth rate being employed .

R s 0.25
,

0* AF 4 AK W B -.

-da

-dN 1.01x10-7 AKus O AK Ie l'9

O = exp(-0.408 +0.542C )F

4-4
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a

' O.25 < R"< 0.65
'

,

ff AK 85 O AK s f5
3

da . , <

L, . dN- f AK "5 0 AK > f2 3

f = 1.02x 10- 2 (26.9R - 5.725) (4-5)
i

f ' = 1.01x 10'7;(3.75R + 0.06)2

'f = (f /f )'" '

3_ 2 t

- O = exp[0,1025R -0.433625 +(0.6875R +0.370125)C ]p

TR 2 0.65
' 1.20x 10-" AK535 O AK < 12 .

dN . " ' 2.52 x 10-7 AKissO ' AK 2 12
, _

O = exp(-0.367 +0.817C )p

In the above expressions, Cp is normally distributed with a mean of 0 and standard deviation

of unity.
,

'

The above equations provide a probabilistic representation of the fatigue growth relation for

- ferritic materials in water contained in Appendix A of the ASME Boiler and Pressure Vessel--

. Code.
.

g 'I

-.
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5.-. STRESSES

Stresses in- the piping are required as inputs to the fracture mechanics calculations

performed within_the PRAISE Code. Thus, PRAISE does not perform stress analysis. The

stresses are generally quite simplified. With several notable exceptions, the stresses on the

crack plane-(in the absence of the crack) are assumed to be uniform, and are generally

based on the results of an clastic finite element piping analysis -- such as performed during

design of the reactor. |

|

5.1 Global Service Stresses

Global stresses are considered to be due to pressure, deadweight, and restraint of thermal

expansion. Deadweight and pressure are considered to be load controlled, and restraint of

thermal expansion is considered to be displacemeat controlled.

5.1;l Girth Welds

PRAISE analyses usually concentrate.on girth welds and axial stresses in the pipe are

considered. This is because axial stresses are usually the largest and are onented in a

manner to most influence crack growth in circumferential girth butt welds. (Field welds are

usually of this type.) In most cases, torsional components of the stress are nepigible. In

cases _where they are not, they can be combined with the axial stress to provide the

maximum principal stress, which is then taken to be oriented axially in the pipe.

Stresses resulting from bending loads' will vary around the pipe circumference and through

the wall thickness. With the exception of treatment ofinitiating stress corrosion cracks (see

Section 5.1.2), such variations are ignored, and the maximum bending stress at the inner pipe

wall is taken to be uniformly distributed throughout the pipe cross-section. Stresses from

axial and transverse forces are usually neglected, but can be added onto bending and

_ pressure stresses by the user.

-
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For girth welds, the axial component of the pressure stress is taken to be

NPi (51)y .
P 2h

where R is inside radius and h is the wall thickness of the pipe. For fatigue crack growth
i

analyses, the minimum stress (neglecting radial gradient thermal and residual stress for the

moment) is taken to occur at no pressure and room temperature. The : ress is then the

deadweight

(52)
~-

amm = onw

Residual stresses could be added at this point, but they have only a small influence on

fai.ie crack growth.

The maximum stress (again ignoring residual and radial gradient thermal stresses), is called

the normal operating stress (ago), it is composed of the pressure, deadweight, and restraint

of thermal expansion stresses

(5-3)+onw + omo,=ogn = opm

Vibratory stress peak-to-peak values are defined by the user. They are combined with o ,m

of Equation 5-3 to define a AK and R due to vibratory stresses. These are compared with -

threshold conditions for fatigue crack growth to see if threshold is exceeded. If it is, failure

is considered to occur (see also Section 2.3.4).

5.1.2 Ouasi-Axisymmetric Stresses

An exception to the omission of circumferential variation of service-induced stresses is the

treatment of stress levels in girth welds subject to stress corrosion crack initiation. As

discussed in Section 2.6.3 of Harris 86, for the purposes of initiation and growth of stress

corrosion cracks, the stresses due to deadweight and restraint of thermal expansion (which

are mostly bending) are taken to have a cosine variation around the pipe circumference.

Initiation (and growth) cracks are considered to be uniformly distributed around the

circumference, and the analysis is performed using the local (cos) values of the stress. Stress

5-2
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1

i

|

|
intensity factors are calculated using K-solutions for no circumferential variation of stress j

using the local stress at th mid point of the surface length of the cracks. '|
|
|

5.1.3 Elbows
.

The only longitudinal welds in some primary piping systems are at elbows. Other primary

piping systems have some seam welds, but they are shop welds, and generally have fairly low

cyclic stresses. The stresses in elbows resulting from applied moments are considerably more

complex than in straight piping runs [Rodabaugh 57]. Not only are the longitudinal stresses

no longer given simply by My/I, but appreciable hoop stresses'are also generated, These
'

hoop stresses will tend to grow cracks in longitudinal elbow welds. Results from

Rodabaugh 57 can be used to estimate bending-induced stresses in elbows.

Maximum stresses due to in plane and out-of-plane bending are very similar, and the largest

of these is employed in regions of maximum hoop stress, the hoop stresses due to her. ding

are nearly equal but of opposite sign on the inside and outside of the pipe. As a reasonable

but conservative approach, the, maximum hoop stresses can be taken to be applied across

the longitudinal weld and to be tensile on the inside surface. Hence, the applied stresses can

be approximated as varying linearly through the thickness, with levels to be defined by the

user. Since the stress intensity factor for longitudinal and circumferential cracks are nearly
! the same_(see Section 2.1.1), the PRAISE Code treats circumferential cracks and cracks in

elbows in the same manner; the only difference being the stresses that are input. There is

a difference, however, between the two crack orientations as far as failure criteria aie

involved. Failure criteria are provided in PRAISE _for circumferential cracks. Failure

criteria for axial cracks or elbows must be coded by the user. Section 2.3.3 discusses failure

criteria for axial cracks, and Section 5.3 of Harris 82 provides results for longitudinal cracks

in elbows.

5.2 Seismic Stresses-

- As its name implies, the PRAISE Code was origina'lly developed to estimate the. influence

of seismic events on piping failure probability. Hence, seismic events are considered in some

-detail, but the stresses are again to be defined by the user. The seismic events then simply

form part of the stress history which PRAISE considers in its a;.ck growth analysis. As
__
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Jiscussed more fully in Sections S.7.3 and 8.2.4. PRAISE calculates the etiects of various=

seismic events occu" ring at various times. The prohahility of the seismic event occurring is

- treated outside of PRAISE.

The seismically-induced stresses are defined by the user. They are typically determined from

seismically-induced- bending moments in a manner analogous to that described in

Section 5.1.1 for deadweight and restraint of thermal expansion bending moments. The

stress Nstory during the seismic event can be converted to an equivalent constant amplitude

stress history of a selected number of cycles, as discussed in Section 5.7.3, as well as in

Sections 2.6.2 and 3.7 of Harris 81 and Section 3.7.1 of Lim 81. Section 1.3.2 of Harris 81

ciscusses procedures employed for seismic stress histories in the analysis reported in that-

reference, which in turn, used seismically-induced stresses from Lu 81. The seismic stresses

are considered to be load controlled, and the maximum stress during a seismic event is also !

needed in order to check on the possibility of failure (crack instability) during the seismic

event.

'

5.3 Vibratory Stresses

Vibratory stresses induced while the plant is at load can be treated by the PRAISE code.

The peak-to-peak amplitude of the vibratory stress, Ao , is input by the user. This isy

superimposed on the' normal operating stress (Equation 5-3), which is considered as the

- mean stress. PRAISE considers failure due to vibratory stresses to occur if Ao results iny

AK and R conditions that exceed threshold for fatigue crack growth (see also Section 2.3.4

of this document, and Section 3.9 of Harris 82a).

5.4 Radial Gradient Thermal Stresses

i Temperature fluctuations of the coolant give rise to stresses in addition to those resulting

from restraint of thermal expansion. Such stresses are called radial gradient thermal
'

. stresses. They are axisymmetric, self-equilibrating through the -wall thickness, and .

determinable from the temperature and flow history of the coolant and the thermal and

elastic properties of the piping material. The stresses and temperatures are considered to

be uniform along a straight run of piping, and are both time and space (radial) dependent.

5-4
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The TIFFANY Code [Dedhia 82} provides an easily used tool for evaluation of tempera-

= tures, stresses,_ and stress intensity factors due to excursions in the coolant conditions.

Figure 54 summarizes the components of the TIFFANY Code.
.

1

1

The temperature field in the pipe is' assumed to be axisymmetric and independent of

distance along the pipe. This is consistent with the usual treatment of radial gradient
= theirnal stresses in pipes. The temperaure field is therefore a function of time andtodial

coordinae only, T(r,t). In principle, this problem can be so!ved analytically for time--

: dependent boundary condi ions (but constant material properties). However, the analydcal-t

solution would be quite unwieldy for the general case. This one-dimensional heat conduction

problem'is very amenable to a' numerical piocedure, and such an approach is adopted.

' Consideration of temperature dependent material properties, such as thermal conductivity,-
_,

is straightfonvard in the numerical procedures, and this capability is included. |

The outer surface is considered to be insulated. The boundary condition at the inner surface

is the conventional one that considers convective resistance. The convection heat transfer

coefficient, h , can be a function of time because it varies with fluid temperature (Tr) and-e_

; coolant flow rate (V). In the case of clad piping, continuity'conditiore at the material
,

interface are required for solution of the differential equation. The temperature and heat

~ flux are taken to be continuous at the interface.

A numerical procedure for evaluation of the temperature in the pipe wallis employed. This

-is accomplished by employing a finite difference procedure that utilizes second order correct

' differing of< the diffusion term (i.e., spatial variation) and first ordu correct backward

differing of the temporal term.

The numerical scheme, along with analogous formulations of the boundary conditions and

continuity conditions at the clad. base metal interface, leads to a set of simultaneous
,

equations for the current nodal temperature in terms of material properties, geometrical-
;

terms, and temperature from the previous time-step. These equations are readily and

efficiently solved by the method of successive substitutions. ' As described in Dedhia 82,'
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-. . . . .-.... .x. - - . . .- -. .- . . .. . - - . . .



. . .

5 4

pgg - - 1 Cem4and

Puptsas f,
1

I i
y 9 Coolant Temperature

Convective Y
t

-Hest TrarW*w I

Coetticiers

| '
-

. ,-

Evaluation of | Pipe Geomeg |
Tamrature Pronies and Matartals

N- ht

r, r to ab
..

V

EvaWn of Raclai Gradient Thormat Stresses

c.(r t)- h y a, f r T(r, t) dr +

bs' <.
~m

.,

!' %

W "M*~
Crack Stre Crmk Site, Pipe' Size

e

trdhance
-#* Funcat a

u t- U s

. Evakaafirwt of Stress Intanatty fadrws

' 4 -[ hm adA

Rm [a,.h .be
|

.{f
I

->.....
RMing

K., Ko

T
Evaksation of Mawtmurn -

and Min 6 mum K.

I b,

4%J N
/

a

- Figure'5-1.- Components of TIFFANY Compmer Code and their interrelationships.
~

5'

y r .<_7 -, . - - - - - .r~-- , .y . .,, . -



- - _~ _ . ~ ~ .- . - ~ ~ _ - . _ = - . - .-

' convection heat transfer coefficient, h , in the boundary condition is described in terms ofe ,

: Reynolds, Prandtl, and Nusselt numbers.

The stresses in the pipe wall are evaluated by use of elasticity theory from the transient

temperature field determined by the finite difference procedure described above. The

idealization of only radial variations of the stresses antidisplacements leads to a particularly

- simple one-dimensional quasi-static elasticity problem. Such problems are discussed in

Timoshenko'51, and the case of interest here when there is no cladding is treated in

Section 135 of Timoshenko 51.- That discussion can easily be generalized to provide results

for a clad pipe. The treatment here will be for the two materials that have the same elastic

constants but different coefficients of thermal expansion. This is applicable to ferritic steel

with austenitic stainless steel cladding. In the case considered here, the axial strain , e,, is

taken to be constant (not zero) at any instant, and equal to a value that produces a zero net

axial load. In other words, e,is constant and has a value such that the following relation

' holds

''O r a, (r,t) dr = 0 (5-4)
. T|

This is consistent with the usual treatment of radial gradient thermal stresses in piping. This

condition, along with the boundary condition of zerc radial stress at the inner and outer pipe

wall and continuity of displacement and radial stress at the clad-base metal interface, allows

the. stresses to be expressed in terms ofintegrals involving the temperature field, as given,

in Section 2,2 of Dedhia 82..

Once the stresses are determined, the stress intensity factors at a given time for a given

crack size are evaluated by numerical integration using the influence functions described in

Section 2.1.1. For a given crack size, the value of k ,,, k,,,, and k , k ,,,, arem g g

determined from the peaks and valleys of the time variation of these ILvalues. Their .

; maximum and' minimum nre determined (for a given transient) for a range of crack size.

The results .are cast into dimensionless form (see Equation 2-9) and used as inputs to

PRAISE in tabular form (g(,,, and g*mio,,).
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The) TIFFANY Code (Dedhia 82] provides a convenient means of evaluating the tables to

be input to PRAISE, but other procedures could_ be used to generate analogous results.

Default temperature-dependent material properties for austenitic and ferritic steels are

provided-in. TIFFANY, as well- as information needed for convection heat transfer

coefficients for dry saturated steam and saturated water (liquid).

As indicated in Figure 5-1, the TIFFANY Code can also take a given a(r) as uput, and

generate output of stress intensity factors. This allows stresses with through-wall gradients

other .than thermally induced to be considered by PRAISE. This option alk ~ the

imaginative PRAISE user greater latitude in definition of stress histories.
~

5.5 Welding Residual Stresses

Residual stresses play a very important role in the initiation and growth of stress corrosion 4

.eks. Hence they are important in the analysis of the reliability of sansitized welds in.

-BWR piping, and PRAISEincludes extensive provisions for their consideration. Alternative- )
ly, residual stresses play a secondary : ole in fatigue crack growth, because they do not affect

: AK (the primary driver of fatigue crack growth), but only R (K m/K.),ivhich is a secondary
.

m

variable in fatigue. Hence, residual stresses in austenitic piping materials are concentrated

upon, because this is the material used in recirculation lines of BWRs (counterpart of large

primary piping in PWRs).

Residual stresses are induced by the welding process and can be changed by procedures such

as induction heating stress improvement (IHSI) and t- .chanical stress improvement process

(MSIP).'_ Measured values of stresses due to IHSI and MSIP are discussed in Section 5.6
Weld-induced-residual stresses have shown considerabie scatter and dependence on pipe

size._ They also exhibit a rehtively complex spatial variation.

Residual stresses are input to PRAISE by seven different options, which are summarized in

Table 5-1. These options are discussed in the following sections. The IHSI and MSIP

- residual stresses, which can be induced by mid-life treatments are discussed in Section 5.6.

In all cases, the residual stresses in the axial direction of the pipe in the heat-affected zone

are considered.

58

__



.-

Table 5-1
SUMMARY OF VARIOUS FORMS OF RESIDUAL STRESSES USED IN PRAISE

E E ~d
.i! ! t E8
~m E o -

Ec eQ 's
N S .!P 02
e u, =

No. O E5 MD Z Section Description

0 'D No residual stresses-- -- - -

1 D / / 5.5.1 Coefficients in polynomial curve fit input
by user

2 R / / 5.5.2 Large lines, includes adjustments.

3 R / 5.5.3 Intermediate lines, includes adjustments.

4 R / 5.5.3 Small lines, includes adjustments

5 D / / 5.5.1 Stress at ID and CD input by user, linear
variation assumed

6 R / / 5.6.1 Mean and standard deviation of stress at
ID input by user. Self-equilibrating linear
variation through thickness employed.
Mid-life change must be of this type.

5.5.1 Detemiinistically-Defined Residual Stresses

Residual stresses can be deterministically defined in two ways: (i) an axisymmetric linear

through wall. variation (which will not necessarily be self-equilibrating) (Option 5 of
Table 51), and (ii) coefficients in a polynomial curve fit to stress intensity factors due to

residual stresses as a ftmetion of crack size (Option 1 of Table 5-1).

In the case of the linear through-thickness variation of stress, the stress intensity factors are

calculated by use of the curve fits of Section 2.1.1.

The case of nonlinear stress gradients can be treated in a deterministic fashion by use of

Option 1, which involves polynomial curve fits to stress intensity factors as a function of

crack size. This is the procedure that was used in Section 2.5 of Harris-82. The stress

' intensity factors themselves can be evaluated from the residual stresses and influence

5-9
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functions in a manner analogous to that used for radial gradient thermal stresses (see

Sections 2.1.1 and 5.3.2). In fact, the TIFFANY Code [Dedhia 82) has provisions for

inputting stresses and calculating stiess intensity factors. The polynomial curve fit

coefficients must be generated by the user. The functional form of the curve fit is

,,, K L

K ,n , = { E b,,cx a'''(t- (55)
i

k=1 (=1

where n =- s/h and ( = alb. The user inputs the values of K and L and the coefficients b gg.o

Sections 2.5,3.7, and 4.5 of Harris 82 provide additional details and examples.

5.5.2 Random Distribution of Residual Stress in Large Austenitic Lines (OD > 20 Inches)

Welding residual stresses were found to have considerable scatter and to differ significantly

depending on the size of the line. The following three ranges of pipe sizes were selected for

characterization of these weld-induced residual stresses

large: 20 inches < OD
intermediate: 10 inches s OD s 20 inches
small: 4 inches s OD < 10 inches

This section deals with large lines, the following section discusses intermediate and small

lines. A description of the spatial distribution of the residual stresses in the longitudinal pipe
_

direction in the heat-affected zone is developed along with a characterization of the

randomness of the residual stresses.

As an additional consideration, the stress corrosion cracking portion of PRAISE was

exercised and compared with field observations of failure (and successes) in BWR piping.

Adjustments were made in PRAISE to improve agreement in this benchmarking procedure,

which is described in Section 3 of Harri 86. Since residual stresses are one of the major

uncertainties in PRAISE inputs, the weld-induced residual stresses were adjusted by a

constant factor . - for a given pipe size. The adjustments for various_line sizes are discussed-

in the following section.

5-10
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The axial component of the as-welded residual stresses in the heat affected zone is of

interest because stress corrosion cracks form in the heat affected zone, and the circumferen-

tial cracks are of concern. Experimental data suggest that the residual stresses are

axisymmetric in these large lines. The stresses must therefore be self-equilibrating through

the pipe wall thickness.

Experimental data on the radial variation of welding residual stresses for large diameter (20-

26 inch) lines were obtained from Hale 82 and Shack 83. A total of nine sets of data were

obtained and are plotted in Figure 5-2. The following equation was used to analytically
represent the radial variation of the axial stresses in the heat-affected zone.

o, = (r,/r) [H, cos(2rx + 4) + H, e -" cos(Bx + $ )} (5-6)2

where r = radial coordinate r = inside radiusi

x = (r-r)/h h = wall thicknessi

H,, 4, H,, s, B,4 are constants2

This stress can be self-equilibrating through the wall.

A preliminary curve fit'of the nine sets of data to Equation 5-6 revealed that B = 2r. The
I

parameter B was therefore set equal'to 27. In order for the body to remain in equilibrium,

the axisymmetric o, must be self-equilibrating through the wall thickness. The impositior.

of this condition results in

, ,

$ = tan-1 1
2 2r,

<

Equation 5-6 can then be rewritten as

o, = b { H, cos (2rx + 4) + H, e -" cos[2rx + tan- (1)]} (5-7)
r 2r

Values of H,,4, H,, and s were estimated by nonlinear regression analysis for each of the

nine sets of data. This provides nine sets of values for these variables. The mean and

standard deviation for each of these variables was calculated from these nine sets of values,

5-11
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and plots of the values on normal probability paper showed' them all to be reasonably well
'

approximated by a-normal distribution [ Figures 22-25 of Harris 86]. Further analysis of

- these variables revealed that only- H, and, H4 tere strongly correlated (correlation-
' coefficient = 0 832)! The relationship between H and H can be described as follows:.

, g

H, = .H + 0.7381 H, (58)

H is another variable which was evaluated by regression analysis and has a mean value of

- 37.49 ksi with standard deviation of 9.11 ksi. Table 5 2 summarizes the mean and standard

. deviations of the normal variates used to characterize the spatial and statistical distributions

of residual stresses in large lines.

,

Table 5-2
MEAN AND STANDARD DEVIATION OF CURVE FIT PARAMETERS

TO DESCRIBE RESIDUAL STRESSES IN LARJE AUSTENITIC LINES
.

Staudard '.M*""-
. Deviation

._

H,, 'ksi 23.20 | 18.51

H , ksi- 37.49- 9.11i

4, radians - 2.26 0.82-
'

s, radians 1,68 '1.21

All variables are normally distributed.

!Tlie'next step is to ' generate the curve-fits for stress intensity factors due to these residual

stresses.; Since the residual stresses are distributed (as opposed to deterministic), the curve- -

~ fits to stress intensity factors are much more complex than in the deterministic case. For the

. purpose of curve-fitting, the residual stresses described in Equation 5-7 were rewritten as
,

(5-9).o, = or+U2

_.
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- - r

where E of. = H, -, cos(2rxk 4)
r

a = H, r! er" cos[2rx + tan-2 (- S-)]
.

.- r 2 tr

Two sets of stress intensity factors (k and K ) were generated (for a wide range of crack3 _

geometries), one for ai and another for a2. The stress intensity factors (k) were normalized
_

and polynomial expressions were obtained. Specifically, the two sets of K werei

o s
_

K' = F (crack geometry, 4)i

v2H''''a
'

(5-10)
, ,

:K' = F (crack . geometry, s)2

fa u2gs,a,.
|

The polynomial curve fits for F and F in Equation 5-10 are very long, containing some 320i 2
'

coefficients.- The curve fits are, therefore, not nrovided here, but are contained in module

' BLOCK DATA COEFS in the source code of PRAISE.

In PRAISE-C, the parameters H,, d, s, and H are sampled randomly from their respectivei

|(normal) distributions. H,:is evaluated from:its linear relation with H, as expressed in

Equation 5 8. For a given 4, s, H,, H,, and crack geometry the stress intensity factors can

be evaluated by linear superposition of the above two terms.

As mentioned at the beginning of this subsection, and discussed in Section 3 of Harris 86,
_

line size dependent adjustments were made to residual stresses to improve the agreement

between PRAISE predictions and field observations. In the case of the large liaes under

: discussion here, the residual stresses (and stress intensity factors) are multiplied by 0.15 (see.

Figures 35 and 36 of Harris 86.
,

..

:
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5.5.3 Random Distribution of Residual Stress in Smallynd Intermettiitte Austeniticlims !
The residual stresses in small and intermediate lines vary through the wall thickness as well I

as around the circumference. Although sery little information is available regarding the

through. thickness variation of residual stresses for either small or intermediate lines, there
!

is a large amount of data available on the inside surface stresses at various angular locations
,

[ Shack 80, Brust 81, NUREG 82,83, Hughes 82). Data on the axial component of the inside !

surface residual stresses were compiled for lo;ations approximately 3 mm from the weld
|

fusion line where the peak sensitization levels generally occur [ Shack 80). These data were [
used to generate distributions of stress on the inside surface for both small and intermediate

lines separately. The following results were obtained:

Small Lines f4 inch s OD < 10 inch)

| Mean residual stress on the inside surface = 24.4 ksi i

: _

Standard deviation = 14.58 ksi
+

t

jntermediate Lines fl0 inch s OD s 20 inch)

Mean residual stress on the inside surface = 9.30 ksi

Standard deviation = 14.47 ksi

These results do not include the adjustment factors to improve ameenu between PRAISE
,

predictions and field observations. A multiplier of 0.2 on wse ve>> was selected (see

Figures 37 40 and Table 7 of Harris 86).
.

Plots of the cumulative distributions of the stresses on the inside surface for small and

. intermediate lines showed that assumption of normally distributed inside surfr.ce stresses A

reasonable for both small and intermediate lines. - The calculated mean-and standard

; deviations are used as the parameters of the normal: distribution. This defines the'

distribution of residual stresses on the inside surface for small and intermediate lines.

Since insufficient information n r.vailable to characterize the through thickness varianon of

residual stresses, the following ssumptions were ma6e in order to sufficiently characterize

the statistical and spatial residual stress distributionst'

.
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(i) Foi a given angular location, the stress on the inside surface is
obtained by samp!!ng from the normal distributions defined
above.

(ii) The distribution of residual stresses on the outside surface is
defined as follows:

Small Lines -

Mean of the stress on the outside surface
= -(mean of the stress on the inside surface)
= -24.4 ksi

Standard deviation of the stress on the outside surface
= standard deviation of the stress on the inside surface
= 14.58 ksi

Similarly for Intermediate Lines -

Mean of the stress on the outside surface = 9.30 xsi
Standard deviation of the stress on the outside surface
= 14.47 ksi

(iii) After sampling for inside and outside surface stresses for a
given angular location, the stresses are assumed to vary linearly
through the wall between the values sampled from the appropri-

. ate distributions,

le the absence of more information, the above scheme reasonably models the through-

thickness and angular variation of residual stresses in small and intermediate lines, and force

equilibrium is satisfied on the average.

5.6 Reshlual Stresses Following Remedial Treatment

As-welded residual stresses are discussed in Section 5.5. These stresses generally have a

detrimental influence, most especially so in austenitic BWR piping. In order to reduce the

propensity for SCC in BWR piping, it has been suggested that- the residual stresses be

. altered to provide more favorable stress conditions. Induction heating stress improvement

(ll-ISI) and mechanical stress improvement process (MSIP) are candidates for favorable"

L- alteration of residual stresses. The PRAISE Code provides capabilities for treating the

|
affects of using one of these procedures after the plant has been in operation , i.e., a mid life

residual stress treatment.

5 16
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5.6.1 Imluction lleallag3Hm1DPmvement.

The induction heating stress improvement (IHSI) process is suggested as one of the

counter measures for intergranula. stress corrosion cracking (IGSCC) [ Offer 83 Rybicki 82, !

Ilughes 82]. The process results in axial residual stresses that are compressive on the ID

and, thus, are favorable for impeding stress corrosion crack initiation and growth. The
,

resulting residual stresses are also axisymmetric and self equilibrating through the thickness.

Offer 83 and Rybicki 82 provide experimental and analytical post il-ISI residual stress

distributions through the wall. In-the context of PRAISE, only the axial stresses are of

--interest here. These references contain results for 4,10,12,16, and 26 inch diameter lines.

Based on the information available, these stresses vary approximately linearly through the

wall.

Post-lllSi stresses at the ID and OD were gathered from Offer 8? and Rybicki 82. When

the stresses are linearly varying through the wall, axisymmetric and self-equilibrating, the

siresses at the ID and OD are related to one another by the expression

31% + 2h
am = -con 3R,+h

where R . = inside radius of the pipe4

h wall thickness of the pipe=

Thirty one sets of through wat' stresses were available. From these 31 sets of data,62 values
,

of stresses at the ID were obtained; 31 values directly, and 31 values using the OD data

converted to ID values by use of the above equation. The post lilS1 stresses from Offer 83

and Rybiu,i 82 were grouped in several different ways, and the mean and standard deviation

for each group were calcalated. The results are summarized in Table 5 3. For each of the

categories s'aown in Table 5 3 (except the last one), the stresses were plotted in the form of

histograms with the normal distribution based on the calculated mean and standard deviation

superimposed [FaAA 90]. In each of the categories, the normal distribution seems to '

reasonably characterizes the scatter present in the data.
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Table 5 3
SUMMARY OF POST IllSI STRESSES AT Tile ID

__

_ _

Category Numtwr of Mean Standard
Data (ksi) Deviation

(ksi)

All 62 -40.8 13.6

ID Data 31 -43.3 9.7

Projected from OD to ID 31 38.4 16.4

j All Experimental 46 44.7 11.6

' All Analytical 16 -29.9 13.2

All 4 inch 4 38.8 7.5

All 10 Inch 10 -29.2 16.3

All 12 inch 36 -45.1 11.0

All 16 Inch 10 -41.5 13.5

All 26 Inch 2 -22.8 8.2
. . _ _

llased on tlie results summarized in Table 5 3, along with supporting results from Offer 83

and Rybicki 82, it appears that the post lllSi residual stresses can be adequately described

as axisymmetric with a linear through. wall gradient. For a given pipe size and thickness,

such a spatial distribution can be characterized by a single number, such as the value of the

stress at the ID. The results indicate that the statistical distribution of the ID residual stress

is normally distributed, and Table 5 3 shows no consistent variation of the mean and

standard deviation with pipe size. llence, it is suggested that the mean and standard

deviation of post lllSI residual stresses be taken as the values based on "all experimental

data", which are a mean of -44.7 ksi and a standard deviation of 11.6 ksi.

The mean and standard deviation of the post lllSI residual stresses are input by the

PRAISE user, The values referred to immediately above are suggested for use.

5.6.2 Mechanical Stress improvement Procen

The mechanical st. ss improvement process (MSIP) consists of applying a ring that squeezes

a short portion of the pipe. The magnitude of the applied ring load is sufficient to produce

5-18
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,

.

permanent reduction of the diameter of the pipe under the ring, which produces
compressive h *ial residual stresses on the ID that extend a short distance away from the

location of the req. This process can thus be used to produce favorable residual stresses

in the vicinity of a ci/cumferential weld to impede IGSCL.

O'Donnell 8Ca, 88b, 88c, and 88d provide numerical results for 4,10,12, and 28 inch ,

nozzles treated with MSIP. The through wall stress distributions in the heat affected zone

(HAZ)(half thickness away from weld centerline) on either side of the weld were obtained
'

from _the color contour plots included in the references. Shack 89 provided experimental

measurements of through wall post MSIP stresses in 12. and 28-inch lines in the region of .

the HAZ. The data on post MSIP stresses was collected and are summarized in FaAA 90,

from which it was concluded: (i) the axial ~MSIP stresses in th.. HAZs of a weld can be

characterized as varying linearly through the wall and axisymmetric, (the stresses are

therefore self equilibrating through the wall and, knowing the stress on the ID and the pipe

geometry, the through wall stress distribution can be obtained); (ii) the stresses on the ID

are a function of the axial distance from the tool and are also a function of the applied

compression under the tool. Generally, tl.e stresses in the range of 20 to -40 ksi are

produced on the ID of the pipe.

Based on the limited available information, it is not possible to statistically characterize the

MSIP stresses. .The through wall stress distributions seem to be similar to those obtained

by 11151 treatment. The post MSIP stresses are input to PRAISE in a manner identical to

the IHSI stresses, with the mean and standard deviation of the (normally distributed) ID

residual stress defined by the user.

5.7 Stress llistnries

Specification of the stress history is a' key input to PRAISE. Earlier portions of Section 5

discuss stress levels. This subsection addresses the number of times each of the transient

types occur.

,

5 19
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5.7.1 onintLTing_ef Tramients

The operating stress history of a reactor is generally thought of as a list of transient types

and the number of times each type will occur within the plant lifetime. : his is handled in
~

PRAISE by specifying for each transient type the time between transients. For instance, a

value 0.5 for a given transient means that it will occur every half year.

PRAISE can also treat a random occurrence of transients. This is accomplished by

considering the time between successive occurrences of a given transient type to be Poisson

distributed with a specified mean time. The distribution of inter arrival times (of a given

transient, i) is taken to be exponentially distributed, i.e.,

p(t ) = 1 exp (-t,/ A,)
i

A i

The parameter A,is the mean time between arrivals of the i-th transient. A,is specified by

the user. If A is positive, the transient occurrence is treated in a deterministic manner, ifi

the input value of A, is negative, then the transient is treated in a stochastic manner.

PRAISE allows mixing of random and deterministic ttansients. When random transients are

considered, a new sequence of transients is randomly generated for each Monte Carlo

simulation.

5.7.2 hiid Life Changc

PRAISE provides the capability of analyzing changes in some inputs during the life of the

plant. Changes can be specified at no rnore than four times. The following items can be
.

! changed:
!

oxygen :evel of coolant at plant start upe
oxygen level of coolant during steady state| e
coolant conductivityt e
deadweight stresse
deadweight stress and restraint of thermal expansione

stress in the hot normal operating condition
i- e vibratory stresses

* wall thickness of pipe
i e residual stresses
l'
.

|
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Whenever a change is nade in one of the above items, all of the other items must be,

respecified, whether they are changed or not, if the pipe wall thickness is changed (such as

to model weld overlay), the pressure stresses are recalculated in PilAISE The user must

specily any resulting changes in deadweight and restraint of thermal expansion stresses,

llesidual stresses are renormalized such that they are the same as before at any fractional

depth through the wall, if mid life changes to residual stresses are specified, they can be

changed only to axisymmetric self equilibrating stresses through the pipe wall (to model IHS!

or MSIP, see Section 5.6). ;

,

5.7.3 Seismic Events
'

The timing and magnitude of seismic events to be considered are specified by the user. The

probability of such events (and their magnitude)is considered outside of PRAISE, such as

discussed in George 82 and 11arris 82b. Crack growth is modeled for each seismic event,

using the crack size existing before the event. After the seismic event, the crack size is

returned to its size before the event, llence, PilAISE provides the probability of failure

gin that a specified seismic event occurred at a given time. 4

For each seismic event to be considered, the following items are specified

number of (equivalent) cycles-

equivalent cyclic stress (half of equivalent peak to-peak value)-

maximum seismic stress - t
-

PRAISE can analyze the affects of seismic events only for materials that follow the growth

law

.N". C AK
(5 11) ;

dN (1-R)14
:
*

This is the same as Equation 4-3 for austenitic piping materials, but a general exponent (m)

is allowed. The cyclic stress to be specified is selected to give an equivalent amount of
,

fatigue crack growth as the stress history for the seismic event, Procedures for defining an

equivalent stress are left to the user, but the following is one possible procedure.

5 21

_ . _ - _ _ . _ _ _ _ _ _ _ _ _ _ _ .. _ . _ _ ___ _ ._ _ _ _ . ... _ _ _ _ .



. _.- _ _ _ ___ -. __ . . . . __ _ _ _ _. _

|

;

'

Figure $.3 schematically shows a stress history from a seismic analysis superimposed on the

normal operming stress. This stress history can be considered to consist of the seven cycles

tabulated in Figure 5 3. Fixing the number of cycles at seven (which is not required), a

value of Ao that is equivalent to the tabulated stress history is derived as follows:

~

" '
da AK K -K '*

mn mioL,=C t-

dN (1 -R) n 1 -(K,i,/K,,)la
~

K/" (K , - K ,,)
=C = C ' K ,(K , =- K ,i,).

,m

m m
( ,, ,,)

nF(a,#) - a ,,a "F(a,#)qmn
t

- C{a ,a 22F(a,#) o ,a gmm m

= C[a '8F(a,#))"# {u ,(u,,-o ,)}*# I
m mi

,

Aa=C(a ldF(a,#))"" E "

m,(amm - a ,,i,u)a
'

i=1

=C(a 18F(a,#)]**7{(ayo + Ao) Aa }"*

;

Hence,
N ' .:4 -

omo,i(a ,,i -a ,,,,)
mc

{
i.1

' '(ano + Aa) Ao=Nm

i

The left hand side of the above equation is known from the seismic stress history, and the
,

! equation can be solved for Aa. This is provided only as an example. The user can choose
L

.

his own definition of an equivalent cyclic stress, but PRAISE is configured to handle only

|: _ the crack growth law of Equation 5-11 for seismic events. Note that the above treatment
t

L; - assumes that the crack growth during the seismic event is not sufficient to produce a

significant thange in a or F(ap)._ The example procedure for defining an equivalent stress

L history is easily expanded to allow a or F(ap) to vary during the seismic event. .

:The above seismic stress information can be specified for up to ten classes (or categories or -

magnitudes). For each magnitude, up to ten different sets of seismic stress informntion can

be specified. If more than one set of seismic stress information is specified for a given

5-22
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Figure 5 3. Schematic seismic stress history and the corresponding cyclic stress tabulations.
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,

magnitude, then each of these sets is considered in the crack growth analysis and the total

crack growth during the seismic event is then divided by the number of sets. For instance,

if four different sets of stress information are input for a given magnitude, then crack growth

is analyzed as the sum of the four events, and then divided by four. This feature allows a

statistical distribution of stresses for a given magnitude event to be modeled. Sample

' Problem 3 of Lim 82 provides an example [ Lim 82, Page 4 72].

The influence of seismic events is analyzed at each evaluation time. These times are defined

by the user and are the same as the times at which results are printed out.

r

P

+

5

_

'
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6. INSPECTION, MONITOltlNG, AND TESTING
,

The PRAlSE Code has the capability of analyzing the affects ofinspection, monitoring, and

testing on the pipe joint reliability. Pre service and in service inspections by nondestructive

testing techniques can be modeled. Leak monitoring is considered, and proof testing can

be included.

6.1 Detection Pmbabilities

Pre service and in-service nondestructive inspections can be considered in PRAISE Code

analyses. These enter into the analysis through the probability of detecting a defect during

the inspection as a function of its size. If a crack is detected, it is assumed to be repaired,

with the repaired joint being " perfect" (i.e., defect free). The probability of detection on

successive examinations are assumed to be independent. That is, the fact that the crack was

missed on an earlier inspection does not influence the probability of detecting it on the next

inspection.

The inspection detection probability in PRAISE is expressed as

Pyn(A) - c + (1 -c) erfc( vin A / A *) (61)

where P n is the probability of nut detecting a crack of Area A. The parameters, v, c, andu

A' are input by the user and vary depending on the inspection procedure utilized.

If both a and b of the crack are less than the beam diameter of the ultrasonic probe, D 'n

then

A = dira b (6-2a)
2

<

b*

. . . . . . . .
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If 2b is greater than Du, then

.

A = ltraDo (6 2b)
4

Values of v, c, and A* can be estimated from results reported in the literature. Section 2.4

of 11arris 81 reviews the information available at that time. Considerable data has been

generated since then. The following values were suggested in Harris 81 for thick walled cast

austenitic piping
i

,

v = - 1,60 J

A' = (w/4) Dn a* |

- a* = - 1.25 inch - !
|

L Du = 1 inch j

e=0-
-

The values of a', c, and v vary considerably depending on the material being inspected (as

L well as, of course, the inspection piocedure employed). .Section 2.4.1 of liarris 81 reviews

detection data available at that time, and Harris 86 suggests the following values for wrought

austenitic piping ;

y= 1.60

a* = 0.25 inch ,

L e = 0.005
,

,

These values also- provide a reasonable approximation for ferritic piping. Figure 61

provides a plot of the corresponding non detection probability.

R

The above estimates of v'and a* could be improved based on the large amount of such

information generated in the 1980s [see for example Doctor 90 and references cited therein).

PRAISE currently is restricted to the functional form given in Equation 6-1. <

_
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The treatment of repair in PRAISE could also be updated to include both the possibility of

damage during repair and the uncertainty in siring a crack once it is detee'.ed pacobs 84].

If a detected crack is incorrectly sized, it can be improperly dispositioned. For instance, if

a crack is detected but undersized, it may be left in, which could lead to unexpected later

problems.

6.2 12ak Detection

A defect that grows to become a through-wall crack is a leak. This leaking crack may or

may not be of sufficient length to result in a complete pipe severance. At the user's
disgression, repair of a Icaking weld (that did not produce a complete pipe severance)

involves either replacing the entire weld with perfect material or repairing only the cracks

that are leaking detectably, if the leak is not detectable, the crack can continue to grow,

perhaps leading to a complete pipe severance. If the leak is sufficiently large, it will be

detectable, and the plant can be shut down and the leak repaired.

The probability of detecting a leak depends on its size, and PRAISE considers leaks below

a user-defined value to be nondetectable and leaks above that value to be detected with a

. probability of unity. The plant technical specifications define the allowable unidentified leak

rate, and this is often used as the detectable size. A value of I gallon per minute was used

in liarris 81 (Page 105).

In order to determine if a leak is detectable, it is necessary to estimate the leak rate, which,

in turn, requires an estimate of the crack opening area. The opening area and leak rate
;

estimation procedures =in PRAISE are quite mdimentary, because conservative scoping

calculations in Harris 81 (Sections 2.8.2 and 2.8.3) showed that all leaks in the piping under

consideration would _be detectable. The treatment of opening area and leak rate in PRAISE

l could be greatly refined using results for crack opening area (Tada 85] and leak rate through

cracks that have become available since the original PRAISE development.

|

As PRAISE now stands, the opening area is estimated by considering the crack to be|

rectangular in _ shape with a length 2b and width (opening displacement) of 6, where

[Tada 851
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,

P

S . 4"h(I -P ) (6 3)
E

This expression comes from the result for a crack in an infinite plate and is conservative.

The basis of the leak rate estimate is described in Section 2.8.1 of Harris 81. The following

expressior is from Section 2.6.1 of liarris 86 and is used in PRAISE for leak rate estimates

h U2 ,{0.2562 6 s 2 mils
(6-4)

2b l 0.93756 -0.875 6 > 2 mils

where -6 = total crack opening displacement (mils)

ha pipe wall thickness (inches)

2b = through wall crack length (inches)

leak rate (gallons per minute, reactor conditions)=

i

Equation 6-4 was developed for norninal pressurized water reactor conditions, i.e.,2250 psi

and 550 F. This equation is not accurate for conditions other than this.

. 6.3 Pnmf Testing

The pressure boundary _ of commercial power reactors is subjected to a pre service

hydrostatic proof pressure. The proof test can have an influence on piping reliability by .

- removing the cracks that fail during the proof (so they would not cause failure during

subsequent service). PRAISE treats pre service proof tests by checking sampled cracks

~ during Monte Carlo simulation. The sampled crack is checked to see ifit survives the proof

pressure. Ifit does,_the simulation is continued. Ifit does not, the pipe is considered to be

repaired to as good as ne4and another crack is sampled. Simulations whiJa have failures
.

' during proof remain in the " denominator" of the Monte Carlo evaluation, but do not lead

to failure in service. Separate " books" are not kept on proof failures, so the probability of .

failure during proof testing is not directly available.

65
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i
iin service proof tests may also be performed PRAISE can consider them as anothei part
;

of the stress history by treating the proof as a radial gradient thermal stress and inputting |
,

the appropriate g* min, g*,, tables (see Section 5.4).' liowever, this will not directly separate
'

!- failures during proof tests from failures in service.

,
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7. MONTE CARLG SIMUIATION

The PRAISE Computer Code uses Monte Carlo simulation techniques to estimate the |
!

. cumulative distribution of time to first failure for a girth butt weld in nuclear reactor piping j
1

that is s,ubjected to normal operating conditions, anticipated transients, and seismic events )
of various magnitudes. The basic equations in the PRAISE simulation are:

N'~{t)P(t s t) ~ (71)y
N

and

P|t s t|EO(g,t)) ~ (7 2) '|Np(g,t)
p

N

svhere N is the number of simulations

N,(t) is the number of simulations in which failure bus occurred 4

at or cfore time (t)
N (g, t) is the number of simulations in which failure has occurredp

at or before time (t),if it is subjected to an earthquake of
intensity g at time t

P(t s t) is the probability that the weld has failed at or beforep
time t

s t|EO(g, t)] is the probability that the weld has failed at or before timeP[tp
t; stress history includes a single earthquake of intensity g
at time t.

7.1 Sample Space Definition

The two dimensional growth of cracks in PRAISE can be conveniently represented on a

a/h a/b (normalized crack depth and inverse of the aspect ratio) coordinates. These are

also the variables that define the initial crack size distributions. This representation of the

sample space is displayed in Figure 71. A small wedge shaped portion adjacent to the

n/b = 0 axis is infeasible because any crack located in this region would have lengths greater

than the circumference of the pipe. The infeasible points satisfy

7-1
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For the case of net section failure criteria, the cracks that satisfy the following equation are

considered to result in a double-ended pipe break

, 3

"'A 2 'i - A ,pe (7 3)umt p _

, no ,
,

where A ,a =ab [2 + (a/R,)]a

A ,3 =wh(2R + h)y 3

In the case of multiple cracks, A ,a is the sum of areas of all the cracks. The loci of all they

single cracks that would cause a LOCA are shown by a shaded-region in Figure 7-la.

For tearing modulus based failure criteria, the points in the LOCA region satisfy

a > a ,, and b > b ,, (7-4)y n

where a ,, = the smallest depth of a complete circumferential crack -

y

for which J 2 Ju and T,gy,,.a a T ,,

h , = the smallest half-length of a through-wall crack form
which J 2 Ju and T, ppa.a 2 T ,,

The loci of all the cracks that would cause a LOCA is shown by shaded region in

Figure 7-lb. In the case of multiple cracks in a weld, the above criteria is applied to each

of the cracks.

Typical crack growth trajectories are also displayed on Figure 7-1. The trajectories are the

loci of points showing the variation of crack dimensions with time as the crack grows under

the cyclic loads. The crack depth variable is monotonically increasing while the value of a/b

is free to either increase or decrease during the crack propagation process. These

7-3
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trajectories are a vivid demonstration of the two-degice-of freedom model being used to

represent crack growth in PRAISE.

If any of the cracks in the sampl space is subjected to cyclic loads of sufficient magnitude

for a long enough time, they would eventually fail either as a leak (a 2 h in the case of net-

section criteria or a 2 a in the case of tearing modulus criteria) or a catastrophic completem
pipe severance. Figure 71 shows that many of the failures would occur a., part through
c'efects that would leak. If these leaks are not detected, the length of the crack would

continue to increase (a/b decreasing) and ultimately reach the large LOCA regien. Cracks

which exhibit this sequence of leak and LOCA are said to have experienced " leak before

break". On the other hand, it is possible to have combinations ofinitial crack size and stress

histories that lead to a large LOCA without first undergoing a leak. Although PRAISE

routinely handles both situations,it presently does not display the fraction of L.OCAs which

experience the "lenk before break" phenomenon.

7,2 Crack Sampling

PRAISE can calculate the probability of failure due to (i) the growth of a pre existing defect,

(ii) initiation and growth of a defect during the plant lifetime, or (iii) both considered
*

simultaneously. Techniques used for sampling of the cracks for each of the above cases are

discussed in tnis section.

7.2.1 Stratified Sampling for Pre-Existing Cracks

A direct evaluation of Equations 7-1 and 7 2 using simple random sampling in which the

initial crack dimensions are selected in accordance with their postulated frequencies of

physically occurring is computationally inefficient. For example, suppose that a relatively-

large defect must exist before failure occurs. However,if the probability of obtaining a large

initial defect is small, a very large number of simple random samples may be required before

a statistically significant number of failures is obtained, Furthermore, since the quantity of

interest is the probability of failure rather than the time-dependent crack size distribution,

simulation of cracks which do not eventually lead to failure is, in some sense, a wasted effort.
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For the initial crack size distr:Sution postulated in Harris 81, the ovenvhclming majority of

the cracks that exist would not lead to a failure within the plant lifetime.

A variety of well established techniques exist for increasing the accuracy and computational

efficiency of Monte Cmla simulations [Mazumdar 75, McGrath 73). These techniques are

known by a variety of names; e.g., variance reduction method, stratified sampling, biased
>

sampling, or importance sampling. For consistency in discussion, this report shall-refer to- -|
the sampling scheme incorporated in PRAISE as the t.tratified sampling scheme. The basic

'

idea is to partition the sample space into a set of mutually exclusive cells. A pre-determined

number of samples is then selected from each cell. Within each cell, the individual crack

dimensions are still selected according to the postulated initial crack size distribution. The

distribution of time to first failure is modified so that Equations 7-1 and 7-2 become !

'""
P(t s t |EO) = p, (7-5)p

N,mal .

and -

P[t s t |EO(g,t)] = f F" E'
p p, (7-6)

N,m=1 .

,

where M is the total number of cells

N, is the number of samples from the m tb cell

N,,(t) is the number of samples drawn from the m th cell which have ip
failed at or before time, t

N .m(g,t) is the number of samples drawn from the m th cell whichr
experience an earthquake of magnitude, g, at time, t, and have
failed at or before time, t

p, is the probability of an initial defect having coordinates within-
'

the boundaries of the m th cell
,

.P(t ; s t |EO) is the probability that the weld has failed at or before time t;i
stress history does not include earthquake,

i

A typical stratification of the sample space is illustrated in Figure 7-2. For illustrative -

purposes, three regions have been schematically identified. Points located in the upper

portions of the sample space (near the LOCA or leak regions) are obviously more likely to

7-5,
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fail than points near the lower portions of the sample space.' A region of uncertainty exists

betwee n th-se fail and no-fail regions. In many cases, computational experience with similar

problems would allow one to draw, with a high degree of confidence, boundaries on the no-

fail region. Since samples drawn from these regions = would never lead to failure, a

considerable computational improvement can be obtained by ignoring these cells in the

- sampling plan, in terms of Equations 7 5 and 7 6, the summation would be performed only

over cells where there is failure or uncertainty regarding potential failure. Furthermore, a

more efficien* allocation of the total number of samples selected can be obtained by placing
_

' more of the sample into the uncertain region than into the fait region.

7.2.2 Initiating Cracks

in the case of SCC initiated cracks (and no pre-existing cracks), no stratification scheme is ;

~ impletilented.- Unlike the case of pre existing cracks only, more than one crack may initiate

in a weld joint, anc the time to initiation is a random variable. The depth of the initiating +

crack is deterministically defined as 0.001 inch. The surface length of the initiating crack is

asstimed to be lognormally distributed with median value of 1/8 inch and shape parameter

of 0.85. -These cracks grow by SCC and fatigue (if selected), and the failure probabilities are

calculated by applying Equations 7-1 and 7-2.

-7.2.3_ fre Existing and Initiated Cracks

Pipe failures are usually domin~ ted by either pre existing weld cracks or by SCC-initiateda

cracks. However, in instances, where both may have similar contributions to failure, they

should be included in the analysis simultaneously. In this case, the crack sampling is

primarily driven by the pre-existing crack case as described earlier, with initiation due to

SCC included during the plant lifetime, in order to improve computational efficiencies, a

user-defined boundary is provided such 'that the initiatcd cracks are included only if the

sample pre-existing crack is'above the boundary. The assumption here is that the pre-

existing crack is so big that the initiated cracks, which always have a depth _of 0.001 inch, are

not going to be significant compared to the Pbig" pic-existing crack. The failure probabilities

are the same as given in Section 7.2.1.

7-7
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7.3 Probability Estimates and Their sampling Ermrs

Since a Monte Carlo technique has been used to estimate the failure probabilities, these

estimates will hase some sampling errors. Therefore, PRAISE also calculates the vadance

of these probabilities. The variances can be used to construct confidence intervals for the

estimated probabilities, in order to derive the appropriate relationships, consider first the

case of simple random sampling and 90 earthquakes. The probability of failure at or before

time t can be estimated by,

(7-8)P(t s t)F(t) = ~ r
N

where N is the total number of replications

N (t) is the number of replications which have grown to failure at ori
before time t

P(tr s t) is the true, but unknown, probability that the weld has failed
at or before time t

F(t) is the estimator for P(t s t)r

The estimator F(t is simply the proportion of the samples which have failed at or before)

time t. At any time during a gisen replication, the weld joint is in one of two mutually

exclusive states; namely, failed or not failed. Suppose that a Bernoulli random variable i (t)n

is defined by

1 if the weld is failed at time, t (7 9)

0 if the weld is nel failed at time, t
.

The subscript n indicates the particular replication,

in terms of I (t), the number of failures is given byn

N

N (t) - [ I (t) (7-10)
i n

n.i

while the proportion of failures is estimated by

7-8

. _ _ - _ _ _ - _ _ - _ _ _ _



. . . _ . . _. . __ . _ _ _ _ _ . . _ _ _ . _ _ . _ _ . . _ . . _ . _ _ _ _ _ .

F(t) = 1 {N 1,(t) (7 11)r;

N u.s

it can be easily shown [Yamane 67, Section 5.9, Equation 8] that an unbiased estimator for

the variance of F(t)is
2 I

s (t) = F(t) [1 -F(t))
N-1

(7 12)
I

N -1 [F(t)-F 2(t))
=

l

' ' 'I*N

s (t) = { 1,(t) 1 {N 1,(t)2 ' ( )
N(N-1) N ,u.3n.

,,

i

When st'ratific-* ion is used, these relationships have to be modified to accommodate the

stratificatic.r'. Tne proportion of cracks drawn from the m-th cell that fail at or before time

- t is given by- ;

E'"(' }F,,(t) = (7 14) -

N,o
.

where~ N, is the number of samples from the m th stratumo

Ngo,(t) is the number of samples from the m th stratum which have-
failed at or before-time t

1
.

If, in analogy to Equation 7-8, Bernoulli random variables for initial cracks drawn from the
.

i
m-th cell are defined as ;

'
,

1 if the weld with an initial defect from - '

I t) = , the m-th cell is failed at time, t
(7-15)

0 'if the weld with an. initial defect from
- the. m-th cell'is nat failed at time, t,

'

then>

79

_ . . . . . . _ . _ . _ . . .._. _ .-. . . _ _ _ _ _ . . _ _ _._ _ _._2._._. ___.._._ _ . - ~ _ . _ _ . _ . - ~ _.
-



,. _ ___ _ _ _ __ .

k

i

t

Nm . '

(7 16)Nr,m(1) = E 1.,.(t)
Dl

-and

Nm
IF,(t) = E I ,,,(t). (717)

b R*l i
m

,

where n is an index for the cracks from the m th stratum and F,(t)is an unbiased estimator ,

s t), the probability that cracks from the m th stratum will fail at or before time t.for P,,,(tp

r

in a manner similar to Equation 711, an unbiased estimator for the variance of F,(t) is ,

,

,

1

s ,' = N ,- 1 (7-18)F,(t) 1-F,(t)-

'
Nm Nm-

(7-19)
5,* = [ ' I ,*,(t) .1 - E I ',(t)

N , , n.iN,(N,,,-1) ni ,

it can be shown |Yamane 67, Section 6.9) that F,i(t) and s,,2 are unbiased estimators for the

. overall failure probability and the variance of the overall failure probability, respectively, ;

),

.. herew u
F,,(t) = E F,(t) p, (7 20)

-i
and- . u

s,'(t) = . E s,2(t) p (7 21) ;2

m1

Additional considerations with regard to computational efficiency suggest that Equation 7-14

, should be modified to accommodate the pre service and in service inspections. The random
_

variables are redefined so that -

|
U

;
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P if the weld has failed by time, t
(7-22)gn,m

O if the weld has nel failed by time, t
,

Equations 715 and 7-16 are then evaluated using I .,(t) as defined in Equation 7-21.'

m

When the influence of earthquakes is to be evaluated, separate random variables are

constructed for each earthquake category, or

P if a category g earthquake occurs at time, tgn,
and the weld with a crack from the m-th
stratum has failed at or before time, t (7-23)

I ,(g,1) = <m'
O if a category g earthquake occurs at time, t

and the weld with a crack from the m-th
stratom has nut failed at or before ti :, t

The corresponding estimators are:

1. Stratum Proportion
N

F (g,t) = 1 {m I ,(g,t) (7-24)m m
N, n.i

2. Variance of the Stratum Propartion

'sj(g,t) F (g,t) 1 - F,,(g,t) (7-25),

mN -1m

k

7 11
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3. Overall Failure Probability _

u
F (g,t) = { p, F,(g,t) (7 26)u

m.

4. Variance of the Overall Failure Probability

M

sj(g,1) = { p,2 3 (g,t) (7 27)2

m.:

7.4 Joint and System Reliability

Tue failure probability calculated by PRAISE is for a given weld joint. A piping section may

consist of many weld joints, each of which may have a different geornetry and subjected to

different load history. The probability of failure in the piping systein is governed by the

probability of failure of the various joints in the system. If the failure probability of each of
'

thejoints is independent of otherjoints, then the system failure probability can be calculated

as

J

(7 28)P,g(t) = 1 - 1I 1-Premu(t),
kal

If the failure probabilities in the joints were correlated, the above equation provides an

upper bound estkate of the system failure probability. A lower bound on the system failure -

probability would be the probability of failure of thejoint with the highest failure probability.

|

|-
To calculate probability of a seismic-mduced LOCA (or leak),information about the seismic

hazard curve is required. PRAISE provides the probability of a LOCA (or leak) given that -

L a seismic event of a given magnitude occurred at given. time during the life of a plant.

( George 81 and Harris 82b discuss procedures for combining the seismic hazard curve with

the PRAISE output.

|
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8. - INPUT INSTRUCTIONS

This section provides detailed instructions for creating an input file for PRAISE and
executing the code. Section 8.1 is intended for the first time user of PRAISE. Sections 8.2

and 8.3 provide detailed instructions for assembling an input file. An i ractive pre-
processor for creating input files is discussed in Section 8.4.

8.1- Getting Started

This section is provided for the first time program user it provides detailed instructions for

solving a realistic piping eaalysis problerr. with PRAISE. The following discussion assumes

that the software has been installed according to the ins actions provided with it. It also

assumes that the user is familiar with the basi: operation of an IBM-compatible pc.

Analysis using PRAISE generally consists of three basic steps:

gathering inputs and setting un the input file,*

executing the input file using PRAISE, ande

plotting and interpretation of the results.o

Let us say that you wish to calculate the probability of leak in a weld jomt in the hot leg of

a P.WR plant. The following inputs relating to the geometry of the pipe, pipe material, and

- thioperating hista are required to calculate the leak probability due to the growth of a
pre-existing crack by fati"ue

Pipe Geometry:
Inside Radius = 14.5 in
Wall Thickness = ^ in

Operating Conditions:
Deadweigh, y 2.08 ksi
Deadweight + Thermal Expansion = 8.58 ksi
Operating Pressure = 2400 psi
Proof Pressure =c 3000 psi
Heat-up Cool down requency = 5 per yearc

Plant Lifetime = .4o fears
-Residual Stresses Not Considered

"
8-1
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Vibratory Stresses Not Considered

Fatigue Crack Growth Properties for 304 SS:
C (median) = 9.14x10*
C (90th percentile) = 3.5x10~"
Fatigue Exponent = 4.0

U2Fatigue Threshold = 4.6 ksi-in

Flow Strms for 304 SS:
Mean = 43.2 ksi
Standard Deviation = 4.2 ksi

_.

Initial Crack Size Distribution:
Depth Distribution -- Exponential

Parameter = 4.07
Aspect Ratio DistriLiion -- Lognormal

Median = 1.4
Shape Parameter = 0.538

The sample space will be divided into 100 cells and 25 samples will be taken from each cell.

This is an important input in the analysis involving pre-existing cracks. You can assemble

P ;nputs in a file using a text-editor. A basic pre-processor provided with PRAISE..

e can also be used. In this case we will use the pre processor. The pre-processors. in -

.p to a.- mble an input file for the problem described above. To start the pre->

r ws:: or, at the DOS prompt, type
-

PR_. INPUT < Enter >

The pre-processor will display the default values and request the new inputs. Accept the

default values in each case by pressing < Enter >. At the end, the pre-processor will request

two filenames for saving the input data, for which there are no default provided. Type
,

f
DEMO.TMP < Enter >

8-2
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in response to the prompt for template file, and type

DEMO.DAT < Enter >

when the name for the input f;le is requested. At this point, the pre-processor exits to DOS

and a PRAISE-ccmpatible input file is created. To carry out the analysis using the input

file, at the DOS prompt, type

PRAISE DEMO < Enter >

PRAISE will display some information on the monitor while it is carrying out the analysis.

It will take approximately 5 minutes (on a 386/20 PC) to complete the anr*ysis. When the

analysis is completed, the results will be saved in file DEMO.OUT. This file can be printed

on any printer capable of printing 132 columns. If you have a 1-IP Laserjet printer

connected to LPTl port, the output file can be printed using the following command:

HPLASER DEMO.OUT

The first two pages of the output file consists of verification of the inputs. The next two

pages describe the stratification of the s. nple space for crack sizes. The last page provides.

the probabilities ofleaks and LOCA as a function of time. In this case, the stratification was -

optimized for the calculation of leak probabilities only, and therefore, the LOCA

probabilities are not estimated accurately.

Where to go from here:

Section 9.1 for description of the output file,*

Section 9.2 for plotting the failure probabilities and the stratification scheme.e

Section 10 for more sample problems, and*

READ.ME file on the disk for any changes since this documentation*

was printed.

&3
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8.2 input Descriptions

This section is intended for the pc-PRAISE user; i.e., the person who must construct the

input deck to execute the problem. Eleven sample problems are also presented.

As shown in Figure 8-1, pc-PRAISE input can be roughly divided into the following eight

categories.

1. problem control variables,
,

2. geometry and meterial properties,

3. initial crack size distribution,
,

4. in-service inspection, earthquake evaluation times, and leak
detection,

5. stratified sample space definition,

6. stresses, operating conditions, and frequency of transients,

7. scismic intensity and stresses, and

8. n.id-life changes.

8.2.1 Problem Control Variables

The first card read by pc-PRAISE is a problem description or title card. Ali 80 columns are

used. The title is repeated as a heading on various pages of the output. The majority of

the control variables are read from the second and third card of the input deck.

INCIAT -- Parameter to describe whether pre-existing (= 0), initiated (= 1), or both

.(= 2) are to be considered in the analysis, if INCIAT = 0 or 2, then stratified

samphng of pre-existing cracks is effective, and the initiated cracks are included in

the analysis depending on the value of BNDRY. If INCIAT = 1, then the analysis

is performed using SCC-initiated cracks only. This is a major control variable and

affects available options for many other variables.

,
,

IFAILC -- Aag to ..at the failure criteria. If IFAILC = 0, then the failure criteria

based on net-section stress is applied. For mAILC = 1, tearing modulus based

failure criteria is applied. Both of these failure criteria are applied if IFAILC = 2.

8-4
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1. Problem Control Variables

2. Geometry and Material Properties
e pipe wall thickness
e pipe inside radius

fatigue crack growth patameterse
* flow stress

3. Initial Crack Size Distribution
* crack depth ratio
o crack aspect ratio

4. Evaluation and Inspection
* earthquake evaluation time
e in-service inspection time
e leak detection threshold
* big /small leak discrimination

5. Sample. Space Definition
e internally generated by pc-PRAISE
* user-specified

6. Stress and Transient Data
o frequency of occurrence

j * maximum temperature excursion
* normalized variation of stress

| intensity factor during transients
e contribution of residual stresses to the

stress intensity factor
o vibratory stress parameters

7. Earthquake Definitions
* S-fa. .or
o load-controlled stresses

8. Mid Life Changes

,

Figute 8-1. pc-PRAISE input data categories.
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For net section stress failure criteria, oniy the Dow stress is required. For tearing

modulus based criteria, the tensile properties required are J,,, dJ/da, yield strength,

clastic modulus, and D and n of the Ramberg-Osgood stress-strain equation.

ICRAKS -- Stress corrosion initiation sites. ICRAKS is the maximum number of

cracks that can initiate by stress corrosion mechanisms. The length of the cracks at

..the time of initiation, its location around the circumference, and t% time to initiation

are all distributed variables.

IREPLS - Number of replications for SCC initiated cracks only analysis. When pre-

existing cracks are not included in the analysis, IREPLS weld joints are simulated

using SCC-initiated cracks. Stratification based on crack size is not available in this

case. If INCIAT = 0 or 2, then IREPLS is not used.

IREPAR -- Option for repairing leaking cracks. If IREPAR = 1, then all the !

through-wall cracks are repaired, if one or more crack has a detectable leak rate.

Tim cracks can continue to initiate and cracks that are not through-wall at the time

of repair, can continue to grow, if IREPAR = 0 or if analysis is for pre existing

cracks only, then the leaking welds are replaced with perfect welds.

HNDRY -- a/h boundary above which initiated cracks are not included. If both pre-

existing and initiated cracks are considered (INCIAT = 2), then the initiated cracks

are not considered whenever the depth if a sampled pre-existing crack is greater

| than BNDRY.

L

ISF -- Flag for fatigue crack growth properties. Fatigue crack growth properties for

-ferritic material are hard-coded into the program and can be accessed by setting

L ISF = 1. If ISF = 0, then the fatigue crack growth coefficient is input by the user

i on Card 2B.
|

L 8-6
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'MTIYPE .-- Material type. Material properties for SCC initiation and growth are
- hard-wired into pc-PRAISE for 304 (MTTYPE = 1) and 316 NG (MTTYPE = 2).

The user only needs to select one of these materials.

ISEED -- Random number seed 1.

ISEEDR -- Random number seed 2. The sequence of random numbers generated

in pc PRAISE depends on ISEED and ISEEDR. For a given pair of seeds, the same

sequence of random numbers is obtained. The sequence can be changed by varying .

the seeds.

IREMED -- Number of future remedial actions, if IREMED > 0, then stresses, wall

thickness, water chemistry, and residual stresses can be changed IREMED times

during the plant lifetime. A maximum of four remedial actions can be modeled.

NTRIES -- Parameter to determine the number of replications to be taken from each

cell. If the stratified sampling mesh is to be generated internally by the code, then

NTRIES samples are to be taken from each cell. When the user defines the cells
' 'and NTRIES > 0, NTRIES is a multiplier on NUMTRY(M) (the user-defined

number of replications in the M-th cell). If the user defines the cells and NTRIES <

0, all of the cells will have ABS (NTRIES) replications. This option is particularly

- convenient when a small number of replications from each cell is needed for testing

purposes. NTRIES is not used if INCIAT = 1. For deterministic fatigue crack

growth analysis, NTRIES should be set equal to 1.

ISQARE -- Option for definition of the cells in the stratification scheme, if

- ISOARE = - 1.- then pc-PRAISE internally generates the set of cells. The user

specifies the extent of the sample space and the number of divisions in each

coordinate direction. The range of coordinates is given by: ,

8-7
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1. AOHLOW s a/h s AOHUP
~

2.- - AOBlFF. s a/b s AOBRGT

The n/h and a/b coordinates are then divided into NAOH and NAOB equal intervals,

respectively. In other words, the sample space is divided into (NAOH)(NAOB) cells,

each cell with dimension

(AOHUP - AOHLOW)/NAOH by (AOBRGT - AOBLFT)/NAOB

If ISOARE = 0, the user must supply the a/h and n/b boundaries of each cell along

with the number of replications to be performed in each cell. ISQARE is not used

if INCIAT = 1.

KTYPES -- Total number of types of transient events that are to be modeled.

pc-PRAISE assumes that the heat-up/ cool-down cycle is the first transient event type.

This does Rol include inspection events or evaluation earthquakes.

'KRKDIS -- Parameter to select the type of probability distribution function that

defines the initial crack size distribution.
|
|

NEVAL -- Option to define the points in time when the reliability is to be evaluated.

If NEVAL < 0 is input, pc PRAISE performs an evaluation every ABS (NEVAL)

years, if NEVAL > 0 is supplied, the user reads NEVAL evaluation times into the

vector (TEVAL(I), I = 1, ..., NEVAL).

NINSPT-- Option to define the number of times during the plant lifetime when in--

service inspections are to be performed,- The user reads NINSPT values into the

- vector (TINSPT(l), I = 1, ..., NINSPT).

.

j s.8
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NQUAKE - Option for earthquake evaluations. If NQUAKE = 0, no earthquakes

are evaluated. If NOUAKE > 0, evaluation earthquakes are inserted in at user

specified intervals.

IDEBUG -- Option for additional debugging output. IDEBUG = 0 yields the normal

output, while IDEBUG = 1 or 2 gives the additional output. The user is cautioned

that this option not only generates a large volume of output, but also the output is

presently- not well formatted. The debug output is only intended for' the
programmers and not for the users of the code.

KONPRP--- Flag for the distribution of fatigue crack growth relationship. This flag

affects both the ferritic crack growth, for which the constants are hard coded, as well

as the user supplied inputs for austenitic or other material. If KONPRP = 1, then

the fatigue crack growth is deterministic. If KONPRP = 1 and if the ferritic crack

growth is selected (ISF = 1), then the median crack growth rate is used, if
KONPRP = 1 and user-supplied C is used (ISF = 0), then the same value of C is

used through out the simulation. If KONPRP = 0, then for ferritic material, the

hard-coded distribution of crack growth is used; for user-supplied austenitic or other

material, the C is cons'idered to be lognormally distributed. For deterministic fatigue

crack growth analysis, the value of KONPRP should be set equal to 1.

.

NEQiNT -- Number of earthquake intensity categories.

L
MCELLS -- Number of cells in the stratified sample space when it is input by the"

user."If pc-PRAISE constructs the sample space, the va!ue of MCELLS is ignored.
,

For_ deterministic fatigue crack growth analysis, MCELLS should be set equal to 1.

- KNSFLO -- Option for the flow stress model. If KNSFLO = 0, the flow stress is

normally distributed and changed at the begint.ing of each replication. When

KNSFLO = 1, a constant value is assumed throughout the calculation.

8-9
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NSKIP - Frequency of printout for the indicator functions. Normally, the value of

the indicator function is prir.ted out for every cell and every evaluation time. The

user can reduce the amount of output by skipping some of the evaluation times in

the printout. The number of evaluation times between successive printouts is equal

to NSKIP. For example, if NSKIP = 5, then every fifth evaluation time is printed

out. If NSKIP s 0, then no indicator functions are printed out.

NPSI-- Option for modeling an ultrasonic pre-sersice inspection, if NPSI = 0, then

no inspection is performed. If NPSI = 1, a pre-service inspection is performed.

ISCC -- Option for modeling stress corrosion cracking (SCC). If ISCC = 0, then no

stress corrosion cracking is modeled, i.e., only fatigue crack growth is analyzed. If

ISCC = 1, only stress corrosion cracking is modelled. If ISCC = -1, both fatigue and

stress corrosion cracking are modeled' simultaneously. If stress corrosion initiated

cracks are considered, then ISCC should be 1 or -1. ]
!
I

ISIGRS -- Option for adding-the contribution of welding residual stresses. If

ISIGRS = 0, then no residual stresses are modeled. ISIGRS = 1 through 6 select

various residual stress models.

~ Additional variables in the problem definition are:

TIIRIZN -- Plant lifetime (years). If no failures occur, this is the maximum len;;ih

of time that a particular replicatian runs.

DTSCC -- Maximum time step (years) to be used in the SCC calculations.

,

1
!

l
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8.2.2 Geometry and Material Propertiej

The variables that define the pipe geometry are:

TillCK -- wall thickness of the pipe

RIN -- inside radius of the pipe.

ELOVRR - Ratio of effective pipe length to radius. It is used to calculate relaxation

of displacement-controlled stresses due to the presence of c crack. ELOVRR is used

only if tearing modulus based failure criteria is selected (IFAILC ,1 or 2).

As shown in Section 4.2, the fatigue crack growth relationships in pc-PRAISE are:

if (Ak,)ctr 5K0da (81)o
.__. .-

C(AE,) rr otherwisedN

and
I

if (AE )ctr sK ~0db (8-2)3 o
_____ =<
dN C(A K,)"r'r otherwise

where (AK,)ctr =' As/(1-R ). The inputs for Equations 8-1 and 8-2 are:i

TilRIILD -- The threshold value for crack propagation (ksi-inu2). This corresponds

to K in Equations 8-1 and 8 2.o

EMEXP -- Value of the exponent denoted by m in Equations 8-1 and 8-2.

CONSMU -- Parameter for the constant in the crack growth law. If the constant is

the same in each replication (".GNf RP = 1), then CONSMU is the value of the

8-11
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constant. If C is lognormally distributed (KONPRP - 0), then CONSMU is the

median of the distribution.

CONS 90 -- When C is lognormally distributed (KONPRP = 0), CONS 90 is the 90th

percentile of the distribution. If KONPRP = 1 this value is ignored.

Complete pipe severance is assumed to occur when (i) net-section stress exceeds the flow

stress (if IFAILC = 0 or 2), or (ii) J,ppng aJ and (dJ/da)|,ppi,co 2 (d]/da)|,,,%,i (if _ic

IFAILC = 1 or 2). In the case of net-section failure criteria, material now stress is the

relevant parameter, pc-PRAISE can treat the flow stress as a constant or normally

distributed.

SFLOMU -- Value of the flow stress (ksi). When it has a constant value throughout

the calculation (KNSFLO = 1), this is cr ,. When it is normally distributedy

(KNSFLO = 0), SFLOMU is the mean value.

SFLOSD -- Standard deviation of the flow stress (ksi) when it is normally distributed.

i

in the case of tearing modulas based failure criteria, the following material properties are

used, all of which are treated as constants.
~

2XJIC -- J of the material (in-kipslin ).ic

DJDAMT -- dJ/da in ksi.

SIGO -- Yield strength in ksi.

DEE -- Coefficient D (in ksi) in the power law hardening equation, e = (tr/D)"

.

8-12
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XN Exponent.n in the power law hardening equation.

-YOUNGS -- Elastic modulus in ksi.

Probability of failure of an uncracked pipe is estimated by cale ilating the probability of the -

load-controlled stress (ai_c) exceeding the ultimate tensile strength. The ultimate tensile

strength of the pipe material is assumed to be normally distributed. The following inputs

are required,

'SULTMU -- The mean value of the ultimate tensile stress (ksi).

SUI!rSD -- The standard deviation of the ultimate tensile stress (ksi).

.IULT -- Indicator Dag. _IULT can take values between -3 to +3 If IULT = 0, then

probability of failure is calculated only for the given value of a .c. If IULT e 0, thent

the probability of failure is calculated at additional ABS (IULT) stress values between -

zero and at.c. If IULT > 0, then the. intermediate stress values are obtained by
.

linear interpolation. Logarithmic interpolation is used if IULT < 0.

8.2.3 - Initial Crack Size Distribution

in pc-PRAISE, the = initial crack size distribution is given -in terms of the crack depth

distribution and an aspect ratio distribution. If the crack depth is lognormally distributed,
! the probabili_ty density function (pdf) is given by

_p(a)-= exp [ - ( In a -In a")2 ] -(8-3)
1 1

Aaf27r

The relevant input parameters are:

AMEDIN -- The median value of the lognormal distribution. It is equal to a ing

Equation 8-3.
_

8-13
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- ASIGMA -- The shape factor in the legnormal distribution, it is also the standar<l

deviation of in a and corresponds to A in Equation 8 3.

Both AMEDIN and ASIGMA have units of inches.

If the crack depth is exponentially distributed, the pdf is

p(a) = A exp (-Aa) (8~4)

and the required input is

dAIAMDA - The intensity or rate parameter (in ) for an exponential distribution.

(A in Equation 8-4 correponds to 1/g in Equation 2-38.)

For both Equations 8-3 and 8-4, pc-PRAISE computes normalization factors such that the

integrals of p(a) over the range 0 s a s h are unity,

pc-PRAISE can model the crack aspect ratio either as a truncated lognormal or a shifted

exponential distribution. For the truncated lognormal, the pdf ia

i

O h/a < 1 l

p(b/a) = (8-5)
exp [ '( In(b/a)-inM)2]

C 1
'

b/a > l
S-1 ~

Sy217 (b/a)

and the input parameters are:

. BOAMED -- Parameter analogous to the median in a lognormal distribution. It is

equal to M in Equation 8-5.

BOASIG -- Parameter analogous to the shape parameter in a lognormal distribution.

It is equal to S in Equation 8-5.
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' BOANRM '-- The normalization factor, C, in Equation 8 5, which is calculated
internally by PRAISE.

pc-PRAISE assumes that the integral of Equation 8-5 over the range one to infinity is equal

to unity. The alues of M. S, and C are usually defined by requiring that the mode of p(b/a)

occurs at b/a = 1 and the probability of exceeding a given 5^ is a certain amount, or.

p(b/a > Eo) = p (8-6)

where and p are based on engineering judgement, heuristic arguments, or convenicnce.o

if p(b/a) is treated as an exponential distribution, or

p(b/a) = Aexp [-A(b/a-1)) (g//)
(b/a)21

The relevant input parameter is:

BOALDA -- The rate parameter in the shifted exponential distribution on b/a.
pc-PRAISE automatically calculates a normalization constant to ensure that the

integral of Equation 8-7 between one and intinity is unity.

8.2.4 Insnection Times. Earthouake Evaluation Times. and Leak Detecuon

The pc-PRAISE user specifies the time for both the in-service inspection and evaluation

times. The ~ earthquake evaluation times can be set to occur uniformly over the lifetime of

the plant at constant intervals of YY years by setting the variable NEVAL in Card 1B to
-YY, or

NEVAL = -YY (8-8)

On the other hand, the user can specify an arbitrary number of evaluation times by setting

NEVAL equal to the number of evaluations and then reading NEVAL values into the vector

TEVAL(I), I = 1, ..., NEVAL There must be at least one evaluation time; otherwise, no

statistics will be recorded.

8-15
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: For in service inspection times the user supplies NINSPT values into the vector TINSPT(1),

c 21 = 1, ..., NINSPT. If no in-service inspections are desired, pc PRAISE must be followed-

by setting TINSPT(1) = XX, where XX is a number greater than the lifetime of the plant,

E or-L

TINSPT(1) = XX > THRIZN (8'9)L

The pc-PRAISE model presently assumes that any leak rate above a given value will be

detected and result in a pmnt shutdown. This input leak rate is given in the variab!e

FNDLEK. - pc-PRAISE also maintains statistics on the fraction of leaks which are classified

Tas big leaks. The threshold value for big leaks is defined by ALKBIG.

x

- 8.2.5 ; Strstified Samole Spms

The sample space used by pc PRAISE has coordinates a/h and a/b. pc-PRAISE provides

the user'with two options for partitioning this space:
,

1J user specifies the coordinates of each stratification cell,

2. code internally partitions a cortion of the sample space into a set of
rectangular cells.

The present formulation .of the initial crack size distributions restricts the stratification to

: rectangular cells.

'

For Option 1, the user specifies ISQARE = 0 on Card.1B and inputs for the M-th cell:

?AOflSIZ(M,1)'=- the lower boundary of the a/h coordinate,

~ AOHSIZ(M,2) = the upper boundary of the'a/h coordinate,-

: AOBSIZ(M,1) = the left boundary of the a/b coordinate,

- AOBSIZ(M,2) = the right boundary of the alb coordinate, and-
-

NUMTRY(M) = the number of replications to be taken from the M-th cell;

The values.of AOllSIZ and AOBSIZ for two typical cells are illustrated in Figure 8-2.

8-16
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!

0.4 -
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m=2

0.2 -'
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: 0 0.6 1.0
C|b

For the m = 1 cea - For the m = 2 cell

-~ AOHSIZ (1,1) = 0.50 ' AOHSIZ (2,1) = 0.20
AOHSIZ (1,2) = 0.80 AOHSIZ (2,2) = 0.40

AOBS12 (1,1) = 0.25 AOBSIZ (2,1) = 0.60 '
AOBStZ (1,2) = 0.45 AOBSIZ (2,2) = 0.75

Figure 8-2, Specification of the stratification scheme by the pc-PRAISE user.:
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In Option 2, only a portion of the sample space is partitioned. The boundaries of this sub-

--space are defined by:

AOHLOW = minimum value of the a/h coordinate,

AOHUP = maximum value of the a/h coordinate,

' AOLLFT = minimum value of the a/b coordinate, and

AOBRGT = maximum value of the a/b coordinate.

:If the coordinates of the sample space are to be divided into n and n uniform parts in thei

a/h'and a/b directions, respective _ly. The user sets NAOH = n and NAOB = n . Normally,-i 2

each cell in the sample space will have dimensions.

(AOHUP - AOHLOW)/(-NAOH) by (AOBRGT - AOBLFT)/(-NAOB)

If a cell lies entirely.within the infeasible region of the sample space, it is neglected. A cell

which has both feasible and infeasible region is redefined, if necessary, to give ' he i.iinimumt

-amount of infeasible aien.

Option 2 is 'a particularly convenient method of partitioning the sample space for an initial

scoping of the problem. However, after the user has obtained some measure of experience

with a1particular problem, it is recommended that he exercise Option 1 and develop a

stratification scheme which is most efficient for the problem at hand.
,

In Option 2, the same number of replications are drawn from each cell. The negative of this
,

number is input as NTRIES on Card IB. For example, if 25 samples are to be drawn from

ieach cell, the user must input NTRIES = 25. In Option 1,- the user must indicate the

number of samples to be taken from each cell. These values are specified as NUMTRY(M)
.

and are entered along with the coordinates of each cell. However, in this case, the user has

an additional option. He can' multiply the input values by a constant integer value or

< indicate that the same number of samples are to be taken from each cell. Specifically,if the

- value of NTRIES on Card IB is negative, pc-PRAISE will internally reset the. value of

-8-18
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NUMTRY(M) to ABS (NTRIES). If a positive value of NTRIES is input, the
NUMTRY(M) is resent to NTRIES times the input value, or

NUMTRY(M) = NTRIES + NUMTRY(M) (8-10)

If the user specifies NTRIES = 1, the number of replications as input through
NUMTRY(M) will be used by pc-PRAISE.

8.2.6 Stresses. Stress Intensity Factors. and Frequency of Transients
_

The sixth series of input cards is devoted to defining the stresses, stress intensity factors, and

the frequency of the transients that cause crack growth. Card 6A has the following inputs:

SIGCLD -- The cold shutdown, i.e., deadweight stress in the axial direction of the

pipe (ksi).

SGDWFE -- The hot operating axial stress (ksi). This is the vectot srm of thes

deadweight stress and the restraint of thermal expansion stress.

OPPRES -- The normal operating pressure of the plant (ksi).

_

PRFPRS -- If a hydrostatic proof test is to be tv deled, PRFPRC is the hydrostatic

pressure. If no hydrostatic proof test is desired, then an arbitrary negative value is

supplied.

SIGVIB -- Peak-to-peak amplitude of the vibratory stresses (ksi). If SIGVIB is

positive, pc-PRAISE models vibratory stresses. If SIGVIB is negative or zero pc-

PRAISE does no_t. model vibratory stresses.

VBTIILD -- Threshold for the load ratio in the calculation of the stress intensity

factors under vibratory stresses. This corresponds to R' in Equation 4-4.

.
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The variation in the stress intens'ity factor during a transient where radial gradient thermal

_ stresses are important can be modeled as:

Ak,Ai = AT kg,3,,i(k,' a/h, a/h) (8'U)

. .

- and'.

Ak,,i = AT h g,,,(k, a/h, a/b) (8 2)

~ here _ ATLis the temperature variation during the transientw-

a is the current crack depth

k is the transient identification number

g,i,3 (k, a/h, a/b) is _a normalized function which gives the reouction in the ,

value of the stress intensity factor for degree of freedom i during the transient

g ,i(k, a/h, a/b) is a normalized function which gives the increase in the
- value of stress intensity fntor for degree'of freedom i during the transient-

r

- Tabulated values of g*,i,j (k, a/h, b/a) and'g*,,i (k, a/h, b/a) must be supplied by the user

- for each transient in both the a/h and the h/a (or t/a) directions. The asterisk (*) indicates 1
.

- that one 'of the coor'dinates in' g*,3, ; and g*,,, is b/a rather than the as which is used in

the pc-PRAISE calculation.3The coordinates of the tables are the same for all transients.
~

r s

The' contribution of the radial gradient thermal stresses to the RMS-stress intensity factors

iis modeled by the functions g,i, and g , as discussed above. Since both g,i, and g,, must -

be evaluated for each degree of-freedom every time a transient with radial gradient thermal
:

stresses is encountered, the simulation may become quite expensive if the evaluation of g,i, .

and g ,is complicated. Therefore, PRAISE uses a two-dimensional tabular representation.

-The evaluation of 6 and g ,is then reduced to finding the appropriate entry in the table.

' Since the entries in the table are constant, they need to be generated only once. Hence, the

table can be expanded to meet the accuracy requirements of the user.
,

t e

u -
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Values of g*mio, g*,, are input by the user in tabular form with a/h and b/a as the '

coordinates. The number of entries in the a/h and b/a directions is NY and NX,
respectively. The asterisk indicates that the coordinate of the second dimension is b/a rather

than a/b. The transformation from g* min and g*m,is carried ou' in the subroutine INTERPt

which is called from the MAIN routine. The tables for gmi, and gm, have IX and IY entries

in the a/b and a/b directions, respectively, Since the locus of the g*mi, and gmi, points will *

not ' coincide, Lagrangian interpolation is used to derive the gmi, points from the g* min points.

_The values for these tables are stored in one-dimensional arrays. This minimizes the cost

-.of retrieving the data from three-dimensional arrays. This process is illustrated in Figure 8-3.

The procedure for gm, is identical to the go, procedure.

Values of NX, NY, IX, and JY are input on Card 6B. The coordinate points in the a/h

direction are read into- the vector (AAOH(I),1 = 1, ..., NY) throogn Card 6C, ' The

coordinate points in the b/a direction are read into the vector (ABOA(1). ! ;- ), ..., NX)
through Card 6D.: pc-PRAISE converts the values into corresponding a/b values.

For each transient, pc-PRAISE then reads in Card 6E and a sequence of 6F cards. In the

present version of pc-PRA1SE, the first transient type (k = 1)is assumed to be the heat up/

cool-down cycle in which only uniform through-wall stresses exist. Hence, when k = 1, no

6F cards are input, The inputs on Card 6E are:

NCYllLK -- Number of actual events of the k-th transient that is to be treated as a
single equivalent event,

IllAMDA(K) - Arrival time parameter for the transients. When BLAMDA(K) >

0.0, then the k-th transient arrives at uniformly spaced intervals of BLAMDA(K)

years. :If BLAMDA(K) < 0.0, then the k-th transient is treated as a Poisson process

with ABS (BLAMDA(K)) as the average number of arrivals per unit time.
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Y 'X X 'X
g* as input by user to

^ kT X: X X sIbEoutine INITAL-
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4 511' 2 3 b/a
'
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ditoct transformation

a/h X X. X - X X OI O*mininto gmin4

.,

XX X XX
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1O .a/b '

..|.. ~. .. . . . .. . . . . . .

_

.. ._, . .. -. . . . . . . . . . . g, g
- a/h regular in the a/h and a/b

spaces.' . . . . . .. . . . . . . .

-. + . -.

. . . . . . . . . . . . . . .

_

e/b .-

. ' . storage in 1D arrays
. . . . . . . ... . . . . . . . . . . for easy retrieval

Figure 8-3. Derivation and storage of the gmin functions.
,
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TEMP (K) -- The-maximum temperature excursion during the k-th transient. >

TITLE (K) -- A description of the k-th transient.

The 6F cards are arranged so that the user inputs the normalized stress intensity factors in
the following order

A g^mio, (k, a/h, b/a)

B. g*m,,, (k, a/h, b/a)

C. g* min.3 (k, a/h, b/a)
.

D. g*mo,3 (k, a/h, b/a)

1

| For example, in the k-th transient, all of the g*miy values are read prior to reading any oft-

the g*my, values Within each of items A through D, two DO loops are used to read the

values of these functions. The outer loop is on the b/a coordinate and starts with the

smallest value. All of the a/h values for a given value of b/a are input from the same READ

statement. Hence, the smallest a/h value for a given b/a always appears as the first entry
on a card.

The SCC-initiation and growth model also requires the following inputs:

OSTART -- Oxygen concentration (ppm) in the coolant during plant start-up
operation.

OSTEDY -- Oxygen concentration (ppm) in the coolant during steady-state plant
. operation.

TFSTDY -- Coolant temperature ( F) at steady-state plant operation. This
temperature is used for SCC calculations.

8 23
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I

. DURATN -- Duration (hrs.) of heat-up transient, This time is used to calculate strain

rates for SCC calculations.

CONDUC -- Conductivity (ps/cm) of the coolant.

~ 8.2.7 Residual Streese.s

Six options (ISIGRS) are available for residual stresses. The Options 2,3,4 are for built-in

residual stresses for large, intermediate, and small lines, respectively. No other inputs are

required if Options 2,3, or 4 are selected. Options 1,5, and 6 require additional inputs.

Option 1 requires the user to input coefficients of the curve-fits to stress intensity factors due

- to residual stresses. The curve-fit equations are of the form

P
1

-
K ' (8-13)

-Kgoa = { < Ebeg(a/h)(' ,(a/bf'
u.n t.n

,

KKA = Limit K in Equation 8-13 for Kacs,

LLA = Limit L in Equation 8-13 for Kan,

KKB = Limit K in Equation 8-13 for Kao,s

LLB.= Limit L'in Equation 8-13 for Kgog
for evaluation of Kan,B(L,K) = Coefficients bu
for evaluation of k6,, .{' B(L,K) = Coefficients bu

|

' For Option 5, stresses at the ID and OD are input by the user pc-PRAISE assumes the

residual stresses to be axisymmetric and linearly varying through the wall. The residual

stresses specified by Option 5 are considered deterministic.

RSIN -- Residual stress (ksi) at the inside surface of pipe.

RSOUT - Residual stress (ksi) at the outside orface of pipe.

8-24

- ___ _ . _ _ _



. __ ~ _ _ _ . _ . . _ _ _ _ _ - . .

Option 6 is for probabilistic modeling of IHSI/MSIP residual stresses. The user specifies the

mean and standard deviation of residual stresses at the ID. The residual stress at the ID
is assumed to be normally distributed. pc-PRAISE assumes the residual stresses to be

axisymmetric and linearly varying through the wall. By making the stresses self equilibrating

through-wall, the through-wall distribution is calculated internally.

RSINM -- Mean value of residual stress (ksi) at the inside of the pipe.

RSINSD -- Standard deviation of the residual stress (ksi) at the inside of the pipe.

8.2.8 Srinnie Crack Growth Parameters

pc-PRAISE is designed to treat a spectrum of earthquake intensities by modeling several

earthquakes from each intensity level. The number of earthquake intensity categories is

denoted by NEOINT and input through the problem specification card (IB). The number

of separate earthquakes to be considered within each intensity category is read from

Card 7A into the vector NEOCLS. NEQCLS(N)is the number of earthquakes in the N-th

category. The input for earthquake crack growth parameters is given on Card 7B and is

controlled by two DO loops. The outer loop is over the categories of earthquake intensity,

while the inner loop is on individual earthquakes within each intensity category.

The cyclic stresses caused by earthquakes are input as equivalent constant amplitude cycles.

The maximum and minimum stresses for fatigue crack growth are calculated as follows:

Maximum strers = SIGHOT + SIGEO
Minimum stress = SIGHOT - SIGEO ;

Tlie stress used in the failure criteria is calculated as

SIGPC + SGEOMX

where SIGHOT = SGDWTE + SIGPRS
SIGPC SIGPRS + SIGCLD=

8-25
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1The following inputs are pequired:

NEQCLS( ) - . Number of earthquakes in each category. Input on Record 7A.

For each earth' quake in each category, the cyclic stresses are input on Record 713.

NCYCEQ(,) - Number of equivalent cycles in the earthquake.
~

SIGEQ(,) -- The equivalent amplitude of stress (ksi).

SGEQMX(,) -- The maximum amplitude of stress in the eanhquake.

TITLE (,) -- Description of this earthquake.

The above data for each earthquake are read for each earthquake for each class, with the

outer loop on NEOINT and the inner loop on NEOCLS( ).

8.2.9 Mid-Life Changes

The effect of changing stresses, water chemistry, and residual stresses can be modeled in pc-

PRAISE, Number of mid-life changes (IREMED)is specified on one of the control cards,

and the details are entered on Card 8A.

RTIMES( ) -- Time (years) at which one or more of the following variables are

changed.

TIIICKS( ) -- Wall thickness (inches) c ' '- pipe. Thickness may. change due to

weld-overlay treatment. The parameters dependent on thickness are recalculated at

the time when change occurs! These include pressure suess, distribution of the

residual stresses, area of the uncracked pipe, etc.
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OSTARS( ) Oxygen concentration (ppm) during start-up operation after
RTIMES( ) years.

OSTDYS( ) -- Oxygen concentration (ppm) during steady-state operation after
RTIMES( ) years.

CONDUS( ) -- Coolant conductivity (ps/cm) after RTIMES( ) years.

SGCLDS( ) -- Deadweight stress (ksi) after RTIMES( ) years.
'
,

SDMTES( ) -- Deadweight and thermal expansion stiess (ksi) after RTIMES( ) years. -

SGVIllS( ) -- Feak-to-peak amplitude of the vibratorv stresses after RTIMES( )
years.

,

ISIGRX( ) -- A flag indicating whether or not residual stresses have changed at

RTIMES( ) years. ISIGRX( ) = 6 indicates that there is no change in the residual
_

stresses. If there is a change in the residual stresses (ISIGRX( ) = 7), the new
residual stresses can only be characterized as MSIP or IHS1 stresses. The mean and

the standard deviation of residual stresses at the ID is required. The residual stresses
_

at the ID are assumed to be normally distributed.

RSINMS( ) -- Mean value of IHSI/MSIP residual stress (ksi) at ID after RTIMES( )
syears. '

RSISDS -- Standard deviation of the IHSI/MSIP residual stress (ksi) at the ID aftcr
RTIMES( ) years.

The above values of thickness, operating stresses, coolant chemistry, and residual stresses

remain effective until another mid-life change occurs.
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- 8.3 _ Detailed Formats for Input Cards

Detailed descriptions of the input cards read by pc-PRAISE are given in this section. The
'

-

name, position on the card, format, and description of each variable are given.

-

|
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,

CAltD TITLl? CARI) ID OA
READ Always

VARIAllLE COLUhtNS FORA!AT DESCTtlPTION

TITLE l 80 '0A4 Problem description
a :

,

,

k

b

b

8 29
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*

CARD PROllLEM CONTROL VARIAllLES ID 0 11

READ Always

VARIAllLE COLUMNS FORMAT DESCRilrrION

INCIAT 1-5 15 0: Run for pre existing cracks only.
1: SCC initiated cracks only. -

2: Pre existing & initiated cracks.

IFAILC 6-10 15 Failure criteria to be used: ;

'

0: Net section failure.
1: J , dj/da exceedance.3
2: .130th.

ICRAKS 11 15 15 Stress corrosion crack initiation sites (used only if
INCIAT 2: 1).

IREPLS 16-20. 15 Number of replications for crack initiation problem (not
used for INCIAT = 0 ar = 2). ,

IPRAIS 21 25 15 Not used.

IREPAR 26 30 15 = 0: Welds with cracks that leak and are detected and
replaced with perfect welds.

= 1: Cracks that leak and are detected and removed.

At the time of repair, all leakers are repaired, if 1

INCIAT = 0, then IREPAR is set to 1.
|

IlNDRY 31-40 F10.3 lloundary in terms of a/h, above which initiated cracks .
are tiot included. For example, i

1.1: Initiated cracks will always be included.
0.1: Initiated cracks will never be included.

Used only if INCIAT = 2.

ISF 41 45 15 Material type (for fatigue properties)

0: Austenitic or other.
1: Ferritic.

MTTYPE 51 55 15 Material type (only for f.CC).

= 1: 304
= 2: 316NG

8 30
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CAllD l'ItOlit.Eh! CONTitOI, VAltl Alli.ES [ Continued) ID 0 11

ItEAD Always

VAltI Allt.E COLUSINS l'Olth1AT DESCitli"I'lON

ISEED 56-62 17 Seed for the random number generator.

ISliEDit 63-70 17 Seed for the random number ger.erator.

litEMED 71 75 15 Number of future remedial actions (change in<

water chemistry, 111S1, weld overlays, etc.).
IREMED s 4

(.
>

<

C

=

.
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CARD PRollLEM SPECil'ICATION ID 1 11

READ Always

VARIABLE COLUMNS FORMAT DESCRIPTION

NTRIES 15 15 Option for number of replications to be drawn
from each cell.

When NTRIES < 0: Then AliS (NTR(El e >li-

cations will be taken from each and every cel .

If NTRIES = 0: Not used.

If NTRIES > 0: The user inputs a number for
each cell. This number is then multiplied by
NTRIES to obtain the number of samples for
each cell.

ISOARE 6 10 15 Cell definition option.

ISOAPE = 0: User inputs coordinates for each
cellin the state space.

ISOARE = 1: pc PRAISE internally sets up a
regular grid of rectangular cells.

ISQARE = 2: If INCIAT = 1. .

KTYPES 11-15 15 Number of transient types experienced by plant.

KRKDIS 16-20 15 Initial crack size distribution-

KRKDIS = 1: Crack depth is lopiormal. Aspect
ratio is lognormal.

KRKDIS = 2: Crack depth is lognormal. ' Aspect
ratio is exponential.

KRKDIS = 3: Crack depth is exponential.
Aspect ratio is lognormal.

KRKDIS = 4: Crack depth is exponential.
Aspect ratio is exponential.

8-32
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CARD PROlli EM SPECIFICATION [ Continued) ID 1 11

READ Always

VAllIAllLE COLUMNS FOltMAT DESCRIPTION

NEVAL 21 25 15 Option for times during plant lifetime when the
reliability is to be evaluated.

NEVAL < 0: Evaluation is performed for every
ABS (NEVAL) year.

NEVAL > 0: Number of user supplied times
that an evaluation is performed.

NINSPT 26-30 15 Number of user specified in-service inspection
times.

NOUAKE 31 35 15 Seismie evaluation option.

NOUAKE = 0: No earthquakes are modeled.

NOUAKE = 1: Earthquakes at each evaluation
time.

IDEBUG 36 40 15 Debugging output option.

IDEBUG = 0: Normal output is printed.

IDEBUG = 1: Additional debugging output will
_

be supplied.
'

KONPRP 41 45 15 Flag for distribution of fatigue crack growth.

KONPRP = 0. C is lognormally distributed if
ISF = 0, or built-in distribution for ferritic

material used if ISF = 1.

KONPRP = 1: C is constant if ISF = 0, or the
median crack growth rate used if ISF = 1.,

8 33 1
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CARD PROllLEM SPECIFICATION [ Continued) ID 1 15

READ Always

VARIAllLE COLUMNS FORMAT DESCRIPTION

NEOINT 46-50 15 Number of seirmic intensity classes to be simu.
lated.

If NOUAKE = 0: set NEOINT = 0.

pc-PR AISE, as presently dimensioned, can handle
up to 10 classes.

MCELLS 51 55 15 Number of cells in the calculational grid.

1: The value of MCELLS is'f e> ,u' -

j a, ,

KNSFLO 56-60 15 Op. ion for flow stress defimtion.

Kb SFLO = 0: Flow stress is normally distributed.

KNSFLO = 1: Flow stress is constant.

NSKIP 61 65 15 Parameter to specify the number of evaluation
times which are skipped in the printout of the
indicator functions. S;broutine OUTS prints
every NSKIP th evaluation time, if NSKIP s; 0,
indicator functions are not printed.

NPSI 66-70 15 Option for pre-service ultrasonic inspection.

NPSI = 0: No pre service inspection.
NPSI = 1: A pre service inspection is modeled.

8-34
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CARD PRollLEM SPECIFICATION [ Continued) ID 1 11
READ Always

VARIAllLE COLUMNS FORMAT DESCRIPTION

ISCC 71 75 15 Option for modeling stress corrosion cracking ;

(SCC).

ISCC = 1: Stress corrosion cracking only.
ISCC = 0: Fatigue only (no SCC).
ISCC = -1: Both SCC and fatigue,

if INCIAT > 0, ISCC should be either 1 or 1.

ISIGRS 76 80 15 Option for modeling contribution of welding
residual stresses.

ISIGRS = 0: Residual stresses are not modeled.

ISIGRS = 1: Contribution of residual stresses is
modeled (coefficients to be entered by the user).

ISIGRS = 2: Contribution of residual stresses is
modeled. Built in residual stresses for large (20-
30 inch)line used.

ISIGRS = 3: Contribution of residual stresses is
modeled. Built in residual stresses for interme-
diate (10-20 inch) line used.

ISIGRS = 4: Contribution of residual' stresses is
modeled. Built in residual stresses for small
(< 10 inch) line used.

ISIGRS = 5: Contribution of IllSI residual
stresses is modeled. User to input stresses on the
inside and outside surface.

ISIGRS = 6: Contribution of IHSI or MSIP resi.
dual stresses is modeled. User to input the mean -
and the standard deviation of stress at the ID.

8 35
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CARD IllSI and MSIP RESIDUAL STRESS DEFINITION ID 1CO

READ Only if ISIGRS = 5 or 6, on Card 1B

VARIAHLE COI,UMNS FORMAT DESCRIPTION

RSIN 1 10 E10.3 Residual stress on the inside surface of a pipe
(ksi). (For ISIGRS = 5)

RSOUT - 11 20 E10.3 Residual stress on the outside surface of a pipe
(ksi). (For ISIGRS = 5)

RSINM 1 10 E10.3 Mean of the 11ISI or MSIP residual stress on the
ID in ksi. (For ISIGRS = 6)

RSINSD 1 10 E10.3 Standard deviation of the IHSI or MSIP stress on
the ID in ksi, (For ISIGRS = 6)

i

|

l.

|
'
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CARD RESIDUAL STRESSES MODEL DEFINITION ID IC
READ Only if ISIGRS = 1 on Card ID

VARIAllLE COLUMNS FORMAT DESCRIPTION
,

KKA 15 15 The number of (a/b) terms in the polynomial
which define the contribution of residual stress to
the "RMS averaged" stress intensity factor in the
depth direction.

. LLA 6-10 15 The number of (a/h) terms in the polynomial
l. which define the contribution of residual stress to
i

the "RMS averaged" stress intensity factor in the
depth direction.

KKB 11 15 15 The number of (a/b) terms in the polynomial
which define the contribution on residual stress to
the "RMS averaged" stress intensity factor in the
length direction.

LLH 16 20 15 The number of (a/h) terms in the po ynomial
which define the contribution of residual stress to
the "RMS averaged" stress intensity factor in the
length direction.

8 37
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CARD Tih1E PARAh1ETERS, NDE PARAMl?rERS ID 1D
READ Always

VARIABLE COLUMNS FORMAT DESCRIPTION

TilRIZN 1 10 E10.3 Maximum plant lifetime for the simulation
(years).

DTSCC 11 20 E10.3 Time ste a to be used in calculating SCC growth
(years). Used only if ISCC = 1 or 1 on Card 18.

ICTYPE 21 25 15 Crack orientation flag.

= 0: Circumferential crack analysis.
= 1: Longitudinal crack analysis (disabled in

current pc PRAISE).

The following inputs on this card are not requited if NPSI = 0 & NINSPT = 0.

- IPTYPE 26-30 15 Default sets of NDE parameters EPST, ASTAR
and ANUU for various pipe types.

= 0: Thick walled austenitic pipe
= 1: Thick walled ferritic pipe
= 2: Thin walled austenitic pipe

Default values are as follows:
,

IPTYPE EPST ASTAR ANUU

0 0. 0.5' THICK 1.6

1 0.005 0.25 3.0

2 0.005 0.25 1.33'

EPST 31 40 E10.0 User specified value of "c" parameter; overrides
default value. Leave blank to use default.

ASTAR 41-50 E10.0 User specified depth of crack with 50% probabili-
ty of detection (inches); overrides default value.
Leave blank to use default.

.

TRANSD 51-60 E10.0 Transducer diameter (inches); default = 1.0 inch.

ANUU_ . 61 70 E10.0 User specified value of "v" parameter; overrides
default value. Leave blank to use default,

8 38
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CARD PlPE DihlENSIONS 10 2A
READ Always

VARIAllLE COLUh1NS l'ORh!AT DESCRIPTION

TIilCK 1+10 E10.3 Wall thickness of the pipe (inches).

RIN 11 20 E10.3 Ir. side radius of the pipe (inches).

ELOVRR- 21 30 E10.3 IJR ratio: Not required if IFAILC = 0.

>
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CARD FATIGUE CitACK GitOWril CilARACTEltlSTICS ID 2 15

READ Always

VAltlAllLE COLUMNS FOltMAT DESCitiPTION

TilRIILD 1 10 E10.3 Threshold value in the crack growth relationship
(ksi in"2).

EMEXP 11-20 E10.3 Exponent in the crack growth telationship.

CONSMU 21 30 E10.3 Parameter for the constant in the crack growth
relationship.

If KONPRP = 1: CONSMU is the constant,

if KONPRP = 0: CONSMU is the median of the
lognornml distribution that describes the constant.

CONS 90 31 40 E10.3 Parameter for the constant in the crack growth
relationship.

If KONPRP = 1: CONS 90 is ignored.

If KONI'RP = 0: CONS 90 is the 90th percentile
of the lognormal distribution.

8-40
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CARD SCC VARIAlli,E ID 211 1

READ If ISCC e 0 01 INCIAT / 0

VARIAlli,E Col,UMNS FORMAT DESCRIPTION

OSTART 1 10 F10.5 0 at start up (ppm).2

OSTEDY 11 20 F10.5 0 at steady-state (ppm).2

TFSTDY 21 30 F10.5 Steady state temperature (*F).

DURATN 31 40 F10.5 Duration of heat up transient (in hours).

.CONDUC- 41 50 F10.5 Coolant conductivity ( s/cm),

1

4
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CARD FLOW STitESS IP 2C

READ Always

VARIAllLE COLtJMNS FORMAT DESCillPTION

SFLOMU 1 10 E10.4 The mean value of the Dow stress (ksi).

SFLOSD 11 20 E10.4 Standard deviation of the flow stress (ksi).
(Read if KNSFLO = 0.)

XJIC 21 30 E10.4 J , (in-kips /in ). Required only if IFAILC # 0.i

DJDAMT 31-40 E10.4 dj/da (in ksi). Required only if IFAILC # 0.

SIGO 41 50 E10.4 Yield strength in ksi. Required only if IFAILC e
0.

DEE 51-60 E10.4 The constant D in ksi in the power law c =
(a/D)" for hardening material. Required only if
IFAILC # 0.

YOUNGS 61-70 E10.4 Young's modulus in ksi. Required only if
IFAILC # 0.

XN 71-80 E10.4 Exponent n in the power law e = (o/D)" for
hardening material. Required only if IFAILC #
0,

.
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|

:

CARD ULTIMATE STRESS DEFINITION ID 2D
READ Always

VARIAllLE COLUMNS FORMAT DESCRIPTION
,

SULTMU 1 10 E10.0 The mean value of ultimate tensile stress (ksi).

SUllrSD 11-20 E10.0 a: 0: Standard deviation of ultimate tensile
stress (ksi).

< 0: Constant ultimate tensile stress.

IULT 21 25 15 Indicator for interpolation of pipe break
probability; ABS (IULT) = number of inter-
palated points.

> 0: Linear interpolation.
< 0: Logarithmie interpolation.

|

.
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l

CARD INITIAL CRACK DEPTII DISTRillUTION ID 3A
READ Only if INCIAT * 1

,

VARIABLE COLUMNS FORMAT DESCRil'i'lON

AMEDIN 1 10 E10.3 Median of the lognormal distribution on crack
depth. (Read if KRKDIS = 1,2)

ASIGMA 11 20 E10.3 Shape factor (= standard deviation of logarithm
of A) of the lognormal distribution on crack
depth. (Read if KRKDIS = 1,2) ;

i

ALAMDA 1 10 E10.3 Rate parameter (in' ) for exponential distribution
'

on crack depth. (Read if KRKDIS = 3,4)

:

I

|

|

|
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:

CARD INITIAL, CRACK ASPECT RATIO DISTRIllUTION ID 3B
READ Only if INCIAT e 1

VARIAllLE COLUMNS FORMAT DESCRIPTION

BOAMED 1 10 E10.3 Parameter analogous to the median in the trun-
cated lognormal distribution on initial crack
aspect ratio. (Read if KRKDIS = 1,3)

DOASIG 11 20 E10.3 Parameter analogous to the shape factor in the
truncated lognormal distribution on initial crack
aspect ratio. (Read if KRKDIS = 1,3)

i DOALDA 1 10 E10.3 Rate parameter for shifted exponential distribu-
tion on initial crack aspect ratio, (Read if
KRKDIS = 2,4)

,

B
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CARD EARTIIQUAKE EVALUATION TIMES ID 4A

REA1> Only if NEVAL > 0

VARIAllt,E COLUMNS FORMAT DESCRIPTION

TEVAL l 80 8E10.3 Evaluation time (years).

l

.7

-

|:
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i

a

!

- CARD IN. SERVICE INSPECrlON TIMES ID 4 11

READ Only if NINSPT > 0 ;

VARIAHl.E COI,UMNS FORMAT DESCRIPTION

TINSPT 1-80 8E10.3 In service inspection time (years).

.
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CARD LEAK RATE AND UETECTION DEFINITIONS ID 4C
READ Al.vays

VARIABLE COLUMNS FORMAT DESCRII' TION

FNDLEK 1 10 E10.3 Threshold for leak rates which are detectable.

ALKBIG 11 20 E10.3 Threshold for discriminating between leaks and
big leaks.

I

1

!
|

i

r

'

|
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CARD STRATIFIED SAMPLE SPACE ID SA
READ Only if ISOARE # 0

VARIABLE COLUMNS FL .4M AT DESCRIPTION

NAOli 15 15 Number of divisions of the a/h coordinate in the
sample space definition.

The a/h coordinate is limited to the region
AOHLOW s a/h S AOHUP.

NAOB 6-10 15 Number of division of the a/b coordinate in the ,

sample space definition.

The a/b coordinate is limited to the region
AOBLFT s a/h s AOBRGT.

AOHLOW 11 20 E10.3 Lower limit on the a/h coordinate.

AOHUP 21-30 E10.3 Upper limit on the a/h coordinate.

AOBLFT 31 40 E10.3 Lower limit on the n/b coordinate.

AOBRGT 41 50 E10.3 Upper limit on the a/b coordinate. '

|

.,
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CARD STRATIFIED SAMPLE SPACE [ Continued] ID SA

READ Only if ISQARE = 0

VARIABLE COLUMNS FORMAT DESCRIPTION

AOllSIZ(M,1) 1 10 E10.4 Lower boundary of the a/h coordinate in the
definition of the M-th stratification cell.

AOIISIZ(M,2) 11-20 E10.4 Upper boundary of the a/h coordinate in the
definition of the M th stratification cell.

AOBSIZ(M,1) 21 30 E10.4 Left boundary of the a/b coordinate in the
definition of the M th stratification cell.

AOBSIZ(M,2) 31-40 E10.4 Right boundary of the a/b coordinate in the
definition of the M th stratification cell.

NUMTRY 41 50 110 Number of replications to be taken from the
M th cell.

I

|

,

I
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CARD STRATIFIED SAMPLE SPACE [ Continued] ID SA
READ Only if ISOARE x 0 and NTRIES > 0

VARIAllLE COLUMNS FORMAT DEScillPTION

NUMTRY(M) 1 50 5110 Number of replications to be taken from the
M th cell.

|

|

,
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CARD STRESS VALUES - ID 6A
READ Always

VARIABLE COLUMNS FORMAT DESCRIPTION

. SIGCLD l 10 E10.3 Deadweight stress (ksi). This is the load con-
trolled stress in the cold shutdown condition.

SGDWTE 11 20 E10.3 Deadweight and restraint of thermal expansion
components of stress in the hr,t normal operating
condition.

OPPRES 21 30 E10.3 Normal operating pressure of the system (ksi).

PRFPRS 31 40 E10.3 Pressure in hydrostatic proof test (ksi).

If no proof test is to be modeled, set this value to i
any arbitrary negative number.

SIGVIB 41 50 E10.3 Peak to peak amplitude of the high cycle vibra-
tory stresses (ksi).. I

If SIGVIB < 0: No vibratory stresses are mod-
eled.

2

VBTHLD 51 60 E10.3 Threshold value of the load ratio [R' in Equation
4 4 and Section 3.9 of NUREG 2301,Ilarris 82a]

!which is used in the vibratory stress model.

!

1

.

|

|

|

|

|
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;

CARD SPECIFICATIONS FOR Tile TAllLES IN Tile ga ID 6H
'

AND go, FUNCTIONS
READ Only if KTYPES > 1

VARIABLE COLUMNS FORMAT DESCRIPTION

NX l5 15 Number of entries in the n/b coordinate for the
input of the g*mi, and g*,, functions, in the

current version, NX should always be 6.

NY 6 10 15 Number of entries in the a/h coordinate for the
input of the g*,,, and g*,, functions, in the

current version, NY should always be 9.

IX 11 15 15 Number of entries in the a/b coordin,te for the
internal tables on the gm,, and gm,.

lY 16 20 15 Number of entries in the a/h coordinate for the
internal tables on g,,, and gm . Optimum values
for IX and lY are 20,

r

1
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CARD Alli COOllDINATES FOlt TAllulAll INPUT OF ID 6C
CONTitillUTION FitOM ItADIAL GRADIENT TIIElth1AL
STitESSES TO STItESS INTENSITY FACTOlt

READ Only if KTYPES > 1

VARIAllLE COLUMNS FOltMAT DESCitIITION

AAOll(!) 1 80 8F10.3 Values of the a/h coordinate in the tabulated
input for the contribution of radial gradient
thermal stress to the stress intensity factor (I = 1,
..., N Y).

i

8-54
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i

CARD ll/A COORDINATE FOR TAllUIAR INPUT OF ID 6D
CONTRIBUTION FROh! RADIAL GRADIENT TilERh1AL
STRESSES TO STRESS INTENSITY FACTORS

READ Only if KTYPES > 1

VARIAllLE COLUh1NS FORh1AT DESCRIPTION

ABOA(1) 1-80 8F10.3 Values of the b/a coordinate in the tabulated
input for the contribution of radial gradient
thermal stresses to the stress intensity problem
(I = 1, ..., NY).

1

.
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CARD FREQUENCY OF llEAT UP/ COOL DOWN AND ID 6E
TRANSIENTS

READ Always

VARIABLE COLU41NS FORMAT DESCRIPTION

NCYBLK 15 15 Number of cycles in the equivalent event.

BLAMDA(K) 6 10 F5.2 Arrival time parameter for transients.

If BLAMDA(K) > 0.0: Then k th transient
arrives at- uniformly spaced intervals of
BLAMDA(K) years.

If BLAMDA (K) < 0.0: Then k th transient
is treated as a Poisson's process with ABS
(BLAMDA(K)) as the average number of
arrivals per unit time.

If stress corrosion crack initiation is included,
then BLAMDA(K) should always be greater

,

than 0.0 (the transient arrival times uniformly |
spaced). t

TEMP (K) 11-20 F10.5 Temperature excursion (*F) during the k-th
transient.

TITLE (K) 21 80 6A10 Description for the k-th transient type.
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F.

CARD TABUI.ATED FUNCTIONS FOR g*,i, AND g% ID 6F
READ All transients except the heat up/ cool-down, i.e., K >l

VARIABLE COLUMNS FORMAT DEICRIPTION

This outer loop is on the b/a coordinate
and is read in reverse order or (I = NX,
N X- 1, ..., 1 ).

GDAMIN(1,3,K) 1-72 9F8.5 g*,io, (J = 1, .... N Y).

GD AMAX(1,J,Kj 1-72 9F8.5 g* ,,,, (J = 1, ... N Y). --

GDAMIN(1,J,K) 1-72 9F8.5 g* mi,,,, (J = 1, ..., N Y).

GDAMAX(1,J,K) 1-72 9F8.5 g%,3 (J = 1, ..., NY). >

9
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f CARD COEFFICIENTS FOR TIIE POLYNOMIAL THAT DEFINES' ID - 6G
TIIE CONTRIBUTION 0F WFLDING RESIDUAL STRESSES'

-TO TIIE STRESS INTENSITY FACTOR IN TIIE DEPTil
DIRECTION

READ Only if ISIGRS = 1 on Card 1B-

VARIABLE COLUMNS FORMAT : DESCRIPTION
,

B(L,K) 1.-80 8E10.3 - _(b(t,k), t = 1, LLA).

A separate card is used for each value of k (k = -
1,...,KKA).

I LLA corresponds to L in Equation 5-5; KKA
corresponds to K in Equation 5-5.

f

u

-

-.

_

!
'
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CARD COEFFICIENTS FOR TIIE POLYNOMIAL TIIAT ID 6II
DEFINES TIIE CONTRIllUTION OF WELDING
RESIDUAL STRESSES TO TIIE STRESS
INTENSITY FACFOR IN TIIE LENGTil DIRECTION

READ Only if ISIGRS = 1 on Card 1B

VARIABLE COLUMNS FORMAT DESCRIPTION

B(L,K) 1-80 8E10.3 (b(t,k), t = 1, ..., LLB).

' A separate card is used for each value of k (k =
1, ..., KKB).

LLB corresponds to L in Equation 5-5; KKA
corresponds to K in Equation 5-5.

>
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A

, -! CARD EARTHQUAKES PER MAGNITUDE CATEGORY ID 7A '-N
' ' '

_ READ Only if NOUAKE = ? on Card IB'.

-VARIABLE ; COLUMNS FORMAT DESCRIPTION -
-

-

_

NEOCLS(N) 1-80 1615 ' Number -of earthquakes in the n-th magnitude
category. A maximum of ten earthquakes can be
modeled in each category.

_

| ''

,

)

4
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CARD SEISMIC CRACK GROWTII PARAh1ETERS ID 7B
READ Only if NOUAKE = 1 on Card 1B

VARIABLE COLUMNS FORMAT DESCRIPTION

The following card is repeated for each carth-
quake that is modeled. They are grouped by
earthquake intensity category. N is the index
on the intensity category, while LEO is the
index on earthquakes within an intensity
category.

-

NCYCEO(N, LEO) 1 .' 0 110 Number of equivalent constant amplitude.

cycles used to represent the crack growth.

SIGEO(N, LEO) 11-20 F10.3 Stress amplitude (ksi).

SGEOMX(N, LEO) 21-30 F10.3_ Internally calculated.

TITLE (N, LEO) 31-80 . 5A10 Description for this particular earthquake.
.

d' *
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CARD INPUTS FOR MID-LIFE CllANGES IN ID 8A
OPERATING STRhoSES, CIIEMISTRY,
OR RESIDUAL STRESSES

READ Only if IREMED > 0

VARIAllLE COI,UMNS FORMAT DESCRIPTION

RTIMES(I)~ 1-10 E10.4 Time (in years) at which one or more of the
following variables are changed.

THICKS (l) 11-20 E10.4 Wall thickness of pipe (inches).

OSTARS(l) 21-30 E10.4 0; at start-up (ppm).

OSTDYS(I) 31-40 E10.4 O at steady state (ppm).

CONDUS(l) 41-50 E10.4 Coolant conductivity (ps/cm).

SGCLDS(l) 51-60 E10.4 Deadweight stress (ksi).

SDWTES(l) 61-70 E10.4 Deadweight and restraint of thermal expansion
components of stress in the hot normal operating
condition (ksi).

SGVIBS(l) 71-80 E10.4 Peak to-peak amplitude of the high cycle vibra-
tory stresses (ksi). If SIGVIB < 0, no vibratory
stresses are modeled.

_

- _ _
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CARD INPUTS FOR MID-LIFE CIIANGES IN _ lD 8R
t OPERATING STRESSES, CHEMISTRY,_

._ _OR RESIDUAL STRESSES [ Continued]
READ Only if IREMED > 0

-VARIABLE ;. COLUMNS FORMAT DESCRIPTION

< lSIGRX(1) 1-10 lio IHSI or MSIP residual stress flag (6 or 7).- A
'

' ' "

value of 7 indicates no change from the previous <

state.

RSINMS(I) 11-20 E10.4 Mean value of the stress at the ID in ksi (MSIP
or IHSI stress). Not required if ISIGRX(1) is 7.

RSISDS(I) 21-30 E10.4 Standard deviation of the stress at the ID in ksi
(MSIP or_ IHSI stress). Not required if-.-

_ ISIGRX(I) is 7.

:

k

f
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8.4 PRAISE Input Processor (PR_ INPUT)

PR_ INPUT is a utility to aide the user in setting up a PRAISE input file, it prompts the

user to input values of the variables, one at a time. It displays the current value of the

variable and also the valid range for the variable. When the PR-lNPUT command is

invoked, it first prompts the user with an option to read a template file. [A template file

(extension.TPL) is a binary file containing the input data that are processed by PR_ INPUT.

A template file is written by the input processor at the end of the run.] If a template file

is specified by the user, all the variables are initialized to values stored in the template file.

Next, the processor requests inputs generally in the same order as they appear in

Section 8.3. A typical prompt for input is as follows:

Failure Criteria (IFAILC)

0 : Net section stress
1 : Jlc, Trnat exceedance
2 : Both

The current value is 0 [ valid range is > = 0 and < = 2]
Press ENTER to accept the current values, or Enter a new value.

For every prompt, the input-processor displays the FORTRAN variable name of the

requested input as well as the valid range of inputs. The input-processor requests only the

information required for the selected analysis and, if necessary, fills in the PRAISE

compatible input file with dummy values. For example, the input processor will request the

- values of J and T only if the selected failure criteria requires those values (IFAILC =e o

L 1 or 2).
!-
!

The input processor expects the following group of inputs, each of which requires a large

number of data, to be saved in a file. The input processor requests the name of the file and

then includes the file in a PRAISE input file. These groups of inputs are as follows:

1. Stratification. If the user selects to input coordinates of each cell

L (ISOARE = 0), then the user is expected to create a file containing
; the information requested on Card 5A.

8-64
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2. ' Stress Intensity Factors for Radial Gradient Thermal Stresses. If
more than one transient (KTYPES > 1) are to be considered in the

- analysis, the tabular inputs required on Cards 6E through 6F should
be contained in a file.

3. Seismic Data. If seismic events are to be considered in the analysis
(NQUAKE = 1), then the inputs required on Cards 7A and 7B
should be contained in a file.

4. Residual Stresses. If the user selects the residual stress option
(ISIGRS = 11, it requires coefficients of the polynomials defining the
contribution vf residual st' sses to the stress intensity factors. The

| inputs required on Cards 6G and 6H should be saved in a file.
|

When all the inputs are completed, the input-processor prompts the user to enter file names

for storing data in a template file and in a PRAISE-compatible input file.
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9. OUTPUT

This section describes contents of the output files generated by PRAISE. A plotting utility

for post-processing the results is also discussed.

9.1 -Output Description

The output from a pc PRAISE calculation consists of five basic parts:

A. input summary,

B. description of the stratification scheme and the number of samples
. taken from each cell (if pre-existing cracks are considered),

C. if required, listing of the indicator functions used in the calculation
of the failure probabilities,

D. tabular summary of the failure probabilities (leak and LOCA) and
their sampling standard deviation, and

- E. statistics of initiated cracks, if SCC-initiation is considered.

Specific examples are given with the sample problems in the following section.

The inpu't ' summary is intended to verify the user's problem specification. Pipe length to

thickness ratio (ELOVRH) is computed as follows:

ELOVRil - ELOVRR * RIN/ THICK

ELOVRR and ELOVRH are used only if tearing modulus based failure criteria is used
L (IFAILC = 1 or 2). The outside radius of the pipe (ROUT) is computed as

ROUT = RIN + TillCK

| ROUT is not printed on the output, but is used for the calculation of stresses. The user

should note that the hot uniform stress shown in the summary represents

# *# *#TE * #PHOT DW

and is computed from
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SIGHOT = SGDWTE+2.0*OPPRES*RIN*RIN / [(ROUT +RIN)*(ROUT-RIN)]

The stress under hydrostatic proof test is given by

YUUPd " UP DW

or

SIGPRF = 2.0*PRFPRS*RIN*RIN / ((ROUT +RIN)*(ROUT-RIN)] + SIGCLD

The input variables are OPPRES and PRFPRS, while the output variables are SIGHOT and

SIGPRF.

The description of the stratification cells includes the lower and upper boundaries for both

the a/h and a/b coordinates, the conditional probability of occurrence, and the number of

samples to be taken from each cell. The sum of the individual cell probabilities is also given.

The stratification table also contains the number of leaks, big leaks, and LOCAs that

occurred in each cell, for the case of no earthquakes. The stratification section of the output

does not appear if the case of only initiating cracks is selected.
'

The listing of the indicator function is-intended to give the analyst a more detailed
-

breakdown of the failures calculated for each cell. PRAISE is capable of showing everys

$ evaluation interval for all the cells. The user can reduce the volume of output by printing

data at each NSKIP evaluation time. The first set of output is the number of failures

obtained during an evaluation interval. For the cases of pre-service and/or in-sersice

inspections, the numbers are weighted by the nondetection probability of the crack at the

time it failed. These data are presented only for the no earthquake case. A second set of

output gives the cumulative number of observed failures that have occurred prior to the

evaluation time. This second set of data is given for the no earthquake case and for each

of the earthquake intensity categories.

9-2
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Finally, a tabular summary of the failure probabilities (leak, big leak, and LOCA) and

estimated sampling standard deviation are given for the no earthquake case and for each +

. of the earthquake intensity categories. - The leak probability includes tdl leaks. It therefore

includes large leaks, small leaks, and LOCAs. The large leak probability includes large leaks ;

and LOCAs. The LOCA probability includes only sudden and complete pipe severances.

All failure probabilities are cumulative. That is, they are the failure probability since

beginning of plant lifetime. In the analysis of pre existing cracks, the probabilities are

conditional on a crack being initially present.~ Hence, to get absolute probabilities, they must

be adjusted to account for the probability of a crack being initially present (see Section

2.4.3). The equations used in the estimation of failure probabilities and their standard

deviations are described in Section 7.3. This section of the output also contains probability

of failure for uncracked pipe, at several stress values requested by the user. If SCC-initiated

cracks are included in the analysis, then the statistics of the time to initiation is also printed
out.

Results for failure probabilities including seismic events include the effects of plant operation

up to the time considered and are then conditional on a seismic event of the specified
magnitude occurring at that time.

9.2 - PRAISE Post Processor (PR_ PLOT)

PR_ PLOT is a plotting program to provide plots of leak and LOCA probabilities and also
,

to display stratification maps with number of samples and failures from each stratum. The

program is invoked as follows:

PR_ PLOT FNAME

: where FNAME is the file name (without the extension). The program then searches for-

files FNAME.SLK, FNAME.BLK, FNAME, LOC, and FNAME.STT, and displays the plot

selection menu, which typically looks as follows:

9-3
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,

PRAISE '- Plot Selection Menu

'

1 : Time versus Probability of Leak
2 : Time versus Probability of Big Leak
3 : Time'versus Probability of LOCA
4 : Stratification Map; 4

,

0 : Exit - i

-)
Make a selection (Enter a number) ? )

i

If plot option 1,2, or 3 is selected, the following menu appears:

A: MIN-MAX VALUES ' X-MINIMUM - X-MAXIMUM Y-MINIMUM Y-MAXIMUM
0 10 0 0.0025

B : TlO INTwRVALS X-MAJOR - X-MINOR Y-MAJOR Y-MINOR
2 1 0.0005 0'

: E : X-AXIS LABEL = ' Time (years)' |
F : Y AXIS LABEL = ' Probability of leak'

'

,

M ; MODE (LINEAR / LOG) : X-AXIS...UN Y-AXIS...LIN
;' : PHYSICAL PLOT SIZE : X-AXIS.. 3.5 - 2.5 cnis Y AXIS.. 3.5 18.5 cms
G : DATA SETS : 1

= SYMBOLS - : 11

P : PEN NUMBER : 1

. S : SAVE THE PLOTTING PARAMETERS IN'A FILE ;

L : LOAD PLOTTING PARAMETERS FROM A FILE
X : PLOT ON THE SCREEN .

-Z : PLOT ON THE 7470A PLOTTER
O : OVERPLOT OPTION TOGGLE (ON/OFF)
N : READ A NEW DATA FILE O -: OUlT

CURRENT FILE IS . . FATIG.SLK-

Enter desired option to change format or to plot

!

- When this menu appears, a plot can be made on the screen by entering X (or 7 for plotting

L on a pen plotter). Any of the parameters listed on this menu can be changed by entering

the corresponding letter that appears in the first column A brief description of each of the
iLoptions follows:

- Min Max Values (A) -- By default, the minimum and maximum values of data are

L used 'as plotting limits. When this option is selected, the user will be prompted to

9-4
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|

enter minimum and maximum limits for plotting on the X- and Y axes. Data that fall

outside these plotting limits will not be plotted.

Tie Intervals (11) -- By default, there are five major tic intervals on each axis where

labels are printed. Also by default, five minor tics are drawn between two major tie

intervals. These can be redefined by the user. To completely suppress minor tics,

enter the minor tie interval as 0 (zero).
-_

Axis Labels (E) -- This option can be used to redefine axis labels. Both upper and

lower case characters can be used.

Plotting Mode (M) -- One of the following four plotting modes can be selected.

1. linear on X, linear on Y
'2. linear on X, log on Y

3. log on X, linear on Y
4. log on X, log on Y

By default, both axes are plotted on a linear scale.

Physical Plot Slic (F) -- This option is applicable only to pen plotters. By selecting this
~

option, the physical size of the plot can be defined in terms of dimensions of X- and

Y-axis and coordinates of the left-bottom corner of the plot with reference to a

8-1/2 x 11-inch paper in landscape mode.

Symbols (G) -- A set of ten discrete symbols and ten different types of lines are

provided. By selecting this option, the user can reassign symbols to data sets.

Pen Number (P) -- This option is applicable only to multi-pen plotters like the HP

7470A plotter. By selecting this option, different colors can be assigned to data sets.

9-5
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Save Plotting Purameters in a File (S) -- When this option is selected, the user will

be prompted to enter a file name for saving the plotting parameters. The parameters

saved are -- minimum and maximum plotting limits, tic intervals, axes labels, plotting

mode, physical plot size, assigned symbols, and pen numbers.

Imad Plotting Parameters from a File (L) -- By selecting this option, the user can

recall the plotting parameters that were saved using the "S" option. A file name is

requested from the user when this option is selected,
i

Plot on the Screen (X) -- This option is used to plot the data on the screen.

Plot on a Pen Plotter (Z) -- This option is used to plot the data on a HP 7470A or

compatible pen plotter. Follow the instructions that appear on the screen.

-

Overplot Option (O) -- This option is applicable onb for the pen plotters. By default,

the overplot option is turned off. When the overplot option is turned on, tics, labels,

and axes are not plotted.

Read a New Data File (N) -- This option is used to select another file for plotting.

When this option is selected, display returns to Plotting File Menu, from which
-

another plot file can be selected.

Quit (Q) -- This option is used to EXIT from the plotting program.

If Option 4 is selected from the plot selection menu, a color-coded stratification scheme as

shown in Figure 9-1 is displayed. By default, leak results are provided. If all the samples

from a stratum resulted in a leak, the cell is painted red; if no leaks occurred for a stratum,

it is painted green; if some leaks occurred, the stratum is painted yellow. At the bottom of

the screen, six options are listed for altering the display or for exiting to the plot selection

menu.
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Figure 91. _ A typical display of leak results on the stratification map.
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Option A '(New Scale): By selecting this option, a selective display of the

stratification map can be obtained. The user is promoted to enter new limits of a/b

and a/h for display.

Option B (Leaks): This is the default display. When this option is selected, the

results of leaks are displayed.

Option C (Big Leaks): When this option is selected, the results of big leaks are

displayed.

Option D (LOCA): When this option is selected, the results of LOCA are displayed.

Option N (Numbers On/Ofr): When this option is selected, the user is provided with

options to display any or all of the following:

Number of samples in each cell.
Number of failures (leaks, big leaks, or LOCA) in each cell.
Stratum number.

By default, none of these are displayed when the display is first generated.

Option Q (Quit): This option is selected to return to the plot selection menu.

The program does not have the capability to generate a hard copy of the stratification

display on a pen-plotter. A hard copy of the display can be obtained by a graphics-dump

- of the screen if a compatible printer is connected to the computer.

|.

i.
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10. I SAMPLE PROBLEMS
'

; Eleven sample problems are described in this section. These problems generally fail into
.

three gniups.

e: Problems 15 consider only the pre-existing cracks
1e- Problems 6-8 consider only the SCC-initiated cracks
-e - Problems 9-11 consider both the pre-existing and SCC-initiated

cracks simultaneously

In each group, the. problems are arranged in order ofincreasing complexity. The following.,
-

~

- table lists the features of the PRAISE Code that are exercised in each of the problems.

Each problem is discussed in detail in this section The input and output files for each of.

i these problems is included with the software. These sample problems were run on a 386/33

PC with a 387/33 math coprocessor.
~

INDEX TO SAMPLE PROBLEMS -

1- 2- 3- 4 5 -6 7 ~8- 9- 10 11

CRACKS

Pre.cxisting ~/- -/ / / / / / /
SCC-initiated . / / / / / -#

(RACK GRoWnt -
Fatigue '/ / / / / /- / /
SCC / / / /- / '/

FARIJRH CRrIERIA
Net-section /~ /- / /- / / / / / /-

Tc. ring instability - / /
OriRA*I1ON"

|, Psl / /, / /- / /' / /
!i- Proof test ' / / /- '/ / /- /

ISI ' / / /
Mid. life changes / /
5"IRf!SSI!S '

I(U-CD <d' -/ /- -/~ / ^/' i/. / =/ / /
Radial gradient thermal /- /' /
seismic - / /

Residual /- /- -/ -/- / /
'

Mid life change / / /
FARAJRH MODH ;

Ixat / / /' '/ / / / / e

LoCA -/ / /

-- 10-1
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10.1 Sample Problem 1: Fatigue Ilaseline Case

This sample problem illustrates the most basic analysis that can be performed with pc-

PRAISE. This case calculates probability of leak due to the growth of a pre-existing crack

by fatigue mechanism. The only load cycle used is the heat-up/ cool-down cycle. The weld

location is subjected to pre-service inspection and a proof-test. Failure criteria used is the

net-section stress exceeding the now stress. The major inputs related to the geometry of the

pipe, the pipe material, the welding process used, and the operating history are described

below. __

Pipe Geometry:
Inside Radius = 14.5 in
Wall Thickness = 2.5 in

Stresses:
Deadweight = 2.08 ksi
Deadweight + Thermal Expansion = 8.58 ksi
Operating Pressure = 2400 psi
Proof Pressure = 3000 psi

Fatigue Crack Growth Properties:
C (median) = 9.14x10a2
C (90th percentile) = 3.5x10~"
Fatigue Exponent = 4.0

U2Fatigue Threshold = 4.6 ksi-in
-

Flow Stress:
Mean = 43.2 ksi
Standard Deviation = 4.2 ksi

Initial Crack Size Distribution:
Depth Distribution -- Exponential

Parameter == 4.07
Aspect Ratio Distribution -- Lognormal

Median = 1.34
Shape Parameter = 0.538

The a/h - a/b sample space is divided into 100 cells and 100 samples are taken from each

cell. Plant lifetime of 40 years ia simulated and results are printed at two year intervals.

Residual stresses and vibratory stresses are not considered in the analysis. The heat-up/ cool-

down cycles are assumed to occur regularly five times a year.

10-2
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The input file for Sample Problem 1 is shown in Figure 10-ta. Each variable in the input

file _is described in Table 10-1. The output file b shown in Figures 10-lb through 10-1d.

- Description of the inputs is given in Figure 10 lb. The stratification sei.eme used is shown

in Figure 10-Ic. Coordinates of each cell are shown along with the number of samples and

the conditional probability of crack from that cell. The last three columns of that table show

the number of cracks that resulted in leak,' big-leak, and LOCA, respectively. The

probabilities of leak as a function of time are shown in Figure 10-Id. Leak and big leak >

probabilities are the same at any given time, indicating that all the leaks that were found

,

were less than 10 gpm. The LOCA probability calculations for this case are not accurate
,j because the stratification used is not optimized for the estimation of LOCA probabilities.
L

The stratification scheme employed is shown in Figure 10-le and the cell from _which at least

one failure occurred are cross hatched. No leaks occurred for cells with a/h < 0.6, and

hence, it would have been adequate to ignore the sample space below a/h = 0.6.

10-3
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Table 101
VARIABLE INPUT FILE FOR

SAMi>LE PROBLEM 1: FATIGUE BASELINE CASE

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #1 -Title

TITLE ( ) Malysis title 1 80 20A4

Line #2 Control Variables (Card 08)

INCIAT 0 Preexisting cracks only 15 15

IFA!LC 0 Net-section stress critetta 6 10 15

ICRAKS 0 Not used II 15 15

IREPLS O Not used 16 - 20 15

IREPAR :0 Not used 26 30 15

BNDRY 1.1 Not used 31 - 40 F10.3

ISF 0 Fatigue crack growth data input by the user 41 - 50 11 0

|

MTTYPE 1 No; used 51 55 15
]

ISEED 688 Random number seed 1 56 62 17

ISEEDR 7225 Random number seed 2 63 70 18

IREMED 0 Number of remedial actions during the plant Me 71 75 45

Line #3 Control Variables (Card 1B)

NTRIES 100 Number of replications from each ceu = abs (NTRIES) 15 15

ISOARE 1 Rectangular grid to be set up 6 10 15

KTYPES 1 Number of transients experienced by the plant 11 - 15 15

KRKDIS 3 Crack depth exponential, aspect ratio lognormal 16 - 20 15

|' NEVAL. 2 traerval for printing results (years) 21 - 25 15

l
'

NINSPT 0 No in-6ennee inspections 26 - 30 15

|

NOVAKE .O_ No earthquakes to be modeled 31 - 35 15

IDEDUG O Normal output to be printed 36 - 40 15

KONPRP O C legnormally distributed . 41 45 15

NEGINT 0 Not used 46 50 15

|

|- 10-4
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Table 10-1 (Continued)
.. - m

VARIABLE VALUE DESCRIPTION POSITION FORMAT
.n.

~ Line #3 Control Variables (Card 1En !%-tt.m d)
. . . =

MCELLS 0 Not used - 51 f" 15

KNSFLO O Flow stress normally distributed 5G - 60 15

NSKIP O No indicator function printout 61 - 65 15

NPSI 1 A pre-service inspection is modeled 66 70 15

ISCC 0 Crack growth by fatigue only 71 75 15

ISIGAS 0 Residual stresses not modeled 75 - 80 15

Line #4 Time and NDE Parameters (Card ID)

THRizN 40 Maximum piant life time simulated (years) 1 10 E10.3

DTSCC - 0.2 Not used 11 20 E10.3

ICTYPE O Orack orientation is circumferential 21 - 25 15

|PiYPE' O Default NDE parameters for thick nustenitic pipe used 26 - 30 15

EPST Not used 31 - 40 E10 0

ASTAR Not used 41 - 50 E10.0

TRANSD Not used 51 - 60 E10.0

ANUU Not used 61 - 70 E10.0

Line #5 Pipe Dimensions (Card 2A).

THICK 2.5 W311 thickness of the pipe (inches) 1 - 10 E10.3

RIN 14.5 Inside radius (inches) 11 - 20 E10.3

ELOVRR Not used 21 - 30 E10.3

- Line #6 Fatigue Crack Growth Characteristics (Card 28)

THRHLD 4.6 Threshold for fatigue crack growth (ksi-in /2) 1 - 10 E10.3t

EMEXP 4 Exponent for fatigue crack growth equation 11 - 20 E10.3

CONSMU 9 14*10-12 50th percentile of C 21 - 30 E10 3

CONSGO 3.50x 10'" 00th percentile of C 31 - 40 E10.3

10-5
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Tabie 10-1 (Continued)
s-

VARIABLE VALUE DESCRIPTION POSITION FORMAT
.

Line #7 Flow Stress (Card 2C)

SFLOMU -- 43.2 Mean veue of flow stress (ksi) 1 10 E10.4

SFLOSD 4.2 Standard deviation of flow stress (ksi) 11 20 E10.4

XJIC Not used 21 30 E10.4

DJDAMT Not used 31 40 E10.4

SIGO Not used 41 50 E10.4

DEE Not used 51 60 E10,4

YOUNGS Not used 61 - 70 E10.4

71 80 E10.4XN | Not used

Line #8 Ultirnate Stress Definition (Card 2D)

SULTMU 0 Not used 1 - 10 E10.0

SULTSD 0 Not used 11 20 E10.0

IULT 0 Not used 21 25 15 '

Line #9 Inlllal Crack Depth Distribution (Card 3A)

AMEDIAN 4 07 Rate parameter for exponential distributie , of depth (1/in) 1 - 10 E10.3

ASIGMA Not used 11 - 20 E10.3

ALAMDA Not used 21 30 E10.3

Line #10 Initial Aspect Ratio Distribution (Card 38)'

BOAMED 1.34 Median of truncated lognumal distnbution of b/a 1 10 E10.3

BOASIG 0.538 Shape factor of truncated lognormal distribution of b/a 11 , 20 E10.3

BOALDA Not used 21 30 E10.3

Linc #11 Leak Rate and Detection Parameters (Card 40)

FNDLEK 3 Threshold for detectable leak rate (gpm) ' 1 - 10 E10.3
;

- ALKBIG ' to Threshold for defining big leaks (gpm) 11 20 E10.3

i
|

.
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Table 10-1 (Continued)

VARIABLE -VALUE DESCRIPTION POSITION FORMAT

Line #12 Stratifled Sample Space (Card SA)

NADH 10 Number of divisions in a/h direction 1-5 15

NAOB 10 Number of divisions in a/b d; ection 6 10 t5

AOHLOW 0 Lower limit of air, 11 20 E10.3

| AOHUP 1 Upper limit of e/h 21 30 E10.3
|

| AOBLFT 0 Lower limit of a/b 31 40 E10.3
.-

AOBROT 1 Upper limit of a/b 41 50 E10.3
|

|_ . Line #13 Operating Stresses (Card GA)
,

SGCLD 2.08 Deadweight stress (ksi) 1 - 10 E1C 4

SGDWTE 8.58 Deadweight and thermal expansion stres. (ksi) 11 20 E10.4

OPPRES 2.4 Normal operating pressure (ksi) 21 30 E10 4

PRFPRS 3 Pressure in hydtostatic proof test (ksi) 31 40 E10.4

SIGVIB -1 Vibratory stresses not modeled 41 50 E10.4

VBTH'.D 0 Not used 51 - 60 E10 4

Line #14 Frequency of Heat-up/ Cool-down Transient 1 (Card 6E)

NCYBLK 1 Blocking faCor for fatigue crack growth calculations 1-5 15

BLAMDA 0.2 traer arrival time of this transient (determinhtic) 6 - 10 F5.2
_

1EMP 460 Maximum temperature excursion during this transient CF) 11 - 20 F10.5

TITLE - Transient title 21 80 6A10

.
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P R A I S E

PIPING RELIABILITT ANALYSIS. INCLUDING SEISMIC EVENTS

PC-PRAISE VERS?ON 2.40

EXECUTED ON- 12/06/91 AT 3:25p

ECHO PRINT OF INMh (o=A IN FILE SAMPLE 1.DAT

t i NE 3. . 5. . .c i > .. 5... <2 3 . 5. . c 3 3. . 5 . - <4 3 . 5. -- (5 3. - 5 - < 63. . 5. . . < 73. . 5. --( s,1> PROBLEM 1 - Fetigue baseline
2) 0 0 0 0 0 1.100 0 1 688 7225 0 <

3> .100 1 1' 3- 2 0 0 0 0 0 0 0 0 1 0 0<
4> 400E+02 .030E+00 0- 0- <

5> .250E+01 .145E+02 <

6> . 460E+01.- .400E+01 .914E 11 .350f 10 <

71 .4300E+02 .4200E+01. <

8> .000E+00 .000E+00 0 - <

97 407E<31~ <

- 10) 134E+01 .53SE+00 - <

11> 300E+01: .100E+02 -

1.000 <
<-

12> 10 1 .000- 1.000 .000
10' 8.58 2.400 3.00 .100E+01 .000E+00 <13> 2.08

LINE 3.. 5...(13.. 5...(2)---5 p and coot-deen-(31-- 5- -(4). -5.--(5) - 5 --(6)5- -(7) - 5-.-(8
' 14> 12 460.00000 Hest-u -<

.

NEW SEED (L,R) 688 7225***********

.

j- . Figure 10-ta. Echo of input file for Sample Problem 1.
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PROBLEM 1 : Fatigue baseline- --

CIRCUMfEREWilAL CRACK ANALYS!$

PARAMETERS THAT DETERMINE NON DETECil0N PROBABILITY
EPST = .000E+00
ASTAR = 1.250
TRANSDUCER DIAMETER = 1.00000 INCHES

1.600ANUU =

PRE-EXISTING CRACKS ONLY

FATICUE CRACK CROWTH ONLY

LEAKERS WILL BE REPAIRED

FAILURE CRITERIA = APPLIED STRESS > FLOW STRESS

PIPE DIMENSIONS
WALL THICKNESS = 2.50 INCHES
INSIDE R ADIUS = 14.50 INCHES

L/M RATIO = .00
.00L/R RATIO =

AREA 0F PlPE = 247.40 50. INCHES
FLOW AREA 0F PIPE = 660.52 SQ. INCHES

INITIAL CRACK SIZE DISTRIBUTION
CRACK DEPTH IS EXPONENTIAL

PARAMETER = 4.0700
ASPECT RATIO IS LOG NORMAL

MEDIAN = 1.3400
SHAPE PARAMETER = .5180
NORMAllZATION CONSTAMT = 1.4149

CRACK GROWTH LAW PARAMETERS
EXPONENT = 4.000
GROWTH LAW CONSTANT LOG NORMALLY DISTRl8UTED

MEDIAN = .9140E 11
90 TH PERCENT = .3500E-10

THRESHOLD = 4.600

FLOW STRESS NORMALLY DISTRIBUTED
MEAN = .4300E+02-
STANDARD DEVIATION = .4200E+01

DISTRIBUTION PARAMETERS FOR ULTIMATE STRESS IN PIPE -

MEAN = .0000E*LO
STANDARD DEVIATION = .0000E+00
STANDARD DEVIATION = 0.0 MEANS THE ULTIMATE STRESS is CONSTANT
INTERPOLA710N FLAG = 0 ( IULT ) FOR WHOLE PIPE BREAK PROBABILITY
ABS ( (ULT ) IS THE NUMBER OF INTERPOLATION PolNTS
IF IULT .GT. O LINE AR INTERPOL ATICN
IF IULT .EQ. O NO INTERPOLATION
IF IULT .Lt. O LOGARITHMIC INTERPOLATION

Figure 10-lb. Input summary for Sample Problem 1.

.
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\

PIPE LOADING VALUES
STRESS (KSI) DUE TO COLD DEADWElGNT a 2.08
STRESS (KSI) DUE TO DWGHT + THERMAL = 8.58

-STRESS (KSI) DUE TO THERMAL = 6.50
OkC9ATING PRESSURE (KSI) 2.40=

STRESS (KSI) DUE TO OPER. PRESSURE = 6.41
STRESS (KSI) DUE TO DWGHT + OP PRESR = 8.49
STRESS (KSI) DUC TO DWT*THNL+0P PRES = 14.99
PROOF PRESSURE (KSI)- 3.00=

STRESS (KSI) DUE TO DWGHT + PRF PRES = 10.09

HYDROSTATIC PROOF TEST IS N00ELLED

LEAK CETECT10N AND DEFINITION PARAMETES.S
DETECT ABLE LEAK (GPM) = -3.00
BIG LEAK ( GPM ) = 10.00

NO RESIDUAL STRESSES ARE MODELLED

NO VIBRATORY STRESSES ARE MODELLED

PRE-SERVICE ULTRASONIC INSPECTION IS MODELLED

TIME INTERVALS
PLANT LIFETIME =' 40.0 YEARS
ENDPolNTS OF INTERVALS AT .0 2.0 4.0 6.0 8.0 YEARS
ENDPolNTS OF INTERVALS AT 10.0 12.0 14.0 16.0 18.0 YEARS
ENDPOINTS OF INTERVALS AT 20.0 22.0 24.0 26.0 28.0 YEARS |

ENDPOINTS OF INTERVALS AT 30.0 32.0 34.0 36.0 38.0 YEARS l

ENDPOINTS OF INTERVALS AT 40.0

NO IN SERVICE INSPECTIONS ARE MODELLED

No SE1SMIC EVENTS EVALUATED

SKIP PARAMETER FOR INDICATOR FUNCTION PRINTOUT IS 0

NORMAL OUTPUT REQUESTED

NUMBER OF TRANSIENT TYPES = 1

T.?E 1 Heat-up and Coot-down
REGULAR AT .200 YEARS / EVENT
MAX DELTA TEMP = 460.0 BLOCKING FACTOR = 1.0

.

Figure 10-1b. (Continued)

|
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* SUMMARY OF CELL N SAMPLE SPACE * -

* * UNIFORM MESH - - -

CELL A0H1- . ADH2 A081 A082 PROCABILITY- $AMPLES LEAKS 8 LEAKS LOCAS
1 9000 -1.0000 .0000 .1000 . .8910199E 08 100 80 80 : 11.

2. 9C00 1.0000 .1000 .2000 .67610200-06 100 70 70 0.

3 9000 1.0000 .2000 .3000 .3614825E 05 100 71 71 - 0.

4 9000 .1.0000 - .3000 4000 .7434238E-05 100 51 51 0.

5- 9000 1.0000 4000 .5000 1001263E-04 100 41 41 0.

6 9000 1.0000 .5000- .6000 .1088032E-04 100 30 30 0.

7 9000- 1.0000 .6000 .7000 1048585E 04 - 100 -21 21 0.

8 9000 1.0000 .7000 .8000 .9406688E 05 100 16 16 0.

9 9000 1.0000 8000 .9000 .8069847E-05 1"' 17 17 0.

10 ' 9000- 1.0000 .9000 1.0000 .6728002E-05 160 17 -17 0.

11 8000 9000 .0000._ .1000_- .2464802E 07 100 18 18 1.

12 8000 .9000 1000- .2000 1870281E 05 100 11 11 0.

13 8000- .9000 .2000 .3000 .99995830-05 100 2 2 0.

14 8000 .9000 .3000 .4000 .2056511E 04 100 2 2 0.

15 b000 .9000. 4000. .5000 .2769764E-04 100 0 0 0.

16 8000. .9000 5000 .6000 .30097f2E 04 100~ 2 2 0
17

' .
8000 9000 .6000- .7000 .2900669E-04 100 0 0 0- .

18 8000- .9000 .7000 .B000 .2602144E 04 100 0 0 0.

' 19 ' 8000. 9000_ .8000 .9000- .2232338E 04 100 0 0 0.

20- 8000 .9000 9000 1.0000 1861147E-04 .100- 0 0 0.

21 7000 .8000 - .0000 .1000 .6818309E 07 100 1 1 0.

22' 7000 .8000 .1000' .2000- .5173703E 05 -100 0 0 0.

-- 23 s 7000 .8000 .2000- .3000 .2766155E 04 100 0 0 0.

24 7000 8000 .3000 4000 .5688866E-04 100 0 0 0.

25 - 7000 .8000 4000 .5000 .7661917E- 04 100 0 0 0.

'26 7000: .8000 .5000 6000 .8325897E 04 100 0 0 -0.

- 27- 7000 .8000 .6000 7000 8024034E-04 100 0 0 0.

28- 7000 .8000. .7000 '.8000 .7198235E 04 100 0 0 0.

29 7000 .8000 .8000 .9000 .6175250E 04 100 0 0 C.

30 7000 .8000 .9J00 .1.0000 5148437E-04 100 0 0 0.

31 6000- .7000 .0000 .1000 .1886129E-06 100 0 0- 0.

- 32 6000- 7000 1000 .2000 .1431186E-04 100 0 0 0.

33 6000 .7000 .2000 .3000. .7651933E 04 100 0 0 0-.

34 6000 7000 .3000 4000. .1573694E-03 100- 0 0 0.

- 35 6000' 7000 .4000 -.5000 .2119493E-03 100 0 0 0.

36 6000 .7000 .5000 .6000 .2303168E 03 100 - .0 0 0.

37= 6000 .7000: .6000 .7000 .2219665E 03 100 -0 0 0.

38 6000 7000 .7000 .8000 .1991226E 03 100 0 0 0.

39- 6000 .7000 .8000' .9000 .1708241E 03 100 0 0 0.

. 40 6000_ .7000 9000 -1.0000 1424197E 03 - 100' O O 0.

41 5000 .6000- .0000' .1000 .5217542E-06 . -100 0 0' 0.

42: 5000' .6000 .1000 .2000' .3959048E 04 100 0 0 0.

43 5000 .6000. .2000 .3000 .2116732E-03 100 0 0 0.

44 5000 .6000 .3000 .4000 .4353264E-03 -100 '0 0 0.

45: 5000 .6000 4000 .5000 .5863092E 03 -100 0 0 0.

46 5000 .6000 .5000- .0000 .6371187E-03 100 0 0 0.

47 5000 .6000.- .6000- .7000 .6140103E-03 100. 0 0 -- O.

48 5000 .6000- .7000 .8000 .5508271E-03 100 0 0 0.

49 5000 .6000 .8000 .9000 .4725457E 03 100 0 0 0'

.

50 - 5000. .6000 .9000 1.0000. .3939714E-03 1 00 0 0 0.

..

1

Figure 10-Ic. Stratification description for Sample Problem 1.
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51 .4000 .5000 .0000 .1000 .1443313t 05 100 0 0 0
52 4000 .5000 .10D0 .20% 10951801 03 100 0 0 0
53 4000 .$000 .2000 .3000 .5855452t 03 100 0 0 0
54 .4000 .$000 .3000 4000 1204231t 02 100 0 0 0
5's 4000 . 000 .4000 .5000 1621890t 02 100 0 0 0
$6 400J . 000 .50C- .6000 176244?t 02 000 0 0 0
57 4000 000 .6006 7000 .1698543t 02 100 0 ') 0
58 .4000 . 000 7000 .8000 1523737E 02 100 0 0 0
59 4000- .5000 .8000 9000 .1307189t 02 100 0 0 0
60 4000 .$000 .9000 1.0000 10898111 02 100 0 0 0,
61 .3000 .4000 .0000 .1000 -.3992595t 05 100 0 0 0
62. .3000 .4000 .1000 .2000 3029563E 03 100 * O 0
63 .3000 .4000 .2000 .3000 1619776t 02 100 0 0 0
64 3000 .4000 .3000 4000 .3331227t 02 100 0 0 0
65 .3000 .4000 4000 .5000 .44865861 02 100 0 0 0
66 .3000 4000 .5000 .6000 4875393t 02 100 0 0 0
67 .3000 4000 .A400 7000 46986301 02 100 0 0 0
68 .3000 .4000 .n 30 .8000 4215068t 02 *00 0 0 0
69 .3000 .4000 E.8000 9000 .36160391 02 100 0 0 0
70 .3000 .4000 9000 1.0000 .30147684 02 100 0 0 0

- 71. .?000 .3000- .0000 1000 1104460t 04 100 0 0 0
72 2000 .3000 .1000 .2000 .8380591t 03 100 0 0 0
73 .2000 .3000 .2000 .3000 4480739t 02 100 0 0 0
74 .2000 .3000 .3000 4000 .9215076f 02 100 0 0 0. !

75 .2000 .3000 4000 .5000 1241111E 01 100 0 0 0
76 .2000 .3000 .5000 .6000 1348665t 01 100 0 0 0
77 . 2000 .3000 .6000 .7000 1299768f 01= 100 0 0 0
78 .2000 .3000 7000 .6000 .1166002f 01 100 0 0 0
79 2000 .30J0 .8000 9000 1000294t 01 100 0 0 0
80 .2000 .3000 9000 1.0000 .83396650 02 100 0 0 0
81 .1000 .2000- .0000 .1000 .3055234t*04 100 0 0 0
82 1000 .2000 1000 .2000 .2318298t 02 100 0 0 0 |

63 1000 .2000 .2000 .3000 1239494t 01 100 0 0 0
84 .1000. .2000 .3000 .4000- .2549139t 01 100 0 0 0
85 1000 .2000 .4000 .5000 .3453249t 01 100 0 0 0
86 1000 .2000 .5000 .6000 . 3730773E + 01 100 0 0 0
87 1000 .2000 .6000 .7000 .3595510E 01 100 0 0 0
88 .10f'0 .2000 .7000 .8000 .3225476t 01 100 0 0 0
89 .' .2000 .8000 .9000 .2767084t 01 100 0 0 0
90 .2000 9000 1.0000 .2306977t 01 100 0 0 0.

91 .t .1000 0000 1000 8451604t 04 100 0 0 0
92 .L .1000 1000 .2000 .6413040t 02 100 0 0 0
93 .Os 1000 .2000 .3000 .3428775t 01 100 0 0 0
94 0061 .1000 ,3000 .4000 7051608t 01 100 0 0 0
95 .0000 .1000 4000 .uog ' .949T294t 01 100 0 0 0 t

96 .0000 .1000 .5000 .& 1032033t+00 100 0 0 0
97 .0000 .1000 .6000 '.9946154C 01- 100 0 0 0*

98 .0000 10J0 .7000 .8000 .8922539t + 01 100 0 0 0
99 .0060- .1000- .6000 .9000 7654503E 01 100 0 0 0

100 .0000 .1000 .9000 i 0000 .6381722t 01 100 0 0 0
...............

SUM OF CELL l'R08ABILillES - 1000000t+01

i

Figure 10-lc (Col.tinued).
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PtosLEM 1 : Fatigue baseline-- **- '

ttSUL18 WITHOUT tARTHQUAttt * -

StitMIC Cl485 INf0AMA110W
CLAtt sict o -- sGLCt 0 CYCLtl COV F BM

0 .0000f + 00 .000 0 .0000

PR08ABill1T OF FAILURE FOR UNCRACKED PIPE AND INittPOLAf t0 VALUES
$ULfMU SULTSO IUL1

.00000t+00 .00000t+00 0
-i$1RESS(i

.64876t+0)1

PBetAK(1)
10000t+01

flME AVG LtAt AVG 010LiiK
AVQ LOCA . 1.79180E 081.79180E*08 5.50011t 12

SIGMA LEAK $1CMA BIG LEAK $lGMA LOCA.0 6.763551 08 6.76355t 08 5.50011t 12
R.0 3.677691 07- 3.67769t *07 3.57538t * 11 11955t 08

4 78571t 08
4.11955t*08 1.42733t 114.0 $.07700f 07 5.07700F 07 4.22709t*11' 4. 4.78571t-08 1.55400E 11' 6.0 5. 78136t * 07 5.78136E 07 4.99843E 11 5.02547t 08 5.02547t 08 1.71582t*118.0 6.62045t * 07 6.62045t*07 4.99843t 11 5.35486t 08 5.33486t 08 1.71582t 11

10.0 7.69206t 07 7.69206E 07 5.714745 11 5.71999t 08 5.71999f*08 1.83978t 11
12.0= 8.31618t 07 8.316187 07 $.71474t 11 . 5.92733t *08 5.92733t 08 - .1.83978t 11
14.0 8.95061t 07 8.95061t 07 5.71474t.11 6.08774t 08 6.08774t 08 1.83978t 11
16.0 9.66354t 07 9.66354t 07 8.95945t*11 6.35513t 08 6.35513t 08 3.19005t*11
18.0 9.94823t 07 9.94823t 07 8.95945t 11 6.41155t+08- 6.41155t 08 3.19005t 1120.0 1.05641t*06- 1.05641t*06 8.95945C 11 6.52628E 08 6.52628t 08 -3.19005t*112'.0 12244t 06 1.12244t+06 9.68247t-11 6.690691 08 6.69069t 05 3.25655t 11

'

14694E-Oe.- 1.14694t 06 9.68247t*11 6.76794t 08- 6.76794t 08 3.25655t 1124.0 '

26.0 16854E 06 1.16854E 06 9.68247t 1* 6.79369t 08 6.79369t 08 3.25655t*11
'

+

28.0 '.25533t 06 1.25533t 06 t.68247t ti 7.77824t 08 7.fo124t 08 3.25655t 11
30.0 1.33121E*06 1.33121t 06 9.68247t+11 7.91557t -08 7.91557t 08 3.25655t 11 i

32.0 1.41626t*06 1.41626t 06 9.68247t 11 8.65201t 08 8.65201E*08 3.25655t.11
34.0 1.46651t * 06 1.46651t 06 9.68247t * 11 .8.92042E 08 8.92042t*08 3.25655t 11
36.0 1.49150t 06 1.49150E 06 9.68247t 11 8.91621t 08 8.93621t*08 3.25655t 11
38.0 1.50409t 06 1.50409t 06 9.68247t 11 8.94359t 08 8.94359t 08 3.25655t 11 .

40.0 1.51351t 06 'i.51351t 06- 9.68247t * 11 8.94015t-08 8.94015t*08 3.25655t*11 - +

PC PPAlt! VERSION 2.40
taecution Start + 12/06/91 at 3:25p
faccution End= 12/06/91 at 3:46p i

-

Figure 101d. - Failure probabilities for Sample Problem 1.
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Figure 10-le. Stratification scheme for Sample Problem 1.
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10.2 Sample Problem 2: Fatigue Baseline Case - LOCA

This sample problem illustrates the use of pc PRAISE to calculate probabilities of LOCA

due to the groet? n/ a are existing crack by fatigue mechanism. The inputs are similar to
Sample Probiern & load cycle used is the heat up/ cool down cycle. The weld location

is subjected to pre service inspection and a proof test. Failure criteria used is the net section

stress exceeding the flow stress. The major inputs related to the geometry of the pipe, the

pipe material, the welding process used, and the operating history are described below.

Pipe Geometry:
Inside Radius = 14.5 in
Wall Thickness = 2.5 in

Stresses:
Deadweight = 2.08 ksi
Deadweight + Thermal Expansion = 8.58 ksi
Operating Pressure = 2400 psi
Proof Pressure = 3000 psi

Fatigue Crack Growth Properties:
C (median) = 9.14x10-i2
C (90th 3ercentile) = 3.5x10 "
Fatigue 3xponent = 4.0
Fatigue Threshold = 4.6 ksiin :it

Flow Stress:
Mean = 43.2 ksi
Standard Deviation = 4.2 ksi

Initial Crack Size Distribution:
Depth Distril'ution -- Lognormal

Median = .05 in
Shape Parameter = 0.82

Aspect Ratio Distribution - Exponential
Parameter = 1.15

Only a portion of the a/h - s/b sample space is used for sampling the initial cracks. LOCAs

are caused generally by cracks that are long (small a/a) and deep (large a/h), particularly if

the leak detection is set to a reasonab!c value. Therefore, only the cracks with a/h > 0.4

and a/b < 0.14 are considered in the analysis. The plant lifetime of 40 years is simulued

and results are printed at two year intervals. Residual stresses and vibratory stresses are not

10-15
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considered in the analysis. The heat-up/ cool down cycles are assumed to occur regularly five

times a year.

The input file for Sample Problem 2 is shown in Figure 10-2a. Each variable in the input

file is described in Table 10-2. The output file is shown in Figures 10 2b through 10-2f.

Description of the inputt. is summarized in Figure 10-2b. The indicator functions for Cells

3,4, and 40 are shown in Figure 10 2c. The output file for the sample problem on the disk

contains indicator functions for all the cells. Ta stratification scheme used is shown in

Figure 10-2d. Coordinates of each cell are shown along with the number of samples and the

conditional probability of crack from that cell. The last three columns of that table show the

number of cracks that resulted in leak, big leak, and LOCA, respectively. The probabilities

of LOCA as a function of time are shown in Figure 10 2e. The !:ak probability calculations

for this case are not accurate because the stratification used is optimized only for the |

. estimation of LOCA probabilities. The stratification used is plotted in Figure 10 2f, and the

cells with no failures are cross hatched. The stratification is considered satisfactory since at

least one layer of cells with no failures separates the' cells with failures and cells not

considered in the analysis. This stratification was arrived at after severaliterations.
,

;

L
!

|

l

L

.

,
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Table 10 2
VARIAllLE INPUT FILE FOR

SAMPLE PROllLEM 2: FATIGUE IIASELINE CASE .. LOCA
J
!

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #1 -Title

TITLE () Analysis title
.

Line #2 Control Variables (Card 00)

INCIAT 0 Pre existing cracks only 15 15

IFAILC 0 Net section stress critona 6 10 15

ICRAKS 0 Not used 11 15 15

IREPLS 0 Not used 16 + 20 15

,

IREPAR 0 Not used 26 30 15

DNDRY 1,1 Not used 31 + 40 F10.3

ISF 0 Fatigue crack growth data input by the user 41 50 11 0

MTTYPE O Not used $1 55 15

ISEED 688 Random number seed 1 56 62 17

ISEEDR 7225 Random number seed 2 63 70 18

1REMED 0 Number of remedial actions dunng the plant life 71 75 45

Line #3 Control Variables (Card IB)
__

NTRIES -500 Number of replications from each cell e abs (NTRIES) 15 15

ISOARE 1 hectangular grid to be set up 6 - 10 15

KTYPES 1 Number of transients experienced by the plant 11 15 15

KRKDIS 2 Creek depth lognormal, aspect ratio exponential 16 20 15

NEVAL 2 Interval for printing resutts (years) 21 25 15

NINSPT C No in-service inspections 26 30 15

NOUAKE O No parthquakes to be modeled 31 35 15

IDEBUG. 0 Normal output to be ponted -36 40 15

KONFRP O C lognormerly distributed 41 45 15

NEOINT 0 Not used 48 - 50 ' 15

MCELLS 0 Not used $1 55 15

_

10-17
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Tablo 10 2 (Continued)
_ . _ m

VARIABLE VALUE DESCRIPTION POSITION FORMAT
- s

Line #3 Control Variables (Card 10) [ Continued]

KNsrLO O now stress is normatty distributed 56 00 15

N5 KIP I Indicator function pt.ntout Interval = 2 years 61 65 15

NPSI 1 A pre. service inspection is modeled (4 70 15

ISCC 0 Crack growth by fatigue only 71 - 75 lb

ISIGRS 0 Desidual stresses not modeled 75 B0 15

Line #4 Time and NDE Pararneters (Card 1D)

THR!ZN 40 Maximum plant life time simulated (years) 1 10 E10.3

DTSCC 02 Not used 11 20 E10 3

ICTYPE O Crack orientation is circumteiential 21 2$ 15

IPTYPE O Default NUE parameters for thick austenitic pipe used 26 30 15

EPST Not used 31 40 E100

ASTAA Not used 41 50 E10 0

TRANSD Not used 51 00 E10.0

ANUU Not used 61 70 E10 0

Line #5 Pipe Dimensions (Card 2A) _

THICK 25 Wall thickness of the pipe (inches) 1 10 E10.3

RIN 14 5 Inside radius (inches) 11 20 E10.3

ELOVRR Not used 21 30 E10 3

Line #6 Fatigue Crack Growth Characteristics (Card 20)

THRHLD 46 Threshold for f atigue crack growth (ksi-inV2) 1 to E 10.3

EMEXP 4 Exponent for fatigue crack growth equation 11 20 E10 3

CONSMU 914x1012 50th perconti!e of C 21 30 E10 3

lI
CONS 90 3 50m 1/f 90th percentdo of C 31 40 E10.3

,,
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Table 10 2 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT
_

Line #7 Flow Stress (Card 20)|

| !
| Sf'LOMU 43 2 Mean value of flow stress (ksi) 1 10 E10 4 |

|
| SrLOSD 4,2 Standard deviation of flow stress esi) 11 20 E10 4

,

XJIC Not used 21 30 Eto 4 -

DJDAMT Not used 31 40 E10 4
;

SIGO Not used 41 50 E10.4

DEE Not used $1 60 E10 4
m

YOUNGS Not used 61 70 E10 4

XN Not used |. 71 80 E10 4

Line #8 Ultimato Stress Definition (Card 2D)

SUL1MU 0 Not used 1 10 E10 0

$ULTSD 0 Not used 11 20 E10.0
l'

IULT 0 Not used 21 - 25 15

Line #9 Initial Crack Depth Distribution (Card 3A)

AMEDIAN 0.05 Median of the lognormal d:vanution of crack dapth (in) 1- 10 E10.3

ASIGMA 0 82 Shape factor of the lognormal distribution of crack depth 11 20 E10.3

ALAMDA Not used 21 30 E10.3

Line #10 Initial Aspect Ratio Distribution (Card 3B)

DOALDA 1,15 Rate parameter for shifted exponential distribution of b/a 1 - 10 E10.3

Line #11 Leak Rate and Detection Parameters (Card 4C)

FNDLEK 1 Threshold for detectable leak fate (gpm) 1 - 10 E10.3
.

ALKDIG 1 Threshold for defining big leaks (gpm) 11 20 E10.3

Line #12 Stratified Sample Space (Card SA)
,

NAOtt 12 Number of divisions in a/h direction 15 15

NAOB 7 Number of divisions in a/b direction 6 -10 15

AOHLOW D4 Lower limit of a/h 11 20 E t0.3

10 19
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Tablo 10 2 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #12 Stratified Sample Space (Card 5A) [Contined)

AOHUP 1 Upper hmrt of a/h 21 30 E10.3

AOULF7 0 Lower hmit of a/b 31 40 E10.3

AOBRGT C 14 Upper limit of s/b 41 50 E10.3

Line #13 Operating Stresses (Card 6A)

SGCLO 2 DB Deadweight strets (ksi) 1 10 E10 4
|

|_ SGDWTE 8 58 Deadweight and thermal expansion stress (ksi) 11 20 E10 4

OPPnES 2.4 Normal operating pressure (ksi) 21 30 E10.4

PRFPnS 3 Pressure in hydrostatic proc! test (ksi) 31 40 E10 4

SIGVla 1 Mbratory stresses not modeled 41 50 E10 4

VBTHLD 0 Not used $1 60 E10.4

Line #14 Frequency of Heat-up/ Cool.down Transient 1 (Card 6E)

NCYBLK 1 Blocking factor for fat:gue crack growth calculations 15 15

BLAMDA 0.2 Inter arrival time of this transient (deterministic) 6 10 F3 2

TEMP 400 Maximum temperature excur6|on during this transient f r) 11 20 F105

TITLE Transient title 21 80 6A10

(

|

|

|

|
1
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I

'

|
.

P R A 1 $ E

PIPING RELIABillif ANALY$lt IWtttelWG sil$MIC tytNI$

1. PC PRAllt Vit$10N 2.40

I EXECUTED ON 12/06/91 Af 3:46p )
| |

|
t

!. (CHO PRiki 0F INPUT DATA lN Filt $ AMPLE 2.DAT
I tigt p..$...(1p4 4/ 42) $ -(3)" 5 "(4) "$ ~(spa $ "(6)" $ "(7) "$ "(8

15 PROBLEM i i Fatigue besetim + LOCA <
?> 0 0 0 0 0 1,100 0 1 688 7225 0 <
3> 500 1 1 2 2 0 0 0 0 0 0 0 2 1 0 0<
4> 400t+02 .200t+00 0 0 <
58 .250F+01 .145t+02 .500E +01 <

- 6> 460t+01 .400t+01 .914E 11 .3$0E 10 <

?> .4300E+02 .4200E+01 <

85 .000t+00 .000t+00 0 <
99 .05 0.82 <

10> .1.15 <
,

- 11> 1.0 1.0 < t

12> = ~ 12 7 400 1.000 000 0.140 <.

933 2.08 8.,4 2.401 3.00 .100t+01 000E+00 <.

14*'' 1. 2 460.00000 Heat u <
LINE ) "$"*(1) "$ -(2) "5 p and Coot ck>wn

688 ) "5"-(4 P -5"-($)" 5- -(6) "$ "(7) "5"-(8- (3
**** NEW 5tED (L,R)" 722$***** ;

.

E

4

Figure 10-2a. Echo of input file for Sample Problem 2.
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PROBLEM 2 Fatigue baseline + LOCA*** **-

CIRCUMfERENilAL CRACK ANALY$lt

PARAMETERS INA1 DETERMlNE NON DE1EC110W PROBABILill
EPt1 e .000E+00
ASTAR e 1 250
1RANEDUCER0|AMFTERe 1.00000 INCHE$
ANUU e 1.600

Pkt EXI$11kQ CRACK 5 ONLY

FAl*[ T CRACK GROW 1H ONLY

LEAKERS WILL BE REPAIRED

FAILURE CR11ERIA e APPLIED 31RE$$ifLOW $1 Rett

PlPE b! MEN $l0NS
WALL THICKNEtt * 2.$0 INCHE$
IN$1DE RADIUS e 14.50 INCHES

1/M RA110 e 29.00
L/R RA110 e 5.00

- AREA 0F PIPE e 247.40 50 INCHEt
FLOW AREA 0F PlPE o 660.52 $0 INCHES

IN111AL CRACK $12E Di$1RIBU180N
CRACK DEP1H l$ LOGaNORMAL

MEDIAN = .0500
$ NAPE PARAMETER e .8200

A5PECT RAll0 18 EXPONENilAL
PARAMETER e 1.1500

CRACK GROWiN LAW PARAMETER 5
EXPONENT = 4.000
GROW 1H L AW CONSTANT LOG NORMALLY Dl51RIBUTED

MEDIAN e 9140E+11
90 1N PERCENT = .3500E 10

'

THRESHOLD e 4.600

FLOW $1RES$ NORMALLY DISTRIBUTED
MEAN e 4300E+02
$1ANDARD DEVIA110N e 4200E+01

_

Di$1RIBUTION PARAME1ERS FOR UL11 MATE $1 Rest IN PIPE
MTAN e .0000E+00
$1ANDARJ DEVIA110N e- .0000E+00 -

STANDARD DEVIA110N e 0.0 MEANS THE UtilMATE STREl$ 15 CON $1 ANT
INTERPOLATION FLAG = 0 ( IUL1 ) FOR WHOLE PIPE BREAK PROBABill1Y j
ABS ( luti ) 15 THE NUMBER Of INTERPOLA110N PolWIS
1F. IUL1 .G1. O LINEAR INTERPOLA110N
If -IULT .E0. 0 NO INTERPOLA110N
IF- IUL1 .Lt. O LOCAR11HMIC IW1ERPOLATION

Figure 10 2b. Input summary for Sample Problem 2.
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I,

i

I
iPlPt LDADING VALUES

$1RES$ (K$1) DUE TO COLD DE ADWilGHT e 2.08
$1Rist (K$1) Dut TO DWGHT + THERMAL e 8.56
$1Riss (K$l) DUE 10 THERMAL e 6.$0
08-ERAtlNG PRE $$URE (K$l) e 2.40
$1 Rill (K$1) DUt 10 OPER. PRtSSUtt e 6.41
$ttt$$ (K$l) DUE 10 DWGHT + DP PRESR e 6.49
littl$ (K$1) DUt f 0 DWi+1HML+0P PRES * 14.99 2

*

PROOF PRES $URE (K$1) e 3.00-
$1Rfl$ (K$l) DUE 10 DWGNT + PRF PRE $ e 10.09

NYDROSTAllC PROOF itsi is MODELLip

LI At DtittilDN AND Of flNiflDN PARAMETER $
DETECTABLE LEAK (GPM) e 1.00
BIG LEAK (G0M) e 1.00

NO At$1 DUAL $1RE$$t$ ARE N00tLLED

NO VlBRATORY $1RE$$t$ ARE N00ELLtD'

PRtastRVitt UL(RA$0NIC INSPECilDN l$ MODELLtD

11Mt IWitRVALS
PLANY tif tTIMt a c40.0 YE AR$

-INDPolNT$ of INitLVALS At .0 2.0 - 4.0 6.0 8.0 YrAR$
(NDPO!NT$ of |NitRVALS At t9.0 12.0 14.0 16.0 18.0 ftAR$ ,

(NDP0lNTS OF INTERVALS At 20.0 22.0 24.0 26.0 28.0 YEAR $
INDPOINT$ of INitRVALS AT- 30.0 32.0 34.0 36.0 -38.0 YEAR $
(NDPolWis of INitRVAL$ At 40.0

,

NO IN SERVICE INSPtCil0N$ ARE MODtL;tD

Wo stl&MIC EVINTS EVALUAf tD

$ KIP PARAMtitR FOR INDICAfDR FUNCilDN PRINT 0Vi l$ 2

NORMAL CUTPUT Riout$ftD

WUMBER OF TRAN$ltNT ifPt$ e 1

TYPL T Heat up and cool down
REGULAR AT .200 YEAR $/EVINT
MAX DELT A 1[MP e 460.0 SLOCKING FACfDP e 1.0

,

Figure 10-2b. (Continued).
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IW0ltAtte FUNt11DNS W11H001 ( ARTMouAtt$ - -
-

tilL 11ME kUM LIAK LUM BIG LIAL SUM LDCA SUM 2 LI AK SUM 2 BIG LtAK $JM2 LOCA ttAK BitAK L OC A

3 .0 .00000t+00 .00000t+00 .00000t + 00 .00000t*00 .00000t+00 00000E*00 0 0 0

1 4.0 .00000t+00 00000t*00 .00000t+00 .00009t+00 .000D0t +00 .00000t+00 0 0 0

3 8.0 .00000t+00 .00000t+00 .00000t + 00 .00000t+00 .00000t+00 .00000t*00 0 0 0

3 12.0 .00000t*00 .00000E + 00 .00000f*00 .00000t+00 .00000t+00 .00000t+00 0 0 0

3 16,0 .00000E+00 00000t+00 .00000t*00 .00000t*00 .00000t+00 .00000t + 00 0 0 0

3 20.0 .00000t+00 .00000t+D0 .00000t+00 .00000E+00 .00000C+00 . 00000t + 00 0 0 0

3 24.0 .00000t*00 .00000t+00 .00000t+00 .00000t+00 .00000t+00 .00000t+00 0 0 0

3 28.0 .00000t+00 .00000E+00 .00000E*00 .00000t +00 .00000t*00 00000t+00 0 0 0

3 32.0 .00000t+00 .00000t*00 .00000t + 00 00000t +00 00000t + 00 .00000t+D0 0 0 0

3 36.0 .00000t*00 .00000t+00 .00000E + 00 00000t+00 .00000l+00 00000t+00 0 0 0

3 40.0 .00000E*00 .00000t+00 .00000t + 00 00000t + 00 .00000t+00 .00000t+00 0 0 0
'

4 .0 46B40t+01 46840E + 01 .39131t*01 . ?8136t + 00 .28136t+00 . 23566 t + 00 78 78 65

4 4.0 .??51BE+02 .22516t+02 15497t + 02 14667t * 01 .14667t + 01 .10130t+01 347 347 238
4 8.0 .26012t+02 .?6012t*02 . it/4St + 02 17110t+01 .17110t + 01 .10967t +0i 397 397 255
4 12.0 .279?4t+02 .27924t+02 17256t+02 16464t + 01 16464t + 01 .11370t+01 4?4 4?4 263
4 16.0 .?B695t+02 .28693t+02 17256t + 02 19003t+01 19003E+01 .11370t+01 435 435 263
4 20.0 .28766t+02 .28766t+02 .17256t + 0? 19056t*01 19056t + 01 .11370E+01 436 436 263
4 24.0 .?B839t+02 .?SB19t + 02 17256t * 02 19109t * 01 19109t+01 11370r + 01 437 437 763
4 28.0 .i&M39t+02 .2hB39t*02 17256t+0? 19109E*01 19109E*01 .11370t+01 437 437 263
4 32.0 .2898?t+02 .28982t*02 17256t + 02 19211t+01 19211t+01 .11370t+01 439 439 263
4 36.0 .?8982t402 .?8982t+02 17256t + 02 19211t+01 19211t+01 .11370E+01 439 439 263
4 40.0 .29053t+02 .29053t+02 17256t * 02 1926?t+01 19262t+01 .11370t+01 440 440 263

40 .0 .00000E*00 .00000t + 00 00000t*00 .00000t+00 .00000t+00 .00000t+00 0 0 0

40 4.0 .00000t + 00 .00000t*00 00000E * 00 .00000t+00 00000t + 00 .00000t*00 0 0 0

40 8.0 00000t+00 .00000t*00 00000t + 00 .00000t+00 00000t + 00 .00000t+00 0 0 0

40 12.0 .00000t+00 .00000t+00 00000E+00 00000E+00 00000t+00 .0000Dt + 00 0 0 0

40 16.0 .00000t+00 .00000t+00 .00000t+00 00000t+00 .00000t+00 .00000t+00 0 0 0

40 20.0 90000t+00 .00000t+00 00000C + 00 .00000t+00 00000t +00 .00000t+D0 0 0 0
40 24.0 .00000f+00 .00000t+00 .00000f*00 .00000t+00 .00000t*00 .00000t+00 0 0 0
40 28.0 .2003Vt+00 .20039t*00 00000t+00 40157E 01 40157E 01 .00000t+00 1 1 0

40 32.0 4072 7t +00 40727t * 00 00000t*00 . 82956t - 01 82956t 01 .00000C+00 2 2 0

40 36.0 .60680l+00 . 6D680t + 00 00000t+00 12277t+00 12277t +00 .00000f400 3 3 0

40 40.0 .11936t*01 .11938t+01 .00000t+00 .23775t+00 .23775t+00 .00000t+00 6 6 0

-

.

Figure 10-2c Seleded portions of indicator functions for Sample Problem 2.
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* * * SUMMARY OF CELLS IN $ANPLE $ FACE -
i

* - * UN | F ORN NE SH - -
.

(fLL ADH1 - A0H2 A081 ADB2 PROBAllLITY $AMPLES LEAKS B LEAKS LOCAS i.1 .9500 1.;v40 .0000 .0200 .1119121E 30 500 0 0 0 e

2 .9500 1.0000 .0200 .0400 .3426444E 18 500 0 0 0
3 9500 1.0000 .0400 .0600 4975107E 14 500 0 0 0
4 -- .9500- 1.0000 .0600 .0800 .5945764E 12 500 440 440 263
5- 9500 1.0000 .0800 1000 .1002776E 10 500 498 498 6 i
6 .9500 1.0000 1000 .1200 6161991E 10 )00 497 497 0
7 9500 1.0000 1200 1400 .2118003E 09 300 496 496 0 <

8 9000 .9500 .0000 .0200 1596537E 30 500' 0 0 0 i
9 .9000 .9500 0200 .0400 4888160E 18 500 0 0 0 #

10- .9000 9500 040i 0600 7097481E 14 500 60 60 60
11 9000 .9500 6600 .0800 .8482219E 12 $00 3 95 3 95 181
12 .9000 9500 .0800 .1000 1430559E 10 500 3 68 368 1

13 9000 9500 .1000 1200 8790688E 10 $00 383 383 0 1
14 9000 9500 .1200 1400 .302154DE 09 500 369 369 0
15 .8500 .9000 .0000 0200 .2312790E 30 $00 0 0 0 +

16 8500 9000 .0200 .0400 .7081128E 18 500 0- 0 0
if .8500 9000 0400 .0600 1028162E 13 500 189 189 189
18 .8500 9000 .0600 .0800 1228759E 11 500 211 211 66
19 .8500 .9000 .0800 .1000 2072348E 10 500 181 181 0.

20 .8500. .9000 1000 .1200 1273444E 09 500 169 169 0
21 .8500 .9000 1200 .1400 4377089E 09 500 153 153 0 '

22 .6000 .8500 .0000 ,02D0 .3407355E 30 500 8 8 8
. 23- .8000 .8500 - .0200 .0400 1043239E 17 500 5 5 $

24 .8000 .8500 .0400 0600 1514756E 13 500 91 91 91
i 25 .8000 '.8500- .0600 .0800 1810289E 11 500 66 66 20

26 .8000 .8500 .0800 1000 305312?E 10 500 60 60 0
27 .8000 8500 .1000 1200 .1876123E 09 500 68 68 0
28 8000. .8500 1200 1400 .6448619E 09 500 44 44 0
29 7500 .8000' .0000 .0200 .5114497E 3a 500 71 71 71
30 .7500 .3000 .0200 .0400 1565919E 17 500 72 72 72
31 .7500 .8000 0400 .0600 22T3674E 13 $00 35 35 35
32- .7500 .8000 .0600 . 0800 .2717273E 11 9:0 21 21 0
33 7500 .8000 .0800 1000 4582786E-10 300 _ 17 17 0
34 .7500 .8000 .1000 1200 2816091E 09 500 17 17 0
35 .7500 .8000 1200 .1400 9679484E 09 500 20 20 0
36 7000 7500 0000 .0200 7838089E 30 500 45 45 45 ,

37 .7000 7500 .0200 .0400 .2399808E 17 500 34 34 34
38 .7000 7500 .0400 .0600 3484460E 13 - 500 13 13 13
39 7000 .7500 .0600' .0800 4164287E 11 500 9 9 1

'i

40 7000 .7500 .0800 .1000 .7023230E 10 $00. 6 6 0
41 7000 .7500 .1000 .1200 4315728t*09 500 8 8 0
42- .7000 7500 1200 1400 1483404E 08 500 4 4 0
43 .6500 7000 .0000 .0200 1229505E 29 500 10 10 -10
44 - .6500 7000 .0200 .0400 .3764407E 17 500 3 3 3
45- .6500 .7000 .0400 .0600 .5465822E 13 5 00 4 4 4
46 .6500- 7000 .0600 .0800 .6532218E 11 500 4 4 0 i
47. .6500 .7000 .0800 .1000 .1101684E 09 500 2 2 0
48 .6500- 7000 1000 1200 .6769772E 09 500 1 1 0
49 .6500 .7000 - 1200 1400 .2326910E-08 500 3 3 0
50 .6000 .6500 .0000 ,0200 1980044E 29 500 2 2 2

, 51 .6000 .6500 .0200 .0400 .6062351E 17 500 1 1 1
- 52 .6000 6500 .0400- .0600 8802377E 13 500 1 1 1

5 3 -' .6000 .6500 .0600 .0800 1051974E 10 500 2 2 0
54 .6000 .6500. .0800 1000 1774195E-09 500 1 1 0
55 .6000 .6500 .1000 1200 1090231E 08 500 0 0 0
56- .6000. .6500 .1200 .1400 .3747348E 08 500 0 0 0
57_ .5500_ .6000 0000 .0200 .3285810E 29 500 0. 0 0-
58 .5500 .6000 .0200 .0400 .1006025E 16 500 0 0 0
59 .5500 . .6000 .0400 .0600 1460723E-12 500 1 1 1

Figure 10 2d Stratification description for Sample ProMem 2.
*
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60 .5500 .6000 .0600 .0800 1745713t 10 $00 1 1 0
61 .5500 .6000 .0800 .1000 .2944213t 09 500 1 1 0
62 .5500 .6000 .1000 .1200 .1809199t 08 500 0 0 0
63 .5500 .6000 1200 .1400 .6218588E 08 500 0 0 0
64 .5000 .5500 .0000 .0200. .5644327t 29 500 1 1 1

65 .5000- 5500 . 0200 .0400 1728138t 16 500 0 0 0.

66 . 000 .b500 .0400 .0600. .2509?12t 12 500 0 0 0 '

'67 . 000 .5500 .0600 .0800 .299BT66E 10 500 0 0 0
68 . 000 .5500 .0800 .1000 .5057534t 09 500 0 0 0
69 5000 .5500 1000 .1200 .3107821t 08 500 0 0 0
70 .$000 . 500 .1200 41400 1068222t 07 500 0 0 0
71 4500 . 000 .0000 .0200 1009432f 28 500 0 0 0
72 .4500 . 000 .0200 .0400 .3090605t 16 500 0 0 0
73 4500 .5000 .0400 .0600 4487478t 12 500 0 0 0
74 450c .5000 .0600 .0000 .5362997t 10 500 0 0 0
75 4500 .5000 .0800 .1000 9044900E 09 510 0 0 0.
76 4500 .5000 .1000 .1200 .5558031t 08 500 0 0 0 ,

77 4500 .5000 .1200 .1400 1910409t 07 500 0 0 0 )

78 4000' .4500 .0000 .0200 18934250 28 500 0 0 0
79 4000 4500 .0200 .0400 5797149t 16 500 0 0 0 i.

80 4000 4500 .0400 .0600 8417311t 12 500 0 0 0
81-~ .4000 4500 .0600 .0800 1005955E 09 500 0 0 0

83 .4000~
.4500 .0800 .1000 169658?r 08 500 0 0 082 .4000-
4500 1000 .1200 104253BE 07 500 0 0 0 )

84 4000 .4500 1200 .1400 .3583418t 07 500 0 0 0 i
...............

SUM DF CELL PROBA91Lillt$ = .10991901 06

,

!
,

Figure 10 2d. (Continued).
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PR08 TEM 2 : f at19ue taasellne + LOCA"- -

|
+ AE$Util Wif MOUT E ARTHQUAKES * -

| Sk!LMIC class INFORMA110W
| CLAll llGE 0 $$lCE Q CYCLES COV F BM

.

0 .0000E + 00 .000 0 .0000

| FR00Abiliff 0F f AILUPt FOR UNCRACLED NFE ANu IW1ERPOLATED VALUES
-

$ULYMU $ULisD IULT
| .00000E+00 .00000E+00 0

ETRESS(1)
.84876E+01
PBREAK(1)

.10000E+01

TIME AVG LE Ar AVG BIG LE AK AVG LOCA SILMA LEAK = ${GMA BIG LE AK SIGMA LOCA.0 2.72676E 12 2.72676E 12 8.29855E+15 2.14353E 13 c.14353E 13 2.16885E 15
2.0 1.09714E 11 1.09714E 11 2.98295E*14 3.45339E 13 3.45339t 13 4.06000E 15
4.0 1.59377E 11 1.59377E 11 3.64187E 14 4.05617E.13 4.05617E 13 4.13467E*15
6.0 2.00412E+11. f.00412E 11 4.38484E 14 4.8 258E 13 4.89258E 13 4.23492E 1
8.0 2.35379E 11 z.35379E*11 4.98603E 14 $6 88E 13 5.61288E 13 4.35200E 1

10.0 2.70219E 11 2.70219E 11 $.64639E 14 6.2 18E 13 6.23418E+13 4.$0265E 1
12.0 -3.03522E 11 3.03522E 11 6.03941E 14 6.82103E*13 6.82103E 13. 4.58530E 15
14.0 3.44590E 11 3.44590t 11 2915BE 14

6.$5856E 14
8.96003E+13 8.96003E*13 4.63090E 1) .

16.0 3.76129E 11 3.76129E 11 6 9.59166E+13 9.59166E 13 4.69702E 15 .

18.0 4.30022E*11 4.30022E-11 6.72479E 14 1.72852E 12 1.72852E 12 4.71894E 15
20.0 4.64942E*11 4.6494?E 11 6.86740E 14 1,77918E 12 1.77918E 12 4.75681E 15
22.0 4.98434E+11 4.98414E 11 7.04643E 14- 1.85590E 12 1.85590E 12 4.79804E 15
24.0 5.33784E 11 $.33784t 11 7.21118E 14 1.90649E 12 1.90849E 12 4.82417E * 15
26.0 5.66662E 11 5.66662E*11 7.36440E*14 1.97565E + 12 1.97565E 12 4.86880E 15
28.0 6.11241E 11 6.11241E 11 7.54618E 14 - 2.13045E 12 2.13045E 12 4.89719E 1$
30.0 6.50661E*11 6.50661E 11 7.59720E*14 2.22483E 12 2. 2248.3E * 12 -

4.90267.c *1$
*

E ,

32.0 7.21732E .11 : 7.21732E 11 7.60492E 14 2.73728E 12 2.73728E 12 4. 9%, .

34.0 7.65041E+11 7.65041E*11 7.82979E 14 2.85552E 12 2.85$52E 12 4.94352E*15
.36.0 8.14077E 11 8.14077E 11 7.87923E*14 3.11%1E 12 3.11961E*12 4.96875E 15
38.0 .8.55944E 11 8.55944E 11 8.29901E 14 3.19100E*12 3.19100E 12 5.36890E+15
40.0 8.96073E -11 8.96073E 11 8.43355E*14 3. 25307E * 12 3.25307E 12 5.40352E 15

PC PRAl&E VER$10N 2.40
- Enecution St6rt + 12/06/91 et 3:46p
EmecutIon End 12/06/91 at 5.03p '+

Figure 10 2e. Failure probabilities for Sample Problem 2.
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Figure 10 2f. Stratification scheme for Sample Problem 2.
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10.3 Sample Problem 3: Fatigue linseline Case .. LOCA, R aal Gradient Stresses

This sample problem illustrates the use of pc PRAISE to calculate probabilities of LOCA

due to the growth of a pre-existing crack by fatigue mechanism. Two transients are modeled

in this case. The first is the heat up/ cool-down cycle occurring regularly at the rate of 5 per

. year. The second transient is the reactor-trip from full power, occurring twice per year, with

the temperature excursions during the transient being a drop of 73*F. The time variation

of the coolant closely resembles that given for Tn in Figure D 15 of Harris 81. The weld

location is subjected to pre service inspection but no proof test. Failure criterion used is the
1

L net-section stress exceeding the flow stress. The major inputs related to the geometry of the '

pipe, the pipe material, the welding process used, and the operating history are described
'

below.

| Pipe Geometry:
Inside Radius = 14.5 in
Wall Thickness = 2.5 in

Stresses:
Deadweight = 2.08 ksi
Deadweight + Thermal Expansion = 8.58 ksi
C,perating Pressurc = 2400 psi

Fatigue Crack Growth Properties:
C (median) = 9.14x10.i2
C (90th percentile) = 3.5x10'"
Fatigue Exponent = 4.0

U2Fatigue Threshold = 4.6 ksiin

Flow Stress:
Mean =' 43.2 ksi
Standard Deviation = 4.2 ksi

Initial Crack Size Distribution:
Depth Distribution - Exponential

Parameter = 4.07
Aspect Ratio Distribution -- Lognormal

Median = 1.34
Shape Parameter = 0.538

10-29
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Only a portion of the a/h a/b sample space is used for sampling the initial cracks. LOCAs

are caused generally by cracks that are long (small a/b) and deep (large a/h), particularly if

the leak detection is set to a reasonable vahie. Therefore, only cracks with a/h > 0.4 and

a/b < 0.14 are considered in the analysis. The stratification is similar to that used in Sample

Problem 2, except that the option to specify coordinates of cells is used. The plant lifetime

of 40 years is simulated and results are printed at two year intervals. Residual stresses and

vibratory stresses are not considered in the analysis.

For transients other that the heat up/ cool-down transient, the cyclic stiess intensity factors

for a range of crack sizes are input by the user,in a tabular form, in this case, the minimum

and the maximum all, and AK were calculated using the TIFFANY code [Dedhia 82], for3

a matrix of crack depth and aspect ratio combinations. The resulting data are entered here
~

on Lines 97100 and 103126. The details for generating this information is discussed in

Section 5.4 and Dedhia 82. Sample Problem 1 of Dedhia 82 generates the g*,i, - g*,,

tables included in Lines 103 - 126. The data is tabulated in the following order: g * ,,,, ,,

8*ma.. 8* min. 8, and g*,,,3 (as discussed further in Section 8.2.6).

The input file for Sample Problem 3 is shown in Figure 10 3a. Each variable in the input

file is described in Table 10 3. The output file is shown in Figures 10-3b through 10 3d. s

Description of the inputs is summarized in Figure 10 3b. The stratification scheme used is

shown in Figure 10-3c. Coordinates of each cell are shown along with the number of

samples and the conditional probability of crack from that cell. The last three columns of

that table show the number of cracks that resulted in leak, big leak, and LOCA, respectively.

The probabilities of LOCA as a function of time are shown in Figure 10-3d. The leak

probability eniculations for this case are not accurate because the stratification used is

optimizec only for the estimation of LOCA probabilities. The stratification used is plotted -

-in Figure 10-3e, and the cells with no failures are cross hatched. The stratification is

considered satisfactory since at least one layer of cells with'no failures separates the cells

with failures and cells not considered in the analysis.

.10-30
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Table 10 3
VARIAllLE INPUT FILE FOR

SAMPLE PROllLEM 3: FATIGUE IIASELINE CASE -- LOCA, RADIAL
GRADIENT STRESSES

_ _ _ .

VARIABLE VALUE DESCRIPTION POSITION FORMAT

| Line #1 Title

TITLE () Analysis title
i

Line #2 Control Variables (Card 00)

INCIAT 0 Pre 4xistinD crocl<s only 1-5 15

|FAILC 0 Not section stress failure enteria 6 10 15

ICRAKS 0 Not used 11 - 15 15

IREPLS 0 Not used 16 + 20 15

IREPAR 0 Not used 26 30 15

DNDRY 1.1 Not used 31 40 F10.3

ISF 0 Fatigue crack Drowth data input by the user 41 50 11 0

MTTYPE O Not used 51 - 55 15

ISEED 688 Random number seed 1 56 62 IT

ISEEDR 7225 Random number seed 2 C3 - 70 18

IREMED 0 Number of remedial actions during the plant life 71 - 75 15

Line #3 Control Variables (Card 10)

NTRIES 50 Used as a multiplier for samples from each cell 15 15

ISOARE O Uset<1efined stratification space 6 10 15

KfYPES 2 Number of transients esperienced by the plant 11 15 15

KRKDIS 3 Crack depth esponential, aspect ratio lognormal 16 20 15 '

NEVAL 2 Interval for printing results (years) 21 25 15

NINSPT 0 Number of in-service inspections 26 30 15

NOUAKE O No earthquakes to be modeled 31 35 15

~~
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Tablo 10-3 (Continued),

VARIADLE VALUE DESCRIPTION POSITION FORMAT

Line #3 Control Variables (Card 1D) [ Continued)

IDEBUG 0 Normal output to be printed 36 40 15

KONPRP 0 C tognormally d#stribu'ed 41 45 15

NEO:NT 0 Number of Seit.nic intensity classes to be modeled 46 SO 15

MCELLS 04 Number of user specified cells in the sample space $1 55 15

KNSFLO O- Flow stress normal'y dsstnbuted $6 00 E

NSKIP O No indicator function printet 61 65 15

NPSI 1 A pre servko inspection is modeled 66 70 15

ISCC 0 Crack growth by fatigue on'y 71 75 15

ISIGRS 0 Residual stresses are not modeled 75 00 15

|

Une #4 Time and NDE Parameters (Card 10)

THRIZN .40 Maximum plant life time 9mulated (years) 1 10 E10.3

OTSCC 02 Not used 11 20 E10.3

ICTYPE 0 Creek orientation is ciresnierential 21 25 15

IPTYPE 0 De%it NDE parameters for thick mustenitic pipe used 26 30 15 -

EPST Not used 31 40 E10.0

ASTAR Not used 41 - 50 Eivo
'

-

TRANSD Not used 51 60 E10 0

ANUU Not used 61 70 E10 0

Une #5' Pipe Olmensions (Card 2A)

THICK ' 2.5 Wall thickness of the pipe $nches) 1 10 E10.3

l'!N 14 5 Inside radius (inches)- 11 20 E10.3
I

ElOVRR' Not used 21 30 E10 3

10-3;
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Table 10-3 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #6 Fatigue Crack Growth Characteristles (Card 2B)

1THRHLD 46 Threshold for fatigue crack growth (ksi-in /2) 1 10 E10.3

EMEXP 4 Em .t w fatigue erack g<owth equation 11 20 E10.3

! CONSMU 9.14=10 50th -4 ile of C 21 - 30 E10.3
42

CON 090 3 50x10'11 90th percentile of C 31 40 E10.3

Line #7 Flow Stress (Card 2C) :

SFLOMU 43 2 Mean value of flow stress (ksi) 1 10 E10 4

SFLOSD 42 Standard deviation of flow stress (ksi) 11 - 20 E10 4

XJIC- Not used 21 30 E10 4

DJDAMT Not used 31 40 E10 4

SIGO Not used 41 50 E10 4

DEE Not used $1 60 E10 4

YOUNGS Not used 61 70 E10 4

XN Not used 71 80 E10 4

Line #8 Ultimate Stress Definition (Card 2D)

SULTMU 0- Not used 1 10 E10.0
_ . -

SULTSD 0 Not used 11 20 E10.0
Dense. -

IULT 0 Not used 21 25 15

Line #9 inillal Crack Depth Distribution (Card 3A)

AMEDIAN 4.01 Rate parameter for exponential distnbution of depth (1/in) 1 10 E10.3

ASIGMA Not used 11 20 E10.3

ALAMDA Not used 21 - 30 E10.3
_
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Tablo 10-3 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #10 Initial Aspect Ratio Distribution (Card 38)

BOAMED ' 34 Median of truncated lognormal distribution of b/a 1 10 E10 3

BOASIG 0 538 Shape factor of truncateo tognormal distribution of b/s 11 20 E10.3

BOALDA Not used 1 10 E10.3

Line #11 Leak Rate and Detection Parameters (Card 40)

FNDLEk 3 Threshold for detectable leak rate (gpm) 1 10 E10.3

ALKBIG 3 Threshold for defining big leaks (gpm) 11 20 E10.3

Line #12 95 Stratified Sample Space (Card SA)

AOHSl2(1) 0 95 Cell 1 : Lower a/h 1 10 E10.4

AOHSIZ(2) 1 Cell 1 : Upper a/h 11 20 E10.4

AOBS12(1) O Cell 1 : Lower a/b 21 30 E10.4

AOBStZ(2) 0 02 Cell 1 : Upper a/b 31 - 40 E10 4

NUMTRY 10 Number of aamples from Cell 1 41 50 11 0

Line #96 Operating Stresses (Card 6A)-

SGCLD 2.08 Deadweight stress (ksi) 1 - 10 E10.4

SGDWTE - 8 58 Deadweight and thermal expansion stress (ksi) 11 20 E10 4

OPPRES 2.4 Narmal operating pressure (ksi) 21 - 30 E10 4

PRFPRS 3 Proof test is not modeled 31 40 E10.4

SIGVID 1 Vibratory stresses not modeled 41 50 E10.4

VDTHLD 0 Not used 51 60 E10.4

Line #97 Specifications for gns, and g. Tables (Card 68)

NX 6 Number of entries in a/b direction for the input table 1-5 15

NY 9 Number of entries in a/h direction for the input table 6 10 t5
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Table 10 3 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT
_

Line #97 Specifications for g,,g and gm., Tables (Card 60) [Contintsed]

IX 10 Number of entries in a/b direction for the internal table 11 15 15

IV 10 Number of entries in a/h direction for the internal table 16 20 15

L!ne #98 99 (Card 6C)

AAOH() 0,01, 0 1, s/h coordinates for gmin' Oman tables 1 80 8F10.3

Line #100 (Card 6D)

AAOB() 1, 2, a/b coordinates for gmin' 9 man tables 1 - 80 8F10 3

Line #101 Frequency of Heat up/ Cool-down Transient 1 (Card 6E)

NCYBLK 1 Dlocking factor for f atigue crack gro*1h calcula9ons 15 15

DLAMDA C2 Inter-arrival time of this transient (deterministic) 6 to F5 2

TEMP 460 Manimum temperature excursion during this transient (F) 11 20 F10.6

TITLE Transient title 21 80 6A10

Line #102 Frequency of Transient 2 (Card 6E)

NCYDLK 1 Blocking factor for fatigue crack growth calculations 15 15 -
,

BLAMDA 0.5 Inter arrival time of this transient (deterministic) 6 10 F5 2

TEMP 73 Maximum temperature excursion during this transient ("F) 11 20 F10 5

TITLE Transient title 21 - 80 6A10

Lino #103126 gmin and gmax Tables (Card 6F)
.

?
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P R A I $ 4

PIPlWG RELIABILiff ANALY$ll iWCLUDlhG SilEMIC (VtW1S

PC PRAltt VER$10N 2.40

ExtCUtto ON 12/06/91 At 5:03p

(CHO PRINT OF IWPUT DATA |W Filt $AMPLt3.DAT

LINE ) 5 -(i) 5* -(2) 5 -(3) 5 -(4) 5. -(5) 5 -(6) -5 -(7) 5 -(8:

i> PROBLLM 3 : Fatigue baseline + LOCA + RCTS Proof <

2> 0 0 0 0 0 1.100 0 0 688 7225 0 <

3> 50 0 2 5 *2 0 0 0 0 0 84 0 0 1 0 04
4> 400t+02 .200t+00 0 0 <

5> .250t + 01 145t+02 - <

63 460t+01. .400t+01 .914t 11 .350E 10 <

7e .4300t+02 .4200t+01 <

83 .000E+00 .000t+00 0 <
97 407t +01. <

10m 134t+01c.53St+00 <

. 11 > .300t*01 .300t+01 <

12> 9500' 1.0000- 0000 .0200 10 <

13> 9500 1.0000 0200 .0400. 10 <

14>--
.9500 1.0000. .0600 .0800 10 <
.9500 1.0000 .0400 .0600- 10 <

15>-
16> . .9500. -1.0000- .0800 .1000 10 <
17* .9500 - 1.0000 .1000 1200 10 <
183- 9500 1.0000- .1200 1400 10 - <

.19a' _.9000 95 00 .0000- .0200 10 <

20s .9000 9500 .0200 .D400 10 <

21> 9000 9500 .0400 .0600 - 10 <

-22> 9000 9500 .0600 .0800 10 <
'

23> .9000 9500- .0800 .1000 10 <

24>- .9000 9500 .1000 .1200 10 <

25>- 9000 9500 .1200 - 1400 10 <

26> .8500 9000 0000 0200 10 <

27 .8500 .9000 .0200 .0400 10 <

283 - .8500- 0000 .0400' .0600 10 <
' 29> .85000 .9000 .0600 0800 10 <

-30> :.8500' 9000 0800 .1000 10 <

31> .8500 .9000- .1000 1200 10
_ <

<

32> .8500J 9000 .1200- 1400 -10
33> .8000 .8500 .0000 .0200' 10 <

'. 34> 8000. .8500- .0200 .0400 to <

! 35> .8000= .8500 .0400 .0600 - 10 <

! 36>' .8000- , .8500 .0600 .0800 10 <-
- 3 7> - .8000 .8500 .0800 .1000 10 <

383 .8000 8500. 1000 1200 10 <
,

~39> . .6000 .8500 1200 . 1400 10 <
s

40>:-
7500 .8000 .0200 .0400 10 <
7500 .8000 .0000. 0200 10 <

41>
42>' 7500- .8000 .0400. .0600 10 <

l 43> .7500 8000 .0600 .0800 to <

|
44> 7500 .8000 .0800 .1000 10 <

, 45 .7500 .8000 .1000 1200 10 <

|. 46>- 7500- .8000 .1200. 1400 10 <
47s .7000 7500 .0000 .0200 10 <

!' 483: 7000- 7500 .0200 .0400 10 <

! 493 - 7000. .7500 .0400 .0600' -10 <

K
'

,

Figure 10-3a. Echo of input file for Sample Problem 3.
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50> .7000 .7500 .0600 .D800 10 <
51> 7D00 7500 .0B00 1000 10 *
52> .7000 7500 1000 1200 10 <
$3m .7000 .7500 .1200 1400 10 *
$4> .6500 7000 .0000 .0200 10 <
55> .65DO .7000 .0200 .0400 10 <
$6m .6500 .7000 .D400 0600 10 <
57> .65 D0 .7000 .D600 .0800 10 *
$87 .6500 7000 .0800 1000 10 <
59: .6500 7000 1000 .1200 10 <
60> .6500 .2000 .1200 1400 10 *
61> .6000 .6500 0000 0200 10 <
62> .6000 .6500 .0200 .0400 10 <
63> .6000 .6500 .0400 .0600 10 <
64> .6000 .6500 .D600 .0800 10 <
65 .6000 .6500 .0B00 1000 10 < -

665 .6000 .6500 .1000 1200 10 <
67> .6000 .6500 .1200 1400 10 <
68> .550u .6000 0000 .0200 10 <
69 .5500 .6000 .0200 0400 10 <
70s .5500 .6000 .D400 .D600 10 <
71> .5500 .6000 .0600 .0800 10 <
72> .5500 .6000 .0B00 1000 10 <
73 .5500 .6000 1000 .1200 10 *
74> .5500 .6000 1200 1400 10 <
75> .5000 .5500 .0000 .0200 10 <
76 .5000 .5500 0200 0400 to <
77> .5000 .5500 .D400 .D600 10 <
78> .5000 .5500 .D600 0800 to <
79e .5000 .5500 .0800 1000 to <
B0> .5000 .5500 .1000 .12CJ 10 <
81> .5000 .5500 1200 1400 10 <
82 .4500 .5000 .0000 .0200 10 <
83> .4500 .5000 .0200 .0400 10 <
B4> .4500 .5000 .0400 .D600 10 <
85> .4500 .5000 .D600 0800 10 <
B6> .4500 .5000 .0B00 1000 10 <
87 4500 .5000 .1000 1200 10 <
SS> .4500 .5000 1200 1400 to < l
89> 4000 4500 .0000 .0200 10 <
90> .4000 4500 .0200 .D400 10 <
91> .4000 4500 .D400 0600 10 <
92> .4000 .4500 .D600 0800 10 <
93> .4000 .4500 .0800 .1000 10 *
94> .4000 4500 .1000 .1200 10 <
95> .4000 .4500 .1200 1400 10 < ~

96> 2.08 8.58 2.400 -3.00 .100E+01 .000E+00 <
97* 6 9 10 10 <
985 .010 .100 .200 .300 400 .S00 .600 .700<99> .800 <

100> 1.000 2.000 3.000 4.000 5.000 6.000 <
101> 1 .2 460.00000 Heat up and C00|*down 4
102> 1 .5 73.00000 Reactor Trip from Fult Power <
103> .0190 .0084 .0038 .0020 .0013 .0009 .0007 .0006 .0004 <
1D4> .0241 .0116 0060 .0038 .0026 .0019 .0013 0009 .0005 <
105> 0258 .0127 .0069 .0045 .0031 .0023 0016 .0010 .0005 <
1D6> .0268 .0133 .0072 .0046 .0032 .0022 .0014 0008 .0001 <
107> .0281 .0140 .0074 .0045 .0029 .0019 .0011 .0003 .0007 <
108> .0293 .0143 .0073 .0042 .0026 .0015 .0006 .0002 .0036 <
109> .3283 .2513 .1926 .1482 .1146 .0882 .0667 .0486 .0337 <

Figure 10-3a (Continued).
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110m 4151; .3?90 .2641 .2137 1723 .1370 .1060 0783 .0537 <

111> 4437 .3516 .2839 .2365 -.1995 .1684 .1403 .1139 .0891 <

112* 4598 .3614 .2948 .2510 .2183 .1909 1655 1402 .1143 <

113e 4814 .3792 .3109 .2665 .2335 .2054 .1783 1503 .1204 <

114> 5023- .3945 .3233 2776 .2434 .2136 .1837 1518 .1167 <

115>- 0210 .0135 .0090 .b064 .0048 .0037 .0029 0023 .0018 <
.

1165 0218- .0138 .0090 .0063 .0046 .0033 .0023 0015 .0009 <

1178 0226 .0139 .0085 .00?3 .0032 .0018 . 0009
0001 . 0006 <

.0029 . 0095 <.0018 . 0002.0007.. 0006 .0035118> 0235 .0136 .0074 .0039 .

*.01260222 . 0236
. <.0003119e .0234 .0124 0059 0025

.0362 <
120s 0224 .0109 .0046 .0015 .0000 . 0026 . 0109. .

121>- .3536 .3064 .2642 .2295 1998 .1736 .1505 1298 .1114 <

122 - .3679 .3104 .2669 .2365 .2143 .1967 1814 .1673 .1536 <

123 3802 .3190 .2742 .2444 .2233 .2067 .1919 .1772 1620 <

124* 3973 .3300 .2809 .2472 .2208- .1986 .1775 1558 1327 <

125* .3969 .3224 .26S9 .2324 .2043 .1796 .1555 1293 1005 <

126* .3035 24 .1781 .09 .0591 <

uwe 3.. 38195...c1>..5...cb.76..2090c3>..5...o2*..1503$...<5).12.l3.(6322.5...c23..5...<8
.

.5 . ..

**** wtw set 0 n.a> - 688 722 ~

.

,

,

1

.

,

t

5

h

.

Figure 10-3a. (Continued).
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PRostEM 3 : Fattpue banet tne + LOCA + RGil Proof-
-

CIROUMFEREWilAL CRACK ANALT$ll

PARAMETER $ THAT DETERMINE NDN DETECi|0N PROBASILITY
EPST e . 000E* D0
ASTAR e 1.250
TRANEDUCER DI AMETER = 1.00000 INCHE$
ANUU n. 1.600

PRE EXI$flNG CRACK $ DNLY

FAflGUE CRACK CROWTH OWlY

LE AKER$ WILL BE REPAlRED

FAILURE CRifERIA = APPLIED STRE$$> FLOW $1RE$$

PIPE DIMENSIONS
WALL THICKNEst a 2.50 INCHE$
IN$lDE RADIUS e 14.$0 INCHES

L/M RAllo =- .00
L/R RA110 m. .00 -

ARE A OF PIPE e 247.40 $0. INCHE$
FLOW AREA 0F PIPE = 660.52 $0. INCHE5

INI11AL CRACK $12E DISTRIBuf10N
. CRACK DEPTN l$ EXPONEWil AL

PARAMETER e 4.0700
ASPECT Rail 0 15 LOG NORMAL

MEDIAN e 1.3400
SHAPE PARAMETER e .$380
NORMAlllATION CONSTANT = 1.4149

CRACK GROVfH LAW PARAMETERS
EXPONENT e 4.000
GRDWTN LAW CON 51 ANT LOG NORMALLY DISTRIBUTED

MEDIAN = .9140E 11
90 TM PERCENT = .3500E 10

THRE$ HOLD e 4.600

FLOW $TRE$$ NORMALLY DisfRIBUTED
MEAN e .4300E+02
STANDARD DEVIAll0N e .4200E*01

DisrRIBuil0N PARAMETER $ FOR ULilMATE $1RES$ IN PlPE
PEAN =- .0000E*00
STANDARD DEVIATIOW e .0000E+00
$fANDARD DEV!All0N e 0.0 MEANS THE UtilMATE $1RE$$ IS CONSTANT
INTERPOLATION FLAG = 0 ( IULT 1 FOR WHOLE PlPE BREAK PROGABIL11Y
ABS ( IULT ) IS THE WuMBER OF INTERPOLATION PolNi$
IF IULT .GT. 0 , LINEAR INTERPOLAll0N
IF IULf .EO. O No IW1ERPOLAll0N
IF IULT .LT O LOGARITHMIC IN1ERPOLA110N

Figure 10-3b. Input summary for Sample Problem 3.
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PIPE LOADING VALUES
= 2.08STRESS (KSI) DUE TO COLD DE ADWElGHT

STRESS (KSI) DUE TO DWGHT + THERMAL a 8.58
STRESS (KSI) DUE TO THERMAL = 6.50
OPERATING PRESSURE (KSI) a 2.40
STRESS (KSI) DUE TO OPER. PRESSURE e 6.41
STRESS (KSI) DUE TO DWGHT + OP PRESR s 8.49 -
STRESS (KSI) DUE TO DWT+THNL+0P PRES = - 14.99

NO NYDROSTATIC PROOF TEST 15 MODELLED

LEAK DETECil0N AND DEFai T10N FARAMETER$
5.00DETECTASLE LE AK F'. a. -

$10 LVAK (,35; 3.00

NO RESIDUAL STRESSES ARE 400EL;ED

No VIBRATORY STRESSES ARE MUDELLED

PRE SERVICE ULTRASONIC INSPECT 10N is H00ELLED

-TIME INTEEVALS-
PLANT LIFETIME = 40.0 YEARS
ENDPolNTS OF INTERVALS AT .0 2.0 4.0 . 6.0 8.0 YEARS
ENDPOINTS OF-lNTERVALS AT 10.0 12,0 14.0 16.0 18.0 YEARS
ENDPOINTS OF lhiERVALS AT 20,0 22.0 24.0 26.0 28.0 YEARS
ENDPOINTS OF INTERVALS AT 30.0 32.0 34.0 36.0 38.0 YEARS
ENDPolNTS 01 INTERVALS AT 40.0

NO IN SERVICE INSPECTIONS ARE MODELLED

NO SEISMIC EVENTS EVALUATED-

SKIP PARAMETER FOR INDICATOR FUNCTION PRINTOUT 15 0 i

NORMAL CUTPUT REQUESTED

NUMBER OF TRANSIENT TYPES e &

TYPE 1- Heat up and Cool-down
REGULAR AT .200 TEARS / EVENT-
MAX DELTA TEMP = 460.0 BLOCKING FACTOR = 1.0

TYPE 2- Reactor Trip from Full Power
REGULAR AT .500 TEARS / EVENT
MAX DELTA TEMP = 73.0 BLOCKING FACTOR = 1.0

.

t

4

4

,

l %

'
- .

Figure 10 3b. '(Continued)."

L
l.
!-

10640

|
L

w



. , _ . - .-. - -_- -- - - . - - - . - - - - - . . . - - . ~ - . ,

1

-!
!

l

,

SUMMARY OF CELL $ IN SAMPLE $ PACE * -

USER SUPPLIE0 ME$N * * -

CELL - A0H1 ADH2 A081 A082 P90 BASIL]TY SAMPLES LEAK 5 B LEAKS LOCAS
1 .9500 1.0000 .0000. .0200 .3105396E 15 500 500 500 500
2 '500~ 1.0000 .0200 .0400 .9598055E 12 500 500 500 500
3~ .v500 1 .0000 .0400 .0600 .4906271E 10 500 500 500 500
4 . 95 00 ~ 1.0000 .0600. .0800 .5431150E-09 500 499 499 389
5 9500 1.0000 .0800 .1G00 .2752523E 08 500 497 497 11

-6- 9500 1.0000 .1000 .1200 .B858161E-08 500 499 499 0
7 . 9500 1.0000 1200 L.1400 .2121764E-07 500 496 496 0
8' .9000 .9500 .0000 .0200 .5164929E 15 500 500 500 500

-9- 9000 - 9500 0200 .0400 .1596359E 11 500 500 500 500
10 .9000 9500 .0400 0600 .8160163E 10 500 ' 478 470 4 78
11 9000 9500 0600 ,0800 .9033148E 09 500 4 04 404 248
12 .9000 .9500 .0800 ,1000 4578026E 08 500 398 398 2
13 .9000 .9500 1000- 1200 1469973E 07 500 364 364 0
14 -.9000 .9500 .1200 .1400 .3528942E-07 500 380 380 0
15 .8500-- .9000 .0000 .0200 .8590366E-15 500 500 500 500
16 .8500' .9000 .0200 .0400 .2655082E 11 500 500 500 500

'17 .8500 9000 .0400 .0600 1357207E 09 5 00 322 322 322
18 .8500 9000 .0600 .0800 .1502403E 08 500 202 202 90

, . 19 .8500 9000 .0800 .1000 76*4222E 08 500 180 180 0
20 .8500 9000 .1000 .1200 .2444874E-07 500 167 167 0
21 .8500- 9000 .1200 .1400 .5869374E-07 500 141 141 0
22 .Bora .8500 .0000 .0200' .1428759E 14 500 462 462 462
23 8000 .8500 .0200 0400 .4415961E 11- 500 459 459 459
24 8000 .8500 0400 - .0600 .2257322E-09 500 126 126 126
25 .8000 .8500 .0600- .0800 .2498813E-08 500 96 96 43
26 .8000 .8500 .0800 1000 1266406E 07 500 73 't3 0
27 .8000 .8500 .1000. .1200 .4066342E-07 500 56 56 0
28 - .8000 .8500 1200 .1400 976200TE 07 500 47 47 0
29 7500 . .8000 .0000 .0200 .2376328E*14 500 213 213 213

'30 7500 . .8000 0200 .0400 .7344674E 11 500 198 198- 198
31 .7500 8000 0400 .D600 .3754402E 09 $00 37 37 37
32 .7500 .8000 .0600 .0800 .4156053E 08 500 34 34 12
33 .7500 .8000' .0800 1000 .2106300E-07 500 22 22 0
34 - 7500' .S000 .1000 .1200 .6763184E-07 500 19 19 0
35 .7500 .8000 .1200 .1400. 1623628E 06 500 12 12 0
36 .7000 .7500 .0000 .0200 .3952334E-14 500 40 40 40
37 7000 7500 .0200 .0400 1221574E-10 500 44 44 44
38 7000- .7500 .0400 .0600 .6244363E-09 500 13 13 13
39 .7000 7500 .0600 .0800 .6912393E 08 500 12 12 2
40 7000 .7500 .0800 1000 .3503221E-07 500 3 3 0
41 7000. .7500 .1000 .1200 .1124860E 06 500 5 5 0
42 .7000 .7500 .1200 1400 .2700435E-06 500 5 5 0
43 .6500 .7000 .0000 .0200. .6573565E-14 500 8 8 8
44 .6500 .7000 .0200 .0400 .2031735E 10 500 8 8 8

l: 45- .6500 .7000 .0400' .0600 .1038569E 08- 500 5' 5 5
l' 46. .6500 7000 .0600 .0800 .1149677E-07 500 3 3 0
l' 47 .6500' .7000 .0800 1000 .5826595E-F 500 - 2 2 -0
|- do e .6500 .7000 .1000 .1200 .1870830E 06 500 1 1 0
1- 49 .6500 .7000 .1200 .1400 .4491393E-06 500 1 '1 0
(- 50- .6000 .6500 .0000 .0200 .1093322E-13 500 5 5 5

51- .6000 .6500 .0200 .0400 .3379204E- 10 500 1 1 1i

52 .6000. .6500- 0400; .0600 .1727360E-08 500 1 1 1

53 .6000 .6500 .0600 .0800 .1912155E-07 500 0 0 0-
54 .6000 .6500- .0800 .1000 9690856E 07 500 1 1 0
55 -

6000. .6500- .1200 .1400- .7470134E 06 500 1 1 0
.6000 .6500 .1000 .1200- .3111667E-06 500 1 1 0

56
57 .5500 .6000 .0000 .0200- 181B426E 13 500 1 1 1

.58- .5500 .6000 .0200 .0400 - 5620329E-10 500 0 0 0
- $? -- .5500- .6000 .0400' .0600 .2872963E-08 500 0 0 0

Figure 10 3e. Stratification description for Sample Problem 3.
|
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60 .5500 .6000 0600 .0800 .3180317F 07 500 1 1 0
61 .5500 .6000 .0800 .1000 1611794E D6 500 0 0 0
62 .5500 .6000 .1000 .1200 .5175359E D6 500 0 0 0
63 .5500 .6000 .1200 .1400 1242441E-05 500 0 0 0
64 .5000 .5500 .0000 .0200 .3024426E-13 500 0 0 0
65 .5000 .5500 .0200 .0400 .934 7793E - 10 500 0 0 0
66 .5000 .5500 .0400 .0600 4778344E 08 500 0 0 0
67 .5000 .5500 .0600 0800 528 ?S37E -07 500 0 0 0
68 .5000 .5500 .0800 .1000 .2680753F 06 500 0 0 0
69 .5000 .5500 .'900 .1200 . 8607713t - 06 500 0 0 0
70 5000 .5500 1200 .1400 .2066441E 05 500 0 0 0
71 4500 .5000 0000 .0200 .5030257E 13 500 0 0 0
72 .4500 .5000 .0200 .0400 .1554 735E - 09 500 0 0 0
73 4500 .5000 .D400 .0600 , 947393E D8 500 0 0 0
74 4500 .5000 .0600 .0800 .8797616F. 07 5 00 0 0 0

4500 .5000 .0800 1000 4453657E -06 500 0 0 0 - - -'"

4500 .5000 .1000 .1200 .1431644E 05 500 0 0 0
5500 .5000 .1200 .1400 .3436927E - 05 500 0 0 0

00 4500 .0000 .0200 .83s6379E 13 500 0 0 0
10 4500 .0200 .0400 .2585852E 09 5 00 0 0 0
0 .4500 .D400 .D600 .1321819E -07 500 0 0 0

00 4500 .0600 .0800 1463229E 06 500 0 0 0
00 .4500 .0800 .1000 7415687E 06 500 0 0 0
00 .4500 .1000 .1200 .2381126E-05 5 DO O O- 0
00 .4500 .1200 .1400 .5716335E 05 500 0 0 0

. ... .. .. .

SOM OF CELL PRCEABillilES = 2251705E-04

_

Figure 10-3c. (Continued).
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PROBLEM 3 : Fatigue baseline + LOCA + RGTS PROOF"-
-

- RESULTS WITHOUT EARTHQUAKES - -

SEISMIC CLASS INFORMATION
~

CLASS SIGEQ SGLCEO CYCLES COV F-BM
*

0 .0000E+00 .000 0 .0000

PR00 ABILITY OF FAILURE.FOR UNCRACKED PIPE AND INTERPOLATED VALUES
SUL1MU SUL19 IULT

.00000E+00 .00000E+00 0
STRESS (1)

.84876E*01
PPREAK(1)
10000E+01

TIME - A'/G LEAK AVG BIG LEAK AVG LOCA SIGMA LEAK SIGMA BIG LEAK SICMA LOCA
.0. 3.81576E 10 3.81576E 10- 2.27562E 11 2.42393E 11 2.42393E 11 9.74239E 13

2.0 1.41321E 09 ~1.41321E 09 4.38468E-11 4.09787E-11 4.09787E-11 1.88027E 12
4.0 - 1.99072E 09 1.99072E 09 5.49138E 11- 5.03839E 11: 5.03839E 11 2.10296E 12
6.0 -2.54323E-09. 2.54323E 09 6.280A0E 11 6.05115E 11 6.C3115E-11 2.25220E 128.0 3.11901E 09 3.11901E 09 7.43902E-11 7.42046E 11' 7.42046E*11 2.64821E-12

10.0 3.71024E 09 3.71024E-09 8.60693E 11 8.84666E 11 8.84666E*11 3.31887E-12
12.0 4.24798E 09 4.24798E 09 9.520Z2E 11 1.00394E 10 1.00394E 10 3.63060E 12
14.0 4.75439E 09 4.75439E 09 1.02817E 10 1.10114E 10 1.10114E 10 3.94571E 12
16.0 5.23149E 09 -5.23149E 09 1.09387E 10 1.23203E 10 1.232n3E-10 4.18834E 12
18.0 5.73745E 09 - 5.73745E 09 1.18211E 10 1.37883E 10 1.378d3E-10. 4.64758E 12
20.0 6.54574E 09
22.0 7.06688E 09 - '6.54574E 09

1.26476E-10 1.99559E 10 1.9955vE*10- 4.95005E 12
7.06688E-09 1,29770E 10 2.11208E 10 2.11208E-10 4.99002E 12

24.0- 8.01634E-09 8.01634E-09 1.39690E 10- 3.58748E 10 3.58748E- 10 6.09245E-12
26.0 8.72481E 09 8.72481E 09 1.45427E 10 3.81021E 10 3.81021E 10 6.22936E 12
28.0 9.31416E-09' 9.31416E 09 1.49754E.10 4.0453',E 10 4.04535E 10 6.32346E 1230.0- 9.94987E 09 9.94987E 09 1.55917E 10 4.16531E 10 4.16531E 10 6.64358E 12
32.0- 1.09475E 08 '1.09475E 08 1.62418E 10 6.57092E 10 6.57092E-10 6.97006E 12
34.0 1.17924E 08 1.17924E 08 1.69453E 10 6.72732E 10 6.72732E-10- 7.64672E-12
36.0 1.25890E 08 : 1.25890E 08 - 1.73365E 10 6.91353E 10 6.91363E-10 7.70353E-12
38.0 1.30658E 08 - 1.30658E 08 1.78392E 10 6.94124E 10 6.94124E 10 7 89796E-12
40.0 1.38072E-08 1.38072E-08 1.85383E+10 7.12993E 10 7.12993E 10 8.34579E 12

.

.PC-PRAISE VERSION 2.40
Execution Start - 12/06/91 at 5:03p
Execution End 12/06/91 at 6t46p-

Figure 10-3ci. Failure probabilities for Sample Problem 3.
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10.4 Sample Problem 4: fatigue Baseline Case - LOCA, Radial Gradient Stresses and
Seismic Stresses

This sample problem illustrates the use of pc-PRAISE to calculate probabilities of LOCA

due to the growth of a pre-existing crack by fatigue mechanism. Two transients arc modoled

in this case. The first is the heat-up/ cool-dow = cycle occurring regms e at the rate of 5 per

year. The second transient is the reactor-trip-from-full-power, occurring twice per year, with

temperature variations during the transient being 73 F. The weld location is subjected to

pre sersice inspection and a proof test, Four categories of earthquakes are modeled.

Failure criteria used is the net-section stress exceeding the flow stress. The major inputs

related to the geometry of the pipe, the pipe material, the welding process used, and the

operating history are described below.

,

Pipe Geometry: +
Inside Radius = 14.5 in k
Wall Thickness = 2.5 in

Stresses:
Deadweight = 2.08 ksi
Deadweight + Thermal Expansion = 8.58 ksi
Operating Pressure = 2400 psi
Proof Pressure = 3000 psi

Fatigue Cuck Growth Properties:
redian) = 9.14x10'32

"

C pdth percentile) = 3.5x10 "
Fatigue Exponent = 4.0
Fatigue Threshold = 4.6 ksi-in',-

Flaw Stress:
Mean = 43.2 ksi
Standard Deviation = 4.2 ksi

Initial Crack Size Distribution:
Depth Distr:bution -- Exponential

Parameter = 4.07
Aspect Ratio Distribution -- Lognormal

Median = 1. 44
Shape Parameter = 0.538
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Only a portion of the a/h alb sample spare is used for sampling the initial cracks. LOCAs

are caused generally by cracks that are long (small a/b) and deep (large a/h). particularly if

the leak detection is set to a reasonable value. Therefore, only the cracks with a/h > 0.4

and a/b < 0.14 are considered in the analysis. The stratification is similar to that used in

Sample Problem 2. The plant lifetime of 40 years is simulated and as are printed at two

year intervals. Residual stresses and vibratory stresses are not considered in the analysis.

For transients other that the heat-up/ cool-down transient, the cyclic stress intensity facters

for a range of crnck sizes are input by the user,in a tabular form. In this case, the minimum

and the maximum AK, and AK , were calculated using the TIFFANY [Dedhia 82) code, fort

a matrix of crack depth ar.d aspect ratio combinations. The resulting data are entered here

on Lines 97-100 and 103-126. The details for generating this information are discussed in

Section 5.4 and Dedhia 82.

The input file for Sample Problem 4 is shown in Figure 10-4a. Each variable in the input

file is described in Table 10-4. The output file is shown in Figures 10-4b through 10-4f.

Description of the inputs is summarized in Figure 10-4b. The stratification scheme used is

shown in Figure 10-4c. Coordinates of each cell are shown along with the number of

samples and the conditional probability of crack from that cell. The last three columns of

that table show the number of cracks that resulted in leak, big-leak, and LOCA, respectively, -

for the case without the earthquakes. The probabilities of LOCA as a function of time fnr

the case with no earthquakes are shown in Figure 10-4d. The LOCA probabilities when

earthquakes are considered, are shown in Figures 10-4e and 10-4f, for Earthquake Classes 1

through 4. The leak probability calculations for this case are not accurate because the

stratification used is optimized only for the estimation of LOCA probabilities.
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Table 10-4
VARIAllLE INPUT FILE FOR

SAMPLE PROIILEM 4: FATIGUE BASELINE CASE -- LOCA, RADIAL GRADIENT
STRESSES AND SEISMIC STRESSES

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Lino #1 Title

TITLE ( ) Analysis title

Line #2 Control Variables (Card OB)

INCIAT 0 Pre 4xist:ng crads ont, 15 15

IFAILC 0 Net section stress failure entena 6 10 I5

ICRAKS O Not used 11 - 15 15

|REPLS 0 Not used i6 - 20 15

IREPAR 0 Not used 26 30 15

DNDRY 1.1 Not used 31 - 40 F10.3

ISF 0 Fatigue crack growth data input by the user 41 - 50 11 0

MTTYPE O Not used 51 - 55 15

ISEEC 688 Random number seed 1 56 62 17

ISEEOR 7225 ..andom number seed 2 63 70 la

IREMED 0 Number of reniedial actions during the plant life 71 75 I5

Line #3 Control Variables (Card 18)

HTRIES S00 Number of replications from each cell = abs (NTRIES) 15 45

I ISOAP.E 1 Rectangular grid to be set up 6 - 10 15

KTYPES- 2 Number of transients experienced by the plant 11 - 15 15

KRKDIS 3 Crack depth exponential, aspect ratio legnormal 16 - 20 15

NEVAL 2 Interval for pnnting results (years) 21 - 25 15

NINSPT 0 Number of in-service inspections 26 30 15

NOUAKE 1 Earthquakes to be modeled 31 - 35 15

_
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Table 10-4 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #3 Control Variables (Card 1B) [ Continued]

IDEBUG~ 0 Normal output to be printad 36 - 40 15

KONPRP O C lognormally distributed 41 - 45 15

NEOINT 4 Number of seismic intensity classes to be modeled 46 - 50 15

MCELLS 0 Not used 51 55 15

.

KNSFLO O Flow stress normally distributed 56 60 15

NSKIP O No indicator function printout 61 65 IS j

i

NFSI 1 A pre service inspection is modeled 66 - 70 IG j
|
'

ISCC 0 Crack growth by fatigue only 71 * 75 15

ISIGR3 0 Residual stresses not modeled 75 80 15

Line #4 Time and NDE Parameters (Card 1D)

THRIZN 40 Maximum plant lifetime simulated (yvars) 1 - 10 E10.3

DTSCC 0.2 Not used 11 - 20 E10.3

ICTYPE O Crack orientation is circumferential 21 - 25 15

IPTYPE O Default NDE parameters for thick mustenitic pipe used 26 30 15

EPST Not used 31 - 40 E10.0

ASTAR Not used 41 - 50 E10.0

TRANSD Not used 51 60 E10.0

|
'

ANUU: Not used 61 - 70 E100

Line #5 Pipe Dimensions (Card 2A)

THICK |L5 Wall thickness of tne pipe (inches) 1 - 10 E10.3

RIN 14.5 Inside radius (Inches) 11 20 E10.3

ELOVRR Not used 21 - 30 E10.3

1-
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Table 10-4 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT .

,

Line #6 Fatigue Crack Geowth Characteristics (Card 20)

THRHLD 46 Threshold for fatigue crack growth (ksi4,y2) 1 - 10 E10.3 ,

EMEXP 4 Exponent for fatigue crack growth equation 11 + 20 E10.3

42CONSMU 9.14n10 50th percentile of C 21 30 E10.3

41CONS 90 3.50x10 90th percentile of C 31 40 E10.3
__

Line #7 Flow Stress (Card 2C)

SFLOMU 43 2 Mean value of flow stress (ksi) 1 10 E10.4

SFLOSD 4.2 Standard deviation of flow strass (ksi) 11 20 E10 4

XJIC Not used 21 - 30 E10.4

DJDAMT Not used 31 - 40 E10 4

SIGO Not used 41 50 E10 4

DEE Not used ' 51 - 60 E10 4

YOUNGS Not usM 61 - 70 E10 4

XN Not used 71 - B0 ' E10 4
.

Lino #8 Ultimate Stress Definition (Card 2D) -

SULTMU 0 Not used 1 - 10 E10.0

SULTSO - 0 Not used 11 20 E10 0

IULT- 0 Not used 21 - 25 15

Line #9. Initial Crack Depth Distribution (Card 3A)

AMEDIAN - 4.07 Rate parameter for exponential distribution of depth (1/in) 1 10 E10,3

ASIGMA Not used 11 - 20 E10.3

ALAMDA Not used 21 30 E10.3
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Table 10-4 (Continued)
i

VARIABLE VALUE- DESCRIPTION POSITION FORMAT
, , - _ _ _ . __

Line #10-Inittel Aspect Ratio Distribution (Card 38)

BOAMED 1.34 Median of truncated lognormat distribution of b/a 1-10 E10,3

BOASIG 0.538 Shape factor of truncated lognormal distribution of b/s 11 20 E10.3

BOALDA Not used 1 10 E10.3

Line #11 Leak Rate and Detection Parameters (Card 4C)

FNDLEK 3 Threshold for detectable leak rate (gpm) 1-10 E10.3

ALKBIG -3 Threshold for defining big leaks (gpm) 11 20 E10.3

- Line #12 Stratified Sample Space (Card SA)

NAOH 12 Number of divisions in a/h direction 15 15

NAOB 7 Number of divisions in a/b direction 6 10 15

AOHLOW 0.4 Lower timit of a/h 11 - 20 E10.3

AO'4UP 1- . Upper limit of a/h 21 30 E10,3

|
'

AOBLFT - 0 Lower limit of a/b 31 40 E10.3

AOBRGT. 0.14 Upper limit of a/b 41 50 E10.3
,

l*

! Line #13 Operating Stresses'(Card 6A)=

SGCLD -- -2.08 Deadweight stress (ksi) 1 to E10.4

SGOWTE _ 8.58 Deadweight and thermal expansion stress (ksi) 11 20 E10.4

OPPRES 24 Normal operating pressure (ksi) 21 4 Etc.4.

PRFPRS 3 Pressure 'n hydrostatic proof test (ksi) 31 40 E10 4

SIGVIB - 1 Vibratory stresses not modeled 41 - 50 E10.4

VBTHLD 0- Not used 51 - 60 E10.4

|
1

r
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Table 10-4 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Lina #14 Specifications for ga and 9tna Tables (Card 68)

NX 6 Number of entries in a/b direction for the input table 15 15
.

NY g Number of entries in a/h direction for the input table 6 - 10 15

IX 10 Number of entries in a/b duection for the internal table 11 - 15 15

fY 10 Number of entries in a/h direction for the internal table 16 20 15

Line #15-16 (Card 6C)

AAOH() .01, .1, afh coordinates for gmin' Omax tables 1 80 8F10.3

Line #17 (Card 6D)

AAOB( ) 1, 2, b/a coordinates fo. gmin 9 max tabins 1 - 80 8F10.3

Line #18 Freauency of Heat-up/ Cool-down Transient 1 (Card 6E)

NCY.nLK 1 Blocking factor for fatigve crack growth calculations 15 15

BLAMDA : 0.2 Inter-arrival time of this transient (deterministic) 6 10 F5 2

TEMP 400 Maximum temperature excursion during this transient ("F) 11 20 F10.5

TITLE Transient title 21 80 6A10
t

Line #19 Frequency of Transient 2 (Card 6E)

NCYBLK 1 Diocking factor for fatiguo crack growth calculvions 1-5 15

BLAMDA 0.5 Inter-arrival time of this transient (deterministic) 6 to F5.2
.

I TEMP 73 Maximum temperature excursion during this transient ("F) ' 1 2') F105

TITLE Transient title 21 80 6A10

Line #20-43 gmin and gma Tables (Card 6F)

Line #44 Earthquakes per Magnitude Category (Card 7A)

NEOCLS( ) 1,1 Number of earthquakes in each category 1 - 80 1 015
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Table 10-4 (Continued)

_ , _ _ .
..

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #45 Seismic Stresses and Cycles (Card 78)

NCYCEQ() 1 Number of equivalent cycles in Category 1 1 - 10 11 0

SIGEO() 8.757 Equivalent cyclic stress (ksi) 11 20 F10.3

SGEOMX() 8.757 Maximum cyclic strese d aring this category (ksi) 21 - 30 F10.3

TITLE ( ) Earthquake title 31 80 SA10

Line #46-48 Seismic Stresses for Other Categories (Card 78)'

1(b52
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P- R A I $ E

P! PING RELIABILITY ANALYS!$ INCLUDING $E15NIC EVENTS

'PC-PRAISE trk310N 2.40

EXECUTED ON 12/06/91 AT 6:47p

- ECHO-PRINT OF INPUT DATA IN FILE SAMPLE 4.DAT

LINE ) -5 -(1) -5 -(2) -$ -(3) 5 -(4) - $ --(5) 5 --(6) 5 --(73- 5---(8
im PR00LEM 4 s..Fotigue baseline + LOCA + RGTS - <
2> 0 0 0 -- 0 0 1 688 7225 0 <

3> -300 1 2 3 -2 . 0 1.100
. 0 4 0 0 0 1 0 0<0 1 0

4> 400E+02 .200F+00 0 0 <
$>' .250E+01 .145E+02 .500E+01 <
6> .460E+01 400E+01 914E 11 .350E 10 <

71 .4300E+02 .4200E+01 <
8> .000E300 ~.000E+00 . 0 <
93 407E +01 - - <.

103 .134E+01 .538E+00 <
-11> .300E+01 .300E+01 <

12> 12 07 400 1.000 .000 -0.140 <
-13> 2,08

.9 10 10- - <
8.58 2.400 3.00 .100E+01 000E+00 <

14> 6
15> .010 .100 .200 .300 400 .500 .600 .700<
16> - .800

. 2.000- -3.000 - 4.000 5.000 6.000 <
-- <

17> 1.000
18> 1 .2 460.00000 Heat up and Coot-down <
19> 1 .5. 73.00000 Reactor Trin from Full Power <
20> .0190 0084- .0038 .0020' .0013 .0009 .0007 .0006 .0004 <
21> .0241 .0116 .0060 .0038 .0026 -. 00'. 9 0013 .0009 .0005 <

222> .0258 ; '.0127 .0069 0045 .0031 .0023 .0016 .0010 .0005 .<
23> .0268. 0133 .0072 .0046 .0032 0022 0014 0008- .0001 <
24>1 .0281 ,0140 .0074i .0045 .0029 .0019 .0311 .0003 .0007 <

- 25> .0293 _ .0143 0073 0042 .0026 .0015 .0006 .0002 .0036 <
26) .3283 .2513 .1926 .1482 .1146 .0882 .0667 .0486 .0337 <
27> .4151- .3290 2641- .2137 .1723 .1370 .1060 .0783 .0537 . <

-28>- .4437 .3516 .2839 .2365 .1P95 . 684- .1403 .1139 .0891 ~ <*

29) 4598 .3614 .2948 . 2510 .2183 1909'- ,1655 .1402- .1143 <
30> 4814- .3792 - .3109 .2665 .2335 .2054 .1783 1503.-- .1204. <'

31>. .5023 . .3945- .3233- . 2 T76 - 2434 .2136- .1837 .1518 1167 < H
32>:- .0210 .0135 .0090 .0064 0048 - .0037 .0029 0023 .0018 <*

33*: .0218 .0138 .0090 .0063 .0046 .0033 .0023' .0015 .0009 <
-34> 0226 .0139 .0085- .0053- ,0032 .0018- .0009 .0001. 0006 <
c35> .0235-z .0136 ' 0074. .0039 .0018- .0006 .0002 .0029E .0095: c'

362 .0234 .0124 0059 .0025 .0C07 .0003' .0035. .0126. .0236 <
3 7> . .0224 .0109 .0046 .0015- .0000 0026 .0109 .0222 .0362 <
38> : .3536 .3064 - .2642 .2295: .1998i .1736 ,1505 .1298 .1114~ <

39> .3679 : .3104 s .2669 .2365 .2143 .1967' .1814 .1673 .1536 <
40> .3802, .3190 .2742 .2444 .2233 .2067 .1919 .1772 1620 <

41>.. .3973 - .3300- '.2809 .2472 . .2208 .1986 .1775 1558' .1327 <

43>'
'.3969 .3224 .2689 .2324 .204T _ .1796 .1555 1293 1005 <42>
.3819 .3035; .24761 .2090 .1781 .1503 .1223 .0922. .0591 <

44) 1 1 1 1 <
45> 1 8.757 . 8.757 - ONE 00E <
46>- 2 9.059 9.059 ONE SSE <
4 72 ' 3 10.557 10.557 - THREE SSE <
48). 4 10.617:, 10.617- FIVE SSE- . <

LlWE ) $ -(1) -5 --(2) 5 -(3) 5- -(4)- 5 -(5)- 5- -(6) - 5 -(7)- 5---(8
****** NEW SEED (L,R) 688 7225*****

Figure 10-4a. Echo of input file for Sample Problem 4.
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PROBLEM 4 fatigue baseline +'LOCA + RGil ---

CIRCUMFERENTIAL CRACK ANALYSIS

PARAMETERS THAT DETERMINE NON DETECTION PROBABillTY
.000E+00C*ST =

'ASTAR = 1.250
TRAN3DUCER Dl AMETER = 1.00000 INCHES

'ANUU = 1.600

- PRE EXISTING CRACKS ONLY

FATIGUE CRACK GROWTH ONLY

LEAKERS WILL BE REPAIRED-'

- FAILURE PRITERIA = APPLIED STRESS > FLOW STRESS

PIPE DIMENSIDNS
WALL THICKNESS = 2.50 INCHES
INSIDE RADIUS = .14.50 INCHES

29.00L/N RATIO =-

L/R RATIO -= 5.00
ARCA Or PIPE = 247.40 SQ. INCHES

660.52 SQ. INCHES-FLOW AREA OF PIPE =

INITIAL CRACK SIZE DISTRIBUTION
CRACK DEPTM IS EXPONENTIAL

PARAMETER -- -4.0700
ASPECT RATIO is LOG-NORMAL _

MEDIAN = 1.3400
SHAPE PARAMETER = .5380
NORMAllZATION CONSTANT = 1.4149

CRACK CROWTh LAW PARAMETERS
EXPONENT = 4.000-
GROWTH LAW CONSTANT LOG NORMALLY DISTRIBUTED'

ME01Au = 9140E 11
90 TM OERCENT =, .35 DOE 10

THRESHOLD = 4.600

FLOW STRESS NORHALLY DISTRIBUTED
4300E+02MEAN =

STANDARD DEVIATION = 4200E+01

O!STRIBUTION PARAMETERS FOR ULTIMATE STRESS lh PIPE
MEAN = .0000E+00
STANDARD DEVIAfl0N = -.0000E+00
STANDARD DEVIATION =---0.0 MEANS THE ULTINATE STRESS IS CONSTANT
INTERPOLATION FI AG = 0 ( IULT ) FOR WHOLE PIPE DREAK PROBABILITY
ABS (-IULT ) IS THE NUMBER Of INTERPOLAT!DN POINTS
IF : IULT .CT. O LINEAR INTERPOLATION
IF IULT .EQ. O NO INTERPOLATION
IF IULT .LT. 0 - IOGARITHMIC IhTERPOLATION

Figure 10-4b. Input summary for Sample Problem 4.
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PIPE LOADING VALUES
STRESS (KSI) DUE TO COLD DFADWElGHT 2.08=

STRESS (KSI) DUE TO DWGHT + THERMAL = 8.58
STRESS (KSI) DUE TO THERMAL = 6.50 i
OPERAi!NG PRESSURE (KSI) = 2.40
STRESS (KSI) DUE 10 OPER. PRESSURE = 6.41
51RESS (KSI) DUE TO DWGHT + OP PRESR = 8,49
STRESS-(Est) DUE TO DWi+iHML+0P PRES = 14.99
PROOF PRESSURE (Asi) 3.00=

STRESS (KSI) DUE 10 DWGHT + PRF PRES = 10.09

. HYDR 0 STATIC PROOF TEST IS MODELLED

LEAK DETEC110N AND DEFINITl0N PARAMETERS
DETECTABLE LEAK (CPM) = 3.00
SIG LEAK '(GPM) = 3.00

NO RES10 VAL STRESSES ARE MODELLED-

WO V18RATORY STRESSES ARE MODELLES

SEISMIC CLASS INFORMATION
CLASS AMPL. . MAX.AMPL CYCLES

1 8 . 75 7 8. 75 7 1 OhE DBE
2 9.059 9.05 9 2 DNE SSE
3 10.557 10.557 3 THREE SSE
4 10.617 10.617 4 FIVE SSE

PRE-SERVICE ULTRASONIC |NSPECTION IS MODELLED,

TIME INTERVALS
PLANY LIFETIME = 40.0 YEARS

. ENDPOINTS OF INTERVALS AT .0 2.0 4.0 6.0 8.0 YEARS
ENDPOINTS OF INTERVALS AT 10.0 12.0 14.0 16.0 18.0 YEARS
ENDPOINTS OF INTERVALS AT. 20.0 22.0 24.0 26.0 .28.0 YEARS
ENDPOINTS OF INTERVALS At 3C.0 32.0 34.0 36.0 38,0 YEARS
ENDP0lNTS OF INTERVALS At 40.0

NO IN.f'R tCE INSPECTIONS ARE MODELLED

EARTHQUAKE, ?T EACH EVALUATION INTERVAL

. SKIP PARAMETER.FOR INDICAfDR FUNCTION PRl= TOUT IS 0

. NORMAL OUTPUT REQUESTED ,

NUMBEP "* TRANSIENT TYPES = '2

E
TYPE ~

AR AT
~

.200 YEARS / EVENT
Heat-up and Cool-down

!

,J, DELTA TEMP = 460.0 -- BLOCKING FACTOR = 1.0

' TYPE 2. Reactor Trip f rom Full Power-
REGULAR AT- .$00 YEARS / EVENT-
MAX DELTA TEMP = 73.0 BLOCKlNG FACTOR = 1.0

. Fiagure 10-4b. (Continued).
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* * * CUMMARY OF CELLS IN SAMPLE SFACE -
.

* UNIFORM MESN ~ - -

CELL A0H1 ADH2 A081 A082 PROBABILITY SAMPLES LEAKS B+ LEAKS LOCAS
1 .9500 1.0000- .0000 0200 .3105396E 15 5 00 0 0 0-
2 9500 1.0000 .0200 .0400 .959805SE 12 500 0 0 0
3 9500 1.0000 .D400 .0600 .4906271E 10 500 0 0 0
4- .9500 1.0000 .D600 0800 .5431150E-09 500 403 403 267
5 95 00 1.0000 .D800 .1000 . 2 752523E-08 500 498 498 12
6 ,9500 1.0000 .1000 .1200 .8838161E 08 500 497 497 0
7 9500 1.0000 .1200 1400 .2121764E 07 5 00 493 493 0
8 .9000 .9500 .0000 .0200 .5164929E 15 500 0 0 0
9 .9000- 7500 .0200 0400 1596359E 11 500 -0 0 0.

10 '.9000 .9500: .0400 .0600 8160163E 10 500 37 37 37.

' 11 - 9000 9500 .D600 .0800 .903314BE 09 500 397 397 232
12- 9000 .9500 .0800 .1000 .4578026E 08 500 370 370 2
13 9000 .9500 .1000 1200 1469973F 07 500 3 84 384 0.

14 9000 9500 .1200 .1400 3528942E-07 500 363 3 63 0.

15 .8500 .9000 .0000 .0200 .8590366E 15- 500 0 0 0
16 .8500 .9000 .0200 .0400 ,2655082E 11 500 0 0 0
17. .8500- .9000 .0400 .0600 1357207E 09 500 136 136 136
18 .8500 .9000 .D600 .0800 .1502403E DS ' 500 198 198 99
19 .8500: .9000 .D800 .1000 7614222E 08 500 185 185 2.

20 8500 9000 1000 .1200 2444874E 07 500 169 169 0.

21 8500' ,9000 1200 .1400 .5869374E-07 500 152 152 0
22 .8000 .8500 .0000 .0200 .1428759E 14 500 7 7 7
23 .8000 .8500 0200 .0400 .4415961E 11 500 6 6 6
24 ' 8000 .8500 .0400 .0600 225'322E 09. 500 87 87 87.

25 8000 .8500 .0600 0800 .2498813E-08 500 73 73 33
26 8000 - 8500 .0800 1000 1266406E 07 500 58 58 0 ,

.

27 .6000 .8500 .1000 .1200 .4066342E 07 500 .67 67 0 J

28 8000- .8500 1200 1400 .9762007E 07 500 41 41 0
29 7500 .8000 .0000 .0200 2376328E 14 500 84 - 84 84.

30 .T500 .8000 .0200 0400 7344674E 11 500 75 75 - 75.

31 .7500 .8000 0400. .0600- 3754402E 09 500 43 43 43.

32 7500- .8000 0600 .D800 41560V3E 08 500 18 18 3.

33 7500 .8000 .0800 .1000 2106300E 07 500 23 23 0.

34 7500 8000 . 1000 .1200 6763184E 07 500 17 17- 0.

35 7500 8000 .1200 1400 .1623628E-06 - 500 20 20 0
36 7000' 7500 .0000 .0200 3952334E 14 500 43 43 43.

37 .7000' 7500 .0200 0400 1221574E 10 500 36 36 36 -.

38 .7000- 7500 ,0400 . 0600 6244363E-09 - 500 13 13- 13.

39 .7000 7500 .0600 .0800 .6912393E 08 500 7 7 1

43 - 7000 .7500 .D800 1000- 3503221E 07 500 5 5 0.

41 .7000- 7500 1000 .1200 1124860E D6 500 8- 8 0.

42 .7000 ' ,7500 1200 .1400 2700435E-06 500 5 5 0.n.
43 .6500 7000 .0000 .0200 6573565E 14 500 10 10 10.

44 .6500' 7000 .0200 .0400- 2031735E 10 500 4 4 4.

45 .6500- .7000 .0400- 0600 1038569E-08 ' 500 4 4- 4.

46 6500_ 7000 0600 .0800 .1149677E 07 - 500 4 4 0-
47- -.6500 .7000 .0800-- .1000 5826595E 07 500 1 1 0
48 .6500- .7000 .1000 .1200 1870880E 06 500 1 1 0.

49 .6500' .7000 .1200 .1400 4491393E 06- 500 3 3 0.

" 50 - .6000_ .6500 .0000 .0200 .1093322E-13 5DO 3 3 3
' 51 6000 ,6500 .0200 .D400 ~.3379204E * 10 . 500 1- ? 1

52 .6000~ .6500 .D400 -.0600 1727360E 08 500 1' 1 1.

53 '.6000 .6500 0600 .0800 1912155E 07 500 1 1 0.

54 .6000' .6500 .0300 .1000 9690856E*07 ' - 500 2 2 0.

55. .6000 .6500 .1000 .1200 3111667E 06 500 0 0 0.

56 .6000 ',6500 1200 1400 7470134E-06 500 0 0 0.

57 .5500 .6000 .0000 .0200 1818426E-13 500 .0 0 0.

. 58 .5500 .b000 - 0200 .0400 5620329E-10 ' 500 0 0 0'.

59 - .5500 .6000 .0400 .0600 2872963E 08 500 1 1 1.

Figure 10-4c. Stratification description for Sample Problem 4.
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e,0 .5500 .6000 .0600 .0800 .3180317E 07 500 1 1 0
61 5500 .6000 .0800 .1000 .1611794E Oo 500 1 1 0
62 .5500 .6000 .1000 .1200 .5175359E 06 500 0 0 0
63 .5500 6000 .1200 .1400 .1242441E 05 500 0 0 0
64 .5000 .5500 .0000 .0200 .3024426E-13 500 1 1 1
65 .5000 .5500 .0200 .0400 .9347793E-10 500 0 0 0
66 .500? .5500 .0400 .0600 47783447-08 500 0 0 0
67 .5000 .5500 .0600 .0800 .5289537E 07 500 0 0 0
68 .5000 .5500 .0800 .1000 .2680753E-06 500 0 0 0
69 .5000. .5500 .1000 1200 .8607713E 06 500 0 0 0
70 .5000 .5500 .1200 1400 .2066441E-05 500 0 0 0
71 .4500 .5000 .0000 .0200 .5030257E 13 500 0 0 0
72 .4500 .5000 .0200 .0400 .1554735E-09 500 0 0 0
73 .4500 .5000 .0400 .0600 .7947393E -08 500 0 0 0
74 4500 .5000 .0600 .0800 .8797616E-07 500 0 0 0
75 4500 .5000 .0800 .1000 4458657E-06 500 0 0 0
76 4500 .5000 .1000 .1200 .1431644E 05 500 0 0 0
77 4500 .5000 .1200 1400 .3456927E-05 500 0 0 0
78 4000 .4500 .0000 .0200 .8366379E-13 500 0 0 0
79 4000 .4500 .0200 .0400 .2585852E 09 500 0 0 0
80 4000 .4500 .0400 .0600 .1321819E-07 500 0 0 0
81 4000 .4500 0600 .0800 1463229E-06 500 0 0 0
82 .4000 4500 .0800 .1000 .7415687E 06 500 0 0 0
83 .4000 .4500 .1000 1209 .2181126E-05 500 0 0 0
84 4000 .4500 .1200 .1400 .5716335E 05 500 0 0 0

SUM OF CELL PROBABillilES = hh517b5h$b4

_

Figure 10-4c (Continued).
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PROBLEM 41 f atigue baseline + LOCA + RGTS .---

* + RtEULTS WITHOUT EARTHQUAKES -

SEISMIC CLASS INFORMATION
CLASS SIGEQ SGLCEQ CYCLES COV F BM

0 .0000E+CG .000 0 .0000

FR00 ABILITY OF TAIL 9JE FCit UNCRACKED PIPE AND INTERPOLATED VALUES
SULTMU SG.T SO IULT

.00000E+00 .0000%+00 0
STRESS (1)

.84876E+01
POREAK(1)

.10000E*01-

TIME AVG LEAK AVC BIG LEAK AVG LOCA SIGMA LEAK SIGMA BIG LE AK SIGMA LOCA
.0 3.02036E 10 3.02036E 10 4.41197E 12 2.18581E 11 2.18581E 11 7.31425E 13

2.0 1.29990E 09 1.29990E 09 2.62136E 11 3.773TTE 11 ~ 3.77377E 11 2.77844E*12
4.0 1.90549E-09 1.90549E 09 3.51304E-11 4.69964E-11 4.69964E 11 3.01015E-12
6.0 2.48414E 09 2.48414E 09 4.44119E 11 6.12455E-11 6.12455E 11 3.22654E 12
8.0 2.94757E-09 2.04757E 09 5.34335E-11 7.02483E-11 7.02483E-11 3.55188E-12

10.0 3.56207E-09 3 $6207E 09. 6.33759E-11 8.73184E.11 8.73184E 11 3.94874E-12
12.0 4.06532E-09 4.06532E-09 7.09466E 11 9.72970E 11 9.72970E-11 4.21951E 12
14.0 4.70569E-09 4.70569E-09 7.70041E 11 1.38470E-10 1.38470E 10 4.35033E*12 1

16.0 5.34820E 09 5.34820E 09 8.32728E 11 1.86816E 10 _1.86816E 10 4.51614E-12
18.0 6.22784E-09 6.22784E 09 8.98900E 11 3.28699E 10 3.2869 % -10 4.68210E 12 l

20.0 ~ 6.76911E 09 6.76911E 09 9.58594E-11 3.37026E 10 3.37026E 10 4.84507E 12
22.0 7.32753E 09 7.32753E 09 1.02089E-10 3.48581E 10 3.48581E 10 5.13080E 12
24.0 7.93820E-09 -7.93820f-09 1.08386E 10 3.56212E-10 3.56212E 10 5.30882E 12
26.0 B.w.,7030E-09 8.57030E 09_ 1.14495E-10 3.69786E -10 3.69786E 10 5.79224E 12

-28.0 9.31724E 09 9.31724E 09 1.18179E 10 3.95030E-10 3.95030E-10- 5.92935E 12
30.0 9.91687E-09 9.91687E 09 1.25018E-10 4.11312E 10 4.11312E-10 6.31681E 12~
32.0 1.14756E 08 1.14756E-08 1.27204E 10 5.38042E-10 5.38042E 10 6.33650E 12
34.0 1.22934E 08 1.22934E 08 1.31879E 10 = . 5.52503E-10 5.52503E 10 6,47062E 12
36.0 1.31090E 08 1.310905 08 1.38018E 10 6.01222E-10 6.01222E=10 7.19149E 12
38.0 1.37866E 08 1.37866E 08 1.41999E 10 6.10586E 10 6.10586E 70 7.28351E 12
40.0 1.42157E 08 1.42157E 08 1.44118E-10 6.16952E-10 6.16952E 10 7.31218E-12

i

|:
.

!

Figure 10-4d. Failure probabilities for no earthquake case for Sample Problem 4.
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' - PROBLEM 4 : Fatigue baseline + LOC + RGTS ~

- - - RESULTS IWCitDING SEISMIC EVENTS - * -

SEIS4tC CtASS INFORMATION
CLASS SIGEQ SCLCEO CYCLES COV.F BM

1 .8757E+01 8.757 1 .0000 ONE OBE

PROBABILITY OF FAILURE FOR UNCRACKE0 PIPE AND INTERPOLATED VALUES
SULTMU SullSO 3 ULT

.00000E+00 .00000E+00 0
STRESS (1) -

.87570E+01:
PBREAK(1)

.10000E+01.

. TIME - AVG LEAK AVG BIG LEAK AVG LOCA $1GMA LEAK SIGMA BIG LEAK $!GMA LOCA
.0 1.17499E 05 -1.17499E 05 1.17496E 05 9.45638E 09 9.45638E 09 9.45641E 09

2.0 1.17499c 05 1.17499E 05. -1.17486E 05 9.45638E 09 9.45638E-09 9.45647E-09
4.0 1.17499E 05 1.17499E-05 1.17481E-05 9.45638E 09 9.45638E-09 9.45651E-09
6.0 1.17499E-05 1.17499E 05 1.17475E 05 9.45638E-09 9.45638F 09 9.45660E-09
8.0 . 1.17499E 05 1.17499E-05 1.17471E-0$ 9.4563BE-09 9.45638E-09 9.45666E-09

10.0 1.17499E 05 1.17499E 05 1.17464E-05 9.45638E 09 9.45638E 09 9.45682E-09
12.0 1.17500E-05 1.17500E 05 1.17460E 05 9.45638E 09 9.45638E 09 9.45693E 09
14.0 - 1.17500E-05 1.17500E-05 1.17453E 05 9.45638E 09 9.45638E+09 9.45749E 09
16.0 1.17500E-05- 1.17500E 05 1.17447E 05 9.45638E-09 9.45638E 09 9.45842E-09
18.0 1.17500E-05 -- 1.17500E+05 1.17438E-05 9.45638E 09 9.45638E 09 9.46199E-09

- 20.0 ' 1.17500E-05 -1.17500E 05 1.17433E-05 9.45638E-09 9.45638E-09 9.46229E 09
22.0 ' 1.17500E 05- 1.17500E-05 1.17427E 05 9.45638E-09 ' 9.45638E-09 9.46269E 09

-24.0 1.17500E 05_ 1.17500E 05 -1.17422E-05 9.45638E 09 9.45638E-09 9.46297E 09
26.0 1.17500E-05 _ 1.17500E 05 1.17415E 05 9.45638E-09 9.45638E 09 9.46352E 09

- 28.0 - 1.17500E.05 .1.17500E-05 1.17408E-05 9.45638E-09 9.45638E-09 9.46454E-09
30.0 1.17500E 05 1.17500E-05 1.17402E 05 9.45638E-09 9.45638E-09 9.46526E-09
32.0 1.17500E 05 1.17500E-05 1.17386E-05 9.45638E-09 9.45638E 09 9.47143E-09
34.0 -~ 1.17500E 05 1.17500E-05 1.1737BE 05 9.45638E-09 9.45635E-09 9.47233E 09
36.0 1.17500E-05 1.17500E 05' 1.17370E 05 9.45638E-09 9.45638E-09 9.47535E-09
38,0 1.17500E 05 1,17500E-05 1.17364E 05 9.45638E-09 9.45638E 09 . 9.47592E 09
40.0 1.17500E-05 1.17500E 05 1.17359E 05 9.45638E 09 9.45638E-09 9.47633E 09

Figure '10-4e. Failure probabilities for Earthquake Classes 1 and 2 for Sample Problem 4.
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SEISMIC CLASS thFORMATION

CLA$$ $1GEQ SCLCEQ CYCLES COV F-BM
2 9059E+01 9.059 2 .0000 ONE LSL.

PROBABIL11? OF FAILURE FOR UNCRACKED PIPE AND IW1ERPOLATED VALUES
SUL1MU $UL150 IP i

.00000E+00 .00000E+00 0
STRESS (1)

.90590E+01
PSREAK(1)

.10000E+01

TIME AVG LEAK AVG BIG LEAK AVG LOCA SICMA LEAK SIGMA BIG LEAK SIGMA LOCA
0 1.17496E 05 1.17496E-05 1.17495E-05 9.45638E-09 9.45638E-09 9.45641E C4

2.0 1.17499E-05 1.17499E 05 1.17486E 05 - 9.45638E-09 9.45638E-09 9.45647E 09
4.0 1.17499E-05 1.17499E 05 1.17480E-05 9.45638E-09 9.45638E 09 9.45651E-09

9.45638E-09 9.45638E-09 9.45660E 096.0 1.174995 05 1.17499E 05
1.17475E 05 - 9.45638E-099.45638E 09 9.45666E-098.0 1.17499E 05 1.17499E 05 1.17470E 05

10.0 1.17499E 05 1.17499E 05 1.17464E 05 9.45638E-09 9.43638E-09 9.45682E-09
12.0 1.17499C CC 1.17499E 05 1.17459E-05 9.45638E-09 9.45638E 09 9.45693E 09
14.0 1.17499E-05 ' < 1.17499E-05 1.17453E-05 9.45638E-09 9.45638E 09 9.45749E 09
16.0 1.174ME 05 1.17499E 05 1.17447E 05 9.45638E 09 9.45638E-09 9.45842E-09
18.0 1.17499E-05 1.17499E 05 1.17438E-05 9.45638E 09 9.45638E 09 9.46199E 09
20.0 1.17499E 05 1.17499E 05 1'17433E 05 9.45638E 09 9.45638E 09 9,46229E-09
22.0 1,17499E 05 1.17499E-05 1.17427E 05 9.45638E 09 9.45638C 09 9.46269E-09
"4.0 ~1.17500E 05 1.17500E-05 1.17421E 05 9.45638E 09 9.45638E-09 9.46297E-09
2u.0- 1.17500E-05- 1.17500E 05 1.17415E-05 9.45638E-09 9.45638E-09 9.46352E 39
28.0 1.17500E*05 1.17500E-05 1.17408E-05 9.45638E-09 9.45638E 09 9.4J 54E-09
30.0 1.17500E -05 - 1.17500E 05 1.17402E 05 9.45638E 09 9.45638E 09 9.46516E 09
32.0 - 1.17500E 05 1.17500E-05 1.17366E 05 9.45638E 09 9.45638E-09 9.47143E 09
34.0 1.17500E-05 - 1.1300E 05 1.17378E 05 9.45638E 09 9.45638E-09
36.0. 1.17500E 05 1.17500E 05 1.17370E-05 9.45638E-09 9.45638E-09 - 9.47233E -099.47535E-09
38.0 1.17500E-05 1.17500E 05 1.17363E-05 9.45638E-09 9.45638E 09 9.47592E-09
40.0 1.17500E 05 1.17500E-05 1.17359E-05 - 9.45638E 09 -9.45638E-09 9.47633E 09 .

l

1

i
i

!

l
!
L

|
|

Figure 10-4e. (Continued).
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"* PROBLEM 4 fatigue baseline + LOCA + RGTS --

- - RESULTS INCLUDING SEISMIC EVEkTS - -

SEISHIC CLASS INFORMATION
CLASS SIGEQ SCLCEO CYCLES COV F BM

3- .1056E+02 10.557 3 .0000 1F*EE SSE

PROBABILITY OF FAILURE FOR UNCRACKE0 PIPE AND INTERPOLATE 0 VALUES
SULTMU SULTSD IULT

.00000E+00 .00000E+00 0
'

STRESS'1)
.10557E+02
PBREAK(1)-

.10000E+01

TIME AVG LEAK ' AVG BIG LEAK AVG LOCA- SIGMA LEAK SIGMA BIG LEAK SIGMA LOCA
,0- 1.17496E 05 1.17496E-05 1.17493E-05 9.45640E 09 9.45640E 09 9.45643E 09

2.0 1.17496E 05 1.17496E-05 1.17483E 05 9.45639E-09 9.45639E 09 9.45648E 09 -
4.0 1.17496E-05 1.17496E 05 1.17478E-05 9.45639E 09 9.45639E-09 9.45653E 09
6.0 1.17497E 05 1.17497E 05 't.17472E-05 9.45639E 09 9.45639E 09 9.45661E 09
8.0 1.1749*2-05 1.17497E 05 1.17468E 05 9.45640E-09 9.45640E 09 9.45668E 09

10.0 1.17497E-05 1.17497E-05 1.17462E 05 9.45640E 09 9.45640E 09 9.45683E 09
12.0' 1.17497E-05 - 1.17497E 05 ~ 1.17457E 05 9.45640E-09- 9.45640E 09 9.45694E 09
14.0 1.17497E -05 1.17497E 05 1.17451E 05 9.45639E-09 9.45639E 09 9.45750E-09
16.0 1.17497E 05 1.17497E-05 - 1.17444E 05 9.45639E-09 9.45639E-09 9.45843E 09
18.3 1.17497E-0$ 1.17497E 05 1.17436E 05 9.45640E 09 9.45640E 09 9.46200E 09
20.0 . 17497E 05 1.17497E-05 - 1.17430E-05 9.45640E 09 9.45t40E 09 9.46230E-092
22.0 .- 1.17497E 05 - 1.17497E-05 1.17425E-05- 9.45640E 09 9.45640E 09 9.46270E-09
24.0 1.17497E-05 1.17497E-05 1.17419E 05 9.456405-09 9.45640E 09 9.46E97E 09
26.0 1.17497E-05 1.17497 05 1.17413E-05 9.45640E-09 9.45640E 05 9.46353E-0?
28.0 - 1.17497E 05 1.17497E -05 1.17405E 05 9.45640E 09 9.45640E 09 9.46455E-09
30.0 1.17497E-05 1.17497E-05 1.17399E 05 9.45641E-09 9.45641E 09 9.4652?E-09
32.0 .1.17497E 05- 1.17497E-05 1.17384E-05 9.45640E-09 9.45640E 09 9.47144E 09
34.0- 1.17497E-05 1.174972-05 1.17376E 05 9.45640E 09 9.45640E 09 9.47234E 09
36.0 1.17497E 05 1.17497E 05 1.17368E-05 9.4564'IE-09 9.45641E 09 9.47537E-09
38.0 1.17497E 05- 1.17497E-05 1.1736M-05 9.45640E 09 9.45640E-09 9.47593E 09
40.0 1.17497k-05 1.17497E 05 1.17357E-05 9.45640E 09. 9.45640E-09 9.47634E-09

!

r

I

Figure 10-4f. Failure probabilities for Earthquake Classes 3 and 4 for Sample Problem 4.
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SEISMIC CLASS INFORMAil0N
CLASS $1GEQ SGLCEQ CYCLES COV F BM

4 .1062E+02 10.617 4 .0000 FIVE SSE

7,* 918ITY OF FAILURE FOR UNCRACKID PIPE AND INTERPOLATED VALUES
suu MU SUL T SD - IULT

.00000E+00 .00000E+00 0
STRESS (1)

.10617E+02
PSREAK(1)
10000E+01

TIME AVG LEAK AVG BIG LEAK AVG LOCA SIGMA LEAK SIGMA BIG LEAK SIGMA LOCA
.0 - 1.17495E 05 1.17495E-05 1.17492E 05 9.45640E 09 9.45640E 09 9.45643E-09

2.0 1.17496E 05 1.17496E-05 1.17483E 05 9.45640E 09 9.45640E-09 9.45648E 09
4.0 1.17496E 05 1.17496E-05 1.17477E 05 9.45640E 09 9.45640E-09 9.45653E 09
6.0 1.17496E-05 1.17496E-05 1.17472E -05 9.45640E 09 9.45640E 09 9.45661E-09
8.0 - 1.17496E-05 1.17496E 05 1.17468E 05 9.45640E-09 9.45640E-09 9.45668E 09-

-10.0 1.17497E 05 1.17497E 05 1.17462E-05 9.45640E-09 '9.45640E-09 9.45683E 09
12.0 1.17497E 05 1.17497E 05 1.17457E-05 9.45640E 09 9.45640E 09 9.45694E-09
14.0 1.17497E 05 1.17497E-05 1.17450E -05 . 9.45640E 09 9.45640E-09 9.45750E-09
16.0 1.17497E -05 - 1.17497E-05 1.17444E-05 9.45640E 09 9.45640E-09 9.45843E 09
18.0 1.17497E 05 1.17497E 05 1.17435E-05 9.45640E 09 9.45640E 09 9.46201E 09

'20.0 1.17497E-05 1.17497E 05 1.17430E 05 9.45640E 09 9.45640E-09 9.46230E 09
22.0 1.17497E 05 1.17497E 05 ' 1.17425E 05. 9.45640E-09 9.45640E 09 9.46270E 09
24.0 1,17497E 05, 1.17497E 05 1.17419E -05 9.45640E-09 '9.45640E-09 9.46298E 09
26.0 1.17497E 05 1.17497E-05 - 1.17413E 05 9.45640E-09 9.45640E-09 * 46353E-09
28.0 1.17497E 05 1. iT497E-05 1.17405E 05 9.45641E-09 9.45641E 09 .46455E 09
30.0 1.17497E -05 1.17497E 05 1.17399E 05 9.45641E-09 9.45641E " 9.46527E-09
32.0 1.17497E-05 1.17497E-05 1.17384E 05 9.45640E 09 9.45640E 09 9.47144E-09
34.0 1.17497E-05 1.17497E-05 1.17376E-05 9.45640E*09 9.45640E-09 9.47234E-09
36.0 1.17497E 05 1.17497E-05 1.17367E 05 9.45641E 09 ~ 9.45641E-09 9.47537E 09
38.0 1.17497E-05 1.17497E 05 -1.17361E-05 9.45640E-09 9.45640E-09 9.47593E 09
40.0 1.17497E 05 1.17497E-05 ' 1.17357E 05 9.45640E-09 9.45640E-09 9.47634E 09

PC PRAISE VER$10N 2.40
Execution Start - 12/06/91 at 6:47p
Execution End - 12/06/91 at 9:19p

i

:
1

I

' Figure 10-4f. (Continued).
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10.5 Sample Problem 5: Fatigue Baseline Case with Tearing Modulus Failure Criteria
and Residual Stresses

This sample problem illustrates the use of tearing modulus failure criteria and residual

stresses in pc-PRAISE. This case calculates probability of leak due to the growth of a pre-

existing crack by fatigue mechanism. The only load cycle used is the heat-up/ cool-down

cycle. The weld location is subjected to pre-service inspection and a proof-test. Only the

teadng modulus based failure criteria is applied. The default characterization of residual

stresses for large lines is used. The major inputs related to the geometry of the pipe, the

pipe material, the welding process used, and the operating history are described below.

Pipe Geometry:
Inside Radius = 14.5 in
Wall Thickness = 2.5 in
UR Ratio = 5

Stresses:
Deadweight = 2.08 ksi
Deadweight + Thermal Expansion = 8.58 ksi
Operating Pressure = 2400 psi
Proof Pressure = 3000 psi

Fatigue Crack Growth Properties:
C (median) = 9.14x10'
C (90th percentile) = 3.5x10'"
Fatigue Exponent , 4.0
Fatigue Threshold = 4.6 ksi-in #

Initial Crack Size Distribution:
Depth Distribution -- Lognormal

Median = 0.05 in
Shape Parameter = 0.82

Aspect Ratio Distribution -- Exponential
Parameter = 1.15

The a/h - a/b sample space is divided into 100 cells and 100 samples are taken from each

cell. Plant lifetime of 40 years is simulated and results are printed at two year intervals.

The vibratory stresses are not considered in the analysis. The heat-up/ cool-down cycles are

assumed to occur regularly five times a year.
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The input file for Sample Problem 5 is shown in Figure 10 5a. Each variable in the input

file is de' scribed in Table 10-5. The output file is shown in Figures 10-5b through 10-5d.

Description of the inputs is summarized in Figure 10-5b. The stratification scheme used is

-shown in Figure 10-5c. Coordinates of each cell are shown along with the number of

samples and the conditional probability of crack from that cell. The last three columns of
_

that table show the number of cracks that resulted in leak, big-leak, and LOCA, respectively.

The probabilities ofleak as a function of time are shown in Figure 10-5d. Leak and big leak

probabilities are the same at any given time, because the same threshold leak rate is used

for identifying small and big leak. The LOCA probability calculations for this case are no:

accurate because the stratification used is not optimized for the estimation of LOCA

probabilities.
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Table 10 5
VARIABLE INPU''' FILE FOR

SAMPLE PROBLEM 5: FATIGUE BASELINE CASE WITil
TEARING MODULUS CRITERIA AND RESIDUAL STRESSES

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #1 Title

TITLE () Analysis title

Line #2 Contrc Variables (Card 08)

INCIAT 0 Pre +xisting cracke only 15 15

IFAILC 1 Tearing modulus based fadura critena 6 10 15

ICRAKS O Not used 11 15 15

(REPLS 0 Not used 16 20 15

IREPAR 0 Not used 26 30 45

BNORY 11 Not used 31 40 F 10.3

ISF 0 Fatigue crack growth data input by the user 41 50 11 0

MTTYPE 1 Not used 51 - 55 15

ISEED 688 Random number seed 1 56 - 62 17

ISEEDR 7225 Random number seed 2 63 - 70 18 ]
IREMED 0 Number of remedial actions during the plant life 71 - 75 15

Line #3 Control Variables (Card 1B)

NTRIES 100 Number of replications from each cell = abs (NTRIES) 1-5 15

ISOARE 1 Rectangular grid to be set up 6 10 15

KTYPES 1 Number of transients experienced by the plant 11 - 15 15

KAKDIS 2 Crack depth lognormal, aspect ratio exponential 16 20 15

NEVAL 6 Number of user-supplied times at which results are 21 - 2*., 15

printed

NINSPT 0 No in-service inspections 26 30 15

NOUAKE O No earthquakes to be modeled 31 35 15

IDEBUG 0 Normal output to be printed 36 - 40 15
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Table 10-5 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT

- Line #3 Control Variables (Card 1D) [ Continued]

' C lognormally distributed 41 - 45 15KONPRP 0

NEOINT 0 Not used 46 - 50 15

MCELLS 0 Not used 51 55 15

KNSFLO O Not used $6 60 15

NSKIP 0 No indicator functior' printout 61 65 15

NPSI 1 A pre service inspection is modeled 66 70 15

|

ISCC 0 Crack growth by fatigue only 71 75 15

ISIGRS 2 Built 4n residual stresses for large lines are used 75 80 15

Line #4 Time and NDE Parameters (Card 10)

THrMZN 40 Maximum plant life time simulated (years) 1 - 10 E10.3

DTSCC 0.2 Not used 11 - 20 E10.3

ICTYPE O Crack orientation is circumferential 21 - 25 15

IPTYPE O Default NDE parameters for thick austenitic pipe used 26 30 15

EPST Not used 31 40 E10.0

ASTAR Not used 41 - 50 E10.0

TRANSO Not used 51 60 E10.0

ANUU Not used 61 70 E10.0

Line #5 Pipe Dimensions (Card 2A)-

THICK 2.5 Wali thickness of the pipe (inches) 1-10 E10,3

RIN 14.5 Inside radius (Inches) 11 20 E 10.3

ELOVRR 5 Pipe length / radius ratio 21 - 30 E10.3

._
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Table 10 5 (Continued),

VARIABLE VALUE- DESCRIPTION POSITION FORMAT

Line #6 Fatigue Crack Growth Characteristics (Card 28)

THRHLD A6 Threshold for fatigue crack growth (ksiin /2) 1 10 E10.3
1

EMEXP 4 Exponent for fatigue crack growth equation 11 20 E10.3

42CONSMU. 914x10 50th percentile of C 21 30 E10.3

CONS 90 3.50x10'll 90th percentile of C 31 40 E10.3

Line #7 Flow f ~ ass (Card 20)

SFLOMU 43 2 Nat used 1 - 10 E 10.4

SFLOSO 4.2 Not used il 20 E10.4

2XJIC 10 J3e (in4ips/in ) 21 30 E10 4

DJDAMT 25 dJ/da (ksi) 31 - 40 E10 4

SIGO 30 6 - Yield strength (ksi) 41 50 E10.4

DEE 106 Constant D in the poweraaw hardening equation (ksi) 51 - 60 E10 4
I

i YOUNGS 25000 Elastic modulus (ksi) 61 - 70 E10 4

XN 5 Exponent n in the power law hardening equation 71 - 80 E10.4

Line #8 Ultimate Stress Definition (Card 20)

SULTMU 75 Mean UTS (ksi) 1 10 E10.0

SULTSD 10 Standvd deviation of UTS (ksi) 11 - 20 E10.0

IULT - 3 ,Pbreak at three stress values 21 25 15

Line #9 initial Crack Depth Distribution (Card 3A)

AMEDIAN 0 05 Median of the tegnormal distribution of crack depth (in) 1 - 10 E10.3

ASIGMA 0.82 Shape factor of the lognormal distribution of crack depth 11 - 20 E10.3

ALAMDA - Not used 21 30 E10.3

} ()-67
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Table 10 5 (Cor.tinued)

u- _

VARIADLE VALUE DESCRIPTION POSITION FORMAT
m

Line #10 Initlal Aspect Ratio Distribution (Card 30)

DOALDA 1.16 Rate parameter for Shned esponential distribution of b/a 1 10 E10.3

Line #11 Evaluation Times (Card 4A)
_

TEVAL 1,5,10, Evaluation Times (years) 1 80 8E10 3

Line #12 Leak Rate and Detection Pararneters (Card 4C)

f NDLE K 3 Threshold for detectable leek rate (gpm) 1 10 E10 3

ALEBIG 3 Threshold for dehning big leaks (ppm) 11 - 20 E10 3

Line #13 Stratified Sample Space (Card 5A)
.-

NADH 10 Number of divisions in a/h direction 15 15

NAOB 10 tJumber of divisions in n/b dueetiof, 6 10 4
-,,

AOHLOW D Lower kmst of s/h 1? <0 E10.3

AOHUP 1 Upper kmit of a/h 21 4 E10 3

AOBLFT 0 Lower hmit of a/b 31 - 4v F 10 3

AOBnGT 1 Urpor hmit of a/b 41 50 E103

Line #14 Operating Stresses (Card 6A)

SGCLD 2 08 Deadweight st<ess (ks!) 1 10 E10 4
,

SGDWTE 8 58 Deadwooght and thermal expansior stress (ksi) 11 20 E10.4

OPPRF, 2* Normal of.erating pressure (ksi) 21 30 E10 4

PRFPRS 3 Pressure in hydrostatic proof test (ksi) 31 - 40 E10 4

StGVID 1 Vibra *ory strest.es not moceied 41 50 E10 4
-, u

VBTHLD 0 Not used 51 00 E10 4
, _ . , _ _ -

- -, . - -
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Table 10 5 (Continued)
,

-

VARIABLE VA '..U E DESCRIPTION POSITION FORMAT

|
Line ( 3 Frequency of Heat up/ Cool 4own Transient 1 (Card 6E)

NFYBLK 1 06ocktrig factor for fatigue crack growth calculations 1+5 4

BLAMDA 02 Inter arrival time of this transient (deterministic) 6 10 F5 2

1Eup 400 Manimum temperature excursion during tnis transient tr) 11 20 F1o 5

' mLE Transient title 21 80 6A10
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P' R A | 3 g

PlPlWG RELIABILiff ANALillt ikCLUDlhG $11$NIC EVtWil

PC PRAlst ytt$10N 2.40

.ExtCUll0 ON 12/06/91 Af 9:19p

(CHO PRlWT OF IWPut DATA IN fill $AMPlt$.0Af

(lug 3."$.u g s p os. n g23.~$~.g33u.$n.(49 ~$.o g5po$o.(6P"5 "(2)."5"-(8
it PR08t[M S : f etl0ue tesellre + imot f ailure criteria <

?> 0 1 0 0 0-
0 100

1 0 1 688 7225 0 <

3* 100 1 1 2 6 0. 0 0 0 0 0 0 1 0 2<
4* 400E+02:.200t+00 0 0 <

$$ .250t+01 145t+02 .500t+01 *

6* 460t+01 400E*01 .914t*11 .350t.10 <

7* .4300t+02 .2200t+01 ~ 10.0 25.0 30.6 106.0 25000.0 5.00<
i,8* .750t+02 100t+02- 3- <

. 98 0.05 0.82 <
10s .i.15 <
11> 1.0 - 5.0- 10.0 15.0 20.0 40.0 <

12* .300t+01 .300F+01 <

13e 10 10 .000 1.000 000 1.000 <

14> 2.08 8.58- 2.400 3.00 .100t+01 000t*00 < 1

15e i 460.00000 Heat u < t

(Int p. 5. 2.(1).. 5...(2D**5 p and Cool down68. 8 ) a " $ * "(4 )" 5"- 15)* "5 "(6)" 5"-( T)* "5"-(8""** NEW stt0 (L,4)
'

-(3
7225 " * " *

,

h

F

!
,

s

',
.

+

' Figure 10 5a. Echo of input file for Sample Problem 5. :
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PROBLEM $ 3 Fatigue baseline + imat f atture criteria" *"

CIRCLMftREWilAL CRACK ANALYlls

PARAMtift$ THAT DtifRMINE NON DET(Cil0N PROBABILITY
test * .000t+00
ASTAR = 1.250
TRANSOUCER DIAMEttR = 1.00000 INCHES
ANW = 1.600

PRE tXilflNG CRACK $ ONLY

FAflGUE CRACE CROWTH ONLY

LEAKits WILL BE REPAlttD '

FAILURL CRittRIA e JIC AND DJDA (XC(fDINCF

PIPE DIMEN110NS
WALL THICKNEt$ = 2.50 INCHES
INSIDE RADIUS * 14.50 INCHis

L/N RAtl0 * 29.00
t/R RAllo = 5.00

AREA 0F PIPE e 247.40 $0. IkCHtt
FLOW AREA 0F PIPE = 660.52 50. INCHE$

INiflAL CRACK $12E DISTRIBullON
CRACK DtPTH l$ LOG + NORMAL

MEDIAN * .0500
$ HAP ( PARAMtitR = .8200

ASPICT RA110 15 EXPONEWilAL
PARAMEttR = 1.1500

CRACK GROWTH LAW PARAMETERS
EXPONENT * 4.000
C.ROWTH LAW CONSTANT LOG NORMALLY DISTRIBUTED

MEDIAN = 91A0f 11
90<1H PERCtWT = .3500C+10-

THRf$ HOLD = 4.600

FLW STRESS WF ..iY DISTRIBUT[D
M(AN

'

* .4300E+02
STANDARD OfylAT10N e 4200E+01~

DISTRIBuilON PARAMEftRS FOR ULTIMATE STRES$ IN PIPC
MtAN =- . 7500E +02
STANDARD DEVIA).ON = .1000E+02
STANDARD DEVIATION = 0.0 MEAN5 THE UtilMATE STRESS 18 CONSTANT
IN1(RPOLAT10W FLAG e 3 ( FULT ) FOR WHolt PIPE BREAK PROBABILITY
ABS ( IULT ) IS THE NJMBtR OF INTERPOLAll0N PolWi$
IF luti .GT. O LINEAR INTERPOLA110N
If IULT .EQ. O NO INi[RPOLATION
If IULT .LT. O LOGARITHMIC IWitRPOLATION

'JIC (IN KIPS /IN.lN) = 10.0000
DJDA (KSI) = 25.0000

YttLD liRESS (K$1) * 30.6000
D (K51) = 106.0000

Vf0NG$ MODULUS (K$l) = 25000.0000
EXP0hENT, N * 5,0000

Figure 10-5b. Input summary for Sample Problem 5.
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PIPt LOACING VALut$
e 2.08$1ktt$ (KSO DUt 10 COLD Dt ADWilGHT

$1RES$ (K$1) DUE 10 DWGH1 + 1HIRMAt e 8.58
$1Rtl$ (K$1) DUI 10 THERMAL e 6.50
Of(RAllNG PRf $$Ukt' (K$1) e 2.40
Sikt$$ (K$l) DUE 10 CPER. PRES $URE o 6.41
$1RES$ (K$l) DUE TO DWCHT * OP PRESR e 6.49
tif t$$ (K$l) DUt 10 DWi+1HML+0P PRt$ e 14.99

3.000R007 PRF$SUGE (K$1) e

$1 PES $ (K$1) DUI 10 DWGMT + PRF PRi$ e 10.09

NYDRO$1Afic PR00f it$1 15 MCotLtt0

tt AK Dtittfl0W AND Dttikill0N PARAhtitR$ !
DtitCIABLE ttAr (GPa) e 3.00
SIG LEAK (GPM) e 3.00

Rt$1DVAL STRE$$t$ TOR L ARGE IN LINE SElf CitD

No V10RA10RY STRi$$tt ARE M00!L 3D

FRtattRVitt ULTRA $0NIC INSP[CTION ll MODELLED

11ME INf tl.v&L'3
PLANT LiftfiMt a 40.0 ftAR$ ~
(NDPOINIS OF INTERVAL $ Al- - .0 1.0 5.0. 10.0 15.0 YEAR 3 |

f*6DP0lNI$ Of INTEPVAls AT 20.0 40.0. ,

i

NO IN*$tRVICC IWSPECil0WS ARE MODELLED

NO $[l$Ml CVENTS ft#1Mi!D

$ KIP PARAMittR FOR |NDICATOR fUNCil0N PRINTOUT ll 0

NORMAL OUTPUT Rt0Ut$1tD

NUMBER OF 1RAN$ltNT TYPE $ e 1

TYPE 1 Heat up ord Cool down
RfCULAR AT . 200 YtARS/tVENT
MAXDELTAf(MP=d60.0 BLOCKING FACTOR e 1.0

l,
L

i

1

it
e

|

Figure 10-Sb. (Continued).

..
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- SUMMARY OF tills *W SAMPit 50Att -

+ - UNilotM M[5H =

titL A0H1 ADH2 ADR1 A002 FD30ABitITY SAMPit$ LEAKS B tfAKk LOCAS

i 9000 1.0000 .0000 .1000 .2576822t 10 100 0 0 0

? .9000 1.0000 1000 .?000 .B0766?vt 08 100 0 0 0

3 9000 4.0000 .2000 .3000 .4697992t 07 100 0 0 0

4 9000 1.0000 .3000 4000 .b853(44t 07 100 0 0 0

5 9000 1.0000 4000 .5000 .1116105f 06 100 0 0 0

o 9000 1.0000 .5000 .6000 .11923 7t 06 100 0 0 0

7 .9000 1.0000 .6000 7000 .11794?BE D6 100 0 0 0

8 0000 1.0000 .7000 .B000 .112?$D&t 06 100 0 0 0

0 9 9000 1.0000 .B000 9000 .104 7176F -06 100 0 0 0

10 .&000 1.0000 9000 1.0000 .9666818t 07 100 0 0 0

11 .6000 .V000 .0000 1000 .543191BE 10 100 13 13 13

i? 8000 .9000 1000 .?000 1701?26t 07 100 9 y 0

13 .8000 .9000 .?000 .3000 .98?S646t 07 100 6 6 0

14 8000 9000 .3000 4000 .1564893t D6 100 ? ? 0

15 8000 9000 4000 .5000 .2350916t 06 100 0 0 0

16 .6000 9000 .5000 .6000 .?511508E 06 100 1 1 0

17 8000 ,9000 .6000 .7000 .2464296t 06 100 0 0 0

18 6000 .9000 .7000 .8000 .236440?E 06 100 0 0 0

19 .B000 .9000 .8000 .9000 22057260-06 100 0 0 0

70 .8000 .9000 9000 1.0000 .203659BE 06 100 0 0 0

71 7000 .8000 .0000 .1000 .i??V993t 09 100 6 6 5

?? 7000 .8000 1000 .?000 .385???3t 07 100 1 1 0

23 7000 .8000 .2000 .3000 .??40751f 06 100 0 0 0

?4 .7000 .8000 .3000 .4000 .4??28?it 06 100 0 0 0

?S 7000 .8000 4000 .5000 .5323368t 46 100 0 0 0

26 7000 .8000 .5000 .6000 .5687011E 06 100 0 0 0

27 7000 .B000 .6000 .7000 .562539?E 06 100 0 0 0

?R 7000 .8600 .7000 .8000 .5353907E 06 100 0 0 0

29 7000 .8000 .8000 .V000 49946030 06 100 0 0 0

30 7000 .8000 9000 1.0000 461163?t D6 100 0 0 0

31 .6000 .7000 .0000 .1000 .3D47825f 09 100 0 0 0

32 .6000 .7000 1000 .?000 .9545505L 07 100 0 0 0

33 6000 .7000 .?OOD .3000 .555?404t 06 100 0 0 0

34 .6000 7000 .3000 4000 .in46383E 05 100 0 0 0

35 .6000 7000 4000 .5000 ,1319089t 05 100 0 0 0

36 .6000 .7000 .5600 .6000 140919ti 05 100 0 0 0

37 60t0 7000 .6000 .7000 1393928E 05 100 0 0 0
2

38 6000 7000 7000 .8000 13?6656t 09 100 0 0 0

39 6000 .7000 .8000 .9000 12376?3t 05 100 0 0 0

40 .6000 .7000 .9000 1.0000 .1142 726t -05 100 0 0 0
41 .5000 .6000 .0000 .1000 .6480165t 09 100 0 0 0

4? .5000 .6000 1000 .?000 .?655908t 06 100 0 0 0

43 .5000 .6000 .?000 .3004 .1544B82f-05 100 0 0 0

44 .5000 .6000 .3000 6000 .29114?1t 05 100 0 0 0

45 .5000 .6000 4000 .5000 .3670187t 05 100 0 0 0

46 .5000 .6000 .5000 .6000 .3920899r 05 100 0 0 0
4? .5000 .6000 .6000 7000 387841(4 05 100 0 0 0

48 .5000 .6000 .7000 .8000 .3A91?41t 05 100 0 0 0

49 .5000 .6000 .8000 9000 .34435?0E 05 100 0 0 0

50 .5000 .6000 9000 1.0000 .31794 B2E - 05 100 0 0 0

51 4000 .5000 .0000 .1000 .27565SSt 08 100 0 0 0

5? 4000 .5000 1000 .?000 .B633376t 06 100 0 0 0

$3 4000 .5000 .?000 .3000 .5021839t 05 100 0 0 0

54 4000 .5000 .3000 4000 9463953t 05 100 0 0 0

55 4000 .5000 4000 .5000 119304?t- 04 100 0 0 0

56 4000 .5000 .5000 .6000 127453?t 04 100 0 0 0

57 .4000 .5000 .6000 .7000 1760730t 04 100 0 0 0

58 4000 .5000 7000 .B000 1199686t t4 100 0 0 0

59 .4000 .5000 .8000 9000 .1119361t-04 100 0 0 0 a

Figure 10-5c. Stratification Description for Sample ProNem 5.
..
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60 4000 .5000 .9000 1.0000 103353?t D4 100 0 0 0
61 3000 4000 .0000 1000 111t#4W4 07 100 0 0 0
62 30D0 4000 1000 .?000 .350424t4 05 100 0 0 0
63 .3000 .4000 .?000 .3000 ,?03B340t*D4 100 0 0 0
64 .3000 4000 .3000 4000 .3641373t D4 100 0 0 0
65 .3000 .4000 4000 .5000 .4642500E D4 100 0 0 0
66 .3000 .4000 .5000 .6000 .5173?94t D4 100 0 0 0
67 .3000 .4000 .6000 .7000 .5117?41t 04 100 0 0 0
6B .3000 4000 .7000 .8000 4870?B0t D4 100 0 0 0
69 .3000 4000 .8000 .7000 .4543433t D4 100 0 0 0
70 .3000 4000 9000 1.0000 .4195057E 4. 100 0 0 0
71 .2000 .3000 .0000 1D00 .64406111-07 100 0 0 0
72 .2000 .3000 .1000 .?000 .2017139t 04 100 0 0 0
73 .?000 .3000 .?000 .3000 .1173324t 03 1Do 0 0 0
74 .?000 .3000 .3000 4000 .??ti199t 03 100 0 0 0
75 .? D00 .3000 4000 .5000 .2787475t 03 106 0 0 0
76 .?000 .3000 .5000 .6000 .2977&89t 03 100 0 0 0
77 .?000 .3000 .6000 .7000 .2945623t 03 100 0 0 0
78 .?OOO .3000 .7000 .8000 .?803466t 03 100 0 0 0
79 .?000 .3000 .8000 9000 4615324E-03 100 0 0 0
80 .?000 .3D00 .9000 1.0000 .2414789t 03 1 00 0 0 0
81 .1000 .?OOO .0000 1000 .7149251t D6 100 0 0 0
82 .1000 .?000 .1000 .2000 .2239079t 03 100 0 0 0
83 1000 .?000 .?000 .3000 .13024?it 02 100 0 0 0
B4 1000 .?000 .3000 4000 .?454490E 0? 100 0 0 0
85 .1000 .?000 4000 .5000 .339417?t 02 100 0 0 0
86 1000 .?000 .5000 .6000 .3305536t 0? 100 0 0 0
87 1000- .?000 .6000 7000 .3269721t 02 100 0 0 0
88 1000 .2000 .7000 0000 .31119??t-02 100 0 0 0
89 1000 .2000 .8000 9000 .290307VE 02 100 0 0 0
90 1000 .?000 9000 1.0000 .2680430E 0? 100 0 0 0
91 .0000 1000 .0000 1000 .3119316E 04 100 0 0 0
97 .0000 .1000 .1000 .?000 9770971t 02 100 0 0 0
93 .0000 1000 .2000 .$000 .5683553E 01 100 0 0 0
94 .0000 .1000 .3000 4000 1071099t+00 100 0 0 0
95 .0000 1000 40D0 .5000 1350246t+00 100 0 0 0
96 .0000 1000 .5000 6000 .14424B?t+00 100 0 0 0
97 .0000 .1000 .6000 7000 .142685?t + 00 100 0 0 0
98 .0000 1000 7000 .8000 .135799?t+00 100 0 0 0
99 .0000 .1000 .8000 9000 .1c 66856t + 00 100 0 0 0

100 .0000 1000 9000 1.0000 .1169717t + 00 100 0 0 0
. .............

SUM OF CELL FROBABIL111tS = .1000000t+01
o

Fij;ure 10-Sc. (Continued).
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PR00ltM $ s Fatigue bestline + imat f ailure criterle"* "-

* RESUL18 With0UT (ARTHOUAKES -

$tlSMIC CLA$$ INFORMAfl0W
CLA$$ siCf D SGLCto CTCLit COV F BM

0 .0000E*00 .000 0 .0000

1- FR08A81Liff 0F FAILURE FOR UNCRACKt0 PIPC AND IWftRPOLAftD VALUES
| $UtiMu snL150 IULT
| .75000t+02 .10000t+02 3
| STREst(1) Sittt$(2) $fRE$$(3) 57RES$(4) Sitt$$(5)

.84876t+01 .63657t *01 .42438t*01 .21219t +?1 .00000t+00
PBRCAK(1) P9ttAK(2) PORfAK(3 P99tAK(4) * BREAK (5)

.14610t 10 .33817E 11 .74894f 1s} .15870E 12 .32173E 13
|

11Mt AVO LELK AVO 81G LEAK AVG LOCA 510MA LEAK $lt.MA BIC LEAK SIGMA LOCA
.0 0.00000t+00 0.00000t+00 0.00000t+00 0.00000t+00 0.00000t+00 0.00000t+00

1.0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000t+00 0.00000t+00
5.0 0.00000t+00 0.00000t+00 0.00000E*00 0.00000t+00 0.00000f+00 0.00000t+00

10.0 3.951241 11 3.951241 11 6.60403t 14 2. 77526t + 11 2.775264-11 6.60403t*14
15.0 6.04158t 11 6.0415BE 11 6.58225t 13 3.41565t 11 3.41563t 11 2.96000t*13
20.0 6.88793t 10 6.ta793t 10 8.57448t 13 4.03281t 10 4.03281E+10 3.14573E-13
40.0 1.76430E 09 1.76430E 09 1.95019f 12 5.45959t 10 5.45959E 10 5.20296t 13

PC PRAl8E VCR$10W 2.40
tnocution Statt - 12/06/91 at 9:19p
taecution Erd 12/06/91 at 10:0$p-

r

L

Figure 10-5d. Failure probabilites for Sample Problem 5. 3
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10.6 Sample Problem 6: SCC liaseline Case

This sample problem illustrates the use of pc PRAISE to simulate initiation and growth of

cracks in the weld by stress corrosion mechanism. The material properties required for

stress corrosion crack initiation and growth for 304 and 316 steelr. are hard wired in the

code. Stress corrosion properties for 304 are selected in this case. The only load cycle used

is the heat up/ cool-down cycle. Failure criteria used is the pet section stress exceeding the

flow stress. Pre-service inspection and the proof test are not modeled since pre-existing

cracks are not considered in the analysis. The major inputs related to the geometry of the _

pipe, the pipe material, and the operating conditions are described below.

Pipe Geometry:
Inside Radius = 7.16 in
Wall Thickness = 0.84 in

Stresses:
Deadweight = 0.5 ksi
Deadweigh; + Thermal Expansion = 10.2 ksi
Operating Pressure = 1250 psi

Water Chemistry and Conditions that Affect SCC:
Oxygen at Plant Start Up = 8 ppm ,

Oxygen at Steady-State Operation = 0.2 ppm
Water Tc.nperature at Steady-State = 550 F
Duration of Plant lleat-Up = 5 hrs
Coolant Conductivity = 0.' ps/cm

Flow Stress:
Mean = 44.9 ksi
Standard Deviation = 1.9 ksi

SCC Properties:
AISI 304 Stainless Steel

Plant lifetime of 20 years is simulated and results are printed at two year intervals. The

maximum time step for stress corrosion crack growth is limited to 0.1 years, meaning that

even during long periods of steady-state operation, crack size, stress intensity factors, and

other calculations are updated every 0.1 year. Residual stresses and vibratory stresses are

10-76
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not considered in the analysis. The heat up/ cool down cycles are assumed to occur regularly

10 times a year.

The input file for Sample Problem 6 is shown in Figure 10-6a. Each variable in the input

file is described in Table 10 6. The output file is shown in Figures 10-6b through 10 6d.

Description of the inputs is sumrnarized in Figure 10-6b. Indicator functions are shown in

Figure 10 6c. The probabilities of leak. big leak, and LOCA as a function of time are shown

in Figure 10-6d. Unlike the case of pre-er.isting cracks with stratified sampling, the leak and

LOCA probabhities are obtained in the same run. Figure 10-6e provides statistics on

initiated cracks as a function time Many cracks are predicted to initiate, but none of these

grow to become a through wall crack within the simulated plant lifetime of 20 years. !
=!

I

|.:

i

.- i

f

L

T

10-77

_ _ . _ _ _ . . _ _ _ _ _ _ _ - _ . . _ . . - . _ . . _ , _



_ . _ _ _ . _ _ _ _ _ _ _ . ___ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _

Table 10 6
VARIAllLE INPUT FILE FOR

SAMPLE PROllLEM 6: SCC llASELINE CASE

o

VARIABLE VALUE DESCHlPTION POSITION FORMAT

Line #1 Title ,
TITt E() Analys!s title

Line #2 ControlVaristlos (Card OB)
INCIAT 1 SCCanttisted eracka only 15 15

IFAILO O Not section stress criteria 6 10 15

ICRAK9 23 Number of stress corrosire. Initiation sites 11 15 15

IREPLS 200 Number of replications ic * crack init.stion problem 16 20 15 ,

1REPAR 0 Leahors w'.ll not be repaired 26 30 65
1

DNDRY 0$ Not used 31 40 F10.3 |

ISF 0 e4ct used 41 50 , '10

MTTYpE 1 Ur.e 304 properties for SCC 51 65 15

ISELD 688 Random number seed 1 56 62 17
_

ISEEDR 7225 Random number seed 2 6.1 70 IB

Number of remedial actione durirs the plant life 71 75 15IRCMED _0
_

- Line #3 Control Variables (Card 10)n

NTRIE3 5 Not used i.5 15

ISOt,RE & Not used 6 10 65

KTYPES 1 Number of transients emperienced by the plant 11 15 15

K9KDl3 0 Not used 16 20 15

,NINAL 2 Interva! for printing results (years) 21 25 15

NINSPT _0 Number of in-servse inspections 26 - 30 65 ,

NOUAKE O No earthquoes to be modeled 31 35 15

>-

IDFBUG 0 Normal output to be printed 36 40 15
,

KONPRP 0 Not used 41 45 15

NEOtNT 0 Number of seismic intonalty classes to modeled 46 50 15

i MCELLS 0 Not used 51 $5 15

(-
. KNSFLO O riow stress normally oistributed 56 60 15

N5 KIP 1 Indicator functions printout inteNat in years 61 65 15

NPSI O No pre 4ervice inspection to be performed 66 70 15

ISCC 1 Orack growth by SCC onli 71 75 15

f 0 Residuat stresses not modeled 75 80 15ISIGRS
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Table 10 6 (Continued)
.

VARIABLE VALUE DESCRIPTION POSITION FORMAT ;

,

Line'#4 Time and NDE Paramjtero (Card IDI
THRIZN 20 M.snimum plant lifetime simulated fyears) 1 10 E10 3

,

DTSCC 01 Marimum time step for SCC growth (years) 11 20 E10 3

fCTYPE O Crack orientation is circumferent at 21 ?$ 15

IpTYPE O DefaWt NDE parameters for thick avstenttic pipe used 26 30 15
'

EPGT Not used 31 40 E100

AYTAH Not used 41 50 E10 0

hMNSD Not used $1 So E10 0

ANUU Not used 61 70 E10 0
,

Line #5 Pipo Dimensions (Card 2A)
_

THIC.K 0 84 Wall thickness of }he pipe (enches) 1 10 E10 3

RIN 7.16 Inside radius (inchee) 11 20 E10 3

El,OVRA 6 Not ut.ed 21 30 E10 3

Line #6 Fa Igue Crack Growth Characteristics (Card 28)

THRHL.D 46 Not used 1 10 E10.3

EMEXP 4 Not used 11 20 E10 3

,CONSMU 914x10d2 Not used 21 30 E10 3

CONS 90 S W10'il Not used 31 40 E10 3

Line #7 SCC Variables (Cord 281)
OSTART 8 Oxygen at plant start-up f. ppm) 1 10 F10 5

OSTEDY 02 Onygen at standy state operatson (ppm) 11 20 F10$

TFSTDY 550 Steady state temperature (F) 21 - 30 F10$

DUfMTN 5 Duration of plant heat-up (hrs) 31 40 F10 5

CONDUC 02 Coolant conductMty Ip:/cm) 41 - 50 F10.5

Line #8 Flow Stress (Card 2C)
SFLOMU 48 9 Mean value of flow stress (ksi) 1 10 E104 _
SFL OSO 10 Standard deviation of flow stress (ksi) 11 - 20 E10 4

UC 0 No. used 21 30 E10 4

DJDAMT- 0 Not used 31 - 40 E10 4

SIGO O Not used 41 - 50 E10 4

DEE O Not used 51 60 E104
,

YOUNGS 0 Not used 61 70 E104 -_ '

r

'
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Table 10-6 (Continued)
, _

VARIABLE VALUE _DECCRIPTION POSITION FORMAT

Line #8 Fhw Stress (Card 2C) [ Continued]
XN O Not used 71 80 E10 4

Line #9 Ultimate Stress Definition (Card 20)

SULTMU 0 Not used 1 10 _ E10 0

SULTSD 0 Not used 11 20 F10.0
,

IULT C Not used 21 2$ 15

Line //10 Leak Rate and Detection Parameters (Card 4C)
|

FNDLEK 01 Threshold for detteimble leak rate (gpm) 1 10 E10 3 |

ALKBIG 01 Threshold for defining big lenke (opm) 11 20 E10 3

Line //11 Operating Stresses (Card 6A)

SGCLO O5 Deadweight stress (ksi) 1. to E10 4

$ODWTE 10 2 Deadweight and thermal espan$on al'ess (ksi) 11 20 E10 4 '

OPPRES 1.25 Normat operatirig pressure (ksi) 21 30 E10 4

J FPHS 1.5625 Pressure in hydrostatic proof test (kti) , 31 40 E10 4

SIGVIB 1 Vbratory sttest.as not modeled 41 50 E104_,_

VBTHlD 0 Not used 51 tio E10 4

Line #12 Frequency of Heat-up/ Cool-down Trantient,1 (Card 6E)a

NCYBLK 1 Blocking factor for fatigue crack Orowth calculations 15 15

BLAMDA 0.1 41ter-arrival time of this transient (deterministic) 6 10 F5 2

TEMP 4M Maxirern temperature encursion durmg this transient 11 20 F10 $
(H

t 21 80 6A10
_ TIT.LE ) Transient ht e _

I

10 80
,
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I

P R A 1 $ E

PIPjNG REllABility ANALY$l$ INCLUD!kG $El$MIC LVIN11

i

PC PRA15E VERSION 2.40 .

t

EXECUTED ON 12/06/9 At 10:0$p

ECM0 PRIN1 0F INPUT DATA IN FILE $AMPL[6.DAT

LihE ). ..$... (1).. 5. . -(2).. .$.. .(3).-+ $.. .(4) . 5. * ($) $.* *(6) 5 +-(7). 5 -(8
l> PROBLEM 6 SCC Basellne <
'> 1 0 23 200 - 0 .$00 0 1 688 7225 0 <

1* 5 2 1 0 2 0 0 0 0 0 0 0 1 0 1 0< i
'

.200E+02 100E+00 <$

$> .840E+00 .716E+01
.914t.0i

- < -.$00E+
4.6 4.0 11 .350E 10 <6>.-

.800E+01 .200t+00 .550E+03 .500E+01 .200E+00 <
,

7>|

85 .4490E+02 .1900E+01 < +

9 000E+00 .000E +00 0- <

10s .010E+01 010E+01. <.

11> 0.5 10.2 .1.2$ +1.5625 .100E + 01 .000E+00 < .

1 .100 480.00000 . < !

n 12>* "*3 *. . . $ . . . < n . . . $ . . . < 2 ) . . 5. . . c 3 ) . . . s . . . v. ) . . . $ . . . < 5 ) . . . $ . . . ( 6 3. . 5. . . ( 73. . 5. . . ( 8E

NEW SEEU (L,R) 688 7225 " " *

v

.,.

k _'

Figure 10-6a. Echo ofinput file for Sample Problem 6.
.
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f

I

,

+- PR08LEM 6 i SCC Baseline **

CIRCUMFERENilAL CRACK ANALYSit

PARAMETERS THAT DETERMINE NON DEllCilnN PROSABill1Y <

EPST e .000E+00
ASTAR e .420
TRANSDUCER DIAMETER = 1.00000 INCHES
ANUU a 1.600

SCC !NiilATED CRACKS ONLY

MAX] MUM W1. OF CPACKS a 23
No. OF REPLICA 110NS e- 200i

A/H BOUNDART s .5000

SCC CWLY

MATERIAL SELECTED (FOR SCC) * $304

LEAKERS WILL NOT BE REPAlRED

FAILURE CRITERIA s APP 6tED STRESS * FLOW STRESS

11MESTEP FOR SCC e .100 YEARS

PlPE DIMENSIDNS
WALL THICKNESS e .84 INCHES

T.16 INCHESINSIDE RADIUS =

L/H Rail 0 4 42.62
5.00L/R RAfl0 =

40.01 $0. INCHESAREA 0F PIPE =

FLOW ARF.A 0F PIPE e 161.06 $0. INCHES

CRACK CROWTH LAW PARAMETER $
EXPOWENT = 4.000
GROWTH LAW CONSTANT LOG NDRMALLY DISTRIBUTED

MEDIAN ' e 9140E*11
GJ TM PERCENT = .3500E 10

THRESHOLD * 4.u00

SCC PARAMETERS
02 Ai STARTUF(PPM) = 8.00

02 At STEADY STATE (PPM) e .20
TEMP. Ai STEADY STATE (DEG F) = 550.00-
HEATUP (100 550F) YlME (HRS) = 5.00
COOLANT CONDUCilVl1Y (US/CM) = .20

FLOW STRESS WORMALLI OlSTRIBUTED
MEAN. a 4490E +02
STANDARD DEVI AilDN * .1900E+01

DISTRIBUi104 PARAMETERS FOR UtilMATE STRESS IN PlPE
MEAN e .0000E+00
STANDARD DEVIAfl0N e .0000E + 00
STANDf.RD DEVIAll0N . 0.0 MEANS THE VtilMATE STRESS IS CONST ANT
INTERPOLAfl0N FLAG = 0 ( | ULT ) FOR WHOLE PIPE BREAK PROSABill1Y
ARS ( 3GLT ) l$ THE NUMBER OF INTERPOLAil0N PolNTS
IF .1t41.GT. O LINEAR INTERPOLATION

' IF IULT .CO. O No INTERPotATION
IF IULT .LT. O LOCAttf MMIC INTERPOLAll0N

| Figure 10-6b. Input summary for Sample Problem 6.

L
|

l'
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,

h

,

PIPE LOADINC VALUES
Sitt$$ (Ell) DUt TO COLD DEADWilCNT e .50
STRESS (K$1) DUt to DWGNT + THERMAL = 10.20
$1RES$ (K$1) DUE TO TMRMAL e 9.70
OPERAllWQ PRtl80Rt (K$1) e .1. 6
$1Ritt (K$l) DUE TO OPER. Pkt$$URE 5.03s
$1Ri$l (LSI) DUt 10 DWGHT + OP PREER e $.53

- $1Ritt (K$1) DOE 10 DWi+1NML*0P Pat $ = - 15.23

NO HYDROSTAllC PRO 3F 1t$1 l$ MODELLED

. tat Dtittil0N AND DEFINIfl0W PARAMtitkl
OfftCTABLE LtAK (CPM) e 10
tlc LEAR, (GPM) = .10

NO Ril| DUAL STRES$tt Att MODELLED

NO VIBRATORY $1Ris$ts ARE MC0tLLED

NO PRt+$tRvlCC ULTRA $0NIC IN$PECTION

flMt INitkVAL$
PLAN 1 LiftflMt a 20.0 ftAR$
taiDPOINil 0F INitRVALS At .0 2.0 4.0 6.0 8.0 YEAR $

-[NDPo!NTS OF INitRVAtt At 90.0 12.0 14.0 16.0 18.0 YEAR $
INDP0lN15 Of IN1[RVALA Af . 20.0 -

NO IN $tRVICE INSPECT 10WS ARE kaDttit0

NO $titMIC (VINi$ EVALUAftD

' $ KIP PARAMtif t f 0R INDICATOR FUNCil0N PRtNicut il 1

NORMAL OU1PUT ttoutSTED

NUMBER Of TRAW511NT TYPfl o -1

TVPE 1
REGULAR Af ,100 YEAR $/tVENT
MAX OtLTA itMP e 480.0 BLOCKING FACTOR = 1.0

,

F. .are 10-6b. (Con'inued)...
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3

* 1h01CA104 FUNCfl0N$ WifHOUT (ARTHQUAtt$ * * *

Ct LL TIMI -Sl* LEAK StM BIG LI AK SiM LOCA -StMI LEAK SLM2 t!G LEAK SLM2 LOCA LEAK BLEAK 10CA

1 .0 .00000t+00 .00000t400 .00000t+00 .00000t+00 .00000t+00 .00000t+00 0 0 0
1 2.0 .00000t+00 .00000t+00 .00000t+00 .00000t+00 .00000t + 00 .00000t+00 0 0 0
1 4.0 .10000t+01 10000t+01 00000t + 00 .10000!+01 10000f+01 .00000t + 00 1 1 0
1 6.0- 10006t+01 10000t+01 .00000t+00 10000t+01 10000t+01 .0000Lt+00 1 1 0
1 8.0 .$0000t+01 .50000t+01 .00000t+00- .$0000E+01 .50000t+01 .he^00t.:00 5 $ 0
1 10.0 .70000t+01 70000t+01 .00000f+00 70000t+01 70000t+01 .t J00t +00 7 7 0
1 12.0 70000f*01 .70000t+01 .00000t+00 .70000t+01 .70000t+01 .00000f*00 7 7 0
1 14.0 90000t+01 90000t+01 .00000t+00 .90000t+01 .90000t+01 .00000t+00 9 9- 0
1 16.0 .13000t+02 13000t+02 00000t+00 13000t+02 13000t+02 .00000E+00 13 13 0
1 18.0 .15000t + 02 .1$000t+02 .00000t + 00 .1$000E*02 15000E+02 00000E+00 15 15 0
1 20.0- .17000t+02 .17000t*02 00000t400 17000t*02 .17000t*02 .00000t+00 17 17 0

)
,

!
,

|
|

|

|

L

Figure 10-6c. Indicator Functions for Sample Problem 6.

--
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|

- I'RDDLtM 6 i SCC Sesellte -

RESULi$ Wlf MOUT E ARTHOUAKil - -

$tl$NIC CLA$$ Ikt0PMA110N
CLAll Slf,t o $GLCt0 CfCLt5 COV F ItM

0 .0'H)0t + 00 .000 0 .0000

f1LGABill1Y OF FAltVRE FOR UNCRACKED PIPC AND INitRPOLAttD VALUES
SUL1MU $UL1$0 IULT

.00000C+00 .00000E+00 0
51REss(1) __

.5532?t+01
PuptAK.1)

.10000E+0i

TIME AVC ttAK AVO BIO LtAt AVG LOCA $1CMA ltAK f.!GMA 61G LEAK SIGMA LOCA
.0 0.00000t*00 0.00000E+00 0.00000t+00 0.00000t+nn 0.00000t*00 0.00000E+00

2.0 0.00000t*00 0.00000t+00 0.00000t+00 0.000005400 0.00000t+00 0.00000t+00
4.0 5.00000E 03 5.00000E 03 0.00000E+00 5.00000E 03 5.00000E 03 0.00000t+00
6.0 5.00000t .03 $.00000E 03 0.00000t+00 5.00000E 03 5.00000E 03 0.00000t+00
8.0 2.50000E 02 2.50000E 02 0.0000t + 00 1.10674t 02 1.10674t 02 0.00000t+00

10.0 3.50000E 02 3.50000E 02 0.00000E+00 1.30778t 02 1.3027BE 02 0 40009t+00
12.0 3.50000E 02 3.50000E 02 0.00000t+00 1.30tf8C 02 1.30278t 02 0.00000t+00
14.0 4.50000t 02 4.50000t 02 0.00000E+00 1.46954t*02 1.46954t 02 0.00000t+00
16.0 6.50000t 02 6.50000E 02 0.00000t+00 1.74 758t - 02 1.147%BC 02 0.n0000C+DO
18.0 7.50000E 02 7.50000E 02 0.00000E+00 1.86715E-02 1.86713t 02 0.00000t+00
20.0 B.50s00E-02 8.$000?t 02 0.00009t + 00 1.97694E-02 1.97694t 02 0.00000t+00

_

Figure 10-6d. Failure probabilities for Sample Problem 6.
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7,

*** PROBLEM 6 : SCC Baseline --

TOTAL MEDER of REPLICA 11CWS * 20u
WLNBER Of 0055$19tE IW111A110W Stif1tOSER SPEC.) = 23
h0. Of 11MES 6WITIATID 08ACKS CAU5fJ BIG LEAK e 17
No. OF 11MES PRE Exi$VlWG CRACKS CAUSED BIG LE AK = 0

flME TOTAL !WlflAi!D flR61 IWIIIAi[D
(VR$) CRACKS CRACKS

1 50 46
2 194 96
3 261 45
4 291 7
5 213 3
6 224 2
7 196 0
0 181 0
9 137 3

10 128 0
19 102 0
12 103 1

13 79 0
14 68 0
15 63 0
16 to G
17 $4 0
18 49 0
19 47 0
20 40 U

41 0 0
3

.

PC FRAllt VIR$10N 2.404 Execution Start - 12/06/91 at 10:05p
tavcution Er:1 12/2$/91 et 10:14p-

'
-

Figure 10-6e. Stati.stics of time to initiation for Sample Problem 6.
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10.7 Sample Problem 7: SCC Itaseline Case with Residual Stresses

This sample problem illustrates the use of pc-PRAISE to rimulate initiation and growth of

cracks in the weld by stress corrosion mechanism. The material properties required for

stress corrosion crack initiation and growth for 304 and 316 steels are hard wired in the

code. Stress corrosion properties for 304 are selected in this case. The only load cycle used

is the heat up/ cool-down cycle. Failure criteria used is the net section stres:6 exceeding the

flow stress. Pre service inspection and the proof test are not modeled since pre-existing

cracks are not considered in the analysb. The default residual stres: distribution for small

lines is used. The major inputs related to the geometry of the pipe, the pipe material, and

the operating conditions are described below.

Pipe Geometry:
Inside Radius = 1.73 in
Wall Thickness = 0.34 in

Stresses:
Deadweight = 0.01 ksi
Deadweight + Thermal Expansion = 11 ksi
Operating Pressure = 1250 psi

Water Chemistry and Conditions that Aftect SCC:
Oxygen at Plant Start Up = 8 ppm
Oxygen at Steady State Operation = 0.2 ppm -

Water Temperature at Steady-State = 550'F -

Duration of Plant lleat Up = 5 hrs
Coolant Conductivity = 0.2 ps/cm

Flow Stress: '

Mean = 44.9 ksi
Standard Deviation = 1.9 ks:

SCC Properties:'

AISI 304 Stairless Steel

' ~ Plant lifetime of 40 years is simulated and results are printed at two year intervals. The

maximum time step for stress corrosion crack growth is limited to 0.1 years, meaning that

even during long periods of steady-state operation, crack size, stress intensity factors, and

'
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other calculations are updated every 0.1 year. The vibratory stresses are not considered in

the analysis. The heat up/ cool-down cycles are assumed to occur regularly 5 times a year.

The input file for Sample Problem 7 is shown in Figure 10 7a. Each variabic in the input

file is described in Table 10 7. The output file is shown in Figures 10-7b through 10Md.

Description of the inputs is summarized in Figure 10-7b. The probabilities ofleak, big leak,

and LOCA as a function of time are shown in Figure 10-7- Unlike the case of pre-existing

cracks with stratified sampling, the leak and LOCA probabilities are obtained in the same

run. The probability ofleak at 40 years is calculated as 0.43 and no LOCAs occurred during

the simulation of 5000 weld joints. Figure 10 7d provides statistics on initiated cracks es a

function time.

.

4

%

a
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Table 10 7
VARIAllLE INPUT FILE FOR

SAMPLE PRol!LEM 7: SCC !!ASELINE CASE WITil RESIDUAL STRESS
____

__ VARIABLE. VALUE DESCRIPTION POSITION FORMAT
j

Line 6Yt Title

T:TLE( ) Analysis title .__

Line #2 Control Variables (Card 00)

INCIAT 1 SCC-initiated cracks only 1$ 15

IFAILC 0 Net-section stress criteria 6 10 15

ICRAKS 6 Number of stress corrosioriinitiation sites 11 15 15

thEPLS 5000 Number of replications for erack initiation problem 16 20 15

1REPAR 0 Leahors will not be repaired 26 30 15

1

BNDAY _ _0$ Not used 31 40 F10 3

ISF 0 Not used 41 ';0 11 0'

MTTYPE 1 Use 304 properties for SCC 51- 55 15

ISEED (A8 Random number seed 1 56 62 17

ISEEDR 7225 Random number sec12._ 63 70 18

IREMED 0 Number of remedial metons during the plant life _ 71 75 15

Lino #3 ControlVariables (Card 10}_

NTRIES -6 Not used 1-5_ 15

ISOARE 2 Not used 6 10 15

KTYPES 1 Number of transients esperienced by the plas.t 11 15 15

KR< DIS 0 Not used 16 20 15

'
NEVAL 2 Interval tot pnnting results fyears) 21 25 15

NINSPT O Number of in service inspections 26 30 15

NOUAKE O No earthqAss to be modeled 31 - 35 15

IDEDUG 0 Norme' output to be printed 36 40 15

KONPRP O Not used 41 45 15

NEOINT 0 Number of seismic intensity classes to modeled 46 SC 15

MCELLS 0 Not used 51 55 15

KNSFLO O Flow stress normally distributed 56 60 15

NSKIP 1 Indicator function printout interval = 1 year 61 65 15

NPSI O No pre-nervice inst ection to bayerformed 66 70 15

ISCC 1 Crack growth hy SCC only 71 - 75 15

j GRS 4 Residual stresses for small lines modeled 75 80 15
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Table 10 7 (Continued)

VAnlABLE VALUE DEtiCRIPTION POSITION FORMAT

Line #4 Time and NDE Parameters (Card 1D)
_.

THRI7N 40 Maximum plant Idetime simulated tears) 1 10 E10 3

DTSCC 01 Maximum time step for SCC orowth fyears) 11 20 E10 3

ICTYPE O Crack orientation is circumferential 21 25 !$

IPTYPE O Default NDE parameters for thick sustenitio pipe used 26 30 15

LAST- Not used 31 40 E10 0

ASTAR Notused 41 - 50 E100

TRANSD Not used 51. fio E10 0

ANUU Not used , 61 70 E10 0

Line #5 Pipe Dimensions (Card 2A)

THICK 0 34 Wall thickness of the pipe (inches) 1 10 E10 3

RIN 1.73 inside radius (inches) ;1 20 E10 3

FLOVRR- Not used 21 30 E10 3

Line #6 Fatigue Crack Growth Characteristics (Card 28)

THRHlO 46 Not used 1 10 E10.3

EMEXP 4 Not used 11 20 E10 3

CONSMU 914 v10'12 Not used 21 30 E10 3

CONS 90 3 Sox 10'11 Not used 31 40 E10 3

Lino #7 SCC Variables (Card 2B.i)
OSTART 8 Oxygen at plant start-up fppm) -1 10 F105

' OST EDY 02 Oxygen at steady state operation (ppm) 11 20 F10 5

TFSTD1F $50 Steady state temperature ("F) 21 30 F10.5

DURATN 5 Duration of plant heat-up (hrs) 31 - 40 F10 5
,

CONDUC 0.2 Coolant conductMtyg "- 41. % F10 5

. Line #8 Flow Stress (Card '2C)
l'
j SFLOMU 44 9 Mean value of flow stress (ksi) 1 10 E10 4

|_ SFLOSD 1.9 Standard value of flow stress (kai) 11 20 E10.4

- XJIC Not used 21 - 30 E104
!
'

DJDAMT Not used 31 40 E10.4

SIGO - Not used 41 50 E10 4

DEE Not used 51 60 E10 4 _
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Tabic 10-7 (Con *Inued)'

VARIADLE VALUE DESCRIPTION POSITION FORMAT

Line #8 Flow Stress (Card 2C) [ Continued]
YOUNGS Not used 61 70 E10.4

XN NM used 71 80 E10 4i

Line #9 Ultimate Stress Definition (Card 2D)
SUL1MU 0 Not used i . 10 E10 0

SULTSD 0 Not uted 11 20 E10 0

IULT 0 Not used 21 25 15 i

Line #10 Leak Rate and Detection Parametert (Card 4C)
FNDLEK 01 Threshnid for detect-hle leak rate (gpm) 1 10 E10 3

_ ALKDIG 01 Threshold for defining bigeaks (gpm) 11 - 20 E10 3

Line #?1 Operating Stresses (Card 6A)
SGCLD 0.01 twadweicht stress (ksi) 1 10 E10 4

SGDWTE 11 Deadweight and thermal expans.on stress (ksi) 11 20 E10 4

OPPRES 1.25 Normal operating pressure (kal) 21 30 E10 4

PR: PRS 13625 Pressure in hydrostatic proof test (ksi) 31 - 40 E10 4_.

SIGVl8 1 Vibratory strestos not modeled 41 50 E10 4

VOTHLD 0 Not used $1 60 E10 4

Line #12 Frequency of Heat.up/ Cool-down Transient 1 (Card 6E)
NCYBLK 1 Blocking factor for fatious crack growth calculations 15 15

DLAMDA 02 Inter arrival time of this tranaient (deterministic) 6 -10 FS 2

TEMP 480 Maximum temperature encursen during this transient ('F) 11 20 F10.5

TITLE Transient ttle | 21 80 6A10
4
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P R A 1 $ E

PIPlWG REllA8illif ANALYSl$ INCLUDING $tISMIC EVENi$

PC PRAISE VER$10N 2.40

EXECUTED 04 12/06/91 At 10:14p

ECHO PRINT OF INPUT DATA IN FILE $ AMPLE 7.DAT

LILE ) + 5 -(1) 5+ *(2) 5 -(3) 5 --(4) $ *(5) 5- -(6) 5 -(7) 5* -(8
-1= PROBLEM 7 : SCC Benellne + Residual <

2> 1 0 6 5000 0 .500 0 1 688 7225 0 <

'3> 5 2 1 , 0 2 0 0 0 0 0 0 0 1 0 1 4<
4e 400E+02 .100E*00 0 0~

<
<

5e .340E+00 .173E +01 -
6> ~ 4.6 - 4.0 .914E 11 '.350Ee10 <

7> .800E+01 .200E+00 550E+03 .500E +01 . 200E +00 <

8> .4490E+02 .1900E+01 <

9> .000E+00' 000E+00 O <

10m .010E+01 ' .010E *01 < l

11 .100E 01 .110E+02' .125E+01 1.5625 100E+01 .000E+00 <

12> 1 .200 480.00000
LINE 3- -5 *(1) -5 *(2) 5 -(3) 5 -(4)*5 -(5) 5 -(6) 5 -(7) 5 -(8

,+***** WEW *EED (L.R) f45 7225 **-

-1

o

,

4

Figure 10-7a Echo of input file for Sample Problem 7,
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1

PRDBLCM 7 : SCC Deseline + Residual ---

CIRCUMFEnEWil AL CRACK ANAlitit j

PARAMETER $ THAT DETERNINE NON DETECil0N PROBABillif I
EPSI e .000L+00 i

A$fAR e 170 i

1RANSDUCER DIAMETER s 1.000D0 INCHES
ANOU e 1.600

$CC INillATED CRACKS ONLY

| MAXIMUM NO. OF CRACKS a 6
$000NO. OF REPLICAT10NS =

A/M BOUNDARY * .5D00

$CC ONLY e

MATERIAL $ttECTED (FOR SCC) $304

LEAKER $ WILL NOT BE REPAlRED

, AILURE CRl1ERI A = APPLIED $1RES$8 FLOW $ IRES $ -*

TIMESTEP FOR SCC = 100 YEAR $.

PIPE DIMENSIDNS
WALL THICKNESS s .34 IkCHES

1,73 INCHESIN$1DE RADIU$ =
L/H RAilo = .00
L/R RAtl0'. e .00

AREA 0F PIPF; a 4.06 $0. INCHE$
FLOW AREA 0F PIPE e. 9.40 $0..lWCHE$

CRACK CROWTH LAW PARAMETER $
4.000E XPONENT =

GRDWTH LAW CONSTANT LOG NORMALLY Di$1RIBUTED
MfDIAN e 9140E 11
90 TM PERCENT e .3500E 10

THRESHOLD e 4.600

SCC PARAMETER $
02 AT STARTUP(PPM) = 8.00

02 Al STEADT STATE (PPM) = .20
TEMP. AT STE AD' $T ATE (DEG F) = 550.00
HEATUP (100 550F) TIME (HR$) = 5.00
COOLANT CONDUCilVITY (U$/CM) = .20

FLOW $1RE$$ NORMALLY DISTRIBUTE 0'
MEAN = 4490E+02
STANDARD DEVIAfl0N * .1900E+01

DISTRIBUTION PARAMETER $ FOR ULTIMATE STRES$ IN PIPE
0000E+00MEAN =

$1ANDARD DEVIATION * 0000E+00
$1ANDARD DEVlAT10N = 0.0 MEAk$ THE UtilMATE STREs$ l$ CONSTANT
INTERPOLAfl0N FLAG = 0 -( IULT ) FOR WHOLE PlPE BREAK PR06 ABILITY
ABS ( IULT ) l$ THE NUMBER OF INTERPOLAil0N PolNTS
17 IULT .CT. 0 LINEAR INTERPOLATION
IF IULT .EO. 0 No INTEkPOLAllDN
IF' IULT .LT. O LOCARITHMIC IN1ERPOLAfl0N

Figure .10-7b. Input eummm; for Sample Problem 7. -
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PIPE 10ADlhG VALUES
STRESS (tSI) DUE TO COLD DEADWEIGHT .01=

STRESS (ES!) DUE TO DWGNT + THERMAL e 11.00
biRESS (KSI) DUE TO THERMAL e 10.99
OPERAT!NG PRESSURE (KSI) = 1.25
STRESS (KSI) DUE 10 OPEk. tRESSURE = 2.90
STRESS (KSI) DUE TO DWGHT + OP PRESR a 2.9)
STRESS (KSI) DUE 10 DWi+1HML+0P PRES u 13.90

No H DROSTAlle PROOF TEST 15 MODEttEb

LEAK DETECT 10W AED DEFlklil0N PARAMETERS
DETECTABLE LEAK (GPM) * .10
BIG LEAK (GFN) = .10

- RESIDUAL STRESSES FOR SMALL LINE SELECTED

NO VfBRATORY STRESSEf ARE MODELLED

NO PRE SERVICE ULTRASONIC INSPEC110N

,flME INTERVALS
PLANY LIFEilME o 40.0 TEARS
INDPolNis 0F INTERVALS AT .0 2.0 4.0 6.0 ~8.0 YEARS
ENDPo!NTS of INTERVALS At 10.0 12.0 14.0 16.0 18.0 TE ARS i

'ENDPOINTS OF INTERVALS A1 - 20.0 22.0 24.0 26.0 28.0 YEARS
ENDPolkis OF INTERVALS AT 30.0 32.0 34.0 36.0 38.0 YEARS
ENDPolNis OF INTERVALS At 40.0

N0 IN* SERVICE INSPECTIONS ARE MODELLED J

NO SElSMIC EVENis EVALUATED

SKIP PARAMEIER FOR INDICATOR FUNCil0N PRINTE5)? It i

NORMAL OUTPUT REQUESTED

|' NUMBER OF TRANSIENT TYFES * 1

~ TYPE 1
'

REGULAR AT .200 TE ARS/ EVENT
MAX DELT A TEMP * 480.0 BLOCKING FACTOR = 1.0

o

i
|

|
|1

Figure 10-7b. (Continued).'
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" M 08 TEN 7 $CC Baseline * f esidual **-

.

- RESULis Wlf MOUT E ARTHOUAKES -

SEl$Mic CLAll IWl0RMAT10W .

CLAi$ $16E0 $GLCEO CYCLES COV F BM
0 .0000E +00 .000 0 0000

PROBA91L11Y Of TAILURE FOR UNCRAELED P!PE AND IW1ER.'3L ATED VALUES'

SUL1MU $ULTSD IUL1
" .00000E+00 .00000E+00 0

STRES$(11
.29056E*01
PeptAK(1)

.10000E401

11ME AVG LEAR AVG BIG LE AK AVG LOCA $1CMA LEAK $1GMA BIG LEAK $1GMA LOCA
.0 0.00000E * 00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E *00 0.00000E+00

2.0 2.00000E 04 2.00000E 04 0.00000E+00 - 2.00000E 04 2.00000E 04 0.00000E+00
4.0 2.20000E 03 2.20000E 03 0.00000E+00 6.62661E 04 6.62661E 04 0.00000E400
6.0 1.04000E 02 1.04000E 02 0.00000E+00 1.43484E 03 1.43484E 03 0.00000E*00
2.0 2.42000E * 02 2.42000E 02 0.00000E+00 2.17343E 03 2.17343E -03 0.00000E+00

10.0 4.72000E 02 4.70000E 02 0.00000E+00 2.99937E 03 2.99332E 01 0.00000E+00
12.0 7.36000E 02 7.32000E-02- 0.00000E+00 3.69315E 03 3.68389E 01 0.00000E+06
14.0 1.07200E 01 1.06800E 01- 0.00000E+00 4.37555E 03 4.36836E 03 0.00000E+00
16.0 1.36200E 01 1.35800E 01 0.00000E+00 4.85125E+03 4.84524E 03 0.00000E *00
18.0 1.64800E 01 1.64200E 01 0.00000E+00 5.24726E 03 5.23958E 03 0.00000E+00
20.0 1.99000E*01 1.98400E 01 0.00000E+00 5.6467BE 03 5.64038E 03 0.00000E+00
22.0- 2.29200E 01 2.28400E 01 0.00000E+00 5.94479E 03 - 5.93749E 03 0.00000E+00
24.0 2.60600E 01 2.60000E 01 0.00000E*00 6.2084BE 03 6.20385E 03 0.00000E+00
26.0 2.91000E 01 2.90400E 01 0.00000E + 00 f.42433E 03 6.42042E 03 0.00000E400
28.0 3.15800E 01 3.15000E 01 0.00000E+00 6.57440E 03 6.56990E-03 0.00000E+00
30.0 3.39400E 01 .3.38400E 01- 0.00000E400 6.69705E 03 6.69224E 03 0.00000E+00
32.0 3.59600E 01 3.58600E 01 0.00000E+00 - 6.78725E 03 6.78310E 03 0.00000E+00
34.0 3.78800E 01 3.77800E-01 0.00000E+00 6.86087E 03 6.85732E 03 0.00000E *00
36.0 3.96600E 01 3.95600E 01 0.00000E+00 6.91891E 03 6.91590E 03 0.00000E+00
38.0 4.14400E 01 4.13400E 01 0.00000E+00 6.96737E 03 6.96490E 01 0.00000E +00
40.0 4.32200E 01 4.31200E 01 0.00000E+00 7.00646E 03 7.00451E A 0.00000E+00

>

Figure 10-7c. Failure probabilities for Sample Problem 7.
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I

'+ PROBLEM 7 SCC Baseline + Residuet "-

TOTAL NUMBER OF REPLICATIONS = 5000
NUMBER OF POSSSIBLE IWlil Afl0N Slits (USER SPEC.) = 6

7 NO. OF TIMES INITIATED CRACKS CAUSED BIG LLAK = 2156
NO. OF TIMES PRE EXISilWG CRACKS CAUSED BIG LEAK a O

TIME TOTAL INITIAfED FIRST INiilATED
(TRS) CRACKS CRACKS

1 37 37
2 307 297
! A2 486

_---

4 776' 585
5 867 565
6 923 511
7 883- 424
8 879 348
9 877 319

10 828 237
11 -728 173
12 768 174
13 698 144
14 656 115
15 610 87
16 588 72
17 544 61
18 530 4.
19 511 38
20 442 25
21 439 34
22 406 28
23 391 20
24 330 22
25 336 16

- 26 325 17
27 244 4
28 270 10
29 287 7 <

30 268 9
31 246 7
32- 221 5 L
33 230 8
34. 187 5
35 180 1

36 188 2
37 170 0
38 155 2
39 163 5
40 157 2

81 0 0

F 4 RAISE VERSION 2.40
t xtation Start - 12/06/91 at 10:itp

12/06/91 at 11:55pExecution Erd 4

Figure 10-7d. Statistics of time to initiation for Sample Problem 7.
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- 10.8 . Sample Problem -8: SCC Itaseline Case with Residual Stresses and Mid-Life
Changes in Operating Conditions

This sample problem illustrates the simulation of SCC-mitigation procedures involving

changes in water chemistry, lowering of stresses, and redistribution of residual stresses by

' tionIHSI or MSIP treatment. Only the stress corrosion mechanism is considered for it. i

and growth of cracks. Built-in stress corrosion properties for 304 are selected in this case.

The only load cycle used is the heat-upkool down cycle. Failure criteria used is the net-

section stress exceeding the Dow stress. Pre-service inspection and the proof test are not
,

modeled since pre-existing cracks are not cont'me- n the analysis. The default residual

. .. major inputs related to the geometrystress distribution for intermediate lines is ust.' "

of the pipe, the pipe material, and tne operating conditions are described below.
.

Pipe Geometry:
Inside Radius = 10.8 in
Wall Thickness = 1.043 in

Stresses:
D_eadweight = 1.0 ksi (foi 0 - 10 years)
Deadweight . = 0.5 ksi (for 10 - 40 years)
Deadweight + Thermal Ext.msion = 3.41 ksi (for 0 - 10 years)
Deadweight + Thermal Exp.u.sion = 2.91 ksi (for 10 - 40 years)
Operating Pressure = 1330 psi

Water Chemistry and Conditions that Affect SCC:
j. Oxygen at. Plant Start-Up = 8 ppm (for 0 - 10 years)

| Oxygen at Plant Start-Up = 0.2 ppm (for 10 - 40 years)
Oxygen at Steady-State Operation = 0.2 ppm (unchanged)
Water Temperature at Steady-State = 55(PF
Duration of Plant Heat-Up = 5 hrs
Coolant Conductivity = 0.2 ps/cm (unchanged)

Flow Stress.
Mean = 43.0 ksi
Standard Deviation = 4.2 ksi

SCC Properties:
AISI 304 Stainless Steel

At 10 years, IHSI treatment is applied to redistribute residual stresses. Plant lifetime of 40

years is simulated and results are printed at two year intervals. The maximum time step for

10-97
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- stress corrosion crack growth is limited to 0.2 years, meaning that even during long periods

of steady state operation, crack size, stress intensity factors, and other calculations are

updated every 0.2 year. The vibratory stresses are not considered in the analysis. The

heat up/ cool down cycles are assumed to occur regularly 10 times a year.a

- The_ input file for. Sample Problem 8 is shown in Figure 10-8a. Each variable in the input

file is der ribed in Table 10-8. The output file is shown in Figures 10-8b through 10-8e.

Desdiption af the inputs. is summarized in Figure 10-8b. The probabilities ofleak, big leak,

and LOCA as a fonction of time are shown in Figure 10-8c. Unlike the case of pre existing

cracks with stratifie'd sampling, the leak and LOCA probabilities are obtained in the same

run,- Figure 10-8d provides statistics on the initiate <l cr+ as n functici, ef time. Tbc
l

.ptebability el led u i: t4 cb- .d in h t .r ;n ih t .a c 10 Fe.
'

,

_ . . _

h I

-- -- . .



Table 10-8
VARIABLE INPUT FILE FOR

SAMPLE PROllLEM 8: SCC llASELINE CASE WITil RESIDUAL STRESSES
AND MID. LIFE CilANGES IN OPERATING CONDITIONS

m-_

VARIABLE VALUE DESCRIPTION POSITION FORMAT,

Line #1 Title

TITLE () Analysis t:tle

Line #2 Control Variables (Card OB)

INCIAT 1 SCC-initiated eracks only 15 15 =

IFAILC 0 Net.section stress criteria 6-10 15

ICRAKS 35 Number of stress corrosion init,ation sites 11 - 15 15

(REPLS 1000 Number of rephcat.ons foi crack initiation problem 16 - 20 15

IREPAR 0 Leakers will not be repaired 26 _ 15

BNORY _05 Not used 31 40 F10 3

ISF 0 Not used 41 50 11 0

MTTYPE 1 Use 304 properties for SCC 51 55 15

ISEED 6A8 Randw number seed 1 56 - 62 f7

ISEEDR 7225 Random number seed 2 63 70 la

IREMED ? Number of remed.al act: ens dunng the plant life 71 75 15

Line #3 Control Variables (Card 18) _ _ _

NTRIES -5 Not used 15 15

ISQARE 2 Not used 6 10 15
-

KTYPES 1 Number of transients expenenced by the plant 11 15 15

KRKDIS Not used 16 - 20 15'

NEVAL -2 Interval for pnnting results (years) 21 25 15

NINSPT 0 Number of in-tervice insnections 26 - 30 15

NOUAKE O No earthquakes to be modeled 31 35 15

IDEBUG 0 Nntmal outpt.t to be printed 36 - 40 15

KONPRP O Not used 41 45 15

NEQ;NT 0 Number of seismic intensity classes to modeled 46 - 50 15

MCELLS O Not used 51-55 15

KNSFLO O Flow stress normally distributed 56 60 IS

NSKIP O No indicator function pontnut 61 - 65 15

NASI O No pre-service inspection to be performed 66 70 15

QSCC 1 Ciatk growth by SCC only 71 - 75 15

-.ISIG ,RS 3 Residual stres>es for intermed. ate lines modeled 75-80 !5
z=u:-=.m . --

*

|
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Table 10-8 (Continued)
_.

VARIABLE VALUE DESCRIPTION POSITION FOFIMAT
__

Line #4 Time and NDE Parameters (Card ID) =
THRIZN 40 Maximum plant hietime simulated (years) 1 - 10 E13.3

DTSCC 02 Maximum time step for SCC ornwth (years) 11 20 E10 3 __

ICTYPE O Crack orientation is circumferential 21 - 25 15 >

IPTYPE O Defautt NDE parameters for thick austenitic pipe used 26 - 30 15

EPST Not used 31 - 40 E10.0

ASTAR Not used - 41 - 50 E10.0

TRANSD Not used 51 - 60 E10 0_

ANUU Not used 61 73 E10.0

Line #5 Pipe Dimensions (Card 2A)

THICK -1.043 Wall thicknes . of the pipe (inches) 1-10 E10 3

RIN 10 8 inside radius 6nches) 11 - 20 E10.3

ELOVRR 5 Not used 21 30 E10 3

Line #6 Faticuo Crack Growth Characteristics (Card 28)
THRHLD 4.6 Not used 1 10 E10.3

EMEXP -4 Not used 11 20 E10.3

CONSMU 914x1012 Not used 21 - 30 E10 3

MCONS 90 3 50x10 Not used 31 - 40 E10.3

Line G7 SCC Variables (Card 28-1)
OSTART 8 Oxygen at plant start-up (ppm) 1 10 F10 5

OSTEDY 02 Oxygen at steady-state operation (ppm) '11 - 20 F10.5

TFSTDY 560 Steady-state temperature (F) 21 - 30 F10.5 -

DURATN 5 Duration of plant heat up thes) 31 - 40 F10 5

CONDUC 0.2 Coolant conductivity I s/em) 41 - 50 F10.5

Line #8 Flow Stress (Card 2C)
SFLOMU 43 Mean value of flow stress (usi)

_
1 - 10 E10 4

_ SFLOSD 42 Standard deviation of flow stress (ksi) 11 20 E10 4

XJIC 0 Not used 21 30 E10 4

DJDAMT 0 Not used 31 - 40 E10 4

SIGO O Not used 41 50 E10 4

DEE O Not used | 51 60 E10 4

10-100
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Table 10-8 (Continued) e

VARIABLE VALUE DESCRIPTION POSITION FORMAT
_

Line #8 Flow Stress (Card 20) [ Continued]

YOUNGS O tbt used 61 70 E10 4

..Xi J O Not used 71 80 010 4

Line #9 Ultimate Stress Definition (Card 2D)

SULTMU 0 Not used 1 10 E10 0 '

SUL TSD 0 Not used 11 - ?O E10 0
_

IULT 0 Not used 21 25 15

Line #10 Leak Rato and Detection Parameters (Card 4C)

FNDLEK 3 Threshold for detectabgle. * rate fgpm) 1 - 10 E 'i o.3

ALKBIG 3 | Threshold for defining big leaks (gpm) 11 - 20 E10 3

Line #11 Operating Stresses (Card BA)

SGCLD 1 Deadweight stress !ksi) 1 10 E10 4

JGDWTE 3 41 Deadweight and thermal expansion stress (ksi) 11 - 20 E10 4
.

OPPRES 1.33 Normal operating prussure as0 21 - 30 E10 4

PRFPRS 1.5f25 Pressure in hydrostat;c proof test (ks0 31 40 _E10 4

SIGV10 1 Mbratory st. esses not modeled 41 - 50 E10 4

VBTHLD 0 Not used 51 60 E10 4

Line #12 Frequency of Heat-up/ Cool-down Transient 1 (Card 6E)

NCYBL K 1 Blocking factor for fatigue crack g.owth calculations 15 15

BLAMDA 01 inter arr6 val time of th>s transient (daterministic) 6 10 F5 2

TEMP 460 Mauimum temperature aucursion durin( this tranw.t 11 - N F105 i

C'F)r .r-
TITLE Transient t: tie 21 - 80 6A10

Line #13 Mid-Life Changes (Card 8A)

RTIMES(1) 10 Time at which mid-hte changes made (years) 1 -10 E iO 4

THICKS (1) 1 043 Wait thickness of pipe 6n) 11 - 20 E10 4

OSTARS(1) 02 Ongen at start up topm) 21 30 E10 4

OSTDYS(1) 0.2 Oxygen at steady-state (pom) 31 - 40 E 10.4'

CONDUS(1) 02 Coolant conductivity (3s!cm) 41 50 E10 4
^t

SGCLDb(1) 05 Deadweight stressisi) 51 - 60 E10 4

SDWTES(1) 2 91 Deadweght and therrnal expansaon stress (ksi) 61 - 70 E10 4

[ SGV)BS(1) -1 Vbratory stresses nogodeled 71 - 80 E 10 4'

10-101
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Table 10-8 (Continued)
_ _ .

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #14 Mid-LL Changes (Card 8B)

ISIGRX(1) 7 No change in the residual stresses 1 - 10 11 0

RSiNMS(1) Not used 11 - 20 E10 4

RSISDS(1) Not used 21 30 E10.4

Line #15 Mid-Life Changes (Card BA)

RTIMES(1) 20 Time at which mid-life changes made fyears) 1 10 E10 4

THICKS (1) 1.043 Wall thickness of pipe (in) 11 - 20 E10 4

OSTARS(1) 02 Oxygen at start-up (ppm) 21 30 E10 4

OSTDYS(1) 0.2 Oxygen at steady-state (ppm) 31 - 40 E10.4

CONDUS(1) 02 Coolant conductivity ( s/cm) 41 50 E10 4

SGCt.DS(1) 05 Deadweight stress (ksi) 51 60 E 10.4

PDWTES(1) 2 91 Deadweight and thermal expansion stress (kai) 61 - 70 E10 4

SGVIBSf1) -1 Vibratory stresses not madeled 7: - 80 E10 4

Line #16 Mid-Life Changes (Card 88)

ISIGRX(1) 6 IHSI treatment performed at this time 1 - 10 11 0

RSINMS(1) -44 7 Mean of value of post-lHS! residual stress at 10 (ksi) 11 - 20 E10 4

RSISDS(1) 11 6 Standard deviation of value of post-lHSI residual stress 21 30 E10 4
at ID (ksi)

-%
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P R A 1 $ E

PIPING RELIABILifY ANALY$!S INCLUDING SElSMIC EVENT 5

PC-PdAISE VER$10N 2.40

.EXETU1E0 ON 12/06/91 AT 11:55p

ECHO-PRINT Of IWPUT DATA IN FILE SAMPLE 8.DAT

L INE ) --$ a -(1) 5 --(2)-- 5 -(3) 5- -(4) - 5 -(S)- 5 -(6) 5- -(7) - 5---(8
1*PPOBLEM 8 : SCC + Mid L(fe changes <
2> 1 0 35 1000 0. .500 0 1 688 7225 2 <

~3> 5 2 1 0 2 --_ 0 -. 0 0 0 0 0 0 0 0 1 3<
4> 400E+02 .200E+00- 0 0 <

5> -1.043
10.8 -.914E 11' .350E 10 <

<

6> 460's +01 400E+01
7s 800!+01 .200E+00 .560E+03 .500E+01 .200E+00 <
8> .4300E+02 .4200E+0;- <

9> 000E+00 .000E+00 '0 <

10* .300E+01 .300E+01 <

11> -- 1.00 3.41 133E+01 .156E+01 .100E+01 .000E+00 <

12>' 1 .1 460.00000 <
13> 10.0 1.043 .200E+00. .200E+00 .200E+00. 0.5 2.91 .100E+01<
14> 7 .000E+00 .000E+00 -
15>

.
-- <

- 16> .
20.0- 1.043 .400E+00 .200E+00 .200E+00 0.5 2.91 .100E+01<

6 44.7u 11.6 <

LINE ) 5 -( t) -5 -(2) -5 -(3) --5- -(4)- -5---(5) --5---(6)- -5 --(7)- 5---(8
****** NEW SEED (L,R) 688 7225*****

*

u

Figure '10-8a. Echo of input file for Sample Problem 8.
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--- PROBLEM 8 : SCC + Mid-Lif e changes -

CIRCUMFERENTIAL CRACK AkALYSIS

PARAMETERS THAT DETERMlNE NON-DETECTION PROGABILITT
EPST = .000E + 00
ASTAR = .522
TRANSDUCED DI AMETER = 1.00000 INCHES

1.600ANUU =

SCC INITIATED CRACKK ONLY

MAXIMUM NO. OF CRACKS = 35
NO. OF REPLICATIONS = 1000 - - - -

A/M BOUNDART e .5000

SCC ONLY

MATERI AL SELECTED (FOR SCC) - 5304

LEAKERS WILL NOT BE REPAIRED

FAILURS CRITERIA = APPLIED STRESS > FLOW STRESS

TIMESTEP FOR SCC = .200 YEARS

PIPE DIMENSIONS
WALL THICKNESS * 1.04 INCHES
IHSIDE R ADIUS a 1;.80 INCHES

L/H RATIO = .00
L/R RAll0 m .00

AREA 0F PIPE = 74.19 SQ. INCHES
FLOW AREA 0F PIPE = 266.44 SQ. INCHES

CRACK GROWTH LAW DARAMETER$
a w.000EXPONENT

GROWTH LAW CONSTANT LOC NORMALLY DISTRIBUTED
9140E-11MEDIAN =

90 TH PERCENT = .3500E 10
THRESHOLD = 4.600

GCC PARAMETERS a

02 AT STARTUP(PPM) a 8.00
02 AT STEADT STATE (PPM) = .20

TFMD. AT STEADY STATE (DEG F) = 560.00
MEATUP (100 550F) TIME (His) = 5.00
C00LAhT CONDUCTIVITY (US/CM) = .20

FLOW STRFSS NORMALLY DISTRIBUTED
4300E+02MEAN -.

STANDARD DEVIAll0N e 4200E+01

DISTRIBUTION PARAMETERS FOR ULTIMATE STRESS IN PIPE
MEAN a .0000E+00
STANDARD DEV!AT10N = .0000E+00
STANDARD DEVIAil0N = 0.0 MEANS THE ULTIMATE STRESS IS CONSTANT
INTERPOLATION FLAG = 0 ( IULT ) FOR WHOLE PIPE BREAK PROGABILITY
ABS ( IULT ) IS THE NUMBER OF INTERPOLATION PolNTS
IF IULT .GT. O LINEAR INTERPOLATION
If IULT .EQ. O NO INTERPOLATION
IF IULT .L7.' O LOGARITHMIC INTEkPOLATION

Figure 10-8b. Input summary for Sample Problem 8.
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PIPE lbADING VALUES
1.00STRESS (KSI) DUE TO COLO DEADWEIGHT =

STRESS (KSI) DOE 10 DWGHT + THERMAL * 3.41
STRESS (KSI) DUE TO THERMAL a 2,41

1.33OPERAtlNG PR'S$URE (KSI) =

6.57STRESS (KSI) DUE TO OPER. PRESSURE =

STRESS (KSI) DUE TO DWGHT + OP PRESR = 7.37
STRESS (KSI) DUE 10 DWi+1HML+0P PRES = 9.98

NO HYDROSTATIC PRDOF TEST IS HODELLED

LEAK DETEC110N AND DEFIW1110N PARAMETERS '

DETECTABLE LEAK (GPM) = 3.00
BIG LEAK (GPM) a 3.00

RESIDUAL STRESSES FOR INTERMEDIAfE LINE SELECIED

No VIBRATORY STRESSES ARE NODELLED

NO PUE SLRVICE ULTRASONIC INSPECTION

TIME INTCRVALS
PLANT LIFETIME = 40.0 YEARS
ENLPOINTS OF INTERVALS At .0 2.0 4.0 6.0 8.0 YE ARS
ENDPOINTS OF INTERVALS AT 10.0 12.0 14.0 16.0 18.0 YEARS
ENDP0lN1s OF INTERVALS AT 20.0 22.0 24.0 26.0 28.0 YEARS
ENDPO*NTS OF IkiERVALS AT 30.0 32.0 34.0 36.0 38.0 YEARS
ENDPOINTS OF INTERVALS AT 40.0

NO IN* SERVICE INSPECil0NS ARE MODELLED

NO SEISMIC EVENTS EVALUATED

Nurser of remedial actions = 2
Details of the remedial actions are as follows :
Action time thick- Oxygen rond. Dead Wt DW+iE Vib. Res. Mean Std.

(yrs) ness Start S. State Stress Stt . Stress Stress Dev.'

1 10.00 1.04 .20 .20 .20 .50 2.91 -1.00No change

2 20.00 1.04 .20 .20 .20 .50 2.91 -1.00 lHSI /Ms t p 44.70 11.60

SKIP PAR AMETER FOR IN0!CATOR FUNCil0N PR|l T001' 15 0

NORMAL OUTPUT REQUESTED
_

NUMBER OF TRANSIENT TYPES = 1

1YPE 1
REGULAR AT .100 YEARS / EVENT
HAX DCLT A ikMP = 460.0 BLOCKING FACTOR = 1.0

.

Figure 10-8b. (Continued).
-
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PROBLEN 8 : SCC + MId-tife changes ---

- - - RESULTS WITHOUT EAk1HQUAKES - - -

SEISMit CLASS INFORMATION
CLASS $!CEQ SGLCEQ CYCLES COV 7 BM

0 0000E+00 .000 0 .0000

PRODABILITY OF FAILURE FOR UNCRACKED PIPE AND INTERPOLATED VALUES
SUL1MU SULTSO IULT

.00000E+00 .00000E+00 0
STRESS (1)

.70687E +01
PBREAK(1)

.10000E+01

11ME AVG LEAK AVG BIG LE AK AVG LOCA SICMA LEAK SIGMA BIG LEAK SIGMA LOCA
.0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00

2.0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
4.0 1.00000E-03 1.00000E 03 0.00000E+00 1.00000E-03 1.00000E 03 0.00000E+00
6.0 1.10000E 02 1.10000E 02 0.00000E+00 3.29998E 03 3.29998E 03 0.00000E+00
8.0 2.00000E 02 2.00000E-02 0.00000i+00 4.42940E-03 4.42940E-03 0.00000E+00

10.0 3.90000E 02 3,90000E-02 0.00000E+00 6,12507E -03 6.12507E 03 0.00000E+00
12.0 5.60000E 02 5.40000E 02 0.00000E+00 7.27440E-03 7.15088E 03 0.0^900E+00
14.n 7.90000E 02 7.80000E-02 0.00000E+00 8.53416E 03 8.48457E 03 0.00000E+00
16.0 1.02000E*01 1.01000E-01 0.00000E+00 9.57537E 03 9.53362E 03 0.00000E+00
18.0 1.24000E-01 1.?2000E 01 0.00000E+00 1.04275E-02 1.03549E-02 0.00000E+00
20.0 1.43000E-01 1.40000E 01 0.00000E+00 1.10758E-02 1.09782E-02 0.00000E+00
22.0 1. 47000E-01 1.4 7000E-01 0.00000E+00 1.12034E-02 1.12034E 02 0.00000E+00
24.0 1.54000E 01 1.54000E 01 0.00000E+00 1.14199E-02 1.14199E 02 0.00000E+00
26.0 1.63000E 01 1.63000E 01 0.00000E+00 1.16562E-02 1.16862E-02 0.^0000E+00
28.0 1.65000E-01 1.65G00E 01 0.00000E+00 1.17436E -02 1.17436E 02 0.00000E*00
30.0 1.68000E 01 1.67000E 01 0.00000E+00 1.13286E 02 1.18004E-02 0.00000E+00
32.0 1. 73000E-01 1.T1000E-01 0.00000E+00 1.19672E -02 1.19122E 02 0.00000E+00
34.0 1.5000E-01 1.73000E 01 0.00000E+00 1.20216E-02 1.19672E 02 0.00000E+00
36.0 1.76000E-01 1.75000E 01 0.00000E+00 1. 20a.86E -O'2 1.2C216E 02 0.00000E+00
38.0 1.79000E-01 1.78000E-01 0.00000E+00 1.21287E 02 1.21022E 02 0.00000E+00
40.0 1.83000E-01 1.82000E-01 0.0C000E+W 1.22336E 02 1.22076E 02 0.00000E+00

+

Figure 10-Sc. Failure Probabilities for Sample Problem 8.
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"- PROBLEM 8 8- SCC + Mid-life changes ---

TOTAL NUMBER OF REPLICAtl0NS . 1000
NUMBER OF POSS$1BLE INITIATION SITES (USER SPEC.) = 35
NO. OF I!MES |NITIATED CRACKS C4USED RlG !EAK * 182 .+

NO. OF TIMES PRE EMISilhG CRACKS CAUSED BIG LEAK e 0

TIME TOTAL INITIATED FIRST INITIATED
(YRS) CRACKS CDACKS

2 2018 -
3681- 459
510

3 '2707 98
4 2752 17
5 2660 5
6 '2359 0
7 2128 2
8. 1911 0
9- '1691 0

10 - 1465 0
11. 873 0
12 743 0
13 709 0
14 649 0
15 552 0-
16 538 0
17 - 501 0
18- 467 0
19 455- 0-
20- 406 0
21 32 0
22. 1 0
?3 : 2 0

' 24 0 0
25 1 0
26 0 0
27 0 0
28 0 0-
29 0 0
30 0 0
311 0 0 ,

32 0 'O
33 0 0-
34- 0 .0

'

f .' 35 0 O
t 36- 1 0

37 ' O O
- 38 - 0 0-

39 0 0 ..
- 40 0 0

! 01 ' O O

PC PRAISE VERSf*J 4.40
- (secution Start - 12/06/91 et 11:5Sp-
Extrution End -. - 12/07/91 at| 3:23e

Figure 10-8d. Statistics of time to initiation for Sample Problem 8.
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10.9 Sample Problem 9: Fatigue and SCC

Sample Problems 1-8 considered either pre-existing cracks or SCC-initiated cracks, but not

both. This sample problem illustrates the use of pc-PRAISE when both pre-existing and

initiated cracks are important. This sample problem is set up to calculate probability of

leak. Seismic events are not modeled. The only load cycle used is the heat-up/ cool-down

cycle. The weid location is suhJccted to pre-senice and in-senice inspections and a proof-

test. Failure criteria u.:ed is the net-section stress exceeding the flow stress. The major

inputs related to the geometry of the pipe, the pipe material, the welding process used, and - - -,

the operating history are described below.

Pipe Geometry:
Inside Radius = 5.0 in
Wall Thickness = 0.5 in

Stresses:
Deadweight = 2.08 ksi
Deadweight + Thermal Expansion = 8.58 ksi
Operating Pressure = 2400 psi
Proof Pressure = 3000 psi

Water Chemistry and Conditions that Affect SCC:
Oxygen at Plant Start-Up = 8 ppm
Oxygen at Plant Start-Up = 0.2 ppm
Oxygen at Steady-State Operation = 0.2 ppm _

Water Temperature at Steady-State = 550 F
Duration of Plant Heat-Up = 5 hrs
Coolant Conductivity = 0.2 ys/cm

Fatigue Crack Growth Properties:
C (median) = 9.14x10-i2
C (90th percentile) = 3.5x10'"
Fatigue Exponent = 4.0

e2Fatigue Threshold = 4.6 ksi-in

Flow Stress:
Mean = 43.2 ksi
Standard Deviation = 4.2 ksi

InitiM Crack Size Distribution:
Depth Distribution -- Exponential

Patameter = 4.07
Aspect Ratio Distribution -- Lognormal

10-109,
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p

. Median = 1.34L
- Shape Parameter = 0 538 -

- SCC Properties:
AISI 304 Stainless Steel -

The a/h - a/b sample space is divided into 100 cells and 100 samples are taken from each

ceO. 'The SCC-initiated cracks are ahvays included in the analysis (BNDR_Y = 1.1).- Plant

-lifetime of 40. years is simulated and results are printed at two year intervals. The heat-up/-

cool-down cycles are assumed to occur regularly five times a year. Post-IHSI residual

stresses are also modeled.,,

The input' file for Sample Problem 9 is shown in Figure 10-9a. Each variabhrin the input

file-is described in Table 10-9. The cutput file is shown in Figures 10-96 through 10-9e.

Description of the iaputs is summarized in Figure 10-9b. The stratitication scheme used is

, shown in- Figure '10-9c. Coordinates-of each cell are shown along with the number of

samples and the conditional probability of crack from inat cell.- The last three columns of

that table show the number of cracks that resulted in leak, big-leak, and LOCA, respectively.

^ The probabilities.of leak as a fonction of time are shown in Figure 10-9d. Leak and big-leak

probabilities are the same at any given time because the same threshold leak rate is used

ifor identifying big and smalt. leaks. The LOCA probability calculations for this case.may not

- be accurate because the stratification used is not optimized for the estimation of LOCA

probabilities. Figure 10-9e provides statistics on initiated cracks as a function of time.

1.
!r

|- ,
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Table 10 9
VARIABLE INPUT FILE FOR

SAMPLE PRODLEM 9: FATIGUE AN1) SCC

- - - - - _ _ _ _ _ _ _ _ ,

VARIABLE VALUE DESCRIPTION POSITION FORMAT |

Line #1 Title

TITLE ( ) Analysis title

Line #2 ControlVariables (Card OB)

INCIAT 2 Pre 4xisting and inittsted cracks included 1-5 15

IFA!LC - 0 Netoe:tien stress failure crlteria 6 10 15 4

ICRAKS _5 Number of stress corrosion initiation sites
,

11 15 15

l

IREPLS O Not used 16 - 20 15 j

IREPAR 0 Leakers will not be repaired 26 30 15 !

GNDRY i 1.1 initiets,d cracks will always be included 31 40 F10 3
t.

ISF 0 Fatigue crack growth data inputy the user 41 50 11 0

MTTYPE 1 Use 304 properties for SCC 51 - 55 15

ISEED 688 Random number seej i 56 62 17

ISEEDR' 7225 Random number seed 2 63 70 18

IREMED 0 Number of rt medial act.ons during the plant life 71 - 75 15

Line #3 Control Variables (Card 1B)

NTRIES - 50 Number of reolications from each cell = abs (NTRIES) 15 15

ISOARE 1 Rectangular grid to be set uL 6 - 10 15

KTYPES -1 Number of transients experienced by the plant 11 - 15 15

~KRKDIS 3 Crack depth exponential, aspect ratio lognormal 16 - 20 15
i

l

NEVAL 2 interval for printing results (years) 21 25 15

NINSPT 3 Number of in-service inspections 26 30 15

NOUAKE O No earthquakes to be modeled 31 35 15

) DEBUG 0 Normal output to be pdnted 36 - 40 15

KONPRP O C lognormally distributed 41 - 45 3
_

NEOIN' , | 0 _ Number of seismic intensity classes to modeled 46 - 50 is

MCELLS O Not used 51 - 55 15
_.

| 0 Flow stoss normally distributed 56 - 60 15KNSFLO

NSKIP O No indicator function printout 61 65 15

'
NPSI 1 A pre 4 entice inspection is modeled 66 70 15

ISCC -1 Crack growth by fatigue and SCC 71 - 75 15

|ISIGRS 5 Residual stress at 10 and OD input by the user 75 80 15

10-111
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Table 10-9 (Continued)

*, /ARIABLE _VALUE DESCRIPTION POSITION FORMAT

Line #4 Constant IHSI Flesidual Stresseg (Card 1C0)
,

1
OSIN 30 Residual stress at ID (ks0 1 - 10 E10.3

RSOUT -30 Residual stress at OD (ksi) 11 - PO E 10.3

Line #5 Time and NDE Parameters (Ca11D) '

TM9!ZN _ 40 Maulmum plent lifetir 4 simulated (years) 1 -10 E10.3

DTSCC 0.2 Maximurr. time step for SCC gro vth fyears) 11 - 20 E10.3

ICTYPE O Crack orientation ls circumferential 21 25 15

'PTYPE O Default NDE parameters for thick austenitic pipe used 26 - 30 15

EPST Not used 31 40 E90 0

ASTAR P gad 41 - 50 E10.0

TRANSD Not used 51 - 60 E10 0
,

[_ E1A 0__ANUU ' Not used 61 - 70
_

Line #6 - Pipe Dimensions (Card 2A) |

THICK 05 Wall thickness of the pipe (inches) 1 - 10 E10.3
_

RIN 5 inside radius (inches) i t - 2.0 E10.3

ELOVRR Not used 21 - 30 E10.3

Li.ne #7 Fatigue Crack Growth Characteristics (Card 28)
THRHLD 46 Threshold for fa*igue crack growth (ksbin /2) |1 1 10 E10.3

EMEXP 4 Exponent for fatigue crack growth equation 11 - 20 E10.3

42CONSMU 9.14= 10 50th percentite of C 21 - 30 E10.3

CONS 90 3 50x10'11 90m percentile of C 31 - 40 E10.3

Line #8 SCC Variables (Card 211)
|OSTART a Oxygen at plant start-up (ppm) 1 - 10 F10.5

OSTEDY 0.2 Oyen at steady-state operation fppm) .1 - 20 F10 5

TFSTDY 550 Steady-state temperature ("F) 21 - 30 F10.5

DURATN- 5 Duration of plant heat up (hrs) 31 - 40 F10.5

CONDUC 0.2 Coolant conductivity ( s/em) 41 - 50 F105
,

Line #9 Flow Stress (Card 2C)
SFLOMU 43.2 Maan value of flow stress (ksi) 1 10 E10 4

SFLOSD 42 Standard deviation of flow stress (ksi) t 1 - 20 E10 4

XJJ Not used 21 - 30 E10.4 |

hDJOAMT Not used 31 - 40 i_ E10.4

i
!'
,

1
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Table 10 9 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Une #9_ Flow Stress (Card 2C) (Continued]

SIGO Not used 41 - 50 E10 4

DEF Nct used 51 60 E104

YOUNGS Not used 61 70 E10.4

, XN Not used 71 - 80 E10 4

Line #10 Ultimate Stress Definition (Card 2D) --

SULTMU 0 * - usar 1 10 E10 0
"

SULTSD 0 Not used 11 20 E10 0

(ULT 0 Not used 21 - 25 15
,

Line #11 initial Crack Depth Distribution (Card 3A)

AMEDtAN 4.07 Rate parameter for exponential distribution of deptu ' - 10 E10.3

(1/in)

AS1GMA Not used 11 - 20 E10 3

_ALAMDA Not used 21 - 30 t E10 3

_
Line #12 initial Aspect Ratio Distribution (Card 3B)

BOAMED 1.34 | Median of trunested lognormal detribution of b/n 1 10 E10 3

ROASO O538 Shape f actor of truncated lognormal distribution of b/a 11 - 20 E10.3

BOALDA Not used 1 - 10 E10.3

Line #13 In-service inspection Times (Card 48) .

TINSci 10,20. in-syice inspection times (years) 1 80 8E10.3 -

'

Line #14 Leak Rate and Detection Parameters (Card 4C)

FNCLEK 3 Threshold for detectable leak rave (ppm) 1 - 10 E10 3

ALKBIG 3 Threshold for rie ining big leaks fgpm) 11 - 20 E10 3

Line #15 Stretitled Sample Space (Card 6A)

NAOH 10 Number of divis;ons in alh direction 15 L5

NAOB 10 Number of d> visions in e /b d;rection 6 - 10 15

AOHLOW .O Lowte limit of a/h 11 - 20 E I0.3

AOHUP 1 Uoper hmit of a/h 21 30 E ?O.3

AGBLFT O Lower tims of alb 31 40 E10.3

AOCRGT 1 Upper limit of afb 41 50 E10 3
m. _u

'
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Table 10-9 (Continued)
_,

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Lir.e #16 Operating Stresses (Card 6A)

SGCLD 2 08 Deadweight stress @si) 1 10 E104

SGDWTE 8 58 Deadweight and thermal expansion stress @si) 11 - 20 E10 4

OPPRES 2.4 Normal operailng pressure @si) 21 30 E10 4

PRFPAS 3 Pressure in hydrostatic proof test @si) 31 40 E10 4 __

SIGVIB -1 Vibratory stresses not modeled 41 - 50 E10 4

VBTHLD 0 Not used 51 - 60 E10 4

Line #17 Frequency of Heat-up/ Cool-down Trancient 1 (Card 6E)

NCYBLK 1 Blocking factor for fatigue crack growth calculations 1-5 15

BLAMDA . 0.2 Inter-arrival tima of this transient (deterministic) 6 - 10 F5.2

TEMP 460 Maximum temperature escursion during this transient 11 20 F105
(F)

TITLE - Transient title 21 80 6A10
_.
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PIPING RELI ABILITY ANALYSIS INCLUDING SEISMit EVENTS

PC PRAISE VER$10N 2.40

EXECUTE 0 ON 12/07/91 Af 3:23e

ECRO-PRINT OF INPUT DATA IN slLE SAMPLE 9. CAT

LINE ) --5 --(1) - 5- -(2) - 5-+-(3)---5---(4)- -5---(5) 5 *-(6)- 5 --(7)-- 5 --(8
1> PROBLEM 9 : Fatigue + SCC initiated <

2> 2 0 5 0 0 1.100 0 1 688 7225 0 <

3> -50 1 1 3 -2 3 0 0 0 0 0 0 0 1 1 5<
43 30.0 30.0 <

$> .400E+02 .200E+00 0 0 <

6> .500E +00 .500E+01 <

71 .460E+01 400E+01 914E 11 .350E-10 <

8> .800E+01 .200E+00 .550E+03 .500E*01 .200E+00 <

- 93 4300E+02 .4200E+01 <

10) .000E+00 .000E+00 0 <

11: .40TE+01 <

12> .134E+01 .53BE+00 <

13> 10.0 20.0 30.0 <

14> .300E+01 .300E+01 <

15> 10 10 .000 1.000 .000 1.000 <

16> 2.08 8.58 2.400 3.00 .100E+01 .000E+00 <

LINE > 5 -(1)---5 --(2) -5 p and Cool down-(31 - 5 -(4)5 --(5) --5 --(6) 5---(7)---5---(8
17> 1 .2 460.00000 Heat-u *

****** WEW SEED (L,R) 688 7225*****

9

_

Figure 10-9a. Echo of input file for Sample Problem 9.
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- . PROBLEM 9.3 Fatigue + SCC initiated . -"

CIRCWFERENTIAL-CRACK ANALYS!$

PARAMETERS THAT DETERMINE NON D*TECTION PR08A81LITY
EPST a. .000E+00*

ASTAR = .250 '.
- -

r

. TRANSOUCER DIAMETER t .1.00000 INCHES
ANUU =. 1.600

PRE EXISTING CRACKS + IN TIATED CRACKS V!'.i 8E
- INCLLDED WHENEVER (SAMPLED A/H)<SNDRS

MAXIMUM h0. OF CRACKS = 5
- No. OF ?.EPLICATIONS =- '-0:

A/H BOUNDART '= ' 1.1000'

SCC AND FATIGUE CRACK GROWTNT

-- MATERIAL SELECTED (FOR SCC). S304

,
LEAKERS WILL NOT'BE REPAIRCD

FAILURE CRITERIA = APPL 2D STRESS > FLOW STRESS

- TIMESTEP FOR SCC s. 200 YEARS.

PIPE DIMENSIONS - - -

_ . WALL'TNICENESS . .50 INCHES+ .

INSIDE RADIUS oa 5.00 INCHE= ' j
L/N RATIO-- = .00= ,

'-L/P RAT 10'- ! =: .00 .. .

- AREA 0F PIPE =i 16.49 $1. INCHES-
FLOW AREA 0F PIPE = 78.54 SQ. INCHES.

,

INITIAL CRACK SIZE DISTRIBUTION-
CRACK DEPTH IS EXPONENTIAL

' PARAMETER = . -4.0700
ASPECT R4fl0 ls LOG NORMAL' . -

.1.3400MEDIAN ~.'
~= . 5380
=

SHAPE PARAMETER-
- - . NORMALIZATION CONSTANT- = : 1.4149

CRACK 'CROWf H LAW PARAMETERS
. EXPONENT = 4.000
-GROWTH LAW CONSTANT LOG-NORMALLY DISTRIBUTED

MEDIAN-- -- = .9140E 11
.' 90-TH PERCENT'=" .3500E 10 -

THC SHOLD =- 4.600-
. ,

SCC PARAMETERS' -
.

02 AT STARTUP(PPM) .. 8.00-

02 AT STEADY STATE (PPM) =. .20-
,' TEMP.' AT STEADY STATE (DEG F) = 550.00

* ; COOLANT. CONDUCTIVITY _.(US/CM)'s
' 5.00NEATUP (100 550F) TIME (NRS) = >

-.20

' FLOW STRESS NORMALLY DISTRIBUTED
~

MEAN -=- 4300E+02
- STANDARD DEVIATION a 4200E+01

..

- Figure.10-9b. 'Iriput summary for Sample Problem 9.
..
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DISTRIBUT10N PARAMETERS FOR UL11 MATE STRESS IN PIPE
0000E+00MEAN =

STANDARD DEVIATl0N = .0000E+00
STANDARD DEVIAfl0N = 0.0 WEANS THE ULTIMATE STRESS IS CONSTANT
INTERPOLAfl0N FLAG = 0 ( IUti ) FOR WHOLE P!PE BREAK PROBAblLITY
ABS ( ICLT ) IS THE NUMBER OF INTERPOLATION PolNTS
IF IULT .GT. O LINEAR IkTERPOLATION
IF IULT .EO O No INTERPOLATIDW
IF .lULT .LT, O LOGARITHMIC INTERPOLATION

PIPE LOADING VALUES
2.08STRESS (KSI) DUE TO COLD DEADWEIGhi =

STRESS (KSI) DUE TO DWCHT + THERMAL = 8.58
STRESS (KSI) DUE TO THERKAL = 6.50

2.40OPERATING PRESSURE (KSI) =

11.43 .STRESS (KSI) DUE TO OPER. PRESSURE =

STRESS (KSI) DUE TO DWGHT + OP PRESR = 13.51
STRESS (Kol) DUE TO DWT+THML+0P PRES = 20.01

3.00FR00F PR6 AJRE (KSI) =

STRESS (K51) DUE TO OWGHT + PRF PRES = 16.37

HYDROSTATIC PROOF TEST IS MODELLED

LEAK DETFCTION AND DEFINITION PARAMETERS
DETECTABLE LEAK (CPM) a 3.00
BIG LEAK (CPM) = 3.00

IMSI-RESIDUAL STRESSES SELECTED
INSIDE STRESS (K!!) = 30.000
OUTSIDE STRESS (KSI) = -30.000

'

NO VlBRATORY STRESSES ARE MODELLED

PRE SERVICE ULTRASONIC INSPECTION IS MODELLED

TIME INTERVALS
PLANT LIFETIME = 40.0 YEARS
ENDPulNTS OF INTERVALS AT .0 2.0 4.0 6.0 8.0 FEARS
ENDPOINTS OF INTERVALS AT 10.0 12.0 14.0 16.0 18.0 YEARS
ENDPolWTS OF INILRVALS AT 20.0 22.0 24.0 26.0 28.0 YEARS
ENDPolNTS OF INTERVALS AT 30.0 32.0 34.0 36.0 33.0 YEARS
ENDPolNTS OF INTERVALS AT 40.0
Ik SERVICE INSPECTIONS AT 10.0 20.0 30.0

NO SEISMIC EVENTS EVALUATED
_

SKIP PARAMF?tR FOR INDICATOR FUNCTION PRINTOUT IS 0

NORMAL OL i REQUESTED

NUMBER O. TRANSIENT TYPES = 1

TYPE 1 Heut up and Cool down
REGULAR At .200 YEARS / EVENT
MAX DELTA TEMP = 460.0 BLOCKING FACTOR = 1.0

,

Figure 10-9b. (Continued).
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- - SUMMARY OF CELLS IN SAMPLE SPACE - - -

- - UNI F ORM ME SH - --

CELL ADH1 ADH2 A001 A062 PR00 ABILITY SAMPLES LEAKS B LEAKS LOCAS
1 9000 1.0000 0000 1000 4490496E 05 50 50 50 0
2 .9000 1.0000 1000 .2000 .3407369E 03 50 50 50 0
3 .9000 1.0000 .2000 .3D00 .1821773E 02 50 50 50 0
4 .9000 1.0000 .3000 .4000 .3746652E 02 50 50 50 0
5 9000 1.0000 4000 .5000 .5046091E-02 50 50 50 0
6 9000 1.0000 .5000 .6000 .5483384E -02 50 50 50 1

7 9000 1.0000 .6000 .7000 .5784579E 02 50 50 50 0
8 .9000 1.0000 .7000 .8000 4740713E-02 50 50 50 0
9 .?000 1.0000 .8000 .9000 4066781E-02 50 50 49 0

10 9000 1.0000 .9000 1.0000 .3390729f-02 50 50 50 0
11 .8000 9000 .0000 1000 .5503934E 05 50 50 50 0
12 .8000 9000 .1000 .2000 .4176361E 03 50 50 50 0
13 .8000 .9000 .2000 .3000 .2232920E-02 50 50 50 0
14 .8000 .9000 .3000 4000 4592216E-02 50 50 50 0
15 .0000 9000 4000 .5000 .6184919E 02 50 50 50 0
16 .8000 9000 .5000 .6000 .6720903E 02 50 50 50 0
17 .8000 9000 .6000 .7000 .6477230E 02 50 50 49 1

18 .8000 .9000 7000 .8000 .5810621E ^2 50 50 49 0
19 .8000 .9000 .8000 .9000 .4984839E-02 50 50 49 0
20 .8000 9000 .9000 1.0000 .4155966E 02 50 50 50 0
21 .7000 .8000 .0000 1000 .6746091E 05 50 50 50 0
22 7000 .8000 .1000 .2000 .5118904E-03 50 50 50 0
23 .7000 .8000 .2000 .3000 .2736856E -02 Su 50 50 0
24 .7000 .8000 .3000 4000 .562S611E 02 50 50 50 0
25 .7000 .8000 4000 .5000 . 7580763E 02 50 50 50 0
26 .7000 .8000 .5000 ,6000 .8237711E-02 50 50 49 0
27 .7000 .8000 .6000 7000 .7939044E-02 50 50 50 0
28 .7000 8000 .7000 .8000 .7121992E-02 50 50 50 0
29 7000 .8000 .8000 9000 .6i098431-02 50 50 50 0
30 .7000 .8000 .9000 1.0000 .5093906E 02 50 50 49 0
31 .6000 .7000 .0000 .1000 .8268583E 05 50 50 50 0
32 .6000 .7000 .1000 .2000 .6274164E -03 50 50 50 0
33 - .6000 .7000 .2000 .3000 .3354524E-02 50 50 50 0
34 .6000 .7000 .3000 4000 .6898904E-02 50 50 50 0
35 .6000 .7000 .4000 .5000 .929162?E-07: 50 50 49 0
36 .6000 .7000 .5000 .6000 .1009684E-01 50 47 47 0
37 .6000 .7000 .6000 .7000 .9730769E-02 50 50 49 0
38 .6000 .7000 .7000 .8000 .8729320E 02 50 50 50 0
39 .6000 .7000 .8000 .9000 .7488744E-02 50 48 47 0
40 .6000 .7000 9000 1.0000 .6243525E 02 50 47 47 1

41 .5000 .6000 .0000 .1000 .1013468E-04 50 50 50 0
42 .5000 .6000 .1000 .2000 .7690150E-03 50 50 50 0
43 .5000 .6000 .2000 .3000 4111590E-02 50 50 50 0
44 .5000 6000 .3000 .4000 .5455885E 02 50 50 50 1

45 .5000 .6000 .4000 .5000 .1138861E-01 50 49 49 0
46 .5000 .6000 .5000 .6000 .1237555E 01 50 46 46 0
47 .5000 .6000 .6000 .7000 .1192686E-01 50 50 50 0
48 .5000 .6000 .7000 .8000 .1069940E-01 50 48 48 0
49 .5000 .6000 .8000 9000 9178342E-02 50 46 46 0
50 .5000 .6000 9000 1.0000 7652595E-02 50 45 45 0
51 .4060 .5000 0000 .1000 1242193E-04 50 50 50 0
52 4000 .5000 .1000 .2000 .9425703E 03 50 50 50 0
53 4000 .5000 .2000 .3000 .5039515E 02 50 50 50 0
54 4000 .5000 .3000 4000 .1036425E 01 50 48 48 0
55 4000 .5000 .4000 .5000 .13958a5E-01 50 50 50 0
56 .4000 .5000 .5000 .6000 .1516852E-01 50 48 48 0
57 .4000 .5000 .6000 .7000 .1461857E -01 50 42 42 0
58 .4000 .5000 .7000 8000 .1311409E 01 50 46 46 0
59 .4000 .5000 .8000 .9000 .1125037E 01 50 42 42 0

Figure 10-9c. Stratification description for Sample Problem 9.

10-118

. _ _ . _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _



, . - .- -.

|

60 4000- .5000 .9000 -1.0000 .9379673E 02 50 49 47 0
61 .3000 4000- .0000 .1000 .1522537E 04 - 50 49 49 0
62 .3000 .4000 .1000 .2000 .1155294E-02 50 50 50 0
63- .3000 4000 .2000 .3000 .6176859E 02 50 48 47 0
64 .3000_- 4000 .3000. 4000 .1270331E 01 50 49 49 0
65 .3000 4000 4000 .5000 .1710916E 01 50 46 46 0
66 .3000 4000 .5000 .6000 1859183E 01 50 46 46 0
67- .3000 .4000 .6000 .7000 .1T9177TE 01 50 45 45 0
68 .3000 4000 .7000 .8000 .1607375E 01 50 43 43 0
69 .3000 4000 .8000 .9000 .1378941E-01 50 47 46 0
70 .3000 4000 .9000 1.0000 1149653E 01 50 45 44 0
71_- .2000. .3000 .0000 .1000 1866151E 04 50 49 49 0

-72 .2000 .3000' .1000 .2000 1416027E 02 50 45 45 0
73 .2000 .3000 - .2000 .3000 .7570885E 02 50 47 47 0
74 .2000' .3000 .3000 4000 .1557026E-01 50 - 48 48 0
75 .2000 .3000 .4000 .5000 .2097044E-01 50 46 46 0-
76 .2000- .3000 .5000 .6000 .2278774E-01 50 46 46 0
77 .2000- .3000 .6000: 7000 .2196154E 01 50 45 45 0
78 .2000 .3000 .7000 .8000 .1970136E 01 50 41 41 0
79 .2000 .3000 .8000 .9000 .1690148E-01 50 46 45 0
80 .2000 .3000 9000 1.0000 ,1409112E * 01 50 42 42 0
81 .1000 2000 .0000 .1000 .2287314E 04 50 46 46 0
82 . .1000 .2000_ .1000 .2000 1735604E-02 50 44 44 0
83 . .1000 .2000 .2000 .3000 .9279521E 02 50 41 41 0
84 .1000 .2000 .3000 4000 1908424E-01 50 36 36 0
85 - .1000 .2000 4000 .5000 .2570316E 01 50 36 16 0
86 .1000 .2000 .5000 .6000 .2703059E 01 50 32 31 0
87 .1000 .2000 .6000 . 7000 .2691794E 01 50 40 39 0
88 .1000- .2000 .7000 .800A .2414766E 01 50 . 35 35 0

.9006 . .2071589E-01 50 33 32 089 .1000 .2000 .8000
.-1.0000 .172712BE-01 50 33 32 090 1000 .2000 .9000-

- 91 0000 .1000 .0000 .1000 .280352TE-04- 50 25 ' 25 .0
92 .0000 . 1000- .1000 .2000. .2127303E 02 50 26 25 0
93 .0000 .1000 .2000 .3000 .1137377E 01 50 23' 23 0

' 94 - .0000 .1000- .3000 4000 .2339126E 01 50 - 20 20 0'

' 95 .0000 1000 .4000 .5000 .315039BE 01 50 30 30 0
96 .0000 .1000 .5000 6000 .3423411E 01 50 26 25 0
97 .0000 1000 .6000 .7000 .3299292E-01 50 24 24 0
98 .0000 .1000 .7000 .8000 .2959743E 01 50 27 27 0

' 99 .0000 1000- .8000 .9000 .2539116E-01 50 23 23 0 '

100 .0000 .1000' .9000 1.0000 .2116915E-01 50 26 26 0
...............

SUM OF CELL PR08ABILitlES = .1000000E+01
,,

Figure 10-9c. (Continued).
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PROBLEM 9 Fatigue + SCC inittsted -----

- - - RESULTS WITHOUT EARTHOUAKES * - -

SE!SMIC CLASS INFORMAflDN
CLASS S!GEQ SGLCEO CYCLES COV F BM

0 .0000E+00 .000 0 .0000

P90BABillTY .: . H URE FOR UNCW ACKED PIPE AND INTERPOLATED VALUES*

SULTMU SULTSD IULT
.00000E+00 .00000E+00 0
STRESS (1)

.13509E+02
PBREAK(1)

.10000E+01

TIME AVG LEAK AVG BIG LE AK AVG LOCA $1CMA LEAK SIGMA BIG LE AK SIGMA LOCA
.0 3.95496E-04 2.45185E-04 0.00000E+00 3.99341E-05 2.83085E 05 0.00000E+00

2.0 1.59151E-01 1.42459E-01 1.62 792E-04 5.31564E 03 5.07336E 03 1.01702E 04
4.0 2.42649E 01 2.27206E-01 1.62792E-0, 6.16817E-03 6.10646E 03 1.01702E 04
6.0 2.97784E 01 2.86847E 01 1.62792E 04 6.57631E 03 6.55354E 03 1.01702E 04
8.0 3.36719E-01 3.26843E 01 1.62792E 04 6.76151E 03 6.73132E-03 1.01702E-04

10.0 3.66254E 01 3.54607E 01 1.62792E-04 6.91371E 03 6.93060E-03 1.01702E-04
12.0 3.90179E-01 3.81011E-01 1.62792E-04 7.01532E-03 7.05529E 03 1.01702E-04
14.0 4.13551E-01- 4.02281E-01 1.62792E-04 7.20466E-03 7.19449E-03 1.01702E-04
16.0 4.31364E 01 4.20669E-01 1.62792E 04 7.26531E-03 7.26462E 03 1.01702E 04
18.0 4.54726E-01 4.45028E-01 1.62792E-04 7.47444E 03 7.49196E-03 1.01702E-04
20,0 4.71040E-01 4.61809E 01 1.62792E-04 7.57127E-03 7.55496E-03 1.01702E 04
22.0 4.86107E-01 4. 75904E -01 1.62792E-04 7.57601E-03 7.56317E-03 1.01702E-04
24.0 4.98013E-01 4.89356E-01 1.62792E-04 7.61640E 03 7.60743E 03 1.01702E 04
26.0 5.11597E-01 5.00846E 01 1.62792E 04 7.54127E-03 7.57626E 03 1.01702E-04
28.0 5.27096t-01 5.15792E 01 1.62792E-04 7.58868E 03 7.61860E 03 1.01702E-04
30.0 5.39329E-01 5.28097E 01 1.62792E-04 7.57422E 03 7.60781E-03 1.01702E-04
32.0 5.50517E-01 5.39792E-01 1.62792E-04 7.51951E 03 7.56912E-03 1.01702E 04
34.0 5.62437E 01 5.50807E 01 1.62792E 04 7.45018E 03 7.52584E 03 1.01702E 04
36.0 5. 70731E-01 5.58323E-01 1.62792E 04 7.42423E-03 7.47915E 03 1.01702E-04
38.0 5.81207E 01 5.68409E-01 1.62792E-04 ~,36099E-03 7.43270E-03 1.01702E-04
40.0 5.37364E 01 5.78041E 01 1.62792E-04 .32412E 03 7.37635E-03 1.01702E 04

)

Figure 10-9d. Failure probabilities for Sample Problem 9.

W-120

1
1

_ _ _ - _ _ - - -



.. - _ _ _ - - - - _ _ _ _ _ _ - - - _ - _ _ - - _ - - - - _

{.

%

PR06LEM 9 : Fatigue + SCC Initiated ----

TOT AL NUMOLR of REPLICATanNS = $000
WUM3ER OF POSSSIBLE IN111Ai!ON SITES (USER SPEC.) = 5
NO. OF TIMES INITIATED CRACKS CAUSED BIG LEAK = 172
NO. OF TIMES PRE EXIsilNG CRACKS CA JSED SIG LEAK = 4303

i;ME TOTAL INITIATED FIRST INITIATED
(f r.5 ) CRACKS CRACKS

1 47 47
2 398 379
3 809 678
4 1012 719
5 1121 662
6 1184 562
7 1193 444
8 1090 317
9 1060 269

10 1049 200
11 917 145
12 s 14 119
13 6 1 76
14 . 68
15 679 72
16 600 42

* 17 614 32
18 564 24
19 548 23
20 508 17
21 447 8
22 450 18
23 431 9
24 369 3
25 380 5
26 337 8
27 317 5
28 277 4
29 254 3
30 264 2
31 228 7
32 229 3
33 228 2
34 193 0
35 182 6
36 191 2
37 1 72 1

38 163 3
39 149 1

40 129 4

81 0 0

rC PRAISE VERSION 2.40
Execution Start - 12/07/91 at 3:23a
Execution Erd - 12/07/91 et 4:27a

Figure 10-9e. Statistics of time to initiation for Sample Problem 9.

.
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10.10 Sample Problem 10: Fatigue and SCC With Mid Life Changes

This sample problem illustrates the use of pc-PRAISE when both pre-existing and initiated

cracks are important. The operating conditions are changed twice during the plant lifetime.

This sample problem is set up to calculate probability of leak. Seismic events are not

modeled. The only load cycle used is the heat-up/ cool-down cycle. The weld location is

subjected to pre-service and in-service inspections and a proof-test. Failure criteria used is

the net-section stress exceeding the Dow stress. The major inputs related to the geometry

oi' the pipe, the pipe material, the welding process used, and the operating history are

described below.

Pipe Geometry:
Inside Radius = 5.0 in
Wall Thickness = 0.8 in (for 0 - 5 years)
Wall Thickness = 1.0 in (for 5 - 40 years)

Stresses:
Deadweight = 2.08 ksi (for 0 - 5 ears)3

Deadweight = 0.5 ksi (for 5 - 40 years)
Deadweight + Thermal Expansion = 8.58 ksi (for 0 - 3 years)
Deadweight + Thermal Expansion = 2.91 ksi (for 5 - 40 years)
Operating Pressure = 2400 psi

Water Chemistry and Conditions that Affect SCC:
Oxygen at Plant Start-Lip = 8 ppm (for 0 - 5 years)
Oxygen at Plant Start-Up = 0.2 ppm (for 5 - 40 years)
Oxygen at Steady-State Operation = 0.2 ppm (unchanged)
Water Tempmture at Steady-State = 550 F
Duration of Plant Heat-Up = 5 hrs
Coolant Conductivity = 0.2 s/cm (unchanged)

Fatigue Crack Growth Properties:
4

C (median) = 9.14x10 -
C (90th percentile) = 3.5x10'"
Fatigue Exponent = 4.0
Fatigue Threshold = 4.6 ksi-in"

Flow Stress:
Mean = 43.2 ksi
Standard Deviation = 4.2 ksi
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Initial Crack Size Distribution:
Depth Distribution -- Exponential

Parameter = 4.07
Aspect Ratio Distribution - Lognormal

Median = 1.34
Shape Parameter = 0.538

SCC Properties:
AISI 304 Stainless Steel

The a/h - n/b sample space is divided into 100 cells and 100 samples are taken from each
-

q

cell. The SCC-initiated cracks are always included in the analysis (BNDRY = 1.1). Plant

lifetime of 40 years is simulated and results are printed at two year intervals. The heat-up/

cool-down cycles are assumed to occur regularly five times a year. The first remedial action

is taken at 5 years, at which time the thickness at the weld is increased and oxy;en

concentration and applied stresses are lowered. Default residual stresses for small lines are

assumed to exist during the first 10 years of operation. At the age of 10 years, IHSI

treatment is applied which results in the new distribution of residual stresses.

The input file for Sample Problem 10 is shown in Figure 10-10a. Each variable in the input

file is described in Table 10-10. The output file is shown in Figures 10-10b through 10-10e.

Description of the inputs is summarized in Figure 10-10b The stratification scheme used

is shown in Figure 10-10c. Coordinates of each cell are shown along with the number of

samples and the conditional pr ibility of crack from that cell. The last three columns of

that table show the number of cracks that resulted in leak, big-leak, and LOCA, respectively.

The probabilities of leak as a function of time are shown in Figure 10-10d. Leak and big-

leak probabilities are the same at any given time because the same threshold leak rate is

used for identifying big and small leaks. The LOCA probability calculations for this case

may not be accurate because the stratification used is not optimized for the estimation of

LOCA probabilities. Figure 10-10e provides statistics on initiated cracks as a function of

time.
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Table 1010
VAnlAllLE INPUT FILE FOR

SAMPI,E PROlli,EM 10: FATIGUE AND SCC WITil MID. LIFE CIIANGES
._. __

VARIABLE VALUE DESCR_lPTION , POSITION FORMAT

Line # 1 Title

TivLE() Anaty.;s ime

Line #2 Control Variables (Card 08)
INCtAT - 2 Pre 4 misting and initiated cracke included 15 15

IFAltC 0 Nel section stress & tearing modulua enteria 6 10 15

3RAKS 8 Number of stress corrosion initiation sites 11 15 15

IREPLB 0 Nct used 16 - 20 15

IREPAR 0 Leahors will not be repaired 26 30 15
,

BNDRY 1.1 Initiated cracirs will alwsys be incluu
_

31 40 F10 3

ISr - 0 Fatigue orack growth data loput by tt Q*e 41 50 11 0

MTTYPE 1 Use 304 properties for SCC 51 55 15

ISEED 6M Random number taed 1 Sc . 62 r7

ISEEDR 7225 Random number seed 2 63 70 18

JEMED 2 Number of remedial setions during the plant life 71 75 15

Lir's #3 Control Vorlables (Card IB)
NTRIES 50 Number of replications from each cell e abs (NTRIES) 15 15

ISOARE 1 Raetangular D'id to be set up 6 10 15

KTYPES 1 Nurnber of trans,ents experiencedj/ the plant 11 15 15

KRKDf) 3 Craca depth esponential, aspect ratlo lognormal 16 20 15

NEVAL 2 Interval for printing results (years) 21 25 i$

NINSPT 3 Number of in service inspections 26 30 15
,

NOUAKF 0 Earthquakes to be modeled 31. M L5

IDEBUG 0 Normal output to be printed 36 40 _t5 _

KONPRP O C lognorme!!y distributed 41 45 15
_

NEOINT 0 Number of seismic intensity classes to modeled 46 - 50 5

MCELLS 0 Not used 51 55 15

KNSFLO 0_ Flow stress normally distnbuted 68- 60 15

NNed 0 No indicator function pintout 61 65 15

| NPSI 1 ' A pre. service inspection is modeled 66 70 15

ISCC 1 Crack crowth by fatigue and SCC 71 - 75 15

(. ISIGRS 4 Residual stresses for smalllines used 75 - 80 15
- - . _
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Table 1010 (Continued)

VAHIABLE VALUE DESCHIPTION POSITIO_N _ _ FOR_ MAT

Line #4 Time and NDE Parameters (Card 101

THR!7N '.0 Masimurrt p' ant lite hme simutsu.d fyears) 1 - 10 E10 3 ,

DT6CC
,

02 Wxinvem t.me, step foe FCC growth fyears) 11 20 _ E10 3 ,

ICTYPE O Crack orientation is circumferential 21 25 15

IPTYPE O Deisult RM parameters for thich mustenitic pipe used 26 30 15

EPST Not used 31 40 E .0 0

ASTAR .4ot used 41 50 E10 0

TRANSD Not used $1 60 E10 0

ANUU Not used 61 70 E100

Une #5 Pipe Dimensions (Card 2A) ,

THICK 08 Wall thk,kness of the pipe (inches) 1 10 E10 3

RIN 6 Inside radie.fnehes) 11 20 E10 3
_

ELOVRR Net usec' 21 30 E10.3

Line #6 Fatigue Crap, Growth Characteristics (Card 20)

Threshokt for fatigue sack proach Iksi-in /2)I 1 * 10 E10 3THRHLO 48

p EXP 4 Espone it for fatigue cockJrowth equaton 11 - 20 010.3

0,JNSMU ~ 914:10*N $0th percentus of C 21 30 E10 3

CONS 90 3 60x10'il 90th percentile of C 31 A0 E10 3
|- _

Line #7 SCC Variables (Card 2B 1) ,

OST ART - 8 Onygen at plant start up (ppm) 1 10 F10 5

OSTEDY . 02 Oxygen 61 steady-state operar a (ppm) 11 20 F10 5

TFS10Y $50 Steady-state temperature (F) 21 - 30 F10 5

DURATN 5 Duration of plant heat +p (hr.) 31 - 40 F10 5

_QONDUC 02 Coolant conductivity 4s/cm) 41 50 F10$
_

Line #8 Flow Stress (Card 20)

$FLOMU 43 2 Mean value of flow stress (ks0 1 to E10 4

SFLOSD 4.2 Standard deviation of flow stress (ksi) 11 20 E10 4

XJIC Not used 21 M E10 4

DJDAMT- Not used - 31 40 E10 4

SIGO Notused 41 50 Eto 4

DEE Not used 51 60 E10 4

,
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Table 1010 (Continued)

VAntABLE VALUE DESCRIPTION POSITION _ rORMAT

Line #8 Flow Stress (Card 20) (Continued]
YOUNOS Not uted 61 70 E10 4

.._

XN Not used 71 80 E104

Line #9 Ultimate Stress Definition (Card 20)
SULTMu 0 Not used 1 10 E10 0

SULTSO O Not used 11 20 E10 0

IULT -0 Not used 21 25 e 15

Line #10 Inllal Crack Depth Distribution (Card 3A)
AMEDIAN 4 07 Rate parameter for exponential distt6buh o of depth 1 10 E ;0.3

(1/in)

ASIGMA ~ Not used 11 20 E10 3

ALAMDA Not used 21 30 E10 3 j

'
Line #11 Initial Asl. at Ratio Distribution (Card 38)

DOAMEO 1.34 Median of truncated lognormai distribution o' o/a 1 10 E10 3

BOASIG J 5'i8 Shape factor of truncated legnor*nal distribution of b/s 11 20 E10 3

| ItOALDA Not used 1 10 E10 3

Line #12 in-Service inspection Times (Card 48)

TINSPT 10,20, in-service inspection times (years) 1 80 8E103
_

~

Line #13 Leak Rate and Detecticn Parameters (Card 40)
i
- FNDLEK 3 inreshold for detectable leak ra's (opm) 1 10 E10 3
i

ALKBIG 3 Threshold for defining big leaks (gnm) 11 20 E10 3'

Line #14 Stratified Sample Space (Card SA)

NAOH 10 Number cf divisions in afh direction ' 15 15

NAOO 10 Numbe of divisions in afb direction 6 - 10 15.

AOHLOW D Lower limit of s/h 11 - 20 E10 3

AOHUP 1 Upper limit of a/h 21 30 E10.3

AOOLFT 0 Lower timit of aa 31 40 E10 3

AOBROT 1 Upper limit of a/b 41 50 E10 3

Line #15 'O erating Stresses (Card 8A) -J
SGCLO 2 09_, Deadweight stress (ksi) 1 - 10 E10 4

SGDWTE 8 58 Deadweig:.t and thermal espansion stress (ksi) 11 20 E10 4

OPPREE- 24 Normal operating pressure (ksi) 21 30 E10 4

,
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Tablo 10-10 (Continued)

! DESCRIPTION POSITION FORMATVARIABLE VALUEm._ .
Line #15 Opvating Stresses (Card 6A) [ Continued]

PRFPRS 3 Pro..sure in hydrostatie proof test (ks:) 31 40 E10 4

CIGW1 1 Vbratory stresses not modeled 41 ?O F104

VB1HL D 0 , P40tused 51 to E10 4
,,

Line #16 Frequency of Heat-up/ Cool 4own Transient 1 (Card 6E)

Blockm2 actor for fat 6gue crack growth calculations 15 15fNCYDlK 1

DLAMDA 02 Mter-arrNel time of this transiervt (determinist.c) 6 10 F5 2

TEMP 460 Manimum temperature escursion during this trar:sient 11 20 F 10 5

(0

TITLE Trantient 1:tle 21 80 6A10

Line #17 Mid Life Changes (Card BA)

R11MES(1) 5 Time at which mid hte chahDet made fyears) 1 10 E10 4

T HICKS (1) 1 Wall thickness of pipre (in) 11 - 20 E10 4

OST ARSti) 02 Onygen at start up (ppm) C i 30 E104

OSTDYS(t) 02 Orygon at steady sta's (ppm) 31 - 40 E10 4

CONDUS(1) 02 Coolant conductNity (ps/cm) 41 50 E10 4

oCl DS(o 05 Dead *ei0ht stress (ksi) 51 00 E10 4P

SDWTE S(1) 2 91 Deadweight and thermal espansion stress (ksi) 61 70 E10 4

SGV.BS(1) 1 Vibratory s'resses not modeled 71 - PO E10 4

Line #18 MH-life Changes (Card BB) -

ISIGFDL(1) 7 f40 change In the residual stresses 1 10 11 0

RSINMS(1) Not used 11-20 010 4

RSiSDS(1) Not used 21 30 E10 4

Line #19 Mid Life Changes (Card 8A)

nilME S(2) 10 Time at which midate changes made frears) 1 - 10 E10 4 <

THICKS (2) 1 Wall thickness of pipe (in) 11 20 E10 4

OST ARS(2) 02 Onygen at stari.up (ppm) 21 30 E10 4
_

OSTEYS(2) 02 Osygen at steatty state ppm) 31 40 Eio 4

CONDUS(2) 02 Coo! ant ennductmty (asfem) 41 - 50 E10 4

GGCLOS(2) 05 Nadweight stress (kan $1 60 E10 4

SDW1E S(2) 2 91 Deadweight and thermal espansion stress (ks0 61 70 _ E10 4

SGVIBSf2) 1 Vibrator 1. stresses not modeled
71 80 E10 4

.-- - , ,- ~ ~ - _ , _ .
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Table 10-10 (Continued)
-

VARIABLE VALUE DESCRIPTION POSITION _ FORMAT

Une #20 Mid-Ufo Changes (Card 88)
j$KIRX(2) ft (HS! treatment performed af this time 1 10 11 0

R$lNMS(2) 44 7 Mean of value of post.lHSi residual stress at ID (ksi) 11 20 E10 4

R$1 SOS (2) 11 6 Standard deviation of value of post lHSI residual strete 21 30 E10.4
at ID (ksi)

|

|

,

1
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P R A 1 $ t

PIPING Rill Abtll1Y ANALYSIS INCLUDING $11SMIC (VINil

PC PRAllE VER$10N 2.40

ExtCUttD ON 12/07/91 AT 4:2?a

(CHO PRINT OF INPUT DATA IN flLt SAMPLE 10.0AT

L1WE ) 5. +(1) 5 -(2) 5 -(3) $ --(41 5 -(5.5 5 -(6) 5 -(7) $ -(8
> 1> PR(sttM 10 : (stigue + SCC initiated + Mid tife changee < ;3

2> 2 0 8 0 0 1.100 0 1 688 7225 2 <

3> 40 1 1 3 2 3 0 0 0 0 0 0 0 1 1 45
<-

4> 400t+02 .2000+D0 0 0
<

5> 0.8 5.0
<

63 450f*01 400t+01 914E.11 .350E 10
7> 800E+01 . 200E +00 .550t+03 .500E+01 .200E+00 <

<
8> .4300(+0' ' X + 01 -

<
9> .000t + 0' At+00 0

<
10m 40 TE +0- <
11> 134E+01 .538t+00 <
12> 10.0 20.0 30.0 <,

13> .300E+01 .300E*01
14> 10 10 .000 1.000 .000 1.000 <

15> 2.08 8.58 2.400 3.00 .100t+01 .000t+00 < .

<
16> 1 .2 460.00000 Heat up ard Cool down
17* 5.0 1.000 .200t+DO .200E+00 .200t+00 0.5 2.91 .100t+01<

<
185 7 .000f+00 000t+00
19> 10.0 1.000 .200E+00 .200E+00 .200E+00 0.5 2.91 .100E+01<

<
20> 6 44.70 11.6

tlut.3.5...(i3..5...(23..5..133..3...f42.5...(53..5...(63..5...<73..5...<8wtw stt0 (t,R) 68 72 .***-

.

_

..

Figure 1('-10a. Echo of input file for Sample Problem 10.
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PROGLtd 10 fatigue + $CC inittsted + Mid-life ch6nges -*.-

CIRCUMfLREN11AL CRACK ANALY$l$

PARAME TER$ THAT Dt1 ERMINE WON-Dtf ECilDN PRDBASILif f
EP$1 e .000t+00
AliAR e 400
1RANSDuctR DIAMEttR e 1.00000 INCHt$
ANUU e 1.6D0

PWE tXI$11NG CRAtt.$ + IN111 ATED CRACE$ WILL BE
( INCLUDID WHENIVER ($AMPLED A/M)<SNDRT

MAXIW '4 NO. Of CR ACK$ e 8
WO. Of REPLICA 1]DNS e O
A/M BOUNDARY a 1.1000

$CC ANO lAt|GUE CRACK CROV1H

MAf tRI AL $ELEC1tD (FOR SCC) $304

LI AKER$ VILL NOT B[ REPAlRED

FAILUtt CRifERIA = APPLitD SIRES $$ FLOW $7RES$

TIME $1EP FDR SCC e .200 VEAR$

PIPt DIMEN$1DNS
WALL THittNt$$ e .B0 INCHt$
IN$1DE RA0lV$ * $.00 INCHES

L/N RATIO e .00
L/R RA110 . .D0

AkC4 Of PIPE a 27.14 $0. INCHE$
. 78.54 $0. INCHE$FLDW ARI A 0F PlPt

INITIAL CRACK $1/E DlliRIBuil0N
CRACK DEPfH l$ EXPON[N11AL

PARAMETER e 4.0700

A$PECT RAtl0 l$ LOG NORMAL .ME D it.N 1.3400
$HAPE PARAMEftR e .5380
NORMAlllAll0N CONST ANT e 1, 149

CR ACK GROW 1H L AW PARAMEttRt
EXPONENT e 4.000
GROWTH L AW CON $1 ANT LOG NORMALLY Di$f RIBUTED

MEDIAN e .91401-11
90 TM PERtENT e .35001 10

5 1HRE$ HOLD e 4.600

oCC PARAMtifR$
02 41 $1ARTLN(PPM) e 8.00

02 AT $1tADY $1 ATE (PPM) . .20
ILMP. AT STE ADY STATC(DEG f) a 550.00
HEATUP (100 550F) 11ME (MR$) e 5.00
COOLANT CONDUCilVITY (U$/CM) e .20

FLOW $1Rtt$ NOR4 ALLY DISTRIBUTED
MEAN e .4300E+02
$fANDARD DEVIAllCN e 4200t*01

Figure 10-10b. Input stimmary for Sample Problem 10.
s
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i

|

Di$fRIEUilDN PARAMtiERS FDR Uti!MAft $1RES$ IN P!PE
MEAN e .D000t+D0
$1ANDARD DEVIAllDN . .0000t+D0
$1ANDARD DtVIATION * 0.0 MtANS INE 4LiikAir $fRtl$ l$ CON $fANT
INitRPOLAllDN FLAG . 0 ( IULT ) FOR WHOLE PIPE BREAK PRDAAplL11Y
A6$ ( IULT ) l$ THE NUMbtR OF INitRPOLAllDN PolNil
if sVLT .GI. O llNEAR INilRP0 tall 0W
IF IULT .EO O NO INi[RPOLAllON
If IULT .LT. O LOGARITHMit IWitRPOLAllDN j

PIFE LOADING VALut$
$1REES (K$1) DUt 10 COLD DEADWElGHT * 2.08
$fRES$ (K$1) DUt 10 DWGMT + THtRKAL e 8 58
Sibits (K$l) DUt 10 iNERMAL e 6.50
DPERAllNQ PRE $$URE (KSI) - * Z.40
$ TRESS (K$l) DUE 10 Dett. PREl$URt * 6.94
$1Rit$ (K$1) DUt 10 DWGHT + OP PRE $R * 9.02
$1 Rill (R$1) DUt 10 DWi+THML+0P PRES e .1$.52
PROOF PRES $URE (K$l) a 3.00 ;

$1RISS (K$1) DUt 10 DWGHT + PRF PRES = 10.26 ;

HYDRO $1AllC PROOF itST l$ MODELLtD

LEAK DrittilDN AND DtFINiilDN PARAMtitR$
.OtitCTABLE LEAK (GPM) * 3.00 ,

SIG LEAK .(GPM) e 3.D4 i

,.
'

RES!)UAL STRES$t$ FDR $ HALL LINE $tLECitD

NO VIBRATORY siktsstl ARE MODELLib

PRt*$tRVICf UL1RAl0NIC INSPECTION ll MODELLED

11Mt INTERVAll
'' PLANI LIFT 11Mt s -50.0 YEAR $

(NDPOINTS OF |WiERVALS AT .0 2.0 4.0 6.0 8.0 Ytatt
ENLPolNil 0F IWitRVAL$ At 10.0 12.0 14.0 16.0 18.0 YEAR $
INDPolWil 0F INTERVALS A1 20.0 22.0 2% 0 26.0 26.0 YEAR $
tNDPOINil DF lWifRVALS AT 30.0 32.0 34.0 36.0 38.0 YEAR $
(WpPolWil 0F INTERVALS At 40.0
IN SLRVICE |WSitCT10NS At 10.0 20.0 30.0

NO StlSMIC EVENis EVALUAltD

Ntebet of remedial actions e :2
Details of the remedial actions are as follows
Action Time thick- Oxygen Cond. Dead Wt DW+TE Vib. Res. Mean Std.

(yrs) ness Start 8.$ tate Stress Str. Stress Stress Dev.

1 5.00 1.00 .20 .20 .20 .50 2.91 1.00No che e
2_ 10.00 1.00 .00 .20 .20 .50 '2.91 1.00 IN$1/M IP 44.70 11.60

SKIP PARAMtitt FCG !NDICA10R FUNCil0N PRINTOUT ll 0

NORMAL OUiNT REQUESTED

.NUNott OF TRAN$ltNT.TYPts * 1

ITPt i Heat up and Cool down
REGULAR AT .200 YtA25/tVINT
MAR DELTA itMP = 460.0 0 LOCKING FACTOR . 1.0

Figure 1010b. (Continued).*
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* * SUMMARY Of EtLLS !W SAMPLE $PAtt *

* * * UN I F ORM MilN * * *

CELL A0H1 AON2 A001 ADR2 PROBAt|L i f Y SAMPLtS LEAK 5 0 LEAE$ LOCAS
1 .9000 1.0000 .0000 1000 .2042073t 05 50 48 48 0
2 .9000 1.0000 1000 .2000 .iS4M16t 03 $0 50 50 0
3 .9000 1.0000 .2000 .3000 .8284591E 03 50 50 50 0
4 .9000 1.0000 .3000 4000 .1703807E 02 50 50 50 0
$ .9000 1,0000 ,4000 .5000 .2794732E 02 50 ~ $0 50 0
6 .9000 1.0000 .50D0 .6000' .2493593t 02 50 50 50 0
7 .9000 1.000s .6000 .7000 .2403185E 02 $0 50 50 1

8 .9000 1.0000 7000 .6000 .2155&60E 02 50 49 48 13
2 .9000 1.0000 .6000 .9000 .164947bE 02 50 50 49 32

10 .9D00 1.0000 .9000 1.0000 1541949E 02 50 49 49 31
11 .3000 .9000 .0000 .1000 .2E27988E 05 50 50 50 1

12 .84 9000 1000 .2000 .2145h65E-03 50 50 50 0
13 .80%- 0000 .2000 .3000 .1147301E 02 50 50 50 0
14 .5000 7000 .3000 4000 .2359516E 02 50 50 50 0
15 .B006 .9000 4000 .5000 .3177AS6E 02 50 50 50 0
16 .5060 ' .9000 .5000 .6000 .3451 't 02 50 49 49 0
17 .8070 .9000 .6000 .7000 .3326 4 02 50 48 48 0
18 .80f 9000 .7000 .8000 .2985. TE 02 50 46 46 5
19 .BP 9000 .Bor .9000 .2561270t*02 50 45 45 24
20 .y .9000 .9000 '1.0000 .2135385L 02 50 46 43 24
21 .8000 0000 1000 .3916371E 05 50 50 50 0..

.8000 1000 .20D0 .2971725t 03 50 50 50 0: 22
.)ieog '

,

6000 .2000 .3000 1588853f 02 50 49 49 023 .,

24 ' .7000 ,8000 .3000 4000 .3267630E 02 50 47 47 0
15 .7000 .8000 4000 .5 000 4400931E*02 50 48 48 0
26 .7000 . B000 . .5000 .6000 .4762315E 02 50 45 45 0

'
i

27 .7000 .8000 .6000 .7000 46089271 02 50 46 46 0
28 .7000 .B000 7000 .$D00 .4134596E 02 50 44 44 5

30
. -.7000 .8000J .8000 9000 .3547004E 02 50 45 44 1629

.7000 .8000 9000 1.0000 .??57213E 02 50 4/ 44 19
31 .6000 7000 .0000 1000 .5423631E 05 50 50 50 0
32 .6000 .T000 1000 .2000 . 411$427E 03 50 49 49 0 '

33 .6000 7000 .2000 .3000 ~.2200341E 02 50 49 - 49 0

}4 .6000 .7000 .3000 4000 .4525214E 02 50 46 46 0

' .>5 .6000. 7000 4000 .5000 .6094679E 04 50 43 43 0
36 .6000 7000 .5000 .6000- .6622843E 02 50 45 '43 0
37 .6000 7000 .6000 .7000 .638?725E 02 50 43 43 0
38 .6000 7000 - 7000 .8000 .5725643E 02 50 42 42 4

39 ~ .6000_ 7000 .8000 .9000 .4912109t-02 50 40 40 9
40 .6000 . 7000 .9000 1.0000 4095329E 02 50 42 37 16
41 .5000 .6000 .0000 .1000 - . 7510976E -05 50 47 47 0
42 .5000 .6000 .1000- .2000 .5699295E 03 50 49 - 49 0
d.3 .5000 .6000 .2000 .3000 .3047167E 02 50 46 46 0 1

44 .5000 .6000 - .3000 4000 .6266794E 02 50 44 44 0
45 .5000 .6000 4000 .5000 .6440285E*02 50 44 43 0.
46 .5000 : .6000- .5000 .6000 .9171719E 02 50 39 39 0 i

47 .5000 .6000 .6000. .7000 .6839189E 02 50 41 41 0 1

48 - .5000_ .6000 .7000 .8000 .7929490E 02 50 38 36 3-

49 .5000 .6000-- .b000 - .9000 .68025895 02 50 37 32 13
50 .$000 .6000 9000 1.0000 .5671463E 02 50 40 37 15- - I

$1 .4000 .5000 .0000 .1000 .1040166t * 04 50 47 47 0
52 .4000 .5000 1000 .2000 .7892734E 03 50 46 46 0
51 .4000 .5000 2000 .3000 4219903E 02 50 42 42 0
54 - 4000 5000 .3000 4000 .5676640E 02 50 43 43 0 i

55 4000 .5000 4000 .5000 .116&S62E-01 50 38 38 0 2

56 4000 .5000 5000 .6000 .1270156E 01 50 36 36 0 j
ST 4000 .5000 ,6000 .7000 1224105E-01 50 39 38 1

'

'

58 4000- .5000 7000 .8000 .10981255 01 50 44 41 8
59 . .4000 - .5000- .8000 - .9000 .9420642E-02 50- 37 - 36 12

i

i

1

Figure 1010c. Stratification description nr Sample Problem 10.- I
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'
60 .4000 .5000 9000 1.0000 .7854190E 02 $0 36 34 15
61 .3000 - 4000 .0000 .1000 .14404&M 04 50 39 39 0
62 .3000 4000 .1000 .7000 1093034E 02 50 41 41 0
63 .3000 4000 .2000 .3000 .5643961E 02 $0 39 39 0
64 .3000 4000 .3000 .4000 .1201871E Cl 50 36 34 0
65 .3000 .&000 .4000 .5000 .1618712E 01 50 40 38 0 s

66 .3000- 4000 .5000 .6000 .158990E 01 $0 34 35 0
67 .3000 4000 6000 .7000 .169521M 01 $0 28 28 2

' 68 .3000 4000 .7000 .6000 .1520752E 01 50 30 30 3
. 69 .3000 4000 .6000 .9000 .1304628E 01 50 33 33 6

70 .3000 4"00 - .9000 1.0000 .1087696E 01 50 35 35 14
71 .2000 .I' A .0000 .1000 .19948T3E 04 $0 37 37 0

2 50 36 36 072 .2000 3000 .1000 .2000
1513701E **6273 .2000= 3000 .2000 .3000 50 36 35 0.8093103E- r

.

74 - .2000 .3000 .3000 .4000 1664425E 01 $0 31 31 0
75 .2000 3000 4000 .5000 .224169?t 01 0 34 32 1-

. 000 .3000 .5000 .6000 .2435957E 01 0 31 [9 276

.4[000 3000 .6000 .7000 .2347639E 01 - 0 31 #8- 6TT
78 .2000 .3000 .7000 .8000 .21060SOE 01 0 27 25 9
79 .2000 . .3000 '.8000 .9000 .1606729E 01 50 20 19 6
80 .2000 .5000 .9000 1.0000 1506309f-01 Sie 28 28 7
81 1000 .2000 .0000 .1000 2762622E 04 50 32 32 0.

82 -. 1000 2000 1000 .2000 .2096266E 02 $0 - 30 30 0
85 .1000 .2000 .2000 .3000 1120782E 01 $0 26 26 1

&& 1000- .2000 .3000 .4000- .230499M 01 50 - 39 37 7
85 .1000 .2000 4000- .5000 .3104433E 01 50 25 25 3
86 .1000 .2000. .5000 .6000 .337346?t 01 50 30 29 9
87 .1000 .2000 .;000- .7000 .3251154E 01 50 20 20 6

- 68 . 1000 -2000 .7000 .8000 .2916559E-01 50 28 28 5 ,

89 .1000' .2000 .8000 .9000 .2502070E 01 $0 _ 22. 21 5
-90 61 - 2000- .9000 1.0000 .2086028E 01 50 17 17 4
. 91 # 71 ' 1000~ -.0000 .1000 - .3825849t G4 50 9 9 0

9{ - .0000 1000 1000 .2000 .2903037E 02 $0 18 18 0
9J .0000 1000 .2000 .3000 .1552128E 01 50 6 6 0
94~ '.0000 . 1000 .3000 .4000- .3192102E 01 50 6 6 1

'95 .0000 . 1000 4000 .5000 4299209E 01 50 7 7 3
96 .0000 1000 .5000. .6000 4671778E 01 50 5 5 1

97 .0000 1000 .6000 . 7000 .4502398E 01 50 7 .7 1

98 - .0000 .1000 .7000 '.6000 4039030E 01 50 4 4 0
99 .0000 1000 .8000 .9000 .3465019E 01 40 3 3 1

100 .0000 1000 .9000 ' 1.0000 . 2888860E 0.1..
50 ' 2 2 1

.........

~ SUM OF CELL PROu4BILITIES * .1000000E+01

Figure 1010c. (Continued),
r
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PR00LtM 10 I Fetigue + SCC inttf ated + Mid life chan9es"* -

+ RESULi$ WlfHOUT (ARTHOUAKES + -

$EISMit CLA$$ IWPORMAll0N
CLAll $1GEO $GLCf0 CICLES COV F 6M

0 .0000E+00 .000 0 .0000

PROBABILif V 0F f Alwet FOR UwCaACKED PIPE AhD IWitRPOLAff 0 VALAS
SULTMU $ULTSD IUL1

.00000E+00 .00000E+00 0
$18Es5(1)

.59545E*01
P8RtAK(1)

.10000t+01

flMt - Av0 LEAK AVG 810 LEAK AVO toCA $1GMA ltAK SIGMA SIG LEAK $1GMA LOCA
.0 3.04209E 04 2.26304t 04 6.22889t 09 2.565391 05 2.23180E 05 6.22889t 09

2.0 1.31118E 01 1.305480 01 3.21917E 02 5.71002t 03 5.89973E 03 3.67105t 03
4.0 2.10225t 01 2.08655E 01 4.53303E 02 7.18719f 03 7.15460E 03 4.34110E 03
6.0 2.40694E 01 2.39351t 01 t.94009E 02 7.56654t 03 7.$$$99E 03 4.57706F C3
8.0 2.46008t-01 2.4528M 01 $.03314(-02 7.66384E 03 7.66338E 03 4.61470E-03

10.0 2.59402E-01 2.55089E 01 $.27064E 02 7.82202E 03 7.820600 03 4.7C947E 03
12.0 2.66449E 01 2.52179t 01 $.27064E 02 7.86069E 03 7.84140E 03 4.70947E-03
14.0 2.72945t 01 2.66124E 01 $.27064t 02 7.94121t 03 7.85446E-03 4.7094'at 03
16.0 2.79075E 01 2.72295E 01 $.27064E 02 8.00482E 03 7.93bi9t 03 4.70947E U3
18.0 2.86309E 01 2.77752E 01 5.27064t 02 8.(;3271t 03 7. W435E 03 4.70947t 03
20.0 2.926726 01 2.83754E 01 5.27064t 02 8.11127E 03 8.03367t 03 4.70947F 03
22.0 2.99573E 06 2.88218E 01 5.27064E 02 8.16432E 03 8.064 5t 03 4.709475 03
24.0 3.04762E 01 2.93080f 01 $.27064E 02 8.17163t*03 8.078MF 03 - 4.7094T 03
26.0 3.07950t 01 2.97692E 01 5.27064E 02 8.20004t 03 8.17055E 03 4.709472 03
28.0 3.11380E 01 3.01150E 01 $.27064E 02 8.19578E 03 8.17847t 03 4.70947J 03
30.0 3.14661t 01 3.05265E 01 5.27064[ 02 8.18639E 03 8.17485F 03 4.70947E 03
32.0 3.17849E 01 3.08727t 01 $.27064E 02 8.18139t 03- 8.17246E 03 4.70947E 03
34.0 3.19464E 01 3.12345t 01 5.27064E 02 8.18413E 03 8.20140E 03 4.70947E 03
36.0 3.21940E 01 3.16269E 01 5.27064E 02 8.17427E+03 8.19997E 03 4.70947E 03
38.0 3.25078t 01 3.18381t 01 $.270641 02 8.17258t 03 8.197246 03 4.70947E 03
40.0 3.25970E 01 3.19369t 01 5.27064E 02 8.16835E 03 8.19531t 03 4.70947E 03

Figure 1010d. Failure probabilities for Sample Problem 10..
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PR08ttM 10 f atigue + LCC inittsted + hid life charroes**- --
.

TOTAL NUM9tt Of REPLICAflCWS e 4998 l

%MBER Of IC55%|BLE INifl ATION SlfES(Usta $PEC.) e 8
'

NO, Of TIMES IW111 A1[D CRACKS CAUSt0 BIG Lf At a 1 l

NO.' Of 11MC$ PRL-(EllflWG CR ACE $ CAU5f D BlG LEAK = 3313

flME TOTAL INITIAftD flR$T !Nlf!AftD
(YR$) CRACKS CRAttS

1 69 68
2 431 404
3 912 748
4 1227 809
5 1458 777 '

6 -1139 - 477
T 1001 332
8 1010- M6 '

9 1072 240
10 -1001 188 .
11' 179 31
12 0 0
13 1- 0
14 2 0
15 2 0
to 1 0
17 0 .0
18 0 0
19 0 -0
20 1 0
21 ' . 1 0
22 0 0
23 0 0
24 0 0
25 1 0
26 1 1

iT C 0
28 0 0
29 0 0

-30 0 0
31 0 0 '

32 0 0
33 1 0
34 0 0
35 1 0
36 2 1

37 0 0
38 0 0

- 39 0 0
40 0 0

81 0 0

PC PRAl$( VERSION 2.40
faecution Start -- 12/07/91 at 4:2To

-taecution End 12/07/91 at $tlis-

Figure 10-10e. Statistics of time to ir.itiation for Sample ProMem 10.
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10.11 Sample Problem 11: A Complex Analysis

This sample problem illustrates the use of pc PRAISE to carry out a very complex analysis.

|
All the features of the code are activated Both pre existing and initiated cracks are

considered. Fatigue and SCC are considered for the growth of cracks. Proof test, pre-

service and in service inspections, and seismic events.are modeled. The net section stress

and the tearing modulus based criteria are applied. Two mid-life remedial actions are

modeled. One transiet.1 involving radial gradient thermal stresses 11. included,in addition to

the heat-up and cool-down transient. The sample problem is set up to calculate probability

of leak. The major inputs related to the geometry of the pipe, the pipe material, the

welding process used, and the operating history are described below.

pipe Geometry:
inside Redius = 14.5 in,

'

Wall Thickness = 2.5 in i

Stresses:
,

Deadwc!ght 2.08 ksi (fo. L 20 years)=

Deadweight 1.08 ksi (for 20 40 years)=
i

i Deadweight + Thermal Expansion = 8.58 ksi (for 0 - 20 years)
! Deadweight + Thermal Expansion = 4.58 ksi (for 20 - 40 years)

,

Operating Pressure = 2400 psi

| Water Chemistry and Conditions that Affect SCC:
L Oxygen at Plant Start Up = 8 ppm (for 0 20 years)
| Oxygen at Plant Start Up = 0.2 ppm (for 20 - 40 year.)
i Oxygen at Steady-State Operation = 0.2 ppm (0 - 20 years)
| Oxygen at Steady-State Operation = 0.1 ppm (20 - 40 years)
| Water Temperature at Steady State = 550 F
| Duration of Plant Heat-Up = 5 hrs

Coolant Conductivity = 0.2 gs/cm (0 - 20 years)'

Coolant Conductivity = 0.1 gs/cm (20 - 40 years)
,

Fatigue Crack Growth Properties:
C (median) = S.14x10a2
C (90th percentile) = 3.5x10 "
Fatigue Exponent = 4.0
Fatigue Threshold = 4.6 ksi in"2

Flow Stress:
Mean = 43.2 ksi
Standard Deviation ~= 4.2 ksi
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l

Imtial Crack Size Distribution:
Depth Distribution -- Exponential

Parameter = 4.07
Aspect Ratio Distribution -- Lognormal

Median = 1.34
Shape Parameter = 0.538

SCC Properties:
AIS! 304 Stainless Steel

The n/h - a/b sample space is divided into 100 cellt and 'iOO samples are taken fram each

cell. The SCC initiated cracks are always included in the analysis (BNDRY = 1.1). Plant

liietime of 40 years is simulated and results are printed at two year intervals. The heat up/

cool down c,vcles are assumed to occur regularly five times a year. The first remedial action

is taken at 20 years, at which time the oxygen concentration and applied stresses are

lowered. Default rcsidual stresses for intermediate lines are assumed to exist during the first

30 years of operation. At the age of 30 years,111S1 treatment is applied which results in the

new distribution of residual stresses.

The input file for Sample Problem 11 is shown in Figure 10-11a. Each variable in the input

file is described in Table 1011. The outpo' file is shown in Figures 101)b through 10-11g.

Description of the inputs is summarized in Figure 1011b. The stratification scheme used

is shown in Figure 10-11c. Coordinates of each cell are shown along with the number of

samples and the conditional probability of crack fiom that cell. The last three columns of

that table show the number of cracks that resulted in leak, big leak, and LOCA, rer,pectively.

The probcbilities of leak as a function of time are shown in Figure 10-11d for the case

without the eaithquakes, and in Digures 10-11e and 10-11f for the four intensities of

earthquakes. Leak and big leak probabilities are the same at any given time because the

same threshold teak rate is used for identifying big and small leaks. The LOCA probability

calculations for this case may not be accurate because the stratification used is not optimized

for the estimation of LOCA probabilities. Figure 10-11g provides statistics on initiated

cracks as a function of time.

10-137
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Table 1011
VAllIABLE INPUT FILE FOIt

SAMPLE PitOULEM 11: A COMPLEX .NALYSIS

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #1 Title
i

TIT | E() Analysis title
|

Une #2 Contret '!r.nebles (Card OB)

INCLAT 2 Pre 4 misting and initiated cracks incluosd 15 15

.. lFAILC 2 Net section strets & ;esting modulus o itoria 6 - 10 15,

ICRAKS 25 Number of stress corrosion initiation altos 11 15 t$

IREPLS 0 Not used 16 - 20 15

IREPAR 0 Leakers will riot be repaired 26 30 15

DNDRY 1.1 initieted cracks will always be included 31 40 F10.3

ISF 0 Fatigue orack O'owth data input by the user 41 50 11 0

MIT(PE 1 Use 304 prope. ties for SCC 51 55 15

ISEED fe8 Random number seed 1 56 62 IF

1
-

ISEEDR 7225 Random numiser seed 2 63 70 18

49EMED 2 Number of rem $ dial actions during *.he plant life 71 75 15

Line #3 Control Variab'es (Card 18)
,.

NTRES 50 Number of replications from each cell = abe (NTRIES) 1-5 is

'SOARE 1 pectangular grid to Le set up 6 - 10 !$

KTYPES 2 Number of transients emperienced by the plant . 11 15 15

KRKDIS 3 Creek cepth exponential. aspect ratio lognormal 16 20 15

L

NEVAL 2 Interval for printing results (years) 21 25 15

NiNSPT 3 Number of inservice inspections 26 30 15

NOUAKE 1 Eartnquakes to be modeled 31 35 15,
;

IDEBUG 0 Naimal outrat to be printed 36 40 15

KONPRP O C lognormally distributed 41 - 45 15 .

. -
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Tablo 10-11 (Continued)
- . _ .

VAntADLE VALUE DESCRIPTION POSITION FORM AT ,

Line #3 Control Varlsbles (Card 18) [Conbnued]

NEOfNT 4 Number of seismic tensity classes to mode 4d 46 50 15

MCELLS O Not used 51 - 15 15

__

KNbFt.O O Flow stints r>orrnally distr 6buted 56 00 15

. -

NSKIP O No indicator furk: tion printout 61 65 15
i

'
NpSi 1 A pre 4ervice inspection is mor),ied 66 70 15

1 SCC 1 Crack growth by fatigue and SCC 71 75 15

ISIGRS 3 Residual stresses for intermediate lines used 75 - 80 15 .

Line #4 Time and NDE Par.vneters (Card 10)
'

THRIZN - 40 Maximum plant lifetime simulated (years) 1 10 E1C.3
-

DTSCC 02 | Maximum time step for SCC growth (years) 1* 20 E10.3

ICTYPE O Crack orientation is circumferent!al 21 25 15

IPTYPE O Default NDE parameters for thick avstenttk. pipe used 26 30 15

.

EPST Not used 31 40 E10 0 .

ASTAR Not used 41 - 50 E10.0

TRANSD Not used 51 00 E10 0

'

AiJUU Not used 61 TO E10.0

Une #5 Pipe Dimensions (Card 2A)

THICK 2.5 Wall thickness of the pipe (inches) 1 10 - E10.3

RIN 14 5 insido radius (inches) 11 20 E10 3

ELOVRR 5 Pipe length / radius ratio 21 % E10.3

Line #6 Fatigue Crack Growth Characteristics (Card 20)

THRHLO -46 Threshoid for fatigue crack growth (ksi-in /2) 1 10 E10.3i

EMEXP 4 Exponent for fatigue crack growth equation 11 - 20 E10.3
-

, , ,

'
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Table 10-11 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT
. --

_ _ _

Line #6 Fatigue Craca Growth Characteristics (Card 28) [ Continued)

CONSP 9 14s10 12 Loth percentile of C 21 30 E10 3

CONS 90 3.50 10''1 90th perconti,o of C 31 40 E10 3

Line #7 SCC Variables (Card 2D-1)

OSTAIiT 8 Onygen at plant start-up (ppm) 1 10 F10 5

OST FDY 02 Orygen et steady-state operation (pprn) 11 20 l'10 5

TFSTOY 550 Steady state tempe'eture (T) 21 30 F105

DUf%TN 5 Duration of plant heat-up (hrs) 31 40 F105

CONDUC 02 Coolant conductivity ( /cm) 41 50 F10 5

Line #8 Fiow Stress (Card 2C)
i

srLOMU 43 2 Mean value of floe, stress (ksi) 1 - 10 E10 4

SF L OSD 42 Standard deviation of flow stress (ksi) 11 20 E10 4

2XJIC 10 Je (in-kips /in ) 21 - 30 LIO 4

DJDAMT 25 dJ/da (ksi) 31 40 E10.4

SIGO 30 6 Yield strength (ksi) 41 50 E10 4

DEF 106 Constant D in be power le* hardening equation (ksi) 51 60 E10 4

YOUNGS 25000 Elastic modutus (ksi) 61 - 70 E10 4

XN 5 Esponent n in the po*ei law hardening equation 71 - 80 E10 4

Line #9 Ultimate Stress Definition (Card 2D)
.

SUL1MU 0 Not used 1 10 E10 0
__

SULTSO O Not used 11 20 E10 0

IULT 0 Not used 21 - 25 15
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Tablo 10-11 (Continued)
_

_ _

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #10 Initial Crack Depth Distribution (Card 3A)

AME DtAN 4 07 Rate parameter for esponent;al d:stribution of depth 1 10 E10.3

(1/in)

AS6GMA Not used 11 20 E10 3

ALAMDA Not used 21 30 E10 3

Line #11 Initial Aspect Ratio Distribution (Card 30)

DOAMED 1.34 M$dian of truncated lognormal distribution of b/s 1 10 E10 3

UOASIG 0 538 Shape factor of truncated lognormal distribution of b/a 11 20 E10.3

DOALDA Not used 1 10 E10 3

Uno #12 In-service inspection Times (Card 40)

TINSPT 10,20. In4eNice inspecton times (years) 1 80 8E10.3

Line #13 Leak Rate and Detection Parameters (Card 4C)

FNDLEK 3 Threshold for detectable leak tate (gpm) 1 10 E10 3
,.

ALKBIG 3 Threshold for defining big leaks (gpm) 11 20 E10 3

Line #14 Stratified Sample Space (Card SA)

NADH 10 Nurrcer of divisione in a/t 1irection 1-5 15

~

NAOB 10 Number of divisions in afb direction 6 10 15

AOHLOW 0 Lower limit of a/h 11 20 E10.3

AOHUP 1 Upper limit of s/h 21 30 E10.3

AOBLFT 0 Lower timit of a/b 31 40 E10.3

AOBRGT 1 Upper hmit of a/b 41 50 E10 3

Line #15 Operating Stresses (Card 6A)

SGCLD 2 08 Deadweight stress (k si) 1 10 E10 4

SGDWTE 8 58 Deadweight and thermsl espansion stress (ksi) 11 - 20 E10 4

OPPRES 2. 4 Normat operating pressure (ksi) 21 30 E10 4
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Table 10-11 (Continued)
_

VARIADLE VALUE DESCRIPTION POS.' TION FORMAT

Une #15 Operating Stresses (Card 6A) (Continued]

PRFPRS 3 Pressure in hydrostatic proof test (ksi) 31 - 40 E10 4

GIGVtB 1 Vibratory strest.es not modeled 41 50 E10 4

VOTHLO O Not used $1 00 E10 4

Une #16 Specifications for g, and g. Tables (Card 6E)

NX e Number of entries in a/b derection for the input table 1S 15

NY 9 Number of entries in a/h direction for the input table 6 10 65
-.

IX 10 Number of entries in e/b direction for the internal table 11 1$ t$

IY 10 Number of entnes in a/h direction for the loternal table 16 20 15

Line #1718 (Card 6C)

AAoH( ) 01, .1, s/h coordinates for gmin Oman tables 1 80 BF10 3

Une #10 (Card 60)
-

AAOB( ) 1, 2, b/s coordinates for gmin Omax tables 1 80 8F10 3

Une #20 Frequency of Heat-up/ Cool 4own Transient 1 (Card BE)

NCYDLK 1 Blocking factor for fat:gue crack growth calculations 1$ 15

DLAMDA 02 inter arrival time of this trans>ent (deterministic) 6 - 10 F5 2

TEMP 460 Manimum temperature escursion during tnis transient 11 20 F10 5
(F)

TITLE Transient tit!e 21 80 6A10

Une #21 Frequenf.y of Transient 2 (Card 6E)

NCYBLK 1 Blocking factor for fatigue crack growth calculatioa 1$ l$

BLAMDA 05 Inter-arrival t!me of this trans,ent (deterministic) 6 10 F5.2

TEMP 73 Maximum +empenture escursion dunng tNs transient 11 ?O F10.5
ff)

TITLE 1. *nsient 1:t;o 21 80 6A10
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Tablo 1011 (Continued)

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #22-45 gg, and gm , Tables (Card 6F)

Une #48 Earthquakes por Magnitude Category (Card 7A)

i
NEOCLS() [

1, 1, tbmber of certhqueos 6n each category 1 80 19t5

Une #47 Seismic Stresses and Cycles (Card 70)

NcvCEO() i Number of equiva!.ct cycles in Cawgory $ 1 10 11 0

SIGEO( ) 8 757 Equivalent cynlic stress (bsa 11 20 F10.3

SGEOMxl) a 75/ Manimum cyclic stress during this category (ks!) 21 30 F10.3

TITLE () Earthquake title 31 80 LA10

Line #48-50 Selsmic Stressos for Other Categories (Card 70)

Line #51 Mid Life Changes (Card SA)

RTIMLS(1) 20 Time at which mid ido changes made (years) 1 10 E10 4

THICKS (1) 25 Wall thdness of pipe (in) 11 20 E10 4

; OSTARS(1) 02 Oxygen at startmp (ppm) 21 30 E10 4

OSTDYS(1) 01 0,ygen at steady state (ppm) 31 40 Eir) 4

CONDUS(1) 01 Coolant conductivity Ws/em) 41 50 E10 4

SGCLDS(1) 1 08 Deadweiobt stress (ksi) 51 60 E10 4

SDWTES(1) 42 Deadweight and thermal eapansion stress (ksi) 61 - 70 E10 4

SGVIBSit) 1 Vbretory stresses not modeled 71 80 E10.4

Une #52 Mid-Ufe Changes (Card BB)
-

ISGRx(1) 7 No change in the residual stresses 1 1L 11 0

RSiNMS(1) Not used 11 20 E10 4

RSISDS(1) Not used 21 30 E10 4
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> Tablo 10-11 (Continued)
_

VARIABLE VALUE DESCRIPTION POSITION FORMAT

Line #53 Mid-Life Changes (Card BA)

RTIMES(2) 30 Time r , txh m6dete changes made (years) 1 10 E10.4

THICKS {2) 2.5 Wali thkkness of pipe (in) 11 20 E10 4

OSTARS(2) 02 Osygen at start up (ppm) 21 30 E10 4

OSTDYS(2) 01 Osygen at steady state (ppm) 31 40 E10 4

CONDUS(2) 01 Coolant conductMty (pa/cm) 41 50 E10 4

iOCLDS(2) 1.08 DeadweigM stress (6 si) 51 00 E10 4
't

SDWTES(2) 4 $8 Deadweight and thermal espansion stress (ksG 61 - 70 E10 4

SGVfBS(2) 1 vibrato y stresses not modeled 71 80 E10 4

Line #54 Mid-Life Changes (Card 80)
__

ISIGRX(2) 6 IHSI treatment per' .smed at this time 1 - 10 11 0

R$1NMS(2) a4 7 Mean of value of post-lHSI residual stress at ID (ksi) 11 20 E10 4

RSISDS(2) 11 6 Standard deviation of value of post 6HSI residual stress 21 30 E10 4
at ID (ksi)

.

S
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P R A 1 S E

PIP!k0 WILIABILITY AkALTS15 INCLUDlWG StitMit (VYWTS

PC PRAltt Vitsl0W 2.40

LXtCUito DN 12/07/0 Af 5:11e

ECHO PRINT OF INPUT DATA IN FILE EAM.'L E 11.D A T

LIWF ) -5 *(1) 5 -(2) 5 --(3) 5 -(4) 5 -(5)- -5 --(6) $ -(7)* 5 -(8
1> PROBLEM 11 : Fatigue + SCC inttleted + Mid lif e changes + f earing Wod. + ... <

?> 2 2 25 0 0 1.100 0 1 688 7225 2 <

3 50 1 2 3 2 3 1 0 0 4 0 0 0 1 1 3+

4> 600f*02 200C+00 0 0 .000t+00 .000E + 00 .0 DOE + D0 000E+D0 <

5> .250E+01 145E+02 .500t+0i <

6> 460E + 01 .4 DOC +01 .914E 11 .350t 10 <

o 7> ,600f*01 . 200t + 00 .55Dt+03 .500t+01 . 200E + DO
8> .4300t+02 .4200t+01 10.0 25.0 30.6 106.0 25000.0 5.00<
9 .D00t+00 .D00t+00 0 <

<
10m 407t*01

<11> .134t+01 .53BE+00 <
12> 10.0 20.0 30.0

<13e .300E+01 .300t+01
14> 10 10 .000 1.000 .000 1.000 <

15> 2.D8 8.58 2.400 3.00 .100E+01 .00DE+00 <

16> 6 9 10 10 <

17> .010 .100 .200 .30n 400 .500 .600 .700<
<

18> .B00
19> 1.000 2.000 3.000 4.000 5.000 6.000 <

<20, 1 .2 460.00000 Heat up and Cool down
<

21> 1 .5 T3.00000 Reactor irlp f rom Full Power

22> .0190 .00$4 .0038 .0020 .0013 .0009 .0007 .000o 0004 <

23: .0241 .0116 .0050 .0038 .0026 .0019 .0013 .0009 0005 <

24> .0258 .0127 .0069 .0045 0031 0023 .D016 .0010 0005 <

25> .0268 .0133 .0072 .0046 .0032 0022 0014 .0008 0001 <

26> .0281 .0140 .0074 .0045 .0029 .0019 .0011 .0003 . 0007 <

27, 0M3 .0143 .0073 .0042 .0026 .0015 0006 .0002 .0036 <

28 .3283 .2513 .1926 1482 .1146 .D882 .0667 . D486 .0337 <

29> 4151 .3290 .2641 .2137 .1T23 .1370 1060 .0783 0537 <

30> 4437 .3516 .2839 .2365 .1995 1684 1403 .1139 .D891 <

31> 4598 .3614 .2248 .2510 .2183 .1909 .1655 1402 .1143 <

32> 4814 .3792 .3109 .2665 .2335 .2054 1783 .1503 1204 <

33> .5023 .3945 .3233 .2776 .2434 .2136 .1&37 .1518 1167 <

34> .0210 0135 .0090 .0064 .0048 .0037 .0029 .0023 0018 <

35> .0218 0138 .0090 .0063 .D046 .0033 0023 0015 0009 <

36> .0226 0139 .0085 .0053 .0032 .0018 .0009 .D001 .0006 <

373 .0235 .0136 .0074 .0039 .0018 .0006 .0002 .0029 .D095 <

385 .0234 0124 .0059 .0025 .0007 .0003 .0035 .0126 .0236 <

39> .0224 0109 .0046 .D015 .0000 0026 .0109 .0222 0362 <

40> .3536 .3064 .2642 .2295 .1998 1736 .1505 .1298 .1114 <

41> .3679 .3134 .2669 .2365 .2143 1967 1814 .1673 1536 <

42> .3302 .3190 .2742 .2444 .2233 .2067 1919 .1 772 1620 <

43> .3973 3300 .2809 .2472 .2208 .1986 .1775 .1558 .1327 <

44> .3969 3224 .2689 .2324 .2343 .1796 1555 .1293 1005 4

45> .3819 3035 .2476 .2090 .1781 .1503 1223 .0922 .0591 <
<46> 1 1 1 1

47* 1 8.757 8.757 ONE 00t <

[) - 48* 2 9.059 9.059 GWE ESE <

49> 3 10.557 10.557 THREE SSE <

50> 4 10.617 10.617 FlVE Sst <

St> 20.0 2.500 .200E+00 100E+00 100E + D0 1.08 4.58 .100E+01<
<$2> 7 .000t+00 .000t+00

$3> 30.0 2.500 .200E*D0 .100t+DO .100t+00 1.08 4.58 .100E+01<
<

54> 6 44.70 11.6
clut )...<...(1)...$...(2) $- -(3)- 5 d4) 5 -(5) 5 --(6) - $---(7) 5---(8
****** wtv sito (t,a) 688 25.****

Figure 10-11a. Echo of input file for Sample Problem 11.
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-- PROBLfM 11 f atipae + $CC Initleted + Mid lif e changes + Teoring Mod. * ... --

CIRCUMFERENilAL CRACK ANALi$l$

I PARAMETERS THAT DETERMikE NON DETECil0N PROBABILITY
l EPST e . 000E * D0

AsiAR e 1.250
TRAW5DUCER DIAMtTER . 1.00000 INCHES
ANUJ = 1.600

PRE EXIti!NG CRACK $ + IN!11AffD CRACK $ WILL BE
INCLUDED WHENEVER ($AMPLED A/N)<BNDRY

KAXIMUM NO. OF CRACKS a 25
NO. OF REPLICATION $ * O
A/M BOUNDARY = 1.1000

f SCC AND F AllCLE CRACK GROWTH

KATERIAL SELECTED (f0R SCC) $304

LEAKER $ WILL NOT BE REPAIRED

EAllVRE CRifERIA e APPLIED STRES$> FLOW $1RESS OR JIC OR DJDA EXCEEDENCE

TIME $fEP FOR $CC = .200 teats

PIPE DIMEN110N$
WALL THICENES$ e 2.50 INCHES

14.50 INCHESINSIDE R ADIUS =

L/N RAtlO e 29.00
| L/R RATIO = 5 D0
| AREA OF PIPE s 247.40 $0 INCHES

FLOW AREA 0F P!Pt e 660.52 50. IbCHES

thlilAL CRACK SilE DISTRIBUTION
CRACK DEPTH IS EXPONENTIAL

PARAMEiER = 4.07D0
ASPECT R4110 15 LDG NORMAL

MEDIAN = 1.3400
$HAPE FARAMETER = .5380
NORMAllZA110N CON $1 ANT = 1.4149

CRACK GROWTH LAW PARAMETER $
E hPCAE N T = 4.000
GROWTH LAW CONSTANT LOG NORMALLY Di$1RIRUTED

MEDIAN = .9140E-11
90 TM PERCENT = .3} DOE 10

= THRESHOLD e 4.600

SCC PARAMETERS
02 Al $1ARTUP(PPM) = 8.00
02 AT STEADY STATE (PPM) = .20
TEMP. Al STE ADY si ATE (DEC F) = 55J 00
NEAIUP (100 550t) ilME (HRS) = 5.00
COOLANT CONDUCTIVITY (US/CM) e .20

FLOW STRESS NDRMAltY DiliRIBUTED
MEAN * 4300E+02
STANDLkD DEVIAil0N = 4200E+01

Figure 10-llb. Input summary for Sample ProNem 11.

i
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Dl51RISU110N PARAMETERS FOR Util%1E $1RESS IN PIPE
.0000E + 00MEAN e

$1ANDARD DrVIAi!ON = .0000E * 00
$1AkDARD DEvlAfl0N * 0.0 MEANS let ULTIMATE STRESS 11 CON 51 ANT
IkiE RPOL ATION FLAG = D ( IULT ) FOR WHotE PIPE 3REAK rRotABIL11Y
ABS ( IULT ) It THE WUMBER OF INTERPOLAil0N POINTS
IF IULY .GT. O tlNEAR INTERPOLAil0N
IF IULT .EQ. 0 WO INTERPOLAtlON
IF IULT .Lt. O LOGAR11HMIC IW1ERPOL Atl0N

JIC (IN KIPS /IN.lN) = 10.0000
DJDA (LSI) = .5.0000"

* 30.6000
(K$1)06.0000

YlELD STPEtt
D (Eti) = 1

YUUNGt NODULUS(r$1) = 25000.0000
. 5.0000E KPONENT, N

PlPc' LOADING VALUES
e 2,08$1RE55 (K$l) DUE TO COLD DEADWEICHI

$1RE15 (K$1) DUE TO DWGHT + TMkNAL e 8.58
stress (tsi) DUE 10 THERMAL = 6.50
OPERAllNG PRE $$Utt (Ktt) = 2.40

= 6.41$1EESS (ktl) DUE TO OFER. PRES $URE
a 8,49STRES$ (KSI) DUE TO DWGH1 + OP PRE $h

STRESS (R$1) DUE TO DWi+THML+0P PRES e 14.99
PROOF PRESSURE (151) a 3,00

STRESS (t$1) DUE 10 DVGHT + PRF PRES = 10.09

NYDROSTAflC PROOF TE$1 !$ MODELLED

LEAK DETECTION AND DEflN1110N PARAMETERS
DETECIABLE LEAK (CPM) e 3.00
BIG LEAK (C#M) = 3.00

RESIDUAL STRESSES FOR INTERMEDIATE LINE SELECTED

NO VlBRATORY $1REttES ARE MODELLED

SEISMIC CL ASS INf 0RMA110N
CLA$$ AMPL. MAX.AMPL CYCLES

1 8.757 8.757 1 ONE OBE
2 9.059 9.059 2 ONE 55E
3 10.557 10.557 3 THREE sst
4 10.617 10.617 4 FIVE $5E

PRE-SERVICE ULTRASONIC INSPECfl0N l$ W)DLLLED

ilME INTERVAL $
PL ANT Lif E11ME = 40.0 YEARS
ENDPolki$ OF INTERVALS At .0 2.0 4.0 6.0 8.0 YEARS
ENDPoikiS OF INTERYALS At 1C.0 V.0 14.0 16.0 18.0 TEAes
ENDP0thi$ OF INTERVALS At 20.0 22.0 24.0 26.0 28.0 TEAR $
ENDPOINTS OF IW1ERVALS At 30.0 32.0 34.0 35.0 38.0 YEARS
ENDPOINTS OF tw1ERVALS At 40.0
IN $ERVICL IN$PECTIONS A1 10.0 20.0 30.0

EARTHQUAKE 5 AT EACH EVALUAfl0N INTERVAL

Noter of recedial actic%s a 2
Details of the remedial actions are as follows :

Action time thick. Oxy 9en Cord. Dead Wt DW'TE Vib, tes. Mean Std.
(yre) ness Start 5.1, tete Stresc Str. Stress Stress Dev.

1 20.00 2.50 .20 .10 10 1.08 4.58 1.00No change
2 30.00 2.50 .20 .10 10 1.08 4.58 1.00 IH51/us!P-44.70 11.60

Figure 10-11b. (Continued).
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Skip PARAMtitt FOR IN0lfA10R fUNCilON PRib10UT is 0

kORKAL UUTPUT REQUtli[0

WUM8tR OF TRAN$ltW1 1YPts = 2

TYPE 1 Heat up ard Cool dm
REGAAR At .200 ftARS/tytWT
MAX DELTA 1[MP = 460.0 BLOCKluG FAC10R = 1.0

TYPE 2 Reactor Trip frue Full Power
REGULAR AT .500 TEARS /tVENT
KAX DELTA t[MP = T3.0 BIOCKlWG FACTOR = 1.0

t

.

Figure 10-11b. (Continued).
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- - SUMMARY OF CELLS IN SAMPLE $ FACE -

L

t*lFOPM MESM - -

CELL A0Hi AOM2 A001 A!A2 PROBASILITY 5AMPLG LEAKS 8 LEAKS LOCAS
1 .9000 1.0000 .0000 .WO .8910199E 08 50 0 0 0
? .9000 1.0000 .1000 .2000 .6761020E 06 50 0 0 0
3 .9000 1.0000 .2000 .3000 .3614825E 05 50 0 0 0
4 9000 1.0000 .5000 4000 .7434238E-05 50 0 0 0
5 .9000 1.0000 .4000 .5000 .1001263E 04 50 0 0 0
6 .9000 1.0000 .5000 6000 .105803?t 04 50 0 0 0
7 .9000 1.0000 .6000 7000 1048585E 04 50 0 0 0
8 .9000 1.0000 7000 .8000 9406688E 05 50 0 0 0
9 9000 1.0000 .8000 9000 .8069847E 05 50 0 0 0

10 .9000 1.0000 9000 1.0000 .6728002E 05 50 0 0 0
11 .8000 9000 .0000 .1000 .2464802E 07 50 36 36 35
12 .8000 .9000 1000 .2000 1870281E 05 50 25 25 0
13 .8000 .9000 .2000 .3000 .9999583E 05 50 32 32 0
14 .8000 9000 .3000 .4000 .2056511E 04 50 30 30 0
15 .8000 .9000 4000 .5000 .2769764E 04 50 33 33 0
16 .8000 9000 .5000 6000 .3009792E-04 50 32 32 0
17 .8000 9000 .6000 7000 .2900669t 04 50 31 31 0
18 .8000 9000 7000 .8000 .2602144E 04 50 33 33 0
19 .6000 9000 .8000 .9000 .2232338E 04 50 34 34 0
20 8000 .9000 9000 1.0000 1861147E 04 50 34 34 0
21 7000 .8000 .0000 1000 .6818309E 07 50 50 50 28
22 . a00 8000 .1000 .2000 .5173703E-05 50 50 50 0
23 7000 .8000 .2000 .3000 .2766155E 04 50 5J 50 0
24 7000 .8000 .3000 .4000 .5688866E 04 50 50 50 0
25 7000 8000 .4000 .5000 .76*,1917E 04 50 50 50 0
26 7000 .8000 .5000 .6000 .8325897E 04 50 50 50 0
27 .7000 .8000 .6000 .7000 .802405&E 04 50 50 50 0
28 7000 .8000 .7000 .6000 .7198235E 04 50 50 50 0
29 .7000 .8000 .8000 .9000 .6175250E 04 50 50 50 0
30 .7000 .8000 9000 1.0000 .514843 7E-b4 50 50 50 0
31 .6000 .7000 .0000 1000 1886129E 06 50 50 50 4
32 .6000 .7000 .1000 .2000 1431186E 04 50 50 50 0
33 .6000 .7000 .2000 .3000 7651933E-04 50 50 50 0
34 .6000 .7000 .3000 4000 1573694E 03 50 50 50 0
35 .6000 7000 4000 .5000 .2119493E 03 50 50 50 0
36 .6000 .7000 .5000 .6000 .2303168E 03 50 49 49 0
37 .6000 .7000 .6000 .7000 .2219665E 03 50 50 50 0
38 .6000 .7000 .7000 .8000 .1991226E 03 50 50 50 0
39 .6000 7000 .8000 .9000 .iT08241E 03 50 48 48 0
40 .6000 7000 9000 1.0000 1424197E 03 50 48 48 0
41 .5000 .6000 .0000 1000 5217542E 06 50 50 50 2
42 .5000 .6000 .1000 .2000 .3959048E 04 50 50 50 0
43 .5000 .6000 .2000 .3000 .2116732E 03 50 50 50 0
44 .5000 .6000 .3000 4000 4353264E 03 50 50 50 0
45 .5000 .6000 4000 .5000 5865092E 03 50 50 50 0
46 .5000 .6000 .5000 .6000 6371187E 03 50 49 49 0*

47 .50JO .6000 .6000 .7000 6140193E-03 50 48 48 0
48 .5000 .6000 .7000 .8000 .5508271E 03 50 49 49 0
49 .5000 .6000 .8000 9000 4723457E 03 50 47 47 0
50 .5000 .6000 .9000 1.0000 3939714E 03 50 48 48 0
51 4000 .5000 .0000 .1000 1443313E 05 50 50 50 1

52 4000 .5000 1000 .2000 1095180E -03 50 50 50 0
49 49 053 .4000 .5000 .2000 .3000 .5855452E 03

5 '.54 ,4000 .5000 .3000 4000 1204231E-02 5, 49 49 0
55 .4000 .5000 4000 .5000 1621890E-02 50 49 0
56 4000 .5000 .5000 .6000 .1762442E 02 50 49 0
57 .4000 .5000 .6000 .7000 1698543E 02 50 4- 48 0
58 4000 .5000 7000 .8000 1523737E 02 50 48 48 0
59 4000 .500C .8000 .9000 ,1307189E 02 50 48 48 0

Figure 10-11c, Stratification description for Sample Problem 11.
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60 4000 .5D00 .9000 1.00D0 .1089831E 02 50 48 48 0
61 .3000 .4000 .0000 1000 .3992595E 05 50 50 50 1
62 .3000 4000 .1000 .2000 .3029563E 03 30 49 49 0
63 .3000 .4000 .2000 .3000 1619776t 02 50 48 48 0
64 .3000 4000 .3000 4000 .3331227E 02 50 48 48 0
65 .3000 .4000 4000 .5 D00 .4466566E 02 50 50 50 0
66 .3000 .4000 .5D00 .6000 .4875393E 02 50 46 46 0
67 .3000 4000 .6000 7000 4695630E 02 50 44 44 0
68 .3000 4000 7000 .6000 4215D65t 02 50 43 43 0
69 .3000 .4D00 .6000 9000 .3616039t 02 50 46 46 0
70 .3000 .4000 .9000 1.0000 .3014768E 02 50 43 43 0
71 .2D00 .3000 .0000 .1000 .11D4460E D4 50 49 49 0'

72 .2000 .3000 .1D00 .2000 .&380591E 03 50 46 46 0
73 .2000 .3000 .2000 .3000 .4480739E 02 50 42 42 0
74 .2000 .3000 .3000 4000 .9215076t 02 50 46 46 0
75 .2D00 .3000 4000 .5000 1241111E 01 50 45 45 0
76 .2000 .3000 .5000 .6000 1345665E 01 50 43 43 0
77 .2000 .3000 .6000 .7000 1299768E 01 50 39 39 0
78 .2000 .3000 .7000 .6000 116600?E 01 50 30 30 0
79 .2000 .3000 .8000 9000 1000294E 01 50 43 43 0
B0 .2000 .3000 .9000 1.0000 .8339665E 02 50 36 36 0
81 1000 .?000 .0000 .1000 .3055234E 04 50 43 43 0
82 .1000 .2000 1000 .2000 .231829BE-02 50 41 41 0
83 .1000 .2000 .2000 .3000 1239494E 01 50 41 41 0
B4 .1000 .2000 .3000 4000 .2549139E 01 50 42 42 0
85 .1000 .2000 .4000 .5000 .34332401-01 50 38 38 0
66 .1000 .?000 5000 .6000 .3730774E 01 50 40 40 0
87 .1000 .2000 .6000 .7000 .3595510E 01 50 36 36 0
88 .1000 .2000 .7000 .8000 .3225476E 01 50 36 36 0
89 .1000 .2000 .8000 9000 .2767084E 01 50 35 35 0
90 1000 .2000 9000 1.0000 .2306977E 01 50 34 34 0
91 .0000 .1000 .0000 1000 .5451604E 04 50 22 22 0
92 .0000 .1000 .1000 .2000 .6413060E-02 50 24 24 0
93 .0000 .1000 .2000 .3000 .3428T75E-01 50 28 28 0
94 .0u00 .1000 .3000 4000 .7051608t-01 50 23 23 0
95 .0000 .1000 4000 .5000 .9497294E- 01 50 28 28 0
96 .0000 .1000 .5000 .6000 1032033E+00 50 26 26 0
97 .0000 .1000 .6000 .7000 9946154t 01 50 21 21 0
98 .0000 .1000 .7000 .8000 .8922539E 01 50 24 24 0
99 .0000 .1000 .8000 .9000 .7654503E 01 50 17 17 0

100 .0000 .1000 .9000 1.0000 .6381722E 01 50 24 24 0
....... .....

SUM OF CELL FR08ABillTIES = .1000000E*01

Figure 1011c. (Continued).
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PPOOLEM 11 : Fetigue + $CC int t tsted + Mid-lif e changes * Tearirq MM. + ... ---

- - REsults hfif M007 E ARTHQUAKES - -

LEl5MIC CL ASS INFORMAfl(*
CLA$$ Site 0 SCLCEQ CYCLES COV F BM

0 .0000E+00 .000 0 .0000

PROBASILiff 0F FAILUaE FOR UWCRACLED PlPE AND INTERPOLATED VALUE5
SULINO SULT50 1 ULT

.00000E +00 .00000E +00 0
51RES5(1,74876E*0)1
f>BRE AK(1)

.10000E + 01

, TIME AVG LEAK AVG t!G LEAK AVG LOCA $1CMA LEAK SIGMA BIC LEAK SIGMA l0CA
.0 4.62811E 07 4.62811E 07 6.54923E 10 1.52708t 07 1.52708E 07 1.76279t 10

2.0 8.57537E 02 8.57537E 02 1.01195E 07 7.19876E 03 7.19876E 03 6.33787E -08
4.0 1.81467E -01 1.81467t 01 1.011ME 07 1.15M1E 02 1.15641E 02 6.33787E 08
6.0 2.47329E 01 2.47329t 01 1.01195E 07 1.33080E -02 1.33080E 02 6.33787E 08
8.0 2.M107E 01 2.M 107E 01 1.01195E 07 1.42318E 02 1.42318E 02 6.33787E 08

10.0 3.33420E 01 3.33420E 01 1.01195E 07 1.48004E 02 1.48004E 02 6.33787E 08
12.0 3.67418E 01 3.67418E 01 1.01195E 07 1.53373E 02 1.53373E 02 6.33787E 08
14.0 4.00518E 01 4.00518E 01 1.01195E-07 1.58174E 02 1.58174E 02 6.3378?E-08
16.0 4.39808E 01 4.39808E 01 1.01195E 07 1.63584E 02 1.63584E 02 6.33787E 08
18.0 4.73555E 01 4. 73555E-01 1.01195E 07 1.6633?E 02 1.6633?E 02 6.33787E 08
20.0 5.05889E 01 5.05889E 01 1.01195E 07 1.69295E 02 1.69295E 02 6.33787E 08
22.0 5.18674E 01 5.18674E 01 1.01195E-07 1.69573E 02 1.69573E 02 6.33787E 08
24.0 5.23331E 01 $.23331E 01 1.01195E 07 1.69859E 02 1.69859E 02 6.33787E 08
26.0 5.31255E 01 5.31255E 01 1.01195E 07 1.70656E 02 1.70656E 02 6.33787E 08
28.0 5.37689E 01 5.37689E-01 1.01195E 07 1.11122E 02 1.711'2E 02 6.33787E 08
30.0 * 45593E 01 5.45593E 01 1.01195E 07 1.71005E 02 1.7100$E 02 6.33787E 08
32.0 $.47889E 01 5.47889t 01 1.01'V5E 07 1.70645E 02 1.70645E 02 6.33787E 08
34.0 5.50675E 01 5.50675E 01 1.01195E 07 1.70505E 02 1.70505E 02 6.33787E 08
36.0 5.56447E 01 5.56447E 01 1.01195E 07 1.70549E 02 1.70549E 02 6.33787E 08
38,0 5.60162E 01 5.60162E 01 1.01195E 07 1.70422E 02 1. 70422E -02 6.33787E 08
40.0 5.63683E 01 5.63A3E-01 1.0t195E 07 1.70732E 02 1.70732E 02 6.33787E 08

Figure 10-11d. Failure probabilities for no eart'an 2ke case for Sample Problem 11.
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PROBLEM 11 : Fet teue + SCC (nittsted + Mid life charges + Teorira Mod. + ... --"-

4

4

- RESULTS INCLIElWG SEISMIC EVEWi$ - - -

SE,$MIC CLAS$ INFORMATIOW
CLASS ilGEC TGLCEO CYCLES COV F t o

1 .675' 9 01 8.75 7 i .00b .*! OBE

PROBASILITT OF F/lLURE FOR F RACKED PIPE Ak0 INTERPOLATED VAtutS
l !MIMU SULTSD . .,L T

2 .000 A +00 .00000E+00 0'

SidESS(1)
.8370E +01
PBaFAK(1)

.10000E+01

TIME AVG LE AK AVG BIG LEAK AVG LOCA SIGMA LEAK Sit.MA P'G LEAK SIGMA LOCA
.0 5.7270'rt-05 < 5.72709E-05 3.89245E 08 2.33427E-06 2.3342/E 06 1.73575E-Of

?.0 9.69270E 02 9.52965E-02 1.01195E 07 7.72355F 03 /.69135E 03 6.33787.: 06
4.0 1.89040E-01 1.82294E-01 1.01195E 07 1.17341k-02 1.15644E 02 6.33787E 08

* $. 3 . 2.52407E-01 2.47332E-01 1.01195E 07 1.33843E 02 1.33080E 02 6.33787E 08
8.0 2.97426E-01 2.95208E 01 1.01195E 07 1.42371E-02 1.42317E 02 4.337P7E 08

10.0 3.36103E 01 3.33567E 01 1.01195E 07= 1.48496E 02 1.48003E 02 6.33787E 08
12.0 3.75769E 01 3.68949E 01 1.01195E-07 1.55361E-02 1.53918E-02 6.33787E-08
1. 0 4.06076E-01 4.00518E*01 1.01195E 07 1.58806E-02. 1.58174E 02 6.33787E c5
16.0 4.46396E 01 4.39808E 01 1.01195E-07 1.64113E 02 1.63584E 02 6.33787E 08
18.0 4.77127E 01 4.73555E 01 1.01195E-07 1.66790C-02 1.M332E-02 6.33787E-08
70.0 5.10459E 01 5.05880E 01 1.01195E-07 1.69643E-02 1.b9295E 02 6.33787E 08
22.0 5.19001E 01 5.18474E 01 1.01195E 07 1.69564E-02 1.69573E 02 6.33787E-08
;:4.0 5.23753E 01 5.23331E 01 1.01195E 07 1.69850E-02 1.69859E 02 6.33787E 08
26.0 5.34063E 01 5.31255E-01 1.01195E 07 1.70797E-02 1.70656E-02 (.33787E 05
28.0 5.40157E 01 5.37689E 01 1.01195E-07 1.71220E-02 1.71122E 02 6.33787E 08
30.0 5.46300E-01 5.45593F-01 1.01195E 07 1.7CiS8E-02 1.71005E 02 6.33787E-08
%0 5 50339E 01 5.47889t 01 1.01195E-07 1.70518E-02 1.7h45E-C2 6.33787E 08

i . a3515E 01 5.50675E-01 1.01195E 07 1.70543E 02 $.70505E-02 6.13787E 08
s * $9853E 01 5.5M47E 01 1.01195E-07 1.70441E 02 1.70549E-02 6.33787E 08
70 ' .62668E 01 5.601t't 01 1.01195E-07 1.70379E 02 1.70422E-02 6. 7.3787E -08
4u.6 S 64713E 01 5.63683f 01 1.01195E-07 1.70628E-02 1.70732E 02 6.33787E 08

0

Figure 10-11c. Failure pTobabilities for Earthquake Classes 1 and ^. for Sample Problem 11. s
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SEl&MIC CLASS IkFORMAflot
CLAlb $1CEO $CLCEQ CYCLES COV F CM

2 .90$9E+01 9.059 2 .0000 ONE SSE

PROBABILITY OF FAILURE FOR UNCAACKED PIPE AND INTERPOLATED VALUES
$ULTMU $ULTSO IUti

.00000E+00 00000E + 00 0
$1 ret $(1)

.90590E+01
FBREAr(1)

.10000E+01

TIME AVG LEAK AVG B10 LEAK AVG LOCA 5 LEAK SIGMA 81G LEAK $1GMA LOCA
.0 5.72709E 05 5.72700E 05 3.89245E 08 t.3M27E 06 2.33427E-06 1. 73575E-08

2.0 9.69270E 02 9.52965E-02 1.01195E 07 7.72355t 03 7.69135E 03 6.3378 /E-04
4.0 1.89045E 01 1.02294E-01 1.01195E 07 1.iT341E 02 1.15644E 02 6.33787E 4 5
6.0 2.52407E 01 2.47332E-01 1.01195E 07 1.33843E 02 1.3308vf-02 6.33787E-O
8.0 2.97426E 01 2 9520$E-01 1.01195E 07 1.42371E-02 1.42317E-02 6.33787E -C '

10.0 3.36103E-01 3.33567E 01 1.01195E-07 1.48496E-02' 1.48003E-02 6.33787E-06
12.0 3.75769E-01 3,ta949E 31 1 01195E-07 1.55361E 02 1.53918E-02 6.33787E 08
14.0 4.06076E 01 4.00518E 01 1.01195E*07 1.58806F-02 1.58174E-02 6.33787E 08
16.0 4.46396E-01 4.39808E-01 1.01195E-07 1.64113E-02 1.63584E-02 6.33787E-08
18.0 4.77127E-01 4.73555E 01 1.01195E-07 1.66790E 02 1.66332E-02 6.33757E-08
20.0 5.10481E-01 5.05889E-01 1.01195E-07 1.69643E 02 1.69295E 02 6.337B7E-08
22.0 5.19001E 01 5.18674E-01 1.01195E 07 1.69564E-02 1.69573E-02 6.33787E 08
24.0 5.23753E 01 5.23331E-01 1.01195E-07 1.69850E-02 1.69359E-02 6.337871 08
26.0 5.34063E-0* 5.31255E 41 1.01195E-07 1. i0797E-02 1.706S G-02 6.33787E 08
23.0 5.40157E 01 5.37689E-01 1.01195E 07 1.71220E-02 1.71122c 02 6.33787E-06
30.0 5. A6366E 01 5.45593E-01 1.01195E 07 1.70966E-02 1.7100$E-02 6.33757E-06
32.0 5.50340E-01 5.47889E-01 1.01195E 07 1.70518E 02 1.70645E-02 6.33787E-08
34.0 5.53515E-01 5.5067M -01 1.01195E-07 1.70543E-02 1.7050$E-02 $.33787E-08
36.0 S.59910E-01 5.56447E 01 1.01195E 07 1.70440E 02 1.70549E-02 6.33787E-08
38.0 5.62668E-01 5.60162t 01 1.01195t-07 1.70379E-02 1.70422E 02 6.33787E 08
40.0 5.64722E 01 5.63683E-01 1.01195E-07 1.70626E-02 1.70732E-02 6.33787E-08

.

T

s

Figure 10-11e. (Continued),
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" * PROSLEM 11 : Fatigue + SCC Init tsted + Mid lif e changes + Tearing Mod. + ... *-

RESULTS INCLLCING SEISMIC EVENTS -

SEISMIC CLASS INFORMATION
CLAFS SIGEQ SGLCF0 CYCLES COV F-BM

s

3 1056E+02 10.557 3 0000 THREE SSE
'

PROSABillif 0F FAILURE 70k if407.ACKED PIPE AL TERPOLATE0 VALUE$
SULTMU .- SULTSO IULT

00000E+00 .00000E+00 0
STRESS (1)

.1055 7E +02
PDREAK(1)

.10000E+01-

TIME AVG LEAT - AVG BIG LEAK AVG LOCA $lGMA LEAX $16MA SIG LEAK SIGMA LOC!..0 1.0C423E 144 1.00623E-04 1.85048E-07 2.74844E 06 2.74844E-06 8.08086E 082.0 9.96328E-01 7; E 4 7E 02 1.01195E 07 7.77748E 03 7.74188E 03 6.33787E-08
4.0 1.92452E-01 1.82462E 01 1.01195E 07 1.19046E 02 1.15643E 02 6.33787E 08
6.0 2.54267E 31 2.47356E-01 1.01195E 07 1.33943E 02 1.33080E-02 6.33787E-08
8.0 2.98546E 01 2.95/18E-01 1.01195E 07 1.42349E 02 1.42297E 02 6.33787E G

-10.0 3.36454F 01 3.33367E 01 1.01195E-07 1.4848SE 02 1.48003E-02 6.33787E 03
12.0 3.79641E 01 3.70938E 01 1.01195E 07 1.56050E 02 1.54729E 02 6.33787E-08
14.0 4.09642E 01' 4.00518E 01 1.01195E 07 1.59077E 02 1.58174E 02 6.33787E 08
16.0 4.48423E 01 ,4.39809E 01 1.01195E-07 1.64295E 02 1.63584E-02 6.33787E-08
18.0 4.77893E 01 4.73555E-01 1.01195E 07 1.66751E 02 1.66332E 02 6.33787E 08
20.0 5.128STE 01- 5.05889E 01 1.01195E 07 1.69655E-02 1.69295E 02 6.33787E 08
22.0 5.19068E-01- 5.18674E 01 1.01195E 07 1.69564E 02 1.69573E 02 6.33787E-08
24.0 5.24085E 01 5.23311E-01 1.01195E-07 .1.69840E 02 1.69859E-02 6.35787E 08
26.0 5.34067E-01 5.31255E 01 1.01195E 07 1.70797E 02.' 1.70656E-02 6.33787E-08
28.0 . 5.40248E 01 5.37689E 01 1.01195E-07 1.71218E 02 1.71122E-02 6.33787E 0830 0- 5.46856E 91 5.45593E 01 1.01195E 07 1,70945E-02 1.71005E-02 6.33787E 08
32.0. 5.50513t 01 5.47889E-01 1.01195E-07 1.70515E-02 1.70645E-02 6.33787E-08
34.0 5.54300E-01 5.50675E*01 0119M 47 1.70533E-02 1.7050$E-02 6.33787E-08
36.0 5.6D268E 01 5.56447E 01 s 01195E 07 1.;T*28E 02 1. 70549E-02 6.33787E-08
38.0 5.62733E 01 5.60162E 01 1.01195E-07 1. 5378E 02 1.70422E C2 6.33787E 08
40.0 5.64795E 01 5.63683E-01 1.01195E-07 1.7062?L 02. 1.70732E-02 6.33787E 08

|

.

. Figure 10-l'1f. Failure probabilities for Earthquake Classes 3 and 4 for Sample Problem 11.

;

|
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SEISMIC CLA$$ INFORMATION
CLASS St GEQ SGLCEO CYCLES COV F-BM

4 .1062E+02 10.617 4 .0000 FIVE SSE

PR08 ABILITY OF FAILURE FOR UNCRACKED PIPE AND INTERPOLATED VALUES
SUtiMU SULTSO IULT

.00000E+00 .00000E+00 0
STRESS (1)
10617E +02

( PBREAK(1)
.10000E+01

TIME AVG L AK AVG BIG LEAK AVG LOCA $1GMA LEAK SIGMA BIG LEAK SIGMA LOCA
.0 1.01007E-04 1.01007E-04 1.8590ti 07 2.74282E-06 2.74282E 06 8.08117E 08

2.0 9.96328E 02 9.74027E 02 1.01195E-07 7.TT748E-03 7.74188E-03 6.33787E 08
4.0 1.92452E 01 1.82462E 01 1.01195E 07 1.19046E-02 1.15643E-02 6.33787E-08
6.0 2.54267E-01 2.47356E 01 1.01195E-07 1.33M3E-02 1.33080E-02 6.33787E 08
8.0 2.98546E-01 2.95718E 01 1.01195E-07 1.42349E-02 1.42297E 02 6.33787E 08

10.0 3.36454E 01 3.33567t-01 1.011ME 07 1.48488E-02 1.4800M 02 6.33787E 08
12.0 3.79641E Oi 3.70938E 01 1.01195E 07 1.56050E 02 1.547 9.-02 6.33787E 08
14.0 4.09642E-01 4.00518E 01 1.011 N 07 1.59077E 02 1.58174E 02 6.337BTE 08
16.0 4.48423E 01 4.39809E 01 1.0119)E 07 1.64295E-02 1.63584E-02 6.33787E-08
18.0 4.77893E-01 4.73555E-01 1.01195E-07 1.66751E 02 1.66332E-02 6.3378/E 08
20.0 5.12857E-01 5.05889E 01 1.01195E-07 1.69655E-02 1.69295E-02 .6.33787E 08
72.0 5.19068E-01 5.18674E 01 1.01195E 07 1.69564E 02 1.69573E-02 6.33787E-08
24.0 5.24085E 01 5.23331E 01 1.01195E 07 1.49840E 02 1.69859E 02 6.33787E-08
26.0 5.34067E 01 5.31255E 01 1.01195E 07 1.70797E-02 1.70656E 02 6.33787E 08
28.0 5.40248E 01 5.37689E 01 1.01195E-07 1.71218E 02 1.71122E 02 6.3378TE 08 - e

30.0 5.46856E 01 5.45593E 01 1.01195E-07 1.70945E 02 1.71005E-02 6.33787E-08
32.0 5.50513E 01 5.47889E 01 1.01195E 07 1.70515E-02 1.70645E 02 6.33787E-08
34.0 5.54300E 01 5.50675E 01 1.01195E-07 1.70533E 02 1.70505E-02 6.33787E-08
36.0 5.60268E-01 5.56447E-01 1.01195E-07 1.70428E 02 f.70549E-02 6.33787E-00
38.0 5.62733E-01 5.60162E C1 1.01195E 07 1.70378E-02 1.70422E 62 6.33787E 08
40.0 5.64795E 01 5.63683E 01 1.01195E-07 1.70027t 02 1.70732E-02 6.33787E-08

_

.

\

Figure 10-11f. (Continued).
1
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PROBLEM 11 : Fatigue + SCC Inittsted + Mid life changes + Teortne Mod + ...**
-

TOTAL WUMBER OF kEPLICAfl0NS = 4320
NtMBER OF PCSSSIBLE thlf! Afl0N SITES (USER SPF.C.) e 25
No. OF flhES INITI ATED CiACKS CAUSED 81G LE AK * 18
40. OF TIMES PRE EXISTING CRACKS CAUSED BIG LEAK * 3714

TIME TOTAL Iktf!ATED 'IRST IWITIATED
(TRS) CRACKS CRACKS

1 150 145
2 1279- 1018
3 2436 1257
4 3324 903-

'5 3775 483 -

6 3800 244
7 3871 127
8 '3709 47,
9 3578 - 32 -

10 3364 14
11 -3265 10
12 2%9 6
13 2883' 3
14 2568- 3

- 15 2562 2
16 2342 2
17 2164 1

-18. 2133- 0
19 196) 1
20 '1898 1

21 1235 0
22 1156 0
23 1171 0
24 1144 1
25 1149 0
26 1138 0
27 1106 0
28 =1087 0
29 1059 0
30 1018 C
31 208 0
32 0 0
35 - 0 0
34 1 0
35 0- 0
36 1 0
37 0 0
38 '

0
39 u 0-
44 ~ 0 0

81 0 0

PC-PRAISE VERSION 2.40
Execution Start - 12/07/91 et 5:11e
Execution End 12/07/91 at :$:13e-

Figure 10-11g. Statistics of time to initiation for Sample Problem 11.
.
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