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From: WJ Shack <wjshack@anl.gov> "9 a y,.Y\,e-. ]-0

To: Nilesh Chokshi <NCC1@nrc.gov>, Ed Hackett <EMH1@nrc.gov>, Wallace Norris 

<WEN@nrc.gov> 
Date: 8/27/01 9:05AM 
Subject: CRDM Probabilistic Analysis 

Attached is a revised version of the analysis of the probability of failure 

of CRDM nozzles. In the previous analysis, it was assumed that all cracked 

nozzles were susceptible to outer diameter SCC. Any cracks that initiate 

were assumed to be circumferential. The Weibull parameters were estimated 

from inspection data and previous results for the cracking of steam 

generator tubes. No credit is given for inspections to reveal leaking 

cracks. An initiated crack was assumed to grow instantaneously throughwall 

to a circumferential extent of 165*. The crack then grows to failure under 

the loads associated with the Internal pressure.  

The resulting probabilities of failure seem unrealistically high compared 

with actual experience. To try to address this, sensitivity studies were 

then performed in which it was assumed that it took 12, 24, and 36 months 

for the cracks on the outer surface to grow to a circumferential extent of 

165*. Although the probabilities of failure are reduced, they still appear 

unrealistically high. Because initiation is assumed to be characterized by 

Weibull statistics, there is a significant chance for early initiation of a 

crack relatively early in life. In this case, by 20 years there is a 

relatively long time available for an early crack to grow to failure.  

Either the cracks take much longer to grow to 165* or the initiation model 

is overly conservative.  

An alternate analysis was performed under the assumption that cracks that 

threaten structural integrity are the cracks initiated on the OD. The 

controlling step in the formation of an OD circumferential crack was assumed 

to be the formation of a crack in the Alloy 182 weld. The statistics of 

this cracking, which occurred only in Oconee*3, appear to be different than 

the statistics of the cracking of the nozzles. Estimates of the probability 

of failure for Oconee*3 based on this assumption are lower than those based 

on the assumption that all cracked nozzles were susceptible to rapid 

circumferential crack growth, but still high.  

As in the case of Alloy 600, the susceptibility of Alloy 182 to cracking is 

expected to be described by Weibull statistics. Because such cracks have 

been identified to date only at Oconee*3, only one data point is available 

to describe the distribution of the Weibull parameters. However, we also 

know that no such cracking was observed at the other Oconee plants or at 

ANO*1. These results were used with a Maximum Likelihood argument to 

estimate the distribution of the Weibull parameters for the Alloy 182 

cracking. This analysis suggests that Oconee*3 may be a "worst case" plant 

on the tail of the distribujion and OD initiated circumferential cracking is 

much less likely at a "typical" plant, although the current data are too 

limited, and the resulting uncertainties too large to demonstrate this 

definitively. The analysis does, however, provide a framework in which new 

inspection results can be included to reduce uncertainties and better 

characterize the real probability of cracking.
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August 25, 2001 

To: N Choksh,, USNRC 

From: W J Shack 

Subject : Estimates of the probability of failure of CRDM nozzles 

Attached Is a revised version of the analysis cf the probability of failure Oc CRDM nozzles 

In the previous analysis, It was assumed that all cracked nozzles were susceptible to outer 

diameter SCC Any cracks that initiate were assumed to be circumferential The Weibull 

parameters were estimated from Inspection data and previous results for the cracking of steam 

generator tubes No credi is given for Inspections to reveal leaking cracks, An Initiated crack 

was assumed to grow instantaneously throughwall to a arcumferential extent of 1650. The 

crack then grows to failure under the loads associated with the internal pressure 

The resulting probabilities of failure seem unrealistically high compared with actual 

experience To try to address this, sensitivity studies were then performed In which it was 

assumed that It took 12, 24, and 36 months for the cracks on the outer surface to grow to a 

circumferential extent of 165". Although the probabilities Of failure are reduced, they still 

appear unrealistically high. Because Initiation Is assumed to be characterized by Weibull 

statistics, there Is a significant chance for early Initiation of a crack relatively early In Iffe In 

this case, by 20 years there is a relatively king time available for an early crack to grow to 

failure Either the cracks take much longer to grow to 165° or the initiation model Is overly 

conservative 

An alternate analysis was performed under the assumption that cracks that threaten 

structural Integrity are the cracks Initiated on the OD The controlling step In the formation of 

an OD circumferential crack was assumed to be the formation of a crack in the Alloy 182 weld 

The statistics of this cracking, which occurred only In Ocoiee-3, appear to be different than 

the statistics of the cracking of the nozzles Estimates of the probability of failure for 

Oconee-3 based on this assumption are lower than those based on the assumption that all 

cracked nozzles were susceptible to rapid arcumferential crack growth, but still high.  

As In the case of Alloy 600, the susceptibility of Alloy 182 to cracking is expected to be 

described byWeibull statistics Because such cracks have been Identified to date only at 

Oconee-3, only one data point Is available to describe the dstribution of the Weibull 

parameters. However, we also know that no such cracking was obseived at the other Oconee 

plants or at ANO-1. These results were used with a Ma)amum Ukelihood argument to 

estimate the distribution of the Weibull parameters for the Alloy 182 cracking This analysis 

suggests that Oconee-3 may be a wvorst case' plant on the tail of the distribution and OD 

initiated circumferential cracking Is much less likely at a typicar plant, although the current 

data are too limited, and the resulting uncertainties too large to demonstrate this definitively 

The analysis does, however, provide a framework In which new Inspection results can be 

included to reduce uncertainties 

xc 0 K. Chopra W Norrs, USNRC 

S Majumdar E. Hackett, USNRC

I U S DEPARTENTOF ENERGY IW UWNIVERSI1YOF CHICAGO
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Estimates of the Probability of Failure of CRDM Nozzles 

Probability of failure 

The probablity that a CRDM nozzle will fail at a time t Iless than T, P(t f <T), can be 

descnbed as the Integral over the operating history of the product of the probability that a 

crack will Initiate at a time t, p(t). and the probability that a crack that initiates at t will fail at 

atimet f lessthanT, P c(tl<T-t) 

T 
POf <-T \)p(t)Pc (t f < T -t)d t (1) 

0 

Equation 1 gives the probability that one tube will fail If we assume that all n 

penetrations can be considered as Independent, the probability that one of the penetrations 

will fal at a time t I < T Is 

Pn = 1--(1-P) n (2) 

Conditional probability of failure for a growing crack 

"The probability P c(t < ) can be determined by fraction mechanics analysis. Because the 

chemistry of the crevice and the details of the residual stress are uncertain, the assumption Is 

made that once the crack Initiates it Instantaneously grows to a throughwall crack of 

circumferential extent 165*. The subsequent growth is assumed to controlled by the pressure 

loading stresses The crack growth rates are assumed to characteristic of a PWR primary 

environment, since with a throughwall crack of this length the crevice environment Is able to 

communicate with the pnmary environment. As noted in my earier report on CRDM cracking, 

if the data for the different heats of nozzle material are fit using the Scott correlation 

da=-A(K 9)116 (3) 
dt 

a value of A can be determined for each heat of material from the measured CGRs. As shown 

In Fig 1, the values of A for the different heats are reasonably well represented In terms of a 

lognormal distnbution with a log mean of -26 21 and a log standard deviation of 0 92 

Corresponding to a perticular choice of A a failure time can be calculated from a fracture 

mechanics analysis of the growing crack as shown In Fig 2 By performing a Monte Carlo 

analysis using the distnbution for A given In Fig 1, the distribution of failure times, 

Pectf < T-t), can be obtained This distnbution can be represented reasonably well by the 

lognormal distnbution shown as a solid curve in Fig 3 with a log mean of 3.55 and a log 

standard deviation of 0 58 The dashed curves show the resulting distrinbutions If the Initial 

development of the 165° crack takes 12,24, or 36 months

2
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Figure I .  
Cumulative dstnbution of the parameter 

A in the Scott CGR correlation for heats 

of nozzle matenals studied by Foster et 

all 1, Cassagne et al 2, and G6mez 
Bnce)o and Lapefla 5 

Figure 2 .  

Growth of a throughwall crack under 
pressure loads

Figure 3 .  
Distnbution of failure times for the 

growth or a 165° throughwall crack 

under pressure loads The dashed 

curves show the resulting distnbutions if 

the Initial development of the 165* crack 

takes 12, 24, or 36 months
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Probability of Initiation 

Staelhe, Gorman and their coworkers have popularized the use of Weibull distributons 

to describe the Initiation of SCC cracks 7 The Weibull probability density and cumulative 

probability functions are given by 

b u b 

PIC = _ exp Z3Y *• (4) 

Ff3 =-I eip Q 
9 a-0 

In the recent response to the NRC review comments on MRP-44, MRP 2001-050, values 

of the scale parameter 0 were estimated from the Inspections results at the Oconee units and 

ANO-1 Since only the results from one Inspection are available, the value of the Weibull slope 

b was assumed to be 3 However, the results for plant and laboratory data in Appendix C of 

Staelheetal ( 7) showthat b can havevalues rangig from 1 to6 4 as shown In FFg 4 The 

median value of b from Fig 4 is 14 Peter Scott's analysis of CRDM cracking in France was 

based on a value of 1.5 Lower values of b lead to higher probabilities of failure because they 

Imply a wder scatter of Initiation times so that the for the given observations of cracking, the 

first cracks appeared earlie In life and had more time to grow to failure The MRP value of3 

appears to not be representative 

o a 

06 

cDestrbuton of the Wesbull slope b for 

Oo F median ranks cracling of steam generator tubes By 

04 w it it expressing the results In terms of b-4 

....- Lognornal it the results can be fit by Weibull or 

lognormal distibutions 
S02 b 

0 _J,,,,I,,•tl_~ ... I, Itl,,I, 

0123 4567 
b-1 

"Tenth Symposium on Environmental Degradation of Materials In Nuclear Power 

Systems-Water Reactors, Lake Tahoe, NV, August 5-9, 2001
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Weibull Scale Parameters for Cracking of Alloy 600 CRDM Nozzles 

For a given value of the slope b, the corresponding Weibull scale parameters can be 

calculated from the Inspection results at each plart re Is clearly a range of scale parameters 

obseived for different plants Because only one observation is available scale parameter 0 can 

be calculated from the observed failure fraction F at time T 

e= T (5) 

where the observed failure fraction Is the median rank value, I e, the observed fraction 

multiplied by 

1-03 (6) 

n+04 

where I Is the rank order number and n the sample size (r=1, n=1 for this case) Table 1 shows 

the values e for the diferent plants for values of b ranging from I to 5 

Table 1 Values of the Welbull scale parameter based on Inspection results at Oconee and 

ANO-1 for values of the Weibull slope b from 1-5 

b 1 15 2 2.5 3 35 4 45 5 

Oconee-3 157.3 804 57.5 47.0 411 37.3 347 328 314 

Oconee-2 3911 1483 913 682 562 489 441 407 381 

Oconee-1 20687 447.9 2084 131.7 970 77.9 662 582 526 

ANO-1 18717 4053 1886 1192 87.7 705 59.9 527 476

To estimate the range of possible scale factors, it was assumed that for a given value of 

the Weibull slope the values of the scale parameter follow a lognormal distribution and the 

values from the four plants were used to estimate the lognormal parameters The results are 

summarized In Table 2 Although the data are from a limited sample of plants, the results for 

b-=1 5 suggest that the variability In times to failure for different heats of Alloy 600 will be 

about a factor of 15 Scott working with a much larger database gets a factor of 20-30. A 

smaller sample would be expected to somewhat underestimate the vanablity 

For companson with Inspection results It Is useful to consider just the probability of 

Initiating cracks In nozzles rather then failure as In Eq (1), since we expect to have a much 

larger database on Initiated cracks rather than structural failures For a grven set of Weibull 

parameters this Is just given by the cumulative distribution F(t) from Eq ( 1) Because we 

know only the distribution of b and the corresponding scale parameters, a Monte Carlo 

analysis can be performed by choosing a value of b from the distnbution given In Fig 4, then 

selecting a value of the scale parameter based on the distnbutions described by the values in 

Table 2 , For a specific plant Instead of using distributions for the scale parameter. one would 

sample b and then determine the scale parameter for the plant rather than sampling from the 

distribution of scale parameters The expected fractions of nozzles that are expected to have 

kiifiated cracks In terms of EFPYs at 600O F are shown In Table 3 Arrheniusextrapolation

5
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can be used to extrapolaite to other operating temperatures using an activation energy for 

Initiation of 40-50 kcal/mole C The results are given In terms of the median values and the 

90/10 percentiles to avoid the large uncertainties associated with the tails of the distnbutions 

Table 2 Mean and standard deviation for Iognormal distnbutions of the 

Weibull scale parameter as a function of the assumed Weibull 

slope 

b Mean Stan Dev 

1 655 125 

15 537 083 

2 479 0.61 

25 443 048 

3 420 040 

35 403 034 

4 390 029 

45 381 026 

5 373 023 

Table 3 Fraction of CRDM nozzles with cracks as a function of EFPY at 

600° F

EFPY Median 90th %tde 10th %tile 
15 0016 0135 0002 

20 0040 0369 0004 

25 0062 0540 0007

Weibull Scale Parameters for Cracking of Alloy 600 182 J Groove Welds 

The cracks of greatest concern are circumferential cracks above the weld initiated on the 

OD, which grow in an environment that could be more aggressive than the primary coolant 

environment. The controlling step In the formation of these cracks Is the formation of a crack 

In the Alloy 182 weld The statistics of this cracking appear to be different than the statistics 

of the nozzle cracking Such cracking occurred only In Oconee-3 and so only one data point 

Is available to descnbe the distnbution of the Weibull scale parameter. However, we also know 

that no such cracking was observed at the other Oconee plants or are ANO-1. These results 

can be used with a Maxmum Likelihood argument to estimate the dstnbution of the Weibull 

scale parameter for the Alloy 182 craclkng 

We assume that the distribution of the Weibull scale parameter Is again lognormal as in 

the case of the Alloy 600 nozzles We also assume that the vanability in susceptibility of the 

Alloy 182 is similar to that of Alloy 600 

The Inspection results show that we have no above weld circumferential cracks In 

Oconee 1 and 2 and ANO-1 after 21, 21,3, and 19 EFPY of operations There were 2 such 

cracks in Oconee-3 after 21 EFPY. The Weibull scale parameter for Oconee-2 can be 

computed from the fraction failed and the operating time as a function of the assumed slope b 

For b=1 5, 6=260 4

6
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The other inspection results can be used to give some Information on the distribution of 

the shape parameter for Alloy 182 cracking 1fF 1 , F 2 , F 3 , and F 4 are the corresponding 

probabilities of initiating such cracks, the likelihood function L for the observed results (3 

plants with no failures and 1 plart with 2 failures) is then 

L- I 69( F2 F3 69•2 N69 (7) 

The parameters of the lognormal distribution for the Weibull shape parameter (which 

determine F 1-F 4) are chosen to maximize L Choosing the parameters for the lognormal 

distnbution doesn't actually determine L, because one then samples from the distnbution to 

determineF 1 The calculation is done by taking a 1000 samples and then choosing the 

lognormal parameters to maximize the average value of In (L) for 1000 samples After the value 

that maximizes L Is determined, one can estimate the uncertainty in the estimate by 

determining the change In the parameter that causes L to drop to half its value (recall that the 

standard deviation measures the half width of the normal distribution) The value of the log 

mean of the distnbution and the more conservative one and two a estimates are given in Table 

4 along with the corresponding percentile rank of the observed value for Oconee-3 

Table 4 Maximum likelihood estimate of log mean of the lognormal 

distribution for the Weibull shape parameter with an assumed log 

standard deviation 0 8 and Weibull slope of 1.5 

Log mean of %tile rank 

distribution for 8 of Oconee-3 

ML Estimate 689 004 

-1 a 630 0.17 

-2a 5.74 039

"The maximum likelihood estimate suggests that Oconee-3 Is a 'worst case' plant on the 

tail of the distribution and OD Initiated circumferental cracikng would be much less likely at 

a "typicar plant. The uncertainties are large, however, and the percentile rank for the two 

value Is close to the median. Additional inspection results could reduce the uncertainties 

The analysis can be extended to consider other values for the Weibull slope, but for the 

present the analysts Is limited to Just the case when b=11.5 

Probability of Failure Using the Welbull Distributions for Alloy 600 and Alloy 182 cracking 

Once the probability of Initiation is characterized by choosing a value for the Weibull 

slope and scale parameter, and the conditional probability of failure Is determined by selecting 

one of the curves in Fig 3, the probability of failure can be obtained from Eq (1) The 

evaluation of Eq (1) must be done numerically A simple Excel macro was written which does 

this using a Romberg Integration scheme 

The proposed calculations assume that the probability of initiation and the conditional 

probability of failure are independent This Is probably not true It Is likely that materials 

more prone to initiation also have higher growAh rates and hence shorter times to failure

7
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However, It seems likely based on results for Alloy 600 that the correlation Is weak enough 

that the assumption of independence does not significantly distort the results 

The results are normalized In terms of effective full power years (EFPYs) at 600'F.  

Because the activation energies are different for Initiation and crack groth, Arrherius 

extrapolation cannot strictly be used extrapolate to other operating temperatures, but using 

the lower value associated wth crack growth rates (33 kcaVfmole "C) should give conservative 

results 

Probability of Failure Assuming AlI Alloy 600 Cracks are Circumferential 

The Initiation of cracking In the Alloy 600 nozzles is described by the distnbution for b 

given In Fig 4 and the corresponding distrilbutions for the scale parameters described by the 

values In Table 2 The conditional failure of probabilty given that a crack has Initiated Is 

determined by selecting one of the distributions shown In Fig 3 Equation (1) is then 

Integrated numencally and the probability of failure determined from Eq (2) This can be 

done either determnistically by choosing a single value of b and 0 or as a Monte Carlo 

calculation sampling from the distnbutions for b and 0 No credit Is taken In the calculations 

for detection of an Initiated crack before failure The results of the calculations are 

summarized In Table 5 For a given time T, a range of probabilities of failure are calculated 

The table shows the median, 90th. and 10th percentiles Deterministic calculations for 

Oconee-3 are shown In Table 6 The probabilities appear unrealistically high even If the time 

to failire after Initiation of the crack Is Increased by 3 years (such a change of course could 

have a substantial Impact on the chances of detecting a crack before failure) Thi suggests 

that the limiting process Is not the Initiation of cracks in the nozzles 

Table 5 Estimate s of the probability of failure of at least one CROM nozzle In a head with 69 

penetrations for the whole population of plants based on EFPY at 6001F 

P(tf < T) Instantaneous growth 165° P(t <T) 36 months to 165° 

T (years) median 90%ble 10%tIle median 90%tile 10%iie 

15 0497 0993 0092 0489 0989 0097 

20 0836 1000 0229 0803 1000 0239 

25 0.958 1000 0354 0951 1000 0367 

Table 6 Estimates of the probability of failure of at least one CRDM nozzle In Oconee-3 based on 

EFPY at 600F17 

P(tf <T) Instantaneous growth 165* P(t f C T) 36 months to 165° 

T (years) b=1.5 b=3 b=1.5 b=3 

5 0258 0024 0003 0000 

10 0810 0332 0429 0122 

15 0977 0808 0909 0444 

175 0993 0 945 0970 0766 

20 0998 0990 0991 0925 

225 1.000 0999 0998 0985 

25 1.000 1000 0999 0 998
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Probability of Failure Assuming Lmiting Process is Cracking of Alloy 182 J Groove Weld

The Initiation of cracking In the Alloy 182 welds Is given in terms of a lognormal 

distnbution for the Weibull shape parameter 8 with log mean values as given In Table 4 for a 

Weibull slope of 1.5 For Oconee-3 the observed value of e Is 2504 with b= 15. Estimates of 

the probability of failure for Oconee-3 are shown In Table 7. The probabilities are lower than 

the corresponding case when all Alloy 600 cracks were considered to be circumferential, but 

still fairly high Lengthening the conditional time to failure by 36 months has only a small 

effect on the probability of failure, but it would make a more significant dfference If credit for 

Inspection and early detection of circumferential crackIng were included In the analysis.

The probability of failure of a typicar, Le, mediarn plant Is given in Table 8 The 

distribution of susceptibility was determined through the Ma)dmum Ukelihood analysis 

descnbed previously. Results are given both for the median value determined by the analysis 

(denoted as MLE in Table 8) and for the more conservatrve estimate of the median based on 

the estimated uncertainty in the Maximum Likelihood analysis (denoted as 2 

Again the inclusion of extra 36 months In the conditional time to failure does not have a large 

impact on the estimated probability of failure

a in Table 8)

Table 7 Estimates of the probability of failure of at least one CRDM nozzle in 

EFPY at 600¶F based on Alloy 182 J groove weld cracking

Oconee-3 based on

T (years) P(tf < T) Instantaneous growth 165* P(tf 1") 36 months to 1650 

5 005 000 

10 027 010 

15 049 041 

175 060 044 

20 069 058 

22.5 077 067 

25 083 075 

Table 8 Estimates of the probablity of failure of at least one CRDM nozzle In a typical plant based 

on EFPY at 600'F based on Alloy 182 J groove weld crackong 

P(t T") Instantaneous growth 165° P(t f < T) 36 months to 165* 

Time MLE 2 o MLE 2 a 

5 001 004 000 000 

10 004 021 001 007 

15 008 039 006 031 

175 011 047 009 043 

20 013 057 012 044 

225 015 065 015 056 

25 018 072 018 063

9

D-.,.� a ray� �
I

ra•I• • II
I



J Ch" n g CRDMpriobabilistic anal ....pdf Page 1o 

References 

I J P Foster, W H Barnford. and RaJ S. Pathania, 'Effect of Materials on Alloy 600 Crack 

Growth Rates,* Proc Eighth International Symposium on Environmental Degradation of 

Matenrals In Nuclear Power systems- terReactors. Amelia Island, Fl, American Nuclear 

Society, LaGrange ParK, IL (1997) 

2. J Foster and W. Bamford, 'Alloy 600 Penetration Crack Growth Program," EPRI 

TR-1 05406, Proceedings 1994 EPRP Workshop on PWSCC of Alloy 600 in PWRs. Part 2.  

Ucensed Document, Electric Power Research Institute, Palo Alto (1995) 

3 T Cassagne . D Caron , J Daret, and Y. Lefewre. "Stress Corrosion Crack Growth Rate 

Measurements In Alloys 600 and 182 In Primary Water Loops under Constant Load.* 

Proc. Ninth International Symposium on Enwvionmental Degradation of Matenals in Nuclear 

PovwerSystems-WaterReactors The Minerals, Metals, and Materials Society (TMS), 

Warrendale, PA (1999) 

4 C Amazallag and F Vaillant, "Stress Corrosion Crack Propagation Rates In Reactor 

Vessel Head,, Proc Ninth International Symposium on Environmental Degradation of 

Materials in Nuclear Power Systems-WaterReactors. The Minerals, Metals, and Materials 

Society (TMS), Warrendale, PA (1999) 

5 D G6mez Bdcerlo and J Laperia, 'Crack Growth Rates In Vessel Head Penetration 

Matenals,* Proceedings 1994 EPRI Worksthop on PWSCC of Alloy 600 in PWRs, Part 2.  

Licensed Document. Electnc Power Research Institute, Pao Alto (1995) 

6 P Lidar, M Konig. J Engstromn and K. Gott, 'Effect of Water Chemistry on 

Environmentally Assisted Cracking In Alloy 600 In Simulated PWR Environments Proc 

Ninth International Symposium on Environmental Degradation of Materials In Nuclear 

Power Systems-Water Reactors, The Minerals, Metals, and Materials Society (TMS), 

Warrendale, PA (1999) 

7. R w Staelhe, J A Gorman, and K. D. Stavropoulos, Statistical Analysis of Steam 

Generator Tube Degradation, EPRI NP-7493, Licensed Material. Electric Power Research 

Instiute, Palo Alto (1991)

10



•~ k in I"tn _ KLlimo WR9 EU ,,-

Received: from igate.nrc.gov 
by nrcgw ia.nrc.gov; Mon, 27 Aug 2001 09:04:40 -0400 

Received: from nrc.gov 
by smtp-gatew ay ESMT~t id JAA21955; 
Mon, 27 Aug 2001 09:02:25 -0400 (EMT) 

Received. from [146.139.240.37] (et212mac37.mctanl gov [146.139.240.37]) 
by pop.et anl.gov (8.10.018.10.0) with ESMTP id f7RD4Af29867; 
Mon, 27 Aug 2001 08:04:10 -0500 (CDT) 

User-Agent Mccrosoft-Outlook-Express-Macintos h-Edftion/5.02.2022 
Date: Mon, 27 Aug 2001 08:04:09 -0500 
Subject: CRDM Probabilistic Analysis 
From: WJ Shack <wjshack@anl.gov> 
To: Nilesh Chokshi <NCCl@nrc.gov>, Ed Hackett <EBvI-I@nrc.gov>, 

Wallace Norris <WEN@nrc.gov> 
Message-ID: <B7AFAF79.4432%w jshack@anl.gov> 
Mme-version: 1.0 
Content-type: multipart/nixed, 

boundary"MSMacOE 3081744249_14922990_MIMEPart" 

> This message is in MiMEformat. Since your mail reader does not understand 

this format, some or all of this message may not be legible.  

-MS_Mac_OE_3081744249_14922990_MIMEPart 
Content-type: text/plain; charset-lSO-8859-1" 
Content-transfer-encoding: quoted-printable 

Attached is a revised version of the analysis of the probability of failure 
of CRDM nozzles. In the previous analysis, itwas assumed that all cracked 

nozzles w ere susceptible to outer diameter SCC. Any cracks that initiate 

were assumed to be circumferential. The Weibull parameters were estimated 

from inspection data and previous results for the cracking of steam 

generator tubes. No credit is given for inspections to reveal leaking 

cracks. An initiated crack was assumed to grow instantaneously throughw all 

to a circumferential extent of 165°. The crack then grows to fallure under 

the loads associated with the internal pressure.  

The resulting probabilities of failure seem unrealistically high compared 

with actual experience. To try to address this, sensitivity studies were 

then performed in which it w as assumed that it took 12, 24, and 36 months 
for the cracks on the outer surface to grow to a circumferential extent of 

165°. Although the probabilities of failure are reduced, they still appear 

unrealistically high. Because initiation is assumed to be characterized by 

Weibull statistics, thdre is a significant chance for early initiation of a 

crack relatively early in life. In this case, by 20 years there is a 

relatively long time available for an early crack to grow to failure.  
Ether the cracks take much longer to grow to 165° or the initiation model 
is overly conservative.
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An alternate analysis was performed under the assumption that cracks that 
threaten structural integrity are the cracks initiated on the OD. The 
controlling step in the formation of an OD circumferential crack w as assume 
d 
to be the formation of a crack in the Alloy 182 weld. The statistics of 
this cracking, which occurred only in Oconee-3, appear to be different tha 
n 
the statistics of the cracking of the nozzles. Estimates of the probabili 

y 
of failure for Oconee-3 based on this assumption are low er than those based 
on the assumption that all cracked nozzles w ere susceptible to rapid 
circumferential crack growth, but still high..  

As in the case of Alloy 600, the susceptibility of Alloy 182 to cracking is 
expected to be described by Weibull statistics. Because such cracks have 
been identified to date only at Oconee-3, only one data point is available 
to describe the distribution of the Weibull parameters. However, we also 
know that no such cracking was observed at the other Oconee plants or at 

ANO-1. These results were used with a Maximum Likelihood argument to 
estimate the distribution of the Weibull parameters for the Alloy 182 

cracking This analysis suggests that Oconee-3 may be a "worst case" plant 
on the tail of the distribution and OD Initiated circurrierential cracking I 
S 

much less likely at a "typicar' plant, although the current data are too 
limited, and the resulting uncertainties too large to demonstrate this 
definitively. The analysis does, however, provide a frarmeworkin which new 

inspection results can be included to reduce uncertainties and better 
characterize the real probability of cracking.  
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