
Probability of a Flaw (@specified year/weld): The probability of an unacceptable flaw 

in the segment's "most likely to fail" weld (or typical weld, if they are viewed as clones) 

at the current age of the weld (usually the current age of the plant unless the pipe has 

been repaired or replaced). An unacceptable flaw is defined by the ASME Section XI 

Code. This has-been defined as a/t > 0.10 and is obtained from the probabilistic fracture 

mechanics code (e.g., SRRA).  

Probability of Detection: The estimated probability that the inspection method used will 

be able to detect an unacceptable flaw, given that the flaw is in the weld selected for 

sample examination. A low assumed probability of detection (POD) results in 

conservative confidence levels for the sample plans. A POD of 0.2 is considered to be a 

conservatively low value.  

Conditional Probability of Leak/Year/Weld: This input can also be called the 

conditional leak rate. A failure of a weld may be defined to be a pipe rupture or, more 

conservatively, as a pipe leak, the leak being a typical precursor to a rupture. In the 

Perdue Model this is defined as a leak and the same probabilistic fracture mechanics 

code (e.g., SRRA) that generates the Probability of a Flaw can generate the leak rate 

conditional on the existence of the unacceptable flaw. This value is an average yearly 

leakage rate for the remaining life of the plant.  

Single Sample Size: Any sample size that is less than or equal to the number of welds 

(or elements) in the lot can be selected.  

Target Leak Rate/Year/Weld: The maximum allowable leak rate per year per weld.  

This value is required for the calculation of consumer risk. If the application is limited 

to calculating the probability distributions on number of flaws or leak rates, then this 

input is not required. Industry experience, currently being captured in industry pipe 

failure data base efforts, can be used to provide a basis for this value.  

Table 3.7-1 provides some suggested target leak rates based on current operating 

experience (NRC 1997) that can be evaluated in the Perdue model. The values shown 

are for illustrative purposes and can be further adjusted based on other factors such as 

type of failure mechanism of concern. Data from SKI (1996) can be used in this 

assessment along with other data continuing to be captured in ongoing industry efforts.
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The outputs from the model are: 

Target Leak Rate/Year/Lot: This is equal to the number of welds in the lot times the 

target leak rate/year/weld.  

Implied Leak Rate/Year/Lot: For every possible number of flaws in a lot, there is a 

corresponding failure or leak rate which is closely approximated by the product of the 

conditional leak rate/weld and the number of indicated flaws.  

Binomial Probability of k Flaws: This is the binomial distribution probability of getting 

a specified number of flaws (k) based on the lot size and the probability of the flaw 

existing. The sum o)F the probabilities is also provided.  

Pre-ISI (i.e., no ISI) Probability of k Flaws: This is the cumulative probability 

distribution of the leak rate in the absence of any inspection.  

Single Sample Plan (Probability of Detection (POD) equals 1) Probability of k or Less 

Flaws: This is the likelihood that the sample plan will pass the lot for the true number 

of flawed welds. The single sample plan rejects the entire lot if one flaw is found. The 

lot is accepted if no flaws are found.
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Table 3.7-1 
SUGGESTED TARGET LEAK RATES (PER YEAR/PER WELD) 

FOR PERDUE MODEL (NRC 1997)

Nominal Pipe Size (inches) 
Material <1 1 < Diameter < 4 >4 

Stainless Steel 1.0E-5 1.0E-5 1.OE-6 

Ferritic Steel :.OE-5 1.OE-6 5.0E-6
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Single Sample Plan (User Specified POD) Probability of k or Less Flaws: This is the 

same type of output as discussed in the previous paragraph except that the POD is 

specified by the user.  

Double Sample Plan (Each Sample Size Equals 1) Probability of k or Less Flaws: This is 

the likelihood that the sample plan will pass the lot for the true number of flawed 

welds, using a double sampling as illustrated in Figure 3.7-2. For these probabilities, it 

is assumed that each sample consists of one weld.  

!Double Sampl&Pln: Tice a sample sf'I awlcupt tfno 
i f olaw umnd. DlMawnise, taean lwlr sulple of I ad 
reiect if a flaw is tund am accept if no flayw s founmd 

Detect Flaw Reject Lot 

Flaw in 2nd Sample Detect 

Flaweti RstnnDe Accepnt Lot 

LotNo Fla n 2nd Spmple A ,ept Lot .  

Don't Detect Accept Lot 

No Flaw in Ist Sample Accept Lot 

Figure 3.7-2 Decision Tree for a Double Sample of Initial Size=1 (Plan H) 

Double Sample Plan: Take a sample of 1 and accept if no flaws found.  

Otherwise, take another sample of I and reject if a flaw is found and 

accept if no flaw is found.  

Double Sample Plan (Each Sample Size Equals 2) probability of k or less flaws: This is 

the same type of output as discussed for the previous output except that each sample 

consists of two welds.  

Consumer Risk: This is the probability of a leak rate for the lot exceeding the target leak 

rate for that lot, for each sample plan.  

Confidence: This is one minus the consumer risk probability.

o:\4393\VersioriA\4393..3d.doclb-022399 173

# Flaws in

o:\ 4393 \VersionA\4393-3d.doc-lb- 022399 173



Variance: The variance for each plan is determined by using the difference between the 
mean leak rate and the implied leak rate, and the corresponding binomial probability.  

Probability of Sampling 100% of the Lot: This is one minus the probability of accepting 
the lot calculated for each sample plan.  

The model should be used to assist in defending a minimum number of examination locations 

for the following two situations: 

* For highly reliable piping segments (or portions thereof) that have been categorized as 
high safety significant where examinations may be added, reallocated, or reduced from 
current ASME Section XI program requirements; a minimum of one location is specified 
even if the model shows 100% confidence with no ISI.  

0 For highly reliable piping segments (or portions thereof) that have been categorized as 
low safety significant where examinations may be reduced from current ASME Section 
XI program requirements; it is acceptable to define no examinations for these segments 
as long as a 95% confidence level exists that the piping segment will not exceed its target 

leak rate.  

Use of the model in these two, situations will assist in defending that current safety margins are 
maintained and that defense-in-depth is not compromised by implementation of risk-informed 
ISI programs for piping versus current ASME Section XI inservice inspection requirements.  

Different inputs as may be appropriate for a different segment or lot will produce different 
outputs for each plan so that a risk profile can be produced on a segment-by-segment basis.  
These inspection plans are viewed as part of a reliability demonstration process which has the 
following steps: 

* Define appropriate lots for sampling.  

* Evaluate the ability of each inspection plan to achieve the target reliability in each lot.  

* If a segment is divided into multiple lots, evaluate the ability of the aggregated lot
specific choices to achieve the segment target reliability. This can be estimated by
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comparing the product of the individual lot confidences for a given segment to a limit 

value (95%).  

A 95% confidence or assurance that the target leak frequency goal will be met was chosen as an 

acceptable objective for the segment in question. Both the mean leak rate and the estimated 

confidence level are used in evaluating the inspection plans. The choice of an acceptable plan 

also considers the projected number of flaws in conjunction with the leak rate statistics and 

confidence levels.  

For Surry Unit 1, the Perdue model was applied to the high safety significant segments, where 

appropriate, to assist in defining the minimum number of inspection locations that are required 

for examination in each segment. More than 60 high safety significant pipe segments were 

evaluated. In addition, the Perdue model was applied to 75 low safety significant pipe 

segments where current ASME Section XI nondestructive examinations are recommended to be 

eliminated from the ISI program at Surry Unit 1. These additional evaluations were performed 

to verify that the current exams could be eliminated in these segments while maintaining a high 

level of reliability (i.e., insuring that the leak rate post RI-ISI is no greater than current leak 

rates).  

Table 3.7-2 provides an example of the Perdue model for a Surry-1 high head injection piping 

segment where the cumulative probability distribution on the number of flaws and implied 

leak rate is tabulated for each of five candidate inspection plans. The mean annual leak rate for 

the segment, along with its variance, is also provided for each plan. There is a probability of 

99.548% that the target leak rate is met for this segment for the Pre-ISI case (i.e., No ISI). The 

probability of exceeding the target leak rate (i.e., consumer risk) for the Pre-ISI case is 0.452% as 

compared to 0.308% for the single sample plan with a POD =1.0. The double sample plan with 

POD=0.2 yields 0.449% and 0.438% for a sample sizes equal one and two, respectively. A low 

POD value is assumed to provide a conservative upper bound on exceeding the target leak rate.  

For example, the consumer risk decreases from 0.430% to 0.308% in the single sample plan 

when the POD is changed from 0.2 to 1.0. The probability of sampling 100% of the lot in the 

double sampling plan with a sample size equal to one is 0.33% with the POD=0.2 value.
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Table 3.7-2 
EXAMPLE APPLICATION OF PERDUE MODEL TO A SURRY UNIT 1 

HIGH HEAD INJECTION PIPING SEGMENT 

A ] 8 C 0 H L P T 
1 Perdue Model Release 1.1 Date: 9/25/1997 
2 IUser Input 
3 Plant SURRY 

Segment # I Loop # HHI-012A(BUTT WELD) 
5 Number of Welds 38 Must be >= 4 for double sample plan with 2 welds/sample 
6 Prob. of Flaw @ yr 25/weld 2.87E-01 .  
7 Probability of Detection 0.2 Make 0 <= POD <= 0 
8 Cond. Prob. of Leak/yr/weld 2.06E-05 I 
9 Single Sample Size 1 Make sample size < "Number of Welds" & < 10 

10 Target Leak rate/yr/weld 1.00E-05 

12 Target Leak rate/yr/Lot 3.80E-04 (Calculated) 
131 __ _ 
14 Double Sampling Plans For 1 & 2 welds in each sample. Accept # = 0 & Cum Reject # = 2. POD Cell C7 
1 Single Sampling Plan Accept # = 0,Reject # = 1. Assumes POD = 100% or cell C7 as identified 
16 
1 Results Summary SURRY HHI-012A(BUTT WELD) 

Dt I H L P T 
Double Double 
Sample Sample Single Single 

Plan (Each Plan (Each Sample Sample 
Pre-ISI 'Sample Size;Sample Size. Plan Plan (POD 19_ (i.e., No ISl)L =1) :2) (POD=l) =Cell C7) 

20 Consumer Risk (prob. leak rate/yr/lot > target) 1 0.452% 0.449% 0.438% 0.308% 0.430% 
21 Confidence (prob. leak rate/yr/lot < target) 99.548% 1 99.551% 99.562% 99.692% 99.570% 
22 Mean Leak/yr/lot - 2.25E-04 2.25E-04 2.25E-04 2.19E-04 2.24E-04 
23 Variance (Leak/yr/Iot) 3.31E-09 3E-09E-09 3.30E.09 3.22E-09 3.30E-09 
24 Prob. of Sampling 100% of Lot 1.0000013.30E-03 1 1.54E-02 2.87E-01 5.74E-02 
25 lSum of Binomial Prob. 1.00000 
26 
27 Consumer Risk Table SURRY HHI-01 2A(BUTT WELD) 
21 A B C D H L P T 

Binomial 
No. of Flaws Implied Probability of k 

29 in Lot (k) Leak/yr/Lot Flaws Probability of k or Less Flaws for the given Sample Plan 
30 0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 

31 1 0.00002 0.00004 0.00004 0.00004 0.00004 0.00006 0.00004 
32 2 0.00004 0.00030 0.00034 0.00034 0.00034 0.00045 0.00036 
33 3 0.00006 0.00143 0.00177 0.00177 0.00180 0.00230 - 0.00185 
34 4 0.00008 0.00504 0.00681 0.00683 0.00691 0.00863 1 0.00709 
35 5 0.00010 0.01381 0.02063 0.02068 0.02090 0.02546 0.02136 
36 6 0.00012 0.03060 0.05123 0.05136 0.05185 0.06161 0.05280 
37 7 0.00014 0.05635 0.10758 0.10783 0.10875 0.12609 0.11038 
38 8 0.00016 0.08795 0.19553 0.19593 1 0.19739 0.22349 0.19976 
39 9 0.00019 0.11809 0.31361 0.31416 !, 0.31614 0.34991 0.31910 
40 10 1 0.00021 0.13794 0.45155 0.45220 1 0.45454 0.49249 0.45774 

411 11 ___ 0.00023 0.14143 0.59297 0.59365 1 0.59605 0.63345 0.59910 41 12 10.00025 0.12817 0.72114 0.72176 1 0.72394 0.75647 ! 0.72649
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Table 3.7-2 (cont.) 
EXAMPLE APPLICATION OF PERDUE MODEL TO A SURRY UNIT 1 

HIGH HEAD INJECTION PIPING SEGMENT

A I c 0 H L P T 
26 

27 Consumer Risk Table SURRY HHI-012A(BUTT WELD) 
Double Double 

Sample Sample Single Single 
Pre-ISI Plan (Each Plan (Each Sample I Sample 

(i.e., No ISI) Sample Size'Sample Size Plan Plan (POD 
Binomial Probability 1) Prob. of= 2) Prob. of (POD=1) = Cell C7) 

No. of Flaws Implied Probability of k of k or Less k or Less k or Less Prob. of k or Prob. of k or 
43 in Lot (k) Leak/yr/Lot Flaws Flaws Flaws Flaws Less Flaws Less Flaws 
44 13 0.00027 0.10325 0.82440 0.82490 0.82665 0.85176 0.82854 
45 14 0.00029 0.07427 0.89867 0.89903 0.90028 0.91756 0.90152 
48 15 0.00031 0.04786 1 0.94653 0.94676 0.94756 0.95820 0.94829 
47 16 0.00033 0.02771 0.97424 0.97438 0.97483 0.98071 0.97522 
48 17 0.00035 0.01445 0.98869 0.98876 0.98899 0.99190 0.98918 
49 18 0.00037 0.00679 0.99548 0.99551 0.99562 0.99692 0.99570 
50 19 0.00039 0.00288 0.99836 0.99837 I 0.99841 0.99894 0.99844 
51 20 0.00041 0.00110 0.99946 0.99946 1 0.99948 0.99967 0.99949 
52 21 0.00043 0.00038 0.99984 0.99984 i 0.99984 0.99991 0.99985 
53 22 0.00045 0.00012 i 0.99996. 0.99996 0.99996 0.99998 0.99996 
54 23 0.00047 0.00003 0.99999 0.99999 0.99999 0.99999 0.99999 
55 24 0.00049 0.00001 1.00000 1.00000 1.00000 1.00000 1.00000 
56 25 0.00052 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
57 26 0.00054 0.000 00  1.00000 1.00000 1.00000 1.00000 1.00000 
58 27 0.00056 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
59 28 0.00058 0.00000 . 1.00000 1.00000 1.00000 1.00000 1.00000 
g0 29 0.00060 0.00000 1.00000 1.00000 - 1.00000 1.00000 1.00000 
91 30 0.00062 0.00000 1.00000 1.00000 1 1.00000 1.00000 1.00000 
82 31 0.00064 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
53 32 0.00066 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
84 33 0.00068 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
Is 34 0.00070 0.00000 L 1.00000 1.00000 1.00000 1.00000 1.00000 
86 35 0.00072 0.00000 I 1.00000 1.00000 1.00000 1.00000 1.00000 
67 36 0.00074 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
68 37 0.00076 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
69 38 0.00078 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
70 39 0.00080 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
71 40 0.00082 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
72 41 0.00085 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
73 42 0.00087 0.00000 1.0000 1.00000 1.00006 1.00000 1.00000 
74 43 0.00089 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
75 44 0.00091 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
76 45 0.00093 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
77 46 0.00095 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
78 47 0.00097 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
798 48 0.00099 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
80 49 0.00101 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
81 50 0.00103 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
82 Col. Total 1.00000 1 1 1
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Table 3.7-3 shows a spectrum of statistical evaluations using the Perdue model for segments 
across several systems of interest for Surry Unit 1 to further illustrate the tool. Large diameter 
pipes and small diameter pipes are represented for a range of welds contained within those 
segments. Two low safety-significant segments, where examinations are currently required by 
ASME Section XI, are also included. These results show that high levels of confidence in 
meeting the respective target leak rates (see Table 3.7-1) can be achieved in these segments for 
both the Pre-ISI case and the double sample plan with a sample size of one and a conservative 
lower bound POD equal to 0.2. Given these results, no further examinations are required for 
the low safety significant segments. For each high safety-significant segment, one sample is 
chosen to provide additional assurance that the pressure boundary will be maintained even 
though the results show that no further examination is required in this highly reliable piping.  
The location to be examined in each segment is selected by the structural element subpanel 
using engineering and deterministic insights as discussed in the next section.  

Limitations of the Statistical Model 

Some limitations have been. identified in the statistical model that is used in determining the 
minimum number of locations to be examined. These limitations have emerged primarily 
because it had been determinted that the piping segments of interest are subject to conditions 
that may lead to a higher failure potential or importance than was intended for use in the 
Perdue Model. Also, some piping segments are subject to degradation mechanisms other than 
those associated with cracking. The Perdue Model should not be used in piping segments 

where the following conditions may occur: 

Accelerated cracking from high vibratory fatigue, stress-corrosion cracking or other 

potentially aggressive loading conditions or environments 

0 Degradation mechanisms associated with wastage, such as flow-assisted corrosion, 

erosion, or general corrosion 

0 For socket welds where neither surface nor volumetric examinations are possible 

* Where corrective actions or mitigative repairs have been made, such as coatings 
programs or weld overlays, where the initial conditions of the piping have been altered.
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Note: 

(1) Low safety significant segments. Results show high confidence with no subsequent inspections (Pre-ISI column).
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Table 3.7-3 
SURRY UNIT 1 

SAMPLE RESULTS FROM PERDUE MODEL ANALYSIS

Nominal Number Probability of Conditional Pre-ISI Double Sample Plan Number of 
Pipe Size of Flaw (a/t = 0.10) Probability of Confidence Confidence (POD = 0.2) Samples per 

Segment (inches) Welds at 25 Years Leak (per yr) (%) (%) Segment 

ECC-3 6 6 5.38E-02 5.01E-06 100 100 1 

ECC-4 6 138 4.99E-02 1.34E-07 100 100 0(1) 

HHI-4C 3 9 3.08E-02 1.56E-06 100 100 1 

HHI-9 2 82 2.87E-01 2.06E-05 99.99 99.99 1 

HHI-12A 2 38 2.87E-01 2.06E-05 99.55 99.55 1 

LHI-4 12 2 1.53E-02 6.42E-07 100 100 1 

RC-7 36 10 7.66E-04 1.07E-06 99.24 99.24 0(1) 

RC-16 6 7 5.38E-02 3.15E-07 100 100 1 

RC-58 3 4 3.08E-02 3.40E-07 100 100 1
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For piping segments that have the potential for any of these conditions to occur, a defensible 
inservice inspection prograim for these piping segments should be developed based on 
deterministic information, engineering insights and experience, and industry best practices.  
Some general guidance for the above situation is provided at the end of Section 3.7.3, and 
specific examples from the Surry-1 application are provided in Section 3.7.5 for further 

clarification.  

3.7.3 Selection of Actual Inspection Locations 

Once the number of locatiors is determined, the engineering subpanel identifies the specific 
locations for examination. Figure 3.7-3 displays how this expertise and information is brought 

together in the structural element selection process.  

Simplified P&IDs showing the segment boundaries are reviewed by the team along with piping 
isometrics, plant and industry operating experience, the previous piping segment evaluations 
performed to determine the high safety-significant piping segments and system design, 
fabrication and operating conditions. Based on the postulated failure mechanism and the 
loading conditions for the piping segment, the areas in which this failure mechanism is most 

likely to occur are identified considering the following factors: 

Configuration Dependent. This factor considers the effect of piping layout and support 
arrangement. For example, piping with low flexibility for thermal expansion will experience 
high bending moments which, in turn, can drive crack growth.  

Component Dependent. For example, socket welds have low resistance to sustained vibration.  
Elbows or piping immediately downstream of valves, which add turbulence to the flow, are 

locations susceptible to erosion-corrosion-wear.  

Materials/Chemistry Dependen;!. Intergranular stress corrosion cracking (IGSCC) and dissimilar 

metal welds are examples of how materials and chemistry can play a role.  

Loads Dependent. An example of this is the number of cycles seen by the piping segment.  
Another example is piping where inadvertent operation may lead to water hammer events.  

Seismic events are also included in this category.
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Figure 3.7-3 WOG Structural Element Selection Process
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Determination of the inspec-ion location(s) within a piping segment are dependent on these 

factors. In general, 

Component dependent failure modes are usually localized to a single or small number 

of locations.  

Materials dependent or operations dependent mechanisms are often present throughout 

the segment. In such cases, interactions with other effects must be considered for 

determining the location(s).  

Load dependent failure modes typically involve undetected preexisting flaws or 

degradation that could fail under high loads. The high loads could arise from dynamic 

(seismic, water hamnuner) events, large thermal expansion loads (configuration 

dependent), or external loading. Locations where such loads could have the greatest 

impact can often be determined.  

Table 3.7-4 provides some additional insights based on postulated failure mechanism that assist 

in identifying the susceptible areas of piping.  

For high safety-significant piping segments where the Perdue statistical model is not applied, 
the selection of an appropriate number of actual inspection locations will have to be determined 

using additional rationale beyond the guidance provided above.  

For piping segments subjected to aggressive degradation mechanisms, such as flow

assisted corrosion, that are already addressed in an augmented inspection program, it is 
recommended that a determination of any potential secondary degradation mechanisms 

(e.g., thermal fatigue) be made. If it is determined that a secondary mechanism may be 
of concern, then the examination of at least one location in the segment may be 

warranted and included in the RI-ISI program. This additional examination(s) beyond 

the current augmented program should also be considered if the delta risk of RI-ISI 

versus ASME Section XI ISI is enhanced.
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Table 3.7-4 
INSIGHTS FOR IDENTIFYING INSPECTION LOCATIONS

Failure 
Mechanism General Criteria Susceptible Areas 

Thermal Fatigue Areas where hot and cold fluid mix, areas of Nozzles, branch pipe 
rapid cold or hot water injection, areas of connections, safe ends, welds, 
potential leakage past valves separating hot and heat-affected zones, base 
cold water metal, areas of concentrated 

stress 

Corrosion Cracking Areas exposed to contamination and areas with Base metal, welds, and heat
crevices; high stresses (residual, steady-state, affected zones 
pressure), sensitized material (304 SS) and high 
coolant conductivity are all required; lack of 
stress relief or cold springing could also lead to 
residual stresses 

Microbiologically Areas exposed to organic material or untreated Fittings, welds, heat-affected 
influenced water zones, crevices 
corrosion 

Vibratory Fatigue Configurations susceptible to flow induced Welds, branch pipe 
vibration and flow striping or for vibratory connections 
resonance with rotating equipment (pump) 
frequencies 

Stress Corrosion Areas of high oxygen and stagnant flow Austenitic steel welds and 
Cracking heat-affected zones 

Flow accelerated Areas of low chromium material content, high 
corrosion moisture content, and high pH, high pressure 

drop or turning losses 

Low cycle fatigue Areas with high loads due to thermal expansion Equipment nozzles and other 
for heat-up and cool-down thermal cycling, anchor points, near snubbers, 

dissimilar metal joints
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* For piping that is highly reliable, but the materials or prior corrective actions negate the 

applicability of a statistical evaluation, a minimum of one examination location per 

segment should be performed.  

* A segment that is entirely comprised of socket welds and subject to vibration may be 

appropriately examined using a VT-2 exam that inspects the entire segment for leakage 

at pressure. Therefore, a minimum number of specific examination locations is not 

required.  

Other situations may exist that warrant considerations beyond the above guidance. However, 

the engineering subpanel who is selecting the actual inspection locations is always responsible 

for defending and documenting their rationale for this effort.  

Once the initial set of inspection locations is identified, the examinations are performed.  

3.7.4 Millstone Unit 3 Excamples' 

Only one segment, ECCS-0, is considered to be high-safety-significant in the emergency core 
cooling system. The selection of this segment is primarily based on the consequence of failure 
because the selected element SRRA failure probability was less than 1.OE-08. The subpanel 
reviewed the structural elements within the segment and concurred that the element location 
that was selected is considered to have the highest failure potential. The location of concern is 
the base metal of a 24" pipe at ground surface that may be subjected to cracking because of 
outside diameter corrosion and external loads. Since the area being examined at this selected 
element location is base material; not currently addressed in ASME Section XI, Figure 3.7-4 has 
been developed to identify the area to be inspected by VT-2 and eddy current examination.  

QSS-2 is the only segment that is considered to be high-safety-significant in the quench spray 
system. The selection of this segment is primarily based on consequence of failure. However, 
the failure probabilities in this segment were based on prior SRRA evaluations of two locations, 
both of which are less than 1.OE-8. The subpanel reviewed all the elements in the segment and 

The Perdue model was unavailable at the time of the Millstone 3 reference plant application. However, 
these examples highlight how engineering insights are used in selecting actual inspection locations by 
the engineering subpanel.
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concurred that the two selected locations have the highest failure potential. Both locations are 
pipe-to-elbow welds in the 12" pipe that may be subjected to cracking from vibrational fatigue 
caused by pump operation. Both UT and VT-2 examinations are recommended for these two 

locations.  

For FWA, five segments were considered to be high safety-significant in this system plus 

4 feedwater pipe/elbow to nozzle welds included for plant reliability considerations. The 

selection of these segments was primarily based on consequence of failure, because the selected 

element failure probabilities were less than 1.0E-08. The subpanel reviewed all the segment 

elements and concurred that the element locations selected were considered to have the highest 

failure probabilities. For the first high safety-significant segment FWA-7, the element location 

selected was near the turbine driven auxiliary feed pump. The panel agreed that this location 

on the 2 side of the reducer would act as a sentinel for any vibration related fatigue problems 

and that the previously specified RT examination should be performed following pump test or 

system operation. For the remaining 4 high safety-significant segments FWA-12, -14, -16, and 
-18, a MT examination was added to the specified RT examination because the failure mode 

was identified to be external loads. Since external loads is a possible combination of several 

contributors to potential failure and not one single degradation mechanism, the subpanel 

believed that OD flaws should be examined for at these locations and this was the reason that 

the MT examination was added. The 4 steam generator inlet feedwater nozzle welds had been 

included due to plant reliability considerations because of thermal fatigue induced cracking 

that had been found throughout the industry and at MP3. MP3's nozzles were repaired and 

modified in 1993 to reduce the potential for fatigue cracking. To monitor the effectiveness of 

the modifications RT examination of the 2 elbow to nozzle welds and UT examination of the 

2 pipe to nozzle welds including additional base material was specified by the subpanel.  

Five segments were also considered to be high safety-significant in the SIL system. The 

selection of these segments was primarily based on consequence of failure, because the selected 

element failure probabilities were less than 1.OE-08. The subpanel reviewed the 

element/location selections for each of the selected segments and several changes were made.  

These changes were based on a detailed review of the piping configurations and fabrication 

drawings. For SIL-3 a pipe to elbow weld had originally been selected and it was changed to 

address a unique discontinuity in this piping segment. The subpanel review identified a pipe
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transition piece welded to a valve where a pipe class change occurred. This pipe class change 
or thickness change was believed to have a higher potential for failure than the originally 

selected element location. The subpanel specified that a RT examination method be used at this 
location so that the area of the valve counterbore region could be examined along with the 
transition piece to pipe weld. For SIL-5, welds on both sides of a reducer were originally 

specified for examination. The subpanel decided that after review of these locations that only 
the 6 side of the reducer needed to be examined. The subpanel believed that since the failure 
probabilities at these locations were relatively low, less than 1.OE-08, examining both locations 
was not necessary. The subpanel decided to focus the examination on the higher stressed 6 side 

of the reducer in order to address the potential thermal fatigue failure mode at this location.  
Additionally, the weld volume was extended to include 1 of base material adjacent to the weld.  

3.7.5 Surry Unit 1 Examples 

The Surry expert panel directed the subpanel to select the necessary locations on the high 

safety-significant segments and some low safety-significant segments for examination, and to 
determine the appropriate examination methods and extent of examination. The number of 
locations selected were determined by the perceived failure mechanism importance, the 
statistical sampling requirements, and the risk change. The subpanel used the following criteria 

in the selection process.  

"* Select the locations (100%) where a perceived high failure importance is recognized.  

These locations generally have an active failure mechanism recognized with a 

corresponding high failure probability. In some cases where an augmented program 
was already established, this was maintained. The subpanel in some cases required 

additions to the augmented inspection programs.  

"* Select locations as necessary to meet the statistical sampling requirements and change in 
risk requirements. The subpanel generally examined locations thought to have high 

loadings, and would generally, in similar multiple loops, spread the examinations in 

different locations. Additional rationale must be developed when the statistical model 

cannot be applied to determine the minimum number of examination locations for a 

given segment.
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The examination requirements and extent of examination followed the guidance found 
in Table 4.1-1, 'which is provided later in this report. In some instances, the subpanel 
required more than what the guidance indicates. Areas of concern associated with 
socket welds or materials not inspectable by normal NDE methods required departure 

from the guidance.  

Several examples are provided below where additional rationale had to be applied when the 
Perdue statistical model could not be exercised and when the NDE methods required departure 

from the guidance in Table 4.1-1.  

Segment FW-002 is a non-Code class piping component in the normal feedwater system. The 
segment is already inspected by the station's augmented erosion/corrosion inspection program 
(susceptible to that failure mechanism). This program will be maintained on the segment. The -

subpanel additionally selected a weld for ultrasonic (volumetric) and magnetic particle 
(surface) examination at a perceived high stress location. The examination would address the 
secondary failure medchanism of fatigue. This additional sample examination provided 
additional inspection coverage for risk considerations. Note that the subpanel required a 
magnetic particle examination. The magnetic particle examination is not a requirement of the 
guidance in Table 4.1-4 (R1.11). The subpanel wanted to ensure against outside diameter 

initiating flaws.  

Segments CH-008, 009, and 0010, part of the charging system, are small bore, socket welded 
piping segments whicEh supply seal injection water to the reactor coolant pump seals. The 
predicted failure mecrhanism is high cycle fatigue due to pump vibration. The examination 
technique required by Table 4.1-1 (R1.12) is a VT-2 exam at each refueling outage. Since the 
VT-2 exam involves inspection of the whole segment for leakage at pressure, tabulation of the 
exact number of welds per segment and application of the Perdue Model was not deemed 
necessary. This would be the case for any segment where VT-2 is the appropriate inspection 
technique. Additional NDE is also directed to this segment by the engineering subpanel that is 

over and above the guidance in Table 4.1-1.  

Service water segments SW-044, 045, 046, 047, and 054 are fabricated of copper/nickel material 
which is not a materiaý[ which can be modeled by the SRRA code and statistical model used for
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Surry Unit 1. They conduct service water to and from the charging pump intermediate seal 

coolers. The segments were originally ranked to be low safety significant but were moved up 
to high by the Expert Panel because of its sensitivity to the possibility of indirect effects.  

Because the piping is considered highly reliable, the postulated failure mechanism is thermal 

fatigue by default (actually thermal cycles are practically nonexistent), and the SRRA code 

could not be used to calculate a failure probability, which is a necessary input to the Perdue 
Model, the Perdue Model was not used to select examination locations. The subpanel believed 
that an examination location per segment would be representative of the balance of these 

highly reliable, low safety significant segments.  

Finally, segments RC-041, 042, 043 are Class 1 piping components in the reactor coolant system.  

The segments provide safety injection water to the three reactor coolant loops when necessary.  
These segments were identified as being susceptible to thermal striping. The industry has 

experienced an issue when high pressure and cooler charging water has leaked into the warmer 
RCS at these locations. The subpanel directed a 100% inspection for this potentially active 
failure mechanism at the weld connecting the inlet check valve to the reactor coolant piping on 

all three segments. The statistical model required that one more location be examined on each 

segment. As the segments were similar in design and function, the subpanel identified welds 
to be examined at different locations on the three segments. The subpanel required that all 
selected locations receive an ultrasonic (volumetric) and liquid penetrant (surface) examination, 

again more than the guidance's requirements.
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SECTION 4 

INSPECTION PROGRAM REQUIREMENTS 

This section contains the minimum Risk-Informed Inservice Inspection (RI-ISI) program 

requirements for High Safety-Significant (HSS) and Low Safety-Significant (LSS) piping 

structural elements determined in accordance with the requirements of Section 3.7.  

Requirements for Nondestructive Examination (NDE), System Pressure Tests, Scheduling, 

Implementation, Program Monitoring, and Corrective Action Program descriptions are 

included. Inservice examinations and system pressure tests are to be performed in accordance 

with this section and the requirements contained in the American Society of Mechanical 

Engineers (ASME) Boiler & Pressure Vessel Code, Section XI, Edition and Addenda specified in 

an Owner's current Inservice Inspection Program except where specific references are provided 

that add supplemental requirements, specify other Code Editions and Addenda, or 

recommend/require the use of ASME Code Cases.  

Examinations and system pressure tests may be performed during either system operation or 

plant outages, such as refueling outages or maintenance outages. Scheduled examinations are 

to be completed during each inspection interval. Currently the interval is 10 years.  

Examinations are distributed across periods such that one third of the examinations are 

conducted in each period. Alternative examination methods, a combination of methods, or 

newly developed techniques may be used in lieu of the NDE requirements of Table 4.1-1, as 

provided in IWA-2240 Alternative Examinations of ASME Section XI.  

Experience has shown that when an aggressive mechanism (such as IGSCC, thermal striping, 

and flow-accelerated corrosion) is discovered, corrective actions and augmented programs are 

implemented to address the concern. Augmented inspection programs for these situations tend 

to have intervals less than 10 years.  

Through the RI-ISI process, situations may be identified on a plant-specific basis where an 

aggressive mechanism may potentially occur (e.g., back-leakage of hot water across a check 

valve into a piping segment containing cooler water, thereby inducing the potential for thermal 

striping). For these situations, the licensee may choose to either implement examinations more 

frequently than every 10 years (including the use of thermal monitors) or implement changes to
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minimize the potential for the identified phenomenon. If the licensee chooses to implement a 
program that will provide vital information more frequently than every 10 years, then that new 

information would have to be evaluated at the time that is obtained to determine if a change to 

the prior RI-ISI results is necessary.  

Comparison of results to current ASME Section XI locations are provided with a cost benefit 

update that now includes the pilot plant work at Surry Unit No. 1.  

Examinations Requirements 

An attempt should be made to provide a minimum of > 90% coverage criteria (per ASME Code 

Case N-460) when performing an exam. Volumetrically this is done using ultrasonic (LUT) 

techniques with the >90% requirement being met in all Code required directions (averaged).  

The examination is considered complete if the >90% coverage is obtained using the specified 
technique in the plan or combinations of techniques if limitations are encountered. Some 
limitations will not be known until the examination is performed, since some locations will be 

examined for the first time by the specified techniques.  

When an examination location is selected that does not meet >90% examination coverage, a 
strategy should to be applied with regard to examination coverage as follows: 

1. If >90% coverage is not obtained, the coverage obtained should be documented as 

well as the reason for the coverage limitation. If the coverage is limited by an 

obstruction, which is removable, then an evaluation should be performed to either 

allow removal of the obstruction or justify why the obstruction cannot be 

removed.  

2. If the obstruction is required to remain, then consideration should be given to the 

structural elements on either side of the selected structural element, which is 

limited. If either of these structural elements can be examined to the coverage 

requirements, then an examination should be performed there in addition to the 

limited coverage exam already performed. This may be the only examination 

performed in situations where the selected element was selected for statistical 

sampling alone. Selecting another location would meet the statistical
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requirements for the segment, and the original site does not need to be examined.  

Additionally, the substitution (statistical) would not necessarily be limited to the 

elements on either side of the element originally selected.  

3. If the area or volume of concern still remains insufficiently addressed, 

consideration should be given to leakage monitoring options such as more 

frequent pressure testing and VT-2 examinations or operator walkdowns.  

4. The coverage obtained, limitations encountered, alternative provisions, and an 

assessment of how the risk is being addressed should be documented. The 

information should be formally submitted as a relief request.  

It should be noted though that if a current ASME Section XI examination is a partial 

examination and it continues to be a partial exadiination in the RI-ISI process, the amount of 

risk addressed by examination remains the same for that location. If a new location is going to 

be examined by RI-ISI and it is a partial examination, but it was not previously required to be 

examined by Section XI, then the new examination would still increase the amount of risk 

addressed by examination for that location. It is not necessarily true that because you reduce 

examination totals, that a complete examination must be performed at the RI-ISI selected 

locations to maintain risk neutrality or improvement in the program. The impact of locations 

being removed on the overall risk contribution should be assessed (i.e., usually the segment risk 

contribution is negligible) in an analysis. Additionally the sampling requirements necessary to 

maintain assurance of structural integrity should be accounted for in the analysis. These type 

evaluations should be induded in how the risk is being addressed in a partial examination 

situation.  

4.1 HIGH SAFETY-SIGNIFICANT LOCATIONS 

HSS piping structural elements should be examined in accordance with the requirements of 

Table 4.1-1 for the areas and/or volumes of concern at each HSS location. The requirements 

contained in Table 4.1-1 have been taken directly out of ASME Code Case N-577 Risk-Informed 

Requirements for Class 1, 2, and 3 Piping - Method A Section XI, Division 1. The NDE method 

for each HSS location is based on the postulated failure modes and the configuration of each 

piping structural element as described in Table 4.1-1. As an alternative to the requirements in
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Table 4.1-1, additional guidance for visual examination methods, examination monitoring 
techniques, and NDE methods associated with postulated failure modes is provided in 
Table 4.1-2. This guidance may be used subject to approval by an Authorized Nuclear Inservice 

Inspector (ANII) under the requirements of Section XI, IWA-2240. All ASME Code Class 1, 2, 
and 3 HSS locations should continue to receive a visual examination for leakage in accordance 

with the system pressure test requirements of ASME Section XI.  

4.2 LOW SAFETY-SIGNIFICANT LOCATIONS 

LSS piping structural elements do not require NDE under a RI-ISI program. When a location is 
determined to be LSS, it usually has no appreciable consequence or failure importance and thus 
is assigned a low level examination requirement. This low level requirement consists of a 
visual examination for leakage that may be conducted during operational walkdowns or in 
conjunction with system pressure tests performed in accordance with ASME Section XI. LSS 
locations that are deten-rined to have a high failure importance and a low consequence are 
usually examined by other Owner controlled programs for the failure mechanism of concern 
such as Flow Accelerated Corrosion (FAC). These Owner controlled programs shall continue to 
be implemented based on their own requirements.  

4.3 SYSTEM PRES SURE TESTS 

System pressure test requirements and VT-2 visual examinations shall continue to be performed 
on all ASME Code Class 1, 2, and 3 systems regardless of whether the segments contain 
locations that have been determined to be HSS or LSS. It is recommended that each Owner 
consider the use of ASME Code Cases N-498-1 Alternative Rules for 10-Year System 
Hydrostatic Testing for Class 1, 2, and 3 Systems Section XI, Division 1 and N-416-1 
Alternative Pressure Test Requirement for Welded Repairs or Installation of Replacement Items 
by Welding, Class 1, 2, and 3 Section XI, Division 1 to eliminate the need to perform elevated 
system pressure tests. Use of a RI-ISI program does not require elevated system pressure tests 
as currently required by ASME Section XI. Use of these ASME Code Cases has been approved 
by the Nuclear Regulatory Commission (NRC) for many Owners. Both Code Cases are 
presently being evaluated for industry acceptance by the NRC in Draft Regulatory Guide 1050
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Table 4.1-1 
EXAMINATION CATEGORY R-A, RISK-INFORMED PIPING EXAMINATIONS

Parts Examined

Examination 
Requirement/ 

Fig. No.'" Examination Method

Acceptance 
Standard"0 Extente and Frequency

1,•t lnsiprual
Successive'

1s Interval_ _ Intervals

High Safety-Significant Piping 
Structural Elements 

Elements Subject to Thermal 
Fatigue

1 .1 I IWB-3514 Element"' Same as 1st Not JfermiSSlOle
IWB-2500-8(c)Y 
IWB-2500-9,10,11

Volumetric

IW -25007()' Eah sm s S - ~emsii
Elements Subject to High 
Cycle Mechanical Fatigue 

Elements Subject to Corrosive, 
Erosive, or Cavitation 
Wastage 

Elements Subject to Crevice 

Corrosion Cracking 
Elements Subject to Primary 

Water Stress Corrosion 
Cracking (PWSCC)' 

Elements Subject to 
Intergranular Stress Corrosion 

Cracking (IGSCC) 

Elements Subject to 
Microbiologically Influenced 

Corrosion (MIC) 

Elements Subject to Flow 
Accelerated Corrosion (FAC)

IWB-2500-8(c)' 
IWB-2500-9,10,11 
IWC-2500-7(a)' 

Note 8 

Note 7

Visual, VT-2" Each 
Refueling

1 __________ 1 4 -t Element' Same as 1st Not Permissible
Volumetric0 (for Internal 
Wastage) or Surface (for 
External Wastage) 

Volumetric

IWB-3514 
Note 8

Element' 
Element'

I _ _ _

IWB-3514

Note 7 Visual, VT-2" IWB-3142

Element' 

Each 
Refueling

1~~ I I L~~~IL

Examination to 
End of Interval

Same as 1st Not Permissible

1 4 I t 1 Element' Same as 1st Not Permissible

RI.10 

RI.11 

RI.12 

R1.13 

Rl.14 

Rl.15 

R1.16 

RI.17 

R1.18

Volumetric 

Visual, VT-3 Internal 
Surfaces or Volumetric" 

Note 9

IWB-3514

1 4. + t Same as 1st Not Permissible
Note 8 Element'

Note 9 Note 9 Note9 Note 9
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Item No.

IWB-2500-8(c) 
IWB-2500-9,10,11 

IWB-2500-8(c) 
IWB-2500-9,10,11 

Note 9

Same as 1st Not Permissible

Element" Not PermissibleSame as 1sIWB-3514

NIot PermissibleSame as 1stIWB-3142

Not PermissibleSame as 1st

Not PermissibleSame as 1st

Not PermissibleElement' Same as 1st



Table 4.1-1 (cont.) 
EXAMINATION CATEGORY R-A, RISK-INFORMED PIPING EXAMINATIONS 

Notes: 

(1) The length for the examination volume shall be increased to include 1/2 in. beyond each side of the base metal thickness transition or 
counterbore.  

(2) Includes all examination locations identified in accordance with the risk,-nf,•rmed selctio process in Section 3.7.  

(3) Includes 100% of the examination location. When the required examination volume or area cannot be examined due to interference by 
another component or part geometry, limited examinations shall be evaluated by the Expert Panel for acceptability. Areas with 
acceptable limited examinations, and their bases, shall be documented.  

(4) The examination shall include any longitudinal welds at the location selected for examination in Note 2. The longitudinal weld 
examination requirements shall be met for both transverse and parallel flaws examination volume defined in Note 2.  

(5) Initially-selected examination locations are to be examined in the same sequence during successive inspection intervals, to the extent 
practical.  

(6) Applies to mill annealed Alloy 600 nozzle welds and heat affected zone (HAZ) without stress relief.  

(7) The examination volume shall include the volume surrounding the weld, weld heat affected zone, and base metal, where applicable, in 
the crevice region. Examination should focus on detection of cracks initiating and propagating from the inner surface.  

(8) The examination volume shall include base metal, welds and weld HAZ in the affected regions of carbon and low alloy steel, and the 
welds and weld HAZ of austenitic steel. Examinations shall verify the minimum wall thickness required. Acceptance criteria for 
localized thinning is in course of preparation. The examination method and examination region shall be sufficient to characterize the 
extent of the element degradation.  

(9) In accordance with the Owner's existing FAC program.  

(10) Paragraph and Figure numbers refer to the 1989 Edition.  

(11) VT-2 examinations may be conducted during a system pressure test or a pressure test specific to that component/element.  
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Table 4.1-2 
GUIDANCE FOR VISUAL EXAMINATION METHODS, EXAMINATION 

MONITORING TECHNIQUES, AND NDE METHODS ASSOCIATED WITH 
POSTULATED FAILURE MODES 

Potential Piping Inside Surface Initiated Flaws or Relevant Conditions (1)
Piping Postulated Suggested Visual Exam 

Structural Failure Method, Monitoring 
Elements Modes Technique, or NDE Method 

Butt Welds (2) Cracking Ultrasonic Examination (3) 
S.237 in. Nominal Wall Thermal Fatigue, or 

Thickness for Piping Mechanical Fatigue, or Continuous Temperature and/or 
ŽNPS 2 Corrosion Stress Monitoring 

For Thermal Fatigue 

Butt Welds (2) Cracking Radiographic Examination (4) 
<.237 in. Nominal Wall Thickness Thermal Fatigue, or 

Mechanical Fatigue, or Continuous Temperature and/or 
Corrosion Stress Monitoring 

For Thermal Fatigue 
Butt Welds (2) FAC Combinations of Ultrasonic 

Essentially Limited to RAW Water Microbiologically Influenced Examination (5), and 
Cooling Systems Corrosion, Heat Affected Zone Radiographic Examination (4) 

Washout, and General Erosion 
Branch Connection Welds Cracking Radiographic Examination (4) 

Branch Pipe s NPS 2 Connected to Thermal Fatigue, or 
Main Run Pipe s NPS 4 Mechanical Fatigue, Continuous Temperature and/or 

Corrosion, or Stress Monitoring 
Vibrational Fatigue (6) For Thermal Fatigue 

Branch Connection Welds Cracking Ultrasonic Examination (3) 
Branch Pipe > NPS 2 Connected to Thermal Fatigue Main Run Pipe Base Material 
Ž.237 in. Nominal Wall Thickness Mechanical Fatigue, Adjacent to The Weld 

Main Run Pipe Corrosion, or and 
> NPS 4 Vibrational Fatigue (6) Radiographic Examination (4) 

Weld and Branch Fitting Base 
Material Adjacent to The Weld 

to The Extent Possible 
or 

Continuous Temperature and/or 
Stress Monitoring 
For Thermal Fatigue 

Socket Welds Cracking Radiographic Examination (4) 
Ž.237 in. Nominal Wall Thickness Thermal Fatigue Supplemented By 

Mechanical Fatigue, Ultrasonic Examination (3) 
Corrosion, or Pipe Base Material Adjacent to The 

Vibrational Fatigue (6) Weld 
FAC or 

General Wastage from Flow or Continuous Temperature and/or 
Oxidation Stress Monitoring 

I For Thermal Fatigue
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Table 4.1-2 (cont.) 
GUIDANCE FOR VISUAL EXAMINATION METHODS, EXAMINATION 

MONITORING TECHNIQUES, AND NDE METHODS ASSOCIATED WITH 
POSTULATED FAILURE MODES

Potential Piping Inside Surface Initiated Flaws or Relevant Conditions (1) 

Piping Postulated Suggested Visual Exam Method, 
Structural Failure Monitoring Technique, or 
Elements Modes NDE Method 

Socket Welds Cracking Radiographic Examination (4) 
< .237 in. Nominal Wall Thermal Fatigue or 

Thickness Mechanical Fatigue, Continuous Temperature and/or 
Corrosion, or Stress Monitoring 

Vibrational Fatigue (6) For Thermal Fatigue 
FAC 

General Wastage from Flow or 
Oxidation 

Pipe Runs or Areas FAC Ultrasonic Examination (5), 
Base Material General Wastage from Flow or Radiographic Examination (4), or 

and Welds Oxidation Infra-Red Thermography (7) 

Pipe Fittings FAC Ultrasonic Examination (5), 
Such as Elbows, Tees, Reducers, or General Wastage from Flow or Radiographic Examination (4), or 

Expanders Oxidation Infra-Red Thermography (7) 

Potential Piping Outside Surface Initiated Flaws or Relevant Conditions 

All Piping Structural Elements Cracking Liquid Penetrant Examination or 
Such as Butt Welds, Branch Thermal Fatigue Eddy Current Examination 

Connection Welds, Socket Welds, Mechanical Fatigue, For Austenitic Stainless Steels, Non
Pipe Runs, or Pipe Fittings Corrosion, or Ferritic High Alloy Materials, and 

Vibrational Fatigue (6) Dissimilar Metal Welds 
or 

Magnetic Particle Examination or 
Eddy Current Examination 

For Carbon Steel, Ferritic 
Low Alloy Steel Materials and 

Welds 

All Piping Structural Elements Corrosion Visual, VT-3 
Such as Butt Welds, Branch General Wastage from Examination (8) 

Connection Welds, Soclket Welds, Oxidation 
Pipe Runs, or Pipe Fittings

o:\4393\Versior�A\43934.doc�. ib- 020599 197
o:\ 4393\VersionA\ 4393-4.doc-.:[b- 020599 197



Table 4.1-2 (cont.) 
GUIDANCE FOR VISUAL EXAMINATION METHODS, EXAMINATION 

MONITORING TECHNIQUES, AND NDE METHODS ASSOCIATED WITH 
POSTULATED FAILURE MODES 

Notes: 

(1) Inside surface examinations of piping structural elements subject to cracking may be performed if 
they become accessible in lieu of the suggested volumetric examinations of this table.  
Examination methods such as liquid penetrant examination, eddy current examination, or 
magnetic particle examination for appropriate materials may be used. For piping structural 
elements subject to FAC, a general VT-3 visual examination may be performed from the inside 
surface of the piping, but it may necessary to supplement this general visual examination with 
other examination methods to determine the extent of the erosion or corrosion.  

(2) Butt welds include circumferential welds and longitudinal welds. The examination methods 
suggested for these welds include methods for welds of all materials, dissimilar metal welds, or 
portions thereof except for those welds that are made from austenitic cast stainless steel materials.  
Radiographic examination should be used for welds that include austenitic cast stainless steel 
materials.  

(3) An ultrasonic angle beam examination sensitive to flaws initiating at the inside diameter surface 
of a weld or heat affected zone should be used.  

(4) Radiographic examination is a sensitive examination for identifying flaws parallel to the radiation 
beam used in the technique. The method is good for the detection of pits, slag, and thermal 
fatigue cracks. Intergranular stress corrosion cracking, stress corrosion cracking, and off angle 
cracks are not reliably detected with this method. This examination method provides an accurate 
plan view for the location of flaws that it can detect and is extremely helpful used in conjunction 
with ultrasonic examination to evaluate localized areas of pitting, flow erosion, or 
microbiologically influenced corrosion attacks.  

(5) An ultrasonic straight beam examination is used here for accurate measurements of material 
thickness. This method to used to assess erosion/corrosion material loss.  

(6) Cracking resulting from vibrational fatigue is not usually detectable by NDE methods prior to 
leaking. Guidance for assessment of vibrational fatigue conditions may be found in Part 3 of the 
ASME OM-S/G-1990 GUIDE.  

(7) Infra-red thermography may be a useful examination method for overall erosion/corrosion 
assessments to locate general areas of wall loss in steam or hot fluid systems. This method 
should be combined with ultrasonic examination or radiographic examination for accurate wall 
loss measurements.  

(8) This general VT-3 visual examination method is good for location of general wastage from 
oxidation, but if severe oxidation is identified other examination methods may have to be used to 
quantify the amount of material loss.
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which will be Revision 12 to U.S. NRC Regulatory Guide 1.147. Non-Code Class system 

examination requirements for HSS or LSS locations shall include those system pressure tests 

and corresponding visual examinations for leakage that are required under an Owner's Current 

Licensing Basis (CLB) as defined in 10 CFR 54.3. Generally, Non-Code Class systems do not 

require inservice type system pressure tests.  

4.4 COMPARISON OF RESULTS TO CURRENT ASME XI INSPECTION LOCATIONS 

This section discusses the comparison of the results of the risk-informed process to the current 

ASME Section XI piping inspection locations.  

4.4.1 Comparison of Examination Locations 

Millstone 3 Comparison 

Table 4.4-1 provides a comparison of the structural element/location selections by system for 

the representative WOG plant. The risk-informed ISI program results are compared against the 

existing ISI program weld selections based on the 1989 Edition of the ASME Code Section XI 

requirements.  

The first column of the table represents the systems that were evaluated under the risk

informed ISI program.. This list is also shown in Table 3.2-1 and includes all the ASME Code 

Class 1, 2, and 3 piping systems of the existing ISI program, piping systems modeled in the 

PSA, and various balance of plant (non-nuclear Code Class) systems.  

The second column of the table identifies the piping segments determined to be high 

safety-significant by the expert panel previously shown in Table 3.6-13. These high 

safety-significant piping segments include all the piping structural elements that were 

evaluated for inclusion in the risk-informed ISI program by the expert panel.  

The third column divides the number of the structural elements selected for examination by the 

expert panel into each of the applicable ASME Code Classifications for each system. This 

column shows the number of elements that were selected for examination in accordance with 

the risk-informed ISI program within the ASME Code Class 1, 2, and 3 piping systems, and no 

exemptions were appliied from IWB-1220, IWC-1220, or IWD-1220 of Section XI.

o:\ 4393\VersionA \4393-4.doc:lbm 020599 199



I I I I I I

Table 4.4-1 

MILLSTONE UNIT 3 PRELIMINARY STRUCTURAL ELEMENT SELECTION 
RESULTS AND COMPARISON TO ASME SECTION XI 1989 

EDITION REQUIREMENTS

High Safety- Risk-Informed ISI Program ASME Section XI ISI Program 
Significant High Safety-Significant 1989 Edition Examination 

Systems Evaluated Segments Structural Elements Category Weld Selections 

CLASS 1 CLASS 2 CLASS 3 B-F B-J C-F-1 C-F-2 

BDG (SG Blowdown) 0 ....  

CCE (CHS Cool) 0 ....  

CCI (SI Cool) with SIH - - - - - -

CCP (CCW) 4 0 0 5 0 0 0 0 

CHS (CVCS) 4 0 6 0 0 9 10 0 

CNM (Condensate) with FWS - - - - - -

DTM (Turbine Plant Drains) with MSS - - - - - -

ECCS (1) 1 0 1 0 0 0 0 0 

EGF (DG Fuel) 0 - - - - - -

FWA (Aux Feed) 5 0 8(2) 1 0 0 0 3 

FWS (Feedwater) 0 0 0 0 0 0 0 41 

HVK (Control Bid Chill) 0 - - - - - -

MSS (Main Steam) 0 0 0 0 0 0 0 32 

QSS (Quench spray) 1 0 2 0 0 0 64 0
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Table 4.4-1 (cont.) 
MILLSTONE UNIT 3 PRELIMINARY STRUCTURAL ELEMENT SELECTION 

RESULTS AND COMPARISON TO ASME SECTION XI 1989 
EDITION REQUIREMENTS 

High Safety- Risk-Informed ISI Program ASME Section XI ISI Program 
Significant High Safety-Significant 1989 Edition Examination 

Systems Evaluated Segments Structural Elements Category Weld Selections 

CLASS 1 CLASS 2 CLASS 3 B-F B-J C-F-1 C-F-2 

RCS 55 67(3) 0 0 22 318 0 0 

RHS (RHR) with SIL - - -

RSS (Recirc) 1 0 1 0 0 0 23 0 

SFC (Fuel Pool) 0 - - - - - -

SIH (HPI) 4 0 4 0 0 57 28 0 

SIL (LPI) 5 0 6 0 0 40 106 0 

SWP (SW) 16 0 0 18(3) 0 0 0 0 

TOTAL (4) 96 67 28 24 22 424 231 76 

Notes: 

(1) Section XI weld selections are included in the SIH and SIL systems.  

(2) Includes 4 Feedwater Pipe to Nozzle welds that were not determined to be High Safety-Significant.  

(3) Eight RCS and 4 Service Water High Safety-Significant elements/segments will require VT-2 exams only.  

(4) Total RI-ISI Elements Requiring NDE = 107 Total Section XI Welds = 753 86% REDUCTION
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No element selections were determined to be applicable outside the existing ASME Code Class 

boundaries at Millstone Unit 3, but this may not be the case at all plants that apply this process.  

Section XI currently addresses only weld selections, and under a risk-informed ISI program, 

this may not always be the case. Since the process identifies the segments of piping that are 

high safety-significant in relation to their possible failure affecting core damage, the use of* 
existing Section XI exemptions and examination criteria has been shown at Millstone Unit 3 not 

to be appropriate. Additionally, the following specific information about some of these element 

selections is provided to show that, under a risk-informed ISI program, the current Section XI 

requirements may not be applicable to the elements selected for examination: 

for the Chemical and Volume Control System (CHS), six Class 2 elements are shown to 
have been selected for examination under the risk-informed ISI program. Of these six 

elements, five are currently exempt from NDE by Section XI because of their pipe sizes 

under IWC-1220; 

the element selected for examination under the Class 2 column of the Emergency Core 

Cooling System (ECCS), is not a weld location, but is limited to base metal and is 

identified in Figure 3.7-4; 

in the Auxiliary Feedwater System (FWA), the Class 3 element that was selected for 

examination is located on a line that is currently exempt from NDE by pipe size under 

IWD-1220; 

in the Low Pressure Safety Injection System (SIL), one of the six Class 2 elements 

selected for examination is also exempt from NDE by pipe size under IWC-1220; and 

* for the Service Water System (SWP), selected Class 3 elements, two of the 18 selected are 

also exempt from NDE by pipe size under IWD-1220.  

The fourth column shows the current weld selections under the requirements of the existing 

Millstone Unit 3 ISI program for Class 1 and 2 piping. These selections are determined under 

the requirements of Table IWB-2500-1 for Class 1 piping, Examination Categories B-F Pressure 

Retaining Dissimilar Metal Welds and B-J Pressure Retaining Welds in Piping; and 

Table IWC-2500-1 for Class 2 piping, Examination Categories C-F-I Pressure Retaining Welds in
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Austenitic Stainless Steel or 'High Alloy Piping and C-F-2 Pressure Retaining Welds in Carbon 

or Low Alloy Steel Piping. For Class 3 piping, there are no current requirements to examine 

welds, but the piping itself receives system pressure tests. For purposes of identifying Class 3 
piping subject to examination, the rules of Table IWD-2500-1, Examination Category D-A under 

the 1992 Edition of ASME Section XI, have been used.  

Table 4.4-1 shows that 119 elements were selected for some type of examination under the 

Millstone Unit 3 risk-informed ISI program. 107 of these elements will receive some type of 
NDE, Vibration Monitoring, or ID Visual VT3 examination. All the remaining elements in the 

risk-informed ISI program and those currently included in the Section XI ISI program will 

continue to receive Visual VT-2 examinations during system pressure tests.  

Sunry Unit I Comparison 

Table 4.4-2 for Surry 1 is corstructed similar to Table 4.4-1 for Millstone 3 presenting a 
comparison between a risk-informed program and the current ASME Section XI requirements 

on piping. An identification of piping segments that are part of plant augmented programs is 

also included for Surry 1.  

As in the Millstone 3 results, Surry I will be performing examinations at elements not currently 

required to be examined by ASME Section X. Some examples of these additional examinations 

are provided: 

0 Several elements currently classified as Non-Code Class will receive examination. These 

examinations will be in addition to applicable augmented inspection programs that will 

be continued. Non-Code Class systems or portions of systems that are Non-Code Class 

identified as having piping segments requiring examination include auxiliary steam, 

steam generator blowdown, and feedwater. The ASME Section XI Code does not 

address Non-Code Class systems.  

Several elements currently classified as Class 3 will receive examination. Class 3 

systems or portions of systems that are Class 3 identified as having piping segments 

requiring examination include auxiliary feedwater and component cooling water. The
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ASME Section XI Code does not require NDE (volumetric or surface) examinations on 

Class 3 systems.  

The ASME Section XI Code does not require volumetric and surface examinations of 

piping less than 3/8 inch wall thickness on Class 2 piping greater than 4 inch nominal 

pipe size (NPS). The welds are counted for percentage requirements, but not examined 

by NDE. The risk-informed program will require examination of these welds.  

Examples where the risk- informed process required examination and the Code did not 

are the suction lines to the charging pumps (high head safety injection).  

Since the risk-informed inspection program will require examinations on a large number of 

elements constructed to lesser inspection requirements, the program in all cases will determine 

through an engineering evaluation the root cause of any unacceptable flaw or relevant 

condition found during examination. The evaluation will include the applicable service 

conditions and degradation mechanisms to establish that the element(s) will still perform their 

intended safety function during subsequent operation. Elements not meeting this requirement 

will be repaired or replaced.  

The evaluation will include whether other elements on the segment or segments are subject to 

the same root cause and degradation mechanism. Additional examinations will be performed 

on these elements up to a number equivalent to the number of elements required to be 

inspected on the segment or segments initially. If unacceptable flaws or relevant conditions are 

again found similar to the initial problem, then the remaining elements identified as susceptible 

will be examined.  

No additional examinations will be performed if there are no additional elements identified as 

being susceptible to the same service related root cause conditions or no degradation 

mechanism.
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Table 4.4-2 
SURRY UNIT 1 STRUCTURAL ELEMENT SELECTION 
RESULTS AND COMPARISON TO ASME SECTION XI 

1989 EDITION REQUIREMENTS

Number of High 
Safety-Significant 
Segments (No. in Risk-Informed ISI Program ASME Section XI ISI Program Total Number of 

Augmented High Safety-Significant 1989 Edition Examination Segments Credited in 
System Program) Structural Elements' Category Weld Selections Augmented Programs 
II I I iiI I i i iI 

CLASS 1 CLASS 2 CLASS 3 NON-CODE B-F B-J C-F-i C-F-2 

ACC 0 9 0 

AFWc 11 (5) 5 3+3' 6 16 

AS 2 2 0 

BDc 6(6) 3 3 12 

CC 6 13+4' 0 

CH 8 12+6I+4e 1+3T 39 3 

CNM 0 6 

CS 0 2h 9 2 

CWd 4 0 

ECC 7 12 1 4 24 1 

EE 0 0 

FC 0 0 

FWc 13 (13) 7 6 17 

HHIc 14 (1) 15+2h 63 5 

LHIc 7 (1) 7+3"+2h 23 1
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Table 4.4-2 (cont.) 

SURRY UNIT 1 STRUCTURAL ELEMENT SELECTION 
RESULTS AND COMPARISON TO ASME SECTION XI 

1989 EDITION REQUIREMENTS 

Number of High 
Safety-Significant ASME Section XI ISI 
Segments (No. in Risk-Informed ISI Program Program Total Number of 

Augmented High Safety-Significant 1989 Edition Examination Segments Credited in 
System Program) Structural Elements' Category Weld Selections Augmented Programs 

CLASS 1 CLASS 2 CLASS 3 NON-CODE B-F B-J C-F-1 C-F-2 

MSC 3(3) 2+11 18 23 

RC 11 20+l1h"+3b 18 146 3 

RH 4 1 4 4 12 0 

RS 2 2 4 0 

SW"1 8 5+3r 0 

VS 2 2 0 

TOTAL 108 68 53 33 12 18 202 49 116 89

Summary: Current ASME Section XI selects a total of 385 non-destructive exams while the proposed RI-ISI program selects a total of 136 exams 

(166 - 30 visual exams), which results in a 65% reduction.  

Notes for Table 4.4-2 

a. System pressure test requirements and VT-2 visual examinations shall continue to be performed in all ASME Code Class 1, 2, and 3 systems.  
b. VT-2 area exam at specific location.  
c. Augmented programs for erosion-corrosion and/or high energy line break continue.  
d. Pipe coatings program will be maintained.  
e. VT-2 for entire segment.  
f. UT thickness only.  
g. Segment MS-34 has no weld; VT-2 for entire segment.  
h. Ten examinations added for change in risk considerations.  
i. Six examinations added for defense-in-depth at the reactor vessel outlet nozzle to pipe welds.

/1
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4.4.2 Risk/Safety Evaluation

The effect of the RI-ISI program on risk must be estimated in order to ensure that a program 
that could have an adverse effect on safety is not implemented. The aggregate effects of 
changes to examination requirements must be evaluated. The assessment should consider.  
changes in ISI effectiveness relative to both the inspection location and the examination 

method, frequency and level of qualification.  

The region in which the piping segment is categorized in the structural element selection matrix 

(Figure 3.7-1) can be used to guide the evaluation: 

* The piping segments in Region 4 should result in a risk neutral impact compared to 

current ASME Section XI requirements.  

* The piping segments in Region 3 should result in a risk neutral impact, particularly if 
the Owner Defined Program remains the same. However, even if the Owner Defined 
Program is enhanced, the benefit should be minimal relative to safety, but could be 

substantial from an plant operation perspective.  

The piping segments in Region 2 should result in a risk neutral impact. The quantitative 
impact of NDE on these segments is minimal because of the low failure importance 
within these segmernl:s. However, for segments in this region that currently are not 
examined per current ASME Section XI requirements, the examination of these segments 

will add defense-in-depth to these high safety-significant locations.  

The piping segments in Region 1 should result in a risk neutral to a beneficial impact on 
risk. If new susceptible locations are identified, beyond those already examined per 
ASME Section XI or per an Owner Defined Program, the examination method, 
frequency, and qualification could have a beneficial impact on risk. An appropriate 

selection of examination method, frequency and level of qualification could provide a 
level of improvement: in failure probability of the given location depending on the 

mechanisms and loading conditions that are experienced.
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The combined impact of the segments from all four regions is then evaluated to make an overall 
assessment of RI-ISI program changes on risk. If properly implemented, the RI-ISI should 

always result in a risk-neutral to risk-reduction compared to the current ASME Section XI 

program.  

If the proposed changes result in a risk impact that is not acceptable, the results from each step 

of the process should be reviewed to identify where the inclusion of additional piping 

examinations would decrease the risk impact.  

Millstone 3 Plant Evaluation 

A comparison of the core damage frequency being addressed by the current ASME Section XI 

and by the proposed risk-informed ISI program is shown in Figure 4.4-1.  

This comparison was based on the core damage frequency being addressed by examination of 
the 119 structural elements in the risk-informed ISI program and the 753 weld locations that are 

examined per current ASME Section XI requirements. If a structural element was being 
inspected in the current ASME Section XI program, then the CDF contribution for the segment 

containing that structural element was identified and was included in the total CDF being 
addressed for the system. Similarly, if a structural element is to be inspected in the proposed 

risk-informed ISI program, then the CDF for the segment containing that structural element 

was included in the calculation of the total CDF being addressed for the system. Examination 

of the current ASME Code weld locations addresses a CDF of 1.OOE-08/yr (44%) while 
examination of the risk-informed ISI structural elements addresses a CDF of 2.25E-08/yr (98%) 

for pressure boundary piping failures (out of a total piping CDF of 2.28E-08/year). Thus, safety 

is enhanced with far less locations being inspected.  

This figure shows the comparison by the systems as defined in the risk-informed program. For 

example, Table 4.4-1 shows no risk-informed ISI locations for the FWS system, but it show.s ISI 
locations for current ASME Section XI requirements. However, because of the system definition 

used in the risk-informed ISI program, several locations classified under FWS in ASME 

Section XI are the same as those classified in the FWA system under the risk-informed ISI 

program (piping that is common to both the FWA and FWS systems was assigned to the FWA 

system in the risk-informed program).
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This comparison also assumes 100% effectiveness in detection of precursors to failures for both 

the Section XI and risk-informed ISI locations in the high safety-significant segments. Credit 

for leakage testing in finding these precursors by either program in both the high safety

significant and low safety-significant piping segments is not taken in this evaluation.  

The total piping core damage frequency is a small fraction of the total plant core damage 

frequency of 5.87E-05/yr. Examination of the plant piping at the risk-informed locations, 

however, will verify that the risk of piping pressure boundary failure remains a small 

contributor to total risk as the unit ages over its licensed life.  

Surry Evaluation 

A comparison of the Surry results from the proposed risk-informed ISI program and that of the 

current Section XI ISI program was made to evaluate the change in risk. Two approaches were 

used to compare the CDF and LERF changes.  

The first approach (similar to the Millstone 3 evaluation) assumed that for any segment a) in the 

current Section XI program (for the Section XI risk calculation) or b) in the proposed RI-ISI 

program (for that calculation) or, c) in the augmented program, the risk associated with that 

segment would be addressed completely (with 100% effectiveness). The results from this 

approach are shown in Figures 4.4-2 and 4.4-3 by system, for CDF and LERF respectively.  

As shown by the figures, the RI-ISI program (with augmented) addresses approximately 86% of 

the CDF risk while the current Section XI (with augmented) addresses about 53%. Similarly, the 

RI-ISI program (with augmented) addresses approximately 94% of the LERF risk while the 

current Section XI addresses only 20%. The systems which lead to the improvement which are 

addressed in the RI-ISI program are blowdown, feedwater, main steam and auxiliary feedwater.  

The second approach evaluates the change in risk with the inclusion of the probability of 

detection as determined by the SRRA model. For this risk comparison between the current 

Section XI ISI program and the recommended risk-informed ISI program calculations, the 

following conditions are used:
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For piping segments that are part of augmented programs (such as erosion-corrosion 

and stress corrosion cracking), the SRRA failure probabilities with ISI are used (no 

change from previous calculations).  

For other piping segmaents, the failure probability with ISI for those being inspected by 

NDE are used.  

For the RCS piping segments, the failure probability with ISI for those being inspected 

by NDE and without ISI for those not being inspected was used along with credit for 

leak detection.  

The risk calculations are performed for all 4 cases (CDF and LERF with and without 

operator action). The calculations with operator recovery action from the piping failure 

assumes perfect operators, that is, no human error probabilities will be included.  

For piping segments that are in both the Section XI program and the augmented 
program, no additional credit is given to the Section XI program in the calculations.  

For piping segments that are in both the RI-ISI program and the augmented program, no 

additional credit is given to the RI-ISI program in the calculations.  

For selected piping segments that are in both the RI-ISI program and the augmented 
program in which additional or more stringent examinations are proposed beyond the 
augmented program, a factor of three improvement (based on work done by Khaleel 

and Simonen, 1994 which identified an improvement factor based on failure potential) 

in the failure probability was credited.  

For selected piping segments that are in both the current Section XI program AND an 

augmented program in which the Section XI proposes that additional or more stringent 

examinations beyond the augmented program are performed, a factor of three 

improvement in the failure probability is credited.
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Criteria For Evaluation of Results

The suggested criteria for evaluating the results of the study are the following: 

1. The total change in piping risk should be risk neutral or a risk reduction in moving from 

the current Section XI to RI-ISI. If not, the dominant system and piping segment 

contributors to the RI-ISI risk should be reexamined in an attempt to identify additional 

examinations which would make the application at least risk neutral. If additional 
examinations can be proposed, then the change in risk calculations should be revised to 

credit these additional examinations until at least a risk neutral position is achieved.  

2. Once this is achieved, an evaluation of the dominant system contributors to the total 

risk for the RI-EL (e.g., system contribution to the total is greater than approximately 

10%) should be examined to identify where no improvement has been proposed (i.e., 
where moving from no ISI or Section XI ISI to RI-El, the risk has not changed and it is 
still a dominant contributor to the total CDF/LERF). If any systems are identified where 

this is the case, the dominant piping segments in that system should be reevaluated in 
an attempt to identify additional examinations which would reduce the overall risk for 

these systems and thus possibly the overall risk.  

3. The results should be reviewed to identify any system in which there is a risk increase in 

moving from the Current Section XI program to the RI-El program. The following 
guidelines are suggested to identify if additional examinations are necessary: 

If the CDF increase for the system is approximately a) greater than two orders of 

magnitude below the risk-informed ISI CDF for that system or b) greater than 
1E-08, (whichever is higher), then at least one dominant segment in that system 

should be reevaluated to identify additional examinations 

If the LERF increase for the system is a) greater than two orders of magnitude 

below the risk-informed ISI LERF for that system or b) greater than 1E-09 
(whichever is higher), then at least one dominant segment in that system should 

be reevaluated to identify additional examinations
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4. If any additional examinations are identified, the change in risk calculations should be 

revised to credit these additional examinations.  

These criteria will provide added assurance that the risk from moving to the RI-ISI program has 
been addressed. For Surry, this evaluation resulted in the identification of 10 piping segments 

for which examinations are now required.  

The results from the risk comparison for Surry are shown in Table 4.4-3 and Figure 4.4-4. As 
can be seen from the table and figure, the risk-informed ISI program reduces the risk associated 

with piping CDF/LERF slightly more than the current Section XI program while reducing the 

number of examinations required.

0: \43�3\VersionA\43934doc1b-O2O5�9 215

Table 4.4-3 
SURRY UNIT 1 COMPARISON OF CDF/LERF FOR NO ISI, CURRENT SECTION XI 

AND RISK-INFORMED ISI PROGRAMS

Piping CDF/LERF Piping CDF/LERF Piping CDF/LERF 
Case Without ISI Current Section XI Risk-Informed 

CDF No Operator 6.28E-05 6.09E-05 5.34E-05 
Action 

CDF with Operator 4.05E-06 2.29E-06 1.67E-06 Action 

LERF No Operator 5.18E-06 5.09E-06 4.63E-06 
wction 

LERF with Operator 4.46E-07 3.63E-07 1.54E-07 
Action
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A comparison between the total piping CDF/LERF and the total plant CDF/LERF reported for 
Surry in Section 3.1.4 (total plant CDF of 7.2E-05/year and total plant LERF of 1.1E-05/year) 
was not made because both the piping CDF/LERF and the plant CDF/LERF address large, 
medium, and small LOCAs, steam line breaks and other events (i.e., there is overlap between 

the two models).  

4.4.3 Cost-Benefit Evaluation 

Upon completion of general NRC approval allowing use of risk-informed ISI methodologies 
contained in this WOG Topical Report for piping, a nuclear utility owner will decide whether to 
develop their own risk-informed program. The owner will have the option to identify and 
implement alternative approaches to achieve the same or greater level of safety than is obtained 
through implementation of ASME Section XI. The choice of alternatives will be first predicated 
on achieving the same or greater safety (as ASME Section XI), and then on the associated 
economic and manrem burden associated with the various alternatives.  

To support the WOG risk-ird~ormed ISI applications, both Northeast Utilities and Virginia 
Power performed cost-benefit evaluations at the time the respective studies at Millstone Unit 3 
and Surry Unit I were being completed. Northeast Utilities reviewed prior ISI program 
information to estimate both the direct and indirect inspection costs and to estimate person-rem 
savings from implementation of the program. Virginia Power used average NDE examination 
costs and assumed that sirridlar person-rem savings could be achieved as Northeast Utilities 
showed for Millstone Unit 3. Virginia Power also estimated how much effort it would take to 
repeat a risk-informed ISI application for heir other units. A paper by Nitin J. Shah, et al (1997) 
also captures their cost-benefit study along with lessons learned from performing the pilot 
study at Surry Unit 1. The next sections summarize the Northeast Utilities and Virginia Power 
studies to help other utilities in determining the cost-benefit of doing a risk-informed ISI 

program.  

Northeast Utilities Study 

Northeast Utilities has provided estimated savings from implementation of a risk-informed 
inservice inspection program to the piping systems at Millstone Unit 3 in the Supplemental 
Information enclosed within this topical report. This section builds on this information to 
provide an indication of the cost-benefit for all WOG member plants.
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An estimated savings of $332,000 per outage in direct inspection related costs has been 
identified for Millstone Unit 3. A savings of 15 person-rem per outage has also been estimated 
for inspection of Millstone Unit 3 piping using a risk-informed approach.  

The Westinghouse Owners Group has established estimated standard cost factors for 
parameters that are impacted by their programs using a blending of information from the 
membership. These factors are used in this cost-benefit evaluation, where applicable.  

Table 4.4-4 shows net present values of estimated savings from implementation of a risk
informed inspection program for nuclear plant piping systems. As shown in the table, 
significant savings can be achieved in direct costs. Other indirect cost savings are also expected 
to be significantly reduced. These indirect cost savings are expected to include: 

* Outage critical path reduction (which is becoming more important as utilities continue 

to reduce outage length) 

* Program administration cost reduction 

* Insurance premium reduction 

0 Cost reduction associated with evaluating flaw indications in low safety-significant 

piping 

In addition, a risk-informed ISI program should enhance the finding of precursors to potential 

failures because inspection resources are focused on locations of highest failure potential in 

high safety-significant piping segments. The identification of these precursors should help 

minimize events like leaks, which result in significant business interruption'losses. In 

sumnmary, the development and implementation of a risk-informed ISI program provides the 
opportunity to significantly reduce burden while maintaining or enhancing safety.  

The total effort to perform the risk-informed ISI program for the representative WOG plant 

exceeded the direct savings that would be gained during one outage at that unit. However, 

more than half of that cost was associated with learning and adapting the methodology to be 

applied across all the piping systems at a large nuclear plant, which is a first-of-a-kind 

application. In addition, there were considerable costs associated with interfacing with ASME, 

NEI, and the NRC on this project.

I
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Table 4.4-4 
ESTIMATED SAVINGS FROM RISK-INFORMED INSPECTION 

FOR TYPICAL 4-LOOP PLANT* (MILLSTONE 3) 

Description J Considerations _ Net Present Value of Savings** 

Direct Costs 

Actual Inspection Costs Includes NDE, scaffolding and $1,889,660 
insulation removal 

ALARA Costs Assuming approximately 15 REM $846,650 
per outage savings and using 
$10,000/REM 

TOTAL DIRECT COST SAVINGS $2,736,310 

Indirect Costs 

Administrative Costs Paper work including work orders, Not estimated 
surveillances and clearances 

Outage Critical Path Reduction of 1-2 days of outage $1,314,170 
time anticipated as outages become 
shorter (NPV savings assumes 
0.5 day at $340,000 per day) 

Insurance Premiums Not estimated 

Analysis Costs From flaw indication evaluations in Not estimated 
low safety-significant piping 
segments 

TOTAL ESTIMATED DIRECT > $4,050,480 
AND INDIRECT SAVINGS 

The estimated savings for 2-loop and 3-loop units will obviously be lower than these values 
depending on the number of piping locations currently being inspected to the requirements of ASME 
Section XI. The effort to perform a risk-informed ISI program, however, will require less resources 
relative to the number of piping system segments to be addressed.  

** Assumes discount rate of 7.5% and estimated savings at each outage over the remaining 30 years of 
operating license life.
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It is believed by the team members that the risk-informed ISI program can be applied in the 

future at a cost much less than the direct savings that are gained from piping examinations 

done in one outage from implementation of the program.  

Virginia Power Study 

The Surry-1 pilot project endeavored to measure the relative level of safety provided by the 

risk-informed methodology that should provide a basis for general NRC approval via this 

Topical report that other utilities will follow.  

Preliminary cost figures have been developed from the Surry-1 project, both actual and 

projected, to better understand the cost of implementing a risk-informed ISI program. A man

week (ManWk) assessment follows: 

1) System scope - 2.5 Manweeks 

2) Segment identification - 7.5 Manweeks 

3) Conditional consequence quantification - 30 Manweeks 

4) Failure probability quantification - 46 Manweeks 

5) Risk evaluation - 3.0 Manweeks 

6) Expert panel categorization - 24 Manweeks 

7) Element & NDE selection - 12 Manweeks 

8) Administrative - 4.0 Manweeks 

Total: 129 Manweeks 

A man-week cost was estimated at $2300. The estimate contains direct plus contractor costs 

brought in to support the project and provide training. The estimated cost to develop a 

program is approximately $300,000. Additionally, Virginia Power has three other similar units 

(North Anna 1 & 2 and Surry 2), where some reduction in cost can be obtained due to the 

similarity. It is estimated that all four units can be completed for approximately $950,000. This 

cost does not include WOG support funds requested for the Surry-1 pilot. These funds were 

considered unique to the pilot application (sensitivity studies, software alterations, research, 

etc.) and would not be required after rulemaking. The SRRA failure probability software was 

provided to the Surry project at no additional cost.
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Program maintenance costs are assumed equivalent to the current program maintenance costs 

for the purpose of this analysis due to a lack of information and, therefore, are not considered in 

the evaluation. However, the program is a living program and will require more frequent 

updates when requirements, necessitate it. As such, the maintenance costs will be higher, but 

probably only marginally.  

Again, assuming equivalency in safety, management will want to recover the initial investment 

costs in the program over time or the process would be rejected rather quickly. The actual 

projected reduction is estimated at this time to be 65% (see Table 4.4-2), however savings can be 

plotted over various reduction percentages to ascertain the break-even point. Figures 4.4-5 and 

4.4-6 provide some of this information. The plots assume that an average NDE examination 

costs $4000. One-third of th-Le cost is direct NDE costs and two-thirds is associated with support 

work (scaffolding, insulation removal and reinstallation, cleaning, etc.). Figure 4.4-6 

additionally assumes an exposure reduction at 80% (15 Rem / 4 loop plant, 10 Rem / 3 loop 
plant) and assumes a cost of $10,000/Rem. The exposure reduction is then reduced linearly 

with reduction percentage. The plots are based upon current ASME Section XI programs at 

three Westinghouse PWRs.  

By assuming a 65% reduction in examination at an older 3-loop plant, such as Surry-1, due to 

the risk-informed methodology, then Figure 4.4-5 indicates that the initial $300,000 investment, 

not considering exposure reduction, would be paid back in just over 3 years. Considering the 

exposure reduction (Figure 4.4-6) would reduce the time to approximately 2 years. The 

example of course is simplified and does not consider interest on investments, inflation or tax 

credits, which would also be considered in an economic evaluation. Larger plants return the 

initial investment quicker ('12-18 months), since given the same reduction percentage, they have 

more welds in their current ASME Section XI program to be reduced from examination, as 

demonstrated in the Millstone-3 reference plant study.  

Both the Northeast Utilities and V-irginia Power cost-benefit studies show that the risk

informed ISI methodology described in this WOG Topical Report provides an opportunity for 

nuclear utilities to reduce cost while maintaining high levels of safety. The decision to 

implement such a program should be made with the knowledge that the process involves a 

significant technical and economic investment.
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4.5 IMPLEMENTATION AND PROGRAM MONITORING

This subsection provides program requirements and recommendations for the activities 

associated with implementation, monitoring and corrective action descriptions necessary to 

support a RI-ISI program.  

4.5.1 Implementation 

The implementation of a RI-ISI program for piping should be initiated at the start of a plant's 

10-year inservice inspection interval consistent with the requirements of the ASME Code 

Section XI, Edition and Addenda committed to by an Owner in accordance with 10 CFR 50.55a.  

However, implementation may begin at any point in an existing interval as long as the 

examinations are scheduled and distributed to be consistent with these requirements and those 

of this section. The requirements for these intervals are contained in ASME Section XI under 

IWA-2000 as they apply to Inspection Program B. Documentation of program updates shall be 

kept and maintained by the Owner on site for audit. Changes arising from the program 

updates should be evaluated using the change mechanisms described in existing applicable 

regulations (e.g., 10CFR50.55a, 10CFR50.59, and 10CFR50 Appendix B) to determine if the 

change to the RI-ISI program should be reported to the NRC. Each 10-year inspection interval 

is subdivided into inspection periods which end at 3, 7, and 10 years of plant service within 

each interval. Variations in these inspection program intervals and periods by plus or minus 

1 year are allowed under ASME Section XI based on refueling outage situations and may be 

employed by an Owner who implements a RI-ISI program. These same basic RI-ISI program 

interval and period requirements shall also be used by Owners who choose to perform on-line 

NDE, but special considerations may have to be taken in regards to program updates during 

the performance of corrective actions that result from these examinations. When on-line NDE is 

performed as part of a RI-ISI program, it is the Owner's responsibility to address the special 

considerations that may require exceptions to the requirements of ASME Section XI or those in 

this section.
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4.5.2 Program Monitoring

RI-ISI programs are living programs and should be monitored continuously. Monitoring of 
these programs encompasses many facets of feedback or corrective action which includes 
periodic updates based on inputs and changes resulting from plant design features, plant 
procedures, equipment performance, examination results, and individual plant and industry 
failure information. Once the Feedback Process Loop is completed as shown in Figure 4.5-1, all 
the information is fed back into the Overall Risk-Informed ISI Process of Figure 3.1-2. The 
periodic update is performed by evaluating the information from the Feedback Process Loop 
for its applicability to each step in the Overall Risk-Informed ISI Process and begins at the 
Scope/System and Segment Definition block and ends at the Implement Program block.  
Changes should be evaluated to determine if the change should be reported to the NRC.  

Since the Probabilistic Safety Assessment (PSA) used in the development of any RI-ISI program 
is a state of knowledge at the time of implementation, any significant changes in these 
parameters that effect the totial plant's Core Damage Frequency (CDF) or Large Early Release 
Frequency (LERF) by a critical factor should be considered, when identified, as expeditiously as 
possible. Plant administrative procedures should be in place to input these changes into the 
PSA and incorporate any relevant results into the RI-ISI program outside of any periodic 
updates. These expedited program updates should be performed to address significant PSA 
changes or the occurrence of significant plant events. Significant plant events may include such 
events as pipe ruptures, earthquakes, or severe operational transients.  

Periodic Updates. Updates to a RI-ISI program are performed at least on a period basis to 
coincide with the inspection program requirements contained in ASME Section XI under 
Inspection Program B. These updates are required following the completion of all 
scheduled examinations in each inspection period.  

Plant Design Feature Changes. As plant design changes are implemented, changes to the 
inputs associated with RI-ISI program segment definition and element selections may 
occur. It is important: to address these changes to the inputs used in any engineering 
assessment or Structural Reliability/Risk Assessment (SRRA) model that may effect 
resultant failure probabilities in terms of pipe leakage, disabling leakage or full rupture
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events during RI-ISI program periodic updates. Some examples of these inputs would 
include the following: 

- Material and Configuration Changes 

- Welding Techniques/Procedures 

- Construction and Preservice Examination Results and 
- Stress Data (Operating Modes, Pressure, and Temperature Changes) 

In addition, plant design changes could result in significant changes to a plant's CDF or LERF, 
which in turn could result in a change in consequence for a system's piping segments.  

* Plant Procedure Changes. Changes to plant procedures that affect system operating 
parameters or the ability of plant operations personnel to perform actions associated 
with accident mitigation should be included for review in any RI-ISI program periodic 
update. Additionally, changes in these procedures which affect component test 
intervals, valve lineups, or operational modes of equipment shall also be assessed for 
their impact on changes in postulated failure mechanism initiationor CDF/LERF 

contribution.  

Equipment Performance Changes. Equipment performance changes should be reviewed 
with system engineers and maintenance personnel to ensure that changes in 
performance parameters such as valve leakage, increased pump testing or identification 
of vibration problems His included in the evaluation of the RI-ISI program periodic 
update. Specific attention should be paid to these conditions if not previously assessed 
in the qualitative inputs to the element selections of the RI-ISI program.  

Examination Results. When scheduled RI-ISI program NDE examinations and system 
pressure tests (Refer to 4.3) are completed with corresponding VT-2 visual examinations 
for leakage, and flaws or indications of leakage are identified, the existence of these 
conditions should be evaluated as part of the RI-ISI program periodic update.  

Current ASME Section XI ISI ,examination reporting requirements do not contain provisions for 
reporting examination results of ASME Code Class 3 items nor do they address HSS or HSS 
Non-Code Class items that could be included in a RI-ISI program. In order to compensate for
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these deficiencies in the current requirements, it is recommended that Owners use Code 
Case N-532 Alternative Requirements to Repair and Replacement Documentation 
Requirements and Inservice Summary Report Preparation and Submission as Required by 
IWA-4000 and IWA-6000 Section XI Division 1 with the supplemental requirements contained 

in this section.  

Code Case N-532 provides for reporting examination and pressure test results on a periodic 
basis for all ASME Code Class 1, 2, and 3 items consistent with the periodic updates described 
in this section. When using Code Case N-532 RI-ISI results would be documented on an 
OWNER'S ACTIVITY REPORT FORM OAR-1 which includes the Abstract Tables contained in 
the Code Case. Figure 4.5-2 shows a sample Form OAR-1 with these Abstract Tables. Owners 
should be aware that Code Case N-532 is not generically approved for use by the NRC, but that 
it has been approved on a plant specific basis and is available to the industry subject to NRC 
approval. After receiving NRC approval to use Code Case N-532 for a RI-ISI program the 
following should apply: 

A Form OAR-1 per N-532 shall be prepared and certified upon completion of all examinations 
and system pressure tests each refueling outage. All Form OAR-is prepared during an 
inspection period shall be submitted to the NRC following the end of the inspection period.  
The following tables are part of each Form OAR-1.  

N-532, Table 1 - Abstract of examinations and tests shall include all HSS piping items examined 
by NDE and HSS and LSS system pressure tests performed in accordance with requirements of 
a RI-ISI program regardless of ASME Code Classification.  

N-532, Table 2 - Items with flaws that required evaluation for continued service shall include 
all HSS piping items subject to NDE in accordance with a RI-ISI program. ASME Section XI 
requires that analytical evaluation of ASME Code Class 1 and 2 examination results be 
submitted to the regulatory authority having jurisdiction at the plant site in accordance with 
IWB-3134(b) and IWC-3125(b). It is recommended that for a RI-ISI program analytical 
evaluations be submitted to the NRC for review prior to returning the component or system to 
service. Requirements for analytical evaluation submittals shall be applicable to all HSS piping 
items subject to NDE regardless of ASME Code Classification. When acceptance criteria for 
ASME Code Class 3 and HSS Non-Code Class piping items does not exist in ASME Section XI, 
the Owner shall use the provisions of IWA-3100(b) or any applicable acceptance criteria 
contained in the Owner's CLB.
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Figure 4.5-2 Sample Form OAR-i with Abstract Tables 1, 2, and 3
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TABLE 1 
ABSTRACT OF EXAMINATIONS AND TESTS

TABLE 2 
iTEMS WITH FLAWS OR RELEVANT CONDITIONS THAT 

REQUIRED EVALUATION FOR CONTINUED SERVICE 

Flaw Flaw or Relevant Condition Found 
Examinatlon It" Item Charaterization Durng Scheduled Section XI 

Category Number Description (IWA-3300) ExamInation or Test (Yes or No) 

TABLE 3 
ABSTRACT OF REPAIRS, REPLACEMENTS, OR CORRECTIVE MEASURES 

REQUIRED FOR CONTINUED SERVICE 

I Flaw or Relevant 
Codition Fownd 

Repair, During Scheduled 
Replacement, Section X1 Rer/ 

Code or Corrective Item Description Examinaton or Date Replacement 
cla Measure Descrlpon of Work Test (Yes/No) Complete Plan Nmnber

Figure 4.5-2 (cont.) Sample Form OAR-1 with Abstract Tables 1, 2, and 3
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N-532, Table 3 - Abstract of repairs, replacements, or corrective measures required for 

continued service shall include all HSS piping items subject to NDE or HSS and LSS items 

subject to system pressure tests in a RI-ISI Program regardless of ASME Code Classification. A 

repair or replacement plan and corresponding Form NIS-2A Repair/Replacement Certification 

Record is not required for I-ISS or LSS Non-Code Class piping items. Repairs or replacements 

performed on HSS or LSS Non-Code Class piping items shall be performed in accordance with 

the Owner's CLB.  

Reporting requirements for examination results are shown in Figure 4.5-3.  

Individual Plant and Industry Failure Information. Review of individual plant maintenance 

activities associated with repairs or replacements that are or are not the result of RI-ISI 

program examinations, including identified flaw evaluations, is an important part of 

any RI-ISI program periodic update. Evaluating this information as it relates to an 

Owner's plant provides failure information and trending information that may have a 
profound effect on the element locations currently being examined under a RI-ISI 

program. When this review is coupled with industry failure information, a complete 

update results. Ind-ustry failure data is just as important to the overall program as the 

Owner's information. During the RI-ISI program periodic update individual plant 

failure information and industry data bases such as the Electric Power Research Institute 

(EPRI) data base and technical report titled Piping Failures in United States Nuclear 

Power Plants: 1961- 1997, presently in draft format at the time of this report, and the 

Nuclear Performance and Reliability Data System/Equipment Performance and 

Information Exchange NPRDS/EPIX data base should be reviewed for applicability to 

the Owner's RI-ISI program.  

4.5.3 Use of Corrective Action Programs 

Each Owner of a nuclear power plant is responsible to have a corrective action program under 

the provisions of 10 CFR 50, Appendix B as follows: 

"Measures shall be established to assure that conditions adverse to quality, such as failures, 

malfunctions, deficiencies, deviations, defective material and equipment, and nonconformances
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SUBMIT COMPLETED FORM OAR-Is 
(With Table Information Required 
To The NRC Following The End 

Of Each Inspection Period) 

Figure 4.5-3 Reporting Requirements for Examination Results
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EXAMINATIONS & PRESSURE TESTS 
(Complete Per Refueling Outage 

RI-ISI Program Requirements)

SUBMIT ALL ANALYTICAL FLAW 
EVALUATIONS TO NRC 

(Recommended Submittal Prior To Returning 
A System Or Component To Service)

COMPLETE A FORM OAR-1 
(With Table Information Required 

After Each Refueling Outage)
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are promptly identified and corrected. In the case of significant conditions adverse to quality, 

the measures shall assure that the cause of the condition is determined and corrective action 

taken to preclude repetition.. The identification of the significant condition adverse to quality, 

the cause of the condition, and the corrective action shall be documented and reported to 

appropriate levels of management." 

In relation to a RI-ISI program for piping, the following process may be used to meet the intent 

of 10 CFR 50, Appendix B. Figure 4.5-4 is an example of how a unacceptable flaw, one that has 

been determined unacceptable through evaluation of examination results and subsequent 

ASME Section XI analytical evaluation, should be addressed in an acceptable corrective action 

program using attributes described in this subsection.  

* Identify. Through the inspection location selection process established under a RI-ISI 

program, structural element examinations and system pressure tests performed should 

identify those conditions that would be adverse to quality in relation to identifying 

precursors to potentiil or actual leaks, disabling leaks, or pipe ruptures.  

* Characterize. Depending on the timing of the condition identification and operational 

mode of the plant, (this may be a more critical situation when on-line NDE is 

performed) the first issues to be addressed are: 

- the effects on operability of safety-related systems, structures, or components; 

- if regulatory reporting is required (10 CFR 50.72 and 50.73); or 

- the condition results in an immediate plant/personnel safety or operational 

impact.  

If the answer to any of these three considerations is "yes, then the plant's management must be 

immediately notified through plant established procedures.  

0 Evaluate. Evaluation has two parts: 1) determine the cause and extent of the condition 

identified, and 2) develop a corrective action plan or plans. Additional examinations 

shall be considered an acceptable method in providing this cause and extent 

determination. Under a RI-ISI program, extensive quantitative and qualitative insights

o:\4393\VersionA\4393-4.doclb-020599 233



1. IDENTIFY 
Examination results and Analytical Evaluation conclude 
an unacceptable flaw is found during a scheduled NDE 

(Acceptance Criteria ASME Section Xl or CLB)

t
4. DECIDE 

Make a decision to implement the plan (N) 
(Yes or No)

6. VERIFY 
Verify the RI-ISI program has been updated 
based on the completed corrective action 

(Audit the Program) 

7. TREND 
Look at other corrective actions 

to see it the problem has really been fixed 
(Look at All Examination Results on a Period Basis)

Figure 4.5-4 Corrective Action Program Example

o:\4393\VersionA\4393.4.doclb.020599 
234

2. CHARACTERIZE 
(a) Perform an operability evaluation; 

(b) Determine if regulatory reporting is required (10 CFR 50.72 or 50.73); and 
(c) Assess if an immediate plant/personnel safety or operational impact exists 

(Yes or No Answers)

3. EVALUATE 
(a) Determine the cause and extent of the condition, and 

(b) Develop a Corrective Action Plan 
(Additional Examinations Performed No other Flaws Found) 

(Plan to Replace the Weld)

5. IMPLEMENT 
Complete the work necessary to 

correct the problem and prevent recurrence 
(Replace the Weld) 

(Perform Preservice NDE) 
(Update the Program)
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have been used to identify postulated failure modes and elements to be examined.  
Performance of exarrinations on selected elements have been grouped into regions of 

High and Low failure importance and safety significance. These groupings provide 
the basis for additiorLal examinations to be performed to determine the cause and extent 

of the condition identified. Acceptable sampling schemes such as those required in 
ASME Section XI under IWB-2430 shall be used. These additional examinations may be 
limited by piping segment, materials, service conditions, and failure modes already 

established in the RMISI program. Alternatively, due to the available information used 

in a RI-ISI program, an engineering evaluation may be used as a substitute for 
additional examinations to determine the cause and extent of the condition identified. If 
the engineering evaluation concludes that additional elements are not subjected to the 
same root cause or that no degradation mechanism exists (such as insignificant 
indications or conditions that have existed since original fabrication) then no additional 

examinations may be necessary.  

Once the true extent of the condition has been identified and documented by an Owner, 
then a corrective action plan shall be developed. The plan could include repair, 
replacement, or monitoring of the condition identified depending on its safety 
significance. Several options of corrective action may be available to an Owner, but in 
all cases, needed success criteria must be defined and documented with the corrective 
action plan. These success criteria include the measurable attributes needed to evaluate 

the effectiveness of the corrective action in the prevention of a reoccurrence of the 
identified condition. The success criteria may be as simple as implementation of new 
element selections based on the new failure information during the next scheduled 

periodic update of the RI-ISI program and then performance of the examinations to 
prove that the issue has been corrected. Conversely, this criteria may require a plant 

design change depending on the condition identified and possible scheduled 
replacements might have to implemented on a routine basis to prevent the condition 

from reoccurring.  

Decide. A decision should be made by appropriate levels of management on the 

Owner's implementation of any corrective action plan. Agreement on the adequacy of 
the success criteria should be reached among the personnel involved and resources
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allocated to implement the plan. Cost will inevitably play a part in the decision process, 

but it is more important to fix the problem correctly the first time so as to avoid 

recurrence in the future.  

Implement. Complete the work necessary to both correct the problem and prevent 

recurrence. In the case of a RI-ISI program, successive examinations may be one way to 

measure the effectiveness of the corrective action. For example, an Owner could follow 

the requirements for successive examinations as described in ASME Section XL, 

IWB-2420. These requirements could be used when flaws or conditions have been 

accepted by analytical evaluation and measurement of potential service related 

degradation is essential to avoiding a future failure of a piping structural element.  

* Verify. The first item that must be verified is whether or not the planned corrective 

action was implemented. Management should do this as part of their normal daily 

work activities. In a RI-ISI program this may be as simple as having administrative 

procedures in place to ensure that the program has been updated as a result of the 

corrective action plan and checks of the examination data to ensure that the 

examinations are being performed as scheduled in the program.  

Once it has been determined that corrective actions have been implemented, the 

planned actions to verify that the desired results are obtained should be conducted.  

This is done by measuring the success criteria at regularly scheduled intervals in 

accordance with the corrective action plan. This measurement may indicate that based 

on the success criteria, the problem was not fixed or only partially fixed. Additional 

corrective action plans may have to be developed and implemented if this situation 

occurs.  

Trend. The purpose of trending is to identify conditions that are significant based not 

only on individual issues, but on accumulation of similar issues. Even issues assigned 

low significance may be deemed of greater significance if there is an increasing number 

of similar issues. During the RI-ISI program periodic updates a review of occurrences 

which required corrective actions should be performed by the plant expert panel or the 

plant ISI subpanel review team to determine if these insights should result in any 

additional or new examination location changes within the program.
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SECTION 5 

PLANT-SPECIFIC APPLICATION PROCESS 

This section provides the framework for applying the risk-informed methods to a specific plant 

for piping inservice inspection. The tasks required to develop a comprehensive risk-informed 

inservice inspection program for piping are provided below. The tasks are: 

* Scope Definition 

0 Segment Definition 

* Consequence Evaluation 

0 Failure Probability Estimation 

• Risk Evaluation 

& Expert Panel Categorization 

* Structural Element Selection 

0 Inspection Requirements 

* Implement Program 

* Feedback Loop 

Figure 5-1 shows the process. Each task is summarized in the sections below.  

Figure 5-2 identifies the skills necessary for a successful program.  

5.1 SCOPE DEFINITION 

The fluid systems contained in the plant, modeled in the PSA and considered as part of the 

Maintenance Rule, are identified and compared with the current classifications and required ISI 

examinations, and with the stress analysis. This review, along with other plant documentation, 

is used to determine which systems/classes, or portions of systems/classes, should be 

evaluated as part of the risk-informed ISI process. Given that system boundaries involve 

system functions and may also involve interfaces between different types of systems, the 

definition of these boundaries requires a careful, logical approach. All interfaces must be 

identified to ensure that there is consistency between the defined boundaries, when viewed 

from the systems on either side of each boundary, and that no safety functions are overlooked.
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5.2 SEGMENT DEFINITION

This task involves the development of piping segments for the process. A piping segment is 
defined as a portion if piping for which a failure at any point in the segment results in the same 
consequence (e.g., loss of a system, loss of a pump train, etc.) and includes piping structural 
elements between major discontinuities such as pumps and valves.  

5.3 CONSEQUENCE EVALUATION 

The consequences given the iFailure of a piping segment are identified through PSA insights, 
engineering evaluations and plant design and operations. Consequences that must be 
considered include both direct effects (failure of a train in which the piping segment is 
contained) and indirect effeci.s (such as those due to flooding, pipe whip, or jet impingement).  

5.4 FAILURE PROBABILITY ESTIMATION 

The overall process of identifying potential failure modes, selecting locations and calculating 
failure probabilities proceeds by system, and includes preliminary activities for the system as a 
whole, and detailed assessments and data gathering for each segment. This includes the 

following steps: 

0 Gather design basis information 

* Review industry experience 

* Discuss system operations with system engineer and gain further insights into any 

potential piping problems 

0 Determine likely failure mode(s) 

0 Select candidate location(s) 

* Gather detailed data for probability of failure analysis
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* Calculate probabilities of failure

Document locations and probabilities 

5.5 RISK EVALUATION 

This task is to identify and categorize the components (or pipe segments). The approach 

calculates the relative importance for each component within the systems of interest. This risk
importance is based on the frequency of core damage (or LERF, if available) resulting from the 

structural failure of the component in a given segment and the total piping pressure boundary 

core damage frequency (and LERF, if available). The results are then used to calculate the risk

importance for each segment within the system.  

The following outlines the steps of the process: 

* Apply PSA to calculate piping pressure boundary core damage frequency (and LERF, 

if available) 

- Identify impact on PSA model (using EPRI PSA Applications Guide) 

- Identify surrogate component 

- Obtain conditional core damage frequency/probability (LERF) 

- Integrate pressure boundary failure probability/rate 

- Calculate segment piping pressure boundary core damage frequency (and LERF) 

- Calculate total piping pressure boundary core damage frequency (and LERF) 

Calculate importance measures 

- Calculate segment Risk Reduction Worth importance measure 

- Calculate segment Risk Achievement Worth measure 

Evaluate important PSA and failure probability factors through sensitivity studies and 

uncertainty studies, as appropriate
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5.6 EXPERT PANEL CATEGORIZATION

An expert panel (such as the expert panel used for the Maintenance Rule) evaluates the risk

informed results and makes a final review to determine the high safety-significant pipe 

segments for ISI using the gu~idance in Section 3.6.3. The expert panel should: 

Consider the PSA and failure probability information and associated uncertainties 

Consider other deterministic considerations 

- Shutdown risk evaluation 

- External events evaluation 

- Other accident scenarios 

- Component operating history 

- Plant operation and maintenance insights 

- Design basis analysis 

- Other determinrLstic insights 

Conduct expert pane] sessions and document results 

5.7 STRUCTURAL ELEMENT SELECTION 

The selection of inspection lccations within each high safety-significant pipe segment is 

obtained by further review by a subpanel, comprised of materials, ISI and NDE expertise, using 

the following steps.  

0 Identify where the segment falls on the structural element matrix.  

0 Determine the number of inspections required in each segment using the statistical 

model, if appropriate.  

0 Verify that the locations with the highest failure potential within a segment are 

identified for examination.  

* Document the results and present to the full expert panel for final review and approval.
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The output of this process defines the structural elements selected and the associated 

examination method and frequency for inspection.  

5.8 INSPECTION REQUIREMENTS 

The inspection requirements defined in Section 4 should be consulted to define the type of 

inspection to be performed on the structural elements.  

5.9 IMPLEMENTATION, MONITORING AND FEEDBACK 

The implementation, monitoring and feedback is discussed in detail in Section 4 and 

summarized below.  

Implementation 

Once the risk-informed process is completed, the inspection program can be implemented. The 
required examinations are scheduled over the 10 year inspection interval in periods. If, during 
the interval, a reevaluation of the risk-informed process is conducted and scheduled items are 
no longer required, the items may be eliminated. If items are identified for inclusion in the 
program, the items should be added and distributed across the remaining periods in the 
interval. Each subsequent 10 year interval should include, as a minimum, a reevaluation of the 

risk-informed process.  

For examinations that reveal flaws or relevant conditions exceeding ASME acceptance 
standards, additional examinations should be conducted. The additional examinations should 
include the same type of piping structural element(s) with the same postulated failure mode(s).  

If piping structural elements are accepted for continued service, the areas containing flaws or 
relevant conditions should be reexamined during the next three inspection periods. If the 
reexaminations reveal that flaws or relevant conditions remain essentially unchanged for three 
successive inspection periods, the piping examination schedule may revert to the original 

schedule.  

The examination qualification and methods requirements and personnel qualification 
requirements should be the same as under the plant's current inservice inspection program.
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Feedback

The risk-informed inservice inspection program should be reevaluated periodically as new 
information becomes available. Such information may result for example from changes to the 
PSA, from inspection results, from new failure modes experienced by the industry, from 
replacement activities, from repair activities, or plant design or operational changes. The effect 
of the new information on the risk-informed process should be determined. Each phase of the 
risk-informed process should be reevaluated to determine where the new information impacts 
the process and/or the results. The new information should be included at the appropriate 
level of the analysis (consequence evaluation, failure probability estimation, etc.) and the 
analysis should be conducted to identify the changes to the risk-informed inspection program.  

5.10 DOCUMENTATION 

Each major step of the risk-irnformed ISI process should be documented for future use in 
retrievable files. Below is a list of information that may be included by an individual utility in 
their RI-ISI submittal to NRC. A list of information to be retained onsite for retrieval and 
potential NRC audit is also provided. The information to be retained is summarized in the 

previous sub-sections.  

Proposed NRC Submittal Contents 

* Current Inspection Code 

* List of changes to licensing basis (relief requests, FSAR, etc.) 

* Process followed (compliance with WCAP, Code Case and note exceptions to 

methodology) 

0 Justification for state:ment that PRA is of sufficient quality 

* Summary of results of each step of the process, including summary of risk impact 

* How meet RG principles 

RI-ISI Program Plan (summary of changes from current program such as shown in 

Table 4.4-2)
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Summary of any augmented inspections that would be impacted 

Performance monitoring/feedback/corrective action program changes/commitments 

Future reporting to NRC 

Retrievable Onsite Documentation for Potential NRC Audit 

Scope Definition 

Segment definition 

Failure probability assessment 

Consequence evaluation 

PSA Model Runs for program 

* Risk evaluation 

* Structural element/NDE selection 

Change in risk calculations 

PRA Quality review 

Continual assessment forms as program changes based on inspection results, etc.  

ASME Code required documentation (including inspection personnel qualification, 

inspection results and flaw evaluations)
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SECTION 6 

SUMMARY AND CONCLUSIONS 

6.1 REPORT SUMMARY AND RELATIONSHIP TO NRC RG-1.174 

The risk-informed ISI process for piping is described in Sections 3 and 4. An earlier version of 

the above process had been applied to Millstone Unit 3, a plant designed to ASME Section III 

requirements, as a reference plant study and this work was reported in the original version of 

this Topical Report. The process has since been enhanced through benchmarking efforts in a 

WOG pilot application at Surry Unit 1, a pre-ASME Section III plant design, as reported in this 

revision of the Topical Report. While the process has been significantly enhanced to meet NRC 
regulatory guidance on use of probabilistic risk assessment to improve safety decisionmaking, 

both of these plant application studies yield consistent results.  

This process meets the intent of the framework developed by the NRC and key steps and 

principles of the general regulatory guide and standard review plan (RG-1.174) as described in 

Sections 1.4 and 6.2.  

6.2 SUMMARY OF RESULTS 

After application of the risk evaluation process, including plant expert panel review, 96 pipe 

segments were shown to be high safety-significant at Millstone-3 and 117 pipe segments are 
shown to be in this category for Surry-1. In comparing the recommended piping structural 

elements to be inspected by non-destructive examination (NDE) in the risk-informed ISI 
program to the current ASME Section XI locations, a greater portion of the risk associated with 

piping pressure boundary failures can be addressed with the risk-informed program with far 

fewer examinations being required. At Millstone-3, the risk-informed program recommends 

107 NDE examinations versus 753 ASME Section XI required exams, and for Surry-1, 137 NDE 

exams are suggested versus the 385 required by the ASME Code. Both studies show that 

examinations can be significantly reduced within the reactor coolant system, and examinations 

should be reallocated and added to other Class 2 and Class 3 systems, such as service water, 

auxiliary feedwater, and a few other systems based on the specific plant design. At Surry-1, 

12 NDE exams are even recommended in the non-Code class portions of three systems. A
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significant reduction in radiation exposure is also shown for both units with approximately 
60-75 REM being saved each 10-year inspection interval.  

This significant reduction in the number of examinations can be achieved while showing a risk 
reduction in total piping pressure boundary risk in terms of both core damage frequency and 
large, early release frequency, as demonstrated in detailed calculations performed for Surry-1.  
Even considering the impact of potential operator actions to recover from piping failure events 
does not change this positive result. In order to meet defense-in-depth principles and to 
maintain sufficient safety margins, some current reactor coolant loop piping examinations are 
kept in place and additional examinations are recommended in 10 low safety-significant 
segments at Surry-1 to maintain a risk neutral position in the front-line systems, such as 
containment spray and low head/high head safety injection, and in systems that are dominant 
contributors to the total piping pressure boundary risk. A statistical model has also been 
developed and applied to define the minimum number of locations to be examined to insure 
that an acceptable level of reliability is achieved, consistent with current industry experience, 
throughout the key piping segments of interest.  

Consideration of the key principles, including defense-in-depth and adequate safety margins 
and uncertainties, have been considered in the risk-informed ISI process through several 

avenues: 

0 Piping segments are categorized into two categories (high and low safety significant) 
and thus require less accuracy than a full ranking.  

The consequence and risk evaluation consider the most bounding situation in terms of 
assuming no operator action to isolate the piping failure. In addition, conservative 
assumptions are made to model in the PSA the impact of indirect effects and the piping 

failures.  

The SRRA model considers uncertainties in inputs by allowing qualitative inputs in 
terms of ranges and the process allows for sensitivity studies to be conducted with the 
SRRA model.  

* The piping CDF and LERF are determined and an attempt is made to maintain at least 
an overall risk neutral position.
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Additional piping inspection locations have been added for defense-in-depth in the 

front-line systems and also in systems that are the dominant contributors to the total 

piping pressure boundary risk.  

Sensitivity studies, including an uncertainty evaluation, are conducted on key aspects 

that impact the risk evaluation.  

The expert panel considered other plant deterministic information and tended to make 

decisions based on conservative assumptions.  

Even if the statistical model says that no inspection is required for a given set of high 

safety significant segments, a single sample will be inspected to ensure integrity.  

Pressure testing will still be performed for all piping within the scope of the RI-ISI 

program.  

6.3 CONCLUSIONS 

Implementation of risk-informed ISI programs using the process and methods provided in this 

WOG Topical Report will yield significant benefits in terms of enhanced safety, reduced 

radiation exposure, and reduced cost for nuclear plant piping programs. The studies have been 

independently performed for both plant applications and show that risk-informed ISI programs 

have the potential to be implemented at a cost that can be returned in one to two years, 

depending on the size and age of the unit, following implementation. Given that aging effects 

are directly evaluated in the process using a structural reliability/risk assessment tool, use of 

this technology for defining aging management programs and the associated inspection of 

piping systems as part of license renewal programs could yield additional significant benefits.  

While the effort for this application focused on the use of risk-informed methods for the 

inservice inspection of piping, several insights have been obtained for possible application to 

other equipment. The process described and the steps can be applied to all types of 

components, such as vessels, tanks, heat exchangers, snubbers and other equipment addressed 

by ASME Section XI.
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Finally, this report has demonstrated that a risk-informed piping ISI process has been created 
and can be implemented that satisfies the risk-informed regulation policy promulgated by the 
NRC. This includes demorstrated satisfaction of the principle elements of "Risk-Informed, 
Plant Specific Decisionmaking" and compliance with the five "Principles of Risk-Informed 

Regulation."
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APPENDIX A 

PLANT WALKDOWN INFORMATION 

The appendix discusses the review of the plant hazards evaluation and the conduct of the plant 

walkdown to identify potential indirect effects from piping failure.  

PRE-WALKDOWN EVALUATION 

Millstone 3 

The Millstone 3 Hazards Review Program Summary Sheets were reviewed for systems 

interactions due to postulated pipe breaks. The summary sheets examine the effects of spray 

wetting, flooding, temperature, pipe whip, jet impingement, rotating machinery, and pressure 

boundary ejected missiles. Because the risk-informed inspection program is concerned only 

with the effects due to pipe breaks and leaks, the rotating machinery and pressure boundary 

missiles evaluations were not reviewed. Note that the pressure boundary missiles are primarily 

from valves, which are not part of this program. In addition, Section 3.6 of the Millstone FSAR, 

"Protection Against Dynamic Effects Associated with the Postulated Ruptures of Piping," was 

reviewed. A summary of the review is provided in Table A-1.  

The Hazards Evaluation examined the containment, the ESF building, the auxiliary building, 

the diesel generator building, the fuel building, the circulating and service water pumphouse, 

and the hydrogen recombiner building. Because only two cubicles in the circulating and 

service water pumphouse were mentioned in the Hazards Evaluation, it was decided to include 

the entire pumphouse in the walkdown. The turbine building was also included because the 

Hazards Evaluation did not address the building, and because of the amount of the high energy 

piping in the building.  

The Surry analysis evaluated system interactions due to pipe ruptures. The internal flooding 

PSA was used in this evaluation to evaluate the potential for flooding and spray. For pipe whip 

and jet impingement, Chapter 14, Appendix B, of the Surry UFSAR was used which defined 

high energy lines as piping for which the maximum operating pressure exceeds 275 psig and

A-1o:\ 4393 \VersionA \4393-A1 .doclb-020599



Table A-1 

HAZARDS REVIEW SUMMARY FOR MILLSTONE 3 

Equipment / Pipe 
Item Building Cubicle/Area Segment Indirect Effects Consequences Walkdown? Shutdown? Comments 

I ESF 001,002,021,022 3FWA-004-126-3/128-3 Pipe Whip Potential loss of "B" No No Eval concludes no 

electrical division damage 

2 ESF 003,004,005 FWA, SWP, CCP, Flooding None No Yes 

RHS piping 

M4 n0I SnI (7 008 MOR I Mondarati FnProv Cracks . Temoerature/ l Potential loss of No No 

019,020 Humidity equip for 1 RHS or 

SIH Train (same 

train/system as 

break) 

4 ESF 010 QSS-PIA/B Flooding Bounded by No No 

12179-PR-I 194 

5 ESF 01 1, 012, Rev. I FWA*PIB Water Spray Loss of Train "B" Yes No Check other equip 

Equipment in in cubical 

cubicle 

6 ESF 011,012, Rev. 1 FWA*PIB Jet Impingement Cable trays No Yes Eval concludes no 

3TC7520, 3TC7610, damage 

TK7520 RHS*PI A 

cooling 

7 ESF 013,014 SW & CCW Piping Flooding Bounded by No No 

12179-PR-1157 

8 ESF 013,014 3FWA-004-126, -128 Pipe Whip Could cause start of No No 

AFW TD pump 

9 ESF 015,016,017,018 HVQ-ACUSIA/B & Water Spray 3EHS*MCCIA4 No Yes Eval. concludes no 

HVQ*SCUS2A/B RHR operation damage 

10 ABI 23A, B, E 3CHS-003-8-2 Jet Impingement 3CHS-002-283-2 No Maybe per Letdown line 

T.S. damages seal 

return line
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Table A-1 (cont.) 
HAZARDS REVIEW SUMMARY FOR MILLSTONE 3 

Equipment / Pipe 

Item Building Cubicle/Area Segment Indirect Effects Consequences Walkdown? Shutdown? Comments 

11 AB-1 23C, 23D, 24, 25 30" SW Flooding Bounded by No No 

12179-PR-1071 

12 AB-I 23F 30" SW Flooding Bounded by No No 
12179-PR-1071 

13 AB-I AB26, 27, 28, 89, No piping in risk

90, 99B, 112 informed ISI scope 

14 AB-1 33,34, 35 CHS piping Flooding Bounded by No No 

12179-PR-1071 

15 AB-1 29,91 Rev. 1 No piping in risk

informed ISI scope 

16 AB-2 86,87,88 3CCP*P1C/A Water Spray Two CCP Trains Yes Yes Check for CCP 
pipe shroud 

17 AB-2 36 3" CHS Letdown Pipe Whip 6" CCP inlet or No Yes Eval concludes no 

Exchanger Inlet Piping outlet lines damage 

3" CHS Letdown Flooding Bounded by No No 

Exchanger Inlet Piping 12179-PR-1071 

18 AB-2 38 thru 53, 55 CHS piping Pipe Whip None - redundant No No 

thru 78 trains in individual 

cubicles 

3" CHS Letdown Flooding Bounded by No No 

Exchanger Inlet Piping 12179-PR-1071 

19 AB-2 54,79,80,81 CHS piping Pipe Whip Redundant trains in No No 
individual cubicles
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Table A-i (cont.) 
HAZARDS REVIEW SUMMARY FOR MILLSTONE 3 

Equipment / Pipe 
Item Building Cubicle/Area Segment Indirect Effects Consequences Walkdown? Shutdown? Comments 

20 AB-2 92,93,94 CHS alt. mini-flow piping Jet Impingement One service water No No 

train 

21 AB-2 30,31,32,95, 96, No piping in risk

197 informed ISl scope 

AU-2 98 Rev. I CCP Piping Flooding Bounded by No Maybe, 

12179-PR-1071 per TS 

23 EGE 175 - 181 Rev. 1 Service Water Flooding Bounded by No Maybe, 

12179-PR-1073 per TS 

Loss of single 

Generator Train 

24 HR 182 - 187 Rev. I No piping in risk

informed IS[ scope 

25 FB 188, 197, 198 SFC, FPW, CCP Piping Flooding Bounded by No No 

12179-PR-1038 

26 FB 191 CCP, FPW piping Flooding Bounded by No No 
12179-PR-1038 

27 FB 194 SFC pump discharge Water Spray Bounded by No No 

12179-NMS-793-DM 

28 FB 195, 196, 200 SFC piping Flooding Bounded by No No 

12179-PR-1038 

29 CW 201,202 Rev. 1 SW Pump Discharge Water Spray Loss of single Yes Yes 
Piping electrical train 

3EJS 4 USI A due to 

spray on 

3EHS*MCC1 A5 or 
3EHS*MCCI B5
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Table A-1 (cont.) 
HAZARDS REVIEW SUMMARY FOR MILLSTONE 3 

Equipment / Pipe 

Item Building Cubicle/Area Segment Indirect Effects Consequences Walkdown? Shutdown? Comments 

30 AB-3 99A SW Piping, 3SWP*P3A Water Spray 3SWP*P3A suction No Maybe, SW pumps are 

suction or discharge or discharge spray per TS drip protected; No 

on 3SWP*P3B consequential 

damage 

31 AB-3 99C, 110, 111 CCP piping Water Spray None No Maybe per 

TS 

32 AB-3 99D CHS piping Water Spray None No No 

33 AB-3 100, 118 -121 No piping in risk
informed ISI scope 

34 AB-3 101,102 CCP piping Water Spray None No No 

35 AB-3 103 - 109 CCP piping Water Spray None No No 

36 AB-3 113-117 CHS, SWP piping Water Spray, None No No 

Flooding 

37 AB-3 Elev. 66'-6" Hazards addressed 

are for fans hi 

systems outside risk

informed ISI scope 

38 CS-I 131A - F, Moderate energy cracks in Flooding Bounded by No No 

132A - H, 138 all piping 12179-NS(B)-249 

39 CS-1 133A, 133B, 135, 3RCS-003-171-1 Pipe Whip Conduit damage No Yes Break postulated 

142A, 144 resulting in closing to isolate itself due 

letdown and to valve closure 

isolation valves 

40 CS-1 133C, D Rev. 1 3-CHS-003-662-2 Jet Impingement Seal Water return No No 

line 3-CHS-002-618-2
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Table A-1 (cont.) 
HAZARDS REVIEW SUMMARY FOR MILLSTONE 3 

Equipment / Pipe 
Item Building Cubicle/Area Segment Indirect Effects Consequences Walkdown? Shutdown? Comments 

41 CS-I 134A - F Rev. 1 3-CHS-025-304-2 Jet Impingement Seal Water return No No Note event 
line 3-CHS-002-618-2 description for 

BDG line breaks 

42 CS-1 136 Rev. 1 RCS piping Jet Impingement Bounded by No Yes 
I__ I 12179-NSB-177 

43 CS-2 137 Rev. 2 RCS piping Pipe Whip/jet Bounded by No Yes 
_ _I impinge. 12179-NSB-177 

44 CS-2 139, 146 Rev. 2 RCS piping Pipe Whip/Jet Bounded by various No Yes 
Impinge. calcs 

45 CS-2 140 Rev. 2 RCS Piping Pipe Whip/Jet Bounded by various No Yes 
Impinge. calcs 

46 CS-2 141 Rev. 1 RCS piping Pipe Whip/Jet Bounded by various No Yes 
Impinge. calcs 

47 CS-2 142B -F FWS, MSS, FWA piping Pipe Whip/Jet Bounded by various No Yes 
Impinge. calcs 

48 CS-2 145A - F, 143, 147 Intermediate Break in 30" Axial Jet Loss of conduits No No 
MSS line at upstream results in loss of 
elbow radiation monitors, 

3RMS*RIY05 & 
3RMS*RIY42 and 
loss of power to 

3RMS*RM42 

Intermediate Break in 30" Radial Jet Loss of one MSS line No Yes 
MSS line at downstream to FWA TD pump 
elbow
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the maximum temperature equals or exceeds 200°F. Generally, in this analysis, the impact of 
ruptures in piping operating at these conditions is evaluated by walking down the areas of 

interest.  

Initially, the plant was divided into areas corresponding to the fire areas defined within the 

plants 10CFR50 Appendix R report. The following areas were reviewed for indirect effects.  

* Auxiliary Building 

* Main Steam Valve House And Safeguards Area 

0 Service Building 

* Mechanical Equipment Room No. 4 (Charging Pump/SW Pump Room) 

Containment 

Turbine Building 

Mechanical Equipment Room #5 

Emergency Service Water Room 

An example of the documentation is provided in Table A-2. It concludes that the component 
cooling pumps and the charging pumps would be lost if no action was taken to isolate the 

ruptured line.  

WALKDOWN 

Millstone 3 

The Millstone 3 walkdown was performed and included members from the PRA, piping, and 
operations groups at Northeast Utilities, and members of risk and structural reliability groups 
at Westinghouse. The walkdown covered the specific areas listed in Table A-1 in the ESF 
building and the auxiliary building. The walkdown also included all of the circulating and 
service water pumphouse and the turbine building. Two of the walkdown worksheets 

documenting the information gathered are presented in Tables A-3 and A-4.
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Table A-2 
SURRY HAZARD REVIEW SUMMARY FOR THE AUXILIARY BUILDING 

Building/ Equipment/ Walkdown/ 
Item Area Segment Indirect Effect Consequences Shutdown Comments 

1 AB/17-1A Low head to high head Flooding & Spray 1. Loss of CH pump 1A, if Yes/No During normal operation these headers 
recirc. lines isolated are isolated. CC pumps are located in the 

2. Loss of CC and CH pumps if general area of the AB (17-AB) 

not isolated 

.. ..-- r....r.. . -, , . I es/Iju See comment for item i 
RWST supply lines 

3 AB/17-1B Low head to high head Flooding & Spray 1. Loss of CH pump 1B if Yes/No See comment for item I 
recirc. lines isolated 

2. Loss of CC and CH pumps if 
not isolated 

4 A13/17-1B Charging pumps & Flooding & Spray Same as item 3 Yes/No See comment for item I 
RWST supply lines 

5 AB/17-1C Low head to high head Flooding & Spray 1. Loss of CH pump IC pump Yes/No See comment for item 1 
recirc. lines if isolated 

2. Loss of CC and CH pumps if 
not isolated 

6 AB/17-lC Charging pumps & Flooding & Same as item 5. Yes/No The RWST isolation valves are located 
RWST supply lines Spray/Jet in this area. CC pumps are located in 

Impingement area 17-AB 

7 AB/17-AB Fire Protection lines Flooding & Spray 1. None if flooding is Yes/No Water spray does not have the potential 
terminated to disable more than one CC pump due 
2. Loss of CC and CH pumps if to the small size of the fire protection 
flooding is not terminated header and relative location of the pipes 

and CC pumps
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Table A-2 (cont.) 
SURRY HAZARD REVIEW SUMMARY FOR THE AUXILIARY BUILDING 

Building/ Equipment/ Walkdown/ 
Item Area Segment Indirect Effect Consequences Shutdown Comments 

8 AB/17-AB Charging pumps & Flooding & 1. None if flooding is Yes/No See Comment for item 7.  
RWST supply lines Spray/Jet terminated 

Impingement 2. Loss of CC and CH pumps if 

flooding is not terminated 

9 AB/17-AB 4"-SLPD-50 and 6"-SA-21 Spray 1A and 113 CC pumps Yes/Yes 

10 AB/17-AB 4"-SLPD-50 Jet Impingement IA/B/C CC pumps and Yes/Yes This is a conservative estimate 
1C Charging pump 

11 AB/17-AB 3"-WGCB-3-601 Pipe Rupture 2"-CH-90-1503 Yes/Yes Postulated break is in the horizontal run 
Whip shown on FP-206AE Sec. 9-9 just to the 

right of column line TN-5.  

12 AB/17-AB 3"-WGCB-1-601 Pipe Rupture 2"-CH-8-1503 Yes/Yes Postulated break is in the horizontal run 
Whip shown on FP-206A quadrant F4 and 

detached plan A.  

13 AB/17-AB 3"-WGCB-2-601 Pipe Rupture 3"-CC-74-151 and Yes/Yes Postulated break is in the vertical run 

Whip 2-ACC-73-21B shown on FP-206AD.
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Table A-3 
MILLSTONE 3 RISK-INFORMED INSPECTION 

INDIRECT EFFECTS WALKDOWN WORKSHEET

Item #: 5

Cubicle/Area: 011

Building: ESF 

Elevation: 21" - 6"

Indirect Effect of Concern: Loss of Train A equipment due to any pipe rupture in area (aux.  

feedwater suction or discharge piping), including a CCP pipe.

1.  
2.  
3.  
4.

Located at far side of room f:rom unisolable break 
Near pump 
Located at postulated break location 
Located at far end of room away pump and postulated break

Comments 

Cable tray numbers listed in Hazards Evaluation did not match those marked on the overhead trays in the 
room. Additional checks needed.  

Conclusions 

Apparent discrepancy with cable tray identifiers noted. Hazards Evaluation concludes pipe break will 
not target cable trays, but should further investigate effects of losing cable tray. No additional interactions 
found. Train B valves located away from postulated break locations. Pipe break will only affect FWA 
Train A. Need to consider the CCP interaction for inclusion in the segments analyzed.
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Cor ponents/Equipment in Cubicle/Area 

Needed for 
Comp. Safe Support 

System Type Tag No. Train Shutdown? System? 

FWA Pump 3FWA*PIA A Y N 

FWA Valve 3FWA*HV31D' A Y N 

FWA Valve 3FWA*HV31A' A Y N 

FWA Valve 3FWA*V42  A Y N 

FWA Valve 3FWA*AV61A3  A Y N 

FWA Valve 3FWA*AV23A3  A Y N 

FWA Valve 3FWA*HV31CBW B Y N 

FWA Valve 3FWA*HV31C 4  B Y N 

FWA Valve 3FWA*AV62B4 B Y N
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Table A-4 
MILLSTONE 3 RISK-INFORMED INSPECTION 

INDIRECT EFFECTS WALKDOWN WORKSHEET

Item #: N/A

Cubicle/Area:

Building: Turbine 

Elevation: 14'- 6"

Indirect Effect of Concern:

Comments 

The three compressors are located side by side near the condensate pump discharge header. A 

break in the header could potentially fail all three compressors which would cause a reactor 

trip.  

Conclusions 

Needs to be considered along with other possible breaks in turbine building.
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Components/Equipment in Cubicle/Area
Needed for Safe Support 

System Comp. Type Tag No. Train Shutdown? System? 

IAS Compressor 3IAS-C1A - N Y 

IAS Compressor 3IAS-CIB - N Y 

SAS Compressor 3SAS-C1 - N Y
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The Surry walkdown was performed and included members from the PRA, ISI, structural 

mechanics and operations groups at Virginia Power and members of the PRA and piping 

groups at Westinghouse. The walkdown covered the specific areas identified below: 

* Main Steam Valve House 

* Charging Pump Cubicles 

,, Service Building 

* Turbine Building 

* Aux Building Near Elevator and Boric Acid Storage Tanks 

An example of the walkdown worksheets documenting the information gathered is shown in 

Table A-5.  

The summary of the indireci: effects identified for Surry is provided in section 3.4.2.  

INSIGHTS FROM THE W/LLKDOWN FOR MILLSTONE 3 

The following summarizes the insights from the Millstone 3 plant walkdown for the various 

areas investigated.  

Auxiliary Feedwater Systen2 

There were numerous valves near the discharge of the motor auxiliary feedwater pump. An 

AFW piping failure could disable some of these valves, but the effect would still be a loss of one 

train. Two concerns noted were the spray onto overhead cable trays, and a postulated reactor 

plant component cooling wetter (CCP) break which targets the AFW pump and some valve 

controllers. These sections cf piping were not in the original program scope for CC?. Based on 

the interaction possibility rwith the AFW system, two CCP segments were added for risk 

evaluation and the cable trays were investigated for their effects. (Table A-1 Item 5)
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Table A-5 
SURRY UNIT 1 

INDIRECT EFFECTS WALKDOWN WORKSHEET 

Building: 17 (AB) Elevation: 2'-13' Cubicle/Section: 17-1A 

(Charging Pump 1A Cubicle) 

Potential Hazards Postulated Effect 

Flooding/Spray Source(s) 
Charging pump supply and discharge lines. No concerns were identified during the walkdown.  

High Temperature/Humidity Sources (High Energy Lines only) 
No source was identified.  

Pipe Whip Source(s) (High Energy Lines only) 
Break in Charging Pump Recirculation line Failure of 1-CH-MOV-1267A and 1-CH-MOV-1275A. (See 

note 2 and 3) 

Jet Impingement Source(s) (High Energy Lines only) 
Charging pump discharge line None was identified.

Comments: 

1. Can RWST drain if the recirculation line is broken? No. The recirculation line is not connected to the RWST.  

2. Because the Recirculation line is smaller than the postulated targets, the target piping and MOVs are assumed to maintain structural 
integrity. The operators on the MOVs are assumed to fail such that the MOVs cannot change position (i.e., MOVs are assumed to 
fail "as is".) 

3. The Surry UFSAR does not consider pipe whip in this location because the maximum operating temperature of the fluid is less than 200'F.

Conclusions/Actions: 

The walkdown did not identify any indirect effects.
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Table A-5 (cont.) 

SURRY UNIT 1 
INDIRECT EFFECT WALKDOWN WORKSHEET

Building: Aux. Building Area/Sec.: 17-1A (Charging Pump 1A Cubicle) 

Potential Targets in The Area 

System Component Type Tag Number Train Needed for Shutdown? 
Dump'I -SI DT.)I... A A I " 
a " ,,£LI-J I 1-. 1- -. • 1, A , ei 

SW Temp. Control Valve 1-SW-TCV-108A A Yes 

CH/HHSI MOV I-CH-MOV-1275A A Yes 

CH/HHSI MOV 1-CH-MOV-1287A A Yes 

CH/HHSI MOV 1-CH-MOV-1267A A Yes 

CH/HHSI MOD 1-VS-MOD-101A A Yes 

CH/HHSI MOV 1-CH-MOV-1286A A Yes 

CH/HHSI MOV 1-CH-MOV-1267B A Yes

I I I



Component Cooling Water

It was verified that pipe shrouds had been placed on the discharge piping of CCP 
pumps 3CCP*P1A and PlC. These shrouds were placed to mitigate the interactions of a break 
in one train disabling the pump in the other train (as noted in the Hazards Evaluation). No 
other unique interactions were noted for these areas. (Table A-1 Item 16) 

Service Water 

There are vital and non-vital motor control centers (MCCs) in the service water pump cubicles.  
Large drains were noted in each cubicle to prevent flooding problems. The implications of a 
pipe break spraying on the MCCs was noted for further review. (Table A-1 Item 29) (Note: the 
expert panel considered this and decided to not take credit for drains and considered this as an 

indirect effect.) 

Turbine Building 

The walkdown of the turbine building resulted in several areas needing further consideration 
for the PSA modeling. The turbine building component cooling water has a small surge tank 
and virtually any pipe break/leak will eventually fail the system which will lead to reactor trip.  
The three plant air compressors are located side by side near the condensate pump discharge 
header. A postulated break in the header could potentially fail all three compressors which 
would cause a reactor trip. The location of the motor driven and 2 turbine driven pumps makes 
the system susceptible to losing all pumps due to a pipe break.  

It is important to note that the indirect effects discussed here are plant specific. Due to plant 
layout differences, the contribution of the indirect effects can vary significantly between 

different plants. It is expected that earlier vintage plants will be impacted more by indirect 

effects than later vintage plants.  

For the reference plant, the most significant indirect effects were associated with Service Water 
segments SWP-15, SWP-22, and SWP-26 through -29. Segments SWP-15 and SWP-22 are 
Service Water to the CCE heat-exchangers. It was assumed by the plant expert panel that a pipe 
failure in either of these segments would result in a loss of both CCE trains due to their close
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proximity. A loss of all CCE results in a total loss of charging and therefore the segment was 

determined to be high safety-significant. The indirect effects resulting from these pipe segment 
failures significantly changed the calculated CDF contributions. Failure of all charging results 

in a reactor trip as well as failure to provide its accident mitigating functions. However, failure 

of one train of charging was not considered to result in a reactor trip and the other train is 

available for accident mitigation. This piping segment would have been categorized low 

safety-significant due to failure of one train of CCE if indirect effects were not considered.  

Piping segments SWP-26 through-29 represent Service Water from the pump to the discharge 

check valve. A failure in any of these segments would flood the entire room resulting in a loss 

of the Service Water Train involved, including an MCC associated with it. Without considering 

the indirect effects, any one of the segments would fail one pump in a pump train. These 

segments were designated as high safety-significant based the importance of Service Water at 

shutdown. The loss of an operating Service Water train would result in a loss of the operating 

RHR, a charging train and a Diesel Generator.  

All other indirect effects identified in Table 3.4-3 did not contribute to the determination of the 

segment safety significance category. Segments CCP-13 and CCP-14 disable one train of AFW 

which was determined to be low safety-significant. Failures in the Auxiliary Feedwater piping 

segments cause failures of F-VAC which did not contribute to the segment categorization. The 

indirect effect associated piping segments SWP-1 through -4 is room flooding resulting in a loss 

of the entire pump train and failure of a MCC associated with the Service Water train.  

However, without considering indirect effects, a failure in these segments would result in 

failure of a Service Water train because the other pump in the train would back feed through 

the break. Therefore, if indirect effects were not considered, these segments would still result in 

a loss of an entire Service WYater train, which was determined to be high safety-significant.  

Segment SWP-13 fails cooling water to the RHR and RSS ventilation units and spray would 

result in a loss of an MCC which powers valves needed for the train of RSS which is supported 

by the ventilation unit. This; scenario had a low consequence and was determined to be low 

safety-significant. Segment SWP-20 is similar to segment SWP-13.  

With regard to inspection locations, a piping segment location that was important from an 

indirect effects standpoint would be selected for inspection above other piping segment 

locations where the direct and/or indirect effect was less severe.
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APPENDIX B 

SAMPLE EXPERT PANEL WORKSHEETS 

Contained in this appendix are sample segment worksheets which were used by the expert 

panel review for Millstone and Surry. Section 6 of the worksheet contains the final safety-.  

significance category (high or low safety-significant) determined by the expert panel. Below is 

a brief summary of the segments represented by the worksheets for Millstone and Surry.  

Millstone 3 

FWS-1: This segment is the main feedwater piping to steam generator A, between motor

operated valve 35A and gate valve FCV 510. A break in this line causes a loss of main 

feedwater (feedline break), modeled in the PSA as an initiating event. The calculated full break 

probability is 0 (1.OE-08 was assumed). The RRW value calculated is 1.00 and the RAW value is 

relatively low. The segment was designated low safety-significant because of the low failure 

probability and the relatively low consequence.  

ECCS-1: This segment is one of the four safety injection lines and it is located between check 

valves 8818A and 8819A and 8847A (inside containment). A break in this line causes a partial 

loss of injection, and the eventual loss of the RWST inside containment. The calculated full 

break probability is 0 (1.OE-08 was assumed). The RRW and RAW values were relatively high, 

however, the expert panel believed the PSA modeling was too conservative because the RWST 

inventory would be available for recirculation. The time to switch to recirculation would 

however be shorter. This segment was designated low safety-significant because of the low 

failure probability and the expert panel's assessment that the consequence would be lower than 

calculated.  

RCS-7: This segment is the safety injection line from check valve 8948A to the tee on the loop A 

cold leg. A break in this segment causes a large LOCA, modeled in the PSA as an initiating 

event. The calculated full break probability is 4.1E-09 (the threshold value of 1.OE-08 was used).  

The RRW value calculated is 1.00 but the RAW value is relatively high. The segment was 

designated high safety-significant due to the relatively high RAW value and because of the 

high consequence of a large LOCA.
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RCS-15: This segment is the high pressure safety injection connection from the cold leg tee to 
check valve 8900B. A break in this segment causes a small LOCA, modeled in the PSA as an 
initiating event. The calculated full break probability is 1.5E-12 (1.OE-08 was assumed). The 
RRW value calculated is 1.00 but the RAW value is relatively high. The segment was 
designated high safety-significant due to the relatively high RAW value and because the pipe 
failure results in an unisolable break in the RCS.  

SIL-9: This segment is from accumulator TK1A to check valve 8956A. A break in this line 
results in the loss of accumu]lator TKIA. The calculated full break probability is 0 (1.OE-08 was 
assumed). The RRW value is 1.00 and the RAW is in a medium range. This segment was 
designated low safety-significant due to the low failure probability, benign normal operating 
conditions, and low consequence.  

SIH-4: This segment is the High Pressure Safety Injection line from motor operated valves 
8821A and 8821B to check valves 8819C, 8819A, 8819D, and 8819B. A break in this segment 
causes a loss of the RWST outside containment. The calculated full break probability is 0 (the 
threshold value of 1.0E-08 was used for calculations). The RRW and RAW values are relatively 
high, therefore the segment was designated high safety-significant.  

FWA-12: This segment is the Auxiliary Feedwater line from check valve V12 and V47 to the 
cavitating venture before Steam Generator D. A break in this line causes an eventual loss of the 
DOST. The calculated full break probability is 0 (the threshold value of 1.OE-08 was used for 
calculations). The RRW and. RAW values are relatively high, therefore the segment was 
designated high safety-significant.  

SIL-3: This segment is the Low Pressure Safety Injection from motor operated valves 8716A 
and 8716B to V8735 and motor operated valve 8840. A break in this segment causes a loss of 
the RWST outside containment. The calculated full break probability is 0 (the threshold valve 
of 1.OE-08 was used for calcuilations). The RRW and RAW values are relatively high, therefore 
the segment was designated high safety-significant.
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Surry Examples

ECC-3: This segment is the cold leg loop piping between check valves 1-SI-243 (from low head 

injection) and 1-SI-237 (from high head injection ) and discharge check valve 1-SI-85 (to RCS).  
A piping failure in this line causes a loss of RWST inside containment (this would only cause a 
shorter time to switchover of recirculation) and the loss of one injection path to the RCS cold leg 
because flow restrictors on the injection path limit flow. The PSA model already assumes for 
LOCA events the loss of one cold leg injection path; therefore, there was no postulated 

conditional core damage. The failure mechanism postulated was thermal stratification while 
resulted in relatively low failure probabilities from small leak and large leak. This segment was 
designated as high safety-significant by the expert panel due to the piping possible being 
pressurized from the RCS and would also be a common mode failure of one of the low head 

and high head injection systems flowpath.  

FW-12: This segment is the main feedwater piping header to steam generator A. A piping 
failure in this line is postulated to result in a loss of both main feedwater pumps and cause a 
loss of main feedwater initiating event. Indirect effects would also result from failure of this 
line due to spray and flooding and cause a loss of all three Unit I AFW pumps, the loss of both 

Unit 1 containment spray pumps and the loss of three main steam relief valves. These 
consequences were treated as 1) an initiating event with failure of mitigating equipment and 
2) failure of mitigating equipment. The RRW for core damage frequency with operator action 
was 1.04 (high safety significant) and the RRW for LERF with operation action was 1.008 (high 

safety significant). The failure mechanism assumed was wastage which resulted in high failure 
probabilities for small and large leak. The segment is in an augmented program and therefore a 
factor of 10 reduction is the failure probabilities was assumed. The expert panel concurred that 

this segment was high safety significant.  

HHI-4C: The piping segment is located at the discharge of charging pump A between a check 
valve and two motor-operated valves. A piping failure in this segment is assessed to result in 
the loss of RWST outside containment in addition to the loss of the Unit 2's RWST and charging 

pump cross connects. The postulated indirect consequences are not more severe than the direct 
impact but was also assessed numerically. With operator action, the segment can be isolated 
and this results in the loss of one charging pump. The postulated failure mechanism was that a
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snubber locks up under theimal conditions; yet the failure probability remained relatively low.  
The expert panel assessed ti-s segment as high safety significant because high head flow would 
be temporarily interrupted before the operator took action and because of the potential for a 

common mode failure of all charging pumps.  

LHI-4: This segment is one of the low head safety injection system=s suction line from the 
containment sump to the first motor-operated valve for LI-i pump A. A piping failure in this 
segment is assessed to result in the loss of recirculation from LHI A path. Fatigue was 
postulated as the failure mechanism and resulted in relatively low failure probabilities. The 
importance measures indicated this segment as low safety significant. The panel was 
concerned that this line had a single containment isolation valve and is an extension of the 
containment sump. The pan.el designated this segment as high safety significant.  

RC-16: This piping segment is the safety injection line from the first isolation check valve to the 
RCS loop I hot leg. This segment was postulated to result in a large, medium or small LOCA 
depending on the leak size. Thermal striping/stratification and thermal fatigue was the 
postulated failure mechanism for this segment. This segment was found to be numerically high 
risk significant (CDF with operator action). The segment provides hot leg safety injection 
water. The panel noted that the failure mechanism postulated (thermal striping) had occurred 
in the industry, though on the cold leg safety injection lines. The panel voted unanimously 

each segment high safety significant.  

RC- 58: This piping segment is from PORV block valve to pressurizer PORV. Failure of this 
segment was postulated to result in a medium or small LOCA depending on leak size. Closure 
of the block valve would terminate the event and reduce the consequences. The failure 
mechanism postulated was fatigue. The concern was raised regarding the loss of cold 
overpressure mitigation capability during shutdown. The panel was concerned with high stress 
to allowable stress ratios. The panel voted unanimously to make the segment high safety 

significant.  

SW-4: This piping segment is from the discharge of service water pump A through the diesel 
cooler and shaft bearing oil cooler back to the intake structure. As a direct impact, a rupture in 
any one of these segments is assessed to result in the loss of one of three SW pumps. 'As an
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indirect consequence, failure of any one of these segments is assessed to result in the loss of all 
SW pumps. The postulated failure mechanism was wastage which results in a high failure 
probability. The RRW for the CDF with operator action showed this segment to be high safety 

significant. The expert panel identified that fiberglass failures had occurred at the plant and 
with a high RRW, the panel identified this segment as high safety significant.
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET

LocationlP&ID Drawing: E-130C 

System Function(s): Provides feedwater to steam generators 

Section 2 Risk Ranking Information 

Failure Effect on System 
Without Operator Action: Loss of main feedwater flow to steam 

generator A 

Failure Effect on System 
With Operator Action: Loss of main feedwater flow to steam 

generator A 

PSA Initiating Events Impact: Loss of Main Feedwater 

PSA Containment Performance Impact: None 

Conditional Core Damage Frequency Without 0 With 0 

Due to Pressure Boundary Failure 1.20E-06 1.20E-06 

Total Pressure Boundary Failure 
Core Damage Frequency (FP*CDFcod) 3.OOE-16 3.OOE-16 

CDF, Importance Measure Values RAW 5.38 106 
RRW 1.000 1.000 

Comments: 

Section 3 Pressure Boundary Failure Probability 

Segment Elements (welds, tees, elbows, etc.): Pipe to valve V14 weld 

Pressure Boundary Failure Mechanism(s): Thermal fatigue, erosion/corrosion 

Pressure Boundary Leak Probability: Small Leak: 1.1E-03 
Full Break: 0 (use 1.OE-08) 

Basis for Pressure Boundary Failure Probability: High temperature at pipe weld, large nominal 
pipe size, high normal operating pressure 

Comments: Break exclusion zone. No E tending LO 040
016 US

Section 1 System & Pipe Segment Identification

System & Segment Description: FWS-1 Main Feedwater/Condensate System 
From motor valve MOV-35A(V14) to gate valve 
FCV-510(V15)
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET 

Segment: FWS-1 (Sheet 2) 

Section 4 Indirect Effects Evaluation 

Indirect Effect 
(Spray, flood, pipe whip, jet impingement) None identified 

Pressure Boundary Failure Impact 
on Other Systems None identified 

Core Damage Frequency Contribution 
due to Indirect Effects None 

Section 5 Other Considerations 

External Events Evaluation 

Seismic: Fire: External Flood: 

Shutdown Risk Evaluation Feedline break during cooldown. No impact at 
shutdown.  

Importance to Other Accident Scenarios 

Component Maintenance and Operation Insights: Review of reports conducted, no major 
problems found 

Importance to Design Basis Aknalysis: Decrease in heat removal by the secondary 
system, per FSAR Chapter 15.  

Other Deterministic Insights: 

Section 6 Final Risk Category 

Category: High Safety Significant Low Safety Significant X 

Basis Low failure probability, relatively low consequence - loss of MFW
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET 

Section 1 System & Pipe Segment Identification 

System & Segment Description: ECCS-1 Emergency Core Cooling System 
From CV8819C (V24) and CV8818C (V13) to 
CV8847C (V985) 

Location/P&ID Drawing: EM-112A, 112B & 113B 

System Function(s): Provides water from the RWST and the 
containment sump for core cooling during a 
LOCA 

Section 2 Risk Ranking Information 

Failure Effect on System 
Without Operator Action: Loss of RWST inside containment 

Failure Effect on System 
With Operator Action: Loss of all RHR & HPSI flow 

PSA Initiating Events Impact: None 

PSA Containment Performance Impact- None 

Conditional Core Damage Frequency Without OA With OA 

due to Pressure Boundary Failure: 4.73E-02* (3.OOE-04) 2.09E-03 

Total Segment Pressure Boundary Failure 
Core Damage Frequency (FP*CDF,): 4.73E-10* (3.OOE-12) 2.09E-11 

CDFpb Importance Measure Values: RAW 1.50E+05* (1.32E+4) 1.83E+05 
RRW 1.002* (1.00) 1.002 

Comments: *Based on Expert Panel discussion, the consequence is much less than this - will be 

requantified (shown in parentheses) - would result in draindown of RWST and 
earlier transfer to recirc.  

Section 3 Pressure Boundary Failure Probability 

Segment Elements (welds, tees, elbows, etc.): Weld at V985 

Pressure Boundary Failure Mechanism(s): Thermal fatigue 

Pressure Boundary Failure Probability: Small Leak. 0 (use 1.0E-08 per demand) 
Full Break: 0 (use 1.OE-08 per demand) 

Basis for Pressure Boundary 
Failure Probability: High normal operating pressure, Maximum 

residual stress level, High fatigue transient 
frequency 

Comments: Valve is located on branch line within 2 feet of 
run pipe connection; Many nearby branch line 
snubbers exist which potentially may lockup 
causing break potential
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET 

Segment: ECCS - 1 (Sheet 2) 

Section 4 Indirect Effects Evaluation 

Indirect Effect
(Spray, flood, pipe whip, jet impingement) None Identified 

Pressure Boundary Failure Impact 
on Other Systems: None identified 

Core Damage Frequency Contribution 
due to Indirect Effects: None 

Section 5 Other Considerations 
External Events Evaluation 

Seismic: Fire: External Flood: 

Shutdown Risk Evaluation: Failure results in possible reduced flow for 
emergency core cooling; loss of RHR flow and 
LOCA during shutdown if RHR is not isolated 

Importance to Other Accident Scenarios: 

Component Maintenance anc[ 
Operation Insights: Review of reports conducted, no major 

problems found 

Importance to Design Basis Analysis: 

Other Deterministic Insights: 

Section 6 Final Risk Category 

Category: High Safety Significant Low Safety Significant X 

Basis Low Failure Probability and lower consequence given draindown of RWST
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET

System & Segment Description: RCS-7 Reactor Coolant System 

LPSI Connection from Loop A Cold Leg Tee to 
CV 8948A (V30) 

Location/P&ID Drawing: EM-102A 

System Function(s): Reactor heat removal 

Section 2 Risk Ranking Information 

Failure Effect on System Large loss of coolant accident 
Without Operator Action: 

Failure Effect on System Large loss of coolant accident 
With Operator Action: 
PSA Initiating Events Impact: Large LOCA initiator 

PSA Containment Performance Impact: None 

Conditional Core Damage Frequency due to Without OA With OA 
Pressure Boundary Failure 9.36E-03 9.36E-03 

Total Segment Pressure Boundary Failure Core 
Damage Frequency (FP * CDF.d) 2.34E-12 2.34E-12 

CDFPb Importance Measure Values RAW 4.12E+05 8.22E+05 
RRW 1.000 1.000 

Comments 

Section 3 Pressure Boundary Failure Probability 

Segment Elements (welds, tees, elbows, etc.): 10" Pipe weld at connection to RCS cold leg 

Pressure Boundary Failure Mechanism(s): Thermal fatigue 

Pressure Boundary Failure Probability: Small Leak: 1.9E-06 
Full Break: 4.1E-09 (Use 1E-08) 

Basis for Pressure Boundary Failure Probability. High temperature at pipe weld, Maximum 
residual stress level, High steady state stress 
level 

Comments High usage factor. Branch is on fatigue watch 
list

Section 1 System & Pipe Segment Identification
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET 

Segment: RCS-7 (Sheet 2) 

Section 4 Indirect Effects Evaluation 

Indirect Effects None Identified 
(spray, flood, pipe whip, jet impingement) 

Pressure Boundary Failure Impact None Identified 
on Other Systems 

Core Damage Frequency Contribution None 
due to Indirect Effects 

Section 5 Other Considerations 

External Events Evaluation 
Seismic: Fire: External Flood: 
Shutdown Risk Evaluation Failure results in Large LOCA at shutdown 

Importance to Other Accident 
Scenarios 

Component Maintenance and Review of reports conducted, no major problems 
Operation Insights: found 
Importance to Design Basis Large LOCA, per FSAR Chapter 15 
Analysis 

Other Deterministic Insights 

Section 6 Final Risk Category 
Category: High Safety Signific:ant X Low Safety Significant 

Basis Relatively High RAW' Value, High 
consequence - Large LOCA

0: \ky•\ oxversionA \49.-Bl.doc:lb- 0205S9 B-11



MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET

Location/P&ID Drawing: EM-102D 

System Function(s): Reactor heat removal 

Section 2 Risk Ranking Information 

Failure Effect on System Small loss of coolant accident 
Without Operator Action: 

Failure Effect on System Small loss of coolant accident 
With Operator Action: 

PSA Initiating Events Impact:. Small LOCA initiator 

PSA Containment Performance Impact: None 

Conditional Core Damage Frequency due to Without OA With OA 
Pressure Boundary Failure 8.61E-04 8.61E-04 

Total Segment Pressure Boundary Failure Core 
Damage Frequency (FP * CDF.,) 2.15E-13 2.15E-13 

CDF. Importance Measure Values RAW 3.79E+04 7.56E+04 
RRW 1.000 1.000 

Comments 

Section 3 Pressure Boundary Failure Probability 

Segment Elements (welds, tees, elbows, etc.): Weld to V70 

Pressure Boundary Failure Mechanism(s): Thermal fatigue 

Pressure Boundary Failure Probability. Small Leak: 0 (Use 1.OE-08) 
Full Break: Use 1.OE-08 

Basis for Pressure Boundary Failure Probability: High temperature at pipe weld, High normal 
operating pressure, Maximum residual stress 
level 

Comments Area of maximum bending stress. SR EL @ 
535/540 & Tee @ 550 are on fatigue watch list

B-12

Section 1 System & Pipe Segment Identification

System & Segment Description: RCS-15 Reactor Coolant System 

HPSI Connection from Cold Leg Tee to 
CV 8900B (V70)
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET 

Segment: RCS-15 (Sheet 2)

Section 4 Indirect Effects Evaluation 

Indirect Effects None Identified 
(spray, flood, pipe whip, jet impingement) 

Pressure Boundary Failure Impact None Identified 
on Other Systems 

Core Damage Frequency Contribution None 
due to Indirect Effects 

Section 5 Other Considerations 

External Events Evaluation 
Seismic: Fire: External Flood: 

Shutdown Risk Evaluation Failure results in Small LOCA at shutdown 

Importance to Other Accidenit 
Scenarios 

Component Maintenance and. Review of reports conducted, no major problems 
Operation Insights: found 

Importance to Design Basis Small LOCA, per FSAR Chapter 15 
Analysis 

Other Deterministic Insights.  

Section 6 Final Risk Category 

Category: High Safety Significant X Low Safety Significant 

Basis Relatively large RAW value, Unisolable 
break 
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET 

Section I System & Pipe Segment Identification 

System & Segment Description: SIL-9 Low Pressure Safety Injection SI 
Accumulator Tank TKIA to CV8956A (V15) 

Location/P&ID Drawing: EM-112B 

System Function(s): Provides borated water to core during design 
basis accidents 

Section 2 Risk Ranking Information 

Failure Effect on System 
Without Operator Action: Loss of Accumulator A water flow to cold leg 1 

Failure Effect on System 
With Operator Action: Loss of Accumulator A water 

PSA Initiating Events Impact: None 

PSA Containment Performance Impact- None 

Conditional Core Damage Frequency Without OA With OA 
due to Pressure Boundary Failure 6.61E-04 6.61E-04 

Total Segment Pressure Boundary Failure 
Core Damage Frequency (FP*CDF•) 6.61E-12 6.61E-12 

CDFPb Importance Measure Values RAW 2.91E+04 5.80E+04 
RRW 1.000 1.001 

Comments 

Section 3 Pressure Boundary Failure Probability 

Segment Elements (welds, tees, elbows, etc.): Valve/pipe weld 

Pressure Boundary Failure Mechanism(s): Thermal fatigue 

Pressure Boundary Failure Probability: Small Leak: 0 (use IE-08 per demand) 
Full Break: 0 (use 1E-08 per demand) 

Basis for Pressure Boundary Failure Probability- Maximum Residual Stress 

Comments Location based on potential check valve 
leakage causing thermal cycling. Choked flow 
consideration during DBA not considered to 
be a significant loading concern (thick 
stainless steel piping).

I
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET 

Segment: SIL-9 

Section 4 Indirect Effects Evaluation 

Indirect Effects 
(spray, flood, pipe whip, jet impingement) None 

Pressure Boundary Failure 
Impact on Other Systems None 

Core Damage Frequency Contribution 
due to Indirect Effects None 

Section 5 Other Considerations 

External Events Evaluation 
Seismic: Fire: External Flood: 

None 

Shutdown Risk Evaluation Accumulators isolated during shutdown, do 
not provide function during shutdown, 
redundant accumulators available if necessary 

Importance to Other Accident Scenarios 

Component Maintenance and Operation Insights Review of reports conducted; no major 
problems found 

Importance to Design Basis Analysis 

Other Deterministic Insights 

= 

Section 6 Final Risk Category 

Category: High Safety Significant Low Safety Significant X 

Basis Reliable piping, benign normal conditions, minimal 

L- Bconsequence.
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SMILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET 

Section 1 System & Pipe Segment Identification 

System & Segment Description: SIH-4 High Pressure Safety Injection From 
MOVs 8821A (V15) and 8821B (V19) to CVs 
8819C (V24), 8819A (V28), 8819D (V26) & 8819B 
(V22) 

Location/P&ID Drawing: EM-113B 

System Function(s): Provides emergency core cooling during 
design basis accidents 

Section 2 Risk Ranking Information 

Failure Effect on System 
Without Operator Action: Loss of RWST 

Failure Effect on System 
With Operator Action: Loss of HPSI flow to all cold legs 

IPE Initiating Events Impact- None 

IPE Containment Performance Impact: None 

Conditional Damage Frequency Without OA With OA 

due to Pressure Boundary Failure 4.73E-02 2.99E-03 

Total Segment Pressure Boundary Failure 
Core Damage Frequency (FP * CDFcond) 4.73E-10 2.99E-11 

CDFpb Importance Measure Values RAW 1.50E+05 1.23E+04 
RRW 1.002 1.00 

Comments 

Section 3 Pressure Boundary Failure Probability 

Segment Elements 

(welds, tees, elbows, etc.): Valve to pipe weld at discharge of MOV8835 

(V20) 

Pressure Boundary Failure Mechanism(s): External loads 

Pressure Boundary Failure Probability: Small Leak: 0 
Full Break: 0 (use 1E-08 per demand) 

Basis for Pressure Boundary Failure Probability: Maximum Residual Stress Level, High Steady 
State Stress Level, High Normal operating 
pressure 

Comments: Potential for locked snubber or operational 
vibration
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET 
SEGMENT: SIH-4

Pressure Boundary Failure 
Impact on Other Systems None 

Core Damage Frequency 
Contribution due to Indirect Effects None 

Section 5 Other Considerations 

External Events Evaluation 
Seismic: Fire: External Flood: 

None 

Shutdown Risk Evaluation: One HPSI required to be available.  

Importance to Other Accident Scenarios 

Component Maintenance Review of reports conducted; no major 
and Operation Insights problems found 

Importance to Design Basis Analysis LOCA mitigation system 

Other Deterministic Insights 

Section 6 Final Risk Category 

Category: High Safety Signifficant X Low Safety Significant 

Basis High consequence - loss of RWST, both HPSI pumps injecting to break location.

Section 4 Indirect Effects Evaluation

Indirect Effects 
(spray, flood, pipe whip, jet impingement) None
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET

System & Segment Description: FWA-12 Auxiliary Feedwater System 
From V12 and V47 to cavitating venturi 
(CAV-60D) before SG-D 

LocationlP&ID Drawing: EM-130B 

System Function(s) Supply aux. feedwater to steam generators, 
provide cooling during startup/cooldown 

Section 2 Risk Ranking Information 

Failure Effect on System 
Without Operator Action: Loss of DWST 

Failure Effect on System 
With Operator Action Plant Loss of flow from motor-driven AFW pump A 

and turbine-driven AFW pump 

IPE Initiating Events Impact: None 

IPE Containment Performance Impact: Pipe failure may occur inside containment, 
steam release 

Conditional Core Damage Frequency Without OA With OA 
due to Pressure Boundary Failure 8.34E-02 2.58E-03 

Total Segment Pressure Boundary Failure 
Core Damage Frequency (FP*CDF,) 8.34E-10 2.58E-11 

CDFPb Importance Measure Values RAW 3.14E+05 1.02E+04 
RRW 1.003 1.000 

Comments 

Section 3 Pressure Boundary Failure Probability 

Segment Elements (welds, tees, elbows, etc.): Tee to elbow weld, tee to pipe weld 

Pressure Boundary Failure Mechanism(s): External loads 

Pressure Boundary Failure Probability. Small Leak: 0 (use 1.0E-08 per demand) 
Full Break: 0 (use 1.0E-08 per demand) 

Basis for Pressure Boundary Failure Probability Carbon Steel, Large Initial Flaw, High Steady 
State Stress 

Comments: Loads from valve operator or containment 
during seismic event

o:\4393\VersionA\4393�B1.doc:1b-O2O599 
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET 
SEGMENT: FWA-12

Pressure Boundary Failure Loss of HVQ*ACUSIA - room cooling to 
Impact on Other Systems "A" RHR, QSS, SI area 

Core Damage Frequency 
Contribution due to Indirect Effects 

Section 5 Other Considerations 
External Events Evaluation 

Seismic: Fire: External Flood: 

None 

Shutdown Risk Evaluation FWA provides cooling during plant 
cooldown/startup, used for safe shutdown 
after plant transients 

Importance to Other Accident Scenarios 

Component Maintenance and Operation Insights Review of reports conducted, no major 
problems found 

Importance to Design Basis Analysis 

Other Deterministic Insights 

Section 6 Final Risk Category 

Category: High Safety Significant X Low Safety Significant 

Basis: Shorter time to take operator recovery, loss of 
DWST or loss of motor-driven (A) and turbine
driven AFW pumps (pumps potentially run 
out)

Section 4 Indirect Effects Evaluation

Indirect Effects Loss of cable trays containing 
(spray, flood, pipe whip, jet impingement) HVQ*ACUSIA due to jet impingement within 

the AFW pump A room

o: A439\ versionA \4393-Bl.doc:.lb-020599 B-19



MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET

System & Segment Description: SIL-3 Low Pressure Safety Injection 
(SIL, RHS) From MOVs 8716A (V4) and 8716B (V8) to 

V8735 (V43) and MOV 8840 (V25) 

Location/P&ID Drawing: EM-112A 

System Function(s): Provide emergency cooling and borated water 
to core during design basis accidents, maintain 
the core covered, core cooling during 
shutdown 

Section 2 Risk Ranking Information 

Failure Effect on System 
Without Operator Action: Loss of RWST 

Failure Effect on System 
With Operator Action: Loss of both RHR pump trains 

IPE Initiating Events Impact- None 

IPE Containment Performance Impact: None 

Conditional Core Damage Frequency Without OA With OA 
due to Pressure Boundary Failure 4.73E-02 1.96E-02 

Total Segment Pressure Boundary Failure 
Core Damage Frequency (FP*CDF0.) 4.73E-10 1.96E-10 

CDFPb Importance Measure ValUes RAW 1.50E+05 8.04E+04 
RRW 1.002 1.001 

Comments Operator would close 8716 valves if break 
location is known and sufficient time is 
available 

Section 3 Pressure Boundary Failure Probability 

Segment Elements (welds, tees, elbows, etc.): Elbow weld at inlet to MOV8840 

Pressure Boundary Failure Mechanism(s): Thermal fatigue (conservative) 

Pressure Boundary Failure Probability: Small Leak: 0 use 1.0E-08 (per demand) 
Full Break: 0 use 1.OE-08 (per demand) 

Basis for Pressure Boundary Failure Probability: High Steady State Stress Level 

Comments Location based on stress

o:\4393\VersionA\4393-B1.doclb-020599 
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MILLSTONE 3 
EXPERT PANEL EVALUATION 

SEGMENT RANKING WORKSHEET 
SEGMENT: SIL-3

Indirect Effects 
(spray, flood, pipe whip, jet impingement) None 

Pressure Boundary Failure 
Impact on Other Systems None 

Core Damage Frequency Contribution 
due to Indirect Effects None 

Section 5 Other Considerations 

External Events Evaluation 
Seismic: Fire: External Flood: 

None 

Shutdown Risk Evaluation Segment is isolated by closure of 8716A&B for 
train separation during shutdown (no 
consequence); Loss of decay heat removal if 
valves are not closed during shutdown 

Importance to Other Accident Scenarios Loss of hot leg recirculation (plan not to use 
this function) 

Component Maintenance and Operation Insights Review of reports conducted; no major problems found 

Importance to Design Basis-Analysis The RHR pumps provide ECCS during design 
basis accidents. Need cross-connect during 
design basis event with single failure to get injection to all cold legs.  

Other Deterministic Insights 

Section 6 Final Risk Category 

Category- High Safety Significant X Low Safety Significant 
Basis Same consequence as SIL-1 and SIL-2, but 

doesn't have shutdown risk.

-. Aq11J .- '--Yzf- A\A1' )Li.U7 Q-ýfl

Section 4 Indirect Effects Evaluation
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Risk-haued Inspection Expert Pusel Evaluation Segment Ranking Worksheet 
SEGMENT: ECC-003 PLANT: Suany Unit 1

Section I System and Pipe Segment Identification 

System: Emergency Core Cooling 

Segmet Des aiplie.: Cold leg loop 3 from CV 11--243 and CV 1-SI-237 to CV 1-S1-85.  

Drawing Number. 11448-CBM-O89B-3 Sb. 4 Rev. 2,11448-WMKS-0127J3 

Section 2 Risk Ranking Information 

FAILURE EFFECTS ON SYSTEM 

Without Operator Action: Loss of RWST inside contaminent; Potential ISLOCA initiating event separated from the RCS by check 
vaives; degradation of the cold leog injection function; only one injection path to a cold leg fht and 
LH, flow restrictors on injection paths lindt flow.  

With Operator Actin: No change.  

Iaitiatiag Evata Impuat Potential ISLOCA ICV S"-5 falls & pipe breaks) 

Contamient Performance Impact 

CONDITIONAL TREATMENT, CDF and LERF IMPORTANCE MEASURE CALCULATIONS 

Treatment: None IWN1amut OA With CA 

Conditional Core Damage Fraqueuey dua to Pressure emaodury Failure 0.OOE+ 00 O.OOE+O0 

Ceuitieaal Large Early Release Frequency due to Pressure Beundary 0.O0E+ 00 O.0OE+00 
Failure 

CDF mad IMPORTANCE MEASURE CALCULATIONS Witeust OA With OA 

!TetalSugment Preasare Baundary Farlua Core Damage Frequency (FP"* O.OOE+0 O.OOE+00 .Mcaeud) 
• 

rCDFlp Impeelaae RAW 1.0OE+0O 1.OOE+O0 imuesure Vallues _ 
RRW 1 

LEF and! IMPORTANCE MEASURE CALCULATIONS WithoutOA WihOA 

Total Segment Preaaura Boundary Faiuwe Large Early Release Frequency 0.OOE+ 00 0.00E+ 00 
IFP P LERFuead) 

LERFpi Importamne RAW 1.OOE+00 1.00E+00 
Measure Values RRW 1 1 

Expert Panel Dscuasima Cuannents: 

A 1
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Risk-baed Inspection Expert Panel Evaluation Segment Ranking Workshoet 
SEGMENT: ECC-O03 PLANT: Surry Unit 1 

Section'3 Pressure Boundary Failure Probability 

Seglmet EamBeas•t Weld 1-05 

Failure Mechoaim(s: Themnal stratification 

Leak Size Large Med Small 

Failure Prucelility: Sinai Leak (wi. ISIb 8.67E-04 Large Leak (win ISIl 8.30E-04 O.OOE+O0 0.OOE+OO 

Small Leek (with ISI) 9.35E.05 Large Leak (with ISM) 2.91E-05 O.OOE+O00 .OOE+00 

Basis for Failure Proabiity: See failure probability worksheet 

Comment: Based upon ECCS inventory and RWST margin assumed smal value of 2 gpm.  

Section 4 Indirect Effects Evaluation 

Inirect Effes No indirect impact.

External Events Evaluatien: 

Saienic Support function in aal 

Fire: None 

FRood None 

Shoteown Risk Evaluetom: 

Impertance to Other Accideat 

Convesnt Maintenance end 
Operatien Insights: 

Importance to Design Buis Analysis: 

Other Detoumidistic Ime ig:

Rick Catogery: 

Dask fur Risk Catgwr/:

Section 5 Other Considerations 

uismic induced events

Alternate decay heat removallprimry if below mid-loop 

None 

Cold leg injection for LHI & HHI 

LOCAs. tube rupture, main steam line break, boron diluon, rod eection as described in UFSAR 
chapter 14 

Segment separated by chock valve 1-S1-85 from segment RC-43, check valve 1-$1-237 from segment 

HHI-12D & check valve 1-SI-243 from segment LHI-10 

Section 8 Final Risk Category 

( HIGH SAFETY SIGNIFICANT 0 LOW SAFETY SIGNIFICANT 

Common mode- failure mechanism 
* pressurized with RCS heads 
- would see increased sump Ivel

PaW 17
&2W42/,2PM
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Risk-based Inspection Expert Panel Evaluation Segment Ranking Worksheet 
SEGMENT: FW.012 PLANT: Surry Unit I 

Section I System and Pipe Segment Identification 

Sylatm: Feedwater System 

Segment Deeiriptimo: Feedwater header to SG A from 1-FW-FCV-1478 to 1-FW-12 (check valveL.  
Drawing Number. 11448-CBM-068A-3 SH. 1, 11448-WMKS-1018A3 

Section 2 Risk Ranking Information 

FAILURE EFFECTS ON SYSTEM 

Without Operator Actic.: Loss of both MFW pumps.  

With Operater Action: No change.  

Initiating Evet. Impact Loss of main feedwater initiating event 

Centoiment Pgr.omm No Impact:

CONDITIONAL TREATMENT, CDF and LERF IMPORTANCE MEASURE CALCULATIONS 

Treatment: SYSIJIS + DC Wiheet OA With CA

Cendlieeel Care Damage Frequency die ts Pre ire Bendary Failure 1.72E-03 1.72E-03 

Cmriasal Large Early Release Frequency doe te Pressure Boundary 1.35E-04 1.35E-04 :Filure 

Treatment: IE/JI/S+DC WidketOA With 0A 

Cemieaal Cure Damap Frequacy due te Preaure Beadary Failure 1A9E-04 1.49E-04 

Cenitmi Large Early Relase Fequcac" doe to Pressare Boundary 3.62E-06 3.62E-06 
Failure

CDF and IMPORTANCE MEASURE CALCULATIONS

Pag X4
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Risk-based Inspection Expert Paosl Evaluation Segment Ranking Worksheet
SEGMENT: FW-012 PLANT: Surry Unit 1

LERF and IMPORTANCE MEASURE CALCULATIONS Withowt OA With CA 

Total Segment Pre...r. Boundary Failure Large Early Release Frequency 3.59E-09 3.59E-09 (FP" LERFcned] 

LEeFpb Iumportance RAW 2.78E+01 3.12E+02 
'Matter Values RRW 1.00069 1.00811 

Expert Panel Disoasie[Couaamawt Failure Effects with Operator Action: Loss of main foedwatem indirect effect of spray 
and jet impingement assumed instantaneous.  

Section 3 Pressure Boundary Failure Probability 

Selgmet Element(s): Pipe to FCV 1478; Drawings: 1018A3 

Falre Meclouiam(s) Wastage* 

Look Size Large Mod Small 

Failure Probhablity: SmaooLnk (wit lSI) 3.60E-01 LargeLeak (WI SI)S 3.60E-01 O.OOE+00 O.OOE+0D 

Small Leak (with ISlI 3.6OE-02 Large Leak (viwh ISt l 3.60E-02 O.OOE+O0 0.OOE+00 

Basi for Failure Prbehility:. See failure probability worksheet 

Commeats: Based upon condensate automatic make-up capabilities (300.000 gallon tank) to hotwell assumed 500 
gpm disabling leak. Leakage could continue for over 8 hours without operator action (1 shftl;, code 
allowables used; Segment in augmented program, factor of 10 credit assumed for w[ISI casem SRRA 
not used 

Section 4 Indirect Effects Evaluation 

Indirect Effect Flooding, spray, All three Unit 1 AFW pumps both Unit 1 CS pumps; Three Main 
Steam RVs.

pap. is87422P
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Risk-ased I[specti 

SEGMENT: FW-012 

External Evmunt Ewdltion: 

Seismic- Not considered significant 

Fire Backup water supply for fires.  

Rood: None 

Shwatiswn Week Evaluation: Altert 

Importanm to Oher Accidat None 
Scainari: 

Compnenat Maiateenace and Fluid 
Operatio Ienlahts: 

Impart... to Desip Basis Analysis: Lossw 

OtDer D•uroiIiet Issights: Sepas

Risk Catgaie 

Bais for Risk Catmgry: Toutl

tin Expert Panel Evaluation Segment Ranking Workshest 

PLANT: Story Unit 1 

Section 5 Other Considerations

nate decay beat removal 

contained is condensate. EIC program coverage.  

of normal feedwater.  

ited from segment FW-15 by check valve 1I-FW-12.  

Section 6 Final Risk Category 

HIGH SAFETY SIGNIFICANT C 

loss of FW, high COFILERF with OA RRW

LOW SAFETY SIGNIFICANT

Pap 36
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Risk-based Inspection Expert Panel Evaluation Segment Ranking Worksheet 
SEGMENT: HHI.O04C PLANT: Surry Unit 1 

Section I System and Pipe Segment Identification 

System: High Head Safety lnjection 

Seumlat Descriptioae Discharge of charging pump A, betwen:1-CH-258 (check valve), 1CH-MOV-1286A, 1-CH.MOV-1287A.  

Drawiag Namber:. 11448.MKS-1 105115, 11448-MKS-1 10589 

Section 2 Risk Ranking Information 

FAILURE EFFECTS ON SYSTEM 

W'dhut Operator Actio: A. Loss of Unit 1 RWSr, loss of Unit 2 RWST cross connect to Unit 1 Charging pumps, and loss of 
Unit 2 Charging pumps cross connect to Unit 1; N. Loss of VCT and BAT to the charging pumps.  

With Operator Actimo: Closure of CH-MOV-1267A, 12678, 1275A isolates segment and would result in loss of oae charging 
pump (A) only.  

Ilitiatiae Events Ipact 

Coatiameit Psrbmaue Impact

CONDITIONAL TREATMENT, COF and I•.ERF IMPORTANCE MEASURE CALCULATIONS 

Treatment SYS/JI/S 1

Conditioal Cors Damage Freqnency ifle to Pressure Boundary Failure

rdhEt OA 

1.12E-04

Witd GA

1.12E-04

Couilidesel Large Early Release Fregmeacy due to Presur Besedw 2.60E.05 2.6OE4)5 
Failuore - _ _ _ _ __ _ _ _ _ _ _ _ _ _ 

Treatment: SYS Without DA Wah OA 

Conitional Cwu Ovamp Frequemy ile to Pirnuo Buindary Failure 2.50E-02 G.OOE+00 

Conditionsl Lapg Eaily Releas Frequency doe to Presurm Daniury 238E03 2.60E-O5 Failure 

CDF uad IMPORTANCE MEASURE CALCULATIONS Witheut OA Wit• GA 

nil Sepeat Pressue Boiidry FIiare Core Damaip Frequency (P ° 4.59E-11 2.97E-13 
CDFmId) 

C)Fp lmpertanc RAW 4.O1E+02 2.86E+01 
_ _ __ Value 1 

IRRW

'5 t O•Sv•.NpM
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Risk-based Inspection Expert Panel Evaluation Segment Ranking Worksheut 
SEGMENT: HHI-W04C PLANT: Suny Unit 1 

LERF and IMPORTANCE MEASURE CALCULATIONS Witheut OA 

Total Segment Prousre Boundary Failure Large Early Release Frequency 4.40E-12 
(FP* LERFcod

Em eaure Values LERF .h Im portance 

L

Expert Panel DiacaimjCunaeatec 

Section 3 Pressure Boundary Failure Probability 

Sapient Element(s). Weld 1-04 3* fine 

FWine Machmmies(o) Snubber locks up under TC 

Leak Size Large Med Small 

Failure Proability: Smell LeukWe. SIk 3.88E.05 Large Leek (We1.SI) 2.66E-05 0.OOE+00 0.OOE+00 

Small Leak (with ISIk 2.76E-06 Large Leek (with ISIY 9.14E-07 O.OOE+O0 0.00E+00 

Basis far Failure Prob'ahfft, See failure probability worksheet 

Cerements: Based upon ECCS inventory and RWST margin assumed snall value of 2 gin.  

Section 4 Indirect Effects Evaluation 

Imirect Effuct: FIS; 1-CH-P-1A. Bounded by dr effuct. The indirect impact attribted to the 
segment is not more severe than the direct impact indirect conseuences of the HHI 
and LHI piping is also assessed to resdlt indirect consequences of the HHI and LHI 
piping is also assessed to result in the unavailability of one charging pump.

Apa 17 2SW#4:.4VPM
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Risk-based Inspection Expeot Panel Evaluation Segment Ranking Worksheet 
SEGMENT: HHI1004C PLANT: Surry Unit 1 

Section 5 Other Considerations 

Eternal Events Evalautan: 

Seisiaic Support function in all seismic induced events 

Fire: None 

FRed None 

Sbutdown Risk Evadeatian: Alternate decay heat removallprimary if below mid-loop 

ImpteaIm to Othw Accident None 
Smearin: 

Camponent Mainteaoen and No history of problems 
Operation Imeiohts: 

Importace to Desg Bansi Analys: Inportant in LOCAs, tube rupture, main steam line break, boron dilution, and rod ejection.  

Other Determiisitic lmigln e Separated by cleck valve 1-CH-258 from segment HHI-OO4A.

nik Cabger.  

Buis for Risk Categar,.

Section 8 Final Risk Category 

G) HIGH SAFETY SIGNIFICANT 0 LOW SAFETY SIGNIFICANT 

- High head flow interrupted 
- Can mitigate with operator action 
- Potential interconnection (conmon causel of al chargng penps

PW to
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Risk-based Inspection Expert Penl Evaluation Sqpment Ranking Worksheet 
SEGMENT: LHt)004 PLANT: Smy Unit I

Section 1 System and Pipe Segment Identification 

System: Low Head Safety Injection 

Sqesent Description: Contanent saunp to M0V 1860A.  

Drawing Number 11448-WMKS-1106A7, CBM-089B-3 SH. 1, Rev. 5 

Section 2 Risk Ranking Information 

FAILURE EFFECTS ON SYSTEM 

Without Operator Action: Loss of Recire from LPI Train A.  

With Opurator Actiln No diange.  

Inititlig Evunts Impact 

Coetalimenat Perhlnuance Impact 

CONDITIONAL TREATMENT, CDF nd LERF IMPORTANCE MEASURE CALCULATIONS 

Treatment: SYS Withomt DA Wtdb DA 

CoditioSnl Cre Duusp Frequency due to Pressum eowndery Failure 5.87E-05 5.87E-05 

Coufimdel Lorg Early Rele Frequency dus to Pressure Henedury ZOOE-07 2.OOE-07 
Failmr 

COF and IMPORTANCE MEASURE CALCULATIONS Widhoet VA With OA 

Tetal Supiout Pesue Boandery Failur Care Damage Frequency (FP ° 5.59E-1 1 5.59E-1 1 
COFtwOd 

CDFpb Importance IRAW 1.94E+00 1.55E+01 
Meouae Values "RRW 1 1.00001 

LERF end IMPORTANCE MEASURE CALCULATIONS Without OA With OA 

eal Sepmut Prmosse Bheudary Failue Lapg Early Release Fhequency 1,90E-13 1.90E-13 "LERFtend) 

LERFIIImportac AW 1.04E+00 1.5E+OO 
:Messou Values W 1 

Expert Panel DiscoueioJCommeine•s

Ave to
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Risk-based Inspection Expert Panel Evaluation Segment Ranking Worksheet 
SEGMENT: LHI.4 IL PLANT: Surry Unit 1 

Section 3 Pressure Boundary Failure Probability 

Suest Elomsent(s) Weld 1-15; Drawing: 1 106A7 
Failure Mechasaia(s)j Fatigue* 

Leak Size Large Med Small 

Failure Probability: Small Leak (wte ISM) 2-.0E-05 Largp Leak (twa ISlS1 1.52E-05 0.O0E+0O 0.0OE+O0 

Small Leak (with ISll 7.48E-07 Large Leak (with ISlt 1.17E-07 O.DOE+ 0 0.0OE+O0 

Bask far Failure Prehehilitr, See failure probability worksheet 

Ceoaueeta Based upon ECCS inventory and RWST mnrgin assumed small value of 2 gpn; Code allowables used..  

Section 4 Indirect Effects Evaluation 

ladirimt Effecta: No indirect impact.  

Section 5 Other Considerations 

External Events Evaluetius: 

Seisusi Support function in all seismic induced events 

Fire None 

Reeds None 

Shutdowa Risk Evaluation: Alternate decay heat removalijprimary if below mid-loop 

Imporma to Other Accident None 
Scenarios: 

Cemponsat Maintuenac end No history of problems, standby system.  
Operation Iailt 

Impertnace to Du)ip Basis Analytis Important for large break LOCA 

Other Dataraaimti lu I tu: None 

Sectio 6 Final Risk Category 

RiskCatlPory: G HIGH SAFETYSIGNIRFCANT 0 LOW SAFETY SIGNIFICANT 

Basis for Risk Category: -SinOle containment isolation 
-extension of containment sump

PV* if
WwS ul7&?2Pm
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Risk-ased Inspection Expert Panel Evaluation Segment Ranking Worksheet 
SEGMENT: RC-016 PLANT: Sorry UnitI 

Suction 1 System and Pipe Segment Identification 

System Reactor Coolant 

Seaisent DeCripfina SI from CV I-SI91 to RCS Loop 1 hot leg.  

Drawing Number CBM.O-8A-3 SH. 1, CBM-089B-3 SH. 4, 11448.WMKS-O122H1 

Section 2 Risk Ranking Information 

FAILURE EFFECTS O1 SYSTEM 

Wilkiet operator Acion: Large loss of coolant accident 
Medium loss of coolant accident 
Smnai loss of coolant accident 

Widl Operate Ac-tai No change.  

Initiating Events Impact: Large, Medium, or Small LOCA initiator 

Cantainment Performance Impact: Either late containment failure or no containment failure are about equally likely.

CONDITIONAL TREATMENT, COF and LERF IMPORTANCE MEASURE CALCULATIONS 

Treatment: IE-L I wu

Trsalnent: IE-M I Withsat OA With OA 

Ceadilleaml Care Damp Frammacy due to Pressure Bemahry Failie 5.36E-03 5.3'E-03 

Cndilhsl Lare Early Reles Fm•immeacy & to Pim.,. Beundary 5.53E-06 5.53E-0

'a, * 4W2H
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Risk-basml Inspection Expert Panel Evaluation Segment Ranking Worksheit 

SEGMENT: RC4)16 PLANT: Surry Unit 1

CDF and IMPORTANCE MEASURE CALCULATIONS

Tetal Segment Presmure Bundary uIilure Core Damage Frequency (FP 
ClFcead)

Without CA

1.23E-07

With CA 

1.23E-07

CDFph Imlortaace RAW 2.46E+02 3.80E+03 
IMomm RRW 1.00197 1.03132 

LERF sad IMPORTANCE MEASURE CALCULATIONS Without CA With CA 

Tetai Segment Pmamn Boundmary ilure Large Early Release Frequncy 3.52E-10 3.52E-10 
IFP * LERFcso* 

ILJERFph Importann RAW 9.66E+00 1.02E÷02 
:Meaure Values S:RRW 1.00007 T1.00079

Expt Pamel ci m t 

Section 3 Pressure Boundary Failure Probability 

Segment Elenmest): ID root of welds 1-08, 2-)t Drawings: 122H1,122K1 

Faiiama Machanism(s): Stuipinglslratification, Thermal fatigue 

Leak Size Large Med Smad! 

Faille. Prambklit•. Small Look Iwi ISl): 5.31E-04 Lare Leak (wia ISl): 3.09E-04 3.34E-04 3.59E-04 

Small Leak (with ISM1 1.69E-05 Large Leak (with IS. 5.52E-0) 6.35E-06 7.00E)06 

Basis for Failure Prelb'lit:r. See failure probability worksheet 

Camunta Lare LOCA - 5001GPM, Medium LOCA - 1501 GPM. Sma= LOCA - 100 GPMIBASI& LARGE 
LOCA NUREGICR4550 PAGES 3-2.3-3 

Section 4 Indirect Effects Evaluation 

Indrect Eff No indirect impact.

P I47 8m7W22f7PN
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Risk-basad Inspection Export Panel Evaluation Segment Ranking Workshmet 
SEGMENT: RC-016 PLANT: Sury Unit 1 

Section 5 Other Considerations 

Extanal Events Evluation: 

Saeais: Contributes about 7% to small and medium break LOCA seismic CDF. Minimal 
contribution to large break LOCA seismic COF.  

Fire: Not considered a significant contributor to external fire events.  

FiRnd Not considered a significant contributor to external flood events.  

Shutdown Rink Evelnatim: Shutdown LOCA less likely than at power LOCA since pressure reduced.  

Importance to Othar Accident None 
Seene'm: 

Cempeamt Maitemace and Temperature average between 547 and 573 degrees F. at 2235 psig. during normal operation.  
Operaien lauhmito: Chemistry controlled to reduce corrosion potential.  

Iuperlsnce to Desip Bank Analysis: LOCA described in UFSAR chapter 14. Second barrier provided in defense of fission product release.  

Otheir Detannsiatic Ini•ghls Segment separated by check valve 1-SI-91 from segment ECCS-005 

Section 6 Final Risk Category 

Risk Categoryr. G) HIGH SAFETY SIGNIFICANT LOW SAFETY SIGNIFICANT 

Basis for Risk Catoegerr No credit for thermal monitoring.  

P, 4F •W7#t2-, PM
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Risk-based Inspection Expert Panel Evaluation Segment Ranking Worksheet 
SEGMENT: RC-058 PLANT: Surry Unit 1 

Section 1 System and Pipe Segment Identification 

ystem: Reactor Coolant 

againt Deecriplime From block valve 1.RC-MOV.1535 to PORV 1-RC-PCV-1456.  

rawing limber CBM.086B-3 SH. 1, 11448-WMKS.0124A1 -1 

Section 2 Risk Ranking Information 

FAILURE EFFECTS 01 SYSTEI 

Without Operator Action: Meiumn loss of coolant accident 
Small loss of coolant accident 

With Operator Action: Clu.mire of MOV-1535 terminates LOCA. therefore none.  

Iitiating Eveats Impact: Mealbjrn, or Small LOCA initiator 

Coeteiammet Performance Impact Either late containment failure or no containment failure are about equally likely.  

ONDITIONAL TREATMENT, CDF and LERF IMPORTANCE MEASURE CALCULATIONS

Treatment: IE-S Without CA With CA

Caediticeal Core aemp Frequency duo to Pressure Bundary Failure 6.41E-04 0.OOE+00 

Canitieael Large Early Release Frequency dot to Pressr, Boundary 1.65E-06 O.OOE+00 
Fahme 

CDF and IMPORTANCE MEASURE CALCULATI[ONS Without OA With CA 

Tolal Segment Pressure Boundary Failure Caow Damap Frequency (FP * 6.84E-09 0.0CE+00 
COFeogil 

CDFpI Importance, RAW 9.66E+01 1I00E+00 
Mese Value0 NEW 1.00011 1

S r171 1%9724*35 P5M
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Risk-based Inspection Expert Panel Evaluation Segment Ranking Worksheet 
SEGMENT: RC-058 PLANT: Surry Unit 1 

LEUF and IMPORTANCE MEASURE CALCULATIONS Without GA Witl OA 

Total Segnmat Pressare Boundary Failure Large Early Release Frequency 8.18E-12 O.OOE+0O 
(FP * LERF=Ad) 

LERFb lupertauce RAW 2.39E+00 i.OOE+OO 

Mm,,,1 Values LRAW 1 

Expert Panel DiscuaeionlComm.1s: 

Section 3 Prossure Boundary Failure Probability 

Sagmat Eesent(s) Pipe to valve, pipe to reducer; Drawings: 0124A 1-1 

Failure Mukcanism(s): Fatigue 

Leak Size Large Mad Small 

Failure Prebabilft. Small Leak Iwle ISI: 4.15E-05 Large Leak (wlo ISI): O.OOE+O0 4.56E-05 4.56E-05 

Smell Leak (with ISlIM 3.20E-05 Large Leak (with IS!): O.OOE+O0 2.81E-05 2.81E-05 

Basis for Failure Probllity. See failure probability worksheet 

Commeate: Madium LOCA - 1501GPM. Small LOCA - 100 GPMIBAS1S: NUREGICR-4550 PAGES 3-2. 3-3; 20% 
snubber faklure probability used due to large number of snubberr, use valuesinote for no leak 
detection Large Leak probability should be used, also for anal leak 

Section 4 Indirect Eff mets Evaluation 

Indirect Effecta No indirect impact

Ai. 1 72 ;D/11'712At,35 PM
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Risk-based Irhgiection Expert Penal Evaluation Segment Ranking Worksheet 
SEGMENT: RC-)58 PLANT: Surry Unit 1 

Section 5 Other Considerations 

External Events Evalualiem

Seismic: Contributes about 7% to .m;ali and medium break LOCA seismic COF. Minimal 
contriution to large bIealc LOCA seismic COF.  

Fire: Not considered a significant contributor to external fire events, 

Roes Not considered a significant contributor to external flood events.  

Shutdewn Risk Evoluatim: Shutdown LOCA less likely than at power LO CA since pressure reduced.  

Importauce to Other Accilent NIone 
Scenerime: 

Coeapomnt MEst ,nance and Temperature average between 547 and 573 degrees F. at 2235 pag. during normal operation.  
Operatfe Insigits: Chemistry controlled to reduce corrosion potential.  

Importam to Desip Bask Anelysis: I.OCA described in UFSAR chapter 14. Second barrier provided in defense of fission product release.  

Other Deterministic Insights: lone 

Section 6 Final Risk Category 

Risk Category. G) HIGH SAFETY SIGNIFICANT 0 LOW SAFETY SIGNIFCANT 

Basis for Risk Cetoegory 3x2 reducer at PCV-1456 is high stress location Carge fraction of code allowable) 

Pip 173 191137 12:4A37PV
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Risk-based Inspection Expert Panel Evaluation Segment Ranking Worksheet 
SEGMENT: SW-004 PLANT: Surry Unit I 

Section 1 System and Pipe Segment Identification 

System: Service Water 

Segment Descriatioa: From 1-SW-P-1A discarge through diesel cooler and shaft beating oil cooler to intake structure.  

Drawing Nomnb:. CBM-071A-3 SH.1 

Section 2 Risk Ranking Information 

FAILURE EFFECTS ON SYSTEM 

Without Operator Action: Loss of poyp I-SW-P-lA 

With Operator Action: No change.  

Ioitiating Events Impact 

Ceelainment Perfermance Impact

CONDITIONAL TREATMENT. CDF sal LERF IMPORTANCE MEASURE CALCULATIONS 

Treatment: SYS/S W

Treatment: SYS Without CA With CA

.Conitimoal Cor Damp Frequemcy don to Pjasmre BDemely Failr" 3.69E-04 3.69E-04 

Cenditiml Large Early RDlease Frequency due to Pemsure Boundary 9.50E-06 9.50E-06 
IFailere 

CDF mad IMPORTANCE MEASURE CALCULATIONS Withbut A Widh CA 

roetln Segment Pressue Deondery Falure Core Damag Frequency (FP * 2.35E-08 2.35E-08 

jCDFcad) 

CDFph impewtace RAW 128E+01 1.83E÷02 
Measure Vale RRW 1.00039 1.00584

Po t
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Risk-ased Inspection Expert Panel Evaluation Segment Ranking Workslhet 
SEGMENT: SW-O0 PLANT: Surry Unit 1 

LERF and IMPORTANCE MEASURE CALCULATIONS WdbeutOA With OA 

Total Segmet Prssars Bounary Foillum Large Early Release Frequency 6.07E-10 5.07E-10 
(FP * LERFcmdi) 

LlUIFpb lmplrtsne RAW 4.67E+00 4.36E+01 
mesa" Values RRW 1.00012 1 

Expert Panel Dismaine/lCememnts: 

Section 3 Pressure Boundary Failure Probability 

Selleent Elment: 163L - CLASS PIPE WELD AT REDUCER ON 2' SIDE 

Falure Mekanuism(s): Was aelittMg 

Leak Size Large Med Small 

Fsilure Preambility: Smal Leak (wl, IS): 1.OOE-02 Large Leak (w. ISI): 1.00E-02 O.0OE+00 O.OOE+O0 

uSD= Leak (with ISI): 1.00E-02 Larp Leak (with ISI): 1.00E-02 OXOE+G0 O.OOE+O0 

Beais far Failurm PrehnhTity: See failure probability worksheet 

Commons-- 1OGPMIBASED UPON 10% OF2" PIPE ROW; NO SNUBBERS; FIBERGLASS PIPING FAILURE 
PROBABILITY SET AT 1 X 1DE-2 FOR SMALL LEAK AND LARGE LEAK 

Section 4 Indirect Effects Evaluation 

laedrect Ekfw Loss of SW pumps,

Ag if
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Risk-based INpmaotin Expert Panel Evaluation Segment Ranking Worksheet 
SEGMENT: SW-004 PLANT: Surry Unit 1 

Section 5 Other Considerations 

External Events Evolution: 

Seimic: Proides hbut sink f or seismic LOCA.  

Fire: Not condered a significant contributor to extemal fire events.  

Feod: Not considered a significant contributor to external flood events.  

Shutdown Risk Evaluation: Primary heat sink for decay heat removal during shutdown. Alternate long term decay heat removaL

Impertaaea to Other Accident 
Scearies: 

Cmpmsant Mainmenance and 
Operation Iambi: 

Impertum to OigW Basin Analyhis: 

Other Deteuiadjtaic h1i6ku:t

Provides heat sink for spent fuel pit cooling.  

Contains river water from James River. Flows only during accident with loss of off-site power and 
during quarterly pump testing.  

Large break LOCA long term heat removal described in UFSAR chapter 14.  

Nona.

Section 6 Final Risk Category

Risk Cateer. @ HIGH SAFETY SIGNIFICANT 0 LOW SAFETY SIGNIFICANT 

Basis for Risk Category: High CDF wlOA RRW, fiberglass failures experienced at plant

&2S"V*37 AVP
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APPENDIX C 

SAMPLE FAILURE PROBABILITY WORKSHEETS 

This appendix contains sample SRRA code input worksheets and the code output for 

Millstone 3 and Surry. Supplement 1 discusses the SRRA code and its input and output 

parameters in detail.  

Millstone 3 

The piping segments presented are the same as those in Appendix B. The piping segments are 

ECCS-1 (Tables C-1 through C-3), FWS-1 (Tables C-4 through C-6), RCS-7 (Tables C-7 through 

C-9), RCS-15 (Tables C-10 through C-12), and SIL-9 (Tables C-13 through C-15). For a given 

segment, the input worksheet is shown first, followed by the small leak probability calculation 

output then the full break output. For the cases in which 0 failures are predicted, the values in 

parentheses on the worksheets are those calculated assuming one half failure in 5000 trails, 

corrected for importance sampling.  

Note: The failure probability worksheets and results for Millstone 3 are likely to change 

because of the modifications made to the SRRA model as described in Supplement 1.  

Surry 

The piping segments presented are the same as those in Appendix B. The piping segments are 

ECC-03 (Tables C-16 through C-18), FW-12 (Tables C-19 through C-21), LHI-4 (Tables C-22 

through C-24), HI--4C (Tables C-25 through C-27), RC-16 (Tables C-28 through C-30), RC-58 
(Tables C-31 through C-33), and SW-04 (Tables C-34 through C-36). Similar to Millstone, the 

input worksheet is shown along with the small leak probability calculation output and the large 

leak probability calculation.
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Table C-1 

ECCS-1 

Piping Structural Reliability Estimates for Millstone Unit No. 3

System: ECCS Segment: 1 Sheet of 
P&ID No.: EM-112A, B & 113B Data Point: 165 of X7003B 
Pipe Stress Calculation Number: X7003B 831, X10705 PSI/Const. Method: VT-2, PT, UT/Hydro, RT 
Piping Stress Isometric No.: SIL-6, 159 & 165 Proposed ISI Method: VT-2, UT 
Piping Component/Segment Element (weld, tee, elbow, etc.): Weld at valve V985 

lpu. ri-dp id crdI - .frlptlUll ChIeck ..Inpu ch... C iee %ur I dole I .vlue) Set value* 
1 Type of Piping Material 304 SS 316SS Carbon Steel --
2 Temperature at Pipe Weld Low (150) Medium (350) High (550) 350 
3 Nominal Pipe Size Small (2) Medium (5) Large (16) 6 
4 Pipe Wall Thickness Thin (.06) Normal (.14) Thick (.22) .12 
5 Normal Operating Pressure Low (0.5) Medium (1.3) High (2.1) 2.5 
6 Residual Stress Level None (0.0) Moderate (0.1) Maximum.(0.2) .2 
7 Initial Flaw Size Small (.05) Medium (.11) Large (.17) .05 
8 Ste'lv-State Stress Level Low (.05) Medium (.11) High (.17) .17 
9 Strý,,-:.- , sion Potential None (0.0) Moderate (0.5) Maximum (1.0) 0 
10 Material Wastage Potential None (0.0) Moderate (0.5) Maximum (1.0) 0 
11 High Cycle Fatigue Loads None (0.0) Moderate (.08) Maximum (.16) 0 
12 Fatigue Transient Loads Low (.10) Medium (.22) High (.34) .28 
13 Fatigue Transient Frequency Low (5) Medium (13) High (21) 17 
14 Design-Limiting Stress (Break Only) Low (.10) Medium (.26) High (.42) .22 
15 Optional Crack Inspection Interval Low (6) Medium (10) High (14) 10 
16 Optional crack Inspection Accuracy High (.16) Medium (.24) Low (.32) .24 

*For optional numeric input, use a value (and associated units) from the standard range given in Table 1.  
Small Leak Probability, No ISI: 0 (6.413-09) Optional Leak Probability With ISI: 0 (6.413-09) 

Full Break Probability, No ISI: 0 (2.313-12) OptionalBreak Probability With ISh: 0 (2.313-12)

Comments: Valve is located on branch line within 2 ft. of run pipe connection. Many nearby branch line snubbers exist which potentially may 
lockup causing break potential.
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Table C-2 

ECCS-1 SMALL LEAK PROBABILITY 

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 

WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM SPFMPROF ESBU-NTD 

INPUT VARIABLES FOR CASE 34: 316 STAINLESS STEEL PIPE WELD LEAK

NCYCLE = 
NOVARS = 
NUMSSC =

40 
29 

7

NFAILS = 1000 
NUMSET = 6 
NUMTRC = 7

VARIABLE 
NO. NAME

PIPE-DIA 
WALL/DIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
PROB /VOL 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS/CY 
PRESSURE 
STRESS-SS 
SCC-COEFF 
SCC-EXPNT 
SCC-TIMEI 
ECW-RATE 
NOFTRS/HR 
STRESS-FT 
NOSTRS/CY 
STRESS-ST 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LIMIT-DSL 
LIMIT-PBS 
STRESS-DL 
FREQ-DLTR

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL NO 
- CONSTANT 
- CONSTANT 
- CONSTANT -

MEDIAN 
VALUE

6.0000D+00 
1. 1000D-01 
1. 2357D+01 
5.0000+D00 
6.OOOOD+00 
1.OOOOD-04 
5.OOOOD+00 
1.0000D+01 
1.0000D-03" 

-4.8000D-01 
1.6000D+00 
7.4473D+03 
2.5000D+00 
1.0503D+01 
3.2310D-12 
2.1610D+00 
1.0000D+00 
1.2740D-11 
6. 0000D+01 
6.1783D-02 
1. 5000D+01 
1. 7917D+01 
9.1401D-12 
4.0000D+00 
4.6000D+00 

-9.7000D-01 
0.OOOOD+00 
0.OOOOD+00 
0.OOOOD+00

DEVIATION 
OR FACTOR 

3.OOOOD-02 
3.3000D-03 
1.4125D+00 
1.4125D+00 
1.4125D+00 

1.0500D+00 
1.5000D-02 
1.2589D+00 
2.3714D+00 

2.3714D+00 

1.4125D+00 

1.2589D+00 
2.8508D+00 

1.0000D-02

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 
1.00 3 
1.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

1.00 1 
.00 2 
.00 3 

1.00 4 
5 
6 

.00 7 
1 

.00 2 
3 

.00 4 
1.00 5 

6 
7 

.00 1 
2 
3 
4

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD 
FMD 
FMD

PROBABILITIES OF FAILURE MODE: EXCEED LIMITING DEPTH FOR SMALL LEAK

NUMBER FAILED = 0
0 

FAILURE PROBABILITY WITHOUT AND 
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS = 5000 

WITH IN-SERVICE INSPECTION 
FOR PERIOD CUM. TOTAL

6.37720D-09 
0.OOOOOD+00

6.37720D-09 
6.37720D-09

6.37720D-09 
0.OOOOOD+00

6.37720D-09 
6.37720D-09

o:\4393\VersionA\4393.C1.doc:lb.020599 
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NTRIAL 
NUMISI 
NUMFMD

5000 
5 
4

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29

END OF 
CYCLE

.0 
40.0

C-3o:\4393\VersionA\4393-Cl.doc:lb-020599



Table C-3 

ECCS-1 FULL BREAK PROBABILITY 

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM SPFMPROF ESBU.-NTD 

INPUT VARIABLES FOR CASE 35: 316 STAINLESS STEEL PIPE WELD BREAK

NCYCLE = 
NOVARS = 
NUMSSC = 

VARIABLE 
NO. NAME

PIPE-DIA 
WALL/DIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
PROB/VOL 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR- PND 
ANUU- PND 
HOURS/CY 
PRESSURE 
STRESS-SS 
SCC-COEFF 
SCC-EXPNT 
SCC-TIMEI 
ECW-RATE 
NOFTRS/HR 
STRESS-FT 
NOSTRS/CY 
STRESS- ST 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LIMIT-DSL 
LIMIT-PBS 
STRESS-DL 
FREQ-DLTR

40 
29 

7

NFAILS = 1000 
NUMSET = 6 
NUMTRC = 7

DISTR IBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES' 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO 
NORMAL YES 
- CONSTANT -

MEDIAN 
VALUE

6.OOOOD+00 
1.100OD-01 
1.2357D+01 
5.OOOOD+00 
6.OOOOD+00 
1. 0000D-04 
5. OOOOD+00 
1. OOOOD+01 
1. OOOOD-03 

-4.8000D-01 
1. 6000D+00 
7.4473D+03 
2.5000D+00 
1. 0503D+01 
3.2310D-12 
2.1610D+00 
1.OOOOD+00 
1.2740D-11 
6.OOOOD+01 
6.1783D-02 
1.5000D+01 
1.7917D+01 
9.1401D-12 
4.OOOOD+00 
4.6000D+00 
0.OOOOD+00 
6.1783D+01 
1. 4210D+01 
1.00OOD-03

NTRIAL = 
NUMISI = 
NUMFMD =

DEVIATION 
OR FACTOR 

3.OOOOD-02 
3.3000D-03 
1.4125D+00 
1.4125D+00 
1.4125D+00 

1.0500D+00 
1.5000D-02 
1.2589D+00 
2.3714D+00 

2.3714D+00 

1.4125D+00 

1.2589D+00 
2.8508D+00 

3.2000D+00 
1.4125D+00

5000 
5 
4

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 
1.00 3 
1.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

1.00 1 
.00 2 
.00 3 

1.00 4 
5 
6 

.00 7 
1 

.00 2 
3 

.00 4 
1.00 5 

6 
7 
1 

-1.00 2 
1.00 3 

4

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI ISI 
SSC 

SSC 
SSC 
SSC 
SSC SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD 
FMD 
FMD

PROBABILITIES OF FAILURE MODE: EXCEED FLOW STRESS LIMIT FOR FULL BREAK

NUMBER FAILED = 0

FAILURE PROBABILITY WITHOUT AND 
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS = 5000 

WITH IN-SERVICE INSPECTION 
FOR PERIOD CUM. TOTAL

2.34604D-12 
0.OOOOOD+00

2.34604D-12 
2.34604D-12

2.34604D-12 
0.OOOOOD+00

2.34604D-12 
2.34604D-12
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29

END OF 
CYCLE

.0 
40.0
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Table C-4 
FWS-1 

Piping Structural Reliability Estimates for Millstone Unit No. 3 

System: FWS Segment: 1 Sheet of 

P&ID No.: EM-130C Data Point: 410 

Pipe Stress Calculation Number: X1709 PSI/Const. Method: VT-2/Hydro, RT 

Piping Stress Isometric No.: C.I. FWS-11 Proposed ISI Method: VT-2, UT 

Piping Component/Segment Element (weld, tee, elbow, etc.): Pipe to valve (V14) weld 

No. Input Parameter Description Check Input Choice (for Table 1 Value) Set Value* 

1 Type of Piping Material 304SS 316SS Carbon Steel --

2 Temperature at Pipe Weld Low (150) Medium (350) High (550) 446 

3 Nominal Pipe Size Small (2) Medium (5) Large (16) 18 

4 Pipe Wall Thickness Thin (.06) Normal (.14) Thick (.22) .06 

5 Normal Operating Pressure Low (0.5) Medium (1.3) High (2.1) 1.8 

6 Residual Stress Level None (0.0) Moderate (0.1) Maximum (0.2) 0.1 

7 Initial Flaw Size Small (.05) Medium (.11) Large (.17) .05 

8 Steady-State Stress Level Low (.05) Medium (.11) High (.17) .08 

9 Stress Corrosion Potential None (0.0) Moderate (0.5) Maximum (1.0) 0 

10 Material Wastage Potential None (0.0) Moderate (0.5) Maximum (1.0) 0.5 

11 High Cycle Fatigue Loads None (0.0) Moderate (.08) Maximum (.16) 0 

12 Fatigue Transient Loads Low (.10) Medium (.22) High (.34) 0.1 

13 Fatigue Transient Frequency Low (5) Medium (13) High (21) 13 

14 Design-Limiting Stress (Break Only) Low (.10) Medium (.26) High (.42) .16 

15 Optional Crack Inspection Interval Low (6) Medium (10) High (14) 10 

16 Optional crack Inspection Accuracy High (.16) Medium (.24) Low (.32) .24 

*For optional numeric input, use a value (and associated units) from the standard range given in Table 1.  

Small Leak Probability, No ISI: 1.09E-3 Optional Leak Probability With ISI: 6.21E-06 

Full Break Probability, No ISI: 0 (3.5E-11) Optional Break Probability With ISI: 0 (3.5E-11) 

Comments: Break exclusion zone. No EC trending, LOC 040-016 US.
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Table C-5

FWS-1 SMALL LEAK PROBABILITY

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 

PROBABILITY OF FAILURE PROGRAM SPFMPROF

INPUT VARIABLES FOR CASE

NCYCLE = 
NOVARS = 
NUMSSC = 

VARIABLE 
NO. NAME

PIPE-DIA 
WALL/DIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
PROB/VOL 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR- PND 
ANUU- PND 
HOURS/CY 
PRESSURE 
STRESS-SS 
SCC-COEFF 
SCC-EXPNT 
SCC-TIMEI 
ECW-RATE 
NOFTRS /HR 
STRESS-FT 
NOSTRS /CY 
STRESS-ST 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LIMIT-DSL 
LIMIT-PBS 
STRESS-DL 
FREQ-DLTR

40 
29 

7

DISTRIBUTION 
TYPE, LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL NO 
- CONSTANT 
- CONSTANT 
- CONSTANT -

2: CARBON STEEL PIPE WELD SMALL LEAK 

NFAILS = 1000 NTRIAL = 5 
NUMSET = 6 NUMISI = 
NUMTRC = 7 NUMFMD =

MEDIAN 
VALUE

1. 8000D+01 
6.OOOOD-02 
6.4337D+00 
5.OOOOD+00 
6.OOOOD+00 
1.OOOOD-04 
5.OOOOD+00 
1. OOOOD+01 
5.OOOOD-03 

-2.4000D-01 
3.OOOOD+00 
7.4473D+03 
1.8000D+00 
5.1470D+00 
3.5900D-13 
2.1610D+00 
1.OOOOD+00 
6.3700D-07 
6. OOOOD+01 
6.4337D-02 
1.3000D+01 
6.4337D+00 
1.2017D-11 
3.7000D+00 
3.5000D+00 

-9.7000D-01 
0.OOOOD+00 
0.OOOOD+00 
0.OOOOD+00

DEVIATION 
OR FACTOR 

9.OOOOD-02 
1.8000D-03 
1.4125D+00 
1.4125D+00 
1.4125D+00 

1.0500D+00 
1.5000D-02 
1.2589D+00 
2.3714D+00 

2.3714D+00 

1.4125D+00 

1.2589D+00 
2.8508D+00 

1.00-OD-02

5000 
5 
4

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 
.00 3 

1.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

1.00 1 
.00 2 
.00 3 
.00 4 

5 
6 

.00 7 
1 

.00 2 
3 

1.00 4 
1.00 5 

6 
7 

.00 1 
2 
3 
4

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD 
FMD 
FMD

PROBABILITIES OF FAILURE MODE: EXCEED LIMITING DEPTH FOR SMALL LEAK

NUMBER FAILED = 316 NUMBER OF TRIALS = 5000

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION 
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

1.41843D-08 
8.24432D-07 
4.48267D-07 
1.86245D-05 
1.62683D-07 
2.59319D-05

1.41843D-08 
8.38616D-07 
1.28688D-06 
1.99114D-05 
2.00740D-05 
4.60059D-05

7.09612D-11 
4.34590D-09 
2.25107D-09 
5.15727D-07 
1.18905D-09 
9.03992D-07

7.09612D-11 
4.41686D-09 
6.66793D-09 
5.22395D-07 
5.23584D-07 
1.42758D-06
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ESBU -NTD

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29

END OF 
CYCLE

6.0 
7.0 
8.0 
9.0 

10.0 
11.0
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Table C-5 (cont.)

FWS-1 SMALL LEAK PROBABILITY

8.95441D-07 
3.21027D-06 
2.74723D-08 
2.95454D-06 
1.58686D-05 
5.31092D-07 
6.22227D-05 
1.34045D-05 
8.13526D-06 
6.98358D-06 
1.05365D-04 
1.05498D-04 
8.28412D-05 
1.63160D-05 
2.23614D-04 
1.09478D-04 
1.08010D-05 
1.78803D-05 
4.47131D-06 
7.85007D-05 
9.77842D-06 
1.75473D-05 
2.58613D-05 
3.97057D-05 
4.21448D-05 
7.24170D-06 
1.53097D-05 
1.44083D-05

4.69014D-05 
5.01116D-05 
5.01391D-05 
5.30936D-05 
6.89622D-05 
6.94933D-05 
1.31716D-04 
1.45121D-04 
1.53256D-04 
1.60239D-04 
2.65604D-04 
3.71102D-04 
4.53943D-04 
4.70259D-04 
6.93873D-04 
8.03351D-04 
8.14152D-04 
8.32032D-04 
8.36503D-04 
9.15004D-04 
9.24782D-04 
9.42330D-04 
9.68191D-04 
1.00790D-03 
1.05004D-03 
1.05728D-03 
1.07259D-03 
1.08700D-03

DEVIATION ON CUMULATIVE TOTALS =

12.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0

3.93405D-08 
1.22563D-06 
6.15578D-09 
6.75335D-09 
5.10427D-08 
1.32861D-09 
1.89205D-07 
1.82564D-08 
2.86175D-08 
4.41429D-08 
1.05385D-06 
4.5572OD-07 
1.51379D-06 
7.16360D-10 
3.49592D-08 
2.32728D-08 
9.21074D-10 
3.64537D-09 
9.58423D-10 
4.43658D-08 
4.74730D-09 
1.57386D-08 
1.96033D-08 
2.22109D-10 
1.58531D-10 
5.41483D-11 
1.93248D-10 
2.48961D-10 

5.91907D-05

o:\4393\VersionA\4393..C1.doc:¶b.020599 
0.7

1.46692D-06 
2.69255D-06 
2.69871D-06 
2.70546D-06 
2.75650D-06 
2.75783D-06 
2.'94704D-06 
2.96529D-06 
2.99391D-06 
3.03805D-06 
4.09190D-06 
4.54762D-06 
6.06141D-06 
6.06212D-06 
6.09708D-06 
6.12036D-06 
6.12128D-06 
6.12492D-06 
6.12588D-06 
6.17025D-06 
6.17499D-06 
6.19073D-06 
6.21034D-06 
6.21056D-06 
6.21072D-06 
6.21077D-06 
6M21096D-06 
6.21121D-06 

4.62194D-06
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Table C-6 

FWS-1 FULL BREAK PROBABILITY

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 

PROBABILITY OF FAILURE PROGRAM SPFMPROF

INPUT VARIABLES FOR CASE 3: CARBON STEEL PIPE WELD FULL BREAK

NCYCLE = 
NOVARS = 
NUMSSC = 

VARIABLE 
NO. NAME

PIPE-DIA 
WALL/DIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
PROB/VOL 
FIRST-ISI 
FREQ- ISI 
EPST- PND 
ASTAR- PND 
ANUU-PND 
HOURS/CY 
PRESSURE 
STRESS-SS 
SCC-COEFF 
SCC-EXPNT 
SCC-TIMEI 
ECW-RATE 
NOFTRS / HR 
STRESS-FT 
NOSTRS/CY 
STRESS - ST 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LIMIT-DSL 
LIMIT-PBS 
STRESS-DL 
FREQ-DLTR

40 
29 

7

NFAILS = 
NUMSET = 
NUMTRC =

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMPJ, NO 
NORMPJL YES 
NORMLJ, YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAJL YES 
NORMAJ NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAJL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO 
NORMAL YES 
- CONSTANT -

1000 
6 
7

MEDIAN 
VALUE

1. 8000D+01 
6.OOOOD-02 
6.4337D+00 
5.OOOOD+00 
6.OOOOD+00 
1.OOO0D-04 
5.OOOOD+00 
1. OOOOD+01 
5.OOOOD-03 

-2.4000D-01 
3.OOOOD+00 
7.4473D+03 
1.8000D+00 
5.1470D+00 
3.5900D-13 
2.1610D+00 
1.0000D+00 
6.3700D-07 
6.0000D+01 
6.4337D-02 
1.3000D+01 
6.4337D+00 
1.2017D-11 
3.7000D+00 
3.5000D+00 
0.0000D+00 
6.4337D+01 
1. 0294D+01 
1.OOOOD-03

NTRIAL = 
NUMISI = 
NTJMFMD =

DEVIATION 
OR FACTOR 

9.OOOOD-02 
1.8000D-03 
1.4125D+00 
1.4125D+00 
1.4125D+00 

1.0500D+00 
1.5000D-02 
1.2589D+00 
2.3714D+00 

2.3714D+00 

1.4125D+00 

1.2589D+00 
2.8508D+00 

3.2000D+00 
1.4125D+00

5000 
5 
4

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 
.00 3 

1.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

1.00 1 
.00 2 
.00 3 
.00 4 

5 
6 

.00 7 
1 

.00 2 
3 

1.00 4 
1.00 5 

6 
7 
1 

-1.00 2 
1.00 3 

4

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD 
FMD 
FMD

PROBABILITIES OF FAILURE MODE: EXCEED FLOW STRESS LIMIT FOR FULL BREAK

NUMBER FAILED = 0

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS = 5000 

AND WITH IN-SERVICE INSPECTION 
FOR PERIOD CUM. TOTAL

3.50552D-13.  
0.00000D+00

3.50552D-11 
3.50552D-11

3.50552D-11 
0.OOOOOD+00

3.50552D-11 
3.50552D-11
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ESBU -.NTD

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29

END OF 
CYCLE

.0 
40.0
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Table C-7 

RCS-7 

Piping Structural Reliability Estimates for Millstone Unit No. 3

System: Reactor Coolant System Segment: RCS-7 Sheet of 
P&ID No.: 12179-EM-102A R10 Data Point: 1021 
Pipe Stress Calculation Number: X7001B PSI/Const. Method: VT-2, PT, UT/Hydro, PT,RT 
Piping Stress Isometric No.: Proposed ISI Method: VT-2, UT 
Piping Component/Segment Element (weld, tee, elbow, etc.): Pipe weld at conn RCL 
No. Input Parameter Description Check Input Choice (for Table 1 Value) Set Value* 

1 Type of Piping Material 304 SS 316 SS Carbon Steel --
2 Temperature at Pipe Weld Low (150) Medium (350) High (550) 600 
3 Nominal Pipe Size Small (2) Medium (5) Large (16) 10 
4 Pipe Wall Thickness Thin (.06) Normal (.14) Thick (.22) .1 
5 Normal Operating Pressure Low (0.5) Medium (1.3) High (2.1) 2.5 
6 Residual Stress Level None (0.0) Moderate (0.1) Maximum (0.2) .2 
7 Initial Flaw Size Small (.05) Medium (.11) Large (.17) .05 
8 Steady-State Stress Level Low (.05) Medium (.11) High (.17) .14 
9 Stress Corrosion Potential None (0.0) Moderate (0.5) Maximum (1.0) 0 

10 Material Wastage Potential None (0.0) Moderate (0.5) Maximum (1.0) 0 
11 High Cycle Fatigue Loads None (0.0) Moderate (.08) Maximum (.16) .08 
12 Fatigue Transient Loads Low (.10) Medium (.22) High (.34) .25 
13 Fatigue Transient Frequency Low (5) Medium (13) High (21) 5 
14 Design-Limiting Stress (Break Only) Low (.10) Medium (.26) High (.42) .22 
15 Optional Crack Inspection Interval Low (6) Medium (10) High (14) 10 
16 Optional crack Inspection Accuracy High (.16) Medium (.24) Low (.32) .24 

*For optional numeric input, use a value (and associated units) from the standard range given in Table 1.  
Small Leak Probability, No ISI: 1.85E-06 Optional Leak Probability With ISI: 1H301-06 
Full Break Probability, No ISI: 4.15E-09 Optional Break Probability With ISI: 3.44E-09 
Comments: High usage factor. Branch is on Fatigue watch list.
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Table C-8

RCS-7 SMALL LEAK PROBABILITY

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 

PROBABILITY OF FAILURE PROGRAM SPFMPROF

INPUT VARIABLES FOR CASE 53: 316 STAINLESS STEEL PIPE WELD LEAK

NCYCLE = 
NOVARS = 
NUMSSC = 

VARIABLE 
NO. NAME

PIPE-DIA 
WALL/DIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
PROB /VOL 
FIRST- ISI 
FREQ-ISI 
EPST-PND 
ASTAR- PND 
ANUU-PND 
HOURS/CY 
PRESSURE 
STRESS-SS 
SCC-COEFF 
SCC-EXPNT 
SCC-TIMEI 
ECW-RATE 
NOFTRS /HR 
STRESS-FT 
NOSTRS /CY 
STRESS-ST 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LIMIT-DSL 
LIMIT-PBS 
STRESS -DL 
FREQ-DLTR

40 
29 

7

NFAILS = 1000 
NUMSET = 6 
NUMTRC = 7

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAkL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL NO 
NORMAL YES 
NORMALL YES 
- CONSTANT 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL NO 
- COaNSTANT 
- CONSTANT 
- CONSTANT -

MEDIAN 
VALUE

1. OOOOD+01 
9.OOOOD-02 
1. 0318D+01 
5.OOOOD+00 
6.000OD+00 
1.00O0D-04 
5.OOOOD+00 
1. OOOOD+01 
1-OOOOD-03 

-4.8000D-01 
1.6000D+00 
7.4473D+03 
2.7000D+00 
7.7003D+00 
3.2310D-12 
2.1610D+00 
1.OOOOD+00 
1.2740D-11 
6. OOOOD+01 
4.1068D+00 
5.OOOOD+00 
1.2834D+01 
9.1401D-12 
4.OOOOD+00 
4.6000D+00 

-9.7000D-01 
0.0000D+00 
0.OOOOD+00 
0.OOOOD+00

NTRIAL = 
NUMISI = 
NUMFMD =

DEVIATION 
OR FACTOR 

5.OOOOD-02 
2.7000D-03 
1.4125D+00 
1.4125D+00 
1.4125D+00 

1.0500D+00 
1.5000D-02 
1.2589D+00 
2.3714D+00 

2.3714D+00 

1.4125D+00 

1.2589D+00 
2.8508D+00 

1.OOOOD-02

5000 
5 
4

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 
1.00 3 
1.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

1.00 1 
.00 2 
.00 3 

1.00 4 
5 
6 

.00 7 
1 

.00 2 
3 

.00 4 
1.00 5 

6 
7 

.00 1 
2 
3 
4

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD 
FMD 
FMD

PROBABILITIES OF FAILURE MODE: EXCEED LIMITING DEPTH FOR SMALL LEAK

NUMBER FAILED = 38 

FAILURE PROBABILITY WITHOUT AND 
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS = 5000 

WITH IN-SERVICE INSPECTION 
FOR PERIOD CUM. TOTAL

8.94271D-10 
1.01876D-08 
5.04658D-08 
9.95457D-08 
3.65580D-08 
1.34157D-09

8.94271D-10 
1.10818D-08 
6.15476D-08 
1.61093D-07 
1.97651D-07 
1.98993D-07

8.94271D-10 
1.01876D-08 
5.04658D-08 
9.95457D-08 
7.38916D-09 
8.06409D-10

8.94271D-10 
1.10818D-08 
6.15476D-08 
1.61093D-07 
1.68482D-07 
1.69289D-07
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ESBU-NTD

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29

END OF 
CYCLE

2.0 
3.0 
4.0 
5.0 
6.0 
7.0
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Table C-8 (cont.)

RCS-7 SMALL LEAK PROBABILITY

2.70362D-09 
2.09142D-10 
4.51808D-07 
2.28950D-07 
1.13720D-08 
5.01018D-08 
3.38555D-08 
1.49986D-09 
5.88162D-09 
3.87838D-07 
2.32675D-08 
3.64726D-07 
8.99882D-08 
0.OOOOOD+00

2.01697D-07 
2.01906D-07 
6.53714D-07 
8.82664D-07 
8.94036D-07 
9.44137D-07 
9.77993D-07 
9.79493D-07 
9.85374D-07 
1.37321D-06 
1.39648D-06 
1.76121D-06 
1.85119D-06 
1.85119D-06

DEVIATION ON CUMULATIVE TOTALS =

2.26866D-09 
1.21163D-10 
4.44936D-07 
2.25890D-07 
1.11866D-08 
4.95022D-08 
1.21196D-08 
8.09079D-10 
4.88857D-09 
7.42869D-08 
2.60714D-09 
2.94839D-07 
4.59765D-09 
0.00000D+00 

2.99190D-07

1.71558D-07 
1.71679D-07 
6.16614D-07 
8.42504D-07 
8.53691D-07 
9.03193D-07 
9.15312D-07 
9.16122D-07 
9.21010D-07 
9.95297D-07 
9.97904D-07 
1.29274D-06 
1.29734D-06 
1.29734D-06 

2.50752D-07

o:\4393\VersionA\4393-C1.doc.Ib..020599 
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8.0 
9.0 

10.0 
1110 
12.0 
14.0 
18.0 
19.0 
21.0 
26.0 
28.0 
35.0 
36.0 
40.0
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Table C-9 

RCS-7 FULL BREAK PROBABILITY

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 

PROBABILITY OF FAILURE PROGRAM SPFMPROF ESBU.-NTD

INPUT VARIABLES FOR CASE 54: 316 STAINLESS STEEL PIPE WELD BREAK

NCYCLE = 
NOVARS = 
NUMSSC = 

VARIABLE 
NO. NAME

PIPE-DIA 
WALL/DIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
PROB/VOL 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR- PND 
ANUU-PND 
HOURS/CY 
PRESSURE 
STRESS-SS 
SCC-COEFF 
SCC-EXPNT 
SCC-TIMEI 
ECW-RATE 
NOFTRS/HR 
STRESS-FT 
NOSTRS/CY 
STRESS-ST 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LIMIT-DSL 
LIMIT-PBS 
STRESS-DL 
FREQ-DLTR

40 
29 

7

NFAILS = 
NUMSET = 
NUMTRC =

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMkL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO 
NORMAL YES 
- CONSTANT -

1000 
6 
7

MEDIAN 
VALUE

1.0000D+01 
9.OOOOD-02 
1. 0318D+01 
5.OOOOD+00 
6.000OD+00 
1.-00OD-04 
5.OOOOD+00 
1.OOOOD+01 
1.OOOOD-03 

-4.8000D-01 
1.6000D+00 
7.4473D+03 
2.7000D+00 
7.7003D+00 
3.2310D-12 
2.1610D+00 
1.0000D+00 
1.2740D-11 
6. OOOOD+01 
4.1068D+00 
5.OOOOD+00 
1.2834D+01 
9.1401D-12 
4.OOOOD+00 
4.6000D+00 
0.00OOD+00 
5.1336D+01 
1.1807D+01 
1.OOOOD-03

NTRIAL = 
NUMISI = 
NUMFMD =

DEVIATION 
OR FACTOR 

5.OOOOD-02 
2.7000D-03 
1.4125D+00 
1.4125D+00 
1.4125D+00 

1.0500D+00 
1.5000D-02 
1.2589D+00 
2.3714D+00 

2.3714D+00 

1.4125D+00 

1.2589D+00 
2.8508D+00 

3.2000D+00 
1.4125D+00

5000 
5 
4

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 
1.00 3 
1.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

1.00 1 
.00 2 
.00 3 

1.00 4 
5 
6 

.00 7 
1 

.00 2 
3 

.00 4 
1.00 5 

6 
7 
1 

-1.00 2 
1.00 3 

4

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD 
FMD 
FMD

PROBABILITIES OF FAILURE MODE: EXCEED FLOW STRESS LIMIT FOR FULL BREAK

NUMBER FAILED = 40 

FAILURE PROBABILITY WITHOUT AND 
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS = 5000 

WITH IN-SERVICE INSPECTION 
FOR PERIOD CUM. TOTAL

3.32838D-12 
4.56267D-14 
1.11528D-09 
1.80913D-12 
5.08248D-10 
8.65115D-13

3.32838D-12 
3.37400D-12 
1.11865D-09 
1.12046D-09 
1.62871D-09 
1.62957D-09

3.32838D-12 
4.56267D-14 
1.11528D-09 
8.92447D-14 
1.35968D-10 
2.01630D-13

3.32838D-12 
3.37400D-12 
1.11865D-09 
1.11874D-09 
1.25471D-09 
1.25491D-09

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29

END OF 
CYCLE

3.0 
4.0 
5.0 
6.0 
7.0 
8.0
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Table C-9 (cont.)

RCS-7 FULL BREAK PROBABILITY

3.43633D-12 
1.16420D-11 
3.90819D-10 
9.94750D-11 
1.13095D-12 
2.06633D-12 
1.40478D-12 
3.61956D-11 
2.13062D-11 
3.36388D-12 
1.90910D-09 
3.11303D-11 
8.01516D-12 
0.00000D+00

1.63301D-09 
1.64465D-09 
2.03547D-09 
2 .13495D-09 
2 .13608D-09 
2 .13814D-09 
2. 13955D-09 
2. 17574D-09 
2. 19705D-09 
2 .20041D-09 
4.10951D-09 
4.14064D-09 
4.14866D-09 
4.14866D-09

DEVIATION ON CUMULATIVE TOTALS =

2.85746D-12 
9.38850D-12 
3.83862D-10 
9.90966D-11 
1.00875D-12 
2.05977D-12 
6.6842OD-14 
8.23173D-12 
8.09302D-12 
1.92871D-12 
1.66636D-09 
1.30261D-12 
1.98107D-12 
O.OOOOOD+00 

6.53396D-10

1.25777D-09 
1.26716D-Q9 
1.65102D-09 
1.75011D-09 
1.75112D-09 
1.75318D-09 
1.75325D-09 
1.76148D-09 
1.76957D-09 
1.77150D-09 
3.43786D-09 
3.43917D-09 
3.44115D-09 
3.44115D-09 

5.95488D-10

o:\4393\VersionA\4393-C1.doc:lb-020599 
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9.0 
10.0 
11.0 
13.0 
14.0 
15.0 
17.0 
19.0 
20.0 
22.0 
24.0 
26.0 
30.0 
40.0
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Table C-10 

RCS-15 

Piping Structural Reliability Estimates for Millstone Unit No. 3 

System: Reactor Coolant System Segment: RCS-15 Sheet of 
P&ID No.: 12179-EM-102D R4 Data Point: 530 
Pipe Stress Calculation Number: X10702 PSI/Const. Method: VT-2, PT/Hydro, PT, RT 
Piping Stress Isometric No.: Proposed ISI Method: VT-2, RT 

i",. ,. _i- . .. . , in' ... .. 1-lr' .• 1. * * I ' .5J J !, K *5 . , -, 

I-1pu16 %Urxpuntx•-t/oegnie/ nmemen• welm, tee, elbow, etc.: vVeia t V/0 
No. Input Parameter Description Check Input Choice (for Table 1 Value) Set Value* 

1 Type of Piping Material 304 SS 316SS Carbon Steel --
2 Temperature at Pipe Weld Low (150) Medium (350) High (550) 600 
3 Nominal Pipe Size Small (2) Medium (5) Large (16) 1.5 
4 Pipe Wall Thickness Thin (.06) Normal (.14) Thick (.22) .14 
5 Normal Operating Pressure Low (0.5) Medium (1.3) High (2.1) 2.5 
6 Residual Stress Level None (0.0) Moderate (0.1) Maximum (0.2) .2 
7 Initial Flaw Size Small (.05) Medium (.11) Large (.17) .05 
8 Steady-State Stress Level Low (.05) Medium (.11) High (.17) .11 
9 Stress Corrosion Potential None (0.0) Moderate (0.5) Maximum (1.0) 0 
10 Material Wastage Potential None (0.0) Moderate (0.5) Maximum (1.0) 0 
11 High Cycle Fatigue Loads None (0.0) Moderate (.08) Maximum (.16) 0 
12 Fatigue Transient Loads Low (.10) Medium (.22) High (.34) .16 
13 Fatigue Transient Frequency Low (5) Medium (13) High (21) 5 
14 Design-Limiting Stress (Break Only) Low (.10) Medium (.26) High (.42) .22 
15 Optional Crack Inspection Interval Low (6) Medium (10) High (14) 10 
16 1Optional crack Inspection Accuracy High (.16) Medium (.24) Low (.32) .16 

* For optional numeric input, use a value (and associated units) from the standard range given in Table 1.  
Small Leak Probability, No ISI: 0 (1.713-10) ... Optional Leak Probability With ISI: 0 (1i.713-10) 

Full Break Probability, No ISI: 1.47E-12 Optional Break Probability With ISI: 1.47E-12 

Comments: Area of maximum bending stress. SR el at 535/540 & tee at 550 are on fatigue watch list.

o:\4393\VersionA\4393-C1.doc:lb-020599 C-14 
I I .i I I I I



Table C-11

RCS-15 SMALL LEAK PROBABILITY 

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM SPFMPROF ESBU.-NTD 

INPUT VARIABLES FOR CASE 67: 316 STAINLESS STEEL PIPE WELD LEAK

NCYCLE = 
NOVARS = 
NUMSSC =

40 
29 

7

NFAILS = 1000 
NUMSET = 6 
NUMTRC = 7

NTRIAL 
NUMISI 
NUMFMD

5000 
5 
4

VARIABLE 
NO. NAME

PIPE-DIA 
WALL/DIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
PROB /VOL 
FIRST-ISI 
FREQ-ISI 
EPST- PND 
ASTAR- PND 
ANUU-PND 
HOURS / CY 
PRESSURE 
STRESS-SS 
SCC-COEFF 
SCC-EXPNT 
SCC-TIMEI 
ECW-RATE 
NOFTRS/HR 
STRESS-FT 
NOSTRS /CY 
STRESS-ST 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LIMIT-DSL 
LIMIT-PBS 
STRESS-DL 
FREQ-DLTR

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL NO 
- CONSTANT 
- CONSTANT 
- CONSTANT -

MEDIAN 
VALUE

1.5000D+00 
1. 500OD-01 
1.03 18D+01 
5.0000D+00 
6.OOOOD+00 
1.0000D-04 
5.0000D+00 
1. 0000D+01 
1.OOOOD-03 

-3.2000D-01 
1.6000D+00 
7.4473D+03 
2.7250D+00 
5.6469D+00 

3.2310D-12 
2.1610D+00 
1.0000D+00 
1.2740D-11 
6.0000D+01 
5.1336D-02 
5.0000D+00 
8.7271D+00 
9.1401D-12 
4.OOOOD+00 
4.6000D+00 

-9.7000D-01 
0.OOOOD+00 
0.0000D+00 
o.OOOOD+00

DEVIATION 
OR FACTOR 

7.5000D-03 
4.500OD-03 
1.4125D+00 
1.4125D+00 
1.4125D+00 

1.0500D+00 
1.5000D-02 
1.2589D+00 
2.3714D+00 

2.3714D+00 

1.4125D+00 

1.2589D+00 
2.8508D+00 

1.0000D-02

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 
1.00 3 
1.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

1.00 1 
.00 2 
.00 3 

1.00 4 
5 
6 

.00 7 
1 

.00 2 
3 

.00 4 
1.00 5 

6 
7 

.00 1 
2 
3 
4

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
isi 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD 
FMD 
FMD

PROBABILITIES OF FAILURE MODE: EXCEED LIMITING DEPTH FOR SMALL LEAK

NUMBER FAILED = 0 NUMBER OF TRIALS = 5000

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION 
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

1.66284D-10 
0.OOOOOD+00

1.66284D-10 
1.66284D-10

1.66284D-10 
0.OOOOOD+00

1.66284D-10 
1.66284D-10

o:\4393\VersionA\4393-CI.doc:lb-020599 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29

END OF 
CYCLE

.0 
40.0
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Table C-12 

RCS-15 FULL BREAK PROBABILITY

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM SPFMPROF ESBU.-NTD 

INPUT VARIABLES FOR CASE 68: 316 STAINLESS STEEL PIPE WELD BREAK

NCYCLE = 
NOVARS = 
NUMSSC =

40 
29 

7

NFAILS = 1000 
NUMSET = 6 
NUMTRC = 7

NTRIAL = 
NUMISI = 
NUMFMD =

5000 
5 
4

VARIABLE 
NO. NAME

PIPE-DIA 
WALL/DIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
PROB /VOL 
FIRST-ISI 
FREQ-ISI 
EPST- PND 
ASTAR- PND 
ANUU- PND 
HOURS/CY 
PRESSURE 
STRESS-SS 
SCC-COEFF 
SCC-EXPNT 
SCC-TIMEI 
ECW-RATE 
NOFTRS/HR 
STRESS-FT 
NOSTRS/CY 
STRESS- ST 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LIMIT-DSL 
LIMIT-PBS 
STRESS-DL 
FREQ-DLTR

DISTRIBUTION 
TYPE: LOG 

NORMAL NO 
NORMYAL NO 
NORMAL YES 
NORMAýL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO 
NORMAL YES 
- CONSTANT -

MEDIAN 
VALUE

1.5000D+00 
1. 500OD-01 
1. 0318D+01 
5.OOOOD+00 
6.0000D+00 
1.0000D-04 
5.OOOOD+00 
1. 00O0D+01 
1.0000D-03 

-3.2000D-01 
1.6000D+00 
7.4473D+03 
2.7250D+00 
5.6469D+00 
3.2310D-12 
2.1610D+00 
1.0000D+00 
1.2740D-11 
6. OOOOD+01 
5.1336D-02 
5.0000D+00 
8.7271D+00 
9.1401D-12 
4.0000D+00 
4.6000D+00 
0.0000D+00 
5.1336D+01 
1. 1294D+01 
1.OOOOD-03

DEVIATION 
OR FACTOR 

7.5000D-03 
4.5000D-03 
1.4125D+00 
1.4125D+00 
1.4125D+00 

1.0500D+00 
1.5000D-02 
1.2589D+00 
2.3714D+00 

2.3714D+00 

1.4125D+00 

1.2589D+00 
2.8508D+00 

3.2000D+00 
1.4125D+00

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 
1.00 3 
1.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

1.00 1 
.00 2 
.00 3 

1.00 4 
5 
6 

.00 7 
1 

.00 2 
3 

.00 4 
1.00 5 

6 
7 
1 

-1.00 2 
1.00 3 

4

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD 
FMD 
FMD

PROBABILITIES OF FAILURE MODE: EXCEED FLOW STRESS LIMIT FOR FULL BREAK

NUMBER FAILED = 1

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS = 5000 

AND WITH IN-SERVICE INSPECTION 
FOR PERIOD CUM. TOTAL

1.46947D-12 
0.00000D+00

1.46947D-12 
1.46947D-12

DEVIATION ON CUMULATIVE TOTALS =

1.46947D-12 
0.OOOOOD+00 

1.46947D-12

1.46947D-12 
1.46947D-12 

1.46947D-12

0: \'ij�jJ \VerslonA\4393.C1.doclb..021)599 C-16

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29

END OF 
CYCLE

1.0 
40.0
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Table C-13 
SIL-9 

Piping Structural Reliability Estimates for Millstone Unit No. 3

System: Low Pressure Safety Injection Segment: SIL-9 Sheet of 

P&ID No.: EM-112B Data Point: 95 
Pipe Stress Calculation Number: 7001B PSI/Const. Method: VT-2, UT, PT/Hydro, RT 
Piping Stress Isometric No.: Proposed ISI Method: VT-2, UT 
Piping Component/Segment Element (weld, tee, elbow, etc.): Valve/pipe weld 

No. Input Parameter Description Check Input Choice (for Table 1 Value) Set Value* 

1 Type of Piping Material. 304SS 316 SS Carbon Steel 

2 Temperature at Pipe Weld Low (150) Medium (350) High (550) 350 

3 Nominal Pipe Size Small (2) Medium (5) Large (16) 10 

4 Pipe Wall Thickness Thin (.06) Normal (.14) Thick (.22) .1 

5 Normal Operating Pressure Low (0.5) Medium (1.3) High (2.1) .7 

6 Residual Stress Level None (0.0) Moderate (0.1) Maximum (0.2) .2 

7 Initial Flaw Size Small (.05) Medium (.11) Large (.17) .05 

8 Steady-State Stress Level Low (.05) Medium (.11) High (.17) .11 

9 Stress Corrosion Potential None (0.0) Moderate (0.5) Maximum (1.0) 0 

10 Material Wastage Potential None (0.0) Moderate (0.5) Maximum (1.0) 0 

11 High Cycle Fatigue Loads None (0.0) Moderate (.08) Maximum (.16) 0 

12 Fatigue Transient Loads Low (.10) Medium (.22) High (.34) .1 

13 Fatigue Transient Frequency Low (5) Medium (13) High (21) 5 

14 Design-Limiting Stress (Break Only) Low (.10) Medium (.26) High (.42) .09 

15 Optional Crack Inspection Interval Low (6) Medium (10) High (14) 10 

16 Optional crack Inspection Accuracy High (.16) Medium (.24) Low (.32) .16 

*For optional numeric input, use a value (and associated units) from the standard range given in Table 1.  

Small Leak Probability, No ISI: 0 (2.lE-08) cu ptional Leak Probability With ISI: 0 (2.5g-08) 
Full Break Probability, No ISE: 0 (9.213-12) 1Optional Break Probability With ISI: 0 (9.213-12) 

Comments: Location based on potential check valve leakage causing thermal cycling.

o:\4393\VersionA\4393-C1.doc:lb-020599 
C-17
C-17o:\4393\VersionA\4393-Cl.doc:lb- 020599



Table C-14 

SIL-9 SMALL LEAK PROBABILITY

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 

PROBABILITY OF FAILURE PROGRAM SPFMPROF ESBU.-NTD

INPUT VARIABLES FOR CASE 18: 316 STAINLESS STEEL PIPE WELD LEAK

NCYCLE = 
NOVARS = 
NUMSSC = 

VARIABLE 
NO. NAME

PIPE-DIA 
WALL/DIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
PROB/VOL 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS/CY 
PRESSURE 
STRESS-SS 
SCC-COEFF 
SCC-EXPNT 
SCC-TIMEI 
ECW-RATE 
NOFTRS /HR 
STRESS-FT 
NOSTRS /CY 
STRESS-ST 
FCG-COEFF 
FCG- EXPNT 
FCG-THOLD 
LIMIT-DSL 
LIMIT-PBS 
STRESS-DL 
FREQ-DLTR

40 
29 

7

NFAILS = 1000 
NUMSET = 6 
NUMTRC = 7

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMALJ YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL NO 
- CONSTANT 
- CONSTANT 
- CONSTANT -

MEDIAN 
VALUE

1. OOOOD+01 
1.OOOOD-01 
1.2357D+01 
5.OOOOD+00 
6.OOOOD+00 
1.OOOOD-04 
5.OOOOD+00 
1. OOOOD+01 
1.0000D-03 

-3.2000D-01 
1.6000D+00 
7.4473D+03 
7. OOOD-01 
6.1783D+00 
3.2310D-12 
2.1610D+00 
1.0000D+00 
1.2740D-11 
6 .000 OD+01 
6.1783D-02 
5.OOOOD+00 
6.1783D+00 
9.1401D-12 
4.OOOOD+00 
4.6000D+00 

-9.7000D-01 
0.OOOOD+00 
0.OOOOD+00 
0.0000D+00

NTRIAL = 
NUMISI = 
NUMFMD =

DEVIATION 
OR FACTOR 

5.OOOOD-02 
3.OOOOD-03 
1.4125D+00 
1.4125D+00 
1.4125D+00 

1.0500D+00 
1.5000D-02 
1.2589D+00 
2.3714D+00 

2.3714D+00 

1.4125D+00 

1-2589D+00 
2.8508D+00 

1.0000D-02

5000 
5 
4

SHIFT USAGE 
MV/SD NO. SUB

.00 1 
.00 2 

1.00 3 
1.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

1.00 1 
.00 2 
.00 3 

1.00 4 
5 
6 

.00 7 
1 

.00 2 
3 

.00 4 
1.00 5 

6 
7 

.00 1 
2 
3 
4

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD 
FMD 
FMD

PROBABILITIES OF FAILURE MODE: EXCEED LIMITING DEPTH FOR SMALL LEAK

NUMBER FAILED = 0 NUMBER OF TRIALS = 5000

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION 
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOT

2.50257D-08 
0.00000D+00

2.50257D-08 
2.50257D-08

2.50257D-08 
0.OOOOOD+00

2.50257D-08 
2.50257D-08
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29

END OF 
CYCLE 

.0 
40.0
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Table C-15

SIL-9 FULL BREAK PROBABILITY 

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM SPFMPROF ESBU-NTD 

INPUT VARIABLES FOR CASE 17: 316 STAINLESS STEEL PIPE WELD BREAK

NCYCLE = 
NOVARS = 
NUMSSC =

40 
29 

7

NFAILS = 1000 
NUMSET = 6 
NUMTRC = 7

NTRIAL 
NUMISI 
NUMFMD

5000 
5 
4

VARIABLE 
NO. NAME

PIPE-DIA 
WALL/DIA 
SRES IDUAL 
INT%DEPTH 
L/D-RATIO 
PROB/VOL 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR- PND 
ANUU-PND 
HOURS/CY 
PRESSURE 
STRESS-SS 
SCC-COEFF 
SCC-EXPNT 
SCC-TIMEI 
ECW-RATE 
NOFTRS /HR 
STRESS-FT 
NOSTRS/CY 
STRESS-ST 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LIMIT-DSL 
LIMIT-PBS 
STRESS-DL 
FREQ-DLTR

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO 
NORMAL YES 
- CONSTANT -

MEDIAN 
VALUE

1. OOOOD+01 
1. OOOD-01 
1.2357D+01 
5.OOOOD+00 
6.°0000D+00 
1.OOOOD-04 
5.OOOOD+00 
1. OOOOD+01 
1.OOOOD-03 

-3.2000D-01 
1.6000D+00 
7.4473D+03 
7.000OD-01 
6. 1783D+00 
3.2310D-12 
2.1610D+00 
1.0000D+00 
1.2740D-11 
6. OOOOD+01 
6.1783D-02 
5.OOOOD+00 
6.1783D+00 
9.1401D-12 
4.OOOOD+00 
4.6000D+00 
0.0000D+00 
6.1783D+01 
5.5605D+00 
1.OOOOD-03

DEVIATION 
OR FACTOR 

5.OOOOD-02 
3.OOOOD-03 
1.4125D+00 
1.4125D+00 
1.4125D+00 

1.0500D+00 
1.5000D-02 
1.2589D+00 
2.3714D+00 

2.3714D+00 

1.4125D+00 

1.2589D+00 
2.8508D+00 

3.2000D+00 
1.4125D+00

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 
1.00 3 
1.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

1.00 1 
.00 2 
.00 3 

1.00 4 
5 
6 

.00 7 
1 

.00 2 
3 

.00 4 
1.00 5 

6 
7 
1 

-1.00 2 
1.00 3 

4

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD 
FMD 
FMD

PROBABILITIES OF FAILURE MODE: EXCEED FLOW STRESS LIMIT FOR FULL BREAK

NUMBER FAILED = 0

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS = 5000 

AND WITH IN-SERVICE INSPECTION 
FOR PERIOD CUM. TOTAL

9.20644D-12 
0.OOOOOD+00

9.20644D-12 
9.20644D-12

9.20644D-12 
0.OOOOOD+00

9.20644D-12 
9.20644D-12

o:\4393\VersioriA\4393.C1.doc:lb.020599 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29

END OF 
CYCLE

.0 
40.0
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I I i!I I I [ I I

Surmy Unit I 
Welds 1-04; 1-05- 1-05 

System: ECC Segment: ECCS-001,002,003 Failure Mode(s): Thermal Stratification/a Location: Drawings 127J1; 127J2; 127A

p.o 

0 

no 

0 

CD 
(Aj 

'a 

0 

I.Q

No Leak Dfoe• 
Small Leak Prob., No ISI: 8.6721E-4 Small Leak Prob., With ISi: 9.3484E-56 
Large Leak Prob., No ISI: 8.2946E-4 Large Leak Prob.. With ISI: 2.9107E-5 (NIA It not applicable) 
Break Prob., No ISI: N/A Break Prob., With ISI: N/A (N/A it not applicable) 

No Leak Detecon(Snubber locking up under Thermal Conditions. Item 14 set 9LIA. ,)(Snubber failure probability eat at N/A .)(N/A If not applicable) 
Small Leak Prob., No IS: Small Leak Prob.. With ISI: " (N/A it not applicable) 
Large Leak Prob.. No IS6: Large Leak Prob., With ISI: . (N/A ll not applicable) 
Break Prob., No ISl: , . Break Prob.. With ISI: , (N/A I not applicable) 

No mak Delei (Snubber not locking up under Seismic Conditions. Item 16 set alt N/A .)(Snubber failure probablhity set at N/A .)(N/A It not applicable) 
Large Leak Prob., No ISI: Large Leak Prob., With ISI: (N/A I not applicable) 
Break Prob., No ISI: . Break Prob., With ISI: (NIA If not applicable) 

Leak Detection twith Snubber failure If most Ilmiltng) 
Large Leak Prob.. No ISI: 1.7060E.4 Large Leak Prob.. With IS: 3.9150E-5 (N/A If not applicable) 
Break Prob.. No ISl: N/A Break Prob.. With ISI: N/A (N/A if not applicable) 

Assumed some check valve back leakage.  
No snubbers.

No. Input Parameter Description Circle Choice or Set Value Set Value Basis 

I Type of Piping Material 304SS S : , Carbon Steel Drawing/Spec.  

2 Crack inspection Interval (otional) Low(6 . *: Hiah(14) Section XI 

3 Crack inspection Accurac Loplional) HIM. .16) *'. Low(.32) ____ UT 
4 Temperature at Pipe Weld Low(150) Medtum(350) HIMh(550) 170 Line List 

5 NomInal Pipe Size Small(21 Medium(5) Larae(16) 6 Drawing 

6 Thickness to O.D. Ratio ThInf.05) Normalf,13) Thick(.21) .085 Calc.  

7 Normal Operating Pressure Low(O.5) MedIum(1.3) Hith(2. 1. 2.52 Line List 

8 Residual Stress Level None(0.0O Mederele(101 W " 20'2 Thick Wall 

9 Initial Flaw Conditions One Flaw g na w No X-Ray .16 Spec, 

10 OW & Thermal Stress Level Low(.051 Medium(.110 High.17) Cale.  

11 Stress Corrosion Potential Moderate(O.5) Maximumi(t.0) Judgment 12~~ 
.aera 

W.t e.te 
.. ...  12 Material Wastage Potential Moderate(0.5) Maximuml1.0) Judgment 

13 Vibratory Stress Range W Moderate 1.5 Maximum(3.0) Judgment 

14 Fatigue Stress Range Low(30 Mediumi.50) HIghl.70) .6 Stratification 

15 Low Cycle Fatigue Frequency Low ) Medium 20} _' ,_ -• .. Stratification 

16 Design Umiting Stress (LUBreak Only) Low(.10) Medlum(.261 High(.42) .214 Caec.  

17 System Disabling Leak (Large Leak Only) None(O Medium(300) High(600) 2 Assumed Small 

18 Min. Detectable Leak (L/Break Only) None( 0 Medium(5) HIh(10) 1 T.S. Umit

(.3 
1'.) 
0

'-4 

z 
0 
r'i 

0 

z 
H 

0-4 

r•l 

H'



Table C-17 

PIPING SEGMENT ECC-03 SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT 

Output Print Pile S6PROFSL.P74 Opened at 12:39 on 04-06-1997

Type of Piping Steel Material 
Pipe Weld Failure Mode 
Years Between Inspections 
Wall Fraction for 50% Detection 
Degrees (F) at Pipe Weld 
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
operating Pressure (ksi) 
Uniform Residual Stress (ksi) 
Flaw Factor (<D for 1 Flaw) 
ON & Thermal Stress / Flow Stress 
SCC Rate / Rate for BWR Sens. Ss 
Factor on Wastage of .0095 in/yr 
P-P Vib. Stresis (ksi for NPS of 1) 
Cyclic Stress ;Range / Flow Stress 
Fatigue Cycles per Year 
Design-Limit -tress / Flow Stress 
System Disablivng Leak Rate (GPN) 
Minimum Detectable Leak Rate (GPM) 
Value of Weld Ifetal Flow Stress in Ksi

WESTINGHOUSE

316 St 
Small Leak 

10.0 
0.240 
170.0 

6.0 
0. 0850 

2.52 
20.0 
1.00 
0.15 
0.00 
0.00 

0.0 
0.600 

30.0 
0.214 

2.0 
0.0 

69.30

STRUC•URAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
P1ROBABILITY OF FAILURE PROGRAM LEAXPROF

INPUT VARIABLES FOR CASE 74: 316 St Steel Pipe Segment ECCS-1;2;3

NCYCLE 
NOVARS 
NUMSSC 

VARIABLE 
NO. NAME

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SRESIDUAL 
INTDEPTN 
L/D-RATIO 
FLAWS/IN 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS/YR 
PRESSURE 
SIG-DW&TH 
SCC-COEF? 
SCC-EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLES/YR 
DSIG-FATG 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LDEPT -SL 
SIG-FLOW

40 
28 

6 

DISTR•:BUTION 
TYPE LOG 

NORMAL NO 
NORMAl. NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTAhT 
- CONSTANT 
- CONSTANT 
- CONS TANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL YES 
NORMAL YES 
NORMAl YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO

NYAILS w 
NUNSET. 
NUTIC-

MEDIAN 
VALUE

6.6250D+00 
8.5000D-02 
2.0000D+O0 
1.7036D+01 
6.00000+00 
3.1824D-03 
5.0000D+00 
1.0000D+01 
12.000OD-03 

-2.4000D-01 
1,6000D+00 
7.44731+03 
2.5200D+00 
1 XL03960+01 

3 i 2310D-12 
2:16101D+00 
1.2740D-12 
3.6957D-04 
3.0000D+01 
4.1583D+01 
9.14010-12 
4.0000D+00 
1.5000D+00 

-9.9900D-01 
6. 9305D+01

400 
6 
6

NTUIAL = 
NUMISI -

40000 
5 
5

DEVIATION SHIFT USAGE 
OR FACTOR MV/SD NO. SUB

2.4000D-02 
2.6350D-03 
1. 4142D+00 
1.3000D+00 
1.7126D+00 

1.0500D+00 
1.0323D+00 
1.2599D+00 
2.3714D+00 

2.3714D+00 
1.3465D+00 

1.4142D+00 
2.8508D+00 

3.2000D+00

.00 1 

.00 2 

.00 3 
2.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

.00 1 

.00 2 

.00 3 

.00 4 
5 

.00 6 

.00 1 
2 

.00 3 
1.00 4 

5 
6 
1 

.00 2

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
IS1 
IS5 
IS! 
ISZ 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD

U: � \ V emion� \�-Li.Qoc:1D-UZiy� L-ZI

ESEU-NSD
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Table C-17 (cont.) 

PIPING SEGMENT ECC-03 SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

26 STRESS-DL 
27 B-SDLEAK 
28 B-N.LEAK

- CONSTANT 
- CONSTANT 
- CONSTANT -

PROBABILITIES OF FAILURE MODE: THROUGH-WALL CRACK DEPTH FOR SMALL LEAK

NUMBER FAILED - 400 

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

3.33174D-07 
2.03029D-06 
4.10166D-06 
9.73175D-06 
6.278811-06 
3.95266D-06 
4.151860-05 
8.23812D-06 
1.760400-05 
1.28268D-05 
9.21463D-06 
1.78327D-06 
4.69119D-05 
1.09636D-05 
3.150740-06 
6.41339D-06 
9.60630D-06 
2.02292D-05 
3.19268D-06 
2.82963D-05 
7.098900-05 
3.46832D-05 
5.001520-06 
1.91289D-04 
1.17773D-05 
1.03270D-05 
2.66519D-05 
3.00766D-05 
1.16294D-05 
1.07793D-05 
1.252310-05 
1.354890-04 
7.24468D-06 
1.452230-05 
2.91615D-06 
3.79121D-06 
1.21935D-05 
1.63821D-05 
9.24489D-06 
3.320890-06

3.33174D-07 
2.36346D-06 
6.46512D-06 
1.61969D-05 
2.24757D-05 
2.64283D-05 
6.794700-05 
7.61851D-05 
9.37891D-05 
1.06616D-04 
1.158310-04 
1.176140-04 
1.64526D-04 
1.75489D-04 
1.786400-04 
1.85053D-04 
1.946600-04 
2.14889D-04 
2.180820-04 
2.46378D-04 
3.173670-04 
3.52050D-04 
3.57052D-04 
5.48341D-04 
5.60118D-04 
5.70445D-04 
5.97097D-04 
6.27174D-04 
6.38803D-04 
6.49582D-04 
6.62106D-04 
7.975950-04 
8.04839D-04 
8.193620-04 
8.22278D-04 
8.26069D-04 
8.382630-04 
8.546450-04 
8.638900-04 
8.67211D-04

DEVIATION ON CUMULATIVE TOTALS ,

NUMBER OF TRIALS - 1434 

AND WITH IN-SERVICE INSPECTIONS
FOR PERIOD 

3.331741-07 
2.03029D-06 
4.10166D-06 
9.73175D-06 
6.27881D-06 
1.62860D-08 
1.02527D-06 
6.65005D-07 
2.78993D-06 
1.819271>-06 
1.58895D-06 
3.21503D-07 
1.94242D-05 
1.66996D-06 
4.52273D-07 
4.70735D-09 
1.553630),-08 
4.78133D-08 
2.35846D-08 
2.15177D-07 
4.987440-06 
2.11423D-06 
7.556030-08 
3.01475D0-05 
2.50270D-07 
1.071750--09 
2.41576D-09 
2.26497D-08 
3.81798D-09 
1.77431D-08 
5.14971D-08 
3.17955D-06 
1.68088D-08 
5.00140D-08 
7.79099D-09 
2.85712D-12 
2.78377D-10 
2.95726D-10 
1.65187D-10 
6.682500-10 

3.68325D-05

CUM. TOTAL 

3.33174)-07 
2.36346D-06 
6. 46512D-06 
1. 61969D-05 
2.247570-05 
2.249201-05 
2 .351720-05 
2.41822D-05 
2 .69722D-05 
2.87914D-05 
3 .03804D-05 
3.07019D-05 
5.01261D-05 
5.17960D-05 
5. 22483D-05 
5.2253O0-05 
5.22685D-05 
5.231630-05 
5. 23399D-05 
5.25551D-05 
5. 75426D-05 
5. 965680-05 
5.97324D-05 
8.98799D-05 
9. 01302D-05 
9. 01312D-05 
9. 01337D-05 
9.015630-05 
9 .016010-05 
9.017790-05 
9.022940-05 
9 .34089D-05 
9.34257D-05 
9 .347570-05 
9.348350-05 
9. 34835D-05 
9. 348380-05 
9.348410-05 
9.34843D-05 
9.34849D-05 

1.402570-05

o:\4393\VersionA\4293.C1.doclb-021999 
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0.0000D+00 
O.0OOOD+00 
0.00000D+00

3 P3W 
4 FMD 
5 FMD

END oF 
YEAR 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12-.0 
13.0 
14.0 
15.0 
16.0 
17 . 0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0

o:\4393\VersionA\4393-Cl.docalb-021999 C-?2



Table C-18 

PIPING SEGMFNT ECC-03 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

Output Print File S6PROFLL.P75 Opened at 12:41 on 04-06-1997

Type of Piping :Steel Material 
Pipe Weld Fail=ue Mode 
Years Between Is-pections 
Wall Fraction for 50% Detection 
Degrees (F) at Pipe Weld 
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
Operating Pressure (ksi) 
Uniform Residual Stress (kni) 
Flaw Factor (<0 for 1 Flaw) 
DW & Thermal Stress / Flow Stress 
SCC Rate / Rate for BWR Sens. SS 
Factor on Wastaqe of .0095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycles per Year 
Design-Limit Stress / Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detectable Leak Rate (GPM) Value of Weld Metal Flow Stress in Ksi

WESTINGHOUSE

316 St 
Large Leak 

10.0 
0.240 
170.0 

6.0 
0. 0850 

2.52 
20.0 

1.00 0.15 
0.00 
0.00 

0.0 
0.600 

30.0 
0.214 

2.0 
0.0 

69.30

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) PROBABILITY OF FAILURE PROGRAM LEAKPROF

INPUT VARIABLES FOR CASE 75: 316 St Steel Pipe Segment ECCS-1;2;3
NCYCLE 
NOVARS 
NUMSSC 

VARIABLE 
NO. NAME

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SRESIDUAL 
INTDEPTH 
L/D-RATIO 
FLAWS/IN 
FIEsT-xSi 

EPST-PND 
ASTAR-PNO 
ANUU-PND 
HOURS/YR 
PRESSURE 
SIG-DW&TH 
SCC-COEF 
SCC-EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLES/YR 
DSIG-FATG 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LDEPTH-SL 
SIG-FLOW

40 
28 

6 

DISTRIBuTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTxmT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTAnT 
- CONSTANT 
- CONSTAJNT 
NORMAL NO

NFAILS 
NUNSET 
NUNTRC -

400 
6 
6

:•MEDIAN 
VALUE 

6.6250D+00 
8.5000D-02 
2.0000D+01 
1.7036D+01 
6;00000D+00 
3i1824D-03 
5.0000D+00 
160000D+01 
1.0000D-03 

-2.4000D-01 
1.6000D+00 
7.4473D+03 
2.5200D+00 
1.0396D+01 
3;2310D-12 
2.1610D+00 
1.2740D-12 
3.6957D-04 
3.0000D+01 
4.1583D+01 
9.1401D-12 
4.0000D+00 
1.5000D+00 
O.O000D+00 
6.9305D+01

NUTRIA L M 
NUMISI 
NUMPMD -

DEVIATION 
OR FACTOR 

2.4000D-02 
2.63501-03 
1.4142D+00 
1.3000D+00 
1.7126D+00 

1.0500D+00 
1.0323D+00 
1.2599D+00 
2.3714D+00 

2.3714D+00 
1.3465D+00 

1.4142D+00 
2.8508D+00 

3.2000D+00

50000 
5 
5

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 

.00 3 
2.00 4 
2.00 5 

6 
1 
2 
3 
4 
5 

.00 1 

.00 2 

.00 3 

.00 4 
5 

.00 6 
.00 1 

2 
.00 3 

1.00 4 
5 
6 
1 

.00 2

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
IS' 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD

U; '�'ioy,�� Ve�1OflA\4�j.L1.doc1��fl9(,9 C-23
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Table C-18 (cont.) 

PIPING SEGMENT ECC-03 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

NORMAL YES 
- CONSTANT 
- CONSTANT -

1.4831D+01 
2.2905D+00 
2.0813D+01

1.4142D+00 .00 3 FMD 
4 5MD 
5 :13

PROBABILITIES OF FAILURE MODE: EXCEED DISABLING LEAK RATE OR BREAK

NUMBER FAILED - 400 NUMBER OF TRIALS - 1080

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTIONS
FOR PERIOD 

6.85050D-10 
4.82361D-07 
1.11163D-06 
1.35354D-06 
5.35139D-06 
1.01833D-05 
5.49637D-06 
2.44516D-06 
1.51599D-05 
3.02920D-06 
3.71388D-05 
5.32324D-06 
1.59366D-06 
8.74582D-07 
4.75332D-06 
1.87714D-06 
1.82364D-06 
9.00252D-05 
5.02576D-06 
6.483770-06 
5.90433D-06 
3.76407D-05 
2.79445D-06 
3.21681D-07 
2.80427D-05 
1.20452D-05 
6.67115D-06 
1.68871D-05 
1.87029D-05 
1.05176D-04 
3.32383D-07 
1.92613D-05 
4.28478D-06 
7.43054D-07 
2.690080-04 
9.34558D-06 
8.55671D-05 
3.05548D-06 
4.14694D-06 
0.00000D+00

CUM. TOTAL 

6. 8505OD-10 
4 . 83046D-07 
1.59468D-06 
2.94822D-06 
8 • 29961D-06 
1.84829D-05 
2.39793D-05 
2.64244D-05 
4.15843D-05 
4.46135D-05 
8.17523D-05 
8. 70756D-05 
8.86692D-05 
8.95438D-05 
9.42971D)-05 
9. 61743D-05 
9.79979D-05 
1.88023D-04 
1.93049D-04 
1.99533D-04 
2 .05437D-04 
2.43078D-04 
2.45872D-04 
2.46194D-04 
2.74237D-04 
2.86282D-04 
2 .92953D-04 
3. 09840D-04 
3.28543D-04 
4 .33719D-04 
4.34051D-04 
4.53312D-04 
4.57597D-04 
4.58340D-04 
7.27348D-04 
7.36694D-04 
8.22261/-04 
8 .25316D-04 
8.29463D-04 
8.29463D-04

DEVIATION ON CUMULATIVE TOTALS -

FOR PERIOD 

6.85050D-10 
4.82361D-07 
1.11163D-06 
1.35354D-06 
5.35139D-06 
3.86722D-08 
4.59385D-08 
1.80675D-07 
1.53256D-06 
1.93047D-07 
7.637720-06 
6.81228D-07 
2.23921D-07 
2.189810-07 
7.771800-07 
2.49049D-09 
2.35864D-09 
3.14905D-07 
1.64228D-08 
2.00995D-07 
3.37695D-08 
9.45213D-07 
1.292790-07 
8.292370-09 
8.86767D-07 
4.294050-09 
2.90591D-09 
6.63992D-09 
3.59089D-08 
1.473130-07 
1.851150-10 
6.41891D-08 
6.01387D-09 
2.4886660-09 
6.46442D-06 
1.61980D-10 
2.67804D-09 
3.927400-10 
1.53305D-10 
O.00000D+00 

3.29239D-05

CUR. TOTAL 

6.85050D-10 
4.83046D-07 
1.59468D-06 
2.94822D-06 
8 .29961D-06 
8.33828D-06 
8.38422D-06 
8.56489D-06 
1.00975D-05 
1. 02905D-05 
1.79282D-05 
1.86094D-05 
1.88334D-05 
1.90523D-05 
1.98295D-05 
1.983200-05 
1.98344D-05 
2. 01493D-05 
2. 01657D-05 
2.03667D-05 
2 .04005D-05 
2.13457D-05 
2 • 14750D-05 
2..148320-05 
2. 23700D-05 
2. 23743D-05 
2.23772D-05 
2.23839D-05 
2.24198D-05 
2.256710-05 
2.25673D-05 
2.26315D-05 
2.263750-05 
2.264OD-05 
2.910440-05 
2.91045D-05 
2.91072D-05 
2.91076D-05 
2.91078D-05 
2.91078D-05 

7.72206D-06

o:\4393\VersionA\4393.C1.do�.1b-O21999 C.24

26 
27 
28

STRESS-DL 
B-SDLEAK 
B-D.DLEAK

END OF 
YEAR 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12 .0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0
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Surry Unkt 1 

Pipe to FCV 1478, 1488, 1498 System: FW Segment: FW-012, 013, 014 Failure Mode(s): Wastage Location: Drawing 1018 A3

Small Leak Prob., No 181: 3.6003E-1 Small Leek Prob., With ISI: 4.0763E.3 
*Large Leak Prob., No 181: 3.6003E-1 Large Leak Prob., With ISI: 4.0763E-3 (N/A if not applicable) 
Break Prob., No ISl: N/A Break Prob., With1ISI: N/A (N/A If not applicable) 

No Leak Datecon(Snubber locking tip under Thermal Conditions, Item 148se aL.. .)(Snubber failure probability set at JOY.)J(N/A if not applicable) 
Small Leak Prob., No 161; 3.6068E-2 Small Leak Prob., With ISI: 4.0739E-4 (N/A il not applicable) 
Large Leak Prob., No ISI: 3.6068E.2 Large Leak Prob., With ISl: 4.0739E-4 (WA if not applicable) 
Break Prob., No 181: WA Break Prob., With ISl: N/A (N/A If not applicable) 

No Leak Detecti(nSnubber not lodcing up under Seismic Conditions, Item 16 sat Ti.6 .)(Snubber failure probability set at 10% .)(N/A if not applicable) 
Large Leak Prob., No ISI: 3.6003E.2 Large Leak Prob., With ISI: 4.0763E-4 (N/A If not applicable) 
Break Prob., No ISI: N/A Break Prob., With 181: N/A (N/A If not applicable) 

Leak Detection (with Snubber failure It most Hmllna) 
'Large Leak Prob., No ISI: 3.6003E.1 Large Leak Prob., With 181: 4.0763E-3 (N/A It not applicable) 
Break Prob., No IS: N/A Break Prob., With SI1: NIA (N/A If not applicable) 

Code Allowables used.

I I I I ,* *I I I I

I.o 

0 

0 

0,.

No. input Parameter Description Circle Choice or Set Value Set Value Basis 

S Type ot Piping Material 304SS 316SS DrawingSpec 
2 Crack Inspection Interval (otional) Low( 6) Hih(14) Section XI 

3 Crack Inspection Accuracy (oplional) Hih .16 S . . . Low(.32) UT 
4 Temperature at Pipe Weld Low(150) Medum(350) Hih 0), Line List 

5 Nominal Pipe Size SmaR(2) Medium(S) Lerae(16) 435 Drawing 

S Thickness to O.D. Ratio Thin(.05) Normal(.13 Thick(.21) 14 Calc.  
1 7 1 U-1 %.- '0 I _J. ~....... .. fU 

8 Residual Stress Level ~ L~~.~ ModeraIeltet Maiu .9 Stress Relieved 
9 Initial Flaw Conditions One Flaw X.Ray NDE a_ _ Spse.  
10 DW & Thermal Stress Level Low.051 MIdlum(.11) Hafll. .283 CodeA-lowables 
II Stress Corrosion Potential Moderate(0.5 Maximum(1.0) Judament 

12 Material Wastage Potential Non 0.0 Moderate(O.6) Maxlmum(1.0) 1.5 Some Wastagn 13 Vibratory Stress Range •"Moderetel1,5) Maxium(3.0) Judgment.  

14 FellgueStress Range LowL301 tw : i9j.0 Judgment.  
15 Lo ycle Fadiu Freguency Is =um20 Hih( Judgment 

16 Design Umlting Stroes (LL/Break Only) Low(.10) Medium ,261 HIMAht42) .21 CodeAlowables 
17 System DIsabling Leak (Large Leak Onlya Nonel0l Medium(300) Hlah(600) 500 Condensate Makeup 
18 Min. Detectable Leak (LL/Break Only) None(0) Medium(5) Hiah(lO) 1 Accessible Area

C/) 
trn 

¢n 
C)

-I 
81 

I
m 

i-a 
1,0

I1



Table C-20 

PIPING SEGMENT FW-12 SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT 

Output Print File CSPROFSL.P32 Opened at 09:02 on 04-06-1997

Type of Piping Steel Material 
Pipe Weld Failure Mode .  
Years Between Inspections 
Wall Fraction for 50% Detection 
Degrees (F) at Pipe Weld 
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
Operating Pressure (kai) 
Uniform Residual Stress (ksi) 
Flaw Factor (<0 for 1 Flaw) 
DW & Thermal Stress I Flow, Stress 
SCC Rate / Rate for BWR Sans. SS 
•Pactor on Wastage of .0095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycles per Year 
Design-LiTit Stress / Flow Stress 
System Disabling Leak Rate (GPK) 
Minimum Detectable Leak Rate (GPM) 
Value of Weld Metal Flow Stress in Kii

WESTINGHOUSE

Carbon 
Small Leak 

10.0 
0.240 
435.0 

14.0 
0.0540 

0.90 
0.0 

12.80 
0.28 
0.00 
1.50 

0.0 
0.500 

10.0 
0.210 
500.0 

0.0 
64.80

STRUCTURAL RELIABIXLTY AND RISK ASSESSMENT (SRRA) 
PROBABILITY OF FAILURE PROGRAM LEAXPROF

INPUT VARIABLES FOR CASE 32: Carbon Steel Pipe Segment FW-12;13;14

NCYCLE P 
NOVARS 
NUMSSC , 

VARIABLE 
NO. NAME

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SRESIDUAL 
INTDEPTH 
L/D-RATIO 
FLAS/ IN 
FIRST-IS! 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS/YR 
PRESSURE 
SIG-DWATH 
SCC-COEFF 
SCC-EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLEs/YR 
DSIG-FATG 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LDEPTH-SL 
SIG-FLOW

40 
28 

6

NFAILS 
NUMSET 
NUMTRC -

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO

400 
6 
6

MEDIAN 
VALUE

1.4000D+01 
5.4000D-02 
1.0000D-03 
7.9536D+00 
6.0000D+00 
3:2504D-02 
5.0000D+00 
1.0000D+01 
5.0000D-03 

-2.4000D-01 
3.00001+00 
7.4473D+03 
9-0000D-01 
1.8337D+01 
3.5900D-14 
2.1610D+00 
1.9110D-06 
1.6667D-04 
1.0000D+01 
3.2398D+01 
6.7931D-13 
5.9500D+00 
1.9000D+01 

-9.9900D-01 
6.4797D+01

IITRIAL 
NUMISI 
NUMFMD =

DEVIATION 
OR FACTOR 

3.20001-02 
1.6740D-03 
1.4142D+00 
1.5516D+00 
1.7126D+00 

1.0500D+00 
1.0323D+00 
1.2599D+00 
2.3714D+00 

2.3714D+00 
1.3465D+00 

1.4142D+00 
1.7194D+00 

3.2000D+00

10000 
5 
5

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 

.00 3 

.00 4 

.00 5 
6 
1 

2 
3 
4 
5 

.00 1 

.00 2 

.00 3 

.00 4 
5 

.00 6 

.00 1 
2 

.00 3 

.00 4 
5 
6 
1 

.00 2

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
IS! 
IS! 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FXD 
FMD

o:\4393\VersionA\43g3�C�.docIb�O21999 
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Table C-20 (cont.) 

PIPING SEGMENT FW-12 SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

26 STRESS-DL 
27 B-SDLEAK 
28 B-NDLEAK

No01MAL YES 
- CONSTANT 
- CONSTANT -

1.3607D+01 
4.39820+01 
4.39820+01

1. 41420+00 .00 3 F3D 
4 PHD 
5 FMO

PROBABILITIES OF FAILURE MODE: SMALL OR LARGE LEAK OR BREAK BY WASTAGE

NUMBER FAILED - 400 NUMBER OF TRIALS - 1111

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

9.00090D-04 
9.00090D-04 
9.00090D-04 
2.70027D-03 
4.50045D-03 
3.60036D-03 
6.300630-03 
5.40054D-03 
7.20072D-03 
6.30063D-03 
4.50045D-03 
3.600360-03 
1.08011D-02 
1.080110-02 
9.900990-03 
1.53015D-02 
6.30063D-03 
6.300630-03 
1.08011D-02 
1.53015D-02 
1.08011D-02 
1.08011D-02 
1.530150-02 
1.530150-02 
1.17012D-02 
1.710170-02 
8.100810-03 
1.170120-02 
9.90099D-03 
1.440140-02 
1.170120-02 
1.53015D-02 
1.800180-02 
1.260130-02 
7.20072D-03 
1.26013D-02 
1.530150-02 
9.90099D-03

9.000900-04 
1.80018D-03 
2.70027D-03 
5.40054D-03 
9.90099D-03 
1.350140-02 
1.980200-02 
2.52025D-02 
3.24032D-02 
3.870390-02 
4.32043D-02 
4. 68047D-02 
5 .7 60580-02 
6.84068D-02 
"7.83078D-02 
9.36094D-02 
9.99100D-02 
1.06211D-01 
1.17012D-01 
1.32313D-01 
1.43114D-01 
1.53915D-01 
1.69217D-01 
1.84518D-01 
1.962260-01 
2.13321D-01 
2.21422D-01 
2.33123D-01 
2.43024D-01 
2.57426D-01 
2.691270-01 
2.844280-01 
3. 024300-01 
3 .150320-01 
3.22232D-01 
3.348330-01 
3.50135D-01 
3.60036D-01

DEVIATION ON CUMULJTZVE TOTALS -

AND WITH IN-SERVICE 
FOR PERIOD 

9.00090D-04 
9.00090D-04 
9.00090D-04 
1.35015D-05 
2.25053D-05 
1.80347D-05 
3.20940D-05 
2.95670D-05 
4.80018D-05 
5.77420D-05 
8.24102D-05 
1.11338D-04 
7.06374D-04 
5.977740-06 
8.39504D-06 
1.86417D-05 
9.40229D-06 
1.25075D-05 
2.568550-05 
4.27736D-05 
3.39219D-05 
3.486540-05 
5.80230D-05 
2.930110-07 
2.59212D-07 
3.854670-07 
1.98333D-07 
3.10748D-07 
2.85966D-07 
4.77358D-07 
4.43106D-07 
6.72403D-07 
9.64182D-07 
4.13114D-09 
2.974840-09 
6.195160-09 
9.67723D-09 
7.495180-09

1.44075D-02

INSPECTIONS 
CUl. TOTAL 

9.00090D-04 
1.80018D-03 
2.70027D-03 
2.71377D-03 
2.73628D-03 
2.754310-03 
2.78641D-03 
2.81597D-03 
2.86397D-03 
2.92172D-03 
3.00413D-03 
3.11546D-03 
3.82184D-03 
3.827820-03 
3.83621D-03 
3.854850-03 
3.86425D-03 
3.87676D-03 
3.902450-03 
3.94522D-03 
3.97914D-03 
4.01401D-03 
4. 07203D-03 
4 .07232D-03 
4 .07258D-03 
4.07297D-03 
4. 07317D-03 
4 .073480-03 
4.07376D-03 
4. 07424D-03 
4 .07469D-03 
4.0075360-03 
4.07632D-03 
4.07633D-03 
4 .07633D-03 
4. 07633D-03 
4 .07634D-03 
4.07635D-03 

1. 91244D-03

\. A't' XVt~O~1XkyL.O1-L~WLL

END OF 
YEAR 

2.0 
3.0 
4.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14 . 0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0
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Table C-21

PIPING SEGMENT FW-12 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT 

Output Print File CSPROFLL.P33 Opened at 09:04 on 04-06-1997

Type of Piping Steel Material 
Pipe Weld Failure Mode 
Years Between Inspections 
Wall Fraction for 50% Detection 
Degrees (F) at Pipe Weld' 
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
Operating Pressure (ksi) 
Uniform Residual Stress (ksi) 
Flaw Factor (<O for I Flaw) 
DW 4 Thermal Stress / Flow Stress 
SCO Rate / Rate for BWR Sens. SS 
Factor on Wastage of .0095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycles per Year 
Desiqn-Limit Stress / Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detectable Leak Rate (GPM) 
Value of Weld Metal Flow Stress in Ksi

Carbon 
Large Leak 

10.0 
0.240 
435.0 

14.0 
0.0540 

0.90 
0.0 

12.80 
0.28 
0.00 
1.50 

0.0 
0.500 

10.0 
0.210 
500.0 

0.0 
64.80

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 

PROBABILITY OF FAILURE PROGRAM LEAXPROF

INPUT VARIABLES FOR CASE 33: -Carbon Steel Pipe Segment FW-12; 13;14

NCYCLE = 
NOVARS 
NUMSSC 

VARIABLE 
NO. ME

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SPESIDUAL 
INT%DEPTH 
L/D-RATIO 
FLAWS/IN 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUD-PND 
HOURS/YR 
PRESSURE 
SIG-DW&TH 
SCC-COEFF 
SCC-EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLES /YR 
DSIG-FATG 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LDEPTH-SL 
SIG-FLOW

40 
28 

6

NFAILS 
NUNSET 
NtMTRC -

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTN 
NORMAL YES 
NORMAL YES 
NORMAL YES NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO

400 
6 
6

NMIAN 
VALUE

1.4000D+01 
5.4000D-02 
1.0000D-03 
7.9536D+00 
6.0000D+00 
3.2504D-02 
5.00000D+0 
1.0000D+01 
500o00D-03 

-2.4000D-01 
3;0000D+00 
7.4473D+03 
9.00000D-01 
1.8337D+01 
3.5900D-14 
2.1610D+00 
1.9110D-06 

1.6667D-04 
1. 0000D+01 
3.2398D+01 
6.7931D-13 
5.9500D+00 
1. 9000D+01 

-9.9900D-01 
6. 47970+01

Ntv.RAL W 
NUMISI 
NUMFMD -

DEVIATION 
OR FACTOR

3.2000D-02 
1.6740D-03 
1.41420+00 
1.55160+00 
1.7126D+00 

1.0500D+00 
1.03230+00 
1.2599D+00 
2.3714D+00 

2.3714D+00 
1.3465D+00 

1. 41420+00 
1.71940+00 

3.20000+00

10000 
5 
5

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 

.00 3 

.00 4 
.00 5 

6 
1 
2 
3 
4 
5 

.00 1 
.00 2 
.00 3 
.00 4 

5 
.00 6 
.00 1 

2 
.00 3 
.00 4 

5 
6 
1 

.00" 2

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FnD
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Table C-21 (cont) 

PIPING SEGMENT FW-12 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

NORMAL YES 
- CONSTANT 
- CONSTANT -

1: 36070+01 
1.5640D+01 
4.3982D+01

1.4142D+00 .00 3 FMD 
4 FMD 
5 FMD

PROBABILITIES OF FAILURE MODE: SMALL OR LARGE LEAK OR BREAK BY WASTAGE

NUMBER FAILED - 400 

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUm. TOTAL

9. 00090D--04 
9 * 00090'-'D4 
9.00090D--O4 
2.70027D--1 3 
4.50045D-,03 
3. 60036D-.03 
6. 30063D--03 
5.40054D-4)3 
7.20072D-0)3 
6. 30063D-03 
4.50045D0-03 
3. 60036D-03 
1.08011D-02 
1.08011D-02 
9 . 90099D-03 
1.53015D-02 
6. 30063D-03 
6.30063D-C03 
1. 08011D-02 
1.53015D-C02 
1.08011D-(12 
1.08011D-CI2 
1.53015D-02 
1.53015D-02 
1.17012D-02 
1.71017D-0)2 
8.10081D-03 
1.17012D-02 
9.90099D-03 
1.44014D-02 
1.17012D-02 
1.53015D-02 
1.80018D-02 
1. 26013D-02 
7.20072D-03 
1.26013D-02 
1. 53015D-02 
9. 90099D-03

9.00090D-04 
1.80018D-03 
2.70027D-03 
5.40054D-03 
9.90099D-03 
1.35014D-02 
1.98020D-02 
2.52025D-02 
3.24032D-02 
3.87039D-02 
4.320430-02 
4.68047D-02 
5.76058D-02 
6.84068D-02 
7.83078D-02 
9.36094D-02 
9.991000-02 
1. 06211D-01 
1.17012D-01 
1.323130-01 
1.43114D-01 
1.539150-01 
1.69217D-01 
1.84518D-01 
1.96220D-01 
2.13321D-01 
2.214220,-01 
2.33123D-01 
2.43024D-01 
2.57426D-01 
2.69127D-01 
2.84428D0-01 
3.02430D-01 
3.15032D-01 
3.22232D-01 
3.34833D-01 
3.50135D-01 
3.60036D-01

DEVIATION ON C4.t1ULATIVE TOTALS =

NUMBER OF TRIALS - 1.111 

AND WITH IN-SERVICE INSPECTIONS 
FOR PERIOD CUM. TOTAL

9.00090D-04 
9.00090D-04 
9.00090D-04 
1.35015D-05 
2.25053D-05 
1.80347D-05 
3.20940D-05 
2.95670D-05 
4.80018D-OS 
5.77420D-05 
8.24102D-05 
1.11338D-04 
7.06374D-04 
5.977740-06 
8.39504D-06 
1.86417D-05 
9.40229D-06 
1.25075D-05 
2.56855D-05 
4.27736D-05 
3.39219D-05 
3.48654D-05 
5.80230D-05 
2.93011D-07 
2.59212D-07 
3.85467D-07 
1.98333D-07 
3.10748D-07 
2.85966D-07 
4.77358D-07 
4.43106D-07 
6.72403D-07 
9.64182D-07 
4.13114D-09 
2.97484D-09 
6.19516D-09 
9.67723D-09 
7.49518D-09 

1.44075D-02

9.00090D-04 
1.80018D-03 
2.70027D-03 
2.71377D-03 
2.73628D-03 
2.75431D-03 
2.78641D-03 
2.81597D-03 
2.86397D-03 
2.92172D-03 
3.00413D-03 
3.11546D-03 
3.82184D-03 
3.82782D-03 
3.83621D-03 
3.85485D-03 
3.86425D-03 
3.87676D-03 
3.90245D-03 
3.94522D-03 
3.97914D-03 
4.01401D-03 
4.07203D-03 
4.07232D-03 
4.07258D-03 
4.07297D-03 
4.07317D-03 
4.07348D-03 
4.07376D-03 
4.07424D-03 
4.07469D-03 
4.07536D-03 
4.07632D-03 
4.07633D-03 
4.07633D-03 
4.07633D-03 
4.07634D-03 
4.07635D-03 

1.91244D-03
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26 
27 
28

STRESS-DL 
a-SDLEAK 
B-MDLEAK

END OF 
YEAR 

2.0 
3.0 
4.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0
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I I I i I

Surry Unit I 

System: HHI Segment; HHI-4C, 50, 60
Snubber Lock-up under 

Failure Mode(s): Thermal Conditions
4C - 1-04; 5C -2-AM-A; 60 - 2-AV-A 

Location: Drawingswmks: 1105B5; 1105B9
5.  

I-.

Small Leak Prob., No ISI: 3.8711E-6 Small Leak Prob.. With ISI: 1.4437E-7 
Large Leak Prob., No 181: 3.3010E-6 Large Leak Prob., With ISI: 7.112E-B (N/A it not applicable) 
Break Prob., No 11: N/A Break Prob., With ISI: NIA (WA It not applicable) 

No Leak Detecmton(Snubber locking up under Thermal Conditions, Item 14 set aLt.7 .)(Snubber failure probability set aLo._%L..)(N/A If not applicable) 
Small Leak Prob., No ISI: 3.8839E.5 Small Leak Prob., With ISl: 2.7580E-6 (N/A If not applicable) 
Large Leak Prob., No ISl: 2.6592E-5 Large Leak Prob., With ISh: 9.1390E-7 (NIA If not applicable) 
Break Prob., No ISI: N/A Break Prob., With ISI: WA (WIA If not applicable) 

H(Snubber not locking up under Seismic Conditions, Item 16 set a1 .. .)(Snubber fallure probability set aLt lO .)(N/A If not applicable) 
"Large Leak Prob.. No ISI: I.5955E-5 Large Leak Prob.. With ISI: 1.5501E-5 (N/A It not applicable) 
Break Prob.. No ISI: NIA Break Prob., With ISt: N/A (N/A if not applicable) 

Leak Detection (wlthSnubber failure If most ImItinag 
'Large Leak Prob., No ISl: 1.0049E-5 Large Leak Prob,, With ISt: 2.1156E-6 (NWA If not applicable) -Used Thermal Condition - set 14 to 0,7; 
Break Prob., No ISI: WA Break Prob., With ISl: NWA (NIA If not applicable) Apply lOt/enubber failure probability

No. Input Parameter Description Circle Choice or Set Value Set Value Basis 

I Type of Piping MaterialMes CroStl awn/p.  ___ Ty.a Wpn M.•• 31658 Carbon Steel Orwlnaie.• 

2 Crc npcinInevl(pinl Low(6 )g H oh141 Section XI 
3 Crack inspection Accuracy (optionali High(.161 .4: , Low(.32) UT 

4 Temperature at Pipe Weld Low(11501 Medium(350) HIah(550 1 170 Line List 

5 Nominal Pipe Size Siud(2) Medium5 Lar(16 3 Drawing 

6 Thickness toO.D. Ratio Thin(.05) Normal .13) Thick(.21 .125 Cale.  

7 Normal Operating Pressure Low(0.5 - Medium(1.3) High(2,1) 2.52 Line List 
8 Residual Stress Level None(00. 1 Mxmum(20) Judgment 

9 Initial Flaw Conditions One Flaw M M R No X-Ray Spec.  

10 DW A Thermal Stress Level Low(.051 Medium(.11) Hilgh(.17) .132 Cole.  

i1 Stress Corrosion Potential Moderate0.5) Maximum(lO) Judgment 
12 Material Wastae Potential Moderate(0.5) Maxlnumfl.0) Judgment 

13 Vibratory Stress Range None 0.0) Moderatef1.5) Maximum(3.0) Judgment 

14 Fatue Stress Ranne .• ,• Medium .50) HOLhM70) Judgment 

15 Low Cycle Falltue Freauenc Medium20) Hgh30) a 11Judgment 

16 Deslan Umltin Stress UIlreak Only) Low(.10) Medium(.26 , Highl.42) .156 Cale.  

17 System Olsablina Leak (Larwe Leak Only) Non 0) Medium(300) HIOhiO0) 2 RWST Margin Small 

18 Min. Detectable Leak (LI&.rak Only) NoneO) Medium(S) High(0) 1 Accessible

(,2 
0

z 

r11

H ml 

I

q



Table C-23 

PIPING SEGMENT HHI-4C SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT 

Output Print File S4PROFSL.P33 Opened at 14:01 on 03-30-1997

Type of Piping Steel Material.  
Pipe Weld Failure node 
Years Between Inspections 
Wall Fraction for 50% Detection 
Degrees (F) at Pipe Weld 
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
Operating Pressure (kli) 
Uniform Residual Stress (ksi) 
Flaw Factor (<0 for 1 Flaw) 
DW & Thermal Stress / Flow Stress 
SCC Rate / Rate for BWR Sens. SS 
Factor on Wastage of .0095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycles per Year 
Design-L4mit Strems / Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detectable Leak Rate (GIP) 
Value of Weld Metal Flow Stress in Ksi

WESTINGHOUSE

304 St 
Small Leak 

10.0 
0.240 
170.0 

3.0 
0.1250 

2.52 
10.0 
1.00 
0.13 
0.00 
0.00 

0.8 
0.300 

10.0 
0.156 

2.0 
0.0 

69.30

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
PROBABILITY OF FAILURE PROGRAM LEAXPROF

INPUT VARIABLES ?DR CASE 33: 304 St Steel Pipe Segment HHI-4C;SC;6C

NCYCLE 
NOVARS = 
NUNSSC 

VARIABLE 
NO. NAME

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
FLAWS/IN 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS/YR 
PRESSURE 
SIG-DW&TH 
SCC-COEF 
SCC-EXPNT 
WASTAGE 
DSIG-VZBR 
CYCLES/YR 
DSIG-FATG 
FcG-COEPF 
FCG-EXPNT 
FCG-THOLD 
LDEPTH-SL 
$IG-FLOW

40 
28 

6

DISTRIBUTION 
TYPE LOG 

NORKhL NO 
NORFMAL NO 
NORMAL YES 
NOWQL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONHSTANT 
- CONSTANT 
- CONSTANT 
NORLkL YES 
NORmaL YES 
NOR•ML YES 
NORMtL YES 
- CONSTANT 
NORMAL YES 
NOR••L YES 
- CO€STANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONISTANT 
- CONSTANT 
NORMaL NO

NFAILS m 
-UNSET 

NUNTRC m

MEDIAN 
VALUE

3.5000D+00 
1.2500D-01 
1. OOOOD+01 
2.2310D+01 
6.0000D+00 
3.7371D-03 
5.OOOOD+00 
1. OOOOD+01 
1.OOOOD-03 

-2.400OD-01 
1.6000D+00 
7.4473D+03 
2.5200D+00 
9.1482D+00 
3.5900D-11 
2. 1610D+00 
1.2740D-12 
5. 0366D-01 
1.OOOOD+01 
2.0791D+01 
9.1401D-12 
4.OOOOD+O0 
1.5000D+00 

-9.9900D-01 
6.9305D+01

400 
6 
6

NTRIAL 
NUNISI

-~7M
DEVIATION 
OR FACTOR 

1.6000D-02 
3.8750D-03 
1.4142D+00 
1.2544D+00 
1.7126D+O0 

1.0500D+00 
1.0323D+00 
1.2599D+00 
2.3714D+00 

2.3714D+00 
1.3465D+00 

1.4142D+00 
2.8508D+00 

3.2000D+00

40000 
5 
5

SHIFT USAGE 
XV/SD NO. SUB

.00 1 

.00 2 

.00 3 
2.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

.00 1 

.00 2 

.00 3 

.00 4 
5 

.00 6 

.00 1 
2 

.00 3 
1.00 4 

s 
6 
1 

.00 . 2

SET 
SET 
SET 
SET 
SET 
SET 
IST 
IS' 
ISI 
ISI 
IS8 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FXD 
pFD
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Table C-23 (cont) 

PIPING SEGMENT HHI-4C SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

26 STRESS-OL 
27 B-SDLEAX 
28 B-4MLEAK

- CONSTANT 
- CONSTANT 
- CONSTANT -

0.0000D+00 
0.O000D+00 
0.0000D+00

PROBABILITIES OF FAILURE MODE: THROUGH-WALL CRACK DEPTH FOR SMALL LEAK

NUMBER FAILED - 400 

FAILURE PROBABILITY WITHOUT
FOR PERIOD 

7.79489D-09 
9.46470D-09 
3.13208D-11 
3.78483D-10 
8.63668D-08 
1.46871D-08 
2.80665D-08 
1.58935D-09 
1.57488D-08 
8.30398D-09 
6.77961D-08 
2.99759D-09 
6.69150D-08 
5.88476D-09 
9.38809D-08 
5.27049D-08 
4.44965D-08 
4.55557D-08 
4.81838D-08 
9.55378D-08 
3.44537D-09 
1.60112D-07 
1.15915D-07 
1.40958D-07 
6.55326D-08 
1.74409D-07 
3.60366D-07 
2.89741D-07 
3.11527D-08 
1.73714D-07 
2.68902D-08 
5.69752D-08 
1.45119D-07 
3.58230D-08 
2.00928D-07 
4.85664D-07 
6.99600D-08 
1.76823D-07 
2.99860D-07 
1.61404D-07

CUR. TOTAL 

7.79489D-09 
1.72596D-08 
1.72909D-08 
1.76694D-08 
1.04036D-07 
1.18723D-07 
1.46790D-07 
1. 48379D-07 
1.64128D-07 
1.72432D-07 
2 .40228D-07 
2 .43226D-07 
3.10141D-07 
3.16025D-07 
4. 09906D-07 
4.62611D-07 
5. 071080-07 
5.52663D-07 
6.00847D-07 
6.96385D-07 
6. 99830D-07 
8 .59943D-07 
9. 75858D-07 
1.11682D-06 
1.18235D-06 
1.35676D-06 
1 • 71712D-06 
2 .0068560-06 
2.03802D-06 
2 2.1173D-06 
2.23862D-06 
2.29560D-06 
2.44072D-06 
2.47654D-06 
2.67747D-06 
3 .16313D-06 
3.23309D-06 
3 • 40991D-06 
3 .70977D-06 
3 .87118D-06

DEVIATION ON CUMULATIVE TOTALS -

NUMBER OF TRIALS - 20149 

AND WITH IN-SERVICE INSPECTIONS 
FOR PERIOD CUM. TOTAL

7.79489D-09 
9.46470D-09 
3.13208D-11 
3.78483D-10 
8.63668D-08 
5.86592D-11 
5.87488D-10 
1.00813D-11 
2.59319D-10 
1.31959D-10 
3.15093D-09 
1.38613D-10 
1.84343D-08 
2.34647D-10 
1.24159D-08 
1.27105D-11 
4.34416D-11 
8.66326D-12 
7.22501D-11 
1.03817D-09 
2.80123D-12 
7.51578D-10 
5.23298D-10 
2.09795D-09 
1.81833D-10 
5.09877D-12 
1.85859D-11 
6.00553D-11 
3.80827D-13 
1.32070D-11 
1.759260-12 
1.90512D-12 
6.53594D-11 
2.42113D-12 
1.64363D-11 
1.47700D-12 
1.34318D-14 
7.48626D-14 
8.16170D-13 
5.55890D-13 

1.91633D-07

7.79489D-09 
1.72596D-08 
1.72909D-08 
1.76694D-08 
1.04036D-07 
1.04095D-07 
1.04682D-07 
1.04692D-07 
1.04952D-07 
1.05084D-07 
1.08235D-07 
1.08373D-07 
1.26807D-07 
1.27042D-07 
1.39458D-07 
1.39471D-07 
1.39514D-07 
1.39523D-07 
1.39595D-07 
1.40633D-07 
1.40636D-07 
1.41388D-07 
1.41911D-07 
1.44009D-07 
1.44191D-07 
1.44196D-07 
1.44214D-07 
1.44274D-07 
1.44275D-07 
1.44288D-07 
1.44290D-07 
1.44292D-07 
1.44357D-07 
1.44360D-07 
1.44376D-07 
1.44377D-07 
1.44377D-07 
1.44378D-07 
1.44378D-07 
1.44379D-07 

3.73674D-08

o:\4393\VersionA\4393-C1.doc:lb-021999 
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3 PRO 
4 73W 
5 PRO

END OF 
YEAR

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12..0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0
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Table C-24 
PIPING SEGMENT HHI-4C LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT 

Output Print File S4PROFLL.P34 Opened at 14:03 on 03-30-1997

Type of Pip:Lng Steel Material 
Pipe Weld Failure Mode 
Years Bet-weuir Inspections 
Wall Fractiorm for 50% Detection 
Degrees (F) at Pipe Weld 
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
Operating Pri'ssure (ksi) 
Uniform Residual Stress (ksi) 
Flaw Factor (<0 for 1 Flaw) 
DW & Thermal Stress / Flow Stress 
SCC Rate / Ra•te for BWR Sens. SS 
Factor on Wantage of .0095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycl4s per Year 
Design-Limit Stress / Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detectable Leak Rate (GPM) 
Value of Weld Metal Flow Stress in Ksi

WESTINGHOUSE

304 St 
Large Leak 

10.0 
0.240 
170.0 

3.0 
0. 1250 

2.52 
10.0 
1.00 
0.13 
0.00 
0.00 

0.8 
0.300 

10.0 
0.156 

2.0 
0.0 

69.30

STR.CTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
PROBABILITY OF' FAILURE PROGRAM LEA1PROF

INPUT VARIABLES POR CASE 34: 304 St Steel Pipe Sequent HHI-4C;5C;6C

NCYCLE 
NOVARS 
NUNSSC = 

VARIABLE 
NO. NANZ

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SRESIDUAL 
INTDEPTH 
L/D-RATIO 
FLAWS/IN 
FIRST-ISI 
FQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS/YR 
PRESSURE 
SIG-DWATH 
SCC-COEFF 
SCC-EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLES/YR 
DSIG-FATG 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LDEPTH-SL 
SIG-FLOW

40 
28 

6

NPAILS - 400 
NUMSET- 6 
NUMTRC , 6

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- GOJ9STANT 
- CfOSTAINT 
- C01STANT 
- )NfSTANT 
NOR•ML YES 
NOR•ML YES 
NOR•ML YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMRL YES 
NORKAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMA0 NO

MEDIAN 
VALUE 

3.5000D+00 
1.2500D-01 
1.0000D+01 
2.2310D+01 
6.0000D+00 
3.7371D-03 
5.0000D+O0 
1. 0000D+01 
1.0000D-03 

-2.4000D-01 
1.6000D+00 
7.4473D+03 
2.5200D+00 
9.1482D+00.  
3.5900D-11 
2.1610D+00 
1.2740D-12 
5.0366D-01 
1.O000D+01 
2.07910+01 
9.1401D-12 
4.0000D+00 
1.5000D+00 
0.0000D+00 
6.9305D+01

N*RIAL 
NUNISI N1•M=MD-

DEVIATION 
OR FACTOR 

1.6000D-02 3.8750D-03 
1.4142D+00 
1.2544D+00 
1.7126D+00 

1.0500D+00 
1.03230+00 
1.2599>+00 
2.3714D+00 

2.3714D+00 
1.34651+00 

1.4142D+00 
2.8508D+00 

3.2000D+00

50000 
5 
5

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 

.00 3 
2.00 4 
2.00 5 

6 
1 
2 
3 
4 
5 

.00 1 

.00 2 

.00 3 

.00 4 
5 

.00 6 

.00 1 
2 

.00 3 
1.00 4 

5 
6 
1 

.00 2

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FND
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Table C-24 (cont.) 
PIPING SEGMENT HHI-4C LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

26 STR"SS-DL 
27 B-SDLEAK 
28 B-)bLEAK

NORMAL YES 
- CONSTANT 
- CONSTANT -

1.0812D+01 
2.1472D+00 
1. 0996D+01

1.4142D+00 .00 3 FNO 
4 FPD 
5 FmD

PROBABILITIES OF FAILURE NODE: EXCEED DISABLING LEAK RATE OR BREAK

NUMWER FAILED - 400 NUMBER OF TRIALS - 12856

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

5.82716D-09 
5.40650D-10 
2.17075D-08 
3.41189D-09 
1.95021D-08 
2.98215D-09 
2.20484D-09 
7.774100-09 
7.49491D-08 
1.26132D-07 
1.07364D-07 
1.28547D-09 
2.41892D-09 
2.09598D-08 
4.78265D-09 
1.32994D-08 
2.91318D-09 
1.10658D-09 
6.24337D-09 
1.33228D-08 
3.01319D-08 
3.93092D-09 
5.308920-08 
2.06607D-08 
7.11882D-09 
2.98475D-08 
4.16055D-07 
1.13945D-08 
2.81386D-07 
2.93171D-07 
3.64955D-08 
4.43675D-07 
1.80622D-08 
1.90696D-08 
2.98955D-08 
1.52949D-07 
2.87227D-08 
3.60078D-08 
1.41005D-07 
8.09670D-07

5.82716D-09 
6.367810-09 
2.80753D-08 
3.14872D-08 
5.098930-08 
5.39714D-08 
5.61763D-08 
6.39504D-08 
1.38900D-07 
2.65032D-07 
3.72396D-07 
3.73682D-07 
3.761000-07 
3.97060D-07 
4.01843D-07 
4.15142D-07 
4.18055D-07 
4.191620-07 
4.25405D-07 
4.38728D-07 
4.68860D-07 
4.72791D-07 
5.258800-07 
5.46541D-07 
5.536600-07 
5.83507D-07 
9.99563D-07 
1.010960-06 
1.29234D-06 
1.58551D-06 
1.62201D-06 
2.06569D-06 
2.08375D-06 
2.10282D-06 
2.13271D-06 
2.28566D-06 
2.314380-06 
2.35039D-06 
2.491400-06 
3.30107D-06

DEVIATION ON CUMULATIVE TOTALS -

AND WITH IN-SERVICE 
FOR PERIOD

5.82716D-09 
5.40650D-10 
2.17075D-08 
3.41189D-09 
1.95021D-08 
1.35074D-11 
1.24969D-11 
8.08788D-11 
3.32346D-09 
3.42091D-09 
9.25053D-09 
7.19833D-11 
2.20141D-10 
2.37549D-09 
3.73470D-10 
2.71688D-12 
1.505100-12 
4.37912D-12 
2.28004D-11 
3.926450-11 
6.22060D-11 
3.83968D-12 
7.86797D-10 
3.00792D-10 
1.46774D-10 
2.800550-13 
9.93567D-13 
1.66484D-13 
3.63781D-11 
1.60880D-10 
2.053C5D-12 
6.27477D-11 
3.15045D-12 
3.09455D-13 
3.51307D-11 
1.46158D-12 
5.27857D-14 
6.G*466D-14 
1.74272D-13 
5.18944D-12 

1.62472D-07

INSPECTIONS 
CUK. TOTAL 

5 .82716D-09 
6.36781D-09 
2. 80753D-08 
3.14872D-08 
5 .09893D-08 
5. 10028D-08 
5.10153D-08 
5. 10962D-08 
5. 44196D-08 
5.78405D-08 
6. 70911D-08 
6.71630D-08 
6.73832D-08 
6.97587D-08 
7.01321D-08 
"7. 01349D-08 
7. 013640-08 
7 .01407D-06 
7. 01635D-08 
7 .02028D-08 
7. 02650D-08 
"7. 02689D-08 
7.10557D-08 
7.135640-08 
7.15032D-08 
7.15035D-08 
7.15045D-08 
7.15047D-08 
7.15410D-08 
7.17019D-08 
7.17040D-08 
7.17667D-08 
7.17699D-08 
7.177020-08 
7.18053D-08 
7.18068D-08 
7.18068D-08 
7.180690-08 
7.18071D-08 
7 .18122D-08 

2.433700-08

o:\4393\VersionA\4393..c2.doclb.02¶999 
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END OF 
YEAR

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0
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Surry Unit 1 
Welds: 3) 1-13; 4) 1-15; 5) 1-12; 6) 1-16 

System: LHI Segment: LHI,003,004,005,006 Failure Mode(s): Fatigue Location: Drawings wmiks 1106A7ft 

0 ro 

Ir

No Leak Dilectiot 

Small Leak Prob., No ISI: 2.005OE-5 Small Leak Prob., With ISh: 7.4804E-7 
Large Leak Prob., No ISI: 1.5218E-S Large Leak Prob., With ISI: 1.1679E-7 (N/A II not applicable) 
Break Prob., No 181: WA Break Prob., With ISI: NIA (NIA If not applicable) 

No Leak ODtedMctgSnubber locking up under Thermal Conditions, Item 14 set at WA .)(Snubber failure probability set at N/A .)(N/A If not applicable) 
Small Leak Prob.. No IS: Small Leak Prob.. With ISI: (N/A It not applicable) 
Large Leak Prob., No ISl: Large Leak Prob., With ISl: (N/A If not applicable) 
Break Prob.. No IS: - Break Prob., With ISI: (WA If not applicable) 

Nj;LsLu t Snubbw not looking up under Seismic Conditions, Item 16 set aLN/A .)(Snubber failure probability set at N/A .)(N/A If not applicable) 
Large Leek Prob., No ISI: 0 Large Leak Prob.. With ISI: ,(, A I( not applicable) 
Break Prob.. No ISI: . . . Break Prob., With I1S: (NIA If not applicable) 

Leak Detection (with Snubber failure II most Ilmitlng) 
Large-Leak Prob., No ISl: N/A Large Leak Prob., With ISI: N/A (N/A If not applicable) 
Break Prob., No ISI: N/A Break Prob., With ISI: N/A (N/A If not applicable) 

CodeAllowables used.

1.

No. Input Parameter Description Circle Choice or Set Value Set Value Basis 

I Type of Plaino Matarial 3165S Carbon Sisal _ ___DrawInoWSpec 

2 Crack Inspection Interval (optional) Low6) ih4 Section X 
3 Crack inspection Accuracy (optional) HIghI.16) tM'** Lowt.32) UT 

4 Temperature at Pipe Weld Low( 150) Mdium(350) HIih(5501 170 Line List 

5 Nominal Pipe Size Small2) Medium(s) Large 16 12 Drawing 

6 Thickness to O.0. Ratio Thin(.05) Normal(.13) "lbck.21) .0294 Cao.  

7 Normal Operati Pressure Low,0,51 Med.um1.3) H h2.1 Lst 

8 Residual Stress Level None(0. 00 Meximum(20) Judgment 

9 Initial Flaw Conditions One Flaw . No X-Ray Spec.  

10 DW & Thermal Stress Level Low{.05} Medium(.111 Hiah(.171 .1 Code Allowable 

11 Stress Corrosion Potential Moderate(0.5) MaxImum0l.0) Judgment 

12 Material Wastaee Potential •4 Moderate 0.5) Maxlmumll.0) Judgment 

13 Vibrator Strem Ranne Moderate 1.5) Maximum(3.0) Judgment 
14 Fatieue Stress Ranne " L .1 Medum(.50) High(.70) Judgment 
15 Low Clcde Fatigue Frequency " Medium(20) Hlah(30) Ju ment 

16 Design Uming Stress ILL/Break Only) Low(.10) Medium(.26) Hight.42) .111 Code Allowable 

17 System DisablIng Leak (Large Leak Only None 0 Medium(300) Hkhh{O00) 2 Assumed Small 

18 Min. Detectable Leak (L/ rak Only) None(0) Medium5 Highl) None Not used In testing

PrJ 

1-4 

z 

b-4 

0 
w

MJ

I I I



Table C-26 
PIPING SEGMENT LHI-04 SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT 

Output Print File S4PROFSL.P52 Opened at 11:19 on 04-07-1997

Type of Piping Steel Material 
Pipe Weld Failure Mode 
Years Between Inspections 
Wall Fraction for 50% Detection 
Degrees (F) at Pipe Weld 
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
Operating Pressure (ksi) 
Uniform Residual Stress (ksi) 
Flaw Factor (<0 for 1 Flaw) 
DW & Thermal Stress / Flow Stress 
SCC Rate / Rate for BWR Sens. SS 
Factor on Wastage of .0095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycles per Year 
Design-Limit Stress / Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detectable Leak Rate (GPM) 
Value of Weld Metal Flow Stress in Ksi

WESTINGHOUSE

304 St 
Small Leak 

10.0 
0.240 
170.0 

12.0 
0.0294 

0.10 
10.0 
1.00 
0.10 
0.00 
0.00 

0.0 
0.300 

10.0 
0.111 

2.0 
0.0 

69.30

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
PROBABILITY OF FAILURE PROGRAM LEAKPROF

INPUT VARIABLES FOR CASE **: 304 St Steel Pipe Segment LHI-3;4;5;6

NCYCLE 
NOVARS = 
NUMSSC 

VARIABLE 
NO. NAME

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SRESID.UAL 
INTDEPTH 
L/D-RATIO 
FLAWS/IN 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS/YR 
PRESSURE 
SIG-DW&TH 
SCC-COEFF 
SCC-EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLES/YR 
DSIG-FATG 
FCG-COEFF 
FCG-EXPNT 
PCG-THOLD 
LDEPTH-SL 
SIG-FLOW

40 
28 

6

NPAILS 
NUMSET 
NUMTRC =

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL. YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO

400 
6 
6

MEDIAN 
VALUE

1. 2750D+01 
2.9400D-02 
1. 00001D+1 
2.6249D+01 
6.00000D+0 
4.0489D-03 
S.0000D+00 
1.00001)+01 
1.OOOOD-03 

-2.4000D-01 
1.6000D+00 
7.4473D+03 
I. OOOOD-01 
6.9305D+00 
3.5900D-11 
2.1610D+00 
1.2740D-12 
1.6667D-04 
1. OOOOD+01 
2.0791D+01 
9.1401D-12 
4.OOOOD+00 
1.S000D+00 

-9.9900D-01 
6.9305D+01

NUMISI 
uM31mD ,

DEVIATION 
OR FACTOR 

3.2000D-02 
9.1140D-04 
1.4142D+00 
1.2312D+00 
1.7126D+00 

1.0500D+00 
1.0323D+00 
1. 2599D+00 
2.3714D+00 

2.3714D+00 
1.3465D+00 

1.4142D+00 
2.8508D+00 

3.2000D+00

40000 
5 
5

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 

.00 3 
2.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

.00 1 

.00 2 

.00 3 

.00 4 
5 

.00 6 

.00 1 
2 

.00 3 
1.00 4 

5 
6 
2 

.00. 2

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
IS1 

SI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FND 
FED
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Table C-26 (cont.) 
PIPING SEGMENT LHI-04 SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

- CONSTANT 
- CONSTANT 
- CONSTANT -

0.O000D+00 
0.00000+00 
0.OOOOD+00

PROBABILITIES OF FAILURE NODE: THROUGH-WALL CRACK DEPTH FOR SMALL LEAK

NUMBER FAILED - 400 

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

1.45468D-08 
9. 60939D-1•.0 
4. 68097D--07 
6.12827D-08 
1.75877D-07 
7.07888D-08 
4.36571D-08 
2.33301D-07 
8.30516D-08 
3.45188D-07 
5.11694D-07 
3. 83721D-07 
9.73126D-C08 
4. 81176D-C07 
8. 98940D-CI8 
1. 11501D-06 
2. 40247D-CI7 
6.92592D-C€7 
3.95971D-CI7 
9.86178D-C17 
7. 60547D-07 
1 *16786D-06 

1.63321D-CI6 
3.65624D-07 
3.27005D-07 
2.34827D-C07 
5.83098D-07 
3.45369D-07 
2.40198D-07 
5.02699D-07 
3. 38754D-07 
5.71615D-07 
3.022560-07 
2.10327D-07 
2.81382D-06 
1.12904D-06 
2. 42155D-07 
7.07655D-07 
1.08366D-06

1.45468D-08 
1.55077D-08 
4.83605D-07 
5.44888D-07 
7.20765D-07 
7.91554D-07 
8.35211D-07 
1.06851D-06 
1.15156D-06 
1.496750-06 
2.00845D-06 
2.39217D-06 
2.489480-06 
2.97066D-06 
3.06055D-06 
4.17556D-06 
4.41581D-06 
5.108400-06 
5.50437D-06 
6.49055D-06 
7.25109D-06 
8.41896D-06 
1.00522D-05 
1.04178D-05 
1.07448D-05 
1.09796D-05 
1.156270-05 
1.190810-05 
1.21483D-05 
1.265100-05 
1.29897D-05 
1.35614D-05 
1.38636D-05 
1.40739D-05 
1.68878D-05 
1.80168D-05 
1.82589D-05 
1.89666D-05 
2.00503D-05

DEVIATION ON CUMULATIVE TOTALS -

NUMBER OF TRIALS - 18634 

AND WITH IN-SERVICE INSPECTIONS
FOR PERIOD 

1.45468D-08 
9.60939D-10 
4.68097D-07 
6.12827D-08 
5.03385D-10 
4.56368D-10 
3.16315D-10 
4.79062D-09 
1.09621D-09 
5.25852D-08 
3.36194D-08 
2.68504D-08 
9.45615D-09 
1.89192D-08 
1.27178D-11 
7.35594D-10 
1.85449D-10 
1.65287D-09 
1.91372D-10 
2.13247D-09 
8.78818D-10 
1.10003D-08 
3.72827D-08 
2.49567D-10 
3.15683D-12 
9.48577D-13 
1.72205D-12 
5.09393D-11 
3.55000D-12 
9.06996D-12 
3.10176D-11 
5.57266D-1I 
6.36701D-11 
3.20227D-12 
1.75648D-11 
1.30517D-12 
2.08426D-14 
3.42589D-12 
5.46998D-13 

9.91721U-07

CUM. TOTAL 

1.45468D-08 
1.55077D-08 
4.83605D-07 
5.44888D-07 
5. 4539ID-07 
5. 45847D-07 
5. 46164D-07 
5. 50954D-07 
5. 52051D-07 
6.04636D-07 
6. 38255D-07 
6. 65106-D07 
6.74562D-07 
6.93481D-07 
6.93494D-07 
6.94229D-07 
6. 94415D-07 
6. 96068D-07 
6.96259D-07 
6.98392D-07 
6.99270D-07 
7.10271D-07 
7.47553D-07 
"7.47803D-07 
7.47806D-07 
7.47807D-07 
7.47809D-07 
7 * 47860D-07 
7 .47863D-07 
7.47872D-07 
7.47903D-07 
7.47959D-07 
7.48023D-07 
7.48026D-07 
7.48043D-07 
7.48045D-07 
7.48045D-07 
7.48048D-07 
7. 48049D-07 

1.93568D-07

U; �3�s � t.--ji

26 
27 
28

STRESS-DL 
B-SDLEAK 
B-NDLEAK

3 FlD 
4 FlED 
S Fl2D

END OF 
YEAR

2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14 . 0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0
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Table C-27 
PIPING SEGMENT LHI-04 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT 

Output Print File S4PROFLL.P53 Opened at 11:22 on 04-07-1997

Type of Piping Steel Material 
Pipe Weld Failure Mode 
Years Between Inspections 
Wall Fraction for 50% Detection 
Degrees (F) at Pipe Weld 
Nominal Pipe Size (NPS, inch) 
Thicnmess / Outside Diameter 
Operating Pressure (ksi) 
Uniform Residual Stress (ksi) 
Flaw Factor (<0 for 1 Flaw) 
DW & Thermal Stress / Flow Stress 
SCC Rate I Rate for BUR Sens. SS 
Factor on Wastage of .0095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycles per Year 
Design-Limit Stress I Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detectable Leak Rate (GPK) 
Value of Weld Metal Flow Stress in Ksi

WESTINGHOUSE

304 St 
Large Leak 

10.0 
0.240 
170.0 

12.0 
0.0294 

0.10 
10.0 
1.00 
0.10 
0.00 
0.00 

0.0 
0.300 

10.0 
0.111 

2.0 
0.0 

69.30

STRUCTURAL RELIABILITY AND RISK ASSESSMEDT (SRRA) 
PROBABILITY OF FAILURE PROGRAM LEAXPROF

-INPUT VARIABLES FOR CASE **: 304 St Stee.1 Pipe Segent LHI-3;4;5;6

NCYCLE NOVAPS 
NUMSSC 

VARIABLE 
NO. RAME

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SHESIDUAL 
INT%DEPTH 
L/D-RATIO 
FLAWS/IN 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS/YR 
PRESSURE 
SIG-DW&TH 
SCC-COEFF 
SCC-EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLES/YR 
DSIG-FATG 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LDEPTH-SL 
SIG-FLOW

40 
28 

6

NFAILS W 
NUMSET 
NUMTMC -

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO

400 
6 
6

MEDIAN 
VALUE

1 . 2750D+01 
2 * 9400D-02 
1. OOOOD+O1 
2.6249D+01 
6.OOOOD+00 
4 .0489D-03 
5.00OOD+00 
1. OOOOD+01 
1.00OD-03 

-2.4000D-O1 
1.6000D+O0 
7.4473D+03 
1. OOOOD-01 
6.9305D+00 
3 • 5900D-11 
2.1610D+00 
1 . 2740D-12 
1.6667D-04 
1 . OOOOD+01 
2.0791D+01 
9.1401D-12 
4.OOOOD+00 
1. 5000D+00 
0.0000D+00 
6.9305D+01

NtRIAL - 50000 
NUKISI - 5 
NUDMPD - 5

DEVIATION 
OR FACTOR 

3.2000D-02 
9.1140D-04 
1.4142D+00 
1.2312D+00 
1.7126D+00 

1.0500D+00 
1.0323D+00 
1.2599D+00 
2.3714D+00 

2 . 3714D+00 
1.3465D+00 

1.4142D+00 
2.8508D+00 

3 .2000D+00

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 

.00 3 
2.00 4 
2.00 5 

6 
1 
2 
3 
4 
5 

.00 1 

.00 2 

.00 3 

.00 *4 
5 

.00 6 

.00 1 
2 

.00 3 
1.00 4 

5 
6 
1 

.00 2

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD
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Table C-27 (cont) 
PIPING SEGMENT LHI-04 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

26 STRESS-DL 
27 B-SDLEAK 
28 B-NDLEAK

NORMAL YES 
- CONSTANIT 
- CONSTANT -

7.6928D+00 
1. 0546D+01 
4. 0055D+01

1.4142D+00 .00 3 FNO.  
4 P3W 
5 PMD

PROBABILITIES OF FAILURE MODE: EXCEED DISABLING LEAK RATE OR BREAK

NUMBER F]ILED - 400 NUMBER OF TRIALS = 30280

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTIONS 
FOR PERIOD CUM. TOTAL FOR PERIOD Cum. TOTAL

2 . 769551>-13 
1.84989D--11 
1. 83449D--09 
8.59677D--)8 
4.19350D-0D9 
1.17526D--108 
4.54052D--138 
6.93727D1--10 
1 •20927D--08 
1.80472D-.07 
1. 03478D-.07 
2.54853D-,07 
9.21467D-.08 
2.49914D-.08 
1. 291520--07 
2.28668D-.07 
2.56427D-'08 
3 .83321D-08 
2.17753D--06 
9. 52658D-09 
1.20682D-07 
7.15812D-08 
8 .98377D-08 
5. 940330-09 
1. 53423D-06 
9. 41368D-.8 
9. 55581D-08 
1.20868D-08 
5. 42698D-08 
1 .80875D-07 
8 .68635D-0)7 
2.648160-0)8 
8.24575D-10 
7.73052D-'06 
3.27432D-08 
6.20221D-08 
2.13319D-08 
9.22975D-08 
2.96237D-07 
4.01302D-07

2.76955D-13 
1.87758D-11 
1.85326D-09 
8.78210D-08 
9.20145D-08 
1.03767D-07 
1.49172D-07 
1.49866D-07 
1.619590-07 
3.424311-07 
4.45909D-07 
7.00761D-07 
7.92908D-07 
8.17900D-07 
9.47051D-07 
1.17572D-06 
1.20136D-06 
1.23969D-06 
3.41722D-06 
3.42675D-06 
3.54743D-06 
3.61901D-06 
3.70885D-06 
3.71479D-06 
5.24902D-06 
5.34316D-06 
5.43872D-06 
5.45080D-06 
5.505070-06 
5.68595D-06 
6.554580-06 
6.58106D-06 
6.58189D-06 
1.43124D-05 
1.43452D-05 
1.44072D-05 
1.44285D-05 
1.45208D-05 
1.4817 00-05 
1.52183D-05

DEVIATION ON CUMULATIVE TOTALS -

END OF 
YEAR 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0

2.76955D-13 
1.87758D-11 
1.85326D-09 
8.78210D-08 
9.20145D-08 
9.20335D-08 
9.21071D-08 
9.21107D-08 
9.21367D-08 
9.41026D-08 
9.86357D-08 
1.09700D-07 
1.10523D-07 
1.10919D-07 
1.14419D-07 
1.14424D-07 
1.144270-07 
1.14430D-07 
1.152370-07 
1.152380-07 
1.15259D-07 
1.152800-07 
1.15385D-07 
1.15387D-07 
1.16765D-07 
1.16765D-07 
1.16766D-07 
1.16766D-07 
1.167660-07 
i.16766D-07 
1.16767D-07 
1.16771D-07 
1.16771D-07 
1.167720-07 
1.167930-07 
1.167930-07 
1.167930-07 
1.16793D-07 
1.167930-07 
1.16793D-07 

6.66573D-08

0: A~393 \ versioflA\4393-C.doc1b-02199

2.76955D-13 
1.84989D-11 
1.83449D-09 
8.59677D-08 
4.19350D-09 
1.90456D-11 
7.36206D-11 
3.520330-12 
2.60716D-11 
1.96590D-09 
4.533040-09 
1.10643D-08 
8.22837D-10 
3.96435D-10 
3.49984D-09 
4.849830-12 
2.58860D-12 
3.01561D-12 
8.06941D-10 
1.09011D-12 
2.09011D-11 
2.186450-11 
1.04829D-10 
1.30089D-12 
1.37853D-09 
1.248830-13 
4.074950-13 
2.80659D-14 
1.44749D-13 
6.39415D-13 
3.43403D-13 
3.88684D-12 
4.93642D-14 
8.744170-13 
2.149560-11 
3.11588D-15 
1.72015D-15 
6.884580-14 
2.90554D-15 
4.760370-15 

7.55887D-07
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I I I I I I

Surry Unit I 
Striping; Some Stratification: ID Root of Welds 1-08, 2-08; 

System: RC Segment: RC-016, 017 Failure Mode(s): Thermal Fatigue Location: Drawings 122HI. 122KI

,o 
w 

'.  

0 

8f

No Leak D~otbo 
"Small Leak Prob., No ISI: 63143E-4 Small Leak Prob., With ISI: 1.6947E-5 
*Large Leak Prob.. No IS: 3.089E-4 Large Leek Prob., With ISI: 5.5208E-6 (N/A l not applicable) 
Break Prob.. No ISh: N/A Break Prob., With ISi: WA (NIA If not applicable) 

No.Lank Qatal;, Snubber Iocklng up under Thermal Conditions, Item 14 set altN/A .)(Snubber failure probability set at AjiL .)(N/A It not applicable) 
Small Leak Prob., No ISI: ,.," Small Leak Prob., With 181: . (N/A I not applicable) 
Large Leak Prob.. No IS: Large Leak Prob., With ISI: (N/A I not applicable) 
Break Prob., No 181: Break Prob., With ISI: , . (NIA I not applicable) 

No Leak 1otion(Snubber not locking up under Seismic Conditions, Item 16 set atMI/A .)(Snubber failure probability set at N/A .)(N/A If not applicable) 
Large Leak Prob.. No 181: e Large Leak Prob., With ISI: ,. . (N/A il not applicable) 
Break Prob.. No ISIh Break Prob., With ISI: (NA If not applicable) 

Leak Detection (with Snubber failure if most Imilir_) 
"Large Leak Prob., No IS: 2.2022E-5 Large Leak Prob., With ISI: 2.3951E-7 (NIA if not applicable) 
Break Prob., No ISl: N/A Break Prob., With ISI: N/A (N/A If not applicable) 

, Use Values

No. Input Parameter Description Circle Choice or set Value Set Value Basis 

1 Type of PIpino Material 304SS I*•P Carbon Steel DrawinajSpec.  

2 Crack Inspection Interval (optional) Low. . . H h(14 Section Xl 

3 Crack Inspection Accuracy (optional) HOLhM1 Mt Low.32) UT 

4 Temperature at Pipe Weld Low(150) MediumIS5o) HIMh(550) 606 Une Ust 

5 Nominal Pipe Size Small2) Medium(5) Large(16) 6 Drawing 

8 Thickness to 0.D. Ratio mIn (.05)I Nerma. 13)l Thick(.21) .085 Caoo.  

7 Normal Operatinr Pressure LoertOi Medium 1.31 H] h(2.1 2.52 Une Ust 
8 Residual Stream Level t Moiou.m(2o1 Judamen, 

9 Initial Flaw Conditions l X-Ray NDE No X-Ray Strlpln] 

10 DW & Thermal Stress Level Low .05 Medium(.111 Hiah(.17) .186 Caic.  

It Siress Corrosion Potential Moderate(O.5) Maximumn1 .0) Judgment 

12 Material Was.e Potential Moderatoe.5o Maximum I.0) Judment, material 

13 Vibrator Stress Ran a Moderate(1.51 Maxlmuml3.0) Judgment, not near pump 

14 Fateue Stress Ran e L 3.00 Mediumf.50) Hiah(.70) .6 Stra (ome 

15 Low Cycle Fatigue Frequency itb O Medium(20) High(30) Small Changes Annually 

16 Design Umitin Stress (UWBreak Only) Low 10 Medum(.28 igh421 .132 Cal.  

17 System Disablina Leak (Large Leak Only)I None(0) Medium(300) High(600) 5001 Large LOCA 

18 Mi. Detectable Leak (L/Break Only) Non0(o) Medum(s) H,,hi10) I T.S. Umit

M 
(1)



Table C-29 
PIPING SEGMENT RC-16 SMALL LEAK FAILURE 

PROBABILITY SRRA MODEL OUTPUT 

Output Print File S6PROFSL.P01 Opened at 12:46 on 01-16-1997

Type of Piping Steel Material 
Pipe Weld Faiilure Mode 
Years Between Inspections 
Wall Fraction for 50t Detection 
Degrees (F) at: Pipe Weld.  
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
Operating Pressure (ksi) 
Uniform Residual Stress (ksi) 
Flaw Factor (<:0 for 1 Flaw) 
DW & Thermal Stress / Flow Stress 
SCC Rate / Rate for BWR Sens. SS 
Factor on Wastage of 0.095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cyclev per Year 
Design-Limit Stress / Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detectable Leak Rate (GPM) 
Value of Weld Metal Flow Stress in Ksi

316 St 
Small Leak 

10.0 
0.240 
606.0 

6.0 
0.0850 

2.52 
10.0 

-10.80 
0.19 
0.00 
0.00 

0.0 
0.600 

10.0 
0.132 

5001.0 
0.0 

51.08

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM LEAKPROF ESBU-SMPI 

INPUT VARIABLES FOR CASE 1: 316 St Steel Pipe Segment RC016017 

NCYCLE = 40 NFAILS - 400 NTRIAL - "40000 
NOVARS - 28 NUMSET. - 6 NUMISI = 5 
NUMSSC - 6 NUMTRC - 6 NUMFMD - 5

VARIABLE 
NO. NAME

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE- ODIA 
WALL/ODIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
FLAWS/IN 
FIRST- ISI 
FREQ- ISI 
EPST- PND 
ASTAR- PND 
ANUU- PND 
HOURS/YR 
PRESSURE 
SIG-DW&TH 
SCC- COEFF 
SCC- EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLES/YR 
DSIG- FATG 
FCG- COEFF 
FCG- EXPNT 
FOG- THOLD 
LDEPTH- SL 
SIG- FLOW

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 

NORMAL YES 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO

MEDIAN 
VALUE

6.6250D000 
8.5000D-02 
1.0000D+00 
1.7036D÷01 
6.O0000DeO0 

-3.4370D-02 
5.0000D+00 
1.0000D+01 
1.0000-D03 

-2.4000D-01 
1.6000D+00 
7.4473D003 
2.5200D+00 
9.5018D+00 
3.2310D-12 
2.1610D+00 
1.2740D-12 
3.6957D-04 
1.0000D+01 
3.0651+D01 
9.1401D-12 
4.00000D00 
1.5000D+00 

-9.9900D-01 
5.1085D+01

DEVIATION 
OR FACTOR

2.4000D-02 
2.6350D-03 
1.4600D÷01 
1.3000D÷00 
1.7126D000 

1.0500D+00 
1.0323D+00 
1.2599D+00 
2.3714D+00 

2.3714D+00 
1.34650D00 

1.4142D+00 
2.8508D+00 

3.2000D+00

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 

.00 3 
2.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

.00 1 

.00 2 

.00 3 

.00 4 
5 

.00 6 

.00 1 
2 

.00 3 
1.00 4 

5 
6 
1 

.00. 2

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
IS1 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC TiC 
FMD 
FMD

o:\4393\VersionA\4393�2.doc1b-021�99 C-41
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Table C-29 (cont.) 
PIPING SEGMENT RC-16 SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

26 STRESS-DL 
27 B-SDLEAK 
28 B-MDLEAK

CONSTANT 
" CONSTANT 
- CONSTANT -

0.OOOOD+00 
0.0000D+00 0.0000D÷00

PROBABILITIES OF FAILURE MODE: THROUGH-WALL CRACK DEPTH FOR SMALL LEAK

NUMBER FAILED - 400 NUMBER OF TRIALS = 10023

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

7.06487D-08 
1.13614D-07 
2.61393D-06 
3.41953D-06 
1.46373D-06 
8.54034D-06 
1.53790D-06 
5.13029D-06 
3.34913D-05 
1.34063D-05 
2.12286D-06 
6.37091D-06 
2.03347D-06 
6.00747D-06 
2.23316D-06 
2.09041D-06 
1.11525D-05 
2.59331D-05 
3.55314D-06 
2.14520D-05 
1.19558D-05 
1.09761D-05 
8.60885D-06 
1.26317D-05 
2.12868D-05 
1.75070D-05 
1.71112D-05 
1.20523D-05 
6.37933D-06 
3.94675D-06 
2.80601D-05 
3.82401D-06 
1.34925D-05 
6.70825D-06 
1.75079D-05 
3.64864D-05 
2.39315D-05 
1.68424D-06 
1.05336D-04 
1.93159D-05

7.06487D-08 
1.84263D-07 
2.79819D-06 
6.217720-06 
7.68145D-06 
1.62218D-05 
1.77597D-05 
2.28900D-05 
5.63813D-05 
6.97876D-05 
7.19104D-05 
7.82813D-05 
8.03148D-05 
8.63223D-05 
8.85554D-05 
9.06459D-05 
1.01798D-04 
1.277310-04 
1.31285D-04 
1.52737D-04 
1.64692D-04 
1.75668D-04 
1.84277D-04 
1.96909D-04 
2.18196D-04 
2.35703D-04 
2.52814D-04 
2.64866D-04 
2.71246D-04 
2.75192D-04 
3.03252D-04 
3.07076D-04 
3.20569D-04 
3.27277D-04 
3.44785D-04 
3.81271D-04 
4.05103D-04 
4.06787D-04 
5.12123D-04 
5.31439D-04

DEVIATION ON CUMULATIVE TOTALS -

AND WITH IN-SERVICE 
FOR PERIOD

7.06487D-08 
1.13614D-07 
2.61393D-06 
3.41953D-06 
1.46373D-06 
2.90948D-08 
2.84612D-08 
2.25817D-07 
2.71911D-06 
1.64706D-06 
1.52146D-07 
5.04352D-07 
2.12273D-07 
7.58031D-07 
4.09244D-07 
7.82116D-10 
5-.67209D-09 
1.11759D-07 
7.64279D-09 
1.49909D-07 
4.70574D-07 
1.06634D-07 
3.46454D-07 
4.64703D-07 
6.70642D-07 
2.19842D-09 
9.58261D-09 
4.92245D-09 
3.98305D-09 
4.90611D-09 
3.80871D-08 
5.28790D-09 
2.60070D-08 
1.99906D-08 
9.03759D-08 
3.11328D-10 
2.34054D-10 
5.27691D-11 
3.72499D-08 
2.00214D-09 

2.60376D-05

INSPECTIONS 
CUM. TOTAL 

7.06487D-08 
1.84263D-07 
2.79819D-06 
6.21772D-06 
7.68145D-06 
7.71055D-06 
7.73901D-06 
7.96482D-06 
1.06839D-05 
1.23310D-05 
1.24831D-05 
1.29875D-05 
1.31998D-05 
1.39578D-05 
1.43670D-05 
1.43678D-05 
1.43735D-05 
1.44853D-05 
1.44929D-05 
1.46428D-05 
1.51134D-05 
1.52200D-05 
1.55665D-05 
1.60312D-05 
1.67018D-05 
1.67040D-05 
1.67136D-05 
1.67185D-05 
1.67225D-05 
1.67274D-05 
1.67655D-05 
1.67708D-05 
1.67968D-05 
1.68168D-05 
1.69072D-05 
1.69075D-05 
1.69077D-05 
1.69078D-05 
1.69450D-05 
1.69470D-05 

4.74229D-06

o:\4393\VersionA\4393-c2.dc�..1b-0219g9 
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3 FMD 
4 FMD 
5 FMD

END OF 
YEAR

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0
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Table C-30 
PIPING SEGMENT RC-16 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT.  

Output Print File S6PROFLL.P02 Opened at 12:49 on 01-16-1997

Type of Piping Steel Material 
Pipe Weld Failure Mode 
Years Between Inspections 
Wall Fraction for 50 Detection 
Degrees (F) at Pipe Weld 
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
Operating Pressure (ksi) 
Uniform Residual Stress (ksi) 
Flaw Factor (k0 for 1 Flaw) 
DW & Thermal Stress / Flow Stress 
SCC Rate / Rate for BWR Sens. SS 
Factor on Wastage of 0.095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycles per Year 
Design-Limit Stress / Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detectable Leak Rate (GPM) 
Value of Weld Metal Flow Stress in Ksi

316 St 
Large Leak 

10.0 
0.240 
606.0 

6.0 7 
0.0850 

2.52 
10.0 

-10.80 
0.19 
0.00 
0.00 

0.0 
0.600 

10.0 
0.132 

5001.0 
0.0 

51.08

STRUTX"TURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM LEAKPROF ESBU-SMP 

INPUT VARIABLES FOR CASE 2: 316 St Steel Pipe Segment RC016017

40 
28 

6

NFAILS - 400 
NUMSET - 6 
NUMTRC - 6

NTRIAL 
NUMISI NUMFMD -

50000 
5 
5

VARIABLE 
NO. NAME

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SRESIDUAL 
INTDEPTH 
L/D-RATIO 
FLAWS/IN 
FIRST- ISI 
FREQ- ISI 
EPST- PND 
ASTAR- PND 
ANUU- PND 
HOURS/YR 
PRESSURE 
SIG- DW&TH 
SCC- COEFF 
SCC-EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLES/YR 
DSIG- FATG 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LDEPTH- SL 
SIG- FLOW

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORmaL NO 
NORMAL NO 
NORKkL YES 
NORMAL YES 
- CONSTANT
- CONISTANT 
- CO]STANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMLL YES 
NORML YES 
NORmaL YES 
NORMLL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT

NORMAL YES 
NORM•L YES 
- CONSTANT 
- CON1STANT 
- CONSTANT 
NORM•L NO

MEDIAN 
VALUE

6.6250D+00 
8.5000D-02 
1.0000D÷00 
1.7036D+01 
6.0000D÷00 

-3.4370D-02 
5.0000D+00 
1.0000.D01 
1.0000D-03 

-2.4000D-01 
1.6000D+00 
7.4473D+03 
2.5200D+00 
9.5018D÷00 
3.2310D-12 
2.1610D÷00 
1.2740D-12 
3.6957D-04 
1.0000D+01 
3.0651D+01 
9.1401D-12 
4.0000D+00 
1.5000D+00 
0.00000D00 
5.1085D+01

DEVIATION 
OR FACTOR 

2.4000D-02 
2.6350D-03 
1.4600D+01 
1.3000D÷00 
1. 7126D+00 

1.0500D+00 
1.0323D+00 
1.2599D÷00 
2.3714D+00 

2.3714D+00 
1.3465D÷00 

1.4142D÷00 
2.8508D+00 

3.2000D÷00

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 

.00 3 
2.00 4 
2.00 5 

6 
1 
2 
3 
4 
.5 

.00 1 

.00 2 

.00 3 

.00 4 
5 

.00 6 

.00 1 
2 

.00 3 
1.00 4 

5 
6 
1 

.00 2

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
IS! 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD FMD
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Table C-30 (cont.) 
PIPING SEGMENT RC-16 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

26 STRESS-DL 
27 B-SDLEAK 
28 B-MDLEAK

NORMAL YES 
- CONSTANT 
- CONSTANT-

6.7432D000 
1.1628D+01 
2.0813D01i

1.4142D÷00 .00 3 FMD 
4 FMD 
5 FMD

PROBABILITIES OF FAILURE MODE: EXCEED DISABLING LEAK RATE OR BREAK

NUMBER FAILED - 400 

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

9.44497D-10 
3.48526D-11 
1.18242D-08 
1.00948D-06 
2.44977D-07 
1.58724D-07 
3.85839D-06 
8.89986D-07 
4.62292D-08 
6.94966D-07 
8.95701D-08 
3.09731D-06 
1.17576D-06 
2.21441D-07 
5.23163D-08 
6.29774D-06 
2.06051D-06 
3.60261D-07 
2.01625D-06 
5.54292D-06 
5.73822D-06 
1.08762D-06 
2.11715D-06 
6.39419D-06 
2.98934D-05 
4.35838D-06 
1.70956D-04 "2.65279D-06 
2.83421D-06 
8.09219D-07 
8.87661D-06 
4.65187D-06 
4.20967D-06 
2.11216D-06 
3.21323D-06 
7.99189D-06 
1.84814D-06 
9.93023D-06 
1.34510D-06 
1.00560D-05

9.44497D-10 
9.79350D-10 
1.28035D-08 
1.02229D-06 
1.26727D-06 
1.42599D-06 
5.28438D-06 
6.174370-06 
6.22060D-06 
6.91557D-06 
7.00514D-06 
1.01024D-05 
1.12782D-05 
1.14996D-05 
1.15520D-05 
1.78497D-05 
1.99102D-OS 
2.02705D-05 
2.22867D-05 
2.78296D-05 
3.35679D-05 
3.46555D-05 
3.67726D-05 
4.31668D-05 
7.30602D-05 
7.74186D-05 
2.48375D-04 
2.51028D-04 
2.53862D-04 
2.54671D-04 
2.63548D-04 
2.68200D-04 
2.72409D-04 
2.74522D-04 
2.777370-04 
2.85729D-04 
2.875770-04 
2.975070-04 
2.98852D-04 
3.08908D-04

DEVIATION ON CUMULATIVE TOTALS -

NUMBER OF TRIALS - 9217

AND WITH IN-SERVICE 
FOR PERIOD

9.44497D-10 
3.48526D-11 
1.18242D-08 
1.00948D-06 
2.449770-07 
2.57772D-10 
8.97329D-09 
4.04945D-09 
1.42977D-09 
3.24458D-08 
2.48158D-08 
3.86141D-07 
9.39159D-08 
9.58465D-09 
2.13572D-09 
9.89622D-10 
3.46617D-10 
7.92292D-11 
8.18443D-10 
1.33679D-09 
2.19211D-09 
1.90695D-09 
3.34736D-08 
3.51954D-08 
3.58711D-06 
4.360370-10 
2.15406D-08 
1.95007D-11 
1.35764D-10 
4.14062D-11 
5.05762D-10 
8.63523D-10 
8.49243D-10 
1.23110D-09 
4.23344D-10 
8.18598D-12 
2.68455D-12 
2.025370-10 
2.534570-II 
5.34335D-11 

1.51074D-OS

INSPECTIONS 
CUM. TOTAL 

9.44497D-10 
9.79350D-20 
1.28035D-08 
1.02229D-06 
1.26727D-06 
1.26752D-06 
1.27650D-06 
1.28055D-06 
1.28198D-06 
1.31442D-06 
1.33924D-06 
1.72538D-06 
1.81929D-06 
1.82888D-06 
1.83101D-06 
1.83200D-06 
1.83235D-06 
1.83243D-06 
1.83325D-06 
1.83458D-06 
1.83678D-06 
1.83868D-06 
1.87216D-06 
1.90735D-06 
5.49446D-06 
5.49490D-06 
5.51644D-06 
5.51646D-06 
5.51660D-06 
5.51664D-06 
5.51714D-06 
5.51801D-06 
5.51886D-06 
5.52009D-06 
5.52051D-06 
5.52052D-06 
5.52052D-06 
5.52072D-06 
5.52075D-06 
5.52080D-06 

2.06415D-06
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END OF 
YEAR

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0
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Surry Unlt I Pipe to Valve; Pipe to Reducer 
System: RC Segment: RC-057,058,059 Failure Mode(s): Fatigue Location: Drawing 0124 Al-I

o 

A.  

n 
0 

tn 
C

(J

'.4375- thicksh 160 

"No Leak Oelecto 

Small Leak Prob.. No ISI: 4.14741-5 Small Leak Prob., With ISl: 3.202E-5 
*Large Leak Prob., No Ifl: 4.5569E-5 Large Leak Prob., With ISI: 2.8049E-5 (NIA I not applicable) 
Break Prob.. No ISI: N/A Break Prob.. With lel: N/A (NIA It not applicable) 

No Leak Daet (Snubber locking up under Thermal Conditions, Item 14 set at .7 .)(Snubber failure probability set al 20% .)(N/A If not applicable) 
Small Leak Prob., No 1S1: 1.7076E-5 Small Leak Prob., With ISi: 5.781-6 (N/A If not applicable) 
Large Leak Prob., No IS: 1.324SE-5 Large Leek Prob., With ISI: 5.94262E-6 (N/A It not applicable) 
Break Prob., No ISI: N/A Break Prob., With l6t: N/A (N/A If not applicable) 

No Leak Deteadon(Snubber not locking up under Seismic Conditions, Item 16 set QLL. .)(Snubber failure probability set at20% .. )(N/A If not applicable) 
Large Leak Prob., No ISl: 3.2683E-5 Large Leak Prob., With IS: 3.162982-5 (N/A Il not applicable) 
Break Prob.. No ISI: N/A Break Prob., With 1el: NIA (N/A I not applicable) 

"*Leak Detection with Snubber failure If moat lmitUn) 
* Large Leak Prob., No ISI: 3.7727E-6 Large Leak Prob., With IS: 2.3223E-6 (N/A if not applicable) (nonsnubber failure most limiting 
Break Prob.. No IS[: N/A Break Prob., With IS[: N/A (N/A If not applicable) 

Note: 20% snubber failure probability used due to large number of snubbers.  
• use values/note for no leak detection LL probability should be used

I I 1 .21

No. Input Parameter Descrption Circle Choice or Set Value Set Value Basis 

I TMo of Piping Material 3IS Carbon Steel DrawlngivSyc.  

2 Crack Insaedtion Intanval (optional) LowM6I k High(14) Section XI 

3 Crack Inspection Accuracy optional) HI h(.16 __ Low{.321 UT 

4 Temperaoure at Pipe Weld Low(150) Medlum(350) High 550) 650 Line Ust 

5 Nominal Pipe Size Small(2) Medium(5) Lage(16) 3 Drawing' 

6 Thicknest O.OD. Ratio Thinf.05) Nrmal(.131 Th .21) .125 Calo.  

7, Normal Operatni Presure Low(0.1A Mudlumilh.l 2.235 LiUne ist 

8 Residual Stres, Level No(O.0) . Maximum(20) Judgment 

9 Initial Flaw Conditions One Flaw l' No X-Ray Spec.  

10 DW & Thermal Stress Level Low(.05) Medl.1 High(.17) .342 Calo.  

11 Stress Corrosion Potential Moderate(.5 Maximum(1.0} - Judgment 

12 Material Waste ePote ntial Moderate 0.5 Maximum. Judament/Material 

13 Vibratory Stress Range None(0) [. Maximum(3.01 Transients Experienced 

14 Fatigue Stress Range Low30 I Hight.70) Judgment 

15 Low Cycle Fatilue Fr uen cy Medium(20 HiS00) Small Chanes Annually 

I6 Dealan Umt Stress LUJBreak Only) Low.10) Medium(.26) High(.42) .263 Cabe.  

17 System Ol.ablin Leak (Large LeakOniy) Non() Medium(300) Hiah(600J .501 Medium LOCA 

18 Mn. Detetble Leak (Ll/rak Only) None(O) Medium( ) H 1h(l0) 1 T.S. ULmit

[11 

0 

-41 

0o

9� 

(J) 
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Table C-32 
PIPING SEGMENT RC-58 SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT 

Output Print File S6PROFSL.P16 Opened at 22:15 on 01-16-1997

Type of Piping Steel Material 
Pipe Weld Failure Mode 
Years Between Inspections 
Wall Fraction for 50% Detection 
Degrees (F) at Pipe Weld 
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
Operating Pressure (ksi) 
Uniform Residual Stress (ksi) 
Flaw Factor (<O for 1 Flaw) 
DW & Thermal Stress / Flow Stress 
SCC Rate / Rate for BWR Sens. SS 
Factor on Wastage of 0.095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycles per Year 
Design-Limit Stress / Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detectable Leak Rate (GPM) 
Value of Weld Metal Flow Stress in Ksi

WESTINGHOUSE

316 St 
Small Leak 

10.0 
0.240 
650.0 

3.0 
0.1250 

2.24 
10.0 
1 .00 
0.34 
0.00 
0.00 

1.5 
0.500 
10.0 

0.253 
1501.0 

0.0 
49.25

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
PROBABILITY OF FAILURE PROGRAM LEAXPROF

INPUT VARIABLES FOR CASE 16: 316 St Steel Pipe Segment RC057058059

NCYCLE 
NOVARS 
NUMSSC 

VARIABLE 
NO. NAME

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
FLAWS/IN 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS /YR 
PRESSURE 
SIG-DW&TH 
SCC-COEFF 
SCC-EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLES/YR 
DSIG-FATG 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LDEPTH-SL 
SIG-FLOW

40 
28 

6

NFAILS 
NUMSET 
NUMTRC =

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO

400 
6 
6

MEDIAN 
VALUE

3.5000D+00 
1.2500D-01 
1.0000D+00 
2.2310D+01 
6.0000D+00 
3.7371D-03 
5.0000D+00 
1.0000D+01 
1.0000D-03 

-2.4000D-01 
1.6000D+00 
7.4473D+03 
2.2350D+00 
1.6842D+01 
3.2310D-12 
2.1610D+00 
1.2740D-12 
1.0073D+00 
1.0000D+01 
2.4623D+01 
9.1401D-12 
4.0000D+00 
1.5000D+00 

-9.9900D-01 
4.9246D+01

NTRIAL = 
NUMISI = 
NJT14M• =

DEVIATION 
OR FACTOR 

1.6000D-02 
3.8750D-03 
1.4600D+01 
1.2544D+00 
1.71261+00 

1.0500D+00 
1.0323D+00 
1.2599D+00 
2.3714D+00 

2.3714D+00 
1.3465D+00 

1.4142D+00 
2.8508D+00 

3.2000D+00

40000 
5 
5

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 

.00 3 
2.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

.00 1 

.00 2 

.00 3 

.00 4 
5 

.00 6 

.00 1 
2 

.00 3 
1.00 4 

5 
6 
1 

.00" 2

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD 
FMD
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Table C-32 (cont.) 
PIPING SEGMENT RC-58 SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

26 STRESS-DL 
27 B-SDLEAK 
28 B-NDLEAK

- CONSTANT 
- CONSTANT 
- CONSTANT -

O.0000D+00 
O.OOOOD+O0 
0.0000D+00

PROBABILITIES OF FJILURE MODE. THROUGH-WALL CRACK DEPTH FOR SMALL LEAK

NUMBER FLTLED - 400 

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

3.05735D-05 
1.93275D-07 
2.97649D-(8 
2.64509D-07 
6.27345D-08 
6.64182D-08 
9.62364D-09 
2.18647D-(17 
1.53169D-07 
2.23454D-07 
1.62505D-CIS 
6.76120D-C07 
8.02740D-07 
9.43936D-CIS 
1.81334D-06 
4.43455D-CIS 
2.22844D-CIS 
3.06251D-09 
2.76890D-08 
5.10872D-08 
4.08811D-Cl7 
1.81130D-07 
2.19679D-07 
1.97957D-07 
1.84426D-08 
2.67152D-07 
1.30366D-07 
2.77886D-07 
7.28714D-07 
1.28955D-07 
5.74814D-07 
6.17462D-08 
1.62001D-06 
3.54851D-08 
2.85635D-C07 
9.36552D-08 
4.11905D-07 
1.98323D-07 
1.51868D-08 
2.72315D-07

3.05735D-05 
3.07667D-05 
3.07965D-05 
3.10610D-05 
3.11237D-05 
3.11902D-05 
3.11998D-05 
3.14184D-05 
3.15716D-05 
3.17950D-05 
3.18113D-05 
3.24874D-05 
3.32902D-05 
3.33846D-05 
3.51979D-05 
3.52422D-05 
3.52645D-05 
3.52676D-05 
3.52953D-05 
3.53464D-05 
3.57552D-05 
3.59363D-05 
3.61560D-05 
3.63539D-05 
3.63724D-05 
3.66395D-05 
3.67699D-05 
3.70478D-05 
3.77765D-05 
3.79055D-05 
3.84803D-05 
3.85420D-05 
4.01620D-05 
4.01975D-05 
4.04831D-05 
4.05768D-05 
4.09897D-05 
4.11870D-05 
4.12022D-05 
4.14745D-05

DEVIATION ON CtMULATIVE TOTALS -

NUMBER OF TRIALS = 5457 

AND WITH IN-SERVICE INSPECTIONS
FOR PERIOD

3.05735D-05 
1.93275D-07 
2.97649D-08 
2.64509D-07 
6.27345D-08 
1.15932D-08 
1.28965D-09 
1.54370D-08 
1.24834D-08 
1.40678D-08 
7.13916D-10 
1.37749D-07 
1.74791D-07 
8.65672D-09 
5.00325D-07 
9.34692D-11I 
8.36751D-12 
2.53614D-12 
1.78585D-11 
4.84685D-11 
1.16623D-08 
3.89584D-10 
9.84884D-10 
5.07247D-10 
6.08195D-11 
4.68987D-10 
6.13693D-13 
3.22988D-12 
3.17546D-10 
6.69171D-11 
4.33284D-10 
2.72044D-11 
3.65206D-09 
6.32502D-13 
1.22371D-09 
7.7376OD-12 

"5.75641D-12 
7.31900D-12 
5.49533D-13 
1.99024D-12

1.99646D-06

CUM. TOTAL 

3.05735D-05 
3.07667D-05 
3.07965D-05 
3.10610D-05 
3.11237D-05 
3.11353D-05 
3.11366D-05 
3.11521D-05 
3.11645D-05 
3.11786D-05 
3.11793D-05 
3.13171D-05 
3.14919D-05 
3.15005D-05 
3.20008D-05 
3.20009D-05 
3.20009D-05 
3.20009D-05 
3.20010D-05 
3.20010D-05 
3.20127D-05 
3.20131D-05 
3.20141D-05 
3.20146D-05 
3.20146D-05 
3.20151D-05 
3.20151D-05 
3.20151D-05 
3.20154D-05 
3.20155D-05 
3.20159D-05 
3.20159D-05 
3.2019.6D-05 
3.20196D-05 
3.20208D-05 
3.20208D-05 
3.20208D-05 
3.20208D-05 
3.20208D-05 
3.20208D-05 

1.76997D-06
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3 PHD 
4 FMD 
5 FMD

END OF 
YEAR

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0
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Table C-33 
PIPING SEGMENT RC-58 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT 

Output Print File S6PROFLL.P17 Opened at 22:17 on 01-16-1997

Type of Piping Steel Material 
Pipe Weld Failure Mode 
Years Between Inspections 
Wall Fraction for 50% Detection 
Degrees (F) at Pipe Weld 
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
Operating Pressure (ksi) 
Uniform Residual Stress (ksi) 
Flaw Factor (<O for 1 Flaw) 
DW & Thermal Stress / Flow Stress 
SCC Rate / Rate for SWR Sens. SS 
Factor on Wastage of 0.095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycles per Year 
Design-Limit Stress / Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detectable Leak Rate (GPM) 
Value of Weld Metal Flow Stress in Ksi

WESTINGHOUSE

316 St 
Large Leak 

10.0 
0.240 
650.0 

3.0 
0.1250 

2.24 
10.0 
1 .00 
0.34 
0.00 
0.00 

1.5 
0.500 

10.0 
0.253 

1501.0 
0.0 

49.25

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
PROBABILITY OF FAILURE PROGRAM LEAKPROF

INPUT VARIABLES FOR CASE 17: 316 St Steel Pipe Segment RC057058059

NCYCLE = 
NOVARS 
NUMSSC 

VARIABLE 
NO. NAME

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SRESIDUAL 
INT%DEPTH 
L/D-RATIO 
FLAWS/IN 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS/YR 
PRESSURE 
SIG-DW&TH 
SCC-COEFF 
SCC-EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLES/YR 
DSIG-FATG 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LDEPTH-SL 
SIG-FLOW

40 
28 

6

NFAILS 
NUMSET 
NUMTRC -

DISTRIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO

400 
6 
6

MEDIAN 
VALUE

3.5000D+00 
1.2500D-01 
1.0000D+00 
2.2310D+01 
6.0000D+00 
3.7371D-03 
5.00000D+0 
1.O000D+01 
1.0000D-03 

-2.4000D-01 
1.6000D+00 
7.4473D+03 
2.2350D+00 
1.6842D+01 
3.2310D-12 
2.1610D+00 
1.2740D-12 
1.0073D+00 
1.0000D+01 
2.4623D+01 
9.1401D-12 
4.0000D+00 
1.5000D+00 
0.0000D+00 
4.9246D+01

NTRIAL = 
NUMISI = 
NUMFMD =

50000 
5 
5

DEVIATION SHIFT USAGE 
OR FACTOR MV/SD NO. SUB

1.6000D-02 
3.8750D-03 
1.4600D+01 
1.2544D+00 
1.7126D+00 

1.0500D+00 
1.0323D+00 
1.2599D+00 
2.3714D+00 

2.3714D+00 
1.3465D+00 

1.4142D+00 
2.8508D+00 

3.2000D+00

.00 1 

.00 2 

.00 3 
2.00 4 
2.00 5 

6 
1 
2 
3 
4 
5 

.00 1 

.00 2 

.00 3 

.00 4 
5 

.00 6 

.00 1 
2 

.00 3 
1.00 4 

5 
6 
1 

.0. 2

SET 
SET 
SET 
SET 
SET 
SET 
ISI 
ISI 
ISI 
ISI 
ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD FMD
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Table C-33 (cont.) 
PIPING SEGMENT RC-58 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

26 STRESS-DL 
27 B-SDLEAK 
28 B-MDLEAK

NORMAL YES 
- CONSTANT 
- CONSTANT -

1.2459D+01 
4.40790+00 
1. 0996D+01

1. 41421+00 .00 3 FMD 
4 FMD 
5 FMD

PROBABILITIES OF FAILURE MODE: EXCEED DISABLING LEAK RATE OR BREAK

NUMBER F]ILED = 400 

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

3.33516D-.06 
2.44084D--05 
4.92446D-.08 
1.34994D--0)9 
7.59701D-)08 
1.47989D-.07 
1.209170-,07 
5.97074D--09 
6.43262D-08 
4.57226D-09 
3.02325D-09 
4.67067D-CIS 
1.22481D-09 
2.77235D-CI8 
1.27653D-07 
2.11578D-08 
8.57868D-08 
1.64121D-07 
4.39086D-07 
4.62152D-08 
2.42487D-09 
1.79865D-07 
5.85201D-08 
7.95809D-08 
1.94796D-07 
5.21654D-08 
4.07707D-07 
1.03591D-07 
4.99632D-09 
8.21625D-08 
4.46089D-08 
1.09754D-07 
5.70996D-07 
1.31202D-05 
5.46170D-07 
6.52487D-0,8 
8.26857D-O;a 
4.18999D-07 
2.05933D-07 
6.26695D-08

3.33516D-06 
2.77435D-05 
2.77928D-05 
2.77941D-05 
2.78701D-05 
2.80181D-05 
2.81390D-05 
2-.81450D-05 
2.82093D-05 
2.82139D-05 
2.82169D-05 
2.82636D-05 
2.82648D-05 
2.82925D-05 
2.84202D-05 
2.84413D-05 
2.85271D-05 
2.86912D-05 
2.91303D-05 
2.91765D-05 
2.91790D-05 
2.93588D-05 
2.94174D-05 
2.94969D-05 
2.96917D-05 
2.97439D-05 
3.01516D-05 
3.02552D-05 
3.02602D-05 
3.03424D-05 
3.03870D-05 
3.04967D-05 
3.10677D-05 
4.41879D-05 
4.47341D-05 
4.47993D-05 
4.48820D-05 
4.53010D-05 
4.55069D-05 
4.55696D-05

DEVIATION ON CU3MULATIVE TOTALS -

NUMBER OF TRIALS = 3687 

AND WITH IN-SERVICE INSPECTIONS 
FOR PERIOD CUM. TOTAL

END OF 
YEAR 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0

3.33S16D-06 
2.77435D-05 
2.77928D-05 
2.77941D-05 
2.78701D-05 
2.78706D-05 
2.78757D-05 
2.78763D-05 
2.78791D-05 
2.78795D-05 
2.78796D-05 
2.78846D-05 
2.78846D-05 
2.78856D-05 
2.78986D-05 
2.78986D-05 
2.78988D-05 
2.79001D-05 
2.79003D-05 
2.79006D-05 
2.79006D-05 
2.79014D-05 
2.79016D-05 
2.79022D-05 
2.790790-05 
2.79079D-05 
2.79093D-05 
2.79093D-05 
2.79093D-05 
2.79095D-05 
2.79095D-05 
2.79096D-05 
2.79234D-05 
2.80456D-05 
2.80481D-05 
2.80481D-05 
2.80481D-05 
2.80492D-05 
2.80492D-05 
2.80493D-05 

1.72711D-06
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3.33516D-06 
2.44084D-05 
4.92446D-08 
1.34994D-09 
7.59701D-08 
5.48406D-10 
5.06341D-09 
5.85096D-10 
2.80123D-09 
4.28518D-10 
1.22178D-10 
4.96029D-09 
6.33701D-11 
9.21454D-10 
1.30684D-08 
4.450610-12 
1.52941D-10 
1.25991D-09 
2.72077D-10 
2.92562D-10 
9.98393D-12 
7.35547D-10 
2.49486D-10 
5.56451D-10 
5.68400D-09 
5.10303D-13 
1.40309D-09 
7.86864D-12 
4.62066D-13 
1.96166D-10 
1.303220-11 
1.23450D-10 
1.38261D-08 
1.22141D-07 
2.52405D-09 
4.53101D-12 
1-39712D-11 
1.052530-09 
1.53907D-11 
8.70250D-11 

2.15163D-06
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I I I ( I I

SurryUnit I 
System: SW Segment: SW-004, 005, 006 Failure Mode(s): Wastage/Pitting Location: 163L Class Pipe - Weld at Reducer on 2" side

No. Input Parameter Oescrption Circle Choice or Set Value Set Value Basis 

I Type of Piping Material 304SS l Carbon Steel 163L - Drawing/Spec 

2 Crack Inspection Interval (optional) Low.6) 5 1 , High(14) Section XI 

3 Crack Inspection Accuracy (opltonal) •f~1g |.(14 Medlum(.24) Low(.32) IRT 

4 Temprature at Pipe Weld Low(150) Medium($501 HiohI550) 95 Una Ust 

5 Nominal Pipe Size Smalt(2) Medium(S) Largel 16) 2 Drawing 

6 Thickness to O.D. Ratio Olin(.05) Normal(.13) Thick(.21) .06 Calc.  

7 Normal Operating Pressure LOW1O 5) Medlum 1.31 Niah(2. 11 .026 Lino List 

8 Residual Stress Level None(O.0) .Maimum(20) 5 Judgment - fillet 

9 Inhtial Flow Conditions One Flaw X-Ray NDE 9. % _ Spec.  

10 OW & Thermal Stress Level Low(051 Medlum(.11) High(.17) .038 Cale.  

II Stress Corrosion Polental a. Moderate(o.5) Maxknum(t.0) _ Judgment 

12 Material Wastae Potential None(0) Moderate(0.5) Maximum(l.0) 1.0 Judgment 

13 Vibrator Stress Ras e Moderate 1.5) Matcinum(3.0) _ ___Judgment 

14 Fatigue Stress Range a&. i Medium(.50) Highl.70) Judgment 

15 Low Cycle Fatigue Frequencv Low(t0) -.Meglgh[So]_ __gh__0)Judgment 

16 Desn Umi Stress (LL/Break Only) Low .10) Medium(.28) High(.42) .017 Cc.t.  

17 System Disabling Leak (Large Leak Only) None(O) Medlum(3(]) Hlgh(600) 10 10% of 2" pipe flow 

168 Min. Detectable Leak (LL/reak Only) None(0) Medum(5) High(10) 1 1 gpm - Pump PT accessible

0-4 

C") 

*4 

0 

P-

No Leak Detecto 
Small Leak Prob.. No IS: 3.4793E-4 Small Leak Prob., With ISI: 9.7512E-8 
Large Leak Prob., No ISI: 9.3320E-5 Large Leak Prob., With ISI: 7.0519E-7 (N/A it not applicable) 
Break Prob., No 181: N/A Break Prob., With I11: N/A (N/A It not applicable) 

No Leak Detolion(Snubber iociing up under Thermal Conditions, Item 14 set arllNIA .)(Snubber failure probability eel at N/A .)(N/A If not applicable) 
Small Leak Prob., No IS1: .0 Small Leak Prob.. With ISh: (N/A It not applicable) 
Large Leak Prob., No lis: e Large Leek Prob., With ISl: (N/A It not applicable) 
Break Prob.. No ISI: de Break Prob., With ISl: E, ? t (NA It not applicable) 

N(Snubber not locking up under Seismic Conditions, Item 16 set tN/AtN .)(Snubber failure probability set at NWA .)(NIA If not applicable) 
Large Leak Prob., No ISI: Large Leak Prob., With ISl: _ (N/A Il not applicable) 
Break Prob., No I1l: . Break Prob., WIth ISI: 00,. (NIA If not applicable) 

Leak Detection (with Snubber failure If most limiting) 
Large Leak Prob., No ISI: 1.0665E-5 Large Leak Prob., With ISl: 2.9987E-7 (NIA If not applicable) 
Break Prob., No ISI: N/A Break Prob., With ISI: NIA (NA if not applicable) 

No Snubbers.  
Fiberglass piping failure probability set at 1E-2 for small leak and large leak (based upon fatigue).

'"



Table C-35 
PIPING SEGMENT SW-04 SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT 

Output Print File S6PROFSL.P03 Opened at 14:18 on 04-02-1997

Type of Pipin; Steel Material 
Pipe Weld Failure Mode 
Years Between Inspections 
Wall Fraction for 50% Detection 
Degrees (F) at Pipe Weld 
Nominal Pipe Size (NPS, inch) 
Thickness / Outside Diameter 
Operating Preissure (ksi) 
Uniform Residual Stress (ksi) 
Flaw Factor (4.0 for i Flaw) 
DW & Thermal Stress / Flow Stress 
SCC Rate / Rate for BWR Sons. SS 
Factor on Wastage of .0095 in/yr 
P-P Vib. Stress (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycles per Year 
Design-Limit stress / Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detectable Leak Rate (GPM) 
Value of Weld Metal Flow Stress in Xsi

WESTINGHOUSE

316 St 
Small Leak 

10.0 
0.160 
95.0 

2.0 
0.0600 

0.25 
5.0 

12.80 
0.04 
0.00 
1.00 
0.0 

0.300 
20.0 

0.017 
10.0 

0.0 
72.44

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
PROBABILITY OF FAILURE PROGRAM LEAKPROF

ESBU-NSD 
INPUT VARIABLES FOR CASE 3: 316 St Steel Pipe Segment SW-4;5;6

NCYCLE 
NOVARS 
NUMSSC 

VARIABLE 
NO. NAME

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SNESIDUAL 
INTDEPTH 
LID-RATIO 
FLAWS/IN 
FIIST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS/YR 
PRESSURE 
SIG-DW&TH 
SCC-COEFF 
SCC-EXPNT 
WASTAGE 
DSIG-VIDR 
CYCLES/YR 
DSIG-FATG 
FCG-COEFF 
FCG-ExPNT 
FCG-THOLD 
LDEPTH-SL 
SIG-FLOW

40 
28 

6

NFAILS 
NUNSET 
NU•TRC -

DISTLIBUTION 
TYPE LOG 

NORMAL NO 
NORMAL NO 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
- CONSTANT 

- CONSTANT 
- CONSTANT 
NORMAL YES 
NORMAL YES 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
- CONSTANT 
- CONSTANT 
NORMAL NO

400 
6 
6

MEDIAN 
VALUE

2.3750D+00 
6.0000D-02 
5.0000D+00 
3.9953D+01 
6.0000D+00 
6.9762D-02 
5.0000D+00 
1.0000D+01 
1.0000D-03 

-1.6000D-01 
1.6000D+00 
7.4473D+03 
2.S000D-01 
2.7527D+00 
3.2310D-12 
2.1610D+00 
1.2740D-09 
8.1948D-04 
2.0000D+01 
2.1732D+01 
9.1401D-12 
4.0000D+00 
1.5000D+00 

-9.9900D-01 
7.2439D+01

NUMISI 
NUMMDM -

40000 
5 
5

DEVIATION SHIFT USAGE 
OR FACTOR MV/SD NO. SUB

1.6000D-02 
1.86000-03 
1.4142D+00 
1.1840D+00 
1.7126D+00 

1.0500D+00 
1.0323D+00 
1.2599D+00 
2.3714D+00 

2.3714D+00 
1.34650+00 

1.4142D+00 
2.8508D+00 

3.2000D+00

.00 1 

.00 2 

.00 3 
2.00 4 
1.00 5 

6 
1 
2 
3 
4 
5 

.00 1 

.00 2 

.00 3 

.00 4 
5 

.00 6 

.00 1 
2 

.00 3 
1.00 4 

5 
6 

. 1 .00 2

SET 
SET 
SET 
SET 
SET 
SET 
ISl 

sIm 
ISI 
ISI 
ISI 
SSC 
ssc 
SSC 
SSc 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FHD 
FRD
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Table C-35 (cont.) 
PIPING SEGMENT SW-04 SMALL LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

26 STRESS-DL 
27 B-SDLEAK 
28 B-MDLEAK

- CONSTANT 
- CONSTANT 
- CONSTANT -

0.0000D+00 
0.0000D+00 
0.000OD+00

PROBABILITIES OF FAILURE NODE: THROUGH-WALL CRACK DEPTH FOR SMALL LEAK

NUMBER FATLED - 400 NUMBER OF TRIALS - 6231

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUD. TOTAL

1.68675D-07 
8.09942D-08 
4.36649D-06 
1.68354D-06 
5.99626D-07 
3.22421D-06 
1.11108D-06 
1.90092D-06 
1.61321D-05 
1.51785D-05 
6.14651D-07 
3.94516D-06 
2.12864D-05 
2.12798D-06 
3.12126D-07 
2.23936D-05 
5.83434D-06 
1.21247D-05 
3.79691D-06 
5.06567D-06 
2.63866D-06 
2.88784D-06 
6.726310-06 
3.00307D-06 
8.99674D-06 
9.46188D-06 
6.91703D-06 
4.62285D-06 
8.759000-05 
2.80004D-06 
3.02396D-06 
1.15533D-05 
2.56739D-06 
1.54113D-06 
3.71838D-07 
1.09185D-05 
1.08667D-05 
2.365290-05 
1.41398D-05 
1.17076D-05

1.68675D-07 
2.49670D-07 
4.61616D-06 
6.29970D-06 
6.89932D-06 
1.01235D-05 
1.12346D-05 
1.31355D-05 
2.92677D-05 
4.44462D-05 
4.506081-05 
4.90060D-05 
7.02924D-05 
7.24204D-05 
7.273250-05 
9.512611-05 
1.009600-04 
1.13085D-04 
1.16882D-04 
1.21948D-04 
1.24586D-04 
1.27474D-04 
1.342010-04 
1.37204D-04 
1.46200D-04 
1.55662D-04 
1.62579D-04 
1.67202D-04 
2.54792D-04 
2.57592D-04 
2.60616D-04 
2.72169D-04 
2.74737D-04 
2.76278D-04 
2.76650D-04 
2.875680-04 
2.98435D-04 
3.22088D-04 
3.36228D-04 
3.47935D-04

DEVIATION ON CUMULATIVE TOTALS -

AND WITH IN-SERVICE 
FOR PERIOD

1.68675D-07 
8.09942D-08 
4.36649D-06 
1.68354D-06 
5.99626D-07 
8.01170D-09 
1.95106D-09 
2.642170-09 
8.44600D-07 
1.770840-06 
8.68505D-10 
7.54126D-08 
1.30008D-07 
4.30191D-09 
3.886570-09 
1.082470-09 
1.424980-10 
2.97019D-09 
2.48304D-11 
3.24158D-11 
3.594680-11 
1.471380-11 
6.166490-11 
1.11170D-10 
7.43563D-10 
1.84386D-12 
8.25949D-12 
9.75302D-13 
4.16906D-09 
4.11208D-12 
2.67371D-14 
1.512200-11 
3.386000-14 
2.55637D-13 
5.85880D-16 
1.07253D-15 
1.020311-15 
2.61787D-12 
3.77205D-14 
4.95532D-14 

1.68305D-05

INSPECTIONS 
CUM. TOTAL 

1.68675D-07 
2.49670D-07 
4.61616D-06 
6.299700-06 
6.89932D-06 
6.90733D-06 
6.90928D-06 
6.91193D-06 
7.75653D-06 
9.52737D-06 
9.52824D-06 
9.60365D-06 
9.73366D-06 
9.73796D-06 
9.74185D-06 
9ý.74293D-06 
9.74307D-06 
9.74604D-06 
9.74607D-06 
9.74610D-06 
9.74613D-06 
9.74615D-06 
9.74621D-06 
9.74632D-06 
9.74707D-06 
9.74707D-06 
9.74708D-06 
9.74708D-06 
9.751250-06 
9.751251)-06 
9.751256-06 
9.75126D-06 
9.75126D-06 
9.751260-06 
9.75126D-06 
9.75126D-06 
9.75126D-06 
9.75127D-06 
9.75127D-06 
9.75127D-06 

2.91000D-06
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3 FMD 
4 F'D) 
5 FMD

END OF 
YEAR

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12 ..0 
13.0 
14.0 
15 . 0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0
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Table C-36 
PIPING SEGMENT SW-04 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT 

Output Print File S6PROFLL.P04 Opened at 14:21 on 04-02-1997

Type of Piping Steel Material 
Pipe Weld Failure Mode 
Years Between Inspections 
Wall Fraction for 50% Detection 
Degrees (F) art Pipe Weld 
Nominal Pipe size (NPS, inch) 
Thickness / Oatside Diameter 
Operating Pressure (kid) 
Uniform Residual Stress (ksi) 
Flaw Factor (<0 for 1 Flaw) 
DW & Thermal Stress / Flow Stress 
SCC Rate / Ra,•e for BWR Sons. SS 
Factor on Wastage of .0095 in/yr 
P-P Vib. Streass (ksi for NPS of 1) 
Cyclic Stress Range / Flow Stress 
Fatigue Cycleim per Year 
Design-Limit ;;tress / Flow Stress 
System Disabling Leak Rate (GPM) 
Minimum Detecl'able Leak Rate (GPM) 
Value of Weld Metal Flow Stress in Rsi

WESTINGHOUSE

316 St 
Large Leak 

10.0 
0.160 
95.0 

2.0 
0.0600 

0.25 
5.0 

12.80 
0.04 
0.00 
1.00 

0.0 
0.300 
20.0 

0.017 
10.0 

0.0 
72.44

STRUCT•RAL RELIABILITY AND RISK ASSESSMENT (SRRA) 
PROBABILITY OF FAILURE PROGRAM LEAKPROF

INPM VARIABLES F()R CASE 4: 316 St Steel Pipe Segment SW-4;5;6

NCYCLE 
NOVARS 
NUMSSC 

VARIABLE 
NO. NAME

1 
2 
3 
4 
5 
6 

7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25

PIPE-ODIA 
WALL/ODIA 
SRESIDUAL 
ITDEPTH 
L/D-RATIO 
FLAWS/IN 
FIRST-ISI 
FREQ-ISI 
EPST-PND 
ASTAR-PND 
ANUU-PND 
HOURS/YR 
PRESSURE 
SIG-DW&TH 
SCC-COEFF 
SCC-EXPNT 
WASTAGE 
DSIG-VIBR 
CYCLES/YR 
DSIG-FATG 
FCG-COEFF 
FCG-EXPNT 
FCG-THOLD 
LDEPTH-SL 
SIG-FLOW

40 
28 

6

NFAILS 
NUMSET 
NUKTRC -

DISTI•BUTION 
TYPE LOG 

NORMLL NO 
NORMALL NO 
NO•9AL YES 
NORMAL- YES 
NORMNAL YES 
- CONSTANT 
- COBNSTANT 
- CO•rSTANT 
- CONrSTAN 
- CO•STANT 
- COFSTANT 
NORMAZ YES 
NORMAL YES 
NORMAZ YES 
NORMAL YES 
- CO•STANT 
NORMAL YES 
NORMAL YES 
- CONSTANT 
NORMAL YES 
NORMAL YES 
- CON.STANT 
- CONSTANT 
- CONSTANT 
NORMAL NO

400 
6 
6

MEDIAN 
VALUE

2.3750D+00 
6.0000D-02 
5.0000D+00 
3.9953D+01 
6.0000D+00 
6.9762D-02 
5.0000D+00 
1.0000D+01 
1.0000D-03 

-1.6000D-01 
1.6000D+00 
7.4473D+03 
2.5000D-01 
2.7527D+00 
3.2310D-12 
2.1610D+00 
1.2740D-09 
8.19480-04 
2. 0000D+01 
2.1732D+01 
9.1401D-12 
4.0000D+00 
1.5000D+00 
0.0000D+00 
7.2439D+01

NUMISI NU•m'D ,-

DEVIATION 
OR FACTOR 

1.6000D-02 
1.8600D-03 
1.4142D+00 
1. 1840D+00 
1.71261+00 

1.0500D+00 
1.0323D+00 
1.2599D+00 
2.3714D+00 

2.3714D+00 
1.3465D+00 

1.4142D+00 
2.8508D+00 

3.2000D+00

50000 
5 
5

SHIFT USAGE 
MV/SD NO. SUB

.00 1 

.00 2 

.00 3 
2.00 4 
2.00 5 

6 
1 
2 
3 
4 
5 

.00 1 
.00 2 
.00 3 

.. 00 4 
5 

.00 6 

.00 1 
2 

.00 3 
1.00 4 

5 
6 
1 

.o6 2

SET 
SET 
SET 
SET 
SET 
SET 
IS1 
ISI 
ISI 

x11 ISI 
SSC 
SSC 
SSC 
SSC 
SSC 
SSC 
TRC 
TRC 
TRC 
TRC 
TRC 
TRC 
FMD FXD
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Table C-36 (cont.) 
PIPING SEGMENT SW-04 LARGE LEAK FAILURE PROBABILITY 

SRRA MODEL OUTPUT

26 STRESS-DL 
27 B-SDLEAK 
28 B-KDLEAK

NORMAL YES 
- CONSTANT 
- CONSTANT -

1.23150+00 
7.4613D+00 
7.46130+00

1.4142D+00 .00 3 F30 
4 13( 
5 F1D

PROBABILITIES OF FAILURE MODE: EXCEED DISABLING LEAK RATE OR BREAK

NUMBER FAILED - 400 

FAILURE PROBABILITY WITHOUT 
FOR PERIOD CUM. TOTAL

4.47159D-12 
4.53694D-11 
3.58988D-07 
1.02973D-09 
3.39609D-07 
1.20387D-06 
7.71967D-07 
1.43489D-07 
5.83709D-07 
5.42957D-07 
9.71261D-07 
2.05344D-07 
8.96293D-09 
5.59281D-07 
1.16427D-07 
1.01018D-08 
1.38847D-07 
2.497030-07 
5.910510-06 
2.98392D-07 
6.20886D-08 
1.55247D-07 
9.35290D-08 
5.27082D-07 
1.57152D-06 
6.235010-06 
1.178980D-06 
2.21778D-06 
6.47595D-07 
3.23230D-06 
1.35281D-06 
2.72396D-06 
2.03292D-07 
3.14936D-07 
4.925160-07 
4.62389D-07 
3.04058D-07 
5.20779D-05 
5.46281D-06 
1.59019D-06

4.47159D-12 
4.98410D-11 
3.59038D-07 
3.60068D-07 
6.99677D-07 
1.90354D-06 
2.67551D-06 
2.819000-06 
3.40271D-06 
3.94567D-06 
4.91693D-06 
5.12227D-06 
5.13123D-06 
5.69052D-06 
5.80694D-06 
5.81704D-06 
5.95589D-06 
6.20559D-06 
1.21161D-05 
1.24145D-05 
1.24766D-05 
1.26318D-05 
1.27254D-05 
1.325240-05 
1.48240D-05 
2.10590D-05 
2.22380D-05 
2.44557D-05 
2.51033D-05 
2.83356D-05 
2.96884D-05 
3.24124D-05 
3.26157D-05 
3.29306D-05 
3.34232D-05 
3.388550-05 
3.418960-05 
8.626753-05 
9.17303D-05 
9.33205D-05

DEVIATION ON CUMULATIVE TOTALS -

NUMBER OF TRIALS - 14500 

AND WITH IN-SERVICE INSPECTIONS
FOR PERIOD 

4.47159D-12 
4.53694D-11 
3.58988D-07 
1.02973D-09 
3.39609D-07 
1.22417D-09 
8.03318D-10 
1.46276D-10 
5.94038D-10 
5.70273D-10 
9.87671D-10 
2.09279D-10 
1.06631D-11 
8.01195D-10 
1.32938D-10 
1.47107D-14 
2.59078D-13 
2.82860D-13 
2.45604D-11 
7.78344D-13 
8.56556D-14 
2.09962D-13 
1.34603D-13 
1.45966D-12 
6.62705D-12 
1.26675D-13 
5.37125D-15 
4.44289D-15 
1.38936D-15 
5.91452D-13 
6.84518D-15 
4.66115D-14 
4.56785D-16 
8.71897D-16 
2.70981D-15 
1.71744D-18 
5.80665D-19 
7.85445D-14 
2.42959D-16 
2.25975D-17 

4.60138D-06

CUM. TOTAL 

4. 47159D-12 
4.98410D-11 
3.59038D-07 
3.60068D-07 
6. 99677D-07 
7. 009010-07 
7.01704D-07 
7.01850D-07 
7.02445D-07 
7 .03015D-07 
7.04002D-07 
7 .04212D-07 
7. 04222D-07 
7.05024D-07 
7 .05157D-07 
7.05157D-07 
7 .05157D-07 
7 .05157D-07 
7 .05182D-07 
7.05182D-07 
7.05183D-07 
7.051830-07 
7 .05183D-07 
7.05184D-07 
7.05191D-07 
7.05191D-07 
7.05191D-07 
7.05191D-07 
7.051910-07 
7. 05192D-07 
7.05192D-07 
7. 05192D-07 
7.05192D-07 
7 .05192D-07 
7.05192D-07 
7.05192D-07 
7. 05192D-07 
7.05192D-07 
7.05192D-07 
7.05192D-07 

4.05585D-07
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APPENDIX D 
SRRA CODE DESCRIPTION 

Information now contained in WCAP-14572, Revision 1-NP-A, Supplement 1.
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APPENDIX E 
BENCHMARKING OF SRRA CODE 

Information now contained in WCAP-14572, Revision 1-NP-A, Supplement 1.
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APPENDIX F 
RELATED WOG AND ACRS CORRESPONDENCE 

Note: The WOG letters provided in this appendix contain the changes suggested to be made to 
the WCAP based on NRC staff review of the submitted WOG Topical Report. These 
recommended changes have been incorporated into the accepted version of the report.  
One WOG letter is referenced in the NRC's SER, while the other letter is referenced in an 
NRC Advisory Committee on Reactor Safeguards (ACRS) letter also included in this 
appendix. The ACRS letter contains the review and recommendations of the ACRS 
based on their review of the submitted WOG Topical Report.
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