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3.0 Analytical Evaluation and Comparison of Sampling Plans
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Figure 3.1. Example of a 20% Systematic Sampling

Grid Pattern Where Exactly One Tube from Each

tuster Would be Included in the Initial Sampie
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4.0 Monie Carlo Simulation Analvsis
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40 Monte Carlo Simulation
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4.0 Monte Carlo Simulation
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It should be noted that the flaw distributions were
chosen for the purpose of evaluating and comparing the
performance of the sampling plans under various de-
grees of clustering. These distributions are not neces-
sarily rcalistic, and they are not intended to represent
any particular operating steam generators; any similari-
ties are coincidental.

4.2 Probability of Detection and ET
Sizing Models

As shown in the analytical evaluation, the cffectivencss
of a sampling plan depends on the POD, sizing capabil-
ity, and plugging limit. Thus, to determine the outcome
of a tube inspection, it was necessary to input: 1) a
POD model that expresses POD as a function of true
flaw size X, 2) an ET sizing model that expresses the
expected (or mean) ET size as a function of true flaw
size X and also provides the standard deviation of indi-
viduz! ET values about the mean value, and 3) an ET
plugging limit such thai a tube with an ET reading that
exceeds the plugging limit will be plugged or repaired.
It was of interest to study how changes in any or all of

Column
Figure 4.11. Moote Carlo Simulation Tube Map 21

47

these factors would affect the performance of each
sampling plan. To accomplish this, several different
POD curves were considered. Figures 4.12 to 4.14
show the POD curves utilized.

Each POD curve defines a POD value for any true flaw
size from X = 0% to X = 100% through-wall. The
POD curves 1 and 2 in Figure 4.12 were chosen to
represent lower (curve 1) and upper (curve 2) bounds
on the POD estimates obtained from the Surry inspec-
tion data prior to the final POD analysis presented in
the Task 13 Report (Bradley et al. 1988). Note, howev-
er, that curves 1 and 2 do not include a false call proba-
bility; that is, in Figure 4.12, both curves have POD = 0
when the true flaw depth is X = 0%. Although this
zero false call probability is not realistic, false calls can
only improve the effectiveness of sampling plans. Thus,
an evaluation of the effectiveness with zero false call
probability will tend to be conservative.

The POD curves 4 and 5 in Figure 4.13 are a refine-

ment of curves 1 and 2 based on later POD estimates.
Note curve 4 is a somewhat more optimistic estimate of

NUREG/CR-5161, Vol. 2



4.0 Monte Carlo Simulation
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Figure 4.12. Monte Carlo Simulation POD Curves 1
and 2
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Figure 4.13. Monte Carlo Simulation POD Curves 4
and §

the lower bound POD performance than curve 1, and
curve 5 is a less optimistic upper bound on POD than
curve 2. Note also that curves 4 and 5 have a zero false
call probability; that is POD = 0 at X = 0%.
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Figure 4.14. Monte Carlo Simulation POD Curves 6
and 7

The POD curves 6 and 7 in Figure 4.14 are simply
curves 4 and 5 modified to include a 0.05 false call
probability. Thus, a comparison of results based on
cuives 6 and 7 with curves 4 and 5 should reveal how
false calls affect the performance of the sampling plans.
Also, simulations performed on the blank tube map (no
flaws present) and either curve 6 or 7 should provide
additional information on the impact of false calls on
increased inspection and plugging of tubes.

To study the effect of sizing capability on the effective-
ness of the sampling plans, two ET sizing models were
considered. Model 1 in Table 4.2 is intended to repre-
sent typical sizing capability of SGGP teams. Specifical-
ly, the parameters a and b were estimated by averaging
the values of a and b (see Equation 2.1) for Teams A,
B, C, D, and X. The standard deviation (SD), was esti-
mated by first averaging the Var(c) values for these
teams and then taking the square root of the average.
Model 2 in Table 4.2 is the fitted model for the best
performing SGGP team and is intended to represent an
improved level of sizing performance.

4.3 Sampling Plans and Second Stage
Inspection

There were 17 sampling plans considered in this study.
A sampling plan consisted of type of plan (systematic or






40 Monte Carlo Simulation

It triggered sccond-stage inspection when 1) one or
more tubes from the initial sample was classified as
defecuve (i.e., ET inlication 2 40%), or 2) 5% or
more of the initial sample of tubes was classified as
degraded (i.c., ET indication > 20% but < 40%). The
extent of second-stage inspection mandated by the GER
was 100% of the "region” of interest. It should be
noted that the GER is similar to, but not the same as,
the sccond-stage expansion rules presented in the re-
port EPRI NP-6201. In this work we have assumed

that, if the results of the initial sample triggered second-

stage inspection, then all remaining tubes in the steam
generator were inspected full-length. This is not the
recommendation given in EPRI NP-6201. The EPRI
NP-6201 expansion rules allow for limited examination
at the second-stage depending on the type of steam
generator, the tube damage mechanism, and plant
history. Since determination of flaw type is largely
based on ET indication location withia the tube bundle
and prior experience, there is a potential that an ET

indication may not be correctly classified and the in-
spection not expanded sufficiently. No attempt was
made to model this potential unreliability in the inspec-
tion process. Therefore, the evaluations discussed in
this report must be taken as an upper bound estimate
of the sampling plans using the expansion rules given in
EPRI NP-6201.

The last second-stage expansion rule considered was the
Standard Technical Specification (STS) requirement.
For the STS expansion rule, the level of second-stage
nspection also depends on the number and severity of
the flaws found during first-stage sampling. The inspec-
tion result categories are described in Table 4.4 and the
different levels of inspection required for each result
category are given in Table 4.5. Notc t .at the criteria
have been reduced 1o one steam generator. In the STS,
the criteria affect all of the steam generators at a par-
ticular plant.

Table 4.4, Standard Technical Specification Reguirement Inspection Result Categories

Inspection Result

-

| Less than 5% inspected arc degraded or none are defective
2 Between 5% and 10% nspected are degraded or less than 1% are defective
3 More than 10% inspected are degraded or more than 1% are defective I

Table 4.5, Standard Technical Specification Requirement Second-Stage Inspection Criteria

Initial
Inspection
Result Initial Action Required Second Action Required
1 None NA NA
2 Plug defective tubes. Inspect Cl None
6% more tubes.
2 Plug defective tubes. Inspect
129% more tubes.
3 100% inspection
3 100% inspection NA NA

NUREG/CR-5161, Vol. 2
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systematic and random sample plans is zero for that
combination. The results indicate that there is no
statistically significant difference between systematic
and randomly sclected initial samples. As a consc-
quence, the remainder of the discussion in this section
is focussed on results obtained from the systematic
sampling plans. Since the systematic and random sam-
pling plans evaluated in this report gave nearly cquiva-
lent resuits, the conclusions reached apply to both,

0.25
loniual Sample. %

oo e
s BB

Effectiveness (Systematic - Random)

005
1A BA 8A 13A @ a
Tube Map
Figure 4.17. Effect of Systematic Versus Random
Sumpling on Sampling Plan Effectiveness

4,83 Effect of Degraded Tube Threshold

Several simulations were performed to evaluate the
effect of the definition of a degraded tube. All of the
sampling plans have expansion rules which trigger sec-
ond-stage inspection when some number of tubes from
the initial sample have been classified as degraded.
Two definitions of a degraded tube were considered in
this analysis. In onc series of simulations a degraded
tube was defined as any tube with an ET indication >
0% but less than 75%. Another set of simulations was
performed in which a degraded tube was defined as any
tube with an ET indication = 20% but less than 75%.
The 20% threshold was selected to reflect common
ficld practice and the difficulty of detecting and sizing

< 20% indications, Simul:ions were performed for six
tube maps (1A, 6A, 8A, 13A, 20, and 21), four POD
curve/sizing model combinations (4/1, 4/2, 5/1, and

4.13

4.0 Monte Carlo Simulation

5/2), three systematic sampling plans (20%, 33.3%, and
40%), and the LER to trigger second-stage inspection,
Figure 4.18 shows a histogram of the sampling plan
effectiveness for systematic sampling plans employing
the 20% degraded tube definition minus systematic
sampling plans employing the 0% degraded tube defini-
tion (i.e., SX2 - §X0). There was essentially no effect
of the POD curve /sizing model combination observed,
s0 the average for all four POD curve /sizing model
combinations was used to construct Figure 4.18. 't is
clear from the results that the degraded tube definition
did not effect inspection effectiveness significantly, In
fac, for four tube maps (8A, 13A, 20, and 21) the
average cffectiveness difference was zero, and for the
other tube maps the average difference was 0.02 or less.
The lack of a degraded tube threshold effect is likely
due to the specific tube flaw sizes considered for the six
tube maps considered.

025
1 Initial Svatematic Sample, ®
020 aw
e I <]

- J m
2 015
-
b%,
%
m 0109
§
E’ -
E 0.06
= 4

D05

1A 8A BA 13A 2 a
Tube Map

Figure 4.18. Effect of Degraded Tube Threskold on
Sampling Plan Effectiveness

4.5.4 Effect of Initial Sample Size and Flaw
Distribution

The effect of the initial sample size and flaw distribu-
tion on sampling plan cffectiveness is shown in Figures
4.19 and 4.20. Simulations were performed for six tube
maps (1A, 6A, 8A, 13A, 20, 21), four POD curve /sizing
mode! combinations (4/1, 4/2, 5/1, 5/2), and three
systematic sampling plans. The LER was used as the

NUREG/CR-5161, Vol. 2
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criterion to trigger second-stage inspection for all sam-
pling plans considered. In addition, the STS was also
simulated.

L0

Plugging Ligul = 40%

0.8 1

1')61

Effectiveness

B ) .1} 40 ¢ 50 100
lnitial Systematic Sample, %
Figure 4.19. Sampling Plan Effectiveness Versus Ini-
tial Systematic Sampie Size for POD Curve 4 and
Sizing Model 1

Lo
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P S,
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Figure 420, Sampling Plan Effectiveness Versus Ini-
tial Systematic Sample Size for POD Curve § and
Sizing Model 2
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Only the results for the worst and best combination of
POD curve and sizing model are presented. Figures
4.19 and 4.20 display results for three tube maps in
which the flaws are isolated or nearly isolated. In other
words, the flaw distributions do not exhibit a significant
degree of clustering. The simulation results show that
in two out of three cases the sampling plan cffective-
ness was approximately lincarly related to the initial
sample size. It is significant to note that the STS sam-
pling plan performed the worst in nearly all cases and
resulted in the highest mean number of tubes inspected
per defective plugged. It is clear from the results for
tube maps 20 and 21 that when flaws are completely
isolated that the best strategy for steam generator in-
spection is 100% inspection since this is the most effec-
tive for identifying defective tubes and gives the lowest
number of tubes inspected per defective plugged.

In three tube maps, the flaws are clustered or occur in
groups of neighboring tubes. In general, all sampling
plans are equally effective (except for the STS) for
detecting and plugging defective tubes when the defec-
tive tubes are surrounded by large numbers of degraded
tubes. That is, enough inspection was triggered by each
sampling plan to result in a thorough inspection of the
region containing the defective tubes. The effectiveness
of the sampling plan in this case depends on tke POD
curve and sizing model combination, rather than the
initial sample size.

For all the systematic sampling plans, if map 13 and
map 13A results are excluded, the total number of
tubes incpected increased by < 10% of the total num-
ber of tubes in the gencrator. Only when degradation
was copious did the systematic sampling plans expand
more than 10% beyond the initial sample. It is signifi-
cant to note that even in these two cases (map 13 and
map 13A), the level of inspection for all the sampling
plans was considerably less than 100% but still achieved
nearly the same effectivencss as 100% inspection.

For the STS, depending on the amount and distribution
of tube degradation, the number of tubes inspected for
¢~ch simulation run was highly erratic, either 3% or
100%. For tube maps with isolated defectives, only the
minimum -% inspection was performed for nearly all
25 runs. For tube maps with large numbers of defect-
ives or more clustering, then the initial 3% inspection
often expanded to 100% inspection. It is important to
obscrve that in several instances of intermediate cluster-



ing, the STS resulted in significantly more tubes inspect-
ed, but did not yield as high an effectivencss as the
other sampling plans investigated.

4.5.5 Local Versus Global Expansion Rules

The effectiveness of the GER and LER are compared
in Figures 4.21 and 4.22. The results show that sam-
pling plans using the GER tend to be most effective for
isolated degradation distributions (maps 1, 20, 21). For
flaw distributions exhibiting more clustering (map 6),
sampling plans using the GER were more effective than
plans using the LER, but the LER plans gave similar
performance, This was especially true for the best
POD curve /sizing model combination. 1t is also ob-
served that for a more clustered flaw distribut On, the
40%/LER sampling plan gave performance v ry close
to 100% inspection, but with far fewer tubcs nspected
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Figure 421. Difference in Sampling Plan Effectiveness
(Global Expansion Rule Minus Local Expansion Rule)
With POD Curve 4 and Siziag Model 1

The simulation results also indicatud that sampling
plans using the GER resulted in 100% inspection in
almost all cases (see Appendix A). Only for cases of
sparse, isolated degradation (map 21) did the plan
inspect significantly less than 100% of the steam gener-
ator, It is important to note that in these simulations

4.0 Monte Carlo Simulation

1.0
Initial Sample, %
|
asxx
0.8 1 0o
0.6 1

Difference in Efectiveness (GER - LER)

g L 2 it
Tube Map
*Map 1 or 6 for GER and Map 1A or 6A for LER

Figure 422, Difference in Sampling Plan Effectiveness
(Global Expansion Rule Minus Local Expansion Rule)
With POD Curve § and Sizing Model 2

we have assumed that 100% inspection of a "region”
constitutes the entire steam generator tube bundle. If
this is not the case, the effectiveness of the GER may
be less than indicated by these results since some defec-
tive tubes may go uninspected.

4.5.6 Effect of False Calls

The final issue studied in the simulation analysis is the
impact of a non-zero false call probability on the total
numiber of tubes inspected using systematic sampling
with the LER, and whether the additional inspections
triggered by false calls enhances the effectiveness of the
sampling plans. The results plotted in Figure 4.23 were
generated to help determine whether the additional
spection triggered by the false calls significantly en-
hances the effectiveness of the systematic sampling
plans. The discussion of POD curves 4, 5, 6, and 7 (see
Figures 4.13 and 4.14) indicates that curves 6 and 7 are
modifications of curves 4 and 5 to include a 0.05 false
call probability. Therefere, comparing curve 6 results
with the curve 4 results, and the curve 7 results with
curve S results, provides information on the impact of
the 0.05 false call probability on the number of tubes
inspected and the number of defective tubes plugged.

NUREG/CR-5161, Vol. 2
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Figure 423, Effect False Calls on Sampling Plan
Effectiveness for Tube Map 6

100

Note first that with 100% inspection, false calls will not
affect the number of defective tubes plugged. There
fore, observed differences in the 100% inspection re-
sults reflects the nonrepeatability due to randomness.
Using this as a basis for judging the significance of
observed differences in the results, there appears to be
some improvement for the 20% sampling plan, but not

Blank Map

for the 40% plan, indicating that the 20% sampling plan
is not as efficient as the 40% plan in cases of clustered
degradation. The differences in the number of tubes
inspected is consistent with the conclusions discussed in
connection with Figure 424, The results displayed in
Figure 4.24 were generated to estimate the effect of a
0.05 false call probability on the total number of tubes
inspected. A blank map was used so that increased
inspection due to detection of actual flaws would not
cloud the issue. Note that the average number of tubes
inspected with the 20% systematic sampling plan ranges
from 39% to 42% of the 3,388 tubes in the generator.
That is, the 0.05 false call probability has triggered
inspection of an additional 19% to 22% of the tubes.
The average number of tubes inspected with the 40%
systematic sampling plan ranges from 64% to 66%:; the
0.05 false call probability bas triggered inspection of an
additional 24% to 26% of the tubes in the generator.
Thus, a non-zero false call probability does significantly
increase the number of tubes inspected with the system-
atic sampling plans. However, a 0.05 false call proba-
hility does not cause either of the systematic sampling
plans to increase to 100% inspection.

Also displayed in Figure 4.24 are the average number
of tubes with ET indications that exceeded the plugging
limit. Note that sizing model 2, representing better
sizing capability, resuits in fewer blank tubes being
plugged.
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Figure 4.24. Effect of False Calls on the Total Number of Tubes Inspected for &
Steam Generator With no Degradation (Blank Map)
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5.0 Conclusions

The goal of this research was (o evaluate and compare
a number of different sampling plans for their effective-
ness in detecting and plugging defective tubes. Analyti-
cal evaluation and Monte Carlo simulation technigues
were the methods used to compare sampling plan per-
formance. To test the performance of candidate sam-
pling plans under a variety of conditions, ranges of
inspection system rehiability were considered, along with
different distributions of tube degradation. Results
from the ET rcliability studies performed with the
retired-from-service Surry 2A stcam generalor were
utilized to guide the selection of appropriate POD and
PEL ranges for use in this analysis. Different distribu-
tions of tube degradation were selected to span a range
of conditions from a low level of degraded tube cluster-
ing (essentially isolated defective tubes) up 1o a high
level of degraded tube clustering such as represented by
the Surry steam gencrator. In this work, a defective
tube was defined as one with 2 75% through-wall
degradation at the time of ISI. This defimition was
based on tube integrity data developed during carlier
phases of the program.

1t is uscful to consider how well the sampling plans
performed relative to 100% inspection. [t is clear from
this work that the most effective strategy for detecting
and plugging defective tubes is 100% inspection. The
effectiveness of all sampling plans relative to 100%
inspection was found to depend on the number and
distribution of degraded tubes in a particular tube map.
For some degradation distributions, a 409 systematic
sampling plan was almost as effective as 1009 inspec-
ton.

The analytical evaluation of sampling plans was based
on the assumptions stated in Section 3 (particularly the
clustering assumption) and the ranges of POD and PEL
values used in the analysis. The analytical results for
100% inspection do not, however, depend on the cluster
assumption,

The results of the analytical evaluation demonstrated
that if the assumption of small solated clusters holds
and if the POD for degraded but not defective tubes 1s
at least 0.7, then of the two-stage sampling plans con-
sidered, the 409%/LER systematic scheme was ncarly as
effective as 100% inspection for detecting and plugging
defective tubes. This is true for any PEL value. How-
ever, the 209% /LER systematic scheme was significantly

5.1

inferior 1o both 1009 nspection and the 40%/LER
systematic scheme,

In implementing a two-stage systematic scheme, the
sampling grid should be “shifted” at cach IS so that
every tube in a generator will eventually be inspected.
For cxample, with the 40%/LER systematic sampling
plan cvery tube in a generator would be inspected at
least once during the course of three consecutive 181s
and at least twice during the course of five consecutive
ISls,

The results of the Monte Carlo sunulation analysis
support the conclusions reached from the analytical
evaluation and provide some valuable additional
insights. The results indicate that there is a distinet
difference between the extremes of inspection system
reliability considered. For POD curve 5 and flaw sizing
model 2, the overall inspection effectiveness was about
US%. For POD carve 4 and flaw sizing model 1, the
overall inspection effectiveness was only 75%. Improv-
ing the sizing reliability from sizing model 1 to sizing
model 2 results in improved effectiveness of all sam-
pling plans. Improving the POD enhances the effective-
ness of all sampling plans. There was a strong indica-
tion that the effects due to sizing model differences
were much larger than changes in detection reliability.
This means that if onc were given a choice of improv-
ing sizing reliability from mode) 1 to model 2 versus
detection reliability from POD curve 4 to POD curve §,
then improving the sizing reliability would result in the
largest increase in overall 181 effectiveness. However, it
should be emphasized that attaining a high detection
reliability is still a desirable situation since a flaw can-
not be sized or otherwise dispositioned until it is detect-
ed.

Comparing random and systematic sampling plans,
there was no statistically significant difference between
systematic and randomly selected initial samples.

For a given sampling plan, the effectiveness was un-
changed if degraded tubes were considered to be any
tube with an indication > 0% through-wall as opposed
\ defining a degraded tube as one with an ET indica-
tion 2 20% through-wall, The lack of a degraded tube
threshold effect is likely due to the low POD for flaws
< 20% through-wall and the small numbers of these
flaws included in the various tube maps,

NUREG/CR-5161, Vol. 2
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5.0 Conclusions

Sampling plan effectiveness was found to depend signili-
cantly on the initial sample size and on the distribution
of tube degradation. All sampling plans were equally
effective 1 detecting and plugging defective tubes when
the defective tubes were surrounded by large aumbers
of degraded tubes (except the STS). When a moderate
degree of clustering exists, the most effective sampling
strategy is the 40% systematic plan using the LER
¢xpansion rule, The 40%/LER sampling plan was
almost as effective as 1009% inspection when the delec-
tive tubes are surrounded by some degraded and defec-
tive tubes, and substantially less than 100% of the tubes
were inspected Lo achieve this high level of effective-
NCSS,

When the defective tubes are isolated and not in close
proximity to degraded tubes, then the most elfective
strategy is 100% inspection. For the distributions of
tube degradation considered, the effectiveness of sys-
tematic/LER sampling plans was lincarly refated to the
initial sample size. As a general rule, the effectiveness
of such plans was slightly less than the initial sample
siz¢. 1n other words, the effectiveness of the 40% /LER
sampling plan was approximately 0.40 when the best
POD curve /ET sizing model were assumed. On the
other hand, the effectivencss of systematic/GER sam-
pling plans was better than the systematic/LER sam-
pling plans for the isolated degradation cases. T his was
true even when the initial sample size was only 20%.
The better performance of the systematic/GER sam-
pling plans was due to triggering of 100% inspection in
almost all cases.

The STS plan did not perform as well as the other
plans in general. The degree of clustering was not as
important as the number of defective tubes present in
the tube map. For the clustered defective tube maps
using POD curve 5 and sizing model 2, the STS was
only 72% and 88% as cffective as 1007% inspection.

For the isolated defective tube map using POD curve 4
and sizing model 1, the STS was between 0% and 36%
as elfective as 100% nspection,

NUREG/CR-3161, Vol 2
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Comparing the GER sampling plan with the LER ex-
pansion rule showed that the GER c¢xpansion rule was
the most effective for random, isolated flaw distribu-
tions (maps 1, 20, 21). For a degradation distribution
exhibiting more clustering (map 6), the GER was more
cfiective than the LER plan, but the LER gave similar
performance at lower numbers of tubes inspected. It is
also concluded that for many of the scenarios investigat-
ed, the GER sampling plan is equivalent to 100% in-
spection. This is true for any scenario involving tube
maps 6 and 20. These tube maps contain more flawed
tubes than maps 1 and 21, so this behavior is reason-
able. We would want the sampling plan to expand
substantially when the stcam generator contains many
flaws. 1t should be noted the GER was similar to but
not the some as the expansion rules recommended in
FPRINP-6201. For this work, the GER was taken as
expansion of the inspection to all steam generator tubes
over their entire length, as opposed 1o 100% inspection
of a “region” as described in NP-6201. Thus, the pres-
ent results are an upper bound estimate of the NP-6201
sample plan effectivencss.

The final issue studied in the simulation analysis is the
impact of a 0.05 false call probability on the total num-
ber of tubes inspected, and whether the additional
inspections triggered by false calls enhance the effec-
riveness of the two-stage sampling plans. For two-stage
sampling plans, the resulting false calls triggered inspec-
tion of an additional 19% to 26% of the 3,388 tubes in
the generator. However, a 0.05 false call probability
did not cause any of the sampling plans to increase to
100% inspection. Also, it appears that the false calls
improve the effectiveness of the 20% sampling plan but
not the 40% sampling plan. This is because the

409 /LER sampling plan already acts like 100% and
does not benefit from the increased inspection pro-
duced by false calls. On the other hand, the 20%/LER
sampling plan benefits from the false calls since the
initial sample size is not large enough to produce re-
sults similar to 100% inspection.
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Appendix A

Table A2. Results for Tube Map 6

ﬂ
POD Sizing Sample Tubes Ave,
Curve Model Plan Inspected Def. Effectiveness | Efficiency
1 i S20 899 3.60 0.36 0.51
1 1 S40 1597 5.96 0.60 0.85
100 3388 7.00 0.70 1.00

1026

540

}

1715

0.99

1.00

4 2 S20 936 5.64 0.56 0.68
4 2 540 1633 K.28 0.83 0.95
4 pi 1{X) 3388 8.76 (.88 1.00
5 1 820 1000 5.60 0.56 0.71
5 1 S4) 1699 7.84 0.78 1.00

100

932

T
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Table A3. Results for Tube Map 3

Appendix A

e e T Sy I
POD Sizing Sample Tubes Ave,
Curve Model Plan Inspected Del. Effectiveness
1 1 S20 747 3.88 0.78 1.00
1 1 S40 1407 388 0.78 1.00

388

0.78

Table Ad. Results for Tube Map 8

—
POD Sizing Sample Tubes Ave,
Curve Model Plan Inspectied Def. Effectiveness
1 1 S20 900 1.76 0.78
1 1 S40 1561 7.76 0.78

106

3388

7.7

0.78

o

{ ]

100

9.72

0.97

w |

A3
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Appendix A

Table A5, Results for Tube Map 13

o S S T T e e
POD Sizing Sample Tubes Ave,
Curve Model Plan Inspected Def. Effectiveness | Efficicncy
1 1 S20 1612 85 0.73 0.98
1 1 S40 2073 85 0.73 0.98 l

100

3388

0.75

2 2 100 3388 114 0.98
Table A6. Results for Blank Tube Map
]

Stzing Sample Tubes Tubes

Model Plan Inspected Plugged
i S20 1334 39
1 S40 2176 6.6
i 1 1 338X 9.5
2 $20 1422 03
2 S40 2241 04
2 1K) 3388 0.6

NUREG/CR-5161, Vol. 2
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Appendix A

Table A7, Results for Tube Map 1A, POD Curve 4/Sizing Models 1 & 2

L2~

i
4 2 R20 736
3 2 R22 733
4 2 R30 1173
4 2 R32 1173
4 : R40 1418
4 2 R42 1418
4 2 S20 738
4 2 8§22 737
4 2 S30 1189
4 2 8§32 1189
4 2 S40 1423
4 2 S42 1422

ﬁ 4 100 3388

AS
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Appendix A

Table A8. Recults for Tube Map 1A, POD Curve §/Sizing Models 1 & 2

POD | Sizing | Sample Tubes Ave.
Curve | Model Plan Inspected Def. SD Effcctiveness Efficiency

l 5 i TL STS 890 1.12 205 0.22 0.24
5 1 R20 739 1.68 0.95 0.34 0.39
5 1 R22 734 1.64 0.91 0.33 0.38
5 i R30 1183 2.20 0.82 0.44 0.56
5 i R32 1177 212 0.88 0.42 053
5 1 R40 1428 2.64 1.08 0.53 0.64
- 1 R42 1422 2.60 108 0.52 0.63
> 1 §20 748 1.80 0.76 0.36 043
5 1 S22 738 1.76 0.83 035 0.42
S 1 S30 1201 232 0.85 0.46 0.57
5 1 §32 1194 2.20 0.91 0.44 0.54
5 1 540 1432 2.80 1.04 (.56 0.67
5 1 S42 1426 2.76 1.01 0.55 0.66 ‘
s | o | g0 | s | a2 | os

|

i S 2 §18 890 1.16 2.12 0.23 0.24
5 2 T R20 736 1.76 1.01 0.35 0.36
5 2 R22 735 1.76 1.01 0.35 0.36
3 2 R30 1197 3.04 1.02 0.61 0.63
5 2 R32 1195 3.00 1.00 0.60 0.63
5 2 R40 1430 292 1.15 0.58 0.60
h) 2 R42 1429 292 1.15 0.58 0.60
5 2 S20 747 2.08 (.64 0.42 0.44
5 2 822 747 2.08 0.64 042 0.44
5 2 S$30 1208 2.88 1.05 .58 0.60
5 P 532 1205 284 1.14 0.57 0.59
5 2 S40 1432 308 104 0.62 0.64
S 2 $42 1431 3.08 1.04 0.62 .64
5 2 100 3388 480 .41 0.96 1.00
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Appendix A

Table A11. Results for Tube Map %A, POD Curve 4/Sizing Models 1 & 2

T T e T T T S T TR

POD | Sizing | Sample Tubes Ave,
Curve | Model Plan Inspected Def SD Effectiveness | Efficiency
572 341 0.57
4 1 7.48 1.00 0.75 :
R 1 R22 834 1.48 1.00 0.75 1.00
4 1 R3O 1332 7.48 1.00 0,75 1.00
i 1 R32 1313 748 1.00 0.75 1.00
4 1 R40 1556 748 1.00 0.75 J
4 1 R42 1535 1.00 0.74 4

4 2 R20 902 9.08 0.81 091
4 2 R22 901 9.08 0.81 0.9
4 2 R30 1323 9.08 0.81 0.91
R 2 R32 1323 9.08 0.81 091
R 2 R40 1554 9.08 0.81 0.91
R 2 R42 1553 9.08 0.81 091
4 2 S20 902 9.08 0.81 0.91
4 2 822 900 9.08 0.81 0.91
N 2 830 1340 4,08 0.81 0.91
El 2 §32 1339 9.08 (.81 091
4 2 S40 1560 9.08 (.81 0.91
4 2 542 1558 9.08 0.81 0.91
i 4 2 100 3388 I 9.08 I 0.81 0.91

A9
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Appendix A

Table A12. Results for Tube Map 8A, POD Curve §/Sizing Models 1 & 2

NUREG/CR-5161, Vol. 2

A0

: e g
POD | Sizing | Sample Tubes Ave,
Curve | Model Flan Inspected Def. SD Effectiveness | Efficiency
5 1 STS 2599 6.24 N 0.62 0.76
& 1 R20) 944) B.28 1.06 0.83 1.00
5 i R22 916 8.28 1.06 0.83 1.00
5 1 R30 1370 8.28 1.06 0.83 1.00
- i R32 1348 8.28 1.06 0.83 1.00
5 1 R40 1584 8.28 1.06 0.83 1.00
5 ] R42 1565 8.28 1.06 083 1.00
5 1 520 948 8.28 1.06 0.83 1.00
5 1 22 921 8.28 1.06 0.83 1.00
3 1 830 1377 8.28 1.06 0.83 1.00
5 1 S32 1360 8.28 1.OG 0.83 100
5 1 S440 1601 8.28 1.06 0.83 1.00
5 1 542 1577 828 1.06 0.83 1.00
5 1 100 3388 8.28 1.06 0.83 1.00
5 2 §TS 2468 0.8% 441 0.69 0.72
$ 2 R20 938 964 0.57 0.96 1.00
5 2 22 935 0.64 0.57 0.96 1.00
5 2 R30D 1364 9,64 0.57 0.96 1.00
5 2 RA2 1363 9.64 0.57 0.96 1.00
5 2 R40) 1584 9.64 0.57 0.96 1.00
5 . R42 1582 9.64 0.57 0.96 1.O0
5 A S20 949 9.64 0.57 0.96 1.00
5 2 S22 945 9.64 0.57 0.96 1.00
5 2 830 1372 9.64 0.57 0.96 1.00
5 2 $32 1368 9.64 0.57 0.96 1.00
3 2 S40 1606 9.64 0.57 0.96 1.00
5 2 S42 1603 9.64 0.57 0.96 1.00
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Appendix A

Table A0S, Results for Tube Map 20, POD Curve 4/Sizing Models 1 & 2

POD | Sizing | Sample Tubes Ave.

Curve | Model Plan Inspected Def. SD Effectiveness | Efficiency

4 1 STS 627 1.44 338 0.12 0.16

4 1 R20 719 1.80 1.50 0.15 0.20

4 1 R22 19 1.80 1.50 0.15 0.20

4 1 R30 1181 2.52 1.42 0.21 0.29 ;

4 1 R32 1179 2.52 1.42 0.21 0.29 |

4 1 R40 1430 3.24 1.39 027 0.38 ,j

4 1 R42 1428 3.24 1.39 027 0.38 |

4 1 S20 7 1.92 1.80 0.16 0.22

4 | $22 T3 192 1.80 0.16 0.22

4 | §30 1202 202 0.95 0.24 0.34

4 1 §32 1201 202 0.95 0.24 0.34

4 1 $40 1438 3.76 1.96 0.31 0.43

4 1 §42 1436 3.76 1.96 0.31 0.43

~ 1

4 1 100 3388 8.56 1.61 0.71 1.00

|

4 2 STS 1153 352 5.25 0.29 0.32 ;

4 2 R20 742 27 1.10 023 0.25

4 2 R22 742 17 1.10 0,23 0.25

4 2 R30 1198 4.24 1.27 0.35 0.39

| 4 2 R32 1198 424 1.27 (135 0.39
| 4 2 R40 1438 480 1.53 0.40 0.44
: 4 2 R42 1438 4.80 1.53 0.40 0,44

| 4 2 §20 732 224 1.96 0.19 0.20 I
| 4 2 $22 732 2.24 1.96 0.19 0.20
| 4 2 830 201 1,56 0.82 0.30 0.33
| 4 2 §32 1201 3.56 0.82 0.30 0.33
| 1 2 $40 1438 4.44 189 037 0.41
| 4 2 $42 1438 4.44 1.89 037 0.41
4 2 100 3388 10.80 1.04 0.90 1.00

A3 NUREG/CR-5161, Vol. 2
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Table A.17. Results for Tube Map 21, POD Curve 4/Sizing Models 1 & 2

Appendix A

\wm—— —T
POD | Sizing | Sample Tubes Ave.
Curve | Model Plan Inspected Def. SD Effcctivencss | Efficiency
u + 1 §TS 364 020 0n 0.07 0.08
4 1 R20 688 0.44 (.58 0.15 017
4 1 R22 688 0.44 0.58 0.15 6.17
4 | R30 1136 (L34 0.62 0.28 034
4 1 R32 1136 0.84 0.62 0.28 0.34
4 1 R40 1375 092 (.81 0.31 0.35
4 1 R42 1373 0.92 () %1 0.3 0.35
4 | 820 692 0.48 (.51 {L16 0.21
4 1 §22 692 0,48 0.51 0.16 0.21
4 1 S30 11492 (.84 (.80 .28 0.30
4 1 S32 1149 (.34 (.89 (.28 0.30
) 1 540 1377 1.04 {1.54 (.35 0.42
4 1 S42 1377 1.04 0.54 0.35 0.42
. 0.85

Lav N SR S T OV I SN ]

4 2 S20 693 (1.56 0.51 0.19
4 2 S22 693 0.56 (1.51 0.19
4 2 8§30 1149 0.96 0.79 0.32
4 2 532 1149 0.96 (.79 0.32
4 2 S40 1377 1.12 0.44 037
K 2 S42 1377 112 0.44 0.37
i - 2 100 338K 292 0.40 097
e
A.15
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Table A.18. Results for Tube Map 21, POD Curve 5/Sizing Models 1 & 2

POD | Sizing | Sample Tubes Ave.
Curve | Model Plan Inspected Def. SD Effectiveness | Efficiency

5 1 STS 101 0 0 0 0

5 1 R20 692 0.52 0.87 017 0.20

5 1 2 692 0.52 0.87 0.17 0.20

S 1 R30 1137 0.80 0.76 0.27 0.352

5 1 R32 1137 (.80 0.76 0.27 (.32

5 1 R4 1373 (.88 083 0.29 0.32

5 1 R42 1373 0.88 0.83 0.29 0.32

5 1 # §20 64 0.52 0.51 0.17 0.21

5 1 822 OY4 0.52 0.51 0.17 0.21

S 1 $30 1149 (.88 0.73 0.29 0.37

5 1 $32 1149 (.88 0.73 0.29 037 |

5 i S40 1378 1.00 .58 033 0.39

5 i 542 1378 1.00 (.58 0.33 039

5 1 100 3388 2.60 0.65 0.87 1.00

S 2 STS 101 0.00 i 0.00 0.00 0.00

5 2 R20 695 0.68 0.69 0.23 0.23

g 2 R22 695 (.68 0.69 0.23 0.23

5 2 R30 1136 (.80 0.71 0.27 0.28 I

5 2 R32 1136 0.80 0.71 0.27 0.28 ‘

5 2 R40 1382 1.68 0.90 .56 0.57

5 2 R42 1382 1.68 0.90 0.56 0.57

5 2 §20 693 0.56 0.51 0.19 0.19

5 2 8§22 693 0.56 0.51 0.19 0.19

5 2 S30 1149 0.92 (.81 0.31 0.31

S 2 832 1149 092 0.81 0.31 0.31

5 2 S40 1378 1.16 047 0.39 0.40 I
% 5 2 $42 1 1378 1.16 0.47 0,39 (.40 ‘

) ¥ )
5 2 X) T 3388 2.88 0.33 096 1 1.00

NUREG/CR-3161, Vol. 2 Al6
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