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NRC Generic Letter 95-05 provides guidance for implementing an alternate repair
criterion (ARC) for steam generator tubes with outside diameter stress corrosion
cracking (ODSCC) at tube support plate (TSP) locations. In response to this generic
letter, industry developed a database for use when inspecting tubing with this
degradation mode and has periodically submitted addenda to update the database
with current information. The last addendum (5) was submitted to you in February
2003. Addendum 6 should be completed this summer. The purpose of this letter is
to submit in advance of addendum 6:

* An update on generic Probability of Prior Cycle Detection (POPCD) methods,
* A new methodology for applying voltage dependent growth (VDG) based on a

statistical analysis, and
* Methods for potentially including the influence of extreme growth values in

the ARC analyses (Outlier Method).

Your approval of the enclosed generic POPCD update is requested in time to allow
use of the method during this fall's steam generator inspections. The NRC has
indicated that a review of the Outlier Method will be necessary to support approval
of POPCD. Therefore, your review of the Outlier Method should be planned
accordingly. The VDG method is statistically based on a more formal methodology
than the method used previously. Since the method implements the guidance of GL
95-05 to assess growth data for beginning-of-cycle dependence and does not conflict
with the GL guidance, the VDG methodology does not appear to require NRC
approval.
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The enclosed information should be reviewed concurrently with the new methods
for preventive tube plugging and for dealing with eddy current signal noise during
tube inspections. NEI submitted these methods to the NRC in April.

Enclosure 1 provides guidance for developing the probability of detecting steam
generator (SG) tubing degradation based on the "Probability of Prior Cycle
Detection". The POPCD method was initially described in Reference 1, and the
latest update to the data was provided in Reference 2. NRC has already approved
POPCD on a plant-specific basis for one cycle at Diablo Canyon Unit-2 (Reference
3). Pacific Gas and Electric requested NRC approval of these POPCD methods for
long term application to Diablo Canyon Units 1 and 2 in PG&E letter to NRC dated
March 18, 2004 (License Amendment Request 04-01).

Enclosure 2 provides methods for potentially including the influence of extreme
growth values in the ARC analyses (Outlier Method). The recommended method
described in Section 6.3 of the enclosure, samples the historically based distribution
and frequency of large extreme growth values, which are dependent upon tube size.
This Outlier Method is to be applied in conjunction with POPCD in the
determination of a licensee's "Probability of Detection" (POD).

Enclosure 3 provides methods developed for applying "Voltage Dependent Growth
Break Point Determination" (VDG) based on a statistical analysis that defines the
number and voltage values for the break points between voltage growth bins. The
VDG methods in the previous ARC database addenda were developed from
Braidwood and Byron experiences and were assumed to be necessary only with the
application of a 3 volt ARC limit. The Diablo Canyon Unit 2 (DCPP2) experience in
2003 demonstrated that voltage dependent growth could become significant for
repair limits of 2 volts.

The proprietary information in Enclosures 1 through 3 is supported by the signed
affidavits in Enclosure 4. The affidavits set forth the basis on which the
information may be withheld from public disclosure by the Commission and
addresses with specificity, the consideration listed in paragraph (b)(4) of Section
2.790 of the Commission's regulations. Accordingly, we respectfully request that
the information, which is proprietary to EPRI, be withheld from public disclosure in
accordance with 10 CFR 2.790. The non-proprietary version of this information is
provided in Enclosure 5 through 7.

Consistent with previous submittals supporting NRC review of GL 95-05 data base
addenda, we believe any NRC staff review of the enclosed information is exempt
from the fee recovery provision contained in 10 CFR Part 170. This submittal
provides information that may be helpful to NRC staff when evaluating licensee
submittals provided in response to Generic Letter 95-05. Such reviews are
exempted under §170.11, Exemptions, Subpart (a)(1)(iii). This provision states, (a)
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"No application fees, license fees, renewal fees, inspection fees, or special project
fees shall be required for... (1) A special project that is a request/report submitted to
the NRC--(iii) as a means of exchanging information between industry
organizations and the NRC for the specific purpose of supporting the NRC's generic
regulatory improvements or efforts".

If you have any questions on this matter, please contact me, 202-739-8080;
am@nei.org or Jim Riley at 202-739-8137; ihr@.nei.org.

Sincerely,

$4 9"I.-
Alexander Marion

Enclosures

c: Jack R. Strosnider, Jr, NRC
Louise Lund, NRC
Kenneth Karwoski, NRC
Emmett Murphy, NRC
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Probability of Prior Cycle Detection (POPCD) Updates

1.0 Introduction

This report provides guidelines for developing steam generator (SG) detection probabilities based on the
Probability of Prior Cycle Detection (POPCD). The POPCD method was initially described in
Reference 1 with the latest update to the data provided in Reference 2 and was developed for application
with the NRC GL 95-05 (Reference 3) voltage based repair criteria. GL 95-05 requires NRC approval
for implementing POPCD. This report provides POPCD guidelines and results supporting a generic
industry POPCD submittal for NRC approval, and includes an option for applying a plant specific
POPCD when adequate data is available on a plant specific basis. NRC approval of POPCD was
provided for DCPP Unit-2, Cycle 12 in Reference 4. The POPCD guidelines and data of this report
reflect changes to References 1 and 2 based on the NRC review reflected in the DCPP approval of
Reference 4.

POPCD is defined in Section 2 including the classification of indications for POPCD analyses. Methods
for calculating POPCD distributions including uncertainties are given in Section 3. Growth rate and
noise considerations for POPCD applications are provided in Sections 4 and 5. Section 6 summarizes
benchmarking results for industry wide POPCD applications. Section 7 provides the POPCD evaluation
for the industry database with Section 8 defining requirements for applying plant specific POPCD
distributions. Sections 9 and 10 provide reporting requirements for POPCD applications and
conclusions of the report. References are provided in Section I 1.

2.0 POPCD Definition and Classification of Indications

2.1. POPCD Definition

POPCD is calculated as the ratio of indications reported at the prior inspection to the total indications
found at the subsequent inspection (all indications reported in the prior cycle plus new indications).
POPCD for the EOC, inspection (EOC,) is defined as:

EOCn+1 RPC confirmed EOC, bobbin detected,
plus not RPC inspected RPC confirmed plus
and bobbin detected at + not inspected and
EOCn repaired at EOCn

POPCD EOCn+, RPC confirmed EOCn bobbin detected, New EOCn+,l RPC
plus not RPC inspected + RPC confirmed plus + confirmed or only RPC
and bobbin detected at not inspected and detected plus not RPC
EOCn repaired at EOCn inspected indications (i.e.,

not detected at EOCO)

Notes for POPCD definition:
1. RPC is intended to include an RPC probe or equivalent such as a +Point coil.
2. RPC confirmed means a bobbin flaw signal was detected with a RPC probe.
3. Not RPC inspected means a flaw signal was detected with a bobbin probe and was not further

inspected with a RPC probe.
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This definition of POPCD is based on the premise that all indications that can contribute significantly to
burst and leakage for voltage-based repair criteria application can be confirmed by rotating pancake coil
(RPC) inspections. The term RPC is meant to include an RPC probe or equivalent, which includes a
+Point coil. The POPCD definition that is used for ODSCC ARC analyses is based on RPC confirmed
indications plus indications not RPC inspected.

This application of the RPC results is applied to exclude from POPCD the probable false bobbin calls
that would not contribute to tube integrity concerns at EOCn+, for both previously reported and new
indications. The use of RPC confirmation provides a measure of confidence that irrelevant prior and
new bobbin calls are not allowed to influence the POD either as an increase or a decrease in the POD.
EOCn bobbin calls that were RPC no detectable degradation (NDD) at EOCn but were RPC confirmed or
not inspected at EOCn+j are included in POPCD as bobbin detected indications at EOCn. This can be
interpreted as a difference in the application of RPC to define a 'true' indication at EOC,+1 from that at
EOCn. The intent is that the EOC,+1 RPC should define the significance of the bobbin indication for
POD considerations such that the insignificant RPC NDD indications are excluded from POPCD for
both previously reported and new bobbin indications. The inclusion of RPC NDD EOCn bobbin:
indications as detected indications in POPCD when RPC confirmed or not inspected at EOCn+1, but
excluding EOC,+1 RPC NDD from POPCD is consistent with the GL 95-05 Section 2.b.1 guidelines.
This guideline requires that all bobbin indications at EOCn are to be included in the OA independent of
RPC confirmation with the alternative, upon NRC approval, that a fraction of RPC NDD indications
may be excluded. The appropriate fraction to exclude would be the indications that remain RPC NDD at
EOCn+1, which is the fraction excluded from POPCD. In addition, including the EOCn RPC NDD in
the BOC,+1 population together with decreasing POPCD by considering these indications as undetected
approximates double accounting for these indications in defining the BOCn+1 population. If GL 95-05 is
revised to exclude all RPC NDD from the OA BOCn+1 population, it would be acceptable to define the
EOCn RPC NDD bobbin indications as undetected in the POPCD calculations.

The POPCD approach treats all new indications at an inspection as having been undetected at the prior
inspection even though some of the new indications may have initiated during the operating cycle. The
application of POPCD for OA then accounts for newly initiated indications as well as previously
undetected indications. This differs from the conventional POD definitions based on only detection of
known flaws, but is applied for the operational assessments to eliminate the need for additional terms to
account for newly initiated indications.

The single-cycle basis for a POPCD evaluation assumes that large flaws would be detected during the
EOC,+ 1 inspection. This assumption is supported by the industry POPCD database of 37 inspections.
The multi-cycle development of a POPCD database over sequential inspections provides additional
assurance that the potential for large undetected indications is included in POPCD. If an indication is
undetected, it can be expected to grow over subsequent inspections to a detectable level. When
detected, it is included at the BOC voltage as an undetected or new indication. As an example, for a 3-
volt undetected indication, it can be expected that further growth would lead to detection at the next
inspection and the indication would be included in POPCD as a 3-volt undetected indication. The
industry data includes up to 5 successive inspections in a plant with noise levels (i.e., support plate
residuals) significantly higher than currently active SGs. Nine inspections from the 2 units of the plant
with high noise levels account for 70 percent of the new or undetected indications above 1.6 volts,
including 4 of the 5 new indications above 2.5 volts in the industry database. However, none of the
undetected indications exceeded 3.2 volts.
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' 2.2. Classification of Indications ahd Assignment for POPCD Analyses
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3.0 Calculation of the POPCD Distribution Including Uncertainties

3.1. Loglogistic Fitting
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3.2. Monte Carlo Techniques
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3.3. Goodness of Fit Assessment

4.0 Growth Rate Considerations for POPCD Applications

4.1. Provision for Outlier Growth Rates
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4.2. Development of Growth Rate Distributions

5.0 Noise Considerations for POPCD Applications
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6.0 Benchmarking of POPCD
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7.0 POPCD Evaluation for the Industry Database

7.1. Industry POPCD Distribution

7.2. Effect of Uncertainties in the Upper Voltage Range
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7.3. Comparisons of Industry POPCD with DCPP POPCD, ANL POD from Round Robin
Testing and EPRI POD from Multiple Analyst Testing
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8.0 Option for Developing Plant Specific POPCD Distributions
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9.0 Continuing Assessment and Reporting for POPCD
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10.0 Conclusions
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Table 1: Data Tabte for Tracking Indications Between EOCn and EOCn+1 _

BDD at EOCnI_ BND at EOCn+1

BDDw/oRPC BDDw/RDD BDD v/RND BNDw/oRPC BNDw/RDD BNDwINDI ~EOCn___I
Not Not Not Nol NolNo

Plugged Plugged Plged ugg ed Piugged Plugged Plu ed Plugged Ptuuged Plugged g ed

BDD BDDw/oRPC d

at BD Dw/RDD
EOCn___

BDDwFRND - ____

_~- - i! S_1Q 1

BND

-4_ _ .- _ B _. _.,B,_,.,
I ..-- -I--

BND w/o RPC I
-1

at BND w/ RDD
EOCn _

BND w/ RND -

eneral Notes:
* The column letters correspond to the column letters in POPCD Table 2.
* No Count = Indications not detected by bobbin or RPC are not counted or needed ror POPCD.
* BDD = Bobbin detected indication
* BND = Bobbin NDD intersection
* RDD = RPC detected indication
* RND = RPC NDD intersection

M�MX�-"
I I 1

111M
i I ~ I ~ ~ wf ~ W~J

_;_-_ _ ___ _ _ . , p - v F 7
-

I I I

Sciic Notes:
I) For EOCn bobbin indications that are confirmed by RPC or detected only by RPC, EOCn+1 RPC should be performed when bobbin is NDD and the number in this
category will be "O for future inspections.
E) It indications are RPC confirmed at EOCn but RPC NDD at EOCn~l, the causative factors for this change in RPC detection should be discussed in the ARC 90 day report
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Table 2. 7/8" Plant Data Summary Evaluation for POPCD
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Table 2. 7/8" Plant Data Sumimary Evaluation for POPCD (con't)
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Table 3. 314" Plant Data Summary Evaluation for POPCD



4 q

Table 3. 3/4" Plant Data Summarv Evaluation for POPCD (con't)



4 w

Table 4. 314" and 7/8" Summary Evaluation for POPCD



Table 4. 314" and 7/8" Summary Evaluation for POPCD (con't)
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Figure 1
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Figure 2
Generic Industry POPCD as Function of Bobbin Amplitude: 7/8" Tubing

Weighted Gcneralized Linear Model Loglogistic Solution
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Figure 3

Generic Industry POPCD as Function of Bobbin Amplitude: 3/4" Tubing
Weighted Generalized Linear Model Loglogistic Solution
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Figure 4
Generic Industry POPCD as Function of Bobbin Amplitude

Comparison of Combined 7/8" + 3/4" POPCD with 7/8" POPCD and 3/4" POPCD
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Figure 4a. (Percent of Correct
TSP BC Calls) Results as a
function of Bobbin Coil voltage
for TSP cracks. The POD has
been evaluated for ODSCC at
the TSP.

Figure 4b. (POD) Logistic
fit curves for BC POD as a
function of voltage for Axial
ODSCC and IDSCC in TSP.
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Figure 7

Figure 8
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Extreme Values of ODSCC ARC Indications Growth

1.0 INTRODUCTION

Alternate repair criteria (ARC) have been in use for outside diameter stress corrosion cracking
(ODSCC) indications in steam generator (SG) tubes since the early 1990's'. The criteria apply to
tubes in Westinghouse SGs with drilled hole tube support plates (TSPs) when the cracking is
confined to the crevice between the tube and the TSP. A detailed description of the criteria and the
conditions for their application is provided in Generic Letter (GL) 95-05, Reference 1, issued by
the United States Nuclear Regulatory Commission (NRC). The ARC replace the 40% depth
criterion generally used for SG tube degradation with a repair limit based of the eddy current test
(ECT) bobbin coil amplitude. The ARC plugging limit for plants with 3/4 inch nominal diameter
tubes is 1 volt and the limit for plants with 7/8 inch diameter tubes is 2 volts.2 Typical maximum
or extreme indication amplitudes are usually expected to be on the order of 5V. The largest value
found in an inspection of a SG is an extreme, although extremes may also be defined as any
indication exceeding a specified threshold. The values meeting the latter definition are usually
referred to as exceedances. Five methods are evaluated in this report for potentially including the
influence of extreme growth values in the ARC analyses. The recommended method, as noted in
Section 11.0, is described in Section 6.3 and is based on sampling the frequency and distribution
of large extreme growth values, which are dependent upon tube size based on historical data. This
extreme growth methodology is to be applied in conjunction with the use of POPCD as the
licensed POD since the use of a POD of 0.6 already includes large numbers of high voltage
indications in the BOC distribution

'The first applications were referred to as interim plugging criteria or IPC.
2 Specific exceptions to these standard limits have been approved for use by the NRC staff on a case basis.
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Tables

Table 1: List of Plants That
Use/Used the ODSCC ARC

Index Plant Still In-Use
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Table 2: List of Extreme Growth Values,
Volts/EFPY Adjusted to 610'FI Plant Plant Tube Size Growth,exName ID (inch) AV (Volts)
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+ + + +

+ + 1- +

+ + + +
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Table 3: Listing of Extremes of Growth
(Spring 2004, M = 115,179 Indications)

Index Tube | Indications AV2  AV2  AV2  AV2

Diameter I N 6000 F 6030 F 6100 F I 6200 F

__ m===

:i

== ===

=-A==I

.- I

I I
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Table 3: Listing of Extremes of Growth
(Spring 2004, M = 115,179 Indications)

Index Tube Indications 1 AV2  | AV2  AV2  AV2
Diameter I N 6000 F 6030 F 6100 F 6200 F

I==

Table 4: Summary of Large V. C. Summer Indications
(FDB Elevation, 1993)
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Table 5: Probability of Large Extremes
for Two Sample Sizes

Number of Probability of Large Extremes
Number of Based on M = 100,000 & K =20
Large

Extremes Sample Frequency in Sample Frequency
500 100,000 1,000 in 100,000
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h1 Table 7: Exponential
CDF Values

Table 8: Estimates of Theta, 0, and Variance for
Diablo Canyon Growth Data

(Piecewise Empirical + Exponential)

Tail Parameter Growth dO
Points, Theta, Variance, -

k 0 (Volts2) dk

I I

I

i

lI .
I 1 4
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Probability of Leak vs. Bobbin Amplitude
7/8" x 0.050" SG Tubes, Effect of Inclusion of New Data
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Figure 1: Probability of Leak for 7/8" Diameter Tubes

Distribution of SG 24 Voltage Growth for Indications
that Exhibited Positive Growth During the Cycle
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Distribution of SG 24 Growth

0
U

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
-4.00 -3.CD0 -2.00 -1.00 0.00 1.00 2.00 3.01

Lognormal Residual Deviate

Figure 3: Amplitude Growth CDF vs. Lognormal CDF
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Distribution of SG 2-4 Voliagc Growth for Indications
that Exhibited Positive Growth During Cycle 10
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Figure 5: Distribution of Amplitude Growth for Cycle 10

Distribution of SG 2-4 Growth for Indications
that Exhibited Positive Growth During Cycle 10
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Bobbin Volts vs. Depth for EPRI ODSCC ARC Database

100

10

E

.E0
.0

l

0.1

0%, 10% 20% 30% 40% 50% 60% 70% 80%

Destructive Examination Maximum Relative Depth

Figure 7: Correlation of bobbin amplitude to maximum depth.

Probability of Burst of 7/8"SG Tubes During SLB,
Effect of Additional Data. AP = 2405 psi
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Shifted Exponential Distribution,
Effect of Increasing Theta (0)
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Figure 9: Effect of Theta (0) on Exponential Distribution

ODSCC ARC Voltage Growth Data
Diablo Canyon, SG24-CIO
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Probability & Cumulativc Distribution of Growth

Diablo Canyon, SG24-CIO

40% -

35%-

30% ]

0C

4 25%-

20%
LLI

.-

E20% -

5% -

II

5% -

0% -

*100%

*90%

*80%

C
0

-60% E.0

50%

40o% ._

30%. E

20%

20%,

1 0%

0 %
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

Differential Growth

Figure 11: Cumulative Distribution of Growth Data.

LogNormal Tail Probability of Growth
SG24, 2R10 Operating Cycle

I

U

0-

0

a.

C-

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

0.0 2.0 4.0 6.0 8.0 10.0 12.0

Bobbin Amplitude Growth (Volts)

Figure 12: Expected Frequency of SG 24 Large Growth for Cycle 11.

14.0

50 of 52



Theta and Variance as a Function of"k"
Diablo Canyon Growth Data
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Exponentail Tail Probability of Growth
SG24. 2RlO Operating Cycle
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Voltage Dependent Growth Break Points Determination

1.0 INTRODUCTION

The voltage dependent growth (VDG) methods in the previous ARC database addenda were
developed from Braidwood and Byron experiences and were assumed to be necessary only with
the application of a 3 volt ARC limit. The Diablo Canyon Unit 2 (DCPP2) experience in 2003
demonstrated that voltage dependent growth could become significant for repair limits of 2 volts.
As a part of Pacific Gas and Electric's (PG&E) efforts in support of the DCPP2 Operational
Assessment (OA), methods were developed for applying VDG based on a statistical analysis to
define the number and voltage values for the break points between voltage growth bins. This
report provides for incorporation of the methods developed for PG&E in the ARC database.

The information presented in this report was prepared to document the development of a
methodology for the determination of break points to be used for the application of voltage
dependent growth in performing ODSCC ARC evaluations of SG tube degradation. The results
from this effort were presented to the NRC staff on behalf of PG&E regarding the evaluation of
indications in the SGs at DCPP2 in 2003. The results of the development are believed to be
generically applicable when the use of VDG is appropriate, hence, the inclusion of the information
in the EPRI database for ODSCC ARC applications. Although the analysis results can be useful in
examining the data for changes that would be indicative of VDG, the development of criteria for
making that determination was not within the work scope for the preparation of this report. An
ExcelTmi workbook for performing the VDG analyses was provided to EPRI with this report.
Although the workbook was checked for correctness, it was not subjected to the effort necessary to
be considered verified and validated to the extent that it could be directly placed under
configuration control, nor were built-in safeguards included to prevent its misuse.

The application of growth rates to predict end-of-cycle (EOC) voltage distributions from
beginning-of-cycle (BOC) amplitude distributions for the evaluation of outside diameter stress
corrosion cracking (ODSCC) of steam generator (SG) tubes is described in Reference 1. It is
recognized therein that the growth rate of the degradation may depend on the current size of the
indication, i.e., the growth of an indication during one cycle of operation can depend on the size or
amplitude at the beginning of the cycle. Utilities employing alternate repair criteria (ARC) for the
disposition of ODSCC indications at tube intersections with drilled tube support plate (TSP) holes
in Westinghouse SGs are advised to be alert for the appearance of voltage dependent growth
(VDG). It is further recommended that use of VDG techniques be considered in the Monte Carlo
analyses performed to predict distributions of indications that may be present at the end of the next
operating cycle. It can be formally demonstrated that all growth measured in terms of bobbin
amplitude must be voltage dependent, however, the level of that dependence has usually been
small and could be neglected without introducing meaningful errors in the prediction of end-of-
cycle bobbin amplitudes.

The Monte Carlo simulation of the growth of tube degradation indications is accomplished by
randomly sampling the empirical distribution function (EDF) of the observed growth rates from
previous operating periods where guidelines for the analysis are provided in Reference 2. If VDG
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is suspected, the data may be separated to form an EDF for low voltage indications and one or
more independent EDFs for higher voltage indications. The historical practice was for an engineer
familiar with the ODSCC ARC analysis to make a judgment from an examination of the data as to
where the demarcation or break points should be located to segregate the voltage growth regions.
The following information describes a mathematical method that can be applied to determine
where the break point locations should be determined based on an evaluation of the data being
analyzed. This allows for the growth data to be segregated or separated into bins, "binned,"
according to a mathematical indicator of where the growth rates are exhibiting meaningful change.

The concept of establishing the break points is based on approximating a curve using linear
segments. No break points are needed if the data do not exhibit significant curvature, meaning that
VDG is not apparent. Once VDG is apparent in the population, the break points are determined to
result in linear segments that best fit the curve. As the size of the population increases and ages,
VDG is expected to occur and fitting of the data using a curve would be appropriate if the fitted
curve was being simulated in the analysis. Since a curve is not being fitted, i.e., the empirical
distribution function (EDF) of the growth data is being used in the SG analysis, it is appropriate to
identify break points where separate EDFs would be developed to accommodate changes that are
implied by the data exhibiting significant curvature. Thus, the break points would be expected to
move according to the strength of the VDG as indicated by the curvature of the instantaneous
mean of the data as a function of voltage. The break points are found by minimizing the sum-of-
squares of the errors of the data from the predictions from the piecewise linear function fitted to
the data. The lowest break point would not be expected to shift significantly since the population
curvature in the lower volts range would likely be consistent from one outage to the next. The
upper break point or points could be expected to be relatively insensitive with time if the overall
shape of the growth data remains constant. A change in the break point values and the number of
break points could be expected with an increase in the amplitude of indications being retained in
service.

Analyses were performed of tube ODSCC growth data for SG 2-4 at DCPP2 to identify
appropriate break points for the performance of the operational assessment for the SG tubes,
Reference 3. The analyses resulted in the identification of appropriate break points for the
performance of EOC predictions for Cycle 12. The rationale for the method is to minimize the
sum-of-squares of prediction errors (SSE) from multiple linear regression relations of the growth
data by adjusting the locations where one regression line would terminate and another regression
line would begin. It is emphasized that the method is not for the purpose of developing voltage
growth regression relations for use in operational assessments (that is done by sampling the
EDFs), but only to identify those voltage locations where the results from an analysis of the data
indicate a change in the relation, i.e., a change in the intercept and slope of the regression lines.
The relationship is characterized as being bilinear if two linear relations are used to describe the
data. The concept can be extended to consider descriptions of data which would be characterized
as trilinear and quadrilinear for two and three break points respectively. As previously noted, an
ExcelT"' workbook with the data and formulae used for the analysis accompanies this report; the
workbook will analyze data for up to three break points.
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2.0 PIECEWISE LINEAR REGRESSION ANALYSIS

3.0 DISCUSSION OF GROWTH PLOTTING
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4.0 ANALYSIS

4.1 Upper Range Number of Data

4.2 Bilinear Regression
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4.3 Trilinear Regression

4.4 Quadrilinear Regression
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5.0 EXAMPLE APPLICATION TO PLANT DCPP DATA

5.1 SG 2-4 Cycle 11 Growth Data

5.2 SG 2-4 Cycle 10 Growth Data
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Table 1
Bilinear Regression Sample Data

Index Previous Dummy Volts / EFPY
Number Voltage Variable 1
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Table 2
Cycle 10 Data Added to Cycle 11

Index BOC Growth
Value Amplitude (Volts/EFPY)
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[ _ _ _ _ _ I

< J
<I

_ _ _ _ _ _ _ I- II _ _ _ _

+ 4-
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SG 2-4 Bilincar Growth Determination for Cycle II
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Piccewise Linear Regrcssion Analysis for Dctcrmination
of Growth Distribution Segregation
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Quadrilinear regression line illustration

Figure 4
Excel screen for bilinear regression analysis
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Figure 5
Excel solver screen for bilinear regression analysis
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Bilinear regression lines for SG 2-4 Cycle 11 Growth Data
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Figure 7
Excel screen for trilinear regression analysis

Figure 8
Excel solver screen for trilinear regression analysis
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Picccwise Linear Regression Analysis for Growth Distribution
Segregation with Cycle 10 Upper Range Data Added to Cycle 11
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Trilinear regression lines for SG 2-4 Cycle 11 growth data

Figure 10
Excel screen for quadrilinear regression analysis
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Figure 11
Excel solver screen for trilinear regression analysis
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Quadrilinear regression of SG 2-4 Cycle 11growth data
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Figure 13
Excel screen for SG 2-4 Cycle 10 growth data
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Illustration of an unsatisfactory analysis result.

Piecewisc Linear Regression Analysis for Determination
of Growth Distribution Segregation
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Quadrilinear regression without a data limit on Piece 3

Figure 16
Quadrilinear regression with a data limit on Piece 3
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Piecewisc Linear Regression Analysis for Determination
of Growth Distribution Segregation
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Quadrilinear regression of SG 2-4 Cycle 10 growth data
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hesitate to contact me at (704/547-6173). Technical questions on the contents of the Information
should be directed to Mr. Edward Blandford at (650) 855-8783.

Sincerely,

David J. Modeen
Vice President & Chief Nuclear Officer

Enclosures

c: Edward Blandford, EPRI
Nichole Edraos, EPRI

CORPORATE HEAOOUARTERS

3412 Hillview Avenue I Palo Alto CA 94304-1395 USA | 650.855.2000 | Customer Service 800.313.3774 I www.epri.com
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AFHlDAVIT

RE: ARC Guidelines for POPCD Updates, Allowance for Large Growth in ARC Analyses
and Voltage Dependent Growth Methodology

I, DAVID J. MODEEN, being duly sworn, depose and state as follows:

I am a Vice President at the Electric Power Research Institute ("EPRI") and I have been
specifically delegated responsibility for the Documentation listed above that is sought under this
affidavit to be withheld (the "Documentation") and authorized to apply for their withholding on
behalf of EPRI. This affidavit is submitted to the Nuclear Regulatory Commission ("NRC")
pursuant to 10 CFR 2.790 (a)(4) based on the fact that the Documentation consists of trade
secrets of EPRI and that the NRC will receive the Documentation from EPRI under privilege and
in confidence.

The basis for withholding such Documentation from the public is set forth below:

(i) The Documentation has been held in confidence by EPRI, its owner. All those
accepting copies of the Documentation must agree to preserve the confidentiality of the
Documentation.

(ii) The Documentation is a type customarily held in confidence by EPRI and there is a
rational basis thereof. The Documentation is a type, which EPRI considers as a trade secret(s)
and is held in confidence by EPRI because to disclose it would prevent EPRI from licensing the
Documentation at fees, which would allow EPRI to recover its investment. If consultants and/or
other businesses providing services in the electric/nuclear power industry were able to publicly
obtain the Documentation, they would be able to use it commercially for profit and avoid
spending the large amount of money that EPRI was required to spend in preparation of the
Documentation. The rational basis that EPRI has for classifying this/these Documentation(s) as a
trade secrets is justified by the Uniform Trade Secrets Act, which California adopted in 1984 and
which has been adopted by over twenty states. The Uniform Trade Secrets Act defines a "trade
secret" as follows:

"Trade secret" means information, including a formula, pattern, compilation, program,
device, method, technique, or process, that:

(1) Derives independent economic value, actual or potential, from not being generally
known to the public or to other persons who can obtain economic value from its
disclosure or use; and

(2) Is the subject of efforts that are reasonable under the circumstances to maintain its
secrecy.
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(iii) The Documentation will be transmitted to the NRC in confidence.

(iv) The Documentation is not available in public sources. EPRI developed the
Documentation only after making a determination that the Documentation was not available
from public sources. It required a large expenditure of dollars for EPRI to develop the
Documentation. In addition, EPRI was required to use a large amount of time of EPRI
employees. The money spent, plus the value of EPRI's staff time in preparing the
Documentation, show that the Documentation is highly valuable to EPRI. Finally, the
Documentation was developed only after a long period of effort of several years.

(v) A public disclosure of the Documentation would be highly likely to cause substantial
harm to EPRI's competitive position and the ability of EPRI to license the Documentation both
domestically and internationally. The Documentation can only be acquired and/or duplicated by
others using an equivalent investment of time and effort.

I have read the foregoing and the matters stated therein are true and correct to the best of my
knowledge, information and belief. I make this affidavit under penalty of perjury under the laws
of the United States of America and under the laws of the State of California.

Executed at 3412 Hillview Avenue, Palo Alto, being the premises and place of business of the
Electric Power Research Institute:

Junc 1, 2004

David J. Modeen

Subscribed and sworn before me this day: June 1, 2004

Nichole Alexandra Edraos, Notary Public

NNCHOLE ALEXANDRA EDRADS
h Conmn. 11295461

NOTARY FUSUC-CAMFORNA
S. Cluj Counto

MY Cam. Eipm Fib. 21, 2001
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State of Ca*ornia

County of _ _ _ _ _|_ _
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SIGNER(S)

2 personally known to me - OR - L proved to me on the basis of satisfactory
evidence to be the person(s) whose name(s)
is/are subscribed to the within instrument and
acknowledged to me that he/she/they executed
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