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conclusion that the proposed license amendment does not involve a significant hazards
consideration. This additional information also does not affect the conclusion that there is no need
for an environmental assessment to be prepared in support of the proposed amendment.

Attachment 2 is the proprietary version of Braidwood Unit 2 Operational Assessment
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respectively. Intertek USA, Inc., Westinghouse Electric Company, LLC and EGC request that
the contents of Attachments 2 and 5 be withheld from public disclosure in accordance with 10
CFR 2.390(a)(4). Attachments 3 and 6 provide the non-proprietary versions of Braidwood Unit 2
Operational Assessment Addressing Deferment of A2R21 Steam Generator Tube Examinations
to A2R22, October 2021, Report Number AIM 200310778-2-2 and Evaluation of Braidwood Unit
2 Steam Generators for Deferral of Secondary Side Foreign Object Inspection in the Spring
2020 Outage (A2R21), LTR-CECO-20-027, Rev. 1, respectively.
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AFFIDAVIT for AIM 200310778-2-2
State of California, County of Santa Clara:

(1) 1, Michael T. Cronin, have been specifically delegated and authorized to apply for withholding
and execute this Affidavit on behalf of Intertek USA, Inc. dba Intertek AIM (Intertek).

(2) I'am requesting the proprietary portions of Intertek report AIM 200310778-2-2 be withheld
from public disclosure under 10 CFR 2.390(a)(4), and for the following reasons to be considered
pursuant to 10 CFR 2.390(b)(4).

(3) In making this application for withholding of proprietary and confidential information, | have
personal knowledge of the engineering practices and procedures utilized by Intertek, and the
ability in designating specific information and data that are considered trade secrets, privileged,
confidential, commercial, or financial information.

(4) Pursuant to 10 CFR 2.390, the following is furnished for consideration by the Commission in
determining whether the information sought to be withheld from public disclosure should be
withheld.

a. The information sought to be withheld from public disclosure is owned and has been
held in confidence by Intertek and is not customarily disclosed to the public.

b. Public disclosure of this proprietary information is likely to cause substantial harm to the
competitive position of Intertek because it would enhance the ability of competitors to
provide similar technical evaluation justifications and licensing defense services for
commercial power reactors without commensurate expenses. Also, public disclosure of
the information would enable others to use the information to meet NRC requirements
for licensing documentation without purchasing the right to use the information.

¢. The information sought to be withheld from public disclosure has been provided to
Intertek under a license and/or non-disclosure agreement by a third party and may not
be customarily disclosed unless the third party waives its rights to the information.

(5) Intertek does not publicly release or disclose proprietary or confidential information in the
course of business. Information is held in confidence if its release might result in the loss of an
existing or potential competitive advantage, or discloses client proprietary information, as listed
below:

a. The information reveals details of proprietary practices or procedures used by Intertek
to include analytical methods or processes, where its disclosure to any of intertek’s
competitors without license from Intertek will be harmful to Intertek’s business.

b. It consists of supporting data, including test data, relative to an analytical procedure or
process, the use of such would give Intertek’s competitors an economic advantage.
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c. lItreveals procedures, methods, or data which are proprietary to a third party, for which
Intertek is obligated to protect.

d. Its use by a competitor would reduce that competitor's expenditure of resources or
improve that competitor’s competitive position.

e. It contains patentable methods for which patent protection may be desirable.

f. It reveals cost or price information, production capacities, budget levels, or commercial
strategies of Intertek, its customers, or its suppliers.

8- Itreveals aspects of past, present, or future Intertek or customer funded development
plans and programs of potential commercial value to Intertek.

(6) The attached documents are bracketed and marked to indicate the bases for withholding. The
justification for withholding is indicated by means of lower case letters (a) through (g) located in
the upper left corner within the bracketed area enclosing each item of information being
identified as proprietary. These lower-case letters refer to the types of information Intertek
customarily holds in confidence identified in Sections (5)(a) through (g) of this Affidavit.

| declare that the averments of fact set forth in this Affidavit are true and correct to the best of my
knowledge, information, and belief.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on: [ :;’ ATD& 2028 ‘M

Michael T. Cronin
Director of Engineering
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Disclaimer

This report has been prepared for the titled project or named part thereof and should not be relied
upon or used for any other project without an independent check being carried out as to its suitability
and prior written authority of Intertek being obtained. Intertek accepts no responsibility or liability for
the consequences of this document being used for a purpose other than the purposes for which it was
commissioned. Any person using or relying on the document for such other purposes agrees and will by
such use or reliance be taken to confirm his agreement to indemnify Intertek for all loss or damage
resulting therefrom. Intertek accepts no responsibility or liability for this document to any party other
than the person by whom it was commissioned.

All rights reserved. This report is the property of Intertek USA, Inc. and shall not be used other than for
the explicit purpose for which it was supplied and shall not be copied or supplied to others without the
permission in writing of Intertek USA, Inc.
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Executive Summary

Exelon Generation Company has submitted a one-time Technical Specification change to defer the
Braidwood Unit 2 A2R21, April 2020 steam generator (SG) tube eddy current inspection to the A2R22
outage, October 2021. The objective of this Operational Assessment (OA) is to provide the technical
justification for deferring the A2R21 SG tube examination by one operating cycle. The evaluation is
performed in accordance with EPRI Steam Generator Integrity Assessment Guidelines. This OA
evaluates the predicted condition of the SGs after three cycles of operation (Cycles 20, 21, and 22).

The immediately prior examination at the A2R19 outage (spring 2017) identified SG tube fretting wear
at anti-vibration bar intersections, at tube support plate (TSP) intersections, and at preheater baffle
plates. Stress corrosion cracking was not reported at the A2R19 inspection or at the A2R17 inspection.
The only stress corrosion cracking mechanisms reported at Braidwood Unit 2 in prior outages was axial
outside diameter stress corrosion cracking (ODSCC) at TSP intersections on known high residual stress
tubes and axial ODSCC at a freespan ding on a known high residual stress tube. The axial ODSCC at a
freespan ding was reported on a tube which also had axial ODSCC indications at TSP intersections. Axial
ODSCC was reported at the A2R10, A2R15, and A2R16 inspections. This OA evaluates these previously
observed degradation mechanisms. Additionally, as a Technical Specification change is required to
implement the deferment, potential degradation mechanisms, mechanisms which have not been
reported at Braidwood Unit 2 but judged to have a meaningful likelihood of initiation based on
operating experience from similar units or laboratory testing were assumed to have initiated and also
evaluated.

The results of these analyses demonstrate that extending the inspection interval by one cycle is fully
supported by the industry performance standards for tube integrity. The structural integrity
performance criterion margin requirement of three times normal operating pressure (3XxNOPD) on tube
burst will be satisfied at A2R22 for the existing and potential degradation. Also, the accident-induced
leakage performance criteria for the limiting accident condition will be satisfied for the cumulative
leakage requirement for any one SG and for all four SGs for the operating period to A2R22 (end-of-cycle
(EOC) 22).

It has been concluded that given the examination scope implemented at A2R19 (EOC 19), all structural
and accident leakage performance criteria in NEI 97-06 are predicted to be met through the EOC 22 for
the existing and potential degradation mechanisms.

AlIM 200310778-2-2 (NP) NON-PROPRIETARY Page 3
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1 | Introduction

Exelon Generating Company has submitted a license amendment request for a one-cycle extension to
the current inspection interval for the Braidwood Unit 2 steam generators (SGs). This request will defer
the Braidwood Unit 2 SG tube examinations from end-of-cycle (EOC) 21 (A2R21 outage) to EOC 22
(A2R22 outage) in October 2021. The objective of this assessment is to provide the technical
justification for deferring the SG tube examination by one operating cycle while maintaining the
requirements in NEI 97-06 [1]. This operational assessment (OA) is performed in accordance with EPRI
Steam Generator Integrity Assessment Guidelines (IAGL) described in [2], and, evaluates the predicted
condition of the SGs after three cycles of operation (Cycles 20, 21, and 22).

Throughout this OA process, conservative stress corrosion cracking (SCC) growth rates and detection
capabilities have been incorporated to ensure that a robust analysis was performed. All existing SCC
mechanisms (previously observed in the Braidwood Unit 2 SGs) have conservatively been modeled.
Additionally, this OA evaluates potential SCC degradation mechanisms (mechanisms not observed at
Braidwood Unit 2 but observed at similar units or judged to have a meaningful likelihood of occurrence)
even though evaluation of such mechanisms is not typically considered in the OA process.

The two most recent examinations at A2R17 (EOC 17) and A2R19 (EOC 19) identified wear at anti-
vibration bar (AVB) locations, wear at tube support plate (TSP) tube intersections, and wear at drilled
tube hole style support plates as the only existing degradation modes directly related to SG design.
Tube wear due to foreign object interaction was also reported at A2R19 as well as several prior
inspections. Evaluation of foreign object wear is being evaluated by another vendor in a separate
document. There was no corrosion degradation observed at A2R17 or at A2R19.

Section 4 develops key inputs to the analysis; degradation growth rates, Weibull initiation functions for
SCC mechanisms, and identification of the SCC susceptible population sizes. The results of these
analyses are presented in Section 5 for the existing degradation mechanisms; Section 6 presents the OA
results for the potential mechanisms.

AlIM 200310778-2-2 (NP) NON-PROPRIETARY Page 7
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2 | Current State of Braidwood Unit 2 Tube Bundles

2.1 Background

The Braidwood Unit 2 SGs are Westinghouse Model D5 type, utilizing Alloy 600 thermally treated
(A600TT) tube material, full depth hydraulic expansion in the tubesheet region, and stainless steel tube
support structures. A schematic illustration of the Braidwood Unit 2 SGs is shown in Figure 2-1. The
tube hole style at TSPs is a quatrefoil broached lobe design. These SGs utilize a preheater design which
introduces the majority of the feedwater to the lower region of the cold leg side of the tube bundle.
Within the preheater region, the tube hole style is a simple drilled hole.

To date, Braidwood Unit 2 has experienced fretting wear at tube supports (AVBs, TSPs, and preheater
baffles), axial outside diameter stress corrosion cracking (ODSCC) at TSP intersections on high residual
stress tubes (five affected tubes to date), axial ODSCC at a freespan ding on one high residual stress tube
(this tube also contained ODSCC at a TSP intersection), and tube wear due to interaction with foreign
objects. SCC indications have also been reported near the tube end; however, the location of these
degradation modes is outside of the pressure boundary as defined by application of the H* alternate
tube repair criterion and is not evaluated herein. Per the H* alternate repair criteria, degradation
identified below the H* distance is not required to be removed from service. Foreign object wear, while
observed within the SGs, is not an artifact of SG design or manufacture and is dependent on ingress of
material from the balance-of-plant. Evaluation of foreign object wear for the extended operating period
was performed by another vendor.

Generally speaking, there are several corrosion-related degradation mechanisms that are classified as
potential for the A6OOTT tube material utilized in the Braidwood Unit 2 SGs. These mechanisms involve
forms of SCC on the primary or steam-side, oriented either axial or circumferential to the tube axis, and
occurring at different locations in the tube bundle. For SGs utilizing A600TT tubing, these potential
mechanisms ordered according to their judged risk level, from highest to lowest are:

Axial ODSCC at TSP intersections on known high residual stress tubes
Circumferential ODSCC at the hot leg top-of-tubesheet (TTS) expansion transition
Axial ODSCC at tube dings and dents (both high stress and non-high stress tubes)
Axial ODSCC at TSP intersections on non-high residual stress tubes

Axial ODSCC at the hot leg TTS expansion transition

Axial primary water stress corrosion cracking (PWSCC) in small radius U-bends

Axial and circumferential PWSCC at the TTS (generally bounded by ODSCC analyses)
Tube wear mechanisms

Of this list of SCC degradation mechanisms, only axial ODSCC at TSP intersections and at a freespan ding
on high residual stress tubes has been reported at Braidwood Unit 2.

The mechanisms judged most challenging to establishing that the OA satisfies the tube integrity criteria
are:

Axial ODSCC at TSP intersections on known high residual stress tubes
Circumferential ODSCC at the hot leg TTS expansion transition
Axial ODSCC at tube dings and dents (both high residual stress and non-high residual stress tubes)

AlIM 200310778-2-2 (NP) NON-PROPRIETARY Page 8
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2.2 Examination Scope at Last Inspections

The applied eddy current examination scopes from the A2R17 [3] and A2R19 [4] inspections are
summarized below. Visual inspections of the channelhead and secondary side are not included.

2.2.1 A2R17

Bobbin Probe Inspections

100% full length bobbin inspection except Row 1 and Row 2 U-bends
Monitoring of hot leg tubes for slippage

+Point™ Probe Inspections

50% inspection of Row 1 and Row 2 U-bends including all 39 tubes with identified manufacturing
anomalies (“Blairsville Bump”)

50% inspection of hot leg bulges and over-expansion with the H* distance

SGs 2A, 2B, and 2D — 50% inspection at >2V hot leg dents, 100% >5V dings (hot leg, cold leg, and U-
bend), 100% >5V cold leg dents, 100% >2V dents at AV1 and AV2, 50% >2V dents at AV3, AV4, and
11C

SG 2C — 100% inspection at >2V hot leg dents, 100% >5V dings (hot leg, cold leg, and U-bend), 100%
>5V cold leg dents, 100% >2V dents at AV1, AV2, AV3, AV4, and 11C

All tubes with historical foreign object wear

+Point special interest testing of bobbin I-codes and tubes surrounding possible loose part signals
100% inspection of >2V hot leg dents and >5V hot leg dings on high residual stress tubes

100% quatrefoil and baffle plate mix residuals >0.4 vertical maximum volts

X-Probe Inspections

50% inspection of hot leg tubesheet region from 4 inches above TTS to the H* distance*

Inspection of three-tube deep pattern around the periphery, no tube lane, and T-slot from 3 inches
above TTS to the H* distance*

Inspection of high residual stress tubes from 4 inches above TTS to the H* distance plus 100% of
high residual stress tubes at hot and cold leg TSP intersections and preheater baffle intersections

50% inspection of expanded preheater baffles at 02C and 03C plus expanded preheater baffles at
02C near the flow blocking region

*The total percentage of tubes inspected from 3 to 4 inches above the hot leg TTS to the H* distance is
63% when the peripheral, tube lance, and T-slot program is combined with the 50% inspection of the
remainder of the hot leg tubesheet region.

AlIM 200310778-2-2 (NP) NON-PROPRIETARY Page 9
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2.2.2 A2R19

Bobbin Probe Inspections

100% full length bobbin inspection except Row 1 and Row 2 U-bends
Monitoring of hot leg tubes for slippage

+Point Probe Inspections

50% inspection of Row 1 and Row 2 U-bends including all tubes with identified manufacturing
anomalies (“Blairsville Bump”)

50% >5V dings and dents in the hot leg, cold leg, and U-bend

50% >2V and >5V dents at 01H, 02C, 03C, 04C, 05C, and 06C

50% >2V and >5V dings below 01H and 06C

100% quatrefoil and baffle plate mix residuals >0.4 vertical maximum volts
100% >2V dings and dents on high residual stress tubes

Special interest testing including Bobbin I-codes, historic foreign object wear locations, tubes
surrounding foreign object signals

X-Probe Inspections

50% hot leg tubesheet region from 3 inches above TTS to the H* distance
50% inspection of hot leg bulges and over-expansion with the H* distance

50% inspection of expanded preheater baffles at 02C and 03C plus expanded preheater baffles at
02C near the flow blocking region

Inspection of three-tube deep pattern around the hot leg periphery, no tube lane, and T-slot from 4
inches above TTS to the H* distance*

Inspection of three-tube deep pattern around the cold leg periphery and T-slot from 01C to 3 inches
below the TTS

100% inspection of high residual stress tubes from 3 inches above to 3 inches below TTS plus 100%
of high residual stress tubes at hot and cold leg TSP intersections and preheater baffle intersections

*The total percentage of tubes inspected from 3 inches above the hot leg TTS to the H* distance is 63%
when the peripheral, tube lance, and T-slot program is combined with the 50% inspection of the
remainder of the hot leg tubesheet region.

The applied inspection programs at A2R17 and A2R19 have aggressively addressed axial ODSCC at TSP
intersections on high residual stress tubes and axial ODSCC at dents and freespan dings. These
inspection programs are judged the most conservative within the industry when compared with other
units. The inspection programs performed for the hot leg tubesheet region (from several inches above
the TTS down to the H* distance) suggest that SCC mechanisms in this region either have not initiated or
that initiation is consistent with the current accumulated operating exposure. If the latter is accurate,
the analyses contained herein conservatively evaluate such degradation.
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2.3 Summary of Inspection Results

Consistent with A2R17 inspections, the A2R19 examination indicated that the following tube
degradation mechanisms were present:

Wear at AVB tube contacts

Wear at TSP tube contacts

Wear at drilled support plate (DSP) tube contacts
Wear due to foreign objects

There was no corrosion-related degradation detected within the defined tubing pressure boundary.

2.4 Tube Plugging
At A2R19, 11 tubes were removed from service by plugging: 7 in SG 2A and 4 in SG 2D [4].

Seven tubes were plugged due to AVB wear with depth greater than or equal to the Technical
Specification repair limit of 40%TW. One tube was conservatively plugged due to foreign object wear
without the presence of a possible loose part (PLP). Three tubes with PLP signals were plugged due to
their proximity to foreign object wear locations reported in A2R17.
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Figure 2-1 — Schematic lllustration of Braidwood Unit 2 SG Tube Bundle [4].
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3 | Operational Assessment Methodology

3.1 General Approach of This Operational Assessment

The typical OA purpose is to evaluate as-found degradation during an inspection and to project forward
to the next scheduled inspection, the severity of this degradation, and evaluate the degradation against
the performance criteria. Per the IAGL, the OA typically only considers existing degradation observed in
the SGs. The existing degradation mechanisms for Braidwood Unit 2 and evaluated in this OA are:

Axial ODSCC at TSP intersections on high residual stress tubes
Axial ODSCC at freespan dings on high residual stress tubes
Tube wear at AVB intersections, at TSP intersections, and at preheater baffle plates

However, this OA is unique as it is used to support the Exelon license amendment supporting deferment
of the A2R21 scheduled SG eddy current inspections to A2R22. As the inspection period between
inspections is now proposed to exceed the prior interval established by the plant technical
specifications, several potential degradation mechanisms are considered. The purpose of these
additional evaluations is to provide to the Nuclear Regulatory Commission, a high level of confidence
that the extended operating interval will not increase the risk of release of radioactivity to the
environment.

The potential mechanisms for which full rigor OA analyses are performed are:
Axial and circumferential ODSCC at the hot leg TTS expansion transition

Axial ODSCC at dents and at freespan dings on non-high residual stress tubes (includes axial ODSCC
at freespan dings on high residual stress tubes)

Additional potential mechanisms considered in the evaluation which are judged to be bounded by one
of the above analyses include:

Axial and circumferential PWSCC at the hot leg TTS expansion transition
Axial PWSCC at small radius U-bends

Axial ODSCC at TSP intersections on non-high residual stress tubes

3.2 Tube Integrity Requirements

The OA is forward-looking and provides an estimate of the operational period wherein the steam
generators will maintain the CM performance criteria. The performance criteria were established for
structural integrity and accident-induced leakage in [1]. The structural integrity performance criterion
(SIPC) and accident-induced leakage performance criteria (AILPC) are as follows:

Structural Integrity — “All in-service steam generator tubes shall retain structural integrity over the
full range of normal operating conditions (including startup, operation in the power range, hot
standby, and cool down), all anticipated transients included in the design specification, and design
basis accidents. This includes retaining a safety factor of 3.0 against burst under normal steady state
full power operation primary-to-secondary pressure differential and a safety factor of 1.4 against
burst applied to the design basis accident primary-to-secondary pressure differentials. Apart from
the above requirements, additional loading conditions associated with the design basis accidents, or
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combination of accidents in accordance with the design and licensing basis, shall also be evaluated
to determine if the associated loads contribute significantly to burst or collapse. In the assessment
of tube integrity, those loads that do significantly affect burst or collapse shall be determined and
assessed in combination with the loads due to pressure with a safety factor of 1.2 on the combined
primary loads and 1.0 on axial secondary loads.”

Accident-Induced Leakage — “Accident induced leakage performance criterion: The primary-to-
secondary accident induced leakage rate for any design basis accident, other than SG tube rupture,
shall not exceed the leakage rate assumed in the accident analysis in terms of total leakage rate for
all SGs and leakage rate for an individual SG. Leakage is not to exceed 1.0 gpm total through all SGs
and 0.5 gpm through any one SG.”

Guidelines for performing the integrity assessment of SG tubing are given in [2]. It has been established
that the limiting criterion for tube structural integrity for Braidwood Unit 2 is maintaining the margin of
3.0 against burst under normal steady state full power operation primary-to-secondary pressure
differential.

3.3 Performance Acceptance Standards

The performance acceptance standards for assessing tube integrity to the structural integrity and
accident leakage performance criteria apply to both condition monitoring and OAs. The acceptance
standard for structural integrity is:

The worst-case degraded tube shall meet the SIPC margin requirements with at least a probability of
0.95 at 50% confidence.

The worst-case degraded tube is established from the estimation of lower extreme values of structural
performance parameters (e.g., burst pressure) representative of all degraded tubes in the bundle.

The acceptance standard for accident leakage integrity is:

The probability for satisfying the limit requirements of the AILPC shall be at least 0.95 at 50%
confidence.

The analysis technique for assessing the above conditions may be either deterministic or fully
probabilistic in calculation format. The different analysis methods and input assumptions for these
assessments are discussed in the EPRI IAGL [2].

3.4 Structural Models

The calculation of burst capability is performed using the degradation specific equation from the EPRI
Flaw Handbook [5]. The equations listed below are taken from [5].

Burst pressure of AVB wear and TSP wear indications uses Equation 5-62. This equation is applicable to
volumetric degradation with circumferential arc length <135 degrees.

Wear at preheater baffles could have extended circumferential arc lengths; thus Eq. 5-60 is utilized.

Equation 5-11 is applied for part-through-wall axial ODSCC. Equation 5-12 is used to define the
adjustment factor which allows Equation 5-11 to be applied to part-through-wall axial PWSCC.
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Equations 5-20 and 5-21 are applied for circumferential ODSCC. Equation 5-22 is used to define the
adjustment factor which allows Equation 5-11 to be applied to part-through-wall circumferential
PWSCC.

The burst models are developed from regression analysis of burst test data on actual tube specimens.

The structural parameters which control tube burst for axial degradation are the structural equivalent
depth and structural equivalent length (SEL). Thus, as axial degradation is truly two-dimensional many
combinations of structural equivalent depth and SEL can represent the burst pressure consistent with

the performance criteria. For circumferential degradation, the controlling structural parameter is the

percent degraded area (PDA) of the flaw based on the tube cross-section.

3.5 Leak Rate Models

As described in [6, 7], a two-phase flow algorithm can be used to compute flow rates through cracks as a
function of pressure differential (p), temperature (T), crack opening area (A), and total through-wall
crack length (L). Friction effects and crack surface roughness were included in the model. Calculated
main steam line break, room temperature, and normal operating condition leak rates were fitted to
regression equations. The leak rate regression equation for main steam line break conditions is given as:

Q = {a+bexp[c(A/L)" +d(A/L)]}Ap™ (3-1)

where a, b, ¢, d, n, and m are regression coefficients as determined by analysis results. The leak rate Q is
expressed in terms of gpm at room temperature (70°F). To convert to gpm at any other temperature,
the calculated Q is multiplied by the ratio of the specific volume of water at temperature (T) to the
specific volume of water at 70°F. The pressure, p, is in units of psi, A is in inches?, and L (equivalently
Lieak @s defined above) is in inches. The crack opening area is calculated using appropriate methods
discussed in [6].

Equation 3-1 is appropriate for computing accident-induced leak rates for SCC degradation. The validity
of the leak rate equations is provided by a comparison of calculated leak rates versus measured leak
rates as discussed in [6, 7].

For wear-type degradation, the likelihood of through-wall leakage is determined from the projected
maximum wear depth that would lead to a pop-through or through-wall penetration. A specific leak
rate value is not directly computed but it is conservatively assumed that if a wall penetration occurs, the
accident-induced leak limit will be exceeded.

3.6 Inspection Interval Analysis

The primary objective of an OA is to determine the allowable operating period between inspections.
This can be accomplished by either deterministic analysis methods or by fully probabilistic modeling of
the input variables.

3.6.1 Deterministic Analysis

A deterministic analysis approach was applied for the existing wear mechanisms to establish an
allowable cycle or multi-cycle run time in accordance with EPRI IAGL. A plug on NDE sizing strategy is
used for calculating the allowable inspection interval for these mechanisms. A deterministic OA for
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calculating cycle run times requires conservative estimates for indication size at beginning-of-cycle
(BOC), limiting size at EOC, and degradation growth rate. For each wear degradation mechanism, the
projected maximum worst-case depth at the next scheduled examination is calculated from:

deoc = dgoc +(WR)tiysp (3-2)

where dgoc is the depth in percent through-wall (% TW) at the BOC, dgqoc is the depth in % TW at EOC,
WR is the growth rate due to wear (% TW/ effective full power year (EFPY)), and t\xsp is the operational
period in EFPY until the next scheduled examination. Equation 3-2 is later used in the OA (Section 5) for
the three detected wear mechanisms for three-cycle inspection interval.

3.6.2 Probabilistic Multi-Cycle Analysis

The analysis method used for the existing SCC and potential SCC mechanisms for the Braidwood Unit 2
OAis a fully probabilistic analysis of the full tube bundle in accordance with Section 8.3 of the EPRI IAGL
[2]. This level of analysis is required because the deterministic approach is not capable in accurately
evaluating the potential mechanisms. A plug-on-detection repair strategy is applied for all indications
found within the tube pressure boundary.

The probabilistic model consists of a Monte Carlo simulation of the processes of initiation, degradation
growth, eddy current (ECT) inspection, and the removal of degraded tubes. A schematic illustration
showing the simulation process on how the distribution of worst case calculated burst pressures are
established is shown in Figure 3-1. The state of degradation of the SG tubing is simulated in the model
by the total flaw population that is defined by several attributes. These attributes include the
population size and the distributions of length, structural depth, maximum depth, and material
properties. Given a randomized set of these attributes for each flaw indication in the simulated
population, an estimate of burst pressure and leakage can be made for each indication of the flaw
population. From these estimates, population attributes, such the distribution of minimum burst
pressure and accident-induced leakage are determined.

The probabilistic computations were performed using Intertek AIM’s OPCON Version 3.03 program [8].
The logic flowchart of the multi-cycle method is shown in Figure 3-2. A time-to-flaw-initiation (Weibull)
function is applied. The physical processes of flaw initiation, flaw growth. and simulated inspections (via
use of a probability of detection (POD) function) are modeled for several past and future cycles.
Benchmarking of results to the observed information obtained from past inspections provides assurance
of the accuracy of predictions over the operating interval to the next inspection.

The OPCON program simulates up to about 15,000 individual initiation sites over several operating
cycles. The overall simulation process consists of many thousands of individual Monte Carlo trials, each
of which simulates the degradation state of a complete SG, or composite SG for a given degradation
mechanism. The Monte Carlo simulation involves many trials to obtain a converged solution.

The simulation process is shown in Figure 3-2, which illustrates the Monte Carlo process. There are
three major steps in the process:
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For the evaluation of the potential mechanisms at Braidwood Unit 2, it is conservative to assume for the
BOC distribution of flaws following the last inspection that at least one SCC indication had initiation
sometime in the prior operating period (N-1), with two initiations present at the end-of-cycle N
inspection and that the initiated indication(s) were not reported. Specifically, for this type of OA
analysis, the model may produce detectable indications at the most recent inspection, but the model
was configured to ignore these simulated detections (i.e., an NDE process “miss”). This model
configuration assures a conservative analysis as well as simulating the plant experience, which is that no
SCC was detected during the most recent inspection. As the model configuration permits any simulated
detections to be allowed to remain in-service, the POD at the last inspection has a negligible impact on
the calculated burst and leakage probabilities at A2R22. The POD only has the impact of estimating the
number of detected indications at A2R22. During model development, the distribution of non-detected
depths at the most recent inspection is reviewed. This is done to produce a conservative but realistic
model. If the distribution of non-detected depths is too small, the model is not conservative. If the
applied growth rates produce too large a distribution of non-detected depths, the model is not realistic
as detections would have been expected during the outage. Additionally, the model would produce an
excessive number of predicted detections which is not consistent with plant experience. This would
suggest that either the applied growth is not prototypic or the assumed initiation point for the evaluated
degradation is too early in the lifecycle of the unit.

The simulation process generates a record of the results of all trials performed from which overall burst
and leakage probabilities may be inferred and appropriate distributional information obtained. This
process is carried over the past operational cycles and current/future operational cycles.

The actual structural dimensions of each flaw, dst and Ly, are tracked for the complete trial. Growth is
applied to the structural depth. The shape factor for each flaw is applied at the beginning of each trial
prior to inspection and the POD determines whether the flaw is detected or not detected. The final
output contains the individual cumulative distributions for actual structural depths, detected actual
structural depths, and measured maximum depths. The measured depth distribution is created by
applying the measurement uncertainty to each flaw by random sampling from the linear regression
model on depth sizing.
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3.7 Measurement Uncertainty

Measurement uncertainty for sizing of wear indications was applied to nondestructive examination
(NDE) results based on the mechanism and ECT probe. The source of these data is the EPRI Examination
Technique Specification Sheet (ETSS) document. A linearized relationship between actual size and NDE
size was assumed. For relating actual sizes from NDE results:

Xactual = Ao+ ArXNDE + Egrror (3-3)

where Xaqual and Xypoe are the indication sizes for actual and NDE bases, and A, A;, and &g, are
regression fit constants (intercept, slope, and random error whic