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UNITED STATES101 9F
NUCLEAR REGULATORY COMMISSION~

WASHINGTON. DC. 20555-00010

Mr. Gordon Bischoff, Manager .Mai 8, 2008 MAM 1 4 Z
Owners Group Program Management Office

* Westinghouse Electric Company PWROG
P.O. Box 355 Project Office
Pittsburgh, PA 15230-0355

SUBJECT: FINAL SAFETY EVALUATION FOR PRESSURIZED WATER REACTOR
OWNERS GROUP (PWROG) TOPICAL REPORT (TR) WCAP-16168-NP,
REVISION 2,."RISK- INFORMED EXTENSION OF THE REACTOR VESSEL
IN-SERVICE INSPECTION INTERVAL" (TAC NO. MC9768)

Dear Mr. Bischoff:

By letter dated January 26, 2006, as supplemented by letter dated June 8, 2006, the PWROG
submitted TR WCAP-16168-NP, Revision 1, to the U.S. Nuclear Regulatory Commission (NRC)
staff. TR WCAP-16168-NP, Revision 2, and responses to the NRC staff's request for additional
information (RAI) on TR WCAP-16168-NP, Revision 1, were submitted for NRC staff review by
PWROG letter dated October 16, 2007, By letter dated March 6, 2008, an NRC draft safety
evaluation (SE) regarding our approval of TR WCAP-16168-NP, Revision 2, was provided for
your review and comments. By letter dated March 31, 2008, the PWROG commented on the
draft SE. The NRC staff's disposition of PWROG's comments on the draft SE are discussed in
the attachment to the final SE enclosed with this letter.

The NRC staff has found that TR WCAP-1 6168-NP, Revision 2, is acceptable for referencing in
licensing applications for Westinghouse, Combustion Engineering, and Babcock and Wilcox
designed pressurized water reactors, for which an operating license was issued under Title 10 of
the Code of Federal Regulations (10 CFR) Part 50 prior to the date of this letter, to the extent
specified and under the limitations delineated in the TR and in the enclosed final SE. The final
SE defines the basis for our acceptance of the TR.

The NRC staff has accepted TR WCAP-16168-NP, Revision 2, based on the imposition of a
condition related to the augmented evaluation of in-service inspection (11) results taken from
Section (e) of the proposed 10 CFR 50.61a, published in the Federal Register on
October 3, 2007 (72 FR 56275). The NRC staff is in the process of reviewing public comments
on the proposed rule and preparing the final rule. If the final 10 CFR 50.61a differs from the
proposed 10 CFR 50.61a with regard to the augmented ISI evaluation requirements, the
PWROG will be expected to review the requirements in the final 10 CFR 50.61a and determine
whether a revision to the accepted TR WCAP-16168-NP, Revision 2, is required. The PWROG
will be expected to notify the NRC staff, in writing, of the results of its determination within six
months of the publication date of the final 10 CFR 50.61a. If, on this basis, a revision to the
accepted TR WCAP-16168-NP, Revision 2, is, required, the PWROG will be expected to submit
.the revised TR for NRC staff review within one year of the publication date of the final
10 CFR 50.61a.

Furthermore, licensees that choose to implement 10 CFR 50.61a must perform the ISI required'
*in Section (e) of the rule, and must submit the required information for review and approval to
the Director, Office of Nuclear Reactor Regulation, in accordance with Section (c) of the rule, at
least three years before the limiting RTPTs value calculated under 10 CFR 50.61 is projected to
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exceed the PTS screening criteria in 10 CFR 50.61. Licensees implementing Section (c) of
10 CFR 50.61a must perform the inspections and analyses required by Section (e) of
10 CFR 50.61a prior to implementing the extended interval.

Our acceptance applies only to material provided in the subject TR. We do not intend to repeat
our review of the acceptable material described in the TR. When the TR appears as a reference
in license applications, our review will ensure that the material presented applies to the specific
plant involved. License amendment requests that deviate from this TR will be subject to a plant-
specific review in accordance with applicable review standards.

In accordance with the guidance provided on the NRC website, we request that PWROG publish
the accepted version of this TR within three months of receipt of this letter. The accepted
version shall incorporate this letter and the enclosed final SE after the title page. Also, it must
contain historical review information, including NRC requests for additional information and your
responses. The accepted version shall include an "-A" (designating accepted) following the TR
identification symbol.

If future changes to the NRC's regulatory requirements affect the acceptability of this TR, the
PWROG and/or licensees referencing it will be expected to revise the TR appropriately, or justify
its continued applicability for subsequent referencing.

Sincerely,

Ho K. Nieh, Deputy Director
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation

Project No. 694

Enclosure: Final SE

cc:
Mr. James A. Gresham, Manager
Regulatory Compliance and Plant Licensing
Westinghouse Electric Company
P.O. Box 355
Pittsburgh, PA 15230-0355
greshaia nwestinqhouse.com

WCAP- 16168-NP-A 
June 2008
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

1k`8 WASHINGTON, D.C. 20555-0001

FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

TOPICAL REPORT WCAP-16168-NP, REVISION 2, "RISK-INFORMED EXTENSION OF THE

REACTOR VESSEL IN-SERVICE INSPECTION INTERVAL"

PRESSURIZED WATER REACTOR OWNERS GROUP

PROJECT NO. 694

1.0 INTRODUCTION AND BACKGROUND

By letter dated January 26, 2006, as supplemented by letter dated June 8, 2006, the
Westinghouse Owners Group (WOG), currently known as the Pressurized Water Reactor
Owners Group (PWROG), submitted topical report WCAP-16168-NP, Revision 1, "Risk-
Informed Extension of the Reactor Vessel In-Service Inspection Interval" (Reference 1 and
Reference 2), for U.S. Nuclear Regulatory Commission (NRC) staff review. By letter dated
October 16, 2007, the PWROG submitted responses to the NRC staffs request for additional
information (RAI) on WCAP-16168-NP, Revision 1, and provided WCAP-16168-NP, Revision 2
(Reference 3), but did not expand its scope as originally submitted for NRC staff review.

In WCAP-16168-NP, Revision 2, (hereafter referred to as the TR) the PWROG provided the
technical and regulatory basis for decreasing the frequency of inspections by extending the
American Society of Mechanical Engineers Boiler and Pressure Vessel Code (ASME Code)
Section XI inservice inspection (ISI) from the current 10 years to 20 years for ASME Code
Section Xl, Category B-A and B-D reactor vessel (RV) welds.

The TR described risk-informed pilot studies based, for the most part, on the results of the
NRC's recently-completed pressurized thermal shock (PTS) research program. The NRC's
Office of Nuclear Regulatory Research (RES) completed this research program to update the
PTS regulations, In an October 3, 2007, Federal Register Notice (72 FR 56275) (Reference 4),
the NRC proposed to amend its regulations to provide updated fracture toughness requirements
for protection against PTS events for PWR RVs. NUREG-1806, "'Technical Basis for Revision
of the Pressurized Thermal Shock (PTS) Screening Limit in the PTS Rule (10 CFR 50.61)" (the
PTS Risk Study) (Reference 5 and Reference 6) and (2) NUREG-1874, "Recommended
Screening Limits for Pressurized Thermal Shock (PTS)" (Reference 7), provided the technical
basis for the rulemaking. These reports summarized and referenced several additional reports
on the same topic.

2.0 REGULATORY EVALUATION

ISI of ASME Code Class 1, 2, and 3 components is performed in accordance with Section XI of

the ASME Code and applicable addenda as required by Title 10 of the Code of Federal
Regulation (10 CFR) 50.55a(g), except where specific relief has been granted by the NRC

ENCLOSURE

WCAP- 16168-NP-A June 2008
Revision 2



vi

-2-

pursuant to 10 CFR 50.55a(g)(6)(i). The regulation at 10 CFR 50.55a(a)(3) states that
alternatives to the requirements of paragraph (g) may be used, when authorized by the NRC, if:
(i) the proposed alternatives would provide an acceptable level of quality and safety or
(i0) compliance with the specified requirements would result in hardship or unusual difficulty
without a compensating increase in the level of quality and safety.

The regulations require that ISI of components and system pressure tests conducted during the
first 1 0-year interval and subsequent intervals comply with the requirements in the latest edition
and addenda of Section XI of the ASME Code incorporated by reference in 10 CFR 50.55a(b)
12 months prior to the start of the 120-month interval, subject to the limitations and modifications
listed therein.

The current requirements for the inspection of RV pressure retaining welds have been in effect
since the 1989 Edition of ASME Code, Section XI. Article IWB-2000 of the ASME Code,
*Section Xl establishes an inspection interval of 10 years. The TR proposed a methodology that
can be used by individual licensees to demonstrate that extending the inspection interval on their
Category B-A pressure retaining RV welds and Category B-D full penetration RV nozzle welds
from 10 to 20 years would provide an acceptable level of quality and safety.

The NRC staff based its review of the risk information on NUREG-0800, "Standard Review Plan
[(SRP)] for the Review of Safety Analysis Reports for Nuclear Power Plants," Chapter 19.2,
"Review of Risk Information Used to Support Permanent Plant-Specific Changes to the
Licensing Basis: General Guidance" (Reference 8): SRP Chapter 19,2 directs the NRC staff to
review each of the four elements suggested in Regulatory Guide (RG) 1.174, "An Approach for
Using Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to
the Licensing Basis," Section 2 (Reference 9). These elements are: (1) Define the Proposed
Changes, (2) Conduct Engineering Evaluations, (3) Develop Implementation and Monitoring
Strategies, and (4) Document the Evaluations and Submit the Request.

The NRC staff also used further guidance in RG 1.174. RG 1.174 describes a risk-informed
approach, acceptable tothe NRC, for assessing the nature and impact of proposed licensing-
basis changes by considering engineering issues and applying risk insights.

One acceptable approach to making risk-informed decisions about the proposed change is to
show that the proposed changes meet five key principles stated in RG 1.174, Section 2:

1. The proposed change meets the current regulations unless it is explicitly related to a

requested exemption or rule change.

2. The proposed change is consistent with the defense-in-depth philosophy.

3. The proposed change maintains sufficient safety margins.

4. When proposed changes result in an increase in core-damage frequency or risk, the
increases should be small and consistent with the intent of the Commission's Safety
Goal Policy Statement.

5. The impact of the proposed change should be monitored using performance
measurement strategies.

WCAP- 16168-NP-A June 2008
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RG 1.174 provides numerical risk acceptance guidelines that are helpful in determining whether
or not the fourth key principle has been satisfied. These guidelines are not to be applied in an
overly prescriptive manner; rather, they provide an indication, in numerical terms, of what is
considered acceptable. The intent in comparing risk results with the risk acceptance guidelines
is to demonstrate with reasonable assurance that the fourth key principle has been satisfied.

3.0 TECHNICAL EVALUATION

The objective of ISI is to identify conditions, such as flaw indications, that are precursors to leaks
and ruptures and which violate pressure boundary integrity principles for plant safety. The TR
includes a detailed analysis of the potential effects of extending the RV weld ISI interval for three
pilot plants: Beaver Valley, Unit 1 (BV1), Palisades, and Oconee, Unit 1 (OCI). These three
units include one unit from each of the PWR vendors and are the same plants that were
evaluated in detail in the NRC PTS Risk Study. The TR proposed a method that each licensee
could use to apply the results from the three pilot plant applications to its plant.

The TR used the estimated through wall cracking frequency (TWCF) as a measure of the risk of
RV failure. The correlation for determining plant-specific TWCF was based on plant-specific
data and can be found in NUREG-1 874 (Reference 7). This correlation took into consideration
.the contribution to TWCF from each of the most limiting plate, forging, axial weld, and
circumferential welds. These individual TWCF contributions were then weighted based on pilot
plant data and summed to determine a total RV TWCF.

3.1 Define the Proposed Change

The TR proposed to extend the inspection interval for ASME Code, Section XI, Category B-A
and B-D RV welds from 10 years to a maximum of 20 years. The change will be accomplished
through plant-specific requests for an alternative pursuant to 10 CFR 50.55a(a)(3Xi) on the basis

that the alternative inspection interval provides an acceptable level of quality and safety.

The 20 year inspection interval is a maximum interval and the PWROG did not request, and the
NRC staff does not endorse, that all RV inspections be discontinued for the 10 years following
approval of this methodology (as would occur if every licensee were granted an extension from
10o020 years). In response to RAI 1lb from Reference 3, the PWROG explained how a
sampling of plants performing reactor inspections over the next 10 years can be achieved. In its
request for an alternative, each licensee shall identify the years in which future inspections will
be performed. The dates provided must be within plus or minus one refueling cycle of the dates
identified in the implementation plan provided to the NRC in PWROG letter OG-06-356, "Plan for
Plant Specific Implementation of Extended Inservice Inspection Interval per WCAP 16168-NP,
Revision 1, "Risk Informed Extension of the Reactor Vessel In-Service Inspection Interval,"
MUHP 5097-99, Task 2059," dated October 31, 2006 (Reference 10).

The inspection method, the acceptance criteria, and reporting requirements for inspection
results that will modify from ASME Code requirements are discussed in section 3:3 of this safety
evaluation (SE).

WCAP- 16168-NP-A June 2008
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3.2 Conduct Engineering Evaluations

According to the guidelines in RG 1.174 and SRP Chapter 19.2, the second element associated
with a risk-informed application is an analysis of the proposed change using a combination of
traditional engineering analysis with supporting insights from a risk assessment.

The objective of this study was to verify that a reduction in the frequency of volumetric
examination of the RV full-penetration welds could be accomplished with an acceptably smallchange in risk. The methodology used to justify this reduction involved estimating the potential

increase in risk caused by extending the RV inspection interval from 10 to 20 years. The
increase in risk was evaluated against RG 1.174 criteria to determine if the values met the
specified regulatory guidelines. The other key principles in RG 1.174 were also addressed in the
evaluation. The intent was that licensees can then use the results of this bounding assessment
to demonstrate that their RV and plant are bounded by the generic analysis, thereby justifying an
extension of their plant-specific RV weld inspection interval.

The engineering evaluations in the TR were based on the NRC staffs PTS Risk Study that is the
technical basis for the proposed alternative fracture toughness requirements for pressurized
thermal shock in 10 CFR 50.61a (Reference 4).

3.2.1 Engineering Evaluation

The ISI interval extension methodology was primarily based on a risk analysis, including a
probabilistic fracture mechanics (PFM) analysis of the effect of different inspection intervals on
the frequency of RV failure due to postulated PTS transients. RV failure is defined for the
purposes of this study as through-wall cracking of the RV wall. The likelihood of RV failure was
postulated to increase with increasing time of operation due to the growth of pre-existing
fabrication flaws by fatigue in combination with a decrease in RV fracture resistance due to
irradiation. Credible, postulated PTS transients that could potentially lead to RV failure were
considered to occur at the worst time in the life of the plant (as defined by flaw size and level of
RV embrittlement). The PFM methodology allowed for the consideration of distributions and
uncertainties in flaw number and size, material properties, crack growth resulting from fatigue,
accident transients, stresses, and the effectiveness of inspections. The PFM approach led to a
conditional RV failure frequency due to a given loading condition and a prescribed inspection
interval. The PFM analyses documented in the TR evaluated the impact of different inspection
intervals on the three, previously-identified pilot plants.

Limiting Location for RV Failure

To determine the limiting location in the RV, the PWROG evaluated the impact of flaws In each
RV region. The PWROG used deterministic fracture mechanics analyses, which utilized a
10 percent through-wall flaw, assumed 40 effective full power years (EFPY) of embrittlement for
the flaws in the RV beltline and included fatigue crack growth due to normal plant operating
transients for all flaws. Each crack length was evaluated at the end of a 10 year interval to
determine the maximum applied stress intensity factor (K1,p•,). The ratio of the maximum
allowable stress intensity factor (K1 alo•.'le), per the ASME Code, Section Xl, Appendix A criteria,
to KIAPfed was used as a measure of the margins to failure. The lower the ratio of KI41bK1
app, the lower the margin to failure and the more limiting the location. Figures 3-1 and 3-2 in
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the TR indicated that the beltline welds have the lowest ratio of ASME Code allowable stress
intensity values (K• 1  bfKI, ), These figures do not include the full penetration nozzle-to-
vessel welds. The NRC staff requested that the PWROG provide the ratio of ASME Code
allowable stress intensity value for full penetration nozzle-to-vessel welds to demonstrate that
the beltline welds were the limiting locations. In the response to RAI 5 from Reference 3, the
PWROG provided the requested information. The PWROG analyses indicated that the bettline
is more limiting than the full penetration nozzle-to-vessel welds.

The results from the PWROG deterministic analyses were consistent with assumptions utilized
in the NRC PTS Risk Study which concluded that the limiting RV region was the bettline region.
Since the RV bettline region has the lowest margin to failure, the NRC staff also concluded that
the belttline region is the most limiting location and the beltline location can be used to determine
the impact of different inspection intervals on the frequency of RV failure.

Distributions and Uncertainties in Flaw Number and Size

Section 3.2 of the TR indicated that surface-breaking and embedded flaws were used in the
PFM analysis, Since embedded flaws do not grow significantly due to fatigue, they were not
evaluated as part of the fatigue growth analysis. To simulate embedded flaws in welds and
plates, the PWROG pilot plant studies for the RV ISI interval extension used the embedded flaw
distribution for welds and plates from the NRC PTS Risk Study,

Surface-breaking flaws were assumed to grow by fatigue as a result of normal operating
conditions. A discussion of the initial size and distribution of the assumed surface-breaking

* flaws was provided by the PWROG in response to RAI 1 from Reference 3. The PWROG
indicated that the initial size and distribution of the surface flaws were consistent with the size
and distribution developed by Pacific Northwest National Laboratory (PNNL) for use in the NRC
PTS Risk Study. The initial size and distribution of surface-breaking flaws utilized the computer
code VFLA W03, which was developed by PNNL and is described in NUREG/CR-6817,
Revision 1, "A Generalized Procedure for Generating Flaw-Related Inputs for the FAVOR Code"
(Reference 11). The initial surface-breaking flaw size and distribution were input into a fatigue
crack growth and ISI analysis to determine a surface flaw density file after any ISI. Surface flaw
density files were created to simulate two inspection routines. The first case simulated
inspections performed on a 10 year interval as currently required by the ASME Code. The
second case simulated a single inspection performed after the first 10 years of operation with no
subsequent inspection. These surface-breaking flaw density files are then input into the PFM
analysis as surface-breaking flaw density files. Since the characterization of embedded flaws in
plates and welds and the initial surface-breaking flaw size for the fatigue analysis used
distributions that were used in the NRC PTS Risk Study, they are applicable for use in RV ISI
interval extension analyses.

In Attachment 1 to the June 8, 2006 letter (Reference 2), the PWROG indicated that underclad
cracks in forgings are so shallow that the probability of them growing through-wall during a
severe PTS transient would be fairly small. NUREG-1874 indicated that for severe PTS
transients, the TWCF for forgings with underclad cracks can be greater than those for axial
Welds, plates and forgings without underclad cracks. In its response to RAI 2 from Reference 3,
the PWROG provided an analysis of the TWCF for axial welds, plates, forgings without
underclad cracks, and forgings with underclad cracks. The analysis, which used correlations
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from NUREG-1874, indicated forgings with underclad cracks have a higher TWCF than welds,
plates and forgings without underclad cracks when the RTMAx×°O 1 is greater than 240 OF.
Table 3A4 in NUREG-1 874 indicated that the highest RT,×.,o for a PWR RV ring forging is
187.3 OF at 32 EFPY and 198.6 OF at 48 EFPY. Therefore, it is unlikely that the RTMAX.FO value
for any domestic PWR will ever exceed 240 OF and the TWCF value for all such forgings will
remain below that for axial welds with equivalent reference temperatures. The PWROG
indicated that the analyses performed in the TR would not be applicable without further
evaluation for RVs with RTMAA.FO values exceeding 240 OF.

Fatigue Crack Growth Analysis

Section 3.2 of the TR indicated that the pilot plant studies included a probabilistic representation
of the fatigue crack growth correlation for ferritic materials in water consistent with the previous
and current models contained in ASME Code, Section Xl, Appendix A. The probabilistic
representation was consistent with those used in the pc-PRAISE computer code and
NRC-approved structural reliability and risk assessment (SRRA) toot for piping risk-informed ISI.
In Appendix A of the NRC staff SE on WCAP-1 4572, Revision 1, "Westinghouse Owners Group
Application of Risk-Informed Methods to Piping Inservice Inspection Topical Report"
(Reference 13), the NRC staff concluded that the SRRA tool addresses fatigue crack growth in
an acceptable manner since it is consistent with the technical approach used by other state-of-
the-art PFM computer codes. The NRC staff noted that, realistic predictions of failure
probabilities require that the user define input parameters which accurately represent all sources
of fatigue stress and the probability for preexisting fabrication defects in welds. As discussed in
the preceding section of this SE, the size and distribution of preexisting surface-breaking
fabrication flaws was consistent with the size and distribution developed by PNNL for use in the
NRC PTS Risk Study.

Design basis transients for the pilot plants were reviewed and the PWROG determined that the
greatest contributor to fatigue crack growth for surface-breaking flaws initiating from the inside
surface of the RV for the pilot plants is the RV heat-up and cool-down transient. Each transient
represents a full heat-up and cool-down cycle between atmospheric pressure at room
temperature and full-system pressure at 100-percent power operating temperature. This
transient envelopes many transients with smaller ranges of conditions. For the pilot plant
evaluations, seven heat-up and cool-down cycles per year were used for the Westinghouse-
designed plant, BV1, 13 heat-up and cool-down cycles were used for the Combustion
Engineering (CE)-designed plant, Palisades, and 12 heat-up and cool-down cycles were used
for the Babcock and Wilcox (B&W)-designed plant, OCl, to bound all the design basis
transients for the respective PWR plant designs in each fleet.

1 RTmx-Fo means the material property which characterizes the RV's resistance to fracture
initiation from flaws in forgings that are not associated with welds in the forgings. RTMAx.ro value
is calculated under the provisions of Sections (f) and (g) of 10 CFR 50.61a, Alternative fracture
toughness requirements for protection against pressurized thermal shock, in Enclosure 1 to the
Proposed Rulemaking in SECY-07-0104 (Reference 12).

WCAP- 16168-NP-A June 2008
Revision 2



xi

-7-

In response to RAI 1 from Reference 3, the PWROG provided a description of the analyses
performed to determine whether the seven heat-up and cool-down cycles per year for
Westinghouse plants and the 13 heat-up and cool-down cycles per year for CE plants bound all
the design basis transients for the respective PWR Nuclear Steam Supply System (NSSS)
designs in each fleet. For Westinghouse plants, previous fatigue crack growth analyses of flaws
on the inside surface of the RV had shown that only four transients result in measurable crack
growth. Sensitivity studies for the four contributing transients were performed. These analyses
indicated that the only design transient that resulted in significant crack growth was the cool-
down transient. The design basis for the Westinghouse plant was based on five cool-down
cycles per year. An additional two cycles per year were added to the analysis to envelope the
contribution of the other three transients which contributed to measurable fatigue crack growth.

Previous fatigue growth studies were not available for CE-designed plants. Therefore, all design
transients were evaluated in the CE transient fatigue crack growth sensitivity study. This study
indicated that the cool-down transient produced the largest amount of fatigue growth for a RV
inside surface flaw. The loss of secondary pressure transient also produced measurable
growth. Assuming 12 cool-down cycles per year was considered to be conservative in
comparison to the actual number of cool-downs a plant might experience in a given year based
on plant operating experience. One additional cool-down cycle was added to the analysis to
envelope the contribution to fatigue crack growth of the loss of secondary pressure transient.

Based on the results of the fatigue crack growth sensitivity studies, the number of cool-down
transients assumed for the Westinghouse and CE-designed pilot plants will envelope the fatigue
crack growth from all Westinghouse and CE NSSS design transients. All RVs are inspected
before operation providing confidence that there are no large flaws throughout the RV that have
a high likelihood of failure given a PTS event. Only surface-breaking flaws are assumed to grow
from fatigue crack growth.

Fatigue crack growth sensitivity studies were not performed to determine the effect of B&W

design transients for fatigue crack growth in B&W designed plants. Therefore, any B&W plant
licensee using the results of the TR to extend the RV ISI interval from 10 to 20 years, including
the pilot plant, must demonstrate that the assumption of 12 heat-up/cool-down transients per
year in the TR analysis bounds the fatigue crack growth for all design basis transients for that
unit.

For the purpose of the pilot plant studies in the TR, an 80-year life for fatigue crack growth .was
used. This 80-year life envelopes plants seeking to obtain license extensions to 60 years and
provides an additional margin of conservatism. This result in a total of 560 heat-up/cool-down
transients for the Westinghouse-designed unit, 1040 heat-up/cool-down transients for the
CE-designed unit, and 960 heat-up/cool-down transients for the B&W-designed unit. The
PWROG indicated that most plants operational histories indicate that they will not reach this
number of design transients by end of 80 years of operation. Hence, this calculation was
performed as a bounding analysis based on actual plant operating histories.

In response to RAI 1 from Reference 3, the PWROG indicated that the fatigue crack growth
rates that are used in the fatigue crack growth analysis are taken from Section 4.2.2 of the
Theoretical and Users Manual for PC-PRAISE (Reference 14). As noted in this report, these
"equations provide a probabilistic representation of the fatigue growth relationship for ferritic
materials in water contained in Appendix A of Section XI of the ASME Boiler and Pressure
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Vessel Code." Figure A-4300-2, "Reference Fatigue Crack Growth Curves for Carbon and Low
Alloy Ferritic Steels Exposed to Water Environments," from Appendix A to Section XI in the
current edition of the ASME Code, provides a graphical representation of these equations. It
should be noted that the fatigue crack growth curves in Appendix A of Section Xl of the ASME
Code have not changed since they were originally included in the 1978 Edition of Section XI.
Since the crack growth rate code used in the PWROG analysis was taken directly from a code
that was previously reviewed and approved by the NRC staff in Reference 13 and is based on
the ASME Code crack growth rate curves, the crack growth rate code used in the PWROG
analysis is acceptable.

Effectiveness of ISI

To determine the impact of different inspection intervals on the frequency of RV failure, the
effectiveness of the ISI must be considered. The PWROG considered the impact of the
probability of detection (POD) of flaws when ultrasonic inspection is performed on the RV welds
and adjacent base metal. The basis for the POD used in the pilot plant studies for the RV ISI
interval extension was taken from studies performed at the Electric Power Research Institute
(EPRI) Nondestructive Examination (NDE) Center on the detection and sizing qualification of
ISIs of the RV beltline welds (Reference 15). Figure 3-4 in the TR illustrates the POD as a
function of flaw size. The POD ranges from 0.5 for very small flaws up to 0.9 and greater for
flaws with through-wall depths greater than 0.25 inches.

For the pilot plant evaluations, ultrasonic examinations were assumed to be conducted in
accordance with ASME Code, Section Xl, Appendix VIII. Flaws that were detected were
assumed to be repaired with the repaired area returned to a flaw-free condition. If the quality of
inspection is not as good as assumed or the quality of the repair is less than 100 percent, then
the result would be fewer flaws found and fewer flaws removed during repair, resulting in less
difference in risk from one inspection interval to another. The POD values used in the analysis
were relatively high and, therefore, the pilot plant studies conservatively calculated a larger
potential difference in risk by maximizing the benefits of inspection.

Material Fracture Toughness and Neutron Embrittlement

The RV material properties for each of the pilot plant studies used plant-specific properties that
are identified in Appendices B, F, and J in the TR. These material properties are input to the
Fracture Analysis of Vessels - Oak Ridge (FAVOR) Code (Reference 16). The FAVOR Code,
which was developed by Oak Ridge National Laboratory (ORNL) to perform PFM analyses for
the NRC PTS Risk Studies, includes fracture toughness models which are based on extended
databases of empirically obtained plane strain fracture toughness (KJ) and crack arrest fracture
toughness (K1.) data points and include the effects of statistical bias for direct measurement of
fracture toughness.

The input to the FAVOR Code includes plant-specific neutron fluence maps for each of the pilot
plants. For the pilot plant evaluations in the TR, the input neutron fluence distributions were
taken directly from the NRC PTS Risk Study. A series of neutron transport calculations were
performed for the NRC PTS Risk Study to determine the neutron fluence on the inner wall of the
pilot plant RVs. The modeling procedures were based on the guidance contained in RG 1.190,
"Calculational and Dosimetry Methods for Determining Pressure Vessel Neutron Fluence"
(Reference 17). The models incorporated pilot plant-specific geometry and operating data. The
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neutron fluence for energies greater than one million electron volts (E > I MeV) was calculated
as a function of the azimuthal and axial location on the inner wall of the RV. The neutron
fluence was extrapolated from the current state point to various EFPY of operation assuming a
linear extrapolation of the most recent operating cycles.

The neutron fluence values used in the RV ISI interval extension evaluations were for 60 EFPY
for BV1 and Palisades and were for 500 EFPY for OC1. 500 EFPY were used for OCi rather
than 60 EFPY to envelope license extension consideration and because it is recognized that
OCI is not the most radiation sensitive RV in the B&W fleet. The use of 500 EFPY for OC1
should bound the embrittlement of the most highly embrittled RV in the B&W fleet.

Accident Transients

PTS events are viewed as providing the greatest challenge to PWR RV structural integrity. If a.
RV had an existing flaw of critical size and certain PTS transients were to occur, this flaw could
rapidly propagate through the RV wall, resulting in a through-wall crack and challenging the
integrity of the RV. The PTS Risk Study utilized plant-specific probabilistic risk assessment
(PRA) models to determine the possible sequences which could result ina PTS event for each
of the pilot plants. Due to the large number of sequences which were identified, it was
necessary to group (i.e., bin) sequences with like characteristics into representative transients
(PTS transients) that are analyzed using thermal-hydraulic (TH) codes.

TH analyses were performed for each PTS transient to develop time histories of temperature,
pressure, and heat transfer coefficients. These histories were then input into the FAVOR code
where they were used during the calculation of the conditional probability of RV failure for each
PTS transient. From this analysis, it was determined that only a portion of the PTS transients
contribute to the total risk of RV failure, while the remaining transients have an insignificant or
zero contribution. The transients which were identified to be contributors to PTS risk were then
used for the PFM analysis in the PTS study and for the pilot plant studies in the TR.

Stresses Resulting from PTS Transients, Cladding and Welding

For each PTS transient, deterministic calculations were performed to produce a load definition
input file that includes time-dependent, through-wall temperature profiles, through-wall
circumferential and axial stress profiles, and stress intensity factors for a range of axially and
circumferentially-oriented embedded and inner surface-breaking flaw geometries. This load.
definition file was input into the FAVOR code to produce the conditional probability of failure

• (CPF) (i.e., the conditional probability of a through-wall crack) for each PTS transient. These
probabilities estimated by the FAVOR code (complete with uncertainties) are conditional in the
sense that, within the FAVOR code probabilistic fracture mechanics module (FAVPFM), the TH
transients are assumed to occur.

In addition to the stress resulting from PTS transients, the PWROG analysis included the impact
of cladding and residual stresses on theprobability of failure. The pilot plant studies for RV ISI
interval extension used a residual weld stress distribution through the wall that was taken from
the NRC PTS Risk Study and is described in the FAVOR Code Theory Manual (Reference 16).
The cladding stress used in the pilot plant studies was taken from the NRC PTS Risk Study.
The cladding temperature dependence due to differential thermal expansion was based on a
stress free temperature of 488 OF, which is consistent with that used in the NRC PTS Risk Study.
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Staff Evaluation of Engineering Considerations in PFM Analysis

The material fracture toughness, neutron e'mbrittlement, distribution and uncertainties in
embedded and surface-breaking flaws, accident transients, frequency of transients, and stress
resulting from PTS transients, cladding, and welding used in the PWROG ISI interval extension
study are acceptable because the values and methodologies were derived from the NRC PTS
Risk Studies. The fatigue crack growth analysis used in the PWROG tSI interval extension
study is acceptable because It was performed using a code approved by the NRC and has
considered all sources of fatigue stress and the probability for preexisting fabrication flaws. The
effectiveness of ISI has been adequately determined because it used data from studies
performed at the EPRI NDE Center on the detection and sizing qualification of ISIs of RV bettline
welds. Based on the above conclusions, the NRC staff considers that the PWROG has
adequately considered the engineering variables in determining the risk of RV failure in its ISI
interval extension study.

The PWROG has identified two items that must be further evaluated. They are:

I) Licensees for B&W plants using the results of TR WCAP-16168-NP, Revision 2 to
extend the RV ISI interval from 10 to 20 years (including the pilot plant) must
demonstrate that the assumption of 12 heat-up/cool-down transients per year in the
TR analysis bounds the fatigue crack growth for all design basis transients for that
unit.

2) RVs with RTi.vxFo values exceeding 240 OF require further evaluation because the
analyses performed in TR WCAP-16168-NP, Revision 2 are not applicable.

3.2.2 Probabilistic Risk Assessment

PTS events were viewed as providing the greatest challenge to PWR RV structural integrity and,
therefore, the PRA had to estimate the frequency and severity of PTS transients. PTS transients
are not normally modeled in PRAs and the, analyses of the pilot plants in the TR used the PTS
transients and frequencies from the NRC PTS Risk Study.' As part of the NRC PTS Risk Study,
PRA models were developed by the NRC staff for each of the three pilot plants using
plant-specific information (References 18, 19, and 20). These three units included one unit from
each of the PWR vendors. These PRA models included an event tree analysis that defined the
sequences of events that are likely to produce a PTS challenge to RV structural integrity for
each of the pilot plants. As discussed above, individual event tree sequences with like
characteristics were binned into representative PTS transients.

The results of the PRA in the PTS Risk Study included descriptions of each PTS transient fromý
'which the TH characteristics of each transient can be developed, and estimates of the frequency
with which each transient was expected to occur. The final transient frequency estimates were
distributions (histograms) which represented the combined frequency, including uncertainties, of
all the event tree sequences incorporated into each bin. Appendices D, H, and L in the TR
briefly described the failures and the mean estimated frequency for each bin for each of the
three pilot plants.

The transient frequencies were input into the FAVPOST module, the final module in the FAVOR
Code. This module combined the conditional initiation and through-wall cracking probabilities
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through a matrix multiplication with the frequency histograms for each PTS transient provided by
the PRA analyses.

3.2,2.1 Estimating the Risk Associated with Extending the RV Weld Inspection Interval from
10 to 20 Years

The likelihood of RV failure was postulated to increase with increasing time of operation due to
the growth of pre-existing fabrication flaws by fatigue in combination with a decrease in RV
toughness due to irradiation. The PFM approach in the TR simulated the growth of flaws over
time and the repair of flaws that are detected during a periodic ISI. The largest cracks were
expected to exist at the end of the plant's operating life because, even with periodic inspection,
flaws may be missed during an inspection. These flaws would remain in service and grow until
eventually detected by ISI, causing RV failure during a PTS event, or the end of plant life is
reached. The end of operating life is also the time when the RV will be most embrittled and most
subject to failure for any size crack.

Therefore, instead of assuming that PTS transients can occur randomly during the operating life,
the PWROG's response to RAI 9 from Reference 3 explained that the TR conservatively
estimated the CPF for each PTS transient by applying the PTS loadings to the material
properties and the distribution of flaws sizes expected to exist on the first day of full power
operation following the refueling outage after the last operating year of the extended license of
the plant. The NRC staff concurred that this process approximates the greatest CPF expected
to exist during the life of the plant. The PTS transients' frequencies were not expected to
change over the plant life so the product of these frequencies with the maximum CPF is
acceptable because it results in a bounding estimate for the TWCF and associated increase in
risk.

The current inspection interval is 10 years and the base case scenario for the change in risk
analysis is one inspection every 10 years. Rather than evaluate each plants' specific inspection
cycle, the TR bounded the impact of extending the interval by estimating the risk increase as the
difference between the base case risk (assuming that the RV was inspected every ten years)
and the risk assuming that a plant only had one inspection after the first 10 years and then was
never inspected again for the remaining life of the plant. Plant life was assumed to be 80 years,
for both the base case (every 10 year inspection) and the bounding case (only one inspection).
The NRC staff concurred that this evaluation is applicable to all plants and the change in risk
estimated for this scenario will bound the change expected by extending the 10 year interval to a
20 year interval.

The TR assumed that a through-wall crack will lead to core damage and that core damage will
lead to a large early release, The RG 1.174 guideline addressing an acceptable increase in
large early release frequency (LERF) is the smallest guideline value., Requiring that the TWCF
is less than the LERF guideline ensured that both the core damage frequency (CDF) and LERF
guidelines are met. The equation in FAVPOST that was used to estimate risk with and without
periodic inspection for plant j is;

LERFj= CDF,= TWCF= E IEt, CPFp

where,
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IEij is the initiating event frequency (events per year) for each of the i representative PTS
transients for plant j developed during the PTS RiskStudy. The PTS Risk Study developed
full distributions for the frequency of each PTS transient bin and the TR used the full
distribution.2 IEjj does not change when the inspection period changes.

CPFj1 is the conditional probability of RV vessel failure (conservatively assumed to occur if a
through-wall crack develops) given the thermal-hydraulic characteristics of each of the i
representative PTS transients for plant j. As described above, the RV material properties
and the distribution of flaw sizes are those expected to exist at the end of plant j's operating
life. The distribution of flaw sizes is the parameter that changes when the inspection period
changes and, therefore, CPFj1 changes when the inspection period changes.

The NRC staff concurs that the PRA models of PTS transient frequency, the lEp and CPFjj
parameters, and the above equation appropriately capture the significant contributors to risk
from RV failure and, therefore, fulfill the RG 1.174 guidance that the analysis is capable of
modeling the impact of the proposed change. The NRC staff also concurs that the bounding
estimates from only one inspection versus an inspection every ten years appropriately envelops
the impact of the proposed change for any facility regardless of its inspections schedule and
history.

ISI is directed toward identifying surface-breaking and embedded flaws that have grown large
enough to require repair. In the response to RAI 12a from Reference 3, the PWROG noted that
the frequency of surface-breaking flaws should be very small because none had ever been
discovered during either pre-service or in-service examinations of beltline welds. With few such
flaws, few failures were observed from the simulations even when fatigue crack growth was
included. With few failures, it was difficult to obtain a converged solution using Monte Cario
simulation in the FAVOR Code because its precision is based upon the number of failures in the
total number of simulations. In order to obtain a converged solution, the dominant contribution to
TWCF from embedded flaws was included 3 in the simulations. The result of including the
dominant contribution from embedded flaws in the simulation was that direct comparison of the
mean TWCF with only one inspection and the mean TWCF with inspections every ten years did
not produce a stable metric. This is illustrated by, for example, the results in Table 4-1 in the TR
which reported that the estimated TWCF for BV1 with only one inspection (5.04E-9lyear) was
smaller than the TWCF with one inspection every ten years (5.23E-9/year) although the more
frequent inspection program should result in a smaller TWCF.

In the response to RAt 12b from Reference 3, the PWROG, reported on a sensitivity study that
was performed by running the Monte Carlo simulation without the embedded flaws. The
PWROG reported that the number of FAVOR simulations was increased from 70,000 to 500,000
but that no failures were obtained for both the only one inspection and the inspection every ten

2 Appendices D, H, and L include only the mean frequency estimates from the PTS transient
bins, but the calculations illustrated in Appendices E, 1, and M are performed using the full
initiating event frequency distributions.
3 The NRC staff concluded during the PTS Risk Study, that embedded flaws do not grow over
time and therefore their contribution to TWCF is driven by the initial flaw distribution and is
unaffected by the ISI interval.
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years simulations. The PWROG noted that excluding embedded flaws results in a zero TWCF
for both inspection intervals and, therefore, a zero increase in TWCF given the proposed interval
extension.

Because of the uncertainty in how accurately an insignificant (null) effect can be calculated using
standard Monte Carlo simulation, the PWROG included embedded flaws and estimated the
change in risk by subtracting the lower bound mean estimate for one inspection every ten years
from the upper bound mean estimate for only one inspection. The'PWROG argued that this
difference represents the maximum statistically calculated value for the potential change in risk
at a number of RV simulations for which the Monte Carlo statistical analysis has reached a
stable solution. In its response to RAI 12c from Reference 3. the PWROG described the
derivation of the standard error on the mean which was used to calculate the upper and lower
bound estimates. The standard error is a statistical estimate reflecting how much.sampling
fluctuation was observed which can be used to estimate confidence intervals about the mean
estimate. The PWROG chose to use two times the standard error to develop its confidence
bounds. Therefore, if repetitive simulations (each with 70,000 trials) were performed, it is expect
that in only 2.5% of the mean estimates would exceed the upper bound value and 2.5% would
be less than the lower bound value.

The NRC staff concluded that the analyses described in the TR provided a reasonable or
bounding estimate of the increase in risk associated with extending the inspection interval for RV
welds from 10 to 20 years. As discussed above, the NRC staff based this conclusion on:

. the PRA models of PTS transient frequency, the IEj, and CPFi1 parameters, and the
equation used to calculate the risk from PTS events appropriately capturing the
significant contributors to risk from RV failure,

, the bounding estimates from only one inspection versus an inspection every ten years
appropriately modeling the impact of the proposed change for any facility regardless of
its RV inspections schedule and history,

the TWCF from surface-breaking flaws being so small that the Monte Carlo estimation
techniques in the FAVOR code do not converge to a stable solution indicating that the
TWCF from surface-breaking flaws is small regardless of the inspection program interval,
and

the subtraction of the lower bound mean estimate for one inspection every ten years from
the upper bound mean estimate for only one inspection being consistent with the
guidance in RG 1.174 that the difference in the means (in this case confidence estimates
on the means) is the risk metric that should be compared with the acceptance guidelines.

'3.2.2.2 Evaluation of PRA Technical Adequacy

Technically adequate is defined, at the highest level, as an analysis that is performed correctly,
in a manner consistent with accepted practices, commensurate with the scope and level of detail
required to support the proposed change. The PWROG used the PTS transient frequencies
developed in the NRC PTS Risk Study in its analysis. The TR conservatively assumed that core
damage and large early release will inevitably follow a PTS transient that results in a
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through-wall crack. Therefore, there is no PRA event and sequence modeling needed beyond
the determination of the PTS transient frequencies.

The NRC staff developed plant-specific PRA analyses to estimate the PTS transient frequencies
for each of the three pilot plants using a process described in detail in NUREG/CR-6859, 'PRA
Procedures and Uncertainty for PTS Analysis" (Reference 21). The analyses were described in
detail in the plant-specific PRA reports (References 18, 19, and 20) and summarized in
Chapter 5 of the PTS Risk Study. The process included a review of the PRA analyses
performed during the 1980s in support of the'first PTS rule and a search of licensee event
reports for the years 1980 through 2000 to gain an understanding of the frequency and severity
of observed overcooling events. The PRA analyses used realistic input values and models and
an explicit treatment of uncertainties. Best estimate equipment failure values were used
throughout based on generic nuclear industry data or, in cases where it was available, on plant-
specific data. Parameters related to human performance were based on review of plant-specific
procedures and training, observation of plant personnel responding to PTS-related sequences
on their simulator, and performance data from actual plant operations, The scope of the study
covered all event sequences in the range from zero power hot stand-by up to 100% power.

As discussed in the individual pilot plants' PRA reports, all analyses were conducted through
plant visits and by numerous interactions (vocal, written, and e-mail exchanges) with each
licensee as the analysis evolved. During a first site visit, the PTS study team collected
information. After preliminary results were completed, reviews were performed both by licensee
and NRC project staff during a second site visit, The OCI and BV1 models used system level
fault trees and system level failure data. The Palisades model used detailed system level fault
trees from the licensee's PRA. Formal reviews were carried out for OCl and BV1. Palisades'
models were developed by the licensee and reviewed by the NRC staff.

A final peer review was carried out by a panel of six experts to provide an independent review of
the technical basis developed for the PTS Rulemaking (Reference 6). The objective of the peer
review was to assess the adequacy and reasonableness of the technical basis to support the
proposed revision of the PTS rule, The peer reviewers focused on different parts of the PTS
analysis. Comments related to the PRA aspects generally concluded that the work was well
founded and reasonable and no serious weaknesses were identified.

Based on the PTS Risk Study's detailed review of past studies and operating experience,
extensive interactions between the analysis team and the plant personnel at all units, and the
opportunity for the same team to benefit from the multiple plant study insights while performing
all the analyses, the NRC has confidence that the PTS transient frequency results from the PRA
analyses in the PTS Risk Study are sufficiently well developed to be able to demonstrate that the
change in risk estimates as developed in the TR does not exceed the acceptance guidelines in
* RG 1.174.

3.2.2.3 Generic Applicability and External Events ,

During the development of the PTS Risk Study, the NRC staff investigated the applicability of the
results from the three pilot plants to the operating fleet of PWRs. These three units included one
unit from each of the three PWR vendors. This investigation examined plant design and
operational characteristics of five additional plants as described in Letter Report, "Generalization
of Plant-Specific Pressurized Thermal Shock (PTS) Risk Results to Additional Plants,"
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(Reference 22). The overall approach was to compare potentially important design and
operational features (as related to PTS) of the other PWRs to the same features of the pilot
plants to determine the extent these features are similar or different.

In 72 FR 56275 (Reference 4), the NRC staff reported its conclusion that the TWCF results from
the PTS Risk Study can be applied to the entire fleet of operating PWRs. This conclusion was

• based on an understanding of characteristics of the dominant transients that drive their risk
significance. The generic evaluation revealed no design, operational, training, or procedural
factors that could credibly increase the severity of these transients or the frequency of their
occurrence in the general PWR population above the severity/frequency characteristics of the
three plants that were modeled in detail. As applied to the analyses included in the TR, this
conclusion indicated that the PTS transient frequencies and TH characteristics used to estimate
the change in risk are dependent only on the reactor vendor and are generally applicable to all
PWRs from that vendor.

The detailed plant-specific PRAs in the PTS Risk Study evaluated the contribution of internal
initiating events to TWCF. The study group also evaluated the potential contribution of external
initiating events to PTS risk as described in Reference 23 and summarized in Section 9.4 of the
PTS Risk Study. The external events included in the evaluation were fires, floods, high winds
and tornados, and seismic events. This analysis was structured by identifying three broad types
of overcooling scenarios and making conservative judgments with regard to the type and
frequency of external events that could directly contribute to causing each overcooling scenario.
The conservative judgments were directed toward bounding the PTS TWCF contributions
attributable to external events for the worst situation that might arise at virtually any plant. The
study's results indicated that the bounding total external event TWCF is approximately
2E-8/year, quantitatively comparable to the highest internal events contribution of 2E-8/year.
The study concluded that there was considerable assurance that the external event contribution
to the overall TWCF as a result of external event initiated PTS events is at least no greater than
the highest best estimate contribution from internal events.

Based on the results of the PTS Generalization Study, the NRC staff has concluded that the
PTS transient characteristics (both frequency and TH characteristics) are generically applicable
for all similar plants (i.e., plants from the same vendor) in the fleet. Based on the results of the
external events analyses, the NRC staff has also concluded that the contribution'of external
events to the change in risk has been adequately evaluated and that the contribution to risk from
external events is equal or less than the contribution for internal events:

3.2.2.4 Comparison with RG 1,174 Acceptance Guidelines

The results of thechange in risk analyses were summarized in Table 4-1 in the TR where the
bounding increases in risk were reported as 9.37E-10/year, 1.81 E-8/year, and 1.26E-8/year for
BV1 (Westinghouse-designed plant), Palisades (CE-designed plant), and OC1 (B&W-designed
plant), respectively. These increases are well below the guideline for a very small increase in
LERF of 1E-7/year in RG 1.174.

The TR only incorporated the internal events PTS sequence frequency results from the PTS
rulemaking into its change in risk analysis. The largest increase in LERF was estimated as
1.8E-8/year for the Palisades plant. The NRC staff's evaluation of external event contributions
to PTS risk determined that the total PTS risk would, at most, double compared to the risk from
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internal events when the risk from external events are included. Since the total risk for the base
case and the only one inspection case would both double, the total change in risk would also
double. The NRC staff concluded that the greatest change in risk associated with extending the
inspection interval at any PWR using the methods and guidelines described in the TR and
endorsed in this SE is less than 5E-8/year. The NRC staff finds that this increase is small and
consistent with the intent of the Commission's safety goals.

3.3 Implementation and Monitoring

The third element in the RG 1.174 approach is to develop an implementation and monitoring
program to ensure that no adverse safety degradation occurs because of the proposed changes.
Therefore, an implementation and monitoring plan should be developed to ensure that the
engineering evaluation conducted to examine the impact of the proposed changes continues to
be valid after the change has been implemented. This will ensure that the conclusions that have
been drawn from the evaluation remain valid.

RV integrity depends upon licensees ensuring that the critical elements of the PFM analysis
described in the TR are valid, Licensees must monitor the number of cycles of transients that
could affect the fatigue crack growth analysis, the change in fracture toughness of the limiting
RV material due to exposure to radiation, and the flaw distribution in the RV welds and adjacent
base metal,

The number of transient cycles that were utilized in the fatigue crack growth analysis was
discussed in Section 3.2.1 of this SE. The PWROG used 7 heat-up and cooldown cycles per
year for Westinghouse-designed plants, 13 heat-up and cooldown cycles per year for
CE-designed plants, and 12 heat-up and cooldown cycles per year for B&W-designed plants,
The design basis for the Westinghouse plant was 5 cooldown cycles per year. Although it was
determined that three other transients did not significantly contribute to fatigue crack growth in
RV welds, an additional 2 cycles were conservatively added to envelope the contribution of
these three transients. Since the PWROG fatigue crack growth analysis for Westinghouse

* NSSS designed plants determined that the only design basis transient that resulted in significant
crack growth was the cool-down transient, it is the only design basis transient that needs to be
monitored., Since the PWROG fatigue crack growth analysis of CE NSSS designed plants
determined that the amount of crack growth from 13 cool-down transients bounds the expected

* crack growth from both cool-down and loss of secondary pressure transients. CE plants should
monitor the number of cool-down transients. Fatigue crack growth sensitivity studies were not

* i performed to determine the effect of B&W design transient for fatigue crack growth in B&W
* designed plants. Therefore, any B&W plant using the results of the TR to extend the RV ISI

interval from 10 to 20 years (including the pilot plants), must determine the design basis
transients that contribute to significant crack growth in RV welds. These transients must be
monitored by the licensee.

Material fracture toughness was discussed in Section 3.2.1 of this SE and must be monitored by
determining whether the 95th percentile TWCFTOTAL4 for the plant requesting to implement the
pilot plant study is less than the 95h percentile TWCFTOTAL from the pilot plant study. The 9 5 th

4- The 95 percentile TWCFTOTAL is the sum of the 95 percentile TWCF for all beltline materials.
It is calculated in accordance with NUREG-1 874.
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percentile TWCFTOTAL was calculated based on the material property indexing parameter
RTAX.,•• Appendix A in the TR identifies the 95th percentile TWCF1olAL from the pilot plant
studies for BV1, Palisades, and OCT. The 95' percentile TWCFI',TAL value calculated for BVI
at 60 EFPY was 1.76E-08 events per year. The 95t" percentile TWCF-ro:AL value calculated for
Palisades at 60 EFPY was 3.16E-07 events per year. The 95"' percentile TWCFTOTAL value
calculated for OCl at 500 EFPY was 4.42E-07 events per year.

.The flaw distributions used in the PWROG PFM analyses are described in Section 3.2.1 of this
SE. The PWROG utilized the flaw sizes and distributions in the NRC PTS Risk Study to
simulate embedded flaws in welds, forgings,'and plates and to simulate the initial size and
distribution of surface-breaking flaws. Section (e) of the proposed 10 CFR 50.61a, Alternative
fracture toughness requirements for protection against pressurized thermal shock, in
Enclosure 1 to the proposed rulemaking in SECY-07-0104 described the allowable flaw
distribution for embedded flaws and surface-breaking flaws that would be permitted for RVs that
are at the PTS screening limits described in the proposed 10 CFR 50.61a. By monitoring flaw
sizes in accordance with the criteria described in Section (e) of the final 10 CFR 50.61a (or the
proposed 10 CFR 50.61a, given in 72 FR 56275 prior to issuance of the final 10 CFR 50.61a)
licensees will ensure that their RVs do not have flaws that invalidate the results of the PWROG
PFM analyses.

The NRC staff concludes that the implementation and monitoring described above will ensure
that the conclusions that have been drawn from the evaluation remain valid.

3.4 Submit Proposed Change

The fourth and final element in RG 1. 174 approach is the development and submittal of the
proposed change to the NRC. Since the 10 year ISI interval is required by Section XI.
IWB-2412, as codified in 10 CFR 50.55a, a relief for an alternative, in accordance
10 CFR 50.55a(aX3)(i), must be submitted and approved by the NRC to extend the iSI interval.
Licensees that submit a request for an alternative based on the TR need to submit the following
plant-specific information;

1) Licensees must demonstrate that the embrittlement of their RV is within the envelope
used in the supporting analyses. Licensees must provide the 95"' percentile TWCFToTAAL
and its supporting material properties at the end of the period in which the relief is
requested to extend the inspection interval from 10 to 20 years. The 95Ih percentile
TWCFTOTAL must be calculated using the methodology in NUREG-1874. The RTmx.×
and the shift in the Charpy transition temperature produced by irradiation defined at the
30 ft-lb energy level, AT30, must be calculated using the latest approved methodology
documented in Regulatory Guide 1.99, "Radiation Embrittlement of Reactor Vessel
Materials," or other NRC-approved methodology. The PWROG response to RAI 3 from
Reference 3 and Appendix A in the TR identifies the~information that. is to be submitted.

5 RTmAx.x values are determined for each beltline material. RTIx-x is a material property which
characterizes the RVs resistance to fracture initiating from flaws in welds, plates, and forgings.
The method of determining RTtAx~x is described in Sections (f) and (g) of 10 CFR 50.61a,
Alternative fracture toughness requirements for protection against pressurized thermal shock, in
Enclosure 1 to the Proposed Rulemaking in SECY-07-0104.
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2) Licensees must report whether the frequency of the limiting design basis transients
during prior plant operation are less than the frequency of the design basis transients
identified in the PWROG fatigue analysis that are considered to significantly contribute to
fatigue crack growth.

3) Licensees must report the results of prior ISI of RV welds and the proposed schedule for
the next 20 year IS] interval, The 20 year inspection interval is a maximum interval. In
its request for an alternative, each licensee shall identify the years in which future
inspections will be performed. The dates provided must be within plus or minus one
refueling cycle of the dates identified in the implementation plan provided to the NRC in
PWROG letter OG-06-356, "Plan for Plant Specific Implementation of Extended Inservice
Inspection Interval per WCAP 16168-NP, Revision 1, "Risk Informed Extension of the
Reactor Vessel In-Service Inspection Interval," MUHP 5097-99, Task 2059," dated
October 31, 2006 (Reference 10).

4) Licensees with B&W plants must (a) verify that the fatigue crack growth of
12 heat-up/cool-down transients per year that was used in the PWROG fatigue analysis
bound the fatigue crack growth for all of its design basis transients and (b) identify the
design bases transients that contribute to significant fatigue crack growth.

5) Licensees with RVs having forgings that are susceptible to underclad cracking and with
RTmAX-Fo values exceeding 240 OF must submit a plant-specific evaluation to extend the
inspection interval for ASME Code, Section XI, Category B-A and B-D RV welds from
10 to a maximum of 20 years because the analyses performed in the TR are not be
applicable.

Within one year of completing each of the ASME Code, Section XI, Category B-A and B-D RV
weld inspections required in the proposed ISI interval, the licensee must provide the information
and analyses requested in Section (e) of the final 10 CFR 50.61a (or Alternative fracture
toughness requirements for protection against pressurized thermal shock, in Enclosure ito the
proposed rulemaking in SECY-07-0104, Reference 12, given in 72 FR 56275 prior to issuance
of the final 10 CFR 50.61a). Licensees that do not implement 10 CFR 50.61a must amend their
licenses to require that the information and analyses requested in Section (e) of the final
10 CFR 50.61a (or the proposed 10 CFR 50.61a, given in 72 FR 56275 prior to issuance of the
final 10 CFR 50.61a) will be submitted for NRC staff review and approval. The amendment to
the license shall be submitted at the same time as the request for alternative.

Licensees that implement 10 CFR 50.61a must perform the ISIs required in Section (e) of the
rule and must submit the required information for review and approval to the Director, Office of
Nuclear Reactor Regulation, in accordance with Section (c) of the rule, at least three years
before the limiting RTpTs value calculated under 10 CFR 50.61 is projected to exceed the PTS
screening criteria in 10 CFR 50.61. Licensees implementing Section (c) of 10 CFR 50.61a must
perform the inspections and analyses required by Section (e) of 10 CFR 50.61a prior to
implementing the extended interval.
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3.5 Conformance to RG 1.174

In addition to the four element approach discussed above, RG 1.174 states that risk-informed
plant changes are expected to meet a set of key principles. This section summarizes these
principles and the NRC staff findings related to the conformance of the TR methodology with
these principles.

Principle 1 states that the proposed change must meet the current regulations unless it is
explicitly related to a requested exemption or rule change. IS[ of ASME Code Class 1, 2, and 3
components is performed in accordance with Section XI of the ASME Code and applicable
addenda as required by 10 CFR 50.55a(g), except where specific relief has been granted by the
NRC pursuant to 10 CFR 50.55a(g)(6Xi). This risk-informed application requires a request for
an alternative under CFR 50,55a(a)(3)(i) which meets the current regulations and, therefore,
satisfies Principle 1.

Principle 2 states that the proposed change shall be consistent with the defense-in-depth
philosophy. In the response to RAI 1la from Reference 3, the PWROG argued that the
proposed change is consistent with the defense-in-depth philosophy because there is no change
in RV design and no change in the robustness of the RV or other systems at the plant. The
NRC staff believes that ISI is an integral part of defense-in-depth and extending the interval may
change the robustness of the RV, albeit very slightly. However, the extension of the inspection
interval is accompanied by various evaluations and a monitoring program and the NRC staff
concludes that, in total, the proposed ISI program provides reasonable assurance that RV
integrity will be maintained consistent with the philosophy of defense-in-depth. Therefore,
Principle 21is met.

Principle 3 states that the proposed change shall maintain sufficient safety margins. Section 12
in PTS Risk Study concluded that the calculations demonstrate that PTS events are associated
with an extremely small risk of RV failure, suggesting the existence of considerable safety
margin. Section 4.3 in the TR clarified that no safety analysis margins are changed and, aside
from extending the inspection interval, no portions of the current inspection requirements are
eliminated. The NRC staff concurred that the proposed change maintains sufficient safety
margins because the change simply extends the inspection interval and does not change, for
example, the acceptance criteria used to' determine whether any identified flaws are acceptable
or need to be repaired. Therefore, Principle 3 is met.

Principle 4.states that when proposed changes result in an increase in CDF or risk, the
increases should be small and consistent .with the intent of the Commission's Safety Goals. The
NRC staff concluded that the greatest increase in LERF associated with extending the
inspection interval at any PWR using the methods and guidelines described in the TR and
endorsed in this SE is less than 5E-8/year. The NRC staff found that this increase is small and
consistent with the intent of the Commission's Safety Goals. 'Therefore, Principle 4 is met.

Principle 5 states that the impact of the proposed change should be monitored using
performance measurement strategies. As described in-Section 3.3 of this SE, licensees must
monitor the number of cycles of transients that could effect the fatigue crack growth analysis, the
fracture toughness of the limiting RV material, and the flaw distribution in the RV welds and

* adjacent base metal. The NRC staff found that the planned monitoring program provides
confidence that no adverse safety degradation will occur because of the proposed changes and
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that the engineering evaluation conducted to examine the impact of the proposed changes will
continue to be valid after the change has been implemented. Therefore, Principle 5 is met.

3.6 NRC Staff Findings

The NRC recently proposed a new rulemaking (72 FR 56275) which would change the
regulations regarding the requirements for protection against PTS events. In support of this
rulemaking, the NRC staff concluded that the risk of through-wall cracking caused by PTS
events is much lower than previously estimated. The proposed rule provided new PTS
screening criteria that are selected based on an evaluation that indicated that, after applying
these new, relaxed criteria, the risk of through-wall cracking due to a PTS event at any PWR
would be less than 1 E-6/year. Most PWRs are not expected to need the new screening criteria
and, therefore, would have a TWCF less than, or substantially less than, 1E-6/year.

The analysis developed to support this TR uses mostly the same inputs and models used in the
PTS Risk Study. The PTS Risk Study concluded that embedded flaws do not grow and,
therefore, after the first inspection, periodic ISIs do not affect the risk from embedded cracks.
Surface cracks that penetrate through the cladding and into the ferritic alloy steel were not part
of the PTS Risk Study because these types of flaws have not been observed in the beltline of
operating PWR reactors. PFM analyses indicate, however, that surface cracks can grow over
time when subject to fatigue. The TR has analyzed the growth of postulated surface cracks
because extending the RV inspection interval could increase the risk of RV failure from such

* cracks. The NRC staff has concluded that the TR has appropriately postulated and modeled the
potential change in risk that could be caused by fatigue crack growth over the life of operating
facilities.

Based on the results of the PTS Generalization Study, the NRC staff has concluded that the
PTS transient characteristics (both frequency and TH characteristics) are generically applicable
for plants from the same reactor vendor. RV embrittlement is, however, RV material, operating
history, and age specific. Therefore, the NRC staff found that, while the PTS transient work
need not be repeated by each plant seeking to extend its interval, the analyses and monitoring
to demonstrate that the RV embrittlement is within the envelope used in the supporting analyses
and must be performed by each plant as described.

The NRC staff found that licensees implementing the ISI interval extension program
documented in the TR and endorsed in the SE will have a program that meets the five key
principles stated in RG 1.174 and, therefore, the proposed alternatives would provide an
acceptable level of quality and safety, in accordance with 10 CFR 50.55a(aX3Xi).

Based on the above conclusions, the ASME Code Section Xl ISI interval for examination
categories B-A and B-D welds in PWR RVs can be extended from 10 years to a maximum of
20 years. Since the 10 year ISI interval is required by Section Xl, IWB-2412, as codified in
10 CFR 50.55a, a request for an alternative, in accordance 10 CFR 50.55a(gX6Xi), must be
submitted and approved by the NRC to extend any facility's ISI interval. In addition, licensees
that do not implement 10 CFR 50.61 a must amend their licenses to require that the information
and analyses requested in Section (e) of the final 10 CFR 50.61a (or the proposed
10 CFR 50.61a, given in 72 FR 56275 prior to issuance of the final 10 CFR 50.61a) will be
submitted for NRC staff review and approval. The amendment to the license shall be submitted
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at the same time as the request for an alternative. The requestfor an alternative will be for the
remainder of the licensed period for the plant.

The methodology in the TR is applicable to all operating PWR plants by confirming the
applicability of the parameters in Appendix A of the TR on a plant-specific basis. Licensees
must submit a request for an alternative that contains all the information in Section 3.4 of this
SE. However, since the analysis documented in the TR used plant-specific data for BV1,
Palisades, and OC1, these plants need not confirm the applicability of the parameters in
Appendix A of the TR for the current license term.

The NRC staff will not repeat its review of the matters described in WCAP-16168-NP,
Revision 2. as modified by this SE, when the report appears as a reference in a request for an
alternative, except to ensure that the material presented applies to the specific plant involved
and the licensee has submitted all the information requested in Section 3.4 of this SE.

•4.0 CONDITIONS AND LIMITATIONS

The 20 year inspection interval is a maximum interval. In its request for an alternative, each
licensee shall identify the years in which future inspections will be performed. The dates
provided must be within plus or minus one refueling cycle of the dates identified in the
implementation plan provided to the NRC in PWROG letter OG-06-356. "Plan for Plant Specific
Implementation of Extended Inservice Inspection Interval per WCAP 16168-NP, Revision 1,
"Risk Informed Extension of the Reactor Vessel In-Service Inspection Interval," MUHP 5097-99,
Task 2059," dated October 31, 2006 (Reference 10).

Within one year of completing each of the ASME Code, Section XI, Category B-A and B-D RV
weld inspections required in the proposed ISI interval, the licensee must provide the information
and analyses requested in Section (e) of the final 10 CFR 50.61a (or Alternative fracture
touqhness requirements for protection agiainst pressurized thermal shock, in Enclosure 1 to the
proposed rulemaking in SECY-07-0104, Reference 12, given in 72 FR 56275 prior to issuance
of the final 10 CFR 50.61a). Licensees that do not implement 10 CFR 50.61a must amend their
licenses to require that the information and analyses requested in Section (e) of the final
10 CFR 50.61a (or the proposed 10 CFR 50.61a, given in 72 FR 56275 prior to issuance of the
final 10 CFR 50.61a) will be submitted for NRC staff review and approval. The amendment to
the license shall be submitted at the same time as the request for alternative.

Licensees that implement 10 CFR 50.61a must perform the ISIs required in Section (e) of the
rule and must submit the required information for review and approval to the Director, Office of
Nuclear Reactor Regulation, in accordance with Section (c) of the rule, at least three years

'before the limiting RTps value calculated under 10 CFR 50.61 is projected to exceed the PTS
screening criteria in 10 CFR 50.61. Licensees implementing Section (c) of 10 CFR 50.61a must
perform the inspections-and analyses required by Section (e) of 10 CFR 50.61a prior to
implementing the extended interval.

-The methodology in the TR is applicable to all operating PWR plants by confirming the
applicability of the parameters in Appendix A of the TR on a plant-specific basis. Licensees
.must submit a request for an alternative that contains all the information in Section 3.4 of this
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SE. However, since the analysis documented in the TR used plant-specific data for BV1,
Palisades, and OCl, these plants need not confirm the applicability of the parameters in
Appendix A of the TR for the current license term.

The NRC staff has accepted TR WCAP-16168-NP, Revision 2, based on the imposition of a
condition related to the augmented evaluation of in-service inspection (ISI) results taken from
Section (e) of the proposed Title 10 of the Code of Federal Regulations 50.61 a, published in the
Federal Register on October 3, 2007 (72 FR 56275). The NRC staff is in the process of
reviewing public comments on the proposed rule and preparing the final rule. If the final
10 CFR 50.61a differs from the proposed 10 CFR 50.61a with regard to the augmented ISI
evaluation requirements, the PWROG will be expected to review the requirements in the final
10 CFR 50.61a and determine whether a revision to the accepted TR WCAP-16168-NP,
Revision 2, is required. The PWROG will be expected to notify the NRC staff, in writing, of the
results of its determination within six months of the publication date of the final 10 CFR 50.61a.
If, on this basis, a revision to the accepted TR WCAP-16168-NP, Revision 2, is required, the
PWROG will be expected to submit the revised TR for NRC staff review within one year of the
publication date of the final 10 CFR 50.61a.

5.0 CONCLUSION

The NRC staff has found that the methodology presented in WCAP-16168-NP, Revision 2, in
concert with the guidance provided by RG 1.174, is acceptable for referencing in license
amendment requests for PWR plants in accordance with the limitations and conditions in
Section 4.0 of this SE. The NRC staff will consider extending the RV weld inspection interval
beyond 10 years based on plant-specific requests for an alternative that reference
WCAP-16168-NP, Revision 2.
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RESOLUTION OF PRESSURIZED WATER REACTOR OWNERS GROUP (PWROG)

COMMENTS ON DRAFT SAFETY EVALUATION (SE) FOR TOPICAL REPORT (TR)

WCAP-16168-NP, REVISION 2, RISK-INFORMED EXTENSION OF THE

REACTOR VESSEL IN-SERVICE INSPECTION INTERVAL"

(TAC NO. MC9768)

By letter dated March 31, 2008, the PWROG provided thirteen comments on the draft SE for
TR WCAP-16168-NP, Revision 2. The following are the NRC staffs resolution of these
comments. To ensure consistency when discussing the final and proposed rule within the SE,
the NRC staff has made one additional change, noted at Number 14.

1. Page 3, Lines 19-21

PWROG Comment:

It is stated in the draft SE that: "This correlation took into consideration the contribution to
TWCF [through wall cracking frequency] from each of the most limiting plate, axial weld, and
circumferential welds." This correlation also took into consideration forgings. Therefore, the
following change is suggested: "This correlation took into consideration the contribution to
TWCF from each of the most limiting plate, forging, axial weld, and circumferential welds."

NRC Response:

The NRC staff agrees with this change.

2. Page 15, Line 41

PWROG Comment:

The change in risk (9.43E-10/year) for Beaver Valley Unit 1 (BVI) should be revised to
9.37E-10/year to be consistent with the value documented in WCAP-16168-NP, Revision 2, and
the response to Request for Additional Information question number 8.

NRC Response:

The NRC staff agrees with this change.

3. Page 17, Lines 11-18

PWROG Comment:

The draft SE requires' that the qualified vessel inspection results be evaluated per the existing
requirements in Section (e) of 10 CFR 50.61a in Enclosure 1 of SECY-07-0104, Reference 12.
It is requested that the SE be revised to state that the requirements of Section (e) in
Enclosure 1 of SECY -07 -0104 should only be used until the applicable requirements in the final
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version of 10 CFR 50.61a are published in the Federal Register. The following revision is
recommended, "By monitoring flaw sizes in accordance with the criteria described in Section (e)
of the proposed rulemaking in SECY-07-0104, or the final published version of 10 CFR 50.61a,
licensees will ensure...."

NRC Response:

While the NRC staff agrees with the intent of the requested change, the NRC staff does not
agree the revised wording accomplishes the intent. The NRC staff has made the following
change: "By monitoring flaw sizes in'accordance with the criteria described in Section (e) of the
final 10 CFR 50,61a (or the proposed 10 CFR 50.61a, given in 72 FR 56275 prior to issuance of
the final 10 CFR 50.61a) licensees will ensure that their RVs do not have flaws that invalidate
the results of the PWROG PFM analyses,"

4. Page 18, Lines 27-34

PWROG Comment:

The draft SE requires that the qualified vessel inspection results be evaluated per the existing
requirements in Section (e)of 10 CFR 50.61a in Enclosure 1 of SECY-07-01 04, Reference 12,
It is requested that.the SE be revised to state that the requirements of Section (e) in
Enclosure 1 of SECY-07-0104 should only be used until the applicable requirements in the final
version of 10 CFR 50.61a are published in the Federal Register. The following revisions are
recommended, "...in Enclosure 1 to the proposed rulemaking in SECY-07-01 04, Reference 12,
or the final published version of 10 CFR 50.61 a." and "...and analyses requested in Section (e)
of the proposed rulemaking in SECY-07-0104, or the final published version of 10 CFR 50.61a,
will be submitted....'

NRC Response:

While the NRC staff agrees with the intent of the requested change, the NRC staff does not
agree the revised wording accomplishes the intent. The NRC staff has made the following
change: "Within one year of completing each of the ASME Code, Section Xl, Category B-A and
B-D RV weld inspections required in the proposed ISI interval, the licensee must provide the
information and analyses requested in Section (e) of the final 10 CFR 50.61a (or Alternative
fracture toughness requirements for protection against pressurized thermal shock, in
Enclosure 1 to the proposed rulemaking in SECY-07-0104, Reference 12, given in 72 FR 56275
prior to issuance of the final 10 CFR 50.61a). Licensees that do not implement 10 CFR 50.61a
must amend their licenses to require that the information and analyses requested in Section (e)
of the final 10 CFR 50.61a (or the proposed 10 CFR 50.61a, given in 72 FR 56275 prior to
issuance of the final 10 CFR 50.61a) will be submitted for NRC staff review and approval. The
amendment to the license shall be submitted at the same time as the request for alternative."

5. Page 18, Lines 41-44

PWROG Comment:-

It is stated in the draft SE that: "Licensees also implementing Section (c) of the proposed
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10 CFR 50.61a must perform the inspections and analyses required by Section (e) of the
proposed 10 CFR 50.61a and may not defer the ISI inspection of the RV bettline welds." The
following revision is recommended: "Licensees also implementing Section (c) of the proposed
10 CFR 50.61a must perform the inspections and analyses required by Section (e) of the
proposed 10 CFR 50.61a prior to implementing the extended interval."

NRC Response:

The NRC staff has made the following change: "Licensees that implement. 10 CFR 50.61 a must
perform the ISIs required in Section (e) of the rule and must submit the required information for
review and approval to the Director, Office of Nuclear Reactor Regulation, in accordance with
Section (c) of the rule, at least three years before the limiting RT -s value calculated under
10 CFR 50.61 is projected to exceed the PTS screening criteria in 10 CFR 50.61. Licensees
implementing Section (c) of 10 CFR 50.61a must perform the inspections and analyses required
by Section (e) of 10 CFR 50.61a prior to implementing the extended interval."

6. Page 20, Lines 15-17

PWROG Comment:

It is stated in the draft SE that: "Surface cracks that penetrate through the cladding ....were not
part of the PTS Risk Study." However, Oconee Unit 1 included these surface cracks in the PTS
risk analyses of NUREG-1806 and NUREG-1874, even though they did not contribute to the
TWCF. It is suggested that the SE be revised to state, "Surface cracks that penetrate through
the cladding and into the ferritic steel have not been observed in the bettline of operating PWR
Reactors. PFM analyses indicate,...

NRC Response:

The NRC staff does not agree with the change. Surface defects through the clad were included
in the PTS study. However, surface defects though the clad that penetrate into the ferritic steel
were not included in the PTS study. Therefore, the SE will not be revised with the suggested
wording.

7. Page 21, Lines 21-28

PWROG Comment:

The draft SE requires that the qualified vessel inspection results be evaluated per the existing
requirements in Section (e) of 10 CFR 50.61a in Enclosure 1 of SECY-07-0104, Reference 12.
It is requested that the SE be revised to state that the requirements of Section (e) in Enclosure 1
of SECY-07-0104 should only be used until the applicable requirements in the final version of
10 CFR 50.61a are published in the Federal Register. The following revisions are
recommended, "...in Enclosure 1 to the proposed rulemaking in SECY-07-0104, Reference 12,
or the final published version of 10 CFR 50.61a.' and "...andanalyses requested in Section (e)
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of the proposed rulemaking in SECY-07-0104, or the final published version of 10 CFR 50.61 a,
wit be submitted....'

NRC Response:

While the NRC staff agrees with the intent of the requested change, the NRC staff does not
agree the revised wording accomplishes the intent. The NRC staff has made the following
change: "Within one year of completing each of the ASME Code, Section Xl, Category B-A and
B-D RV weld inspections required in the proposed ISI interval, the licensee must provide the
information and analyses requested in Section (e) of the final 10 CFR 50.61a (or Alternative
fracture toughness requirements for protection against pressurized thermal shock, in
Enclosure 1 to the proposed rulemaking in SECY-07-0104, Reference 12, given in 72 FR 56275
prior to issuance of the final 10 CFR 50.61a). Licensees that do not implement 10 CFR 50.61a
must amend their licenses to require that the information and analyses requested in Section (e)
of the final 10 CFR 50.61a (or the proposed 10 CFR 50.61a, given in 72 FR 56275 prior to
issuance of the final 10 CFR 50.61 a) will be submitted for NRC staff review and approval. The
amendment to the license shall be submitted at the same time as the request for alternative."

8. Page 21, Lines 35-38

PWROG Comment:

It is stated in the draft SE that: "Licensees also implementing Section (c) of the proposed
10 CFR 50.61a must perform the inspections and analyses required by Section (e) of the
proposed 10 CFR 50.61 a and may not defer the ISI inspection of the RV bettline welds." The
following revision is recommended, "Licensees also implementing Section (c) of the proposed
10 CFR 50.61a must perform the inspections and analyses required by Section (e) of the
proposed 10 CFR 50.61 a prior to implementing the extended interval."

NRC Response:

* The NRC staff has made the following change: "Licensees that implement 10 CFR 50.61a must
perform the ISIs required in Section (e) of the rule and must submit the required information for
review and approval to the Director, Office of Nuclear Reactor Regulation, in accordance with
Section (c) of the rule, at least three years before the limiting RTpTs value calculated under
10 CFR 50.61 is projected to exceed the PTS screening criteria in 10 CFR 50.61. Licensees
implementing Section (c) of 10 CFR 50.61a must perform the inspections and analyses required

* by Section (e) of 10 CFR 50.61a prior to implementing the extended interval."

9. Page 23, Line 27

PW ROG Comment:

The date and Agencywide Documents Access and Management System (ADAMS) Accession
number for Revision 1 of Reference 11 are October 31, 2003, and ML051790410, respectively.
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NRC Response:

The NRC staff agrees with this change.

10. Page 23, Line 35

PWROG Comment:

ADAMS Accession number ML012630333 for Reference 13 could not be found on ADAMS.
ADAMS Accession numbers ML042610469 and ML042610375 can be used for WCAP-14572
and Supplement 1 on the probabilistic structural reliability and risk assessment tool, respectively.
It is recommended that the SE be revised to include these accession numbers for Reference 13.

NRC Response:

The NRC staff agrees with this change.

11. Page 23, Line 42

PWROG Comment:

,For version 06.1 of FAVOR, Reference 16, the WCAP Technical Report used letter
ORNL-TM-2007/0030, which is the same as "Williams 07" in NUREG-1874. It is recommended
that this reference for FAVOR be used in the SE.

NRC Response:

The NRC staff agrees with this change.

12. Page 24, Line 11

PWROG Comment:

For Reference 22, the ADAMS Accession Number is ML042880482. It is recommended that
this accession number be added to the SE.

NRC Response:

The NRC staff agrees with this change.

13. , Page 24, Line 13

PWROG Comment:

Reference 23 is cited in Section 3.2.2.3 (Page 15, Line 18) but not included in'the list of
references in Section 5.0. The following text is suggested for addition to the SE: "23. Letter
Report, "Estimate of External Events Contribution to Pressurized Thermal Shock (PTS) Risk,"
October 1, 2004 (ADAMS Accession No. ML042880476)"
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NRC Response:

The NRC staff agrees with this change.

14, Page 20, Lines 41-44

NRC Comment:

To ensure consistency when discussing the final and proposed rule within the SE, the NRC staff
has made one additional change to the SE. The NRC staff has modified the following sentence:
"In addition, licensees that do not implement the proposed 10 CFR 50.61a must amend their
licenses to require that the information and analyses requested in Section (e) of the proposed
10 CFR 50.61a will be submitted for NRC staff review and approval."

NRC Response:

The NRC staff has made the following change: "In addition, licensees that do not implement
10 CFR 50.61a must amend their licenses to require that the information and analyses
requested in Section (e) of the final 10 CFR 50.61a (or the proposed 10 CFR 50.61a, given in
72 FR 56275 prior to issuance of the final 10 CFR 50.61 a) will be submitted for NRC staff review
and approval."
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LEGAL NOTICE

This report was prepared as an account of work performed by Westinghouse Electric Company LLC.
Neither Westinghouse Electric Company LLC, nor any person acting on its behalf:

A. Makes any warranty or representation, express or implied including the warranties of
fitness for a particular purpose or merchantability, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of,
any information, apparatus, method, or process disclosed in this report.

COPYRIGHT NOTICE

This report has been prepared by Westinghouse Electric Company LLC and bears a Westinghouse Electric
Company copyright notice. As a member of the Westinghouse Owners Group, you are permitted to copy
and redistribute all or portions of the report within your organization; however all copies made by you
must include the copyright notice in all instances.

DISTRIBUTION NOTICE

This report was prepared for the PWR Owners Group. This Distribution Notice is intended to establish
guidance for access to this information. This report (including proprietary and non-proprietary versions)
is not to be provided to any individual or organization outside of the PWR Owners Group program
participants without prior written approval of the PWR Owners Group Program Management Office.
However, prior written approval is not required for program participants to provide copies of Class 3 Non
Proprietary reports to third parties that are supporting implementation at their plant, and for submittals to
the NRC.

WCAP- 16168-NP-A June 2008
Revision 2



xxxvii

ACKNOWLEDGEMENTS

The authors acknowledge with appreciation those utility representatives and Westinghouse personnel who
provided support in developing this risk-infonned application and Topical Report. In particular the

authors acknowledge the following individuals:

Dennis Weakland
Michael Acker
Mel Arey

Kevin Hall
Maurice Dingler

FirstEnergy Corporation
Nuclear Management Company - Palisades

Duke Energy

Entergy South
Wolf Creek Nuclear Operating Company

The authors also acknowledge the following past and present employees of Westinghouse Electric

Company LLC who contributed to this Topical Report:

Chris Hoffmann
Richard Haessler

Jim Andrachek
Barry Sloane

Owen Hedden

Finally, the authors would like to thank members of the PWR Owners Group (PWROG) Materials

Subcommittee and the former Combustion Engineering Owners Group (CEOG) Section XI
Subcommittee, Jim Molkenthin and Gordon Bischoff of the PWROG Project Office, and Ted Schiffley,

Chairman of the PWROG, for their continued support in the development of this risk-informed

application and Topical Report.

WCAP- 16168-NP-A June 2008
Revision 2



xxxix

PWR Owners Group

Member Participation* for PWROG Project MUHP-5097, MUHP-5098, MUHP-5099, and CEOG
Task 2059.

Utility Member Plant Site(s) Participant

Yes No

AmerenUE Callaway (W) X

American Electric Power D.C. Cook l&2 (W) X

Arizona Public Service Palo Verde Unit 1, 2, & 3 (CE) X

Constellation Energy Group Calvert Cliffs 1 & 2 (CE) X

Constellation Energy Group Ginna (W) X

Dominion Connecticut Millstone 2 (CE) X

Dominion Connecticut Millstone 3 (W) X

Dominion Kewaunee Kewaunee (W) x

Dominion VA North Anna 1 & 2, Surry I & 2 (W) X

Duke Energy Catawba.1 & 2, McGuire 1 & 2 (W), X

Oconee 1, 2, 3 (B&W)

Entergy Palisades (CE) X

Entergy Nuclear Northeast Indian Point 2 & 3 (W) X

Arkansas 2, Waterford 3 (CE), XEntergy Operations South Akna Bw
Arkansas 1 (B&W)

Exelon Generation Co. LLC Braidwood I & 2, Byron 1 & 2 (W), X

TMI I (B&W)

FirstEnergy Nuclear Operating Co Beaver Valley 1 & 2 (W), Davis-Besse X
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Florida Power & Light Group St. Lucie 1 & 2 (CE) X
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Omaha Public Power District Fort Calhoun (CE) X
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Progress Energy Robinson 2, Shearon Harris (W), X
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PSEG - Nuclear Salem I & 2 (W) X
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Utility Member Plant Site(s) Participant

Yes No
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South Carolina Electric & Gas V.C. Summer (W) X

So. Texas Project Nuclear Operating Co. South Texas Project I & 2 (W) X
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members will join a project. Please contact the PWR Owners Group Program Management Office
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PWR Owners Group
International Member Participation* for PWROG Project MUHP-5097, MUHP-5098, MUHP-5099,

and CEOG Task 2059.

Utility Member Plant Site(s) Participant

Yes No

British Energy Sizewell B X

Electrabel (Belgian Utilities) Doel 1, 2 & 4, Tihange I & 3 X

Hokkaido Tornari I & 2 (MHI) X

Japan Atomic Power Company Tsuruga 2 (MNI-) X

Kansai Electric Co., LTD Mihama 1, 2 & 3, Ohi 1, 2, 3 & 4, X
Takahama 1, 2, 3 &4 (W & MHI)

Kori 1, 2, 3 & 4 X
Korea Hydro & Nuclear Power Corp. Kori 1,2,3 & 4 (Yonggwang 1 & 2 (W)

Korea Hydro & Nuclear Power Corp. Yonggwang 3, 4, 5 & 6 X
Ulchin 3, 4, 5 & 6(CE)

Kyushu Genkai 1, 2, 3 & 4, Sendai 1 & 2 (MHI) X
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(NOK)

Ringhals AB Ringhals 2, 3 & 4 (W) X

Shikoku lkata 1, 2 & 3 (MHI) X

Spanish Utilities Asco I & 2, Vandellos 2, X

Almaraz 1 & 2 (W)

Taiwan Power Co. Maanshan I & 2 (W) X

Electricite de France 54 Units X

This is a list of participants in this project as of the date the final deliverable was completed. On

occasion, additional members will join a project. Please contact the PWR Owners Group Program
Management Office to verify participation before sending documents to participants not listed above.
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EXECUTIVE SUMMARY

The current requirements for the inspection of reactor vessel pressure-containing welds have been in
effect since the 1989 Edition of American Society of Mechanical Engineers (ASME) Boiler and Pressure

Vessel Code, Section X1, as supplemented by Nuclear Regulatory Commission (NRC) Regulatory Guide
.1 50. The manner in which these examinations are conducted has recently been augmented by Appendix

VIII of Section XI, 1996 Addenda, as implemented by the NRC in an amendment to I OCFR50.55a
effective November 22, 1999. The industry has expended significant cost and man-rem exposure that
have shown no service-induced flaws in the reactor vessel (RV) for ASME Section XI Category B-A or

B-D RV welds.

The objective of the methodology discussed in this report is to provide the technical basis for decreasing
the frequency of inspection by extending the Section XI Inspection interval from the current 10 years to
20 years for ASME Section XI Category B-A and B-D RV nozzle welds. Specific pilot studies have been

performed on the Westinghouse, Combustion Engineering, and Babcock and Wilcox reactor vessel and
NSSS designs. The results show that the change in risk associated with eliminating all inspections after
the initial 10-year in-service inspection satisfies the guidelines specified in Regulatory Guide 1.174 for an

acceptable change in risk for large early release frequency (LERF).

This conclusion is applicable to all Westinghouse, Combustion Engineering, and Babcock and Wilcox
reactor vessel designs given that the applicable individual plant parameters are bounded by the critical
parameters identified in Appendix A.
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1 INTRODUCTION

The current requirements for the inspection of reactor vessel (RV) pressure containing welds have been in

effect since the 1989 Edition of American Society of Mechanical Engineers (ASME) Boiler and Pressure

Vessel (B&PV) Code, Section XI [1], as supplemented by the U.S. Nuclear Regulatory Commission
(NRC) Regulatory Guide (RG) 1.150 [2]. The manner in which these examinations are conducted has

been augmented by Appendix VIII of Section XI, 1996 Addenda, as implemented by NRC in an
amendment to I OCFR50.55a effective November 22, 1999 [3]. The industry has expended significant

cost and man-rem exposure by performing the required examinations that have shown no service-induced
flaws in the RV for ASME Section X1 Category B-A or B-D RV nozzle welds. The current code criteria
for the selection of examination areas and the frequency of examinations is not be an effective way to

expend inspection resources.

The objective of this study was to verify that a reduction in frequency of volumetric examination of the
RV full-penetration welds could be accomplished with an acceptably small change in risk. The

methodology used to justify this reduction involved an evaluation of the change in risk associated with

extending the 10-year in-service inspection (ISI) interval for three pilot plant bounding cases based on the
calculated difference in the frequency of RV failure. RV failure was defined for this study to be the
extension of a crack all the way through the RV wall. The difference in frequency of RV failure was
evaluated using RG 1.174 [4] to determine if the values met the specified regulatory guidelines. The
intent was that licensees can then use the results of this bounding assessment to demonstrate that their RV
and plant are bounded by the generic analysis, thereby justifying a plant-specific extension in the RV weld
inspection interval.

This study followed the approach specified in ASME Code Case N-691 [5], which provides guidelines for

using risk-informed.insights to increase the inspection interval for pressurized water reactor (PWR) vessel

welds.
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2 BACKGROUND

The original objective of the ASME B&PV Code, Section XI [1] ISI program was to assess the condition

of pressure-containing components in nuclear power plants to ensure continued safe operation. If
non-destructive examination (NDE) found indications that exceeded the allowable standards,

examinations were extended to additional welds in components in the same examination category. If
NDE found indications that exceeded the acceptance standards in those welds, then the examinations
were extended further to similar welds in similar components, etc.

With respect to the method defined in this report, 100 percent of the present examination areas will be
retained. The methodology is limited to justification of a reduction in the frequency of examination,

i.e., increasing the time interval between inspections.

The original examination interval of 10 years was based on "wear-out" rate experience in the pre-nuclear
utility and petrochemical process industries. As with some other Section XI IS requirements, with no
indications being found in the vessel welds under evaluation in this report, these inspections are

decreasing in value with increasing industry experience to rely upon. The U.S. NRC has granted a
number of exemptions to inspections for other areas and components (e.g., piping [6], reactor coolant
pump motor flywheels [7], etc.) based on experience and man-rem reductions. This has been attributed to
the combined design, fabrication, examination, and Quality Assurance (QA) rigor of the nuclear codes,

and more careful control of plant operating parameters by the utilities.

A critical component of the justification of the interval extension is a fracture mechanics evaluation of the

reactor vessel, Which shows that flaws, if they do exist, wouldnot grow to a critical size if the inspection
interval is increased to more than 10 years. This can be demonstrated by selecting critical areas of the
reactor vessel for the evaluation such as, the beltline, flange, and outlet nozzle regions. These locations

are known to be areas of primary concern and are currently considered in ASME Section II1, Appendix G
[I] evaluations for protection against nonductile failure of the reactor vessel. As part of this study, a
deterministic fracture mechanics evaluation of limiting locations in. a typical geometry for a RV identified

that the beltline region was the critical location with respect to the potential for growth of fatigue cracks.
Fatigue crack growth is recognized as the primary degradation mechanism in the carbon and low alloy

steel components in PWR Nuclear Steam Supply System (NSSS), that could contribute to any potential
growth of existing flaws in the component base materials and weld metals.

Fatigue can be defined as repeated exposure to cyclic loading resulting from a variety of operating

conditions or events (e.g., heatups, cooldowns, reactor trips). Design basis documents provided
descriptions of the conditions that would contribute to cyclic fatigue. This information Was used to
identify and define the frequency of occurrence for each of the events that was considered when

determining the potential for fatigue crack growth.

A technical consideration critical to success was the application of risk-informed assessment techniques to

substantiate the deterministic fracture mechanics flaw growth evaluation. Risk assessment techniques
provided a means to quantify and calculate cumulative results from contributing mechanisms and

uncertainties associated with the critical parameters. A probabilistic fracture mechanics (PFM)
methodology was used to consider the distributions and uncertainties in flaw numbers, flaw sizes, fluence,

material properties, crack growth rate, stresses, and the effectiveness of inspections. The PFM
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methodology was also used to calculate the change in the frequency of RV failure due to a change in
inspection interval. This change in RV failure frequency was used to evaluate the viability of such an
inspection interval change. Recognized guidelines for evaluating the change in failure frequencies are
provided in RG 1.174 [4] and the NRC risk assessment developed in conjunction with the current
pressurized thermal shock (PTS) evaluations [8, 9].

Significant work is on-going in the nuclear industry to investigate the impacts from PTS or "off-normal"
plant transients that may be outside the current design basis. These transients are commonly understood
to present the most severe challenge to RV structural integrity. The NRC effort to address PTS has
identified FirstEnergy Nuclear Operating Company's (FENOC's) Beaver Valley Unit 1 (BV 1), Nuclear
Management Company's (NMC's) Palisades, and Duke Energy's Oconee Unit I (OCI) as the
representative plants based on geometry and embrittlement for the Westinghouse, Combustion
Engineering (CE), and Babcock and Wilcox (B&W) PWR designs. These are the primary PWR
manufacturers in the U.S. and were evaluated by the NRC and Oak Ridge National Laboratory (ORNL)

as part of the NRC PTS Risk Study [8, 9].

This report summarizes the results from an evaluation of the extension of the inspection of ASME
Section XI [1] Examination Category B-A and B-D welds in the reactor pressure vessel (RPV) from the
current requirement of every 10 years to an extension of 20 years. It demonstrates that for the pilot plant
reactor vessel geometry and fabrication history, any potential change in risk when the inspection interval
is extended meets the change in risk evaluation guidelines defined in RG 1.174 [4]. The evaluation
documented in this report considers FENOC's BV1 as the Westinghouse pilot plant. NMC's Palisades
Plant'and Duke Energy's OC I are the respective Combustion Engineering (CE) and Babcock and Wilcox
(B&W) pilot plants for this evaluation. To apply the results of this report to non-pilot plants, it must be
shown, using the tables contained in Appendix A that the pilot plant evaluations for the respective design
bound the non-pilot plant.

The following paragraphs address the current Section XI ISI requirements for PWR RV welds under
consideration for the proposed extension. The following topics are included:

1. Reactor Vessel In-Service Inspection (RV ISI)

2. Location-specific ISI data from participating plants
3. The man-rem exposure and other costs of RV weld inspection

4. Generic RV weld experience at various plants
5. Development of the ISI interval extension methodology
6. Pilot plants
7. Safety impact

2.1 REACTOR VESSEL IN-SERVICE INSPECTION

Since its beginning, ASME B&PV Code, Section XI [1] has required inspections of weld areas of reactor
vessels and other pressure-containing nuclear system components. The selection of inspection locations
was based on areas known to have high-service factors and additional areas to provide a representative
sampling for the condition of pressure-containing nuclear system components. While weld and adjoining
areas were specified, it was recognized that the volumetric examination of the weld and adjoining base
material would result in a significant degree of examination of the base metal.
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Examination Volumes

Initially, for longitudinal and circumferential welds in a reactor vessel shell, Section X1 required

examination of 10 percent of the length of longitudinal welds, and 5 percent of the length of

circumferential welds. Welds receiving exposure in excess of specified neutron fluence would require an
inspection of 50 percent of the length. The 1977 Edition of Section XI increased the examination of RV
welds from 5 or 10 percent of the length to 100 percent, with all welds examined in the first 10-year

interval. Subsequent intervals required 100 percent examination of specified circumferential and
longitudinal welds. The 1989 Edition of Section XI [1] extended the examination to include all welds.

There has been no report of structural failure or leakage from any full-penetration weld being addressed in

this report in a PWR RV shell, globally. In volumetric examinations of these welds in ISIs performed in
accordance with the requirements of Section XI (and RG 1.150 [2]), flaws identified in the original
construction have been detected and were acceptable under SectionXI requirements. These flaws have
been monitored and to date, no growth has been identified. There has been no evidence of in-service flaw

initiation in these welds.

Examination Approaches

The preceding discussion of RV welds addresses the Category B-A, RV seam welds of Table IWB-2500-1

of Section XI. Category B-D, RV nozzle welds and nozzle inner radius are also included in this

evaluation.

The ultrasonic examinations (UTs) of these RV welds, as of the 1996 Addenda of Section XI, were

conducted in accordance with Appendix I, 1-2110. This Addenda requires Appendix VIII inspections for:

* Shell and head welds excluding flange welds
* Nozzle-to-vessel welds
* Nozzle inside radius region

Precedent for Change

There have been a number of revisions (often by ASME Code Case) to the Section XI ISI program that
have eliminated or reduced the extent of examinations and tests based on successful operating experience

and analytical evaluation. Examples of ASME Code Cases applicable to the RV and its piping

connections include:

N-481 [10] Associated with cast austenitic pump casings. This was the first example of substituting

an analysis plus a visual examination (VT) for a volumetric examination, for a Class I
component.

N-560 [11] Permits a reduction in the examination of Class 1 Category B-J piping welds from 25 to
10 percent, provided a specified risk-importance ranking selection process is followed.
This was a substantive reduction of an established Class 1 examination.
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N-577 [12] Provide requirements for risk-informed ISI of Class 1, 2, and 3 piping. The cases provide
N-578 [13] different methods to achieve the same objective. This was the first use of the plant

probabilistic risk assessment (PRA). Both methods have received extensive

implementation in the U.S. and in several other countries in Europe and Asia.

N-613 [14] Reduces the examination volume of Category B-D nozzle welds in adjacent material
from 1/2 shell thickness to 1/2 inch. This permits a significant reduction in qualification

and scanning time.

N-552 [15] Permits computational modeling for the qualification of nozzle inner radius examination
techniques, in lieu of qualification on a multitude of configurations.

N-610 [16] Permits a KIR curve in Appendix G, in lieu of a KIA curve. Indirectly, this is beneficial to
the pressure-temperature limit curve during plant startup.

Not all of the changes in Section XI, due to operating considerations, have led to a relaxation in

inspection or evaluation requirements.

Over the past 10 years, there have also been a number of changes (often by code case) to the Section XI
ISI program that have increased the extent of examinations and tests based on operating experience and
analytical evaluation. The following examples of ASME Code Cases are limited to those applicable to

the RV and its piping connections.

N-409 [17] Introduced procedure and personnel qualification requirements for UT of intergranular
stress corrosion cracking (IGSCC) in austenitic piping welds, a precursor to Appendix

VIII, UT performance demonstration requirements.

N-512 [18] Provided requirements for the assessment of RVs with low upper shelf Charpy impact

energy levels.

N-557 [19] Introduced requirements for in-place dry annealing of a PWR RV.

2.2 LOCATION-SPECIFIC ISI DATA FROM PARTICIPATING PLANTS

While it is known that the number of flaws found in RPV welds is very small, it is important to relate
their number to the number of welds that have been' examined over the past 30 years with no evidence of
the development of service-induced flaws.

To develop location-specific ISI data from nuclear plants, ISI. data on the RV weld categories noted above
were gathered in a survey [20]. This information focused on service-induced flaws. It did not address the

detection of original fabrication flaws, unless the flaws had grown due to service conditions. The
response to this survey is summarized in Table 2-1.
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Table 2-1 Summary of Survey Results on RV IS! Findings 1201

Total Years of No. of
No. of Service Prior to ASME Weld Welds in Welds with No Welds with Means of
Plants Survey Category / Item Category Flaws Flaws Detection' Cause of Flaw/Failure

14 301 B-A

Shell, BI.10 112 112 0

Head. B1.20 105 105 0

Shell-to-flange. B 1.30 16 16 0 One plant reported 3
indications that may be just
scratches.

Head-to-flange, B1.40 16 16 0 One plant reported 3
indications that may be just
scratches.

B-D

Nozzle-to-shell, B3.90 102 102 0

Nozzle inside radius 102 102 0
B3.100

B-F

Dissimilar metal, 84 84 0
B.5.10

B5.30 32 32 0

B-K

Welded attach, B .10 4 4 0

B-N
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Table 2-1 Summary of Survey Results on ISI Findings 1201 (cont.)

Total Years of No. of
No. of Service Prior to ASME Weld Welds in Welds with No Welds with Means of
Plants Survey Category Category Flaws Flaws Detection' Cause of Flaw/Failure

Vessel interior, 34 34 0
B13.10

Interior attach.- 6 6 0.
beltline, B 13.50

Other interior attach., 53 53 0 VT-3, UT, One plant reported crack
B 13.60 ECT arrest holes drilled in core

barrel.

Core support struct., 41 5 0
B 13.70

Note 1: VT = Visual Inspection, UT = Ultrasonic Inspection, ECT = Eddy Current Inspection
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2.3 EXPOSURE AND COST REDUCTION

Data was gathered on CE and Westinghouse plants related to the cost of a typical RV ISI outage, as well

as the cost of the exposure affecting the involved personnel [20]. The objective of this effort was to

investigate the exposure and financial aspects of the RV ISI. The results of the survey were tabulated

based on the probability of a life extension program (60 years), and the potential savings were calculated
with regards to a proposed extension of the RV ISI interval to 20 years. The radiation exposure cost is

contingent on the utility and is typically $15,000 to $20,000 per man-rem. A summary of the results is

presented in Table 2-2.

Table 2-2 Savings on the Proposed Extension of RV IS[ Interval from 10-Years to 20-Years (Per
Plant) 1201

Probability of 20-Year Life
Extension (%) 0% 50% 100%

Cost of Typical RV min 506,410 759,615 1,012,820
ISI Outage, S max 7,680,000 9,600,000 11,520,000

average 3,878,521 5,391,656 7,115,317

Dose of Exposure, min 0.2 0.4 0.6
Man-fems max 6.5 9.75 13.0

average 1.66 2.32 2.98

Cost of Dose of min 2,492 4,984 7,476
Exposure, S max 65,000 97,500 130,000

average 20,611 28,856 37,101

As shown in Table 2-2, the savings associated with even the most conservative assumption, i.e., no life
extension program (40 years) for any of the surveyed plants, are significant. The extension of the RV ISI

interval to 20 years will save every unit an average of $3,878,521 for the cost of the outage, and 1.66

man-reins of exposure.

The saving values associated with the less conservative assumption of the guaranteed life extension

program (60 years) for any of the surveyed plants are considerably higher. The extension of the RV ISI

interval to 20 years will save every unit an average of $7,115,317 for the cost of outage, and 2.98 man-

rems of exposure. The critical path outage time for RV inspections is approximately 3 ½2 days. While this

data was gathered for Westinghouse and CE designed plants, the savings for B&W designed plants are

expected to be similar.

2.4 GENERIC REACTOR VESSEL WELD EXPERIENCE AT VARIOUS PLANTS

Section XI JSI requirements developed in the early 1970s were based on the detection of fatigue cracking
in primary welds. This has not been substantiated by subsequent operating experience. Fatigue cracking

in primary welds has not been a problem. Random sampling for the assessment of condition of pressure-

containing components has not been effective; when leakage and other deterioration have been identified,
it has been by examinations other than the Section XI ISI NDE.
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Primary system failures/leakage have almost always been associated with dissimilar metal welds or
control rod drive, bottom mounted instrumentation, or vent connections of the RV and its head. The latter
connections are all partial penetration welds. They were not included in the survey, since the current
effort does not propose to recommend changes to their present ISI interval requirements. Their
examinations are not contingent on the removal of the reactor intermals and the use of the RV inspection
tool. Category B-F dissimilar metal welds, Category B-K welded attachments, and Category B-N interior
attachment and support welds were not included in the inspection interval extension.

In many plants, the most highly stressed reactor vessel weld is the weld between the closure head flange
and the dome. There have been no reports of degradation of this joint. This joint ranks quite low in its
contribution to cumulative risk determined through typical PFM methods. Calculations [21] have shown
that flaw growth due to fatigue would be extremely small, so that even pre-existing flaws that clearly
exceed the acceptance standards would not be subject to measurable growth.

2.5 DEVELOPMENT OF ISI INTERVAL EXTENSION METHODOLOGY
I

The ISI interval extension methodology is primarily based on a risk analysis, including a PFM analysis of
the effect of different inspection intervals on the frequency of reactor vessel failure due to postulated PTS
transients. Reactor vessel failure is defined for the purposes of this study as the point which a crack has
extended all the way through the RV wall. The likelihood of reactor vessel failure is postulated to
increase with increasing time of operation due to the growth of pre-existing fabrication flaws by fatigue in
combination with a decrease in reactor vessel toughness due to irradiation. Credible, postulated PTS
transients that could potentially lead to reactor vessel failure must be considered to occur at the worst time
in the life of the plant. The PFM methodology allows the consideration of distributions and uncertainties
in flaw number and size, fluence, material properties, crack growth rate, stresses, and the effectiveness of
inspections. The PFM approach leads to a conditional reactor vessel failure frequency due to a given
loading condition and a prescribed inspection interval. All locations of interest in the reactor vessel can
be addressed in a similar way or, as in the case of this study, a bounding approach can be used to
minimize the areas receiving a detailed evaluation.

A feasibility study was performed [20] that showed that this fracture mechanics and risk methodology can
be used to calculate the change in the frequency of reactor vessel failure due to a change in inspection
interval and to evaluate the acceptability of the associated change in risk. The impact on plant safety
from the change in risk presented in this study was based on the standards forrisk-informed assessment as
defined by RG 1.174 [4].

WCAP- 16168-NP-A June 2008
Revision 2



3-1

3 PILOT PLANT SUMMARY

The risk evaluations summarized in this report utilized the same pilot plants as used in the NRC PTS Risk

Re-evaluation effort [8, 9]. The NRC effort to address PTS risk identified FirstEnergy Nuclear Operating

Company's (FENOC's) Beaver Valley Unit 1 (BVI), Nuclear Management Company's (NMC's)

Palisades, and Duke Energy's Oconee Unit 1 (OCI) as the pilot plants. These pilot plant applications also

used fleet-specific design transient data for the Combustion Engineering (CE) and Westinghouse designs.

A typical generic heatup/cooldown transient was used for the Babcock & Wilcox (B&W) study. A study

was also performed to determine the bounding location from among the applicable weld locations on a

typical PWR reactor vessel. The results of all of these investigations are included in the following

sections.

3.1 BOUNDING LOCATION

The focus of the evaluations for reactor vessel inspection interval extension was on the beltline of the RV.

To confirm that the beltline location represented the bounding location for the reactor vessel, all locations

currently required for examination in the reactor pressure vessel (RPV) needed to be identified and
considered. The beltline weld locations were found to be the bounding locations primarily due to

irradiation induced change in the fracture toughness. This was consistent with the location assumptions

used to support the NRC PTS Risk Study [8, 9]. Table 3-1 summarizes the current ISI requirements for
RPV inspection as identified in Table IWB-2500-1 of the ASME B&PV Code, Section X1 [1]; While this

table identifies all welds with Section X1 inspection requirements, this report only addresses the ISI
interval extension of the Category B-A and B-D welds.

WCAP- 16168-NP-A June 2008
Revision 2



3-2

Table 3-1 ASME Section X! 11 ISI Requirements for RPVs (ASME Section XI, Table IWB-2500-1)

Examination
Item No. RPV Location Requirement

Pressure Retaining Welds in Reactor Vessel

B-A B1.10 Shell Welds Volumetric

B-A BI. I1 Circumferential Volumetric

B-A B11.12 Longitudinal Volumetric

B-A B 1.20 Head Welds Volumetric

B-A B 1.21 Circumferential Volumetric

B-A B1.22 Meridional Volumetric

B-A B1.30 Shell-to-Flange Weld Volumetric

B-A B 1.40 Head-to-Flange Weld Surface and Volumetric

B-A B1.50 Repair Welds Volumetric

B-A B1.51 Beltline Region Volumetric

Full Penetration Welded Nozzles in Vessels

B-D B3.90 RPV Nozzle-to-Vessel Welds Volumetric

B-D B3.100 RPV Nozzle Inside Radius Section Volumetric

Pressure Retaining Dissimilar Metal Welds in Vessel Nozzles

B-F B5.10 RPV Nozzle-to-Safe End Butt Welds, Surface and Volumetric
NPS 4 or Larger

B-F B5.20 RPV Nozzle-to-Safe End Butt Welds, Surface
Less Than NPS 4

B-F B5.30 RPV Nozzle-to-Safe End Socket Welds Surface

Pressure Retaining Welds in Piping

B-J B9.10 NPS 4 or Larger Surface and Volumetric

B-J B9.11 Circumferential Welds Surface and Volumetric

Welded Attachments for Vessels, Piping, Pumps and Valves

B-K B 10.10 Welded Attachments Surface

Interior of Reactor Vessel

B-N-1 B13.10 Vessel Interior Visual, VT-3

Welded Core Support Structures and Interior Attachments to Reactor Vessels

B-N-2 B 13.50 Interior Attachments within Beltline Region Visual, VT-I

B-N-2 B 13.60 Interior Attachments Beyond Beltline Region Visual, VT-3

Removable Core Support Structures

B-N-3 B 13.70 Core Support Structure Visual, VT-3
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To confirm that the beltline was the limiting location, an assessment was performed using deterministic
fracture mechanics that considered the following:

Existence of 10-percent through-wall initial flaw

In-service fatigue crack growth of the flaw due to normal plant operating transients

40 EFPY embrittlement throughout plant life

* Peak reactor vessel ID fluence assumed regardless of flaw depth, i.e., maximum embrittlement

Design basis heat-up and cool-down transients

- 500 cycles/40-years for CE NSSS

200 cycles/40 years for Westinghouse NSSS

7 Weld Locations

Closure Head to Flange
- Upper Shell to Flange
- Lower Shell Transition
- Bottom Head to Shell
- Beltline
- Inlet Nozzle to Safe End

- . Outlet Nozzle to Safe End

The study evaluated the effect of various ISI intervals by comparing the change in margins on ASME

Code allowable flaw sizes for the respective locations. This approach was preceded by considering 3
iterative steps:

I. Select the first inspection interval, 11, based on the growth of the assumed initial flaw to a
fraction of the tolerable flaw size.

2. Perform the inspection. If no defects larger than the assumed flaw size are found, the second
inspection interval, 12, is the same as the -first.

3. Continue subsequent inspections until actual flaws are detected that require repair or augmented
inspections.

The results of the study are summarized in Figures 3-1 and 3-2. Inspection intervals were based on 10-,
20-, 30-, or 40-year inspection intervals over a 40-year plant life. Each reactor vessel location was
evaluated by calculating the amount of crack extension that would occur due to fatigue crack growth over
a I 0-year period of operation. Each crack length was then evaluated for the maximum applied Ki from a
transient. The ratio of the maximum allowable K1, per the ASME Section XI [1] Appendix A criteria, to

the maximum K1 applied, was used as a measure of the margin a flaw in a given location has to the
acceptance criteria. Note that in Figure 3-1 the margins on the acceptance standard are greater than 1,

except for the beltline region axial and circumferential flaws. This indicates that all of the flaw sizes in

other locations are acceptable with varying degrees of margin. The margin less than one for the beltline
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locations is an indication that the assumed initial flaw size of 10-percent throughwall was greater than the
acceptable flaw size. The other feature to note in Figures 3-1 and 3-2 is that, for each subsequent 10-year
period that was evaluated, there was an insignificant change in the degree of margin for all of the
locations. This observation was simply a reflection of the fact that the increments .of fatigue crack growth
of the flaws were so small that the applied K, values were not changing. Therefore, the ratios of the
applied to allowable K, did not change. Though not shown in figures 3-1 and 3-2, the reactor vessel
nozzle to shell weld was also evaluated and found to be have a margin greater than that of the reactor
vessel beltline axial and circumferential welds.

These results confirmed that the beltline was the limiting location and that the change in fatigue crack
growth increment for RPV flaws was insignificant relative to the inspection interval. While a specific
number of design basis heat-up and cool-down transients was not analyzed for B&W designs in this
bounding location assessment, it is reasonable to expect that the conclusions of this assessment would
also be applicable to B&W plants due to similarities in the RV and NSSS designs.
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3.2 BASIS FOR RISK DETERMINATION

As indicated in ASME Code Case N-691 [5], the application of risk-informed insights from PFM and risk

analyses can be used -to justify an increase from 10 to 20 years in the requirements of Section XI, IWB-
2412 for the inspection interval for the examination of Category B-A and B-D Welds in PWR reactor

vessels. The guidelines in Regulatory Guide 1.174 provide the basis for an acceptable change in risk
resulting from an extension in inspection interval. As the basis for determining the change in risk, the
inputs to the RV PFM and risk analyses included the following:

Accident Transients and Frequency

ASME Code Case N-691 [5] states that it is necessary to define a complete set of accident transients that

can be postulated to realistically result in RV failure and their frequencies of occurrence. As previously

mentioned, PTS events are viewed as providing the greatest challenge to PWR RPV structural integrity.
For this reason, the pilot plant applications in this report used the PTS transients and frequencies from the
NRC PTS Risk Study [8, 9]. As part of the NRC study, probabilistic risk assessment (PRA) models were

developed for each of the pilot plants using plant specific information [22, 23, 24]. These PRA models
included an event-tree analysis that defined both the sequences of events that are likely to produce a PTS

challenge to RPV structural integrity and the frequency with which such events can be expected to occur.
The typical sequence of concern was cool-down and depressurization due to the initiating event, followed

by repressurization due to high-pressure safety injection or charging. Historically, a small-break loss-of-

coolant accident (SBLOCA) with low decay heat has been the sequence identified as a major contributor
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to PTS risk. However, other events considered included a large break in the main steam line upstream of
the main steam isolation valves, a double-ended main steam line break (MSLB) upstream of the main
steam isolation valves (MSIVs), small steam line break downstream of the MSIVs, and excessive
feedwater flow, all with the reactor coolant pump (RCP) shutdown and multiple failures of the operator to
take remedial action.

The PTS Risk Study utilized the plant specific PRA models to determine the possible sequences which
could result in a PTS event for. each of the pilot plants. Due to the large number of sequences which were
identified, it was necessary to group (i.e., bin) sequences with like characteristics into representative
transients that could later be analyzed using thermal-hydraulic codes. This resulted in 178 binned
sequences for OC 1, 118 for BV 1, and 65 for Palisades. Thermal-hydraulic analyses were performed for
each of these bins (i.e., representative transients) to develop time histories of temperature, pressure, and
heat transfer coefficients [25]. These histories were then input into the PFM analysis to determine
conditional probability of reactor vessel failure for each transient. From this analysis, it was determined
that only a portion of the transients contribute to the total fisk of RPV failure, while the remainder have an
insignificant or zero contribution. The transients which were identified to be contributors to PTS risk
were then used for the PFM analysis in the PTS study and for the pilot plant studies in this report.
Consistent with the PTS Risk Study, 61 transients were analyzed for BVI, 30 for Palisades, and 55 for
OC I in this study on the impact of extending the RV ISI interval. Details of the transients are provided in
Appendix D for BV1, Appendix H for Palisades, and Appendix L for OCI.

As part of the NRC PTS Risk Reevaluation Program, a study was performed to determine the
applicability of the pilot plant detailed analyses to the remainder of the domestic PWR fleet. This
"Generalization" Study [26] examined the results from the three detailed pilot plant studies (BV1,
Palisades, and OC I) and identified a set of plant design and operational features considered to be
important in determining whether or not certain types of overcooling scenarios are significant contributors
to PTS. These features were then analyzed for five additional plants and compared to the features of the
pilot plants, These five plants included the following:

" Salem Unit 1 (Westinghouse 4-loop plant comparable to Beaver Valley Unit 1)

" TMI Unit 1 (B&W plant comparable to Oconee Unit 1)

* Fort Calhoun (CE plant comparable to Palisades)

* Diablo Canyon (Westinghouse 4-loop plant comparable to Beaver Valley Unit 1)

* Sequoyah Unit 1 (Westinghouse 4-loop plant comparable to Beaver Valley Unit 1)
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They were chosen for the generalization study on the basis of:

* having a high reference temperature metric (RTPTS), which reflects their potential sensitivity to
PTS,

* further demonstrating the applicability of the pilot plant analyses to the remainder of the fleet for
the nuclear steam supply system (NSSS) vendors, and

" including plants having different limiting materials (i.e., welds, plates, and forgings).

It was determined in the generalization study that there were no differences in plant features that from a
PRA, thermal hydraulic, and PFM standpoint would be expected to cause significant differences in the
through wall cracking frequencies due to the postulated PTS scenarios. It was further concluded through
the generalization study that the pilot plant results at a comparable embrittlement level could be applied to
the remainder of the domestic PWR fleet.

Operational Transients and Cycles

ASME Code Case N-691 [5] states that the operational transients that contribute to fatigue crack growth
and the number of cycles occurring each year must be identified. Typically, the start-up (heat-up) and
shut-down (cool-down) events are the dominant loading conditions as seen in ASME Code Section XI,
Non-Mandatory Appendix A [1] calculations for fatigue crack growth of an existing flaw.

For the purpose of the pilot plant studies in this report, an 80-year life for fatigue crack growth was used.
This 80-year life envelopes plants seeking to obtain license extensions to 60 years and provides an
additional margin of conservatism. The design basis transients for the pilot plants were reviewed and it
was determined that the greatest contributor to fatigue crack growth for the pilot plants is heat-up and
cool-down. Each transient represents a full heat-up and cool-down cycle between atmospheric pressure at
room temperature and full-system pressure at 100-percent power operating temperature, and thus
envelopes many transients with a smaller range of conditions. For the pilot plant evaluations, 7 heat-up
and cool-down cycles per year were used for Westinghouse plants (BV 1) and 13 cycles were used for
CE plants (Palisades) to bound all the design basis transients for the respective PWR plant designs in each
fleet. Based upon available information, 12 cycles were used for Babcock and Wilcox plants. For any
B&W plant using the results of this WCAP tO extend the reactor vessel ISI interval from 10 to 20 years,
including the pilot plant (OC 1), the fatigue crack growth for 12 heatup/cooldown transients per year will
have to be verified to bound the fatigue crack growth for all design basis transients.

It is important to note that most plants' operational histories indicate that they will not reach this number
of design transients by end of life (EOL) (80 years). However, this calculation was performed as a
bounding analysis and the number of design transients was used rather than the number of operational
transients so that plants with operational histories different than those of the pilot plants would be
enveloped.
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Initial Flaw Distribution

ASME Code Case N-691 [5] requires credible flaw distributions for a PWR reactor vessel. Significant
work by Pacific Northwest National Laboratory (PNNL) and the NRC was performed to more completely
specify the initial flaw size distributions and their densities for input into the NRC PTS Risk Study [8, 9].
This work focused on making detailed destructive and non-destructive measurements of fabrication flaws
in nuclear grade RPV welds and plates. Whenever possible, this experimental evidence was used
exclusively or given the greatest "weight" in establishing the flaw distributions. In cases where
experimental evidence was not sufficient, physical models and expert opinion were used to supplement
the experimental evidence in establishing the flaw distributions. For the NRC PTS Risk Study, flaw
distributions were developed for embedded flaws in welds, plates (includes forgings), and inner surface
breaking flaws.

The weld flaw distribution was based on the highest densities of the Shoreham reactor vessel and the
largest sizes of the PVRUF vessel. The embedded flaws are distributed evenly through the thickness of
the weld. Flaws are postulated only in the same orientation as the weld. The flaw distribution represents
a blended combination of weld types with 2% of the welds assumed to be repair welds, which have the
largest flaw sizes.

Empirical evidence to support a plate flaw distribution is much more limited than that for welds. For this
reason, the density for flaws of depths less than 6mm is 10% of that for weld flaws, while the density for
flaws of depth above 6mm is 2.5% of that for weld flaws. Half of the simulated flaws are assumed to be
axially oriented while the other half are assumed to be circumferentially oriented.

For weld and plate flaws, the pilot plant studies for the RV ISI interval extension study used the flaw
distributions from the NRC PTS Risk Study directly. These densities are input into the FAVOR Code
PFM analyses as flaw density files, P.dat (plate-embedded flaws) and W.dat (weld-embedded flaws). This
is discussed further in the "PFM Computer Tool and Methodology" section.

The inner-diameter of the RPV is clad with a thin layer of stainless steel. Lack of inter-run fusion can
occur between adjacent weld beads, resulting in circumferentially oriented cracks (the cladding in the RV
is deposited circumferentially). However, none of the cracks discovered in the PNNL studies had broken
through the cladding layer on the inside surface of the RV. Therefore, for the NRC PTS Risk Study [8, 9],
the BVI and Palisades evaluations used multi-pass cladding with no surface breaking flaws. Multi-layer
cladding is assumed to have no surface breaking flaws due to the small likelihood of two flaws aligning in
two different weld layers. The OCI pilot evaluation used an assumed surface flaw completely through
the cladding with a density of 1/ 10 00th of the embedded flaws through the vessel wall.

For this investigation on the impact of extending the RV ISI interval it is important to consider the effects
of fatigue crack growth. Due to the fact that embedded flaws do not grow significantly due to fatigue, for
the pilot plant studies, the presence of surface breaking flaws with an initial flaw depth equal to the
cladding thickness was postulated. Therefore, for the pilot plant evaluations to bound all the plants of the
same design, single-pass cladding was conservatively assumed. The initial flaw size and distribution was
input into a fatigue crack growth and ISI analysis to determine a surface flaw density file after any
inspections (ISI). Surface flaw density files were created two simulate two cases. The first case
simulated inspections performed on a 10 year interval as currently required by the ASME Code. The
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second case simulated a single inspection performed after the first 10 years of operation with no
subsequent inspection. These surface breaking flaw density files are then input into the PFM analysis as
surface breaking flaw density file S.dat. The methodology for determining the flaw depth and density
included in this file is described in the section on PFM and Computer Tool Methodology. Cladding
details for the pilot plants are identified in Appendices B, F, and J.

Fluence Distribution

ASME Code Case N-691 [5] requires that the fluence distribution versus operating time, both axial and
azimuthal, be based on plant-specific or bounding data for the current operating time and extrapolated as
applicable to the end of the current 40 year license or for license renewal to 60 years.

For the pilot plant evaluations in this report, the input fluence distributions were taken directly from the
NRC PTS Risk Study [8, 9]. For the NRC PTS Risk Study a series of neutron transport calculations were
performed to determine the neutron fluence on the inner-wall of the pilot plant RPVs. The modeling
procedures Were based on the guidance contained in NRC Reg. Guide 1.190[27]. The models
incorporated pilot plant specific geometry and operating data. The fluence forE>lMeV was calculated as
a function of the azimuthal and axial location in the inner reactor vessel wall. The fluence was
extrapolated from the current state pointto various effective full-power years (EFPYs) assuming a linear
extrapolation of the most recent operating cycles.

The fluences used in the RV ISI interval extension evaluations were for 60 EFPY for BV1 and Palisades
and for fluences at 500 EFPY for OC1 to envelope license extension. 500 EFPY were used for OC1
rather than 60 EFPY because it is recognized that it is not the most embrittled RV in the B&W fleet. The
use of 500 EFPY for OC 1 should bound the embrittlement of the most highly embrittled RV in the B&W
fleet when evaluated against the parameters identified in Appendix A. Representative fluence maps for
BV1, Palisades, and OCI at 32 EFPY, can be found in Appendices B, F, and J, respectively. While the
magnitude of the fluence on these maps correspond to 32 EFPY rather than the 60 EFPY and 500 EFPY
used in the pilot plant evaluations, the contour of the fluence relative to the reactor vessel weld layout still
applies.

Material Fracture Toughness

ASME Code Case N-691 [5] states that the material fracture toughness of the limiting beltline plates and
weld materials need to be based on the following plant-specific data:

Physical and mechanical properties of the base metal, clad, and welds (e~g., copper and nickel
content) and their uncertainties.

Initial reference nil-ductility transition temperature (RTNDT), including uncertainty

* ARTNDT due to radiation embrittlement ,versus time and depth, including uncertainty

* ' Fracture toughness versus time and depth, including uncertainty,
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These reactor vessel material properties for the BVl, Palisades, and OCI pilot plants evaluated in this
report are identified in Appendices B, F, and J, respectively.

Embrittlement due to irradiation in RPV steels occurs due to matrix hardening and age hardening [8, 9].

Based on the physical insights into these hardening mechanisms a relationship between material

composition, irradiation-condition variables, and measurable quantities such as yield strength increase,
Charpy-transition-temperature shift, and toughness-transition-temperature shift was established for the

NRC PTS Risk Study [8, 9]. Furthermore, a quantitative relationship was developed from the database of

Charpy shift values generated in domestic reactor surveillance programs. The Eason and Wright
irradiation shift model was developed by fitting this data. This model is used in the FAVOR Code [28]

for the NRC PTS Risk Study and the RV ISI interval extension pilot plant studies to calculate the shift and
irradiated reference temperature as a function of time.

The results of the significant work at ORNL, the NRC, and within industry to more completely specify

the distribution on fracture toughness and its uncertainty for the NRC PTS Risk Study [8, 9] are included
in the FAVOR Code which is used for the pilot plant studies for RV ISI interval extension. The FAVOR
Code includes fracture toughness models which are based on extended databases of empirically obtained

K1, and Ka, data points and include the effects of the statistical bias for direct measurement of fracture
toughness (Master Curve Method). Furthermore, the FAVOR Code [28] uses the latest correlation on

irradiated upper shelf fracture toughness.

It should be noted that along with the inspection of a weld, there is a specified amount of base metal
inspected. In the FAVOR Code evaluation, if a flaw is placed within a weld that is adjacent to a more
highly embrittled plate, the flaw is assigned the embrittlement characteristics of the plate rather than the
weld and is assumed to fracture and propagate in the direction of the plate.

The NRC has proposed that through wall cracking frequency (TWCF) can be correlated to the

embrittlement index (reference temperature) of the reactor vessel components. The correlation for
determining plant specific TWCF based on the plant specific data mentioned can be found in Reference 9.
This correlation takes into consideration the contribution to TWCF for each of the most limiting plate,

axial weld, and circumferential welds. These individual TWCF contributions are then weighted based on
experimental pilot plant data and summed to determine a total reactor vessel TWCF. For application to
other plant reactor vessels, the plant specific TWCF must be equal to or less than the values used for the

applicable pilot plants evaluated in this report (see Appendix A) at 60 EFPY.

Crack Growth Rate Correlation

ASME Code Case N-691 [5] requires that the basic physical models for fatigue crack growth due to

operational transients (e.g., heat-ups, cool-downs, normal plant operating changes, and reactor trips)
including the effects of uncertainties, be used for the PFM analysis. Also used are the basic physical

models for crack growth during these transient events (i.e., the change in applied stress intensity and the

corresponding change in flaw size) for the surface breaking flaws and their uncertainties.

The pilot-plant studies in this report included a probabilistic representation of the fatigue crack growth

correlation for ferritic materials in water that was consistent with the previous and current models

contained in Appendix A of the ASME Code, Section XI [ 1 ]. These correlations represented the behavior
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of the ferritic reactor vessel materials for all domestic PWRs. This probabilistic representation was
consistent with that used by the NRC-supported pc-PRAISE code [29] and the NRC-approved SRRA tool
for piping-risk informed ISI [30].

Cladding and Residual Stresses

ASME Code Case N-691 [5] requires that the residual stress distribution in welds and the cladding stress
and its temperature dependence due to differential thermal expansion be considered. For the pilot plant
studies for RVISI interval extension, the residual stress distribution through the wall was taken from the
NRC PTS Risk Study [8, 9] and is described in the FAVOR Code Theory Manual [28]. This distribution
is shown in Figure 3-3. The stress profile was determined for the NRC PTS Risk Study thorugh
experiments in which a radial slot was cut in a longitudinal weld in a shell segment from an actual RPV
and the deformation of the slot was measured after cutting. Finite element analysis was used to determine
the residual stress profile from the measured deformations. The cladding stress used in the pilot plant
studies was taken from the NRC PTS Risk Study. The cladding temperature dependence due to
differential thermal expansion was based on a stress free temperature of.488°F, which is consistent with
that used in the NRC PTS Risk Study [8, 9].
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Figure 3-3 Weld Stress Profile

Effectiveness of ISI

The essential requirement for an effective volumetric examination in ASME Code Case N-691 [5] is that
it be conducted in accordance with Section XI Appendix VIII [1] or RG 1.150 [2].
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The following effects also need to be considered along with the change in IS interval:

* Extent of inspection (percent coverage)
* Probability of detection (POD) with flaw size
* Repair criterion for removing flaws from service

The POD should correlate to the respective examination method for the RV weld of interest.

The basis for the probability of flaw detection used in the pilot plant studies for the RV ISI interval
extension was taken from studies performed at the EPRI NDE Center on the detection and sizing
qualification of ISIs on the RV beltline welds [31]. Figure 3-4 shows the probability of detection with
respect to flaw size used in the pilot studies in this report.
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Figure 3-4 ISI Detection Probability

For the pilot plant evaluations, examinations were assumed to be conducted in accordance with

Section XI Appendix VIII [1], so that Figure 3-4 could be used. Flaws that were detected were assumed

to be repaired with the repaired area returned to a flaw-free condition. If the quality of inspection is not
as good as assumed (e.g. ISI per Regulatory Guide 1.150) or the quality of the repair is less than 100
percent, then the result would be fewer flaws found and fewer flaws removed during repair, resulting in

less difference in risk from one inspection interval to another. Therefore, the pilot plant studies

conservatively calculated a larger potential difference in risk by maximizing the benefits of inspection.
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Impact of Other ASME Code Cases on RPV Inspection

While no ASME Code Cases have been found that directly overlap the actions included in ASME Code
Case N-691 [5], there are related ASME Code Cases and "problem areas" that may affect implementation
of the Code Case. ASME Code Cases that concern reactor vessel inspections but do not affect the
applicability of the Code Case are identified in the following:

ASME Code Case N-697 [32] addresses Examination Requirements for PWR Control Rod Drive and In-
Core Instrumentation Housing Welds. It adds requirements for examination of in-core instrumentation
*housing welds greater than 2" Nominal Pipe Size to Examination Category B-O. If these UT or surface
examinations of the housing weld inner surface were conducted from inside the RPV, they could result in
examination intervals incompatible with effective implementation of N-691- [5]. However, these welds
are not inspected from inside the RPV and, therefore, there is no impact.

A top priority in Section XI is to work with the Material Reliability Program Alloy 600 Issue Task Group
to identify and incorporate changes needed in the examination of affected partial penetration and dissimilar
metal welds. This could result in incompatible examination intervals for Examination Category B-F welds
to reactor vessel nozzles, and dissimilar metal welds in Examination Category B-J not covered by Category
B-F. A possible approach for some plants, where access permits, Would be to examine these welds from
the pipe outer diameter (OD) at alternate 10-year intervals, and from the inner diameter (ID) during the
Case N-691 [5] examinations.

ASME Code Case N-700 [33] addresses Examination Category B-K, surface examination of welded
attachments. It permits examination of a single welded reactor vessel attachment each inspection interval.

ASME Code Case N-648-1 [34] permits a VT-I visual examination of a reactor vessel nozzle inner radius
in lieu of a volumetric examination. Applicability of this Code Case would not be affected by the
increased examination interval.

ASME Code Case N-624 [35] provides for modification of the sequence of successive examinations. The
increased examination interval would be applicable.

ASME Code Case N-623 [36] permits deferral to the end of the interval of shell-to-flange and head-to-
flange welds of a reactor vessel. The methodology of Case N-691 [5] would not be affected by
application of this Code Case.

ASME Code Case N-615 [37] permits ultrasonic examination as a surface examination method for
Category B-F and B-J piping welds of 4" Nominal Pipe Size and larger. It would be compatible with the
increased examination interval.

ASME Code Case N-613-1 [38] reduces the nozzle weld examination volume of Examination Category
B-D. It would be compatible with the increased examination interval.

ASME Code Case N-598 [39] provides alternatives to the required percentages of examinations each
inspection period. ASME Code Case N-691 [5] would increase the length of the inspection period but
would not affect the percentage requirements.
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Probabilistic Fracture Mechanics Computer Tool and Methodology

For the pilot-plant applications of the PFM methodology, the failure frequency distributions for all
postulated flaws in the RV were calculated using the latest version (06.1) of the FAVOR code [28]. The
Fracture Analysis of Vessels - Oak Ridge (FAVOR) computer program was developed as part of the
NRC PTS Risk Study [8, 9]. It is a program that performs a probabilistic analysis of a nuclear reactor
pressure vessel when subjected to events in which the reactor pressure vessel wall is exposed to time-
varying thermal-hydraulic boundary conditions.

To run the FAVOR code, 3 modules (FAVLOAD, FAVPFM and FAVPOST) and various input files were
required as shown in Figure 3-5. In the NRC PTS Risk Study [8,.9], the effects of fatigue crack growth
and ISI were not considered. However, to perform the risk evaluation for changing the inspection interval
from 10 to 20 years, these effects were quantified. Program PROBSBFD (Probabilistic Surface Breaking
Flaw Density) was developed to include these effects by modifying the surface-breaking flaw input file to
FAVOR (S.dat) as shown in Figure 3-5.

The first module in FAVOR is the load module, FAVLOAD, where the thermal-hydraulic time histories
are input for the dominant PTS transients. For each PTS transient, deterministic calculations are
performed to produce a load-definition input file for FAVPFM (FAVPFS is also used in this analysis).
These load-definition files include time-dependent, through-wall temperature profiles, through-wall
circumferential and axial stress profiles, and stress-intensity factors for a range of axially and
circumferentially oriented embedded and inner surface-breaking flaw geometries (both infinite and finite-
length).

The FAVPFS module in Figure 3-5 is a modification of the FAVPFM module, which is the second module
contained in the FAVOR code that was used in the NRC PTS risk study. The modification allows
FAVPFS to have a 4 times finer depth distribution for surface breaking flaws in S.dat. The FAVPFS
FAVOR module uses the input flaw distributions (e.g., S.dat, W.dat; and .P.dat), the loads for the PTS
events from the FAVLOAD module and fluence/chemistry input data at 60 EFPY (effective full-power
years) to calculate the initiation and failure probabilities for each PTS transient.

The FAVPOST post-processor is the third module in FAVOR. It combines the distributions of initiating
frequencies for the dominant PTS transients with the results of the PFM analysis (performed with the
FAVPFS module) to generate probability distributions for the frequencies of reactor vessel crack initiation
and reactor vessel failure. This module also generates statistical information on these distributions and
the distributions for the conditional probabilities of reactor vessel crack initiation and failure for each PTS
transient included in the risk analysis.
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Figure 3-5 Software and Data Flow for Pilot Plant Analyses
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The PROBSBFD code was specifically developed for the RV ISI interval extension project and verified in
accordance with the Westinghouse Quality Assurance requirements. This program utilizes the
Westinghouse Structural Reliability and Risk Assessment (SRRA) library program, which provides
standard input and output, including probabilistic analysis capabilities (e.g., random number generation
and importance sampling). PROBSBFD was used to develop 1000 random surface breaking flaw
distributions that fed into the FAVPFS module via an input file (S.dat is the default name). The loads
were determined using the FAVLOAD module, for the input with time histories of temperature, pressure,
and heat transfer characteristics for the operational transients (e.g., heat-up and cool-down) that could
grow the initial flaws by means of fatigue. The applied stress intensity factor (K) at various times and
various depths through the reactor vessel wall were taken directly from the FAVLOAD output file and
input into PROBSBFD (FAVLOADS.dat for PROBSBFD).

The beneficial effects of iSI were modeled in the same way as in the NRC's probabilistic analysis code
pc-PRAISE [29] and the SRRA Code [30] used with the PWROG/ASME piping risk-informed in-service
inspection (RI-ISI) program. Specifically, only the flaws not detected during an ISI exam, at 10 years for
example, remained. For example, if the probability of detection for the first inspection was 90 percent,
then the flaw density was effectively multiplied by 10 percent for input to the next iteration. The effects
of subsequent inspections, where the probability of detection was increased because the flaw was bigger
(see Figure 3-4), could be either cumulative or independent.

For each of the 1000 simulations performed by PROBSBFD, the initial flaw depth and density were
defined. Four aspect ratios, 2, 6, 10, and infinite, were considered. For each time-step and flaw-aspect
ratio, the effects of ISI, the stress intensity factors, and the random crack growth were calculated. After
all the time steps were completed, the distribution of flaw densities by depth and aspect ratio were written
to a surface-breaking, flaw-distribution input file for FAVPFS, which was in the same format as the
default S.dat file (see Figure 3-5).
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3.3 RESULTS FOR THE WESTINGHOUSE PILOT PLANT: BVI

Reactor vessel failure frequencies were calculated for BVl for two cases corresponding to the two surface
flaw density files discussed in the section on "Initial Flaw Distribution". These cases were referred to as
"IS] Every 10 Years" and "10-year IS1 Only". As the names imply, the "ISI Every 10 Years" case
simulates the current ASME Code required inspections while the "10-year ISI Only" case simulates a
discontinuation of inspections after the first 10-year 1SI. Statistically, the difference between the mean
failure frequencies for the "ISI Every 10 Years" case and the "10-year ISI Only" case is insignificant.
This is due to the fact that the difference between the mean values is less than the standard error for each
of the cases. However, to calculate a change in risk for comparison to regulatory guidelines, a change in
failure frequency was conservatively calculated based on the difference between an "Upper Bound" and a
"Lower Bound." The Lower Bound was determined by subtracting 2 times the standard error as reported
by FAVPOST from the mean value of the "ISI Every 10 Years" case. The UpperBound was determined
by adding 2 times the standard error as reported by FAVPOST to the mean value of the "10-Year ISI
Only" case.

Elimination of ISI after the first 10-year ISI for the BV1 RPV results in a difference in failure (through-
wall flaw) frequency of less than IE-09. A summary of the results of the evaluation are included in
Table 3-2. The results reflect the maximum statistically calculated value for the potential change in risk at
a number of reactor vessel simulations at which the Monte Carlo statistical analysis has reached a stable
solution. The difference between the Upper Bound and Lower Bound represents the bounding difference
between the 10-year inspection interval currently applicable under ASME criteria and elimination of all
future inspections following an inspection within the first 10 years of operation.

This change in failure frequency is acceptable per the regulatory guidance discussed in Section 4.1.
Transient input was based on design basis transients and the transients used in the NRC PTS Risk Study
[8, 9]. The input data included consideration of postulated life extension to 60 EFPY. The FAVPOST
outputs for the cases presented in Table 3-2 are presented in Appendix E.

Table 3-2 BV1 Reactor Vessel Failure Frequency Results

10-Year ISI Only (Mean Value / Standard Error) 5.04E-09 / 2.54E-10

Upper Bound Value 5:55E-09

ISI Every 10 Years (Mean Value / Standard Error) 5.23E-09 / 3.12E-10

Lower Bound Value 4.6 1E-09

Bounding Difference in Risk 9.4E-10

The mean effects of fatigue crack growth and ISI on the surface breaking flaw density for 1000
simulations are shown in Figures 3-6 and 3-7. These figures plot the flaw density as a function of the
flaw depth for the cases of one initial 10-year ISI, a 10-year ISI interval, and a 20-year ISI interval. These
plots display the results for the 10-to-I and infinite aspect ratio sizes. The PROBSBFD outputs used to
generate these plots are included in Appendix C: The crack growth and density reduction due to ISI
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would both be reduced for the flaw length-to-depth aspect ratios of 2-to-I and 6-to-I also considered in
the pilot plant study.
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Figure 3-6 Growth of Flaws with an Aspect Ratio of 10 for BV1
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3.4 RESULTS FOR THE COMBUSTION ENGINEERING PILOT PLANT:
PALISADES

Reactor vessel failure frequencies were calculated for Palisades for two cases corresponding to the two
surface flaw density files discussed in the section on "Initial Flaw Distribution". These cases were
referred to as "IST Every 10 Years" and "10-year ISI Only". As the names imply, the "ISI Every 10
Years" case simulates the current ASME Code required inspections while the "10-year ISI Only" case
simulates a discontinuation of inspections after the first 10-year ISI. While the failure frequency for the
"ISI Every 10 Years" case is higher than the "10-Year ISI Only" case, statistically, the difference between
the mean failure frequencies for the "ISI Every 10 Years" case and the "10-year 1SI Only" case is
insignificant. This is due to the fact that the difference between the mean values is less than the standard
error for each of the cases. However, to calculate a change in risk for comparison to regulatory
guidelines, a bounding change in failure frequency was calculated based on the difference between an
"Upper Bound" and a "Lower Bound." The Lower Bound was determined by subtracting 2 times the
standard error as reported by FAVPOST from the mean value of the "IS1 Every 10 Years" case. The
Upper Bound was determined by adding 2 times the standard error as reported by FAVPOST to the mean
value of the "10-Year ISI Only" case.

Elimination of IS] after the first 10-year ISI for the Palisades RPV results in a bounding difference in
failure (through-wall flaw) frequency of less than 1 .81E-08. A surmnary of the results of the evaluation
are included in Table 3-3. The results reflect the maximum statistically calculated value for the potential
change in risk at a number of reactor vessel simulations at which the Monte Carlo statistical analysis has
reached a stable solution. The difference between the Upper Bound and Lower Bound represents the
bounding difference between the 10-year inspection interval currently applicable under ASME criteria
and elimination of all future inspections following an inspection within the first 10 years of operation.

This change in failure frequency is acceptable per the regulatory guidance discussed in Section 4.1.
Transient input was based on design basis transients and the transients used in the NRC PTS Risk Study
[8, 9]. The input data included consideration of postulated life extension to 60 EFPY. The FAVPOST
outputs for the cases presented in Table 3-3 are presented in Appendix I.

Table 3-3 Palisades Reactor Vessel Failure Frequency Results

10-Year ISI Only (Mean Value / Standard Error) 7.62E-08/4.08E-09

Upper Bound Value 8.44E-08

ISI Every. 10 Years (Mean Value / Standard Error) 7.39E-08/3.80E-09

Lower Bound Value 6.63E-08

Bounding Difference in Risk 1.81E-08

The mean effects of fatigue crack growth and ISI on the surface breaking flaw density for 1000
simulations are shown in Figures 3-8 and 3-9. These figures plot the flaw density as a function of the
flaw depth for the cases of I initial 10-year ISI, a 10-year ISI interval, and a 20-year ISI interval. These
plots display the results for the of 10-to-i and infinite aspect ratio sizes. The PROBSBFD outputs used to
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generate these plots are included in Appendix G. The crack growth and density reduction due to ISI
would both be reduced for the flaw length-to-depth aspect ratios of 2-to-i and 6-to-I also considered in
the pilot plant study.

1.00E-04

1.00E-05

1 .00E-06

I ,UUC1-U I

U_

0

0*

a-l

1.00E-08

1.00E-09

1.00E-10

1.00E-1 1

1.00E-12

1.OOE-13

1.00E-14

3.

, / \•_

\
4k

0)- ,SIEvry20Yer

- 10 Year ISI Only
- ISI Every 10 Years

--- -ISI Every 20 Years

I0I
00%

. m

m

I - A,
1

3.50% 4.00% 4.50% 5.00% 5.50% 6.00% 6.50%

Flaw Depth (Percent of Wall Thickness)

7.00% 7.50%

Figure 3-8 Growth of Flaws with an Aspect Ratio of 10 for Palisades

WCAP- 16168-NP-A June 2008
Revision 2



3-22

1.OOE-04

1.00E-05

1.OOE-06

1.OOE-07

U

CU
-- 1.OOE-08

u- 1.00E-09 -- \

IL 1.OOE-10 A.

I L 1 .O O E -1 I- 
Ilk

-A

1.00E-11 " t

1.OOE-13 N

1.00E-14

3.00% 3.50% 4.00% 4.50% 5.00% 5.50% 6.00% 6.50% 7.00% 7.50% 8.00%

Flaw Depth (Percent of Wall Thickness)

-4--10 Year ISI Only

- I-- ISI Every 10 Years

- - SI Every 20 Years

Figure 3-9 Growth of Flaws with an Infinite Aspect Ratio for Palisades

WCAP- 16168-NP-A June 2008
Revision 2



3-23

3.5 RESULTS FOR THE BABCOCK AND WILCOX PILOT PLANT: OC1

Reactor vessel failure frequencies were calculated for OCI for two cases corresponding to the two surface
flaw density files discussed in the section on "Initial Flaw Distribution". These cases were referred to as
"ISI Every 10 Years" and "10-year IS] Only". As the names imply, the "ISI Every 10 Years" case
simulates the current ASME Code required inspections while the "10-year ISI Only" case simulates a
discontinuation of inspections after the first 10-year IS]. While the failure frequency for the "IS] Every
10 Years" case is higher than the "10-Year IS Only" case, statistically, the difference between the mean
failure frequencies for the "ISI Every 10 Years" case and the "10-year I ST Only" case is insignificant.
This is due to the fact that the difference between the mean values is less than the standard error for each
of the cases. However, to calculate a change in risk for comparison to regulatory guidelines, a bounding
change in failure frequency was calculated based on the difference between an "Upper Bound" and a
"Lower Bound." The Lower Bound was determined by subtracting 2 times the standard error as reported
by FAVPOST from the mean value of the "ISI Every 10 Years"case. The Upper Bound was determined
by adding 2 times the standard error as reported by FAVPOST to the mean value of the "10-Year IS1
Only" case.

Elimination of 1S] after the first 10-year ISI for the OCI RPV results in a difference in failure (through-
wall flaw) frequency of 1.26E-08. A summary of the results of the evaluation are included in Table 3-4.
The results reflect the maximum statistically calculated value for the potential change in risk at a number
of reactor vessel simulations at which the Monte Carlo statistical analysis has reached a stable solution.
The difference between the Upper Bound and Lower Bound represents the bounding difference between
the 10-year inspection interval currently applicable under ASME criteria and elimination of all future
inspections following an inspection within the first 10 years of operation.

This change in failure frequency is acceptable per the regulatory guidance discussed in Section 4. 1.
Transient input was based on design basis transients and the transients used in the NRC PTS Risk Study
[8, 9]. The input data included consideration of postulated life extension to 60 EFPY. The FAVPOST
outputs for the cases presented in Table 3-4 are presented in Appendix M.

Table 3-4 OC1 Reactor Vessel Failure Frequency Results

10-Year ISI Only (Mean Value / Standard Error) 3.11 E-08/2.55E-09

Upper Bound Value 3.62E-08

ISI Every 10 Years (Mean Value / Standard Error) 2.62E-08/I.28E-09

Lower Bound Value 2.36E-08

Bounding Difference in Risk 1.26E-08

The mean effects of fatigue crack growth and ISI on the surface breaking flaw density for 1000
simulations are shown in Figures 3-10 and 3-11. These figures plot the flaw density as a function of the
flaw depth for the cases of I initial 10-year ISI, a 10-year IS1 interval, and a 20-year ISI interval. These
plots display the results for the 10-to-I and infinite aspect ratio sizes. The PROBSBFD outputs used to
generate these plots are included in Appendix K. The crack growth and density reduction due to ISI
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would both be reduced for the flaw length-to-depth aspect ratios of 2-to-I and 6-to-I also considered in
the pilot plant study.
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4 RISK ASSESSMENT

The quantitative risk assessment discussed below shows that extending the inspection interval from 10 to

a maximum of 20 years has an acceptably small impact on risk (core damage frequency [CDF] and large

early release frequency [LERF]), i.e., that it is within the bounds of RG 1.174 [4]. A discussion on the

requirements of RG 1. 1 74 is included.

4.1 RISK-INFORMED REGULATORY GUIDE 1.174 METHODOLOGY

The NRC has developed a risk-informed regulatory framework. The NRC definition of risk-informed
regulation is: "insights derived from probabilistic risk assessments are used in combination with

deterministic system and engineering analysis to focus licensee and regulatory attention on issues
commensurate with their importance to safety."

The NRC issued RG 1.174, An Approach for Using Probabilistic Risk Assessment in Risk-lnformed

Decisions on Plant-Specific Changes to the Current Licensing Basis, [4]. In addition, the NRC issued

application-specific-RGs and Standard Review Plans (SRPs):

* RG-1.175 [40] and SRP Chapter 3.9.7, related to in-service testing (IST) programs
* RG-1.176 [41], related to Graded Quality Assurance (GQA) programs
0 RG-l.177 [42] and SRP Chapter 16.1, related to Technical Specifications
* RG-l.178 [44] and SRP-3.9.8, related to ISI of piping. programs

These RG and SRP chapters provide guidance in their respective application-specific subject areas to

reactor licensees and the NRC staff regarding the submittal and review of risk-informed proposals that
would change the licensing basis for a power reactor facility.

Regulatory Guide 1.174 Basic Steps

The approach described in RG 1.174 was used in each of the application-specific RGs/SRPs, and has

4 basic steps as shown in Figure 4-1. The four basic steps are discussed below.

Step 1: Define the Proposed Change

This element includes identifying:

1. Those aspects of the plant's licensing bases that may be affected by the change.

2. All systems, structures, and components (SSCs), procedures, and activities that are covered by the

change and consider the original reasons for inclusion of each program requirement.

3. Any engineering studies, methods, codes, applicable plant-specific and industry data and

operational experience, PRA findings, and research and analysis results relevant to the proposed
change.

WCAP- 16168-NP-A June 2008
Revision 2



4-2

Traditional
Analysis PRA

D iI P f In Sub

I I I-

\I / -

' *I / - s

\ I

DeiePerform Implementation Submit
Engineering and .. Proposed

Change " Analysis Monitoring Change

__________Program _____

Figure 4-1 Basic Steps in (Principal Elements of) Risk-Informed, Plant-Specific Decision Making
(from NRC RG 1.174)

Step 2: Perform Engineering Analysis

This element includes performing the evaluation to show that the fundamental safety principles on which

the plant design was based are not compromised (defense-in-depth attributes are maintained) and that
sufficient safety margins are maintained. The engineering analysis includes both traditional deterministic

analysis and probabilistic risk assessment (PRA). The evaluation of risk impact should also assess the
expected change in CDF and LERF, including a treatment of uncertainties. The results from the
traditional analysis and the PRA must be considered in an integrated manner when making a decision.

Step 3: Define Implementation and Monitoring Program

This element's goal is to assess SSC performance under the proposed change by establishing performance
monitoring strategies to confirm assumptions and analyses that were conducted to justify the change.

This is to ensure that no unexpected adverse safety degradation occurs because of the changes. Decisions

concerning implementation of changes should be made in light of the uncertainty associated with the
results of the evaluation. A monitoring program should have measurable parameters, objective criteria,

and parameters that provide an early indication of problems before becoming a safety concern. In

addition, the monitoring program should include a cause determination and corrective action plan.
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Step 4: Submit Proposed Change

This element includes:

1. Carefully reviewing the proposed change in order to determine the appropriate form of the change
request.

2. Assuring that information required by the relevant regulation(s) in support of the request is

developed.

3. Preparing and submitting the request in accordance with relevant procedural requirements.

Regulatory Guide 1.174 Fundamental Safety Principles

Five fundamental safety principles are described that each application for a change must meet. These are

shown in Figure 4-2, and are discussed below.

Change is consistent
with defense-in-depth

Change meets current philosophy. Maintain sufficient
regulations unless it is

explicitly related to a

requested exemption or
rule change.

Integrated
Decisionmaking

Proposed increases in
Use performance- CDF or risk are small
measurement and are consistent with
strategies to monitor the Commission's Safety
the change. Goal Policy Statement.

Figure 4-2 Principles of Risk-Informed Regulation (from NRC RG 1.174)

Principle 1: Change meets current regulations unless it is explicitly related to a requested exemption or
rule change.

The proposed change is evaluated against the current regulations (including the general design criteria) to

either identify where changes are proposed to the current regulations (e.g., Technical Specification,
license conditions, and FSAR), or where additional information may be required to meet the current

regulations.
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Principle 2.: Change is consistent with defense-in-depth philosophy.

Defense-in-depth has traditionally been applied in reactor design and operation to provide a multiple
means to accomplish safety functions and prevent the release of radioactive material. As defined in
RG 1.174 [4], defense-in-depth is maintained by assuring that:

A reasonable balance among prevention of core damage, prevention of containment failure, and

consequence mitigation is preserved.

Over-reliance on programmatic activities to compensate for weaknesses in plant design is

avoided.

System redundancy, independence, and diversity are preserved commensurate with the expected
frequency and consequences to the system (e.g., no risk outliers).

Defenses against potential common cause failures are preserved and the potential for introduction

of new common cause failure mechanisms is assessed.

Independence of barriers is not degraded (the barriers are identified as the fuel cladding, reactor

coolant pressure boundary, and containment structure).

Defenses against human errors are preserved.

Defense-in-depth philosophy is not expected to change unless:

* A significant increase in the existing challenges to the integrity of the barriers occurs.

* The probability of failure of each barrier changes-significantly.

* New or additional failure dependencies are introduced that increase the likelihood of failure

compared to the existing conditions.

* The overall redundancy and diversity in the barriers changes.

Principle 3: Maintain sufficient safety margins.

Safety margins must also be maintained. As described in RG 1.174, sufficient safety margins are
maintained by assuring that:

• Codes and standards, or alternatives proposed for use by the NRC, are met.

* Safety analysis acceptance criteria in the licensing basis (e.g., FSARs, supporting analyses) are
met, or proposed revisions provide sufficient margin to account for analysis and data uncertainty.
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Principle 4: Proposed increases in CDF or risk are small and are consistent with the Commission s

Sqfety Goal Policy Statement.

To evaluate the proposed change with regard to a possible increase in risk, the risk assessment should be
of sufficient quality to evaluate the change. The expected change in CDF and LERF are evaluated to

address this principle. An assessment of the uncertainties associated with the evaluation is conducted.
Additional qualitative assessments are also performed.

There are two acceptance guidelines, one for CDF and one for LERF, both of which should be used.

The guidelines for CDF are:

If the application can be clearly shown to result in a decrease in CDF, the change will be

considered to have satisfied the relevant principle of risk-informed regulation with respect to

CDF.

When the calculated increase in CDF is very small, which is taken as being less than 10-6 per

reactor year, the change will be considered regardless of whether there is a calculation of the total

CDF.

When the calculated increase in CDF is in the range of 10-6 per reactor year to 10-5 per reactor

year, applications will be considered only if it can be reasonably shown that the total CDF is less
than 10-4 per reactor year.

* Applications that result in increases to CDF above 10-5 per reactor year would not normally be

considered.

The guidelines for LERF are:

If the application can be clearly shown to result in a decrease in LERF, the change will be

considered to have satisfied the relevant principle of risk-informed regulation with respect to
LERF.

When the calculated increase in LERF is very small, which is taken as being less than 10-7 per
reactor year, the change will be considered regardless of whether there is a calculation of the total

LERF.

When the calculated increase in LERF is in the range of 10-7 per reactor year to 10.6 per reactor

year, applications will be considered only if it can be reasonably shown that the total LERF is less

than 10- per reactor year.

Applications that result in increases to LERF above 10-6 per reactor year would not normally be

considered.

These guidelines are intended to provide assurance that proposed increases in CDF and LERF are small

and are consistent with the intent of the Commission's Safety Goal Policy Statement.
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Principle 5: Use performance-measurement strategies to monitor the change.

Performance-based implementation and monitoring strategies are also addressed as part of the key
elements of the evaluation as described previously.

Risk-Acceptance Criteria for Analysis

For the purposes of this bounding analysis of the risk impact of the proposed change in RV inspection
frequency, the following criteria are applied with respect to Principle 4 (small change in risk):

* Change in CDF < I x 10-6 per reactor year
* Change in LERF < I x 10-7 per reactor year

These values are selected so that the proposed change may be later considered on a plant-specific basis
regardless of the plant's baseline CDF and LERF.

To conservatively simplify these acceptance criteria, it will be assumed that through-wall crack growth is
equivalent to reactor vessel failure, and that reactor vessel failure results in both core damage and a large
early release. It is also conservatively assumed that the conditional probability of a large early release
given core damage is 1.0 (See Section 4.3).

Therefore, the simplified conservative/bounding acceptance criterion becomes:

Change in CDF Change in LERF

Increase in frequency of
through-wall crack

growth due to increase in
inspection interval

< x 10-7 per
reactor year

4.2 FAILURE MODES AND EFFECTS

Failure Modes

The failure mode of concern was thermal fatigue crack growth due typical plant operation. The growth of
an existing undetected fabrication flaw in the RV base metal, cladding, or weld metal was assumed to
reach a critical size that would lead to reactor vessel through-wall fracture if a PTS-type transient would
occur.

Failure Effects

A through-wall flaw failure of the RV was assumed to result in core damage and a large early release.
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4.3 CORE DAMAGE RISK EVALUATION

The objective of the risk assessment was to evaluate the core damage risk from the extension of the
examination of the RV relative to other plant risk contributors through a qualitative and quantitative
evaluation.

NRC RG 1. 174 [4] provided the basis for this evaluation as well as the acceptance guidelines to make a
change to the current licensing basis.

Risk was defined as the combination of likelihood of an event and severity of consequences of an event.
Therefore, -the following two questions were addressed:

S

0

What was the likelihood of the event?
What would the consequences be?

The following sections describe the likelihood and postulated consequences. The likelihood and
consequences were then combined in the risk calculation and the results of the evaluation are presented in
this report.

What is the Likelihood of the Event?

The likelihood of the event was addressed by identifying the plant transients or operational events that
might lead to failure of the RV, and estimating the frequency of these events.

What are the Consequences?

The consequences were defined in terms of the CDF and LERF risk metrics.

For this evaluation, the conditional core damage probability given the failure of the RV was assumed to
be 1.0 (no credit for safety system actuation to mitigate the consequences of the failure). Since this was
intended as a bounding assessment, it was also conservatively assumed that the conditional probability of
a large early release given core damage for this scenario is 1.0 (i.e., no credit for consequence mitigation
via the containment and related systems). Note that this was a simplifying assumption, and a specific
mechanism for LERF was not implied or defined here.
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Risk Calculation

For this evaluation, the CDF and LERF were calculated by:

N

TWCF = LERF = CDF Y IEi*CPFI

where:

TWCF = Through wall cracking frequency
CDF = Core damage frequency from all vessel failures due to PTS events (events per year)
LERF = Large early release frequency from all vessel failures due to PTS events (events per year)
IE, = Initiating event frequency (events per year) for a given PTS transient, i
CPFj = Conditional probability of reactor vessel failure for a given PTS transient i, and
N = The total number of postulated PTS transients for a given plant.

The transient initiating frequency distributions were identified in the NRC PTS Risk Study [8, 9] and are
included in Appendices D, H, and L for the pilot plants. The probability of failure was calculated by the
FAVPFS module of FAVOR. The FAVPOST module of FAVOR combined the transient initiating
frequency distribution with the reactor vessel conditional failure probability distribution to determine a
reactor vessel failure frequency distribution for each transient. From these failure frequency distributions,
FAVPOST determined a mean reactor vessel failure frequency. In addition to this mean failure frequency
a standard error was reported. To account for uncertainties, Upper and Lower Bounds are determined.
The Upper Bound was determined by adding 2 times the standard error from the "10-Year ISI-Only" case.
The Lower Bound was determined by subtracting 2 times the standard error from the "IS1 Every 10
Years" case. The change in reactor vessel failure frequency was determined by subtracting the Lower
Bound from the Upper Bound. The mean reactor vessel failure frequencies, Upper and Lower Bounds,
and change in failure frequency are given in Sections 3.2 and 3.3. As previously stated, reactor vessel
failure results in core damage which results in large early release. Therefore, the large early release
frequencies were equal to the reactor vessel failure frequencies. The large early release frequencies,
Upper and Lower Bounds, and change in large early release frequency are summarized in Table 4-1,
based on FAVOR 06.1 evaluations.

Table 4-1 Large Early Release Frequencies

BVI Palisades OCi
(per year) (per year) (per year)

10-Year ISI Only 5.04E-09 7.62E-08 3.11E-08

Upper Bound 5.55E-09 8.44E-08 3.62E-08

ISI Every 10 Years 5.23E-09 7.39E-08 2.62E-08

Lower Bound 4.6 1E-09 6.63E-08 2.36E-08

Bounding Change in Large 9.37E-10 1.81E-08 1.26E-08
Early Release Frequency
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Risk Results and Conclusions

The analysis described above demonstrates that changes in CDF and LERF do not exceed the NRC's RG-

1.174 [4] acceptance guidelines for a small change in CDF and LERF (<10-6 per year for CDF, <107 per

year for LERF).

As part of this evaluation, the key principles identified in RG-1.174 were reviewed and the responses

based on the evaluation are provided in Table 4-2.

This evaluation concluded that extension of the RV in-service examination from 10 to 20 years would not

be expected to result in an unacceptable increase in risk. Given this outcome, and the fact that other key

principles listed in RG-1.174 continue to be met, the proposed change in inspection interval from 10 to

20 years is acceptable.

Table 4-2 Evaluation with Respect to Regulatory Guide 1.174 141 Key Principles

Key Principles Evaluation Response

Changemeets current regulations unless it is Change to current RG 1.150 [2] requirements is proposed.
explicitly related to a requested exemption or
rule change.

Change is consistent with defense-in-depth Potential for failure of the RV is acceptably small during normal
philosophy, or accident conditions, and does not threaten plant barriers. See

the discussion below for additional information on defense in
depth.

Maintain sufficient safety margins. No safety analysis margins are changed.

Proposed increases in CDF or risk are small and Proposed increase in risk is estimated to be acceptably small.
are consistent with the Commission's Safety
Goal Policy Statement.

Use performance-measurement strategies to NDE examinations still conducted, but on less frequent basis not
monitor the change. to exceed 20 years.

Other indications of potential degradation of RV are available
(e.g., foreign experience and periodic testing with visual
examinations)

Defense-in-Depth

While the results presented in this report demonstrate that the contribution of eliminating future

inspections after the initial 10 year ISI meets prescribed regulatory criteria for assessing risk, the proposed

course of action is to extend the inspection interval requirements from 10 to 20 years while not

eliminating any portion of the current inspection requirements, This provides additional margin for

defense-in-depth and contributes directly toward maintaining plant safety.

Extending the RV ISI interval does not imply that generic degradation mechanisms will be ignored for

20 years. (With the number of PWR nuclear power plants in operation in the U.S. and globally, a

sampling of plants inevitably undergo examinations in a given year.) This provides for early detection of
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any potential emerging generic degradation mechanisms, and would permit the industry to react with
more frequent examinations if needed.

In addition, it must be recognized that all reactor coolant pressure boundary failures occurring to date
have been identified as a result of leakage, and were discovered by visual examination. The proposed RV
ISI interval extension does not alter the visual examination interval. The reactor vessel would undergo, as

a minimum, the Section XI Examination Category B-P pressure tests and visual examinations conducted
at the end of each refueling before plant start-up, as well as leak tests with visual examinations that

precede each start-up following maintenance or repair activities.

Page 4-4 identifies from Regulatory Guide 1.174 that:

"Defense-in-depth philosophy is not expected to change unless:

" A significant increase in the existing challenges to the integrity of the barriers occurs.
" The probability of failure of each barrier changes significantly.
" New or additional failure dependencies are introduced that increase the likelihood of failure

compared to the existing conditions.
* The overall redundancy and diversity in the barriers changes."

The extension in inspection interval will not result in any of the changes identified above. Also identified

on page 4-4 are six elements for maintaining defense in depth. Due to the fact that the interval extension
will not result in any of the changes identified above, it is expected that the defense in depth elements

listed on page 4-4 will not be impacted. Additional assessment of the impact on each of the defense-in-

depth elements from page 4-4 is provided below:

" A reasonable balance among prevention of core damage, prevention of containment failure, and

consequence mitigation is preserved:

The proposed increase in inspection would not cause an increased reliance on any of the
identified elements. Therefore, the interval increase would not change the existing balance

among prevention of core damage, prevention of containment failure, and consequence

mitigation.

" Over-reliance on programmatic activities to compensate for weaknesses in plant design is

avoided:

The change in inspection interval does not change the robustness of the vessel design in any way.
It is because of this robustness that the inspection interval can be doubled with no significant

change in failure frequency.

* System redundancy, independence, and diversity are preserved commensurate with the expected

frequency and consequences to the system (e.g., no risk outliers):

The proposed increase in inspection interval does not impact system redundancy, independence,

or diversity in any way since it is not changing the plant design or how it is operated.
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* Defenses against potential common cause failures are preserved and the potential for introduction
of new common cause failure mechanisms is assessed:

The proposed increase in inspection interval does not impact any defenses against any common
cause failures and there is no reason to expect the introduction of any new common cause failure
mechanisms. This requirement applies to multiple active components. There is only one reactor
vessel per plant and it is a passive component.

* Independence of barriers is not degraded (the barriers are identified as the fuel cladding, reactor
coolant pressure boundary, and containment structure):

The increase in inspection interval does change the relationship between the barriers in anyway
and therefore does not degrade the independence of the barriers. The change in inspection
interval does not change the robustness of the vessel design in any way. It is because of this
robustness that the inspection interval can be doubled with no significant change in failure
frequency.

" Defenses against human errorsare preserved:

The increase in the RV inspection interval does not impact any defenses against human errors in
any way. The increase in the inspection interval reduces the frequency for which the lower
internals need to be removed. Reducing this frequency reduces the possibility for human error
and damaging the core.
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5 CONCLUSIONS

Based on the results of this analysis, it is concluded that:

I.. The beltline is the most limiting region for the evaluation of risk.

2. RV inspections performed to date have not detected any significant flaws.

3. Crack extension due to fatigue crack growth during service is small.

4. The man-rem exposure can be reduced by extending the inspection interval.

5. The failure frequencies -for PWR RVs due to the dominant PTS transients are well below l0-7 per

year.

6. The change in risk meets the RG 1.174 [4] acceptance guidelines for a small change in LERF.

7. The increase in the RV ISI interval from 10 to 20 years satisfies all the RG 1.174 criteria,

including other considerations, such as defense-in-depth.

Based on the above conclusions, the ASME Section XI [1] 10-year inspection interval for examination

categories B-A and B-D welds in PWR RVs can be extended to,20 years. In-service inspection intervals
of 20 years for FENOC's Beaver Valley Unit 1, NMC's Palisades, and Duke Energy's Oconee Unit 1 are

acceptable for implementation. The methodology in WCAP-16 168-NP Revision I is applicable to plants
other than the pilot plants by confirming the applicability of the parameters in Appendix A on a plant

specificbasis. Since the 10 year inspection interval is required by Section XI, IWB-2412, as codified in
10 CFR 50.55a, an exemption request must be submitted and approved by the NRC to extend the

inspection interval to 20 years, unless 10 CFR 50.55a is amended to incorporate ASME Code Case N-
691.
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APPENDIX A
PLANT SPECIFIC APPLICATION

WCAP-16168-NP Revision 2 describes the methodology used to demonstrate the feasibility of extending

the reactor vessel inspection interval required by the American Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code Section XI, as supplemented by Nuclear Regulatory Commission (NRC)

Regulatory Guide 1.150: This methodology was used to perform risk analysis for pilot plants
representing the Westinghouse and Combustion Engineering designs. It is an extension of work done as

part of the NRC PTS Risk Study. Table A-I identifies critical parameters to be used to determine if the
pilot plant evaluations documented in this report bound a plant specific application. If the plant-specific
parameter is not bounded by the pilot plant analysis, additional evaluations or sensitivity studies may be

required to support the use of the pilot plant risk studies. Additional information relative to plant specific
reactor vessel inspection is to be provided in Table A-2. Information required to calculate the plant

specific through wall cracking frequency is to be provided in Table A-3. Additional information and
requirements are provided following each table. Examples of plant specific use of these tables for Wolf

Creek and Waterford 3 are contained in Appendices A-I and A-2 respectively.

Table A-I Critical Parameters for the Application of the Bounding Analysis

Additional
Evaluation

Pilot Plant Plant Specific Required?
Parameter Basis Basis (Y/N)

Dominant PTS Transients in the NRC PTS Risk Study

are applicable

Through Wall Cracking Frequency (TWCF)

Frequency and Severity of Design Basis Transients

Cladding Layers (Single/Multiple)

For each of the four parameters in Table A-i, the licensee must identify the pilot plant basis and the plant

specific basis. If the plant specific basis is not bounded by the pilot plant basis, additional evaluation is
required.

Dominant PTS Transients in the NRC PTS Risk Study are applicable

The transients evaluated in the WCAP pilot plant analyses were the PTS transients from the NRC PTS

Risk Re-evaluation (NUREG-1806 or NUREG-1874). For this parameter, it is necessary to demonstrate
that the PTS transients used in the pilot plant analyses are applicable for a specific plant. As stated in the
last paragraph in Section 3.2.1 of NUREG-1874, the "PTS Generalization Study demonstrates that risk-

significant PTS transients do not have any appreciable plant-specific differences within the population of
PWRs currently operating in the United States." Based on this statement, plant specific analyses are not
needed for this criterion. A licensee may enter the "PTS Generalization Study" in Table A-I as the basis
for the applicability of the pilot plant PTS transients to their specific plant.
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Through Wall Cracking Frequency (TWCF)

Each licensee shall calculate their plant specific TWCF95-TOTAL value using the correlations in NUREG-

1874. The calculated plant specific TWCF95-TOTAL value must be lower than the applicable pilot plant

TWCF95-TOTAL value calculated using the correlations in NUREG-1874. The TWCF is essentially a

measure of the embrittlement of the reactor vessel components weighted by their contribution to PTS

failure. By demonstrating that the pilot plant has a higher TWCF9 5-TOTAL value it follows that the pilot

plant change in risk calculation is bounding of that for the specific plant.

The pilot plant TWCF95-TOTAL values calculated using the NUREG-1 874 correlations depend upon the

applicable pilot plant design:

Westinghouse: Beaver Valley Unit 1: 1.76E-08 Events per year

CE: Palisades: 3.16E-07 Events per year
B&W: Oconee Unit 1: 4.42E-07 Events per year

The applicable correlations from NUREG-1874 are as follows:

TWCF95-TOTAL = aAWTWCF 95_AW + aPLTWCF95-PL + acwTWCF95_cw + aFoTWCF95-FO

Where, a is determined as follows:

IfRTMA..',-< 625'R, then cc = 2.5

If 625R < RTmAx-x.< 875 0R then a = 2.5 - (1.5/ 2 50)(RTMAv:. - 625)

If RTMAvx'_> 875°R, then ax = 1

and TWCF95_,VV values are calculated as follows:

TWCF9SAw= exp {5.5198*ln(RTMAx-Aw-- 616) - 40.542}*,8

TWCF95-PL = exp{23.737*ln(RTMAvq, pL - 300) - 162.38}*fl

TWCF95 cw = exp {9.1363*ln(RTMAx-cw - 616) - 65.066}*fl

TWCF9 5 FO = exp {23.737*ln(RTM±vFO - 300) - 162.38}*,0 +...

+4*{1.3 x 10-137*1 00.185RTMAX'FO}*fl

rl is equal to "0" for ring forged vessels fabricated compliant with Regulatory Guide 1.43 and

equal to "1" for ring forged vessels not fabricated compliant with Regulatory Guide 1.43.

f8 is determined as follows irrespective of the set of TWCF formulas used.

If TWALL <_ 9½ -in, then /3=1

If 9½/2 < TWALL < 11 / 2 -in, then 83= 1+8 (TwALL- 9%)

If TWALL >-- 11/2 -in, then 8 = 17
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Where TWALL is the thickness of the RPV wall (inches), including the cladding.

RTMAX-XX values are calculated in degrees Rankin ('R) as follows:

'
1

AWFL- (RTdj-"`( ) +A AOF
RTMAXAW MAX/MAX A DT(u) T30  \ "FLWh

- -L(RTNd•4I+') AT3•(lI)I(i)(•tFL)) Ji

Where:

nAWFL is the number of axial weld fusion lines in the beltline region of the vessel,
i is a counter that ranges from I to nAWFL.

bt FL is the maximum fluence occurring on the vessel ID along a particular axial

weld fusion line,

RTt#cal(,) is the unirradiated RTNDT of the weld adjacent to the ith axial weld fusion line,

RT"N-p'') is the unirradiated RTNDT of the plate adjacent to the ith axial weld fusion line
NIDT(u)

A'Idi-'0'(i) is the shift in the Charpy V-Notch 30-foot-pound (ft-lb) energy produced by

irradiation to OIFL of the weld adjacent to the ith axial weld fusion line, and

30 is the shift in the. Charpy V-Notch 30-foot-pound (ft-lb) energy produced by

irradiation due to btFL of the plate adjacent to the ith axial weld fusion line.

RTMM FPL MAX[RTPi) + AT 3 PL(i) (0PL(i))]

Where:
nPL is the number of plates in the beltline region of the vessel,
i is a counter that ranges from I to npL,

•tAPLui) is the maximum fluence occurring over the vessel ID occupied by a particular

plate,

RTPLT(u) is the unirradiated RTNDT of a particular plate, and

AT3PL(i) is the shift in the Charpy V-Notch 30-foot-pound (ft-lb) energy produced by

irradiation to v-fMAX of a particular plate.

FO r FO(i).
RTMAX FO MAX [RTro") + AT~0'ý"~O(i) )jRTMx-o - IIJ-2kt•NDTO,)- 30 ,VMAX ,

i I

Where:
ni-o is the number of forgings in the beltline region of the vessel,
i is a counter that ranges from I to nFO

MAt is the maximum fluence occurring over the vessel ID occupied by a particular

forging,
RTFO(iO

RTFO(,) is the unirradiated RTNDT of a particular forging, and

AT 3F
0 u) is the shift in the Charpy V-Notch 30-foot-pound (ft-lb) energy produced by

irradiation to t '(' )of a particular forging.

WCAP-16168-NP-A June 2008
Revision 2



A-4

nl WFL 1RwMA. -\ MNXMA DT-(i) -1- (T-)d-cw0

RTMAX.CW CWFL(i) .+ AT......
MAX[MAXRa I "b~iNDT(u) " 3- +TAi"w(i)( VtFL))

i=1 ±Rý"~i( +AT`?--/'I)('/F))

Where:

nCWFL is the number of circumferential weld fusion lines in the beltline region of the
vessel,

i is a counter that ranges from 1 to nCWFL,

t FL is the maximum fluence occurring on the vessel ID along a particular

circumferential weld fusion line,

RTNai-cw,(i) is the unirradiated RTNDT of the weld adjacent to the it' circumferential weld

fusion line,

RTad-PI(i) is the unirradiated RTNDT of the plate adjacent to the ith circumferential weld
SNDT(u)

fusion line (if there is no adjacent plate this term is ignored),

RTN•-"g is the unirradiated RINDT of the forging adjacent to the ith circumferential weld

fusion line (if there is no adjacent forging this term is ignored),

ATjdicY(i) is the shift in the Charpy V-Notch 30-foot-pound (ft-lb) energy produced by

irradiation due to #)IFL of the weld adjacent to the it" circumferential weld

fusion line,

AT 3'di-p(i) is the shift in the Charpy V-Notch 30-foot-pound (ft-lb) energy produced by

irradiation to btFL of the plate adjacent to the ith axial weld fusion line (if there

is no adjacent plate this term is ignored), and

AT 3oi Yogi) is the shift in the Charpy V-Notch 30-foot-pound (ft-lb) energy produced by

irradiation to tIFL of the forging adjacent to the ith axial weld fusion line (if

there is no adjacent forging this term is ignored).

The AT 30 shift shall be determined using the latest approved methodology in Regulatory Guide

1.99 or other NRC-approved methodology (Equations in Section 3.5.2 ofNUREG-1874 were
used to calculate pilot plant values). All material properties used to determine the TWCF95-TOTAL
value shall be documented in Table A-3.

The plant specific TWCF95-TOTAL value shall be re-evaluated any time fluence is re-projected to increase

as a result of core reloading, core configuration, power uprating, or when a surveillance capsule is pulled
from the reactor vessel. In the case that the calculated plant specific TWCF95.-TOTAL value exceeds the
pilot plant value (at any time the evaluation is performed), additional evaluation shall be performed to

demonstrate that the change-in-risk associated with the extension in the inservice inspection is acceptable.

Frequency and Severity of Design Basis Transients

It is necessary to demonstrate that the amount of fatigue crack growth considered in the pilot plant

analyses is bounding for a specific plant. Since the amount of fatigue crack growth used in the pilot plant
analyses was calculated based on the design basis transients, a comparison of design basis transients shall
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be performed to ensure that the assumed number of heatup-coodown transients per year is also applicable
for the specific plant. The pilot plant basis depends on the applicable design:

Westinghouse:

CE:

B&W:

7 Cooldowns per year

13 Cooldowns per year
12 Cooldowns per year (assumed)

For CE and Westinghouse designs, if the specific plant has operated within its design basis, the amount of
fatigue crack growth in the pilot plant will be bounding. If a plant has operated outside of its design
basis, an additional evaluation is required to demonstrate that the pilot plant fatigue crack growth is still
bounding. For B&W plants, an evaluation must be performed to show that the fatigue crack growth used
in the pilot plant analysis is bounding of that which may occur at the specific plant. If the plant specific
fatigue crack growth is projected to be greater than pilot plant fatigue crack growth considered, additional
evaluation is required to demonstrate that the change-in-risk associated with the extension in the inservice
inspection is acceptable.

Cladding Layers

The pilot plant analyses were performed assuming a single layer of cladding because the probability of
having a surface breaking flaw in multi-layer cladding is much less than that of single-layer cladding.
The licensee shall identify whether their reactor vessel was fabricated with single or multi-layer cladding.
Since the pilot plant analyses were performed with single-layer, all plants are bounded by this parameter.

Table A-2 Additional Information Pertaining to the Reactor Vessel Inspection

Inspection methodology:

Number of past inspections:

Number of indications found:

Proposed inspection schedule for
balance of plant life:

Table A-2 is to be completed with plant specific reactor vessel inservice inspection data to meet the
requirements stated as follows.

Inspection Methodology

The licensee shall identify the methodology used for the most recent inservice inspection performed on
the ASME Category B-A and B-D welds that are included in this evaluation. Typically the methodology
used will be either Regulatory Guide 1.150 or ASME Section XI Appendix VIII.
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Number of Past Inspections

The licensee shall identify the number of past inspections that that have been performed on the ASME

Category B-A and B-D welds that are included in this evaluation.

Number of Indications Found

The licensee shall identify the number of flaws of concern (as defined in part c of the requirements above)

found during the most recent inservice inspection.

Proposed Inspection Schedule for Balance of Plant Life

The licensee shall identify the years in which future inservice inspections will be performed. The dates
identified must be within plus or minus one refueling cycle of the dates identified in the implementation

plan provided to the NRC in PWR Owners Group letter OG-06-356, "Plan for Plant Specific
Implementation of Extended Inservice Inspection Interval per WCAP- 16168-NP, Revision I, "Risk-
Informed Extension of the Reactor Vessel In-Service Inspection Interval." MUHP 5097-99, Task 2059,"
dated October 31, 2006. If the licensee identifies dates in Table A-2 that are not within plus or minus one
refueling cycle of the dates in the plan, the licensee will be required to have additional discussion with the

NRC Staff.

After implementation of the extended interval the following requirement must be met:

All data on embedded flaws of concern with a through-wall extent (TWE) greater than 0. 1 inch

shall be provided to NRC within one year of completing the next vessel beltline inservice

inspection per ASME Section XI, Appendix VIII, Supplement 4. For potential vessel failure due to
PTS, embedded.flaws of concern are axially oriented planar flaws in the vessel beltline within the

inner 12.5% (1/8"') of the vessel wall thickness.

An assessment of the inservice inspection results relative to the flaw distributions used in the

pilot plant analyses shall also be provided. This assessment shall be performed in accordance
with the requirements of'Section (d) in the final published version of the voluntary PTS rule, 10
CFR 50. 61 (a).
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Table A-3 Details of TWCF Calculation

Inputs

Reactor Coolant System Temperature, TRCs[°F]: Tw,al [inches]:

Fluence [1019# Region/Component Material Cu Ni P Mn Un-Irradiated Neutron/cm 2,
Description [wt%] [wt%] [Wt%] [wt%] RTNDT(U) [OF] IeVn

E>1 MeV]

Outputs

Methodology Used to Calculate AT 30:

Region # Fluence [1019
(From RTMAX-XX [R] Neutron/c2, (flux) AT30  TWCF 95 _Xx

Above) E> 1 MeV] [OF]

Limiting Axial Weld - AW

Limiting Plate - PL

Forging - FO

Circumferential Weld - CW

TWCF95.TOTAL (QAwTWCF 95-AW + OtPLTWCF95_PL ± OcwTWCF 95_cw + CCFOTWCF95_FO):

The information used to calculate the through wall cracking frequency (TWCF) shall be included in Table
A-3. The fields are defined in the TWCF correlation definition for Table A-1. Additional rows should be
added to the input section for each beltline region/component where region/component is a particular
weld, plate, or forging. Refer to Appendices A-I and A-2 for examples of how Table A-3 are to be
completed.
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APPENDIX A-i
WOLF CREEK PLANT IMPLEMENTATION EXAMPLE

Table I Critical Parameters for Application of Bounding Analysis
Additional

Evaluation
Required?

Parameter Pilot Plant Basis Plant Specific Basis (Y/N)
Dominant Pressurized Thermal Shock NRC PTS Risk Study PTS Generalization Study No
(PTS) Transients in the NRC PTS Risk (Reference 8) (Reference 26)
Study are applicable
Through Wall Cracking Frequency 1.76-08 Events per year 2.5 1E-13 Events per year No
Frequency and Severity of Design 7 heatup/cooldowns per Bounded by 7 No
Basis Transients year heatup/cooldowns per year
Cladding Layers (Single/Multiple) Single Single (assumed) No

Table 2 Additional Information Pertaining to Reactor Vessel Inspection

Inspection methodology: Past inspections have been performed to Regulatory Guide 1.150.
Inspections performed during RF 13 and RF 14 were also performed
to ASME Section XI Appendix VIII.

Number of past inspections: - Category B-A welds (reactor vessel): 2 inspections, RF8 -
Spring 1996 and RFI4 - Spring 2005 with the exception of
weld RV-101-121 which was also inspected in RF2 - Spring
1987 and RF10 - Spring 1999

- Category B-A welds (closure head): 2 inspections, Interval 1

examinations in RF1 - Fall 1986, RF4 - Spring 1990, and RF6
- Spring 1993. Interval 2 examinations were performed in
RF9 - Fall 1997, RF II - Fall 2000, and RF 13 - Fall 2003. 2
welds were examined each outage.

- Category B-D welds (outlet nozzles): 3 inspections RF3 - Fall
1988, RF8 - Spring 1996, RFI4 - Spring 2005

- Category B-D welds (inlet nozzles): 2 inspections, RF8 -
Spring 1996, RF14 - Spring 2005

Number of indications found: Zero reportable indications have been found to date. Any
recordable indications have been acceptable per ASME Section XI
IWB-3500. No flaws of concern were detected.

Proposed inspection schedule for Third inservice inspection currently scheduled for 2015. The third
balance of plant life: inservice inspection is proposed to be performed in 2025. The

fourth inservice inspection interval is proposed to be performed in
2045.
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Table 3 Details of TWCF Calculation

Inputs

Reactor Coolant System Temperature, TRcs[°F]: 550 Twaj [inches]: 8.62

Fluence [101'9
Region/Component Material Cu Ni P Mn Un-lIrradiated Neutron/cm2,

Description [wt%] [wt%] [wt%] [wt%] RTNDT(.) [°F] E>I MeV]

I Lower Shell Plate A 533B 0.070 0.620 0.008, 1.35 40.0 3.90

2 Lower Shell Plate A 533B 0.090 0.670 0.009 1.35 1 0.0, 3.90

3 Lower Shell Plate A 533B 0.060 0.640 0.008 1.35 10.0 3.90

4 Intermediate Shell Plate - A 533B 0.040 0.640 0.007 1.35 -20.0 3.90

5 Intermediate Shell Plate A 533B 0.050 0.630 0.007 1.35 -20.0 3.90

6 Intermediate Shell Plate A 533B 0.040 0.660 0.008 1.35 -20.0 3.90

7 Lower Shell Axial Weld Linde 0091 0.040 0.080 0.005 1.35 -50.0 1.76

8 Lower Shell Axial Weld Linde 0091 0.040 0.080 0.005 1.35 -50.0 3.42

9 Lower Shell Axial Weld Linde 0091 0.040 0.080 0.005 1.35 -50.0 3.42

10 Inter. Shell Axial Weld Linde 0091 0.040 0.080 0.005 1.35 -50.0 1.76

11 Inter. Shell Axial Weld Linde 0091 0.040 0.080 0.005 1.35 -50.0 3.42

12 Inter. Shell Axial Weld Linde 0091 0.040 0.080 0.005 1.35 -50.0 3.42

13 Inter. - Lower Circ Weld Linde 124 0.040 0.080 0.007 1.35 -50.0 3.90

Outputs

Methodology Used to Calculate AT 30 : NUREG- 1874

Region # Fluence [1019 AT 30

(From RTMAx-XX [R] Neutron/cm 2, 4 (flux) TWCF95-XX
Above) E>1 MeV] [OF]

Limiting Axial Weld - AW 1 561.96 3.42 1.81E+10 62.27 2.47E-18

Limiting Plate - PL 1 565.05 3.90 2.06E+10 65.36 1.00E-13

Forging - FO N/A N/A. N/A N/A N/A N/A

Circumferential Weld - CW 1 565.05 3.90 2.06E+10 65.36 5.52E-29

TWCF95_TOTAL (CLAwTWCF95-AW + O.PLTWCF 95 -PL + otcwTWCF 95_cw + cXFoTWCF 9 5 _Fo): 2.51E-13
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APPENDIX A-2
WATERFORD 3 PLANT IMPLEMENTATION EXAMPLE

Table I Critical Parameters for Application of Bounding Analysis
Additional
Evaluation
Required?

Parameter Pilot Plant Basis Plant Specific Basis (Y/N)
Dominant Pressurized Thermal Shock NRC PTS Risk Re- PTS Generalization Study No
(PTS) Transients in the NRC PTS Risk Evaluation (Reference 8) (Reference 26)
Study are applicable
Through Wall Cracking Frequency 3.16E-07 Events per year 2.87E-14 Events per year No
Frequency and Severity of Design 13 heatup/cooldowns per Bounded by 13 No
Basis Transients year heatup/cooldowns per year
Cladding Layers (Single/Multiple) Single Single No

Table 2 Additional Information Pertaining to Reactor Vessel Inspection

Inspection methodology: Past inspections have been performed to Regulatory Guide 1.150

Number of past inspections: - Category B-A welds (reactor vessel): I inspection - 1995,
with the exception of weld 01-020 which was also inspected in
1988.

- Category B-A welds (closure head): 4 inspections with 3
welds inspected 1986, 3 welds inspected 1989, 1 weld
inspected 1994, 3 welds inspected 2000

- Category B-D welds (outlet nozzles): 2 inspections - 1988 and
1995, with the exception of weld 01-021 which was also
inspected in 1989.

- Category B-D welds (inlet nozzles): 1 inspection - 1995
Number of indications found: Zero reportable indications have been found to date. Any

recordable indications have been acceptable per ASME Section XI
IWB-3500. No flaws of concern have been detected.

Proposed inspection schedule for Second inservice inspection currently scheduled for Spring 2008.
balance of plant life: The second inservice inspection is proposed to be performed in

2015. The third inservice inspection is proposed to be performed
in 2035.
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Table 3 Details of TWCF Calculation

Inputs

Reactor Coolant System Temperature, TRCs[0F]: 553 T,,,, [inches]: 8.62

Fluence [1019
Region/Component Material Cu Ni P Mn Un-Irradiated Neutron/cm 2,

Description [wt%] [wt%] [wt%] [wt%] RTNDT(u) ['F] E>I MeV]

I Lower Shell Plate A 533B 0.030 0.580 0.005 1.35 22.0 4.49

2 Lower Shell Plate A 533B 0.030 0.620 0.006 1.35 -15.0 4.49

3 Lower Shell Plate A 533B 0.030 0.620 0.007 1.35 -10.0 4.49

4 Intermediate Shell Plate A 533B 0.020 0.700 0.007 1.35 -42.0 4.49

5 Intermediate Shell Plate A 533B 0.020 0.710 0.004 1.35 -30.0 4.49

6 Intermediate Shell Plate A 533B 0.020 0.670 0.006 1.35 -50.0 4.49

7 Lower Shell Axial Weld Linde 0091 0.030 0.200 0.007 1.35 -80.0 4.49

8 Lower Shell Axial Weld Linde 0091 0.030 0.200 0.007 1.35 -80.0 4.49

9 Lower Shell Axial Weld Linde 0091 0.030 0.200 0.007 1.35 -80.0 4:49

10 Inter. Shell Axial Weld E 8018 0.020 0.960 0.010 1.35 -60.0 4.50

11 Inter. Shell Axial Weld E 8018 0.020 0.960 0.010 1.35 -60.0 4.50

12 Inter. Shell Axial Weld E 8018 0.020 0.960 0.010 1.35 -60.0 4.50

13 Inter. - Lower Circ. Weld Linde 0091 0.050 0.160 0.008 1.35 -70.0 4.49

Outputs

Methodology Used to Calculate AT 30: NUREG-1874

Region # Fluence [1019
(From RTMAx-XX [R] Neutron/cm 2, 4 (flux) AT30  TWCF95-xx

Above) E>I MeV] [OF]

Limiting Axial Weld - AW 1 541.91 4.49 2.37E10 57.93 2.47E-18

Limiting Plate - PL 1 541.91 4.49 2.37E10 57.93' 5.52E-29

Forging - FO N/A N/A N/A N/A N/A N/A

Circumferential Weld - CW 1 541.91 4.49 2.37E 10 57.93 1.15E-14

TWCF95-TOTAL (CLAwTWCF95_AW + QP'LTWCF95_PL + CccwTWCF 95_Cw + caFoTWCF 95.FO): 2.87E-14
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APPENDIX B
INPUTS FOR THE BEAVER VALLEY UNIT 1 PILOT PLANT EVALUATION
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A summary of the NDE inspection history based on Regulatory Guide 1.150 and pertinent input data for

BVI is as follows:

1. Number of ISIs performed (relative to initial pre-service and 10-year interval inspections) for full

penetration Category B-A and B-D reactor vessel welds assuming all of the candidate welds were
inspected: 2 (covering all welds of the specified categories).

2. The inspections performed covered: A total of 34 items. 15 Category B-A items had coverage of
<90%. 1 Category B-A item had coverage > 90% but <100%. 6 Category B-A items had

coverage of 100%. 6 Category B-D items had coverage of 90% and 6 had coverage of 100%.

3. Number of indications found during the most recent inservice inspection: 42
This number includes consideration of the following additional information.

a.
b.
C.

Indications found that were reportable: 0
Indications found that were within acceptable limits: 42
Indications/anomalies currently being monitored: 0

4. Full penetration relief requests for the RV were submitted and accepted by the NRC for 15 items.

5. Fluence distribution at inside surface of RV beltline until end of life (EOL): see Figure B-1 taken
from the NRC PTS Risk Study [44], Figure 4.2.
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j I

Figure B-i Rollout Diagram of BelItline Materials and Representative Fluence Maps for BV1
6. Reactor vessel cladding details:

a. Thickness: 0.156 inches

b. Material properties'are identified in Table B-1. This is consistent with the NRC PTS Risk

Study [8, 9]:
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Table B-I Cladding Material Properties

Specific Young's Thermal
Thermal Heat Modulus of Expansion

Conductivity (Btu/LBM- Elasticity Coefficient
Temperature (Btu/hr-ft-°F) OF) (KSI) (OF-I) (LBM/fDensity Poisson'S

(OF ) "K " "C " "E " .. U .. .. "p ". V "

0 - - - 489 .3
68 - - 22045.7 - 489 .3
70 8.1 0.1158 - - 489 .3
100 8.4 0.1185 - 8.55E-06 489 .3

150 8.6 0.1196 - 8.67E-06 489 .3
200 8.8 0.1208 - 8.79E-06 489 .3
250 9.1 0.1232 - 8.9E-06 489 .3
300 9.4 0.1256 - 9.OE-06 489 .3
302 - - 20160.2 - 489 .3
350 9.6 0.1258 - 9.1E-06 489 .3
400 9.9 0.1281 9.19E-06 489 .3
450 10.1 0.1291 - 9.28E-06 489 .3
482 - - 18419.8 - 489 .3
500 10.4 0.1305 - 9.37E-06 489 .3
550 10.6 0.1306 - 9.45E-06 489 .3

600 10.9 0.1327 - 9.53E-06 489 .3
650 11.1 0.1335 - 9.61E-06 489 .3

700 11.4 0.1348 - 9.69E-06 489 .3
750 11.6 0.1356 - 9.76E-06 489 .3
800 11.9 0.1367 9.82E-06 489 .3

c. Material including copper and nickel content: Material properties assigned to clad flaws are

that of the underlying material be it base metal or weld. These properties are identified in

Table B-3. This is consistent with the NRC PTS Risk Study [8, 9].

d. Material property uncertainties:

1) Bead width: 1 inch - bead widths vary for all plants. Based on the NRC PTS Risk

Study [8, 9], a nominal dimension of 1 inch is selected for all analyses because this

parameter is not expected to influence significantly the predicted reactor vessel

failure probabilities.

2) Truncation limit: Cladding thickness rounded to the next 1/100th of the total reactor

vessel thickness to be consistent with the NRC PTS Risk Study [8, 9].

3) Surface flaw depth: 0.161 inch
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4) All cladding flaws are surface-breaking. Only flaws in cladding that would

influence brittle fracture of the reactor vessel are brittle. This is consistent with the

NRC PTS Risk Study [8, 9].

e. Additional cladding properties are identified in Table B-4.

7. Base metal:

a. Wall thickness: 7.875 inches

b. Material properties are identified in Table B-2 and B-3.

PTS Risk Study [8, 9]:

This is consistent with the NRC

Table B-2 Base Metal Material Properties

Specific Young's Thermal
Thermal Heat Modulus of Expansion

Conductivity (Btu/LBM- Elasticity Coefficient
(Btu/hr-ft-°F) OF) (KSI) (OF-) Density Poisson's

Temperature(LB/ft) Ratio
( O F ) " K " " .C " . " E " ... "1 p .. v "

0 - 489 .3
70 24.8 0.1052 29200 - 489 .3

100 25 0.1072 - 7.06E-06 489 .3
150 25.1 0.1101 - 7.16E-06 489 .3
200 25.2 0.1135 28500 7.25E-06 489 .3
250 25.2 0.1166 - 7.34E-06 489 .3
300 25.1 0.1194 28000 7.43E-06 489 .3
350 25 0.1223 - 7.5E-06 489 .3
400 25.1- 0.1267 27400 7.58E-06 489 .3
450 24.6 0.1277 - 7.63E-06 489 .3
500 24.3 0.1304 27000 7.7E-06 489 .3
550 24 0.1326 - 7.77E-06 489 .3
600 23.7 0.135 26400 7.83E-06 489 .3
650 23.4 0.1375 - 7.9E-06 489 .3
700 23 0.1404 25300 7.94E-06 489 .3
750 22.6 0.1435 - 8.OE-06 489 .3
800 22.2 0.1474 23900 8.05E-06 489 .3
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Table B-3 BVI-Specific Material Values Drawn from the RVID (see Ref. 44, Table 4.1)
Un-

Major Material Region Description Irradiated

Cu Ni P Mn rted

# Type Heat Location Iwt%I [wt%l Iwt%l Iwt%J RTNFT

I Axial Weld 305414A Lower 0.337 0.609 0.012 1.440 -56

2 Axial Weld 305414B Lower 0.337 0.609 0.012 1.440 -56

3 Axial Weld 305424A Upper 0.273 0.629 0.013 1.440 - 56

4 Axial Weld 305424B Upper 0.273 0.629 0.013 1.440 -56

5 Circ Weld 90136 Intermediate 0.269 0.070 0.013 0.964 - 56

6 Plate C6317-1 Lower 0.200 0.540 0.010 1.310 27

7 Plate C6293-2 Lower 0.140 0.570 0.015 1.300 20

8 Plate C4381-2 Upper 0.140 0.620 0.015 1.400 73

9 Plate C4381-1 Upper 0.140 0.620 0.015 1.400 43

8. Weld metal details: Details of information used in addressing weld-specific information are taken
directly from the NRC PTS Risk Study [44], Table 4.2. Summaries are reproduced as Table B-4.

Values for SAW Weld Volume fraction and Repair Weld Volume fraction in Table B-4 were

changed to 96.7% and 2.3% respectively per NUREG-1874 [9].
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Table B-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution

I Base Metal Thickness [in] 8.118 7.875 a8.5 8675 Vessel specific info

Total Wall Thickness [in] 8•J 626 8,031 8l8,75 8,988 1 Vessel s, !cific info, J

Volume traction
Thru-WaUl Bead
Thickness

"................. ....... ...

Truncation Limit

Buied or Suriac

Orientation

Density basis

Aspect ratio
basis

IUU~',' - bMAVV%5 - NFAN/

011875 0,1875 0.1875

1t

0,1875 All plants report plant specific
dimensions of 3116-in,

Judgment Approx, 2X the
size of the largest non-repair
flaw observed in PVRUF &
Shoreharn

[in]

- ,i : All flaws are buried

Circ flaws in circ welds,.aiial flaws in axial
welds.

SAW
Weld -- :Shoreharn density

Observation
Observation: Virtually all of
the weld flaws in PVRUF &
Shorehamn were.aligned with
the welding direclion because
they were lack ofsidewall
fusion defects,
Highest of observations

Statistically similar
distributions from Shoreham
and PVRUF were-combined
to provide more r6bust
estimates, when based on.
judgment the amount data
were limited and/or
insufficient to identify different
trends for aspect ratios for
flaws in the two vessels.

Shorehaam &,PVRUF observations

Depth basis Shoreham & PVRUF:observations

Statistically similar
distributions combined to
provide more robust
estimates
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Table B-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Volume fraction fN 1%

Thru-Wall Bead
Thickness

[in] 0,21 0,20 0.22 0.25

U1 pt; VUo1l u tv oft pJill it
specific info provided by
Steve Byrne (Westinghouse -
W indsor-) __..........

Oconee is generic value
based on average of all
plants specific values
(including Shoreham &
PVRUF data). Other values
.are plant specific as reported

.y.Steve Byrne.
Judgment, Approx,.2X the
size of the jargest non-repair
flaw observed in PVRUF &
Shoreham,

SMAW
Weld

Truncation.Limit

Buried or Surface

Orientation

Density Oasis

Aspect ratio
basis

[in]

All flaws are buried Observation
i

Circ flaws in circ welds, axial flaws in axial
welds.

I

Shoreham density

Shoreham &A VRUF observations

Observation: Virtually all of
* the weld flaws in PVRUF &
Shoreham were aligned with
the welding direction, because
they were lack of sidewall
fusion defects.
Highest of observations
Statistically similar
distributions from Shoreharn
and'PVRUF were combined
.to provide more robust
estimates, when based on
judgment the amount data
were limited and/or
insufficient to identify different
trends for aspect ratios for
flaws in the two vessels.

Depth basis Shoreham & PVRUF observations

Statistically similar
distributions combined to6

provide more robust
estimates
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Table B-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Repair
Weld

Volume fraction [%] 2%

Juagmeufl. MTrunuIIU.
integral percentage that
exceeds the repaired volume
observed for Shoreham and
for PVRUF, which was 1.5%.
Generic value: As observed
in PVRUF and Shoreham by
PNNL,

ThrU-Wall Bead
Thickness

[in] 0,14

I.
Truncation Limit [in]

Buried or SurI..a..

Orientation --

Density basis , -

Aspect ratio
basis

All flaws are buried

Circ flaws in circ welds, .axial flaws in axial
welds.

Judgment, Approx. 2X the
largest repair flaw found in
PVRUF & Shoreharn: Also
based on maximum expected
w idth of repair a v .ty ...............................
Observation

The repair flaws had complex
shapes and orientations that
were not aligned with either
the axial or circumferential
welds: for consistency with
the avaitablebtreatments of
flaws by the FAVOR code, a
common treatment of
orientations was adopted. for
flaws in SAW/SMAW an d
repair welds.
Highest of observations
Statistically similar
distributions from Shoreham
and PVRUF were combined
to provide more robust
estimates, when based on
judgmentthe amount data
were limited and/or
insufficient.to identify different
trends for aspect ratios for
flaws in the-two vessels.

Shoreham density

Shoreham*& PYRUF observations

Depth basis Shoreham & PVRUF observations

Statistically similar
distributions combined to
provide more robust
estimates

WCAP- 16168-NP-A June 2008
Revision 2



B-10

Table B-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Cladding AcWual Thickness [in] 0.188 0.156 0.25 0,313 Ve-ssel specific info
#of Layem 1# 1 -L - 2 Vessel spcfcinto

Bead widths of I to 5-in.
characteristic of machine
deposited cladding. Bead

widths down to %-4n. can
occur over welds. Nominal
dimension of 1-in. selected

Bead Width [in] for ali analyses because this
parameter is not expected to
influence significantly the
predicted vessel failure
probabilities. May need to
refine this estimate later,
particulady for Oconee who
reoorted a 5-in bead width.

Actual clad thickness rounded to the nearest
1/i100,h of the total vessel wall thickness Judgment & computational

,convenience
0U259 0-161 .0263 036Q

Judgment. Only flaws in
cladding that would influence
brittle fracture of the vessel

All flaws are surface. breaking are brittle. Material properties
,assigned to clad flaws are
that of the underlying
material, be it base or weld.

Orientation All circumferential.

Observation: All flaws
obse rved in PVRUF &
Shoreham werelack of inter,
run fusion defects, and
cladding is always deposited
6ircumferentiatly

No surface flaws observed. Density is
111000 that of the observed buried flaws in

Density basis -- cladding of vessels examined by PNNL. If Judgment
there is more than one 'clad layer then there

are no clad flaws.
Aspect ratio Observations on buried flaws Judgment
basis I I

Depth basis
Depth ofall surface flaws is the actual clad
thickness rounded up to the nearest 1/10014

of the total vessel wall thickness.
:Judgment,
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Table B-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Truncation Limit

Buried or Surface:

Orientation

[in] 0.433

All flaws are buried

Half of the simulated flaws are
circumferential, half are axial.

of the largest flaw observed in
all PNN L plate inspections........N. _ .! ... • ..o........ .... ......
Observation.- .. .... .... ..... .. .... ...... .. ... ......... .....
Observation & Physics& No
observed orientation
preference, and no reason to
suspect one (other than
laminations which are benign.

Plate

Density basis 1/10 of small weld flaw density, 1/40 of large Judgment. Supported by
weld flaw.density of the PVRUF data limited data.

Aspec ratio -- Same as for PVRUF welds Judgment
basis _ Judgment

Depth basis 'Same as for PVRUF welds Judgment. Supported by
limited data.
limited data.

9. TWCF95_TOTAL value calculated at 60 EFPY using correlations from NUREG-1874 (Reference 9):
1.76E-08 Events per year
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APPENDIX C
BEAVER VALLEY UNIT 1 PROBSBFD OUTPUT
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C-I: 10 Year ISI Only

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
MONTE-CARLO SIMULATION PROGRAM PROBSBFDWESTINGHOUSE

1.0
VERSION

INPUT VARIABLES FOR CASE 3: BV1 HUCD 10 YR ISI ONLY

NCYCLE = 80 NFAILS = 1001
NOVARS = 19 NUMSET = 2
NUMSSC = 4 NUMTRC = 4

NTRIAL =

NUMISI =

NUMFMD =

1000
5
4

VARIABLE
NO. NAME

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

FIFDepth
IFlawDen
ICy-ISI
DCy-ISI
MV-Depth
SD-Depth
CEff-ISI
Aspectl
Aspect2
Aspect3
Aspect4
NoTr/Cy
FCGTh1d
FCGR-UC
DKINFile
Percentl
Percent2
Percent3
Percent4

DISTRIBUTION
TYPE LOG

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -
- CONSTANT -

- CONSTANT -

- CONSTANT -
- CONSTANT -

- CONSTANT -

- CONSTANT -
- CONSTANT -
- CONSTANT -

- CONSTANT -

NORMAL NO
- CONSTANT -
- CONSTANT -
- CONSTANT -

- CONSTANT -

- CONSTANT -

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

2 .OOOOD-02
3. 6589D-03
1. OOOOD+01
8. OOOOD+01
1. 5000D-02
1. 8500D-01
1. OOOOD+00
2 .OOOOD+00
6 .OOOOD+00
1. OOOOD+01
9. 9000D+01
7. OOOOD+00
1. 5000D+00
0 OOOOD+00
1 .OOOOD+00
5. 6175D+01
3. 0283D+01
3 .9086D+00

9. 6333D+00

1
2
1
2
3
4
5
1
2
3
4
1
2

.00 3
4
1
2
3
4

SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FMD

1.OOOOD+00

INFORMATION GENERATED FROM FAVLOADS.DAT FILE
AND SAVED IN DKINSAVE.DAT FILE:

WALL THICKNESS = 8.0360 INCH

FLAW DEPTH MINIMUM K AND MAXIMUM K FOR

TYPE 1 WITH AN ASPECT RATIO OF 2.

8.03600D-02
1.47862D-01
4.01800D-01
6.02700D-01
8.03600D-01
1.60720D+00
2.41080D+00

4.01800D+00

2.41927D+00
3.22858D+00
1.29279D+01
1.41327D+01
1.49423D+01
1.45812D+01
1.02448D+01
2.35823D+00

1.03655D+01
1.40170D+01
1.75751D+01
2.09080D+01
2.33544D+01
2.72710D+01
2.63600D+01

2.78623D+01
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C-i: 10 Year ISI Only (cont.)

TYPE 2 WITH AN ASPECT RATIO OF 6.

8.03600D-02
1.47862D-01
4. 01800D-01
6. 02700D-01
8. 03600D-01
1.60720D+00
2 .41080D+00
4. 01800D+00

3.63673D+00

4.95557D+00

1.90999D+01
2.31650D+01
2.48064D+01
2.65025D+01
2.31198D+01
1.54934D+01

1.56338D+01
2.15454D+01
2. 63794D+01

3.16223D+01
3.60464D+01
4.51155D+01
4.76172D+01
5.27667D+01

I

TYPE 3 WITH AN ASPECT RATIO OF 10.

8.03600D-02
1.47862D-01
4.01800D-01
6.02700D-01
8.03600D-01
1.60720D+00
2.41080D+00
4.01800D+00

3.98451D+00
5.29827D+00
2.02922D+01
2.51750D+01
2.69393D+01
2.92755D+01
2.74642D+01
2.02195D+01

1.71374D+0I
2.30393D+01
2.81955D+01
3.36684D+01
3.84779D+01
4.91684D+01
5.45509D+01
6.28814D+01

TYPE 4 WITH AN ASPECT RATIO OF. 99.

8.03600D-02
1. 60720D-01
2 .41080D-01
4.01800D-01
6. 02700D-01
8. 03600D-01
1. 60720D+00
2 .41080D+00

6.51796D+00
1. 01756D+01
1. 54398D+01
2 .18696D+01

2 .69582D+01

2 .88204D+01

3 .37365D+01

3.35927D+01

1. 75511D+01
2. 28059D+01
2. 23553D+01
2. 94323D+0l
3 .66108D+01

4. 17713D+01
5.67413D+01

6.64759D+01

AVERAGE CALCULATED VALUES FOR: Surface Flaw Density with FCG and ISI

NUMBER FAILED = 0 NUMBER OF TRIALS = 1000

DEPTH (WALL/400) AND FLAW DENSITY FOR ASPECT RATIOS OF 2, 6, 10 AND 99

8
9

10
11
12
13

4 .4254D-04
0.OOOOD+00
0.0006D+00
0.OOOOD+00
0.OOOOD+00
0.OOOOD+00

1.4320D-04
8.8686D-05
4.4175D-06
2.2821D-07
2.2665D-07
0.OOOOD+00

1.4728D-05
1.4703D-05
9. 2631D-07
5.9150D-08
2.9099D-08
2. 8861D-08

4.7035D-05
2.7347D-05
7.2598D-07
7. 0131D-08
0.OOOOD+00
0.OOOOD+00
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C-2: IS! Every 10 Years

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
MONTE-CARLO SIMULATION PROGRAM PROBSBFDWESTINGHOUSE

1.0
VERSION

INPUT VARIABLES FOR CASE 2: BV1 HUCD 10 YR ISI INT

NCYCLE = 80 NFAILS = 1001
NOVARS = 19 NUMSET = 2
NUMSSC = 4 NUMTRC= 4

NTRIAL =

NUMISI =

NUMFMD =

1000
5
4

VARIABLE
NO. NAME

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

FIFDepth
IFlawDen
ICy-ISI
DCy-ISI
MV-Depth
SD-Depth
CEff-ISI
Aspectl
Aspect2
Aspect3
Aspect4
NoTr/Cy
FCGThld
FCGR-UC
DKINFile
Percentl
Percent2
Percent3
Percent4

DISTRIBUTION
TYPE LOG

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

NORMAL NO
- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -
- CONSTANT -

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

2.OOOOD-02
3.6589D-03
1. OOOOD+01
1 . OOOOD+01
1.500OD-02
1. 8500D-01
1.OOOOD+00

6.OOOOD+00

1. OOOOD+01
9. 9000D+01

7 .OOOOD+00
1. 5000D+00
0 OOOOD+00
1. OOOOD+00
5. 6175D+01
3 0283D+01
3 .9086D+00

9. 6333D+00

1
2
1
2
3
4
5
1
2
3
4
1

2
.00 3

4
1
2
3
4

SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FMD

1.OOOOD+00

INFORMATION GENERATED FROM FAVLOADS.DAT FILE.
AND SAVED IN DKINSAVE.DAT FILE:

WALL THICKNESS = 8.0360 INCH

FLAW DEPTH MINIMUM K AND MAXIMUM K FOR

TYPE 1 WITH AN ASPECT RATIO OF 2.

8.03600D-02
1.47862D-01
4.01800D-01
6.02700D-01
8.03600D-01
1.60720D+00
2.41080D+00

4.01800D+00

2.41927D+00
3.22858D+00

1.29279D+01
1.41327D+01
1.49423D+01
1.45812D+01
1.02448D+01
2.35823D+00

1 .03655D+01

1. 40170D+01
1 .75751D+01

2. 09080D+01
2. 33544D+01
2. 72710D+01
2 .63600D+01

2.78623D+01
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C-2: ISI Every 10 Years (cont.)

TYPE 2 WITH AN ASPECT RATIO OF 6.

8.03600D-02
1.47862D-01
4.01800D-01
6.02700D-01
8.03600D-01
1.60720D+00
2.41080D+00
4.01800D+00

3.63673D+00
4.95557D+00
1.90999D+01
2.31650D+01
2.48064D+01
2.65025D+01
2.31198D+01
1.54934D+01

1.56338D+01
2.15454D+01
2 .63794D+01

3 .16223D+01

3. 60464D+01
4. 51155D+01
4 .76172D+01

5 27667D+01

TYPE 3 WITH AN ASPECT RATIO OF 10.

8.03600D-02
1.47862D-01
4.0180OD-01
6.02700D-01
8.03600D-01
1.60720D+00
2.41080D+00
4.01800D+00

3.98451D+00
5.29827D+00
2.02922D+01
2.51750D+01

2.69393D+01
2.92755D+01

2.74642D+01
2.02195D+01

1.71374D+01
2.30393D+01
2.81955D+01
3.36684D+01
3.84779D+01
4.91684D+01
5.45509D+01

6.28814D+01

TYPE 4 WITH AN ASPECT RATIO OF 99.

8ý 03600D-02
1.60720D-01
2.41080D-01
4.0180OD-01
6.02700D-01
8.03600D-01
1.60720D+00
2.41080D+00

6.51796D+00
1 .01756D+01

1. 54398D+01
2. 18696D+01
2. 69582D+01
2. 88204D+01
3. 37365D+01
3 .35927D+01

1.75511D+01
2.28059D+01
2.23553D+01
2.94323D+01
3.66108D+01

4.17713D+01

5.67413D+01
6.64759D+01

AVERAGE CALCULATED VALUES FOR: Surface Flaw Density with FCG and ISI

NUMBER FAILED = 0 NUMBER OF TRIALS = 1000

DEPTH (WALL/400) AND FLAW DENSITY FOR ASPECT RATIOS OF 2, 6, 10 AND 99

8
9

10
11
12
13

4.3486D-08
0.OOOOD+00
0.OOOOD+00
0.0000D+00
0.OOOOD+00
0.OOOOD+00

1.2355D-08
6. 1902D-09
1.8825D-10
4.7355D-12
3.5199D-12
0.OOOOD+00

1.2447D-09
9. 9626D-10
3.7663D-11
1.6752D-12
4.3837D-13
3. 0423D-13

4. 0471D-09
1.8380D-09
2. 6218D-11
1.3302D-12
O. OOOOD+00
0.O000D+00
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APPENDIX D
BEAVER VALLEY UNIT I PTS TRANSIENTS

Table D-1 PTS Transient Descriptions for BVI

Count TH System Failure Operator Action Mean IE HZP Dominant*
Case Frequency

1 002 3.59 cm [1.414 in] surge line None. 1.23E-04. No No
break

2 003 N one. 9.76E-05 No No5.08 cm [2 in] surge line break None._9.76E_05_NoNo

3 007 None. 2.11E-05 No Yes at 32,
60, 100,

2.54 cm [8 in] surge line break 200 EFPY
4 009 None. 6.99E-06 No Yes at 32,

60, 100,
2.54 cm [16 in] hot leg break 200 EFPY

5 014 Reactor/turbine trip w/one stuck None. 2.22E-04 No No
open pressurizer SRV

6 031 Reactor/turbine trip w/feed and None. 3.1 OE-07 No No
bleed (Operator open all
pressurizer PORVs and use all
charging/HHSI pumps)

7 034 Reactor/turbine trip w/two stuck None. 4.95E-07 No No
_open pressurizer SRV's

8 056 None. 1.23E-04 Yes Yes at 32,
10.16 cm [4.0 in] surge line break 60, 100,

200 EFPY
9 059 Reactor/turbine trip w/one stuck None. 3.46E-04 No No

open pressurizer SRV which
recloses at 3,000 s.

10 060 Reactor/turbine trip w/one stuck None. 2.15E-05 No Yes at 32,
open pressurizer SRV which 60, 100
recloses at 6,000 s. EFPY

11 061 Reactor/turbine trip w/two stuck None. 1.79E-06 No No
open pressurizer SRV which
recloses at 3,000 s.

12 062 Reactor/turbine trip w/two stuck None. 1.08E-07 No No
open pressurizer SRV which
recloses at 6,000 s.

13 064 Reactor/turbine trip w/two stuck None. 8.67E-08 Yes No
I open pressurizer SRV's

14 065 Reactor/turbine trip w/two stuck Operator opens all ASDVs 1.04E-09 No No
open pressurizer SRV's and HHSI 5 minutes after HHSI
failure would have come on.
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Table D-I PTS Transient Descriptions for BVI

Count TH System Failure Operator Action Mean IE HZP Dominant*
Case Frequency

15 066 Reactor/turbine trip w/two stuck None. 1.18E-06 No No
open pressurizer SRV's. One
valve recloses at 3000 seconds
while the other valve remains
open.

16 067 Reactor/turbine trip w/two stuck None. 1.18E-06 No No

open pressurizer SRV's. One
valve recloses at 6000 seconds
while the other valve remains
open.

17 068 Reactor/turbine trip w/two stuck Operator opens all ASDVs 1.33E-08 No No
open pressurizer SRV's that 5 minutes after HHSI
reclose at 6000 s with HHSI would have come on.
failure.

18 069 Reactor/turbine trip w/two stuck None. 2.09E-08 Yes No
open pressurizer SRVs which
reclose at 3,000 s.

19 070 Reactor/turbine trip w/two stuck None. 2.09E-08 Yes No
open pressurizer SRVs which
reclose at 6,000 s.

20 071 Reactor/turbine trip w/one stuck None. 3.74E-06 Yes Yes at 32
open pressurizer SRV which EFPY
recloses at 6,000 s.

21 072 Reactor/turbine trip w/one stuck Operator opens all ASDVs 5.14E-07 No No

open pressurizer SRV with HHSI 5 minutes after HHSI
failure. would have come on.

22 073 Reactor/turbine trip w/one stuck Operator open all ASDVs 5 6.56E-08 Yes No

open pressurizer SRV with HHSI minutes after HHSI would
failure have come on.

23 074 Main steam line break with AFW None. 1.46E-06 No No

continuing to feed affected
generator

24 076 Reactor/turbine trip w/full MFW Operator trips reactor 1.06E-04 Yes No

to all 3 SGs (MFW maintains SG coolant pumps.
level near top).

25 078 Reactor/turbine trip with failure Operator opens all ASDVs 3.25E-08 No No

of MFW and AFW. to let condensate fill SGs.
26 081 Main Steam Line Break with Operator opens ADVs (on 2.65E-06 No No

AFW continuing to feed affected intact generators). HHSI is
generator and with HHSI failure restored after CFTs
initially, discharge 50%.

27 082 Reactor/turbine trip w/one stuck Operator opens all ASDVs 1.51E-06 No No
open pressurizer SRV (recloses at 5 minutes after HHSI
6000 s) and with HHSI failure. would have started.
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Table D-! PTS Transient Descriptions for BV1
Count TH System Failure Operator Action Mean IE HZP Dominant*

Case Frequency

28 083 2.54 cm [1.0 in] surge line break Operator trips RCPs. 3.5 1E-06 No No
with HHSI failure and motor Operator opens all ASDVs
driven AFW failure. MFW is 5 minutes after HHSI
tripped. Level control failure would have come on.
causes all steam generators to be
overfed with turbine AFW, with
the level maintained at top of
SGs.

29 092 Reactor/turbine trip w/two stuck None. 2.13E-07 Yes No
open pressurizer SRV's, one
recloses at 3000 s.

30 093 Reactor/turbine trip w/two stuck None. 2.13E-07 Yes No
open pressurizer SRV's. One
valve recloses at 6000 seconds
while the other valve remains
open.

31 094 Reactor/turbine trip w/one stuck None. 4.10E-05 Yes No
open pressurizer SRV.

32 097 Reactor/turbine trip w/one stuck None. 3.74E-06 Yes Yes at 32,
open pressurizer SRV which 60 EFPY
recloses at 3,000 s.

33 102 Operator controls HHSI 30 1.02E-04 No Yes at 100,
minutes after allowed. 200 EFPY
Break is assumed to occur
inside containment so that

Main steam line break with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator for 30 minutes. conditions.

34 103 Operator controls HHSI 30 1.07E-05 Yes Yes at 60,
minutes after allowed. 100, 200
Break is assumed to occur EFPY
inside containment so that

Main steam line break with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator for 30 minutes. conditions.

35 104 Operator controls HHSI 60 1.09E-04 No Yes at 100,
minutes after allowed. 200 EFPY
Break is assumed to occur
inside containment so that

Main steam line break with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator for 30 minutes. conditions.
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Table D-1 PTS Transient Descriptions for BVI

Count TH System Failure Operator Action Mean IE HZP Dominant*
Case Frequency

36 105 Operator controls HHSI 60 1.07E-05 Yes No
minutes after allowed.
Break is assumed to occur
inside containment so that

Main steam line break with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator for 30 minutes. conditions.

37 106 Operator controls HHSI 30 2.2 1E-05 No No
minutes after allowed.
Break is assumed to occur
inside containment so that

Main steam line break with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator. conditions.

38 107 Operator controls HHSI 30 4.3 1E-07 Yes No
minutes after allowed.
Break is assumed to occur

inside containment so that
Main steam line break with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator. conditions.

39 108 Small steam line break Operator controls HHSI 30 6.46E-04 Yes No
(simulated by sticking open all minutes after allowed.
SG-A SRVs) with AFW
continuing to feed affected
generator for 30 minutes.

40 109 Operator controls HHSI 30 6.8 1E-05 Yes No
minutes after allowed.

Small steam line break Break is assumed to occur
(simulated by sticking open all inside containment so that
SG-A SRVs) with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator for 30 minutes. conditions.

41 110 Small steam line break Operator controls HHSI 60 6.91E-04 No Yes at 200
(simulated by sticking open all minutes after allowed. EFPY
SG-A SRVs) with AFW
continuing to feed affected
generator for 30 minutes

42 111 Operator controls HHSI 60 6.82E-05 Yes No
minutes after allowed.

Small steam line break Break is assumed to occur
(simulated by sticking open all inside containment so that
SG-A SRVs) with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator for 30 minutes. conditions.
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Table D-1 PTS Transient Descriptions for BVI

Count TH System Failure Operator Action Mean IE HZP Dominant*
Case Frequency

43 112 Operator controls HHSI 30 1.41E-05 No No
minutes after allowed.

Small steam line break Break is assumed to occur
(simulated by sticking open all inside containment so that
SG-A SRVs) with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator. conditions.,

44 113 Operator controls HHSI 30 2.74E-06 Yes No
minutes after allowed.

Small steam line break Break is assumed to occur
(simulated by sticking open-all inside containment so that
SG-A SRVs) with AFW the operator trips the RCPs
continuing to feed affected due to adverse containment
generator. conditions.

45 114 7.18 cm [2.828in] surge line None. 9.76E-05 No No

break, summer conditions (HHSI,
LHSI temp = 55TF, Accumulator
Temp = 105TF), heat transfer
coefficient increased 30%
(modeled by increasing heat
transfer surface area by 30% in
passive heat structures).

46 115 .None. . 9.76E-05. No No
46 115 _ 7.18 cm [2.828 in] cold leg break None._9.76-05.__oN

47 116 14.366 cm [5.657 in] cold leg None. 1.81E-05 No No

*break with break area increased
30%

48 117 14.366 cm [5.657 in] cold leg None. 2.11E-05 No No

break, summer conditions (HHSI,
LHSI temp = 55TF, Accumulator
Temp = 105TF)

49 118 Small steam line break None. 9.30E-06 No No
(simulated by sticking open all
SG-A SRVs) with AFW
continuing to feed affected
generator

50 119 Reactor/turbine trip w/two stuck Operator controls HHSI (1 6.84E-07 No No
open pressurizer SRV which minute delay). Updated

recloses at 6,000 s control logic.
51 120 Reactor/turbine trip w/two stuck Operator controls HHSI (10 9.98E-07 No No

open pressurizer SRV which minute delay). Updated
recloses at 6,000 s control logic.

52 121 Reactor/turbine trip w/two stuck Operator controls HHSI (1 1.33E-07 Yes No
open pressurizer SRV which minute delay). Updated
recloses at 3,000 s control logic.
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Table D-I PTS Transient Descriptions for BVI

Count TH System Failure Operator Action Mean IE HZP Dominant*
Case Frequency

53 122 Reactor/turbine trip w/two stuck Operator controls HHSI (1 1.33E-07 Yes No
open pressurizer SRVs which minute delay). Updated
reclose at 6,000 s control logic.

54 123 Reactor/turbine trip w/two stuck Operator controls HHSI (10 1.65E-07 Yes Yes at 32
open pressurizer SRVs which minute delay). Updated EFPY
reclose at 3,000 s control logic.

55 124 Reactor/turbine trip w/two stuck Operator controls HHSI (10 1.65E-07 Yes No
open pressurizer SRVs which minute delay). Updated
reclose at 6,000 s control logic.

56 125 Reactor/turbine trip w/one stuck Operator controls HHSI (1 1.34E-04 No No
open pressurizer SRV which minute delay). Updated
recloses at 6,000 s control logic.

57 126 Reactor/turbine trip w/one stuck Operator controls HHSI (10 1.87E-04 No Yes at 32,
open pressurizer SRV which minute delay). Updated 60, 100
recloses at 6,000 s control logic. EFPY

58 127 Reactor/turbine trip w/one stuck Operator controls HHSI (1 2.59E-05 Yes No
open pressurizer SRV which minute delay). Updated
recloses at 6,000 s control logic.

59 128 Reactor/turbine trip w/one stuck Operator controls HHSI (I 2.59E-05 Yes No
open pressurizer SRV which minute delay). Updated
recloses at 3,000 s control logic.

60 129 Reactor/turbine trip w/one stuck Operator controls HHSI (10 3.09E-05 Yes Yes at 32,
open pressurizer SRV which minute delay). Updated 60 EFPY
recloses at 6,000 s control logic.

61 130 Reactor/turbine trip w/one stuck Operator controls HHSI (10 3.09E-05 Yes Yes at 32,
open pressurizer SRV which minute delay). Updated 60, 100

_ recloses at 3,000 s control logic. EFPY

Notes:
1. TH -Thermal hydraulics
2. LOCA - Loss-of-coolant accident
3. SBLOCA - Small-break loss-of-coolant accident
4. MBLOCA - Medium-break loss-of-coolant accident
5. LBLOCA - Large-break loss-of-coolant accident
6. HZP - Hot-zero power
7. SRV- Safety and relief valve
8. MSLB - Main steam line break
9. AFW - Auxiliary feedwater
10. HPI - High-pressure injection
11. RCPs - Reactor coolant pumps

* The arbitrary definition of a dominant transient is a transient that contributes 1% or more of the total

Through-Wall Cracking Failure (TWCF).

WCAP- 16168-NP-A June 2008
Revision 2



E-1

APPENDIX E
BEAVER VALLEY UNIT I FAVPOST OUTPUT
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E-1: 10 Year ISI Only

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

WELCOME TO FAVOR

FRACTURE ANALYSIS OF VESSELS: OAK RIDGE
VERSION 06.1

FAVPOST MODULE: POSTPROCESSOR MODULE
COMBINES TRANSIENT INITIAITING FREQUENCIES

WITH RESULTS OF PFM ANALYSIS

PROBLEMS OR QUESTIONS REGARDING FAVOR
SHOULD BE DIRECTED TO

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

TERRY DICKSON
OAK RIDGE NATIONAL LABORATORY

e-mail: dicksontl@ornl.gov

* This computer program was prepared as an account of *

* work sponsored by the United States Government *

* Neither the United States, nor the United States *

* Department of Energy, nor the United States Nuclear *

* Regulatory Commission, nor any of their employees, *

* nor any of their contractors, subcontractors, or their *
* employees, makes any warranty, expressed or implied, or *
* assumes any legal liability or responsibility for the *

* accuracy, completeness, or usefulness of any *

* information, apparatus, product, or process disclosed, *

* or represents that its use would not infringe *

* privately-owned rights. *

DATE: 03-May-2007 TIME: 16:02:21

Begin echo of FAVPost input data deck
End echo of FAVPost input data deck

16:02:21 03-May-2007
16:02:21 03-May-2007

FAVPOST
FAVPFM
FAVPFM
FAVPOST

INPUT FILE NAME = postbv.in
OUTPUT FILE CONTAINING PFMI ARRAY = INITIATE.DAT
OUTPUT FILE CONTAINING PFMF ARRAY = FAILURE.DAT
OUTPUT FILE NAME = 70000.out
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E-1: 10 Year ISI Only (cont.)

NUBEO* ********I*U*L********N*
* NUMBER OF SIMULATIONS = 70000 *

TRANSIEN
NUMBER

2
3
7
9

14

31
34
56
59
60
61
62
64
65
66
67
68
69
70
71
72
73
74
76
78
81
82

COND
OF I

T MEAN
CPI

-
0 .OOOOE+00
3 .4447E-07
2 .4538E-03
3. 5917E-03
2. 8062E-09
3.1040E-06
3. 6725E-06
3. 6233E-03
0 OOOOE+00
1. 8872E-05
2.7682E-05
8.8381E-06
3.0356E-04
1.2194E-08
2.6208E-05
4.2327E-06
4.0785E-07
6.2806E-04
3.3801E-04
1.7881E-05
0.OOOOE+00
4.1554E-06
1.1710E-07
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

)ITIONAL PROBABILITY
NITIATION CPI=P(IIE)

95th % 99th %
CPI CPI---------------------

MEAN
CPF

CONDITIONAL PROBABILITY
OF FAILURE CPF=P(FIE)

95th % 99th % RATIO
CPF CPF CPFmn/CPImn

0.OOOOE+00
0.OOOOE+00
5.7840E-03
8.8320E-03
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
8.4587E-03
0.OOOOE+00
2. 1105E-04
3.6093E-04
0.OOOOE+00
2.4273E-03
0.0OOOE+00
3.6093E-04
0.OOOOE+00
0.OOOOE+00
1.6800E-03
2.4275E-03
3.7377E-04
0 OOOOE+00
6. 8843EL05
0 .OOOOE+00

0 OOOOE+00
0 OOOOE+00
0 .OOOOE+00
0 OOOOE+00

0.OOOOE+00
0 OOOOE+00
2. 9648E-02
4. 7025E-02
0 OOOOE+00
9. 1224E-07
8. 8530E-06
4. 0163E-02
0 .OOOOE+00
1.4508E-04
3.3554E-04
3.9900E-05
4 . 1264E-03

0.OOOOE+00
2.9981E-04
4.7032E-05
0.OOOOE+00
9. 3269E-03
4. 9362E-03
1. 5558E-04
0 OOOOE+00
4. 5561E-05
0 OOOOE+00
0 OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

0.OOOOE+00
1.0487E-08
8. 9261E-06
9. 1001E-06
3. 9534E-11
6.5429E-09
1. 3780E-08
1 .5372E-05

0 OOOOE+00
1. 8606E-05
5. 9860E-06
'5. 3279E-06
3 3431E-07
0 OOOOE+00
1 .4196E-07
2. 0694E-07
3.6585E-07
4.6732E-04
4.7246E-05

1.6288E-05
0.OOOOE+00
8. 3562E-08
4 .4526E-09
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 OOOOE+00

0 .OOOOE+00
0 OOOOE+00
1. 7129E-04
1. 5080E-04
0 OOOOE+00
0 .OOOOE+00
0 OOOOE+00
2 . 1788E-04

0 OOOOE+00
2.1105E-04
9. 8116E-05
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
*0.OOOOE+00

0.0000E+00
0.OOOOE+00
1.6799E-03
6.4369E-04
3.7377E-04
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

0.OOOOE+00
0.OOOOE+00
1.6542E-04
1.8094E-04
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
2.9507E-04
0.OOOOE+00
1.4063E-04
6.4286E-05
5..4892E-06
8.1349E-08
0.OOOOE+00
7.0609E-08
1. 1577E-06
0.OOOOE+00
6.5428E-03
6.3369E-04
1. 0611E-04
0 OOOOE+00
3. 6136E-07
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 .OOOOE+00
0 OOOOE+00

0.0000
0.0304
0. 0036
0. 0025
0.0141
0.0021
0.0038
0. 0042
0.0000
0.9859
0.2162
0.6028
0.0011
0.0000
0 .0054

0.0489
0.8970
0.7441
0.1398
0.9109
0.0000
0.0201
0.0380
0.0000
0.0000
0.0000
0.0000
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E-1: 10 Year ISI Only (cont.)

83
92
93
94
97

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

0.OOOOE+00
2.3070E-04
2.3070E-04
0.OOOOE+00
7.7573E-05
1.6387E-06

2.5650E-05
1.6387E-06
1.8207E-07
1 .5553E-06

2. 5612E-05
5. 8945E-10
5. 1071E-08
5. 8945E-10
5. 1071E-08
4 9435E-10
3. 8359E-07
3 .2501E-05
0 .OOOOE+00
3 .2756E-05
1. 3498E-04
1. 0922E-08
5 .2979E-06
2 .2859E-05
1. 9161E-04
1. 9161E-04
4. 9718E-04
2. 1942E-04
2 .2644E-08
3.2134E-06
3.3065E-05
3.3065E-05
3.5962E-05
6.4214E-05

0.OOOOE+00
1. 1915E-03
1. 1915E-03
0.OOOOE+00
6 .7177E-04

0.OOOOE+00
3.9193E-04
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
3 . 5810E-04

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
2.9625E-04
0.OOOOE+00
1.4620E-04
8.6111E-04
0.OOOOE+00
0.OOOOE+00
6.2652E-04
1.0949E-03
1.0949E-03
1.5265E-03
1. 0951E-03
0.OOOOE+00
0.OOOOE+00
4.2287E-04
4.2287E-04
4.2289E-04
4.8542E-04

0.OOOOE+00
3.0316E-03

3.0316E-03
0.OOOOE+00
1.2231E-03
0.OOOOE+00
2.2038E-04
0.OOOOE+00
0.OOOOE+00
0 OOOOE+00
1. 8762E-04
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 .OOOOE+00
0 OOOOE+00
0 OOOOE+00
5. 5873E-04
0 .OOOOE+00
7 1227E-04
1. 6687E-03
0 .OOOOE+00
2 .6217E-05

1.8086E-04
2.4748E-03
2.4748E-03
7. 3133E-03
2. 8781E-03
0.OOOOE+00
1.0696E-05
4.9126E-04
4.9126E-04
5.6359E-04
9.0405E-04

0.OOOOE+00
1.0747E-06
1.0747E-06
0.OOOOE+00
7.4960E-05
2.8950E-08
2. 0631E-06
2.8950E-08
9.2460E-09
3.0059E-08
2.6496E-06
0.OOOOE+00
2.9873E-09
0.0OOOOE+00
2.9873E-09
0.OOOOE+00
1 .1730E-09
1. 8948E-07
0 OOOOE+00
2. 0959E-07
6. 1235E-07
0 OOOOE+00
1. 2116E-07
1. 8474E-05
1. 6094E-06
5. 0299E-07
3. 7011E-04
3 .2633E-05
1 .4703E-12
3. 0296E-06
7. 0810E-08
7. 0810E-08
4 .2114E-06
3. 7700E-05

0.OOOOE+00
6 . 0187E-05

6. 0187E-05
0 OOOOE+00
6. 7177E-04
0 OOOOE+00
0 OOOOE+00
0. 0000E+00
0. 0000E+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0. 0000E+00
0 OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 OOOOE+00
1. 7625E-05
0 .OOOOE+00
0 OOOOE+00
6 .2025E-04
5.2227E-05
0 OOOOE+00
1. 5265E-03
1. 0262E-03
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
1.0047E-04
4.8057E-04

0 OOOOE+00
8. 1838E-06
8. 1838E-06
0 .OOOOE+00
1. 1540E-03
0 .OOOOE+00
2 .3905E-06
0 OOOOE+00
0 OOOOE+00
0.OOOOE+00
3.9040E-06
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
1.0536E-06
0.OOOOE+00
1.8495E-06
5.7374E-06
0.OOOOE+00
5. 0497E-08
9. 6291E-05
5. 0140E-06
1. 0741E-07
4. 8876E-03
2 0102E-04
0 OOOOE+00
9.4015E-06
2.4099E-08
2.4099E-08
2.8955E-05
4.3728E-04

0.0000
0.0047
0.0047
0.0000
0. 9663
0. 0177
0 .0804
0. 0177
0.0508
0.0193
0.1035
0.0000
0.0585
0.0000
0.0585
0.0000
0.0031
0.0058
0.0000
0.0064
0.0045
0.0000
0.0229
0.8082
0.0084
0.0026
0.7444
0.1487
0.0001
0.9428
0.0021
0.0021
0.1171
0.5871

NOTES: CPI IS CONDITIONAL PROBABILITY OF CRACK INITIATION, P(IIE)

CPF IS CONDITIONAL PROBABILITY OF TWC FAILURE, P(FIE)
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E-5

E-1: 10 Year ISI Only (cont.)

******* **** ***W********* ******•** ****** ** **** ****** ***** *** *

* PROBABILITY DISTRIBUTION FUNCTION (HISTOGRAM) *

* FOR THE FREQUENCY OF CRACK INITIATION *
** ** ***W********** ***W**** *•*W************* *************** *

FREQUENCY OF RELATIVE CUMULATIVE
CRACK INITIATION DENSITY DISTRIBUTION

.(PER REACTOR-OPERATING YEAR) (%) (%)

0.OOOOE+00 16.2600 16.2600
1.3009E-06 78.7386 94.9986
3.9026E-06 2.5114 97.5100
6.5043E-06 1.0343 98.5443
9.1060E-06 0.5171 99.0614
1.1708E-05 0.2743 .99.3357
1.4309E-05 0.1857 99.5214
1.6911E-05 0.1057 9.9.6271
1.9513E-05 0.0786 99.7057
2.2115E-05 0.0529 99.7586
2.4716E-05 0.0357 99.7943
2.7318E-05 0.0286 99.8229
2.9920E-05 0.0171 99.8400
3.2521E-05 0.0243 99.8643
3.5123E-05 0.0171 99.8814
3.7725E-05 0.0143 99.8957
4.0327E-05 0.0114 99.9071
4.2928E-05 0.0086 99.9157
4.5530E-05 0.0100 99.9257
4.8132E-05 0.0057 99.9314
5.0733E-05 0.0043 99.9357
5.3335E-05 0.0043 99.9400
5.5,937E-05 0.0029 99.9429
5.8539E-05 0.0014 99.9443
6.1140E-05 0.0014 99.9457
6.3742E-05 0.0086 99.9543
6.6344E-05 0.0014 99.9557
6.8946E-05 .0.0071 99.9629
7.1547E-05 0.0029 99.9657
7.4149E-05 0.0014 99.9671
7.6751E-05 0.0014 99.9686
7.9352E-05 0.0029 99.9714
8.7158E-05 0.0029 99.9743
8.9759E-05 0.0014 99.9757
9.2361E-05 0.0014 99.9771
9.4963E-05 0.0014 99.9786
9.7564E-05 0.0014 99.9800
1.0797E-04 0.0029 99.9829
1.1057E-04 0.0029 99.9857
1.1838E-04 0.0014 99.9871
1.2098E-04 0.0029. 99.9900
1.2879E-04 0.0014 99.9914
1.3919E-04 0.0029 99.9943
1.5480E-04 0.0029 99.9971
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E-6

E-I: 10 Year ISI Only (cont.)

1.8082E-04
2.3546E-04

0.0014
0.0014

99.9986
100.0000

== Summary Descriptive Statistics ==

Minimum
Maximum
Range

Number of Simulations

5th Percentile
Median
95.0th Percentile
99.0th Percentile
99.9th Percentile

Mean
Standard Deviation
Standard Error
Variance (unbiased)
Variance (biased)
Moment Coeff. of Skewness
Pearson's 2nd Coeff. of Skewness
Kurtosis

= 0.OOOOE+00
= 2.3451E-04

= 2.3451E-04

= 70000

= 0.OOOOE+00
= 1.0978E-08

= 1.3009E-06
= 8.7970E-06

= 3.8701E-05

= 5.9461E-07
= 3.3139E-06

= 1.2525E-08

= 1.0982E-11
= 1.0982E-11

= 2.4476E+01
= 5.3829E-01

= 1.0028E+03

* PROBABILITY DISTRIBUTION FUNCTION (HISTOGRAM) *

* FOR THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

FREQUENCY OF
TWC FAILURES

(PER REACTOR-OPERATING

RELATIVE
DENSITY

YEAR) (-%)

CUMULATIVE
DISTRIBUTION

(%)

0.OOOOE+00
4.5123E-08
1.3537E-07
2.2561E-07
3. 1586E-07
4.0611E-07
4.9635E-07
5.8660E-07
6.7684E-07
7.6709E-07
8.5733E-07
9.4758E-07

31.5414
67.4686

0.5000
0.1786
0.0843
0.0543
0.0400
0.0257
0.0186
0.0157
0.0100
0.0100

31.5414
99 .0100

99.5100
99.6886
99.7729
99.8271
99.8671
99.8929
99.9114
99.9271
99.9371
99.9471
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E-7

E-1: 10 Year ISI Only (cont.)

1. 0378E-06
1. 1281E-06
1. 2183E-06
1. 3086E-06
1. 4891E-06
1. 5793E-06
1. 6695E-06
1. 7598E-06
1. 8500E-06
1.9403E-06
2.0305E-06
2.2110E-06
2.3013E-06
2. 7525E-06
2. 8427E-06
3 .2940E-06
3 .4745E-06

4. 1964E-06
5. 3696E-06
8. 8892E-06

0.0100
0.0029
0.0029
0.0014
0.0014
0.0043
0.0014
0. 0043
0. 0014
0 .0014

0.0043
0. 0014
0.0029
0.0014
0.0043
0.0014
0. 0014
0.0014
0.0014
0.0014

99.9571
99.9600
99.9629
99.9643
99.9657
99.9700
99.9714
99.9757
99.9771
99.9786
99.9829
99.9843
99.9871
99.9886
99.9929
99.9943
99.9957
99.9971
99.9986

100.0000

== Summary Descriptive Statistics ==

Minimum
Maximum
Range

Number of Simulations

5th Percentile
Median
95.0th Percentile
99.0th. Percentile
99.9th Percentile

Mean
Standard Deviation
Standard Error
Variance (unbiased)
Variance (biased)
Moment Coeff. of Skewness
Pearson's 2nd Coeff. of Skewness
Kurtosis

= 0.OOOOE+00
= 8.9343E-06

= 8.9343E-06

= 70000

= 0.OOOOE+00
= 3.2629E-13
= 4.5123E-08

= 8.9609E-08

= 6.2131E-07

= 5.0396E-09

= 6.7097E-08

= 2.5360E-10

= 4.5020E-15
= 4.5019E-15

= 5.9654E+01
=-2.6549E-01
= 5.8120E+03

* FRACTIONALIZATION OF ,FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) - *

* WEIGHTED BY TRANSIENT INITIATING FREQUENCIES *
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E-1: 10 Year ISI Only (cont.)

2
3
7
9

14
31
34
56
59
60
61
62
64
65
66
67
68
69
70
71
72
73
74
76
78
81
82
83
92
93
94
97

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

% of total
frequency of

crack initiation
0.00
0.01
2 .62
1.18
0.00
0.00
0.00

93.99
0.00
0.08
0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.05
0.03
0.05
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.72
0.00
0.03
0.14
0.00
0.00
0.00

% of total
frequency of

of TWC failure
0.00
0.03
1.25
0.37
0.00
0.00
0.00

43.32
0.00
8.80
0.23
0.02
0.00
0.00
0.00
0.01
0.00
0.23
0.03
1.29
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
6 .07

0.08
0 .44
0. 04
0.00
0.00
0. 02
0.00
0.00
0.00
0.00
0.00
0.00
0.46
0.00
0.03
0.08
0.00
0.00
0.42
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E-1: 10 Year ISI Only (cont.)

121
122
123
124
125
126
127
128
129
130

0.00
0.00
0.02
0.01
0.00
0.10
0.18
0.15
0.21
0.32

0.01
0.00
1.34
0.14
0.00

10.65
0.04
0.04
2.56

22.00

100.00TOTALS 100.00

DATE: 03-May-2007 TIME: 16:03:48
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E-2: ISI Every 10 Years

*

*

*

*

*

WELCOME TO FAVOR

FRACTURE ANALYSIS OF VESSELS: OAK RIDGE
VERSION 06.1

* FAVPOST MODULE: POSTPROCESSOR MODULE
* COMBINES TRANSIENT INITIAITING FREQUENCIES
* WITH RESULTS OF PFM ANALYSIS
,

* PROBLEMS OR QUESTIONS REGARDING FAVOR
* SHOULD BE DIRECTED TO
.

* TERRY DICKSON
* OAK RIDGE NATIONAL LABORATORY
*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

* e-mail: dicksontl@ornl.gov

* This computer program was prepared as an account of *

* work sponsored by the United States Government *

* Neither the United States, nor the United States *

* Department of Energy, nor the United States Nuclear *

* Regulatory Commission, nor any of their employees, *

* nor any of their contractors, subcontractors, or their *
* employees, makes any warranty, expressed or implied, or *
* assumes any legal liability or responsibility for the *

* accuracy, completeness, or usefulness of any *

* information, apparatus, product, or process disclosed, *

* or represents that its use would not infringe *

* privately-owned rights. *

DATE: 03-May-2007 TIME: 15:03:08

Begin echo of FAVPost input data deck
End echo of FAVPost input data deck

15:03:08 03-May-2007
15:03:08 03-May-2007

FAVPOST
FAVPFM
FAVPFM
FAVPOST

INPUT FILE NAME = postbv.in
OUTPUT FILE CONTAINING PFMI ARRAY = INITIATE.DAT
OUTPUT FILE CONTAINING PFMF ARRAY = FAILURE.DAT
OUTPUT FILE NAME = 70000.out
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E-2: ISI Every 10 Years (cont.)

* ***** *********** ****************

* NUMBER OF SIMULATIONS = 70000 *

CONDITIONAL PROBABILITY
OF INITIATION CPI=P(IIE)

95th % 99th %
CPI CPI

CONDITIONAL PROBABILITY
OF FAILURE CPF=P(FIE)

95th % 9TRANSIENT
NUMBER

2
3
7
9

14
31
34
56 3

59 •
60 2

61 2
62
64 2
65 2
66 2
67 2
68
69 E
70 2

71 1
72 C
73 2
74 1
76 C
78 C
81 C
82 2

MEAN
CPI

MEAN
CPF CPF

9th % RATIO
CPF CPFmn/CPImn

0.OOOOE+00
2.9800E-07
2.3214E-03
.4412E-03

9. 1393E-09

2.9830E-06
* 5119E-06

3.4601E-03
. 0000E+00
2.0168E-05
2.7685E-05

7.5949E-06

2.2973E-04
2.2001E-08
2.6002E-05
*.0237E-06
*.1241E-07
.2793E-04
.6032E-04

.1361E-05
OOOOE+00

. 6310E-06

.9735E-07
SOOOOE+00

I.O000E+00

).OOOOE+00

*.3896E-12

0.0000E+00
0 .OOOOE+00
5. 3036E-03
8. 2533E-03
0 .OOOOE+00
0. 0000E+00
0. 0000E+00
7. 9216E-03
0 OOOOE+00
3.2408E-04
8.4773E-04
0.OOOOE+00
2.4655E-03
0.0000E+00
8.4773E704

0.OOOOE+00
0.OOOOE+00
2.3821E-03
2.4655E-03
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

0 OOOOE+00
0 .OOOOE+00
3 1228E-02
4. 6458E-02
0 .OOOOE+00
5. 6087E-07
1 .7572E-06

3. 9985E-02
0 .OOOOE+00
1.3589E-04
3.2463E-04

1.9721E-05
3.8380E-03
0.OOOOE+00
2. 8721E-04
1. 0314E-08
0 OOOOE+00
8. 8419E-03
4 5217E-03
2 1871E-05
0 OOOOE+00
6.8862E-06

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

0 OOOOE+00
1. 0009E-11
9. 5073E-06
9. 7557E-06
0 OOOOE+00
6. 0712E-09
8 9484E-10
1. 6170E-05
0 OOOOE+00
1. 9908E-05
6%6560E-06
4.0857E-06
1.4364E-07
0.OOOOE+00
2.3979E-07
4. 1104E-10
2 .5031E-07
4. 7965E-04
3. 5399E-05
1. 1359E-05
0 OOOOE+00
1. 1986E-08
4. 1257E-09
0 OOOOE+00
0.OOOOE+00
0.OOOOE+00
1.4423E-12

0.OOOOE+00
0.OOOOE+00
1.6615E-04
1.2533E-04
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
2.0726E-04
0.OOOOE+00
3.0787E-04
1.7053E-04

0.OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
2 3081E-03
4.5620E-04
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

0 OOOOE+00
0 OOOOE+00
1. 5375E-04
1. 6701E-04
0 .OOOOE+00
0 .0000E+00

0 .OOOOE+00
2. 7235E-04
0 .OOOOE+00
1. 3395E-04
6. 1162E-05
8. 8105E-07
1.7605E-09
0.OOOOE+00
1.4232E-08
0 OOOOE+00
0 OOOOE+00
6. 1921E-03
3.0528E-04
2. 1795E-05
0 .OOOOE+00
0 OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

0.0000
0.0000
0.0041

0.0028
0. 0000
0.0020
0. 0003
0. 0047
0.0000
0.9871
0.2404
0.5380
0.0006
0.0000
0.0092
0.0002

0.8012
0.7639
0.1360
0.9998
0.0000
0. 0046
0.0209
0.0000
0.0000
0.0000
0.6036
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E-2: ISI Every 10 Years (cont.)

83
92
93
94
97

102
103
104
105
106
107
108
109
110
i1
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

0.OOOOE+00
2 .2151E-04
2 .2151E-04
5.0580E-13
5.6862E-05
2.3159E-06
2. 7193E-05
2.3159E-06
3.0'512E-07
2 .2119E-06
2.6872E-05
6 .2467E-10
1.1837E-07
6. 2467E-10
1. 1837E-07
6 .2651E-10
6. 1401E-07
2.4706E-05
0.OOOOE+00
5. 5954E-06
1. 2355E-04
2 .7278E-08
4.5739E-06
2. 0556E-05
1. 8168E-04
1. 8168E-04
5. 0111E-04
2. 0576E-04
5 .2120E-08
3 .4102E-06
2. 6738E-05
2. 6738E-05
2.9639E-05
5. 5626E-05

0.OOOOE+00
2 . 3171E-03

2 3171E-03
0 OOOOE+00
1. 1055E-03
0 OOOOE+00
1. 3062E-03
0 OOOOE+00
0.OOOOE+00
0.OOOOE+00
1.4079E-03
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
7.7763E-04
0.OOOOE+00
0.OOOOE+00
1.5759E-03
0.OOOOE+00
0.OOOOE+00
4. 1262E-04
2 .1666E-03

2 . 1666E-03

2 . 1906E-03
2. 1666E-03
0 OOOOE+00
0 OOOOE+00
2. 5191E-04
2. 5191E-04
2. 5191E-04
9. 5051E-04

0 .OOOOE+00
3. 9602E-03
3. 9602E-03
0 OOOOE+00
5. 9676E-04
0 .OOOOE+00
2. 3097E-04
0 .OOOOE+00
0.OOOOE+00
0.OOOOE+00
1.8487E-04
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
3. 1629E-04
0.OOOOE+00
1.1859E-05
2 1069E-03
0 .OOOOE+00
3 .4377E-06
1. 0487E-04
3. 1673E-03
3. 1673E-03
6. 5400E-03
3. 6134E-03
0 OOOOE+00
7. 9349E-07
3 1581E-04
3. 1581E-04
3. 7032E-04
7.2434E-04

0.OOOOE+00
1.4445E-06
1.4435E-06
0.OOOOE+00
5.6592E-05
1.7235E-08
2.2622E-06
1.7235E-08
6.1501E-09
2.0044E-08

2.9860E-06
0.OOOOE+00
3.2204E-11
0.OOOOE+00
3 .2204E-11
2. 9991E-18
2. 1350E-09
5. 7733E-08
0 OOOOE+00
2. 5625E-09
8. 5564E-07
0 OOOOE+00
1 .5432E-08

1. 6115E-05
1. 5012E-06
4 .0757E-07

3 .8406E-04
2 .8451E-05
2. 5396E-13
3 .2667E-06
2 .6252E-12
2 .6252E-12
2. 9210E-06
3. 2049E-05

0.OOOOE+00
6.6444E-05

6.6444E-05
0.OOOOE+00
1. 1055E-03
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
3. 3720E-05
0 OOOOE+00
0 OOOOE+00
3. 6562E-04
7. 2990E-05
0 OOOOE+00
2. 0773E-03
6. 1944E-04
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
9 .4101E-04

0 OOOOE+00
6. 9896E-06
6. 9896E-06
0 OOOOE+00
5. 9102E-04
0 OOOOE+00
2. 7032E-06
0 OOOOE+00
0.OOOOE+00
0.OOOOE+00
4. 3421E-06
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
3.4261E-06
0.OOOOE+00
0.OOOOE+00
5.0320E-05
2 . 5174E-06

7. 5126E-08
4. 9104E-03
1. 8793E-04
0 .OOOOE+00
6 . 8717E-07

0 .OOOOE+00
0 OOOOE+00
7. 9206E-07
2.4706E-04

0.0000
0.0065
0.0065
0.0000
0.9953
0.0074
0.0832
0.0074
0.0202
0.0091
0.1111
0.0000
0.0003
0.0000
0 .0003

0.0000
0.0035
0 .0023

0.0000
0.0005
0.0069
.0.0000
0.0034
0.7839
0.0083
0.0022
0.7664
0.1383
0.0000
0.9579
0.0000
0.0000
0.0986
0.5762

NOTES: CPI IS CONDITIONAL PROBABILITY OF CRACK INITIATION, P(IIE)

CPF IS CONDITIONAL PROBABILITY OF TWC FAILURE, P(FIE)

WCAP- 16168-NP-A 
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E-2: IS[ Every 10 Years (cont.)

* PROBABILITY'DISTRIBUTION FUNCTION (HISTOGRAM) *

* . FOR THE FREQUENCY OF CRACK INITIATION *

FREQUENCY OF RELATIVE CUMULATIVE
CRACK INITIATION DENSITY DISTRIBUTION

(PER REACTOR-OPERATING YEAR) (%) (%)

0.OOOOE+00 16.2857 16.2857
1.2622E-06 78.7129 94.9986
3.7866E-06 2.5743 97.5729
6.3111E-06 0.9743 98.5471
8.8355E-06 0.4871 99.0343
1.1360E-05 0.2614 99.2957
1.3884E-05 0.1829 99.4786
1.6409E-05 0.1029 99.5814
1.8933E-05 0.0900 99.6714
2.1458E-05 0.0643 99.7357
2.3982E-05 0.0400 99.7757
2.6506E-05 0.0314 99.8071
2.9031E-05 0.0329 99.8400
3.1555E-05 0.0171 99..8571
3.4080E-05 0.0200 99.8771
3.6604E-05 0.0143 99.8914
3.9129E-05 0.0086 99.9000
4.1653E-05 0.0114 99.9114
4.4177E-05 0.0086 99.9200
4.6702E-05 0.0129 99.9329
4.9226E-05 0.0014 99.9343
5.1751E-05 0.0071 99-.9414
5.4275E-05 0.0043 99.9457
5.6800E-05 0.0043 99.9500
5.9324E-05 0.0043 99.9543
6.1848E-05 0.0043 99.9586
6.6897E-05 0.0029 99.9614
6.9422E-05 0.0.014 99.9629
7.1946E-05 0.0029 99.9657
7.6995E-05 0.0014 99.9671
8.4568E-05 0.0029 99.9700
8.7093E-05 0.0014 99.9714
8.9617E-05 0.0029 99.9743
9.2141E-05 0.0029 99.9771
9.4666E-.05 0.0014 .99.9786
9.7190E-05 0.0029 99.9814
1.0224E-04 0.0014 99.9829
1.0729E-04 0.0014 99.9843
1.0981E-04 0.0014 99.9857
1.1739E-04 0.0014 99.9871
1.2243E-04 0.0014 99.9886
1.3506E-04 0.0014 99.9900
1.5020E-04 0.0014 99.9914
1.5525E-04 0.0014 99.9929
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E-2: ISI Every 10 Years (cont.)

1.5778E-04
1.7797E-04
2.2089E-04
2.2846E-04
2.3098E-04

0.0014
0.0014
0.0014
0.0014

0.0014

99.9943
99.9957
99.9971
99.9986

100.0000

== Summary Descriptive Statistics ==

Minimum
Maximum
Range

Number of Simulations

5th Percentile
Median
95.0th Percentile
99.0th Percentile
99.9th Percentile

Mean
Standard Deviation
Standard Error
Variance (unbiased)
Variance (biased)
Moment Coeff. of Skewness
Pearson's 2nd Coeff. of Skewness
Kurtosis

= 0.OOOOE+00
= 2.3200E-04

= 2.3200E-04

= 70000

= 0.OOOOE+00
= 9.7197E-09
= 1.2622E-06

= 8.6578E-06

= 3.9129E-05

= 5.8049E-07

= 3.4364E-06

= 1.2989E-08

= 1.1809E-11

= 1.1809E-11
= 2.8192E+01

= 5.0677E-01

= 1.3237E+03

* PROBABILITY.DISTRIBUTION FUNCTION (HISTOGRAM) *

* FOR THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

FREQUENCY OF
TWC FAILURES

(PER REACTOR-OPERATING

RELATIVE
DENSITY

YEAR) (%)

CUMULATIVE
DISTRIBUTION

(%)

0.OOOOE+00
3.7808E-08
1.1342E-07
1. 8904E-07
2. 6466E-07
3 .4027E-07
4. 1589E-07
4. 9151E-07
5. 6712E-07

32.3229
66.6543

0.4457
0.2186
0.0914

0.0514
0.0343
0.0271
0.0171

32.3229
98.9771
99.4229
99.6414
99.7329
99.7843

99.8186
99.8457
99.8629
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E-2: ISI Every 10 Years (cont.)

6.4274E-07
7. 1836E-07
7.9397E-07
8.6959E-07
9.4521E-07
1.0208E-06
1.0964E-06
1. 1721E-06
1.,2477E-06
1.3989E-06
1.4745E-06
1 5501E-06
1.6258E-06
1. 7014E-06
1 .7770E-06

2. 0038E-06
2. 1551E-06
2. 3063E-06
2. 6844E-06
2. 9869E-06
3. 0625E-06
3. 1381E-06
3.2893E-06
3.5162E-06
3.6674E-06
3. 8186E-06
3.9699E-06

4.0455E-06
4.2723E-06
5.2554E-06
5.5578E-06
6.0115E-06
7.4482E-06

0.0186
0.0171
0.0143
0. 0043
0.0086
0 .0043

0 .0043

0.0071
0. 0043
0.0029
0.0057
0.0014
0.0057
0.0029
0.0043
0.0029
0.0014
0.0014
0.0014
0.0014
0.0014
0.0014
0.0029
0. 0014
0 .0014
0.0014
0.0029
0.0014
0 .0014

0.0014
0.0029
0. 0014
0. 0014

99.8814
99.8986
99.9129
99.9171
99.9257
99.9300
99.9343
99. 9414
99.9457
99.9486
99.9543
99.9557
99. 9614
99.9643
99.9686
99.9714
99.9729
99.9743
99.9757
99.9771
99.9786
99.9800
99.9829
99.9843
99.9857
99. 9871
99.9900
99.9914
99.9929
99. 9943
99. 9971
99.9986

i00 .0000

== . Summary Descriptive Statistics ==

Minimum
Maximum
Range.

Number of Simulations

5th Percentile
Median
95.0th Percentile
99.0th Percentile
99.9th Percentile

Mean
Standard Deviation

= 0.0000E+00
= 7.4860E-06
= 7.4860E-06

= 70000

= 0.OOOOE+00
= 2.5574E-13

= 3.7808E-08
= 4.1686E-08

= 7.2592E-07

= 5.2336E-09
= 8.2534E-08

WCAP- 16168-NP-A 
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E-2: ISI Every 10 Years (cont.)

Standard Error = 3.1195E-10
Variance (unbiased) = 6.8118E-15
Variance (biased) = 6.8117E-15
Moment Coeff. of Skewness = 4.7286E+01
Pearson's 2nd Coeff. of Skewness =-1.6306E-01
Kurtosis = 2.9147E+03

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

* WEIGHTED BY TRANSIENT INITIATING FREQUENCIES *

% of total % of total
frequency of frequency of

crack initiation of TWC failure
2 0.00 0.00
3 0.00 0.00
7 2.58 1.01
9 1.13 0.39

14 0.00 0.00
31 0.00 0.00
34 0.00 0.00
56 94.32 43.78
59 0.00 0.00
60 0.10 11.13
61 0.01 0.28
62 0.00 0.01
64 0.00 0.00
65 0.00 0.00
66 0.01 0.01
67 0.00 0.00
68 0.00 0.00
69 0.00 0.22
70 0.00 0.02
71 0.01 0.78
72 0.00 0.00
73 0.00 0.00
74 0.00 0.00
76 0.00 0.00
78 0.00 0.00
81 0.00 0.00
82 0.00 0.00
83 0.00 0.00
92 0.01 0.01
93 0.01 0.01
94 0.00 0.00
97 0.05 5.07

102 0.07 0.12
103 0.06 0.51
104 0.05 0.04
105 0.00 0.00
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E-2: ISI Every 10 Years (cont.)

106
107
108

109
110
111
112

113
114

115

116
117
118
119

120
121

122
123

124

125

126

127

128
129

130

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.47
0.00
0 .01
0.13
0.00
0.00
0.00
0.00
0.00
0 .02

0.01
0.00

0.13
0.15
0.20
0.36

0.00
0.03
0.00
0.00
0.00
0. 00
0. 00
0.00
0.13
0.00
0. 00
0.09
0.00
0.00
0.34
0.00
0.00
1.33
0.10
0.00

10.04
0.00
0.00
1.27

23.28

100.00TOTALS 100.00

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *
* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) - *

* BY

*

*

*

RPV BELTLINE MAJOR REGION
.BY PARENT SUBREGION

*

*

* WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT *

* TO FREQUENCY OF CRACK INITIATION AND *

* THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

% of
MAJOR RTndt total
REGION (MAX) flaws

1
2
3
4
5

174.15
174.15
164.48
164.48
89.30

2.29
2.29
3.69
3.69

19.28

% of total
frequency of

crack initiation

0.11
0.10
4.16
3.65

89.66

% of total
through-wall crack

frequency
cleavage ductile total

2.82
2.15

25.64
20.74
2.88

0.02
0.03
4.45
4.15
0.05

2.84
2.18

30.09
24.90
2.93
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E-2: ISI Every 10 Years (cont.)

6
7
8
9

220.82 13.16
192.65 13.16
253.03 21.22
223.03 21.22

TOTALS 100.00

0.08
0.00
2.06
0.18

0.82
0.00

32.01

1.36

0.07
0.00
2.57
0.24

0.89
0.00

34.58
1.60

100.00 88.43 11.57 100.00

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION
* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) -

* BY

*

*

*

*

*

*

*

*

*

RPV BELTLINE MAJOR REGION
BY CHILD SUBREGION

* WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT *
* TO FREQUENCY OF CRACK INITIATION AND *

* THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

% of
MAJOR RTndt total
REGION (MAX) flaws

1
2
3
4
5
6
7
8
9

174.15

174.15
164.48
164.48
89.30

220.82
192.65
253.03

223.03

2.29
2.29
3.69
3.69

19.28
13.16
13.16
21.22
21.22

% of total
frequency of

crack initiation

0.00
0.00
0.00
0.00
0.00
2.89
0.00

86.26
10.85

% of total
through-wall crack

frequency
cleavage ductile total

0.00
0.00
0.00
0.00
0.00
5.80
0.00

81.11
1.51

0.00
0.00
0.00
0.00
0.00
0 .12

0.00
11.21
0.25

0.00
0.00
0.00
0.00
0.00
5.92
0.00

92.32

1.76

TOTALS 100.00 100.00 88.43 11.57 100.00

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION
* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) -
* MATERIAL, FLAW CATEGORY, AND FLAW DEPTH

*

*

*

* WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT *
* TO FREQUENCY OF CRACK INITIATION AND *

* THROUGH-WALL CRACKING FREQUENCY (FAILURE) *
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E-2: ISI Every 10 Years (cont.)

* WELD MATERIAL *

%'of total frequency
of crack initiation

% of total through-wall
crack frequency

FLAW
DEPTH
(in)

0.080
0. 161
0.241
0.321
0 .402
0 .482
0. 563
0. 643
0 .723

0.804

0.884

0.964

1.045
1.125
1.205
1.286
1.366
1.446
1. 527
1.607
1.688
1.768
1. 848
1.929

TOTALS

CAT I
flaws

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00.
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

CAT 2 CAT 3 CAT 1 CAT 2 CAT 3
flaws flaws flaws flaws flaws

1.68
38.20
18.39
9.55
7.76
6 .12
4 .14

2.73
2 .03

1.35
1.02
0.67
1.08
0.40
0.30

0.21
0.34
0.16
0.42
0.21
0.29
0.02
0.01
0.53

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. 01
0.00
0.00
0.00
0.00
0.00
0.01
0.00

0.05

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.0. 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.06
2.93
2.38
1.39
2.20
2.57
3.19
2 .74
2.78

3.51
3.28
2.93
2.91
2.84

2.57
4.21
1.35
4.13
2 .18

4 .06

1.86
0.61
1.15
0.69

0.00
0.00
0.00
0.01
0.03
0.08
0.08
0.13
0.12
0.30
0.26
0.19
0. 07
0.07
0.06
0.44
0.80
0.16
0.05
0.29
0.14
0.39
0.66
0.10

4.420.00 97.63 0.00 58.51

PL ***T** *M*****

* PLATE MATERIAL *

*** ** *** ** **W* * **

% of total frequency
of crack initiation

% of total through-wall
crack frequency

FLAW
DEPTH
(in)

0.080
0.161
0.241
0.321

CAT I CAT 2 CAT 3 CAT 1 CAT 2 CAT 3
flaws flaws flaws flaws flaws flaws

0.00
0.00

0.00

0.00

0.01
0.48
0.69
0.61

0.00
0_00
0.00
0.00

0.00
0.00
0.00
0.00

0.13
7.33

10.42
9.99

0.00
0.00
0.00
0.00
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E-2: ISI Every 10 Years (cont.)

0.402
0.482
0.563
0 .643

0 .723

0.804
0.884
0. 964
1. 045

TOTALS

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0 .54

0.00
0.00
0.00
0 .00

0 .00

0.00
0.00
0.00

2.33

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

9.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 .00

0.000.00 37.06

DATE: 03-May-2007 TIME: 15:04:07
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APPENDIX F
INPUTS FOR THE PALISADES PILOT PLANT EVALUATION
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A summary of the NDE inspection history based on Regulatory Guide 1.150 and pertinent input data for
Palisades is as follows:

1. Number of ISIs performed (relative to initial pre-service and 10-year interval inspections) for full
penetration Category B-A and B-D reactor vessel welds assuming all of the candidate welds were
inspected: 2 (covering all welds of the specified categories).

2. The inspections performed covered: 100% for 13 Category B-A welds, >90% but <100% for 6
Category B-A welds, <90% for 8 Category B-A welds, and 100% of all Category B-D welds.

3. Number of indications found during most recent inservice inspection: 11
This number includes consideration of the following additional information:

a.

b.
C.

Indications found that were reportable: 0
Indications found that were within acceptable limits: 11
Indications/anomalies currently being monitored: 0

4. Full penetration relief requests for the RV submitted and accepted by the NRC: 2 relief requests
for limited converage for 12 welds

5. Fluence distribution at inside surface of RV beltline until end of life (EOL): see Figure F-i taken
from the NRC PTS Risk Study [9], Figure 4.3.

3'j

* 25

I

ASd 90 ';35 18 '5. 271 31 .36

"PVWW

to

Figure F-I Rollout Diagram of Beltline Materials and Representative Fluence Maps for Palisades
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6. Reactor vessel cladding details:

a. Thickness: 0.25 inches

b. Material properties are identified in Table F- I:

Table F-1 Cladding Material Properties

Specific Young's Thermal
Thennal Heat Modulus of Expansion

Conductivity (Btu/LBM- Elasticity Coefficient(Bt/hrft 0 F) 0F (K!) (OFI) Density Poisson's

Temperature (Btu/hr-ft-°F) OF) (KS1) (OF-) (LBM/fi3) Ratio
(OF) "K .C" "E" "" .. I

0 - -489 .3
68 - 22045.7 489 .3
70 8.1 0.1158 - 489 .3
100 8.4 0.1185 - 8.55E-06 489 .3
150 8.6 0.1196 - 8.67E-06 489 .3
200 8.8 0.1208 8.79E-06 489. .3
250 9.1 0.1232 - 8.9E-06 489 .3
300 9.4 0.1256 - 9.OE-06 489 .3
302 - - 20160.2 489 .3

350 9.6 0.1258 - 9.1E-06 489 .3
400 9.9 0.1281 9.19E-06 489 .3
450 10.1 0.1291 - 9.28E-06 489 .3
482 - - 18419.8 489 .3
500 10.4 0.1305 - 9.37E-06 489 .3
550 10.6 0.1306 - 9.45E-06 489 .3
600 10.9 0.1327 - 9.53E-06 489 .3
650 11.1 0.1335 - 9.61E-06 489 .3
700 11.4 0.1348 - 9.69E-06 489 .3
750 11.6 0.1356 - 9.76E-06 489 .3
800 11.9 0.1367 - 9.82E-06 489 .3

c. Material including copper and nickel content: Material properties assigned to clad flaws
are that of the underlying material be it base metal or weld. These properties are identified
in Table F-3. This is consistent with the NRC PTS Risk Study [8, 9].

d. Material property uncertainties:

1) Bead width: 1 inch - bead widths vary for all plants. Based on the NRC PTS Risk
Study [8, 9], a nominal dimension of 1 inch is selected for all analyses because this
parameter is not expected to influence significantly the predicted'vessel failure
probabilities.

2) Truncation limit: Cladding thickness rounded to the next 1/100th of the total reactor
vessel thickness to be consistent with the NRC PTS Risk Study [8, 9].

3) Surface flaw depth: 0.263 inch

4) All flaws are surface-breaking. Only flaws in cladding that would influence brittle
fracture of the reactor vessel are brittle. This is consistent with the NRC PTS Risk
Study [8, 9].
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e. Additional cladding properties are identified in Table F-4. This is consistent with the NRC

PTS Risk Study [8, 91.

7. Base metal:

a. Wall thickness: 8.5 inches

b. Material properties are identified in Tables F-2 and F-3:

Table F-2 Base Metal Material Properties

Specific Young's Thennal
Thermal Heat Modulus of Expansion

Conductivity (Btu/LBM- Elasticity Coefficient
(Btu/hr-ft-°F) OF) (KSI) (OF-) Density Poisson's

Temperature (LBN4/ft3 ) Ratio
(OF) "K .C" "E" ." P V"

0 - - 489 .3

70 24.8 0.1052 29200 489 .3
100 25 0.1072 - 7.06E-06 489 .3
150 25.1 0.1101 - 7.16E-06 489 .3
200 25.2 0.1135 28500 7.25E-06 489 .3
250 25.2 0.1166 - 7.34E-06 489 .3
300 25.1 0.1194 28000 7.43E-06 489 .3
350 25 0.1223 7.5E-06 489 .3
400 25.1 0.1267 27400 7.58E-06 489 .3
450 24.6 0.1277 - 7.63E-06 489 .3
500 24.3 0.1304 27000 7.7E-06 489 .3
550 24 0.1326 - 7.77E-06 489 .3
600 23.7 0.135 26400 7.83 E-06 489 .3
650 23.4 0.1375 - 7.9E-06 489 .3
700 23 0.1404 25300 7.94E-06 489 .3
750 22.6 0.1435 - 8.OE-06 489 .3
800 22.2 0.1474 23900 8.05E-06 489 .3
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Table F-3 Palisades-Specific Material Values Drawn from the RVID (see Ref. 44 Table 4.1)

Major Material Region Description Un-
Irradiated

RTNDT
Cu Ni P Mn

# Type Heat Location Iwt%l Iwt%l Iwt%l Iwt%l 1IFI

I Axial Weld 3-112A lower 0.213 1.010 0.019 1.315 -56

2 Axial Weld 3-112B lower 0.213 1.010 0.019 1.315 -56

3 Axial Weld 3-112C lower 0.213 1.010 0.019 1.315 -56

4 Axial Weld 2-112A upper 0.213 1.010 0.019 1.315 -56

5 Axial Weld 2-112B upper 0.213 1.010 0.019 1.315 -56

6 Axial Weld 2-112C upper 0.213 1.010 0.019 1.315 -56

7 Circ Weld 9-112 intermediate 0.203 1.018 0.013 1.147 -56

8 Plate D3804-1 lower 0.190 0.480 0.016 1.235 0

9 Plate D3804-2 lower 0.190 0.500 0.015 1.235 -30

10 Plate D3804-3 lower 0.120 0.550 0.010 1.270 -25

11 Plate D3803-1 upper 0.240 0.510 0.009 1.293 -5

12 Plate .D3803-2 upper 0.240 0.520 0.010 1.350 -30

13 Plate D3803-3 upper 0.240 0.500 0.011 1.293 -5

8. Weld metal details: Details of information used in addressing weld-specific information are taken
directly from the NRC PTS Risk Study [44], Table 4.2. Summaries are reproduced as Table F-4.
Values for SAW Weld Volume fraction and Repair Weld Volume fraction in Table F-4 were
changed to 96.7% and 2.3% respectively per NUREG-l1874 [9].
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Table F-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution

+ ~
86 86 Vessel specific inf0o

&5 8,675 Vessel specific infoBase Metal Thickness

Total Wall Thickness
S[i6] I 8,438 I 7.8751

I [in] 1 8.626 1 8&031 1 875 J &988 1 Vessel specific info

Thru-Wall Bead [in] 0.1875 01875 0,1875 " 0-1875 All plants report planl specific
Thickness dimensions of 3/16-in.

Judgment. Approx. 2X the
size of the largest non-repair

Truncation Limit [in] 1 flaw observed in PVRUF &
Shoreham.

Buried or Surface. - . All flaws are buried Observation
Observation: Virtually all of
the weld flaws in PVRUF &

Orientation - C circ flaws in circ welds, axial flaws in axial Shoreham were'aligned with
welds, the welding direction because'

they were lackof sidewall
fusion defects,

Density basis -- Shoreham density Highest of observations
SAW
Weld

Aspect ratio,
basis Shoreham & PVRUF observations

Statistically similar
distributions from Shoreham
and PVRUF werecombined
,to pr•vide more robust
estimates; when based on
judgment 'the amount data
were limited and/or'
insufficient toidentify:differeni
trends for aspect ratios for
flaws in the two vessels.

-_ _ _ _ i 'I ........... .. _- "'1

Depth basis Shoreham & PVRUF observations

Statistically similar
distributions combined to
provide more robust
estimates..... ............ ...... ............ ......... .- --
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Table F-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

SUpper bound to al, plant

Volume fraction [%]0 1% specific info provided by
iSteve Byrne (Westinghouse -
SWindso ý)..__-

I [ Oconee is generic value

based on .average of all

Thru-Wall Bead plants specific values

Thickness [in] 0.21 0,20 0.22 0.25 (including Shoreham &
.PVRUF data). Other values
.are plant specific as reported

Judgment. Approx. 2X the

Truncation Limit [ size of thelargest'non-repairflaw observed in PVRUF &
_ Shoreham,

Buried orSurface All flaws are buried Observation
Observation: Virtually all of

SMAW I the weld flaws in PVRUF &
Weld I orientation - Circ flaws in cire welds, axial flaws in axial Shoreham were aligned withWl welds, the welding direction because

they were lack of'sidewall
fusion defects,

Density basis Shoreham density Highest of observations

Statistically~similar
distributions from Shorehami
and PVRUF were combined
'to provide more robust

Aspect.ratio Shoreham & PVRUt'observations estimates, when based on
basis judgmenth te amount data

were limited and/or
insufficient to identify different

"rends foraspect ratios for
flaws in the two vessels.

1 Statistically similar'i distributions combined t6"

Shoreham & PVRUF observations { dro ns m bie to
provide more robust

____________________________ estimates
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Table F-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Repair

Weld
Volume fraction [%] 2%

Juagment. .M rounueu
integral percentage that
exceeds the repaired volume
observed for Shoreham and
for PVRUF, which was 1.5%.

Thru-Wall Bead Generic value: As observed
Thickness [in] 0!4 in PVRUF and Shoreham by

PNNL.

Judgment. Approx. 2X the
largest repair flaw found in

Truncation Limit [in] 2 PVRUF & Shoreham. Also
based on maximumexpected
width of repair, city............... .. ... t.. .. - f- - ----------- ....... ..... ....... ..

Buried or Surface All flaws are buried Observation

The repair flaws had complex
shapes and orientations that
were not aligned with either
the axial or circumferential

Cirflaws i wwelds; for consistency With
Orientation in circ welds axial flaws in axial the available treatmentsof

welds: flaws by the FAVOR code, a

common treatment of
orientations was adopted for
flaws in SAW/SMAW and
repair welds.

Density basis Shoreham density Highest of, observations
Statistically similar
distributions from Shoreham
and PVRUF were combined
to.providemore robust

Aspect ratio Shoreham & PVRUF observations estimates, when based on
basis judgment the amount data

werelimited and/or
insufficient to identify different
trends foe aspect ratios for
(laws in the two vessels.

Depth basis Shoreham & PVRUFobservations

Statistically similar,
distributions combined to
provide more robust:
estimates

WCAP- 16168-NP-A 
June 2008
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Table F-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

# of Layers

Bead Width

till IJ U. 10 DU V.,4D .~I

222 Vessel specific info

Bead widths of 1 -to 5-in.
characteristic of machine
deposited cladding. Bead
widths down to M?-in. can
occur over welds. Nominal
dimension of l-in. selected
for all analyses because this
parameter is not expected to
influence significantly the
predicted vessel failure
probabilities. May need to
refine this estimate later,
particularly for Oconee who
reported a 5-in bead Width.

[in] 1

fTruncation Limit [in] Actual clad thickness rounded to the nearest
1/1 0 01h, of the total vessel wall thickness Judgment & computational

Surface flaw Iconvenience
depth in FAV [in] 0.259 0.16.1 0.263. 0.360Idepth in FAVOR ... .

Buried or Surface All flaws are surface breaking

Judgment. Only flaws in
cladding that would influence
brittle fracture of the vessel
are brittle. Material properties
assigned to clad flaws are
that of the underlying
material, be it base or weld.

orientation All circumferential.

ýObservation: All flaws
observed in PVRUF &
Shoreharm were lack 'of inter-
run fusion defects, and
claddin g is always deposited
circumferentially

No surface flaws observed. Densityis'
11000.that of the observed buried flaws in

Density basis cladding of vessels examined by PNNL. If Judgment
there is more than one.clad layer therinth6re

are no clad flaws.
Aspect ratio Observations of buried flaws Judgment
basis

,Depth basis
.Depth of all surface flaws is the actual clad
thickness rounded up to the nearest 1/100'

of the-total vessel wall thickness:
,Judgment.
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Table F-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

observed orientationOrientation -- Half of the simulated flaws are preference. and no reason to
Plate ~~~~~circumferential, half are axial.sspcon(thrha

Plate suspet. Twie (te the dpt

.laminations which are benign.

Density bss1/10 of small weld flaw density. 1/40 of large tJudgmenl. Supported by
weld flaw density of the PVRUF data limited data.

Aspect ratio _O Same as for PVRUF w&lds Judgment1/1 ofsmll eldflw dnsty.1/4 o lage Judgment. Supported by

Depth basis -- Same as for PVRUF welds Judgment. Supported by
________ _______ ____________________limited data,

9. TWCF9 5ITOTAL value calculated at 60 EFPY using correlations from NUREG-l1874 (Reference 9):
3.16E-7 Events per year

WCAP- 161 68-NP-A 
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APPENDIX G
PALISADES PROBSBFD OUTPUT
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G-1: 10 Year ISI Only

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
MONTE-CARLO SIMULATION PROGRAM PROBSBFD VERSION 1.0WESTINGHOUSE

INPUT VARIABLES FOR CASE 2: PAL 10 YEAR ISI ONLY

NCYCLE =
NOVARS =

NUMSSC =

80
19

4

•NFAILS = 1001 NTRIAL = 1000
NUMSET =
NUMTRC =

2

4

NUMISI =
NUMFMD =

5

4

VARIABLE
NO. NAME

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

FIFDepth
IFlawDen
ICy-ISI

DCy-ISI
MV-Depth
SD-Depth
CEff-ISI
Aspectl
Aspect2
Aspect3
Aspect4
NoTr/Cy
FCGTh1d
FCGR-UC
DKINFile
Percentl
Percent2
Percent3
Percent4

DISTRIBUTION
TYPE LOG

- CONSTANT -

- CONSTANT -
- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -
- CONSTANT -
- CONSTANT -

- CONSTANT -

- CONSTANT -
NORMAL NO
- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

3. OOOOD-02
3. 6589D-03
1 .000 OD+01
8 . OOOOD+01
1. 5000D-02
1. 8500D- 01
1. OOOOD+00
2 .OOOOD+00
6. OOOOD+00
1. OOOOD+01
9 .9000D+01

1 3000D+01
1 .5000D+00

0.OOOOD+00
1.OOOOD+00
7. 8870D+01
1.0720D+01
4.3807D+00
6.0298D+00

1
2
1
2
3
4
5
1
2
3
4
1
2

.00 3
4
1
2
3
4

SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FMD

1.OOOOD+00

INFORMATION GENERATED FROM FAVLOADS.DAT FILE
AND SAVED IN DKINSAVE.DAT FILE:

WALL THICKNESS = 8.7500 INCH

FLAW DEPTH MINIMUM K AND MAXIMUM K FOR

TYPE 1 WITH AN ASPECT RATIO OF 2.

8.75000D-02
1.61000D-01
4.37500D-01
6.5625OD-01
8.75000D-01
1.75000D+00
2.62500D+00
4.37500D+00

2.69285D+00
3.60064D+00
1.26609D+01
1.49279D+01
1.53491D+01
1.37876D+01
8.13906D+00

-2.32655D+00

1.08492D+01
1.46562D+01
2.00367D+01
2.39231D+01
2.67406D+01
3.14212D+01

3.01520D+01
2.91175D+01

TYPE 2 WITH AN ASPECT RATIO OF '6.

8.75000D-02 4.04516D+00 1.64003D+01

WCAP- 16168-NP-A 
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G-1: 10 Year ISI Only (cont.)

1. 61000D-01
4. 37500D-01
6.5625OD-01
8. 75000D-01
1. 75000D+00
2. 62500D+00
4. 37500D+00

5.52109D+00
1. 80126D+01
2. 31235D+01
2.65795D+01
2 .62424D+01

2 .10650D+01

9. 61580D+00

2.25832D+01
3.03772D+01
3. 61026D+01
4. 11957D+01
5. 18633D+01
5.45640D+01
5. 85179D+01

TYPE 3 WITH AN ASPECT RATIO OF 10.

8.75000D-02
1.61000D-01
4.37500D-01

6.56250D-01
8.75000D-01
1.75000D+00

2.62500D+00
4.37500D+00

4.43154D+00
5.90218D+00
1.90406D+01
2.45354D+01
2.87821D+01
2.91774D+01
2.54877D+01

1.38132D+01

1.79837D+01
2.41564D+01

3.24750D+01

3.85918D+01
4.40958D+01
5.64674D+01
6.25646D+01
7.03917D+01

TYPE 4 WITH AN ASPECT RATIO OF 99.

8.75000D-02
1.75000D-01
2.62500D-01
4.37500D-01
6.56250D-01
8.75000D-01
1.75000D+00

2.62500D+00

7.10780D+00
1.00487D+01
1.38195D+01
2.16458D+01
2.85157D+01
3.03911D+01
3.36289D+01
3.16032D+01

1.85180D+01
2.59141D+01
2.86661D+01
3.45538D+01
4.23747D+01
4.83133D+01
6.57043D+01

7.68320D+01

AVERAGE CALCULATED VALUES FOR: Surface Flaw Density with FCG and ISI

NUMBER FAILED = 0 NUMBER OF TRIALS = 1000

DEPTH (WALL/400) AND FLAW DENSITY FOR ASPECT RATIOS OF 2, 6, 10 AND 99

12
13
14
15
16
17
18
19
20
21
23
25
26
27
29
31

2.5402D-04
5.8986D-06
0.OOOOD+00
0.OOOOD+00
0.OOOOD+00
0 .0000D+00

0 OOOOD+00
0. 00OOD+00
0 .OOOOD+00
0 OOOOD+00
0 OOOOD+00
0 .OOOOD+00
0.OOOOD+00
0.OOOOD+00
0.OOOOD+00
0.OOOOD+00

4.5317D-06
1. 9521D-05
7.0234D-06
1.9775D-06
5.8037D-07
3.4736D-07
1.5414D-07
9. 1024D-08
0.OOOOD+00
0.OOOOD+00
2.7971D-08
0.0000D+00
2.6821D-08
0.OOOOD+00
0.OOOOD+00
0.OOOOD+00

1.3489D-06
7.3792D-06
3.2977D-06
1.1450D-06
4.0809D-07
1.5441D-07
8.8627D-08
6.1738D-08
3.6375D-08
0.OOOOD+00
0.000OD+00
1.1041D-08
0.OOOOD+00
0.OOOOD+00
1.0518D-08
0.OOOOD+00

2.1739D-06
9. 7312D-06
4.3086D-06
1.7029D-06
6.4975D-07
2.2919D-07
1.7208D-07
5.0696D-08
8.2449D-08
3 .2256D-08
0 OOOOD+00
0 OOOOD+00
0. 1000D+00
1.4338D-08
0 .OOOOD+00
1. 3440D-08
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G-2: ISI Every 10 Years

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
MONTE-CARLO SIMULATION PROGRAM PROBSBFD VERSION 1.0WESTINGHOUSE

INPUT VARIABLES FOR CASE

NCYCLE
NOVARS
NUMSSC

80
19

4

2: PAL 10 YEAR INT

NFAILS = 1001
NUMSET = 2

NUMTRC = 4

NTRIAL =

NUMISI =
NUMFMD =

1000
5
4

VARIABLE
NO. NAME

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

FIFDepth
IFlawDen
ICy-ISI
DCy-ISI
MV-Depth
SD-Depth
CEff-ISI
Aspectl
Aspect2
Aspect3
Aspect4
NoTr/Cy
FCGThld
FCGR-UC
DKINFile
Percentl
Percent2
Percent3
Percent4

DISTRIBUTION
TYPE LOG

- CONSTANT -

- CONSTANT -
- CONSTANT -

- CONSTANT -
- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -
- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

NORMAL NO
- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

3. OOOOD-02
3.6589D-03
1. OOOOD+01
1. OOOOD+01
1. 5000D-02
1. 8500D-01
1. OOOOD+00
2. OOOOD+00
6. OOOOD+00
1. OOOOD+01
9. 9000D+01
1.3000D+01
1.5000Dt00
0.OOOOD+00
1.OOOOD+00
7. 8870D+01
1.0720D+01
4.3807D+00
6.0298D+00

1
2
1
2
3
4
5
1
2
3
4
1
2

.00 3
4
1
2
3
4

SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FMD

1.OOOOD+00

INFORMATION GENERATED FROM FAVLOADS.DAT FILE
AND SAVED IN DKINSAVE.DAT FILE:

WALL THICKNESS = 8.7500 INCH

FLAW DEPTH MINIMUM K AND MAXIMUM K FOR

TYPE 1 WITH AN ASPECT RATIO OF 2.

8.75000D-02
1. 61000D-01
4. 37500D-01
6. 56250D-01
8. 75000D-01
1 .75000D+00

2. 62500D+00
4 .37500D+00

2.69285D+00
3 .60064D+00

1.26609D+01
1. 49279D+01
1. 53491D+01
1 .37876D+01

8. 13906D+00
-2. 32655D+00

1.08492D+01
1. 46562D+01
2. 00367D+01
2. 39231D+01
2. 67406D+01
3. 14212D+01
3 .01520D+01

2 .91175D+01

TYPE 2 WITH AN ASPECT RATIO OF 6.

8.75000D-02 4.04516D+00 1.64003D+01
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G-2: ISI Every 10 Years (cont.)

1.6100OD-01
4.37500D-01
6.5625OD-01
8.75000D-01

1.75000D+00
2.62500D+00
4.,37500D+00

5.52109D+00
1. 80126D+01
2. 31235D+01
2. 65795D+01
2 .62424D+01

2 .10650D+01

9.61580D+00

2 .25832D+01

3. 03772D+01
3. 61026D+01
4. 11957D+01
5 .18633D+01

5 .45640D+01

5. 85179D+01

TYPE 3 WITH AN ASPECT RATIO OF 10.

8. 75000D-02
1. 61000D-01
4. 37500D-01
6. 56250D-01
8. 75000D-01
1. 75000D+00
2.62500D+00
4.37500D+00

4.43154D+00
5.90218D+00
1.90406D+01
2.45354D+01
2.87821D+01

2.91774D+01
2.54877D+01

1.38132D+01

1.79837D+01
2.41564D+01
3.24750D+01
3.85918D+01
4.40958D+01
5.64674D+01
6.25646D+01
7.03917D+01

TYPE 4 WITH AN ASPECT RATIO OF 99.

8.75000D-02
1. 75000D-01
2. 62500D-01
4. 37500D-01
6. 56250D-01
8. 75000D-01
1. 75000D+00
2. 62500D+00

7.10780D+00

1. 00487D+01
1. 38195D+01
2 .16458D+01

2 .85157D+01

3. 03911D+01
3. 36289D+01
3. 16032D+01

1.85180D+01
2.59141D+01

2.86661D+01
3.45538D+01
4.23747D+01
4.83133D+01
6.57043D+01
7.68320D+01

AVERAGE CALCULATED VALUES FOR: Surface Flaw Density with FCG and ISI

NUMBER FAILED = 0 NUMBER OF TRIALS = 1000

DEPTH (WALL/400) AND FLAW DENSITY FOR ASPECT RATIOS OF 2, 6, 10 AND 99

12
13
14
15
16
17
18
19
20
21
23
25
26
27
29
31

1.2465D-10
1. 9983D-12
0.OOOOD+00
0.OOOOD+00
0.OOOOD+00-
0.OOOOD+00
0.OOOOD+00
0.OOOOD+00
0..OOOOD+00
0 .OOOOD+00
0 OOOOD+00
0 OOOOD+00
0 .OOOOD+00
0 OOOOD+00
0 .OOOOD+00
0 OOOOD+00

1.8940D-12
5. 5048D-12
9. 6570D-13
1.2835D-13
1.8170D-14
5.2179D-15
9.4118D-16
2.9809D-16
0.OOOOD+00
0 OOOOD+00
2.2110D-18
0.OOOOD+00
2.147OD-19
0.OOOOD+00
0.OOOOD+00
0.OOOOD+00

5. 5678D-13
2. 0459D-12
4. 5289D-13
7. 5032D-14
1.2594D-14
2. 1701D-15
6. 6938D-16
1.7580D-16
4.8987D-17
0.OOOOD+00
0.OOOOD+00
1.5152D-19
O.OOOOD+00
O.OOOOD+00
7. 9308D-21
0.OOOOD+00

9. 1111D-13
2.7226D-12
5. 8811D-13

1 0930D-13

1. 8759D-14

2.9926D-15

9.6145D-16

1.4879D-16

9. 2976D-17
1.4658D-17

0.OOOOD+00
0.OOOOD+00

0.OOOOD+00

2.4461D-20
0.OOOOD+00
5.2922D-22
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APPENDIX H
PALISADES PTS TRANSIENTS

Table H-I PTS Transient Descriptions for Palisades

Count TH System Failure Operator Action Mean IE HZP HiK Dominant*
Case Frequency

1 2 3.59 cm (1.414 in) surge line None 2.66E-04 No Yes No
break. Containment sump
recirculation included.in the
analysis.

2 16 Turbine/reactor trip with 2 Operator starts second AFW 1.23E-04 No No No
stuck-open ADVs on SG-A pump. Operator isolates AFW
combined with controller to affected SG at 30 minutes
failure resulting in the flow after initiation. Operator
from two AFW pumps into assumed to throttle HPI if
affected steam generator. auxiliary feedwater is running

with SG wide range level > -
84% and RCS subcooling > 25
F. HPI is throttled to maintain
pressurizer level between 40
and 60 %.

3 18 Turbine/reactor trip with 1 Operator does not isolate AFW 4.71E-03 No No No
stuck-open ADV on SG-A. on affected SG. Normal AFW
Failure of both MSIVs (SG- flow assumed (200 gpm).
A and SG-B) to close. Operator assumed to throttle

HPI if auxiliary feedwater is
running with SG wide range
level > -84% and RCS
subcooling > 25 F. HPI is
throttled to maintain pressurizer
level between 40 and 60 %.

4 19 Reactor trip with 1 stuck- None. Operator does not 2.29E-03 Yes No Yes at 60,
open ADV on SG-A. throttle HPI. 200, 500

EFPY

5 22 Turbine/reactor trip with loss Operator depressurizes through 6.67E-05 No No No
of MFW and AFW. ADVs and feeds SG's using

condensate booster pumps.
Operators maintain a cooldown
rate within technical
specification limits and throttle
condensate flow at 84 % level
in the steam generator.

6 24 Main steam line break with None 2.43E-06 No No No
the break assumed to be
inside containment causing
containment spray actuation.
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Table H-1 PTS Transient Descriptions for Palisades

Count TH System Failure Operator Action Mean IE HZP HiK Dominant*
Case Frequency

7 26 Main steam line break with Operator isolates AFW to 5.69E-04 No No No
the break assumed to be affected SG at 30 minutes after
inside containment causing initiation.
containment spray actuation.

8 27 Main steam line break with Operator starts second AFW 3.65E-05 No No No
controller failure resulting in pump.
the flow from two AFW
pumps into affected steam
generator. Break assumed to
be inside containment
causing containment spray
actuation.

9 29 Main steam line break with None. Operator does not 4.20E-08 Yes No No
break assumed to be inside throttle HPI.
containment causing
containment spray actuation.

10 31 Turbine/reactor trip with Operator maintains core cooling 1.29E-05 No No No
failure of MFW and AFW. by "feed and bleed" using HPI
Containment spray actuation to feed and two PORVs to
assumed due to PORV bleed.
discharge.

11 32 Turbine/reactor trip with Operator maintains core cooling 1.08E-06 No No No
failure of MFW and AFW. by "feed and bleed" using HPI
Containment spray actuation to feed and two PORV to bleed.
assumed due to PORV AFW is recovered 15 minutes
discharge. after initiation of "feed and

bleed" cooling. Operator closes
PORVs when SG level reaches
60 percent.

12 34 Main steam line break Operator isolates AFW to 1.48E-05 No No No
concurrent with a single tube affected SG at 15 minutes after
failure in SG-A due to MSLB initiation. Operator trips RCPs
vibration, assuming that they do not trip

as a result of the event.
Operator assumed to throttle
HPI if auxiliary feedwater is
running with SG wide range
level > -84% and RCS
subcooling > 25 F. HPI is
throttled to maintain pressurizer
level between 40 and 60 %.

13 40 40.64 cm (16 in) hot leg None. Operator does not 3.22E-05 No Yes Yes at 32,
break. Containment sump throttle HPI. 60, 200,
recirculation included in the 500 EFPY

_ _ analysis.
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Table H-I PTS Transient Descriptions for Palisades

Count TH System Failure Operator Action Mean IE HZP HiK Dominant*
Case Frequency

14 42 Turbine/reactor trip with two Operator assumed to throttle 7.67E-07 No No No
stuck open pressurizer SRVs. HPI if auxiliary feedwater is
Containment spray is running with SG wide range
assumed not to actuate. level > -84% and RCS

subcooling > 25 F. HPI is
throttled to maintain pressurizer
level between 40 and 60 %.

15 48 Two stuck-open pressurizer None. Operator does not 7.67E-07 Yes No Yes at 32
SRVs that reclose at 6000 sec throttle HPI. EFPY
after initiation. Containment
spray is assumed not to
actuate.

16 49 Main steam line break with Operator isolates AFW to 1.00e-05 Yes No No
the break assumed to be affected SG at 30 minutes after
inside containment causing initiation.. Operator does not
containment spray actuation. throttle HPI.

17 50 Main steam line break with Operator starts second AFW 5.81E-07 Yes No No
controller failure resulting in pump. Operator does not
the flow from two AFW throttle HPI.
pumps into affected steam
generator. Break assumed to
be inside containment
causing containment spray
actuation.

18 51 Main steam line break with Operator does not isolate AFW 7.51E-08 Yes No No
failure of both MSIVs to on affected SG. Operator does
close. Break assumed to be not throttle HP1.
inside containment causing
containment spray actuation.

19 52 Reactor trip with 1 stuck- Operator does not isolate AFW 6.37E-04 Yes No Yes at 500
open ADV on SG-A. Failure on affected SG. Normal AFW EFPY
of both MSIVs (SG-A and flow assumed (200 gpm).
SG-B) to close. Operator does not throttle HPI.

20 53 Turbine/reactor trip with two None. Operator does not 1.09E-03 No No Yes at 500
stuck-open pressurizer SRVs throttle HPI. EFPY
that reclose at 6000 sec after
initiation. Containment
spray is assumed not to
actuate.

21 54 Main steam line break with Operator does not isolate AFW 4.26E-06 No No Yes at 32,
failure of both MSIVs to on affected SG. Operator does 60, 200,
close. Break assumed to be not throttle HPI. 500 EFPY
inside containment causing
containment spray actuation.
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Table H-1 PTS Transient Descriptions for Palisades

Count TH System Failure Operator Action Mean IE HZP HiK Dominant
Case Frequency

22 55 Turbine/reactor trip with 2 Operator starts second AFW 2.74E-03 No No Yes at 32,
stuck-open ADVs on SG-A pump. 60, 200,
combined with controller 500 EFPY
failure resulting in the flow
from two AFW pumps into
affected steam generator.

23 58 10.16 cm (4 in) cold leg None. Operator does not 2.66E-04 No Yes Yes at 32,
break. Winter conditions throttle HPI. 60, 200,
assumed (HPI and LPI 500 EFPY
injection temp = 40 F,
Accumulator temp = 60 F)

24 59 10.16 cm (4 in) cold leg None. Operator does not 2.09E-04 No Yes Yes at 500
break. Summer conditions throttle HPI. EFPY
assumed (HPI and LPI
injection temp = 100 F,
Accumulator temp = 90 F)

25 60 5.08 cm (2 in) surge line None. Operator does not 2.09E-04 No Yes Yes at 60,
break. Winter conditions throttle HPI. 200, 500
assumed (HPI and LPI EFPY
injection temp = 40 F,
Accumulator temp = 60 F)

26 61 7.18 cm (2.8 in) cold leg None. Operator does not 2.09E-04 No Yes No
break. Summer conditions throttle HPI.
assumed (HPI and LPI
injection temp = 100 F,
Accumulator temp = 90 F)

27 62 20.32 cm (8 in) cold leg None. Operator does not 7.07E-06 No Yes Yes at 32,
break. Winter conditions throttle HPI. 60, 200,
assumed (HPI and LPI 500 EFPY
injection temp = 40 F,
Accumulator temp = 60 F)

28 63 14.37 cm (5.656 in) cold leg None. Operator does not 6.06E-06 No Yes Yes at 60,
break. Winter conditions throttle HPI. 200, 500
assumed (HPI and LPI EFPY
injection temp = 40 F,
Accumulator temp = 60 F)

29 64 10.16 cm (4 in) surge line None. Operator does not 7.07E-06 No Yes Yes at 32,
break. Summer conditions throttle HPI. 60, 200,
assumed (HPI and LPI 500 EFPY
injection temp = 100 F,
Accumulator temp = 90 F)

30 65 One stuck-open pressurizer None. Operator does not 1.24E-04 Yes No Yes at 32,
SRV that recloses at 6000 sec throttle HPI. 60, 200,
after initiation. Containment 500 EFPY
spray is assumed not to
actuate.
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Notes:
1. TH ### - Thermal hydraulics run number ###
2. LOCA - Loss-of-coolant accident
3. SBLOCA - Small-break loss-of-coolant accident
4. MBLOCA - Medium-break loss-of-coolant accident
5. LBLOCA - Large-break loss-of-coolant accident
6. HZP - Hot-zero power
7. ADV - Atmospheric dump valve
8. SRV - Safety and relief valve
9. MSLB - Main steam line break
10. AFW- Auxiliary feedwater
11. HPI - High-pressure injection
12. RCP- Reactor coolant pump
13. SG - Steam generator
* The arbitrary definition of a dominant transient is a transient that contributes 1% or more of the total

Through-Wall Cracking Failure (TWCF).
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APPENDIX I
PALISADES FAVPOST OUTPUT
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1-1: lOYeariSI only

WELCOME TO FAVOR *

* FRACTURE ANALYSIS OF VESSELS: OAK RIDGE *

* VERSION 06.1 *

* FAVPOST MODULE: POSTPROCESSOR MODULE *

* COMBINES TRANSIENT INITIAITING FREQUENCIES *

* WITH RESULTS OF PFM ANALYSIS *

* PROBLEMS OR QUESTIONS REGARDING FAVOR *

* SHOULD BE DIRECTED TO *

* TERRY DICKSON *

* OAK RIDGE NATIONAL LABORATORY *
* *

* e-mail: dicksontl@ornl.gov *

* This computer program was prepared as an account of *

* work sponsored by the United States Government *

* Neither the United States, nor the United States *

* Department of Energy, nor the United States Nuclear *

* Regulatory Commission, nor any of their employees, *

* nor any of their contractors, subcontractors, or their *
* employees, makes any warranty, expressed or implied, or *
* assumes any legal liability or responsibility for the *

* accuracy, completeness, or usefulness of any *

* information, apparatus, product, or process disclosed, *

* or represents that its use would not infringe *

* privately-owned rights. *

DATE: 27-Jun-2007 TIME: 10:25:13

Begin echo of FAVPost input data deck 10:25:13 27-Jun-2007
End echo of FAVPost input data deck 10:25:13 27-Jun-2007

FAVPOST INPUT FILE NAME = postpl.in
FAVPFM OUTPUT FILE CONTAINING PFMI ARRAY = INITIATE.DAT
FAVPFM OUTPUT FILE CONTAINING PFMF ARRAY = FAILURE.DAT
FAVPOST OUTPUT FILE NAME = plpostlOyronly.out
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I-1: 10 Year ISI only (cont.)

* NUMBER OF SIMULATIONS = 70000 *

CONDITIONAL PROBABILITY
OF INITIATION CPI=P(IIE)

CONDITIONAL PROBABILITY
OF FAILURE CPF=P(FIE)

TRANSIENT
NUMBER

*2 0
16 2
18 4

19 5
22 E
24
26 7
27 2
29 E
31 2
32 4
34 3
40 6
42 C
48 5
49 2
50 4
51 2
52 6
53 2
54 4
55 1
58 3
59 1
60 4
61 9
62 4
63 1
64 1

MEAN
CPI

95th %
CPI

99th %
CPI

-------------------------------------- I
$.OOOOE+00

.0991E-09

.1893E-11

.1457E-07

.0538E-09

.2366E-07

.2366E-07

. 0421E-05

.8282E-07

.3780E-05

.3551E-07

.4459E-06

. 0211E-03

.OOOOE+00
*.4079E-04
*.8452E-07

*.4689E-05

*.3653E-04
*.0157E-07

*.6708E-07
*.7146E-04
.3039E-06
.9842E-04
.6591E-05
.2014E-05
.0696E-07
.8426E-03
.7066E-03
.9466E-03

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
4 .3132E-04
0.OOOOE+00
2.9665E-04
0.OOOOE+00
0.OOOOE+00
1.2838E-02
0.0006E+00
2.4464E-03
0.OOOOE+00
6.9298E-04
1.5112E-03
0.OOOOE+00
0.OOOOE+00
2.0579E-03
0.OOOOE+00
1.9057E-03
2.2922E-04
7.4348E-04
0.OOOOE+00
1.0080E-02
3.3225E-03
4.0456E-03

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
2. 0173E-04
0.OOOOE+00
2. 6221E-04
0.OOOOE+00
1.1896E-06
6.9324E-02
0.OOOOE+00
7. 3391E-03
0.OOOOE+00
6.6733E-04

3.3702E-03
0.OOOOE+00
0 OOOOE+00
6. 9604E-03
.0. 0000E+00
5. 2952E-03
1. 5697E-04
5. 9014E-04
2 .2070E-10
5. 6235E-02
2. 3408E-02
2. 5502E-02

MEAN
CPF

0.OOOOE+00
2.6647E-10
2.0525E-11
3.4107E-07
1.7933E-09
8.5491E-08
9.3663E-08
5.9362E-06
4 .6244E-07

5. 4087E-06
3. 0097E-07
6 .4355E-07
3. 8794E-04
0 OOOOE+00
5..3190E-04
4.9008E-08
1.4807E-05
1.1828E-04
3.9569E-07
1.8524E-07
2.1455E-04
9.5266E-07
7.5527E-05
1.1995E-06
5.3889E-06
3.9814E-08
5.1473E-04
2.4011E-04
2.8279E-04

95th %
CPF

99th % RATIO
CPF CPFmn/CPImn

0.OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
1. 6195E-04
0 OOOOE+00

9. 2535E-05
0.OOOOE+00
0.OOOOE+00
8.0216E-04
0.OOOOE+00
2.4464E-03
0.OOOOE+00
2.7591E-04
8. 5384E-04
0 OOOOE+00
0 OOOOE+00
1. 1565E-03
0 OOOOE+00
5. 0201E-04
3. 1036E-05
8. 0611E-05
0.OOOOE+00
1.0533E-03
8.3884E-04
5.7833E-04

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
O.O000E+O0

6. 0880E-05
0 .OOOOE+00
5. 7966E-05
0 .OOOOE+00
1. 6486E-07
5. 1013E-03
0 .OOOOE+00
7.2226E-03
0.OOOOE+00
2.2267E-04
1.6646E-03
0.OOOOE+00
0.OOOOE+00
3.1205E-03
0 OOOOE+00
8. 2070E-04
9. 8600E-06
7. 5170E-05
1. 5568E-12
6. 6194E-03
3. 0140E-03
3. 9028E-03

0.0000
0.1269
0.4899
0.6628
0.2962
0.1181
0.1294
0.2907
0.6772
0.2274
0.6911
0.1868
0. 0644
0.0000
0.9835
0.11722
0.3313
0.5001
0.6578
0.6936
0.4551
0.7306
0.1896
0.0723
0.1283
0.0439
0.1063
0.1407
0. 1453
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I-1: 10 Year ISI only (cont.)

65 1.7674E-04 1.5370E-03 2.8655E-03 1.7065E-04 1.5297E-03 2.7897E-03 0.9655

NOTES: CPI IS CONDITIONAL PROBABILITY OF CRACK INITIATION, P(IIE)
CPF IS CONDITIONAL PROBABILITY OF TWC FAILURE, P(FIE)

* PROBABILITY DISTRIBUTION FUNCTION (HISTOGRAM) *

* FOR THE FREQUENCY OF CRACK INITIATION *

FREQUENCY OF
CRACK INITIATION

(PER REACTOR-OPERATING

RELATIVE
DENSITY

YEAR) (%)

CUMULATIVE
DISTRIBUTION

(%)

0.OOOOE+00
1.8255E-06
5.4764E-06
9. 1273E-06
1 2778E-05
1. 6429E-05
2. 0080E-05
2.3731E-05
2. 7382E-05
3. 1033E-05
3 .4684E-05

3. 8335E-05
4 1986E-05
4. 5636E-05
4. 9287E-05
5. 2938E-05
5. 6589E-05
6. 0240E-05
6. 3891E-05
6. 7542E-05

1.7957
95.9914
1.1900
0.3786
0.1929
0.1129
0.0829
0.0514

0.0357
0.0343

0.0143
0.0171
0.0171
0.0129
0.0071
0.0086
0.0086
0.0043
0 .0014

0. 0043

1.7957
97.7871
98.9771

99.3557
99.5486
99.6614
99.7443
99.7957
99.8314
99.8657
99.8800
99.8971
99. 9143
99. 9271
99. 9343
99.9429
99.9514
99. 9557
99.9571
99.9614
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I-1: 10 Year IS] only (cont.)

7. 1193E-05
7. 4844E-05
7. 8495E-05
8. 2146E-05

8. 9447E-05
9. 3098E-05
9. 6749E-05
1.0040E-04
1.0405E-04
1.0770E-04
1. 1500E-04
1.1865E-04
1.3326E-04
1. 3691E-04
1.4056E-04
1.4786E-04
1. 5516E-04
2.0263E-04
3. 0120E-04
3.5962E-04

0.0029
0.0014
0.0043

0.0029
0.0029
0.0014

0.0014
0.0014
0.0029
0.0014

0.0014

0.0029
0.0014
0.0014
0.0014
0.0014

0.0014

0.0014
0.0014
0.0014

99.9643

99.9657
99.9700
99.9729
99. 9757
99 .9771

99.9786
99.9800
99.9829
99. 9843
99.9857
99.9886
99.9900
99.9914
99.9929
99.9943
99.9957
99. 9971
99.9986

100.0000

== Summary Descriptive Statistics ==

Minimum = 0.OOOOE+00
Maximum = 3.6144E-04
Range = 3.6144E-04

Number of Simulations = 70000

5th Percentile
Median
95.0th Percentile
99.0th Percentile
99.9th Percentile

Mean
Standard Deviation
Standard Error
Variance (unbiased)
Variance (biased)
Moment Coeff. of Skewness
Pearson's 2nd Coeff. of Skewness
Kurtosis

1.0576E-11
3.1534E-08
1.8255E-06
5.6968E-06
3.8943E-05

4.7962E-07
3.4846E-06
1.3171E-08
1.2142E-11
1.2142E-11
4. 1589E+01
4.1292E-01
3.0077E+03

***** ** ** ** ** ***** ****** *******************************

* PROBABILITY DISTRIBUTION FUNCTION (HISTOGRAM)
* FOR THROUGH-WALL CRACKING FREQUENCY (FAILURE)

*

*

*
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** ** * ** ****** * *

FREQUENCY OF
TWC FAILURES

(PER REACTOR-OPERATING

RELATIVE
DENSITY

YEAR) (?%)

CUMULATIVE
DISTRIBUTION

(%)

0 OOOOE+00
9. 9132E-07
2. 9740E-06
4. 9566E-06
6. 9392E-06
8 9219E-06
1. 0904E-05
1. 2887E-05
1.4870E-05
1. 6852E-05
1. 8835E-05
2. 0818E-05
2. 2800E-05
2 .4783E-05
2. 8748E-05
3 .2713E-05
3 .4696E-05
3. 6679E-05
4.2627E-05
4.4609E-05
4.6592E-05
1.0409E-04
1.9727E-04

2.7414
96.6714

0.3271
0.0971
0. 0557
0 .0286

0 .0186

0 .0100

0.0100
0.0071
0.0071
0.0029
0 .0057

0.0029
0.0014
0. 0014
0. 0014
0. 0014
0. 0014
0 .0014

0.0029
0.0014
0.0014

2.7414
99.4129
99.7400
99.8371
99.8929
99.9214
99.9400
99.9500
99.9600
99.9671
99. 9743
99.9771
99.9829
99.9857
99.9871
99.9886
99.9900
99.9914
99.9929
99.9943
99.9971
99.9986

100.0000

== Summary Descriptive Statistics

Minimum
Maximum
Range

Number of Simulations

5th Percentile
Median
95.0th Percentile
99.0th Percentile
99.9th Percentile

Mean
Standard Deviation
Standard Error
Variance (unbiased)
Variance (biased)
Moment Coeff. of Skewness
Pearson's 2nd Coeff. of Skewness
Kurtosis

= 0.OOOOE+00
= 1.9628E-04

= 1.9628E-04

= 70000

= 1.2334E-13

= 2.0809E-09

= 9.9132E-07
= 1.1299E-06

= 7.4349E-06

= 7.6237E-08
= 1.0800E-06

= 4.0821E-09

= 1.1664E-12
= 1.1664E-12

= 1.0725E+02

= 1.2417E-01

= 1.7088E+04
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1-1: 10 Year ISI only (cont.)

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) - *

* WEIGHTED BY TRANSIENT INITIATING FREQUENCIES *

2
16
18

19

22
24

26

27
29

31

32

34
40

42

48

49
50
51

52

53
54
55
58

59
60,
61

62
63
64
65

% of total
frequency of-

crack initiation
0.00
0.00
0.00
0.28
0.00
0.00
0.10
0.16
0.00
0.07
0.00
0.01

50. 98
0.00
0.09
0.00
0. 01
0..01
0.05
0.06
0.57
1.02

24.02
0.79
1.91
0.05
8.97
2.59
3.. 42
4.84

% of total
frequency of

of TWC failure
0.00
0.00
0.00
1.10
0.00
0.00
0.08
0.30
0.00
0.10
0.00
0.01

20.66
0.00
0.58
0.00
0.01
0.02
0.21
0.26
1 .62
4.91

27.50
0.36
1.55
0. 01
5.93
2 .33
3 .01

29.44

TOTALS 100.00 100.00
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1-1: 10 Year IS! only (cont.)

********* ***********t .* * *** **************** *-**-* ********* *****

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

* BY *

*

*

*

RPV BELTLINE MAJOR REGION
BY PARENT SUBREGION

*

*

*

* WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT *

* TO FREQUENCY OF CRACK INITIATION AND *

* THROUGH-WALL CRACKING FREQUENCY (FAILURE) *
************************ * * *********** ********* ** *

% of
MAJOR RTndt total
REGION (MAX) flaws

1
2
3
4
5
6
7
8
9

10

12
13

237.44
246.96
246.96

247.43
237.77
247.43
231.49
195.14
166.15
130.00
206.88
186.36
208.62

2.04
2.04

2.04

3.16
3.16
3.16

19.12

8.55
8.55
8.55

13.21
13.21
13.21

% of total
frequency of

crack initiation

7.75
10.50
11.34
23.77
16.33
22.11
7.68
0.04
0.00
0.00
0.18
0.03
0.26

% of total
through-wall crack

frequency
cleavage ductile total

3 .95

6.85
7 .15

19.46
10. 62
14 .52

0. 01
0.00
0.00
0.00
0. 00
0.00
0.00

2.55
4.40
4.89

10.46
5.75
9.40
0.00
0.00
0.00
0.00
0.00
0.00
0.00

6.51
11.24
12 .04
29.92
16 .36
23 .92

0.01
0.00
0.00
0.00
0.00
0.00
0.00

TOTALS 100.00 100.00 62.56 37.44 100.00

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) - *

* BY *

*

*

RPV BELTLINE MAJOR REGION
BY CHILD SUBREGION

*

*

* WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT *

* TO FREQUENCY OF CRACK INITIATION AND *

* THROUGH-WALL CRACKING FREQUENCY (FAILURE) *
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I-1: 10 Year ISI only (cont.)

% of
MAJOR RTndt total
REGION (MAX) flaws

1
2
3
4
5
6
7
8
9

10
11
12
13

237.44
246. 96
246.96
247.43
237.77
247 .43
231.49
195.14
166.15
130.00
206.88
186.36
208.62

2 .04

2 .04

2 .04

3 .16

3.16
3 .16

19.12
8 .55

8.55
8.55

13.21
13.21
13.21

% of total
frequency of

crack initiation

7.75
10.50
11.34
23.77
16.33
22 .11
7.32
0.04
0. 00
0.00
0.18
0. 03
0.61

% of total
through-wall crack

frequency
cleavage ductile total

3.95
6.84
7.15

19.46
10.62
14.52
0.01
0.00
0.00
0.00
0.00
0.00
0.00

2 .55
4.40
4.88

10.46
5.75
9.40
0.00
0.00
0.00
0.00
0.00
0.00
0.00

6.51
11.24
12.04

29.92
16.36
23.92

0.01
0.001,

0.00
0.00
0.00
0.00
0.00

TOTALS 100.00 100.00 62.56 37.44 100.00

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) - *

* MATERIAL, FLAW CATEGORY, AND FLAW DEPTH *

* *

* WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT *

* TO FREQUENCY OF CRACK INITIATION AND *

* THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

* WELD MATERIAL *

% of total frequency
of crack initiation

% of total through-wall
crack frequency

FLAW
DEPTH
(in)

0.088
0.175
0.263
0.350
0.438
0.525

CAT I CAT 2 CAT 3 CAT 1 CAT 2 CAT 3
flaws flaws flaws flaws flaws flaws

0.00
0.00
0.00
0.00
0.00
0.00

3.48
36.00
13.27
8.79
7.99
6.37

0.00
0.00
0.00
0.00
0.01
0.01

0 .00
0.00

0.00

0.00

0.00
0.00

1.59
19.98
10.08

9.08
9.15
9.36

0.00
0.00
0.00
0.01
0.03
0.06
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1-1: 10OYear ISI only (cont.)

0 .613

0.700
0.787
0.875
0. 963
1.050
1.137
1.225
1.313
1.400
1.488
1.575
1.663
1.750
1.837
1.925
2.013
2.100
2 .188

2 .275
2.363
2.450
2.537
2 .625

2 .712

0.00
0.00
0. 00
0.00
0.00
0 .06

1.00
0.02
0.09
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4.47
3 .48
2.88
2 .33
1.55
2.27
1.78
1.27
0 .76
0.35
0.19
0.29
0.03
0.26
0.00
0.28
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.01
0.01
0 .02

0.01
0.03
0.04
0.02
0.01
0.00
0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.19

0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0 .00
0.00
0.00
0.010
0.00
0.00
0 .00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5.81
5.76
4.99
3 .81
2.79
6.36
3.20
2 .32
1.53
0.63
0.37
0.49
0.10
0.72
0.03
0.68
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.05
0.08
0.10
0.05
0.18
0.20
0.13
0.09
0.02
0.03
0.02
0.00
0.01
0.05
0.00
0 .02

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.13TOTALS 1.20 98.08 0.03 98.83

*PLATE MATERIAL*

%of total frequency
of crack initiation

%of total through-wall
crack frequency

FLAW
DEPTH
(in)

0. 088
0.175
0.263
0.350
0.438
0.525
0.613
0.700
0.787
0.875
0. 963
1.050
1.137

CAT I CAT 2 CAT 3 CATi1 CAT 2 CAT 3
flaws flaws flaws flaws flaws flaws

0.00
0.00
0. 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.07
0.28

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0 .00

0. 00
0.00
0.00
0.00
0.00
0. 00
0.00
0.00
0.00
0 .00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. 00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

WCAP-16168-NP-A June 2008
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1-1: 10 Year IS[ only (cont.)

1.225
1.313
1.400
1.488
1. 575
1.663
1.750
1.837
1.925
2.013
2.100
2 .188
2 .275
2.363
2.450
2.537
2 .625

2 .712

TOTALS

0.10
0 .02

0 .04

0.00
0.00
0.00
0.01
0. 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.52

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.b00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0-.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

DATE: 27-Jun-2007 TIME: 10:25:45

WCAP- 16168-NP-A June 2008
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1-2: ISI Every 10 Years

*******W*********** *********** ****** **** ***

* WELCOME TO FAVOR *

* FRACTURE ANALYSIS OF VESSELS: OAK RIDGE *

* VERSION 06.1 *

* FAVPOST MODULE: POSTPROCESSOR MODULE *

* COMBINES TRANSIENT INITIAITING FREQUENCIES *

* WITH RESULTS OF PFM ANALYSIS *

* PROBLEMS OR QUESTIONS REGARDING FAVOR *

* SHOULD BE DIRECTED TO *

* TERRY DICKSON *

* OAK RIDGE NATIONAL LABORATORY *

* e-mail: dicksontl@ornl.gov *

* This computer program was prepared as an account of *

* work sponsored by the United States Government *

* Neither the United States, nor the United States *

* Department of Energy, nor the United States Nuclear *

* Regulatory Commission, nor any of their employees, *

* nor any of their contractors, subcontractors, or their *
* employees, makes any warranty, expressed or implied, or *
* assumes any legal liability or responsibility for the *

* accuracy, completeness, or usefulness of any *

* information, apparatus, product, or process disclosed, *

* or represents that its use would not infringe *

* privately-owned rights. *

DATE: 27-Jun-2007 TIME: 10:23:32

Begin echo of FAVPost input data deck 10:23:32 27-Jun-2007
End echo of FAVPost input data deck 10:23:32 27-Jun-2007

FAVPOST INPUT FILE NAME = postpl.in
FAVPFM OUTPUT FILE CONTAINING PFMI ARRAY = INITIATE.DAT
FAVPFM OUTPUT FILE CONTAINING PFMF ARRAY = FAILURE.DAT
FAVPOST OUTPUT FILE NAME = plpostlOyrint.out

WCAP- I6168--NP-A
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1-2: ISI Every 10 Years (cont.)

* NUMBER OF SIMULATIONS = 70000 *

TRANSIEN'
NUMBER

2
16
18
19
22
24
26
27
29
31
32
34
40
42
48
49
50
51
52
53
54
55
58
59

T MEAN
CPI

CONDITIONAL PROBABILITY
OF INITIATION CPI=P(IIE)

95th % 99th %
CPI CPI

MEAN
CPF

CONDITIONAL PROBABILITY
OF FAILURE CPF=P(FIE)

95th % 99th %
CPF CPF

0.OOOOE+00
1.2905E-10
1. 9999E-08
4. 3542E-07
4. 7785E-10
4 .2145E-07
4 .2145E-07
1.6689E-05
3. 2222E-07
1. 9968E-05
4 1319E-07
2. 0638E-06
5. 8654E-03
0 .OOOOE+00
5. 1460E-04
1 .2025E-07
3.8097E-05
2.1960E-04
5.4043E-07
2.6394E-07
4.4223E-04
1. 1909E-06
3.4658E-04
1.3685E-05

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0 OOOOE+00
0. OOOOE-*00
0. OOOOE+00
4. 0851E-04
0. OOOOE+00
3. 1503E-04
0. OOOOE+00
0 .0000E+00

1.3025E-02
0.OOOOE+00
2.9847E-03
0.OOOOE+00
6. 1000E-04
1.5122E-03

0 OOOOE+00
0 OOOOE+00
2. 0292E-03
6 0000E+00
1. 0963E-03
2. 8125E-04

0.OOOOE+00
0.OOOOE+00
0 OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
1 .8246E-04

0.OOOOE+00
2 .2641E-04
0.OOOOE+00
9. 6818E-07
6.3577E-02
0.OOOOE+00
7.2004E-03
0.OOOOE+00
6.0949E-04
3.0705E-03
0.OOOOE+00
0.OOOOE+00
6.0638E-03
0.OOOOE+00
5.2758E-03
1.3312E-04

0.OOOOE+00
1.9672E-11
1. 3349E-08
2. 9306E-07
1. 6163E-10
5. 5149E-08
5. 6127E-08
5.0727E-06
2. 2848E-07
5.2229E-06
2. 7634E-07
3.9138E-07
3. 8441E-04
0.OOOOE+00
5.0771E-04
2.3074E-08
1.3058E-05
1.1283E-04
3.6486E-07
1.9008E-07
2.0682E-04
8.8283E-07
7. 1215E-05
1.1435E-06

0 OOOOE+00
0 OOOOE+00

0 OOOOE+00
0 OOOOE+00
0 .OOOOE+00
0 OOOOE+00
0 OOOOE+00
1. 3999E-04
0.OOOOE+00
8.4354E-05
0.OOOOE+00
0.OOOOE+00
8.2240E-04
0.OOOOE+00
2 9613E-03
0 OOOOE+00
2. 3488E-04
6 .4702E-04
0 OOOOE+00
0 OOOOE+00
9.2843E-04
0.OOOOE+00
3. 8156E-04
2.6929E-05

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+0o
0.OOOOE+00
5.5346E-05
0.OOOOE+00
5. 6231E-05
0.OOOOE+00
1.4814E-07
4. 9153E-03
0.OOOOE+00
7. 1338E-03
0.OOOOE+00
2.0982E-04
1.6553E-03
0.OOOOE+00
0.OOOOE+00
2.9785E-03
0.OOOOE+00
9.2302E-04
8.8218E-06

RATIO
CPFmn/CPImn

0.0000
0.1524
0.6675
0.6730
.0.3382
0.1309
0. 1332
0.3040
0.7091
0.2616
0.6688
0.1896
0. 0655
0. 0000
0.9866
0.1919
0.3428
0.5138
0.6751

0.7202
0.4677
0.7413

0.2055
0.0836
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1-2: ISI Every 10 Years (cont.)

60
61
62
63
64
65

3 .4196E-05
6. 3437E-07
4. 6580E-03
1. 5523E-03
1. 8747E-03
1. 6533E-04

5. 1697E-04
0.OOOOE+00
1.0090E-02
3. 1172E-03
4.0838E-03
1. 9541E-03

4.9575E-04
2.4648E-11
5.1261E-02
2. 1441E-02
2.2910E-02
2. 8139E-03

5. 1734E-06
3. 7831E-08
5.0659E-04
2.2840E-04
2.8006E-04
1.6078E-04

1.0188E-04
0 .OOOOE+00
1. 0724E-03
6 . 1778E-04
6. 6854E-04
1. 9452E-03

6.8749E-05 0.1513
2.4484E-14 0.0596
6,4912E-03 0.1088
3.0185E-03 0.1471
3.7212E-03 0.1494
2.7094E-03 0.9725

NOTES: CPI IS CONDITIONAL PROBABILITY OF CRACK INITIATION, P(IIE)
CPF IS CONDITIONAL PROBABILITY OF TWC FAILURE, P(FIE)

WCAP- 16168-NP-A 
June2008
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1-2: ISI Every 10 Years (cont.)

* PROBABILITY DISTRIBUTION FUNCTION (HISTOGRAM) *

* FOR THE FREQUENCY OF CRACK INITIATION *

FREQUENCY OF RELATIVE CUMULATIVE
CRACK INITIATION DENSITY DISTRIBUTION

(PER REACTOR-OPERATING YEAR) (%) (%)

0.OOOOE+00 1.8657 1.8657
1.3669E-06 95.1129 96.9786
4.1008E-06 1.6643 98.6429
6.8346E-06 0.5400 99.1829
9.5685E-06 0.2614 99.4443
1.2302E-05 0.1471 99.5914
1.5036E-05 0.0986 99.6900
1.7770E-05 0.0771 99.7671
2.0504E-05 0.0329 99.8000
2.3238E-05 0.0300 99.8300
2.5972E-05 0.0186 99.8486
2.8705E-05 0.0229 99.8714
3.1439E-05 0.0157 99.8871
3.4173E-05 0.0186 99.9057
3.6907E-05 0.0071 99.9129
3.9641E-05 0.0043 99.9171
4.2375E-05 0.0029 99.9200
4.5109E-05 0.0057 99.9257
4.7842E-05 0.0157 99.9414
5.0576E-05 0.0086 99.9500
5.3310E-05: -0.0029 99.9529
5.6044E-05 0.0029 99.9557
6.1512E-05 0.0029 99.9586
6.4246E-05 0.0071 99.9657
6.6979E-05 0.0043 99.9700
6.9713E-05 0.0043 99.9743
7.2447E-05 0.0029 99.9771
7.5181E-05 0.0014 99.9786
8.0649E-05 0.0014 99.9800
8.3383E-05 0.0014 99.9814
8.8850E-05 0.0043 99.9857
9.4318E-05 0.0029 99.9886
9.7052E-05 0.0029 99.9914
9.9786E-05 0.0014 99.9929
1.1072E-04 0.0014 99.9943
1.2166E-04 0.0014 99.9957
1.7907E-04 0.0014 99.9971
2.4195E-04 0.0014' 99.9986
2.6928E-04 0.0014 100.0000
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1-2: ISI Every 10 Years (cont.)

== Summary Descriptive Statistics ==

Minimum
Maximum
Range

Number of Simulations

5th Percentile
Median
95.0th Percentile
99.0th Percentile
99.9th Percentile

Mean
Standard Deviation
Standard Error
Variance (unbiased)
Variance (biased)
Moment Coeff. of Skewness
Pearson's 2nd Coeff. of Skewness
Kurtosis

= 0.0000E+00
= 2.7065E-04

= 2.7065E-04

= 70000

9.2117E-12

3.0552E-08
= 1.3669E-06

= 5.9089E-06
= 3.3332E-05

= 4.4736E-07
= 2.9010E-06
= 1.0965E-08

= 8.4156E-12
= 8.4155E-12
= 3.6027E+01
= 4.6263E-01
= 2.3099E+03

* PROBABILITY DISTRIBUTION FUNCTION (HISTOGRAM) *

* FOR THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

FREQUENCY OF
TWC FAILURES

(PER REACTOR-OPERATING

RELATIVE
DENSITY

YEAR) (%)

CUMULATIVE
DISTRIBUTION

(%)

0.OOOOE+00
7.0253E-07
2. 1076E-06
3.5126E-06
4. 9177E-06
6.3228E-06
7.7278E-06
9.1329E-06
1.0538E-05
1. 1943E-05
1.3348E-05
1.4753E-05
1.6158E-05
1.7563E-05
2.4589E-05

2.7414
96.4900
0.3986
0.1529
0.0600
0.0414
0.0286
0.0257
0. 0043
0. 0086
0.0114
0. 0014
0 .0043

0. 0071
0.0029

2.7414

99.2314
99.6300
99.7829
99.8429
99.8843
99.9129
99.9386
99.9429
99. 9514
99.9629
99.9643
99.9686
99.9757
99.9786
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1-2: ISI Every 10 Years (cont.)

2.7399E-05
3.0209E-05
3.1614E-'05

3.4424E-05
3.5829E-05
3.7234E-05
3.8639E-05
4.0044E-05
4.4259E-05
6.9550E-05
1.3278E-04
1.3980E-04

0.0029
0.0014
0. 0029
0.0014
0.0029
0.0014
0.0014

0.0014
0.0014
0.0014
0.0014

0.0014

99.9814
99.9829
99.9857
99.9871
99.9900
99.9914
99.9929
99. 9943
99.9957
99.9971
99.9986

100.0000

== Summary Descriptive Statistics ==

Minimum
Maximum
Range

Number of Simulations

5th Percentile
Median
95.0th Percentile
99.0th Percentile
99.9th Percentile

Mean
Standard Deviation
Standard Error
Variance (unbiased)
Variance (biased)
Moment Coeff. of Skewness.
Pearson's 2nd Coeff. of Skewness
Kurtosis

= 0.OOOOE+00
= 1.3910E-04

= 1.3910E-04

= 70000

= 1.2899E-13

= 2.0727E-09

= 7.0253E-07

= 1.0895E-06
= 7.0955E-06

= 7.3880E-08

= 1.0054E-06
= 3.8001E-09
= 1.0108E-12

= 1.0108E-12

= 8.5112E+01
= 1.2928E-01
= 1.0251E+04

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) - *

* WEIGHTED BY TRANSIENT INITIATING FREQUENCIES *

% of total % of total
frequency of frequency of

crack initiation of TWC failure
2 0.00 0.00

16 0.00 0.00
18 0.00 0.01
19 0.16 0.66

WCAP- 16168-NP-A June 2008
Revision 2



1-18

1-2: ISI Every 10 Years (cont.)

22
24
26
27
29
31
32
34
40
42
48
49
50
51
52
53
54
55
58
59
60
61
62
63
64
65

0.00
0.00
0.05
0.18
0.00
0.06
0.00
0.01

52. 00
0.00
0.10
0.00
0.01
0.01
0.09
0 .08
0 .57
0.66

22 .68

0.69
1.80
0 .03
9.31
2.87
3.76
4.90

0.00
0.00
0.04
0.34
0.00
0.10
0.00
0.01

21.41
0.00
0.57
0.00
0 .01
0.02
0.36
0.37
1.63
3.11

28.39
0.33
1.68
0.01
6 .13
2 .66
3.33

28.85

100.00TOTALS 100.00

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) - *

*

*

*

*

BY
RPV BELTLINE MAJOR REGION

BY PARENT SUBREGION

*

*

*

*

* WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT *

* TO FREQUENCY OF CRACK INITIATION AND *

* THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

% of
MAJOR RTndt total
REGION (MAX) flaws

% of total
frequency of

crack initiation

8.49
11.97
11.45
21.86

% of total
through-wall crack

frequency
.cleavage ductile total

1
2
3
4

237.44
246.96
246.96
247.43

2.04
2 .04
2.04
3.16

6.27
8.50
7.14

12.94

3.00
5.03
4.59

10.00

9.27
13.53
11.73
22.94
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1-2: ISI Every 10 Years (cont.)

5
6
7
8
9

10
11
12
13

237.77
247.43
231.49
195.14
166 .15
130.00
206.88
186.36
208.62

3 .16

3 .16
19. 12
8.55
8 .55

8.55
13.21
13.21
13.21

15.63
23.36
7.26
0.00
0.00
0.00
0.00
0. 00
0.00

100.00

8.90
17.70
0.00
0.00
0.010
0.00
0.00
0.00
0.00

5.70
10.23
0.00
0.00
0.00
0.00
0.00
0.00
0.00

14.60
27.93
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TOTALS 100.00 61.45 38.55 100.00

*

*

*

*

FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION
AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) -

BY
RPV BELTLINE MAJOR REGION

BY CHILD SUBREGION

*

*

*

*

*

**

*WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT*
* ~TO FREQUENCY OF CRACK INITIATION AND*

* ~THROUGH-WALL CRACKING FREQUENCY (FAILURE)*

*% o f
MAJOR RTndt total
REGION (MAX) .flaws

1.
2
3
4
5
6
7
8
9

10
11
12
13

237 .44
246.96
246 .96
247.43
237.77
247 .43
231.49
195 .14
166 .15
130.00
206.88
186.36
208.62

2 .04

2 .04

2 .04

3.16
3 .16
3 .16

19.12
8 .55

8 .55

8.55
13 .21
13 .21
13.21

% of total
frequency of

crack initiation

8.49
11. 97
11 .45
21.86
15.63
23.36
6. 96
0.00
0.00
0.00
0.00
0.00
0.29

56 of total
through-wall crack

frequency
cleavage ductile total

6.27
8.50
7.14

12 .94

8. 90
17.70
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3.00
5.03
4.59
10.00
5.70

10.23
0.00
0.00
0.00
0.00
0.00
0.00
0.00

9.27
13 .53
11 .73
22 .94

14 .60

27.93
0.00
0.00
0.00
0.00

0.00
0.00

TOTALS 100.00 100.00 61.45 38.55 -100.00
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1-2: ISI Every 10 Years (cont.)

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION
* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) -
* MATERIAL, FLAW CATEGORY, AND FLAW DEPTH

*

*

*

*

* WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT *
* TO FREQUENCY OF CRACK INITIATION AND
* THROUGH-WALL CRACKING FREQUENCY (FAILURE) *
********* ****W****************************

* WELD MATERIAL *
* ******* ******

% of total frequency
of crack initiation

of total through-wall
crack frequency

FLAW
DEPTH
(in)

0.088
0.175
0.263
0.350
0.438
0.525
0.613
0.700
0.787
0.875
0.963
1.050
1.137
1.225
1.313
1.400
1.488
1.575
1.663
1.750
1.837
1.925

TOTALS

CAT I CAT 2 CAT 3 CAT 1 CAT 2 CAT 3
flaws flaws flaws flaws flaws flaws

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3.70
37.45
13.39
10.03
7.97
6.65
5.13
3.58
2.47
1.59
2.29
0.96
1.31
0.78
0.34
0.54
0.40
0.05
0.84
0.13
0.17
0.06

0.00
0.00
0.00
0.00
0.01
0 .01
0.01
0. 03
0.02
0.00
0.01
0.02
0.01
0.00
0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.14

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.68
20.91
10.25

9.61
9.27

10.34
7.94
5.22
3.86
1.90
4.94
1.60
2.78
1.67
0.43
1.31
1.14
0.13
3 .14

0.42
0.60
0.04

0.00
0.00
0.00
0.01

0.05
0.06
0. 06
0 .14

0. 13
0. 02
0.05
0.10
0.03
0.01
0.04
0.03
0.01
0.01
0.04

0.00
0.00
0.02

0.830.00 99.86 0.00 99.17
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1-2: ISf Every 10 Years (cont.)

* PLATE MATERIAL *

% of total frequency
of crack initiation

% of total through-wall
crack frequency

FLAW
DEPTH
(in)

0.088
0.175
0.263
0.350
0.438
0.525
0.613
0.700
0.787
0.875
0.963
1.050
1.137

TOTALS

CAT I CAT 2 CAT 3 CAT 1 CAT 2 CAT 3
flaws flaws flaws flaws flaws flaws

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. 00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0. 00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
*0..00

0. 00

DATE: 27-Jun-2007 TIME: 10:24:06
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APPENDIX J
INPUTS FOR THE OCONEE UNIT 1 PILOT PLANT EVALUATION
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A summary of the NDE inspection history based on Regulatory Guide 1.150 and pertinent input data for
OCI is as follows:

1. Number of inservice inspections performed (relative to initial pre-service and 10 year interval
inspections) for full penetration category B-A and B-D vessel welds assuming all of the candidate
welds were inspected: 3 (covering all welds of the specified categories).

2. The inspections performed covered: 62 total examinations. 23 items with 100% coverage, 22
items with < 90% coverage and 17 items with coverage >90% but less than 100%.

3. Number of indications found during most recent inservice inspection: 44
This number includes consideration of the following additional information.

a. Indications found that were reportable: 0
b. Indications found that were within acceptable limits: 44
c. Indications/anomalies currently being monitored: 0

4. Full Penetration Relief requests for the reactor vessel submitted and accepted by the NRC: 2
relief requests for limited coverage for 22 items, as noted in item 2

5. Fluence distribution at inside surface of RV Beltline until end of life is shown in: see Figure J-1
taken from the NRC PTS Risk Study [44], Figure 4.1.

WCAP- 16168-NP-A 
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H -
;Ir ý 1 3 If -Ml

S"N Kw4 -N

Figure J-1 Rollout Diagram of Beitline Materials and Representative Fluence Maps for OCt

6. Reactor vessel cladding details:
a. Number of layers: I
b. Thickness:O0.188
c. Material properties are identified in Table J-1:

WCAP-.1 6168-NP-A 
June 2008
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Table J-1 Cladding Material Properties

Specific Young's Thermal
Thermal Heat Modulus of Expansion

Conductivity (Btu/LBM- Elasticity Coefficient
Temperature (Btu/hr-ft-°F) OF) (KSI) (OF-I) Density Poisson's(LBM/ft3) Ratio

(OF) "K " "E" "." 1 .p ". V"

0 - 489 .3
68 - 22045.7 489 .3
70 8.1 0.1158 - 489 .3
100 8.4 0.1185 - 8.55E-06 489 .3
150 8.6 0.1196 - 8.67E-06 489 .3
200 8.8 0.1208 - 8.79E-06 489 .3
250 9.1 0.1232 - 8.9E-06 489 .3
300 9.4 0.1256 - 9.OE-06 489 .3
302 - - 20160.2 489 .3
350 9.6 0.1258 - 9.1E-06 489 .3
400 9.9 0.1281 9.19E-06 489 .3
450 10.1 0.1291 - 9.28E-06 489 .3
482 - - 18419.8 489 .3
500 10.4 0.1305 - 9.37E-06 489 .3
550 10.6 0.1306 - 9.45E-06 489 .3
600 10.9 0.1327 - 9.53E-06 489 .3
650 11.1 0.1335 - 9.61E-06 489 .3
700 11.4 0.1348 - 9.69E-06 489 .3
750 11.6 0.1356 - 9.76E-06 489 .3
800 11.9 0.1367 9.82E-06 489 .3

d. Material including copper and nickel content: Material properties assigned to clad flaws

are that of the underlying material be it base metal or weld. These properties are

identified in Table J-3. This is consistent with the PTS evaluation [8, 9].

e. Material property uncertainties:

1) Bead width: 1 inch - bead widths vary for all plants. Based on the NRC PTS

Risk Study [8, 9], a nominal dimension of 1 inch is selected for all analyses

because this parameter is not expected to significantly influence the predicted
vessel failure probabilities.

2) Truncation Limit: Cladding thickness rounded up to the next 1 / 1 0 0 th of the total

vessel thickness to be consistent with the NRC PTS Risk Study [8, 9].

3) Surface flaw depth: 0.03 x 8.626 = 0.259 in
4) All flaws are surface-breaking. Only flaws in cladding that would influence

brittle fracture of the reactor vessel are brittle. This is consistent with the NRC

PTS Risk Study [8, 9].

f. Additional cladding properties are identified in Table J-4

7. Base metal:
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a. Wall thickness: 8.438 inches

b. Material properties are identified in Tables J-2 and J-3:

Table J-2 Base Metal Material Properties

Specific Young's Thermal
Thermal Heat Modulus of Expansion

Conductivity (Btu/LBM- Elasticity Coefficient
(Btu/hr-ft-°F). OF) (KSI) (OF-I) Density Poisson's

Temperature (LBM/ft') Ratio
(OF) -K" .. C" "E" "a" 1 .p" 'IV

0 - - - 489 .3

70 24.8 0.1052 29200 - 489 .3
100 25 0.1072 - 7.06E-06 489 .3

150 25.1 0.1101 - 7.16E-06 489 .3

200 25.2 0.1135 28500 7.25E-06 489 .3

250 25.2 0.1166 - 7.34E-06 489 .3

300 25,1 0.1194 28000 7.43E-06 489 .3

350 25 0.1223 - 7.5E-06 489 .3

400 25.1 0.1267 27400 7.58E-06 489 .3

450 24.6 0.1277 - 7.63E-06 489 .3
500 24.3 0.1304 27000 7.7E-06 489 .3

550 24 0.1326 7.77E-06 489 .3

600 23.7 0.135 26400 7.83E-06 489 .3

650 23.4 0.1375 - 7.9E-06 489 .3
700 23 0.1404 25300 7.94E-06 489 .3

750 22.6 0.1435 - 8.OE-06 489 .3

800 22.2 0.1474 23900 8.05E-06 489 .3
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Table J-3 OCI-Specific Material Values Drawn from the RVID (see Ref. 44 Table 4.1)

Major Material Region Description Un-
Irradiated

Cu Ni P Mn RTNL)T

# Type Heat Location Iwt%l Iwt%l Iwt%l Iwt%l [°F1

1 Axial Weld SA- 1430 Lower 0.190 0.570 0.017 1.480 -5

2 Axial Weld SA-1493 Intermediate 0.190 0.570 0.017 1.480 -5

3 Axial Weld SA-1073 Upper 0.210 0.640 0.025 1.380 -5

4 Circ Weld SA-1585 Lower 0.220 0.540 0.016 1.436 -5

5 Circ Weld SA-1229 Intermediate 0.230 0.590 0.021 1.488 10

6 Circ Weld SA-1 135 Upper 0.230 0.520 0.011 1.404 - 5

7 Plate C-2800 Lower 0.110 0.630 0.012 1.400 1

8 Plate C3265-1 Intermediate 0.100 0.500 0.015 1.420 1

9 Plate C3278-1 Intermediate 0.120 0.600 0.010 1.260 1

10 Plate C2197-2 Upper 0.150 0.500 0.008 1.280 1

11 Forging ZV2861 Upper 0.160 0.650 0.006 0.800 3

8. Weld metal details: Details of information used in addressing weld-specific information are taken

directly from the NRC PTS Risk Study [44], Table 4.2. Summaries are reproduced as Table J-4.

Values for SAW Weld Volume fraction and Repair Weld Volume fraction in Table J-4 were

changed to 96.7% and 2.3% respectively per NUREG-1874 [9].
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Table J-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution

inner Radius (to cladding)

Base Metal Thickness

TotalWall Thickness

[in] SAM 7.875"

[in] &626 8031

8.5 8.675 Vessel specific info
J-78.75 1 8,988 1 Vessel specific info

Thru-Walt Bead
Thicknes:. ...... .. ......................................... ..

Truncation Limit

Buried or Surface

Orientation

[in] I 0.1875 1 5 0.1875 01875

[in]

--------- 4-
All flaws are buried

.Circ flaws in circ welds, axial flaws in axial:
welds.

,Shoreham density

100% - SMAW% - REPAIR%

All plants report plant specific
•dimensions of 3/16-in,

Judgment. Approx, 2X the
size of the largest non-repair
flaw observed in PVRUF &
Shoreham.
Observation

Observation: Virtually all Of
the weld flaws in P\YRUF &
Shoreham were aligned With
the welding direclion because
they were lack of sidewall
fusion defects.
Highest of observations

SAW
Weld Density basis { --

Aspect ratio-
basis

Shoreham & PVRUF observations

Statistically similar
distributions from Shoreham
and PVRUF were combined
to provide more robust
estimates, when based on
judgment the amountcdata
were limited. and/or
insufficient to~identify:different
trends for aspect ratios for
flaws in the two vessels,

Depth basis. Shoreham & PVRUF observations

Statistically~similar
distributions combined to
provide more robust
estimates
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Table J-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Volume fraction f%] 1%

Thru-Wall Bead
Thickness

[in] 0.21 0,20 0.22 025

UPj)•,to UQ(UI luý,] I fU Plal #1•1it

specific info provided by
Steve Byrne (Westinghouse-
Windsor). _ _

Oconee is generic value
based on average of all
plants specific values
(including Shoreham &
PVRUF data). Other values
are plant specific as reported

_.y,.SteveBrne.

Judgment, Approx, 2X the
size of the largest non-repair
flaw observed in PVRUF &
Shoreham,

Truncation Limit [in) I

Buried or Surface

Orientation

All flaws are buried

Circ flaws in circ welds, axial flaws in axial
welds.

Observation

SMAW
Weld

Observation: Virtually all of
the weld flaws in PVRUF &
Shoreham were aligned with
the welding direction because
they were lack of sidewall
fusion defects.

Density basis

Aspe(;ct ratio
basis

Shoreham density Highest of observations
Statistically similar
distributions from Shoreham
and PVRUF were combined
to provide more robust

Shoreham & PVRUF. observations estimates, when based on
judgment the amount data
were limited and/or
insufficientto identify different
trends for aspect ratios for
flaws in-thetwo vessels,

Depth basis Shoreharm.& PVRUF observations

Statistically similar
distributions combined to.
provide more robust
estimates
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Table J-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Repair
Weld Volume fraction [%]

Juuymilký. M U•uu• ýu.
integral percentage that
exceeds the repaired volume
observed for Shoreham and
for PVRUF. which was 1i5%.

ThruWall Bead [,4 Generic value: As observed
Thickness [i014 in PVRUF and Shoreham by
Thickness PNNL.

Truncation Limit fin]

........... ... .... -- .....

.Orientation

All flaws are buried

Density basis --

Circ flaws in circ welds, axial flaws in axial
welds.

Shoreham density

Shoreham & PVRUF observations

Judgment. Approx. 2X the
largest repair flaw found in
PVRUF & Shoreham. Also
based on maximum expected
Width of repair cav!Y , ..

Observation

The repair flaws had complex
shapes and orientations that
were~not aligned with either
the axial orcircumferential
welds; for consistency with
the available treatments'of
flaws by the FAVOR code, a
common treatment of
orientations was adopted for
flaws in SAW/SMAW and
repair welds.

Highest of observations

Stitistically similar
distribttions from Shoreham
and PVRUF were combined
to provide rore. robust
estimates, when based on
judgm enit the amount data
were limited and/or
insufficient to identify different
trends for.aspect ratios for
flaws in the two vessels.
Stalistically similar
distributions combined to
p rovide minore robust
estimates

Aspect ratio,
basis

Depth-basis Shoreham & PVRUF.observations
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Table J-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

Liacaing Actual I hickness
# of Layers

Iinj U.11:56 1 , l~bb 0b 1 uj,313

[#M 1 j. 2 _ 2 2

[in)

Vessel specitic into
Vessel specific info
Bead widths of 1 to 5-in,
characteristic of machine
deposited cladding, Bead
widths down to Y-in. can
occur over welds. Nominal
dimension of 1 -in. selected
for all analyses because this
parameter is not expected to
influence significantly the
predicted vessel failure
probabilities. May need to
refine this estimate later,
particularly for Oconee who
reported a 5-in bead width.

Bead Width I

Actual clad thickness rounded to the nearestftin] 1/100 of the total vessel wall thickness Judgment & computational

Surface flaw [in) 0.259 0161 0.263 0.360 convenience
depth in FAVOR...

Buried or Surface All flaws are surface breaking

Judgment. Only flaws in
cladding that would influence
brittle fracture of the vessel
are brittle. Materal properties
assigned to clad flaws-are
that of the underlying
material, be it base or weld.

Orientation All circ'umnferential,

.Observation: All flaws
observed in PVRUF &
Shoreham were lack of-inter=
run fusion defects, and
cladding is always-deposited
circumferentially

No-surface flaws observed. Density is
111000 that of the observed buried flaws in

Density basis cladding of vessels examined by PNNL. If Judgment
there iS more than one clad layer then there

are no clad flaws.
Aspect ratio, -Observations on buried flaws Judgment
basis . '

Depth basis
Depth of all surface flaws is the actual clad
thickness rounded up to the nearest 1/100'

of the total vessel wall thickness.
Judgment:
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Table J-4 Summary of Reactor Vessel-Specific Inputs for Flaw Distribution (cont.)

[in] 0A33

Buried or Suirface All flaws are buried

Half of the simulated flaws are
circumferential, half are axial.

.JUUyn• I LtItW, t~ ~lgl [ ll( pI, I Iql

of the largest flaw rbserved in
allPNN plteinspections.

Observation
Observation & Physics: No
observed orientation
preference, and no reason to
suspect one (other than
laminations which are beniqn.

Orientation
Plate

Density basis 1/10 of small weld flaw density, 1/40 of large Judgment. Supportedby

weld flaw density of the PVRUF data limited data.

Aspect ratio _ Same as for PVRUF welds Judgment
basis

Depth basis ' Same as for PVRUF welds .Judgment.. Supported by
limited data.

9. TWCF95-TOTAL value calculated at 500 EFPY using correlations from NUREG- 1874 (Referehce
9): 3.16E-07 Events per year
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APPENDIX K
OCONEE UNIT I PROBSBFD OUTPUT
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K-I: 10 Year ISI only

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
MONTE-CARLO SIMULATION PROGRAM PROBSBFD VERSION 1.0WESTINGHOUSE

INPUT VARIABLES FOR CASE

NCYCLE
NOVARS
NUMSSC

80
19

4

3: OCI 10 YEAR ISI ONLY

NFAILS = 1001
NJ•MSET = 2

NUMTRC = 4

NTRIAL =

NUMISI =

NUMFMD =

1000
5
4

VARIABLE
NO. NAME

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

FIFDepth
IFlawDen
ICy-ISI

DCy-ISI
MV-Depth
SD-Depth
CEff-ISI
Aspectl
Aspect2
Aspect3
Aspect4
NoTr/Cy
FCGTh1d
FCGR-UC
DKINFile
Percentl
Percent2
Percent3
Percent4

DISTRIBUTION
TYPE LOG

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -
- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -
- CONSTANT -
NORMAL NO
- CONSTANT -

- CONSTANT -

- CONSTANT -
- CONSTANT -

- CONSTANT -

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

3.OOOOD-02
3.6589D-03
1. OOOOD+01
8. OOOOD+01
1.5000D-02
1.8500D-01
1.OOOOD+00
2.OOOOD+00
6.OOOOD+00
1. OOOOD+01
9. 9000D+01
1.2000D+01
1.5000D+00

0.OOOOD+00
1.OOOOD+00
6.7450D+01
2.0769D+01
3.9642D+00

7. 8166D+00

1
2
1
2
3
4
5
1
2
3
4
1

2
.00 3

4
1
2
3
4

SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FMD

1.OOOOD+00

INFORMATION GENERATED FROM FAVLOADS.DAT FILE
AND SAVED IN DKINSAVE.DAT FILE:

WALL THICKNESS = 8.6260 INCH

FLAW DEPTH MINIMUM K AND MAXIMUM K FOR

TYPE 1 WITH AN ASPECT RATIO OF 2.

8.62600D-02
1.58718D-01
4.31300D-01
6.46950D-01
8.62600D-01
1.72520D+00
2.58780D+00

4.31300D+00

2 .26895D+00
3. 02106D+00
1. 30893D+01
1. 39096D+01
1 .44263D+01

1. 30110D+01
7. 51977D+00

-2.67288D+00

1.06757D+01
1. 44232D+01
2. 08943D+01
2 .49826D+01
2 .80058D+01

3. 31903D+01
3. 23837D+01
3. 20852D+01

TYPE 2 WITH AN ASPECT RATIO OF 6.

WCAP- 16168-NP-A 
June 2008
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K-I: 10 Year ISI only (cont.)

8.6260OD-02
1. 58718D-01
4 .31300D-01
6 .46950D-01
8.62600D-01
1. 72520D+00
2. 58780D+00
4. 31300D+00

3.40901D+00
4. 63620D+00
1. 99455D+01
2.33230D+01
2.45197D+01
2 .46021D+01
1.95704D+01
8.31986D+00

1. 61172D+01
2. 21942D+01
3. 13897D+01
3 .76625D+01

4. 30412D+01
5. 46183D+01
5. 81373D+01
6. 38027D+01

TYPE 3 WITH AN ASPECT RATIO OF 10.

8.62600D-02
1.58718D-01
4.31300D-01
6.46950D-01
8.62600D-01
1.72520D+00
2.58780D+00
4.31300D+00

3.73472D+00
4.95671D+00
2.11257D+01

2.53490D+01
2.66367D+01
2.73025D+01
2.36720D+01
1.21426D+01

1.76698D+01
2.37364D+01
3.35265D+01
4.01563D+01

4.59818D+01
5.94651D+01

6.65485D+01
7.64376D+01

TYPE 4 WITH AN ASPECT RATIO OF 99.

8.62600D-02
1.72520D-01
2.5878OD-01
4.31300D-01
6.46950D-01
8.62600D-01
1.72520D+00
2.58780D+00

6. 74437D+00
9. 55233D+00
1. 62039D+01
2 .37153D+01

2. 70360D+01
2. 84566D+01
3. 19293D+01
2.97815D+01

1.82354D+01
2.55450D+01
2.74271D+01

3.58624D+01

4.44287D+01
5.07281D+01
6.96665D+01
8.22041D+01

AVERAGE CALCULATED VALUES FOR: Surface Flaw Density with FCG and ISI

NUMBER FAILED = 0 NUMBER OF TRIALS = 1000

DEPTH (WALL/400) AND FLAW DENSITY FOR ASPECT RATIOS OF 2; 6, 10 AND 99

12
13
14
15
16
17
18
19
20
22
24
25
28

2.2380D-04
6.5980D-06

0.0000D+00
0.0000D+00
0.0000D+00
0.0000D+00
0. 0000D+00
0 .OOOOD+00
0. 0000D+00
0 OOOOD+00
0 .0000D+00

0. 0000D+00
0.OOOOD+00

1.0377D-05
4.0083D-05
1.2906D-05
3.4523D-06
1.1683D-06
5.0981D-07
3.1177D-07
1.2295D-07
0.OOOOD+00
5.7099D-08

0.0000D+00
5.4884D-08
0.OOOOD+00

1.4547D-06
7. 1947D-06
2.8652D-06
1. 0131D-06
2. 9704D-07
1.5720D-07
3. 5675D-08
5.8386D-08
2.2976D-08
0.0000D+00
0.0000D+00
1. 0551D-08
1.0078D-08

1.1205D-05
1.1813D-05
2.3081D-06
4.5211D-07
2.7150D-07
1.2084D-07
7.1479D-08
0.0000D+00
0.OOOOD+00
0.OOOOD+00
2.2058D-08
0.0000D+00
2.115OD-08
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K-2: ISI Every 10 Years

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
MONTE-CARLO SIMULATION PROGRAM PROBSBFD VERSION 1.0WESTINGHOUSE

INPUT VARIABLES FOR CASE 2: OCI 10 YEAR INTERVAL

NCYCLE =

NOVARS =
NUMSSC =

VARIABLE
NO. NAME

80
19

4

NFAILS = 1001
NUMSET = 2

NUMTRC = 4

NTRIAL =
NUMISI =

NUMFMD =

1000
5
4

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

FIFDepth
IFlawDen
ICy-ISI

DCy-ISI
MV-Depth
SD-Depth
CEff-ISI
Aspectl
Aspect2
Aspect3
Aspect4
NoTr/Cy
FCGThld
FCGR-UC
DKINFile
Percentl
Percent2
Percent3
Percent4

DISTRIBUTION
TYPE LOG

- CONSTANT -
- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -
- CONSTANT -

- CONSTANT -
- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -
NORMAL NO
- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

3. OOOOD-02
3. 6589D-03
1. OOOOD+01
1. OOOOD+01
1. 5000D-02
1. 8500D-01
1 .OOOOD+00
2. 0000D+00
6 .OOOOD+00
1. 0000D+01
9 9000D+01
1. 2000D+01
1. 5000D+00
0 OOOOD+00
1. OOOOD+00
6. 7450D+01

2.0769D+01
3.9642D+00

7. 8166D+00

1
2
1
2
3
4
5
1
2
3
4
1
2

.00 3
4
1
2
3
4

SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FMD

1.OOOOD+00

INFORMATION GENERATED FROM FAVLOADS.DAT FILE
AND SAVED IN DKINSAVE.DAT FILE:

WALL THICKNESS = 8.6260 INCH

FLAW DEPTH MINIMUM K AND MAXIMUM K FOR

TYPE 1 WITH AN ASPECT RATIO OF 2.

8. 62600D-02
1. 58718D-01
4. 31300D-01
6 .46950D-01
8. 62600D-01
1. 72520D+00
2.58780D+00
4. 31300D+00

2.26895D+00
3.02106D+00
1.30893D+01
1.39096D+01
1.44263D+01
1.30110D+01
7.51977D+00

-2.67288D+00

1.06757D+01
1.44232D+01
2.08943D+01
2.49826D+01
2.80058D+01
3.31903D+01
3.23837D+01
3.20852D+01

TYPE 2 WITH AN ASPECT RATIO OF 6.
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K-2: ISI Every 10 Years (cont.)

8.62600D-02
1.58718D-01

4.31300D-01
6.46950D-01
8.62600D-01
1.72520D+00
2.58780D+00
4.31300D+00

3.40901D+00
4.63620D+00
1.99455D+01
2.33230D+01
2.45197D+01
2.46021D+01
1.95704D+01
8.31986D+00

1.61172D+01
2.21942D+01
3.13897D+01
3.76625D+01
4.30412D+01
5.46183D+01
5.81373D+01
6.38027D+01

TYPE 3 WITH AN ASPECT RATIO OF 10.

8.62600D-02
1.58718D-01
4.31300D-01
6.46950D-01
8.62600D-01
1.72520D+00
2.58780D+00
4.31300D+00

3.73472D+00
4.95671D+00
2.11257D+01
2.53490D+01
2.66367D+01
2.73025D+01
2.36720D+01
1.21426D+01

1.76698D+01
2.37364D+01
3.35265D+01
4.01563D+01

4. 59818D+01
5.94651D+01
6.65485D+01
7.64376D+01

TYPE 4 WITH AN ASPECT RATIO OF 99.

8.62600D-02
1. 72520D-01
2. 58780D-01
4. 31300D-01
6 .46950D-01
8.6260OD-01
1. 72520D+00
2.58780D+00

6. 74437D+00
9 .55233D+00

1.62039D+01
2. 37153D+01
2. 70360D+01
2 .84566D+01

3. 19293D+01
2.97815D+01

1. 82354D+01
2 .55450D+01

2.74271D+01
3. 58624D+01
4. 44287D+01
5. 07281D+01
6. 96665D+01
8. 22041D+01

AVERAGE CALCULATED VALUES FOR: Surface Flaw Density with FCG and ISI

NUMBER FAILED = 0 NUMBER OF TRIALS = 1000

DEPTH (WALL/400) AND FLAW DENSITY FOR ASPECT RATIOS OF 2, 6, 10 AND 99

12
13
14
15
16
17
18
19
20
22
24
25
28

1.3580D-10
2. 8117D-12
0.OOOOD+00
0.OOOOD+00
0.0000D+00
0.OOOOD+00
0.0000D+00
0.OOOOD+00
0.0000D+00
0.0000D+00
0.OOOOD+00
0.0000D+00
0.0000D+00

5.4482D-12
1.4377D-11
2.2869D-12'
2.9908D-13
4.7816D-14
1.0793D-14
2.8658D-15
6.3484D-16
0.OOOOD+00
1.1431D-17
0.OOOOD+00
1.4911D-18
0.OOOOD+00

7. 5613D-13
2. 5387D-12
5.0820D-13
8. 6948D-14
1. 1866D-14
2. 7598D-15
3 3064D-16
2. 5927D-16
5. 0956D-17
0.OOOOD+00
0.OOOOD+00
3. 6983D-19
2.2911D-20

6.1767D-12
4.4630D-12
4.3208D-13
4.2493D-14
1.3716D-14
2.7273D-15
8.9749D-16
0.OOOOD+00
0.0000D+00
0.0000D+00
5.0464D-18
0.OOOOD+00
2.7483D-19
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APPENDIX L
OCONEE UNIT 1 PTS TRANSIENTS

Table L-1 PTS Transient Descriptions for OCI

TH
Case Mean 1E

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
1 8 2.54 cm [1 in] surge line None 9.68E-08 No No No

break with 1 stuck open
safety valve in SG-A.

2 12 2.54 cm [1 in] surge line HPI throttled to maintain 27.8 9.24E-07 No No No
break with I stuck open K [500 F] subcooling margin
safety valve in SG-A.

3 15 2.54 cm [1 in] surge line At 15 minutes after transient 3.39E-08 No No No
break with HPI Failure initiation, operator opens all

TBVs to lower primary system
pressure and allow CFT and
LPI injection.

4 27 MSLB without trip of turbine Operator throttles HPI to 2.13E-06 No No No
driven emergency feedwater. maintain 27.8 K [509 F]

subcooling margin.

5 28 Reactor/turbine trip with 1 None 7.53E-08 No No No
stuck open safety valve in
SG-A

6 29 Reactor/turbine trip with 1 None 3.09E-07 No No No
stuck open safety valve in
SG-A and a second stuck
open safety valve in SG-B

7 30 Reactor/turtine trip with 1 None 1.46E-07 Yes No No
stuck open safety valve in
SG-A

8 31 Reactor/turbine trip with 1 None 8.36E-09 Yes No No
stuck open safety valve in
SG-A and a second stuck
open safety valve in SG-B

9 36 Reactor/turbine trip with 1 Operator throttles HPI to 1.40E-05 No No No
stuck open safety valve in maintain 27.8 K [50' F]
SG-A and a second stuck subcooling and 304.8 cm [120
open safety valve in SG-B in] pressurizer level.

10 37 Reactor/turbine trip with I Operator throttles HPI to 1.41E-06 Yes No No
stuck open safety valve in maintain 27.8 K [500 F]
SG-A subcooling and 304.8 cm [120

in] pressurizer level.
11 38 Reactor/turbine trip with 1 Operator throttles HPI to 2.65E-06 Yes No No

stuck open safety valve in maintain 27.8 K [500 F]
SG-A and a second stuck subcooling and 304.8 cm [120
open safety valve in SG-B in] pressurizer level.
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Table L-1 PTS Transient Descriptions for OCI

TH
Case Mean IE

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
12 44 2.54 cm [1 in] surge line At 15 minutes after initiation, 2.69E-07 No No No

break with HPI Failure operators open all TBVs to
depressurize the system to the
CFT setpoint. When the CFTs
are 50 percent discharged, HPI
is assumed to be recovered.
The TBVs are assumed remain
open for the duration of the
transient.

13 89 Reactor/turbine trip with Operator opens all TBVs to 5.38E-07 No No No
Loss of MFW and EFW. depressurize the secondary

side to below the condensate
booster pump shutoff head so
that these pumps feed the
steam generators. Booster
pumps are assumed to be
initially uncontrolled so that
the steam generators are
overfilled (609 cm [240 in]
startup level). Operator
controls booster pump flow to
maintain SG level at 76 cm [30
in] due to continued RCP
operation. Operator also
throttles HPI to maintain 55 K
[I OOEF] subcooling and a
pressurizer level of 254 cm
[100 in]. The TBVs are kept
fully opened due to operator
error.

14 90 Reactor/turbine trip with 2 Operator throttles HPI 20 6.29E-07 No No No
stuck open safety valves in minutes after 2.7 K [57F]
SG-A subcooling and 254 cm [100"]

pressurizer level is reached
[throttling criteria is 27.8 K
[50'F] subcooling].

WCAP- 16168-NP-A 
June 2008
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Table L-I PTS Transient Descriptions for OCI

TH
Case Mean IE

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
15 98 Reactor/turbine trip with loss Operator opens all TBVs to 9.96E-08 Yes No No

of MFW and EFW depressurize the secondary
side to below the condensate
booster pump shutoff head so
that these pumps feed the
steam generators. Booster
pumps are assumed to be
initially uncontrolled so that
the steam generators are
overfilled (610 cm [240 in]
startup level). Operator
controls booster pump flow to
maintain SG level at 76 cm [30
in] due to continued RCP
operation. Operator also
throttles HPI to maintain 55 K

[100EF] subcooling and a
pressurizer level of 254 cm
[100 in]. The TBVs are kept
fully opened due to operator
error.

16 99 MSLB with trip of turbine HPI is throttled 20 minutes 2.44E-07 No No No
driven EFW by MSLB after 2.7 K [5°F] subcooling
Circuitry and 254 cm [100"] pressurizer

level is reached (throttling
criteria is 27.8 K [50OF]
subcooling).

17 100 MSLB with trip of turbine Operator throttles HPI 20 5.11E-08 Yes No No
driven EFW by MSLB minutes after 2.7 K [50 F]
Circuitry subcooling and 254 cm [100"]

pressurizer level is reached
(throttling criteria is 27.8 K
[50'F] subcooling).

18 101 MSLB without trip of turbine Operator throttles HPI to 3.86E-07 Yes No No
driven EFW by MSLB maintain 27.8 K [50' F]
Circuitry subcooling margin (throttling

criteria is 27.8 K [50]
subcooling).

19 102 Reactor/turbine trip with 2 Operator throttles HPI 20 2.03E-07 Yes No No
stuck open safety valves in minutes after 2.77 K [5°F]
SG-A subcooling and 254 cm [100

in] pressurizer level is reached
(throttling criteria is 27 K

[50'F] subcooling).
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Table L-1 PTS Transient Descriptions for OCI

TH
Case Mean IE

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
20 109 Stuck open pressurizer safety None 9.58E-06 No Yes No

valve. Valve recloses at 6000
sees [RCS low pressure
point].

21 110 5.08 cm [2 inch] surge line At 1.5 minutes after transient 3.42E-06 No Yes Yes at 1000
break with HPI failure initiation, operator opens both EFPY

TBV to lower primary system
pressure and allow CFT and
LPI injection.

22 111 2.54 cm [1 in] surge line At 15 minutes after initiation, 4.16E-07 No Yes No
break with HPI failure operator opens all TBVs to

lower primary pressure and
allow CFT and LPI injection.
When the CFTs are 50%
discharged, HPI is recovered.
At 3000 seconds after
initiation, operator starts
throttling HPI to 55 K [100°F]
subcooling and 254 cm [100"]
pressurizer level.

23 112 Stuck open pressurizer safety After valve recloses, operator 1.25E-04 No Yes No
valve. Valve recloses at 6000 throttles HPI 1 minute after 2.7
secs. K [5°F] subcooling and 254

cm [100"] pressurizer level is
reached (throttling criteria is
27 K [50'F] subcooling)

24 113 Stuck open pressurizer safety After valve recloses, operator 5.07E-05 No Yes No
valve. Valve recloses at 6000 throttles HPI 10 minutes after
secs. 2.7 K [5°F] subcooling and

254 cm [100"] pressurizer
level is reached (throttling

criteria is 27.8 K [50F]
subcooling)

25 114 Stuck open pressurizer safety After valve recloses, operator 1.25E-04 No Yes No
valve. Valve recloses at 3000 throttles HPI 1 minute after 2.7
sees. K [5°F] subcooling and 254

cm [100"] pressurizer level is
reached (throttling criteria is
50'F subcooling)

26 115 Stuck open pressurizer Safety After valve recloses, operator 5.07E-05 No Yes No
Valve. Valve recloses at 3000 throttles HPI 10 minutes after

sees. 2.7 K [59F] subcooling and
254 cm [100"] pressurizer
level is reached (throttling
criteria is 50'F subcooling)
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Table L-I PTS Transient Descriptions for OCI

TH
Case Mean IE

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
27 116 Stuck open pressurizer safety At 15 minutes after initiation, 2.60E-07 No Yes No

valve and HPI failure operator opens all TBVs to
lower primary pressure and
allow CFT and LPI injection.
When the CFTs are 50%
discharged, HPI is recovered.
The HPI is throttled 20
minutes after 2.7 K [5°F]
subcooling and 254 cm [100"]
pressurizer level is reached,
(throttling criteria is 507F
subcooling).

28 117 Stuck open pressurizer safety At 15 minutes after initiation, 5.38E-07 No Yes No
valve and HPI failure operator opens all TBV to

lower primary pressure and
allow CFT and LPI injection.
When the CFTs are 50%

discharged, HPI is recovered.
The SRV is closed 5 minutes
after HPI recovered. HP! is
throttled at 1 minute after 2.7
K [5°F] subcooling and 254
cm [100"]. pressurizer level is
reached (throttling criteria is
27.8 K [50°] subcooling).

29 119 2.54 cm [1 in] surge line At 15 minutes after transient 4.41E-07 Yes Yes No
break with HPI Failure initiation, the operator opens

all turbine bypass valves to
lower primary system pressure
and allow core flood .tank and
LPI injection.

30 120 2.54 cm [1 in] surge line At 15 minutes after sequence 4.22E-08 Yes Yes No
break with HPI Failure initiation, operators open all

TBVs to depressurize the
system to the CFT setpoint.
When the CFTs are 50 percent
discharged, HPI is assumed to
be recovered. The TBVs are
assumed remain opened for the
duration of the transient.

31 121 Stuck open pressurizer safety Operator throttles HPI at 1 2.28E-05 Yes Yes No
valve. Valve recloses at 6000 minute after 2.7 K [5°F]
secs. subcooling and 254 cm [100"]

pressurizer level is reached
[throttling criteria is 27.8 K
r507[ ] subcooling].
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Table L-I PTS Transient Descriptions for OCI

TH
Case Mean IE

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
32 122 Stuck open pressurizer safety Operator throttles HPI at 10 7.57E-06 Yes Yes Yes at 32,

valve. Valve recloses at 6000 minutes after 2.7 K [5°F] 60, 500,
sees, subcooling and 254 cm [100"] 1000 EFPY

pressurizer level is reached
(throttling criteria is 27.8 K
[50'F] subcooling).

33 123 Stuck open pressurizer safety Operator throttles HPI at 1 2.28E-05 Yes Yes No
valve. Valve recloses at 3000 minute after 2.7 K [5°F]
secs. subcooling and 254 cm [100"]

pressurizer level is reached
(throttling criteria is 27.8 K
[50'F] subcooling).

34 124 Stuck open pressurizer safety Operator throttles HPI at 10 7.57E-06 Yes Yes Yes at 60,
valve. Valve recloses at 3000 minutes after 2.7 K [5°F] 500, 1000
sees. subcooling and 254 cm [100"] EFPY

pressurizer level is reached
(throttling criteria is 27.8 K
[50°F] subcooling).

35 125 Stuck open pressurizer safety At 15 minutes after initiation, 4.61E-08 Yes Yes No
valve and HPI Failure operator opens all TBVs to

lower primary pressure and
allow CFT and LPI injection.
When the CFTs are 50%
discharged, HPI is recovered.
HPI is throttled 20 minutes
after 2.7 K [5°F] subcooling
and 254 cm [100"] pressurizer
level is reached (throttling
criteria is 27.8 K [50F]

_ subcooling).

36 126 Stuck open pressurizer safety At 15 minutes after initiation, 8.41E-08 Yes Yes No
valve and HPI Failure operator opens all TBVs to

lower primary pressure and
allow CFT and LPI injection.
When the CFTs are 50%
discharged, HPI is recovered.
SRV is closed at 5 minutes
after HPI is recovered. HPI is
throttled at 1 minute after 2.7
K [5°F] subcooling and 254
cm [100"] pressurizer level is
reached (throttling criteria is

.27.8 K [50F] subcooling).
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Table L-I PTS Transient Descriptions for OCI

TH
Case Mean IE

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
37 127 SGTR with a stuck open SRV Operator trips RCP's 1 minute 1.25E-07 Yes Yes No

in SG-B. A reactor trip is after initiation. Operator also
assumed to occur at the time throttles HPI 10 minutes after
of the tube rupture. Stuck 2.77 K [50 F] subcooling and
safety relief valve is assumed 254 cm [100 in] pressurizer
to reclose 10 minutes after level is reached (assumed
initiation, throttling criteria is 27. K

[50'F] subcooling).

38 141 8.19 cm [3.22 in] surge line None 1.06E-04 No Yes Yes at 500,
break [Break flow area 1000 EFPY
increased by 30% from 7.18
cm [2.828 in] break].

39 142 6.01 cm [2.37 in] surge line None 1.06E-04 No Yes No
break [Break flow area
decreased by 30% from 7.18
cm [2.828 in] break].

40. 145 4.34 cm [1.71 in] surge line None 1.34E-04. No Yes No
break [Break flow area
increased by 30% from 3.81
cm [1.5 in] break]. Winter
conditions assumed [HPI, LPI
temp = 277 K [400 F] and
CFT temp = 294 K [700 F]].

41 146 TT/RT with stuck open pzr None 4.23E-05 No Yes No
SRV [valve flow area reduced
by 30 percent]. Summer
conditions assumed [HPI, LPI
temp = 302 K [85' F] and
CFT temp = 310 K [1000 F]].
Vent valves do not function.

42 147 TT/RT with stuck open pzr None 3.63E-05 No Yes No
SRV. Summer conditions
assumed [HPI, LPI temp
302 K [85' F] and CFT temp
= 310 K [100- F]].

43 148 TT/RT with partially stuck None 4.23E-05 No Yes No
open pzr SRV [flow area
equivalent to 1.5 in diameter
opening]. HTC coefficients
increased by 1.3.

44 149 TT/RT with stuck Open pzr None 9.58E-06 No Yes No
SRV. SRV assumed to
reclose at 3000 sees.
Operator does not throttle
HPI.
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Table L-1 PTS Transient Descriptions for OCI

TH
Case Mean IE

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
45 154 8.53 cm [3.36 in] surge line None 1.34E-04 No Yes No

break [Break flow area
reduced by 30% from 10.16
cm [4 in] break]. Vent valves
do not function. ECC suction
switch to the containment
sump included in the analysis.

46 156 40.64 cm [16 in] hot leg None 7.03E-06 No Yes Yes at 500,
break. ECC suction switch 1000 EFPY
to the containment sump
included in the analysis.

47 160 14.37 cm [5.656 in] surge line None 1.82E-05 No Yes Yes at 500,
break. ECC suction switch to 1000 EFPY
the containment sump
included in the analysis.

48 164 20.32 cm [8 inch] surge line None 2.12E-05 No Yes Yes at 60,
break. ECC suction switch to 500, 1000
the containment sump EFPY
included in the analysis.

49 165 Stuck open pressurizer safety None 1.76E-06 Yes Yes Yes at 32,
valve. Valve recloses at 6000 60, 500,
secs [RCS low, pressure 1000 EFPY
point].

50 168 TT/RT with stuck open pzr None 1.76E-06 Yes Yes Yes at 500,
SRV. SRV assumed to 1000 EFPY
reclose at 3000 secs.
Operator does not throttle
HPI.

51 169 TT/RT with stuck open pzr None 7.33E-06 Yes Yes No
SRV [valve flow area reduced

by 30 percent]. Summer
conditions assumed [HPI, LPI
temp = 302 K [850 F] and
CFT temp = 310 K [1000 F]].
Vent valves do not function.

52 170 TT/RT with stuck open pzr None 6.28E-06 Yes Yes No
SRV. Summer conditions
assumed [HPI, LPI temp =
302 K [850 F] and CFT temp
= 310 K [1000 F]].

53 171 TT/RT with partially stuck None 7.33E-06 Yes Yes No
open pzr SRV [flow area
equivalent to 1.5 in diameter
opening]. HTC coefficients
increased by 1.3.
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Table L-I PTS Transient Descriptions for OCi

TH
Case Mean IE

Count # System Failure Operator Action Frequency HZP Hi K Dominant*
54 172 10.16 cm [4 in] cold leg None 1.06E-04 No Yes Yes at 1000

break. ECC suction switch EFPY
to the containment sump
included in the analysis.

55 178 8.53 cm [3.36 in] surge line None 2.12E-05 No Yes No
break [Break flow area
reduced by 30% from 10.16
cm [4 in] break]. Vent valves
do not function. ECC suction
switch to the containment
sump included in the analysis.

Notes:
1. TH - Thermal hydraulics.
2. LOCA - Loss-of-coolant accident
3. SBLOCA - Small-break loss-of-coolant accident
4. MBLOCA - Medium-break loss-of-coolant accident
5. LBLOCA - Large-break loss-of-coolant accident
6. HZP - Hot-zero power
7. SRV- Safety and relief valve
8. MSLB - Main steam line break
9. AFW - Auxiliary feedwater
10. HPI - High-pressure injection
11: RCPs - Reactor coolant pumps

* The arbitrary definition of a dominant transient is a transient that contributes 1% or more of the total

Through-Wall Cracking Failure (TWCF).
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APPENDIX M
OCONEE UNIT 1 FAVPOST OUTPUT
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M-1: 10 Year ISI only

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

WELCOME TO FAVOR

FRACTURE ANALYSIS OF VESSELS: OAK RIDGE
VERSION 06.1

FAVPOST MODULE: POSTPROCESSOR MODULE
COMBINES TRANSIENT INITIAITING FREQUENCIES

WITH RESULTS OF PFM ANALYSIS

PROBLEMS OR QUESTIONS REGARDING FAVOR
SHOULD BE DIRECTED TO

TERRY DICKSON
OAK RIDGE NATIONAL LABORATORY

e-mail: dicksontl@ornl.gov

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

* This computer program was prepared as an account of *

* work sponsored by the United States Government *

* Neither the United States, nor the United States *

* Department of Energy, nor the United States Nuclear *

* Regulatory Commission, nor any of their employees, *

* nor any of their contractors, subcontractors, or their *
* employees, makes any warranty, expressed or implied, or *
* assumes any legal liability or responsibility for the *

* accuracy, completeness, or usefulness of any *

* information, apparatus, product, or process disclosed, *

* or represents that its use would not infringe *

* privately-owned rights. *

DATE: 27-Jun-2007 TIME: 10:37:21

Begin echo of FAVPost input data deck
End echo of FAVPost input data deck

10:37:21 27-Jun-2007
10:37:21 27-Jun-2007

= postoc55.in
ARRAY = INITIATE.DAT
ARRAY = FAILURE.DAT

= ocpostlOyronly.out

FAVPOST
FAVPFM
FAVPFM
FAVPOST

INPUT FILE NAME
OUTPUT FILE CONTAINING PFMI
OUTPUT FILE CONTAINING PFMF
OUTPUT FILE NAME
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M-1: 10 Year ISI only (cont.)

* NUMBER OF SIMULATIONS = 42000 *

* ** ** *** * ** * *** * ** **** ** * *** ** * ** **

TRANSIEN'
NUMBER

8

12
15
27
28
29
30
31
36
37
38
44
89
90
98
99

.100

101

102

109

110
111

112
113
114

T

I -

CONDITIONAL PROBABILITY
OF INITIATION CPI=P(IIE)

MEAN 95th % 99th
CPI CPI CPI

-------------------

CONDITIONAL PROBABILITY
OF FAILURE CPF=P(FIE)

MEAN 95th % 99th % RATIO

.CPF :CPF CPF CPFmn/CPImn------------------------------
0.OOOOE+00
0.OOOOE+00
1.3573E-07
3.5321E-06
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0 OOOOE+00
4.1737E-06
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
5.9408E-07
1.7278E-06
1 .4057E-05

0.O000,OE+00
1.2464E-07
2.5705E-03
4.5456E-08
8.3691E:10
3.1674E-08
0.OOOOE+00

O.OOOOE+00
0.OOOOE+00
0 .OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
-O.O000E+O0
0.OOOOE+00

0.OOOOE+00
0.OOOOE+00

o.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.0000E+00

0. OOOOE+00O..OOOOE+00
0.OOOOE+00
0.0000OE+00
0.0000OE+9O

5.9843E-03
0.OOOOE+00
0.OOOOE+00
O.,OOOOE+00
O.OOOOE+00

0.OOOOE+00
0.0000E+00
0.OOOOE+00
9.7209E-06
0.0006E+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
4 .4260E-06
o OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
3. 6037E-07
5.7634E-05
0.OOOOE+00
0.OOOOE+00
3.2961E-02
O.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

0.0000E+00
0 OOOOE+00
1. 8219E-12
1. 0415E-08
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0. 000OE+00
0.OOOOE+00
0.OOOOE+00
0.000OE+00
2.8306E-06
0.OOOOE+00
0.OOOOE+00
0 OOOOE+00
1. 4020E-08
4. 0017E-07
1. 4131E-08
0 OOOOE+00
4. 0517E-08
1. 7099E-05
1. 4016E-11
0 OOOOE+00
2. 9159E-08
0.OOOOE+00

0.0OOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0 OOOOE+00
0 OOOOE+00

0 .OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 .OOOOE+00
0 OOOOE+00
0 .OOOOE+00
0 OOOOE+00
0.OOOOE+00
0.0000E+00

0.OOOOE+00
1.1551E-04
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
1.7178E-06
0.OOOOE+00
0;0000E+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
2.3858E-04
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
O.OOOOE+00

0.0000
0.0000
0.0000
0.0029
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.6782
0.0000
0.0000

0.0000
0.0236
0.2316
0.0010
0.0000
0.3251
0.0067

0.0003

0.0000
0.9206
0.0000

WCAP- 16168-NP-A 
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M-1: 10 Year ISI only (cont.)

115
116
117
119
120
121
122
123
124
125
126
127
141
142
145
146
147
148
149
154
156
160
164
165
168
169
170
171
172
178

0.OOOOE+00
2.6284E-06
5. 3511E-05
9.2288E-05
3.3053E-05
7. 5802E-08
4.2840E-04
7. 5802E-08
1. 6752E-04
7. 0273E-05
1. 1462E-06
0 .OOOOE+00

1. 3088E-04
4. 5999E-10
0 .OOOOE+00

2. 7129E-06
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
1.4610E-04
2. 2010E-02
1.3270E-02
1.3995E-02
3.9220E-04
2. 0391E-04
2. 1163E-04
4. 6761E-08
0.OOOOE+00
8.0788E-05
1.4610E-04

0.OOOOE+00
0.OOOOE+00
5.7899E-04
5. 7141E-04
4.2682E-04
0.OOOOE+00
2. 6185E-03
0.OOOOE+00
1.1252E-03
5.4000E-04
0.OOOOE+00
0.OOOOE+00
6.5253E-04
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
9. 2152E-04
5. 2143E-02
2.8340E-02
3.2240E-02
2.6738E-03
1.2392E-03
1.0072E-03
0.OOOOE+00
0.OOOOE+00
5.5702E-04
9. 2152E-04

0.OOOOE+00
3.2436E-07

1-.0032E-03
1.4015E-03
4. 6996E-04
0 OOOOE+00
4. 5275E-03
0 OOOOE+00
2 .2503E-03
9 .7650E-04

6. 9098E-08
0 .OOOOE+00

2 .1093E-03
0 .OOOOE+00

0 OOOOE+00
6. 0255E-07
0 .OOOOE+00

0 OOOOE+00
0 .OOOOE+00

2 .2196E-03
1. 7530E-01
1. 0630E-01
1. 2584E-01
3. 0921E-03
2. 8916E-03
3. 3572E-03
0 .OOOOE+00

0 .OOOOE+00

1. 1954E-03
2 .2196E-03

0 OOOOE+00
1. 1695E-09
6 .4161E-08
6. 2724E-07
2 .4353E-05
2. 9336E-12
4. 2818E-04
2. 9336E-12
1. 6517E-04*
2. 7388E-07
8. 8915E-10
0 .OOOOE+00

2 .4722E-06
0 OOOOE+00
0 .OOOOE+00

9. 5223E-08
0 .OOOOE+00

0 .OOOOE+00

0 .OOOOE+00

5. 0292E-07
8. 9468E-05
1. 7457E-04
8. 8292E-05
3.9180E-04
2. 0139E-04
6.7665E-06
4.6483E-13
0.0000E+00
3.2570E-07
5.0292E-07

0 .OOOOE+00

0 OOOOE+00
0 .OOOOE+00

1. 2359E-05
4. 0226E-04
0 .OOOOE+00

2. 6185E-03
0 OOOOE+00
1. 1140E-03
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
5.4576E-05

0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0. 0000E+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
3. 2180E-04
4. 0235E-04
2. 5946E-04
2. 6738E-03
1. 2392E-03
1. 0975E-04
o. 0O00E-00
o OOOOE+00
0 OOOOE+00
0 OOOOE+00

0.OOOOE+00
0.OOOOE+00
1.1859E-13
3.9221E-06
3.3238E-04
0.OOOOE+00
4.5275E-03
0.OOOOE+00
2. 2106E-03
7.8181E-07
0.OOOOE+00
0.OOOOE+00
2. 1956E-05
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
1.4740E-03
2.9084E-03
1.5275E-03
3. 0921E-03
2.8344E-03
8.2906E-05
0.OOOOE+00
0.OOOOE+00
1.2316E-06
0.OOOOE+00

0.0000
0.0004
0 .0012
0.0068
0.7368
0.0000
0.9995
0.0 000
0.9860
0.0039
0.0008
0.0000
0.0189
0.0000
0.0000
0.0351
0.0000
0.0000
0.0000
0.0034
0. 0041
0.0132
0.0063
0.9990
0.9876
0.0320
0.0000
0.0000
0. 0040
0.0034

NOTES: CPI IS CONDITIONAL PROBABILITY OF CRACK INITIATION, P(IIE)
CPF IS CONDITIONAL PROBABILITY OF TWC FAILURE, P(FIE)
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M-1: 10 Year ISI only (cont.)

* PROBABILITY DISTRIBUTION FUNCTION (HISTOGRAM) *

* FOR THE FREQUENCY OF CRACK INITIATION *

FREQUENCY OF RELATIVE CUMULATIVE
CRACK INITIATION DENSITY DISTRIBUTION

(PER REACTOR-OPERATING YEAR) (%) (%)

0.OOOOE+00 2.9119 2.9119
2.1448E-06 92.0857 94.9976
6.4345E-06 2.9429 97.9405
1.0724E-05 0.8714 98.8119
1.5014E-05 0.4571 99.2690
1.9304E-05 0.2405 99.5095
2.3593E-05 0.1524 99.6619
2.7883E-05 0.0905 99.7524
3.2173E-05 0.0619 99.8143
3.6462E-05 0.0357 99.8500
4.0752E-05 0.0214 99.8714
4.5042E-05 0.0214 99.8929
4.9331E-05 0.0214 99.9143
5.3621E-05 0.0167 99.9310
5.7911E-05 0.0095 99.9405
6.2200E-05 0.0048 99.9452
6.6490E-05 0.0071 99.9524
7.0780E-05 0.0095 99.9619
7.5069E-05 0.0071 99.9690
7.9359E-05 0.0048 99.9738
8.7938E-05 0.0024 99.9762
9.6518E-05 0.0048 99.9810
1.0081E-04 0.0024 99.9833
1.0510E-04 0.0048. 99.9881

,i 1368E-04 0.0024 99.99.05
1.3512E-04 0.0024 99.9929
1.3941E-04 0.0024 99.9952
1.6944E-04 0.0024 99.9976
2.0376E-04 0.0024 100.0000

== Summary Descriptive Statistics ==

Minimum = 0.OOOOE+00
Maximum = 2.0449E-04
Range = 2.0449E-04

Number of Simulations = 42000

5th Percentile = 3.8158E-12
Median = 1.1260E-07
95.0th Percentile = 2.1448E-06

WCAP- 16168-NP-A June 2008
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M-1: 10 Year ISI only (cont.)

99.0th Percentile
99.9th Percentile

Mean
Standard Deviation
Standard Error
Variance (unbiased)
Variance (biased)
Moment Coeff. of Skewness
Pearson's 2nd Coeff. of Skewness
Kurtosis

= 1.2489E-05

= 4.6472E-05

= 9.9210E-07

= 3.7931E-06
= 1.8508E-08

= 1.4387E-11
= 1.4387E-11

= 1.6997E+01

= 7.8467E-01
= 5.3092E+02

* PROBABILITY DISTRIBUTION FUNCTION (HISTOGRAM) *

* FOR THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

FREQUENCY OF
TWC FAILURES

(PER REACTOR-OPERATING

RELATIVE
DENSITY

YEAR) (%)

CUMULATIVE
DISTRIBUTION

(%)

K

0.OOOOE+00
3. 5468E-07
1. 0641E-06
1 .7734E-06

2 .4828E-06
3. 1922E-06
3. 9015E-06
4. 6109E-06
5. 3203E-06
6. 0296E-06
6. 7390E-06
7. 4484E-06
8. 1577E- 06
8. 8671E-06
1. 0286E-05
1. 0995E-05
1. 1705E-05
1. 3833E-05
1.4542E-05
2. 6601E-05
5.4267E-05
7.0582E-05

23.0000
76.3452
0.3333
0.1357
0.0429
0.0405
0.0119
0 .0143

0 .0119

0.0095
0.0143
0.0071
0.0048
0.0048

0..0048
0.0024
0.0048
0.0024
0.0024
0.0024

0.0024
0.0024

23 .0000
99. 3452
99.6786
99.8143
99.8571
99.8976
99.9095
99.9238
99.9357
99.9452
99.9595
99.9667
99.9714
99.9762
99.9810
99.9833
99.9881
99.9905
99.9929
99.9952
99.9976

100.0000

== Summary Descriptive Statistics ==

Minimum = 0.OOOOE+00

WCAP- 16168-NP-A June 2008
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M-1: 10 Year ISI only (cont.)

Maximum
Range

Number of Simulations

5th Percentile
Median
95.0th Percentile
99.0th Percentile
99.9th Percentile

Mean
Standard Deviation
Standard Error
Variance (unbiased)
Variance (biased)
Moment Coeff. of Skewness
Pearson's 2nd Coeff. of Skewness
Kurtosis

= 7.0227E-05
= 7.0227E-05

= 42000

= 0.000OE+00
= 9.3729E-11

= 3.5468E-07
= 4.7205E-07

= 3.3340E-06

= 3.1118E-08

= 5.2306E-07
= 2.5523E-09

= 2.7359E-13
= 2.7358E-13

= 9.0777E+01

=-4.6734E-01
= 1.0697E+04

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) - *

* WEIGHTED BY TRANSIENT INITIATING FREQUENCIES *

% of total % of total
frequency of frequency of

crack initiation, of TWC failure
8 0.00 0.00

12 0.00 0.00
15 0.00 0.00
27 0.00 0.00
28 0.00 0.00
29 0.00 .0.00
30 0.00 0.00
31 0.00 0.00
36 0.00 0.00
37 0.00 0.00

38 0.00 0.00
44 0.00 0.00
89 0.00 0.00
90 0.00 0.00
98 0.00 0.00
99 0.00 0.00

100 0.00 0.00
101 0.00 0.00
102 0.00 0.00
109 0.00 0.00

110 1.11 0.22
11 0.00 0.00
112 0.00 0.00

WCAP- 16168-NP-A June 2008
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M-1: 10 Year ISI only (cont.)

113 0.00 0.02
114 0.00 0.00
115 0.00 0.00
116 0.00 0.00
117 0.00 0.00
119 0.00 0.00
120 0.00 0.00
121 0.00 0.00
122 1.38 44.11
123 0.00 0.00
124 0.52 16.27
125 0.00 0.00
126 0.00 0.00
127 0.00 0.00
141 1.58 0.91
142 0.00 0.00
145 0.00 0.00
146 0.04 0.04
147 0.00 0.00
148 0.00 0.00
149 0.00 0.00
154 2.36 0.34
156 21.78 2.62
160 31.29 12.37
164 37.57 7.32
165 0.30 9.70
168 0.17 5.29
169 0.58 0.60
170 0.00 0.00
171 0.00 0.00
172 0.93 0.12
178 0.37 0.05

TOTALS 100.00 100.00

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

* ~BY*
* ~RPV BELTLINE MAJOR REGION*

* ~BY PARENT SUBREGION

* WEIGHTED BY *- CONTRIBUTION OF EACH TRANSIENT *

* ~TO FREQUENCY OF CRACK INITIATION AND*
* ~THROUGH-WALL CRACKING FREQUENCY (FAILURE)*

WCAP- 16168-NP-A June 2008
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M-1: 10 Year ISI only (cont.)

% of
MAJOR RTndt total
REGION (MAX) flaws

1
2
3
4
5
6
7
8
9

10
11

223.80
220.74
253.04
236.56
277.07
168.76
158.07
152.82
154.58

155.89
101.31

3 .03

3 .54

1.43
13 .81

13.81
13 .81
18.93
11.05
11.05
8.92

0.62

% of total
frequency of

crack initiation

2.10
4.01
3.54

14.70
75.50
0.09
0.02
0.01
0.02
0.01
0.00

% of total
through-wall crack

frequency
cleavage ductile total

18.32
36..95

26.25
0.06
0.14

0.00
0.01
0.00
0.01
0.00
0.00

2.77
5.25
10.23
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

21.09
42.21
36.48
0.06
0.14

0.00
0.01
0.00
0.02

0.00
0.00

TOTALS 100.00 100.00 '81.74 18.26 100.00

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) - *

*

*

*

*

BY
RPV BELTLINE MAJOR REGION

BY CHILD SUBREGION

*

*

*

*

* WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT *

* TO FREQUENCY OF CRACK INITIATION AND *

* THROUGH-WALL CRACKING FREQUENCY (FAILURE) *

I% of
MAJOR RTndt total
REGION (MAX) flaws

1
2
3
4
5
6
7
8
9

10
11

223.80
220.74
253.04
236.56
277.07
168.76
158.07
152.82
154.58

155.89
101.31

3.03
3.54
1.43

13.81
13 .81
13.81
18 .93

11.05
11 05
8. 92
0 .62

% of total
frequency of

crack initiation

2.10
4.01
3.54

,14.70

75.50
0.09
0.02
0.01
0.02
0.01
0.00

% of total
through-wall crack

frequency
cleavage ductile total

18.32
36.95
26.25
0.06
0.14

0.00
0.01
0.00
0.01
0.00
0.00

2.77
5.25

10.23
0.00
0.00
0.00
0.00
0. 00
0.00
0.00
0.00

21.09
42.21
36.48
0.06
0.14

0.00
0.01
0.00
0.02

0.00
0.00

TOTALS 100.00 100.00 81.74 18.26 100.00
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M-1: 10 Year ISI only (cont.)

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE)- *

* ~MATERIAL, FLAW CATEGORY, AND FLAW DEPTH*
* *

*WEIGHTED BY % CONTRIBUTION OF EACH TRANSIENT
* ~TO FREQUENCY OF CRACK INITIATION AND

* ~THROUGH-WALL CRACKING FREQUENCY (FAILURE)*

*WELD MATERIAL*

%of total frequency
of crack initiation

%of total through-wall
crack frequency

FLAW
DEPTH
(in)

0. 086
0.173
0.259
0.345
0.431
0. 518
0 .604

0.690
0.776
0.863
0.949
1.035
1.121
1.208
1.294
1.380
1.466
1.553
1.639
1.725
1.811
1.898
1. 984
2.070
2 .157
2 .243
2.329
2.415

TOTALS

CAT I CAT 2 CAT 3 CATi1 CAT 2 CAT 3
flaws flaws flaws flaws flaws flaws

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0- * 04

0. 01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.*00

0.00
0.00
0.00

3.46
43.13
15. 98
9.47
7.02
4 .91

3.69
2 .24
1.85
1. 97
0.88
1. 03
0.70
0.61
0.66
0.86
0.20
0.25
0 .24
0. 12
0.38
0. 05
0. 04
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0. 00
0. 01
0. 01
0.02
0. 02
0. 01
0.02
0 .02

0.01
0.00
0.01
0.01
0. 01
0. 01
0. 00
0.01
0.00
0.00
0.00
0.00
0.00
0. 00
0. 00
0. 00
0.00

0. 15

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.89
12.86
6.44
5.39
6.88
7.10
4.99
5 .04

4.00
5.08
4.28
4.67
2.85
2 .08
3 .93

3 .34
3.29
2 .25
0.81
1.45
5.61
1. 62
0.25
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.05
0.17
0.31
0.50
0.48
0.45
0 .52

0.65
0.20
0.10
0.21
0.23
0.30
0.19
0.13
0.20
0. 03
0. 06
0. 02
0. 02
0.00
0.00
0.00
0.00
0.00

4.850.08 99.:72 0.00 95.13
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M-1: 10 Year ISI only (cont.)

L**A*** *M********

* PLATE MATERIAL *

% of total frequency
of crack initiation

% of total through-wall
crack frequency

FLAW
DEPTH
(in)

0 .086

0.173
0.259
0.345
0.431
0.518
0. 604
0.690
0.776

0.863
0.949
1 .035

1. 121
1.208
1.294
1.380
1.466
1.553
1.639
1.725
1.811
1.898
1.984
2.070

2.157
2.243
2.329
2.415

TOTALS

CAT I CAT 2 CAT 3 CAT 1 CAT 2 CAT 3
flaws flaws flaws flaws flaws flaws

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0. 02
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 .00

0.00
0.00
0.00
0.00
0.00
0.00

0.05

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0 .00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0..00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. 00
0.00
0.00
0.00
0. 00
0.00
0 .00
0.00

0.00

0.00

0.00

0.00

0.00
0.00
.0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0. 01
0.01
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.03

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

DATE: 27-Jun-2007 TIME: 10:38:00
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M-2: ISI Every 10 Years

* WELCOME TO FAVOR *

* FRACTURE ANALYSIS OF VESSELS: OAK RIDGE *

* VERSION 06.1 *

* FAVPOST MODULE: POSTPROCESSOR MODULE *

* COMBINES TRANSIENT INITIAITING FREQUENCIES *

* WITH RESULTS OF PFM ANALYSIS *

* PROBLEMS OR QUESTIONS REGARDING FAVOR *

* SHOULD BE DIRECTED TO *

* TERRY DICKSON *

* OAK RIDGE NATIONAL LABORATORY *

* e-mail: dicksontl@ornl.gov *

* This computer program was prepared as an account of *

* work sponsored by the United States Government *

* Neither the United States, nor the United States *

* Department of Energy, nor the United States Nuclear *

* Regulatory Commission, nor any of their employees, *

* nor any of their contractors, subcontractors, or their *
* employees, makes any warranty, expressed or implied, or *
* assumes any legal liability or responsibility for the *

* accuracy, completeness, or usefulness of any *

* information, apparatus, product, or process disclosed, *

* or represents that its use would not infringe *

* privately-owned rights.

DATE: 27-Jun-2007 TIME: 10:36:09

Begin echo of FAVPost input data deck 10:36:09 27-Jun-2007
End echo of FAVPost input data deck 10:36:09 27-Jun-2007

FAVPOST INPUT FILE NAME postoc55.in
FAVPFM OUTPUT FILE CONTAINING PFMI ARRAY = INITIATE.DAT
FAVPFM OUTPUT FILE CONTAINING PFMF ARRAY = FAILURE.DAT
FAVPOST OUTPUT FILE NAME = ocpostlOyrint.out

WCAP-16168-NP-A June 2008
Revision 2
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M-2: ISI Every 10 Years (cont.)

* NUMBER OF SIMULATIONS = 42000 *
** ** * *************** ******** ***

TRANSIENT
NUMBER I.

8
12
15
27
28
29
30
31
36
37
38
44

89
90
98
99

100

MEAN
CPI

CONDITIONAL PROBABILITY
OF INITIATION CPI=P(IIE)

95th % 99th %
CPI CPI

MEAN
CPF

CONDITIONAL PROBABILITY
OF FAILURE CPF=P(FIE)

95th % 99th % RATIO
CPF CPF CPFmn/CPImn

I ---
0 OOOOE+00
.OOOOE+00

6 9014E-08
3. 0898E-06
S.OOOOE+00
.OOOOE+00
S.OOOOE+00
.OOOOE+00
S.OOOOE+00
S.OOOOE+00
.OOOOE+00

4 .4385E-06
0.OOOOE+00

0.OOOOE+00
0.OOOOE+00

4.3209E-07
1.6582E-06

0.OOOOE+00
0 OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 OOOOE+00
0 OOOOE+00
o .OOOOE+00
0 OOOOE+00
0 OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

0.OOOOE+00
0.OOOOE+00
0 OOOOE+00
9. 3807E-06
0 OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
3. 1287E-06
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
4.6005E-07

0.OOOOE+00
0.OOOOE+00
3.6598E-12
2.6045E-08
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
3.3673E-06
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
4. 2164E-08
6.5525E-07

0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0 .OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.0000E+00
0.OOOOE+00
1.6329E-06
0.OOOOE+00
0.OOOOE+00
O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

0.0000
0.0000
0.0001
0.0084

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.7586
0.0000
0.0000
0.0000
0.0976
0.3952

WCAP- 16168-NP-A 
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M-2: ISI Every 10 Years (cont.)

102
102
109
110
ill
112
113
114
115
116
117
119
120
121
122
123
124
125
126
127
141
142
145
146
147
148
149
154
156
160
164
165
168
169
170
171
172

9. 7863E-06
0 OOOOE+00
1. 1900E-07
2 .6087E-03

1. 4966E-08
0 OOOOE+00
6 .2055E-08
0 OOOOE+00
0 OOOOE+00
2. 2291E-06
5. 5617E-05
9. 1956E-05
3 1952E-05
2. 7485E-08
3. 8697E-04
2. 7485E-08
1. 7117E-04
7. 0998E-05
8 9419E-07
0 .OOOOE+00

1 .2407E-04
4. 5517E-11
0.OOOOE+00
2.2255E-06
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
1.4390E-04
2.2374E-02
1.3434E-02
1.4231E-02
3.5089E-04
2.0794E-04
2. 0891E-04
1.7072E-08
0.OOOOE+00
8 .2142E-05

0 OOOOE+00
0 .OOOOE+00

0 OOOOE+00
6 .2367E-03
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0. 0000E+00
0 OOOOE+00
3 .4579E-04
3. 0210E-04
2. 8404E-04
0 .OOOOE+00

2. 6683E-03
0 OOOOE+00
8. 5298E-04
3 0103E-04
0 OOOOE+00
0 OOOOE+00
3. 1186E-04
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
4.9507E-04
5.3757E-02
2.9083E-02
3.3616E-02
2.6865E-03
9.4460E-04
5.2788E-04
0.OOOOE+00
0.OOOOE+00
3.0025E-04

5. 0383E-05
0 OOOOE+00
0 OOOOE+00
3 .2743E-02
0 .OOOOE+00

0 .OOOOE+00

0 OOOOE+00
0 .OOOOE+00

0 .OOOOE+00

7. 0608E-07
7.7732E-04
1. 5073E-03
4.5357E-04
0.OOOOE+00
3.8068E-03
0.OOOOE+00
2.3535E-03
1. 1539E-03
1. 1998E-07
0.OOOOE+00
2.2591E-03
0.OOOOE+00
0.OOOOE+00
7. 2719E-07
0.OOOOE+00
0.OOOE+00
0.OOOOE+00
2.3339E-03
1. 8079E-01
1.0573E-01
1. 2566E-01
2. 7402E-03
2. 8225E-03
3. 5882E-03
0 .OOOOE+00

0 .OOOOE+00

1 . 3571E-03

1. 9741E-08
0 .OOOOE+00

7. 7323E-08
1. 7303E-05
5. 2442E-11
0 .OOOOE+00

5. 9294E-08
0 .OOOOE+00

0 .OOOOE+00

5. 1321E-09
9.5098E-08
7.8504E-07
2.5547E-05
7.2283E-10
3.8690E-04
7.2283E-10
1.6870E-04
3. 7122E-07
3.0547E-09
0.OOOOE+00
2. 6331E-06
0.OOOOE+00
0.OOOOE+00
1.8547E-07
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
3.8809E-07
8.5646E-05
1. 7218E-04
8. 7527E-05
3 .5077E-04

2. 0523E-04
7. 6133E-06
3. 3194E-10
0 .OOOOE+00

4. 2000E-07

0 OOOOE+00
0 OOOOE+00
0 .OOOOE+00

2 .1472E-04

0 OOOOE+00
0 OOOOE+00
0 .OOOOE+00

0 .OOOOE+00

0 .OOOOE+00

0 .OOOOE+00

0 OOOOE+00
2.9569E-05
2..6061E-04
0.OOOOE+00
2.6683E-03
0.OOOOE+00
8.5298E-04
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
4.3366E-05
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
4. 1552E-04
5. 9581E-04
5 .4722E-04
2. 6865E-03
9 .4460E-04
1 .4604E-04
0 .OOOOE+00

0 .OOOOE+00

0 OOOOE+00

0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
3 .0001E-04
0 .OOOOE+00

0 OOOOE+00
0 OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
3. 7212E-06
3.1323E-04
0.OOOOE+00
3.8068E-03
0.OOOOE+00
2.3226E-03

7.3397E-07
0.OOOOE+00
0.OOOOE+00
2.3103E-05
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
1.2331E-03
2.6851E-03
1. 2941E-03
2. 7402E-03
2. 8108E-03
8. 9295E-05
0 OOOOE+00
0 .OOOOE+00

9. 8847E-07

0.0020
0.0000
0.6498
0.0066
0.0035
0.0000
0.9555
0.0000
0.0000
0.0023
0.0017
0.0085
0.7995
0.0263
0.9998
0.0263
0.9856
0.0052
0.0034
0.0000
0.0212
0.0000
0.0000
0.0833
0.0000
0.0000
0.0000
0.0027
0.0038
0.0128
0.0062
0.9997
0.9870
0.0364
0.0194
0.0000
0.0051
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M-2: ISI Every 10 Years (cont.)

178 1.4390E-04 4.9507E-04 2.3339E-03 3.8804E-07 0.0000E+00 0.0000E+00 0.0027

NOTES: CPI IS CONDITIONAL PROBABILITY OF CRACK INITIATION, P(IjE)
CPF IS CONDITIONAL PROBABILITY OF TWC FAILURE, P(FIE)
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M-2: ISI Every 10 Years (cont.)

********* *** *** * ***** ** ************* *************** **

* PROBABILITY DISTRIBUTION FUNCTION (HISTOGRAM) *

* FOR THE FREQUENCY OF CRACK INITIATION *

FREQUENCY OF RELATIVE CUMULATIVE
CRACK INITIATION DENSITY DISTRIBUTION

(PER REACTOR-OPERATING YEAR) (%) (%)

0.OOOOE+00 2.8976 2.8976
2.1486E-06 92.1000 94.9976
6.4459E-06 2.9714 97.9690
1.0743E-05 0.8738 98.8429
1.5040E-05 0.3714 99.2143
1.9338E-05 0.2548 99.4690
2.3635E-05 0.1476 99.6167
2.7932E-05 0.1000 99.7167
3.2230E-05 0.0643 99.7810
3.6527E-05 0.0381 99.8190
4.0824E-05 0.0262 99.8452
4.5121E-05 0.0262 99.8714
4.9419E-05 0.0143 99.8857
5.3716E-05 0.0262 99.9119
5.8013E-05 0.0190 99.9310
6.2311E-05 0.0119 99.9429
6.6608E-05 0.0095 99.9524
7.0905E-05 0.0071 99.9595
7.5202E-05 0.0048 99.9643
7.9500E-05 0.0024 99.9667
8.3797E-05 0.0048 99.9714
9.2392E-05 0.0048 99.9762
1.0099E-04 0.0024 99.9786
1.0528E-04 0.0048 99.9833
1.0958E-04 0.0071 99.9905
1.1818E-04 0.0024 99.9929
1.4826E-04 0.0048 99.9976
1.6115E-04 0.0024 100.0000

== Summary Descriptive Statistics ==

Minimum = 0.OOOOE+00
Maximum = 1.6165E-04
Range = 1.6165E-04

Number of Simulations = 42000

5th Percentile = 3.8070E-12
Median = 1.0893E-07

95.0th Percentile = 2.1486E-06

WCAP- 16168-NP-A June 2008
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M-2: ISI Every 10 Years (cont.)

99.0th Percentile
99.9th Percentile

Mean
Standard Deviation
Standard Error
Variance (unbiased)
Variance (biased)
Moment Coeff. of Skewness
Pearson's 2nd Coeff. of Skewness
Kurtosis

= 1.2561E-05

= 5.1763E-05

= 1.0085E-06
= 3.8747E-06
= 1.8907E-08

= 1.5013E-11

= 1.5013E-11
= 1.4853E+01

= 7.8082E-01

= 3.6493E+02

* PROBABILITY DISTRIBUTION FUNCTION (HISTOGRAM) *

* FOR THROUGH-WALL CRACKING FREQUENCY (FAILURE) *
* ** ** ** ** **.*** * ** * *** * *** * ** * *** * ** ***** ** * ** * ** *** ** ** ** ***

FREQUENCY OF
TWC FAILURES

(PER REACTOR-OPERATING

RELATIVE
DENSITY

YEAR) (-%)

CUMULATIVE
DISTRIBUTION

(%)

0.OOOOE+00
9.0774E-08
2.7232E-07
4.5387E-07
6 .3542E-07
8. 1696E-07
9.9851E-07
1. 1801E-06
1.3616E-06
1.5432E-06

1.7247E-06
1.9062E-06
2.0878E-06
2.2693E-06
2.4509E-06
2.6324E-06
2.8140E-06
2. 9955E-06
3 .1771E-06

3. 3586E-06
3. 5402E-06
3 .7217E-06

4. 0848E-06
4 .2664E-06
4. 4479E-06
4. 6295E-06
4.8110E-06
6.2634E-06
6.4449E-06

22.6333
74.9690

1_.1857
0.4024
0.1905
0.1286
0.0810
0. 0952
0.0405
0. 0143

0.0167
0.0167
0.0238
0.0167
0 .0143

0.0310
0. 0071
0. 0048
0.0071
0. 0214
0. 0167
0.0095
0.0119
0.0048
0.0024
0.0095
0.0095
0.0024
0.0024

22.6333
97.6024
98.7881
99.1905
99.3810
99.5095
99.5905
99.6857
99.7262
99.7405
99.7571
99.7738
99.7976
99.8143
99.8286
99.8595
99.8667
99.8714
99.8786
99.9000
99.9167
99. 9262
99.9381
99.9429
99. 9452
99. 9548
99.9643
99.9667
99.9690
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M-2: ISI Every 10 Years (cont.)

6.8080E-06
6.9896E-06
7. 1711E-06
7.3527E-06
7.8973E-06
8.4419E-06
1.0076E-05
1.0802E-05
1.7156E-05
1.7882E-05
1.8064E-05

0.0048
0.0024
0. 0024
0. 0024
0. 0024
0. 0024
0. 0024
0 .0048

0.0024
0.0024
0.0024

99.9738
99.9762
99.9786
99.9810
99. 9833
99.9857
99.9881
99.9929
99.9952
99.9976

100.0000

== Summary Descriptive Statistics ==

Minimum
Maximum
Range

Number of Simulations

5th Percentile
Median
95.0th Percentile
99.0th Percentile
99.9th Percentile

Mean
Standard Deviation
Standard Error
Variance (unbiased)
Variance (biased)
Moment Coeff. of Skewness
Pearson's 2nd Coeff. of Skewness
Kurtosis

= 0.OOOOE+00
= 1.7973E-05
= 1.7973E-05

= 42000

= 0.OOOOE+00

= 8.9093E-11

= 9.0774E-08
= 3.6793E-07

= 3.3586E-06

= 2.6200E-08
= 2.6170E-07

= 1.2770E-09

= 6.8486E-14

= 6.8485E-14

= 3.5238E+01

=-9.4834E-01

= 1.8441E+03

* FRACTIONALIZATION OF FREQUENCY OF CRACK INITIATION *

* AND THROUGH-WALL CRACKING FREQUENCY (FAILURE) - *

* WEIGHTED BY TRANSIENT INITIATING FREQUENCIES *

8
12
15
27
28

% of total
frequency of

crack initiation
0.00
0.00
0.00
0.00
0.00

% of total
frequency of

of TWC failure
0.00
0.00
0.00
0.00
0.00
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M-2: ISI Every 10 Years (cont.)

29
30
31
36
37
38
44
89
90
98
99

100
101
102
109
110
ill
112
113
114
115
116
117
119
120
121
122
123
124
125
126
127
141
142
145
146
147
148
149
154
156
160
164
165
168
169
170
171
172
178

0.00
0.00
0.00
0.00
0.00
0. 00
0.00
0.00
0.00
0..00
0.00
0.00
0.00
0.00

o ooo
1.06

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.01

0.00
0.00
0.96
0.00
0 .44
0.00
0.00
0.00
1.43
0.00

0.03
0.00
0.00
0.00
2.13

21.66
30.94
38.99

0 .24
0.17
0.60
0.00
0.00
0. 99
0.36

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00.
0. 00
0.02
0.30
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0 .01

0.00
36. 96
0.00

16.78
0.00
0.00
0.00
1.04
0.00
0.00
0.12
0.00
0.00
0.00
0.22
3.30

14 .65

9 .54

9.06
6.32
1.45
0.00
0.00
0.20
0.02

100.00TOTALS 100.00

DATE: 27-Jun-2007 TIME: 10:36:45
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APPENDIX N
RESPONSES TO THE NRC REQUEST FOR ADDITIONAL INFORMATION

(RAI) REGARDING THE REVIEW OF WCAP-16168-NP, REVISION I

WCAP- 16168-NP-A 
June 2008
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PWROG Program Management Office
20 International Drive

Windsor, Connecticut 06095

October 16, 2007 WCAP-16168-NP, Rev. I
Project Number 694

OG-07-455

U.S. Nuclear Regulatory Commission
Document Control Desk
Washington DC 20555-0001

Subject: Pressurized Water Reactor Owners Group
Responses to the NRC Request for Additional Information (RAI) on PWR
Owners Group (PWROG) WCAP716168-NP. Rev. I "Risk-informed Extension of
Reactor Vessel In-Service Inspection Interval" (TAC NO. MC9768) MUHP
5097/5098/5099 Task 2008/2059

References:
1. WOG Letter from Ted Schiffley to Document Control Desk, Request for Review and

Approval of WCAP-16168-NP Rev. 1, entitled "Risk-Infonned Extension of Reactor
Vessel In-Service Inspection Interval," dated January 2006, WOG-05-25, January 26,
2006-

2. Acceptance for Review of Westinghouse Owners Group (WOG) Topical Report WCAP-
16168-NP, Rev. I "Risk-Informed Extension of Reactor Vessel In-Service Inspection
Interval" (TAC NO. MC9768) MUHP 5097/5098/5099 Task 2008/2059, OG-06-311,
September 22, 2006.

3. NRC emails from Sean E. Peters of NRR to Tom Laubham of PWROG dated March 9
and 12, 2007 RAIs for WCAP-16168".

In January 2006, the WOG. now known as the Pressurized Water Reactor Owners Group
(PWROG), submitted WCAP-16168-NP Rev. 1, entitled 'Risk-Informed Extension of Reactor
Vessel In-Service Inspection Interval," for review and approval (Reference I). In September
2006. the NRC accepted the topical report (Reference 2) and provided an informal Request for
Additional Information (RAI) (Reference 3) on March 9 and 12, 2007.

Enclosure. 1 to this letter provides the RAl responses to the questions received in Reference 3.
Enclosure 2 is the marked-up WCAP.

WCAP- 16168-NP-A June 2008
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US, Nuclear Regulatory (.onunissiS~oi

Document Control Decsk
Washington DC 20555-0001

October 16, 2007
Page 2 of 2
OG-07-455

If you have any questions, please do not. hesitate to contact me at (630) 657-3897. or if you
require further information, please contact Mr. Jim Molkenthin of the PWR Owners Group
Project Management Office at (860) 731-6727,.

Regards.

ra

Frederick P. "Ted" Schiffley. 11. Chairman
PWR Owners Group

FPS:JPM:las

Enclosures: (2)

cc: X•A Mitchell, USNRC
S. Peters, USNRC
T. Mensah, USNRC
S. Rosenberg, USNRC
C. Brinkman. W
C. Boggess. W
N, Palm, W

B. Bishop, W
J. Andrachek. WV
J. Carlson, W
PWROG MSC Participants in the RV ISI Program
PWROG Management Participants in the RV ISI Program
PWROG PMO

WCAP- 16168-NP-A June 2008
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R)QUt.ST FOR ADDITI ON AL I NIORIMATION

BY 1TIlE (1JTICaz Of: 1A.AR R:.iACi'ORiRi, GtJ1,ATION ANDI P\tROG RF-SPONSES RE:

PRESSU•REI ') WAVIER REACTOR OWNERS (ROUP TOPICAL REPORT (T'R.

WCAP- 16168-NIP. REVISION I. "RISK-INFORM" EXT NSION OF.T.E.

RIA..I'OR VESSEl IN-SERVICE INSPECTION INTERVAL"

P .SSlRIZFI.) WATE.,R RI..ACTZR OWNERS GROUP

PROJEC' NO). 694,

Masterials

1, Seetioss 3,2ofWCAP-16 168-NP Revision ;I, ind~icates t~lat the p)ilot-planltstudies included a

probabiistic reprtes•ntation of!the fatigue crack goynwth con'elation for lerritic• materials in water
Cýbnwistiet with thte) revious and current mindels c.mnained in Appeidix A,,f A lnencan Society,6ft
Medianical Fnginiess Boiler and Pressure \essel C ode. (ASME C, ode), Seetion-. TI thprobabilistic
reprncSnotion was con.sistcnt s itih those used in the pTI.R AISE code and NRC-approved SRRA.'tool loi'
piping risk informed insersvic• inspection. In Appendix A ol the NRC s•it• saLety 6va iluation (SE) on
WCAP-'l4572,.Rcision i, • tingliouse Owners Group Application of Risk-Inormned Methods to
Piping Inscr ic- Inspection Topical R cport -.the staff Qoncludcd that the SRRA code addresseshtitue
crack gizowth in an acceptable manner since it is consistent .with the technical approach used bInother
State of the-nut codes tbr probabilistic fia.cturc mechanics The staff notedl that r'ealisticpiredictions of'
failure probabilitics require that the user define input parameters, Which aceuratfely represent all sourceso(f
fatigiteý stress and the probability. for preexisting fabrication cracks in welds.,

a) ThIe Staff requests thit the Vestiuighouse Owners Group (WOG) provide the transients aindimUinber of
transientstIat swscr assumed in theanalysis of thecpilot-plant studies and explain wshy theproposcdl
transients represent all the Sources of fatigue stress.

Response: For the Wetinghouse and CE Nuclear Steam Supply System (Nsss) plant designs,
all oftthe Reactor Coolant Syste•s (RCS)design basis transients were considered in the analysis.
Thiese'RCS.design basis transients (herein referred to as transients unless specific'ally noted) are
identified in the plant final sat ety: analy sis reports. The PROBSB DI)Program, wxhich wasused toL

nIodify the FAVOR surface breaking tfhw density input file (S.dat), rquires thelfrequency,
(cycles per year) of the transient that produces the most crack growth and could represent the
fitigue crack lgroth of ill tihe transients intie rceactor vessel desitn bIsis. TIipcall.. fast
transients with high tlemperature spikes producehigh skin stresses Which are of concern for
initiation but do not provide sufficient energy to grow an existing crack. The ASME Code
requires thatthe fatigue usage factor for all design basis' transientsbe less than one. Theu•eb•,.
provided a plant remains within it's design basis transient parameters.and nunber of cYclles thee
design basis traitsients~idould not initiate a crack-. Slow, tiansitints Wlierdtie thernmal stresses aiiý
allowed to hilly develop,.througli thereactor vessel wall. such 'is he-itupand cooldoswn. are of
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much More coOcern tfor fatigue crack.growth, Forthis rcasVo the prinary transient chosen to be,
ev aluated with PROBSBFD for the Westinghouse. CE,.and B&X\ pilot plants was the coc1ldown
transient. Mhile the fiatigue cycle consists ofkhatup and cooldown the eooldown portion is used
to calculate the charige in stress aiid stress intensity factor because itis the portion that results in
terile stresses on the inside ofihe vessel wsall. For each pilot plant tihe Cooldown transient that
was eValuoitcl consistLd [ofa t10.)F/hour decreaase in temperature from full operating temperature
to amlbient -emperaillre, For tihe CE and h&XV pilot plant-s this decrease in temperature was
coincident .viIl a dccre, inpn pressure to atmospheric p.ssure.
• For the Westinghi.huse pilot plant, pressure was reduced at a iate of approximalely 700 psi p•-i
hour staitingi atth tlictr cookldown is initiated. l11ese cooldown cur cxs atrv consist-nt x•iith design
basis tcooldown. arves for thc Westinghou.see and CE I pilot plant designs. W&V. design basis data
was not available so te. B&W pilot plant cooldown transient was assumed to be comparable to
the eooldown transient for the CE dsiggn.

Afler,cihoosing the cotildovn transient as thie representative transient to be exaluated using, the
PIRO)BSI'lD code. it wasnece.ssarm to deterniiisi a nuiibcih of cooldown transients that would
unvexopie the fatigue crack growth of.all.of the design basis transients. For the Westinghouse
designs. previous iftigue crack. growth analyses of flaws on the inside surface o•..fhe rea.6tor
xýesse had dAown thai lbr all oftlhe design basis transients. only the~l(bllowing design basis
transients resulted in m.asurablecrack growvth:

0 Heatup (Coolldois n
* Pressurc 'lests
* Feedwater.( lin'
0 Inad•vcwt~nt Depre'surization

HeatuplCooldown and Pressure Tests are a cobmnon contributor foirall .NSSS designs
'(XXestislhOius 6. CI and B&W)lo F tre hc esting Om c-NS ,S &dsigns, Fecdwater CV ,ling Rand
Inad•urtant Deprassurirition may b mecom dominant OLther as a rssult of the original plant specific.
design baais loadaing analysis or for uprating consideraiotns. Table ib i pro\ ides i list of transients
'that were:cofisidered for the WVXcXtuighouse-NSS desiti in addressang fatigue crack growth. A.
description of the four transients ihat were determined.to contiibute to crack growth is provided
in Table Ib n dividual plant R(C S'd6sim speaifiuations prolvide addition il det ail on the"
transients.

Table, Ia; Westinghouse NSSS Design I ransients
Tranasient Transient'

Plant Heatupl"Cooldbxwn-l.00Fbmr 'Small Loss of Coolant Accident
Iessswe Test 3125 psia 2250 psia Small Steamn Break -

Feediwater Cycling. Complete"Loss of Flow
Inadvertent Depressiurization I Fccdwatcr Linc Break
UniiLoading and Unloadhiig Between 0 and i ReactorCCoolant Pipe Break,
'15% 6f1illloer ____"" _"_

[Plant Loading' Uinloaditg at 5%.of full power Large Steam Linm Break

iStepLoad Incase! Decrease of 10% of Full ReactorCoolant Pump Locked Rotor

- LardeStep Load Dl)rease(:s'ithsteani dump) 1 C611tr1ROEjeR iecti6h

!-2-
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F able Ia:,Westinchouse NSSS D~esiizo Tranisients _____ ____

.Loop Out ol 'SeNicc. Normal Loop Shutdown: i lurbine Roll Test
L S tartl?,+Im

L oss of Load I Refueling

I o0s oftF low i Excessive FIcdwater Flow
Reactorl'rip from lull powur _ lnadvsaient Auxiliary Spray
inadvertanit Startulp of'an inaectiv Loop Reduced I cnperaturc 1;eturt

Control.R od Drop _ Accumulator Inject ion Break
Sh1adv rtant Safty Injection Actuation 1 SteadyState Fluctuations

"I' Table Ib: W"tinhouseoNSSS, Dsi, n TransicnLs Contributing to Crack Growth
Transienit !De,-suiptwon

Plant -leatup Cooldown-10014hr ).esian healup/cooldown transients are conservatively
repu..scnted by continuous opeirations pcfor(.ed it a
uniform tesmp.ratune rate, I'lie heatup considered going
fiomn ambient timpa-atuore and pre'ssure condition to the
no10-oad teniperatlie .and pre•sure condition. lie
cooldown 'ionsiders oin'g fom ,the no-load temperiratureý

I and pressure conditions to ambient temperature and
3125psia2250~ p~urcconditions

IPrssurc Test 3125 psiahp'2250 psia uTh prC'sbrc tests include both-shop and feld hydrostatic
tests that occur as a result of component and system
testing.

Fleedwater Cycling This transient addresses intermitient fluctuations in
ftcdwater temperature that cause the reactor coolant
average temperature to d(ecrease to a lower vaiuc and
ýthen return to no-load conditions,

Inadvertent Depressurization Several events can be postulated to occur during normal
plant operation which will cause rapid depressurization
of the rcactor coolant systckin:of these. the pressuriuer
safety valve actuation causes the most sevcrc transient
;and is commonly used as an umbrella case to
conservatively represent the impact on the system rnom

__ :any of theinadvertent depiressurization !cxnts,

Existing analyses ofthese transients had been pefrfmied using a;10% through-wall initial flaw,.
Therefore, sensitivitsstudies were, performed on the four contributing transients using the
PROBSBFD Code with an initial flaw depth equi•'aent to the thickness of the claddigp(then
rounded up to the nearest whole pcfcnt of the wall thickness)j. [he analysis showe that the'only
desiun basis transicn't hat resulted in significant crack-growth was the cooldown transient. [Ilic
sensitivity study using thCePROFSBFD indicated that the flaw :0rowth contribution of the
Feedwater Cvelino_ and Inadvertant.:Dpviessuiization transientis was at least an order of magniitude
less than the contribution from the heatup/cooldown transient', Pcssure test transients wrcc
enveloped by the heatup cooldown transient- To envelope the contribution of the FeedwaterCycling and Inadveitent Depressurization trajsientsand aii;paitialcooltowns, 2 additional
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cooldown transients per year were conservatively added to the design basis of 5 cooldown cycles,
per year. flicrefore. 7 cooldown cycles per ycar were evahmited with PROB3SB)ID to determine
the suiflhcc breaking flaw density for the Westinghouse NSSS design pilot plant

Previous thtigue crack grOt.th studies were not available fin the C FNSSS designs and tho'efore.
all designbasis tidnsic~nis weicedvahuated using the PIROISBFD code:

0 Plant Ileateup an d ( ioldown
* Plant Loadhn- and Unloading at 5:rit in
• 10% Step ILoad Incr4dse and l)crcase.
* iRe;actor ri pI ss afIlow, and Loss of Load
* Loss of Secondary i'OesSurc
* 1Hydrostltic Test 31 25 ps'ia2250 psia
* Safety Valve Relief

'rable 2 provides a list otransients tlhat weteconsideredfor the CE-NSSS design in address~ing
fatigue crack growth, including a description of-the transient,. Individual plant RCS design
specifications povidc:additional :detail on tihctransients.

_____ transt fable~ 2: CE NSSS Dles ign "hransients ...
'l'ransient D~escription

plato ~ ~ ~ ~ ~~~~~~g IltpCo&x:-0UU Dinheatupicool down :transients are ostaivy

represented by continuouts.op•rations prbrimed at a
uninIIA teLnepia'ature rate. hlle heatup considered gemsn

:from ambient temperatureand pressure condition to the
no-load temperature and pressure condition. The
coot~lown considers going from the no-load temperatuei:
and piessurc conditions to ambient tcmpcrature and
prcssur co~nditions"

Pressure test 3125.psiai2250 psia Tlhe pressure tests include both shop and field hydrostatie
tests that occtr as.a result of component and systemr

____________________________testing;

Plant Loading; Unloading 5%4rain The unit loading and-unloading cases are conservatixvel
repr.esented by a continuous'and un•itorni ramrp powe"
changte of 5 percent per minute between 15 percent load

-afid lull load, thislis theimaximum possible rate
consistent with operation under automatic reactor control.

(10% Step Iiad Increa'se.: Deerease The 10% Step load increase decrease is a transient,
which is assumed to bea change :in turbine control value

op~ening,
Reactoi Trip. Loss of Flow. Thtese in~lutde ieaCtor trips due towaniiuinber of
Loss of Load jcircuinstanees over the life-of the ,plnt.
Loss of Secondairy Pressure A reaetori tiip will occui as-a result'af the loss of

...... _ _ 'seconda'r side pressure.

Safetv Valvc.Rclicf 'Several events can'be p6otulated to oceur during normal
I'plat operation which w ill causc rapid dcpressuriization

__________I at the reactor coolant s• n•tin Of thse,•the pr.surizer

4m
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-Table 2: CE NSSS Design Transielts _ _

safetv valve actuition causes the most. severe transient
and is commonly used as an umbrella case to
conservatively riepresent the impact on tle system fromI.any o'f the othei tiansients.

Consisteni with the WeOtIiighousc d csign lte cooldown transient produced the largest amount of
fatigue crack growt h. The loss of secondary, pressure transient also produced measurable growth.
Howevcr. the 12 cooldowns pir year was considered to be conservative in comparison to the
actual nornbei of cooldowns a plant might expcriaerce mi a given ycai of operation. therefore. to
envelope the contribution of the loss of secondaiy pressure transienLt only 1 additional cooldown
'transient was added to the design basis oh 12 cooldowns par year. thus resulting in 13, cooldowns
per year being evaluated with PROBSBFI) to determine the surl'icc breaking 1law density lbo the
CE design pilot plant.

For tile 13&W desigii tw;eI coldoissn transients m veal were assumed and evaluated with
.PROBS3BD to determine the surface breiking flaw density. As stated in the \VC.VP for a B&\V
pl nt to apply the interval 4xtcnsioni.of this \WC'A1, it would haive to be demonstrated that the 12
cooldown transictits pe• year cmelopelthe fatigue crack growth lrom'all ofthe design basis
transients.

b'iThe staff rquests thit lhea,"OG identify the initial flaw size, location and density assumedinthe pilot
plant latitgue crack grosth in sysis and the basisfor'ithe initial flaw size distribution and dcnsit d hlentify
and pros ide analyses ofill inservice inspection rcsults and destrUctivejtest resultslthat were.used to
detennine die initial flaw sizei location and density assumed:in the pilot plant fatigue crack growth
analvsi-s

Responsua- In Revision• I of WCAP- t61687NP.the initial fla- distributions, including the surface
breaking flaw distribution used for the fatigue.crack growth analysis are discussed on pages 3-8
and 3- 96f.section 3.2. 'lfhcdistributions for ithhist representative plants were all generated
,using the computer code VFL\AW0 3 developed by PNLL as described in Revision I 'of
NURIEG :CR-6817,A Generalized Procehcrc for Generatring Phn,-R•lahtedlnput sjbr the'!•-lAFOR
;Code, 2006.

The technical bases for the surface brcaking, flaw, distributitons arc described in Section 8 of this
report and the application of VFL•V03 Computer Code for surface-breaking flaws in single-pass
cladding is desc'ribed in Section 9.6 (pages 9124 to 9.26). Figure 9.17 of this report prios Ides thie
input surface breaking flaw distibution fbr the Oconec Unit I vessel that can be compared with
the input to the PROBSBI D Computer Program;in Sections K- I and K-2 in Appendix K of the
WCAP Report. Input vatiable 1 (F1FDeptIh) gives the fiactional initial faiw depth as0.03, which
corresponds to the non-zero..deisity in the rowy for N 3 (percent of wfall thickness) in Figure 9.17;

:Input vairiable 2 (lFlawDen) gives the initial fliw density 'as 0.0036589 flaiws per square foot in
Figure 9.17. PROBSBFDinput varables 16 to 19,(percent -Pcreent4) gives the percentages for
tthe 4 values of aspect ratio specified in input variables 8 to 11 (Aspect I-Asp6ct4) of 2. 6, 10 and
99 (infinite) as 67 450 20.769,..9642 and 7.8166, respectislciy, which agrees withftie-values in

5-
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F igure 9 17 o1 the.~ RLI 3G ( R Repor. Ilk .sane input to XI 2A\VW)3 was used, ececpt Ibr plant,
specific Valles olfvessel wall thickness and cladding thickness, which w'erc set equal to the bead
sizeftor a sinetc-pass claddingu to genraite the initial siia.e fliw'distribution input to
PROBSI3FDP Ioi Beaver Valley U.nit I in Sections C-1 and C-2 of Appendix C and For Palisadcs
in S•elions G-I and G-2 ol Appendix G in the WCAP Report. kV indicated in the WCAP Report.
the informition fr. calculating eladding (surface bhcaking) fliws in Tahles B-2 (page 13B8), F-2
(page 1-81) and J-2 (page J-8) is taken directly hiorn ITable 4'2iiI the I)Lx:ember 20102 l)irdl
NURIEG Report on thit Te.hnical Bisis [r Revision ofl the lPNS Role (ADAMS: M1L0300!X626).
Note that the citation for this reiLrcnce within.Appendiecs B, F and J in Revision 1 of WCAP-
16168-NP wilt be clianed from 17J to the co ri et rml-cencc number of',8]l

C) hlletaff requests that thew \1CO identik, the fatiumc crack gmwth curves (crack growth versu•s changc
in stress inmcisitfacltor) used in the pilot-plant studies.

Response: ie Thtitgue crackemrowsth rata equations fi r tinateris, such as the vessel wall
base metal, arc taken ioom Section 4.22 of the T1/Oezvcal and ULsers tbrc-'L

-(N .RE'(' 5864, July .!)'2), As notld in this rmport, thesu "equations provide i prohabilistie

reprCstitalioniof the faligue groth rclationshlp fi lfrritic mateiials in water containcd in
Appeiidi A of Secion ei of the \ASMF Boilei and PrIssure X'essel Code." Figure.A-430)l-2
Refcrenmc Faittie Crack.Growth Curmcs for Carhon and Iow Allov Ferritie Steels Exposed to
'Water Environmcnts. firom Append\ sA to Section Min the current edition ofl the ASMF, Boiler
-and Pi•essuwe Vessel Code, is also provided below for a graphical representaiion of these
equations. It should be noted that the fatigue crack growthcurves in Appendix A of Section XI
of the .. Mt' Boiler and [Pissurc Vessel Co(de have not chlanged since thieý, were originallv
,included in tlie :1978 Udition olfSection Xl, F'uthileremo there are prt-s.emtlv no known plans to
revise the curves in the ii•ture

R •0.25

,dN >19): ',.,.

QsCxp( 0.4O8+A.542C(. )

(:25 R < 0.65

da

AN <'9C K >j.

= 1.02 x (. 9.-5.725 )
f.; I.• i0-s1 (3.75R+o0:o6: ')

-6-

WCAP- 16168-NP-A June 2008
Revision 2



N-10

? Žý 0ý65
j.I. =(i : if )r',
0 = ixpfO. 10251?'- 0.433625 + (0:6,k75R + 0.370125 Y?7... ]

= O" K a.

d'N'ThV 2.5 x 0 * "Q

AK" <10

AK Ž! 12

.Q =xp(-0.367+0;817C' )

In the above eq.uations. . iR% K~ ,,/ K._., AK.is K_ K,,, and C. is normally distributed with a
mean of 0 and sl'ndard deviation of one. Thc units on the applied st,ess intcn-ity factor K, arc
ksi-meh) and inches.lp•c cyc on the crack grbivth rate. da/dN. Note that the normally
di tiibuted randoma vafu¢ oft sv 1mhh is usuad to e~deulaiti the. unicrtlinty iactor C) is spLcil]iiAIis

input ,ariable 14 (FCGI RUC) to the' PROIBSBFD Computer Program as finst shoivn in Sectlion.C-
I in Appcndix C of the WVCAP Report,
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Figue..-A-.4300 -2, Reference:17atign Crack Growth.Curwes for Carbon and L ow Alloy Ferrtic Steels
' Exposed to Water Environments

ýFrom.Appe~d~i~x:A-of'Se~ctio.,n Xl:,pfth!e A ISME BPV Cod~e)

2. 'in Attactuientl . to the June :8,!2006 letter from tle.W.OG, the-WOG indicated~that arider-cladý cracks
hi forgings .are so. sh~allow that chanace for them:in~itiat. inglturaing- a~severe iýressurized thelrmal §tlock.(PTS)
:transient wouild be fairly snmall. Analysels.(NUREG-1874, ."Recomrmended Screening Limits for
Pressurized Thermal Shock (PTSY').,perfbrmed by thle staff indicates that .for sevmerePTS' transients the
thrugh wall,crack. freq~uency (TW70F) for oir'gings.with widerrelad.craclks are greater than.th~se for axial
welds with. equivalent material reference temperature.- How, does the staff analysis~impact the WOG
analyses'/rod the T.WCF pilot-plant, screening criteria in, Appendix A~of WCAP-16168-NP, Revision.l?.

Response: The statementin the Staffs questiolntthat'*the throughWcall crack frequency (T-WCF)
for forging's 1ith tmder-'ciad crac are' reater~than thiose for axial -welds :iheuvln ae•

i'trneiMPertr! onyvalid.for reference temperatures ýgre ater tfian 240'F. Below~this
temperature, .the TWCF, of~forgigs'is~equivalent to, tat ofplates: This~is conrtfirmed by plotting.,
the TWCF correlations iriiNUREG- 1874 for~plat~s (PL), axial weldsý(AW'), forgings a(O) md

-I /
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under-clad cracking (IC) oii the same graph as shown below.

Relationship Between Max RT and TViCF

1 .0 0 -0 5 .....................................................................................................................

1,90E-07 . - - -

IW I0E-1 I. 4 TWCF 95-AW

1,00E-13

--.. TVVCF 95- LJC

,w , 1 .o o E ., 5 . ...... ..... ...... ....... ...... ... ..............................! ...• .. ,, - _
W~~TVC 95-~ TvOSPL

..0-1 ..............................
O .OOE-17

1.900E19

170 180 190 200 210 220 230 240 250

RT MAX (F)

'flie o•'elationS Criom NURF.G- 1874 that were.usedto produce this graph are as follows:

TW¢ ;t,•:•;, " e p{ .5 981(7t',rA.•,,4!,- 16) -- 40.542}•])'

TJVC3F- e- zp{23.37n(R,1T.3003- 6263 - hi
correlation is ibr frigings with underdlad cracking; iq=l)

TWCF, . {t.1,3 ' 1001 "l° "'• ~jf(Thisis'the underclhid-crackirignportion ofthe
correlation aove'Ae Without this underclad cracking portion, the foning is equivalent to a plate)

THICF, exp ,23. 7371 n(Rr T .- i,, i) .- 162.38}/

For the graph, 0 was chosen to have a V'alue6f"i'" corresponding'to a reactorx'esel bcltlinc-wall
thickness of less tlhan 9.5 inches icr1 NjRFG; 1874ý "i\ile, this selection is appropriate becaUse
most US P\ts have a reactor vessel heltline wall thickness less than 9.5" for thicker vesscls the
conclusions discussed in this response'do not change. The graph was plotted using degrees
Rankin; Hoevcir, the Xaxis was adjustedto display degrees Falmenheit.

:As" shown in ible 3.4 of NUIUý`G 1874, the highest RfI'NAx.FO alue for the ring-forged plants in
the doiiestie Pressti'zed Water Reatoi (PWR-) fleet is :187.3"F 'it 32 EFP Yand 198.6,F1at 48
EFH'Y. therore it is unlikely that the Rl:FMA\Fo vahic, tor arni domestic P\VR will ever exceed
240WF(even above 60 ELEtY) arnd the TWCF value tor-forgings will remain belowtihat for. axial
welds with equivalent reifrence temperatures. Tlicrefore.: the Staff mnalysis: on the effects of'
under-clad cracking has no impact on the WCAP analyses when applied to tile domcstic PWR
fleet. In the unlikely cvcmt thattl01 RT1 .1 o0 'alue for a. pltnt; c\'eeds: 240NF, this• analysis anid
the 20-year inspection interval wotld notbe applicable without firther exaluation..
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Sine the it\I 'correlitions have been revised from those in NWRI:G-I806*inda correlation has
been determined for lorgings (even though it has, no impact fi domestic P\lW):s), the WCAP will
be rteised to rctlect thcechanges to the conrelations. The pilot plant TWCI values, which are
pintented in Appendices IB , 'ni J and used in Appendix A, will be revised using the updated
conrelations. Since all vessel foroings in domestic plants will not be aftfeced by under-clad
ciacloniz. then. ismno need to determine wshether the cladding wais tabi icatcd in accordance with
Regulatory CUide 1.43 as directed in NI .EG- 1874,

3. Appendi: xA- and Appendix.A,2 ofl\VCAP-16168-N71, Rex sion I identities that the rXI7c" is a
crtical paramelcr in dQtenninig sshetheliithe lic;inscus reactdr vessel is bounded .by the analysc•
peiformed for the pilot-plants.

a) UWieSn.,st requestiing to ex'tend the inservice inspecti.m intervai tinom 10 (years to 2) years, must provide
the followisto niorination it the time oh their requestý (1) detennine their phant-specific TWCF using the

oloes? methodology approved by the staff for ceiteiating the w TC based on their. plant-specific IMA',X
and NUREG-1874; (2) detertninethe -,]dl"a values using the latest approved methodology documented in
Regulatory' Guide 1.99 oriothcr\NRC-approved methodoloey; and (3) provide all mate•'ial properties dialt
Wcre used f.) delein•ne the plant -specifc l\' F tie RnI ,w R c 1

xiA\ . RRI' . R IM w,
.RNI t,, \'0 value br litniniig niateri ls inthie be!tline, mnxininum neutrotn fluene (qPhLv) for nimiting
materials in the beltline, cold l• temperature under normal operating conditions, neutronflux for limitine
materials i- n thi e behtlihec andsiwt- phosPhorus.,wt-% manganesek wt4% nickel, wt-O. coppie tnr limiting
materials in the beltine).

Response: Appendis A of'the .W(AP will be rev ised to require that the plant specific Tl•'W(
R'l•, x, and A\lsi• vatuces.be calkulated as stated abbve6 Appendix A will alsobe revised to
include all material properties required to determine the pIlant.specific TMWCF.,

'RT,.'%X-Aw characterizes the reactor pressure vessel's resistance to fracture initiaiing fromtflaws
found along th'eaxial weld fusion lines .and is evaluated tfoi each axial weld fusion line.

'RI i r.i. chiaracterizes:tde reactOt pressure vessel s resistance to fracture initiating from flaws
found in plates tdit are not associatedwith welds. and is ev,1luated for ead!h plate.

R •lMAX-. .Iocharacterizcs: the rcactor pressurc xvessel's resistance to fracture initiating from flaws
found in f0rointis that are notass•ciatcd with welds,,and is evaluated for.6chliforgingnt

R chaiacterizesdie reactor piressure vessel s resistankelto fractureinitiating from flaws
fbund alongdife circeumferentiAiir weld:fusion lines, and is evaluated for eaelh eireumfiereital weld ijision
line.
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(b) Licens•ees that have reccived approval to extend the insarvice inspection interval from 10 years to 20
years must prov:ide within one year of eompleting its ne•-t beltline insex'Vice inspection, the analysis and
data requested in Section (d) of the voluntanY P1'S nilc. 10 CFR 50.61(a).

Response: To address the NRC requiremients for reporting and evaluation ofinspection data. the
following retiuirumni:nts will be. added to k\ppmdix A of the W\VCP

"41l data on embeddedflami,3 of concern uith a througgh nall e~vtet (7TW TI greater than.
0. 1 inch shall be provided to NRCY. ithin one year of completing the inevt vessel bellrne

sstrvwc-i.nspeauon per ASMI SLion XT, Appendix 13/H, Supqplemctt 4ý '¢or potential
iv.ss loi/arc due to 1"S,i ocmbedded lia of oncern are viaally or iseted plhinar fas In
the vessel beltine within the.inner 12. % J: of rhve, nel itall thickness.

,An asSsiment qf the inserkice inspection resiltd' relative. u) the flair, distrihution'. iewd in
the pilot plant analyses shdall also he pi. iled This asse.sment shall be pebotmned II
accordc/omi iwith the requirements oflSection (dii•n.the final published version of'rhe
volu'tamin1y 'S nde, 10 R C 0.T JO. )6

The limnitation on the minimum TWE is faken , from setion 2.10.2.2 o20 Piobabi ti olI)ietection
,and Figure Z8 in NUREI (1874. As notcd, flaws ývith a nsmaler TWE w.i,'ere not included in lhe
.vessel samples used foi inspection qualification via die Perform anee Demonstration Initiative.

Note thit.Scetion (d) of die.voluntairY 'fS rule reers to Section (c)(2). which provides the
tuquircmentso for nicasurenrnnt and evaluation of'surfice breaking flaws. For potential vessel
faituis dos. to I I'i. surface; breaking flaý,,s of concern arc. hose itli f1 aW depths all the ivay
through tire cladding and into the bases metal.

The definition of "embedded flaws- of concernv was added to the WC:\P insert to address the
NRC coneiem thal critical fl,.w cbinditions should be based on the flaw distributioniocation and
densityi that significantly contribute to the T\V.CF criteria for the pilot-plants; This sconcern was
stated in die Purpose of the technical basis document for the embedded flaw limitations on
density and Size.for welds; plates.. and forgings m that were provided in Enclosure ! of SECY-07-
104 On June 25, 2007 (AD)AMS: ML070570283), lhe technical basis dbeum'entlwas provided by
the NRC as an Attachment to an \pril 2007 NRC Memo. Develtopment ofP 1n/i Si:(- Distribution
'Table, for Draf Propo.aednTtle 106/ the Code ofredleral Regulation's tJOCFR) St')61a,
ADAMS: ML070950392. The definition is based upon those flaws which contributemost to
'T.VCF as daternnicd b.y the risults bf tie latest I"I's risk calculations'that.arc.sumnmarizcd in
.,Section 3.3. I3,of NUqREG- 1874..
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:4. Scetion S of WCAP-16168-Ni, Revision I indicates ASMI Code- Section XI.,Cteporv B-J welds,
I'rnssurtcRctaining Weld. in Piping,." at thereactorxvessel nozzles max i. inspetedd at 20 year frequency

based on the analyses in th6 report. he,staffdocs not consider theanaaysis perobrined in accordance with
tivfs WCAP applicable for piping. Thc staffin a letter dated December 15ý 1998, rviewiced WCAP- 14572,
RevisionI *•'Westinghousw Owners Group Application ol Risk-lomed Methods Io Piping inservice
Inspe.ction Topical Report," appiovcd a inethodology for evaluating pipiig, Thie stafliecrileo i.Lds thiat
justification for incre.asing the instrsicc inspection intrtval from 10 to 20 years fi piing bhcjustified in
accordance sxith, W(P-t l4572, Resision I1. Please rigisc WIAP- 16168-NP iaecordinglIv

Responis: 'llfi PWROG will remove C(ategory B-1. -elds from the applic.ability ofthe 10 to 20
yeaVtinterval exmision justi fied in WC.(P- 16168-NP. Revision 1.

5. WCAP 1616S NP, Resi1on Is is writtenltojustify increasing lieinse ficc nippcioninteral from
1.0 to 20 vsars br ,SME.T(ode. Section XI. Caiteorv B1-1) welds. 'I ill Penctration Weldded Nozzles in
Vessels I Figuivs 3-1 and 3:-2 indicatjothat the ,belthini weldds have. ihe lowest ratio .oci€ode allowable
strcss intknsity valus (Kj ,.,uK , cfiguros do not include the lull penetiation nozzle to
v'ssel xvelsk "lihestaff Tiqucst.s thal the W(..)(.prosvide the ratio of code illowablc strs, intensiyvahmiie
finoiutl penietration nme v--to-vcssul welds to demonstrate lhat tlhe betliinc welds.ar1ý ite liiniting
Ioeations.

Response: Tie marainiratios of stress intensity valueýs(K siiYKmvp`•) for~theCate•'3-D.
nozAle-to-vessel welds, are shown in the table below.

Nozzle Flawm Orienaition i Year
1H

............ 2.I.......... ...... ........................
R1

.,4 J 1.15
0 i 1.12

.. . . .. .57 1

30

571

5,71
'Outlet ?cxia ! 0 1 07

____ 4-
211,
30
40

1 .()41............ 1. i~ ..

Circunferentiaf tO
U:i -0 8,62

8:62

Tie least lInnitano idoatioin in the reactori essel beiltneas inhAsn ASM Codi.•allowlahe Sf es•-s
* intensitv~tetor to applied s.tress intensity factor margin ratio of 0504. Since this is.lessthanm the
most limating nozzle-to-xessel xveld Ioetion, th1eselocations ir noti the mosi liniting.region of
the reactor'vessel.

6m. Thae lroh'obilistiicI rture Mlechanics Computer Toolmand XethodoIos-Y portion of Seciion J 2 of'
VWC-AP- 1616S-NP. Revision ILindicates thamt the I iluireq'uoencv aimd distribution for I ;I ixs- in ihe i:
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reactorvCssels were calculated using the latestversion (05.1) ofthe FAVXOR code. This code has been
*significantly reviied by Oak Ridge National I aboatorv. h-ovidcean analysis that demonstrates the
impact (f using the latcst ve-sion of FAVOR on the failure ficequeney and distributions documented in
\VC.AP-16.168-NP, Revision I. Describe hlow tfile results from the latest version of FAVOR code would
impact the conclusions in thc WCAP.

Response: The bounding diffieences in through wall cracking frequency (TWCF) and large early
release frequencs" ( ,ERF) for diflercnt versions oft the FAVOR (Code aire provided in the
following table tor the tu'ee pilot plants. The bounding differences in T\VCF and LEI d were
calculated in ie tresponses to RAI- 9 Partc.and-.12 Parts a and c. FAVOR Versions 02.4 and 03.1
were used tar Revision 0 or WCAP-J 6168-NP.. while FAVOR Version 05. ]was used tar
Revision I. The hounding diffieences inilWCF andILERfifor FAVOR Version 06. I which s,',is
used to calculate the values aft \VsCF for each plant in NURI..-18 7 4. /?conmendcd.Scrednin
LimftafbrrPre vnrizccl hermnial ho'k (1?9S. 2007. are'provided in the response to RAI S. As
can be seen in the table belo%%. the estimated bounding cnhange in ULRF due to different 1SI
intcrvals would still result in an insignificant changein risk 1 'l:0 -o7iy ca) pcir the requirenic nts
ol'Regulatory Guidc 1 174. 'herefore, the risk inforined conclusions atf WCAP-16168-NP.

'Re ision ! remain valid foi all versions of the F AV(OR C(ode that were used in thie risk
,evaluations. This conclusion is also oxpectid to remain valid for the next potential version of the
FAVOR Code (possibly version 07 1)ihat contains the moditied embrittlemet trend.curves that
arc proposed in the Voluntary PTS Rulc (I0CFR0.6 l'a). This expectation is based upon a
comparison of results in Tables. .1 and C.I in NUREG-1874. This comparison showed a
maximuim diffeence in embrittlc'nentr inde's (R'I'MA,• atf5 1,and anmaximum ditlci-ence in
ITW(1Faof less than 20 percent at risk analysis conditi.ons (.as detined in Table C. I afNURI*'G-
1874) ,i ell beyond those shown in thtallowinit tihi

E'f-ts o1" FAVOR V•rsions on I'VCF and LERF Bounding Diflereui•i.s
Representative Plant Namen Beave:r Valle" Palisades Oeoniee

_Unit I Unit'I
PTS Risk Analvsis Condition 60 EFPY 60 EFPY Ext-A
Bounding Dierences from FAVOR 3.44E-)9 2.68.E-08- N/A
X en ian 02.4 (Rev:() at'NWCAP
Bounding Differences from FAVOR 3,11 E-09 2. 14E-081 N/A
Version 03.1 (Rev.:0 Of \V C P) .. ... .. ... ...
Bounding Diffirences fton AV(OR 2.49E-09 4.40E-09- 796E-10
Version 05.1 (R__v. I of CAP_
Bounding Differences froim FAVOR -17F 10 1.81E08 1.26E-08
Version 06.1 (respils to RA8)

7. On page 3-12,Athe Topical stateisthat "The.following ef•ects-also need to be cansidered alonngwwith'the
change in IS! interval: Fxtent of inspection (percent coverag6),.Probability of detection (POD) with flaw
size. Repair criterion for removing flaws from service! Also oiipage33-127 it states that 7For the pilot
planit evaluaiions., examinations were, assuined't be -conducted in accordance'with Section XI Appendix,
\Ill sofliatFigure,4couldhbe used." Figure4:is a graph ot'PODvs. flaw size. But oni page3-17.itstates
"For e~afple, if tlte prohabilitY of detection tbr the first inspedtion v,sas 90 plecent, then the flaw density
was'effectively multiplied by.10.percent tar input to thle ext iteration." These calculations determine how
many flaswxnnd the sizes atthose flas that xvill he incluleAdin the s.dat" file tar surface-breakini flaws
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in the FAVOR code calculations. Becausclic Appendix VIII inspctions are required Ior only welds and
a small portion ot'ad;accnt plate matcrial, these inspections typically cover only i few percent of'the
vessel surlice in the belt-linc region. 1lowcvcr FAVOR typically models surtiec-brcakin- flaws as
being randoiniy distributed acioss the entire inner surlace ofithevessel in the belt-line region. It isnot
clear'from the topical how the effects on the d•nsity of surf ic-br aking faws w•ir modified to retiect

the fraction of tlhe s ur face arca cwc-xed by the insspoetions Please piovide the percent coverage fr each.
ofthepihlt platnt. Please provide a clarific ,tion oflhe I XVORcalculation. that explains how the
percenmt L ercage was incorporated. In particular please bc clear regarding assumptions about the
preesnce and affcts of inspections on surfacc-brciking flaws in the areas not subjcct to:Appcndix ViII
insicectiots.

Response-. As discussed in Section 2.1t. 1 of NUREG(- 1874, the flaw models now tisild in
vrsion 06.1 :of 1'AVOR do not dircctl i consider the cTlkcts olfin-setrvicc inspection. 1o evalultic
.the eflects of fatigue crack growth and in-scrvicc. inspction on any surlacc breaking flaws, the

flaw input file t6 FAVOR niust bc:modificd to include. these dflcLs. It owvsvcr Section 4.4 ot the
Theory aod hnplemcritation Mlanual fbr version (16.1 of the FAVOR Code states that the flaw
infbrmauion toi ili one input file (Sddit) for the 1000 surtace breakingt ilaw distributions is applied
in the same mannier to eladding over welds and cladding over base metal (plat.s and forgings)
Theretore. the effect ol•the tyi i.hsmall inspection covcraoc in the base metal was N(I. eoniidered
it the m1'S risk analyses discussed in Revision I of VCAP-616186N NP. If it had been eoo)sidel c'd
thlen thenm would be absolutev zero diffterein icn the t.Vi(T do to inspection inte Irvi foi- thel
surface breakir"u flawrs in theibase metal that .iice never inspected, Athough this ffect is small,
neglecting it is nonra the less codseivativu, because the actual dil'•eiices inT NWCiF mad L I'ERF due
tothe hlan.ge in inspection inteival would be lower titan those estinmaed in the WVCAP Report.
I1h1t is the actwil diffcrMfi6cS in IFWCF, and LERF wouldhielcven less statistically significant
relative to zero, as discussed in the response to.Part d) of RAI 12 because thieeffectsof the
uninspected base-nietal flaws wcre included.

Risk

8. iDuringTan October L'2005 public mcetingwith the .Nuclear Rcguliator Commission (NRC)
(summarinaw;d in\Lh05291i0148) thQ,1NRCstaff and estinghouse discusstfi. hcrclaiionshipl bctwecn the
proposed VCAP and the PTS rulemaking work. Tlhe NRC stafftnoted thai Nuclear Reactor Regulations,
(NR's) coniicots reoardingithe prcssuiizedfliermal shock (PTS) technic'al basis may afft 't the results 6f
,the calculations in the CM'- 16168. The NRC staff also noted-that if the Westinahousei Owners Group-
(WVQG) submitted NVCAP- 6168 prior to the risolutioni of NRd's comments byxRES, the WVOG, would be
expected to, addres sNRRs commen1s'as diey:'affect the, WVCAP- 16168 calculations. A critical colmponlent

of thcjusitfication of thc rcqucsted infspctioninteixal .c'.tension is a fracture mechanics, evaluation of the I

rea1Ctorves.sel lh PS technical basis and the Topical use the FAVOR code to estimnlie the conditional
probabiity of reactor sessel ailuric Th.rcsolution 0iNRRs continuing rexieW oftheVPlS rulemaking
teclnical.hasis has caused thiu.FAVXOR codto be modified to.eorrcet deficiencies in the codie.Accoiding:
to Reference 26 in "WCAP- 16168 FAVOR code ,ersion.05. I sas used in the'analysis used in th e
Topi cal. theýcurrent version of the code used in the PTS technical basis. isTFA ,OR 6, 1. 'Tiechiangcs
made tove,.'ion 0•5l 'resulted in substatitialli increased values of throuogh wall cra-ckini frequenicy
'(TWCF)Tybr the pilot plants and significantly'different correlations of T\\.CF.to material reference.
temperatures. Both ofthese factors are important when licensees relate the Topical analyses to their
plants. P1,aiteupdatethet FAVORcomputrc6deanalyscsa tusing, the latest veqrion (if the IFAVOR cide
and make any corre-sponding chanuies to: thi. ana-lyses: presented 'in XVCAP- 16 16ts (Thme NRC (foies not'
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expect the FAVOR code to undergo additional changes bfctre the technical basis For the 'Il'S rulemaking
is completcd, but concludcs that the version of the FAVOR code ultimatclv found acceptable in the PTS
technical basis will be the version that wvill be acceptable for reference by the WOG in:this Topical').

Response: 11)e pilot plant analyse,.i and change in risk calculations have been updated using
version 06.1 oftthe ,FA(_)R Co(de to be consistent %vith NUREG(T-1874. The results ofthe
analyses and change in risk calculations for the three pilot plant, are presented in ihe table below.

4r-_-_-- -- :and _ I_ I I_ esults i£nisper _ ......... I
BR.mier XaIlve mili I i Pali~ne kcn~Ui

ViC -s e.'St ondadlyn Io0 0! N~St1( 2 4 Ci 1) 31PO' ]

II,) v'.a-hliten iM •M a~i ~5.23 U-09, 12U, 0 - 3-10) 3,(lEt09 2.6 O 291-09

.11udelS ..an . " i . | " ... ........... 2 3_ 0t

The WCAPI will be revised to include the. revieid result-, Appendices ,. I. and M will also be
revised to include the FAVPOST output.irom version 06.1.

9. Page 4-6 provides a duscription dlinceds as,. consriyativcibounding. acceptanue criteria relating,

Change in CDF P (c7hang ein 1ERI'.l'nerease in frequency of through wall crack growtli< IE-7yr.,

Page 4-'stlatcs that- It lor this evaluation, the CDF and iERF wre calculated by

CDFILERF-E* CPF

CDF ý Core danimagpfrequency from 'a .liilure (events per year)
LERF :: Large earlV release frejiuency. fiom •aTilure (events per yVar)
IE Initiating event frequency (ev'ents.per year)
CPF =Conditional probability of reactorvessel failure.

a).P!•asc precisely define CPFand fully describe ihe processcs used to calculatc the values. Is this tie
cinditional probability oftailure given a PTSeent'dn tihe lastdday of the last operating yea'r? IsIthis the
average conditional probabilivyof failure given a PTS event, randomly occruning during the operating life
of the 'lant? Cr is fliis somern otlii• pararictecl.

Response: CPF is the distribution of the conditional probabilitiesof failurc given thit all
'postulated ITIS evwnts occur on die first div of lull powver operation following the reflucling
moutage after the last opecrating year for the cxtende license, of the plant. [his is a conservative
approach as discus,,sed in the rponsIe to RAI 9. The caleulation of CPF and T\X\CFrfor the two
inspection interv als is summarize d in tiie subs'ciion entitleLd '"Tbabilistic Fracture Mlchanics
Computer Tool and MIethodoloeg" (pages 3.-14 to 137.7) in Section 3.2 of the MiCAP Report. The
alilution of CPF hi the FA0vOR comlputer code is described in the following NRC Reports 1)

,Sections.77 I to 7. 10of NREIG- 1806,Teclhiniedal Bais forRevision of the Pressurised The rmal
Shock (PIS) .Screennng L il in thMe 'iS RPid (I iCTJc0'R .6t): SJi mman Rcport 21006 ; 2) Section
4 on Crack Initia'tion and Section 5on "lirough-Wall CIrcki ng in NUROEG 1807 Probab•histic;
kFracturc. ¾1e hanics -od ias. Po•tat•o tL' l nd UhcO(raint) hlo'etment ULied. n / 1VOR 1' rswin'
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04.1,2007; ;) Sections 3 and 4 (Eqcuations Ito 132) ofNURIVi/CR-6854, Fractr,.jb.ali si of
Vessels , OaekRidgc VOR, 0 04 Computer Cock: Theomc 1 hnplepente'ttiol of'.,lgorihrnis,
Afethd's and nnrlaon. 2006 and 4) Section 2 and Appendix A of NURG- 1874,
RLcormndeud S1 *eenimf2LJ lots ftrf-lressw'iz Ld i i SI ýuhokc (P1TS), 20007. Appendix 'A of
N'4 '- 1374 describes tbe requested changes in ging, from FA'V\OR version 05.1. wh ich was
used in Re ision I o'f WCAP-16168-NP, to AVO,.ye srsion 06. I, which was used to caleulate
the Clf and TWCI' reuttls in NUI.-G-1874.

IE is the distribution of frequentcies' for each postulated PTS transinti (initiating event) that is
Ceoinend with the C PF1 distribution to Obtain the distribution of through-wall cracking friequency
(T1\XCF):!or that P1IS transient. Inis comnbinatiori of thei CPF and IF distributions arid sumnsatioi
of the T\X( FIdistributions tor all contributing P`tS tra ,nients is perrformed in thr. IA\VIP)(ST
'todu.1 o" I AX OR*.is detcribed in Section 2.7 o NU,% Rif(ilR6855 krac runto irs oe

Vesesr Oak Ridgu 1t 01? so4.J, C on•Ptaer Code: Ucsr's Guind' 2006. Srection 2.7also
priosvidcs thc nlcthiodo1oov and equations lbr calculatiimu th statistical paramerters lor th. tota I
T1'XCF distributions that arn provide~d in the IFAV -XPt)STI output,(Appcrndiecs E. I and Ifoli thr
thiree pilot plants in the kV.C'APeklpo•rt, respectivldy), The total T\WCI distribution becomes the
LERI distribution because' the conditional probability of large early releaseq given vcssclTfailure is
taken as 1.0.a's descrikcd in Section 10.5 ofN U1RFG- 1806.

The XCAIXýXwilt be. rcv:d to show that:

IXX( IF I; I•F I "* * ý7i ?F!

,CDF- Cor•ldamagu; frequency from .,cvskI failures due to all PIS events (events per year)
iE RE= Iaire early irelease tfrequencxfiom,m,'-,esel failues due -to all PTS evsents (events per year)
IE Iiititns, t ,tequeny.(events per year) tbr a giI en P15stransient
.CPU1 = Conditional prbbability of reaetor Vessel failur ora given PTS transient i, and
N T'Ihetota I number of postulated P!TS transients for a given plant.

-b) Please d!kscribc and justiify the opeirating life selected for a) above

Response: Because vessel fiilure during a postulated PTS event is.imore. likely to occur~with a
higher degree of embrittleienta which inPiveases with 6peiating timie (tue to tle. accumulated
t ronii fluencean operaling tunne that is realistic but not overly conservatie v5e5was desired.

n.iofthei consideration Was tiying to bound most of the plants of each nuclear steam.supply
system ('NSSS) vendor s design using one of the operatingconditions 'in the PI'S Risk Study
,performed by the NRC (ix. from Table 8.5 of N URE G-1806) through.4ll6 end of hre first .Iicense
renewal period (60 yoars ) asrequested bsthepX PROwners Group. Lsingtheinlormationin
Table 9:5. Plant List for Gcenral iation iStudv. in NITREG- • 806, feaver. Vally I -at 60 FFPY
was Wudged towbe bonnding for,:nibtittlcicnit,at all the plants wifth aXXVstingrhouse NSSS design,
including more cmbrittled Salm 1. at t r60. alkmdar years. Iikrewise. P-ilisadrs at 60H LiI YXas
judged to be bounding For einbrittlerrient at al ldie plants wvith a Cornbustion-Fnineeriing NSSS
%design, including more eninbittled Foit Calhoun, at 60 calendar years.,, However, Oconee 1 at 60
EFPY would not be loUnding for inrittl-init at all t(ie plants with a Babcock & XXilco xNSSS
desigrL speceifieallvTMi-1. at 60 calendar yearso the next higher extended condition A was sused
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for this pilot plaot.. These EF:?Y condilions set the vessel accumulated fluence and material
embrittlement levels. A maximum operating time of 80 calendar years .was used instead of 60
years. This longer opcrating time is not only considered to be bounding but is also conservative
for two reasons. Fist.t the transient. in the plant design duty cycle that could producefatigue
crack growth are speeified using a given rate pei calendar year as described in the response to
Par a) of RAI1 L Therefore the fatigue crack growth would be about 33% higher due to the lirgul
total number of fatigue transients. Second the efleets of in-scrvice inspections at 60. 70 and 80
calendar vyars are added in the eases for IS1 euvery 10 years (a 60% increase relative to the last
inspection aflcr 50 yea'.crs) Both of thesc conservatisms would tend to maximize the diflerences in
Ik"(C 1for 1S1 c'csr 10 years tclati ,v-to the eases tor 10-yCar ISI only.

&) As indicated in the use 6f'a "condittnai pi ohibbility of reactor vessel vtihlra et4r Vessel Taituree
only ocwurs vvhcn a demand (the PTS cvent) is placed on a vessel that has bccomc susceptibleto f'aihue
tlrough the growth of chaeRs. C(racks grow'over tinie and may become large enough to tail given a PTS
event but remain hidden until revealed tl'ougth a reactor vessel weld inspection or through a PT'S event
and subsequent failuie. Withott an event or an inspection.the CPI increases over time as the cracks
grow throughout the interval. Normally, die risk from unrevealed faults during an inspection interv al is
estimated based on lhe random ocCuranene ofthe upset event during the intes al combined with the
likelihtod of tipe unrevtaled fault as it increases throughout the inspection inltrval. 'alie risk associated
with the extended interval. issimilarly ustim uted. 'lie risk increase is the differenec between these two
risk istirnatem Please provide this estimate of the change in risk associated with extending the inspection
interval hom 10 to:20 years, orjusti, that the estimate in the topicil yields a bounding estimate of this
value.

Response: Theie estimaled change in large early release frequency associated with extending the
inspection intervtal from 10 to 20 years is provided for the three pilot plants for each of the NSSS-

ecndordesigns in the last row ofTablc 4-t on page 4-8 in Revision l,of WC'\P-16168"NP. All
.of thede values are considered to be boundineestimates for the following reasons:

1) The-values were calculated using the saise tisetiodology that was used in the PTS Risk Study
performed b the NRC, whiidi has 11 known conservatisms per iitems (a) thiouch (k) on paos
12 I to 12- 12 in Section 22.4 of NUREG- 1806_ as'compared to only3 potential nonm
conServatisms per items (a) through (c) on page 12-12.
2) For most of the plants. the cmiirittletnent at 60 EFPY is used to bound plants at the end of their
.first license extension (60 year's ) For die remaaining pantsrthe enibrittlement it the EFPY it
exterided condition A is used to0bouind plant.s atthe end of their firsit license extension';
-)The number of design duly cycle tr.ansients that could produce fatigue crack growth is about
3,hizheri than the value for 60 ,ycars of operation,
4) Most plants arc projected to not reach their design basis (40-year) number of transients after:60
sca-rs of opcration (first license extension).
5) The effects of ISI.are assumed to he cumulatitve, which is conservative because the greatcrthe
effectiveness of the IS11 tliegreatei. the diffei-ence in TWCF due to the change in, inspection
interval.
6)TIhe number of tinos'ersice inspectionsthait is ciedited in the cases for I eV Iery I0 Years is 8
(60% higher) rather tIhan the expected value of 5. since no credit is usually takenwlfor any,
inspectiiidns aftler the ektendei operating license has expired,(attei 60 years.61f ope-ration").
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7) 'Thc cases for only one inspection after It) years of operation are conservatively used to under-
estinlatc the eflfcis, of rnl-serice inspection every 20 years (See Figures -6 to 3-11 in the WCl\t
report):
8) rCwdit for the reduction in flaw density due I0 in-service inspections is conservatively. applied
to portions of tie plates, and forgtngs that are not even inspected.: which would over-estimatc thc
.:diien~s.due to chan,'s in tli. Inspecion interval per the ru.spbnse to RAI 18.
9) (Jpper 2-sigma bound values ( 97 5%) on.the meian TWi'X are conscrvafively used to estimate
the boundmin di|kr fl•' instcudof the F'A\,)OI calculated mean values for tinlhe .ases with ISI
,only after 10 years of operat•on (see response to R.0 12 parlc).
10) Lov 2r 2sigifia bound valucs (.2. 5%) on ,th mean TXXCF] arcc :onsenatisvc used toi sitimiiate
the boundiau diffixvnc.sinistead of the FAVOR calculated manuvalu.s or tinhe cases with IS1
•evi y s 0 tkars (s•.espionseto Rl AI 12 patt c).

1) U sing separa te uppr.and lower2-sig'ma hounds in items 9) and 10) is about.40%
.conscrmati e rellaiivcec) using1 an utppc 2-siganiI-hound on thei conmbind uncertainties ill the
diferinc. in mean val.ues ofTCF'(.

0.l Page 4-8 states thait thn. transient inti tang frequency distributions were' identified in thw NRC.P:F'S
Risk Siudy 171 and ase-induded in Appendices D. H, d.L fo lbthe pilot plants. The A-ppendipes include
the(grouped) sequcn,-i but do not include the transient irsequency dist ribution. Please provsie Ihe mean
values ot•f thn transicnt frequencysin the Appendices to prov ide tihe link to the PTS technical basis.resuilt
that are used in the Topical.

Yiýspons: 'i'he I.TS transients are tInesais as thosc in Appendix A of NUREG 1-1806. The
"I HI Fin ipps~ndise• ]) H andL ,cirrsiiponds t, that in Appendix A tNUREG-1:806.

clolumnn wi il be added to the, tables in Appendisccs 1)1 L, and L in the W%\XCl report to.incude.ih•
mean initiating -cent fItquency fiom NUIG-1806 toir each of the'transients.

11. Extending tle initcrx at foi'mnspcction of fiac:tor ,i'vsscl.w vclds will. to some e rxtent.,inircatsc die
likelihood that a PTS event will cause a reactor vessel failure. A reactorvessel failure~will fail. tereactor
coolant fission pioduet boun.darv, and msay di-ectly tail the rhaetor tuel fission product boundaryv. -The
discussion on page`4-9 and 4-1about maintaining' defense-in-,dcpth e•nphasizcs 1) the lowlikelihood of
a PTSsinducse rupture. 2) that i sampling ol. pants" inevitably undermo examinations mina niveynear.so
that uinknoown degradation mechanisswill not be ignoied for 20 years and 3) that all reat•i cno~lant:
pressure boundary fieih'esvccurring to date have been. identified thougch lakage:

a) tlife defense-in-depth samluation is performed inparallel with the-risk: es.iluation in thieintegrated
decision making prpss'. Please aisess.the proposed ins re,issin inspestion intevat against each of the.

defense-in-depth elements listed on page 4-4 of \VCAP- 16168.

'Responire:1 Page 4m4 of WCP-T46168-NPT Revkion 1, also states fiom Regulatory Guide 1, 174
that:

-•'Defeniseii-dpth pih~piloso•hvig innot expeted tosh ainae unless..

A TIceprobability o6ffailure&,f cach ba rrier ehangisý. si'gnificandy.
', Newvv or additional failurei pendcrnciss an4i. troduced that'inerasc the likelihood :of' ilui-
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compared to the cxisting conditions.
* Ih• opvcil redundancy and diversity in the barricrs changes."

Thc extiesion in inspection inter•,al will not result in any ol the ehanges identified above. For
this reason the defense in depth lemeints listed on page 4-4 will not be impacted. Additional
assessment of the impact on each of the dcItnse-in-depIh clernIs from page 4-4 is provided in

SAreasonable balance among prevention of core damage, prevention of Contaimnenit failure.
and consequence mitigation .is preserved:

the proposed.increasein inspection would not cause an increased reliance on any of'the
identificdl elenenLs. Theretbre. the intetval increase would not change the existing
bali•nce.amnong preventiorn of core damage, prevention of containment failure, and

consequence mitial ion.

" Over-retiance on progyanmmaticactivities to compensate for weaknesses in plant design is
avoided-

The change in inspeciion interval does not change the robustness of the vesseldesign in
any. wa.i I t isbhecause of this ribusiitsns tlhat the inspectiioin inte•val can i.bedoubled with,
no significant change in thilur tfrcquency,

" System rmdundanry indcpe'ndenice. and diversity are:pre-servedcommeinisurate with the
expected fiequciicy and consequcnecs to the system (C.g., no risk outliers):

fhe proposed increase in nspcction inicrvaI does not impact systcm redundancye
independence, or div&sity:in any way. since itis not changing thc plant deign or how it

.is operatedt

* Defenses against potential common cause failures are preserved and the potential for
introduction ot niewv common cause failure mechanisms is assessed:

The propos6d increase 'in inspection interval does not impact any defenses agiiinst any
common cause ftilurcs and there is no reason to.expect the introduction Ofanyncw
common cause failure mechanisms. This requeiement applies to multiple active

components. ThMericis.only onc reactor vessel per plant and it is a passive component.

* lndependence:ofbairniers.is -not degraded (the barriers are identified as the fuel cladding.
reactor cooilant pwessure boundara•',ad containment structure)ý

The increase in inispection intervaI (loes chaneisthc reiationship between the barriers in
anyway and therefore does not degrade the independence of the barriers. The change in,
inspection interval does not change the robustnesssof the vessel design in any way; It is
because of thisi robustness thitthe inspectimi interval can bc doubled with no significant

' change in faihirc frcuncuncy:
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i)efenses against human errors are prcerved:

Vhe increase in tie RV inspection intc-,ral does not impact any defenses against human
ot ors in any, way. Th*ec in ase in the ins pction intirval reduces the Ii lueney flr

,which the ltoer internals need to be removed. Reducing this firequency reduces the
possibility oir human crior and potuntiallys'damiging, the core.

b) It is likely that all plants Nvill request to extevnd the inspection intcrvaltioni 10 to 20 years. Universal.
or near universal. adoption of this optiol-woulid, uniless othelnsmsQ armagecd. lead to a 10 year period wcre
no reactor vessel wseld inspections would be required Please prosidle additional discussion specikmt ng
how a 1amplmg of plantS" perfonning reactor ssc -welds inspe•tion over thme emxt 10 yits can bc
achieved.

Response: On October 31, 2(006. tIie P\VOG submitted to the NRC Letter 0G 6-3 56 . "PThin
for Plant Specific implementation ol Extendld loser, ice Inspection lntersvi per WCAP- 16168-
NP? Revision , Risk hnredlI xtensioiof the Reactor Vessel in-Service Inspection lnter ai.i'

his letter provides a plan of xwhen inspections wsill bepertbrned provided that Revision , of
WCX \P-16168-NPis ippromed and tliat each plant makes a,plant specific rtluest to the Staifl to
extend their intrval. As discussed in the letter and as previously agreed upon by the Stiff. thc
Staff will rexi :es plant spocilicrcquests to implcmeat, the 20 year interval atainst the PWROG
Plan. Appoxqal of the plani Specific request is expected if the date requested in tise plant specific
request is within one-refucling cycle-ofthat identified in the PWROG Plan..

12, The.foAl1osing repeats, part of Table 4 1 in the T'opical.

Table 4-I (mean.values) Large Early.Release Frequencies

BV1 Palisades OC1

I0-aYearISl O(ily 5.04E-09 1.54F;08 2.06E-09

.1St Every lOYiWmsm... 4.IOLi-09 1.67E-08. '2A8E-09

For Beaver VaifeyUnit l(.BV 1), the SI Eserve t 10 ears(4. 10139) is less than the 10-sear inservice
inspection (ItS) Only (5,04E 9). This seems reasonable becausejthe repetitive IS provides opportunities
to fimd and remosve growing cracus before they canl leid to vesselsfailuic given a ariS event However, for
Palisades and Oconee Unit 1(OC1) (andin a number of individiaI bin frteluencies in the Appendices) the,
situation is reversed. J or example, for Palisades above, the ISltevers 10 sears.(i.c.. 1.67L708) is greater
than the10-ycarlSl.0nlv (1.54E-08)- Thisappearsto indicate that it is riskier to inspect than to not
inspct hutit mb dlemonstrate that the Monte Carl cmlcutation bY the FAVOR code Were not

convm•red sufliciueniy io rcduce th; uunscittainty of the mean ,alues ,of the total r\VCF to less than the
eflect of detecting and reioinsg sumface breaking flaws found by inspections at ten-year interals.

a) Please explain . ss h eA6 mean failure estimates are..ometimes opposite of whatfis e-xpteld. The
explanation should include ajustification that this analyiss is precise enough to support the change in risk
estimates ?instead of flurthet in, estatti9g the appreii-itdiscrepancy and deieloping'i esulislthat no longer
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appear contradictory. If the answer to b) below removes this apparent discrepancy the answer tolthis
question can be refcned to b).

Response: Tlh technicalhbasis for the PWR Owners Group pricjcet to extend the vcsscl ISI
interval was alswa 'V based on the premise that Surface breaking fla's would never he a significant
contributoi to vesscl fritque (thrulhyall.cracking)Treit~incy due to PTS transients. Ttis wais
based upon the tiactthat the frcquency ofsurthce breaking flaws would have to he very small,
since none had exerbcen discoecred durine either pre-service or in-service exaniinations and
evcin ifthcv did exist. their circumferential orientation due to the cladding welding process (see
Section 9.6.I of NI 1RFX'v(i1-6817) would lead to arrest before through-wall fiacture (.see Figure
,97 of N'I'1It. 1806) The results :reported in Revision I of W\CAP- 16168-NP just coninu tifs
pI•cnis:. even xWhen potential fatigue er ckgrowth is explicitly considered, Because ot'thc
uncertainty in how accuratcel an insignifictnt (null) cflcet can be Calculated by lFAV OR •.sinmg
standard ontc-C arlo simult ion miethods, a conservative method of comparing upper and lowsser
2-signa bounds.was used as described in.the response to Par c of this IRAI.

b) Tht. I TWCT estimates art dominated by the nioire numerous embeddedaxial flaws, with little
cýontribution frohmthe trsunhactbrvaking circunlferitial flaws that a-e varied by the \\ ( AP FAV)OR
anals u i hs. Iic FA VOR colds trcalts ý.h flaw indcpendcntly of cicr' other flaw, and it is possiblc to
calculatc the effectiof the TWCF contribution fbr only surface breaking flaws, Without including any of
the embedded flaws in the calculation. Such in cvaluation would isolate the parameter of interest (the
T\VC. caus i by surface. flaws) and thereby eliminate the possibly dominant affect of the uncertainly on
the quantitatix-eresults associate:d with tliiI.WFt from cnihsddsdflaws. In order to appropriately
evaluate thie unccrtainty of thc TWCF contribution crated by surface-breaking flaws as opposed to
einbbdde•d li•is, pioase*1cualte these flaws separatcly, so that probability distiibutions fbr the YVWCP
contribution of surface breaking flaws .ican'be obtained and compared for the two inspection cases.

ReSponse. For the reasons stated in the response to Paria of this R Xltere should be almostno
contribution firom surfacebireaking circumferential flaiws's. However.. with such few failures
resulting, fiomsurface breaking flaws, there may be no way to obtain a converged solution using
M•,ionte-Carlo simula'ion because the accuracy is based upon the numbcriof t ulurcs in theltotal
number ofvessel simulations. 'hat is, to.obtain convergence and acceptable accuracy, a
significant number of failures ire reqluired for the specified number of'simulations. Notethat
70.000 vessel simulations w-ere rcquurcd for the results provided in the rcsponsc to Part c.ofthis
RAI. Even for 500 000 simulations without any embcdded flaws. the value of throunh-wall
ciacking frequency (T.WCi(F) calculited by tFAVORwas.•ero (no failures) foi both ISI cases. The
clmne in TWCF(and the change in large early release firequency (LERF).would also be
;cssentially zcrow ,hich .would certainly be considercd insignificant per the requiremients of
Rcgulatory Guide 1. 174.

c) Please describc in detail how the nicanupper bound and mean lower bound parameters (included in
othei entries'in Table 4-I) re developed.

Response: The ifornmaation in, Tahle 4-1 is a summariy of the vessel failure liequency resuilts for
each of the three pilot plants that.arecgivxen' in Tables 3-2,3-3 and 3-4, respectively, in the WCAP.
For the firstpplant (Beaver- Valley Unit 1), the mean value and standard eiTor.for.10-Year1SI
Only of 5.04E-09 and 4.83E-10, resieetivizl., in.Table 3•2 on page 3-18 were taken firm the
FAVPOST Output valuesrof 5A0405E-)9and 4.827fFA 10, respectively,•on page E-5 in Section:E-
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I of Appendi( F.. As described iathe firsl paragraph.of Section 3(3 tpage 3-18). "The Upper
Bound Value was determined by addin'g 2 times the standard coor as reported by FAVPIT(ST to
the mean value of the 10-Year ISl .ny casc. In Table .- 2, the Upper Bound Value of'.6.01E-09
caefi-om 5ot5.0409-09+ 2x 4. 8272F-10 •; 6.0t05941.'-09. ihe mean value and standard enaor for
IS1] lscre• .10 'Yeai', of 4. 1F0|-(9 and 2) 89-10,( res•pectixdly in Table '-2 were taiken from the

1 AVPO(YST Output values of 4.09•M5- 09 and 2.8934f--10.. respectively, on page E-13 in Section
1-2o ot,\ppcndixE. As described in the first pa ragraph of Section 3.3. "' bhc owcir Bound Value
was determined by -subtractint 2 times the sitandard error as reported by IFAVI.OST Iirom the
mean value (f the ISI Eve e!10 Years case." In "Fable 1-2. the]Lower Bound Value of 3.52E-09.
camet li-ns 4.0995I-09 -2 x 2:8931 -1( = 31.5082l-t09. A described in the lurst paracrauph of

Section .3," clhanae in failure freicucy was conservativuels calculatcd based on the diflterence
between an 'plfper Bound and a Loweri Bounnd:" In Ta1hbk 3-2, the Bounding]i)i l-eren.e o" 2.491-
09 caimc from 6 00594E-09 - 3. 520t821"09"= 2.485121'09. These same calculations were also
performed br Palisades in l•able 33 in Section ,34 using theFI )S 1 utput on pages 1 6 ad

1 12 in Sectionsl-1 and.-.2 (f Appendix I and for Oconee Unit I in Table 3-4 in Section; -5

Muing dieTFAX IkST Output on paiges NM-7 andA1I- 14 in Sections M-.1 and M-2 of Appendix M.

![he lollowing equations .(jr the stindard.deviation and stindard eror aire provinded in Section 2 7
:on.IA,'XVPMSiT O(utput in N UREGi(iR-6855, .laefrctert'Alnal)sisi of Vs'ss-el Oak Ridge.t•"A FOR.
s'04.I. C(omntP er CGui: Usa)r :s Cmide. 2006,

Sta dar D ev i tio , .s ...............................
Standar~d Des:iation, s.= •.

Standarid Error= I aI

.In these equations .s is the value of TWCI for all PTS transientsV Which is calculated for each.
sessel simulution i, and thex'with the bar oser it is the mean value atfTIWGCF Ifor all n vessell
simnulations. ,wh ich is typically greater than 60,000. Note that the standaid crror, which is a:
measure on the uncertiaintV on the mean value. is elual tothe standard deviation which is a
:measure of the, uncertainty iii all the simulated .alues of T\\WCF, dividedby the squar.ryoot of the
number of simulations, The uneretaintv on the mnean value of TXWCF is used per the guidanee in
:Section'2.2.5.'5' Coimparisons ,ithAcc.eptance .iumdelinies. in Revision I of Regulatory Guide.
1 174. T'his section states: '"1cause of tie aN, the ýiceeptance guidelines weredeveloped. the
appi-oprite numecai nmeasures tn Usein ithe initial comparison.ojftlihePRA results tothee
acc4cvtancc muidelines are meansvalues, 'hlie.mean values referred to arc the meanns of the
probability distributions that result from the propagation of the uncertainties on the input
paramete ,rs and those model uncertainties 6xplicitly represented in the model."

This samteapproach waýs`ued to calculate the uppei bound, 6ower bound and chanlge'in failure
frequency for the FAVOR version 06.1 results presented in the~responseto RAI 8.
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d) Page 3-18states that; "jsjtmtisticalHy. the diflkrenec between the mean failure freoqc.uecies for the 1]SI
Every 10 Years" case and the "10 car ISI Only" case is insignifieant." Please describe the statistical
techniques used to develop this statemlent, e.g. was.hypothesis testing about the two means performed?
How does this observation support the use of the Topical methodology in demonstrating that tihe increase
in the inspection interval from I0 to 20 years satisfies the risk-inforned guidelines in RG L, 174.

Response: The null hypothesis is that the risk difihrcnec for the two iSI cases is zero for the
reasons stated in the responses to, previous parts of RAI 12. For the difference in mean values to
be statistically sienilicant at the 99 percent confidencelevel. the T-statistic would require its
value to be equal to or greater than 13 5:times the sample stahdard deviation. F;or the detailed
RV I eiample in part c above. thfe sanple standard deviations would be the square root of the sun
of the 'squares of thle standard errnor fin' thle two 131 cases. (4:827j' + 2.8934 2)'r' x I l0E-I 0
5 62791-10. This value is.2.35 times the 9)% eonlhdence bound of l.3226E-09. lhle actual
ditllercnce in mean values is 5,040a5'F- 9 -4.09951-09 tte 094101-O9. which is tharetore not
'statistically 'significnant ielativ e to /eio at the 09"' 'sfidnene level. Even if thle results were

reversed and the diffcrencc was - 09411 OE-09, it would still not be statistically signilicant i.rlativc
to zero at the 9Y)"o confidencelexef

Setion 4 in Rexvision I oft'W(AP-16168-NP• including tile ncthodologyvto ealeulate the change
in risk in lable.4-I as described in the response to Part c ofthis RAL clearly demonst'ates that
the increase in the inspection interval from 10 to 20 year.s.satisfies the risk-informed guidelines. in
Reaulatoi Guide 1. 1 74.

13, The Tables in App uidix A. appear to Illustrate tie informaition that the WO G pioposes will be
contained inindiidual licensee ieiefirequests, We note'tha the "lPlant Specific Iasis: propos-e b'
woG in the Tables in Appendix.A refers to the "TI'S Generalization Study" a document that was not
submitted hy'the \XOG as part of the Topical and i' not being reviewed by the staff for use in.relief
request to extend the inspcction intervail ofmrcitor vessel welds. We also note that there is a plant specific
.quantitatixc estimate of the llirouel Wall:Crak•ing Frequency in the two examples that implics a plant
specific-calculation. In particular, please explain thevalue of 2.15E-12 eventsyear provided for the Wolf
Creek example plant Iii Table 1 of Appendix A-1. Also, please explain the value of 4.67F-9 ccnts/year
provided tor the pilot plat .in the same table, which does not se.em tomiiatci other pilot plant intlrmnation
.elsewhere in the Topical'. Please describe the analysis that the WOG proposes that licensee's will need to
perforim to support:a plant specific relief request. and iclate theseanialyses tothe methodology and results
in the Topical tor which the V(X3:is requesting approval

Response: The "PTS Geneial iz'tion Study" (ADAMS Accession number: N1104288t482)
kRefrience 256of WCAP-16168-NP, Rexision 1, This. study was pertbfned a's pail of the NRC
PTS Risk Re-evalu ition as described in N R.EG,- 1806, The purpose and conclusions oftice
Generalization Study are stated on pages 3-6 and 3-7 of the WCAP, respectively, The purpose is
consistent wiith that stated in the first paragrapli in Section 9.3 of NL'REG- 1806' 'Our ainnm ws-to
identimtmxwxhethei the design and 6perationial features that are the key contributors to PPTS risk,('se
Section 8.6)-oarysignificantly enough in the largun' population of P\WRs to question the generality
of our resuls."The overall conclusion is consistent with that staied in the last. paiara ph in
Setion 9-33, ofNUREG1806: "Thescýcombined o6bscrvatibns support thevoserall conclusion
,that the TWCF estimates producedfor r the detailed analysis- Plants arc sufficietit to characterize
(or bound) the TWCF.estirates fo.r fltchfive gnincralization plants and., thus. by infercnce, PXV1ks
inseneral." 'I'he Generalization Study.was reviewed by the Staffas part of tbe PTS Risk Re-
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evaluatnioin. nd it kb bh asisi for the tkd x' ide applic~abilitxN oftli. proposed Fl S rulei
<URtIFG ]06 18)a mc dR 1874. Therefore t1h. Generalization Study wnas not submimtted 1'm

review~ wiath XCAP- 16168 NTI, Revision L.

11 ii. rmoummih wall Vlm ckmnd~fiv(quenex va.lue ofl-) 5F. 12 f or \\oilffemk wa pt m. mulated usinf-, the
I \V F e mmekition'sin an1I(~10 d the mnollountion ill tileI table bt~ow. 'imeheltimne
material properilics in this~ tamble .vm ta ken ftom time \R(.Icactoiei 'V essel Integrity Daitabase,
(R\ ID) and die fluicmne pfO~jcclions wcre taken from WCA' P 1603(1 hivahwrtmo (yIIra~surizeed
TherraNwd h -xfot' NbvCre. a 2003.
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Reactor Vasser Beltline Material Propcerte for Wttf Creek
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The pilot plant TWCF" xalue of 4.67[-9 was also obtained using the. 1 W CF corelaitions in
N URI'G-1806. li is value does not match the values in th. tables in the WCAPhbecausc the
values in the tables were determined using the IFAVOR Code rather than tfie TWt (1correlation
based upon maximunm xalntis othRTI lor tie beltline eompIoient'.s

Thc pilot pltnt TWCF-values were rit~tlculatud using thie TwCF correlations in NUREG-1874
and tre pcsentQ,• din the ; able below. The WCAP will be revised to include the•s values.

rk-aver Viullev. Init 1 1 Paishades
', iiti .. . . . , ..60 E PY 60 EFPY
RI OF) i 204 . 247-

I IT,, 1x~~o 1) 0 I 0

W•CF•5,wA 4,49E-09 0 57E-07... ..,,,:..... .................. ... ................... ................... .. . . ............................................... , ..................................... r . . . ................. . . .. . . .......... .. . ... . . . . . . . . .. . . .
TWoF'•F.+ 7.54.. 11... .7.11112.
________CF .,.3661-09 1 2•52l-10
I X (\\"CF.•: 0.001 ;•00 1 0.001 i00
..... .. ..... .... .6 -0 .. ..... ... . 161 .. 07...

Oconqe Unit I
Ext-A
_253
277

0~
2,231-07

5.72 1 10

0.001F •0)
........................................7 ....

To impleumcnt t.e .xtcndcd inscrvicu inspection interl•aljustified in the .VCA, XIa licensee would
have to denionstratu that the pilot plant analyses are bu•nding. flit eriteiia.to bu cvaluated to
tdetenninexwhether tht pilotlplant analyses are bounding are identified in Table A-1 of IAppendit
.X of the (VCAP. These 6riieria x.er esclected based on feedback fiom th. Staff during mectings"

rptior to tihe submittal of the WCAP for review.

Dominant P1'S' Transients in rhe •\R( P1'S Risk 'wdtx w•e appli able:

The transients evaluated in tine VtCAP pilot plant anailyseswere .the PTS trasients fh'orn the NRC
P1I'S Risk Re-evaluation. For this erite•ion. it is necessar, to 'demnonstrate thatthese transients are
applicable to a specific plant. At the iitn, Re,'isiuon Oof tlhei(WCAP ' as issued, the
(ieneralization Study had not yet becn•completed. Tlt:eretofre iitwould haye been necessary for
ech plant to compare desig•n features to determine if dlct pil6t plant PTS transients were.
applicableto the specific plant: Howxvexr, theuGencralination Study has now been performed and.
the pilot plant PTS transients haxe been found to be representatiVe of all the PWR plants in the
domestic fleet, js stated in the last paragiaph in Section 3.2.1 ofNITREG 1874ý this, "study
denionstrats tiat risk signiticant PTS transients do niot have any appreciable plant- specditic
diflerenees xwithin tie population of PWI MNW uITenty I operating in the •Inited Statet." Theerefore
plant specific analyses are no longer needed for this criierion.

Through Woall ,'raenkg Freqenq~ ( ITtF).
it. plant spcifi.TIWVCF vx luc dctcrrnmi.d u.ing'the'correlations in NUREG-1874 must be lower

.than the pilot plant 'IWCF value calculated using'the TWIVCF correlations in NUREG- 1874. 'The
1 Vt CF is essentially a measure of the'embritilement fflit•. reactor sveistclind by (Idnnstratin.,

that the pilot plant has a hieht TW(F xaloe pilot plant ihant.e in risk caleulafionis
bboundingl

:26-

WCAP-16168-NP-A June 2008
Revision 2



N-30

;r'nquoncy and Seivrit v ofD Design Bosis Jqiensien:
It is necessary to dtemonstrate that tlb amount of thtigue crack growth considered in the pilot
plant anal yss is bounding fori a speific plant Sinice the aiiiouiit of fatigue crack- growth was
calculated using the doeiuri basis transients, a comparisonof design basis transients must be
performid to ensure (hat th.e assumird number of h.atup-eosdown transients pln' year is also
applieable to the spifii plant.

fThe pilot p•l t,,tualyscs wuere perftrmed assuming a single laycr of cladding bcaiiselthi.
probability ofhiving a surface breaking tflaw in multi-laYer .cladding is mucli less than that of
single-layir cladding Since the pilot plant analyses .were perfonned with single-layer, all plants
are boundedby this parameter and this criteria is documented strictly for informational purposes.

Tablie A-2 provides additional crite'ia ielative to inspectioni.Tihle purpose of thie, Inspection
tVkthodvo , .Aunmbc, ff t ait HSmt and .umber ohindictaions I ound fields is discussed
in thfe isponse to Parti b ofRAI 3. \ IThi purpose of theu Pr)oc'sed &as)'pe't ion sc/iheid j cd tmu'
n/f lant field is lor comparison to the inspection plan contained in P\tX RO() letti O(G-06-356,;
,as discussed in thed ri.spons to. Partb of RAI 11.

14. 1hc htcqucnc of) IIS icallengus is a primary input to the changei in risk estimates associated with.
extending the inspeetion intersal Ioir riiait6r sessel .welds fiiom I0 to 20,. yars. The Topical slates that the
transient fr•equency rcsults developed for the PT'S tcehnieal basis are used in the risk incease calculations
inthe Topical. Regulatory Gui(dc 1. 174 states that a probabilistic risk analysis usd to support ea.ch ris:k-
informed ap)lication should be tehlnicatlvy1(aequate. Tecnlically adequate is defined -at the highest
level. as an analybis that is performed correctly, in a manner consistent, with accepted practices,
commensurate with thie scope and level of detail requied to supporlithe requested change.

a) PleaSedescribe how the "topicil proposes tihat individual licensees':,ill obtain or developPiS
transient frequeni.y estimatesto use in support of their.request for relief

Response. Indiv idual licensees i, ill not be required to obtain or develop •TS transient frequI ncy
:estiniates'to use in support of their request for intersval extension. \.:' discussed in the response to.
RAI I', it was originatly intended that individual licensees would have to compare significant
design features such ,is PORV capa•ity and RWSTI temperature to determine if the pilot plant

tIYI'S transients were applicabke to their specific plant. Itowssevn. since that time fi.he Pr1S
Generalization Study ha*s ben 'completed as sumimarized on pages 3-6 and -7 and of the \X CA"P
Report. As sta.itid in then last paragraiph in Section 3.2.1 of NUI,.EG1b874. this "stud,
,denianstrites that rLsk-significanit PI ,S transients do not hive any appriciable plant-specific
differences wiithiin the population of P\,Rs euneitly operating in the Ulnited States."
Furthermore, te overall conclusion fiom this study is .provided in .the last.paragraph in Section
:9.3.30fNu G- 1806: thi. TWCFe.stimnates pmoduced tor die dehtiled analysis. plants are.
suffiCient to charactenizte (or bound)the.TIVCF estimates for the five.geniraiiztiion plants .an d.
:thus, by inference. PWXXts hin geneial-

b) Givenn the response to a), please propiose boss the probabilistic risk assessmen manaiysues tIat will be
relied upon to supportfthe relief iequests wvill bid dmonstrited to hi of sufficient technical adequacy so
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thattherc, is confidence that the incrieases in core damagen e iiqucncy () rsk o ausd by tle e\teision of the
'eactor-eVCS'el weld inspection interval fion 10 to 20 years is small. One acceptable approach to assess
technical adequacy is to ass'essthe analysis against endorsed standard.as delscribed in RG 1.20().

Response: The conditional probabilities foi corcdamiage and large early release assumed in the
\ CyMP and 'IIS Risk Rtx-uvaluationi arc 100% tbr a ituough-wall ciack in tie vussel,. Given thi.s
assumption, the conicisions (f the PTS Generalization Study.. and tile response to Pail a tof this
R nA o :obabstic risk osscssni ot.analyses will be relied upon to support dth requests tor
inteix alexilsion. Ilitadre, itwill not he icqinied thitlicensees dcmonstiate the tehnical
jad(.quaey of the PR \ ''ll is consistent with theNRC- proposed voluntary P'IS Rule, xhieh is
not expected1c t require the plant PRA,\ to satisfy R.6. 1.200 requiremnents.

B5. When lI V TWCI ineicases due to in•rcases in neution fl ucnmc and its.restlting rnmbr ittlneniit, the
firactional contributions to dV\. liititereI fla-w types (tc.g. stini ce-e iaking vs. embedded.
circumfereiitial vs, axial. msndalt s. large) can chingesubstantially, Is the \V(. AP analysis applicable to
plants whieli haxe TVC XC values substintially greater than the TWCF of the pilot plant-s in the WCAP? Is
so, plcase provide an example to illustrate the application and specifs any TWCF limit to the ringe of
applicabl1ity.

Respniise: Ihepilot plants wsere !chose:: i with'thL intent tha t there wiould be :ti doniestic PWsR:

plmutswith higher rTW.7 ( vIaluc-, ýSince thetiinie the pilot plants were choscn anaih yse peirtmid'
bhNRC( Research usingpltant data available in RvID have sho.wn that therc,are sev eral
Scstinghoumse plants that could have TW'CI values higher than those of the pilot plant by end'of
their operatixng license. For ihesc plintis additional esaluation would he.requiredto demoiistrate
that. eveln though the TW\ CF values ari higher than the-pilot plant values, the conclusions from
ite pilot plant analyses are still applicable. Furtherniore, plant-s that hasve implemented-the
extcnded inspectioni interval will be required.to reevaluate their TWVCF Value consistent with thie
response to RAI 16: In the event thata plant specific T\VCF value exceels the appropriate NSSS
pilot plantvailue as a.result of this eesvaluation. adlditional evaluation ,w0.ild also be required,
This discussion will be included as part of the clarification to be added to AppendLx A as pai of
.ithe'rcsponseto R.M 13.

.16. Newindtistrv experience or infonmation mav irise that indicates that. die TW\CF estimaites may, nieed
to be'edx'aluatdd For examplc, lieensees tiat utilize rclaxations availablc unidel tile new P1S rulemaking
(50.61i) may make ehan~gcs to their plants that iould increasethe TWCF iaovs, the values in the .CAP
pilot piants (duelto inceases in neutron fluenceand its resulting embriittlement) whiei were intended to
be boundine exaiiples. Prineiplý 5 of RG 1.174 is to prv0ide a miontitbring progain to assure that
parameters eitical to die conclusion of acceptability remainwat acceptable Values during die life ot the
chiaiige to dieWlicense iequiements What type ot mionitormnia and fýedback prioess is priposed.in the
Topical that would call bare a valuamion oofthe.TXVCF as appropriate to.ensure that over time. the
saliditv of the anaivsis demonstrating an acceptablie:increase in risk is maintained?

Response: The PWR(KO proposes that for plants implementing the extended inter'vil, TWVCF be
re-evaluated anytime,4t~ierice-is lqojqcted to.-increase bi nmore than 10 pereent. whiclh is, less than

ýonle standard deviation-.n-the global fluence that is input to FAVOR. Fluence maybe projected
to increase as a result loifre" reloadingi orei loading pattern, poxwer uprating,- 0irwhen a'
,surveillanrecapsile:is removed from the reactor vessel and evaluated. 'Tlis is consistent with the
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currnt approach f16 ri-evaluating pr~surctcuiperaturu limit curv'es and RliV* 1 values. Thi
WCAIP will be reviised to include this rquircment.

17. (Curr•nt anaiscs of crack stresses during plant operations indicate that t imbcddcd cracks will not
grows ,,ith tiin. tec.use the, staff's F:AVORI analy sis indicate that embe~dded axial cracks contirihuie

nearly all of'tlc 1'CF', it foillows that the assumption that embcdded axial cracks do not grow with time
is an important modeling assumption that contrihutes to ihe small risk inecease estimated for extending
the inspection interval. IRG L.174recomcncnds address imporlant modeling assumptions by plertrmiing
sensitivity situdies or using quititative arguments. Please discuss how sensitive the quantitalive results of
the~change in risk analysis are to the assumnption that emheddcd racks will not grow?

Response: Therc is no sensitivity t6 growsth of cmhedded flaws to subcritical crack growth
relative to cmhrittled vessel failure due to postulated PTS iransients. This lack of sensitivity is
based upon the NRC evaluation, de;scribcd in Section 3.2., "Assumption of No Subcritical Crack.
Growth, oft NUIEG-1807. trobabih ic rartw- Mechwu• -,Tdels., Praneters. and
LneýrtamtZlU.ieartnenit Usecd v Fil VOR I crsion 04.1, 2007. Note that this evaluation concluded
1that thcrc.is no sig'nifme'itntuhciitica ,crack, groth ot either surface breaking or embedded flaws
due to stress c6n'osiori cracking oi tatiguc, Because emhedded flaws aie not cxposed to the
primary coolant. their crick growth is subsilantialiy less than ihat for surlice breaking flaws
subjicted to the.sameloidin.i Iow erc because thehi i1h sensitisit, of TWCF dueto any
potential increasc in the size of the embedded Ila.ws (April 2007 NRC Memo, Developmei of'
1.lom Size, Distribution lublesjlr D1r2f Proprd.d htid•1 IO (Jthe Code oJ t e-dvrn Reuk/aions
I(t R '!0 5061a, \DAMlS: MI070950392), pcriodic inspection' -ery 20 years is proposed to

.ensureno emhedded flim crack growth has occun-cd. This is being done even though the risk
analyses in Revision 1 of WCAP- 16168-N1P show that.no inspections arerequired except the
initial one atter 10 years of operation,-to safisfy, theacceptably small change in risk (LEIU-).
:ciiteria pei-Regulatory Guide, 1.I74.
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